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08.03.01 CrpoutenbctBo” mpoduinst «IIpon3BoaCTBO CTPOUTENBHBIX MaTepUasoOB,
U3JICJIUA U KOHCTPYKITUN" .

[IpuBoguTcs mnpumep pacuera JUIMTEIBHOCTH DIIEMEHTHBIX IPOLECCOB,
OTMEpAIMOHHOTO TpaduKa M LMKJIOTPAaMMBl pabOThl KOMIUIEKCAa IO arperatHo-

IIOTOYHOM TEXHOJIOTHH.

CocraBurens: kana. TexH. Hayk JI. Y. KactopHbix

Penaxrop

Temmian 2016r., mos.

[Toamnucano B nmeyathb 2016

®opmar 60x84/16. Bbymara nucuas. Puszorpad.
VY4.-u3a. 1. Tupaxx 3k3. 3aka3

PenakunoHHO-U31aTENBCKUIN LIEHTP
JIOHCKOT0 rOCyAapCTBEHHOTO TEXHUYECKOT'O YHUBEPCUTETA
344022 Pocros-Ha-/ony, yi. Conpanucruueckas, 162

© JloHcKo# rocyaapCTBEHHbBIN
TexHuueckui yaupepcutet, 2016



BBenenue

OCHOBHBIMH ~ PAacUeTHBIMH  BEIMYMHAMH TEXHOJOTHMYECKOTO  IIpolecca
SBIISIIOTCS JJIMTEIHPHOCTH OTEpalliii M AIIEMEHTHBIX MHUKIOB. [IpOIOKUTEIBEHOCTD
BBITIOJTHEHHSI OTIEpaIfii OMpeAeNseT KadyeCTBO TEXHOJIOTH4YecKoil oOpabotku. I[lo
JUTATETHHOCTH 3JIEMEHTHBIX IUKIIOB YCTAaHABIMBAIOT MPOU3BOJICTBEHHYIO MOIIHOCTD
TEXHOJIOTMUECKOW  JIMHWM, TOAOUPArOT O00OpyIOBaHWE, HA3HAYAIOT  YHCIIO
WCTOJIHUTENIEN MPOLIECCA.

BaxxHpIM »TamoM B W3YYeHHMH W OCBOCHHHM NPHUHIIMIIOB MPOCKTHPOBAHUS
MPEANPUATHNA TI0 TPOU3BOJICTBY COOPHBIX OCTOHHBIX U KEJI€300€TOHHBIX U3JICTUN U
KOHCTPYKIIUH  SABIISETCS ~ OpraHu3allds  TEXHOJOrudyeckoro mporecca. Ilpu
TEXHOJIOTHYECKOM TPOEKTUPOBAHUM HEOOXOJMMO B IOJIHOM Mepe HCIOIh30BaTh
COBpEMEHHOE O000pyIOBaHHE, OpraHUW3alMOHHBIE pelIeHus, 00ecrneYnBarone
CTPOTOE BBHITIOJHEHHE PEKUMOB O0paOOTKH, BBICOKME TEXHHUKO-IKOHOMHYECKHE
MOKa3aTeIM TMPOU3BOJACTBEHHOW JEATEIBHOCTH, T.€. MAaKCUMAIbHYI) SKOHOMHUIO
TPYIOBBIX, MATEPHATLHBIX U SHEPTETUIECKUX PECYPCOB.

[lenp HacTOSIMIMX METOAMYECKHX yKa3aHUH — OCBOCHHE METOJOB pacuera
MPOU3BOJACTBEHHOTO MPOIEcCa HA arperaTHO-MOTOYHBIX TEXHOJIOTHYECKUX JTHMHHSIX

0 BBIITYCKY >KeJIe300€TOHHBIX U3/IETTUH U KOHCTPYKIIUM.



1 IpoayKIus TEXHOJOTHYECKOT0 KOMILJIEKCA

B kadectBe 0a30BOTO W3JENMsA TNPUHUMAIOTCS TUIMTHI JKeIe300€TOHHBIE
peOpucThie npeaBapuTeabrHo Hanpsukennblie mo 'OCT 22701.0-77 [1].
[lmuTel  TpUMeHSIOTCS IS OTAIUIMBAaeMBbIX W HEOTAIUIMBAEMBIX
MPOU3BOACTBEHHBIX 3/IaHUN B KAYECTBE SJIEMEHTOB MTOKPBITHSI.
Mapxka s [1I" 6.3-6A, VI T-H,
rae III' —mmuTa 6e3 mpoeMa B TOJIKe IS TIIyXUX YYaCTKOB MOKPBITHUS,
6.3 —pa3mepsl MIUTHI (IIMHA, ITUPUHA), M;
6 —1rectas HecyIas CHoCOOHOCTD;
A.VI — knacc HanpsiraeMoi apMaTypHOU CTalH;
T —u3 TspKenoro 6eToHa;
H — npennaznadena nans pa®oThl MpH  Cl1ab0arpecCUBHON CTEMEHH
BO3/ICUCTBUS Ta30BOM CPEIbI.

Yeprex uzaenaus NpeIcTaBieH Ha pucyHke 1.
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Pucynok 1 —Ilnura nokpsitus pedpucras I1I" 6.3-6A, VI T-H



XapakTepucTrka u3zienus npecrapieHa B Tadauie 1.

Ta6mumna 1 —TexHuyeckas XapakTepUCTUKA U3ICTINS

[Toxa3zarenp Benmnuuna
Krnacc mo npoyHocTu Ha cxaTue B30
Pacxon 6eToHa, M 1,16
Pacxox cranu, Kr 123
Macca miIuThel, T 2,9
JluameTp u Kj1acc HampAraeMou apMaTypbl 20A,1000
Bennuuna HanpspkeHus B apmarype, Mlla 784,5
[lepenarouynas nmpouyHocts, Mlla 27,5

2 (I)yHKIII/IOHaJ'IbHaﬂ TEXHOJIOIrH4eCKafd cxemMa

Ha mnepBoM »JTame TEXHOJOTHUYECKOTO IPOCKTUPOBAHUS pa3pabaThIBaeTCs
(GyHKIMOHANIbHAS TEXHOJIOTMYEeCKas CXeMma IPOU3BOJACTBA, MpeAyCMaTpUBAIOIIas
XapakTep OpraHW3alud  OYyIylmero MPOHW3BOJCTBA, BHJ TEXHOJOTHYECKOTO
00OpyI0BaHUs, MEPEUCHb TEXHOJIOTHUYCCKUX OTepaIni.

[IpenycmaTpuBaeTcs yILIOTHEHUE OETOHHBIX CMECEH Ha BUOPOILIOIIA IKE.

Mapxka 6erornoit cmecu bCT B30T11.

Crioco0 yCKOPEHHOTO TBEPJACHHUS — MPOINapUBaHUE B KaMepax SMHOTO THUIIA 110
pexumy: T = 14 ((2)+3+6+3X.

Crioco0 HampsHKSHUS apMaTypPHOU CTaIM — 3JICKTPOTEPMHUUCSCKUH.

(DYHKHI/IOHaJILHaH TEXHOJOIrn4eCKas cxemMa IpeacTraBjicHa Ha pUCYHKE 2.
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@OyHKIIMOHAIbHAS TEXHOJIOTHYECKas CXeMa CIIY)KUT OCHOBAaHUEM JIJIsS BbIOOpa
o0OpyZOBaHUs, BBISBICHUS  COCTaBa  OMNEpalui, TMEPexXoJ0B W  IIOCTOB
TEXHOJIOTHYECKOH JIMHHH.

Ha  crmenyromem — 3tare  TPOSKTHPOBAHHUS  OCYIIECTBISIETCS  BBIOOD
TEXHOJIOTUYECKOTro 000pyaoBaHus (110 KaTajoraM | cripaBouHuKam) [2, 3, 5].

Kpan moctoBoit K16,-25-16,5:

- TPy30101beMHOCTh — 16T;
- macca — 17,6r;
- MoIHoOCTh — 39,1kBrT.
beronoyknamunk CMX-162b:
- mupuHa kosuen — 4500mmM;
- yucyo OyHKepoB — 3;
- BMECTUMOCTH OYHKEPOB, M - 2,5+1,25+1,25;
- CKOpOCTh nepeasmxeHus, M/mun — 1,8 - 1,16;
- MoOIHOCTh — 27,36kBT;
- YCTPOWCTBO TS 3arjlayKUBaHUS IIOBEPXHOCTH — PECUHOE;
- rabapuThl, M — 5,6%6,3%3,1;
- macca — 12,6r.
Bubpommomaaka CMX-200
- IPY30MOABEMHOCTb — 15T;
- Macca — 6,6r;
- MOIITHOCTb — 92kBrT;
- rabaputsl, M — 10,3%3%0,7.
VYcraHoBka J1s1 anekTpoHarpeBa crepxxHein CMIXK-129B:
- macca — 0,87T;
- mormHOCTh — 40kBA;
- INTMHA HarpeBaeMbIX cTepxkHer — 6200mm;

- YUCJIO OJJHOBPEMEHHO HAarpeBaeMbIX CTEpKHEH — 2.



Tenexka camoxoanas CMJK-151b:
- rpy3onoabemMHocTs — 20T,
- cKopocTh nepeasrkeHus — 40m/muH;
- mupuHa kosien — 1524mm;
- macca — 3,45r;
- MOIIIHOCTE — 6,5kBrT.
[Tocne BbIOOpa 00OPYMOBAaHWS BBITONHIETCS €ro KOMIIOHOBKA Ha IIJIaHE

(pucynok 3).
3 PacueT AIUTEJLHOCTH 3JIEMEHTHOI0 IIMKJIA
JITUTEIbHOCTh MEXAHHU3UPOBAHHON OIEpAIlldi ONPECIACTCS IBYMs BHIAMH

3aTpaT MAaIMHHOTO BPCMCHH — TCXHUYICCKUM U PCIKUMHBIM.

JIMUTEeNnbHOCTh MEXaHU3UPOBAHHOM Olepallii pacCUYUTHIBAIOT MO0 (popMyIie:

to. = *+t (1)

rae t,, —ATUTEeTbHOCTh MEXaHU3UPOBAHHOW ONepaluy, MUH,;
| — pacuernas mnmuHa (paccrosHue) pabodYero WM TPAHCIIOPTHOTO XOJ1a
MAIlluHbI, M;
V —pacueTHas CKOpPOCTh pabOYero WK X0JIIOCTOTO X014 MAIIMHBI, M/MUH;
(. —pacYeTHOE YMCIIO MPOXO/I0B MAIIIHHBI;
t, — pe>KMMHOE MaIIMHHOE BPEMs, HE COBMEILIEHHOE C TEXHUYECKUM, MUH,
f — K03h(UIMEHT HCIMONBb30BAHUS CKOPOCTH IMEPEIBIKEHUS MeXaHH3Ma
(mpu  pacyere KpaHOBBIX OMNEpalUii NPUHUMAETCS IO  HOPMam

TEXHOJIOTHYECKOIr0 IPOEKTUpOoBaHus [4]).
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PI/ICYHOK 3 —KommnoHoBo4Has cxema anCFaTHO-HOTOqHOﬁ JIMHUU 110 IPOU3BOACTBY IIIIUT
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JIMUTEeNbHOCTh PYYHBIX ONEpaluii onpenensercs no Gopmyie:

N

o =pli, DW"DY,

rae tpo — IIMTEIBHOCTH PyYHOH OIEpalii, MUH;

p —00BeM paboT Mo OTepalK B HATYPAITBHBIX €IHMHUIIAX;

t, — HOpMa BpeMeHH Ha eIMHUIY 00beMa paboT, MUH;

(2)

Ny —4HCIIO HCHOJHUTENEH, 111 KOTOPOTO YCTAHOBJIEHA HOPMAa BPEMEHH;

N — IpUHATOE YKCI0 UCTIOTHUTENEH;

0. — KO3(HUIIMEHT, YUYUTHIBAIOIINN YMEHbBIICHUE JITUTEILHOCTH OIepalinii

3a cuer cokpamieHuss HopMmbl Bpemern — npu N > N,, o = 0,9...0,95,u

yBenudeHue npoaoipkutenbHocT —pu N <Ng, a = 1,05...1,1.

Pacuet onepanuii peKOMEHIyeTCsl BBITIOIHATE B Ta0IiuHOM popme (Tabiura 2).

Tabnuma 2 —Pacyer onepanuii iuKkiIa GopMoBaHUS

PacueTHbIe mapaMeTphl JIiTensH.
Omneparuun No/ | a, Pacuernas oTepalnH,
| Vv tp t, PN ) bopmymna L
1 2 3 4 5 6 7 9 10
1 VYcranoBka ¢Hopmbl
Ha IOCT:
- nepemerneHue kpasa | 100m| 80 1 1 1=100/80 1,25
K BUOPOILIOIIaIKe M/MUH
- omyckanue kproka | 5wm | 40 1 t =5/40 0,125
KpaHa ¢ Gpopmoit M/MUH
- paccTporoBKa 0,25 4 | 2/2| 1 t1 3= 1,0
MUH 40,2511
- IOJIbEM KPIOKa 5m | 40 1 t ~=5/40 0,125
M/MHH
Htoro: 2,5
2 3arpy3ka 1,0 t+=1,0 1,0
OCTOHOYKJIaTYHKa
CMECEIO
- IepeMEIIECHHIE 10m| 6 1 $-=10/6 1,7
0OETOHOYKIIQIUUKa K M/MHH
BUOPOTUIONIAIKE




[Tponomxenue TabauLbl 2
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PacueTHbIe TapaMeTpsl JUIATENbH.
Omneparuun No/ | a, Pacuernas OTIepaIlNH,
| \% tp t, PN ) bopmyna M
1 2 3 4 5 6 7 9 10
3 Vknanka cmecH:.
- B peOpa ITUTHI 6M 2 1 £.1=6/2 3,0
M/MHH
- B KOBEP IUIUTHI 6m 2 1 £=6/2 3,0
M/MHH
4 YniaoTHEeHHE
OETOHHOI cMecH
- 140 cinos 1,5 =15 15
- 240 cios 1,5 L-.=1,5 1,5
5 3arnaxusanue 6Mm 2 1 £=6/2 3,0
MOBEPXHOCTH OETOHA M/MUH
6 [lepememenue 16m 10 1 £=16/10 1,6
0ETOHOYKIIAIUUKa K M/MHH
MIOCTY 3arpy3Ku
7 Ounctka GOpMBI OT 1,0 t=1,0 1,0
OeroHa
8CreM u
TPaHCIIOPTHPOBAHKE
dbopmsl B kamepy TO:
- OIyCKaHHE KPIOKa 5m 40 1 £.1=5/40 0,125
KpaHa M/MUH
- CTpOTIOBKa (hOPMBI 0,25| 4 | 2/2| 1 ts.= 1,0
MUH 40,2511
5Mm 40 1 t.3=5/40 0,125
- TOJIbEM KPIOKa
M/MHH
9 INepememenue kpana | 74m | 80 1| ©=74/80 ~1,0
K kamepe TO M/MUH
Hroro ~ 18,0

OpHEHTUPOBOYHO JUTUTEILHOCTh OJIHOTO IIMKIIa (popmoBaHusi — 18muH.

[lony4yeHHBIE B pe3yJIbTATE PACUETOB JJIUTEIBLHOCTH ONEPALMM CIIY’)KaT OCHOBOM

I COCTABJICHUS ONEPallMOHHOTrO rpaduka (pucyHok 4).




e, OGopyosanie, CocraB 3BeHa pabounx Tpyno- T, Tekymiee BpeMs, MUH
mporecc Onepatu WHCTPYMEHTBI Ipodeccust  |Pasp. Ko CMKs o
Ye'MUH
YcranoBka (opMbl Ha IOCT MocToBoii kpaH Kpanosuuix 5 1 5,0 2,5
DOopMOBIIUK 4 1 ’ ’
m 3arpy3ka OETOHOYKJIAIYHKA CMECHIO CaMOoX0/HbIH OYHKED Oneparop 4 1 1,0 1,0
E [lepemenienne 6eToHOYKIaquMKa K BuOpomtonianke | beToHoykiaguuk Oneparop 4 1 1,7 1,7
< VYxnaaka OETOHHOM cMecH beroHoykaunk Oneparop 4 1 6,0 3+3
% YnnoTHeHue OETOHHOR cMecu Bubpomomaaka PopMOBILUK 4 1 3,0 1,5+1%
E 3arnaxxuBaHue IOBEPXHOCTU beToHOyKIaIUUK Omnepatop 4 1 3,0 3,0
®) [epemenieHre OCTOHOYKIIAUMKA K TOCTY 3arpy3kd | beToHOyKIaguuk Oneparop 4 1 1,6 1,6
© Ounctka GopMbl 0T 6ETOHHON CMecH DopMOBIIKK 4 1 1,0 1,0
TeXHIUYECKHI KOHTPOJIb Nux. OTK 2,0
CweM u TpaHcnopTupoBanue Gopmsl B kamepy TO MocToBOi1 KpaH KpanoBuiuk 5 1| 225 | 2,25
: 3arpyska ¢opM B Kamepy MocTtoBoii KpaH Kpanosmuk
ﬁo-: E YcTaHOBKa KPBIIIKKA HA KaMeEpPy MocToBoii kpaH KpanoBmuk
oA YckopeHHOe TBepaeHue OeToHa Cucrema KHUITuA Tepmuct
g &5] CbeM KPBIIIKU C KAMEPHI MocToBoii kpaH KpanoBmuk
= H3Bneuenne GopM n3 kamepsl MocToBoii KpaH KpaHoBIIHK
§ YcraHnoBka (hopMbl Ha TIOCT MocToBoi#t KpaH é%aHOBmHK > 1 2,0 1,0
PMOBIIHK 4 1
§ OO6pe3ka npenHanpsHKeHHbIX CTep)KHEH Pezax Pe3unk 4 1 3,0 3,0
g CbeM U TPaHCIOPTHUPOBAHUE TLIUTHI MocToBoii kpaH Iézgggzglulizx g i 4,0 2,0
é Yuctka GopMmbl ITHeBMOCKpeOOK DopMOBILIUK 3 1 5,0 5,0
Cwmaska (hopmbl Y 104Ka pacubUINTEIL. DOpMOBIIHK 4 1 3,0 3,0
Co HarpeB u ykiajaka cTep kHel VYcras. juis anekTpoHarp.| Apmatypmuk | 4 2| 12,0 6,0
§ é E—l VYxnajaka v pUKcanus KapKacoB Apmarypuuk | 4 2| 12,0 6,0
% 8 T | YcTaHOBKa CETKH B IOJIKY IUIUTBI Apmarypuk | 4 2 8,0 40
CpeMm u nepemenienue Gpopmsl MocToBOi1 KpaH Kpanosmuk 5 1 2,0 2,0
®dopmoBaHue 19,25
JUTUTENIbHOCTD 3JIEMEHTHBIX LIUKIIOB Pacnany6xa 14,0
ApmupoBaHue 18,0
Kpanosuuk (5 paspsia) — 24enoBexa 5/0,25
Dopmosiuk (4 paspsin) — 1yenosex 5,5/0,275
3aHATOCTH PabOYKX B TCUCHHE [IUKIIA, MUH/T| Onepatop (4 paspay) — 1uenosex 12,3/0,615
' Pe3unk (4 paspsin) — 1yenoBex 2/0,1
Crpomnosuwmk (5 paspsin) — 1daenoBek 2/0,1
Apwmarypuuk (4 pazpsin) — 2 genoBexa 6/0,3

Pucynok 4 —OnepaunoHHbIN rpaduK MPOU3BOACTBA PEOPUCTHIX IITUT

A



13

B pesynbTare moctpoeHus onepanuoHHOro rpaduka YCTaHOBJICHO, YTO CaMbIM
3arpy’KeHHBIM TIOCTOM SIBJSiIeTCST TOCT GopMoBaHHS. JMMTENTBHOCTh IHKJIA
ompeneseTcs Mo 3ToMy nocty — 20MuH.

OmnepanmoHHbI TpaduK SBISAETCS OCHOBAaHWEM JJIs OMpEICNICHUs COCTaBa

MIPOM3BOJICTBEHHBIX pabouunx (Tabmuma 3).

Tabnuma 3 —CocTtaB NpoU3BOACTBEHHON OpUTaIbI

KBanuguka- KonmyecTBo no cMeHaM
[Ipodeccus LHUOHHBIN 1 5 3 Uroro
paspsia
Kpanosumk ) 2 2 - 4
CTpomnoBIIHK 5 1 1 - 2
DOpMOBILHK 3 2 2 - 4
4 4 4 - 8

ApMatypiuk 4 6 6 - 12
Pe3unk 4 1 1 - 2
Onepatop 4 2 2 - 4
Tepmuct 4 1 1 1 3
Pabounii no ucnpasieHUIO 3 1 1 ] 5
nedEeKToB
Bcero 20 20 1 41

4 PacyeT mMpOU3BOAMTEIbHOCTH W TPYA0EMKOCTH NMpPoLecca U3roTOBJIEHUS

u3aeanu

PurmMudHOCTH pabOTHl TEXHOIOMMYECKOU JIMHUKM OTIPEEIISIETCS MOCIE MOCTPOEHUS
rpad)0aHaATUTHIECKON MO MPOU3BOACTBEHHOTO Tporiecca (PUCYHOK 5).

CunxpoHuzanusi padoTbl 000pyJOBaHUS W MPOU3BOACTBEHHBIX pabOUYMX Ha
MOCTaxX JIMHUH, BBIOJHEHHAsS B XOAE€ pa3pabOTKH ITUKIOTPAMMBI, ITO3BOJIMJIA

YCTAaHOBUTH PUTM arperaTHO-MOTOYHON JTUHUU — 20MHuH.
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K
YenobHeie 0do3HayveHus
¢, @'~ popmoyknadquk ; b, b' - demoHoyknad4uk ; 1 6 - nocm ycmaHoBku @opmsl Ha GOPMOYKAATIUK ; 9-12 - nocmsl pacnanydku u nodzomobku ¢opm ;
K, K'- kpan mocmoBou ; T - mesexka camMoxodHas 2, 7 - nocm gopmoBanus ; 13, 14 - nocmsl doBodku u Bsidepxubarus uzdenud ;
B, B’ - Budponnowadka ; T - menexka -npuyen 3, 8 - nocm 3aepy3ku OeMOHOYK/NAd4uKa ; 15, 16 - nocmsl omepy3ku npodykyuu
4, 5 - nocmer mennoBou odpadomku ;

Pucynox 5 —I{ukiiorpamMmma paboThl TEXHOJIOTHYECKOTO 000PYI0BaHUS

14
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Ha 3aBonax cOopHOro sxene300eToHa pacyeThl rOJ0BOM MPOU3BOAUTEILHOCTH
OHOTO (POPMOBOYHOTO TIOCTA AarperaTHO-MIOTOYHON JIMHUU BBIIOJHSIOTCA TIO

dbopmyie:

—r—. ©

2

3
rac P— roaoBas NMporu3BOAUTCIIbHOCTD JIMHHUHN, HATYPAJIbHBIC CAVMHHAIIbI (M y M, IIT.

U T.J.);

h — xonmm4ecTBo pabounx yacoB B cyTkH (yCTaHaBIMBAeTCs coryiacHo [4, 5]B
3aBHCHMMOCTH OT 4Hciaa pabouunx cMmeH N (2 wim 3) npu 8-uacoBoi
MPOJODKUTEIBHOCTH paboueii CMEeHBI);

B, —pacueTHoe unciio pabouux CyTOK B roay (U1 arperaTHO-MOTOYHON JINHUU

253%yT.);

V —o00bemM 0JHOBpeMEHHO (POPMYEMBIX U3ENUN B BHIOPAHHBIX HATYPaJIbHBIX
eIMHUIIAX (M3, M, IIIT. U T.1.);

TM — IPpOAOJDKUTCIIbHOCTh HUKIIA (I)OpMOBaHI/I}I, MHH.

Jlis nByX (hOpMOBOYHBIX MTOCTOB T'OA0BAsI IPOU3BOIUTEIHHOCTH COCTABUT:

P, =2 0 [22‘23 16 416 = 28174 2

3arpatrhl TpyJa Ha eAWHHUILY (popMyeMOl HPOAYKIUH (TPYJAOEMKOCTD), Yel. H,

pPacCcUUTHIBAIOT MO (opMyIIe:

r=— P (4)

rie R —sBouHOe ymcio pabounx B Opuraje B CyTKH, Yell.;

N —41CJI0 CMCH B CYTKH.

. _ 41016253

_ 3
a7 - 294 yen-u/m®.
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bubauorpadguyecknii cnucok

1 TOCT 22701.0-7711nuthl Kene300€TOHHbIE PEOPUCTBIC MPEIBAPUTEIIHHO
HaIpsDKEHHBIE pasMepamMu 6X3 M Uil TOKPBITUH MPOW3BOJCTBEHHBIX 3JaHUMN.
TexHuueckue yciaoBus.

2 Kacropubix JIL.U. IlpoexTupoBanue npeanpusTuil MO MNPOU3BOACTBY
TOBapHOTro 6eToHa u cOOpHOTO Xxene3o0eToHa. Yacte |1 yuebHOe mocodue. — PocToB
u/J1: Poct. roc. ctpout. yu-t, 2014. — 13@.

3 Kacropusix JIL.U. IlpoexTupoBanue npeanpusTuii MO MNPOU3BOACTBY
TOBapHOIo O€TOoHa U cOopHOro kejnezo0erona. Yacts Il yuebHoe mocobue. — PocToB
u/Jl: Poct. roc. ctpour. yu-T, 2014. — 17k.

4 OO01IeCcOr03HbIE HOPMBI TEXHOJOTUYECKOTO MPOSKTUPOBAHUS MPEIITPUITHI
cooproro sxene3odberona. OHTII 07-85 / MuncrpoiimarepuaioB CCCP. — M.:
Crpoitnznat, 1986. — 5k.

5 Ilpou3BoACTBO COOPHBIX KEIe300€TOHHBIX W3aenuii: crpaBoynuk / I'. H.
bepauuesckuii [u ap.] / mox pen. K. B. Muxaiinosa, K. M. Koponesa. — 2¢€ usn.,
nepepad. u gomn. —M.: Ctporiusnar, 1989. — 44¢.



MuHucTepcTBO 00pa3oBanus U HayKu Poccuiickoit @enepanuu
degepajibHOE TOCYAaPCTBEHHOE OI0/KEeTHOEe 00pa3oBaTe/IbHOe
yupexkaeHue BbICIIero 00pa3oBaHus

«JIOHCKOM roCyJapCTBEHHbIN TEXHUYECKUN YHUBEPCUTET>

(ITTY)

YTBEpKICHO
Ha 3acenanuu Kadeapol
TEXHOJIOTHH BSIKYIIUX BEIIECTB,

OETOHOB U CTPOUTEIBHON KEPAMUKH
«26»anpens 2016r.

Pacuer aJuTeJIBLHOCTH 3JIEMEHTHBIX IIMKJIOB

HA MOCTaX KOHBEHEePHOW JIMHUHU

MeToanyeckue ykasaHus
K NPAKTHYEeCKUM 3aHATHAM 10 TUCIUIJINHE
«IIpoekTHpOBaHNe NPEANPUATHI CTPOUTETbHBIX M3/1eJIHIl M KOHCTPYKIHIA»
s ooyqaromuxcsa no HanpasJjeHuio 08.03.01 «CtpourteabcTBo»
npodpuias «IIpou3BoacTBO CTPOUTEIBLHBIX MATEPUAJIOB, U3ACJTUN

U KOHCTPYKIMH»

PocroB-Ha-/lony

2016



VIK 666.97 + 666.982

Pacuer AnuTEnbHOCTH 3JIEMEHTHBIX LHKJIOB HA MOCTaX KOHBEHMEPHOW JIMHUM.
Meroauueckue  yKazaHUsi Il MPAKTHUECKUX  3aHATHM 1O  JUCHUIUIMHE
«[IpoekTupoBaHrEe NPEANPUATUN CTPOUTENbHBIX HW3AETUNA M KOHCTPYKIUN» IS
oOyuatomuxcst no  HampaBienutro  08.03.01  &TpoutenscTtBo»  mpoduiisa
«IIpon3BOJICTBO CTPOUTENBHBIX MAaTEPUATIOB, U3ACIUNA U KOHCTPYKIHIT». — PocToB-
u/J1: Jlonc. roc. TexH. yH-T, 2016. — 1%.

PernmameHTHpYIOT MOPSIOK YW MPaBHIIa TEXHOJOTHYECKOTO MPOCKTHUPOBAHUS
npoliecca MPOU3BOICTBA KENE300€TOHHBIX U3JIEINI U KOHCTPYKIIUI, BBITIOJIHSIEMOIO
O0OyJaroIMMUCS OYHOW M 3a09HOW (pOpMBI OOYUEHHS IO HAMPABIECHUIO MOITOTOBKH
08.03.01 &TpourenbctBo» mpoduis «IIponu3BoACTBO CTPOUTEIBHBIX MaTepUaJIOB,
W3EIIUN U KOHCTPYKITUK.

[IpuBoauTcs mpuMep pacdera UIMTEILHOCTH JJIEMEHTHBIX TPOIECCOB,

OMepallMOHHOTO TrpaduKa W IUKIOTpaMMbl pabOThl KOMIUIEKCA MO KOHBEWEpHOM

TEXHOJIOTHH.
CocraBurens: kana. TexH. Hayk JI. . KactopHbix
Penakrop
Temrmuran 2016r., mo3.
[Moamnucano B nmeyathb 2016
dopmar 60x84/16. bymara nucuas. Puzorpad.
Yy4.-u3a. 1. Tupax 9k3. 3akas

PenakimoHHO-N31aTENhCKUN TIEHTP
JIOHCKOTO TOCYIapCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA
344022 Pocros-Ha-Jlony, yn. Conuanmuctuyueckas, 162

© JloHCKO#M rocyapCTBEHHBIHN
TexHuueckui yaupepcutet, 2016



BBenenue

OCHOBHBIMH ~ PAacUETHHIMH  BEIMYMHAMH  TEXHOJOTHMYECKOTO  IIpolecca
SBIISIIOTCS JJIMTEIHHOCTH OTEpalliii M AIIEMEHTHBIX IUKIOB. [IpOIOIKUTEIEHOCTD
BBITIOJTHEHHSI OTIEpaIfii OMpeaeNsieT KadyeCcTBO TEXHOJIOTH4Yeckoil oOpabotku. I[lo
JUTATETHHOCTH 3JIEMEHTHBIX IUKIIOB YCTAaHABIMBAIOT MPOU3BOJICTBEHHYIO MOIIHOCTD
TEXHOJIOTMUECKOW JIMHWM, TOAOUPArOT O00OpyIOBaHWE, HA3HAYAIOT  YHCIIO
UCTIOTHUTEIEH Tpo1iecca.

BaxxHpIM »TamoM B W3YYeHHMH W OCBOCHHHM NPHUHIIUIIOB TMPOCKTHUPOBAHUS
MPEANPUITANA IO TPOU3BOJICTBY COOPHBIX OCTOHHBIX U KEJI€300€TOHHBIX U3JICIUIN U
KOHCTPYKIIUH  SIBIIIETCS ~ OpraHu3allds  TEXHOJOTrudeckoro mporecca. Ilpu
TEXHOJIOTHYECKOM MPOCKTUPOBAHUM HEOOXOJIMMO B TIOJIHOW MEpe HCIOJIb30BaTh
COBpEMEHHOE O000pyJOBaHUE, OpraHU3alMOHHBIE pelIeHus, 00ecrneYnBaroye
CTPOTOE BBHITIOJHEHHE PEKUMOB OOpaOOTKH, BBICOKME TEXHHUKO-IKOHOMHUYECKHE
MOKa3aTeIM TMPOU3BOJACTBEHHOW JEATEIBHOCTH, T.€. MAaKCUMAIbHYI) SKOHOMHUIO
TPYIOBBIX, MATEPHATLHBIX U SHEPTETUIECKUX PECYPCOB.

[lenp HACTOSIIMX METOMWYECKUX YKa3aHHH - OCBOCHHE METOJOB pacyera
MIPOU3BOJACTBEHHOTO IIpoIlecca HAa KOHBEHEPHBIX TEXHOJOTHYECKUX JUHUSAX TI0

BBIIYCKY K€JI€300€TOHHBIX U3EIUA U KOHCTPYKIUH.



1 IpoayKIus TEXHOJOTHYECKOT0 KOMILJIEKCA

B kauectBe 0a30BOro wu3AEAMS MPUHUMAIOTCS IUIMTHI KEJI€300€TOHHbIE
peOpucThie npeasapuTeapHo-Hanpsukennblie mo 'OCT 22701.0-77 [1].
[lmuTel  mpuMeHSIOTCS Ui OTAIUIMBAGMBIX M HEOTAIUIMBAEMBIX
POU3BOJICTBEHHBIX 3/JaHUN B KAUECTBE DJIEMEHTOB MOKPBITHUS.
Mapxka s [1I" 6.3-6A, VI T-H,
rae II" —nuTa 6e3 mpoemMa B MOJIKe AJIs TNIyXHX Y4aCTKOB OKPBITHUS;
6.3 —pa3Mephbl TIUTHI, M;
6 —1mrectast HecyIas CnoCOOHOCTD;
A.VI — xnacc HanpsiraeMoi apMaTypHOU CTalu;
T — TsoKenbIid OSTOH;
H — npeana3nauena anst paboThl IPU arpeCCUBHONM CTETIEHU BO3ICHCTBHS
ra3oBOU CpeJIbl

Yeprex uzaenus NpeIcTaBiieH Ha pucyHke 1.
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Pucynok 1 —Ilnura pebpuctas I1I" 6.3-6A,VIT-H



XapakTepucTrka u3zienus npecrapieHa B Tadauie 1.

Ta6mumna 1 —TexHuyeckas XapakTepUCTUKA U3ICTINS

[Tokasaresnb Bennuuna
Krnacc no npoyHocTu Ha cxaTHe B30
Pacxon 6eToHa, M° 1,16
Pacxox cranu, Kr 123
Macca njuThel, T 2,9
JluaMeTp 1 Kj1acc HampsiraeMoi apMaTypbl 20A,1000
Benuunna nanpsixkenus B apmatype, Mlla 784,5
[lepenarouynast npouHocts, Mlla 27,5

2 OyHKIHOHAJIbHAS TEXHOJOTMYECKasi cXxeMa MPON3BO/JACTBA

Ha mepBoM »Tame mpoeKTHpOBaHHUS pa3padaTbiBaeTcs (YHKIIMOHATBHAS
TEXHOJIOTHMYECKasi ~ CXeMa  TPOM3BOJACTBA,  MpeAyCMaTpHBAlOMas  XapakTep
opraHu3ainuu OyIyIiero MpPOU3BOJCTBA, BHUJ TEXHOJOTHYECKOTO OOOpYIOBaHMS,
nepeyeHb TEXHOJOTUIECKIX OTIepaIuii.

[IpenycmatpuBaeTcs yIioTHeHHE OETOHHBIX CMECEH Ha BUOPOIIIOMIAIKE.

Mapka 6etonnoit cmecu BCT B30 111.

Croco0 yCKOPEHHOTO TBEpJCHUS — MIPONapUBaHUE B TOPU3OHTAIBHBIX KaMepax
IIEeJIEBOTO THIIA IO pexkumy: T = 14 ((2)+3+6+3).

Crioco06 HampsHKeHHsI apMaTypHOU CTaIN — JIEKTPOTEPMUUYECKUH.

OyHKIIMOHAIbHASI TEXHOJIOTHYECKAs CXeMa MPeICTaBlieHa Ha PUCYHKE 2.
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Pukcayus popms
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Nodber popmsi Ha AuHUKD

3anac GemorHol cmecy
B demoroyknadyuxe

Tpancnopmupobanue
GemonHoU crecu
(Mopman camoxodsii)
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Nodava cecu B uex

Nz BCUY

P HCYHOK 2 —(DYHKHI/IOHaJ'IBHaH TCXHOJIOTMYCCKasd CXeMa IMPOU3BOJACTBA IIJIAT




@OyHKIIMOHAIbHAS TEXHOJOTHYECKAs CXeMa CIY)KUT OCHOBAaHHWEM I BbIOOpa
o0OpyZOBaHUs, BBISBICHUS  COCTaBa  OMNEpalui, TMEPexXoJ0B W  IIOCTOB
TEXHOJIOTHYECKOH JIMHHH.

Ha crneayromem  3tame  NPOSKTHPOBAHUS  OCYIICCTBISICTCS  BBIOOD
TEXHOJIOTHYECKOTro 000pyaoBaHus (110 KaTtajoraM | cripaBouHukam) [2, 3, 5].

Kpan moctoBoit K16,-25-16,5:
- rpy3onoabemMHocts — 10T;
- macca — 12,6r;
- momHocTh — 31,1kBrT.
beronoyknamunk CMX-3507b:
- mupuHa kosuen — 4500mmM;
- MOIIHOCTE — 16,1xBT;
- rabaputhl, M — 5,6%6,3%3,1;
- macca — 9.
Bubpomnomaaka CMX-200"
- TPy30I0AbEMHOCTh — 15T;
- Macca — 6,6T;
- MOIIHOCTh — 92kBrT;
- rabaputsl, M — 10,3%3%0,7.
VYcranoBka s snekTpoHarpesa crepxkueit CMXK-129B:
- macca — 0,87T;
- moiHocTh — 40kBA;
- JUIMHA HarpeBaeMbIX cTepxkHell — 6200mwm;
- YUCJIO OJJHOBPEMEHHO HarpeBacMbIX CTEp)KHEH — 2.
Tenexka camoxonnas CMIK-151b:
- rpy3onoabemMHocTs — 20T,
- cKopocTh nepeasrkeHus — 40m/muH;
- mUpuHa Koneu — 1524mm;

- macca — 3,45r;



- MOIIIHOCTE — 6,5kBT.
Marmmna 11 OTKpbIBaHus U 3akpeiBaHus 0opToB CMXK — 453!
- macca — 4,2r;
- BpeMsl IIUKJIa OTKPBIBAHUSA U 3aKpbIBaHUSI — 1,5MuH.
YcranoBka nms cmazku Gopmber CMK — 518A:
- macca — 0,67t.
Penbcer mogsémusie CMK — 510A:
- macca — 3,65r.
[Topran camoxoaubiii — 2980/31.:
- macca — 1,7T;
- momHocTh — 10kBT.
Koxyx 3Bykounzonupyroumii CMXK — 653A:
- macca — 0,37t.
[TpuBoa koupeiiepa CMXK - 300%:
- macca — 7,97rt;
- motHocTh — 11kBrT.
Tenexka nepenarounas CMXK — 444:
- macca — 11,0r;
- moiHocTh — 18,1kBrT.
OOopynoBaHue IIENEBOM KaMmepbl C JAWCTAHIMOHHBIM YIOPABICHUEM IS
3aKpBIBAHUS TIPOEMOB IIENH U co3aanus repMeTuaHocTH CMXK — 445;
- macca — 02,1t;

- momHOCTh — 1,1kBrT.

[Tocne BbIOOpa 00OPYIOBAaHWS BBIONHIETCS €ro KOMIIOHOBKA Ha IIJIaHE
(pucynox 3). Jlns TPOW3BOACTBA M3JCIMA TMPOCKTUPYETCS  CEMHUIIOCTOBAs

KOHBCﬁCpHaH JINHHA.



3 Pacuer IJIMTEJBLHOCTH YJIEMEHTHBIX IIUKJIOB

JIMUTEeNbHOCTh MEXaHU3WPOBAHHOW ONEpalu OIMpeaenseTcs AByMs BUIAMU
3aTpar MAaIIMHHOTO BPEMEHHU — TEXHHUYECKUM U PSKUMHBIM [2, 3].

JTMTeIbHOCTh MEXaHU3UPOBAHHON OTIEpaIH PACCUUTHIBAIOT MO (hopMyIie:

| [a
tO.M. = V m + tp1 (1)

rae 1,,. —IIUTeIbHOCTh MEXaHU3UPOBAHHOM Olepaliuy, MUH,

I —pacucTHasi JJIrMHa — paCCTOSHHC pa60qer0 HJIKX TPAHCIIOPTHOI'O X0Ja

MAIIUHBI, M;

V —pacueTHasi CKOpOCTh pab0Yero WK X0JIOCTOTO X014 MAIIMHBI, M/MHUH;

0. — pacUeTHOE YHCIIO MPOXO/I0B MAIIIHHBI;

t, — peKMMHOE MallIMHHOE BPEMsi, HE COBMEIICHHOE ¢ TEXHUYECKHM, MUH,;

S — xK03(hGUIMEHT UCIIOJIB30BAHUS CKOPOCTH IMEPEABKCHUS MeXxaHu3Ma (Ipu
pacueTe KpaHOBBIX OIEpaluii MPUHAMACTCS 0 HOPMaM TEXHOJOTHYECKOTO
npoexktupoBanus [4]).

[TonyueHHble B pe3ysbTaTe pacdyeToB JUIUTEIBHOCTH OIepamuii  Clyxar

OCHOBOU JIJISl COCTABIICHHSI OTIEpAIlHOHHOTO Tpaduka (prucyHok 4).
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CocTaB 3BeHa pabounx

Texymee BpemMsi, MUH

Howmep Onepanun O6opynoBaHue, HHCTPYMEHTBI Kon Tpynoewm., Jlu., o«
nocra ' Ipodeccust | Paspsn no | ETMIH | MHH ~loloSDYI2TIRICINIS
Teper [Tpuém popmsl u3 kamepsi, TO Tenexka neperaTovHast Oneparop 4 1 3,5
HocT " | IlepemenieHUe TEIEKKH Tenexxka nepegaToyHast Omneparop 4 1 3
Ilepenayua popMbl Ha JTUHHUIO Tenexka nepenaTouHas Omnepartop 4 1 35|
Dukcarms GopMbl IIpuBon KoHBeliepa Omneparop 4 1 0,5
O0peska cTepxHei Pezak Pe3unk 4 1 6
Nel OtkpbIBaHuE OOPTOB U 3aMKOB (HOPMBI Marmmuna 171 oTKp. 60pTOB beronmmxk 4 1 4
Vi3Bneuenus uzmenus u3 Gopmsl Kpan mocToBoit KpanoBumk 5 1 2
IMepememenue GopMbI Ha CIIE. IIOCT IIpuBog koHBeiepa Oneparop 4 1 3,5
Dukcarms GopMbI IIpuBoa koHBelepa Omneparop 4 1 0,5
N2 Yuctka hopMbl [THeBMOCKpEOOK DopMOBIIHK 3 1 10
h Cmaska hopMbl YcraHoBKa A7 cMa3ku GOpMbI Oneparop 4 1 3,5
IMepememenue GopMbI Ha CIIE. IIOCT IIpuBog koHBeiiepa Oneparop 4 1 3,5 3,5
Dukcarms GopMbI IIpuBoa koHBelepa Oneparop 4 1 0,5 0,5
Harpes u ykiajaka cTepikHei YcraHoBKa [JIs 91 Harpesa ApMaTypImK 4 2 12 6
Ne3 "
VYknaaka u GpUKcalys KapKkacoB Kpan mocToBoit ApMatypiu 4 2 12 6
IMepememenue GpopMbI Ha CIIEI. IIOCT IIpuBog koHBeliepa Oneparop 4 1 3,5 3,5
Dukcarms GopMbI IIpuBog KoHBeiiepa Oneparop 4 1 0,5 0,5
Nod C6opxka (popMsI Maiuysa 171s OTK. U 3aK. 60pTOB Beronmuk 4 1 4 4
- VYxmaaxa u (UKCAIUs CEeTOK KpaH KOHCONIBbHBIN ApMaTypIuK 4 2 16 8
IMepememenue GopMbI Ha CIIEI. IIOCT IIpuBog koHBeiiepa Oneparop 4 1 3,5 3,5
Dukcarms GopMbI IIpuBoa koHBelepa Oneparop 4 1 0,5 0,5
N5 VYknaka OETOHHOHM cMecH B pEOpa IIUTHI Beronoyknagunk Oneparop 4 1 6 3+3
- 3arpyska O€TOHOYKJIaJUHKA IlopTan camoxoIHbIH Oneparop 4 1 5 5
[Tepemerenne GopMbI Ha CIIEe. TOCT IIpuBon koHBeliepa Oneparop 4 1 3,5 3,5
Dukcarms GopMbI IIpuBoa koHBelepa Oneparop 4 1 0,5 0,5
Omnyckanue GopMbl Ha BHOPOIIONIAAKY Penbcbl moapEMHbIC Oneparop 4 1 1 1
YcTaHOBKa 3ByKOH30JIMPYIONIET0 KOXKyXa MocToBoit kpaH KpanoBmuk 4 1 1,5 1,5
BubpoymioTHeHnue Bubporuiomaka Omnepatop | 4 1 15 15
Ne6 ITonbEM 3BYKOHM30IMPYIOIIET0 KOXKyXa Kpan moctoBoit KpanoBmuk 4 1 15 1,5
IMepememenue GpopMbI Ha CIIEI. TIOCT IIpuBog koHBeiiepa Oneparop 4 1 3,5
Dukcarms GopMbI IIpuBoa koHBelepa Oneparop 4 1 0.5
VYkiaKa cMecH B OJIKY Beronoyknagunk Oneparop 4 1 3+3
Ne7 BubpupoBanue u 3ariaxuBaHue beronoyknagunk Oneparop 4 1 4
3arpyska cMecH B OETOHOYKIIaTIHK IopTan caMOXOmHbIH Omneparop 4 1 3
[Nepemerenne GopMbI Ha ClIe. TOCT IIpuBon koHBeiiepa Omneparop 4 10 3,5
Tepen [Tpuém GopMmbI HA JIMHUI Tenexka neperaTovHast Oneparop 4 1 3,5
* | Ilepemernenue TeneKKH Tenexxka nepegaToyHas Oneparop 4 1 3
moct
[Tomaua ¢popmsl B kamepy, TO Tenexxka neperaTovHast Omneparop 4 1 3,5

Pucynok 4 —OnepannoHHbii rpaduK Npou3BOICTBA PEOPUCTHIX IITUT
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Jlmst  OKOHYATEJNBHOTO  OMpeleicHUs  puTMa  pabOThl  KOHBeHepa
paspabaTbiBaeTcs rpadoaHaATUTHIECKAsT MOJIEIb, IPEICTABIICHHAS Ha PUCYHKE O.

[Ipy TOCTpOEHWH MHMKJIOTPAMMBI YCTAHOBJICHO, YTO PHUTM KOHBeHepa
cocTaBigeT 18 muH.

OmneparoHHbI TpauK SBISETCS OCHOBAHHMEM JJIsi OMPENETICHUsS COCTaBa

IPOM3BOCTBEHHBIX pabouunx (Tadsuia 2).

Ta6muna 2 —CoctaB IpOU3BOICTBEHHON OpUTraibl

Keanuduka- KonnuecTBo 110 cMeHaM
[Ipodeccus LUOHHBIN 1 5 3 Hroro
paspsia
KpanoBmuk 5 1 1 - 2
CrponoBimuk 5 1 1 - 2
DOpMOBIIMK 3 L L - 2
4 1 1 - 1
ApMarypImk 4 4 4 - 8
Pe3unk 4 1 1 - 2
Omneparop 4 4 4 - 8
Tepmuct 4 1 1 1 3
Bcero 14 14 1 29

4 PacyeT MpOU3BOAMTEIbHOCTH W TPYA0EMKOCTH NMpPoLecca U3roTOBJIEHUS

u3aeJIuu

PutmMuyHOCTS pabOThl KOHBEHEPHOW TEXHOJIOTHYECKOW JIMHUHM OIpeAeseTcs
nociie TOCTpPOeHUs1 TpadoaHAIMTUYECKOW MOJETH TMPOU3BOJCTBEHHOTO Mpollecca
(pucyHOK 5).

CunxpoHuzanusi paboTbl 000pPY/IOBaHUS M MPOU3BOACTBEHHBIX pabOUMX Ha
MOCTaxX JIMHUM, BBIOJTHEHHAs B XOAE€ pa3pabOTKH ITUKIOTPAMMBI, IO3BOJIMIIA

YCTAaHOBUTH PUTM pabOThI KOHBeiepa — 18muH.
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Ha 3aBOoJax C60pHOFO )Kelre300eToHa pacueThbl I‘OI[OBOﬁ IIPOU3BOAUTCIBbHOCTH

KOHBEWEPHOH JIMHUU BBIMOJIHSIOTCS 1O (hopmyIie:

, _BCh(B, [Via
Pl = T , (2)
p

rae 7, —put™ pabOThl KOHBEWEPa, MUH,;

h — koruecTBO paboYMX YacoB B CyTKH (ycTaHaBIIMBaeTcs coriacHo [4, 5]B
3aBHCHMOCTH OT 4Hclia pabouux cmeH N (2wmmu 3) mpu 8-gacoBoii
POJODKHTEILHOCTH pabodeii CMEHBI);

V —00beM 0HOBPEMEHHO (POPMyEMBIX U3JIeJIUN B BBIOPAHHBIX HATYPaIbHBIX
eIMHUIIAX (MS, MZ, IIIT. 1 T.1.);

o —K03((HUIUCHT, YIUTHIBAIOIINN YMEHBIIIEHUE PACUECTHOTO BPEMEHH Ha
nepeHaNaKy KOHBeiepa mpu rmepexoie ¢ OJHOTO BHUJIA M3/ICIHIA Ha
JPYTOH, a TAK)KE HATMYIHUE «XOJIOCTBIX>» XOJIOB B Hadaje KaXKIbIX pabounx
cyrok (& = 0,90-0,96);

B, —uncno pabounx cytok B roxy (s koHBeWepHoil muuuu B, = 247cyr).

_ 60124716

P KOH
18

M16 095 = 14517 m°

3arpatrhl TpyJa Ha eAMHUILY (popMyeMOl TPOAYKIUH (TPYJAOEMKOCTD), Yel. ,

pPacCUUTHIBAIOT MO (opMyIIe:

r=— P (3)

rie R —sBouHOe ymcio pabounx B Opuraje B CyTKH, Yell.;

N —4H1CJI0 CMCH B CYTKH.

. _ 290247116

= 395 g/m®
14517 2 uenrulm
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bubauorpadguyecknii cnucok

1 TOCT 22701.0-7711nuthl Kene300€TOHHbIE PEOPUCTBIC MPEIBAPUTEIIHHO
HaIpsDKEHHBIE pasMepamMu 6X3 M Uil TOKPBITUH MPOW3BOJCTBEHHBIX 3JaHUMN.
TexHuueckue yciaoBus.

2 Kacropubix JIL.U. IlpoexTupoBanue npeanpusTuil MO MNPOU3BOACTBY
TOBapHOTro 6eToHa u cOOpHOTO Xxene3o0eToHa. Yacte |1 yuebHOe mocodue. — PocToB
u/J1: Poct. roc. ctpout. yu-t, 2014. — 13@.

3 Kacropusix JIL.U. IlpoexTupoBanue npeanpusTuii MO MNPOU3BOACTBY
TOBapHOIo O€TOoHa U cOopHOro kejnezo0erona. Yacts Il yuebHoe mocobue. — PocToB
u/Jl: Poct. roc. ctpour. yu-T, 2014. — 17k.

4 OO01IeCcOr03HbIE HOPMBI TEXHOJOTUYECKOTO MPOSKTUPOBAHUS MPEIITPUITHI
cooproro sxene3odberona. OHTII 07-85 / MuncrpoiimarepuaioB CCCP. — M.:
Crpoitnznat, 1986. — 5k.

5 Ilpou3BoACTBO COOPHBIX KEIe300€TOHHBIX W3aenuii: crpaBoynuk / I'. H.
bepauuesckuii [u ap.] / mox pen. K. B. Muxaiinosa, K. M. Koponesa. — 2¢€ usn.,
nepepad. u gomn. —M.: Ctporiusnar, 1989. — 44¢.
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YJIK 666.97 + 666.982

Pacyer AJWTENBHOCTM ANEMEHTHBIX LMKJIOB HAa JUIMHHBIX CTEHJaX.
Metoauueckue  ykazaHus Ul IPAKTHUYECKUX  3aHATUH O  JAMCLMUILIMHE
«[IpoexTupoBanne MNPEAUPUATAA CTPOUTENBHBIX HW3ACIHM W KOHCTPYKLIMN» IS
obyuaromuxcst no  Hampasienuto  08.03.01  &tpoutenbcTtBO»  mpoduiis
«[Ipon3BOACTBO CTPOUTENBHBIX MAaTEPUAIIOB, U3IEINA U KOHCTPYKIUN». — POCTOB-
u/J1: JoHc. roc. TexH. yu-1, 2016. — 15.

PernaMeHTUpYIOT MOPSJIOK M IpaBWIa TEXHOJOTMYECKOTO MPOEKTUPOBAHUS
mpolecca Mpor3BOJICTBA KeIe300€TOHHBIX U3EIUNA U KOHCTPYKIUH, BHITIOTHSAEMOTO
00Oy4arolMMUCs OYHOU U 3a04HOM (OPMbI OOYUYEHHS MO HAIPABJIEHUIO MOATOTOBKU
08.03.01 &tpoutensctBo» npoduis «lIIponu3BOACTBO CTPOUTEIBHBIX MaTEpPHUAJIOB,
W30ETUNA U KOHCTPYKLUAW.

[IpuBoauTCcs mnpuMmep pacuera JJIMTEIBHOCTH DIIEMEHTHBIX IPOLIECCOB,
BEJIOMOCTH TPYyJ03aTpaT W JIMHEWHOTO CYTOYHOTO rpaduka paboThl KOMILUIEKCa MO

CTCHI[OBOﬁ TCXHOJIOTHUH.

CocraButens: kana. TexH. Hayk JI. U. Kactopubix

Penakrop

Temrmuran 2016r., no3.

[Moamnucano B nmeyarhb 2016

dopmar 60x84/16. bymara nucuas. Puzorpad.
Yy4.-u3a. 1. Tupax 9k3. 3akas
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344022 Pocros-Ha-Jlony, yn. Conuanuctuyeckas, 162
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BBenenue

JIJIsi TEXHOJIOTUYECKOT0 Mpoliecca M3rOTOBJICHUS KEJIe300€TOHHBIX H3EIHMA
OCHOBHBIMU PACUYETHBIMM BEJIMYMHAMU SIBISIOTCSA JJIMTEIBHOCTH ONEpaluid U
AJIEMEHTHBIX IUKJIOB. [IpOAOMAKUTENHLHOCTh BBINOJHEHUS OIEpaluil onpeaenser
KauyeCcTBO TEXHOJOrM4eckoil o0pa®oTku. Ilo IAMTENbHOCTH 3JIEMEHTHBIX ILIHUKIIOB
YCTAHABJIMBAIOT  MPOU3BOJCTBEHHYID  MOIIHOCTh  TEXHOJIOTUYECKOW  JIMHUH,
noa0uparoT 000py0BaHME, HA3HAYAIOT YUCIIO UCTIOJIHUTENIEH Tpolecca.

BakHpIM 3TanoM B HM3y4€HUHM W OCBOEHUU IPUHLMIOB MNPOECKTUPOBAHUS
MPEANPUATHNA TI0 TPOU3BOJICTBY COOPHBIX OCTOHHBIX U KEJI€300€TOHHBIX U3JICTUN U
KOHCTPYKIIMI  SIBJIAETCSL  OpraHu3alus TEXHOJOTrM4Yeckoro mporecca. I[lpu
TEXHOJIOTHYECKOM MPOCKTUPOBAHUM HEOOXOIMMO B TIOJIHOW MeEpe HCIOJIb30BaTh
COBpEMEHHOE O000pyJIOBaHHE, OpraHUW3alMOHHBIE peIIeHus, 00ecrneYnBarone
CTPOro€ BBINOJIHEHUE PEKUMOB OOpaOOTKH, BBICOKHE TEXHUKO-3KOHOMUYECKHE
MOKa3aTeid MPOU3BOJICTBEHHON JAESATEIbHOCTH, T.€. MaKCHUMaJbHYH) HSKOHOMHIO
TPYAOBBIX, MATEPUAIIBHBIX U DHEPTETUUECKUX PECYPCOB.

[{enp HACTOSIIMX METOAMYECKHMX YKA3aHUM — OCBOCHHME METOAOB pacydeTa
MIPOU3BOACTBEHHOTO MPOIIECCa HA JIMHHBIX CTEHJIaX IO BBIMYCKY KEJI€300€TOHHBIX

U3EIIMN U KOHCTPYKIIUM.



1 IpoayKIus TEXHOJOTHYECKOT0 KOMILJIEKCA

B Ka4€CTBEC 0a3oBOro N3 ACIINA IMPUHUMACTCA IIJIMTa IMEPEKPBITUA

xene3o0eTonHas MmuoromyctotHas [16-60.12 mo T'OCT 9561-91 [1].

[InuTe! MNpCAHA3HAYCHBI JJIsI TPHUMCHCHUA B IICPCKPBITUAX W ITOKPBITHUAX

MHOTO3Ta)KHBIX JKUJIBIX, OOIIECTBEHHBIX M MPOU3BOJCTBEHHBIX 3/IaHUI C HECYIIUMU
CTeHaMH, COOPHBIM MJIK COOPHO-MOHOIMTHBIM KapKacOM.

[Tnuter  Ge3omamy0o4HOrO (QOPMOBAHHS MOTYT TPUMEHSTHCS B 3IAHHSIX,
BO3BOJMMBIX I10 ICHCTBYIOIIMM ITPOEKTaM, B3aMEH ILTUT C KPYTIBIMU ITyCTOTaMH.

Mapxka mutet [15-60.12:

I1b — muura 6e3onany6oyHoro HOpMOBaHMS,
60 —mmHa, 1M;
12 —mmpuna, oM.

Yeprex uzaenus npeicTaBieH Ha pucyHke 1.
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Pucynok 1 —Ilnura nepexpoitust MHOromycrotHas [15-60.12



XapakTepucTuka u3enus npeacTaBieHa B Tadmure 1.

Tabnuua 1 —TexHuueckass XapaKTepUCTUKA TUIAT NEPEKPBITUS

[Tokasaresnb Bemnuuna
Krnacc no npoyHocTu Ha cxaTHe B30
Pacxox OetoHa, M° 0,885
Pacxon apmaTypHoO# cTaiu, Kr 36,18
Macca njuThel, T 2,12
OGDBEM HM3IeTUs, M° 1,57
[Tnomans, M2 7,15

2 OyHKIHOHAJIbHAS TEXHOJOTMYECKasi cXxeMa MPON3BOJACTBA

Ha mepBoMm »srame mnpoekTupoBaHus paspadarbiBaeTcs (QyHKIIHOHATHHAS
TEXHOJIOTMYECKasi  CXeMa  NPOU3BOJACTBA,  MPEAYCMATpPUBAIOIIAs  XapakTep
opraHu3anmuu OyAyIIero MPOW3BOJCTBA, BUJl TEXHOJOTHUUYECKOTO O0OpYAOBaHMS,
HepeyeHb TEXHOJOTHYECKUX oneparuii [2, 3, 5].

Mapka 6etonnoit cmecu — bCT B30 XK1.

TexHomorus mpou3BoOACTBA — O0e30Many00ovHast Ha ITMHHOM MPOTSKHOM CTECH/IE.

Crnoco0 HampspKeHUs apMaTypHOM CTalld — MEXaHWYECKUW C HATSHKEHHEM
BBICOKOITPOYHOM MTPOBOJIOYHOM apMaTyphl HA YIIOPBI CTEH/A.

Crioco6 yCKOpPEHHOTO TBEPACHUSI — KOHTAKTHBI 00OTPEB C TIOMOIIIBIO CUCTEMBI
PETUCTPOB (TEIUIOHOCHUTENb — FOpsivasi BOJIA).

OyHKIIMOHAIbHASI TEXHOJIOTHYECKAs CXeMa MPEeJICTaBlieHa Ha PUCYHKE 2.
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pesepBupoBanue (3armac)

PI/ICYHOK 2 - (DYHKHI/IOHaJILHaH TEXHOJOIrn4ecCKas cxemMa IIpoOnu3BOJACTBA IIJIUT



OyHKIMOHAJIbHAS TEXHOJOTMYECKass CXeMa CIY>KUT OCHOBAaHHMEM IS BbIOOpa
o0OpyZOBaHUs, BBISBICHUS  COCTaBa  OMNEpalui, TMEPexXoJ0B W  IIOCTOB
TEXHOJIOTUYECKOW JIMHUH.

Ha  cnenyromeM — sTane  MNPOEKTHPOBAHUS  OCYIIECTBISETCS  BBIOOD
TEXHOJIOTUYECKOro 000pyaoBaHus (110 KaTtajoraM | cripaBouHuKam) [2, 3, 5].

Kpan moctoBoit K16,-25-16,5:

- rpy3onoabemMHocts — 10T;
- macca — 12,6r;
- momHocTh — 31,1kBrT.
3axsar jais it PP-4:
- macca — 0,556r.
YcTpoiicTBO Uit packiaiku U chEMa Terio3amuTHoro nokpsitus 025600:
- macca — 215kr;
- npousBoautens —3A0 BUBPOITPECC.
Pyunas ruapasianueckas rpynna BC-38-19:
- macca — 300kr.
Mamuna ans nonepeunoit pesku T9C100:
- macca — 2750kr;
- MoIHOCTh — 45k BrT.
MamwuHa 111 YUCTKU U cMas3ku 19:
- macca — 2,3T;
- MOIITHOCTE — 28kBT;
- CKOpOCTh - 12 M/MuH.
MaimuHa a1 packiajiku apmMatypHoit npoBojioku TPII-1:
- macca — 1,6r;
- MOIIIHOCTL — 3,7kBT;
- ckopocTh, M/mMuH — 50 - 100.
['mapomoMKpar Uil HATSHKEHHsI apMaTypHOU poBosiokn Y HA!

- macca — 0,26r;



- MOIIIHOCTE — 2,2KBT.
Mammna popmyromas TOHCUJTAHI-T9EVS:
- macca — /,8T;
- MoIHOCTh — 15kBT;
- ckopocTh, M/MuH — 0,65 - 3;
-006EM OyHKepa — 1 m3.
YcTaHoBKa 17151 MOWKH (DOpMYIOLIEH MaIlIWHBI:
- macca — 0,046r;
- Mo1HoCcTh — 4,5kBrT;
-naBienue — 1,8aTM.
Tenexka camoxoanas CMJXK-151b:
- rpy3onoabemMHocTs — 20T;
- cKkopocTh niepensrkeHus — 40m/muH,
- mupuHa Kosen — 1524mm;
- macca — 3,45r;
- MOIIIHOCTE — 6,5kBrT.
Cucrema rmojorpeBa JOPOKKH — ropsiuee BOJAOCHA0XKEHUE TI0 TPYOOIIPOBOTY.
[Toce BeIOOpa 0OOpYMOBaHWS BBHITIONHSETCS €r0 KOMIIOHOBKA Ha IUIAHE IeXa

(pucynok 3).

3 Pacuer IJIMTEJIBLHOCTH YJIEMEHTHBIX IIUKJIOB

Ha CTEHJIOBOU TEXHOJIOTUYECKOM JINHUU BBITIOJTHSIOTCSA Kak
MEXaHU3UPOBAHHBIC, TAK U PYYHBIC ONEPALIUH.
JIMMTEeNbHOCTh MEXaHU3UPOBAHHOW ONEPALUM OMPENCISACTCS BYMS BHIAMU

3aTpaT MAaIMHHOTO BPCMCHHU — TCXHUYICCKUM U PCIKUMHBIM.
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Pucynok 3 —KomMnoHoBou4Hast cxeMa CTEHJ0BOM JTMHUU O MPOU3BOJICTBY IUIUT Oe30many00o4Horo popMoBaHus
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JIMUTEeNbHOCTh MEXaHU3UPOBAHHOM OIepalii pacCUYUTHIBAIOT MO0 PopMyIie:

t, = \'/[58 't (1)
rae t,,. — ATUTENIbHOCTh MEXaHU3MPOBAHHOM OIEpalvy, MUH,

| —pacueTHast yMHA - paccTosiHUE pabOvero WK TPAHCIIOPTHOTO X012

MAIlluHBI, M;

V —pacdeTHasi CKOPOCTh pabodero MM X0JIOCTOTO X0/1a MalIHHbI, M/MUH;

(. —pacueTHOE YMCIIO MPOXOI0B MAIIUHBI;

t, — pe’KMMHOE MAIIMHHOE BPEMs, HE COBMEILIEHHOE C TEXHUYECKUM, MUH,

f — K03h(ULUEHT HCIONB30BAHUS CKOPOCTH IEPEIBIKEHUS MeXaHH3Ma

(mpuHMMaeTCs 10 HOPMaM TEXHOJIOTHYECKOro MpoeKTupoBanus [4]).

JIMATEeTbHOCTh PYYHOU Oreparuu onpeaesiercs no Gopmyie:

p.o

oo=pa, e, @

rae o —UIMTENBHOCTh PYYHOH ONEpaly, MUH,;
P —o06bem pabort 1o oneparuu,
t, —HOpMa BpeMeHH 3a eANHUIY 00beMa paboM, MHH;
Ny — YHCII0 UCTIOJIHUTEJIEH, JIJI1 KOTOPOTO YCTaHOBJIEHA HOPMa BPEMEHH,
N — mpUHATOE YHUCIIO UCTIOTHUTEICH;
o — K03 (PUIMEHT, YIUTHIBAIONIUN YMEHBIIIEHNE JITUTEIHHOCTH Oleparuit
3a cuer cokpaiieHuss HopMmbl BpemeHu — mpu N, >N, ¢=0,9...0,95, u
yBeIM4eHHE mpoaobkuTenbHocT —pu Ny >N, 0=1,05...1,1.
Pacuérnas BegoMocTh Tpymo3arpaT MO MPOU3BOACTBY MHOTOMYCTOTHBIX ILTUAT
nepekpbiTusa [1b-60.12, nmpuBenenHas B Tabnuie 2, MO3BOISET ONPEACITUTH
000padunBaeMOCTh CTCHIOBOM JINHUU /],.1,:

H e =Ti—:1 , (3)

rae 71,,, — JIUTEIbHOCTh TEXHOJIOTHYECKOr 0 1IMKJIAa M3TrOTOBICHUS U31C/IMM Ha
CTeHJe, Y.

24

509 " T

Hem =




Tabnuua 2 —BeaoMocTh Tpymo3aTpaTt 1Mo MPOU3BOJICTBY IUIUT MEPEKPhITHS Ha cTeHae (s 1-0f popMOBOUHOM JOPOKKH)

. B} - o 5 o = é o JnmuTenbHOCTD
= —_ = 3
: 1 02% glgBg 8. BE | cEszfg | oo
= o S E X~ oFl g7 o z| = Z .| & 3 F B
= . = =" O o ool T o] =& = 2= 9EE EZzQ TOM
3 Hanmenosanue onepauui 5 B = 2 522 2% 88 |EE® 2<% EE'S| Beero | wnerne
<S O >
= >L§ ES A = g = E MO% &m =g = HECOBM.
1 | CPeM TCIUIOM3OMIALHORHOTO 1 . 0,14 1 | 0,0023 90 0,22 1 13 13
HOKpI)ITI/Iﬂ
2 | OTnyck HaTsHKEHUS —— — — 1 2,04 2 0,068 49 3,33 2 100 100
MIPOBOJIOKA
3 | Peska GeTOHHOM MOMOCHT luspenne 6.0 1 0,1 15 1,5 1 90 90
4 | Crem usnenuid ¢ GopmoBouHoli lwsgeme | 2,0 1| 0033 15 05 1 30 30
JIOPOKKHU
5 | YUncTka 1 cMa3Ka CTeHIa AR Lom. 0,17 1 0,0028 90 0,25 1 15 15
g | Packuaka apMaTypHbIX 1 0306 | 1 | 00051 49 0.25 1 15 15
MTPOBOJIOK MIPOBOJIOKA
7 | Hamwxenue apuarypuoi L 333 | 1 | 0056| 49 | 083 1 50 50
IIPOBOJIOKH IIPOBOJIOKA
g | beTommpoRarie Gopyorouoit o 7 O g 1 68 | 2 | 0227 133 3 2 90 90
JOPOKKH O
g |Packnanxa 1w 0,14 1 | 0,0023 90 0,22 1 13 13
TCITJION3OJISILIUOHHOT O HOKpBITI/ISI
10 | YckopenHoe TBepaeHue OeToHa MU 960 960
Htoro 1376 1376

11
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4 PacyeT nmpou3BOAUTEIHLHOCTH U TPYA0EMKOCTH MPOLECCa U3TOTOBJIECHUS

u3aeanu

[lonydyeHHble B pe3ynbTaTe pacyeToOB AJUTEIBHOCTH OIEpaluil CiryKaT
OCHOBOH JIJIsl IIOCTPOCHUS JIMHEHHOTO Tpaduka padbot (pucyHok 4).

B pesynbTare mocTpoeHHs BEIOMOCTH TPYAO3aTpaT W JIMHEHHOro rpaduka
YCTQHOBIIEHO, HYTO CaMbIM TPOJOJDKUTEIBHBIM I[UKIOM SIBJISETCS  IPOIIECC
pacnianyoku — 250MuH.

CoctaB NpOU3BOJCTBEHHBIX paOOYMX TPEACTaBICH B TaOMMYHOW (opme

(rabauma 3).

Tabnuma 3 —CocTtaB NpouU3BOACTBEHHON OpUTaIbI

KBanuguka- KosnuecTBo 1o cMeHam Hroro
[Ipodeccus ITUOHHBIN 1 5 3
paspsia

Omneparop 5 5 5 - 10
DOpMOBIIUK 4 2 2 - 4
ApMarypImk 4 2 2 - 4
Kpanomuk 4 2 2 - 4
Tepmuct 4 - - 1 1
Bcero 11 11 1 23

3.
Pacuer IMPOU3BOAUTCIIBHOCTH IIponecca U JJIMHHOIO CTCHAA Pcm’ M.

Py = Bp Ll]cm LV6 Ln, (4)

rae B, —uancio pabounx cytok B roxy (s crennosoit muaun B, = 253cyrt.);
/., — KOTM4eCcTBO 00OPOTOB CTEHAOBON YCTAHOBKH B CYTKHU;
N . . 3.
V; —o0bem OeToHa u3eauil Ha OJJHOM (POPMOBOYHOM JTOPOIKKE, M)

N —KOJIMYECTBO (POPMOBOUYHBIX TIOPOIKEK.

P.. =2531.0,88515.8 = 26868v°.



wle | =la [a | M 1 cymku . m
SR |oq|8% S dopoxku e %
Q12313318 5. 1 cMeHa 2 cMeHa 3 cmeHa Q 25
S =3 | 85
g5l NN Bpems, 4 53 $3
S ENEHER RS S5 | 3%
SRl 9|0 n §3 | =3
1 2590
2 2590
3 2590
N A 2590
1
S lalel, 5 2590 20,72
3 ~ 6 } 2590
Q — N
< 7 — . 2590
8 — 2590

[lpumeyvaHue* -Yc/10BHbie odo3HaqveHus - 8 Bedomocmu mpydozampam

Pucynok 4 —JIluneiinblii rpaduk Tpou3BOACTBa pabOT Ha IJIMHHOM CTEHJIE

€T
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3arpatrhl TpyJa Ha eAWHHUILY (opMyeMOr TPOAYKIUH (TPYJAOEMKOCTB), Yel. H,

pPacCcUUTHIBAIOT MO (hopMyIie:
r= —p , (5)

rie R —sBouHoe uncio pabounx B Opurazie B CyTKH, Yell.;

N —4Y1CJI0 CMCH B CYTKH.

23116253
r= =188 gl Mo
2686¢ [2 yeir.-a/ m°.
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bubauorpaduuecknii Ciucoxk

1 T'OCT 9561-91I1nuThl EPEeKPHITHI KeTe300€TOHHBIE MHOTOMYCTOTHBIC JIJISI
30AHUN U COOPYKEHUMN. TEXHUUYECKHUE YCIOBUS.

2 Kacropubix JIL.U. IlpoexTupoBanue NpeanpuiATUid MO MPOU3BOACTBY
TOBApHOI'0 OeTOHA M COOPHOTO Xene300eToHa. YacTs | yuebHOe nmocobue. — PocToB
u/J1: Poct. roc. ctpour. yH-T, 2014. — 13@.

3 Kacropueix JIL.U. IlpoektupoBaHue MNPEANPUATHI IO MPOU3BOJACTBY
TOBapHOIo O€TOHa U cOOopHOro kejae3o0erona. Yacts Il yuebHoe mocobue. — PocToB
u/Jl: Poct. roc. ctpour. yu-1, 2014. — 17k.

4 OO011ecor03HbIe HOPMBI TEXHOJOTUYECKOTO MPOEKTUPOBAHUS MPEITPUATHI
coopuoro xkenezoberona. OHTII 07-85 / Munctpoiimatepuanos CCCP. — M.:
Crpoitmznar, 1986. — 5k.

5 Ilpou3BoACTBO COOPHBIX KEIe300€TOHHBIX W3enuii: crpaBoynuk / I'. H.
bepnuuesckuii [u np.] / mox pen. K. B. Muxaiinosa, K. M. Koponesa. — 2¢ u3n.,

nepepad. u non. —M.: Crpoituznar, 1989. — 44¢.
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VIIK 666.97 + 666.982

MeTtoauka pacuera JUIMTEIHLHOCTH AJIEMEHTHBIX LUKIOB. MeToanueckue yka-
3aHUA K MPAKTUYECKUM 3aHATUSAM IO AUCHUIUIHHE «lIpoeKkTHpoBaHME MPEeAPUSTHIA
CTPOMTENBHBIX HU3IEIUN M KOHCTPYKIMID» IS OOYYaroIuXCs II0 HAIpPaBICHHIO
08.03.01 &tpoutensctBo» npoduiis «IIpou3BOACTBO CTPOUTEIHHBIX MATEPUAJIOB,
U3JICIAN U KOHCTpYKIuii».— Pocros-u//1; JloHc. roc. TexH. yH-T, 2016. — 1&.

MeTtoauueckue ykazaHusl peraaMeHTHPYIOT OPSAIOK U MpaBHia TEXHOJIOTHYE-
CKOTO MPOEKTUPOBAHMSI MpOIecca MPOU3BOACTBA HKENE300€TOHHBIX M3JEINA U KOH-
CTPYKIIMH, BBITIOIHIEMOTO OOYYAIOIIMMHUCS OYHOW M 3a0YHOM (OPMBI OOYUEHHS TIO
HanpasieHuto noarotoBku 08.03.01 CrpoutenncTBo” mpodust «IIpon3BoacTBo
CTPOUTENLHBIX MaTEPUAJIOB, U3IEIHA U KOHCTPYKITUH .

[TpuBomUTCS METOAMKA pacdyeTa W ONTUMHU3AIMU BBIMOJHEHUS AJIEMEHTHBIX

MPOIIECCOB, ONEPANMOHHBIX TPaUKOB M IHMKJIOTPaMM PAOOThI TEXHOJIOTHYECKOTO

KOMILJIEKCA.
CocraBurens: kana. TexH. Hayk JI. Y. KactopHbix
COOEPXAHUE
C.
| 231701 (535 1 (<
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BBenenue

YpoBeHb 3 (PEKTUBHOCTH MPOU3BOJCTBA OMPEACISIETCS KOMIUIEKCOM (haKkTo-
POB, Cpelli KOTOPBIX BAXKHEHUIIIMM SIBISETCS COBEPIIEHHAs OopraHu3alus padboT mo
COOJTIOJICHUIO TTAPaMETPOB TEXHOJIOTHIECKOTO TPOIIecca.

OCHOBHBIMM BEJIMUMHAMH JIJISI pacyeTa TEXHOJOTHYECKOTO MPOLIecca ABISIOTCA
JUTUTEIIBHOCTH ONEPalid U 3JIEMEHTHBIX HUKJIOB. [IpOJOIKATENBHOCTD BBINOJIHEHUS
TEXHOJIOTUYECKUX OIepaluil ompeaessieT kadyectBo obpaboTku. 1o mmurenbHOCTH
AJIEMEHTHBIX IMKJIOB YCTAHABIMBAIOT MPOM3BOJCTBEHHYI0 MOIIHOCTh TEXHOJIOTHYE-
CKOHM JTMHUH, TTOAOUPAIOT TPAHCIIOPTHOE 000PYI0BaHNE, HA3HAYAIOT YUCJIO UCTIOTHU-
TEJIEN MpoI1ecca.

BaxxHbIM 3Tanom B U3y4€HUH U OCBOCHUHW NMPUHLMIIOB MTPOEKTUPOBAHUS MIPEL-
MPUSTUHN TI0 TIPOU3BOJICTBY COOPHBIX OCTOHHBIX M KEJI€300€TOHHBIX M3EINN U KOH-
CTPYKILIMH SIBJISIETCSI OpraHU3alMsl TEXHOJIOTUYECKOro mnpoiecca. [lpu TexHonoruye-
CKOM TPOCKTHPOBAHUM HEOOXOJAMMO B TOJIHOW MEPE HCIOJIh30BaTh COBPEMEHHOE
0o00opyoBaHuE, OPraHU3allMOHHBIC PEIeHUs, 00ECTICUNBAIOIINE CTPOTOe BBIMOJIHE-
HUE PEKUMOB 00paOOTKH, BEICOKUE TEXHUKO-PKOHOMUYECKHE MMOKA3aTeJI MPOU3BO/I-
CTBEHHOU JIESITETbHOCTH, T.€. MAKCUMAJIbHYIO 3KOHOMHUIO TPYJIOBBIX, MATEPUAIBHBIX
Y DHEPTEeTUYECKUX PECYPCOB.

[lenp HacTOSIIMX METONMYECKUX YKAa3aHMM — OCBOCHME METOJOB pacuera
IIPOM3BOJICTBEHHOTO MPOIIECCa Ha TEXHOJIOTHYECKUX JIMHUSAX 10 BBIITYCKY XkKeje300e-

TOHHBIX U3IEIIUN U KOHCTPYKIIUH.



1 Conep:xanue NpakTHYeCKUX 3aHATHIA

[IpakTrueckue 3aHATHS MPETyCMATPUBAIOT PACUYET JITUTEIBHOCTH pabOThHl HA
NOCTaxX arperaTHoOM, KOHBEMEPHOM JINHUU U TEXHOJIOTMYECKOTO IMKJIA HA CTEH/IE.

PacyeTsl 251eMEHTHBIX LIMKIIOB arperaTHOW U KOHBEHMEPHOU TEXHOJIOTMYECKOU
JUHUA U [UKJIA padOThl CTEHJIa BBIMOJHAIOTCS pasnaeibHo. [Ipu 3ToM mpegycmoTpe-
HO, YTO YacTh pacyeToB y4yeOHas MOATpYMNa BBINOJHSAET B ayAUTOPUM U 4YacTh — B
BHUJI€ JOMAIITHUX 3aJaHUM.

HTorom mpakTHUECKUX 3aHATUN JTOJDKHBI SIBUTHCS. OMEPALMOHHBIN Ipaduk u
rpadoaHanuTuyecKkas MoJieidb paboThl arperaTHO-MOTOYHOW, KOHBEHEPHOU JIMHUU U
BEJOMOCTh TPYJ03aTpaT C PACYETHOW LUKJIOTPAMMOM BBINOJHEHUS OIEpalui Ha
JUTMHHOM CTEHJIE.

[Ipou3BOACTBEHHBIE pacyeThl Mpollecca U3rOTOBIIEHUSI COOPHBIX Kene300e-
TOHHBIX KOHCTPYKIIMIA BBITIOJHSIOT TOCHE pa3paboTku GyHKIIMOHATHLHOW TEXHOJIOTH-
YECKOM CXEeMbI U ONpeICICHUS PEKUMOB 00pabOTKHU.

@OyHKIMOHATBHAS TEXHOJIOTHYSCKas cxeMa (PUCYHOK 1) CITy>KUT OCHOBaHHEM JjIsT BbI-
00pa OCHOBHOIO OOOpY/IOBaHMS, BBISIBJICHUSI COCTaBa OMEpalyi, Tepexo/IoB U YMCia MOCTOB
arperatHoN WM KOHBEMEPHOM JIMHWM, KOJIMYECTBA CTEHIOBBIX YCTAHOBOK. TEXHOJIOTMYECKUE
PEOKUMBI YCTaHABIIMBAIOTCS TIPH YCJIOBUM, YTO B pe3yibTare 0OpaboTKu OyayT JOCTUTHYTHI
TpeOyeMble CBOMCTBA TpeMeTa Tpyia (MakcUMabHas TUIOTHOCTh CBEKEOTPOPMOBAHHOTO Oc-
TOHA, 33/IJAHHOE TIPE/IBAPUTENLHOE HAMPSLKEHNE B apMaType, OTITyCKHAs! MPOYHOCTh OETOHA I10-
CJIe YCKOPEHHOTO TBEPICHHS U JIP. ).

IIpor3BOACTBEHHBII ITPOLIECC PACCUUTHIBAIOT B CIIEAYIOLLIEN MTOCIEIOBATEIILHOCTH:

— pa3pabaThIBalOTCsl KOMIIOHOBOYHBIE CXEMBI MOCTOB C Pa3MEIIEHUEM B IIAHE
(B HEOOXOUMBIX CITydasX U BEPTHKAILHOU MPOCKIIMK) OCHOBHOT'O TEXHOJIOTHYECKO-
ro U TPAHCMOPTHOTO 00OpyaoBaHuUs. ['abapuTbl 000pyAOBaHUS U OOBEKTOB MPOU3-
BOJICTBA, (OPMBI C U3ACIIMEM BMECTE C MPHUHATHIMH PACCTOSHHSIMU MEXIy HUMH

BbIYCPUYHBAIOTCA B OIPCACIICHHOM MaCH.ITa6€;
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— YCTaHaBJIMBAIOTCS HEOOXOAUMBIE PACUETHBIE NTAPaMETPbl — 0ObEMBI padOTHI
10 ONepalysM, IJIMHBI pa0OYHX U XOJIOCTBIX XOJ0B MAaIllMH, BEICOTA U TAJILHOCTH I1e-
pemelieHus: Mmatepuana, GopM U Ip., YTOUHSIOTCS HOPMbI BpEMEHHM HA Py4YHBIE OIle-
paiuu, TEXHUYECKNE XapaKTePUCTUKN MEXaHU3MOB, COCTaB paboyux;

— PaCCUYUTBIBAIOTCS JUIMTENBHOCTH MEXaHU3UPOBAHHBIX U PYYHBIX OINEPALMM, U
COCTaBJISI€TCS MEPBbI BAPUAHT ONEPALIMOHHOIO I'paduKa UM BEAOMOCTH TPYA03aTparT.

[TonydeHHbIE HOPMAIU ONEPALMN HA MOCTAX TEXHOJIOTHYECKOW JIMHUU TOJIe-
’KaT COIIaCOBaHUIO Mexay co0oil. HeoOXxoaumo noaATBeEpAUTh peaibHOCTh BBIOJIHE-
HUS 3aIUIAHMPOBAHHBIX OIlEpalMii Ha HECKOJBKHUX ITOCTaX OJHOBPEMEHHO. Bo3MoOxk-
HOCTb BBINIOJIHEHUS OIEpAallMi BO BPEMEHH M IIPOCTPAHCTBE YCTAHABIMBAECTCS I10-
CTpOEHHEM IpaOaHATUTUYECKON MOJENN IpoLecca — IIUKIOIPaMMBI.

IIpn MonenupoBaHMM NMPOM3BOJACTBA W3JEIMM HA CTEHAE, IO LUKIOTPaMMeE
BBISIBJISIIOT TIPOAOJDKUTEIBHOCTh COBMEIIEHHBIX OMEpanuii M yCTaHaBIMBAIOT OO0IIee
HECOBMELIEHHOE BpEeMsI IPOM3BOCTBEHHOIO IIpoliecca.

Ha ocHOBaHMM NTpOBEIEHHBIX MPONU3BOACTBEHHBIX PACUETOB TEXHOJIOTHUECKUX
JVMHUM CTYJIEHThl y4eOHOW TPYMIbI COCTABIAIOT UHAUBUAYAIbHBIE OTYETHI, KOTOPHIE

IMoAJICKaT 3alIruTE IOCJIIC OKOHYAHUA ITPAKTHYCCKHUX 3aHATHUH.

2 MeToauka penieHusi 32124 NPOeKTHPOBAHUS

[TnaHMpOBOYHYIO KOMIIOHOBKY IOCTOB TEXHOJIOTMHYECKOH JIMHUM, MPETyCMOTPEHHBIX
(byHKIIMOHATEHOM CXEMOM, HAYMHAIOT C BbIYEpPUMBAHMS OCHOBHOTO arperara. [lomumo arperara,
Ha TJTaHE JIOJDKHBI OBITH MPETyCMOTPEHbI HEOOXOMMBIE BCTIOMOTaTeTbHbIE TUIOIIAAM sl pa3-
MEIIeHHS apMaTYpPHBIX W3EMIA Ha TIOCTY apMUPOBAHMS, TS TEKYILEro peMoHTa (opm, XpaHe-
HUS TIPUCTIOCOOJIEHMIA 1 MIHCTpYMEHTa | T.11. [ Ipumep KOMITIOHOBOYHOIM cxeMbl TocTa (hopMOBa-
HUS IPUBOAMTCS Ha prucyHke 2. [1IuprHa mpoe3ioB ¥ MPOXoZI0B B IIaHE, BHICOTA MEPEMEIIICHHS
IPY30B JIOJDKHBI YJIOBIIETBOPSTH TPEOOBAHMSM 10 TEXHUKE OE30IACHOCTU U TPOM3BOACTBEHHOM
caarrapry (prcyHky 3u 4). [Tpr pasMelieHrH TeXHOTIOrHYecKoro 000py/IOBaHKs 1 TIOCTOB CJle-
IyeT CTPEMUTHCS CO3/IaBATh YETKO CIEIMATM3UPOBAHHBIE 30HBI: TIOTOTOBKU (hOpM, apMUPOBA-

Hus1, ()OPMOBAHMS, TETTOBOM 00PaOOTKH.
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Haznauenue 30HHI, IIpoxoJga

OnpeﬂeneHHe BCJINYNH

Pabouas 30Ha —HE00-
XOJIMMOE TIPOCTPAHCTBO, B
KOTOPOM MOXET ITPOU3BO-
TUThCS paboTa

IIpocTpancTBO BBICO-
Toit 10 2,0M HaJl ypOBHEM
noJia vy Tutormaaku (h),
Ha KOTOPOU HAXOAUTCA
pabouee MeCTO HIMPUHOM
ne meree 0,8m (P)

PaGouee mecTo —yacTh
paboueii 30HbI, B KOTOPOIA
pa3MeNICHBI OPTaHbI
yIpaBICHUS, HHCTPYMEH-
ThI, TPUCIIOCOOJICHHMS, Ma-
TepHaIbI

[IpocTpaHcTBO B TIpe-
nenax paboyeit 30HbI,
oTIpeIeIAEMOC BETMUNHOMN
30HBI JIOCATAEMOCTH PYK B
TOPU30HTAIBHOM IIOCKO-
CTH:

1 —onTtumanbHas 30Ha;
2 —HOpMaJlbHas,
3 —MHUHHUMAaJIbHas

IIpoesn nexoBoro
TpaHCIOpTa —30HA IS
JBUKEHHS HA3EMHbIX
OIEMHO-TPAHCIIOPTHBIX
CPEICTB

[Tpoesn (mpoxon) npu
PAacIIoIOKEHUH B HEM pa-
06ouero Mecrta ¢ OJTHOM
CTOPOHBI

[Tpoesn (mpoxon) npu
PacIooKEeHUH B HEM pa-
00YnX MECT C JABYX CTO-
pOH

[Iupuna npoesna
OTIpENeNSIeTCS MaKCH-
MaJIbHBIM TabapuTOM
IPY’KEHHBIX TPAHCIIOPT-
HbIX cpeacT (/) u raba-
puTOM IIpHOIKEeHUs (2)
ae meuee 0,5m.

[Iupuna padoyero me-
cra (P) e menee 0,8Mm

MaructpanpHbII 1EXO-
BOM IIPOXOJT

[Ipoxox mexy 06opy-
JIOBaHUEM, MEXITY 000PYy-
JOBaHUEM U CTCHAMH 3]1a-
HUsI, BTOPOCTEIICHHBIN
POXOJ

L ?‘000/ L 7200/

[ IrprHa MarucTpaIbHOrO
npoxona (/1) ue mexee 1,5m.

[poxon MexTy 000pyI0-
BaHHeEM He MeHee 1,2Mm.

[Ipoxon k 060pyI0BaHHIO
TS €T0 PEMOHTA M OOCITYKH-
Bauust He Menee 0, 7M.

I[poxox mexmy 060pyIo-
BAHKMEM C CTEHAMHU 3/IaHHS HE
meree 1,0m

Pucynok 4 —OrnpezneneHne IupuHbI TPOE3A0B U MPOXO0B
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30HBI U 000PYAOBAHME HA IUIAHE CIEAYET pacrojaratb Tak, 4ToObl CO3JaBa-
Jach MPSIMOTOYHOCTh TE€XHOJOTHYECKHX MOTOKOB, HE OBLJIO MX MepecedyeHus, nepe-
MEIIEHNS HU3rOTaBIMBAEMBIX U3JEIUNA U (OPM IMPOUCXOJWIN KpaTyalllluM IyTeM,
0€3 BCTPEUYHBIX U BO3BPATHBIX JBHKEHUH.

[IpuHMMaeMble KOMIOHOBOUYHBIE PEIICHUS JOJKHBI MOAYUHATHCS TPeOOBAHU-
AM OJIOKUPOBKHM KaK CTPOMTENBbHBIX, TAK U TEXHOJOTMYECKUX peuieHui. B kaxaom
TEXHOJOTMYE€CKOM KOMILJIEKCE JOJKHBI OBITh YHHU(PHUIIMPOBAHBI MECTA MOAAYU OCTOH-
HOW CMECH, apMaTypPHBIX M3EJINN, BIBO3a TOTOBOM IIPOLYKIINHU, PACIIOJIOKEHUS TEX-
HOJIOTMYECKMX KOMMYHHUKAIMH, 30HbI Pa3MEILEHUS arperatoB U yCTaHOBOK.

QYHKIMOHAIBHYIO TEXHOJIOTMYECKYIO CXEMY I'pyIIa IPUHUMAET B PE3YyJIbTATE
aHaJIM3a CyIIECTBYIOUIMX CIOCOOOB MTPOU3BO/ICTBA OA30BOI0 U3EIHS.

PacyeTtnbie 00beMBbI pabOT MpH BBHIMOJIHEHUU ONeEpalui, 3alJIaHUPOBAHHBIX B
(YHKIIMOHAJIBHOW TEXHOJOTHYECKONW CXeMe, YCTaHABIMBAIOTCS M3 XapaKTEPUCTHK
o0bekTa mpou3BoacTBa (00beM OeToHa B pOpMyeMOM H3JENIMHU, Macca YKIaJbIBae-
MO apMartyphbl, cMa3biBaeMasi TIOBEpXHOCTh (DOPMEI U T.I1.). TpeOyeMbie BEIMYHHEI
nepeMenIeHni 000py10BaHUsl ONPENEISAIOTCS U3 KOMIIOHOBOYHOM CXEMBbl MOCTa U
TEXHOJIOTHYECKON JIMHUH.

Texuuueckue XapakTepUCTUKUA O0OPYIOBaHUS: CKOPOCTh PabOYero M XOJOCTOrO
XOJIOB, CKOPOCTh IEPEMEILIECHNS TTOPILHS JOMKpaTta, 00beM OyHKepa OETOHOYKIIaauMKa U
T.J1. IPUHUMAIOTCSI TIO TTACTIOPTHBIM JaHHBIM [1, 2]. JIMUTeTbHOCTh BHITIOTHEHUS KPAHOBBIX
oreparyii yCTaHABIMBASTCS 110 HOPMaM TEXHOJIOTHYECKOTO IPOSKTUpOBaHHM [3)].

Bpemst 1 cocTaB UCIOJHUTENEH NIPU BBIIOJHEHUN PYYHBIX ONEpalui NMPUHU-
MAaIOTCsl TI0 HOpMatuBaM [3], YCTaHABIMBAIOTCS 110 THIIOBBIM MPOEKTaM M TEXHOJO-
ITMYECKUM KapTaM aHaJOTMYHBIX Mpou3BOACTB. [Ipu mpoexkTupoBaHuUU MOTYT OBITH
MPUHATHl CPEIHHUE NPOJOJDKUTEIBHOCTH BBINOJHEHUS PYYHBIX ONEpaluil, Tak Kak
MIPOEKTUPOBAHKUE BEJIETCSA IIPHU YCIOBHH BBIYCKA YCPEAHEHHON HOMEHKJIATYPHI MPO-
nykuuu. Cpensss NpOJOJDKUTENBHOCTh ONEPAlMil NPU W3TOTOBJICHUH OTAEJIBHBIX
BUJIOB NMPOyKIuu npuBogutcs B [1, 2, 4].[Ipumep onepaninoHHOTO Tpaduka mpous3-

BOJICTBA K€JIe300€TOHHBIX U3JIeJNI MPUBEICH Ha PUCYHKE 5.
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Pucynok 5 —OnepannuoHHbiid rpa@uK Mpou3BOACTBA IUTMTHBIX KOHCTPYKIIHMA

B mporecce pa3paboTku oneparioHHOTO TIpadrka HEO0OXOIUMO O0ECIeUUuTh

TCXHOJIOTUYCCKYHO CMHXPOHU3AHUI0 3JICMCHTHBIX HHUKJIIOB U OPraHU3allMOHHYIO CHH-
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XPOHM3ALHI0 MPOU3BOJCTBEHHOIO Mpoliecca B LENOM. TE€XHOJIOTMYECKH CUHXPOHU-
3UPOBAHHBIM SIBJISIETCS TAKOW 3JIEMEHTHBIN MPOLECC, JIUTEIBHOCTh KOTOPOTO paBHA
WIK KpaTHAa PUTMY BbIITyCKa NMpoayKiuu. HeoOXonuMo CTpeMHTbCS Tak pacrpese-
JUTH ONEPAIMU MO OTAEIbHBIM MTOCTaM, YTOOBI BCE 3JIEMEHTHBIE IUKIIbI ObLTA PABHBI
MeXxay coOOM. J[s1 TeXHOIOTrHUYeCKONH CHHXPOHU3ALNU 3JIEMEHTHBIX MPOILIECCOB BO3-
MOXHBI. Mepe/ladya OTAEJIbHBIX ONEpPALMil B COCTaB CMEXHBIX 3JIEMEHTHBIX IMPOIIEC-
COB, OOBE/IMHEHUE HECKOJbKUX MOCTOB B OJIMH, U3MEHEHUE YUCia UCIIOJIHUTENEH. B
OTJIETIBHBIX CIIy4asiX MOXET OKa3aThCs 1e1ecO00pa3Hoi 3aMeHa MPUHSATOTO 000py-
JIOBaHUS, U3MEHEHUE KOJMYECTBA MEXAHU3MOB WJIM pa3paboTKa CHeluaibHbIX MPU-
CIIOCOOJICHMUIA.

TexHOJIOrn4ecknili Mpouecc NpPU3HAETCS OPraHU3ALMOHHO CUHXPOHU3HPOBAH-
HBIM, KOT/Ia €r0 UCIOJIHUTEIN 3aHATHI B TIEPHOJ] pabodero puTMa moiaHocThio. O 1o-
CTUTHYTOW CHHXPOHMU3ALMU CYIAT MO JIUTEIBHOCTH 3JIEMEHTHBIX IIUKIJIOB U 3aHSITO-
CTH pabO4MX B T€YEHUE PUTMA, KOTOPbIE TPUBOASTCS B ONEPALIMOHHOM rpaduke.

B TexHonornueckux npoueccax, KaKk mpaBuio, MPUHUMAIOT YYaCTHE HECKOJIb-
KO MalllVH, 30HbI JEUCTBUS KOTOPBIX PACIOJIOKEHBI B OJHOW TIOCKOCTH. B mpouecce
POEKTUPOBAHUSI HEOOXOIUMO OOECIEUYUTh YETKOE B3aUMOJICHCTBUE BCEX MEXaHMU3-
MOB. J[71s1 cormacoBanus pabOThl 00OPYIOBAHMS TEXHOJIOTHUECKON JTMHUHM BO BpeMe-
HU U TPOCTpaHCTBE Haubosiee ynoOeH crnocod rpadoaHaIMTUYECKOTO MOJEIMPOBa-
HUs. YeTKOro B3auMOJICUCTBHUS B pa00OTe MEXaHW3MOB U 3BEHBEB pabOYMX MPH STOM
JOCTUTAIOT B MPOLECCE MOCTPOSHUS U ONTUMHU3ALMH IIUKIOTpaMMbl — rpauuecKkoit
MOJICNT paOOThI IPOSKTHPYEMOTO TEXHOJIOTUYECKOTo Tpoiiecca (pUCyHOK 6).

IHocTpoenne nMKIOrpaMMbl padoThl OCHOBHOTO O0OPYIOBAHUSL TEXHOJIO-
TUYECKOW JINHUM MMPOU3BOJIMUTCS IO ONPEAEIEHHBIM MPABUJIaM U BBINIOJIHIETCS B Clie-
IOYIOIIEH MOCIEI0BATENBHOCTH.

BrruepunBaeTcss pacueTHas cxema — IUJIaH TEXHOJIOTMYECKOM JuHuM. Eciu B
IPOJIETE PACTIONI0KEHO HECKOJBKO JIMHUW, U OHU OOCIIY>KMBAIOTCSI OJTHUM MEXaHU3-

MOM, HalIpuMEp, MOCTOBBIM KPaHOM, TO HUKJIOTpaAMMY CTPOAT JIA BCCTO ITPOJICTA.
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Ha navyanbHOM 3Tane UCHOJIb3yIOTCS KOMIOHOBOYHBIE CXEMBbI IMOCTOB, UX pas-
MEIIAIOT B MPOJIETE U BRIUEPUMBAIOT B MacIITaoe.

Ha nnane nuHuUM KaXAbld LEHTP MocTa 0003HAYaeTCs pacyeTHON TOUKOM, KO-
TOPOM MPUCBAMBAETCS ONPEICICHHBIA HOMED, BCE MEXaHU3MbI Ha ITUKJIOpamMMe 000-
3Ha4aroTcsi OykBamu (cM. pucyHOK 6). [Toa miaHOM Iexa pacnojiararoT MUKIOTpam-
Mmy. ITo ocu aGcuuce OTKIAABIBAIOT PACCTOSIHHUE B METPax, a o OCHU OPAUHAT — BpeMs
B MHUHYTax. [Ipy BhUEpPUMBAHUM ITUKIOTPAMMBI CIEIYET MPETyCMOTPETh MAacIITad
OCH OpJMHAT, 00eCIeUrBaIOIINi BO3MOXXHOCTh IMOCTPOCHUS PabOTHl MEXaHU3MOB B
TeueHue 00Jjiee OJTHOTO ITUKIIa Pa0OThl TEXHOJIOTUUYECKOUN JIMHUH.

PaboTa MammHbBI Ha TUKIIOTPaMMe U300pakaeTCs JIMHUEH, KOTOpasi GUKCUPYET
MECTOHAXO0XXJAECHNE MEXaHU3Ma B KOKIbIii MOMEHT BPEMEHU. AHAJIOTUYHO MPOCIUPY-
eTCs TIepeMenieHne U 00bEKTOB IPOU3BOICTBA — POPM, TOTOBBIX M3aenuil u aAp. [Ipo-
eKIMsl TI000H JTMHUY Ha OCh aOCITMCC MOKA3bIBAET, KAKOE PACCTOSHUE TPOXOIUT Ma-
muHa. Eciu TMHUS UKIOrpaMMBbl POEIUPYETCS HAa OCh a0CIIMCC B TOUYKY, CJ€I0Ba-
TEJIHHO, MAIlIMHA CTOUT WU paboTaeT, He TepeMenIasich o aiauHe 1exa. [Ipoekmus
JUHUM HA OCh OPJMHAT IMOKa3bIBa€T BpeMsl padOThl WM MPOCTOS MeXxaHu3Ma. Bcee
JIMHUM Ha ITUKIIOTpaMMe JIOJKHBI HAUMHATHCS Ha OCH aOCITMCC M HE TIPEPHIBATHCA 10
KOHIIa HUKJIOTPaMMbl. JINHUY MUKJIOTpaMMbl UMEIOT ONPEICIICHHBINA YO HAKJIIOHA K
ocu opauHaT. TaHreHc yriia HakJIOHA BBIPAXKAET CKOPOCTh NBUXKEHUS W, CJIEI0BA-
TEJIBHO, YeM OOJIbIIIE YTOJI, TEM BBIIIE CKOPOCTh M MEHBIIIE BPEMEHHU 3aTPavurBaCTCs
Ha MepeMelleHre 00BbeKTa.

{1 mOCTpOEHUs IUKJIOTPAMMBI U3 PACUETHBIX TOYEK MPOBOASAT JIMHUM, Ma-
paienbHble Ocu opauHAT. [loryuyeHHbIE paHee pacyeTHbBIEC JIUTEIbHOCTH ONEPALNi
OTKJIQJIBAIOT HA JIMHUSX COOTBETCTBYIOIIETO IOCTa B OMPEJEIEHHOM MaciiTade
BPEMEHHU U TOCJIEN0BATEILHOCTH, PETIAMEHTUPOBAHHON OTIEPAIIMOHHBIM Tpa(uKOM.
Touku Havana ¥ KOHIIA MEXAaHU3WPOBAHHOW Oreparuu 0003Ha4ar0T OyKBaMU W WH-
JIEKCOM, COOTBETCTBYIOIIIUM MaIlluHEe, KOTOpasi IOJKHA BBIOJIHATH padoTy, U HOMEP
MOCTa, Ha KOTOPOM BhITIONIHsAETCS paboTta. Hampumep: bz — 6eToHOYKIaMuMK Ha 1MO0-

cty Ne 3.
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JIuHMM, COeAMHSIOIMNE TOYKH, (PUKCHPYIOIIME BPEMSI U MECTO HAaXOKICHUS
MEXaHU3Ma, OTpaXkaroT padoTy MalluHbl. Ha mukinorpamme nocienoBaTenbHo, Hauu-
Hasi C OCcH a0CIMCC, COEIUHAIOT BCE TOUKHU, OTHOCSILUECS K OAHOMY MeXaHu3My. Ilpu
BbIUEPUMBAHNUU JIMHUI, 0003HAYAIOIUX MEPEMELICHUNE MEXaHU3Ma, CJIEIAT, YTOObI
YIOJI HAKJIOHA UX K OCH OPAMHAT COOTBETCTBOBAJ TEXHMYECKOM BO3MOXKHOCTH CKO-
pOCTH ABMKEHMS 3TOro MexaHusMma. JInauu, o003Havaromume JBUKEHNE MEXaHU3MOB,
paboTaronmx B OJHOM IUIOCKOCTH, HE JOJDKHBI HAXOAUTHCA JIPYT OT JApyra Ha pac-
CTOSIHUU MEHBIIIEM, YEM 3TO MO3BOJISIIOT radapUThl MAILIUHBI.

Taxum cnocoOom n300paXkaroT paboTy BCEX MEXAHU3MOB C YYETOM BBIIIOJIHE-
HUSI PYYHBIX OIIEpPaLAN.

B nporecce nocTpoeHuss NUKIOTpaMMbl ITPOU3BOJUTCS yBsi3Ka pabOThI MeXa-
HU3MOB M 3BeHbEB pabounx. [Ipy 3TOM BO3MOXKHBI Cily4au, KOTJa MpeayCMOTpeHHAsI
OTIEpAIIMOHHBIM IpaukoM paboTa HE MOXKET OBbITh BBHIMOJIHEHA B ITJIAHUPYEMBIH MO-
MeHT. Hanpumep, cbeM H31eMs ¢ MOMOIIBI0 MOCTOBOI'O KpaHa Ha JAHHOM IIOCTY
HEJb35l OCYIIECTBUTH, TAK KAaK B 3TO BPeMsl KPaH BBIMOJIHIET pabOTy Ha APYroM Io-
CTy. B 3THX ciydasx U3MEHSIOT epBOHAYaIbHbIA BapUaHT ONEPALIMOHHOIO rpaduka.
CornacoBaHHbIE ONEPALMOHHBIN IpauK U LUKIOTpaMma paboThl MEXaHU3MOB NPE-
CTaBJIAIOT OKOHYATEIbHYIO MOJIEIb IIPOEKTUPYEMOIO TEXHOJIOTHYECKOTO ITPOLIECCa.

[Muknorpamma Mo3BOJISIET MOJYYUTh HauOOJEE 1EIECO00PA3HYI0 CXEMY Opra-
HU3alMU NPOLECCa, YYUTHIBAIOIIYIO BCE YCIOBHS NpoM3BOACTBA. ONTHMHU3UPOBAH-
Hasl, yBs3bIBAIOIAsl pabOTy MEXAaHU3MOB U 3BEHBEB pabOUMX, IUKIOrpaMMa obecre-
YMBAaE€T MUHUMAJIBHYIO ITPOJIOJKATEIBHOCTh TEXHOJIOTMYECKOTO IIPOLECCa.

[Io momy4eHHOM LMKJIOTpaMME ONPEAEISIIOT JUIMTEIBHOCTh BEIYLIErO JJie-
MEHTHOI'O IIMKJIa U HEOOXOUMOE KOJIMYECTBO MAILIMH, YTO MO3BOJISIET IPUCTYIUThH K
CIEAYIOLIEMY JTAIly TEXHOJOTHYECKOTO MPOECKTUPOBAHUS — PACUYETy IIPOEKTHOM MPO-
M3BOJUTEIIbHOCTH TEXHOJIOTMYECKON JMHHH, TMOTPEOHOCTH B pecypcax, ChIpbe U

KOMILUICKTYIOIIUX MaTrcpualiax.
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3 IlpaBuiaa opopMjieHUs 0TUETA N0 MPAKTHYECKUM padoTam

3.1 InauBuayanbHbI OTYET MO BBHIMOJIHEHHOW paboTe COCTaBIsAETCS HA CTaH-
JTapTHBIX JIUCTax nucuel Oymaru opmara A4.

OdopmieHre TEKCTOBOM 4acTh OTYeTa JOJKHO COOTBETCTBOBATH TPEOOBaHU-
sm 'OCT 2.105-95 [5]a rpaduueckoit uactu —I'OCT P 21.1101-2013 [6].

TexcToBast yacTh OT4ETa KOMIIOHYETCSI B COOTBETCTBHM C PEKOMEHIAILUSIMHU,
npuBeAeHHbIMH B 1. 3.3. OT4eT JO0HKEH MMETh TUTYJIbHBIA JIUCT YCTAaHOBJICHHOU
(GopMbl, MOCE TUTYJIBHOTO JIUCTa MOMEIIAETCS OIJIaBJICHHE C YKa3aHMEM HoMepa
CTpaHUI] KaXJI0T0 pa3jaena.

3.2 Otuer M31araeTcsl CXKaTbIMU U YETKUMU (POPMYJTHUPOBKAMHU 0€3 JIMIITHUX
noapoOHOCTEN U MOBTOpeHUH. Bee mpuHAThIE B pacueTax JaHHbBIE (XapaKTepUCTHKH
obopymoBanus, KO3p(GUITUEHTHI, pa3Mepbl) JOKHBI 000CHOBBIBATHCSI CCHUTKAMH HA
UCTOYHUKH, KOTOPBIE IPUBOASTCS B IEPEUHE HUCIIOIH30BAHHOM JINTEPATYPHI.

TexcT pa3menoB paszgensercs Ha MOApa3eiabl U MyHKThI. Pa3nenbl JOMKHBI
OBITh MPOHYMEPOBAHBI apaOCKUMHK IUdpaMu B mpezenax Bcero oryera. [loapasnens
clelyeT HyMmMepoBaTh apaOCKMMU Lu(paMu B MpeAesax Kaxaoro pasuena. Homep
noJipas3ziesia I0JKEH COCTOATh U3 HOMEpa pasfiesia 1 HoMepa Mojpasnaena, pa3aeieH-
HBIX TOYKOM.

[TyHKTBI HyMepyIOTCSl apaOCKUMU IU(ppaMu B IIpeieiax noapasaena.

Hamnpumep: 3.2.4 -ueTBepThIil MyHKT BTOPOTO MOpa3jiesia TPEThEro pasena.

Pucynku, cxeMbl HyMEpYIOTCS MOCIEAOBATENIbHO B Tpeliesiax BCEro OoT4yeTa
apabckumu upami.

Kaxxnas tabnuia 10oMKHA MUMETh COAEpKaTeIbHBIM 3aroj0oBOK, KOTOPBIA MO-
MeniaeTcs noj ciaoBoM ' Tabnuna". Tabmuisl HyMEepyrOTCs B PEJiesiax BCEro OTUEeTa.

B oTuere mocne 0CHOBHOM TEKCTOBOM 4acTH MPUBOIUTCS OubInorpaduyeckuit
CIIMCOK, KyJa BKJIOYAIOTCS BCE HMCMOJb30BAHHBbIE MCTOUYHUKHU. VICTOUHUKH clemayer

IMOMCIIATh B MOPAAKE ITOABJIICHUS CCBIJIOK B TCKCTC. HpI/I CCBIJIIKC B TCKCTC HA UCTOY-
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HUK JOKYMEHTAJIbHOM HWH(OpMAIMKM CleayeT MPUBOJIUTH MOPSAKOBBIA HOMEpP IIO
CIIUCKY JINTEPATYPHI, 3aKIFOUCHHBIN B KBAJPATHBIE CKOOKHU.

3.3 nauBuyanbHbI OTYET MO MPAKTUYECKON paboTe cocTaBisieTcs Mo clie-
IyIOIIEMY TIJIaHy:

BBenenue

1 [TpoayKiyst TEXHOJOTHUECKOTO KOMILIEKCa

2 OyHKIUOHATBHAS TEXHOJOTUYECKAs CXeMa

3 PacueT IIMTEILHOCTH 3JIEMEHTHOI'O IIUKIA

4 PacyeT JIUTEIBHOCTH MPOW3BOACTBEHHOrO Mpoliecca U3rOTOBJICHUS Kelle-
300€TOHHBIX U3JIEIHI

Bo BBenenuu omnpenensercs 1eiab padOThl, MPUBOIATCS CPOKH BBIMOJHEHHUS,
OIICHUBAETCS €€ aKTyaJIbHOCTh U CBSI3b C yUEOHBIM MPOIECCOM.

[Ipu ommcanum TMPOIYKIIMU, MPUHATON K MPOU3BOJICTBY, U3JIaralOT OCHOBHBIC
XapaKTePUCTUKN 0A30BBIX U3ACIIMN U TEXHOJOTHUECKHE YCIOBUS UX MTPOU3BOJICTBRA.

Bo BTOpOM pazzene mpuBoasTcs (QPyHKIIMOHAIBHBIC CXEMbI M KPAaTKOE OIMHUCa-
HUE TEXHOJIOTHYECKOI0 IMpolecca. XapaKTepU3yeTcss OCHOBHOE TEXHOJOTHUECKOE
000opynoBaHue, MPU3BAHHOE BBIMOJHUTH YCTAHOBJIECHHBIE TEXHOJOTHUECKHUE PEKUMBI
00paboTKH.

B paznenax 3 u 4 moMemarT BCe pacyeThl U CXEMbI, UCTIOJIb3yeMbI€ TIPH OMpe-
JENCHUH JJIUTETLHOCTH TEXHOJOTUYECKOro mpoiiecca. MTOroBeIM JTOKYMEHTOM B
TPETbEeM paszJielie SIBISETCS ONepallMOHHBIN I'paduK, B UETBEPTOM — IIMKJIOrpamMMa

PabOThI TEXHOJIOTHYECKOTO 000PYI0BAHUS.
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