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BBEJIEHUE

I'maBHOW 3agayeli B COBPEMEHHBIX YCIIOBUSIX SBISIETCA YIY4ILICHUE
Ka4yeCTBAa MPOAYKIMU M HAJbHEHIIUKA POCT MPOMBIIUIEHHOTO MPOW3BOJICTBA.
Pemenne 5TOoM 3amaun BO3MOXKHO, KaK 3a CYET COBEPLICHCTBOBAaHUSA U
ONTUMH3AIUN CYIIECTBYIOIIMX TEXHOJIOTUYECKUX MPOILECCOB, TaK U C
MOMOIIIbIO Pa3pabOTKU HOBBIX TUIIOB MPOU3BOJACTBEHHOT'O0 000PY/I0BAHUS.

[IIupokoe pacnpocTpaHeHHWe TPYOOMPOBOJHOIO TPAHCIOPTA B TOPHO-
METaJUTypru4eckoM KOMIUIEKCE 00YCIOBIMBACT aKTyaIbHOCTh MCCJICIOBAaHUN B
HalpaBJI€HUM U3YUYCHUSI YCIOBUN JBUKEHUS THUIPOCMECEH B Pa3IMUYHBIX
MPOU3BOJACTBEHHBIX  cucTeMax. (C  yd4eToM  YBEJIMYEHHUS  PaACCTOSHUU
TPAHCIIOPTUPOBAHUS U HECTAOMIIBHOCTH XapaKTEPUCTUK, TPAHCIOPTHUPYEMBIX
ruApocMeceit He0OXOAMMO TIOIJICPKUBATH 3a/IaHHBIC TTApAMETPhl HA BCEM dTarle
TPAaHCIIOPTUPOBAHUS U MAKCUMAJIBHO CHU3UTh U3MEHEHHMS, KOTOPBIE MOBJIEKYT
CHIIKEHHE KauecTBa  BBINOJHAEMOM  3aJayd  BCIEICTBUE  TOrO, 4YTO
TPAHCTIOPTUPOBAHUE BS3KOIUIACTUYHBIX CPEIl UMEET MPOOJIEMBbI, CBSI3aHHBIE C
UX JIOCTABKOM J0 CIJIEIYIOILIEro 3Tana Iporu3BOCTBA.

lenbto MaHHOW IUIUIOMHOW paOOTHl SBISIETCS H3YYEHHE IPOOJIEMBI
TPAHCTIOPTUPOBAHUST 1O TPYOONPOBOAY HEHBIOTOHOBCKUX JKHIKHX Cpel,
PacCMOTpEHHE PELIEHUH MO MOBBIIIEHUIO 2 (HEKTUBHOCTH TPAHCIIOPTUPOBAHUS
CI0KHOCTPYKTYPUPOBAHHBIX TOHKOJIMCIIEPCHBIX CMECEW IMyTeEM AaKTHBAllUU
IIOTOKA YHEPTUEN MMOTOKA.

JIns 3TUX 1enei npeanosiaraeTcsl co3ganue J1abopaTOpHONW YCTAaHOBKU U
OTBITHOTO O0pa3lia TOMOTCHU3aTOpa >KUIKUX Cpell OCCIPHUBOIHOTO THUIA C
LETbI0 TOJYyYEHHS] OCHOBHBIX XapaKTEPUCTUK pabOThl - CTATUYECKOTO,
JAHAMUYECKOTO M MOJIHOTO HAIlopa, pacxoja W PEeOJOTUYECKOW KapTHHBI

TCUYCHUA ) KHMAKOCTH.



1 PEOJIOT'USA MEJIKOAUCIIEPCHBIX CUCTEM

I'omorenmsanmusa — TEXHOJIOTMYECKUM IIPOLECC, NPOU3BOAMMBINA HAJ
IBYX WIM MHOTro(a3sHOil cHCTEMOM B XOJE€ KOTOPOIO YMEHBIIAETCS CTENEHb
HEOJHOPOJHOCTH PACIpPEACICHUSI XUMUYECKUX BellecTB U (a3 1mo o0bEMY
rerepodazHoil cuctembl. CrieayeT pas3iuyaTh MOHATHS TOMOI€HM3alUU H
nucneprupoBanus. Ilpu roMoreHuzauuu  HeoOs3aTENbHO  MPOU3BOAUTCS
npoOeHue JIUCTIEPCHOM dbass (Hampumep, npu CMEIIMBAHUU
MOPOITKOOOpa3HbIX TBEPABIX BemiecTB). HampoTuB, mpu aucrneprupoBaHUU
rerepodaszHas cucteMa 0ObIYHO OJTHOBPEMEHHO U TOMOTE€HU3UPYETCS.

B xome roMoreHusanuu MOTYT MOJy4aThCs KaK YCTOMYMBBHIE, TaK H
HeycToN4MBbIe rerepodasnbie cucTembl. Korga 3170 BO3MOXKHO U HEOOXOIUMO,
B reTepodazHble CUCTEMbI BBOASTCS CTAOMIIM3UPYIOUIME BEUIECTBA (Hampumep,
aMMHa4YHbIN oydep npu MOJIyYEHHUH MUKPOKPHUCTAIIMYECKOTO
TUAPOKCHANaTuTa). XOTs TEPMHUH 'ToMoreHu3amus" OOBIYHO YHOTpeOsseTcs
OTHOCHUTEJIBHO MPOLECCOB CMELIMBAHUS B3aUMHO B3aHMMHO-HEPACTBOPUMBIX
BEILECTB, HAIIPUMEP, TAKUX KakK (BOJIa-MacJO, STUIIOBbII CIIUPT-PTYTh), OJTHAKO,
TOMOT€HHU3allMd MOTYT TMOJIBEPraTbCsi M CMECH TBEPABIX MOPOILIKOB (cyxas
CTPOUTENIbHAsI CMECh), M CMECH B3aUMHO-PACTBOPUMBIX KOMIIOHEHTOB,
0COOEHHO, KOT/Ia TI0 KaKUM JIMO0 MPUYUHAM CKOPOCTh PACTBOPEHUS 3aMeIJICHa.
TepMuH «roMOTeHM3alUs» TaKKE HCHOJB3YETCS B pa3leie CTPOUTEIbHOU
MEXaHUKU CONPOTHUBJICHUE MaTepuaJoB JUIsi  pacuyeTa  KOMIIO3UTHBIX
MaTepuaoB, HANpUMeEpP, KaMEHHOM KIIaJIKU, KOTOpasi COCTOMT M3 KIaJOYHBIX
ANEMEHTOB (KUpMUYel, KamHe#, OJIOKOB) W CTPOUTENBHOrO pacTBopa. [lpwm
TOMOTE€HHU3AllMA KOMITO3UTHBIM MaTepuan 3aMEHSIETCS YCJIOBHO OJIHOPOJHBIM
(roMOreHHbIM),  (U3UYECKHE  XapaKTEPUCTUKH  KOTOPOrO0  MHTErPaJIbHO

COBIIAJAKOT C p€aJIbHbBIM MaTCPpHUAIIOM.
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Cucrtempl ¢ XUOKOW W TBEPAOM IHUCIEPCUOHHOW CPENOW, Kak W BCE
IpyTHe  KOHJCHCHUPOBAHHBIC  CHCTEMBI,  OOJaJal0T  OMpEeAeICHHBIMU
MEXaHMYECKUMH  CBOMCTBAMM —  BSA3KOCTBIO, BO MHOTHUX  CJIy4asx
IJIACTHYHOCTBIO, YMPYTOCTHIO M TPOYHOCTHIO. DTH CBOWCTBA CBSI3aHBI CO
CTPYKTYpPOH TMOJOOHBIX CHCTEM, IMOATOMY HMX YacTO HAa3bIBAIOT CTPYKTYPHO-
MEXaHMYECKUMHU CBOMCTBAMU. DTH CBOWCTBA HA3BIBAIOT €IIIE PEOJIOTHUYSCKUMH,
TaK KaK Y4YCHHE O TEYCHUHW DA3IMYHBIX TEJ WM, B Oojee oOmeM BHje, O
nporeccax aedopMmariii, pa3BUBAIOIIUXCS BO BPEMCHH, HOCUT Ha3BaHUC
peoJIoTuH.

Bce nucriepcHbie CUCTEMBI MOXHO Pa3/IelIUTh Ha CBOOOTHOAMCUEPCHBIC U
CBSI3HOJIUCHEPCHBIC CHCTEMBl. ECIM JIHUCIIEPCHOHHOW CpEelIoW  SBIISICTCS
KHUJIKOCTh, TO MOTYT OBITh W TEPEXOIHBIC CHCTEMBI, OTJCIbHBIC YACTHIIBI
KOTOPBIX CBSI3aHBI JIPYr C JPYroM B PBIXJIBIC arperatbl, HO He 00pa3yroT
CIUIOIIHON CTPYKTYPHI (CTPYKTYPHUPOBAHHBIE KUJAKOCTH). OUeBHIHO, TOJ00OHbBIC
arperatbl MOXKHO paccMaTpUBaTh KaK OOpPBIBKM MPOCTPAHCTBEHHOM CETKH,
KOTOpasi TI0 TEM WJIM MHBIM IIPUYMHAM HE MOTy4YHryia MOJIHOTO Pa3BUTHS.

Ha tum cucteMbl BechbMa CYIIECTBEHHOE BIMSHHE  OKa3bIBaeT
KOHIIGHTpanus aucriepcHol  (a3zpl. B cBOOOMHOIMCIIEPCHBIX CHCTEMax
KOHIICHTpAIMS JTUCIIEPCHON (pa3bl HE MOXET ObITh OYCHBb OOJIBINON, TaK Kak B
IPOTUBHOM CJlydae HEHW30eXKHO BO3HHMKAJI OBl KOHTAKT MEXIY OTISIbHBIMU
gacTuiaMu. B pe3ynbpTaTe 00pa3oBbIBAINCH OBl IPOCTPAHCTBEHHBIE CETKHU WIIH,
o KpaiHeH Mepe, O00BEeM CHCTEMBI 3aIlOJNHSJICS HACTOJIBKO YaCTHIIAMH
JTUCIIepCHOM (ha3bl, UYTO CBOOOIHOE TIEpeMENIeHNEe YaCTHI] 0 OTHOIICHHIO JIPYT
K JIpyry Obuto Obl HEBO3MOKHO. IIOHATHO, YTO TIPH BBEACHUU B CHCTEMY
cTabmiam3aropa, MPEMATCTBYIONIETO CONMIKCHHUIO YacTHIl, a CISI0BAaTEIbHO, U
MPOSIBJICHUIO MOJICKYJISIPHBIX CHJI MEXIY YacTHIIAMH, MOXXHO 3HAYHUTEIIBHO
YBEIIMYUBATh KPUTHUYSCKYIO KOHIICHTPAIIMIO, TIPH KOTOPOH BO3HHUKAIOT CBS3U
MEXy 3JICMCHTAMH CTPYKTYPHOH CETKH, T. €. KOHIICHTPAIIUI0, OTBEYAIOIIYIO

JIOCTaTOYHO BBICOKOM MTPOYHOCTH WUJIA CTPYKTYPHOM BSI3KOCTH CUCTEMBI.



B cBsA3HOIUCIEPCHBIX cHCTEMaxX KOHUEHTpALMs JUCHEPCHOW (pa3bl
MOXKET JIOCTUTaTh OYEHb OONBIINX 3HaUYeHHH. OHAKO CIIEyeT OTMETUTh, YTO
OTU CHUCTEMBI MOTYT TOJYYaTbCi M MPHU OYEHb MAJIBIX KOHUEHTPALUIX
nucnepcHoi ¢asbl. Ta uiam uHask CTPYKTypa KOJUIOMIHOM CUCTEMBI MPUIAET el
OIPEAEICHHbIE PEOJIOTMYECKUE CBOMCTBA.

N3-3a  HecBA3aHHOCTM JpPyr C JPYrOM  OTAEJIBbHBIX 4YacTHIl B
CBOOOTHOIUCTIEPCHBIX CUCTEMAX 3TU CUCTEMBI MPOSBIISIOT CIIOCOOHOCTD K BSI3-
KOMY TE€UEHHIO, T. €. K HEMPEPHIBHOMY M3MEHEHHI0 CBOel (hOpMBI BO BpEMEHU
N0/ BIMSHUEM JaX€ OYEHb MaJjbIX HampsbKeHWil ciasura. [Ipum sTom TeueHue
ATUX CHCTEM KaueCTBEHHO OOBIYHO TOJYMHSETCS TEM K€ 3aKOHOMEPHOCTSM,
YTO M TEUYEHHE YUCTOM JHUCIEPCHOHHOW cpeabl. KoaudecTBEHHbBIE K€
OTKJIOHEHUSI CBOJASTCA B OCHOBHOM K TOMY, YTO BSI3KOCTh TaKOW CHUCTEMBI
OOBIYHO BBIIIE BI3KOCTU YUCTOU CPEbI.

3aKOHOMEPHOCTH  pacCIpelesIeHnss CKOpOCTEM M KOHILEHTpauuh -
TBEPAOTO 10 CEYEHUIO ITIOTOKA, T.€, KUHEMAaTUYECKasl CTPYKTYypa II0TOKA, UMEET
Oonbllloe  3HA4YeHWE  JUId  ONPEAENICHUS  ONTHUMAIbHBIX  PEXHUMOB
TPAHCIIOPTUPOBAHUS U HAJIEKHOCTH pPAOOTHI ycTaHOBOK. OCOOEHHO Ba)HO
YUMTBIBATh 3TO IPU TPAHCIIOPTUPOBAHUU T'MIAPOCMECEN BBICOKOI'O HACBILECHHUS,
KOTJJa HEOOXOJMMO 3apaHee IMPEACTaBIATh XapaKkTep pacIpelieieHHs] TBEpAor
(Ga3pl MO CEUEHUI0 IMOTOKAa, YMETh ONPENENSATh CTENEHb HaCBILICHUS
«IIPUTOHHOM» Y4aCTH CEYEHHUs IYJBIIOBOJIA U YIPABIATH PEKUMAMU JIBUKCHHUS
TUAPOCMECH.

Konnenrpanuss T1Bepaoi Qas3pl ompeaessercs XapaKTepoMm pacrpe-
JEJICHUsI CKOPOCTEH II0 CEYEHUM IIOTOKAa M CBA3aHA C HHUM OIIPEIAEICHHOU
3aKOHOMEpPHOCTBIO» PeXuM TpaHCIOPTUPOBaHHA MOXKET OBITH OXapak-
TEPU30BaH OTHOLIEHUEM CpPEIHEN CKOPOCTH V., TPAHCIOPTUPOBAHHUA K
KPUTHYECKON CKOPOCTH V,,. PeXHM KpPUTUYECKUX CKOPOCTEH SBJIAETCA
PEXHUMOM 3aWICHUS MYIBIIOBOAOB (V. < Vyp); IPU KPUTHUECKHUX pexuMax (Vo=

=V,,), KaK IpPaBHIO, HE OOECHEUYMBAECTCSA PEKHMM B3BECH; ABMKEHHE ITOTOKA



rugpocMecu He ycronuwso. Ilpm V., > V., TBepmas ¢aza mepexogur BO
B3BCIIICHHOE  COCTOSIHME, HO  XapakTep  paclpeldesieHUs  JIOKaJIbHBIX
KOHIIEHTpAallUil TBEPAOTO HE SBIKIETCA U1 BCEX BHUJIOB T'HAPOCMECEN
OJIMHAKOBBIM. [Ipeobnanatomiee BIISTHUE OKa3bIBACT KPYITHOCTb
TPAHCIOPTUPYEMBIX YaCTHUL] TBEPAOrO, I'PAHYJIOMETPUYECKAS XapaKTEPUCTUKA
TUAPOCMECH.

IIpy TpaHCHOPTUPOBAHUM TOHKOJUCIIEPCHBIX MAaTEpUANIOB paclipele-
JICHWE KOHIICHTpPALlMM IIOJJHOCTBIO COOTBETCTBYET M30TaXaMm, XapaKTepu-
3YIOIIMM CKOPOCTHBIE IOJISI MOTOKAa IO €ro IMomepeyHomy ceuveHuro. Op-
HO3HAYHBIE 10 BEJIWYMHE KOHILIEHTPALlMM TBEPAOrO paCHOJIArarOTCs KOH-
LEHTPUYECKUMU CJIOSIMU OTHOCUTEJIBHO OCHU. B IeHTpe moToKa umeercs: sipKo
BBIDQXEHHOE  SIApO,  COOTBETCTBYIOLIEE  MAaKCUMaJIIbBHOMY  3HA4YCHUIO
KOHIEHTpaluu. Sapo umeer tenaeHuio cmemenus. OT 1eHTpa K nepudepun
[IOTOKA 3HAYEHUE CIIOCBOM KOHLIEHTPALMU CHUXKAECTCS, B IPUCTEHHOU 30HE OHO
IpPaKTUYECKU OJIN3KO K HYIIIO.

Pacnpenenenne, KOHLIEHTpAlMyd TBEPAOTO IIPU TPAHCIOPTUPOBAHUU
MEJNKO(PAKIMOHHBIX MaTepUajJOB HE HMEET SPKO BBIPAKEHHBIX KOHLIEHT-
PUYHBIX KpPYrOB, 4acTO HAOJIOAAETCs pa3pblB CIOEB B BEPXHEM CEUECHHUU
IIOTOKA, TPAHMIIBI UX HEIIOCTOSHHBI, PO CMELICHO BHU3.

[Ipu nBUXKEHUM KPYMHO(PPAKIHMOHHBIX MaTEpUajOB CIOEBOW XapaKTep
pacnpeneneHusi TBepAod (azbl B IOTOKE COXpaHSETCs, HO YETKHE T'PaHUIIbI
MEXKIy CIOSIMH HapyleHsl. MakcumanpHas KOHIEHTpaUus TATOTEET K
«IIPUIOHHON» YaCTU CEYE€Has, CJIOU C OJMHAKOBBIM 3HAYCHUEM KOHLEHTpALUU
napajijieibHa MEXKYy COOOM.

3HAYNTENBHOE BIMSHHUE HA PACIpPEECICHUE JIOKAJbHBIX KOHLIEHTpALUi Cy
B IOTOKE OKAa3bIBACT M HACBIIICHUE ITOTOKA THAPOCMECEN: C YBEIMYEHHUEM €r0
AAPO KOHIICHTPALlMM HUMEET TEHICHIMIO CMEIICHUS BBEPX OTHOCUTEIIBHO

F€OMETPUUYECKOM OCH MOTOKA.



1.1 YciioBusi TpPAaHCTIOPTA0EIBHOCTH U KPUTHYECKAS CKOPOCTH

TPAHCHOPTHPOBAHUA

VYuuThpiBasg, 4TO B KPUTUYECKOM pEKHUME TPAHCIOPTUPOBAHUS CMECHU
MPUJOHHBIE CJIOM YAaCTHI] BCE €II€ IMOABHKHBI MOXHO JONYCTUTh, YTO HMX

KOHIIGHTpAlMsi B HIDKHEH uyactu TpyOompoBoaa, coctasiusier 0,98-S |

(k03 dunment 0,98 BBOAMTCS Kak morpaBka Ha auiaTtanuio). Beanmuuna 0,98

Smax HNCTIOJIB3YCTCA B KAa4YCCTBC I'PAHUYHOI'O YCJIIOBUA IMPU TPAHCIIOPTUPOBAHUN

cMecel B peXHMEe caMOTeKa W PACHpPEeICICHHMH MPU ITOM KOHIICHTpAIluu
TBEP/bIX YACTHUIL MO MIYOMHE MOTOKA. JTa MJIOLAb 3aM0IHEHUs TpyOOpoBoaa

HA3bIBAETCSI KPUTHUYECKOW TOJIIIMHOW, U COOTBETCTBYET v, TOTOKa. [Tpu
YMEHBIICHUH CPEIHEW CKOPOCTH IOTOKA HUKE v, Ha JHE TpyOOoIpoBoaa

oOpasyeTcsi HeMOABIKHBIN, CJIeTKa YIUIOTHSIOIMIMICS OCa0K, YTO MPUBOJUT K
ero 3a0yuuBaHHio. B 3TOM ciyuae myig JajdbHEHIIEro TPaHCIOPTHUPOBAHUS
cMmecedl TpeOyeTcs UMIYJIbC SHEPTHM, KOTOPBIA OBl Pa3phIXJIMI MPUIOHHBIN
CJIOHM, mepeMelan ero U, co37aB THJPaBINYECKUN YKJIOH, TOBBICHI CKOPOCTb

ABHKCHUA IIOTOKA.

Ha pucynke 1.3 moxka3zanbl ydacTok — | camMoTeyHOro TpaHCIopTa
3aKIaIoOYHOM cMech (TIpW  BBICOTE 3alOJHEHHOTO BEPTUKAIBHOTO CTaBa
TpyOompoBoaa nuametpoM 219 mm mo 300 M) m ygactkm — |l momgmopHOTro
TpaHcnopTupoBaHusi. Kpome moamopa  MNOTOKa, TUAPOJWHAMUYECKHE
aKTUBATOPbl  MO3BOJIAIOT  MOAAECPKHBATh  PEOJIOTMYECKHE  MapaMeTphbl
TUAPOCMECU B pexuMe 3(P(HEKTHBHOTO TPAHCIOPTUPOBAHUS U COXPAHITH €€

PEaKIIMOHHBIE CBOMCTRA.
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Pucynoxk 1.3 - Ilpoduins pacnpeneneHus: CKOpOCTeR NpU CTPYKTYPHOM PEKUME

TCUCHMUA

KpI/ITI/IIIGCKaSI CKOpPOCTb ABUMIKXCHUA SaKHaIIOqHOﬁ CMCCHU JId HAKJIOHHBIX

y4acTKOB TpyOOIpoBo/Ia onpeensercs no Gpopmyre:

v, =V, (1% sina) (1.16)

Kp

rane V_- KpHUTHYECKAasds CKOPOCTb JOBHKCHHSA BaKHaﬂO‘{HOﬁ CMCCH IJIA

Kp.

TOPU30HTAIBHOTO y4YacTKa, M/C; o - YroJ HakJIoHa TpyOompoBoaa (3HAK «+»

JUUIS BOCXOJIAIIETO YYacTKa, 3HAK «-» JJIsi HUCXOJISIIIET0), IPayChl.

JByms cedenusmu |- u 1l-ll, mepneHaukynsspHBIMH K OCH TpPYOBHI,
BBIJICNIUM y4YaCTOK JUIMHOM, paBHOM NTMHE Bcel TpyObl. BHyTpHU 3TOTO yyacTka
B 00JaCTH TPAAMEHTHOTO CJOS MPOBEAEM IMIIMHIPUYECKYIO TIOBEPXHOCTH
paguycom I (puc. 1). IIpu naHHOM HampaBieHUU ocel U U I TpaJJueHT CKOPOCTHU
SIBIIAETCS OTpUUATenbHbIM. Torma, cornacHo 3akoHy IlIBegoBa — bunrama,

KaCaTCJIbHOC HAIIPAKCHUC !

d
s (1.17)
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rae 77 u Ty - COOTBETCTBEHHO CTPYKTypHas BA3KOCTb M JUHAMHUYECKOE

HAIpsHKCHUEC CABHUIa JKUIKOCTH

Ckopocth TOYKHM A MeHbIIE CKopocTH Touku B (puc. 1.3) wu,
CJIeI0BaTeNbHO, BJIEKYIIasl CUjla WK cuia TpeHus I HampaBieHa B 0OpaTHYIO

CTOpOHY, T.€.
du
T=2nll—n—+71
( 77d oj (1.18)

[Ipu pasHocTH naBieHMM Ha KOHLAX TPYObl Ap MOXEM COCTaBUTH

CICAYIOIMICC YPABHCHUC NUHAMHUYCCKOI'O pAaBHOBECHUA !

ar’Ap -2l (—n%+70)20 (1.19)
OTCIO/Ia
Ap Ty
du=——rdr+—dr
211 . (1.20)
Ap , 7,
U=——r>+-2r+C
4 . (1.21)

Hcxonsa U3 crneayromux TpaHMYHbIX YCIOBUM: Ha CTEHKE TPYObl CKOPOCTH

JBIDKEHUS KHIKOCTH paBHA HYJIO W Ha TIOBEPXHOCTH SjIpa IMOTOKA PaIMyCoOM
_ ~du 1
£ TPaJUEHT CKOPOCTH paBeH Hymwo, T.e. mpu I'=R; u=0; ar =0 u

ypaBHEHHMs IMHAMHUYECKOTO PpABHOBECHS sAnpa: zp Ap=27p-lr,, MOXKeM

3ammcarh CIeAYIONyo (GOpMyTy Uil ONMpPEaesieHrus CKOPOCTH B JIFOOOW TOYKe

I'paiuCHTHOIO CJIO:
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AP (52 2\ %o
U=4—77|(R —r )—;(R—r) (1.22)
(p<r<R) (1.23)

Pacxon xxugkoctu g uepes BCE MOMCPEYHOC CCUCHUC ITIOTOKA CKJIIAAbIBACTCS

U3 pacxoja B 00J1aCcTH TPAIMEHTHOTO CJI0s (; M pacxojia B 00JacTH spa MOTOKA

Q2:
=0+ Q2 (1.24)

U3 YpPAaBHCHUA TUHAMHUYCCKOTO PABHOBCCHA, COCTABJICHHOTO AJIA ClIydasd,

Korga sAApO 3aHUMACT IIPAKTUYCCKH BCHO IUIOHIAAb ITOIICPCUHOIo0 CCUCHUA

notoka, umeem:  Apy =21ty /[Ru  Ap=2lr,/p, Torna Ap,/Ap=p/R

ARAp|, 4ap, 1(Ap,)’
= 1—— J—
q 8nl [ 3 Ap +3 Ap (1.25)

Boipaxkenrie  u3BecTHO  1oJ  Ha3BaHueMm  ¢Gopmynbsl  bBykuHrama.

[IpeneOpexenue TpeTbUuM ciaraeMbiM B (opmyne bykuHrama mpuBOAUT K
MOTPEIIHOCTH He Ooiee 6% MpakTUYecKu BO BCEM uarna3one 7o u 7], mostomy

C BBICOKOW TOYHOCTHIO (POPMYITy MOKHO TIPE/ICTaBUTh B BUJIC:

q=7R*Ap/8nyl — R%c, /3 (1.26)
WM
d* 1617
q= Ap———2
1287l 3d
(1.27)

Pemiast ypaBHeHUE OTHOCUTENBHO AP MOIYYUM:
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Ap =8nlq | R* + 8l 7, /3R (1.28)

501041

_1287lq 1617,

Ap Y 2 (1.29)

Takum 00pa3om, MO BHINIENPUBEAEHHBIM (opMynamM B 000N TOUKe
MOTNIEPEYHOT0 CEUCHHUS TPYObl MOKHO OMPENEIUTh CKOPOCTh U TOTEpH

HaBJICHUA HAa TPCHUC.
I[J'ISI MMPOBCACHUA  THUAPABINYCCKUX paC‘{éTOB 4aCTO  IIOJIB3YIOTCA

dbopmynoit lapcu — BeticOaxa:

y-1v?
Ap Z/IT (1.30)

rae A - ko3 QUIMERT THAPABINYECKUX COIPOTUBIICHHIA;

d u | — cooTBeTcTBEeHHO AMaMeTp ¥ JUIMHA TPYOONpPOBOIA; U - CPEIHSA

CKOpPOCTb ABHIKCHUA KUJIKOCTH:

4q
L=—1? (1.31)
Torna
8/q°
Ap = ﬂ—ﬂzgd 5 (1.32)

JIist THIpaBAMYECKUX Pacu€TOB TPH TypOYJIEHTHOM pEXKHME TECUCHHUS

IMOTOKA CMECH ObLIN IMOJYYCHBI PA3JIMYHBIC OMIINPUYICCKHC COOTHOIICHUA.
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Kosdpuiment nuHEHHBIX T'MAPABIMYECKUX  CONPOTHUBICHUM  MpHU
TypOyJICHTHOM pEXUME JBWKEHHUS BSA3KOM JKUIKOCTH OIpEeAeNseTcsl 10

dbopmyne Hukypanze:

0,221

A= 0,0032 + Re°'237 (1_33)

rae Re — mapameTtp Peitnonbca.

[Ipu TypOyneHTHOM peXHMe TEYEHHUS MEXaHM3M JABUKEHHUS BS3KOU H
BA3KOIJIACTUYHOM JKMJIKOCTEN NMPUHIMIHUAIBHO HE OoTinyaeTcs. GU3n4ecKku 310
MOXHO OOBSICHUTH TE€M, 4YTO TMpuU TYpOYJICHTHOM pEXKUME TEeUeHUs
BO3HUKAIOIINE MYyJIbCAIMKM 00YCIIaBIUBAIOT HHTEHCUBHOE MEPEMEIINBAHNE BCEX
CIIOEB MEXly cOOOM, YTO MPUBOIUT K Pa3pyLICHUIO CTPYKTYpPbl U TEM CaAMbIM
CBOOUT K HYJIO BIHMSHHE JUHAMHYECKOTO HAIpPSIKEHUS CIBUIAa Ha
rupoJuHamMuueckue Tnokazatenud. Ortciona cienyer, 4YTo KO3(PQUIUEHT
JUHEWHBIX TUIPABINYECKUX CONPOTHUBICHUNH MNpU TYpOYJIEHTHOM pEXUME
JBYDKEHUS BSI3KOIUIACTUYHOM JKMJIKOCTH MOYKHO OIpENeNiaTh Mo Qopmyie

Hukypanse.

Tak kax:

_rd 4y

Re= "1y = dgn (1.34)

Torma x03QPUIMEHT JUHEHHBIX THAPABIMYECKUX COMPOTUBICHUI

MNCPCIUIICTCA TaK:
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dg 0,237
7-agn
A =0,0032+0,22 135
1( 4y -q J (1.39)

[ToTtepn naBneHuss Ha TpeHUE B COOTBETCTBUM C (opmynon [lapcu —

Beiicbaxa, MOKHO 3aIIHCaTh:

ﬂdgnjo,237] 87/|q 2

Ap = [0,0032 + O,ZZ{E 7Z'2gd 5

(1.36)
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2. YCTPOHUCTBA JJI51 YIIPABJIEHUSI PEOJIOTUYECKHUMHU
IMAPAMETPAMMY JJOCHEPCHBIX T'MIPOCMECEN

CaMoTeyHOe TpaHCIOPTUPOBAHUE  BSI3KOIUIACTUYHBIX JAMCIIEPCHBIX
cmeceit (B/IC) ¢ moHM>XKeHHBIM BOJOCOAEPKAHUEM IO TpyOam 3aKiIoyaeTcs B
TOM, 4YTO CMECh B TpyOOIpPOBOJIE€ MEPEMEIIAECTCS HA ONPEIAECICHHOE PACCTOSTHUE
10 TOPU3OHTAJIM 3@ CUET CTATUYECKOr0 HAIOpa, CO3/1aBaAEMOI0 CTOJIO0M CMeECH

MOBBINICHHOM TVIOTHOCTH, B BEPTUKAJILHOM CTaBe TPYOOIPOBOIA.

IIpurorosienHas BJIC, YAOBIIETBOPSIOLIIAs YCIIOBUSIM
TPAHCIIOPTUPOBAHUSI, HENIPEPBIBHBIM ITIOTOKOM ITOCTYIIAET B BEPTUKAJIbHbBINA CTaB
TpyOOIIPOBO/A, 3aIOJHIET €ro A0 YPOBHS, NP KOTOPOM Macca CTojiba cMecH
YPAaBHOBELIMBAECT CONPOTUBIICHUE JBMKEHUIO CMECU B TOPU3OHTAJIBHOU H
3all0JIHEHHOW CMEChI0 BEpTHKaJIbHOM uyacTu TpybompoBona. Ilox nelictBuem
CTaTUYECKOI'0 HAIoOpa CMECh IEPEMELIAETCS 10 TOPU3OHTAIBHOMY YYacCTKY

CaMOTCYHOI'O TPAHCIIOPTUPOBAHMUA.

CrpykrypupoBanue u  paccinoenne BJIC B mpomecce  ux
TPAHCTIOPTUPOBAHUSI CYIIECTBEHHO BIHUSAIOT Ha MapameTpbl TPyOOIPOBOIHOTO
TPaHCIOPTAa.  YCTAHOBJIEHHBIE 3aKOHOMEPHOCTHM  HM3MEHEHUS  BSI3KOCTH,
OPEAEIbHOTO HANpPSDKEHUs CIBHra W, KakK CIEICTBUE, TEKy4eCTH CMeECed B
3aBUCUMOCTA OT BOJOCOJIEPKAHUS M MEXAHUYECKOTO BO3JECUCTBUS Ha HUX
[IEPEMEHHBIMU TTOJISIMU  CKOPOCTEM W JABJIICHUHM, IIO3BOJSIOT YIIPABIATH
TPAHCIOPTHUPOBAHUEM TaKUX CMECEH, CO3JaBasi YCJIOBUS NOAAECPKUBAIOILINEC
3agaHHyto Tekydects BJIC, mpu KOTOpoil BO3MOXKHO TpPaHCIOPTUpOBaHUE 0e€3
paccioeHus, ¢ MHHUMAJIbHO HEOOXOAMMBIMHU TIOKA3aTENsIMU BSI3KOCTH U

npcaACJIbHbIMU HAIIPAKCHUAMUA CABUIA.

CymecTByromass ~ TPaJWIMOHHAS ~ TEXHOJOTHS  TPYOOIPOBOJIHOTO
tpancnopta BJIC TpeOyeT CyIIeCTBEHHOTO YCOBEPIICHCTBOBAaHUSA. BakHOU

3a/1auell ABIsIETCS CO3/JaHhE CIIOCOOOB U CPEACTB YIPABICHHUS PEOJTOTUUECKUMHU
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CBOWMCTBAMM 3aKJIQJIOYHBIX CMECEH. ITO TMO3BOJUT IMOBBICUTH HAAECKHOCTH
TpyOONPOBOAHOTO  TPAHCNOPTA, YBEIHYUTh PACCTOSIHUE  CAMOTEUYHOTO
TPAHCIIOPTUPOBAHUSI M COXPAaHUTh  TEXHOJOTMYECKHM  HEOOXOJUMBIC
pEaKkIMOHHBIE CBOWCTBA THUJIPOCMECH JIO TBEPACHUS B BBIPAOOTAHHOM
MIPOCTPAHCTRBE.

Jns  ynpaBieHUs PEOJIOTHYECKMMHU CBOMCTBAMM M TEKYYECTHIO
3aKJIaJJOYHON CMECHU B KaueCTBE YCTPOUCTB TypOYJICHTHON aKTHUBAIUH, B LIEJISIX
yBEIUYECHUS TMPENCIbHONW [IJIMHBI TPAHCIIOPTHPOBAaHUS, HaubOoIee dYacTo
MIPUMEHSIOTCS [IJIAMOBBIE IIEHTPOOEIKHBIC WU MOPITHEBBIE HACOCHI.

CpencrBamu 3¢ hexTUBHOTO yIpaBJIeHUS PEOJIOTHYECKUMHU
CBOMCTBAMHM MOTYT TaKxke SBISITHCS THAPOAMHAMUUYECKHE OCECIIPUBOIHBIC
AKTUBATOPHI U aKTUBATOPHI HAIIOPHOTO JICHCTBHUS.

PabGora Takux ycTpoOHCTB OCHOBaHa Ha T'€HEPUPOBAHUM BO3MYIIEHUM B
cMecu ¢ oOpa3oBaHHMEM TIOJIA TIEPEMEHHBIX CKOPOCTEl U JIaBJICHHUIA,
CO3J]aBAEMBIX JHEPIHENl CamMoro NOTOKa JBWXKYLIEHCS TPaHCIOPTUPYEMOM
CMECH.

Hamnpumep, camplii ipocToil O€CTIpHBOIHON TOMOT€HU3ATOP COCTOHT U3
UUIMHAPUYECKOTO KOpITyca, HApYKHBIM IHAMETP KOTOPOTO COOTBETCTBYET
BHYTPEHHEMY IUaMeTpy TpYyObl, B KOTOPYIO BCTaBlieH TroMmoreHusarop. Ha
BHYTPEHHEH  TOBEPXHOCTH  LMWJIMHJIPUYECKOTO  KOpPIyca  HEMNOABHIKHO
3aKpEIUIEHBI UIOCKUE JIONACTH, PACIOJIOKEHHBIE IO HAKIIOHOM U IOBEPHYTHIE
OTHOCHUTEJIBHO CBOEW MPOJOJIbHOM OCH. JIOmacTh 3aKpydeHbl OTHOCHUTEIBHO
CBOEM OCHM IO YaCOBOM CTPEIIKE M YEPEAYIOTCS C JIOMACTSAMH, MOBEPHYTHIMU

MIPOTHB YaCOBOU cTpenku (pucyHku 2.1).
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Pucynoxk - 2.1 becniprBoiHOM akTUBATOP (TOMOT€HU3ATOP) THAPOCMECH

3akpyuynBaHUE IOTOKAa OO0ECIeUMBAaEeT OMPECICHHOE BbhIPABHUBAHUE
KOHIIEHTPALIMK 10 CEYEHUI0 TPyOONpOBOJa, OJHAKO OTCYTCTBHE BO3MOKHOCTU
U3MEHUTH CJIOEBOC JIBMI)KEHHE CMECH HE MO3BOJHUT A(DPEKTHUBHO pas3pyliaTh
CTPYKTYPY TUKCOTPOIHBIX CMECEiA.

Hpyroii  anmapaT-TUAPOJAMHAMHYECKUN  aKTUBATOP  OCYILIECTBISICT
MHTEHCUBHOE MEXaHUYECKOE BO3JICICTBUE HA THIPOCMECH, UCIIOJIb3YS SHEPTHUIO
€e TOTOKa. MexXaHu4eckoe BO3JCHCTBUE MPOU3BOAMUTCS  HUMITYJIbCAMU,
peoOpa3yOIIMMHI YaCTh SHEPTUH CTPYH CMECHU B DHEPTHUIO aKyCTUYECKHUX BOJIH.
PaGora OecnpuBOAHBIX THUIPABIUYECKUX TE€HEPATOPOB OCHOBaHa Ha
T€HEPUPOBAHUU BO3MYIIEHUN B CpelAe TUIAPOCMECHM HEKOTOPBIX IMOJEH
CKOPOCTEW U JABJICHUM ITPU B3aUMOAECHUCTBUU IMIOTOKA CMECHU C PE3OHUPYIOIIUMU
ycTporicTBaMu. Bo3mylieHus: OKa3bIBalOT OOpaTHOE JEUCTBHE HAa OCHOBAHUE
MOTOKA y COIUIa, CIIOCOOCTBYSI YCTAaHOBIICHUIO aBTOKOJIEOATEIHLHOTO PEeKUMA H
T€HEPUPOBAHUIO YJIBTPA3BYKa, B IIOJIE KOTOPOTO BOZHUKAIOT ITOHAEPOMOTOPHBIE
CUJIbI —COBOKYITHOCTbH CHUJI, JCUCTBYIOIIMX HA BELIECTBO WU TEJIO, IOMEUICHHOE
B YJIBTPa3BYKOBOE IOJIE.

I'mpponMHaMuyeckuil ~ akTUBATOP  OCYLIECTBISIET  MHTEHCUBHOE
MEXaHUYECKOE BO3JECHCTBUE HA THJIPOCMECH, HCIOJIb3YS DHEPTUIO €€ IMOTOKA.
MexaHnueckoe BO3JAEHCTBUE MPOU3BOJIUTCS HMITYJIbCAMHU, MPEOOPa3yIOUIUMHU
YacTh DHEPruM CTPYHM CMECH B DHEPrul0 aKycTHYeckux BoaH. Pabora

OECIpUBOAHOTO TUAPABIMYECKOIO0 T'€HEpaTOpa OCHOBaHA HAa T€HEPUPOBAHUU
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BO3MYILIEHUN B CPEAE THIAPOCMECH HEKOTOPBIX IOJEH CKOPOCTEM M JaBJICHUU
IpU B3aUMOJEUCTBUU IIOTOKA CMECH C PE3OHUPYIOIIMMHU YCTPONUCTBAMMU.
Bo3mymienusi oka3piBaloT 00OpaTHOE JEMCTBHE HA OCHOBAaHUE MOTOKA Y COILUIA,
CIOCOOCTBYSI YCTAHOBJICHHIO aBTOKOJIEOATEIBHOTO PEXHMa U T€HEPUPOBAHUIO
VIBTPAa3ByKa, B IIOJIE KOTOPOrO BO3HHUKAIOT MAHAECPOMOTOPHBIE CHIIBI -
COBOKYITHOCTb CHJI, JEUCTBYIOIIMX HA BEIIECTBO WJIM TEJIO, IOMELICHHOE B

yJABTPa3BYKOBOE IOJIE.

['unponrHaMuyeckre akTUBATOPBI MOTYT OBITH pa3MelleHbl B TpyOax, Mo
Tpacce ABWKEHUS CMECH, B OJHOM HWJIM HECKOJIBKMX MecTax. AKTHBATOp
COJIEPKUT KOHMYECKHE BBICTYIBI 1 (pUCYHOK 2.2), B paliOHE KOTOPBIX CEYCHHE
TpyOonpoBoaa ymensblnaercs. Co CTOPOHbI MEHBIIIETO OCHOBAHHSI KOHUYECKOTO
BBICTYTA Pa3MENIEHbl YIPYTUE JENECTKH, KOTOPbIE YCTAHOBJIEHBI KOHCOJIBHO Ha
KPECTOBHUHE 3, 3aKPEIUICHHON B KaHalle TPyOOIPOBO/ia C MOMOIIBIO Pa3pe3HOro

KoJiblia 4 U oOpaInieHbl B CTOPOHY BBICTYIIA.

1 <
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| Sz =
E = <L 3
iy g A-A & )
=4
2 14| & -
a 5 0,6 :ﬁ35 0
! 2 g2 =,
/ © o
e g B 12 25
i 1 2 A E“ 04 2,0 A
[ o
) SIS 10 15
[ \bm / 5 H
e g M
4 4 0,2 1,0
AT T - )
T T T T T P s MIla
—l L 0 03 06 09 12 15
B oo JlaryieHne B TPyGOIPOBO/E TIEPE AKTHBATOPOM

T T T T T ﬁKaH
1,5 6,6 12,5 182 24,8
YacToTa reHepupyeMoro yIbTpa3BykKa

Pucynok 2.2 - AktuBatop 6€3HaNIOPHOTO ACHCTBUS

[Tpu ABMXKEHUN BBICOKOCKOPOCTHOM CTPYH IO TPYOONpPOBOAY (YUHTHIBAS,

yTO ero BepTukaibHas JiuHa 500-1000 M npoucxoaut ee HaberaHue Ha BBICTYI
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1 u ckaukooOpa3HOE YBETWYCHHUE MABIICHHWS B CMECH 3a CUET YMCHBIICHHSI
auameTpa TpyoompoBoma. Ilpu 3TOM CKOpPOCTh JABMIKEHHUS CTPYH BO3pacTacT.
Ha BBIXO/IE M3 CyX)eHUS TPYyOOIPOBOIa YCKOPEHHAs CTPYS 3aKIaJ0YHON CMECH
B3aMMOJICUCTBYET C YIPYTUMHU JICTIECTKaMU 2. YUYHUTHIBas 3HAYUTEIHHYIO
TypOyJIEHTHOCTh CTPYH 32 BBICTYIIOM M €€ BBICOKYK) CKOPOCTH JICTIECTKU 2
HAYMHAIOT KOJIEOAThCS M JOTOJHUTEIBHO BO3JICUCTBYS Ha CTPYIO 3aKJIaIKH,
aKTUBHPYIOT €€.

Yrpyrue enecTku 2 MOTyT ObITh YCTaHOBJICHBI PaHaIbHO TI0 CEYCHUIO
TpyOompoBoaa. JlermecTku 2, U3roTaBIWBAIOTCS U3 HU3KOYTICPOIUCTON CTATU
U MOTYT MMETh Pa3InyHyi0 (OpMy, HampHMep, IUIOMAAb MX CEUYCHHUS MOIKET
YBEJIMUMBATBCS 110 HAINPaBJICHUIO IIOTOKA CMECH, 4YTO O0OECIeunBacT
MOBBIIIICHUE HAJACKHOCTH YCTPOHCTBA 3a CUET YMCHBIICHHS H3TrHOAFOIINX
YCHJIMHA B MECTE 3aKpeIUIeHUs JenecTKOB. C IeIbl0 CHUKCHUS COMPOTHBICHUS
IBW)KCHUIO CMECH pa3pe3HO€ KOJBII0 4 MOXKET OBITh YTOIUIGHO B CTCHKE
TpyOOIpoBoIa.

3a30p MeXIy CTeHKaMH TpyOOINpoBOAa W KOHCOJBHBIM YYacTKOM
JICTIECTKOB 2 MPUHUMAIOT PAaBHBIM BEIWYMHE KOHHYECKOTO BBICTYIIA TIO €ro
OonpiieMy ocHoBaHuto.  Ilepenm BeicTymoM 1 B TpyOOmpoBOJE MOXKET
yCTaHABJIMBATHCS ITHEBMOBPE3Ka, ISl YBEJIWYCHHSI CKOPOCTH CTPYH TIPH €¢
IPOXO0JIe Yepe3 aKTHBATOP.

B mangepoMOTOpHBIE CHIIBI BHOCST BKJIaJ IEPEMEHHOE 3BYKOBOE
JaBJICHUE, MPOTOPIIMOHAIBHOE aMILTUTY/ I 3ByKa, M KBaJapaTUIHbIe YPPEKTHI -
paauaIiiOHHOE JaBlieHWEe, CUIbl bbhepkHeca, a Takke THAPOAMHAMUYECCKUE
CWIbl, OOYCIIOBJICHHBIC [IBIDKCHHEM THIIPOCMECH B YIbTPa3BYKOBOW BOJHE,
00yCIlIaBIUBAIONINE AUCTICPTUPOBAHNE, KABUTAIMIO U aKYCTUYCCKHUE TEUCHUS B
cMecu TuapocMmecu. Ilpum sTomM cuia, AeWCTByromias Ha 3JEMEHT oObema
runapocmecu AV, pasua fAV , rtane f - 00beMHas IUIOTHOCTH HEKOTOPOTO ITOJIS
CKOPOCTEH W JaBJACHUMN, ONPEACIIACTCS U3MEHEHHEM UMIyibca AV B eIUHHILY

BPEMEHHU PABHBIM UMITYJIbCY, BTEKAIOIIEMY B OOBEM 4YE€pe3 €ro MOBEPXHOCTD.
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Eciu TeH30p MIOTHOCTH MOTOKA UMITYJbca — 77;k, TO I KOMIIOHEHTA CHJIbI,

neiictByromas Ha 0obeM AV | onpenensercs BeIpazkeHuEM:
J.fl.dV = ifﬂ'l-k = fﬁiknde (2.1)
AV S

rae dS - SNeMEHT NMOBEPXHOCTH 00beMa, a 7, - BHEIIHSS 110 OTHOLICHHIO K

o0beMy HopMaib. COOTBETCTBEHHO 3TOMY CHJIA, JCHCTBYIOIIAs Ha 3JIEMEHT
MOBEPXHOCTH dS, paBHAa IMOTOKY HMIIYJIbCa Yepe3 HEro M OMNpeaessieTCs

BbIpakeHHeM — 77;kdS. B 4acTHOCTH, Ha TIOBEPXHOCTh CIMHUYHOMN ILIOIIAIH
NefCcTBYeT CHia, I -1 KOMIIOHEHTa KOTopoit F; = 7,kn, . TeH3op mioTHOCTH
MOTOKA MMITYJIbCa 3BYKOBOM BOJIHEI:

7wk =—Po;k—pvv, +0, (2.2)
rae P - 3BYKOBOE MaBICHHE; V, - KOMIIOHEHTa KOJIeOaTelbHOH CKOPOCTH
yactum; &,k - cumBon Kopuekepa (O;k=1npu i=k u 0,k=0npu i#k; v

k- TeH30p BSI3KUX HATNPSDKEHUH; O - IUIOTHOCTH CPEIIBI.

Ecii moBepXHOCTh JKECTKAasl, TO CKOPOCTh YACTHI[ CPEJbI, MPUJICTAIOIINX
K Hell, 00pa3yeTcst B HyJb, ¥ CHJIBI, ACHCTBYIOIINE HAa SIMHHILY €€ IUNIOTHOCTH,
PaBHBI:
F, =—=pok-ny +0kny (2.3)
TO €CTh, B IIOJIC BO3AEHCTBHS IaHICPOMOTOPHBIX CHIJI BO3HHMKAIOT OOJbIINE
IPAAMCHTHl  CKOPOCTEH W  3HAYMTEIbHBIC BHYTPCHHHE  4YepeayloInue
HANPSDKCHUS, pa3pyLIAoIIie arperaTbl Hecyleil cpebl, YacTUIbI 3aI0JIHUTEIS
¥ BSDKYILETO, CIIOCOOCTBYIOIINE TOMOTEHHM3AIlMU CMECH, IOJEPKAHUIO ee B
COCTOSTHUY AKTHBHOCTH U TEKYYECTH .
Jnst KOHCTpYKIUH (PUCYHOK 2.3) OIPE/IeNICHO, YTO HACTPOIKA IUIACTHH B
PE30HAHC C KOJEOAHWSAMH CTPYH OCYIIECTBISICTCS PEryIMPOBKOI CKOpOCTeit
VICTEYEHHS] CTPYU U M3MEHEHHEM PACCTOSHUS MEXIy COIUIOM U IUIACTHHAMH, a

Takke ux ynpyroctelo. Konebanus reHepupyroTcsi npu nasieHuu crpyu 0,2
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MIla u BblIe mpu 3TOM HAOMIOJAIOTCA YacTOoThl B mpeaenax 2-35 k[ B
3aBUCUMOCTU OT CKOPOCTH UCTOUYECHUS CTPYH.
N3nyuyeHnue akycTUUeCcKOW SHEPruu B OCHOBHOM HJIET B HAIMpaBJICHUH,

MEePHEHIUKYIIPHOM IUIOCKOCTH TIuacTuH. l[lpu 3TOM wyactota KojeOaHus

at |E

rae o - Ko3pPUIMEHT MPONOPIUOHATBHOCTH, 3aBUCUT OT CIOCO0a KPEeTUICHUS

IJIACTUH paBHA:

wiactun (0,162; 2,82); E - Moaynb ynpyroctu; O - MIOTHOCTh MaTepuasa, u3

KOTOPOIr'o U3roTOBJICHA ITINIACTHUHA.

B tekymieit mynbiie BO3HUKAIOT aBTOKOJIEOAHUs ¢ YaCTOTOM:

kv
fn_h

rac v -CKOpOCTb HMCTCUCHUSA CTPYH, M/C; h - PaCCTOAHUEC MCKIY COIINIIOM H

(2.5)

IUIACTUHOM, M; kK - KOO PHUIUEHT MPOOPIIMOHATIBHOCTH, 3aBUCSIIUN OT v U /1.
Jnst  BO30yXJeHUsST HMHTCHCUBHBIX KojieOaHU  HEOOXOauMO

copmagenue f, u f,. Pe3ynpTaThl HCCIEIOBaHMN IOKA3adH, YTO MOCIE

IPOXOXKICHUST THIPOJMHAMUUYECKOTO TeHepaTtopa CMECh MpPEACTaBIseT coOoi
XOpOIIIO TOMOTEHU3UPOBAHHYIO IMYJbIy pacTBoOpa C  TMOBBIIICHHBIMHU
PEaKUMOHHBIMU CBOMCTBAMHU U TEKYUYECTBIO.

becrippuBogHOM THMAPOJIHAMUYECKHW AaKTUBATOP y KOTOPOTO YIPYTHe
IUTACTHHBI - PE30HATOPHI 3aKpPEIJICHbl B KOPIYCE KOHCOJIBHO M CHAO>KEHBI
MEXaHW3MOM PETyJIMPOBAaHHUS COOCTBEHHOW YacTOThl KojcOaHuH. MexaHu3M
BBITIOJIHEH B BHJI€ HA0Opa CKOO, 3aKPEIICHHBIX HAa BBIJBHXKHBIX CTEPKHSIX IO
JUIMHE KOPIyCa, KOTOPBIE YCTAHOBJIEHBI B INIOCKOCTH IUIACTUH - PE30HATOPOB C
OOKOBBIX CTOPOH C BO3MOXKHOCTBIO 3a)KMMa CKOOAMH KpaeB IUIACTUH MPHU

BBIJIBIDKEHUN cTepkHei. C 3TOM 1enblo ynpyrue IUIaCTUHBI PE30HATOPBI,
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3aKpeIICHHbIE B KOPIYyce KOHCOJIBHO W CHA0XKEHbl MEXaHU3MOM pETryiu-

poBaHUs COOCTBEHHON YacCTOThI KOJI€OaHUH.

Pucynok 2.3 - AKTHBATOp XKUJIKUX CPell

I'maponuHamMuyeckuii TEHEPATOp COCTOUT M3 Koprmyca 1 B KOTOpPOM
MMEIOTCSI CMOTPOBBIE OKHA 2 W pa3MENICHbl PE30HUPYIONIUE IUIACTHHBI 3,
KECTKO 3aKpeIJICHHbIE B CTAIlMOHApHOM Yy3ie KpemieHus 4 Oonrtamu. Pe-
30HUPYIOIINE TUIACTUHBI 3 MUMEIOT CKOOBI (PUKCATOPBI 5. IS peryJupoBaHUS
KECTKOCTH PE30OHUPYIONIUX IUIACTUH OTHOCUTEIBHO CTal[MOHApPHOTO Yy37a
kpemienust 4. C AByX CTOPOH KOpIlyca YCTAaHOBJIEHBI KpBIIIKH Kopmyca 6. B
BEPXHEH KPBIIIKE KOPITYCOB UMEIOTCS CTpye (popmupyromas Hacaaka 7 ¢ y3JIoM
€€ YCTaHOBKH 8 U (hUKCHUpYIoIIeH maiioou 9.

VY3en Qukcanuu KECTKOCTH PE3OHHPYIONMUX IIJIACTHH 5 MOXET OBITh
BBITIOJIHEH B BHJI€ YUEPBSIYHOTO MEXaHU3Ma.

[Ipr TpaHCHIOPTHUPOBKE KUAKOW CPEAbl, HAPUMEDP JUTOM 3aKJIaJI0OYHOU
CMECH B MOJI3€MHbIC TOPHbIE BBIPAOOTKH CAMOTEKOM, THAPOAUHAMHYECKUN

réieparop yCTaHaBJIMBAIOT B HIWKHEH  YacTu BCPTHUKAJIBHOI'O cTaBa
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TpyOOTpOBOAa WM HA TOPU3OHTAIBHOM €T0 ydacTke. lIpu MBWIKEHHH BBICO-
KOCKOPOCTHOM CTpyd MO TpyOONpOBOAY NPOUCXOJUT €€ HaberaHue B
KaJneOpupoBaHHBIE OTBEPCTHUS 7, T/Ie CKAYKOOOPa3HO YBEIWYMBAETCS JaBICHUE
B CMECH 3a CUCT YMCHBIIICHHUS JHAMeTpa ciuBa. [Ipu 3TOM CKOPOCTH MPOXOXK-
JCHUST  BO3pacTaeT W Ha BBIXOJAC M3 KaTUOPUPOBAHHOTO OTBEPCTHUS CMECh

B3aMMOJEHCTBYET C PE30OHUPYIOLIMMU [IJIACTUHAMMU 3.

2.1 CMecHuTEIB-TOMOT€HU3ATOP

CMecuTenb-roMoreHu3arop (pucyHok 2.4) COIEPIKHUT HMHIMHAPUYCCKUN
KOpITyC ¢ marpyOKkaMu BXoJa M BbIXoJa pabouelt cpenbl. B kopmyce pa3menena
HacajJKa C COIUIOBBIMHU KaHAJIaMH UM CMECUTENbHAas KaMepa C JUCIEPraTopOM.
Jlucriperatop ~ yCTaHOBJIEH Ha  BHYTPEHHEWM  OOKOBOW  TOBEPXHOCTH
CMECHUTENbHON Kamepsl Ha paccTtosiHuu 10-20 xaauOpoB COIIOBOrO KaHajida OT
HAcCaJKW W BBIMOJHEH B BHUJE 3aMKHYTOrO MPOQPUIMPOBAHHOIO KOJbIA CO
CKOIIIEHHBIM TOPIIOM CO CTOPOHBI HacaJKH. TeXHUYECKUHN pe3yIbTaT COCTOUT B
MOBBIIIIEHUH CTENIEHU JUCTIEPTUPOBAHUS paboueit cpebl U HAJEKHOCTH PabOTHhI

CMCCHUTCILI-TOMOI'CHU3ATOPpAa

Pucynok 2.4 - CMecTUTENb-rOMOr€HU3aTOP
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CMmecuTenb-roMOreHu3aTop CONEPKUAT LUIMHAPUYECKHM Kopryc 1,
natpybok Bxoja 2 u auddy3opHbi nmaTpyOoOK Bbixona 3 paboueil cpensl,
HacaiKy 4 ¢ COIUIOBBIMH KaHalaMu S, CMECHUTEIbHYIO Kamepy 6 u
YCTAHOBJICHHBII Ha BHYTpEeHHENW OOKOBON MOBEPXHOCTH CMECUTENBHOU KaMephl
6 jaucrnepraTop B BHJE 3aMKHYTOrO NpO(UIMPOBAaHHOTO KOJbLa 7 CO
CKOIIEHHBIM TOPIIOM 8 co cTopoHbl Hacanku 4. Kopmyc 1 cHabGxkeH kKoHpy30poM

9, ropioBuHoi 10 1 JOMOTHUTENBHBIM NAaTpyOKOM BBOJA 11.

[TogBepraemas aucneprupoBaHuio pabouas cpena moaaeTcsl Ha maTpyook
BXOJa 2 M MPOXOJUT HACaAKy 4, Tie pacupeaenseTcsl COIIOBBIMU KaHalaMu S
Ha aBTOHOMHBIE CTpyH. B cTpyiiHOM pexume pabodasi cpefa MOCTYIaeT B
CMECUTENbHYI0 Kamepy 6 U nojaercs Ha gucrneprarop 7. MecropacnonoxxeHue
aucriepraTopa 7 BbIOMpAeTCs, C OJIHOW CTOPOHBI, U3 YCIOBUS COXPaHEHUS
CTpYHHOTO peXMMa TeueHUs padoueill cpejibl Ha BCEM MPOTSHKEHUU BIUIOTH J10
KOHTaKTa C JAUCHEPraropoM 7 MU OJHOBPEMEHHO K MOMEHTY KOHTAaKTa C
JUCIIEpraTopoM 7 CTPYH JIOJ>KHBI HAXOAUTHCS B HAYAIBHOM CTauuU pacnaja u3-
3a HAJINYUSA B HUX BOJHOBBIX BO3MYIIEHUW. ONBIT 3KCITyaTallud CMECHUTEIIS -
TOMOT€HHM3aTOPA BBISIBUII ONTHUMAJIBHOE PACCTOSIHUE pa3MEUIEHUs AUCIEpraropa
oT Hacaaku B npenenax 10-20 kaauOpoB cormoBoro kanana. CKOIIEHHBIN TOpeI
8 nucmepraropa 7 HM3MEHSCT HaNpaBJCHUE TEUYCHUS MepuPepuiHbIX CTPYyH
paboueit cpeapl u obecreuynBaeT WX BHEAPEHHWE B IEHTPAIBbHYIO O0JacTh
noToka. B pesynbTaTe, B3aUMOAEUCTBHE MEXIAY COO0OM CTPyH C pa3IMYHBIM
YIJIOM TE€YEHUS W Pa3’IMYHOM OCEBOW COCTABISAIOLIEH CKOPOCTH NIPUBOIUT K
CKOJILKCHHUIO CTPYH MEXIy Cco00H, YTO HHHUIIMUPYET OTPBHIB MOTPAHHUYHBIX
CTPYKTYp B CTPYSX, UX MEPEMENINBAHNE U TUCTIEPTUPOBAHUE paboueit cpespl B
1eJioM. B Kaxa0M KOHKPETHOM Cily4yae, B 3aBUCUMOCTH OT UCXOJHBIX TAHHBIX U
coctaBa pabodeil cpenbl, BRIOMpAETCS CBOW Yroj CKOoca Topma 7, KOTOPBIA
MOXET OBITh CKOIIEH KakK MO0 XOAY, TaK U MoJ yriioM Oosbline 90° OTHOCUTENBHO

HalpaBJieHUs] ABUWKEHUSI pabouel cpelbl U MOXKET OBbITh CHPOPUIMPOBAH C
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TpeOdyemoil opueHTanueil cpe3a ckoca. llocine mucnepratopa 7 oOpasyercs
nByx(dasHas cMechb, cocrosas U3 TIyOOKO TOMOI€HU3UPOBAaHHOW IO
KOHJICHCUPOBAHHOM KOMIIOHEHTE paldoueil cpeapl M HACHIIIEHHOrO Iapa.
OO6pazoBaHHasi cMech TpoXoAuT cuctemy "koHdyzop" 9, "ropmosuna" 10,
"mipdy3zop" 3 U Opu STOM MAPOKANENIbHBIM IMOTOK WHBEPTHUPYETCS B
KUJKOCTHO-IIY3BIPBKOBBIM IIOTOK C BBICOKOM KOHILICHTpALlMEH MApOBBIX
my3bIpbKOB. KoHAEHCanus napoBbIX My3bIPEKOB B KOHIIE TOpJIoBUHBI 10 1 nanee
B 1udPy30pHOM maTpyOKe BBIXOJA 3 COMPOBOXKIAETCA B (pa3e CXJIOMbIBAHUS

IMIy3bIPbKOB HHTCHCHBHBIM KaBHUTAIIMOHHBLIM BOBHeﬁCTBHGM Ha OKpPYXAarouryro

pabouyto cpeny.

2.2 POTOPHO-AUCKOBBIi TOMOTeHU3aTOP
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Pucynok 2.5 - POTOpHO-AMCKOBBIN TOMOT€HUA3ATOP
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Ilon nmeucTBMEM MACCOBBIX CHJI WJIM HMCKYCCTBEHHO CO3/1aBa€MOr0
M30BITOYHOTO JaBjeHUsI 0OpadaTbiBaeMasi TETEPOTreHHAs Cpella MepeMeIaeTcs
OT 3arpy304Horo natpyoka 2 k pasrpy3ouHomy natpyOky 3. Ilpu nBuxenuu
4yepe3 OTBEpPCTUsI AUCKOB POTOpa 4 M AUCKOB CTaTOpa 5 reTeporeHHas cpena
MOJBEPraeTcsi HMHTCHCUBHOMY MEXaHUYECKOMY BO3JIEMCTBUIO, TMPU OSTOM

KOMITOHEHTHI cpefibl 3 (PEKTUBHO NEPEMEIINBAIOTCS.

NHTeHcuBHOCTH MEXaHUYECKOTO BO3JICUCTBUS JIOCTUTAETCS
OTHOCUTEJIBHO BBICOKOM YacTOTOW BpalleHUs poOTopa, a TaKkKe 3a CYET
BO3HMKHOBEHUSI 3HAUUTEIIBHBIX CABUTOBBIX U Je(POPMAIIMOHHBIX BO3JICUCTBUMN

Ha 00pabdaThIBaEMyIO Cpeay.

C uenbio CHWXEHMs MyJbCalluii TOTOKA 0OpabaThiBaeMoOil cpebl B
anmapare, a TaKKe YMEHBIIEHUS BUOpAIMH pOTOpa U HM3HOCA TMOJBUKHBIX
yacTell yCTpPOMCTBA MpU NEpEeMENIMBAaHUM T€TEPOTEHHBIX CPEJ] pacHoJIOKEHUE
OTBEPCTHM Ha JHUCKAaX poTOopa U cTratopa U (opMa OTBEPCTUH BBIITOJIHEHBI
TaKuUM O00pa3oM, 4YTO B KaXJbli MOMEHT BpeMEHH OOpabOTKH CTEeNeHb
OTKpBITOCTH, T.€. IUIOLIAJb COBIAJEHUS OTBEPCTUH pOTOpa U CTATOpAa,
OJIMHAKOBA. OJTO JIOCTUIAETCS BBINOJHEHUEM YCJIOBHMI BBILIECIIPUBEICHHBIX

CHUCTEM YpABHEHHUI.

Taxoit apdext mocTuraercs 3a cyeT TOTO, YTO JAWCK POTOpAa M CTATOpa
JICIUTCS HA CEKTOpa C YIiOM B BEpIIMHE, paBHBIM ¢,. Ha mucke poropa, kak
MOKAa3aHO Ha pHUCyHKEe 2.6, B KaXIOM U3 JBYX CMEKHBIX CEKTOPOB
KOHIICHTPHYECCKUMH OKPY>KHOCTSMHU pajinyca Iy, I, I3, 4, Is ¥ yraamMua ¢ 1, ¢ 2

00pa3yroTCsl OTBEPCTHUS C IUIOMAABIO Sy, Sy, Sz, Sy.
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Pucynok 2.6 — Jluck poropa

Ha nucke craropa B OJHOM M3 [JIByX CMEXHBIX CEKTOPOB
KOHIEHTPUUECKUMHU OKPYXHOCTSIMHU pajuyca ri, s U yrjiom ¢ , oOpasyeTcs
oTBepcTHE ¢ IUomaneo S. ITnomanes Kaxxaoro orBepcTHs poTOpa U CTaTopa

onpecaAcICTCA HCXOAA U3 W3BECTHOM 3aBHUCHUMOCTHU L pacdeTa IuIomaaun

CEKTOpa OKPYKHOCTH I10 paauycCy W Iy M paBHa %rz, TaKUM 00pa3oM, Tociie
MaTEMaTHYECKUX IPeoOpa3oBaHM B CHUCTEMax YpaBHCHUH  3aIllMCaHbI
ypaBHEHHs 11 pacuera S; , Sy, S3, Sy m S. T.kK. B KaXXIblii MOMEHT BPEMEHU
00pabOTKKM TEeTePOreHHON Cpeibl ILIOMIAIb COBIAJCHUS OTBEPCTUH pOTOpa U
cTaTopa OJWHAKOBAa, TO B Ka)XJOM M3 JIBYX CMEXKHBIX CEKTOPOB pPOTOpa
OTBEPCTHE CTAaTOpa MEPEKPHIBAET OJWHAKOBYIO ILIOIIAJb OTBEPCTHH pPOTOpA.
DTO 3HAYMUT, YTO IUIOIIAIX OTBEPCTHUH POTOPA B CMEKHBIX CEKTOPaX PaBHBI, T.C.
S1+S3=S »,+S,. KonudecTBo CEKTOPOB Ha POTOPE, OMpenesseMoe yriioM ¢ o,

JOJIDKHO OBITH YCTHBIM, B BUAY HAJIN4YHUA CMCIKHBIX CCKTOPOB, T.C. ;—n =n. T.x. Ha

2

KaXXAbIC JIBa CMCIKHBIX CCKTOpPA POTOpa IMPHUXOAUTCA IIO OJHOMY OTBCPCTHIO

craropa, TO UX KOJIUYICCTBO k, OIPCACIICTCA KaK: k = g

OcHOBHOE NpCUMYIICCTBO npeajraracMoro POTOPHO-AHCKOBOT'O

FOMOTE€HHM3aTOpa - CHIDKEHHE MyJibcalluid MOTOKa oOpabaThiBaeMOM cCpeibl B
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amnmapaTre, a TaKXe yMEHBbIIEHHE BHOpaluii poTopa W H3HOCA IMOJBHXHBIX
4acTel yCTPOMCTBA MPHU MEPEMEIINBAHUN T€TEPOTE€HHBIX CUCTEM <GKUIAKOCTH-

KUAKOCTB», <GCKHMAKOCTh-TBCPABLIC YaCTUILBI.

2.3 LleHTpOoOeKHbI TOMOTeHU3aTOP

enTpobexxHbIii TOMOTreHU3aTop (PUCYHOK 2.7) comepKuUT kopmyc 1, Ha
KOTOPOM PACTOJIOAKEHBI BXOJHOM MaTpyOOK 2 U BRIXOAHOM naTpyOok 3. BuyTpu
Kopryca | pacnojioeH NOABHXKHBIA pOTOpP 4 M HENOJABUKHBIM KOJIBIIEBOU
cratop 5. Porop 4 coxmepxut o0oa 6, Ha HApY>KHOW MOBEPXHOCTU KOTOPOIO
BBITIOJIHEHBI  3yObs 7 mapaiiebHO  oOpasyromeir. Ha  BHyTpeHHUX
MOBEPXHOCTSIX KOJEI[ cTaTopa S5 BBIMOJIHEHBI 3yObsi 8. 3yObsi KoJiel poTopa U

cTaTopa UMeIoT (OpMY SBOIHBEHTHI.

Pucynok 2.7 - LleHTpoOeXHBIN TOMOTE€HU3ATOP
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Potop u crarop BcTaBieHbl B 00edailKy 9 € SKCIEHTPUCHTETOM €j.
Ob6euaiika coctouT u3 AByX koisen 10, 11, KOoTOphle Takke pPacHoIOKEHbI IO
OTHOILLIEHUIO JIPYr Jpyra C JKCLEHTPUCUTETOM €p. Kosbla oOedallku MMEIOT
orBepcTus 12 m 13 COOTBETCTBEHHO Pa3IMYHBIX TUAMETPOB, PACIIOIOKECHHBIC

110 UX IEPUMETDPY.

[HenTpoOeXHBIE TOMOTeHH3aTOp paboTaeT CIEAYIOIIMM  00pa3oM.
OO6pabaTbeiBaeMbI TPOIYKT MOJT JABICHUEM TIOIa€TCsl Yepe3 BXOAHOU MaTpyOoK
2 BO BHYTPEHHIOIO TIOJIOCTh IIEHTPOOEKHOTO TOMOTEHU3aTOPa U YCTPEMIIIETCS K
e, 00pa3oBaHHOM cTaTopoM 5 u poropom 4. Potop, Bpamiasich, cooOIIaeT
MOTOKY JIOTIOJIHUTEBHBIM MPHUPOCT AaBICHUS HAa BXOJE B 3a30pe MEXIY
cTaTopoM 5 U poTopoM 4, W B DBOJBBEHTHOM 3allCIUICHUU MPOUCXOIUT
WHTEHCUBHOE JIMCTIIEPTUPOBAHME U TOMOTCHHM3alMs MpoaykTa. Jlamee MOTOK
yCTpeMJISIETCST TI0 KaHaBKaM MEXay 3yObsiMH 8 cTaropa 5 K BBIXOJHOMY
natpyOky 3. 3aTreM IMOTOK TMPOXOAUT dYepe3 3a30pbl, OOpa30OBaHHbBIC
AKCIICHTPUCUTETAMU €, W €; CHOPMHUPOBAHHBIE KOJbIAMH OOCYaWKH W
KOJIBI[aMH POTOPA M CTATOPa COOTBETCTBEHHO, U MIEPEMEIIAsICh Yepe3 OTBEPCTHUS
obcuaiiku 12 u 13 MOMONMHUTEIBHO YBEJIWYUBAIOT CTEIICHbL T'OMOTCHHU3AIIHH.
Takum o00pa3oM W3MEHSS OKCICHTPUCUTET €1 H €, OCYIICCTBISCTCS
BO3MOKHOCTb ~ PETYJIMPOBAHHUS BEIMYMHBI CTCIIEHW TOMOTCHH3allMH, a

CJICOOBATCIIBHO U €C YBCIIMYCHUS.
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3. YCTAHOBKA JJIsd TOMOTI'EHU3AIIUU ITYJbIIbBI

3.1 llpunuun padoTbl TPYOHOr0 rOMOIreHU3aTOPA

['unpocmecs, ABUTasch Mo TpyOOIPOBOAY, MO JEHCTBUEM I'PABUTALIMU
pacciauBaeTcs, B pe3yJIbTaTe 4ero KOHIEHTPUPOBAaHHAs U OCaX/ICHHAs 4acTb
MyJIbIIbI 3aHUMAET B OCHOBHOM HIDKHEE CeueHUe TpyOoonpoBoa.

[Ipennaraemsplii TOMOTE€HU3ATOP COAEPKUT MIPUEMHYIO YaCTh,
YCTAHOBJIEHHYIO B HP)KHEM CEYEHUU TPYyOOIpOBOJIa, KyAa MOMNaJaroT
MPEUMYILECTBEHHO OCAXKIEHHBIE U CTYyIIEeHHbIE 00beMbI MyJbIbL. [loa
JEHCTBUEM HPHEPTUU MOTOKA, 3TU 00BEMBI MTPOTATIKUBAIOTCS MO HAMPABIISIONIEH
4acTH TOMOTEHU3aTOpa, MEPEMEIINBAIOTCS U BHIOPACHIBAIOTCS B ITOTOK B
BEpXHEW YacTH TpyOOIpOBO/Ia, HAJl OCBETIICHHON YaCcThIO MYJIbIIbI, KOTOpast
JIBUKETCS] BHU3 MPU B3aUMOJIEUCTBUH C TOMOTEHU3aTOPOM.

B pesynbraTe nanbHENIEro ocaxaeHNs TBEPAOH (PpaKIUK IPOUCXOIUT
BbIpaBHUBaHUE €€ KOHLIEHTPALUU MO BHICOTE TPYOOIIPOBO/IA, YTO MOBBIIIAET
TPAHCIIOPTAOEIBHOCTh TUAPOCMECH U YBEJIIMYUBAET BO3MOXKHYIO JIUTUHY

TPAHCTIOPTUPOBAHMUSI TI0 YCIOBUSAM OCAXACHUS TBEPAOH (ha3bl.

Pucynoxk 3.1 - TpyOHbIii TOMOTEHH3ATOP
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3.2 A3yvyeHne XapaKTepUCTHUK TPYOHOI0 FTOMOIr€HU3aTOPA.

3.2.1 Onpenesienne rupaBIANYecKOro CONPOTUBJIEHUSA

roMOreHu3aTopa

Jl1s1 moAicyeTa moTepu Hamopa B TPyOONPOBO/IE, MOIL3YIOTCS IPUHIIUIIOM

cloXeHusi motepb. TpybompoBox  (pucyHox  3.2),

HpHMOHHHCﬁHBIX Y49aCTKOB U MCCTHBIX COHpOTHBHGHHﬁ:

HHOT = HAJII + HMl + HAJIZ + HMZ + HLLJI3

_ak 2+ u2+/112u2+ u2+Al3u2
d?2 $1 d2g $2 2g d2g

C.-" J' 'E.E.' =l - [y —=

: == -—.

Fﬁi &s” .

COCTOSIIMNA U3

(3.1)

Pucynok 3.2 - Cxema K onpe/iejeH!Io MOTepb HAropa B MPOCTOM

TpyOOoIpoBoOE.

U3 IMOJIYYCHHOI'O BBIPAKCHHA BHUIHO, YTO BBIYHCJIICHHC IIOTCPL HAIIOpa

9THUM MCTOAOM OYCHb I'POMO3JAKO U 3aHMMACT MHOI'O BPCMCHU, 0COOEHHO €CJIN

TPyOOIIPOBOJ COCTOMT W3 OOJBIIOr0 4YHCIAa Y4YacTKOB. 3aMEHHUB B 3TOM

BBIPQKEHUH CKOPOCTh pacxogoM u = 4Q/(md?) wu cnenas TNpuBejneHHE

HOI[O6HI>IX YICHOB, I10JIYy4acM

Au? u? Yl u?
HI'IOT = (ll+12+l3)z+(51+€2) Zg =A—+

d 2g
gn2d4zfQ2

501051
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81 8

Hyor = (gnzdsz l +gn2d425) QZ-

uinu nojacTasisia P=pgH

AP, —( i zzl+ i 2; ) 2
nor — gT[ZdS gn_zd4_ {: Q Py

O0603HauMM BBIpAXKEHHE CTOSIIEE B CKOOKaX, OyKBOM @, TOT1a

B 81 ZH' 8 Z
a_gn2d5 gn2d4 f

TO €CThb
APy = aQ?pyg
TOrJa
a — API'IOT
Q%pg

(3.3)

(3.4)

(3.5)

(3.6)

(3.7)

BenuuunHa a 3aBUCHUT OT €ro JUIMHHBI mMpyOOnpo8oda, muaMeTpa, a TpH

KBaJIpaTUYHOM 3aKOHC COIIPOTHBJIICHHA M OT IICPOXOBATOCTH, IIPUYCM B IJIA

JAHHOTO TPYOOIPOBOIa YCTAHOBKK a=CONSt.
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A) B nepBom cityuae onpeaenum BeTUYUHY a Jis 1a00opaTopHOM

YCTaHOBKHU oe3 roMOIr¢HHM3aTopa.

Pucynok 3.3 - JJabopaTopHas ycTaHOBKa 0€3 roMOreHu3aropa

[Tpu mpoBeeHUN JaHHOTO OMbITa OBUTH MOTYYCHBI CIACAYOIINE
pesynbTathl: P1=0.45 krc/cM? - naBieHUe Ha BXoZie B yCTaHOBKY, P2=0.38

Krc/cm? - naBJyieHue Ha BoixoJie. Pacxon Q=0.23 s1/c=0.23 * 10-3m3/c.

[loTepu faByieHuUs B TPy6GONpPOBO/E:

KI'C
APor = Py = P, = 045 =038 = 0.07—— =7000Tla (3.8

KoadunueHT TpeHus B TpybonpoBoe:

_ ARy 7000
T Q%pg ~ (0.23%1073)2 %1000 9.8

a =13%10° (3.9)

re p — WIoTHOCTH BojibI (1000 KF/MS)

b) lo6aBuM B KOHCTPYKITHIO TaOOPATOPHON YCTAHOBKH TOMOTEHU3ATOP H
MOBTOPUM ONBIT. Tak Kak 100aBIs€TCS TOJIBKO OJHO MECTHOE COPOTUBIECHUE —

TO €CTh CONMPOTHBIIEHNE TOMOTEHU3ATOpa & MOTy4YaeM:

AProns = (g:—iﬁz e (D + a))eng (3.10)
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501041

AP —( 84 Zl+ 5 z + 8 )2 (3.11)
mnor2 — gT[ZdS gn2d4 5 gn_zd4_ gr) Q Pg '

TOrga

8
APporp = (a + gm2d? fr)) Q%pg (3.12)

OTKyJa

f — (APHOTZ—anpg)
' 8Q%pg

m2d* (3.13)

—

Pucynok 3.4 - JlabopaTopHasi ycTaHOBKA C TOMOT'€HU3aTOPOM

HpI/I IIPpOBCACHHUHN JAHHOI'O OIIbITa OBLIN IMOJY4YCHBI CJIICOAYIOIIHC

pe3yJIbTaThI:

P1=0.45 krc/cM? - gaBJjieHMe Ha BXoJe B ycTaHOBKYy, P»=0.35 krc/cm? -

JlaBjieHue Ha Bbixozie. Pacxox Q=0.21 a1/c=0.21 * 10-3m3/c.

[loTepu gaByieHuUA:

KI'C
APy = Py~ P, =045-035=01—5=10000Ma  (3.14)
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KoadduuumeHT conpoTrUBIEeHHS TOMOTreHHU3aTopa:

AP, ,5-aQ%pg (10000 — 13 - 103 - 1000 - 9.8)
_ 294 —

802pg  © ©~ ~ 8-(0.21-10-3)Z- 1000

= 0.19 (3.15)

7 2 E)

Pucynok 3.5 - I3mMeHeHne KOHIIEHTpAIlMK B TPYOHOM rOMOT€HU3aTOPE

1-mna BXOJ€ B TOMOI'CHHU3A4TOP, 2 —Ha BbIXOAC U3 TOMOI'CHU3AaTOpPAa,

3 - IIpH MMPOXOKIACHUHN I'OMOI'CHHU3AaTOPA.

d
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A,

N
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\

h/D 1 \
o5 | I\
0,6
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60 38

0 100
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PucyHnok 3.6 - I'padwik n3MeHEeHHsI KOHIICHTPAIIUH B TPYOOIIPOBOIC

1- 6e3 roMorenmn3aTopa, 2 — ¢ TOMOT€HH3aTOPOM.

37



4. DKcmiyaTauus U PeMOHT MeTAJLIYPru4ecKkoro 000py10BaHus
4.1 Bp100op Hacoca ruAPpOTPAHCIIOPTA

Paccuntaem napameTpsl 3KCITyaTallui OCHOBHOI'O TEXHOJIOTUYECKOTO
o0opyAOBaHUs EPepabOTKU U TPAHCIIOPTUPOBAHUS MYJIBIIOBBIX MAaTEPUATIOB Ha

OCHOBaHUU JaHHBIX 1exa ¢uotanuu 3UD-1 npeanpusitus 3A0 «Ilomroc

Onpenenuth yaeiabHblE MOTEpU AaBJICHUS, AUAMETpP TPyOOIpoBoja U
no00path 00OpyAOBaHUE ISl CIEAYIOMIMX YCIOBUH THUAPOTpPAHCHOpTA: IO
rOpU30HTANIBHOMY TpyOompoBoay jmuHHOW 2100 M mpu S = 0,32
NepeMEIaTCs XBOCTHI (DIIOTAIIMOHHOTO oboramieHuss B koiuuectBe 160 T
miotHocThI0 2100 Kr/M°, Kitacca 0-05 MM npu cojiep>kaHuu (pakiuii MeHee
0,04 mm - 65%; 0,4 — 0,08 MM — 13%; 0,08 — 0,25 mm - 15%; 0,25 — 0,5 MM —
%.

OpI/IeHTI/IpOBO‘{HO 10 HOpMaM IJis1 BOJOIIPOBOIOB BBI6I/Ipa€M AUaMETp

TpyOomnposoaa D = 250 MM u3 yciaoBust obecriedeHus 3aJaHHOTO Pacxo/ia.
Pacxon runpocmecu

1600 * 1000 _ 238 M3 i1
Q‘2100*0.32_ q (4.1)

CKopoCTh JBUKEHUS

. 4Q 4 % 238 M 4
Y = 3600nD2 3600 * 3.14  0.252 > cex (4.2)

VY ienpHbIE TOTEPU MTPU JIBUKEHUU TUAPOCMECH

__(496>+(32un>_( 4 %175 )+(32*135*0,88)
" \Dpog) T \D2pyg) T \25 % 1+ 981 252 % 1 # 981

= 0,0347 (3,47%) (4.3)
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rae 8, = 17,5 w/m® (175 aur/em?), n =0,088 H*Cek/M” IPHUHSTH IO OIBITHBIM
JaHHBIM JUIsl XBOCTOB  (MIaHIIEBOTO OOOTalieHWUss TpU BEIWYUHE S,

HE3HAYUTCIBHO HpCBI:;IHIaIOIHeﬁ SKp'

CpaBHUM TOJIYYEHHOE 3HAUCHHE | C BEJIMYMHON YKJIOHA, OMPEICICHHOTO

M0 3HAYEHUIO TPaJUeHTa CKOPOCTU U 3P (HEKTUBHOMN BA3KOCTH:

du_3u_3*135_324 44
dr - R 125 77 (44)

['unpaBianueckuil ykioH npuaumMato Iy = i (3.47%)
[Monusrit HeoOxoauMmbIi Hanop (mpu Hy = 0)
H = 1.1i;1 =1.1%0.0347*2100=80.2 u/cm® (80,2 M Box. Ct.)  (4.5)

Tac 1,1- KOB(l)(l)I/IIII/IeHT, y‘{I/ITLIBaIOIIII/Iﬁ BJIMAHUC MCCTHBIX THAPABIMYCCKHUX

COIPOTHUBIICHUM.

Jlnst pacxona ruapocmecu 238 M3 /4, BeioupaeM Hacoc Tuna 200Z]-1-A73
(mpu uactore Bpamenns 980 o6/mun, Hg = 97,5 w/em®, N = 355 kBr). s
pacdeTra XapakTEpPUCTHK Hacoca HCIOJIb3yeTCsl METOJ, pa3pabOTaHHBIM st
YCJIOBHH, KOT/Ia IO BEJIMYMHE S MEHBILIE MM ONU3KO K Sy. Ecin mpuHATH 114
3aJJaHHOT0 pacxoja Mo XapaKTepUCTUKe Hacoca ais Boasl Hyp = 97,5 m Boa. Cr.

u N = 355 kBT, TO pu paboTe HA THIAPOCMECH

H = Ho{1 + k[(rs — v0)/¥ol™} = 85{1 + 0.8[(11.6 — 10.0)/10.0]%%} =
109 H/cM?(109 M Bog. cT) (4.6)

rae k= 0,8 u n = 0.9 — BeIOpaHHbIC 3HAYCHUS OTBITHBIX KOHCTAHT.

[moTHOCTH THAPOCMECH

KI'
p = s(ps = po) + po = 0.32(2100 — 1000) + 1000 = 1352 — (4.7)

TpeOyemast MOIITHOCTH Ha Bajly Hacoca
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Nop  355%1352
po 1000

N = = 480 KBT (4.8)

[TpoBepsieM COOTBETCTBHE 3aJaHHOTO pacxoja THIPOCMECH PaCXOYy,
pa3BUBaEMOMY HACOCOM IIPU JAHHOM 3HAYCHHH:

Q < Qu {1:[(1.05 + 1.1)]p/po} (4.9)
238 < 600: (1,1 * 1352,/1000) (4.10)
238" < 405 (4.11)

3 .
rae Qum= 600 M~ — MaKCUMAaJIBHBINA PACXO0]I TUIPOCMECH.

[IpoBepka TmoOKa3bIBa€T, YTO BBHIOPaHHBIM Hacoc oOecreynBaeT
HEOOXOIMMYIO MPOU3BOAUTEIHHOCTD MO THIPOCMECH.

4.2 Bb106op HEOOXOAUMOI0 KOJIMYECTBA 000PY10BAHMSI

OCHOBHOE TE€XHOJOTHYECKOE 060py,Z[OBaHI/I€ IMpUHUMAacM Ha OCHOBAHUH

nanHbIxX npeanpusitus 3A0 «Ilomrocy.

Ha ocHoBaHuMM cnpaBOYHBIX MaTEpPUAIOB OIPEACISIEM HOPMAaTUBBI
NEPUOANYHOCTH, MPOJOKUTEIBHOCTH U TPYILOEMKOCTH PEMOHTOB OCHOBHOI'O

TEXHOJIOTHYECKOT0 00opynoBanus. JlaHHbIC puBeAeHBI B Ta0wHIe 4.1

Tabnuna 4.1. - O6opynoBaHue KOpIryca ApOoOIeHHS

No PemoHT TpyooemKoCTb Yen. yac
- o
[an]
'—
0 Ob6opyapoBaH S Mpogp, Yneno
\ ne Z B NEePUOAUYH | OJIKUT o OpHoro | CpegHer
S a oCTb e/IbHO pPeMOHTa | oZ0Bas
n x UuKne
CTb
TO 540 4 48 22 176
1 Crygge“b 1| T 1620 12 12 202 404
T, 3240 24 11 300 550
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K 39980 36 1 350 58
TO 540 8 20 6 60
PNOTaLMOHH T1 3240 36 2 142 142
aA MallimHa T, 6480 48 1 196 98
K 12960 72 1 316 158
TO 540 2 18 2 18
LeHTpudyra T 2160 6 5 12 30
K 12960 16 1 41 20
TO 730 4 16 4 32
Hacoc
200ZJ-1-A73 T 2160 24 7 20 70
K 17520 48 1 125 63
TO 365 6 3 12 216
byHkep T 1400 16 1 32 192
3arpy3o4HbIn
|-( - - - - -
TO 243 2 102 6 204
T
KpaH K 4380 24 5 72 120
MOCTOBOM
26280 56 1 420 139
730 2 50 2 20
TO
BeHTMnAaTOp T 4380 48 9 48 86
K
43800 96 1 120 24

41




4.3 OnpepaesieHue KOJIMYECTBA U BUAOB TeXHHYECKHX 00CTyKMBAHUI

U PEMOHTOB

KonuuectBO #  BUABI TEXHUYECKUX OOCITY)KMBAaHHMM U PEMOHTOB
OIIpe/IeNIsieM aHAIMTUIYECKUM CIIOCOOOM.

B umenmax mnpenynpexacHHs TNPOTrPECCUBHOIO HApACTaHUS H3HOCA,
UCKJIIOUCHUSI TIOJIOMOK W TPEKICBPEMEHHOTO BBIXOJA M3 CTPOs JCTallel U
y3JI0B OCHOBHOI'O TexHosoruyeckoro ooopynoBanus (OTO), a Taxxke s
NOAAEPKAHUSI €ro B TOCTOSIHHOM  JKCIUTyaTallMOHHOM TOTOBHOCTH W
oOecrieyeHusi €ro MNPOU3BOJUTENBHOM M Oe30macHOW paboThl MPOBOIUTCS
cucteMa TuUIaHoBo-nipeaynpenurensHoro pemonta (IIIIP). Ona cocroutr wus
UUMKIMYECKH  TOBTOPSIIOIIMXCS ~ OPraHU3allMOHHBIX M TEXHHUYECKUX
MEpONPUATHH, MPEeAyCMATPUBAIOIIMX  BBIMOJHEHHUE IIJIAHUPOBAHHBIX  BO
BpeMEHH MNPOPUIAKTUIECKUX PabOT MO OCMOTPY, YXOIy U YCTPaHCHHIO
HEHUCTIPaBHOCTEM, a TaKkKe PEMOHTOB, BOCCTaHABJIMBAIOLINAX
paboTOCTIOCOOHOCTD JIEUCTBYIOIIETO TEXHOJIOTHYECKOT0 000PYy10BaHMUS.

Cucrema IIITP nmpeaycMmaTpuBaer:

1. oOsi3aTenbHOE BBITIOJIHEHUE TIPABHJ TEXHUYECKOW OKCILTyaTalluu
(ITTD) 0CHOBHOTO TEXHOJIOTUIECKOTO 00OPYIOBAHUS U HOPM €TI0 TEXHUIECKOT'O
00CITy)KUBaHHS;

2. CBOEBPEMECHHOE W KauyeCTBCHHOE IPOBEICHUE IUTAHOBBIX PEMOHTOB
00opy10BaHMS.

Cucrema IIITP oGecrieunBaer:

1. BoccraHOBIICHHE 3aJJaHHBIX TEXHHUYECKUX XapaKTEePUCTUK
000py10BaHMS;

2. YBEIWYCHHE MPOJOJKUTCILHOCTH MEXKPEMOHTHBIX TIEPHUOJIOB PabOTHI
000pyT0BaHMS;

3. CHH)KEHHE IMPpOAOJDKUTCIIBHOCTH M CTOHMMOCTH PCMOHTA, a TaKIKC
IMOBLIMMCHHUEC KAYCCTBA BBIIIOJHACMBIX PCMOHTHBIX pa60T;
4. cTaOUIBHOCTH IMPOTCKAHUA TCXHOJOTHUYICCKUX IIPOICCCOB.

PaBHI/I‘-IaIOT CICAYIOIHEC BHAbI INNIAHOBO-IIPCAYIIPCAUTCIIBHOIO PEMOHTA
(TITIP):

1. MCKPCMOHTHOC TCXHHYCCKOC O6CJ'Iy>KI/IBaHI/IeI CXKCIHCBHBIC U
NEPUOANICCKUEC PCMOHTHBIC OCMOTPBI;

2. IIaHOBBIE PEMOHTBI, KOTOPbIE COCTOAT U3 TeKymux peMontoB (T1, T2,
T3, ...) u kanutanbHbIX peMOHTOB (K).
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Texnuueckoe 00OcCiIykMBaHUE OOOPYIOBaHUS TPEACTaBIsIET COOOM
KOMILIEKC MEpONPUATHH, HaIlpaBJICHHBIX Ha IpEeAYNpPEKICHNE
MPEXJIEBPEMEHHOIO HM3HOCAa OOOpYNOBAaHMSI IYTEM TOYHOIO BBINOJHEHUS
npasui [ITO, a Takke CBOEBPEMEHHOI'O YCTPAHEHUS MEJIKMX HEUCIIPABHOCTEN.

Texnuueckoe 00CIyKUBAaHUE BKIIOYAET:

1. execMeHHOE TEXHUYECKOE OOCITYKUBAHUE;
2. TMIEPUOJUYECKUE TEXHUYECKUE OCMOTPHI, BBHIMOJHIEMBIE TOCIE
HapaOOTKK 000PYTOBAaHUEM OMPEIETEHHOTO KOJIMYECTBA YaCOB.

Texymuii peMOHT — 3TO PEMOHT, MPU KOTOPOM MPOU3BOJUTCS 3aMEHa
HEOOJIBIIIOT0 KOJIMYECTBA U3HOIICHHBIX JeTalel U PeryJupoBaHUe MEXaHU3MOB
uist o0ecriedeHus: HOpMaJbHOM SKCIUTyaTalldd A0 OYEepeJHOro IUIAaHOBOIO
PEMOHTA.

KanuranbHeiii peMOHT 00OpyIOBaHUS TMpeAHAa3HAYeH JUIsl IOJHOTO
BOCCTAQHOBJIEHHSI PabOTOCIIOCOOHOCTH MEXaHM3MOB Ha MEPHUOA PEMOHTHOIO
UKJIa (Mepruoa MEXIy IBYMs KalHUTaJbHBIMU peMoHTaMu). [Ipu kanuTtaibHOM
PEMOHTE MPOU3BOJUTCS MOJHAS pa300pKa Y3JIOB C LEIbI0 BOCCTAHOBICHUS
0a30BbIX JleTaJIel U 3aMEHbI WJIM BOCCTAHOBJICHUS BCEX JI€Talel, BBIIECIIINX U3
IIPEAEIIOB TOYHOCTH, IIPEAYCMOTPEHHBIX YEPTEKAMH, & TAKKE IIPOU3BOIUTC

c6opKa, HaJdaAKa 1 UCIIBITAHUC I10/ Hany3KOﬁ.

KanutanpHplii  pEeMOHT  pPEKOMEHIYETCA  IMPOU3BOJAUTH  METOJOM
arperaTHoO-y3J0BOTO PpPEMOHTa, NPU KOTOPOM Ha OO0OpYyJAOBaHHE B3aMEH
U3HOILIECHHBIX YCTAaHABJIMBAIOT HOBBIE WM 3apaHEE OTPEMOHTHUPOBAHHBIE Y3IIBI.
KanutanpHblii pEMOHT MOXET MPOU3BOJUTCA TAKKE HWHIUBUAYAIbHBIM
METOJOM, MPU KOTOPOM BCE CHSTHIE U OTPEMOHTHUPOBAHHBIE JETATU U Y3JIbI

YCTAaHaBJINBAIOTCA HaA OTY KC MAllIMHY.

KonudecTBo 1 BB TEXHUYECKUX OOCTY>KMBAHUI U PEMOHTOB SIBIISIFOTCS
UCXOHOW mH(pOpMaIUel I COCTaBIECHUS TOJIOBOTO M MECSYHOTO TpaduKoB
PEMOHTHBIX pabOT MO KaXJO0M eAWHULE MPUHATOIO0 K JKCIUTyaTaluu

obopynoBanus (Tadi. 4.2).
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B nmaHHOM KypcOBOM TPOEKTE KOJMYECTBO H BHUABl TEXHUYECKHUX
OOCITy’)KMBaHHI M PEMOHTOB ONPEIENAIOTCS aHAIMTHYECKUM MeToaoM. Hinke
MIPEACTABIICHbl PAaCUYEThl ISl KaXI0ro TUna pabdouero oOOpyqoBaHUs Kapbepa

Ha KaJleHJapHbIN TOJ] B 3aBUCUMOCTHU OT TUIAHUPYEMOU r010BOM BBIPaOOTKH.

OHpCIleJISICM KOJIMYECTBO 4YaCOB, 3aTPpauUMBACMBIX Ha PCMOHT CI'yCTHTCJIIA

— 25 B mu1anupyemMoMm rogy

_ T (TroNpo+ T Na+TieNyo)

T 4.12
b ” (4.12)
rne  Too Tp Tk - MPOJIOJKUTEIBHOCTD COOTBETCTBECHHO OJTHOTO
TEXHUYECKOT0 00CITy>KMBaHMS, TEKYIIETO U KallUTaJILHOI'O PEMOHTOB, 4ac;

Nﬂo, N., N}Ij - YHUCIO B IHMKJIE COOTBETCTBEHHO TEXHUYECKOI'O
o0cITy>)KUBaHMsI, TEKYIIETO U KaUTaJIbHOI'O0 PEMOHTOB, €]1.;

K — peMOHTHBIN [IUKJI MAIIMHBI, Yac;

T, - HomuHanpHBIH GOHJ BpeMeHH pabOTHl O00OPYIOBaHMS, TO.
[Tpuaumaem T,.=8160 yacos.

8160-(4-48+16-12+24-11+36-1) 139.6
= = qac.
P 39980 ’
PaccunThiBaeM KOJIMYECTBO KaIMTAIILHBIX PEMOHTOB
H+Hg
N.= - (4.13)

rne  Hy — BeIpaOoOTKa MaIMHbI OT MPEABLAYIIETO KaMUTAIBHOTO peMoHTa. Jlis
o00OpyOBaHMs, BBOJAMMOIO B JKCIUTyaTallMI0 B Hadalie TUTAHHUPYEMOTO Troja,

npuaumaem Hk = 0;

H; — nnanupyemas BbIpabOTKa Ha rof;
. n
H =T, ky-T,

rne kg = 0,85 - manupyemsiii KO3 GUIMEHT UCTTOTB30BAHUS.
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H,=8160-0,85-139,6=6796,4 wac,
~ 6796,4+0

NK—W ~ 0,17 = 0 wrT.

OrnpenensieM KOJIMYECTBO NMEPBUYHBIX TEKYIIUX PEMOHTOB

NT1=HF;—IZIT1 ~ N, (4.14)
Ny = 2222004 2~4 .
1620

OHpe,HCJISICM KOJIMYCCTBO BTOPUYHBIX TCKYIIUX PCMOHTOB

__ Hy+Hry

Np=—2 =N, (4.15)
6796,4+0
Npo= W -0=2,1=2 mr.

OHpGIIGJUIGM KOJINYCCTBO TCXHUYCCKHUX 06CJ'Iy}KI/IBaHI/Iﬁ

H,+H
Nro= TTOTO — N — Nt = Npy (4.16)
6796,4+0
NTO:W —0—- 2-426,6:6 IIIT.

AHaNOTMYHO  PACCUUTHIBAEM  KOJUYECTBO M  BHUABI  PEMOHTOB,
TEXHUYECKUX OOCIYXMBaHUN MJisl OcTajdbHOro obOopyaoBaHusa. [lonydeHHbie

JAHHBIE 3aHOCHM B TaOnuIly 4.2.

OnpenensieM  KOJIMYECTBO  YacoB, 3aTpaulMBaeMblX Ha  PEMOHT
(bI0TaIMOHHONW MAIIIUHEI B TUTAHUPYEMOM TOY

— TF'(TTO'N¥O+TT'NT+TK'Nﬂ)

T, ”

(4.17)
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rae Tpo, Trp, Ty - TPOIOMKUATENIBHOCTh COOTBETCTBEHHO OJHOTO TEXHHUYECKOTO

O6CJ'IY)KI/IBEIHI/ISI, TCKYIICI'O U KalIUTAJIbHOTO PEMOHTOB, 4acC,

Nio, Ny, N} - 4mcio B ILHKIE COOTBETCTBEHHO —TEXHHYECKOIO

o0cITy>KUBaHMsI, TEKYIIETO U KaluTaJIbHOI'O PEMOHTOB, €/1.;
K — peMOHTHBII LMK MaIlIMHBI, Yac;

T. - HomuHanbHBIM (OHA BpeMeHH paboTel O00OPYJAOBaHUS, TOI.

ITpuanmaem T,.=8160 yvacos.

_8160-(8-20+36-2+48-1+72-1)

= 221,62 yac.
p 12960
PaccunThiBaeM KOJIMUECTBO KalIUTAIBHBIX PEMOHTOB
H,+H
N,= ” =, (4.18)

rac HK - BBIpa6OTKa MalllUHBbI OT IMPCABIAYIICTO KAIIMTAJIBHOI'O pEMOHTA. I[JBI
O60py,IIOBaHI/I}I, BBOJAMMOI'O B JKCILTyaTallUIO B HaAYaJIC INNIAHUPYCMOI'O TOAad,

npunumaeM Hk = 0;
H; — nmnanupyemas BeipaboTKa Ha o,
HFZTF-k%-Tp,
rae kg = 0,85 - mmanupyemsiit KO3 GUIMEHT UCTIOTB30BAHMS.
H,=8160-0,8-221,62=6306,38 4ac,

© 6306,38+0

N ~ 048 = 0 wr.
12960 T

OnpenenﬂeM KOJIMYCCTBO IICPBHUYHBIX TCKYIINX PCMOHTOB

— HF+HT1 _ N
K
Ty

Ntq (4.19)
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© 6306,38+0

N1i1= W -0=1,9=2 mr.

OrnpenensieM KOJIMYECTBO BTOPUYHBIX TEKYLIMX PEMOHTOB

Nrp= HF;I:TZ — N,
6306,38+0
NT2=W-O=O,9:1 IIT.

OnpenensieM KOJIMYECTBO TEXHUUECKUX 00CTYKMBAHUM

H,+H
Nro= TTOTO — Ng = Npz =Ny,
6306,38+0
NTO:W — 0 — 1-2=7,6=7 .

(4.20)

(4.21)

OHpGIIGJUIGM KOJIMYCCTBO 9aCOB, 3aTPaYMBACMBIX HAa PCMOHT HGHTpC(bYTI/I

B TUTAHUPYEMOM TOY:

_ TI‘.(TTO.N']#O+TT.NT+TK.NE)
P K

T

T _ 8160-(2-18+5-12+41-1)
P 12960

H; — nmnanupyemas BeipaboTKa Ha o,
HFZTr-k%-Tp,
H,=8160-0,8-86=6442 uac,

OnpenenﬂeM KOJIMYCCTBO TCKYIINX PCMOHTOB

N :HF+HT2 _N ,
T T, K
N _6442+0 0=2.083
L T B

47

= 86 yac.

(4.22)

(4.23)
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OmnpenensieM KOJTMYECTBO TEXHUUECKUX OOCTYKUBAHUM

H, +H
Nto= TTOTO — N¢ — N1 — Ny, (4.25)
644240
NTOzW — 3:8,9=9 IIT.

OHpCI[GJISICM KOJIMYCCTBO 4YaCOB, 3aTpadyuMBacMbIX Ha PEMOHT HacCOCa

200ZJ-1-A73 B mumaHupyeMoMm roay

T (Tro'Npo+ TNy + TNy

T, Tt (4.26)
o _B160-(4-16424-7448'1)
P 17520 - obAHac
PaCCqHTBIBaeM KOJIMYCCTBO KallUTAJIBHBIX peMOHTOB
N, = 2t (4.27)
K
H, — mnanupyemas BeIpabOTKa Ha IO/,
H,=T,K}-T,, (4.28)
H,=8160-0,8-130,4=6397,6 uac,
6397640
KT 7500 O 0 T U HE
OHpeI[eJIHeM KOJIMYECTBO TCKYH_[HX peMOHTOB
Np= itz N (4.29)
T,
6397640
T o160 - 0o ME

OrnpenensieM KOJIMYECTBO TEXHUUYECKUX O0CTYKMBAHUM
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_ Hi+Hro

Nrpo= To Ny — N1y — Ny,
6397,6 +0
NTOZW —0—- 3235,76=6 IIT.

OHpCIleJISICM KOJIHNYCCTBO 4qacoB, 3aTpaduBacMbIX Ha

3arpy304HOro OyHKepa IJIaHuPyeMOM IOy

T (Tro'Npo+ TNy + TNy

TO TO

p K

T

T _8160-(6-3+16-1)

p 1200 = 198,2 yac.

PaccuuteiBaeM KOJIMYECTBO KaMUTAIBHBIX PEMOHTOB

_ H+H,

N,

H; — nnanupyemas BeipaboTKa Ha roj;
HrzTr'kInj-Tp,
H,=8160-0,8-198,2=6329,8 uac

OrnpenensieM KOJIMYECTBO TEKYIINX PEMOHTOB

H,+Hr,

NT: T, _NK,
6320840
a0 TR

OnpenensieM KOJIMYECTBO TEXHUUYECKUX O0CTYKUBAHUM

_ Hr"_HTO
Nrto

— N = N = Ny,

Tro
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PEMOHT

(4.31)

(4.32)

(4.33)

(4.34)

(4.35)



| 6329,8+0

= _5=12,3=12 .
NTO 365 5 ,3 mT

OmnpenensieM KOJIUYECTBO YacOB, 3aTPAauMBAEMbIX Ha PEMOHT MOCTOBOIO
KpaHa MIaHUPYEMOM TOY

— TI‘.(TTO-N¥0+TT.NT+TK.NE)

T, "

(4.36)

T 8160 (2-102+5-24 +56-1)
P 26280

= 117,9 yac.

PaccuuteiBaeM KOJIMYECTBO KaIUTAIbHBIX PEMOHTOB

H.+H,
NK: K s
(4.37)
H; — nnanupyemas BeIpabOTKa Ha T'OJI;
H,=T, k- T,,

(4.38)

H,=8160-0,8-117,9=6410,1 uac,

R P
< o280 e T UHT

OnpenenﬂeM KOJIMYCCTBO TCKYIIINX PCMOHTOB

NT: HF+HT2 _ NK,
T,
(4.39)
G401
4380 M

OnpenensieM KOJIMYECTBO TEXHUUYECKUX O0CTYKUBAHUM
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_ Hi+Ho

Nro= To N = Nty — Ny,
(4.40)
6410,1 +0
NTOZT — 0 — 1=25 wr.

OHpCIleJISICM KOJIHNYCCTBO 4qacoB, 3aTpaduBacMbIX Ha PEMOHT

BCHTHUJIATOPA B IINIAHUPYEMOM TONY

T (Tro'Npo+ TNy + TNy

TO TO

p K

T (4.41)

T _8160-(2-50+48-9+96-1)

— 116,9 yac.
p 43800 Hac

PaccuuteiBaeM KOJIMYECTBO KaMUTAIbHBIX PEMOHTOB

H,+H,
N.&= =
(4.42)
H; — nnanupyemas BeipaboTKa Ha roj;
HFZTr'kInJ-Tp,

(4.43)

H,=8160-0,8-116,9=6411,1 uac,

LLGHLIH
43800 T UHER

Onpez(enﬂeM KOJIMYCCTBO TCKYIIINX PCMOHTOB

NT: HF+HT2 _ NK,
T,
(4.44)
S0
T Ta330 0 M
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OmnpenensieM KOJIMYECTBO TEXHUYECKUX O0CTYKUBAHUIM

H, +H
Nro= TTOTO — Ng — N1, — Ny,
(4.45)
6411,1 +0
NTOZW — 0 — 1=8 mr.

Ta6nuia 4.2 — KonmudecTBo peMOHTOB

HaunmeHnoBanue o6opyaoBaHus Ty, uac | Hr,uac | Nk, | N2, | Nri, | Nro,
mT. | MWMT. | T | IIT.
Crycturens 1125 139,6 6796,4 | O 2 4 6
doranoHHas MalIuHa 221,62 |6306,38| O 1 2 7
Lentpudyra 86 6442 - - 3 9
Hacoc 200ZJ-1-A73 130,4 63976 | O - 3 6
ByHkep 3arpy304HbIii 198,2 6329,8 - - 3) 12
Kpan mocToBoii 117.9 6410,1 0 - 1 25
BenTumnsatop 116,9 6411,1 0 - 1 8
4.4 Opranu3anusi peMOHTHBIX padoT
Ilog cucremoii mma”noBo-npenynpeauTenbHbix pemoHToB  (IITIP)

IIOHUMACTCA COBOKYIIHOCTH OPIaHH3dalIIMOHHBIX W TCXHHYCCKHUX MCpOHpHHTI/Iﬁ

0 yXO0Xy, HaJa30pPy, SKCIUTyaTallil U PEMOHTY OOOpYIOBaHWsI, HAITPABICHHBIX
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Ha TPEAyNpekJICHHEe MPEKICBPEMEHHOIO H3HOCAa JeTaleil, Y3JI0oB W
MEXaHU3MOB U COJZIEpPKaHUE UX B paOOTOCIIOCOOHOM COCTOSIHUHU.

CyIHOCTh 3TOM CHCTEMBI COCTOMT B TOM, 4YTO IIOCJIE€ OTpPabOTKU
000py/IOBaHUEM OMPEACICHHOTO BPEMEHU MPOU3BOMASTCS MPOPUIAKTUUESCKUE
OCMOTPBI M pa3JIMYHbIe BBl IUJIAHOBBIX PEMOHTOB, MEPUOAUYHOCTH M
MPOJIOKUTEILHOCT KOTOPBIX 3aBHUCAT OT KOHCTPYKTHBHBIX U PEMOHTHBIX
0COOCHHOCTEH 000pYIOBAHUS U YCIOBUM €T0 IKCIUTyaTallUu.

Cuctema IIIIP nmpemycMaTpuBaeT Takke KOMIUIEKC MPOGUIAKTHYECKUX
MEPOTPUITHI TIO COJEPKAHUIO U yXo1y 3a oOopynaoBaHueMm. OHa HCKIIOYAET
BO3MOXKHOCTb Pa0OThl 00OPYJOBAHUS B YCIIOBUSIX MPOTPECCUPYIONIETO U3HOCA,
npeayCMaTpUBAET TMPEABAPUTEIILHOE HM3TOTOBJICHUE JETaleil | y3JIOB,
TJIAHUPOBAHNE PEMOHTHBIX pa0OT U MOTPEOHOCTU B TPYAOBBIX U MaTEPUAIHHBIX
pecypcax.

B coorBercTBUM ¢ ONpEAEICHHBIMM  KOJIWYECTBOM U  BUIAMH
TEXHUYECKUX OOCIy)XMBaHUW W PEMOHTOB pabodero oOOpyAOBaHMS,
COCTaBIIIIOTCSl TOJIOBBIE W MECSYHbIe IpadUKH TUIAHOBO-TIPEAYNPEAUTEIbHBIX
PEMOHTOB JIEHCTBYIOILIETO 000PYI0BAHUS.

B rpadukax yka3spIBalOTCS PpACCUYUTAHHOE KOJIWYECTBO M BHJBI
TEXHHYECKUX  OOCIy)XKMBaHUH M  PEMOHTOB (B YHCIHTENE) H  UX
IIPOJIOJKUTENIFHOCTh B Yacax (B 3HaMeHaTene) ['010BoM U MeCSYHBIN rpaduKku

[IT1IP npencraBneHsl B IpuioKeHUU A 1 b COOTBETCTBEHHO.

4.5 PacyeT YMCJIEHHOCTH PEMOHTHOIO IEPCOHAJIA

UuCIEeHHOCTh PEMOHTHOrO MEPCOHAJA PACCUUTHIBACTCS OJHUM U3
CIEAYIOIIUX METOAOB: IEHHOCTHBIM, HOPMATUBHOM TPYAOEMKOCTH, BECOBBIM.
B naHHOM KypcOBOM MpOEKTE€ TMPHUMEHSEM METOJ HOPMATUBHOMU

TPYIOEMKOCTH, KOTOPBIN SIBJISIETCS HAMO0JIee TOYHBIM.
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OmnpenensieM roloBble CyMMapHbI€ TPY103aTPaThl:

T= X[ (thoth +th L) N+ (0, +0+2)-N", (4.46)

rae t%o, til, t}{ - HOPMAaTHUBHBIE CPEAHETOAOBBIE TPYIOEMKOCTH TEXHUYECKUX

OCMOTPOB, MEPBbIX, BTOPbIX U KaIUTAIbHBIX PEMOHTOB 000PY10BaHUs, Yell Y,
N'- d4pcmo exMHMI[ OTHENBHBIX BHIOB 0o00OpyI0OBaHUs, MPUHATHIX K
JKCIUTyaTalnH;
T, =[(176 + 404 + 550 + 58) - 1 + (60 + 142 + 98 + 158) - 7
+(18+30+20)-1+(32+70+63):-1+(216+19) -6
+ (204 + 1204+ 139) -1 + (20 + 86 + 24) - 1] = 35838 uen - u.

OHpe,HCJUICM IIAHOBYIO YN CJICHHOCTD ITPOU3BOACTBCHHBIX pa60‘II/IX

M=— (4.47)

rie @ - KO3 (UIMEHT, YYHUTHIBAIONINN BBITTOJIHCHUE BHEIIAHOBBIX PaloOT.
[Ipunumaem a = 1,5;

D, - HOMUHaAIBHBIN TO0BOM (HOH BpEMEHH OJTHOTO pabovero;

p
D,=8:(365-B-I1-0) k,, (4.48)

raie B — konuuecTBO BBIXOAHBIX JHEN B IuiaHupyeMoM roay. B = 104 gus;
I1 — xonuvecTBO Mpa3aHUYHbIX AHEH. [T =8 nHeil;

O — cpenHss NPOaOJKUTEILHOCTh oTiycka. O = 30 nHei;

k, — xoadduiueHT, y4duTHIBAIOMMUI MOTEPH BpEeMEHH paboyero Io
yBaxuTenbHOU mpuunne. k; = 0,95.

D, = 8:(365 — 104 —8 —30) - 0,95 = 1694,8 u.

kK, 5 - KOO(pGUIUEHT BHIOJHEHUS HOPM BBIPAOOTKHM padbouum. Kk, , =

1,15.
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M = 1,5 - 35838
"~ 1694,8-1,15

OpHEeHTHPOBOYHBIN MITAT PEMOHTHBIX Pab0YuX MO MpodeccusiM MPUBOAUM B

= 27,6 = 28 yeJ.

Tabsuue 4.3.
Tabnuua 4.3 - OpUeHTUPOBOYHBIN IITAT PEMOHTHBIX pabOUnX
[HtaTt pabounx
[Ipodeccun
% Yell.
1.Cnecapu u snekTpociecap, yel. 50 14
2. Tokapu — CTAHOYHUKH, YEJI. 16,7 5
3.27eKTporazocBapIIuKu 16,7 5
4.Ilpounie (pa3METYMKH, KOHTPOJIEPHI U 8,3 2
T.J.),9€. 8,3 2

OHpGIIGJUIGM YUCJIICHHOCTH BCIIOMOTI'aTCJIBHBIX U HO,IICO6HI>IX pa60qnx
Mg = M- 0,12, (4.49)

Mg =28:0,12 = 3,36 = 4 yeu.

PaCC‘-II/ITBIBaeM YUCJICHHOCTh HHKCHCPHO-TCXHUYCCKUX pa6OTHI/IKOB
My = (M + M) - 0,07, (4.50)
My = (28 + 4) - 0,07 = 2,24 ~ 3 e
Onpez[enﬂeM YUCJICHHOCTb CUCTHO—HOPMHUPOBOYHOI'O COCTAaBa
M, = (Mg + M + My) - 0,05, (4.51)

M, = (4 + 28 +3) - 0,05 = 2 yen.
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OmnpenensieM YUCICHHOCTh MJIQJIIIET0 OOCITY>KUBAIOLIETO NepcoHaa
My = (Mg +M + My + M¢) - 0,03, (4.52)
My =((#+28+3+2):0,03=1uyen.
4.6 PacuyeT CTAHOYHOI0 00OPY/AOBAHUS

OHpeI[eJISICM KOJIMYCCTBO CTAHKOB

8Ty
Ner = s (4.53)

rae 6 - koadduiueHT craHoyHbIX padoT. 6 = 0,35;
m - YHUCJIO CMEH pabOThl CTAHKOB B CYTKU. M=2;
D - ronoBoit ¢houa BpeMenu ogHoro cranka. D = 2040 yac.;
k, - Ko3duIMEHT UCTIONB30BaHUSI CTAHKOB B TE€YEHWU CMEHBI. K, =

0,65.
\ ~0,35-1,7-35838
T 2.2040-0,65

Paccuntannoe oOopynoBaHue 3aHocuM B Tabnuiy 4.4 ¢ yka3zaHueM

~ 8,041T. =~ 8 mT.

KOJIMYECTBA, HpI/I6J'II/I}KeHHI>IM COOTHOIICHUCM, TUIIOB U MAapPOK CTAaHKOB.

Ta6muma 4.4 — PacueT CTaHOYHOTO 000PYI0BAHUS

KonunuecTBO cTaHKOB
Tum cranka

% IIT.
1. TokapHO — BUHTOPE3HBI 25 2
2.CBepauibHbIN 25 2
3.CtporanbHbiit 25 2
4. 3y0ope3HbIii 25 2

4.7 TlpoekTHpOBaHUE PEMOHTHOM 0a3bl

4.7.1. PacyeT npou3BOACTBEHHBIX NOMeIIeHUM
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PacueT mpPOM3BOACTBEHHBIX IUIOMANEH B 3aBHCHMOCTH OT THIIA
PEMOHTHOTO TIPEINPHUATHS, 00BEMA PEMOHTHBIX pa0OT TMIPOBOAT CICTYIOIINMHU
croco0amMu: MO0 PacCYMTAHHOMY CTAaHOYHOMY OOOPYIOBAHHIO, TIO KOJUYECTBO
MIPOU3BOJICTBEHHBIX PA00OYHX U TIO IUIOIIA/IN T0JIa, 3aHATOW 000PYTOBAHUCM.

[Tpon3BOACTBEHHBIC IUIOMAAN MEXaHMUYECKOTO IIeXa OIPEACISIOT I10
pacYeTHOMY CTAaHOYHOMY 000PYTOBaHUIO

F =) N f, (4.54)
rie N, - KonudecTBo 000pyI0BaHUS ONPEICIEHHOTO THIIA,

fy - ynenpHas TuIONIaab, MPUXOIAIIASCS HA SIUHUILY 000pYTOBaHHMS.

F=2-304+2-2542-25+2-25=210 M2

B ynmenbHO# muIomaay, NPUXOMASINCHCS Ha CAMHHMIYY OOOpYIOBaHUS,
KpOME TUIOIIQIM CTaHKa, YUYTEHBI: pabodyee MECTO CTAaHOYHUWKA, IIOIIAIKa JIJIs
YCTAaHOBKH MHCTPYMEHTAIBHOTO ITKada, creutakei s aeTaieH, MpOoCTeHIINX
OTbEMHO-TPAHCTIOPTHBIX YCTPONCTB, MPOXOIbI M IPOE3AbI MEXKITY CTAHKAMHU.

[Tnomanu ocTaabHBIX MIPOU3BOACTBEHHBIX 1IEXOB U OT/ICIICHUH, M?

F= Fi°Ki,
riae Fj — miomaape | — ro mpou3BOACTBEHHOTO 1I€Xa;
Kj — mepexoanbIii K03)PHUIHMEHT | — FO MPOU3BOACTBCHHOIO 1€Xa |

[Tnomanp yuactka paz3oopku o00py10BaHUS,

Fro = Fpo-Kpo = 20-4 = 80 M,

[Inomaab oTaeIeHUS MOMKHU AeTajeH,

Fom = FomKom = 20-3 = 60 M°.

[Tnomank oTaeaeHUsS COPTUPOBKH,

Foc = FocKoc =152 =30 Mm%

Imomanes UCOBITATENNLHOTO OT/IEJIEHNS,

Fuo = Fuo Kuo = 254 = 100 m°.

[Tnomane oTaeaeHUsS peMOHTA YJIEKTPOOOOPYI0BaAHNSA,

Fos = For'Kos = 155 = 75 M2
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rac

[Inomane oTaeneHrss pEMOHTA KOPIYCHBIX JIETAJICU U paM,
Fox = Fox'Kok = 20-3,5 = 70 M~
[Inomaap nexa cOOpKU MalllMH U arperaTos,
Fc = Fe'Ke =204 = 80 M°.
[Inomane MansspHOTO OTIEIIEHUS,
Fp = Py Ky = 40-2 = 80 M°.
HJIOH_IaIIB KY3HCUYHO-TIPECCOBOT'O OTACIICHU,
Ficr = Frr Ky = 24+3,5 = 84 M°.
HJIOH_IaIIB TCPMHUUCCKOTO OTACIICHUA,
Fro = Fro-Kro =243 = 72 M°.
HJIOIIIaJIB QJICKTPOra3doCBapoOvYHOTrO OTACICHUI,

For = ForKor =25-5=125 M2.

OO6m1as monaab MPOU3BOJACTBEHHBIX TTOMEIEHUH,

12
Fo=Fmot > S; =210 + 80 + 60 + 30 + 100 + 75 + 70 + 80 + 80 +

i=1

84 + 72+ 125 = 1066 M2,

PaccuurtpiBaem 00111yI0 TUIOIIAE PEMOHTHOM Oa3bl
Fogy = F+F, +F, +Fg,
F. — miomaaps BCnoMoraTeabHbIX IOMEIICHUH;
F, = (0,2..0,25) - F,
F, = 0,25-1066 = 266,5 M.
F. - momaas aAMUHUCTPATUBHBIX TOMEILICHU;
F, = 0,06 -F,
F, = 0,06-1066 = 63,96 M2
Fs - miomaaps OBITOBBIX ITOMEIICHUH;
Fs = 0,15-F,
Fs = 0,15-1066 = 159,9 M?,
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Foey = 1066 + 265,5 + 63,96 + 63,96 = 1608 M2,

IIpHHIMaeM PEeMOHTHYIO 6a3y 36x48 = 1728 M.
4.7.2 Bb100p cxeMbl peMOHTHOM 0a3bl

Cxembl, KOHCTPYKITUH u pa3Mepsl MIPOM3BOICTBEHHBIX
MaITMHOCTPOUTEILHBIX ~ 3/IaHUH  YHUQPUIMPOBAHBI W  PETVIAMCHTHPYIOTCS
Hopmamu [occtpos CH-118-68. DOTu HOpMBI HPUMEHSAIOT U I
IPOSKTUPOBAHUS PEMOHTHBIX MPEITPUATHH.

YHudunupoBaHHbIe 37aHUS MPEAYCMATPUBAIOT OJIOYHOE pa3MelleHUe
IIEXOB M OTICICHUHN NPEINPHUATHS, KaK MPABHIIO, B OAHOM MHOTOMIPOJIETHOM
3maHud. Takoe pa3MelieHUE IIEXOB W OTICICHHM 3HAYMUTEIBHO CHHUXKACT
CTOMMOCTh CTPOMUTEILCTBA W OKCIUTyaTallMu 3JaHWM, YJIydllaeT yCIOBHUS
MaHEBPUPOBAHMS MPU MEPEIUIAHUPOBKE MPOU3BOICTBA.

31aHus B IUJIaHE JOJDKHBI OBITH OJM3KUMH K KBaJpaTy WM KOPOTKOMY
OpsIMOYTOJIBHUKY. B 3TOM ciiyyae mpu OAHOW M TOM K€ IJIOIIATU TEPUMETP
3/IaHUS SBISIETCSI MUHUMAJTbHBIM.

B cooTBeTrcTBHU ¢ paccunTaHHOW OOIIEH IUIOMIAIbI0 PEMOHTHOM 0a3bl H
TUTONIA/ISIMU 1IEXOB M OTJIEJICHUI OMpe/eseTcs JUIMHA U IIUPUHA 31aHUs TAKUM
00pa3om, 4TOOBI OHU OBUTH KpPaTHBI IIary KOJIOHH.

B CBSI3U c MPOU3BOJACTBEHHOMN HEOOXOIUMOCTBHIO cxema
MIPOU3BOJICTBEHHOTO TOTOKAa PEMOHTAa MPUHUMAETCS MpsSMOTOYHasA, 0Oe3
BCTPEYHBIX U MIEPEKPECTHHIX TPY30MOTOKOB.

Bce nexu u otaeneHnss peMOHTHOTO TIPEANPHUATHS ETSATCS HA 30HBI:

I. 3onHa pa3dopku. B He€ BXOAAT ydacTKU: pa3z0OpKU MU MOUNKH
000pyIOBaHMs, OTJEICHUE COPTUPOBKH, CKJIA IETAICH.

2. 3ona cOopku. B He€ BXomaT: OoTIENeHNE KOMIUIEKTOBKH, IIEX COOPKH

MalllMH 1 arperaTtos.
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3. 30Ha XxonogHOW 00paboTku. B HeE€ BXOIWUT OTIEIEHUE PEMOHTA
ANEKTPOOOOPYIOBAaHUS U KOPIYCHBIX JIeTajeil.

4. 30oHa cBapKu, B KOTOPYIO BXOJUT AJIEKTPOra30CBapOYHOE OTJECICHHUE;

5. 30Ha BCIOMOTraTeNbHBIX IL€XOB M CIYKO: HMHCTPYMEHTAJIbHOE W
3aTOYHOE OTNENIEHUs, CKIIAbl U KOMIIPECCOPHAs CTAHIIMS;

6. 30Ha ABMKEHUS I'Py30IIOTOKOB;

7. 30Ha aIMUHUCTPATUBHBIX TOMEIICHHIH;

8. 30Ha OBLITOBBLIX HOMEILICHUHN.

30Hbl 7 W 8 pacmojaraioTcsi Ha BEPXHUX dTa)xax B TOPLEBOW (WiH
MPOJI0JIBHOM) YaCTH 3/1aHUA.

TexHonormyeckass cxemMa  pPEMOHTHOM  0a3bl  MPENNpHUSATUS  C

NPSIMOJIMHENWHOM 30HOM JIBUKEHHUS IPY30MOTOKOB MpUBeAeHa Ha pucyHke 4.1.

30HA 6LITOBLIX | 30HA XOIOIHOM 00pabOTKH 3o0Ha cOOpKH
IMIOMENeHN !
Hanpasnenus rpy30noTokoB —

30Ha 30Ha

30Ha 30Ha
aIMUHUCTPATUBHBIX BCIIOMOTATEIbHBIX

pa300pKu | CBapKH
MTOMETIICHHIA MOMEIICHHH

Pucynok 4.1 - TexHonoruueckas cxema

4.7.3 Onpenenenne NnapaMeTpoB NMPoJieTa 3JaHUSI PEMOHTHOM 0a3bl
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OCHOBHBIMH TApAMETPaMU MIPOJIETA 3AAHUS SIBISAIOTCS:

- wupuHa nposera L. [Tpunumaem L=12wm;

- IIar KOJIOHH t B HampaBlieHWH MPOAOJIBHOM ocH mpoieta. [IpuHumaem
t=6m;

- ceTKa KOoJIoHH L x t;

- BbICOTA TposieTa H - paccTosHMe OT MoJsia 0 HUKHEH 4acTH HEeCyIUX
KOHCTPYKIIMI MEepeKpbITHUS;

- cTpouTenbHas BeicoTa Hg;

- JUIMHA TpoJieTa S - paCCTOSHUE MEXAY OCSIMHU KpaHUX KOJIOHH 3/IaHMS
B HAIPaBJICHUH MPOJI0IBHON OCH MpOoJIeTa.

OmnpenensieM BBICOTY JI0 MOJKPAHOBBIX MyTeH

H, = A, + B+D, (4.59)

rae  Aj; — MakcuMalbHas BbICOTA CTaHKa, IpuHUMaeM Aj = 3 M,
B —3a30p Mexay cTaHKaMu U KpaHOM, TpuHUMaeM B = 4 M,
D — rabGaputHas BricOTa KaOUHBI KpaHa, mpuHUMaeM D = 2 m.
H =3+4+2=9Mm
[TpuHrMaeM BBICOTY JIJIs TOAKPaHOBBIX yTelt Hy = 9,65 M
Haxonum BeICOTY mposieTa
H =H; + h, (4.60)
rae  h— paccrossHEE OT PEIIbCOBBIX MyTEH 0 HUKHEH 9acTu (hepMBbl,
npuauMaeM h =3 m.
H=965+3=12,65wm,
[Ipunumaem BeicoTy nponeta H = 12,6 m.
PaccuntbiBaeM CTPOUTENBHYIO BEICOTY
Ho=H+a, (4.61)
rae  a— Beicota pepmel. [Ipuanmaem a=2 m.
He = 12,6 + 2 = 14,6 m.

OnpenensieM UIMHY MPOJIETA,
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S=t-n, (4.62)
€ N — YUCIO0 HIaroB KOJOHH. N = 8 IIIT.

S=6-8=48m.

ey |
— ]
P
RNl
7
1
—— ]

Hr

K

_I“E;II =

Pucynok 4.2 - OCHOBHBIE TTapaMeTphl MPOIETA 3AaHUS
4.7.4 YupaBJjieHre MeXaHUYECKOM CIYKObI
VYrhpaBneHre MeXaHUYECKOW Ciy:kO00W OCYIIECTBISAET TJIABHBIM MEXaHUK,
KOTOpbIM OTBeuaeT 3a O0€30TKa3Hyl padoTy, CBOEBPEMEHHOE TEXHHUYECKOE

O6CJ'IY)KI/IBaHI/Ie H  PCMOHT BCCIo TCXHOJIOTHYCCKOI'O 060py,Z[OBaHI/I$I Ha

MPEINPUSITUN.
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["nabHeI0 MexaHuK

Pem. Ba3a

I'n. chapuux

['n. 3Hepzemuk KUHCI‘!]DgKl'nUD- biopo MNP Omde
ckud omden koMnAeKMAauUL
MexaHuku | y4acmkob
| | uexab | |
N 1 Ne 2 N3 N 4
MexaHuKu  omdeneHud
Oma. Oma. Oma. Oma.

Pucynok 4.3 — TumnoBas cTpykTypa MEXaHU4YECKOM CITy>KObI peIpUsSTUI

63




5 OQKOHOMMNYECKAA YACTDb

5.1 CereBast MoaeJ/Ib BbINOJIHEHUSI pa00OT

HpI/IMeHeHI/IC CETEBOU MOJCINU IINIAaHUPOBAHHA W YHPABICHUA ITIO3BOJIUT

palMoOHAIBLHO paclpeeuTh BpeMs MO BUJaM pabOT M HamucaTh JTUILIOMHYIO

paboTy B yCTaHOBJIEHHbIE YU€OHbIM Ipadukom cpoku. B Tabnuie 5.1 nmpueaen

nepeueHb pador.

Ta6auma 5.1
ITpono
Kon Kon JDKUTEN
HanmenoBanue
pabot cobpIT | HaumeHnoBanue coObITHS | BHOCTD
paboThI
BI usi pabor,
JTH.
JlutepaTypHbIii 151 Jlutepatypa  cobpaHa,
1-2 2 2
NMaTEHTHBIN aHaJn3 MaTEeHThI HalIeHbI
[Tongbop  rpaduueckoro ['paduyeckuii Marepuan
2-3 3 6
Marepuaia nojpo0paH
Brinosnnenue raass Nel ['maBa Nel BbIOTHEHA U
«IIpoMpITIICHHBIC MoAIMcaHa
2-7 | oTXOMBI TOpHO- 7 PYKOBOAUTEIEM 4
METAJLTYpPrU4eCKOro
KOMILIEKCa
BeinosnHenue riaaBbl Ne2 ['maBa Ne2 BbINIOJIHEHA U
«ITporecchl U mapameTpbl MojnrMcana
3-4 | IBMXKEHUS THIpPOCMEcer 4 PYKOBOJIUTEIEM 4
TPyOOIIPOBOTHOTO
TPaHCTIOPTa
4-5 | BemmoaHenue rimaBbl Ne3 5 ['naBa No3 BeINOJIHEHA U 6
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«TpancnoptupoBaHue ITOJIMMcaHa
TUAPOCMECEI PYKOBOJIUTEIIEM
Bremmonnenue riraBel Ned I'maBa Ne4 BpImojHEHa M
5-6 | «be3onacHoCTh 6 IOJINACaHa 2
KA3HENEATETLHOCTI KOHCYJIbTAHTOM
Brimonnenue riaasel NeS I'maBa Ne5 BeImojiHEHa U
6-7 | «DKOHOMHUYECKAS YaCTb 7 IOJINACaHa 1
KOHCYJIbTAHTOM
7-8 | Odbopmiienue 8 Odopmiienue 4
MOSCHUTENBLHON  3aIlMCKHU MMOSICHUTENHLHON 3aIMCKHU
U Tpa)UuECKOl YacTh U TpaduUecKoil YacTu
3aKOHYEHO
YTBepKICHHE PaboTa yTBepxkcHa,
8-9 | numIoMHOM paboTHI y 3aB. 9 1
Kadeapoi

Ha ocHoBe mannbix (Tabmuma 5. 1) crpouM ceteBoil rpaduk (pHUCYHOK

5.1)
Pucynok 5.1 — CereBoii rpaduk mpoiiecca BbIIIOJIHEHUS TUTITIOMHOMN
paboTHI
Ha cereBoMm rpaduke (pucyHok 5.1) nBa mytu. Kpurudeckuii myTh paBeH
26 nHSAM.
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SAKVIIOYEHUE

Lenpto maHHOW AMIUIOMHOM pabOThl SABISUIOCH HM3yY€HHE MPOOJIEMBI
TPAHCIOPTUPOBAHUSI 1O TPYOONPOBOAY HEHBIOTOHOBCKUX JKMIKHX Cpel,
pPaccMOTpEHHUE PELIEHUH MO0 MOBBIIIEHUIO 3P (HEKTUBHOCTH TPAHCTIOPTUPOBAHUS
CIIOHOCTPYKTYPUPOBAHHBIX TOHKOJUCIEPCHBIX CMECEW MyTeM MEXaHMYeCKOU
aKTUBAILIMH MTOTOKA.

Jlns 9TUX 1ened Mbl co3fand Ja0OpaTOPHYIO YCTaHOBKY aKTHBATOpa
KUJKUX Cpea OeCHpUBOJHOTO THUMA M OMBITHBIM NyTeM YOeIuIuch B
2 PEKTUBHOCTH JAHHOW YCTAHOBKH, IOJYYWJIM OCHOBHBIC XapaKTEPUCTHUKH
paboThl W Ha OMNBITC YBUJEIH PEOJOTHUECKYI0 KAPTUHY TOHKOIUCIIEPCHBIX
JKUJIKUX CMECEH.
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[Tpunoxenune A — ['ogosoii rpaduk TP Ha 2017 rox

Kom. u mpomomxk.

1 kB. 2 KB. 3 KB. 4 xB. OOmas
PEMOHTOB
Ne MPOJIOI
i obopymoBaHue XK.
n/n ol = g = A g a = g, g 2 A 2 g €MOHTO
S 12 |8 [E |8 |5 |2 /8 |8 (2|9 |8 |€ |&§ € |8 |TO|T P
= 2 g S & |3 = S 2 & = S 2 5 > S B, 4
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7 3
o - -~
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T1 - T2 T1 _
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8 | 8 6|8 | -|To 165 - 5|16 8
3 7 3
o - -~
JIOTAIIOHHAS 56 120 176
MallHa
- - - T1 - T2 -
36 - — 48 — . -
i 36 48 36
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[Tpunoxxenue b - I'padux ITIP na mapt 2017 rona

Yucna Mecsia Kon-Bo u =
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4
1
1 KK/ = - -
4
TO
) doranuonHa ) 1
S MalllnHA
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TO
A drnorannonna ? 1
s MaIIuHa 8
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dnoranuonna
s MalllnHa

drnoranuonna
S MallIMHa

|~

dnoranmonHa
ST MalllHAa

dnoranronHa
s1 MalllHa

@]

Henrpudyra

B
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