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eau 1 32124 NPAKTUYECKUX 3AHATHIA

OcHoOBHAas 11e/Th MPAKTUUECKUX 3aHITHH U y9€OHO-METOINYECKUX PEKOMEHIAINA K
HUM 3aKJII0YaeTCsl B Pa3BUTHH Y CTYJICHTOB MPAKTUYECKUX HABBIKOB IIPUMEHEHHS TE€O-
peTUUYECKUX CBEJCHUN K PEIICHHUI0 KOHKPETHBIX 3a]lau TEXHHUYECKOIo XapakTepa B 00-
nacty "MexaHu3aluy U aBTOMAaTU3alluy MPOU3BOJICTBA CUCTEM TEIIOTa30CHA0XKEHUS U
BEHTWIAIMU". Y4eOHO-METOIMUECKHE PEKOMEHIAIMKM COJACPKAT 9 MPaKTHUECKUX 3a-
HATHM C JIOCTaTOYHOM IMOJTHOTOM OXBATBHIBAIOIIMX BCE OCHOBHBIC pa3Jielbl JUCIIUILIN-
HBI.

[Tpu pa3paboTke yueOHO-METOIMYECKUX PEKOMEHJalMii CTaBUJIach 3a7a4a JOOUThHCS
IIMPOKOT0 TEMATHYECKOT0 pa3HOOOpa3us, WHIUBUIyaIU3allMd W HECTAaHAAPTHOCTH B
U3JI0KEHUU Matepuaia. B mpuBoAMMBIX MpUMepax pelieHus psjia 3a7ad UCIoIb3yIOTCs
METO/TbI, TIO3BOJISIONINE HATJISIHO aHAIM3UPOBATh BIMSHUE PA3IMYHBIX (DAKTOPOB HA
KOHEUYHBIC Pe3yJIbTaTHhl.

B yueOHO-METOAMYECKHX PEKOMEHIAIMUAX K KaXJIOMY MPAKTUYECKOMY 3aHATHIO
COJIEpIKATCSl TEOPETUUECKUE CBEICHUS, HEOOXOAUMBbIE i 0ojiee TiTyOOKOTr0o OCBOCHUS
TeMmbl. [lpu HeoOXoaUMOCTH TIpernojaBarelib JOTOJHUTENIBHO IIOSCHSICT HamOolee
CJIO’KHBIE€ BOTIPOCHI.

B teuenue 3akmounTtenbHbix 15-20 MUHYT penogaBaTens OCYIIECTBISET KOHTPOIIb
Pe3yJbTaTOB U3YUCHUS TEMbI KaXKJIbIM CTYACHTOM. B 11e710M IUKJ MpaKTUYSCKUX 3aHs-
THUW OLICHUBAETCS MOJIOKUTEIIBHO, €CJIA CTYJEHT MPABUIBLHO OTBETHIJI HE MEHEE, YeM 75
% BOMPOCOB, 3aJaHHBIX MPENOJABATEIIEM.

Ecnu cTyneHT mpomycTuil NpakTUYECKOE 3aHSITHE, TO COOTBETCTBYIOIIME TEMBbI
JIOJDKHBI OBITH TPOPa0OTaHbl UM BHE paCIMCaHUs 3aHSTHM.

ConepxaHne NPpaAKTHYECKUX 3aAHATHI

Qunas popma 00yueHusn

TeMbl IPaAKTHYECKUX 3aAHATHH

7 cemecmp

1 |Onpenenenue u oOIME TPUHIUITBI MEXAHU3AIMHI U aBTOMATHU3AI[UU TEXHOJIO-
TMYECKUX IpoueccoB B cucrtemax T1'B

2 |[logroroBka u cbopka TpyoonpoBo1oB B cuctemax TT'B

3 |Texnuka v TeXHOJOTHS COOPKH U 3AIUTHI TPYOOTPOBOJAOB OT KOPPO3UU

4 |CpenctBa MEXaHHU3aIMU CTPOUTEIBHO-MOHTAXHBIX Pa0OT (py4HbIE MAIIMHBI U
YCTAaHOBKH)

5 |OcHOBBI pacueToB U BEIOOPA OCHOBHOTO 00OPYIOBaHUSI MEXaHU3MOB MOAbEMa
I'PY30I0TbEMHBIX MAIlIMH U YCTAHOBOK

6 |OGopynoBaHue 7Sl 3eMIISTHBIX U TNTAHUPOBOYHBIX PabOT IIPH COOPYKEHUU CH-
crem TI'B

7/ |MoHTa)XHBIC KPaHbI, aBTOBBIIITKH, aBTOTHAPOTNIOILEMHUKHI W aBTONIOTPY3UUKH




3aounas popma oOyueHust

TeMbl NPAKTHYECKUX 3aAHATHI

7 cemecmp

1 |Onpenenenue u oOlMe TPUHIMIBI MEXAHU3AIMKU U aBTOMATU3AI[UU TEXHOJIO-
THYECKUX ITPOLIECCOB B cucrtemax 11'B

2 |llonrotoBka u cOopka TpyoornpoBooB B cuctemax TI'B

3aouHas cokpameHHasi gopma o0yyeHust

TeMbl IPAKTHYECKUX 3aAHATHI

4 cemecmp

1 |Onpenenenue u oOIME TPUHIIUITBI MEXAHU3AIMK U aBTOMATU3AI[UN TEXHOJIO-
TMYECKUX IpoleccoB B cucrtemax T1'B

2 |[logroToBka u cbopka TpyoonpoBoioB B cuctemax TT'B

OT14éT 0 npoaeianHOM padore

Otuét 0 mpozenanHoil paboTe 0hOpMIILETCS UHAUBUAYATbHO KaXIbIM CTYICH-
TOM B TE€TPaJM B CJICAYIOIICH MOCIEI0BATEIbHOCTHU:

Haumenosanue pabomot.

Llenwv evinonnaemoii padomel.

Hcxoonwvie oannsvie x pabote pacu€THOTO XapakTepa.

Pacuémmnan wacmep Wi TPUHIUIIAAIIBHBIE CXEMbl CHCTEM WJIM O0OpYIOBaHUS
(M300pakarOTCss OT PYKH PYUKOM WJIM KapaHAAlIOM) C OMNPEAEICHUEM HEKOTOPBIX HMX
XapaKTEePUCTUK.

Bw1600 110 pe3ynbraTaM paboTHI.

Kaxxnas BeimonmHeHnHass U odopmiieHHas paboTa 3aBepiiaeTcst €€ YCTHOM 3alllu-
TOM, HA KOTOPOW CTYAEHT JOJKEH MPOSIBUTh 3HAHUS 10 COOTBETCTBYIOIIEMY TEOPETHU-
YECKOMY M MPAKTUYECKOMY pa3fely M3y4aeMOW IUCHUMIUIMHBI U MOJIY4YUTh 3a4ET 1O
JTaHHOM paboTe.



ITPAKTUYECKOE 3AHSATHE Ne 1.

ONPEAEJIEHHUA U OBINUE INTPUHIOUIIBI MEXAHU3ALIUU U ABTOMATU3ALIUU
TEXHOJIOI'MYECKUX ITPOLHECCOB B CUCTEMAX TI'B

CaHuTapHO TEXHHUUYECKHUE CUCTEMBI U 00OpYyI0OBaHUE 3[JaHUIl UMEET OTPOMHOE 3HAUYECHUE B OBITY U
JUI. HOPMaJIbHON pabOThl MPOMBIIIICHHBIX NpeAnpusaTuii. O0bEM MOHTaX pabOT M CTOMMOCThH CaHU-
TapHO-TEXHUYECKUX CUCTEM U 000PYAOBAHUS 3aHUMAET 3HAYUTEIIbHYIO I0JII0 B CTPOUTEIILCTBE.

[ToBbIIeHNE KauecTBAa U CHM)KEHHE CEOECTOMMOCTH CaHMTAPHO-TEXHMUYECKHX paboT BO MHOTOM
3aBHUCUT OT TOJITOTOBKM CHEIHMATUCTOB W YMEHHEM HMH PYKOBOIUTH paboToi ciecapeii-
CaHTEXHHUKOB, MOHTA)XHUKOB CaHUTAPHO-TEXHHUYECKUX CHCTEM U OOOpYIOBAHUS IPH BBITOJHECHUU
olmie crnecapHbIX paboT Il MHAYCTPUAIbHBIX 3aTOTOBOK cucTeM. MHkeHep oikeH pa3Ouparbes B
BOIIPOCAaX CBSI3U BHYTPEHHUX WH)KEHEPHBIX CUCTEM CO CTPOMUTEIbHBIMM KOHCTPYKLUSAMU 34aHUN, KaK
B 3arOTOBUTENIbHON U MOHTaXXHOMW, TaK U B DKCIUIyaTallMOHHOM (ha3ax MpPOU3BOJACTBA, 3HATH YCIOBUS
MeXaHU3aIK padoT, TOHUMATh TEXHOJIOTHIO TOMOCTPOUTENBHBIX MPEIIPUATHI.

1.1 OcHoBBI ABTOMATHU3allUM MPOU3BOACTBEHHBIX IMpoUECCOB

Obuwue ceedenus. Bo MHOTHX OTpaciisiX HaApOJHOTO XO34HCTBA HArpy3KH Ha 4eJoBeKa JOCTHUIIU
TaKUX MPEJEJIOB, YTO MOTpeboBaIack nepeaaya psaa ero GpyHkuuii apromaram 1 BM.

ABTOMAaTU3UPOBaTh MOXKHO B IPUHIMIIE JHOOOH mpolecc, HO 06e3 OIpeaesieHHbIX MPeaNoChlUIOK,
0e3 COoeAMHEHUs C MEPEOBON TEXHOJIOTHEH HEBO3MOXKHO JOOMTHCS BBICOKOTO XO3SHCTBEHHOTO J(-
dekra.

B xone aBTOMaTM3anuu 3aTparuBaeTCsl MHOXECTBO, Ka3aJoch Obl, HECBSI3aHHBIX Mpodsem; s
CBOEH peanu3aluy aBTOMaTH3alMs TpeOyeT TEeXHHMYECKOro, MaTeMaTHYeCKOro, OpraHMU3alMOHHOIO,
MH(POPMALIMOHHOTO U IPABOBOTO 00ECIICYCHHSI.

3nauenue agmomamuuecKo2o ynpasieHus npou3e00CmEeHHbIMU npoyeccamu . ABToMaTu3anus
IIPOU3BOJICTBEHHBIX MPOLIECCOB CO3AAET ONPEIEICHHbIE TEXHUKO-DKOHOMUYECKHE PEUMYIIECTBA BO
BCEX OTPACIISIX COBPEMEHHOI'0 HApOJAHOTO X03sICTBA CTPAHBI.

B nepByto ouepens U3MEHSIIOTCS XapaKTep U YCIOBUS TpyJa Ha npous3BojacTBe. CokpamiaroTes 10
MUHUMYMa TPYyJIOBBIE 3aTpaThl YEJIOBEKA, CHMIKAETCS IICUXOJOTMYECKas Harpys3ka, Ha €ro JOJI0
OCTaroTCs JIMUIb (QYHKIUHU 110 EPEHACTPONKE aBTOMAaTUYECKUX CUCTEM Ha HOBBIE PEXUMBI U y4acTHE
B PEMOHTHO-HAJaJIOYHBIX paboTax. YMEHBIIAETCS YUCIO 00CITY KHBAIOLIETo MEePCOHANIa U 3aTpaThl HA
€ro coJiepKaHue.

C BHeJpeHNeM CpeJICTB aBTOMATH3allMK HEN30EKHO MOBBIIIAETCS TPOU3BOIUTEIBLHOCT TPYy/aa. 3a
MOCJIEIHUE CTO JIET IPOU3BOAUTENBLHOCTD TPy/la Bo3pocia Oosiee yeM B 17 pa3, mpu 3TOM J0Js Mexa-
HU3HUPOBAHHOIO Tpyaa ¢ 6 % yBenmuumnach 10 96 %. 3HauuTenbHBINA MOABEM MATEPUAIBHOTO U KYJIb-
TYpHOTO YPOBHS JKM3HM HapoJa, YBEIMUEHUE HAIMOHAJIBHOTO JI0XO0/a OCYIIECTBISAIOTCA 3a CUET IO-
BBIIIEHUSI IPOU3BOJUTEIBHOCTH TpyAd. BHeIpeHHe aBTOMaTH3alMM B Pa3iIUYHBIX OTPACISIX IpO-
MBIIJIEHHOCTH JaeT MOBBIIIIEHUE TPOU3BOAUTEILHOCTH TPY/a B CpeiHeM B 2...2,5 pa3za.

B pesynbpTare aBTOMaTH3alMU CHIXKAETCSI CE0ECTOMMOCTD M3JIENUH, YBETUUNBAETCS BBIITYCK IPO-
JYKIIMH, TIOBBIIIAETCS €€ KaueCTBO, YMEHBIIAIOTCS Opak M OTXOJ1bl IPOM3BOICTBA, COKpAILlAlOTCS pac-
XOJIbl Ha 3apabOTHYIO IJIaTy, Chipbe, MaTepuansl U T.1. [Ipu 3ToM pemaromum ¢GakTopoM sBISETCS
CHI)KEHHE pacxojia TOIJIMBA, TEIJIOBOM M AJIEKTPUYECKOM 3HEPTuu, 4TO BECbMa XapaKTepHO I CH-
crem TI'B. Mcnonp3oBaHue CpesCTB aBTOMATH3AIMH YBEIHMUMUBACT HAJAEKHOCTh 000PYIOBaHUS, TOU-
HOCTb IMPOU3BOJICTBA U Oe3omacHOCTh Tpyna. [losBiseTcs BO3MOXKHOCTh HCIOJNB30BaTh BBICOKOI(]-
(eKTHUBHBIE TEXHOJIIOTUYECKUE MPOLECCHl U YCTPOICTBA, XapakTep MPUMEHEHHUsI KOTOPhIX HCKIIIOYaeT
ydacTue yesoBeKa (sepHas SHepreTuka, XMMUYeCcKoe MPOU3BOJICTBO U T.I1.).

Ho, mosxanyii, rimaBHbIM SIBIII€TCS TO, YTO aBTOMATU3aIUs MOBbIAET 3()(HEKTUBHOCTD U YIOPSI0-
YEeHHOCTh Npou3BojcTBa. [Ipolecc ynpaBiaeHUs] NPOTUBOCTOUT HEYMOPSAJOUYEHHOCTH U B 3TOM OTHO-
IIEHUH UCIIOJIB30BAaHUE aBTOMATUKH PEIAoIIUM 00pa3oM CTabUIM3UPYET IPOU3BOJICTBO.

BHenpenue aBTOMaTu3aluy MPUHOCUT M KOCBEHHBIM 3P QEKT, Tak KaK yBEIUYEHHE IPOU3BOIM-
TEJILHOCTU 000pYIOBaHHUs, YKOHOMHS PECYpPCOB SKBHBAJICHTHBI CTPOUTENLCTBY J0OABOUHBIX MPOU3-
BOJICTBEHHBIX MOIIHOCTEH. DKOHOMUS pabouell cuibl MO3BOJIIET OoJiee pallMOHAIBHO HCIIOIb30BaTh



TPYAOBBIE PECYPCHI, a YIYYIlICHHE KauecTBa MPOIYKIIMH CIIOCOOCTBYET SKOHOMUHU TOILINBA, SHEPTHUH,
MaTepUaioB U T.A. BakHelmmii BOIPOC aBTOMATH3ALMH - YCTAHOBJICHHUE €€ PALIMOHAIBHOIO YPOBHS U
00beMa, KOTOPBIE JOJDKHBI OBITh TIIATEIFHO SKOHOMUYECKH 0OOCHOBAHBI, U OMPEICICHUE METOO0B U
CpEeACTB aBTOMaTH3allMi. ABTOMATU3alLUs BJsETCS Hau0oJiee SKOHOMUUYECKH BBITOJHBIM MEpOIpHsI-
TUEM U OKynaercs B cpenHeM 3a 1 ... 1,5 rona.

Ycnosus, acnekmur u cmynenu agmomamusayuu. Cama no cebe aBTOMaTHU3alUs HE MOMKET
00€CTIeYTh KETAaeMbIi TEXHUKO-3KOHOMUYECKHH 3(PQEKT, ecnu K 3ToMy He OyIeT ompeaeseHHbIX
npeanocsuUiok. Ipexae Bcero, 1omkHa ObITh ONpesieeHa TEXHUKO-9KOHOMHMYECKas! 110J1b3a OT CaMo-
CTOSITENIbHOW pabOThl aBTOMAaTHU3MPOBAHHBIX YCTaHOBOK. Jlaieko He BCSAKWN TEXHOJIOTHYECKUH po-
LIECC U HE BCE OIlepaluu CIENyeT aBTOMAaTU3UpOBaTh. ABTOMAaTH3allUs - HE MEXaHWYECKas 3aMeHa
PY4YHOIO TpyJa, IIOITOMY OJHUM U3 BaXKHEHIINX YCIOBUH SABISCTCA HAIMYUE NIEPENOBON TEXHOJIOTHH,
HENPEPbIBHOCTH MPOU3BOACTBA, KOHCTPYKLMH, OTBEUAIOUIUX TpeOOBaHUAM aBTomMaru3auuu. [lostomy
HE CIIEAYET YCIOKHATh aITOPUTMBI M CHCTEMY YIPAaBJICHHUS, MPEBbINIAs YKOHOMHUYECKH 0OOCHOBaH-
HbII ypoBeHb. Heo0X0auMoO CTpeMHUTbCS K paBHOMEPHOCTH aBTOMAaTH3allMM Ha OTIEJbHBIX ydacTKax
IIPOM3BOJICTBA U B LI€JIOM (M3BECTHA aBTOMATUYECKAsl NOTOYHAS JIMHUS, CPOK OKYIAeMOCTH KOTOPOM
coctaBiisgeT 86 iyet). bonbiiell 3¢ dekTHBHOCTH aBTOMATU3alMK CHOCOOCTBYIOT TaKKe€ LIEHTpalIn3a-
U1, CTICIUATTU3AIHsI © MaCCOBOCTH IPOU3BOJICTBA, HAYYHO OOOCHOBAHHAS CTaHIAPTH3AIMS U YHH(PH-
Kalus U3/1€I1i U 000py10BaHMSL.

B o0bekTax aBTroMaTH3anuy HEOOXO0AUMO OOECIIEYUTh BO3MOKHOCTh U3MEPEHUS OMPEACIISIONINX
TE€XHOJIOTMYECKHUH ITPOLIECC BEINYMH U Pa3yMHbIE IIPEIEIIbI UX U3MEHEHUS.

OaHuM 13 BaXHEMIINX yCIOBUI aBTOMAaTU3alMH SBJISETCS HAJIMYKUE BbICOKOKBAIU(UIIMPOBAHHO-
ro 00CITy’KHBAIOIIET0 epCOHaa.

ABTOMaTH3a1Us - CIOXKHBIN MIPOLECC, IPU PACCMOTPEHUH KOTOPOT'O MOKHO BBIJICIHUTD PsAJl aCIEK-
TOB: TEXHUYECKHUE, HAYYHBIE, )KOHOMUUYECKUE, COLUAIIBHBIE, SPTOHOMHUYECKUE, IKOJIOTHIYECKHE.

TexHUyecKkui acnekT MpOSIBISIETCA B TOM, YTO aBTOMAaTHU3alUsl CIIOCOOCTBYET COBEPILEHCTBOBA-
HUIO OPYAMN U METOAOB TPY/ia, MOSABICHUIO HOBBIX TEXHOJIOTHYECKUX MPOLIECCOB, IPUOOPOB, anmnapa-
TOB. Pa3sBuTHe aBTOMAaTHW3alMU NPUBEIO K BO3HUKHOBEHMIO HOBBIX OTpaciied HAyKH, CBS3aHHBIX C
KOCMHUYECKON U BBIYUCIUTEIbHON TEXHUKOH, JIa3epaMu, MOJIEKYJIIPHON 3JIEKTPOHUKOM U T. 1.

OKOHOMHUYECKHM aCleKT OMpEeNesseTcss KOMIUIEKCHO POCTOM IMPOU3BOAUTENBHOCTH TPYJa, KO-
HOMUEH pecypcoB, paboueil cuiIbl, yaydllleHHeM KaduecTBa MPOAYKIMH 32 CUET ONTUMAIILHOTO YIpaB-
JIEHUS ITPOU3BOJCTBOM.

ConuanbHbIN acCIeKT MOMUMO OCHOBHOTO (hakTopa - yJay4IlIeHHUs YCIOBHM Tpyna - XapakTepusy-
€TCsl BBICBOOOXJEHUEM BPEMEHH, YTO CO3AAET OJIaronpusiTHBIE YCIOBHS AJIS Pa3HOCTOPOHHETO MpH-
MEHEHHUsI CHOCOOHOCTEH Irofel, MOBBIMIECHHUS MPO(ECCHOHATBHOIO MAacTepCcTBa, POCTa KYJBTYpHI.
B3anmopeicTBre 4elloBeka U MalllMHbI HA PAa3HBIX YPOBHAX YIPABJICHMS JaJ€KO HE BCEra COOTBET-
CTBYET HOPMAaTHBHBIM TpeOOBaHUAM. BbIcTynaer Ha mepeaHui IUIaH MCHXOJOTHYECKash COBMECTH-
MOCTb Y€JIOBEKa C MalllMHaMH, MpUOOpamH, anmnapaTamu, BIUSHUE HAIPSDKEHHOCTH B HOPMAJIbHBIX U
0COOEHHO HKCTPEMATIBHBIX YCIOBHSIX (SPrOHOMHUYECKHUI acIeKT).

B skonornueckom acnekre aproMarusanus cucreM TI'B mpu3BaHa CeIrparh pelaronyro pojb Ipu
00ecCreyeHNnH MOJHOThI CKUTAHUs TOIUTUBA, JJIs1 IPEJOTBPALEHNs BPEAHBIX BHIOPOCOB B aTMOchepy,
yTeueK TEIUIOHOCHUTENS, CHUKEHUS TEIUIONOTEPh, IIIyMa yYCTAaHOBOK, a B OuiKkaiiliee BpeMs U Mpu
9KCIITyaTalliy aTOMHBIX TEIUIOLEHTPAJIEH.

OBOJIIOIMS ABTOMATU3ALMH CBSI3aHA C TPEMS YETKO ONPEIECIIUBIINMUCS CTYIICHIMHU.

Pyunoii (onepaTopHbIif) TpyA XapakTepu3yeTcss MaKCUMAJIbHOM (PU3NYECKOM U MCUXOJIOTHYECKOM
Harpy3Koil Ha uejgoBeKka, MUHMMAaJIbHOW MPOU3BOIUTENBHOCTRIO Tpyaa. MexaHuzanus crocoOCTByeT
BHE/IPEHUIO MAIIIMH B IPOU3BOJCTBEHHBIE ONEpally, CBA3aHHbIE C BBICOKUMH 3aTpaTaMH (PU3HUECKO-
ro TpyJa, OCTaBisisl 4esloBeKY (QYHKLUMU YIpaBIEHUS U KOHTPOJs. ABTOMAaTH3allks MOJHOCTBIO pas-
Ipy’KaeT 4enoBeka oT (hu3nueckor paboThl U (PYHKIHMH yrpaBieHUs] POU3BOICTBEHHBIMH IpoIlecca-
Mmu, niepenaBas ux TCA. 3a 4eT0BEeKOM OCTAIOTCS JIMIIb (PYHKIIUW HaJIaJKH, HACTPOWKH W HaOJIO/Ie-
HU 3a pabotoit mammu u TCA.

Aemomamu3zayus CTPOUTEIBHBIX MAIIWH 3aKJIIOYAeTCS B NPUMEHEHHM TEXHMUYECKHX CPEICTB U
CHCTEM YIpaBJECHHUs, OCBOOOXKAAIOIIMX YeJIOBEKa-oreparopa (MOJHOCThIO MM YaCTUYHO) OT HEMo-
CPEJICTBEHHOT'0 y4acTusl B Mpoleccax yrnpaBieHHUs padoTON MalIuHbl WIM KOMIUIEKTOB MamuH. Pas-



BUTHE aBTOMAaTUYECKUX CUCTEM YIpPaBJICHUS 00yCIOBICHO HEOOXOIUMOCTBIO 0OecriedeHus: 6osee Bbl-
COKHMX CKOPOCTE€H M YCHUJIMWA YyIpaBJICHHS PAa3BUBAIONICHCS TEXHUKOW, 3HAUUTEIHHO MPEBBIIIAIONINAX
¢u3nUecKkrne BO3MOXKHOCTH YEJIOBEKA; IMOBBIIICHHUS TEXHHUKO-YKOHOMHYECKUX TOKa3arenen u obecre-
YEHHS] HAUTYYIIUX (ONTHUMAJIbHBIX) PEXUMOB PabOThI; CHUKEHHSI YTOMJISIEMOCTH OMEpPaTOPOB U, KaK
CJICZICTBUE, TOBBIIICHUA HAACKHOCTH HMX pabOThl M CHUKCHUS aBAapUHHOCTH; CO3JaHHUS HOBBIX
CPEICTB yHpaBlieHUs: pabourMH MPOIECCaMU B YCIOBUSX, OMACHBIX IS )KU3HU U 3[J0POBbS YeJIOBEKa
WJIN HEJIOCTYITHBIX JIJIsl HETO.

Ynpaenenue noObIM TEXHUYECKUM OOBEKTOM (MAIIMHOM, €€ YacThl0, KOMIUIEKTOM MAllllH, TeX-
HOJIOTHYECKUM TIPOLIECCOM H T.II.) COCTOUT M3 KOHTPOJISL €ro (PaKTUYECKOTO COCTOSHUS U PETYIHPO-
BaHUS.

B cucmeme asmomamuuecxoeo ynpasnenus (CAY) Bce 3TH MPOIECCHI BHIMOTHIIOTCS 0€3 y4acTHs
yelioBeKa (orepaTopa) 1o CHelHalbHBIM MporpaMMaM. YIpaBlIeHUE 3aKiIIouaeTcs B (OpMHUPOBAHUH
YIPaBJIAIONINX BO3ACUCTBHH, 00ECIEUMBAIOIINX TPEOYyeMOe COCTOSIHUE MM PEKUM paboThl 00bEKTa
yIpaBJICHUS, a TAKXKE B UX PeaU3allUu.

Aemomamuueckuii KOHMPOIb 3AKIIOYACTCS B ABTOMATUYECKOM TOJTYYSHUH HH(POPMALIUU O COCTO-
SHUU OOBEKTa WM XapakTepe MPOTEKaHMsI TEXHOJIOTHMYECKOro Ipoliecca, TUO00 O HACTYIJICHUH HUX
npeeNbHBIX 3HAYCHUH, YCTAHOBIIEHHBIX HOPMaTHBHO-TEXHIUYECKUI TOKYMEHTAILIUEH.

Asmomamuueckoe pecynuposanue SBISETCS Pa3HOBUIHOCTHIO aBTOMATHYECKOTO YIIPABJICHHUS.
OHo 3aKimrouaeTcs B MOACP)KaHUH MTOCTOSIHCTBA WIIM U3MEHEHUS 10 TpeOyeMOMy 3aKOHY HEKOTOPOU
buznyecKoil BEIMYMHBI, XapaKTepHU3yIOIlel ypaBisieMblii pouecc. PerynupoBanue odecnieurnBaercs
cucmemou asmomamuyeckozo pecyauposanusi (CAP).

Ilo xapaxmepy anecopumma ynpaenenus (Habopa mpaBull, IO KOTOPHIM U3MEHSIETCS YIPaBIIAIOIIEe
BO3/ICHCTBHUE) Pa3IMYalOT CUCTEMBI YIPABJICHUS IO pa3OMKHYTOMY (6€3 00paTHOM CBS3M) M 3aMKHY-
TOMY LUKy (C 00paTHOM CBA3BIO), a TAK)KE KOMOMHUPOBAHHBIE.

B cucmemax paszomxknymoeo yukna (pucynok 1.1,a) 3agaromiee Bo3aeiicteue X moaaercst OT mpo-
rPaMMHOTO YCTPONCTBA Ha YIpaBJisiollee yCTpoicTBo Y'Y, KoTopoe oOpabaTbiBaeT JaHHBIE MPOTeE-
KaHUs MpoIecca U MPU MOMOIIHM MCIOJHUTEIBHOTO opraHa Bo3zeicTyet (Y B — ynpasmusionie Bo3-
neictBre) Ha 00beKT ynpasienus OVY.

Pe3ynbraTom SIBIISIIOTCSL BBIXOJHBIE MapaMeTphl Y, KOTOPBIE XapaKTEPU3YIOT TEKYIIee COCTOSHUE
o0bekTa ynpasieHus. [locieqHue nperepneBaoT HeMJIaHUPYEMble H3MEHEHUS M3-3a BO3/IEHCTBHS Ha
00BEKT YIPaBICHUS BHEIIHUX BO3MYIICHUH (nomex) F ympaBieHus BCIeICTBHE B3aMMOJICHCTBHSI pa-
00YMX OpPraHOB CTPOMTENBHBIX MAIIUH ¢ paboueil cpeloil, ABMKUTENEH ¢ JOPOroil U 3aBUCALIMX OT
XapaKTePUCTHKH pUBOIOB. PazomkHyThie CAY NPUMEHSIOT MPU OTCYTCTBUH BIHSIHUASL HEKOHTPOJIIH-
pyeMbIX Bo3myIeHnit. OHU cIy»KaT AJis CTaOMIM3aliK MPOTPAMMHOTO YIIPaBIEHUs, a TaKkKe IS TU-
CTaHIIMOHHOTO YIpaBiIeHUs (YNpaBICHUs Ha PacCTOSIHMM), HO 0e3 NMPUMEHEHHUS KOPPEKTUPYIOLIUX
BO3JICHCTBUM.
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Pucynoxk 1.1. Cxembl aBTOMaTHYECKOTO YIIPaBICHUS

B cucmemax 3amxnymoeo yuxna (pucynok 1.1,0) Ha ympag:stoiiee yCTpOHCTBO 1O 0OpaTHOM CBSI-
3 moctynaer uHdopmamus 06 OTKIOHEHUHM BBIXOJHOW BEIMYMHBI Y OT 33JaHHOTO 3HAYECHHS, YTO



MO3BOJIIET CHOPMHUPOBATH YIIPABIISIFOIIECE BO3/ICHCTBYE, BO3BpAIIAOIIee BeTUYHHY Y B 3aJaHHOM I10-
JIOKEHUH.

B xombunuposannvix cucmemax (pucyHok 1.1,B) HCIOJB3YIOTCS CXEMbI KaK ¢ 0OpPaTHOM CBS3BIO
(ympasisomiee ycrpoiictBo YV1), Tak u 6e3 He€ (ympaisioliee yecTpoicTso YY?2).

ITo nasnauenuio paznuyarOT CUCTEMBl ABTOMAaTUYECKON CTaOMIM3AIMH, IPOIPAMMHOIO yIIpaBJe-
HUS, CIIEASIINE U CAMOHACTPANBAIOIIUECS CUCTEMBI.

B cucmemax aemomamuueckou cmabunuzayuu ynpasisiomiee (peryiupyroliiee) BO3eiCTBUE
dbopMupyeTcst B pe3ysibTaTe CpaBHEHMsI IEUCTBUTEIBHOIO 3HAUCHUS PETYIUPYEMOM BEJIMYUHBI C 3a-
JAHHBIM AJITOPUTMOM. DTU CHCTEMbI OOBIYHO COCTOSIT U3 CHCTEMBI aBTOMATHUECKOTO U3MEPEHUs, KO-
TOpasi MOXKET OBITh YaCThIO CHCTEMBI aBTOMATHYECKOTO KOHTpPOJs, u BHyTpuzamkHyTou CAY. Cu-
cmema agmomMamuiecko2o usmMepeHus: BKIYaeT AaT4yuK (4yBCTBUTENIBHBIN 2JIEMEHT U DJIEMEHT Ipe-
o0pa3oBaHus), YCUIIUTEIH, JIMHUIO CBA3U U U3MEPUTENIbHBIN NPUOOD, a cucmema asmomamuyecko2o
KOHMpOJis, KPOME TOTO - 3aJIal0LUI 3JIEMEHT U 3JIEMEHT cpaBHEeHUsA. Cxema aBTOMAaTUYeCcKOi cucre-
MbI cTabwmim3anuu rnokasaHa Ha pucyHke 1.2. CoctosHue obbekTa ympapieHus OY, BbIpaXeHHOE
NPU3HAKOM WJIHM TIapaMeTpoM a, BOCHpHHHMAaeTcs naTdukoM J[1 u, mpeoOpa3oBaHHOE B YAOOHYIO
dopmy al momaercs Ha mpomexyTodHbIN dnmeMeHT [IP1 s ycuneHus u mpeoOpa3oBaHUsS B peru-
CTPUPYEMBIM cUrHai a'2. ITOT CUrHaJl, BMECTE C CUTHAJIOM CpaBHEHMS a2 OT 3ajaTuuka 3V, nojxaercs
Ha 6110k cpaBHeHUs1 CP, koTopslil hopmupyet curnan paccornacopanust C = +a = ap - a"2. [locneqnuit
MOCTYMAET B MPOMEXKYTOUHBIH 31eMeHT [1P2, popmupyrommii curaan Cl a1t HCHOTHUTENBHOTO dJie-
meHTta MY, BozaeiicTByromero curnaiom C2 Ha 0OBEKT ympaBieHHS, HE MO3BOJSIS €My BBIMTH 3a
YCTaHOBJICHHBIE MIPEACIIbI IIPU BHEITHEM BO3AelcTBUU BB.

B cnensmeit CAP coBmecTHO ¢ 3agatunkoM 3V ycTaHaBIMBAIOT AaT4uK /]2, KOTOpBI HEmpepbIB-
HO M3MeEpsET MEePEMEHHYIO BEJIMUYMHY a"2 U B COOTBETCTBUM C €€ 3HAYCHUEM IPOIOPIIMOHAIBHO U3-
MEHSIET BETUMHY a, BOCIIPUHUMaeMyto nataukom J[1.
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Pucynok 1.2. ®yHKIIMOHATBHAS CXEMa CHCTEMBI CTAOMIIH3aIuN

VYnpoleHHast cxema 3aMKHYTOH cucmembl npo2pammHo20 Ynpasienus IPeAcTaBIeHa Ha PUCYHKE
1.3. B osinune oT pacCMOTPEHHOH BbIIIE cXeMbl (CM. pUCYHOK 1.2) 3amaTuuk nporpammsl 311 nogaer
curHan Cy Ha OJIOK YIpaBJeHUs MO OMpPEAeSICHHON MporpaMme, KoTopasi JI0JKHA 00ECTIeUnTh C yue-
TOM BiMsAHUS BHemHed cpenbl BC Ha 00bekT OV 3alaHHYIO TPaeKTOPUIO MPOTEKaHUS BBIXOAHOTO
npouecca BII. [{nst aroro nndopmanust o cocrosuuu BC u Tpaekropust npotexanust BII no nunumn
obparHoii cBs3u (OC) mocrynaer Ha 610k cpaBHeHus: CP, (popmupyromuii ynpasistomue Bo3ei-
CTBHSL.
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Pucynox 1.3. ®@ynkiuonansHas cxema nporpaMMHoil CAY ¢ 00paTHOH CBA3BIO.
C(lMOH(lCmpCll/lGaiOWMeC}Z cucmemsl ynpaejieHud pearoT 3aJa4 3HAYUTCIIBHO 0oJiee CI0KHEIE U



pa3HooOpa3HbIe, YEM 3a/1a4i IPOTpaMMax CHUCTEM.

Ilepsas 3a0aua Takux CUCTEM - TOAJIEP)KAHHE DKCTPEMyMa YIpaBiseMoil BenuuuHbI. st aTOM
[eJIM Ha OOBEKT MOJAI0T MPOOHbBIE BO3ACUCTBUS CO CTOPOHBI YIPABIICHUS, aHATU3UPYIOT 3HAK HU3Me-
HEHUs YIPaBIsEMON BEJIWYMHBI M MO pe3yjibTaTaM 3TOr0 aHalIM3a JENarT YHPABISIIOLIEE BO3JEH-
CTBHE, MPUOIIIKAIOIIEE PEKUM K TOUKE IKCTpEMyMa. Y CTPONCTBA, 00ECTICUHBAIOIINE PEKUM PAOOTHI
yIpaBisieMoro 00bekTa, OJU3KHI K ONTUMAaIbHOMY, HA3bIBAIOT A8MOMAMUYECKUMY OTIMUMU3AMOpa-
MU WIHA 9KCMPEMATbHbIMU Pe2YIAMOPaMU.

Pabora camonacTpauBaromiencs CHUCTeMbI NpeicTaBiieHa rpadukoMm (pucyHok 1.4) m3MeHeHus
BBIXOJTHOW BEJIMYMHBI ® B (yHKIKHU BXoaHOro curHaia U [o =f(u)]. [Iycts nepBoHayanbHO paboyeit
TOYKOM Xapaktepuctuku @ = f(U) Oymer Touka A wnm B, He coBnamaromias ¢ Toukoii Makcumyma C.
[Ipu 3TOM HEW3BECTHO, HAa KaKOW M3 3TUX TOYEK paboTaeT oObeKT ympamieHus. [IpoOHbIM BoO31EH-
CTBHUEM H3MEHSIOT BXOJHOW CHUTHAN, JaB €My IOJIOKUTENIbHOE IpupalieHue AU 1 yCTaHOBUB CIIELIH-
AJIbHBIM JIATYMKOM 3HAK COOTBETCTBYIOLIEIO €My IPHUPAIIEHHs BBIXOJHONW BelIuuuHbl . Eciu o mno-
JIOKUTENBHO, TO paboyeil sBiseTcss Touka A, W I NpUOIDKEHHS K MakCMMyMma B JalbHEUIIEeM
BXOJHOMY CHTHAITy U CIIeAyeT JaBaTh MOJOKUTEIbHBIC MPUPAIICHUS 1 HA000POT PU OTPULIATEIIEHOM
® BXOJHOMY CUTHaILy U ClIeqyeT JaBaTh OTPULATEIbHBIEC IPUPAILICHHUS.

(oY

1

Do

1 1 AU Au_| |

» - » -
B —_—
- +

Pucynok 1.4. YcnoBHas xapakTepucThKa padovero nporecca

Bmopas 3a0aua camonacmpotixu - ojiJiepKaHue oNTUMaIbHONW paboTa CUCTEMBI PETyIMPOBAHUS
[0 KPUTEPHUIO MaKCUMAJIBHOTO €€ ObICTpoelcTBUA. B 3TOM ciyuae nmokasarens sKCTpeMyMa sIBISIETCS
BpEMsl, B TEUEHHUE KOTOPOI'0 CUCTEMA IPUXOIU B COOTBETCTBUE C H3MEHEHHMEM YCIIOBHS PETYJIHPOBa-
HUS. DTO BpeMs aHAIM3UPYETCs CHEIHaTbHBIM YCTPOWCTBOM CaMOHACTPOIMKHU, KOTOPOE U3MEHSET Ma-
paMeTpbl perysTopa Tak, 4ToObl BpeMsl PeryIMpoBaHus ObUIO MUHUMAIIbHBIM.

B cnoxHBIX, HE UMEIOLUX MAaTEMaTHYECKOIO ONMHUCAaHUS CUCTEMAaX CO MHOTMMHU HEKOHTPOJUpYe-
MBIMH BO3J€HCTBUSAMHU, /Ul HAXOXKACHUIO ONTHUMAIBHOTO YCIOBUS pabOThl HEOOXOIUMO 3alIOMUHATh
pa3nuyuHbl! peXUMBl YIPABICHUS, YUYUTHCS YIPABIATH. DTO OCYHIECTBISETCS CAMOOOYYAIOWUMUCS
CAY. B 3aBUCHUMOCTH OT 3HaU€HHUI BXOJIHBIX M BBIXOJHBIX BEIMYMH aBTOMAT BHIOMpPAET U3 MaMsTH
CUCTEMBI COOTBETCTBYIOIIME 3HAYCHUSIM YIPABIISIOMINX BO3IEHCTBUH.

1.2 OcHOBHBIC IOHATHS U ONIpeesIeHUs

CremneHp aBTOMaTH3allUU TEXHOJIOTHUECKUX MPOLIECCOB UMEET TPU YPOBHS B 3aBUCUMOCTHU OT JI0-
JIM y4acTHs 4elI0OBEKa-olepaTopa B YIPaBJICHUN.
YpoBeHb aBTOMAaTH3aIUHN OLEHUBAIOT KOAPUITUEHTOM

1
Ky =
1+ 2t
2t
a
rae t,, - cpeanee Bpems mo MHoxkecTBy i (i =1, 2, ..., N) omepanumii, 3aTpauynBaeMoe Ha HEABTOMATHYE-

ckue omepanuu (BKJIIOYas yrpapieHue); t), - To ’ke, HO 3aTpa4uBaeMOE Ha aBTOMATHYECKOE BBINOJI-
HEeHHUe onepanuii mo MHOXKeCTBY | (j=1, 2, ..., m).
[Tpornecc Ha3bIBaOT aBTOMaTH4eckuM, eciu Ka > 0,98; mpu 0,98 > K, > 0,5 mpoiiecc aBTomaTH3u-
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poBaHHbIi; ecinu Ka < 0,5, TO TEXHOJIOTHYECKUI MTPOLIECC UMEET HU3KUM YPOBEHb

ABTOMaTH3a1Us IO CPABHEHUIO C BBINIEYKAa3aHHBIMHU BBHICOKMM M CPEIHUM, IPUOIHMIKASACH K OIle-
paTopHOMY (py4YHOMY) YIIPaBJIECHHUIO.

K nepBoii oTHOCAT Qu3uUeckue, B TOM YUCIE TEIJIOBbIE, THAPOAIPOIMHAMUYECKIE, XUMHUUECKHE
U MPOIIECCHI, B KOTOPBIX NIEPEMEHHBIE U3MEHSIOTCSI BO BPEMEHM HEIPEPhIBHO. MaTreMaTuuecko Mo-
JIENIbI0 TaKUX IPOLIECCOB SBJSIOTCS Au(depeHnraibHble ypaBHEHUSI U UX CUCTeMbl. B mporeccax
BTOPOIl KaTEropuM KOMaH/Ibl BBIIIOJIHSAIOTCS B ONPENEICHHOMN 1OCIE0BATEIbHOCTH B 3aBUCMOCTH OT
peanu3anuu npeapaymed koManabl. OOBIYHO ATO ONEpayy THMa "OTKPBITh - 3aKpbITh", "OoJbIIe —
MeHb11e", "BXo/1 — BbIX0A", peanu3yeMble B IIpoleccax Mycka U OCTaHOBAa MEXaHU3MOB, HACOCOB, Typ-
OMH M HEKOTOPBIX TEXHOJIOTMYECKHUX Ipoleccax. MareMaTnyeckoil MOJENbI0 Cly:KaT OyJeBbl ypaB-
HEHHS aireOpanyecKoi JOTMKH M MaTpPHUIBl MOCIEeNI0BATEeIbHOCTH omepanuid. [lpu aBTOMaTH3ammu
IIPOLIECCOB TPEThEH KATErOPUU CTABUTCS 3aJaya YNPABICHUS MPOCTPAHCTBEHHBIM IE€PEMELEHUEM
00BEKTOB U KOHTPOJISI U3BMEHEHUSI UX COCTOSIHUS. DTO TPAHCIOPTHBIE ONIEPALiU, IPOU3BOICTBEHHBIE
IIPOLIECCHI, CBSI3aHHBIE C IBUKEHUEM MATE€pUAJIOB U U3EIINM, C IPOLIECCAMH XPAaHEHUs. 3/1€Ch HENb3s
000 THCH 0€3 YIPaBJIAIONINX BEIYUCIUTEIBHBIX MAIIUH U POOOTOB.

BoapmMHCTBO poLIECCOB, aBTOMATU3UpyeMbIX B cucteMax TI'B, oTHOCUTCS K mepBOi KaTeropuu,
XapaKTEPU3YIOLIECICA OTHOCUTEIBHONM MPOCTOTON TEXHUYECKUX PEIICHUM.

Kpome toro, BcTpeuaercs pasjeneHue Nporu3BOICTBEHHbBIX MIPOLIECCOB HA MPOU3BOACTBO IPOIYK-
IIUH TTOTOKOM (B JKUAKOM, TBEPAOM, ra3000pa3HOM BUJE) M LITYIHOE TPOU3BOJICTBO.

Mo>kHO 0000IINUTh OCHOBHBIE BU/IBI YIIPABICHUS MPOU3BOJACTBEHHBIMH MPOLIECCAMU: HayaTh WU
IPEKPATUTH Tpolece (IIyCK - BBIKJIIOUEHUE); U3MEHUTh €0 HalpaBiICHUE WIM IOCJIE10BATEIbHOCTD
orepanuii (ConpsKeHHbIE IPOIECCHI); TOBIUATH Ha PEXKHUM IpoIlIecca.

[TpoexTrpoBaHKMe YCTAaHOBKHM MJIM TEXHOJIOTUU M UX aBTOMAaTHU3alMsl - JABa Ipolecca, B3aUMHO J10-

MOJIHAIOIIUE APYT ApYTa.
1.3 TexHoJsioru4yeckue Npouecchbl 1 MAIIUHbI KAK 00bEKTHI ABTOMAaTHU3AIlUN CTPOUTEIbCTBA

Texnonozuueckuii npoyecc (TII) - 5TO COBOKYIMHOCTH BBIMOJHEHUSI KAKUX-JTMOO TEXHOJIOTHYE-
CKHUX OIepaluii, IpU KOTOPBIX IPOUCXOAUT €ro KaYeCTBEHHOE H3MEHEHHE.

O6next ympanenus (OY) B CTpoUTENbCTBE (TEXHOJIOTUYECKUM TIPOIIECC, CTPOUTENIbHAS MallTiHa,
o0opy/oBaHue, arperaT U Jp.) Ha3bIBae€TCs aBTOMATU3MPOBAHHBIM, €CIIM OH BBIMOJIHSIET CBOM OCHOB-
Hble (DYHKIIMM CaMOCTOSITENIbHO C MOMOIIBIO0 CUCTeMbI aBToMaTHueckoro ympasieHus (CAY) u uc-
MOJIHUTENIBHBIX PETYIUPYIOLIUX YCTPOMCTB MO KOHTPOJIEM YEI0BEKA-0NEPATOPA.

B xone TexHonmornueckoro mpouecca B CHIIy pa3iM4HbIX IPUYUH 3HAUEHUE MTapaMeTpoB O0BbEKTa
yIpaBIEHUS MOXET U3MEHSTHCS, BBI3bIBASI OTKJIOHEHHSI OT HOPMAJIbHOTO pexkuma. HapyineHHsli pe-
JKUM JOJDKEH OBITh BOCCTAHOBIIEH U TMOJAJIEP’KUBATHCSA OKOJIO 33JJaHHOTO 3HAYEHHUA. DTy 3aJa4y BbI-
MOJIHSET cUcTeMa aBToMaTuyeckoro perynuponanus (CAP).

UtoObI 3p(HEeKTUBHO YIPABIATH CTPOUTEIBHBIM IMPOIIECCOM, HEOOXOIUM TOCTOSIHHBIA €ro KOH-
Tposb. DTy 3ajauy pemraer cuctema apromaruyeckoro koutpons (CAK). 3amageii 3Toif cucremsl sB-
JsieTCsl KOJIMYECTBEHHAsI OLIEHKa MapaMeTpa Mpoliecca, TO €CTh ONpPeeIeHUe 3HaU€HUs TOM WM NHOM
¢u3nyecKol BENMUYMHBI, XapaKTEpU3YIOLIEH Mpolecc, NpU MOMOIIM KOHTPOJIbHO-U3MEPUTEIbHBIX
npuOOpOB.

ABTOMaTH3a1Msl CTPOUTEIBHBIX TEXHOJIOIMUECKUX MPOLIECCOB U MAIIMH C IPUMEHEHNUEM CPEZCTB
BBIUMCIUTENbHON TEXHUKU Ha3bIBAETCS aITOPUTMUYECKUM YyrpaBieHueM. [Ipu Takom ynpaBieHHH
MUKpornpoueccop uiu 9BM ¢ momMouiplo CcBOMX HNPOrPaMMHBIX CPEACTB AHATU3UPYET MapaMeTphl
00BeKTa yrnpaBieHus U (GOpMUPYET HEOOXOAUMBIE YIPABIISIONINE BO3ACHCTBUS, €CIIH 3TH apaMeTphl
OTKJIOHSIFOTCS OT 3aJIaHHBIX 3HAYECHUH.

Pazpabotke CAY momxHO MpenecTBoBaTh H3y4eHHE (UCCIe0BaHNEe) O0BEKTa YIIPaBICHUSI.

B o6mem cinyyae Bo3aelcTBHE HA OOBEKT MOXKET OBITh YHPABISAIOMUM- Fp (peryaupyeMbiM) Uil
BHEIIHUM, Bo3MylIaouum - F,. Bo3aelictBue Fp nucnone3zyercst onepatopom B pe3yibTaTe oreparuii
yIpaBiIeHUS, KOTOPbIE CTPEMATCS MPUOIU3UTH IPOIeCcC K 3aJaHHOMY pexumy padoTsl. [1pu BHemHUX
BO3MYIICHUAX Fp mpoliecc yaansercs OT 3aJaHHOTO 3HAYEeHHUs, YTO NMPUBOJUT K HAPYIIEHUIO YCTAHO-
BUBILETOCS PEKUMA.
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1.4 XapakTepucTHKA TeXHOJOTHYECKHX NPOLECCOB

TexHonornueckrne Mpourecchl pa3AesioT Ha TPU KaTEeroOpHH: HENpEepbIBHBIEC, COCTOSINE U3 OT-
JIeNTbHBIX OTepaIii U CBSI3aHHBIE C IPOCTPAHCTBEHHBIM IEPEMEIICHUEM 00BEKTA.

Ocooennocmu agmomamusayuu cucmem TI'B. OyukunonupoBanue cucrem TI'B HanpapieHo
TJIaBHBIM 00pa3oM Ha oOecreueHHe ONTUMAIbHON JKU3HEACATEIbHOCTH YEIOBEYECKOrO OpraHu3Ma.
Takum o0pa3zoMm, cpencTBa aBTOMAaTH3aIlMK B MEPBYIO OYepelb JOJDKHBI CIIOCOOCTBOBATH CO3AHMIO
KOM(DOPTHBIX YCIIOBUH KU3HU U TPYJa YEIOBEKa, MPEAYCMOTPEHHBIX HOPMATHBHBIMU JIOKYMEHTaAMHU.

Cuctembl TI'B sBIsrOTCS KpyImHEHITUMH MOTPEOUTEISIMU TOTUIMBA, TEIJIOBOM M AJICKTPUYECKOM
suepruu. JJo 30 % m00pIBaeMOro TOIUIMBA PACXOyeTCsl Ha MPOU3BOJICTBO HU3KOMOTEHIIMAIBHON TETI-
JIOTHI, @ HA MPHUBOJ HACOCOB U BEHTWJIATOPOB OOIIECIPOMBIIIICHHOTO Ha3HAYEHHsI TPATUTCS CBBIIIE
10 % snexTpo’HEPreTHIECKOro pecypca crpanbl. Posib aBTOMaTH3aMK CKUTAHUS TOIUIMBA, TETUIOBBIX
PEKHUMOB TepBoCTeNeHHa (pu CHIKeHUH Ha 1 % pacxojia TOIUIMBa SKOHOMHUTCS OKOJIO 2 MIIpA. pyo.
B I'OJ).

Baxxnoii oco6enHocTeio cuctem TI'B sBisiercst Gonbinas uX MPOTSHKEHHOCTh, YTO TpeOyeT Huc-
I10JIb30BAHNUS CUCTEM TEJIEMEXAHUKU U AUCIIETYEPU3ALIUU.

Mmuorue cuctembl TT'B sBIsit0TCS HEOTIETUMON COCTABISAIONIEH 000PYI0BaHHS TEXHOIOTHYECKUX
npoueccos. Hanpumep, mectHbie oTcochl B craHkax; CKB cBsi3bIBaloTCA ¢ TEXHOJOTHMEH MPOU3BOJI-
CTBa CPEJICTB MHUKPODJIEKTPOHUKH, MENIpPEnapaToB; CUCTEMbl T'a30CHA0KEHUsS - C 3aKaJIOYHBIMHU H
00KUTOBBIMH TI€YaMH, CYIIHJIAMU U T. 1.

Crieruduka TeXHOJIOTHYECKUX MpolieccoB B cuctemax TI'B vacto xapakrepu3yeTrcs OTHOCUTEIBHO
HEBBICOKUMH TPEOOBAHUSIMU K TOYHOCTH IOJJCPKAHHUS TEXHOJOTHYECKUX MapaMeTpoB (HampuMmep,
TemmepaTypsl Bo3ayxa - £2 °C, BmaxunocTy - £10...20 % 1 T.11.) DTO MO3BONAET MPUMEHSTH Ooslee Ipo-
ctbie ¥ Heoporue TCA, a MHOTJa ¥ OTKa3bIBaThCs OT HUX, UCMOJIB3Ysl COCOOHOCTh OOBEKTOB K Camo-
PEryIUpPOBAHUIO.

Cuctembl TI'B mmpoko pacnpocTpaHEHBI B HapOJHOM XO3SIHCTBE, MOITOMY OCOOYIO OCTPOTY
npuoOperatoT Borpockl dkciutyatanuu TCA. Kpanudukanust o0ciyKuBaroIiero nepcoHana eme He B
[IOJIHOM Mepe OTBeuaeT TeM TpeOOBaHMSIM, KOTOpbIE NMPEIbSABISIOT YCTPOWCTBA aBTOMAaTUKH, YTO B
psizie ciaydaeB sIBISETCS TOPMO30OM K MX BHeapeHuto. HeoOxoaumo obecneduTs MPOCTOTY M MOBBI-
HIEHHYI0 HaleXHOCTh TCA, sKCIuTyaTalds KOTOPBIX YacTO MPOUCXOAUT TPH HEOIarompHusiTHBIX
YCIIOBUSX BHEIIHEH Cpe/bl U HEPETYIISIPHOM OOCITYKMBaHHUH.

1.5 OOmue npUHUMNBI NMOCTPOeHMS U (PYHKUMOHUPOBAHMS ABTOMATHYECKHMX CHCTEM
YIpaBJIeHUS] MAIIMHAMM U TEXHOJOTHYECKUMHM MPOoLeccaMu

OcHognvie nonamusa u mpedosanusa Kk mamunam. JIrobast MalimHa npeacTaBiIsieT coOoi ycTpoii-
CTBO, COBEpIIarollee MOoJIe3HYI0 padoTy ¢ Mpeodpa3zoBaHuEeM OJHOTO BUa SHEpruu B Apyroil. OHa co-
CTOUT U3 psAa MEXaHU3MOB PA3JMYHOTO Ha3HAYEHUS, 00BEIMHEHHBIX OOIUM KOPITYyCOM, PaMOW WIIH
CTaHUHOM.

OcHoBHbIE TpeOOBaHUS, XapaKTEPU3YIOIINE OJHOBPEMEHHO Ka4€CTBO MAIIUHBI (3TO CIIOCOOHOCTh
MalllHbl YAOBJIETBOPATH OMNPEAEIEHHBIM MOTPEOHOCTSIM, CBSI3aHHBIM C HUX Ha3HAuY€HHEM), MOKHO
IIPEACTABUTH PSAOM ITOKA3ATENEH:

1) naznauenue — xapakrepusyeTcs CBOMCTBAMHM MAIlUHBI, ONPEAEISIONINE OCHOBHBIE (DYHKIMH
o0ycioBIMBaoIUe 006JacTh X NpuMeHeHus. K 3Toil rpymme oTHOCATCS clenyromue moKa3aTelu:

® xnaccughukayuonHvie, ONPEIEIAIONIMEe OJUH WIM HECKOJBKO OCHOBHBIX MapaMeTpoB (mepesa-
TOYHOE YHUCIIO PENYKTOpa, BMECTMMOCTh KOBINIA 3KCKaBaToOpa, CKperepa, rpy30NoabeMHOCTb
KpaHOB, pa3Mepbl 0TBajia Oynb103€epa U T.11.);

® (yuKyuonanvHvle U mexunuyeckou d¢gexmuenocmu (00ECTICUCHHE MAKCUMAJIbHO BO3MOKHOM
IPOU3BOIUTENFHOCTH NPH paboTe B 100YI0 MOroay, Jr000e BpeMs CyTOK U T'0/1a, MUHUMAaJIbHON
CTOMMOCTH €JMHHIIBI TPOAYKIMH TP pabOTe B KOHKPETHBIX MPOU3BOJICTBEHHBIX YCIOBHUSX), a
TaKXe KauyecTBa BBIIOJIHAEMON pabOThI;

® KOHCMpYKmugHble, ONPENeNIAIONIe OCHOBHbIE MPOEKTHO-KOHCTPYKTOPCKHE PEIIEeHHs MAallHHBI
(rabapuTHBIC W TIPUCOEAMHHUTEIBHBIC pa3Mephl; pabouee MaBJICHHE B THAPOCHCTEME; MOITHOCTH
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NPUBOJA; YCHIIME Ha pabodyeM OpraHe; CKOpPOCTH pabOvMX OpPraHOB; IIMPHHA, IIyOHMHA U PAANyC
JEUCTBUSA; TUI XOJJOBOIO YCTPOMCTBA M IPUBOJA; HAJIMUUE 3JIEMEHTOB aBTOMATHKH; MPUCIIOCO0-
JICHHOCTh K MEHSIOMIMMCS YCJIOBUSIM OJKCIUTyaTallil; BO3MOXHOCTb pa0bOTaTh B CTECHEHHBIX
YCIIOBUSIX; AOCTaTOYHO BBICOKAsi MAHEBPEHHOCTh, IIPOXOAUMOCTb, MOOMIIBHOCTD U YCTONYMBOCTD;
MUHHMMaJIbHAs Macca; IPOCTOTa U MPOYHOCTh KOHCTPYKIIMHU, JIETKOCTh €€ TEXHUYECKOTro 00Ciy-
KUBaHUS U PEMOHTA).

® MaHespenHOCmb - CIIOCOOHOCTh MAIIMHBI NIEPEIBUTaThCSl U Pa3BOPAYUBATHCA ¢ MUHUMAJIbHBIM
paguycoM MOBOPOTa B CTECHEHHBIX YCJIOBHSX CTPOMIUIOIIAOK U MPU TPAHCIIOPTUPOBAHUY.

® NpPoxoouMocms - CIOCOOHOCTh MAIIMHBI MPEOJO0JIEBATh pPa3IMYHble HEPOBHOCTH MECTHOCTH,
HeOOJIbIIIMe BOTHBIC MPErpajbl, IBUTATHCS MO TPYHTaM CO ciIaboil Hecymiel CroCOOHOCTRIO H
CHE’)KHOMY NOKpoBY. OHa XapakTepu3yeTcss BHMJIOM XOAOBOIO OOOpYAOBaHUs, CHJIOW TArH,
yIIeNbHBIM JaBIEHUEM Ha ONOPHYIO0 MOBEPXHOCTh (FPYHT, ITOPOKHOE MOKPBITUE), BEINYMHOM
JIOPOXKHOI'0 IIPOCBETA (PacCTOSIHUEM OT HMKHEH TOUKU MAlllMHBI 10 OOPHOM IOBEPXHOCTH), & Y
KOJIECHBIX MAIIMH PaJIyCcaMy MPOJ0JIbHON U TONEPEYHON MPOXOAUMOCTH.

® MOOUILHOCMY - CTIOCOOHOCTh MALIMHBI K JOCTATOYHO OBICTPOMY MEPEMENICHHIO ¢ 0OBEKTa Ha
00BEKT ¢ MUHUMAJIBHOM TPYI0EMKOCTBIO IIEPEBO/Ia €€ U3 TPAHCIIOPTHOIO NOJI0XKEHUs B pabouee
U 00paTHO.

® YCMou4U8OCMd - ClIOCOOHOCTH MAITMHBI IIPOTUBOCTOSITH JIEHCTBHIO CHJI, CTPEMSIIIXCS OTIPOKH-
HYTb €€ IpU paboyeM Ipolecce U epeMelIeHusX Ha oAbeMax, CIycKax U KOCoropax.

2) HA0eIHCHOCMb XapaKTePU3yeT 00IIee CBOWCTBO MAIIMHBI COXPAHATH CBOKO PaOOTOCIIOCOOHOCTH
BO BPEMEHU M BKJIIOYAET B ce0sl TaKue MOHATUS KaK paboTOCIOCOOHOCTh, 0€30TKa3HOCTb, JOJITOBEY-
HOCTb, PEMOHTOIIPUTOJTHOCTD U COXPAHSAEMOCTb.

® pabomocnocobHocms - COCTOSTHIUE MAIIMHBI, P KOTOPOM OHA CITOCOOHA BBIMTOJIHATH 33JaHHBIC
(GYHKLIMU U COXpaHATh 3HAYEHUs 3aJlaHHBIX [apaMEeTPOB B IpejeaX, YCTaHOBICHHBIX HOpMa-
TUBHO-TEXHUYECKOH JOKYMEHTAIHEH.

® 0e30mKa3HOCMb - CBOWCTBO MAIIMHBI HEMPEPHIBHO COXPAHATh pabOTOCIIOCOOHOCTh B TEUEHHUE
HEKOTOPOr0 BPEMEHHU WJIM HEKOTOpoi HapaboTku. OHa B CBOIO OYEpe]lb, XapaKTEPU3YyeTCsL:
- CONPOTUBIISIEMOCTBIO AIEMEHTOB KOHCTPYKIIMY pa3pyLICHUIO, U3HOCY, KOPPO3HUHU U T.IL.;
- CTaOMJIBHOCTBIO (PU3UKO-MEXaHMUYECKUX CBOWCTB KOHCTPYKIIMOHHBIX MaTepUaJIOB;
- CTaOMJIBHOCTBIO pabOYMX MPOLIECCOB B COOPOUHBIX €MHMIIAX, arperaTax U CUCTEMax.

JUis Takux OPUYMH HApyLIeHUs: paboTOCIOCOOHOCTH Kak KOppo3usi, 00JydeHue, 1ecTBUe BHEII-
HUX TeMIepaTypHbIX (PAKTOPOB U T.II., BpeMs pabOThI 10 OTKa3a OLIEHUBAETCS KaJIeHJapHOM MpooJI-
KHUTEIBHOCTbIO pabOTHl MALIMHBI (MECSIBI, TOJIbI) U HA3BIBACTCS CPOKOM CAYoHCcObI 00 OmKa3a, a pe-
[JIaMEHTUPOBAHHOE BpeMs pabOThl MAIIUHBI - CPOKOM CLYHCObL.

Jliss GONBIIMHCTBA MAllMH OCHOBHOE 3HAYEHHME MMEET MPOJIOJKHUTEIBHOCTh paboThl (B 0Tpado-
TaHHBIX Yacax) WJIM BBIMOJIHEHHBIH 00beM (YHMCIIO IIUKJIOB, Macca UM 00beM NepepadoTaHHbIX MaTe-
pHAJIOB, MPOU3BOAUTENBHOCTD U T.I1.), IOATOMY BpeMs paboThl A0 OTKa3a B 3TOM Cllydyae Ha3bIBaeTCs
Hapabomkoul Ha 0TKa3, a periJaMeHTUPOBAHHOE BpeMs padOThl MAILIUHBI - PeCypCOM.

® 00/71208eYHOCMb - CBOWCTBO MAIIMHBI COXPAHATH PabOTOCIIOCOOHOCTH /10 HACTYIUJICHHUS TIpe-
JIEIbHOTO COCTOSIHUS TMPU YCTAHOBJIEHHON CHCTEMe TEXHUYECKOTI0 00CITYKUBAHHS U PEMOHTOB.

® PeMOHMONPUSOOHOCHb - TIPUCTIOCOOIEHHOCTh MAIIMHBI K MPEIYIpPEXICHUI0, OOHAPYKEHUIO U
YCTPaHEHUIO MPHYUH TOBPEKACHUH (OTKAa30B) MyTeM MPOBEIEHHS TEXHHYECKOTO OOCITYKHBa-
HUS U PEMOHTOB.

Omkas3 - HapyleHrne paboTOCIOCOOHOCTH MaIIMHBL. Bee BHIBI OTKA30B JEATCS Ha ABE TPYIIBI A
u b:

- rpymnmna A - u3-3a HapyIllIeHus 3J1eMEHTOB (IIOJIOMKH, Aeopmaliiu, U3HOC, OOpbIB MPOBOJIOB, KO-

POTKOE 3aMbIKaHHE U T.I1.);
- rpymma b - BeieacTBHe HapymIeHus KauecTB YHKIIMOHUPOBAHUS (HapyIIEHHE PETYITUPOBOK, 3a-
COpEHHE TUIPOCUCTEMBI, T€Yb B MECTAX COCIMHEHHS [INIAHTOB U T.IL.).

OTKa3bl KIaCCUDUITUPYIOTCS:

- 110 YacTOTE - €AMHUYHBIC U TOBTOPSIOLINECS;

- TI0 B3aMMOCBSI3SIM - IEPBUYHbIE (HE3aBUCUMBIE) UJIM BTOPUUHBIE (3aBUCUMBIE), BEI3BAHHBIE JCH-
CTBUSIMU JIpYTOr'0 OTKa3a,
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- M0 YCJIOBUSM BO3HHUKHOBEHHS - BO3HUKIIME MPU BBINOJHEHHMH OCHOBHBIX (DYHKIMHA WM TIpU
XpaHEHHUH, TPAHCIIOPTUPOBKE, HA XOJIOCTOM ITpo0ere;

- [0 YPOBHIO BHEIIHUX BO3JEHCTBUI - IIPM HOPMAaJbHBIX WJIM HEHOPMAIBHBIX (OTKJIOHEHHE OT
IpaBUJI T€X0OCIY)KMBAHUS U YIPABJIECHUS, IPH HEAOMYCTUMBIX Harpy3Kax M T.I1.) YCIOBUSX paOOThI;

- 110 BHEIIHUM IPOSIBJICHUSIM - SBHBIE (OBICTpOE OOHApPYKEHHE) U CKPBIThIE (BpeMsi OOHAPYKEHUs
BBIIIIE YCTaHOBJIEHHBIX HOPM);

- 110 BUY - JIeTKHE (pa3pylleHue NPOKIaIKH), CpeAHHUE (BBI3BIBAIOT OCTAHOBKY MAILIMHBI I pe-
MOHTA), TSDKEJIbIC (3HAUUTEIILHBIE Pa3pyIICHU );

- TI0 CJIO)KHOCTH YCTpaHEHHS - TPeOyIOT MPOBENEHUS TEXHUYECKOTO OOCITYKMBaHHS, TEKYIIETO
WIN KallUTaJIbHOI'O PEMOHTA,

- TI0 CIIOCOOHOCTH K BOCCTAHOBJICHHIO - YCTpaHseMbIe B AKCIUTyaTAI[MOHHBIX WM CTAllMOHAPHBIX
YCIIOBHSX;

- 10 BO3MOXXHOCTH TPOTHO3HPOBAHUS - IPOTHO3ZUPYEMBIE (IMArHOCTHUECKUMH IPUOOPaMH OT H3-
MEHEHUs IIapaMeTpoB, HApaOOTKH, BO3pAcTa) WK HENPOTHO3UPYEMBIE;

- TI0 XapakTepy M3MEHEHHs IapaMeTPOB - MOCTETIEHHbIe (HAYMHAIOTCS Cpa3y mocjie Havana pado-
Thl MAIlIMHBI, 3aBUCAT OT AJIUTEIBLHOCTH pabOTHI U CBSI3aHbI C MPOLIECCAMU U3HOCA, KOPPO3HH, YCTalIO-
CTH Y TIOJI3Y4YEeCTH MaTepHajoB); BHE3AMHbIC (COUeTaHUEe HEOIAronpHUsSTHBIX (JaKTOPOB U CITyYaiHBIX
BHEIIHUX BO3/IEMCTBUH, IPEBBIIIAIOLINX BO3MOXHOCTH MALIMHBI K MX BOCIIPUITUIO, BO3HUKAIOT Yepe3
HEKOTOpBIE CIy4ailHble IPOMEXYTKH BPEMEHH, HE 3aBUCAT OT COCTOSHUS MAIIMHbI U JJIUTEIBHOCTH
npeabayiiei paboTel, a MPOLECcC MPOTEKAeT ObICTPO) U CIOXKHBIE (BKIOYAIOT OCOOEHHOCTH Mpebl-
JIYLIUX OTKA30B, BPEMs BO3SHUKHOBEHHMSI - BEJIMUMHA CIydaifHasl, a CKOPOCTb MpoIiecca 3aBUCUT OT CO-
HPOTHUBIIAEMOCTH JIEMEHTOB MAalllUHbI);

- IO TIOCIIE/ICTBUSIM - OTKa3bl ()YHKIIMOHHPOBAHUS (CBS3aHBI C MOBPEKICHUSIMH OTIEIBHBIX dJIe-
MEHTOB MalllMHbI, KOTOPasi HE MOKET BBINOJIHATh CBOU (DYHKIIMU: BBIKPOIIMIICS 3Y0 IIECTEPHH, HAcOC
HE TM0JJAaeT MACJIO B CUCTEMY, HE 3aBOAMTCS BUraTeNlb BHYTPEHHETO CTOPaHNs) WIH NTapaMeTPUUECKHE
(MamMHa BBIOJHAET CBOM (DYHKIIMH, HO paboTaeT 3a MpesieaMu CBOUX TEXHUYECKUX TpeOOBaHUH -
XapaKTepUCTHK: 3ara30BaHHOCTh Bo3ayxa, najaenue KII/[ nepexauun, cHukeHue naBiaeHus B paboyeit
AKHUJIKOCTH rHipocucTeMsbl). O6a BUa OTKAa30B MOT'YT OBbITh KaK IOCTEIIEHHBIMHU, TaK U BHE3aITHBIMU (B
NOCIEIHEM Cy4yae OTKa3 OyleT mapaMeTpUuecKUM, €CIH MOTEpsSHa TOYHOCTh pabOThl MAlllMHbI WU
€€ JIEMEHTOB, U (DYHKIIMOHAJIbHBIM, €CIIM TPOU30IILI0 3aKJIMHUBAHUE OJHOTO U3 MEXaHU3MOB).

Ilpedenvnoe cocmosanue MalvHbl BO3HUKAET MPU HEBO3MOXKHOCTH €€ JalibHEHIIeN 3KCIulyara-
1.

B crpoutenbHBIX MalIMHAX pa3inyaroT TPU IPYMIMbI AJIEMEHTOB, OTIMYAOLIUXCS XapaKTepUCTU-
KaMH IIPEJIEbHBIX COCTOSHUM:

- rpynna A - HEBOCCTaHABJIMBAEMbIE JIEMEHTHI TIOCJIE MEPBOro 0TKa3a (MPY>KUHBI, MOAIIUITHUKA
Ka4yeHus1, 3y0uaThie KoJieca, yIUIOTHEHUs, TOPMO3HbIE HAKIIAAKH);

- rpynna b - BoccTaHaBnuBaeMble 3JIEMEHTHI U MPOCThIE CUCTEMBI, UMEIOIIINE B dKCIUTyaTaluu 0o-
Jgee oAHOro oTkasza. Mx paboTocrnocoOHOCTh IO MPENeNnbHOT0 COCTOSHUS MOAJNCPKHUBAETCS PEryiu-
POBKOI1, OUHCTKOM, 3aMEHOM 3J1eMEeHTOB U T.1. [IpenenbHoe cocTosiHUE - 0TKa3, BHI3BIBAIONINN HEOO-
XOJIMMOCTb B BOCCTAHOBUTEIBHOM WJIM KalIUTaJIbHOM PEMOHTE;

-rpynna B - cioxHble cucTeMbl (MalIMHbI B 11e10M). PaboTOCnocoOHOCTh UX /10 MPENENbHOro COo-
CTOSIHUS TIOJIICP’KUBAETCS B pe3yJIbTaTe MPOBEACHUS MEPOIIPUATHI 110 TEXHUUYECKOMY OOCITY>KUBaHUIO
U TekyleMy peMoHTy. [IpenenbHoe cocTosiHue HAacTymaeT MpH BOZHUKHOBEHUH HEOOXOJUMOCTH B Ka-
[UTAIBHOM PEMOHTE WM CIMCAaHUH MAIIUHBL.

3) peMOHTONPHUIOAHOCTH MAIIMH BKJIIOYAET B ce0s CIEeIyIOIINEe OCHOBHBIE MOHSATHUS:

- IOCTYMHOCTH (y0OCTBO OCYIIECTBIEHUSI OCMOTpA MO PETYIMPOBKE U 3aMEHE JeTajel pykaMu U
UHCTPYMEHTOM C OTCYTCTBHEM pabOT Ha OILIYNb U C MUHUMAJIbHBIMU O0ObEMaMHU JOMOJHUTEIBHBIX
paboT ¥ MUHUMAJILHOW yTOMJISIEMOCTBIO pabounXx);

- KOHTPOJIETIPUTOAHOCTh (BO3MOKHOCTH KOHTPOJISI TEXHUYECKOTO COCTOSHUSL 3JIEMEHTOB MallliH
npy IpOPHIAKTHIECKUX MEPONPUSATHAX, a TaKXkKe MMOMCKAa OTKAa3aBILEro 3JIE€MEHTa WU MPUYUHBI He-
MCIIPABHOCTH C MOMOIIBIO CHEIHAIbHBIX METOAOB U CPEACTB, K KAKOBBIM OTHOCSITCSI TUArHOCTHYE-
CKas anmaparypa, UHAMKAaTOPHI JaBlIeHHs], TEMIIEPATyphl, 3arpsA3HEHHOCTH (PUIBTPOB U T.I1.);

- JIETKOCHEMHOCTh (3aME€Ha COOPOYHBIX €JUHUI] WM arperaroB ¢ MUHUMAaJbHBIMU 3aTpaTaMu
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BpPEMEHU M TPYyJa, OIpeseisieMasl Maccoi, rabapuTaMu, CUCTEMON KPEIUICHUsI U KOHCTPYKUUH pa3b-
€MOB CHEMHOTO y3I1a);
- B3aMMO3aMEHSAEMOCTh (XapakTepu3yercsi 00beMaMH MPUTOHOYHBIX Pa0OT MPHU YCTAaHOBKE OJIHO-
TUIHBIX HJIEMEHTOB);
- OJIOUHOCTb U arperaTHOCTh (BO3MOXKHOCTh JIEMOHTAaXKa U MOHTa)ka Ha MaIIMHY COOPOUYHON eau-
HUIIBI UJIM arperara 0e3 npeaBapuTesIbHOW pa300pKU €ro Wik CMEKHOTO C HUM Y371a);
- cTerneHb yHU(UKaIUU (MCIIONB30BaHUE OJHOTUITHBIX JIETalei U COOPOYHBIX EIMHHUIl B PA3HBIX
MallliHaX, 0COOCHHO Ha OrPaHUYEHHOM IIPOCTPAHCTBE IPUMEHEHUS MOCIETHHX ).
Bce nokazareny HaeKHOCTH HOCAT BEPOSTHOCTHBIM CTaTUCTUUECKUM XapaKTep.
4) cranpapruzanus M yHU(UKANUA XapaKTEpU3YIOT HACBHIILEHHOCTh MAIWH CTaHJApTHBIMH,
YHU(DUIUPOBAHHBIMHU U OPUTHHAIBHBIMU JIETAJISIMU M COOPOYHBIMH €AMHUIIAMH.
Cmanoapmusayus TpenycMaTpUBAET BBeJleHHE 00sA3aTeNIbHBIX HOPM - CTaHIApTOB, KOTOPBHIM
JIOJDKHBI COOTBETCTBOBAThH ONPEAETICHHBIC JI€Talld, COOPOYHBIC CIUHHIIBI M MapaMeTphl MAIluH MpU
IIPOEKTUPOBAHHUH, U3TOTOBJICHUH U dKCILTyaTanuu. [1o 3aBoACKUM M OTpaciaeBbIM HOpMaM, ToCynap-
crBeHHbIM (['OCT) u mexaynapoaasiM (MCO) crangapram BbITyCKaeTCsl O0JIbIIOE KOJMYECTBO JIeTa-
Jel 1 y3710B (KpenexHble 1eTalld, MOAIIUITHUKY, PeAYKTOPBI, THApOoannaparypa, CUCTEMbl U IPUOOPHI
aBTOMATH3allMK), IPUMEHIEMbIX B MallMHAX Pa3JIM4YHOIO HAa3HAUEHUS, a TAKKE YCTAHABIIMBAIOTCS
BMECTUMOCTb KOBIIIA 3KCKAaBaTOPa, TPY30I0/bEMHOCTh TPYOOYKIa{uuKa U Jp.
KoHcTpyKIIuIo MallluH JTOMyCKaeTcsi U3MEHSTh U COBEPLIEHCTBOBATh. B COOTBETCTBUU € 3TUM HC-
HOJIb3YETCs] B3aMMO3aMEHIEMOCTh JeTalel U y3JI0B, TO3BOJISIONIAs IPOU3BOIUTh UX COOPKY MM 3a-
MeHYy 0e3 mpeBapuTeIbHOM MOITOHKH.
B3anMo3ameHseMocTh OCHOBaHA HA MIMPOKON YHH(HKALKU, T.€. HA PAMOHAIBHOM COKpAIlEHUN
HOMEHKJIATypbl OJHOTUIIHBIX J€Tajel U COOPOUYHBIX €IMHUIL JJI IPUMEHEHUS UX B pa3HbIX MallIUHAX,
a TAK)KE U B OJHOTHUITHBIX MalIMHAX.
Hanuuune ctannapToB MO3BOJSET OCYIIECTBUTH MAaCCOBOE M3TOTOBJIEHHUE 10 HOBEHILEH TEXHOIO-
I'MM JieTajel U y3JI0B, NOBBIIIEHHE UX KauecTBa (Beayllee K HaJle)KHOCTU U JI0JITOBEYHOCTH) U CHU-
JKEHHUE 3aTpaT BPEMEHH, TPy/Ja MAaTEpHaJIOB U CPEJACTB MPU NMPOEKTUPOBAHUM, U3TOTOBJIEHUU U IKC-
IUTyaTallMy MAIlyH.
5) spronomuueckue TpedGOBAHUS OTPAXKAIOT B3aMMOJICHCTBHE YEIOBEKA C MAIIMHOW U JEISATCS
Ha:
® cucuenuveckue - COOTBETCTBUE KAOWHBI YCIOBUSIM KU3HEAEATEIBHOCTH U pabOTOCIOCOOHOCTH
MalIMHKUCTa (pa3Mepbl KaOWHBI, OCBEIIEHHOCTh, BEHTUIISALUSA ¢ QUIBTPAMH JJIsi OUUCTKU BO3-
nyxa, BUOpalnus, Iblie- ¥ ra30HEIPOHUIIaeMOCTh U T.J.);

® aumponomempuueckue - COOTBETCTBHE pabouero mecra u ero yacteil popme, Becy U pa3me-
pam Tena mamnHucTa (y1o0HOe, peryaupyemMoe Mo BbICOTE M TOPU3OHTAIN CUCHbE MAIIUHU-
CTa, PETYJINPYEMBIE MMOJJIOKOTHUKH, PACCTOSHUE JI0 PHIYaroB, pyKOSITOK U KHOIIOK YITPaBJICHHUS
U T.J.);

® ¢usuonocuyeckue U MCUXOPU3NYECKHE - COOTBETCTBHE padoyero mecra (U3HOIOTHUYECKUM
CBOMCTBaM MAIlIMHUCTA U OCOOCHHOCTSIM (DYHKIITMOHHUPOBAHUSI €T0 OPraHOB UYBCTB (CKOPOCT-
HbI€ M CHJIOBBIE BO3MOKHOCTH MAIIMHUCTA TPEOYIOT JIETKOE MEXaHU3UPOBAHHOE WJIM aBTOMa-
TU3UPOBAHHOE YIIPABJICHUE; TOPOTH CIIyXa, 3p€HUS U T.1.);

® ncuxonocudeckue - COOTBETCTBUE paboyero Mecta MallMHbl BO3MOXKHOCTSIM BOCHIPUATHUS U T1e-
pepaboTKu UHPOPMALIUHU, COOTBETCTBHE 3aKPEIVIEHHBIM U BHOBb (DOPMHUPYEMBIM HABBIKAM Ye-
JIOBEKa.

YacTHuHO SproHOMUYECKHE TPeOOBaHUS; MIPEICTaBIECHBI B TPEOOBAaHHIX O€30aCHOCTH.

6) 3cTreTyeckue TpeOOBAHMA XapaKTEPU3YIOTCS MH(OPMALMOHHON BBIPA3UTENLHOCTHIO (COOT-
BeTCTBHE (POPMBI Ha3HAUEHUIO), PAI[MOHAIBHOCTHIO (POPM, LETOCTHOCTHIO KOMITO3UIIMH, COBEpPIICH-
CTBOM MPOU3BOACTBEHHOTO HCIOJHEHHS, COOTBETCTBUEM COBPEMEHHOMY CTUJIIO, BHYTPEHHEH H
BHEIIIHEH OTJENKOM M OKpacKoW, COTIaCOBAHHOCTBIO C OKpYXKarolled cpeqol, y00CTBOM pacrosio-
KEHUS U YETKOCThIO UCIIOIHEHUS (PUPMEHHBIX 3HAKOB, MApPOK, yKazaTesei u T.11.

7) 3KoJIorHYecKHe TPeOOBAHUSI YUUTHIBAIOT BOIIPOCHI, CBSI3aHHBIE C OXPAHOM OKPYXKAIOILEH cpe-
JIbl TIPH 3KCIUTyaTalMyd MamuH. K HUM OTHOCSATCS BBISIBJIEHHE BO3MOXHOCTEH MEXaHUYECKUX (Hapy-
IIEHUE 3€MHOM MOBEPXHOCTU M PACTUTEIBHOCTH), XUMHUECKUX (COAEp)KaHUE U BEPOSTHOCTH BHIOPO-
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COB BPEIHBIX YaCTHI], Ta30B, Macel, TOIUIMBA, U3IYYEHUM HE TOJIBKO IPU 3KCIUIyaTalluH, HO U IIpU
XpaHEHUH U TPAaHCIOPTUPOBAHHMM), CBETOBBIX, 3BYKOBBIX, OMOJIOTMYECKUX, PaJMALMOHHBIX (PacTH-
TEJbHBIA U XKUBOTHBII MUP) U IPYrUX BO3JACHCTBUI Ha OKPYKAIOLLYIO CPEAY C LEIbI0 UX OrpaHHUYe-
HUS 10 JOIIYCTUMBIX IIPEIEINIOB.

8) Ge3omacHOCTD JTOJDKHBI 00ECIIEYMBATh KOHCTPYKIIUS MAIIMHBI, MEPHI U CPEACTBA 3aAIUTHI JIIO-
Jei, paboTaoIMX Ha MAIIMHE U PSAOM C HEeH Npu SKCIUTyaTalMi, MOHTa)e-JEeMOHTaXKe, PEMOHTE,
XpaHEHUH, TPAHCIIOPTUPOBAHUH, B 30HaX BO3MOKHOH OIACHOCTH, B TOM YHUCIIE B aBapUUHBIX U IO-
clleaBapUIHBIX CUTYalUAX OT MEXaHMUYECKHUX (3alMTa JBUXKYILUXCS 3JIEMEHTOB MAlllMHbl KOXKYXaMHU,
3aHOCHI U YCTOWYMBOCTh, Ha TIOBOPOTAX U MPU BPALICHUU MOBOPOTHBIX IJIAT(GOpPM, B MPOJOIHHOM H
IIONIEPEYHOM HAIPABICHUSAX MPOTHB OMPOKHIBIBAHHUSA), HIEKTPUUECKUX (3aMBbIKaHUs B 3JIEKTPOLIEIIN),
TEIUIOBBIX (pa3orpeBacMble CTPOUTENIbHbBIE MaTEpUalbl, I1ap, MOBBIILIEHHAs TEMIIEpaTypa BOJIbl, IBUTa-
TeJIs, CBapKa M HallJlaBKa) BO3AEHUCTBUI, SIIOBUTHIX U B3PbIBUATBHIX IAPOB, IIYMOB, PaAHMOaKTUBHBIX
W3JIyYEHHUU U T.11.

CHmwKeHue TpaBMaTH3Ma JOCTUTAETCs MOBBIIIEHUEM IPOYHOCTH U XKECTKOCTU KOHCTPYKLUU Ka-
OMHBI, HCIIOJIb30BAaHHEM Ha HUX O€30CKOJIOYHBIX CTEKOJI, YCTAHOBKOW HAa OKHAX 3aLIUTHBIX PEIIETOK,
a B MOTOJIKE - aBapUUHOIO JI0Ka, 00ECIIeYeHHOCThIO 3BYKOBOM M CBETOBOI curHanuzanueil u nmpubo-
pamMu, IpeayNnpeKIaloNMMA O KPUTHUECKUX CUTYalUsX M MPH B3aUMOJEHCTBHH C COBMECTHO pabo-
TAIOIIKUMHU PabOYMMHM, AaBTOMAaTUUYECKUMH YCTPOCTBaMuU 6€3011aCHOCTH U OJIOKUPOBKHU. bosnbIioe 3Ha-
YeHHUE UMEET 0030pHOCTH, T.€. XOPOIIasi BUJMMOCTh M OCBEIICHHOCTH pa00YHX OPraHOB U OKPYXKAaro-
IIMX MX Y4aCTKOB pabodell cpeibl, B TOM YHUCIIE C KPYrOBbIM 0030pOoM Uil MOOMIBbHBIX MamuH. Ha
MaIIMHE JOJDKHBI YCTAHABIMBATHCSI OTHETYIIMTEIH, IPOTUBOOCKOJIIOYHbIE KO3BIPHKU, CTEKIOOUUCTH-
TEJIW, OMBIBATEJIN U YCTPOICTBA, HCKIIIOYAOIME 00JIeIecHEHHE U 3all0TeBaHUE CTEKOJI, oborpeBaresien
JUISL XOJIOJTHOTO BPEMEHH I'0J1a, KOHIUIIMOHEPOB IS )KAPKOr0 U TPOIIMYECKOr0 KJIMMaTa ! T.J.

9) TEeXHOJOrHYHOCTBH IIPENYCMAaTPUBAET ONTUMAJIBHOE PpACIpPEIEICHUE 3aTpaT MaTepHalloB,
CPEICTB, TpyAa U BPEMEHU IIPHU IOJrOTOBKE NPOU3BOJICTBA, U3TOTOBICHUH AETajeil, COOpKe U oTAeN-
K€ y3JI0B U MAIIMHBI B LIEJIOM, SKCIUTyaTallud U PEMOHTax (B TOM 4HCJEe YA0OCTBO 3aMEHbI Y3JIOB U
arperaroB), BO3MOKHOCTb MCIOJIb30BaHUS [IPOrPECCUBHBIX TEXHOJOTUI ¢ aBTOMaTHU3aluei mporec-
COB ITyTE€M BHEJPEHUS MAHUITYJIATOPOB U IPOMBIIUIEHHBIX POOOTOB.

10) TpancnopradeJbHOCTh MalllMH U O00OpYIOBaHUS JOKHA O0ECHEYUTh MX IPUCIIOCOOJIEH-
HOCTb K TMEpPEMELICHUIO B IPOCTPAHCTBE Ha TpaHCHOPTe (aBTOMOOMIIBHOM, JKEJI€3HOJOPOKHOM, BOJ-
HOM, BO3JIYILIHOM), C MPHUIENIOM, Ha CHEIUAIIbHBIX TPAHCIOPTHBIX CPEACTBAX U CBOMM XOJOM C MH-
HUMAaJIbHBIMU 3aTpaTaMu TPyJla ¥ BPEMEHU Ha MOATOTOBHUTEJbHbBIE omnepalnuy (yKiajaka B Tapy, ymna-
KOBbIBaHHE, YACTUYHBIN JEMOHTaX, Orpy3Ka, KPEeIJIEHUE U T.II. C IPOTUBOIOJIOKHBIMH OIlE€palusIMU
10CJIe EPEBO3KN).

11) nareHTHO-IpaBOBbIe TPeOOBAHMUS IIPEIYCMATPUBAIOT MATEHTHbIE YUCTOTY (OpUTHHAJIbHBIE
peleHHs B KOHCTPYKLMH MallliH) U 3allUTy (3aiBKM Ha M300pETEeHUs B Hallel CTpaHe, MAaTEeHTHl B
CTpaHax MpeJIoJiaraéMoro 3KCIOpTa) MAILUH U ABJISAIOTCS OCHOBHBIM (PaKTOPOM IPH OIpEAeTICHUU
UX KOHKYPEHTOCIOCOOHOCTH, AJIi BO3MOKHOW peaju3allii He TOJIBKO B CTPaHE, HO M Ha BHEUIHEM
PBIHKE.

12) 3xoHOMHUYecKHe TPeOOBAHMS XaPAKTEPU3YIOTCS LIEHON U SKOHOMHUYECKUM 3P PeKTOM, orpe-
JIeJIIEMbIMH Ha CTaJUsIX MPOEKTHUPOBAHMS, MTOATOTOBKH MPOU3BOJICTBA, U3TOTOBJICHUS, UCIIBITAHUN U
9KCIITyaTalluy IPU COOTBETCTBYIOIIEM YBEJINYEHUH NPOU3BOAUTENBHOCTH, CHUKEHUHM MacChl Mallu-
HBI, CTOUMOCTH IepepadaTbIBa€MOM MPOAYKIIMHU U YIYUILIEHUU Ka4eCcTBa BBIIOIHAEMBIX PaloT.

Bce BbIensnoxxeHHble TpeOOBaHUS, MPEIBIBIAEMbIE K CTPOUTEIbHBIM MaIllMHAM U 000pya0Ba-
HUIO, PETJIAMEHTUPYIOTCS COOTBETCTBYIOIIMMM 3aBOJICKMMH, OTPACIEBBIMHU, TOCYIApCTBEHHBIMH U
MEXyYHapOJAHBIMU NPAaBUIaMH, HOPMaMHU U CTaHJapTaMHu.

[TpakTHyecku Bce MaIIMHBI COCTOSIT U3 PsAJa OCHOBHBIX COOPOYHBIX €IUHHI], K KOTOPHIM MOXHO
OTHECTH XOJI0BOE, CUJIOBOE U pabouee 00OpyAOBaHHE, TPAHCMUCCUU U CHUCTEMBI YIpaBJIEHUs, yCTa-
HOBJICHHBIC Ha 00111eH pame (HEMOBOPOTHOM, MOBOPOTHOM ) MJIM CTAHUHE.

Kaxnas Mamnmna uMeeT psia TOKYMEHTOB, 0€3 KOTOPBIX HEBO3MOXKHO €€ U3TOTOBIICHHE, SKCILTyaTa-
st 1 peMOHT. OCHOBHBIMU SIBJISIFOTCS:

e yepTex 00IIero BuAa - JTOKyMEHT, ONPEAESIONMI KOHCTPYKIIMIO MAIUHBI, B3aUMO/ICHCTBHE

€€ OCHOBHBIX YacCTEH U MOSICHAIOINMN NPUHLIMI JEHCTBUS;
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cOOpOYHBIC YEPTEKH U YEPTEIKH JIeTANICH - TOKYMEHTHI, N300pakalolIye AeTalb U JaHHBIC IS
€€ M3TOTOBJICHUS W KOHTPOJSA (pasMmepbl, 00padoTKa, AOMYCKH, MOCAAKH) WA COOPOUYHYIO
€IMHUILY U JJaHHbIE JUIs1 €€ COOPKU U KOHTPOJIS;

CXEMBI - IOKyMEHTHI, Ha KOTOPBIX B BUJIE YCIOBHBIX 0003HAYCHUI OKA3aHbI COCTABHBIC YaCTH
MAIIIMHBI ' CBSI3U MEXIYy HUMHU (KMHEMAaTHYeCKas JJIi MEXaHHYECKOTO MPUBOJA, dIIEKTpUYC-
CKasi, TUJIpaBIIn4ecKas, THEBMAaTHUECKas H Jp.);

TEXHUYECKOE OTMHMCAHUE U MHCTPYKLUS 10 SKCILTyaTalluu;

WHCTPYKIHUS IO MOHTAXY, IEMOHTAXY U IEPEBO3KE (10 HEOOXOAUMOCTH).
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INPAKTUYECKOE 3AHSATHE Ne 2
IHOAT'OTOBKA U CBOPKA TPYBOIIPOBO/10OB B CUCTEMAX TI'B

2.1 O6uue cBegeHus o0 Tpydax

TpyOonpoBoABI CITyXAaT JJIsl TPAHCTIOPTUPOBAHHMSI )KUKOCTEH, Ta30B, Mapa, a B OTACIbHBIX CIyJa-
X JUIS TIepeaydl JaBJICHUS] B KAYeCTBE MMITYJIbca. YacTo TpyObl UCTIONB3YIOT KaK 3JIEMEHTBI METaJl-
JIOKOHCTPYKIIUH.

TpyObl B 3aBUCIMOCTH OT MaTepHalia, U3 KOTOPOTO OHH HM3TOTOBJICHBI, JCIATCS HAa Memaiiuyde-
ckue (cTanbHbIe, YyTYHHBIE, ATFOMUHUEBBIC, MEIHBIC U T.I1.) U HeMemaliudeckue (KEpaMUIecKue, ac-
OecToleMeHTHbIE, OETOHHBIE, KEJIe300€TOHHBIE, IIaCTMACCOBBIE U T.I1.).

OcHoBHasl pa3MepHasi XapaKTePUCTHKA TPYO M COSAMHHUTENBHBIX YacTeld K HUM - GHYMPEHHU
ouamemp mpy6wi. HOMUHaIIbHAS BEJTMYMHA BHYTPEHHETO JAMaMETpa B MUJUIMMETPAX WM €r0 OKPYyT-
JICHHOE 3HaYCHUE HA3BIBACTCS OUAMEMPOM YCII08HO20 Npoxooa Dy.

[Tpo4HOCTH TPYO M UX COCAMHUTEILHBIX YaCTEH JIOJDKHA COOTBETCTBOBAThH YCIOBHOMY JIaBJICHHUIO
Py tpancnioptupyemoii cpensl. [lon ycroeuvim oagrenuem MOHUMAIOT HauOOIIbIIEe NU30BITOYHOE AB-
nenue, uzmepsiemoe B IMackansax (ITa) mpu Temmepatype 293 K (20 °C), npu xotopom obecneunBaercs
JUTHTEIbHAs paboTa TPyOOIPOBOIOB M UX JJIEMEHTOB (COSAMHHUTEIBHBIX YacTel, apMarypsl). Yucio-
BOE 3HAUEHHUE yCIOBHOIO JAaBieHus ykasbiBaercs B ' OCTax Ha kaxblil BUI TpYO.

Ha npakTrke TemmepaTypa TpaHCIOPTHPYEMBIX KUAKOCTEH MOXKET K0JIeOaThCsl B 3HAUUTEITHHBIX
npezenax. HauGosnpiee H30bITOYHOE JaBICHHE TPAHCIIOPTUPYEMOH Cpeibl PH padoyei TeMIiepary-
pe, Ipu KOTOPOM oOecrieunBaeTCs JUIUTEIbHAsS padoTa apMaTyphl U COCIMHUTEBHBIX YacTel, Ha3bl-
BaeTcs pabouum oasnenuem Pp.

[T10THOCTB, a TaKKe MPOYHOCTH TPYD, COCMMHUTEBHBIX YaCTEH W apMaTypbl MPOBEPSIOT Npoo-
HbIM (UCTIBITaTEeNIbHBIM) OagneHuem Prp, KoTOpoe Ooubiie pabodero gaBieHus. VcnbITaHUs MPOBOIST
BOJI0i1 pu Temmeparype He MeHee 278 K (5 °C) uu Bosmyxom.

[To HazHaueHuto TPyObl pa3AENAIOT Ha mpyobl 0bue2o HazHavyeHus (ISl COOPYKEHUS BOJIOBOJIOB,
TEIUIOTPACC, TAPOTIPOBOJIOB) H MpyObl OJis MASUCMPATILHBIX 2A30HEGmMenpos0008s.

B xapaxrtepuctuky Tpy6 Bxomaar: ['OCT, HapyxHBIH AMaMeTp, TOJIIWHA CTEHKH, JTMHA TPYOHI,
TeopeTHUIecKast Macca | M JUTHHBI TPYOBI, a TAK)KE IMOKA3aTeNIM KAYeCTBA MMOBEPXHOCTH U XUMUICCKHIMA
cocTaB MaTepuana Tpy0, moATBepKIaeMble CepTU(PUKATOM KayecTBa.

2.2. CoennHeHNe CTATbHBIX TPYD

B crpouTenscTBe CTanmbHBIE TPYOBI MPUMEHSIOT KaK JJIsl MOHTa)ka CAaHUTAPHO-TEXHUYECKUX CH-
CTEeM, TaK M B KauecTBE KOHCTPYKIIMOHHBIX MaTEpUAJIOB (CTPOMTEIbHBIE JIECa, PA3IMUHbIE OTpakie-
HUS, DJIEMEHTHI KOHCTPYKITHH ).

[To cnocoOy M3roToBNEHUS CTaJdbHBIE TPYOBI OBIBAIOT w06HbIE (60002A30NPOBOOHbIE) U beculos-
Hble.

[IToBHBIE TPYOBI UCMONIB3YIOTCS AJISI MOHTa)Ka BHYTPEHHHMX CHCTEM OTOIUIEHUS, XOJIOAHOTO U To-
psYero BOAOCHAOXKEHWs, Tra30CHAOKEHHUS. DTH TPYOBI BBIMYCKAIOT JIBYX BHJOB: OLMHKOBAHHBIC H
HEOIMHKOBaHHbIE (4epHble). OIMHKOBAHHBIE TPYOBI MOKPHITHI CIOEM LIMHKA, MPEIOXPAHSIOIIEr0 UX
OT KOPPO3HH, U TPUMEHSIOTCS UII MOHTa)Xa CHCTEM IMUTHEBBIX BOJOIPOBOJIOB M TOPSYETO BOJIO-
cHaOxeHus. BonmorazonpoBojiHble TpyOBbl MOCTYNAOT HAa CTPOMKY ¢ LMIMHAPUYECKOM pe3b0oil Ha
KOHIIaXx U My(Tamu ¢ TOM ke pe3r0oii u3 pacuera ogHa My(dTa Ha KOKIYIO TPYyOy.

BecmoBubie TpyOB! (ropsiue- U XOJIOJHOKAaTaHbIE) MPUMEHSIOTCS Ul Haubojee OTBETCTBEHHBIX
YYaCTKOB CaHUTAPHO-TEXHUYECKUX CHUCTEM M KOHCTPYKIMH, a TaKKe B HE JIOCTYIHBIX UII PEMOHTA
MecTax.

Kpome yka3aHHBIX BBIIIE TPYO BBITYCKAIOT 97€KMPOCEApHbIE MpYObl ¢ NPAMbIM WU CNUPATbHBIM
weom. ITU TpyObl OOBIYHO UCIIONIB3YIOT MPH COOPYKEHUU HAPYKHBIX KOMMYHHUKAIMHA 3HAUUTEIBHOTO
JaMeTpa.

BoporazonpoBosinbie TpyObl COETUHSIOT MEXIy COO0M pazvemHbiMu WA HEpa3beMHbIMU COeOU-
Henusmu. HepazbeMHbIE COCIMHEHNSI BHITIONHSIOTCS] CBApKOH. Pa3beMHbIe COCMHEHMSI BBITIONHSIOT Ha
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pe3pbe u Ha (rannax. Pe3srOoBbIe COETUHEHUS! OCYIIECTBIIAIOT C MTOMOIBIO COSIMHUTENBHBIX YacTei
(¢puTHHTOB) Ha MUIMHAPUICCKON TPYOHOU pe3b0e, BBIMOIHIEMON HEMOCPEACTBEHHO Ha TpyOe WM Ha
NPUBaprUBAaEMOM CIeNUAIbHOM mTynepe. /s co3aanust TepMETHYHOTO COSMHEHUS BOJOTa30IIPOBO/I-
HBIX TPYO pe3b00BOE COEAMHEHUE YIUIOTHSIOT JIbHSIHOM MPsAbI0, CMOYEHHOM KeJIe3HbIM CYpUKOM, 3a-
MEIIaHHBIM Ha HATYPaJbHOH oyn(e UK MyTEM IMOJIMOTKHU IIACTMACCOBOM JIeHTHl DYM.

Ha pucynke 2.1 mokaszaHbl XapaKTepHbIE AJIEMEHThl COEIMHEHUN BOJIOTA30MPOBOAHBIX TPYO Ha
pe3boe.

2) ! = 2
y2P N 7
- ,&—3 MM

——— e —
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O L QL\ \' hu\:/.unmmnf
v :
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o

a - Ha KOPOTKOii pe3nde, 6 - Ha NIMHHO pe3r0e (CroHe), B- IITYEPHOE COSANHEHUE

1 - Tpy6a, 2 — MybrTa, 3 - KOHTpraiika, 4 - mrTynep, 5 - HaKuaHAs pe3pOoBas raika

Pucynok 2.1. CoeauHenue ctajibHbIX TpYO Ha pe3b0e

[TpumenstOT 1Ba BUa TPYOHBIX pe3bOOBBIX COEAUHEHHH - Ha KOpomKux u OnuHHbIX pesvbax. Co-
€IMHEHNE Ha KOPOTKUX pe3b0ax OCYIIECTBISAIOT OCIEA0BATEIbHBIM BBEPTHIBAHUEM COECTUHAEMBIX
MEXy cCOO0H y4acTKOB TpyO B QUTHUHIU U apMmatypy. JlsiuHa pe3bObl 10KHA OBITh HEMHOTI'O MEHBbIIIE
nosioBUHBI MyPThl. [locnenHue aBa BUTKa pe3bObl TOMKHBI CXOJUTh Ha KOHYC (cOer) Juist IpuAaHus
IUIOTHOCTH COEAMHEHUI0. Pa3beM TakuX y4acTKOB TPyOOIIPOBOIOB BO3ZMOXKEH, €CIIH OJTHO U3 COEIH-
HEHMI Oy/IeT BBIIIOJHEHO Ha JUIMHHOHN pe3b0e. To coeJMHEeHne Ha3bIBaeTcs c2oHom. CTOH COCTOUT
U3 JUIMHHOM pe3bObl, KOHTpraiiku U My Thl. JlInHHAs pe3bda JokHa ObITh TaKOM, YTOOBI Ha Hee
CcBOOOJTHO HAaBMHUMBAJINCH KOHTparaiika u my¢ta. [[Ji1 pa3beAMHEHUS CTOHA KOHTPraiky u MyQTy
CBHHUYMBAIOT HAa KOHELl TPyOBI ¢ JFTMHHOM pe3b00ii, mocie 4yero pa3beJUHIIOT CTHIKU TpyO. B MoH-
Ta)KHOW MIPAKTHKE B MECTaX MPUCOETUHEHUS apMaTyphl U 000pyA0BaHUs UCHIOJIB3YIOT CTOHBI CTaH-
napTHOH anuHbL. B Tabmune 2.1 npuBeneHs! pa3Mepbl CTaHAAPTU30BAHHBIX CTOHOB.

Tabnuna 2.1 - Pa3Mepsl cTaHIapTU3UPOBAHHBIX CTOHOB

CoenuHUTENBHBIE YAaCTHU JUIS BOJOTA30IPOBOJHBIX TPYO M3rOTABIMBAIOT M3 KOBKOTO YyryHa U
ctanu. Ha pucynke 2.2 npencraBieHsl Haubosee ynorpeOurenbHble GUTHHTU. TOPLOBBIE TNIOCKOCTH

YcnoBHBINH Jmira, MM
MPOXO0/, CroHa, KOPOTKOH pe3b0Bl, JUTHHHOM pe3b0Fl,
Dy ler I I,
15 110 9 40
20 110 10,5 45
25 130 11 40
32 130 13 55
40 150 15 60
50 150 17 65
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(UTHHTOB JOJKHBI OBITH NEPIICHAUKYIISPHBI OCSIM IMPOXO/J0B U UIMETh 3aX0/IHbIE (hacKH.
HenocraTtkom pe3bOOBBIX COEAMHEHHUH SBISETCS CHUKEHHE MEXaHUYECKOM NMPOYHOCTH y4acTKOB
TpyOONIPOBOJIOB B MECTAX COCTUHECHHUS.

a - KoMIleHcupyromas Mydra, 0 - mpsimMast KopoTkas My(dra, B - mepexonHas MypTa, T - pyTopka, 1 - KOHTpraika, € - IBOHHOI HUIMIIEINb,
K - IPSIMOM YTOJIbHHUK, 3 - IEPEXOAHOM YTrOJIBHUK, U - IPAMOI TPOWHUK, K - IEPEXOJHON TPOMHUK, J1 - TPOMHUK C ABYMsI IEPEXOIaMH, M
- IpsiMasi KpECTOBHHA, H - IEPEX0iHast KPECTOBUHA, O - MPOOKa-3ariIymika, IT - KONMaK-3ariIyllka, p - COeANHUTEIbHAs raiika

Pucynku 2.2 ®UTHUHIY YyTyHHbIE

CoenuHeHne pe3bOOBBIX BOIOTA30MPOBOIHBIX TPYO OCYLIECTBISIOT € MOMOIIBIO TPYOHBIX KO-
Yeid, TOKa3aHHBIX Ha PUCYHKe 2.3.

dnaHIeBOE COEIMHEHHE COCTOUT U3 (hIaHLEB, YIUIOTHUTENBHOM MPUKIAAKH, OOATOB (MM ILIIH-
JIeK), raeK ¥ maio. B caHuTapHO-TEXHUYECKUX CHCTEMaX MPUMEHSIOT (UIaHLbl KpYTiaon (hOpMBI.

Ha pucynke 2.4 nmoka3aHbl pa3HOBUJHOCTH KpyribiX (pianueB. Ha mecto MoHTaxa ¢uaHIbl Mo-
CTYIAIOT, KaK MMPaBWJIo, C MPUBAPEHHBIMU OTpe3KaMu TpyO miM ¢iaHubl Tuna (2) ¢ 1menpio yHuduiu-
pOBaTh ONepaluy CBAPKH Ha MOHTHPYEMOM OOBEKTE.

B 6onpumHcTBe caydaes a1 Py = 1,6 MITa u temmeparyps 10 300 °C draHIs! H3roTaBIuBaoT u3
ctanu mapku BCt3cn, 6onTsl - u3 ctamu Mapku 20, 25, 35, a raiiku - u3 cranu mapku 10, 20, 25.

Bo160p KOHCTpYKIIMU (rIaHIEB 3aBUCUT OT pabouuX MapaMeTpoB U (PU3UKO-XUMUYECKUX CBOMCTB
TPAaHCIOPTUPYEMOT'0 IPOJYKTa, OT Marepuaia TpyO. diaHIbI MOT'YT ycTaHaBIUBAaThCs Ha TpyOe He
TOJIBKO C TIOMOILIBIO CBapKH, HO U Ha pe3boe. [IpumMeHstoT ¢uaHIbl, yaep)kuBaeMble Ha TpyOe 3a cueT
O0TOOPTOBKH KOHIIOB TPYO MJIM MPUBAPEHHBIX K TpyOaMm Kosel. I'epMeTuyHOCTh ()JIaHIIEBOTO COeAMHE-
HUS JOCTUTaeTCsl C MOMOIIBIO MPOKIIAZOK U3 YIIPYroro Marepuaia, pa3MeIiaeMoro Mexxy TOpLeBbIMU
MOBEPXHOCTSMHU (hIIaHIIEeB
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a - PBIYQXKHBIN, 6 - pa3JIBUXKHOM, B - HAKUHOH, T - LIETHON

Pucynoxk 2.3. Kiitouu TpyOHbIC

<

a - BUJIBI (UIaHIIeB, O - COCAMHCHNE HA MPUBAPHBIX (DIaHIax,
B - cefieNiku (baHIeBbIe, T - CoeHeHNe (HyTepOBaHHbIX TPYO;
1 - Ha cBapke, 2 -C WIEHKOMH, 3 - Ha MPUBAPHOM KOJIbIIE, 4 - HA OTOOPTOBKE,
5 - Ha pe3s0e, 6 - TpyOa, 7- 6o, 8 - npokiaaka, GyTepOBOUHBII CIION.

Pucynok 2.4 CoeauHeHnEe CTATBHBIX TPYO Ha (aHIax
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Martepuan nmpoKIagoK JOKEH 00a1aTh JOCTAaTOYHOU MPOYHOCTHIO JUIsl BOCTIPUSITUSI BHYTPEHHE-
T'0 JIABJICHHS M TEMIIEPaTYPHBIX Y/UIMHCHUH TPYOOIIPOBOJIOB, XUMHUYECKOW CTOMKOCTBIO B arpecCHB-
HBIX CpE/lax, TEPMOCTOMKOCThIO. B 3aBUCMMOCTH OT MaTepuaia MPOKIAIKU OBIBAIOT HeMemdaliuye-
ckue u memannuyeckue. TIpOKIaJIKN U3TOTABIUBAIOTCI U3 MEXHUUECKOU Pe3umbl, NPOKIA00UHO20 N
acbecmogozo Kapmowna, hmoponiacma, antOMUHUsL, Meou, CEUHYA.

[TprMeHeHHe pa3IMYHOrO THIA MaTepHalia B 3aBUCUMOCTH OT pabOUYMX JaBJICHUN U TeMIIepaTyphl
puUBeICHO B Ta0wie 2.2.

Tabnuna 2.2 — O6nactb NPUMEHEHHS] MAaTEPUAIIOB YIIJIOTHUTEIBHBIX MTPOKIIAJIOK

Martepuan Paboune
TeMIIepaTypa, nasienue, Mlla
°C
Texunueckas pezuna TMKII]
(Temno-, MOp030-, KUCIOTO-, oT - 60 o +90 mo 1
1eJI0UeCTOMKAsT)
Pe3una IIMb
- +
(MacnobeH30cToiKas) 40 710 + 80 7o 1
ITopanur IIOH 110 + 450 710 6.4

(ob1ero Ha3Ha4YEHNU)
IIpoxnanounslil (MpoNUTaHHbII)
KapTOH Mapku A

Ac0ecToBBIi KapTOH ot - 15 no +450 jo 1,15
dTopomact (MpUMEHsIeTCs IPU

1o +40 1o 2,5

oT - 296 1o
TPaHCHOPTHPOBAHUH arPECCUBHBIX +950 o 2,5
JKUIKOCTEH)
AIOMUHMEBBIE IUIOCKUE MPOKIIAIKH oT ; ;gg o 10 4 MITa
MenHble NpOKIaaKu ot -196 o +250 1o 20

[Tpu cOopke ¢raHIEeBBIX COEAMHEHU HEOOX0IMMO 00eCcrieunBaTh CHMMETPUYHOE PACIIONOKEHHE
0TBepCTUi 1o OONTHI (IIMUIBKH) OTHOCUTEIBHO OCH COEAMHAEMBIX TPyOOnpoBooB. CMeleHue OT-
BEPCTUH JIBYX COMNpPSIKEHHBIX (DJIAHIIEB HE JIOJDKHO IPEBBINIATH MOJOBHHBI PaA3HOCTH HOMHHAIBHBIX
JIMAMETPOB OTBEPCTHS M YCTaHABIMBAaeMOro Oonta (Wiu MIMUIbKH), T.e. (o - Osonr)/2. Hemb3ss
yCTpaHATh IepeKoc (IIaHIIEB JOMOJHUTENIBHBIM HaTsHDKEHHEM OOJITOB M YCTAHABIMBATH KIMHOBBIE
npokiaaku. Ilepekoc ¢umanneB Ha ctanbHbIX TpyOax Dy 50 MM ycTaHaBIMBarOT myTeM NOJATMOKU B
XOJIOZJHOM COCTOSTHHH, a 1pu Dy 65 MM 1 BEIIIIE - ITyT€M MECTHOTO HarpeBa TPyOBbI.

["aiiku BO (hIaHIEBBIX COCTUHEHUSAX JOJDKHBI OBITH PACIONOKEHBI C OJHOW CTOPOHBI, & BBIXOJ
KOHIIOB OOJITOB WJIM INIMUJIEK U3 raeK JOJKEH ObITh OJJMHAKOBHIM (HE MEHEE YeM Ha MoJTopa U He 0o-
jee 4eM Ha Tpu mara pe3pObl). [Ipy BepTUKaTbHOM PACHONIOKEHUH TPYOONpPOBOJa rOJOBKH OOJITOB
pacrojararTcs CBEpXy.

OTtBepcTHst 0 GOATHI JOKHBI ObITH CBEpPJIEHBIMU C POBHBIMHU KpasimMu. Pe3p0y 001TOB 110 ycTa-
HOBKHM CMa3bIBaIOT TpapTOM Ha MUHEPATHHOM Macie. 3aTAruBaTh OONTHI (IIMUIBKH) CIEAYET paB-
HOMEPHO IPH MOOYEPETHOM MOCTENIEHHOM 3aBepThIBAaHUM Taek (kpecT-HakpecT). [Ipu nmapaniensHoi
IpOKJIaAKe TPyOOpoBO10B (hiIaHIIbl PacloiaraloT Bpa30exKy.

Henocrarku ¢aHIeBbIX COEAMHEHUN COCTOAT B OOJIBIIOM Pacxojie METasia, BBICOKOM CTOMMOCTH
M3TOTOBJICHHUSI, @ TAK)KE MEHBILEH 110 CPAaBHEHUIO CO CBAPHBIMU COEIMHEHUSIMU HAJIEKHOCTH B dKCILTya-
TaIUH.

Hepa3zvemuble cOeIMHEHUS BOJIOTA30MPOBOAHBIX TPYO OCYIIECTBIISIOT C IOMOIIBIO CBAPKU BCTHIK
WM BHaxJjecT. BHaxiect TpyObl cBapuUBalOTCS, KOTJa HYKHO COE€AMHUTH TPYOBI C YCIOBHBIMH JHa-
METpaMH, 3HAYUTEIbHO OTIMYAOIMMUCS Ipyr oT Apyra. Hanpuwmep, 15 u 25 MM, 20 n 32 MM 1 T.4.
Takass HEOOXOAMMOCTh BO3HHMKAET MPH OCYUIECTBICHUM COECIUHEHHI C MOMOILIBIO HEMOJBHKHOTO
KOMITEHCUPYIOILIEr0 CTaKaH4YMKa JTHM00 MMepexoJ0B OJJTHUX AUAMETPOB TPYO Ha Jpyrue.

beciioBHbIE U 37€KTpOCBapHbIE TPYOBl COEAUHSIOTCS Ha CBapKe BCTHIK, a K apMaType U 00opyo-
BAHUIO MPUCOEANHSAIOTCS C TOMOILBIO (DIIaHIIEB.
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2.3. CoenHeHHe YYTYHHBIX TPYO

UyryHHsie TpyObl IPUMEHSIIOT U Hapy>KHBIX CHCTEM BOJONPOBOJIA, HAMTOPHBIX U CAMOTEYHBIX
CHCTEM KaHAJIM3aIlMU U BOJOCTOKOB. [IpenMyIIeCTBO YyryHHBIX TPYO - nO8blueHHA 001208€YHOCHIb
[0 CPaBHEHHUIO CO CTAJIbHBIMH U KOPpO3uliHas cmoukocms. VIX HENOCTaTKU - 3HAYUTENIbHAS Xp)yn-
Kocmy ¥ 00JIbIIAS MPYOOEeMKOCHb MOHMAN}CA TPYOOIIPOBOIOB.

UyryHHsle TpyObl M3rOTaBIUBAIOT U3 CEporo 4yyryHa. TpyObl CHapyX u M U3HYTPHU MOKPHIBAIOT
He(PTAHBIM OUTYMOM. B pe3ynbTaTe MOKPHITUS BHYTPEHHSS TOBEPXHOCTh TPYOBI CTAHOBHUTCS OoJjee
[JIaJIKOM, YTO YMEHbILIAET TPEHUE BOJIbI O CTEHKHU TPYObl. TpyObl BBIITYCKAIOT C pacTpyOamu.

TpyOonpoBoabl, COOpaHHBIE W3 YYTYHHBIX TPYO, Pa3AensioT HA 8000MPOBOOHbIe (HanopHvie) u
KAHAIU3AYUOHHDbIE.

BonomnpoBoaabie TpyOOIIPOBOIBI MOHTHPYIOT M3 UYTYHHBIX TPYO, M3TOTOBJIICHHBIX CMAYUOHAD-
HbIM lumbeM B TiecyaHble GOpPMBI AUAMETPOM yCIIOBHOTO mpoxoaa oT Dy 65 no 1200 mm u meToaoM
HEHTPOOEIKHOTO H MOIYHETIPEPBIBHOTO JIUThS OT Dy 65 10 1000 MMm.

CoeauHuTENIbHBIE YaCTU K BOJOMPOBOJHBIM TpyOaM OTIMBAIOT M3 CEPOr0 YyryHa B IEeCUaHbIe
(GbOpMBI UM KOKWIJIb JUIsI pacTpyOHBIX W (IaHIEBBIX coeAwHeHmit. Ha pucyHke 2.5 mpeacraBlieHBI
HauboJsee XapakTepHbIe U3 HUX.

/// ////////
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a - pacTpyOHOE C 3aJIeNTKOI IEHFKOBOM MPSIIBIO U [IEMEHTOM, O - TO Ke
C PE3WHOBBIM YIUIOTHUTEJIEM, B - TO e (ableBOe C PE3UHOBBIM YILIOTHUTEIEM

1 - rmagkuit KOHel TPyOBI, 2 - IIEMEHT, 3 - IEHbKOBas IPsAb, 4 - pacTpyo,
5 - pe3UHOBHI YIIOTHUTENB, 6 - OONT ¢ TaiKkoi, 7 - HAKUMHOH (iaHe.

Pucynok 2.5. CoequHEHUS YyTYHHBIX BOJIOTIPOBOIHEIX TPYO

PactpyOHble coeTMHEHUST BOIOTIPOBOIHBIX UYT'YHHBIX TPYOOIIPOBOJIOB BBIMOJIHSAIOT IBYMs BUIaMU
3aIEIIKU: JCeCmKUMU U 2IACIUYHBIMU.

XKectkas 3amenka pacTpyOHOTO coeqUHEHHs (PUCYHOK 2.6) OCHOBaHa Ha HCIOJIBb30BAHUM IS
VIUIOTHEHUSI pacTpyOa pacHIMPSIONIEro IeMEHTa, ac0eCTOLIEMEHTHOM CMeCH, cephbl. DTH TBEPCIOIINE
MaTepHajbl MPUAAIOT CTHIKY IPOYHOCTh, & TEPMETHYHOCTh 00eCrieunBaeTCs 3aKOHONAaunBaHUEM CMO-
JSTHOM MEeHbKOBOM mpsAau. UToOBl KOHEI CMOJISHOM NP, CKPYYEHHBIH B XI'YT, HE momnain B TpyoOy,
IIPY HaMaTbIBaHUU IIEPBOT0O BUTKA €r0 MPUKUMAIOT, 3aXJIECThIBAasl CBEPXY O4YEpPEAHBIM BUTKOM. JKryT
BIOHSAIOT B 3a30p TPYObl U pacTpyOa KOHOMATKON M YIUIOTHSIIOT, 3amoiiHss 2/3 riyOuHbl pacTpyOa.
[Tocne ymioTHEHMS )KTYTOM 3a30p 3alOIHSIOT KECTKOW 3a/1€TKOM B BUJIE PaCIIUPSIOLIETOCs EMEHTA
(crmerka yBIaXHEHHOTO) HJIA aCOECTOIIEMEHTHON CMECHIO.
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Pucynok 2.6 3agenka pacTpyOHOTO COeAHHEHHS

AcbecrouemenTHas cmech npurortosisercs 3a 30... 40 MUHYT 10 UCHOJIB30BAHUS IYTEM CMellle-
HUs acOeCcTOBOro BOJIOKHA HE HIbKe ueTBepToro copta (30 % mo Macce) u mopTiaaHIAIlEeMEHTa MapKu
He Hrke 400 (70 %), nodapnsis Boay B konuyectse 10... 12 % ot maccel cmecH.

Jns obecrieueHHsi KaueCTBEHHOTO TBEPACHHUS LEMEHTa, pacTpyOd CBEpXy 3aKphIBAIOT MOKPOH
TPSIKON, KOTOPYIO BpeMsl OT BpPEMEHH CMauuBaroT. B 3uMHee Bpems JUisl yBIaXKHEHUS LIEMEHTa WIN
CMECH HUCTIONIb3YIOT TOPSIYIO BOIY, pacTpy0 OJOTPEBAIOT, CTHIKH MOCTIE 3aUYCKAHKH YTETUISIOT.

CoenuHeHHne YyryHHBIX TpYO C 3a7ienkoil pacTpyOoB yemenmom M acbecmoyemMeHmHou CMechbo
TpeOyeT 3HAYMTEIHHOTO MEePHOAa BPEMEHH JUIS CXBAaThIBAHUS LIEMEHTA. | epMETHYHOCTh COCTUHEHHUS
3aBHCUT OT KAauecTBa YIJIOTHEHHs NpAau U LeMeHTa. [Ipu mosBieHnu Teun Takoe CoeMHEHue Heoo-
XOJIUMO TOJIHOCTBIO TIEpeeaTh.

Texnuueckas cepa WCIONIb3yeTCs AJIS 3alIOJHEHUS 3a30pa B pacTpyde B pacijiaBI€HHOM COCTOS-
Huy nipu Temmnepatype 130... 135°C. Pactpy6 3anmBaroT cepoii u3 KoBIIa BMecTUMOCThI0 0,5 am° Ha
YJUIMHEHHOW pydYKe 3a OJUH NpHeM, He pa3pbiBas cTpyd. [Iporecc TBepleHUs cephl Mmocie 3aJUBKU
nutest S... 10 muH. 3amenka pactpyba cepoil MeHee MPOYHa, YeM [IEMEHTOM.

OnacTuyHas 3a/eKa pacTpyOHOro COeIMHEHHsI OCHOBaHA Ha MCIOJIb30BAHUU JJIACTUYHBIX MaTe-
PHANIOB: pe3uHOB8bIX Koaey, MaHdcem | Tp., 00ECIEUNBAIOIINX HEKOTOPYIO THOKOCTh COEIMHEHUS U
BBICOKYIO F€pMETHYHOCTh CThIKa NMPH HEOONBIINX 3aTpaTax Tpy/a MPH MOHTaXe.

Kananu3zanuonsble TpyObl, M3TOTOBJIEHHBIE U3 CEPOT0 YYr'yHa CIIOCOOOM YeHMpPOoOeHCHO20 TUThS,
COEAMHAIOTCSA Ha pacTpybax aHaJIOrMYHO YYTYHHBIM BOAONPOBOJIHBIM TpyOaMm. Hamuume Oosbiioro
KOJIMYecTBa (PaCOHHBIX yacTel (pUCYHOK 2.7) Ha BHYTPUIOMOBBIX TPYOOITPOBOJaX KaHATU3ALMOHHBIX
CHCTEM JIeJIaeT 1esIeco00pa3HbIM 3a4eKaHKY MHOTOYMCICHHBIX CTBIKOB IMPOU3BOAMTH B IIEHTPAIU30-
BaHHBIX 3arOTOBHUTEIBHBIX MAaCTEPCKHUX, KOMIOHYSI YKPYITHEHHBIC Y3IIBL.

2.4. CoenuHeHnne acHecTOIEMEHTHBIX H KepaMUYeCKHX TPYO

AcOecTorieMeHTHBIC TPYOBI BBITYCKAIOT HANOpHbule - JUIS HAIIOPHBIX CHCTEM BOJO-, Ta30-, Mapo-
MIPOBOJIOB U Oe3HanopHvle - NS CAMOTEYHBIX CHUCTEM KaHAJIM3allMH, BOJOCTOKOB, MYCOPOIPOBOIOB,
APCHAXHBIX KOJJICKTOPOB MCIIMOPATHUBHBIX CUCTEM.

AcbecTorieMeHTHbIe TPpyObl M3rOTaBIUBAIOT U3 CMECH MopTiaHanemMenta — 85 % (mo macce), ac-
6ec3Ta 3-ii u 4-i rpynmnel — 15 % u Boxbl (Ha KaXXIbli Kujorpamm acOecTorieMeHnTa 100aBisioT 4... 5
IIM®).
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Hanopuvie acbecmoyemenmuvie TpyObl pa3iuyaroT MO TOJIIMHE M MPOYHOCTH CTEHOK HA TPU
kiacca - Tpyost BT6, BT9 u BT12. Tpyost BT6 u BT9 no Dy 150 mm u BT12 no Dy 200 MM BBITTYC-
KatoT JumHON 2950 MM. AcbecTouieMeHTHbIe TpYOb! Oonbmero nuamerpa (6omasme Dy 200 MM) BbI-
nyckatoT aiauHon 3950 u 5000 mm.

MO MOH

a - mpssMoit marpy6ok I1, 6 - komnencaunonssi matpyook I1K, B - o6brqHast Mmypra MO, 1 - HagBwkHas mydpra MOH, 1 - oTeTyn
OTC, ¢ - koneno K, % - oteox 110°, 3 - mpsamoii Tpoitruk TI1, u - kocoi Tpoitnuk TK 45°, k - pesusus P, 1 - npamas kpectopuna KK, M
- KOcasi KPECTOBHHA, H - IEPEXOJHON MaTpyOoK.

Pucynox 2.7. ®acoHHble YacTH AJIsl YyTYHHBIX KaHAJIU3aLHUOHHBIX TPyO

CoenuHSIOT HAallOpHBIE acOECTOIIEMEHTHBIE TPYOBI C MOMOIIBI0O My(PT (acOECTOIEMEHTHBIX U UY-
T'YHHBIX) C COOTBETCTBYIOUIMMHU YIUIOTHEHUSMHU.

Tpyosr BT6, BT9 u BT12 nocTaBisitoTcss KOMIUIEKTHO ¢ acOECTOIEMEHTHBIMU My(pTaMu U pe3u-
HOBBIMH YIIIOTHUTEIHHBIMU KosbllaMu CAM-6, CAM-9 u CAM-12 cOOTBETCTBEHHO (PUCYHOK 2.8,B).
Tpyosr BT9 Moryr KOMIIEKTOBATHCS UYT'YHHBIMH BTYJIKAMH C PE3UHOBBIMH KOJBIAMH (PHUCYHOK
2.8,r).

besnanopnvie acboecmoyemenmuvlie mpyObl IPU MOHTa)Xe COEIUHSIOT Ha acOECTOLEMEHTHBIX
mydrax (pucyHok 2.8,0,11), MOCTABIAEMBIX KOMIIJIEKTHO ¢ TpyoaMu. My(ToBbIE CTHIKH O€3HAMOPHBIX
TPpyO KOHOTIATIT CMOJISTHOM MPSABIO U 33€TBIBAIOT IIEMEHTHBIM PACTBOPOM HIIH OUTYMHOW MacTHUKOIA.

Kepamunueckue TpyObl IPUMEHSIOT NMPH YCTPOWCTBE OE3HAMOPHBIX MPOU3BOJCTBEHHBIX M XO035ii-
CTBEHHO-OBITOBBIX KaHAJM3AIIMOHHBIX CETEH, JJIST BOJOCTOKOB, IPOKJIAIBIBAEMBIX B MECTaX C arpec-
CHUBHBIMH IPYHTOBBIMHU BOJIaMH, a TaKKe JUIsl JPEHAXKHBIX CeTel.

[To Ha3HaYeHMIO KepaMUUECKHE TPYObl OBIBAIOT KAHANUZAYUOHHBIE, OPEHAJICHbIE U KUCTIOMOYNOp-
Hble.

a - HaropHas TpyOa, 6 - 6e3HanopHas Tpyoda, B - coequHenne CAM, T - coenunenune Tpyd BT9, 1 - coenunenne 6e3HanopHoi TpyOHT;
1 -tpy6a, 2 - pe3uHOBas KOJbIEeBas MaHxkeTa, 3 - mydpra CAM, 4 - yyryHHas BTynka, 5 - 6onrt, 6-pnaner, 7 - acOecToleMeHTHas
mydra, 8 - cMossIHAs PAAB, 9 - IEMEHTHAs WM OUTYMHas 3a/eJIKa.

Pucynox 2.8. AcOecTolieMeHTHBIE HAlIOPHBIE M O€3HAIOPHBIE TPYOBl M MX COETMHEHHE
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Kepamuueckue xananuzayuonnvlie mpy6si M3roTaBINBAIOT U3 IUIACTUYHBIX CIIEKAIOLIUXCS TYro-
IUTAaBKUX TJIMH ¢ HEOOJbIION ycankoi (He 6osee 7...8 %) B cMecu ¢ IIaMOTHBIM MOPOIIKOM, KOTOPHBIi
nob6asisitor B ruHy B KonmdectBe 30...40 % dopmoBanHOM Macchl (mmxThl). OTGOpPMOBAaHHBIE U3
MPUTOTOBJICHHON IIMXTHl KaHAIM3AI[MOHHBIE TPYObl MOJCYIIUBAIOT B CHEIHABHBIX CYHIMJIKaX MpH
temnepatype 150°C 1o noctmxenns 2...3 % BIaKHOCTH. BrIcylieHHbIE TPyOBl MOKPHIBAIOT IIA3yPhIO
(CHapy»u U BHYTpH), KOTOpasi COCTOUT U3 JIETKOIUIABKOM TJIMHBI, TIOJIEBOTO LITAaTa, Mella, MapraHiie-
BOW pyZAbl U MPOYMX KOMIIOHEHTOB, JIENAIOUINX BHYTPEHHIOIO MOBEPXHOCTb TPYO IIafkoi u Ooiee
XUMHYECKH CTOMKOW. 3aKIIFOUUTENbHBIN 3Tal M3TOTOBJICHUS KepaMHUYECKHX TpyO - OOXKHUI B Iedax
npu Temrneparype 1250...1300°C B Teuenue 48...60 u. B pe3ynbrate 00)kura riasyph 3aKperuisercs Ha
MOBEPXHOCTU TPYO M OHM IMOIY4alOT HEOOXOIUMYIO MPOYHOCTh. Kepamuueckue KaHaIM3aIl[MOHHBIE
TpyOBI BeimyckaroT aiuuHoi 1000 u 1500 MM, auamerpamu ot 150 10 600 MM ¢ pacTpydamMu Ha OJTHOM
KOHIIE U C Hape3KO0il (BUHTOBOI) Ha IPYTOM.

CoenuHSIOT KepaMU4ecKrue KaHAJIM3alMOHHbIE TPYOBl, BCTAaBIIsAs KOHEIl OJHOM TpyOBI B pacTpyd
npyroi. KosbiieBoii 3a30p Mexy Tpyoamu B pacTpyoe Ha 1/3 riyOMHBI YIUIOTHSIOT MPOCMOJICHHON
NEHHKOBOM TPSAIbI0 WJIM KAaHATOM, OCTAJIBHYIO YacTh pacTpy0Oa 3alenbIBarOT 21uHou (TIUHSIHBIA
CTBIK), YeMeHMHbIM (Ulu acbecmoyemeHmHubim) PaCTBOPOM (LIEMEHTHBIA CTBIK), OUMYMHOU MACMU-
Kkou (OUTYMHBIN CTBIK).

Ha pucysnke 2.9 npeacraBieHbl CTBIKM KEPAMUYECKUX TPYO.
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a - acanpToM, 6 - IEeMEHTOM;
1 - mpocMoneHHas makis, 2 - acaabToBas MACTHKA, 3 - LEMEHTHBIH PacTBOP.

Pucynok 2.9. 3amenka cTHIKOB pacTpyOHBIX TPYO:

['MUHSHBIA CTBIK UMEET 3aMOK M3 TJIMHBI Ha pacTpyOe 1mo Bcei okpyxHocTH mupuHoi 200...300
MM U TommrHOM 50...60 MM. [ TTHHSHBIE CTHIKK HENB3sI PUMEHSITh B 30HE APEBECHBIX HACAKICHHUMN U3-
32 OMaCHOCTH MPOpacTaHus B TPyObI KOpHEH.

[leMeHTHBIE CTHIKA MPUMEHSIIOT B CIIy4asX MPOKIAIKH KepaMHUUYECKUX TPYyOONpPOBOJOB Ha IUIOT-
HOM OCHOBAHHWH, UCKJIFOYAIOIIEM UX MPOCAJKY, T.K. TOT CTBIK HE 3JacTU4eH. J[Jis mydinero coenuue-
HUS LIEMEHTA C IPSJIbI0 B 3a30pe pacTpyda MOCIeAHUN CIION MpsAIU AENAl0T U3 HE CMOJISTHOTO KaHaTa.
3a/enKy CThIKa MPOU3BOIAT CerkKa yBIaXHEHHOW IIEeMEHTHOM (Min acOecTOleMEeHTHOI) Maccol, co-
CTOSIIIIEW M3 OJHOW YacCTH MOPTIAHAIIEMEHTa U OJHOM YacTH cessHoro mnecka (uimu 0,5 yactu acbecta
HEe HIDKe 6-ro copta). Boay H00aBisiOT HEMOCPEICTBEHHO MepeN 3aJeIKON CTHIKOB B KOJIUYECTBE
10 % ot maccer cmecu. lleMeHTHYIO (MM acOECTOIIEMEHTHYIO) CMECh BBOIST B 3a30p pacTpyoda OT-
JENBHBIMH CIIOSIMM CHAayYajla pyKamH, a 3aTeM MPOTaJKKUBAIOT BHYTPh pacTpyda M YIJIOTHSAIOT CIepBa
OCTpPOM 4EKaHKOM, a 3aT€M TYIIOM.

butymHBIN CTBIK HanboJEee PACIIPOCTPAHEH B CTPOUTEIHCTBE KaHAM3AIMOHHBIX ceTeil. MacTuKy
JUTSL 3aJTUBKH pacTpyOOB M3TOTOBIISIOT M3 acanbToBoii MacTuku (60 % mo macce) u 6utyma bH-III

MacTuKy pa3orpeBaoT 0 TeKydero cocTosHus npu Temmnepatype 170°C. Tlepen 3anmBkoii cThIKa
BIIQXKHBIM pacTpyO W KOHEIl TPYObI MPOCYIIMBAIOT MAasIbHOW JIaMITOW. 3ajJuBaTh MAacTUKY MOXKHO B
pacTpyObI TpyO pacIoioKEHHBIX KaK BEPTUKAIILHO, TaK U TOPU3OHTaIBHO. ['Opsiuast MacTuka 3anuBa-
€TCsl HEMOCPEJICTBEHHO B pacTpyO, €ciii TpyObl paco0KEeHbl BEPTHKAIBLHO U Yepe3 JTUTHUK (TJIUHS-
HBII1), €CITU TPYOBI paCIoI0KEHbI TOPU30HTAIBHO.

BUTYMHBIN CTBIK AIaCTHYEH, BOJOHETIPOHUIIAEM M XOPOIIO COMPOTHBIISETCS arpeCCUBHOMY k-
CTBUIO TPYHTOBBIX BOJI. OJTHAKO, 9TU CTHIKM HEIOMYCTUMBI IIPU OTBEJICHUU OT rapaxeil, Hedredas, a
TaxoKe P MOCTYIIEHHH CTOYHEIX BOJL C TeMIepaTypoii Beimte 40°C.

Ipeumywecmeo acbecmoyemeHmHbIX U KePaMuyeckux mpyoonpogooos 1o CpaBHEHHUIO C MeTaj-
JUYECKUMHU - BBICOKAsI CTOMKOCTh MIPOTHUB KOPPO3UU U O0OpaCTaHMsI BHYTPEHHEW MOBEPXHOCTH OTIIO-
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KEHHUSMH, BOJOHENPOHUIIAEMOCTh CTEHOK, HEOOJbIIas Macca, JIETKOCTh 00paOOTKH, MOPO30CTOii-
KOCTb Y HEBBICOKAsI CTOMMOCTb.

Heoocmamxkamu acbecmoyemenmublx U Kepamuieckux mpy6 SBISIOTCS BBICOKAs YyBCTBHUTEIIb-
HOCTH K y/1apaM, XpYIIKOCTb M OTHOCHUTEJIbHASI CJIOKHOCTh MOHTAXA.

[Tpu TpancmopTupoBaHHM aCOECTOIEMEHTHBIX U KEPaMUYECKUX TPYO HeoOXoauMo ux obeperarb
OT TOJIYKOB U YAApOB.

AcbecTolieMeHTHbIe TPyObl AOJKHBI OBITh IEPENIOKEHb! TOCKaMHU, IJIOTHO YBS3aHbI B IITA0ENs
HPUKPEIUICHBI, YTOOBI IPEOTBPATUTH packaTbIBaHUE TPYO.

Kepamunyeckue TpyObl TPAaHCTIOPTUPYIOT B BEPTHKAIBHOM THoJoxkeHuu. [Ipu morpyske u pasrpys-
K€ acOeCTOLIEMEHTHBIX U KepaMHUECKUX TPYO He JOIyCKaIOTCs yAaphl 110 TpyOaM U cOpachlBaHUE MX
C BBICOTBIL. OTU TPYOBI XPaHAT M0/ OTKPHITHIM HEOOM, paCCOPTUPOBAHHBIMU I10 MapKaM U IUaMeTpaM.
HwxHuii psn TpyO pacroniaraiot Ha JepeBSHHBIX MMOJIKIAAKAX U 3aKPEIUISIOT.

2.5 CoennHenne 0eTOHHBIX U KeJIe300€TOHHBIX TPYO

TpyObl u3 O6eToHa (3aTBepAeBIlas CMECh LIEMEHTA, IIECKa, IPaBUsl U BOJbl) U3TOTOBIISIOT 110 Yep-
TexXaM OTAeNbHbIX BegoMcTB auamerpoM 200... 1000 MM, minHOi 1... 2 M. YTOOBI MOBBICUTH NPOY-
HOCTb U3JeNuil, 0ETOH yCHJIMBAIOT CTAJbHOW apMaTypoi; Takue TpyObl Ha3bIBAIOT JKEI€300€TOHHBI-
Mu. Camyro G0JBIIYIO IPOYHOCTh UMEIOT JKeJIe300€TOHHBIE TPYOB! C IPEBAPUTEIILHO HANpPsKEHHON
apMaTrypoi.

XKenezoberoHHbIe TPYOBI BBHITYCKAIOT ABYX BHJIOB: HamopHble u Oe3HamopHble. [Ipon3BoacTBO
XKeNe300€TOHHBIX TPYO COCTOUT U3 CIEAYIOUIMX TEXHOJOIMUECKUX OIepalMii: MpUroroBiieHHe Oe-
TOHHOM cMecH, OAroToBKa ¢opM, OeToHHpoBaHHE TPYO (C yIJIOTHEHHWEM OeTOHAa BUOPUpPOBAHHEM
WIN HEHTPOOSKHBIM CITIOCOO0OM), TeTioBast 00paboTKa, U3BJICYEHUE TOTOBBIX TPYO U3 (HopM, BBIIEPXK-
Ka B KaMepe C [EeNbI0 YIIPOYHEeHUsT OeTOHa.

Kene3zoberoHHble HAIOPHBIE TPYOBI MPOU3BOAAT IUAMETPOM yciaoBHOro mpoxozaa Dy ot 500 no
1600 MM, amuHOM 5 M. B 3aBucuMocTH oT pabouero gaBieHUs B TpyOOINpOBOJE HaloOpHbIE TPYObI
HOoJpa3zeNaoT Ha Tpu Kinacca: 1- P,= 1,5 MIla; 2 - P,= 1 Mlla; 3 - P,= 0,5 MIla. Otu 1pyOs! H3ro-
TaBJIMBAIOT U3 OeToHa Kiacca He MeHee B40, KOTOpbIl apMUPYIOT NpPEeIBApUTEILHO HANPSKEHHOU
apMaTypoi. DTu TpyOBI MCTIOIB3YIOT /ISl MPOKIIAAKH ITOI3EMHBIX TPYOOIIPOBOAOB, TPAHCIIOPTHPYIO-
IIMX KUAKOCTH, KOTOPbIE 110 CBOEMY XHUMHUYECKOMY COCTaBY HEarpecCUBHBI IO OTHOLIECHHIO K OETOHY,
apMaType U YIUIOTHUTEIbHBIM PE3MHOBBIM KOJIBIIAM CTHIKOBBIX coeMHEeHul. [Ipumenenue xene3ooe-
TOHHBIX HAllOPHBIX TPYO TO3BOJISIET 3HAYUTEIHFHO YMEHBIIUTH PACcXO]] METalljla, CTOUMOCTh TPYOO-
IIPOBOJTHBIX KOMMYHUKAIIMH M SKCILTyaTallMOHHBIE PACXO/Ibl B CPABHEHUH C METANTHIeCKUMU. CTBHIKH
HAIOPHBIX TPYO repMETU3UPYIOT PE3UHOBBIMM KOJIbLIAMHU, KOTOPBIE MOMEIIAIOT MEX/1y BHYTpPEHHEH
MOBEPXHOCTBIO pacTpyda 1 OypTUKOM, pacloyIOKEHHBIM Ha KOHIIE TPYOBI.

JKenezobemonnvle b6esnanopuvie mpyovl peAHa3HAYCHBI TSI IPOKJIAJKH MTOI3EMHBIX Oe3HaIop-
HBIX TPYOOIIPOBOJIOB, TPAHCIIOPTHPYIOIINX CAMOTEKOM OBITOBBIE JKUIAKOCTH M aTMOC(EpPHBIE CTOUHBIC
BO/JIbI, @ TAK)KE TPYHTOBBIE BOJIBI U IPOM3BOJICTBEHHBIE KUAKOCTH, KOTOPBIE TI0 CBOEMY XUMHUECKOMY
COCTaBy HearpecCUBHBI IO OTHOILIEHHIO K OETOHY TPYO.

besnanopHbie TpyOBI 110 (pOopMe TOTIEPEYHOTO CeUeHUsI OBIBAIOT Kpyeibie U Kpyeivle ¢ NAOCKOU No-
oowsoti (pucynok 2.10), a mo ¢opme KOHIIOB Tpyd - pacmpyonsie (pucynok 2.10,B,r) u ¢garvyessie
(pucyHok 2.10,1,e).
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a - TIoTepeyHoe CedeHHe KPYTIIoi TpyOEL, 6 - TO Xe C INIOCKO MOJOMIBOM, B U T - CTHIKH PAacTPyOHBIX TPYO COOTBETCTBEHHO THIIOB A H
B, 1 - cTrik panbueBbx Tpyo auamerpoM 400..800 MM, e - To xe auamerpom 1000...2400 mm.

Pucynok 2.10. CoenuHeHre Oe3HATIOPHBIX JKEJIC300CTOHHBIX TPYO

Kpyrinsie (pactpyOHbIe U (hanblieBbie) Oe3HANOPHBIE TPYObI H3TOTABIUBAIOT C YCIOBHBIM IPOXOIOM
Dy 400...2400 mm, a kpyrisie ¢ mnockoi nopomson 600...2400 mm. [{nuna Tex u qpyrux Tpyo 5 M.

Kenezobemonnvle besnanopuvie mpyosbl U3TOTABIUBAIOT C pacTpydaMu ABYX TUIOB: A (CM. pucy-
HOK 2.10,B) - 1715 3a/I€JIKU CTBIKOBOT'O COEIMHEHUS C TOMOIIBIO 3a4€KaHKU TepMeTHKaMu, b (pucyHok
2.10,r) - ¢ TOMOIIbIO YIUIOTHSIOUINX PE3MHOBBIX KOJIEI, TOCTABISEMBIX KOMIUIEKTHO C ATUMH TpyOa-
Mu. TpyObl U3TOTOBISIOT M3 OeToHa Kiacca He Hibke B25. be3namopHbie TpyObl BBITYCKAIOT HOp-
manvHot (H) U nogvluterHol (y) TpOYHOCTH, 3aBUCAIIEH OT TOJIIMHBI CTEHKH.

[Tpu MoHTa)e ene300€TOHHbIE TPYObl (HAOpHBIE M OE3HAMOPHBIE) MEPEMENIAIOT C MOMOIIBI0
TpaBepc ¢ MATKUMU MOJAKIIAIKaMH, He TOMYCKaIOIMMHU MOBPEXKIeHUST MaTeprana Tpy0. Jlomyckaercs
NepeKaThIBaTh TPYOBI 1O JIaraM WJIM MPOKJIAIKaM, YKIAJIbIBAEMbIM C TAKUM PAacdeToM, YTOOBI TPYOBI
HE OMMHMPAITHUCH Ha HUX (MJIM TIOBEPXHOCTH 110JIa) pacTpyOaMu M BTYJIOYHBIMU KOHIIaMu. [lepemerienre
TpyO 6e3 TOPMOKEHUS TI0 HAKIIOHHBIM IIJIOCKOCTSIM, TIEPEMEIICHNE X TT0 3eMJIe BOJIOKOM U Pa3rpy3ka
CO CBOOOJHBIM MAJCHUEM 3alperIaeTcs.

[Tpu xpaHeHuu >kene300€TOHHBIE TPYOB! YKIIAIBIBAIOTCS B IITa0eNs] TOPU3OHTAIBHBIMH PsIaMU
pacTpybamu B pa3Hble CTOPOHBI. [1o HIDKHUN ps TPYO MOMEIIAIOT JePEBIHHBIC TOIKIAAKU. JleTom
TPYOBI TP XPAaHCHHUH YBIAXHSIOT. B 3MMHMI MEepUoJ 3ampeniacTcsi BEIBO3UTH BIIAXKHBIE TPYOBI Ha
XOJIOJIHBIN CKIIaJ.

2.6 CoennHeHue MJIACTMACCOBBIX TPYO

CoenmHeHME MIACTMACCOBBIX TPYO OCYLIECTBISIOT CIOCO0aMHM, 3aBUCAIIMMH OT BUJA IJIaCTMAcC,
U3 KOTOPBIX U3TOTOBJIEHBI TPYOBI.

[TonuaTriienoBele TpyOs!l BbhicokoM tuioTHOCTH (IIDBII) m Huskoit (II9HII), misroraBnuBaemble
METOJIOM BBIJIABJIMBAHUS PA3MSATUYEHHOTO MOJIMATHIIEHA (SKCTPY3HH) COECIUHSIOT MPEUMYILECTBEHHO
KOHTAKTHOM CBapKoO# BpacTpyO miM BCTHIK (pUCYHOK 2.11a,0). DT TpyObl HCHONB3YIOT U1 MOHTaXa
CHCTEM BOJIOCHA0KEHHSI B 3aBUCIMOCTH OT JIOIYCTUMBIX Pa0OYMX JAaBICHUN MOJUAITUICHOBBIE TPYOBI
BBITTyCKatOT cieayromux TunoB: JI (nerkue) - mo 0,25 MIla, CJI (cpennenerkue) - go 0,4 Mlla, C
(cpemnue) - mo 0,6 MIla u T (Tsmkensie) - go 1,0 MIla. qnuna nomustuneHoBsix Tpyo TIOBII He
OTpaHUYEHA, TaK KaK OHU AJIACTHYHBI U 110 MEPE U3TOTOBJICHUS UX MOXKHO CBEpPTHIBAaTh B OyXTHI (IpU
Dy 10 50 mm).

Tpy6sr [I9HII umerot xecTkyto CTpYKTYpy M MO3TOMY MX JJMHa orpaHuyeHa - 3 m. [TomuaTuie-
HOBEIE TPYOBI Mopo3socToiiku (10 -50°C). IMomuBuEMIXIOpUAHEE (BUHUMIACTOBEIE) TpyOs HIIBX,
U3TOTOBJICHHBIE METOJIOM 3KCTPY3UHU M3 HEIUIACTH(HUIHMPOBAHHOTO MOJIUBUHMWIXIOPUAA U TUIACTU(DH-
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KaTOpOB COSAMHSIOT Ha KIIEI0, (IaHIaX, Pe3UHOBBIX YIUIOTHHTEIBHBIX KOJBIAX W HAKUIHBIX Taikax
(pucynok 2.11,B,r,1). [ToTUBUHUIXJIOpUAHBIC TPYOBI TPUMEHSIOT ISl YCTPOKWCTBA CUCTEM BOJOCHA0-
KCHHS ¥ KaHAIM3alUH, IJIs Ta30- U HETEIPOBOJIOB, Il TPAHCIIOPTUPOBAHUS arpeCCUBHBIX KHJIKO-
cTeil u ra3oB. TpyOompoBOAbl W3 TOJUBHHWIXJIOPHIA PACCUYMTAHBl Ha padouee naBieHue 10 Pp
0,6 MITa.

CoenunutenbHble (DaCOHHBIC YACTH TUIACTMACCOBBIX TPYO M3TOTABIMBAIOT Il HAIOPHBIX TPYOO-
NIPOBOJIOB M OE3HAIMOPHBIX (KaHAJIM3aIMs, BOAOCTOKN). DacOHHBIC YaCTH M3TOTABIMBAKOT C PaCTPy-
Oamu, MpeTHa3HAUYCHHBIMHU TSI COSAMHCHHSI ¢ KOHIIAMHU MTOJIMATUICHOBBIX TPYO KOHTAKTHOW CBApPKOW,
a TIOJIMBUHIIXJIOPUIHBIX TPYO - HA KIICIO.

[Tpu MoHTaxke TPyOONPOBOJOB U3 ITUIACTMACCOBBIX TPYO B MecTaX, TPEOYIONIHMX pazbema, TPYObI
COCIMHSIOT ¢ TTOMOIIbIO ¢aHIeB (pucyHok 2.11,8).

[TnacTtMaccoBbie TPYOBI BEITOAHO OTIUYAIOTCS OT METAJUTMYECKUX HE TOJIBKO SKOHOMHEH MeTala,
WHAYCTpUATN3aliedl MPOU3BOJCTBA U YKJIAJKH, HO CBOMMHU crienuduueckumu cBorictBamMu. K atum
CBOWCTBAM OTHOCST: JOCTATOYHYIO IPOYHOCTH, MIACTHYHOCTh JAXKE NMPU HU3KUX TEMIIEpaTypax, BbI-
COKYIO KOPPO3UHHYIO CTOWKOCTh, HETOKCHYHOCTh, MAIYI0 MAcCy, HU3KYIO TEIUIONPOBOIHOCTb, TJIaJI-
KYI0 BHYTPCHHIOIO TIOBEPXHOCTb, BCJICJICTBUE YETO MEHBIIEC THIPABINICCKOE CONMPOTUBIICHUE U HE3a-
pacTaHre MUHEPAILHBIMH BEIIECTBAMHU.

K oTpunareiabHbIM CBOHCTBaM IJIACTMACCOBBIX TPYO OTHOCSITCS HHU3Kas TEIUIOCTOHKOCTb, YyB-
CTBUTEJIBHOCTh K MEXaHHUYCCKUM IOBPEIKICHUSAM, CTAPCHUE TIPU JUTUTSILHOM BO3CHCTBUH COJIHEY-
HOTO CBETa U KUCIIOPOJIa BO3TyXa.

a - cCBapHbIe BpacTpyO, O - TO K€ BCTHIK, B - (praHIIeBOE Ha OTOOPTOBAHHOM TpyOe,
I - Ha PE3MHOBOM KOJIbLIE, [ - Ha KJICH0, € - (haCOHHbIE YacTH Jyisi OE3HAIIOPHOTo TPyOOnpoBoIa (KaHAIH3aIHH);

1 - pe3nHOBEIE YIIOTHUTEINBHEIE KONBIIA, 2 - MOHTAXHAs Taiika, 3 - KJIeeBOH 0B, 4 - 3a30p AJIsI KOMIIEHCAIIMN TeMIIepaTyPHBIX
VIIMHEHHH, 5 - TPOWHHK, 6 - KpECTOBHHA, 7 - MBYXIUIOCKOCTHAS KPECTOBHUHA, § - OTBOI, 9 - MaTpyOOK MPUCOSTUHUTEIBHEIH,
10 - mydra coemuanTenbHad, 11 - pepusus, 12 - Mmydra nepexomHasi.

Pucynok 2.11. CoennHeHHE TIIACTMACCOBEIX TPYO
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INPAKTUYECKOE 3AHATHE Ne 3.

TEXHHUKA U TEXHOJIOI'MSA CBOPKHU U 3AIIUTHI TPYBOITPOBOA0OB
OT KOPPO3UUN

3.1 Coopka BO31yX0BOJI0B U3 BETHbIX META/JIOB M CIJIABOB

CBapky BO37yXOBOJOB M3 HEP>KaBEIOLIEH CTalld IMPOM3BOIAT HAa NOCTOAHHOM Toke. Ilepen cBap-
KOH J1eTany J0JKHBI ObITh OYMIIEHBI OT Ipsi3u, Macia u T. 1. [lpuxBartku npu cOopke HEOOXOIUMO
BBITOJIHATH TOJIBKO CIIEHUATbHBIMU (T HEPXKABEIOIIEH CTaJIN) 3JIEKTPOIaMU WM [10JIyaBTOMAaTHYECKOM
CBapKoOMW B Cpelie yIIIEKUCIIOro rasa.

Ilepen cBapkoil BO3yXOBOJOB U3 aIIOMUHUS U €r0O CIUIaBOB IOBEPXHOCTh CBAPUBAEMBIX H3/EIHUM
HE00XO0MMO OYUCTUThH OT TYrOIUIABKON IVIEHKU. DTO BBIMOIHAIOT MEXaHUYECKUMU CIIOCO0aMH - IIpo-
BOJIOYHBIMH LIETKaMH U3 HEprKaBeroleil ctanu (auameTp npososioku 0,2-0,5 MM) MM XUMUYECKUMU
cniocobamu. [locne MexaHN4eCKoM OYMCTKU M3JeNusl IPUroIHbI K cBapke B TeyeHue 2-3 4. [Tocne 3a-
YHCTKH KPOMKH HEOOXOAUMO 00€3KUpUTh. [ 3TOro npuMeHsIoT OSH3MH aBHAIlMOHHBIN, alleTOHO-
BYI0 WIHM aBHALIMOHHYIO CMBIBKY, YaUT-cIUPUT U JIp. CBapKy allOMHHHUEBBIX BO31YXOBOJOB BBIIOJI-
HSIOT PYYHOH CBapKod ¢ BOJB(PPaMOBBIMH 3JIeKTpoaaMu Ha ycranoBkax YI-D00 u YI'-500, a
TaK)K€ aprOHOAYTIOBOM.

s cBapku BO3AYXOBOJOB M3 THTaHA '"MCHOJB3YIOT aproHOJYIOBYIO CBAapKy HeEIUIaBSIIMMCS
3JIEKTPOJIOM MTOCTOSIHHBIM TOKOM NPSIMOH MOJIAPHOCTH (MUHYC Ha 3JeKkTpoe). B kauecTBe anexrposaa
UCTIONB3YIOT BOJb(ppaMoBbie MPYyTKH. [Ipyu pydHO# aproHOyroBoi CBapke TakKe MPUMEHSIOT 3JIeK-
TPOJ, C 3aTOYECHHBIM Ha KOHYC YTJIOM.

3.2 Coopka HeMeTALIMYeCKHX TPYOONIPOBOI0OB

Bununnacmosevie u nonusmunenogvle mpyosl. BUHUIIIACTOBBIE TPYOBI JIETKO MOAJAIOTCS MeXa-
HUYECKOM 00pabOTKH, PACIUIIOBKE, pe3Ke, CBEpJEHHIO, (pe3epoBaHuio U T. N. [IpuMeHeHUs: BUHU-
TIacTOBBIX TPYO sBaserca Temmeparypa 60°C BuHHITACTOBBIE TPYOBI, 3aKIIOUEHHBIE B CTAIBHYIO
0607104Ky, IPUMEHSIOT TIpK TemmnepaTypsl 90 °C.

IIpu Temneparype 200-220 °C BHHHUIITACT; HEPEXOUT B TEKydee COCTOSHHUE U JIETKO CBAPHBAETCS,
YTO MO3BOJISIET COETUHUTH CO00M TPYOBI, (pacoHHbIE YacTu U JeTaiu apMarypsl. CBapKa IpOU3BOIUT-
CsI Ta30BBIMU MJIH DJICKTPUUECKHMU TOPEITKAMH C IPUMEHEHUEM TUTACTOBBIX MPYTKOB (PUCYHOK 3.1).
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a - rasoBasd,; 0- DJICKTpHUYCCKAs,

oAz

1 - pykosiTKa; 2 - Topernka; 3 - 3MeeBHK; 4 - COIIO; 5 - TperoIas CIupalb;
6 - aNeKTpUYECKUil LIHYD;

e
AT AR

AR I

|- monmaua Bo3ayxa; |l - momaua rasa; |1l - BeIXo ropstuero Bo3myxa

%:

Pucynok 3.1. Topenku ams cBapku BUHHIDIACTOBEIX TPYO

[Tpu ckiewBanuu TPyO Kiei HaHOCAT Ha 2/3 TIyOMHBI pacTpyda W HA JJIMHY KaJUOPOBAHHOTO
KOHIIA, TIOCJIe Yero KaJuOpOBaHHBIA KOHEIl MEIJICHHO BBOJST B pacTpyO 0 ynopa. B 3aBucuMoct ot
BEJIMYMHBI 3a30pa MKy BHYTPEHHEH MOBEPXHOCTHIO pacTpyda M HaApYKHOU MMOBEPXHOCTHIO TJIAKO-
ro KOHIIAa TpyObl KJIeli HaHOCAT OJHUM MIU JBYMS ciosMu. [Ipu coennHeHHu TPyO € MOMOIIBIO
HAJBM)KHOH MY(QTBI KOHIIBI TPYO MPOMA3BIBAIOT KJIEEM WM HAJBUTAIOT MPEABAPUTEIHHO HATrpPETYIO
mydty. HepazbeMHbIe KileeBble COeIMHEHNS BUHUIIIIACTOBBIX TPYO MOKa3aHbl Ha pUCYHKe 3.2.a.

Pacxon xiest Ha OTHO COSMHCHHE MPUHUMACTCS B 3aBUCHMOCTH OT JIHAMETPa TPYOBI:

HapykHBIH nuamerp D, MM 63 75 90 110 140 160
KOJIMYECTBO KIIES, T 15 20 30 50 75 105
Jeranu Tpy003aroToBOK MOCIH€ CKJIEUBAHUS JODKHBI HAaXOAUTCS B ITOKOE HE MEHee 2 4 U MOTYT
OBITh UCIIBITAHBl BHYTPEHHUM JIaBJICHUEM HE paHee YeM uepe3 24 4 mocie CKIeUBaHMUsl.
Jlna ckienBaHus IPUMEHSIOT KIIEH, COAep Kallluii BUHUIIOBBIE cMOJIBI U 86 — 84 % MeTnneHxso-

puna.

TR K X
CTIIL B R AATA |

0 ;
AT

a - cBapHbIe: BCTHIK, pacTpyOHOE, Ha HAJABIDKHOH MydTe; 0 - KiIeeBbIe: Ha HaJBIKHON My(dTe U pacTpyOHOE

Pucynok 3.2. Hepa3zbeMHbIC COCMHCHIS BHHUIUIACTOBBIX TPYO
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CBapka BCTBIK C NMPUMEHEHHUEM BHMHUIUIACTOBBIX MPYTKOB MPUMEHSETCS CIEAYIOUMM 00pa3oM:
KPOMKH CBapUBaeMbIX TPYO C MPEIBApUTENIBHO CHATBIMU (PACKaMU M CBApPOYHBIM MPYTOK HArpeBaroT
ra3oBBIMH TopenkaMu 10 Temmeparypbl 190-220 °C, nocie noa HeGOIBIINM JaBIEHHEM YKIAIBIBAIOT
110 MECTY COeiMHEHMs. MecTo 1Sl HaJOKEeHUs IPYTKa TOJDKHO ObITh YMCTHIM, CyXUM. IIpodHocTh co-
€MHEHUS HE3HAYUTENIbHA, 0COOEHHO MpU Harpy3Kax | Ipu usruoe.

Pactpy6GHOe coeanHeHune 0osee IpOYHO U BBIOJIHACTCS CIEAYIOUIMM 00pa3oM: Ha KOHIE OJHOU
U3 COeMHAEMBbIX TPYO cHEMAaIOT (manen yrioM 45% Ha mpyrom xoHie GopMmyroT pacTpyd U coenu-
HSIOT.

Honusmunenosvie u nponunenoevie mpyoonpoeoowt. Hepaznemubie coenunenus. OCHOBHOM
BUJl COEJMHEHUS TPYO - CBApKOW BCTHIK M BPAcTPyO KOHTAKTHBIM MeTo10M. CTBIKOBasi CBapKa peKo-
MEHJTyeTCs JUIs coelMHEHMsI TpyO U (pacOHHBIX yacTell ¢ TOJMIIMHON cBapKu Oojee 4 MM, pacTpyOHas
CBapKa - I COEAUHEHUs TPYO CO CTeHKaMu JIto0oH ToimuHbl. [Ipy KOHTaKTHOW CBapKe BCTBIK TOp-
bl TPyO HarpeBalOT JO OIUIABJICHUS UX IOBEPXHOCTEW HArpeBaTelIbHBIM HHCTPYMEHTOM, 3aTeM
OTUTAaBJICHHBIC TTOBEPXHOCTH COCIUHSIOT 1o HeOosmbmuM nasieHueM (0,15-0,2 MIla) B Teuenue 3-4
MUH. Pa3HOCTEHHOCTb U CMEIIEHHE KPOMOK CBAPUBAEMBIX JCTAJICH IIPU CTBIKOBOM CBAPKE HE JOJLKHBI
npesbiarh 10 % TOMIIMHBI CTEHKU TPYOBI.

[Ipr KOHTAaKTHOI cBapKe BpacTpyO OJHOBPEMEHHO OILIABIISIOT HArpeBaTEIbHBIM HHCTPYMEHTOM
Hapy>KHYIO TIOBEPXHOCTh KOHIA TPYObl M BHYTPEHHIOI INOBEPXHOCTb pacTpyOa, a 3areM ObICTpO
BJIBUTAIOT OIUIaBJICHHBIA KOHEL TpyObl B OIUIaBiIeHHbIN pacTpy0. CoearHeHre OObIYHO BBIMOIHSIETCS
C MIOMOILBIO pacTpyOHBIX (hacOHHBIX yacTell (My(dT, yroJbHUKOB, TPOWHUKOB U Jp.), U3TOTOBIISIEMbIX
METO/IOM JIUThS TI0J] AaBieHueM. [Ipu OTCYyTCTBHH MY(T 3aBOJCKOTO M3TOTOBJICHUS MX MOXHO CHE-
JaTh U3 OTpE3Ka TPYyObl, TOJNIMHA CTEHKU KOTOPOM 0OJIbIlIe TONIMHBI CTEHKH CBAPUBAEMBbIX TPYO.

[lepen cBapkoii HEOOXOAMMO THIATEIFHO OYHIIATH MMOBEPXHOCTH MHCTPYMEHTA OT HAIMIIIIETO Ma-
Tepuaja, KOIOTH, IPA3U U IPOBEPATH pa3Mepbl HAPYKHBIX KOHLIOB TPYO U BHYTPEHHUX JHMaMETPOB pac-
TpyOOB.

WMHCTpYMEHT ¢ LIMIMHAPUYECKUMHU OBEPXHOCTAMU IPUMEHSIETCS AJIsl COEMHEHUs TpyO U pacoH-
HBIX YacTeH U3 MOJMATUIIEHA HU3KOH IUIOTHOCTH, @ C KOHMYECKUMHU IMOBEPXHOCTSIMU - U3 MOJIMATHIIE-
Ha BBICOKOH MJIOTHOCTH.

[Tpu HarpeBe CBAPOYHBIX 3JIEMEHTOB OTKPBITHIM IUIAMEHEM KOHTPOJIb TEMIIEpATyphl IPOU3BOINUTCS
C TMOMOIIBIO TEPMOKPACOK M TepMoKapaHjameil. KoHTponb TemnepaTypbl pH cBapke TpyO W3 MOJH-
STHJIEHA HU3KOM IUIOTHOCTH JIOIYCKAEeTCsl MPOU3BOIUTH MTPOOOH Ha OIUIABJIEHUE IyTeM OBICTPOro Mpo-
BEJICHUSI YEPTHI 110 CBAPOUYHBIM 3JIEMEHTaM OTPE3KOM MOJIUATUIEHOBOM TpyOsl. [Ipu 3TOM Harpes cuu-
TaeTcs: JOCTAaTOYHBIM, €CJIM Ha AJIEMEHTAX OCTAeTCs MACIISIHUCTBIN, MEJUIEHHO HCHapsIoLuiics (B Teue-
Hue 5-10 c) ciex MOAMATHIICHA; HEJOCTATOYHBIM, €CIM MOJIMITHIIEH ciabo HaIMMaeT Ha 3JIEMEHTHI;
CIIMIIKOM BBICOKUM, €CJIU CJie] OBICTPO UCTIApSETCs, @ MOJIMATHIIEH IBIMUT U BO3TOPAETCSI.

3.3 TexHoorus nassHus

Ilaanue - 3TO TPOIECC COEIUHEHUS] METAIUIMYECKUX YacTel ¢ MOMOIIbI0 MeTaiia (MpUIos).
[Tpunoii B nmponecce nasHus pacIulaBiIssACh, IPOHUKAET B 3a30p MEXAY COCIMHIEMBIMU JIETAJSIMHU,
00pa3ys masiHbIN MI0B.

B 3aBucumoctu OT TemmepaTypsl IJIaBIECHMS pa3MdaroT MPUIIOM MIATKHE W TBepAble. Msrkue
TIPUTION TIMaBATCA mpu Temmeparype Hmke 400 °C u mpuMeHsIOTCS B TeX Cilydasx, Iie BHICOKAs
IPOYHOCTh MalKK He oOs3aTenbHa. [IpruMepom masHUS MATKUMH IPUTIOSIMU MOXKET CIYXHUTh HasHUe
JaTyHU, MU, OO KeCcTH, OIMHKOBAHHOW CTaJlM, Yejle3a OJOBSIHHO-CBUHIIOBBIMU MPHUIOSIMU Ma-
pok ITOC-90, TTOC-30 u 1.11. BykBBI, BXOzsAIIMEe B 0003HaUEHHE 3TUX Mapok o3HauatoT: I1 - mpunoi,
O - onoso, C - ceunen. L{udpsl yka3plBatlOT CKOJIBKO B 3TOM MPHUIIOE IMPOLEHTOB (IO Macce) 0JIoBa,
ocTanbHOe cBHHeEI. TemmepaTypa MIaBjieHHs TakuX mpumoeB B mpenenax 220...260 °C. OnopsHHO-
CBUHIIOBBIE IIPUIION TOCTABIISIFOTCS B BUJE€ MPYTKOB, MPOBOJIOK M TPYOOK (TPYOKM 3arOTHEHbI KaHH-
domnbio).

Teepovle npunou nnaesTcs Tpu Temrepatype okono 700 °C u mpuMeHsIoTCS 11 00pa30BaHMS
IPOYHBIX TEMIEpPaTypOyCTOWYHMBBIX IIBOB. B kauecTBe TBEpbIX MPUIIOEB HanboJiee 4acTO MPUMEHS-
I0T MEJIHO-IIMHKOBbIE U cepeOpsHble cruiaBbl. /st cnaiiku OpOH3BI, CTAIM UCHOIB3YIOT MPUIIOU C CO-
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nepkaHueM Meau 10 68 %. MenHO-IIMHKOBBIE MPHUIION MOCTABISIOTCS B (OpMe 3epeH pa3Mepamu
0,2..3 MM (kmacc A) umm 3... 5 MM (k1acc b). CepeOpsiHbie TPUTION BBITYCKAIOTCS B BUJAE TOJIOC U
IpOBOJIOKU. /Il crianBaHus eTanel U3 allOMUHUS U €0 CIUIABOB IIPUMEHSIOTCS] IPUIION HA AJIFOMMU-
HHEBOI OCHOBE ¢ Temmeparypoii masnerns 525 °C. TIpu Takoii TeMIepaType Ha IIOBEPXHOCTH allio-
MUHHSI 00pa3zyeTcsi MpoyHasi TYroIUIaBKas IIeHKa OKUCIIOB. C Lebi0 HEUTpaTu3auy 3TOTO SBJICHUS
B 3a30p COEIUHEHHs BHOCAT ()JIIOC, KOTOPBIN B MpoIlecce MasiHus MpeloXpaHseT MEeTall OT OKUCIIe-
Husl. QIIIOC MIABUTCS paHbIIIE MPUIIOS], PACTEKASACH 110 OBEPXHOCTU U YAAIAET OKCUIHYIO IUIEHKY J10
Hayaja IulaBiieHus npumnos. bnarogaps sTomy npumnoii 6ecpensiTCTBEHHO 3aTeKaeT B 3a30Pbl U MPOY-
HO COeIUHSET AeTanu. [[puMeHsIoT cienyronye (Gparochl: XJIOPUCTIM HUHK (U MAHKK MEIH, JTaTyHH,
OpOH3BI U CTAJIM), COJITHYIO KUCIIOTY (IJIs1 TAalKK [IMHKA, 9yTr'yHa), Oypy (mpu maike TBEpIbIMHU TPH-
NOSIMH ), KaHU (OB (ITPU MASHUH SJEKTPOIPOBOIOB), CMECh XJIOPUCTOTO IIMHKA M XJIOPUCTOTO HATPHUS
(st MaliKy ATFOMUHUS ), @ TAKKE Pa3IMYHbIC MasUIbHBIC MACThI (THHOJb, QIFOA0P U Ap.).

XJOpUCTBIE IUHK MOXKHO TPHUTOTOBUTH MYTEM OIYCKaHUsS KyCKooOpa3HOro IuHKa B 50-
MPOLEHTHYIO COJIIHYIO KHCIIOTY JI0 TeX IOop, IokKa KucioTta nepectaner "kumets". [locnme atoro B
TPaBICHYIO KUCIOTY 100aBIst0T 0,5 4acTH HAIATHIPHOTO CHHMPTA U CHIILHO B30AITHIBAIOT IO TEX O,
MOKA PAaCTBOP CTAaHET MPO3PaYHBIM.

MecTa HaHeceHHUs MasIbHOTO 1IBA JOJDKHBI OBITH OUMUIIEHBI OT JKUPA, OKAIMHBI, TPSA3U. 3a30p
MEXy JeTalsiMU JoJbKeH ObiTh B mpeaenax 0,05...0,15 mwm. [lepen maiikoil moBepXHOCTh alOMUHHKE-
BBbIX JIeTajlledl OYMINAIOT IIyTE€M TPaBJIEHUs B 1e0YaX, IPOMbBIBAHUS BOJOW, OCBETJICHHUS B a30THOU
KHCJIOTE U BHOBb MPOMBIBAHUS BOAOH.

[lassHue MSATKMMM TPUIIOSMU OCYIIECTBIISIIOT TMAasJIbHUKAMU, U3TOTOBJICHHBIMU M3 YUCTOW MEJU.
®opmy nasyIlbHUKA U €ro pa3Mepbl BEIOMPAIOT B 3aBUCUMOCTH OT XapakTepa cCoeluHsAEMbIX AeTanei. B
GOJBIIMHCTBE CTyYaeB MPUMEHSIOT MOJIOTKOBBIE MASIBHUKH C yriaoM 3ampasku 25... 45°. IMasnpauk
HarpesaioT 10 400 °C, ouMIIaroT OT OKANHHBI, CMA3bIBAIOT XJIOPHCTEIM IIMHKOM M OOCIYKHBAIOT MPH-
noeM. 3aTeM MasuIbHUKOM MEIUIEHHO MPOTPeBalOT OyIyIIMK IIOB, MPEIBAPUTEIBHO cMa3aB ero (hiiro-
COM, M TPWXHUMAIOT MPHUION K MasyIbHUKY AJISl 3aMOJIHEHHS 3a30pa B IIBE PACIUIABICHHBIM MPHUIIOEM.
[Ipumnoii, npuctaB K MIOBEPXHOCTSIM LIBa, OCTHIBAET U, 3aTBEPEBAsi, CKPEIISET ClIauBaeMble JCTAIH.

[TassHue TBEpABIMHU MPUMOSIMU OCYUIECTBIAIOT B TAaKOW IMOCIeNoBaTeabHOCTU. OuMIlEHHBIE TO-
BEPXHOCTH CKPEIUISIIOT MATKON MPOBOJIOKOM B MOJIOKEHUHU, B KOTOPOM OHH JIOJIKHBI OCTaThCS TOCHE
nasHusl ¥ MecTa nmaiflku oOMa3bIiBaloT Oypoil. 3aTeM B IIBBI 3aKJIa/IBIBAIOT KYCOUYKU MPHUIOS U Harpe-
BalOT B FOpHE (WK MasuIbHOM JaMIioi) 10 TeX Mop, MoKa MPUION pacIUIaBUTCS U 3allOJHUT CllauBae-
MbI€ IIBBL. [Ipy OCTBIBaHWM KPOMKH I1IBA TPOYHO CKPETUIIIOTCS.

Jl1s 3aMThl MOBEPXHOCTEM OT P>KaBIEHUS U OKUCIICHUS NMPUMEHSIOT JyceHue U YUHKOGaHue.
OTH MPOLECChl CBSI3aHbl C HAHECEHUEM TOHKOTO CJIOSI 3al[UTHOTO METallJla Ha MOBEPXHOCTH JeTaei
(opebpenue kanopudepoB, MOBEPXHOCTH TEIIIOOOMEHHUKOB, TPYO). JIy)KeHUEe OCYIIECTBISIOT MTyTEM
HAHOCKH TOJY/ABI (OJIOBSHHO-CBUHIIOBHUCTBIN CIIIaB, OJIOBO) HA TMOBEPXHOCTh METOAOM pPaCTUPAHUS
WIHM TorpykeHus. L{MHKOBaHME OCYLIECTBISIIOT METo/IoM norpyxeHus. [IpenBapurensHbiMHu omnepa-
[USIMU OTUX TIPOIIECCOB SIBISIETCS MPOTPABIMBAHUE W MPOMBIBKA TMOBEPXHOCTEH, HaHOCKA uiroca,
nporpes. [lpu y)xeHun pacTUpaHueM XOpOLIO HarpeToe U3JAeaue CHUMAIOT C OTHS M OBICTPO pacTu-
paroT OJOBO XOJIIEBOM TPSMKOM, MEepPEeChIMaHHON MOPOIIKOM HAIIATBIPS, YTOOBI MOYUUJIICS TIaIKHA
cioi nonyel. [Ipyn HIMHKOBaHUU U3JIENKE MOTPYKAIOT B PaCIUIaBICHHBIN [IMHK U 3aT€M, BBIHYB, CTpsI-
XUBAIOLIMMH YAapaMu yIAISFOT MOATEKH PACIIIIABICHHOTO IIUHKA.

B nporecce nasHus, NyKeHUs U UHKOBAHUS HEOOXOIUMO COOIIOAATh MEPHI IPEIOCTOPOKHO-
CTU KaK BO BPEMsI OYMCTKH IMOBEPXHOCTEW M MOATOTOBKH UX K MailKe, TaKk U BO BPEMsl OCYILIECTBIIE-
HUSI 3THX mporieccoB. Oco0y0 OCTOPOKHOCTh CIEAYEeT COONI0ATh MPU paboTe C KUCIOTAaMHU, pac-
MJIaBJICHHBIM TPUIIOEM, HarPEThIMU MOBEPXHOCTSIMH U UHCTpyMeHTamu. [lomenienue, T/ie mpon3Bo-
JATCSI OTIEpaIliy TMasHUSI, JTY)KEHHUS U [IMHKOBAHUS JTOJKHBI 00€CTIEIUBATHCS IOCTATOYHON BEHTHIIS-
LHUEH.

Ckneuganue - 3TO TPOIECC COEAMHEHMs JAETajeil ¢ MOMOIIbIO CIEUAIbHBIX KJIEEeB, COOTBET-
CTBYIOIIIUX CKJIEMBa€MbIM MarepuaiaM. [[Isi CkilenBaHUs TIACTMACCOBBIX JETallell HMCIONb3yIOTCS
smokcuaabie kien tuna JI-4 u BK-32-OM, D/1-5 u 3/1-6 ¢ npuMeHeHneM OTBEpAUTEIS, IIacTuhuKa-
TOpa U HATIOJIHUTES, @ TAaKXKE KJIEM Ha OCHOBE TePMOpPEaKTUBHBIX noauMepoB bd. CkienBanue mpo-
MCXOJIHT TIPH TIOIOTPEBAHNH KJIEEBOTO MIBa 10 TeMmepaTypsl oT 20 10 200 °C B 3aBucumocts ot Map-
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ki kies. [locne oTBepaeHHs KieeBOE€ COCAMHEHUE CTOMKO K IIesiodaM U MUHEPAIbHBIM KHCJIOTaM.
ONOKCUIHBIMU KJIESIMH MOXKHO CKJIEMBATh METAJIJIbl, CTEKJIO, KEpaMUKY, KOXY, TKaHu. [Ipu pabore ¢
KJIeSIMU HEOOX0IMMO 0o0eperarh JIMII0 U PYKU OT MOMaJaHusi Ha HUX OpBI3T Kies, a Mociie padoThI
TIIATEIBHO BBIMBITH PYKH TOpsiY€i BOJIOM C MBLIOM.

3.4 MamuHbl 1 MeXaHU3MBI VISl COOPKH M CBAPKH CTAJBHBIX  TPYO 00JIbIIOr0 JuamMeTpa

st cBapku Tpy6 nuamerpom 1420 MM ¢ TonmuHON cTeHkH 20 MM MPUMEHSIOT KOMILJIEKC 000py-
noBanus "/lyra-2", BKIIIOYAIOMIMK CTAHOK Uit 0OpabOTKM KPOMOK, IIEHTPAaTOp-aBTOMAT IJsi COOPKHU
TpyO M BapKu BHYTPH NEPBOr0 (KOPHEBOIO) CJOS I1IBA, CBApPOUYHBIC T'OJOBKHU-aBTOMATHI IJISi CBApKU
HapYy)XHBIX CJIOEB, a TAK)KE arperaTr nutaHus. MM MoxHO cBapuBaTh 10 38 CTHIKOB B CMEHY IIPU CKOPO-
CTH cBapku 710 70 M/4.

Oc000 3P (HeKTUBHBIM B MOJIEBBIX YCIOBHUIX OKA3aJICS HOBBIA CIIOCO0 JIEKTPOKOHTAKTHOW CTHIKO-
BOM CBapKM IyT€M HENPEPBHIBHOTO OIUIABJIECHUS TOPLOB TPyO ¢ momomipio ycraHoBku tuna TKYC
(s cBapku TpyO B cekumu) U tuna TKVYII (mys cBapku cexkuuii B HUTKY TpyOompoBoza). TpyOsl
nuamerpom 1420 mMm cBapuBaroT ycraHoBkoit Tuna TKVYII, nazsannoii "Cesep-1". B ee cocraB Bxo-
14T cBapouHas mamnHa K-700 ¢ BHyTpeHHUM I'paTOCHUMATENIEM, IEPEIBUKHAS IU3€IbHAs DJIEKTPO-
CTAHLUS arperatsl JUIsl 3a4MCTKU KOHIIOB TPYO M CHSTHS Hapy>KHOro rpata. Bce arperarsl yCTaHOBKU
OCHAIIIEHbl CUCTEMAMU aBTOMAaTUUYECKOTO YIPaBJIEHUs MPOLIECCOM CBapKu. MM MOXXHO cBapuBarh 110
50-60 cThIKOB TpyO TaKOTroO AMAMETpa B CMEHY.

Ha cBapounbix 6a3ax (CTalMOHapHBIX M MOJyCTallMOHAPHBIX) (pUCyHOK 3,4) cBapKy TpyO B Cek-
IIUH Yallle BCETO BBIIOJIHSAIOT MO (PJIFOCOM C IOMOILBIO CBAPOYHOM roj0BKH, Hanpumep, thna [1T-56,
KOPHEBOH II0OB - MO/ 3alllUTON YIJIIEKUCIIOro raza ¢ NoMoulbio noiayasromara A-547p. [{ns coopku u
CBapku TpyO B ceKUuu UIMHOW 10 40 M B MOJEBBIX YCIOBUSAX O00OpYIyIOT TpyOOCBapodHble Oa3bl
(TCB) BOMM3HM Tpacchl ¢ IIe4oM o0cTykuBaHus 25-30 kM.

CranbHble TPYOBl COCTUHIIOT MEXIY OO0 Ha cBapke, a B MECTaX YCTaHOBKU apMaTyphl (3a]BU-
KEK, KpaHOB, BEHTUJICH U 1p.) - Ha (uannax. CBapka TpyO BKIIOYACT CICIYIOIINE TEXHOJIOTUYECKUE
olepaluu: MOArOTOBKAa TPyO M KPOMOK MX TOPLOB K COOpKe; packiajaka Tpy0 Ha CBapOYHBIX IOJ-
KJIaJKax (CTeJIaXax WIK CTeH/1ax); LIEHTPOBKA U CTATMBaHUE TPYO 0 TOCTHKEHUS MEXI1Yy KPOMKAMH
TOPLIOB HY>KHOTO 3a30pa; CKpeIJieHHe cOOPaHHOro CThIKa CBApOYHBIMM NPHUXBAaTaMM; CBApKa CTHIKA.
[Ipu noxroroBke TpyO ounmiaroT KpOMKHM mupuHO 10-15 MM coennHsAeMbIX TpyO OT Ipsi3H, pKaBUU-
Hbl 1 0COOEHHO OT MaceJl, BRIPaBHUBAIOT BMATHHBI U HEPOBHOCTH TOPIIOB, BHINPABIISAIOT OBAIBHOCTb,
yTOOBI PA3HOCTh JAMAMETPOB TOPIOB HE TpeBbimana 1-1,25 % nomunama. TonmmHa CTEHOK COEIUHS-
eMBbIX TPYO He T0JDKHA UMETh OTKJIOHeHUs Ooinee 12-15 % cranmapTHOro pasmepa.

Packiagka Tpy0 nepes cOOpKo# TOKHA CITOCOOCTBOBATh MX OECTIPENSTCTBEHHOM U YI0OHOU IICH-
TPOBKE - COBMELIEHUIO T€OMETPUUYECKUX OCEH M KPOMOK TPYO MPH CTPOTrOM COOJIIOIEHMH HOPMAaTHBHBIX
3a30poB. JJis1 3TOr0 MPUMEHSIOT CIIEHUANIbHBIE 3KUMBI - IIEHTPATOPbl, KOTOphIE ObIBAIOT HAapy>KHBIE
(BUHTOBBIE, SKCLIEHTPUKOBBIE U IIEMHBIE, PUCYHOK 3.4,a-B) U BHYTpeHHHUE (THUAPABIMYECKHUE, PUCYHOK
3.4,r). bnarogapsi CHHXpOHHOMY JI€HICTBHIO pa3’KMMHBIX KYJIQYKOB IIEHTPATOPhI aBTOMATHYECKH obec-
HEeYMBAIOT KATMOPOBKY U LIEHTPOBKY TOPIIOB TPYO.

JlyroByto cBapKy CTaJbHBIX TpyO (pUCYHOK 3.4,1) OCYILECTBISIOT C IOBOPOTOM UX BOKPYI CBOEH
ocu (IIOBOPOTHBIE CTHIKM) M 06€3 OBOPOTa (HEMOBOPOTHBIE MITM MOTOJIOYHBIE CThIKM). HemoBopoTHbIe
CTBIKM CBApUBAIOT B J[Ba WJIM TPU CJOf, HAUMHAs ¢ HIDKHEN oOpa3yromel TpyOsl B 50 MM OT BepTu-
KaJbHOTO nuamerpa TpyO (pucyHok 3.4,e). IlepBbiii cloif, Kak yke yKa3blBaJlOCh, Ha3bIBAIOT KOpPHE-
BbIM, BTOPOH - 3alOJHSIONIMM U MOcHeAHUH 06aunoBoyHbIM. TpyOsl nuamerpom a0 500 MM cBapu-
BAIOT HETIPEPHIBHBIM IIIBOM, a TPYOBI OOJIBIINX JUAMETPOB - MPEPHIBUCTHIM (KaK IMOKa3aHO CTPEIKaMU
Ha pucyHke 3.4,e). HemoBopoTHbIE CTHIKH TPYO OOJIBIIMX AUAMETPOB MPH HEOOXOAUMOCTH YCKOPEHHUS
IPOM3BOJICTBA pabOT CBAPUBAIOT OAHOBPEMEHHO JBa MJIM TPH CBApIIMKa 10 CXeMaM, MPUBEJCHHBIM
Ha pUCYHKe 3.4,1,K,J1.
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a - cranpoHapHas 6a3a; 0 - mosean 6a3a Tuna BACH; B - poiHMKOBEIE OTOPHI IPH CBapke TPyO U rmojaye cBapeHHOU TpyOHOM
CEeKIIUH;

1 - pONMKOBEIH MyTh; 2, 3 - MPUBOAHAS U IPOMEKYTOUYHASI TENEKKH; 4 - OUTYMOIUIABHUIIBHBIN KOTEN; S5 - M30JIALUOHHAS BaHHA;
6 - ycTaHOBKa CYIIKH IPYHTOBKH; 7 - HAHECEHUE TPYHTOBKH; § - YCTAHOBKA CYIIKH CEKIHi Iepe]] OUNCTKOMH;
9 - ponukoBsie onopsl; 10 - 3auncTHBIE WeTKH; 11 - cTemnaxk-HakonuTenb; 12 - BpanaTels;
13 - myneT ynpasnenus; 14 - ycTaHOBKa aBTOMaTHYECKO CBapKH TPYO; 15 - pOJIMK MPOJONBHOTO IepeMelleHns TpyOsl; 16 -cTemmaxy;
17 - xpan-neperpyxarens; 18 -tpy0sr; 19 - kpaH-TpyOOyKiTanuuk; 20 - CBapIIMKN, MOHTQ)KHUKU U MAIIUHUCTHI;
21 - nienTpaTop; 22 - cBapouHbIN cTeHI; 23- iebeaka; 24- KOpHEBBIC MIBHI, 25- Kabelb; 26- OKOHYATEIIbHAS CBapKa CTHIKA;
27 - TopuoBsIe Bpammareny; 28- ceapounsle ycraHoBku CUY-2; 29 - roroBsle cexuun Tpyo; 30 - TpyOomiereBo3

Pucynoxk 3.4. Tpy6ocBapouHbIe U TPYOOHU3OISAIIMOHHbIE Oa3bl

KauecTBo cBapHbBIX coelMHEHUN TpyO B 3HAUUTEIHHOW CTENEHU 3aBUCUT OT peXHMa CBApPKHU, KO-
TOPBIM ONPEAEIAIOT MapaMeTPbl U XapaKTep TOKA, €ro MOJSIPHOCTh, AJIMHA OYI'HM, CKOPOCTh CBapKH,
aMIUINTYy/1a KoJIeOaHUM M BBUIET 3JEKTPOAOB, UX pa3Mep M COCTaB MOKPBITHSL, TEMIIEpaTypa OCHOBHO-
ro Marepuaia TpyO B MOMEHT Hauajla CBapKu. Tak, yBeJIMYEHUE CUJIbI TOKAa U 0OpaTHas MOJIIPHOCTD
CIOCOOCTBYIOT YJIYUIIEHUIO MPOIUIABJICHUS META/UIa M YBEJIMYEHHIO ITYOMHBI IIPOBapa, a ¢ yBeJIude-
HUEM CHJIBI TOKA TIOBBIIIAETCS CKOPOCTh CBAPKH U T.JI.

Opnaxo, MOCKOJIBKY py4YHasi CBapka HEMOBOPOTHBIX CTHIKOB OYEHb TPYIOEMKA U 4acTO CAEp KUBa-
€T TeMII MPOKJIAJAKU TPYOOIIPOBO/Ia, B ITOCIEAHEE BPEeMs BCe yallle MPUMEHSIOT IPOrpeCCUBHYIO MOJTY-
ABTOMATUYECKYIO U aBTOMaTHYECKYIO0 CBApPKy TaKUX CTBHIKOB C IIOMOIIbIO, HAIIPUMEp, CBAPOYHOI'O aB-
TOMATa, COCTOSIIEr0 U3 CAMOXOJHOW TEJIEKKH, CBAPOYHON I'OJIOBKU U IyJIbTa yIIpaBiieHus. B mpouec-
CE CBAapKH TroJIOBKa IepeMellaeTcs BOKPYr TpyObl MO HANpPaBIAIONIEMY IOSICY U CBapUBaeT TPYOHbI
AJIEKTPOIHOM NPOBOJIOKOH.

Jns cBapku Tpy6 auamerpom 1420 MM ¢ TonmmuHON cTeHKH 20 MM MIPUMEHSIOT KOMIUIEKC 000py-
noBanust "[lyra-2", BKIIOYAIONIUII CTaHOK A1 0OpaOOTKHM KPOMOK, IIEHTPAaTOp-aBTOMAT Ui COOpPKU
TpyO M BapKu BHYTPH IEPBOTO (KOPHEBOIO) CJOS IIBA, CBApPOUYHBIE T'OJIOBKU-aBTOMATHI IJISi CBApKU
HapYKHBIX CJIOEB, a TaKKe arperaT nutaHus. H M MoxkHO cBapuBath 10 38 CTHIKOB B CMEHY IIPHU CKOPO-
cTu cBapku 70 70 m/4.

0c060 3P heKTUBHBIM B MOJEBBIX YCIOBUAX OKA3aJICS HOBBIM CIIOCOO JIEKTPOKOHTAKTHOMN CTHIKO-
BOM CBapKH IyTe€M HENPEPHIBHOTO OIUIABJICHUS TOPLOB TPyO ¢ momomibio ycraHoBkH Tuna TKYC
(st cBapku TpyO B cekumu) u tuna TKVYII (mns cBapku cekumii B HUTKY TpyOompoBona). TpyOsl
muametpom 1420 mm cBapuBaror ycraHoBkoil Tuna TKVII, nazBannoii "Cesep-1". B ee cocraB Bxo-
1At cBapouHas MammHa K-700 ¢ BHyTpEHHHM I'paTOCHUMATENEM, NEPEIBHKHAS TU3EIIbHAS dJIEKTPO-
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CTaHLUS, arperarhl JJs 3a4UCTKU KOHIIOB TPYO M CHATHS HapYKHOTO rpara. Bce arperatsl yCTaHOBKH
OCHAIIIEHbI CHCTEMaMU aBTOMATHYECKOTO YIIPABJICHUsS IPOIECCOM CBapKH. MIM MOXHO CBapuBath 10
50-60 cTBIKOB TPYO TAaKOTO TUAMETpa B CMEHY.

7a3 45,6 ,

a, 0- IEHTPATOPBI BUHTOBOM M AKCIIEHTPHUKOBEIE (U1 TpyO auameTpoM He Gonee 350 MM); B - TO )K€, HAPYIKHBIH POIMKOBO-3BEHBEBOI
(s Tpy6 520-1020 MM); T - TO XKe, BHYTPCHHUIA TUApaBIUdecKuil (Ui Tpy6 520-1220 Mm); 1, € - OCIEIOBATEIFHOCTD ONIEpaIiii PH
PY4YHOMH 3JIEKTPOCBAPKE CTHIKOB MOBOPOTHBIM U HETTOBOPOTHBIM TPEXCIOMHBIM LIBOM; XK~ CXeMa IPUMEHEHHs cBapouHoU rojosku [1T-
56 1u1st TOBOPOTHOM CBApKH CTHIKOB MO CIIOEM (hITFOCa; 3 - TO 7K€, A CBAPKM KOPH s IIBa IMIJJAHTOBBIM JeprKaTelleM IoIyaBToMara A-
547-p; u, B- MOPSAIOK HANOKEHHU KOPHEBOTO CIIOSI LIBA IIPU CBapKe TPYO OOJIBIIOro TuaMeTpa TpeMs CBapLIMKaMH; I - TO XKe, I 3a-
MOJTHEHUSI OCTATBbHOHN YacT U MIBa ABYMS CBAPIINKAMU;
1 - HaTSDKHOM BUHT; 2 - CBapHBaeMble TPYObI; 3 - OTBEpCTHE AJII BOPOHKHY;

4 - HeHTPUPYIOIHE SJIEMEHTHI; 5- CTBIK TPYOBI; O - mITaHra; 7 - POJIMKY; 8§ - JeKHU MO TPYORI; 9- KopHEBOH cioi mBa; 10 - cOopHUK
st ¢utrocos; 11 - mpoBostoKa st cBapku; 12 - peryaupoBOYHBIN BUHT; 13 - MaHeNb C PEOCTaTOM, BOJIBTMETPOM H BHIKITIOUATEISIMI; 14
- OyHkep uts1 Quroca; 15 - momaromuit MEXaHH3M C ABUraTeNeM U PeIyKTOpoM; 76 - Kaccera Co CBapOYHOH MPOBONIOKOI; 17- mITaTns;
18 - ¢mroc; 19 - mtanTOBEIN Nepxkatens; 20 - TOJOBKA epKATEINS;

1, 2, 3 B kpyXxKax - no3uiun cBapmukos; |, I, 11l - mocnenoBaTensHOCTH HAOKEHHS [IBa HETOBOPOTHOT'O CTHIKA

Pucynok 3.4. COopka u cBapKa CTalbHBIX TPYO:

Ha cBapounbix 6a3ax (CTallMOHapHBIX U MOJYCTAllMOHAPHBIX) CBApKY TPYO B CEKIIMM Yallle BCETO
BBITIOJIHAIOT N0/ ()JIFOCOM € MTOMOIIBIO CBapOYHOI rosioBKH, Hanpumep, thna [1T-56 (pucyHok 5.4,x),
KOPHEBOW IIOB -TIOJ] 3allMTONM YIJIEKUCIOro Ta3a C MOMOIIbI0 mosyaBTomMara A - 547p (pUCYHOK
5.4,3). lns cOOpKHU U CBapKu TpyO B ceKUUU JUIMHOU 10 40 M B IOJIEBBIX YCIOBUSAX O0OPYAYIOT TPY-
6ocBapounsie 6a3bl (TCh) BOMM3HM Tpaccrl ¢ miieuom oOcmykuBanus 25-30 km.

3.5 U3o0as11usi CTAIBHBIX TPYOONIPOBO/IOB.

TpyOonpoBoAbI U3 CTAILHBIX TPYO NMpeAHa3HAUEHBI IS AIUTENbHOM 3KcIutyataunu. OHaKo eciu
UX YJIOXXUTB B TPYHT 0€3 HaJIe)KHOM M30JSAIMH, OHU CPAaBHUTENILHO OBICTPO pa3pylIaloTcsi OT BO3EH-
CTBUSI TTOYBEHHOM KOPPO3UM U ONYKIAIOUIUX 3JIEKTPUUECKUX TOKOB (dneKTpokopposusi). [Toatomy
4TOOBI YJIMHUTB CPOK CIYKObI TPyOOIIPOBOIOB U 00eCHeunTh UX Oe3aBapuiiHyio paboTy, HEOOX 01~
MO UX 3alIUTUTH OT 00OUX BUIOB KOPPO3HUH.

Buowt uzonayuonnvix nokpvtmuii. IokpeITUs TOMKHBI 007a1aTh TJIOTHOCTBIO, 0OECIIeYnBaIO-
e TUIIPO- W AIIEKTPOU3OJISIIUOHHBIE CBOMCTBA, XOPOIIEH MPHIIUIIAEMOCThIO K METaJLTy (aare3uei),
YCTOMUYUBOCTBIO K TEMIEpaTyPHbIM U3MEHEHHSIM U CIOCOOHOCTBIO COXPAHAThH CBOIO (hOPMY B YCIIOBH-
X OKpYXKaloIeh cpensl (MIaCTUYHOCTHIO), BBIACPKUBATH 3HAUMTENIFHBIE HArPY3KH B IpOIECcCe
YKJIAJIKU (MEXaHUYECKOH MMPOYHOCTHIO).

Haubonee > dextuBHON U1 o0ecrieueHns 10JrOBEUHOCTH TPYOOIPOBOAA SIBISIETCS KOMILIEKC-
Hasl MPOTUBOKOPPO3MOHHASI €ro 3allliTa, BKIIOYAONIasi TaK Ha3blBaeMyI0 "MACCUBHYIO" MX 3aIlUTY



36

Pa3IUYHBIMU U30JSLUOHHBIMM MOKPBITUSAMU M "aKTUBHYIO" (KaTOJHYO, IPOTEKTOPHYIO U JpEHAX-
HYIO) 3alUTy OT BO3JCHUCTBHS OJYKIAIOIMMUX TOKOB (JIIEKTPOKOPPO3MH), WOO OHA 4YacTo ObIBaeT
OIIacHEE NIOYBEHHOM (rajIbBAHOKOPPO3UH).

[TpuHIMn neicTBUS KaTOAHOM, MPOTEKTOPHOM U 3JIEKTPOAPEHAKHON 3aIlUThl CTAJIBHBIX TPYO OT
3JIEKTPOKOPPO3UH 3aKIIIOYACTCs B cledyromeM. Bomusu tpybonpoBoga 000pyAylOT CTaHIUIO KAaTOM-
Ho# 3amuThl (CK3), B cocTaB KOTOPOH BXOAAT UCTOYHHUK ITOCTOSIHHOI'O TOKA, aHOAHOE 3a3eMJIEHUE U
JpeHakHble Kabenu. OTpUunaTeabHyI0 KIEeMMY HCTOYHHMKA TOKA MPUCOCTUHSIOT K CTaJIbHOMY TpyOo-
IIPOBOAY, & IOJIOXKUTEIBHYIO - K 3a3€MJICHUIO. B pe3ynbpraTe TOK CTEKaeT ¢ aHOJHOTO 3a3eMIICHMS,
MOJTEKAeT K TPyOOIIPOBOY M BO3BpAIaeTCs K UICTOUHUKY MO IpeHaxkHomy kademto. Tok CK3 cozna-
€T OTpHIATENbHbIM NOTEHIMAT Ha TPYOOIIPOBOJIE U IIPU €ro paboTe MPOUCXOAUT pa3pyLIeHUEe aHO/-
HOTO 3a3€MJICHHUS, HO TIPH 3TOM OJTHOBPEMEHHO 3alUIIACTCS CTATIbHON MOA3EMHBIN TPYOOIIPOBO/I.

[TpoTeKTOpHYIO 3alUTy NPUMEHSIOT AJIs 3aIUUThI CTAJIbHBIX TPYOOIPOBOJOB HEOOJBIION MPOTS-
KEHHOCTH OT KOPPO3UH OJIY)KIAIOIIMMHU TOKaMH, €CJIM HEOOXOAMMOE CMeIeHHE oTeHIMaIa Tpyoo-
npoBoja He npessimaer 0,3 B. Ilporekrop m3roraBnMBaioT U3 MeTaaa ¢ 0ojiee OTPULIATENIbHBIM
AJIEKTPOAHBIM MOTEHIIMAJIOM, YeM METaUl MOJ3eMHOr0 TpyOOrpoBOAa. YCTAaHOBICHHBIM B TPYHT U
IPUBEJCHHBIM B KOHTAKT C TPYOOIPOBOJOM IIPOTEKTOP BMECTE C HUM 00pa3yeT rajJbBaHUYECKYIO Ma-
py. lIpotekrop (rajibBaHMYECKUN aHO/) IPU 3TOM pa3pyIlIaeTCs, a MOJ3EMHBII TpyOOIpOBO MOJIAPH-
3yeTCs J10 3alUTHBIX TOTEHLIMAJIOB U HE Pa3pyLLIaeTCs.

DIEeKTPOIpEeHAKHAS 3aIUTa CTATBHBIX TPYOOIIPOBOJIOB 3aKIIIOYACTCSI B OTBOJIE Oy IAIOUINX TO-
KOB, POHUKIIUX B TPYOOIPOBOJ, B CETh OOPATHBIX TOKOB 3JIEKTPUYECKOI'O PEIbCOBOIO TPAHCIOPTa
IyTeM TPUCOEAUHEHHS TPyOOIIpoBOIa Yepe3 APEHAKHOE YCTPOHCTBO C DJIEMEHTAMH 3TOW ceTH (OT-
pPHULIATEIbHOM IIMHOW TArOBOM IMOACTAHIMM, OTCACBIBAIOIIUM ITYHKTOM WJIM peibcoM). braronaps
TOMY Ha TpyOOIPOBOJAE CO3/1a€TCsl OTPULATENbHBIM MOTEHIMAI, YTO MPEIOTBPALIAET BBIXOJ OIyXK-
naromux TTIK-OR u3 Metamna TpyOsl B ouBy. {11 3auThl TpyOOIPOBOJIOB OT ITOYBEHHOM KOPPO-
3UH MIPUMEHSIOT TJIaBHBIM 00pa30M MOKPHITHS Ha OCHOBE HE(PTAHBIX OUTYMOB, a TAK)K€ U3 MOJIHMEp-
HBIX JINTIKHUX JICHT.

KOHCTpYKTUBHO M30JSAIMOHHBIE TOKPBITHS COCTOSIT U3 IPYHTOBKH, OJTHOTO MJIM HECKOJIBKUX CIIO-
€B U30JILMOHHOI0 MaTepuaiia (MacTUKH, JIMIIKOHU JICHThI), apMUPYIOILEro U 00epToyHoro cioeB. OHH
OBIBAIOT TPEX OCHOBHBIX THUIIOB: HOPMAbHbIE, YCUNEHHbIE U 8ecbMa YCuleHHble. [lJi1 MarucTpaabHbIX
TPyOONPOBOJIOB MPUMEHSIOT MOKPHITHS HOPMAIBHOTO M YCUJIEHHOTO TUIIOB, a JUIS Pa3BOASAIIMNX, IPO-
JIO’)KEHHBIX B Mpeziesiax ropo/ia WK MPOMBIIIJIEHHOTO MPEeANPHUATHS, BECbMa YCUIIEHHOTO THIIA.

Iokpvimue secoma ycunennozo muna obmeit Tommunoi 9*%° MM cocTouT M3 omHOrO COs GU-
TYMHOHN TPYHTOBKH, TPEX CJIO€B MAaCTHKHU TOJIMHON MO 3 MM, pa3JesiseMbIX ABYMS CIIOSIMU apMHpPY-
fo11el 0OMOTKH U3 CTEKJIOXOJICTA, M HApy>KHOU 00epTKH U3 MPOYHON KpadT-Oymary.

Hopmanvroe noxpeimue COCTOMT U3 TPYHTOBKH, MACTUKU CIIOEM 4 MM, OJIHOTO CJIOSI CTEKJIOXOJI-
CTa U 3aIIUTHON 00EpTKH.

Ycunennoe nokpvimue, HaHeceHHOE B 0a30BbIX yCIOBHSAX, COCTOUT U3 TPYHTOBKH, ABYX CJIOEB Ma-
CTHKH IO 3 MM, JIBYyX CJO€B CTEKJIOXOJICTa M 3alIUTHOM 00epTKH, a B MOJEBBIX YCIOBUAX - U3 TPyH-
TOBKH, OJTHOTO CJIOSI MACTUKU 6 MM, OJTHOTO CJIOSI CTEKJIOXOJICTA U 3AIIUTHON OOEPTKH.

[TokpeITHS U3 MOMMMEPHBIX JIMIKHUX JEHT YIa4HO COYETaIOT B ce0e BBICOKYIO 3allIUTHYIO CIIOCO0-
HOCTb M T€XHOJOTMYHOCTb NIPU MEXaHU3UPOBAHHOM MX HaHECEHMHU. Takue JeHThl U3rOTaBIUBAIOT U3
MOJIMATUIIEHA WM MOJMBUHWIXJIOPHUIA C HAHECEHUEM Ha HUX KJIEEBOro cios. IIokpbITHs cocToAT U3
CJIOSl TPYHTOBKH, OJIHOTO, IBYX WMJIM TPEX CJIOEB JEHTHI (UTO COOTBETCTBYET HOPMAIbHOM, YCHIIEHHOM
U BeCbMa YCHJIEHHOW U30JISAIIUH) U 3aIIUTHON 00EpPTKH.

Hanecenne n3onsunoHHbIX NOKpbITUiA. [lepen HaHeceHHeM MOKPBITHI TOBEPXHOCTh TPYyOOIPOBO-
Jla TIIATEIbHO OYHUINAIOT OT OKAIMHBI, PKAaBUMHBI M JIPYTHX 3arpsi3HEHUH Ha CTallMOHapHOU Tpyoo-
ouncTHOW MamnHe. O4HIleHHbIe TPYObl HEMEAJIEHHO MOKPBIBAIOT IPYHTOBKOM, a MOCJE €€ BbIChIXa-
HUS - OUTYMHOM MacTuKOl. B ycrnoBusix 6a3bl MacTUKy Ha TPpyObl HAHOCST C MOMOIIBIO TPYOOU30IIs-
MOHHOM ycTaHOBKU. [Ipu ncnonb30BaHuu U1st M30SUUHU TPYO JTUIKUX JIGHT UX HaMaThIBalOT Ha TPY-
OBl CrIelMAIbHBIMU U30JIIIUOHHBIMU MallliHaMU. M30511MOHHBIE paOOThl IO COBMELIEHHOMY METOIY
HENOCPEJCTBEHHO HAa Tpacce BBINOJHAIOTCA KOJIOHHOW  MalllMH, BKJIIOYAIOIMIEH  KpaHbI-
TPYOOYKIIaTUMKH.
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INPAKTUYECKOE 3AHATHE Ne 4

CPEICTBA MEXAHUM3AIIUU CTPOUTEJIbBHO-MOHTAKHbBIX PABOT
(PYUHBIE MAIINHBI 1 YCTAHOBKMN)

4.1 O01mme cBeaeHus

PyuHbIMU Ha3bIBalOT MallIMHBI, pA0OUNI OpPraH KOTOPBIX MPUBOAUTCS B JBUKEHHUE ABUTATEIEM, a
BCIIOMOTaTeNbHOE ABMKEHHE (T0Jjaua) — ONEepaTopoM BpPYUHYIO. PydyHble MallvHbl MPUMEHSIOT B
CTPOUTENBCTBE JIJISl BHIOJHEHUS CaMbIX Pa3HOOOpa3HbIX paboT. PydHble MalIMHBI MPUHSITO KIIACCH-
buupoBaTh ClEAYIOMUM IPU3HAKAM:

P no npunyuny NEACTBUS pa3iMyarOT MalllMHbl HENPEPHIBHO-CUJIOBBIE U UMITYJIbCHO-CHIIOBBIE. K
MEPBBIM OTHOCSTCSI MAIIMHBI C HEMPEPHIBHO BpaIalOIIUMCs pabouruM OpraHoM (CBEpIIHIbHBIE, IITH(O-
BaJIbHbIE MAIlMHbI, JUCKOBbIE MUJIbI U T.I1.). Bo3HMKaromui 11pu paboTe 3TUX MAIlllUH PEAKTUBHBIN MO-
MEHT BOCIIPHHHMAETCSI ONEepaTopoM, UTO SIBJISIETCSI UX CYILIECTBEHHBIM HEJIOCTATKOM U HAKJIaJbIBaeT
OIpe/IeTICHHBIE OIPAHUYEHUS HAa MOITHOCTh MX MPHUBOAOB. KO BTOPBHIM OTHOCATCSI MAaIlIMHBI, paboTaro-
1€ B MPEPHIBUCTO-UMITYJIbCHOM PEXHME — YAApHOM (MOJIOTKH, TepPopaTopbl, BEIPYOHBIE HOKHUIIBI)
u 0e3yapHOM (HOKEBbIE HOXKHMIIBI). MallluHbl yAapHOTO JIEHCTBHUS MOT'YT pabOTaTh B UUCTO YAApHOM
(MONIOTKHM, OETOHOIOMBI, TpPaMOOBKH), YIApPHO-IIOBOPOTHOM  (mepdoparopbl) WM  yAapHO-
BpallaTeIbHOM (raliKOBEPTHI) peKUMaX;

» no xapaxmepy osudiceHus paboye2o opeara PazNUYalOT PYYHbIC MAIIMHBI C BpallaTeIbHBIM,
BO3BpPATHBIM U CJIOKHBIM ABM>KeHHEM. K 1epBoii rpyImme oTHOCSTCS MalluHbl KaK ¢ KpYrOBbIM Bpalla-
TEJIbHBIM JBM)KEHUEM (JIUCKOBBIE MHJIIBI, CBEPIIUIIbHBIC MAIIMHBI, 0OPO30IebI U T.I1.), TAK U MAIIMHbI
C ABM)KEHHEM pab0overo opraHa 1o 3aMKHYTOMY KOHTYpY (LIEHbIE U JIEHTOYHbIE UJIbI, JOI0EXKHUKHY,
JICHTOYHbIE NUTH(OBAIBHBIE MAIIMHBI U T. 11.). Bo3BpaTHOE ABMKEHHE pabOyero opraHa peanusyeTcs
B MaIllMHaX ¢ BO3BPATHO-MOCTYMNATEIbHBIM (HOKHHMIIBI, HAMMMJIBHUKY, JIOO3UKH U T.I1.), U KOJieOaTelb-
HBIM (BUOPOBO30YIUTENN) ABMKEHUAMU pabodyero opraHa, a Takke B MallMHAX yIapHOTO JEHCTBUS
(TpaMOOBKH, MOJIOTKH, THEBMONPOOOHHUKHU U T.1.). K py4HBIM MaliMHaM CO CJIOXHBIM JIBUKEHUEM
OTHOCSITCSI MAIIUHBI yIapPHO-TIOBOPOTHOTO M YAapHO-BPAIIATEIbHOTO ACHCTBHS U MAIIMHBI C HHBIMH
BUJaMH JIBKEHUI pabodero opraHa, HE COOTBETCTBYIOLIUMMH MPUBEICHHBIM BBIILIE XapaKTEPUCTH-
KaM;

P no pescumy pabomuvl pydHble MAlIUHBI AENSAT Ha MAaLIUHBI JETKOIO, CPEAHETO0, TSKEIOro U
CBEPXTSDKEJIOT0 peXUMOB. B jierkom pexxuMe paboTaroT CBEpJIMIIbHBIE MAIMHBI, B CBEPXTSIKEIOM —
BCE€ TUIIBI MAIIMH yapHOTro AecTBUs. PyuHble MalIMHBI MOTYT OBITh PEBEPCUBHBIMH U HEPEBEPCHUB-
HBIMHU, OJJTHO- U MHOT'OCKOPOCTHBIMH, C AMCKPETHBIM U OECCTYNEHYaThIM PEryIHMpOBaHHEM paboyux
CKOpOCTEI;

» 1o HasHauenuro u obracmu npumMeHeHus pydHble MAIIUHBI TOAPA3IEIAIOT HAa MAIIUHBI 00IIETo
Ha3HaueHUs Uil oOpabOTKM PAa3JIMYHBIX MaTepHajoB, MALIMHBI JUIsI 00pabOTKM MeETajuloB, JEpeBa,
rlacTMacc, KaMHsl 1 O€TOHa, MalllMHbI 1711 paboThI IO TPYHTY M MAIIMHBI 17151 cOOpOYHBIX padot. Oco-
OyI0 TpyIIy COCTABIISIIOT YHUBEPCAIbHbBIE MAIIMHBI C KOMIUIEKTOM HAacaJ oK Ul BBIIIOJHEHMS OIpesie-
JICHHBIX BUJIOB paloT;

» 1o 6udy npusoda pydHbi€ MAIIMHBI MOTYT OBITh JEKTPUUCCKUMHU, THEBMATHYECKUMU, THIPAB-
JUYECKUMH, C IIPUBOJIOM OT ABUIATEIEH BHYTPEHHETO CrOpaHUs, a TAKXKe MUPOTEXHUYECKHE. DIIEK-
TPUYECKUM PYYHBIM MaIIMHAM IPHUCBAWBAIOT TPU KJIacca 3alUThl OT NOPAXKEHUS DJIEKTPUUECKUM TO-
KOM. MamwuHbl ¢ HOMUHAJIBHBIM HanpspkeHueM cBbimie 42 B umerot | u |l kmace 3amutel. Y HUX 10-
CTYIIHBbIE AJI1 NPUKOCHOBEHMSI METAUIMYECKHE JAETalM OTIEIEHbl OT 4YacTed, HaXOJALIMXCSA IOA
HaNpsDKEHUEM, TOJIbKO pabouelt (MamuHbl | kiacca) nian qBoitHOM, ycunenHol (MammHebl |l kinacca),
n3oisinuel. Pydynble MalMHbl ¢ HOMMHAJIBHOM HampsbkeHUEM 10 42 B, nuTaronyecs: OT aBTOHOMHBIX
HCTOYHUKOB 3JIEKTPOIHEPTUH, MO0 OT mpeolOpazoBaTenell Win TpaHCHOPMATOPOB C pa3AeIbHBIMU
ooMotkamu umeroT Il kimacc 3amuTer;

P 10 KOHCMPYKMUBHOMY UCNOHEHUIO PYYHbIE MAIIUHBI C BpALAIOIIMMCS pado4uuM OpraHoM Je-
JISIT Ha MPSIMBIE U YTJIOBBIE, COOTBETCTBEHHO MPH COBMAAAIOUINX (MapaylIebHbIX) OCSIX BpallleHUs pa-
0oyero opraHa ¥ MpUBOJA WIHM PACHOIO0KEHHBIX O] YIJIOM JIPYT K JAPYTY.

OCHOBHBIMHU TNMapaMeTpaMU PYYHBIX MAILIMH SBISIIOTCSA: MOTpebisseMasl MOIHOCTh, HalpsiKeHue,



38

pOJI, CHJIa M YacToTa TOKa (Ui SJEKTPHUECKUX MAIIHMH); pabodee HaBleHUE CKATOTO BO3Myxa (s
MMHEBMAaTUYECKUX MalluH). ENWHON cucTemMbl MHIEKCALlMK PYYHBIX MAlllUH HE cyliecTByeT. HeKchl
OTIPENIeNIAIOT Pa3pabOTYNKU MAIIUH U UX U3TOTOBHUTEIH.

Haubonee mmpoko UConb3y0T UHIEKCHI, COCTOsIINE U3 OyKBEHHOM U U(POBOI YacTeil.

[TepBoii 6ykBoit "NU" 0603Ha4al0T BCe pydHbIE MAIUHBI (MEXaHU3UPOBAHHBII WHCTPYMEHT), BTO-
past OykBa o0O3HauUaeT BUJ MpHUBOAA: D — dJIeKTpuueckuil, I’ — rumpaBauveckuid, I1 — mHeBMaTHye-
CKHM,

J{ — oT nBUraTesns BHyTPEHHErO CrOpaHus.

[TepBast mudpa nudpoBoi yacTu WHAECKCA 00O3HAYACT TPYNIy MamuH: | — CBEepIUIbHBIE, 2 —
uutngoBalbHble, 3 — pe3pbo3aBepThiBatolIe, 4 — yaapHbie, 5 — (pe3epHble, 6 — crienualbHble U YHU-
BEpCallbHblE, 7 — MHOTOILINUHJEIbHbIE, 8 — HACAJKU U TOJIOBKM MHCTPYMEHTaJbHBIE, 9 — BCrioMora-
TenbHOE 00opyaoBanue, 10 — pesepBHas rpymmna.

Bropas uudpa obo3navaer ncnoanenue Mammuel: 0 — npsimast, 1 — yrioBasi, 2 — MHOTOCKOPOCT-
Hasl, 3 — peBEpCUBHasI.

[Tocneqaumu 1ByMs nuppaMu 0003HaYarOT HOMEp Mojenu. bykssl ocie nudp o6o3Ha4aT oue-
pennyto moaepHusanuto. Hanpumep, unaexc UD-1202A pacumdpoBbIBaeTCS Kak pydyHas dJIEKTPO-
CBEpJIMJIbHAsI MHOIOCKOPOCTHAS MallliHa BTOPOM MOJEINH, MPOIIE/IIas EPBYI0 MOAEPHU3ALINIO.

Yaiie Bcero pydyHble MalllMHbI UCHOJIB3YIOT B CTPOMUTENIBCTBE B YCJIOBHSX OIPAHUYEHHOI'O IPO-
CTPaHCTBA U BPEMEHH, B CBSI3U C UEM K ITUM MAaIIMHAM HPEIbIBISIIOTCS mMpedosanus KOMIIAKTHOCTH
U KOMIUIEKTHOCTH, O0ECIIeUHBAIOIINE YI00CTBO MepeMelIeHusl U ObICTPOTY 3amycKa MallliHbI B pabo-
Ty. KOHCTpyKIIMsl MallluHbl JOHKHA UCKIII0YaTh BO3MOXKHOCTH IOJIYYEHUS OIEpaTOPOM TPaBM, IOpa-
JKEHUS AJIEKTPUYECKUM TOKOM, IIyMO- U BUOPOOOIIe3HH, a €€ BHEIIHUI BUJ JI0JDKEH OTBeYaTh Tpebo-
BaHUSAM 3cTeTUKU. COOTBETCTBEHHO NEPBOMY TPEOOBAHUIO IIPU Pa3pabOTKE U M3TOTOBICHUM PYUHBIX
MAaIIUH CTPEMSTCS MAaKCUMAaJIbHO CHU3HUTh UX Maccy U rabapuTHble pa3mepsl. XKenarenbHo, YTOOBI 5TH
MAaIIMHbI paboTaal ¢ MUHUMaJIbHBIMU NOTEpsAMU 3Hepruu. OaHaKo B pse ciaydyaeB 3TO TpeOoBaHME
HE ABIIAETCS 00s3aTeNbHBIM. TakK, MHEBMATUYECKHUE PYUYHbIE MAIIMHBI UMEIOT 3HAYUTEIILHO MEHBIIIHIA
KIIJI mo cpaBHEHUIO C AJIEKTPUYECKUMH, HO OHU Jjerde u OezonacHee. KosuiekTopHbI nBUraTens
uMeetr MeHblnii KI1/I, yem acuHXpOHHBIN, HO U3-3a MEHBLIEH MacChl MAlIUH C KOJUIEKTOPHBIMU JIBH-
rateisiMu UX MPUMEHSIOT yamie. PopMma U pacloio’KeHUE PYKOSITOK, BBIKIIIOUATeNel, a TakKe ypas-
HOBELIEHHOCTh M BHEIIHUHM BHJI COBPEMEHHBIX PYYHBIX MAIIMH 00ECIEeYMBAIOT MaKCUMAaJIbHOE YH00-
CTBO B pa0OTe M OTBEYAIOT COBPEMEHHBIM TPEOOBAaHHUSAM TEXHUYECKOW 3CTETUKHU. B KOHCTpyKIusIX
PYYHBIX MaIIMH IIMPOKO UCHOJIB30BAH MPUHLMI MOY3JI0BON YHU(DUKALNK, 00eCTIeYUBAIOLINI CHIXE-
HUE TPYJOEMKOCTH U CTOUMOCTH UX U3TOTOBJICHUSI U PEMOHTA.

4.2 Py4Hble MALIUHBI UIs1 00Pa30BAHUS OTBEPCTHI

K pyunbiM MammHaM i1 00pa30BaHUsl OTBEPCTUM OTHOCSITCS PYyUYHBIE CBEPJIMIIbHBIE MAITUHBI U
nephopaTopsl.

Pyunwie ceeprunvuvle mawiunpl 10 00bEMY BBIITYCKA 3aHUMAIOT MEPBOE MECTO CPEAM PYUHBIX
MamuH. OHU TpeAHa3HayYeHbl AJisi CBEPJIEHUS IIYXUX M CKBO3HBIX OTBEPCTHUH B METalIE, JIEpPEBE,
miacTMacce, 0eToHe, KaMHe, KUpIIU4e U APYTruX MaTepuanax. T MalluHbl SBISIOTCS 0a30BbIMU IS
CO3/1aHUSI YHUBEPCAIbHBIX PYYHBIX MAILIHH.

PydHBIe CBEpIMIBHBIE MAITWHBI SBJSIOTCS MAllMHAMH C BpAallaTeIbHBIM JIBIDKCHHEM pabouero
oprana, paboTaloT B JIETKOM PEKHUMeE, MOTYT ObITh PEBEPCUBHBIMHU U HEPEBEPCHUBHBIMH, OJTHO- © MHO-
TOCKOPOCTHBIMH C JIMCKPETHBIM, O€CCTYIeHYaThIM U CMEIIaHHBIM PEryJINpPOBaHUEM YacTOThI Bpallle-
HUsl pabouero oprana. OHH MPHUBOJIATCS B JIBIKEHUE DIEKTPHUECKUMU, THEBMATUUECKUMHU WIIH TH]I-
paBIMYECKUMHU ABUTaTENsIMU. 110 3amuTe OT MOpakeHNsI TOKOM AJIEKTPUYECKUE MAIIUHBI BBITYCKAIOT
BCEX TpeX KiaccoB. [10 KOHCTPYKTUBHOMY MCTIOTHEHHUIO 3TH MAIIUHBI OBIBAIOT MPSIMBIMU U YTJIOBBI-
mu. [locnennue npuMeHsIoT Uit paboThl B TPYAHOJOCTYITHBIX MECTaX.

OCHOBHBIMU COOPOYHBIMH €IMHUIIAMHU PYYHON CBEPIIUIBLHON MAIIMHBI SBISIFOTCS 3aKJIIOUEHHBIC B
KOPIyC JABUTATEIb, PEIYKTOP, pab0O4Hii opraH — IIMUHJIETs U TyCKOBOE ycTporcTBo. Ha pucynke 4.1
MOKa3aHa JJIEKTpUUYECKas pydHas CBepiwibHas MmamuHa. Ctatop 4 U poTOp 5 AIEKTPOABHUTATEINS
BCTPOCHBI B Kopiryc 2. J[BmkeHne mmuHaeno 1 nepenaercs depe3 ABYXCTYIEHYATHIA 3y0UaThlil pe-



39

OYKTOp 3. DJIEKTPOJBUTATEINb, OXJIAXKAAEMbIA KPBUTBYATKON 8 BEHTUIIATOPA, MOCAKEH — OH COSAMHEH
kabenem 7. Ero 3amyckaroT BbeikmouaTeneMm 6. Yaie BBIKIIOYATENb HAXOAUTCS BO BKIIOYEHHOM I10-
JOXKEeHUHU, Oyayud NPIKaThIM MajblleM PYKW oreparopa. IIpu OTHmycKaHUM Manblia OH Pa3MbIKAET
UIEKTPUUECKYIO Lienb. [Ipu Heo0X0AUMOCTH UINTENBHOE BpEMsl YAECP )KUBATh BBIKIIIOYATEb BO BKIIIO-
YEHHOM I10JIOKEHUH €r0 (PUKCHPYIOT CIIEHUATbHON KHOIIKOM.

B nHeBMaTH4ECKOM CBEPJIMJIBHON MaIlMHE UCTOYHUKOM JBUKEHUS SBIIACTCS BCTPOCHHBIN B €€
KOpITYC ITHEBMOJIBUIaTeNb, IMTAEMBIN CKATBIM BO3JyXOM OT BHEIIHEIO UCTOYHUKA U 3aIlyCKAeMbIH
BBIKJIIOYATEJIEM, OTKPBIBAIOIUM KJIAIlaH Ul IPOXO0Ja CKaTOro BO3ayXa K ABUTATEIIIO.

a — o0mwmif Bua, 0 - KHHEMaTHYeCKasi CXeMa ee IpuBoJa

Pucynok 4.1. Dnextpuueckas py4Has cBepInIbHas MalllHa

PabounM MHCTPYMEHTOM CBEpPIMIIBHBIX MalIUH (pUCYHOK 4.2) ciyxaT cBepia. J{iist paboThl 1o mMe-
TaJuly MPUMEHSIOT CHUpalbHbIE CBEpJA C WIMHAPUYECKUM (IuaMeTpoM 10 6 MM) 1 U KOHMYECKUM
(mmamerpom Oosiee 6 MM) 2 XxBocTOBUKOM. CBepiia AuaMeTpoM A0 14 MM OOBIYHO 3aKPEIUISIOT B TPEX-
KYJIaYKOBOM I1aTPOHE, OJICBAEMOM Ha LIIUH/ENb, a CBEpJia OOJIBIINX IUAMETPOB — HEIIOCPEACTBEHHO B
HINUH/IENE ¢ BHYTPEHHUM KOHycoM Mop3e. Pabouast yacTe cBepia COCTOUT U3 PEXyIleld U Halpasis-
IOLIEH yacTell co cnMpanbHBIMU JIBYX3aXO/JHBIMU KaHaBKaMH. Pexyias yactb oOpasyercs B pe3yJibTa-
T€ 3aTOYKH CBEpIa MO YIJIOM @ TIPH BepIIMHE TOPIOBOi yacTH paBHOM: @ = 116...118° 1151 cTamy, uy-
ryHa 1 TBepIo# 6por3sr; ¢ = 130... 140° mus odyeHs TBepABIX M XpynKux MaTepuanos; ¢=80...90° mis
MSATKUX U BA3KMX MaTepUaJIOB.

Pucynoxk 4.2. Cepna miis pabotsl o metamty (1, 2) u gepesy (3-9)

[Tpu paboTe mo aepeBy BAOJIb BOJOKOH IMPUMEHSIOT CBEpJia JIOKEUHbIE 3 M ¢ KOHUYECKOH 3aTou-
Ko# 4, npu paboTe mornepek BOJIOKOH — IIEHTPOBBIE 5 U CHUpPATIbHBIE 6 C MMOApe3aTeNsIMU, ISl CBEpJie-
HUS TIIYOOKUX OTBEPCTHH — BUHTOBBIE 7 M ITHEKOBBIE §, /I CBEpJieHHs (paHepbl — MITOMOPHBIE 9 ¢
KPYTOBBIMHU MOJIPE3aTEISIMH.

Jn1s1 cBepiieHust OTBEPCTUH B KUPIIUYE, KEPaM3UTOOETOHE, IIJIAKOOETOHE U THIICOIUTE MIPUMEHSIOT
NBYXJIe3BUIHBIE  pe3lbl  (pucyHok 4.3,a) apMHpOBaHHBIE  TBEPJOCIUIABHBIMH  BOJb(pamo-
KOJIbOATOBBIMU TuTacTMHKaMu BK6 moBbIIEHHONW W3HOCOYCTOMYMBOCTH, HO HE JOMYCKAIOUIMMHU
yIapHBIX Harpy3ok. J{s cBepiieHus riIyXuX OTBEPCTUM MOJ] AJIEKTPUUYECKHE PO3ETKHU U BBIKIIOUATEIH
OPUMEHSIOT NUIIMOYpHBIE pe3lbl (pucyHOK 4.3,0). CpeHsisi CKOPOCTh CBEpJIEHUS UMM OTBEPCTHH
nuamerpom 70... 100 mm B kuprnude — 10 200 Mvm/MuH. MOHONMHUTHBIA OETOH CBEPIIST aJIMa3HBIMHU
KOJIBLIEBBIMU CBepsiaMU (PUCYHOK 4.3,B), COCTOSIIIMMHU U3 KOPOHKH, OCHAIIIEHHOW TEXHUYECKUMH aJl-
Ma3zaMu, U TpyO4aToro yJIMHUTEIIS.
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Pucynox 4.3. Ceepna crienianbHOTO Ha3HAYCHUS

Jliis cBepiieHUs! OTBEPCTUH PyYHYIO MAIlMHY YCTaHABIMBAIOT TaK, YTOObI CBEPJIO HAXOJWIOCH HA
MECTE CBEpJICHHUS. 3aTeM INPUKUMAIOT €€ B HAIIPABJIICHUU CBEPJICHUS MU BKJIIOYAIOT ABUraTenb. s
HayaJbHOM LIEHTPOBKH CBEpJIa IPEABAPUTENILHO B MaTepualle A€Ial0T yriiyosieHue Jro0enem UiH JIpy-
MM MHCTPYMEHTOM C TBEPJbIM HaKOHEYHMKOM. C yBEJIMYEHUEM AHaMeTpa OTBEPCTHS TpeOyroTcs
OoJbIIME YCUIIUS 1101a4H, B CBSI3U C YEM CBEPJIMJIbHbBIE MAIIMHBI ¢ AMaMETpOM cBepil Ooisiee 14 mm u3-
TOTaBJIUBAIOT C TPYJHBIM YIIOPOM.

CaepiniibHblE MalllMHBl YAapHO-BPAIATENIBHOIO AeUCTBUSA Oojiee 3(PPEKTUBHBI JUIsl PabOTHI C
XpYIKUMHU MaTepuaiamu. B HUX Ipu HenmpepbhIBHOM BpallleHUH padoyero opraHa crieluaibHbIM Me-
XaHU3MOM HaHOCSTCA YAAphl [10 MaTepualy B OCEBOM HampaBieHUU. OObIYHO TaKHE MAIIMHbBI UMEIOT
MHOT'OCKOPOCTHOM NPUBOJ C JUCKPETHBIM MJIM OECCTYNEHYAThIM PETYJIHPOBAHUEM PabOUYUX CKOPO-
creil. Hanbonee pacrpocTpaHeHbl MAalIMHBI C YETHIPbMs CTYMEHSIMHU cKopocTell. [IBe crymnenu obec-
[EYUBAIOTCS IBYXCTYIIEHUAThIM PEAYKTOPOM, a IBE APYTUe€ — OTKIOYEHHEM YaCTH BUTKOB IOJFOCHBIX
KaTylIeK, BCIEJCTBUE YEr0 CHUKAECTCS MAarHUTHBIA MOTOK JABUraTels U YBEIMYUBAETCS YacTOTa Bpa-
HIEHUs ero sikops. /nana3oH peryiaupoBaHUS 4acTOTH BpAIICHUS LIMUHAEIS B TaKMX MallMHaX CO-
crasaser 0... 10000 mun.

Ha Ga3e py4HBIX CBEPIMIIBHBIX MAIIMH C PETYIHMPYEMOI 4acTOTOM BpamleHHs IIITHHIEIS BBIITYC-
KalOT YHUBEpCAIbHbIE PYYHbIE MALIMHBI: C KOMIUIEKTOM HAca/I0K JAJIs BBIIOJHEHHsI pa3InYHbIX padoT:
CBEpJICHUS U PE3KH METAJUIOB, CHATHUS (DacoK, pa3BEepThIBAaHUSI OTBEPCTUH, Hape3aHUs pe3bObl U cOOp-
KU pe3b0OBBIX COCTUHEHUH U T.II.

[Torpebnsiemass MomHocTh Aurarens P (kBt) snekTpocBepiaunbHON MalIMHBI HAXOAUTCS TMpH-
MEpHO B MPSAMOIl IMPONOPLUOHATIBHON 3aBUCUMOCTH OT auamerpa D (Mm) oTBepcTus (cBepna): P =
0,018D.

Pyunble nepdopaTtopsl NPUMEHSIOT, B OCHOBHOM, JUIsl 00pa30BaHUS OTBEPCTHH B pa3IMYHBIX Ma-
tepuanax. HekoTopsle Mojenu MoryT paboTarh B pexuMax MOJOTKa U CBEpIMJIbHON MamuHbl. [lep-
(dopatopsbl ABISIOTCS UMITYIbCHO-CUIIOBBIMHM MAIlIMHAMU CO CJIOXHBIM JIBUKEHHEM pabodero opraHa —
Oypa, ISl 4ero B TPaHCMUCCUU MeppopaTopa UMEIOTCS yIapHbIN U BpallaTeIbHbIi MEXaHU3MbI, HHO-
I71a KOHCTPYKTUBHO coBMelleHHble. OCHOBHBIMU MapamMeTpamMu neppopaTopoB SIBISIOTCS SHEPTUS U
4yacToTa yAapoB.

[To Ha3HaueHMIO pa3nuyaroT nepdopaTopsl st 0Opa3oBanus Hernyookux oreeperuit (300... 500
MM) B Matepuanax npodHocThio 40... 50 MIla u rmy6okux otsepctuit (2000... 4000 mm u Gomee) B
MaTepHaiax npakTudecku 1o0oit mpounoctu (200 MIla u 6omee).

[To Tuny npuBoaa nepdoparopsl NOAPA3IEISIIOT HA MALIUHBI C AIEKTPUYECKUM (DJIEKTPOMEXaHU-
YEeCKUM U 3JIEKTPOMArHUTHBIM), THEBMAaTHYECKUM PUBOJIOM M OT JABHUraTejel BHYTPEHHEro cropa-
HUSL.

dnekmpomexanuueckue nepgpopamoput ¢ >ueprueit ynapa no 10 [k npuMeHstoT 11 06pa3oBa-
HUS oTBepcTHl 1uameTrpoM 5...80 MM riyounoit 600... 700 MM u Oosiee B OeTOHE, KUPIUYHOM Kiaake
U JIPYTUX CTPOUTENBHBIX MaTepuaiax M KOHCTpykuusx. IIpu macce 1o 16 kr mepdoparop MOXeT 3a-
HUMATh JIF000€ TI0JIOKEHUE OTHOCHUTEIHHO 00pa3zyeMoro OTBEpCTHs, a epdopaTopbl OONIbIIEH MACCHI
paboTaloT TOJIBKO B HAIPaBJIEHUU CBepXY BHU3. [lepdopaTopsl ¢ KOUIEKTOPHBIMU 3JIEKTPOIBUTaATENs -
MU C IBOWHOM M30JISILMEN MUTAIOTCS OT CETH IIEPEMEHHOI0 TOKAa HOMUHAJIbHOW YaCTOTHI HAPSY)KEHUEM
220 B, a mepdopatopbl ¢ aCHHXpPOHHBIMH KOPOTKO3aMKHYTBIMU JIBUTATENSIMHU, CHA0KEHHbIE 3alIlUT-
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HBIMH OTKJIIOYAIOIIUMH yCTPOIICTBaMU, — OT Tpex(a3Hoii ceTu.

[Tepdoparopsr ¢ sHeprueit yaapa 6osnee 10 Jx u maccoit 30...35 kr paboraror, Kak MpaBUio, OT
ACHHXPOHHOTO 3JIEKTPOABUTaTeNsl. MIX IpUMEHSIOT 17151 00pa30BaHMsI OTBEPCTUH B KPEMKUX MaTepHa-
nax auameTpoM 32... 60 MM npu riayOuHe 10 6 M. be3 criennanbHBIX yCTPOMCTB OHU pabOTaOT 0ObIY-
HO B HAlpaBJIEHUM CBEpXy BHU3. OTeuecTBEHHAsl NMPOMBIIUIEHHOCTh BBITYCKAET AJIEKTPOMEXaHUYE-
ckue nepdopartopsl ¢ sHeprueit ynapa 1... 25 JIx.

VY napHble MeXaHU3MbI IEpGOPATOPOB MOTYT OBITH MPYKUHHBIMH, BO3IYIIHBIMU (KOMIIPECCHOH-
HO-BaKyyMHBIMH) M KOMOMHUpoBaHHbIMH. Hanbosee pacnpocTpaHeHbl KOMIIPECCHOHHO-BAKYYMHBIE
MEXaHU3MBI, IPUHIUI Pa0OThl KOTOPBIX MokKa3aH pucyHke 4.4. Ilpu Bpamenun kpupommwmna 6 mop-
HIeHb 3, COEMHEHHBIA ¢ KPUBOLIMIIOM IIATYHOM 5, COBEPILAET BO3BPATHO-IIOCTYIATEIbHOE JIBUXKE-
HUE B Hampasiswoolen ruib3e 4. [lpu aBrkeHuu MOpIIHS BIPABO B KaMEpe MEXy MOPLUIHEM U OOM-
KOM 2 CO3JaeTCsl pa3pekeHue, BCIEACTBUE YEero OOEK MepeMelaeTcs BCie 3a MOPIIHEM (CM. pUcCy-
HOK 4.4,a). [Ipu BO3BpaTHOM JBM)KEHUU IOPIIHS 3a CYET MOBBILIAIOLIETOCS B KaMepe /1aBJIEHUS BO3-
JyXa MOpIIEHb MePeMEIIaeTCs BIEBO (CM. pUCYHOK 4.4,0) U B KOHIIE 3TOr0 JBM)KEHUS HAHOCUT yJap
no 6ypy 1 (cM. pucyHok 4.4,8).

Pucynok 4.4. [Ipuauun paboTsl KOMIIPECCHOHHO-BAKYYMHOTO
YIApHOTO MEXaHU3Ma

[TepdopaTop paboTaer B yIapHOM peKUME TOIBKO MOCIE HAXKATUS HA €r0 KOPITYC B HAIIPABICHUN
0o0pabaTbIBa€MOI0 OTBEPCTHSI, KOTJIa XBOCTOBUK Oypa 4 (pucyHok 4.5), mepeMecTUBIINCH B JiepKaTe-
Je 5 BBEpX, OTPAaHUYUBACT HIDKHEE TIepeMENICHHEe OOoliKa 2, TIePEeKPBIBAIOIIETO0 OKHO 3 B TIOPIITHE.
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Pucynok 4.5. Cxema nepekioueHus nepdoparopa u3 yaapHoro (a)
pexxnma B 6e3ymapHsbIi (0)

[Tocne mpekpaleHust HaxaTus Ha Kopiyc Oyp BMecTe ¢ OOMKOM OIlycKaeTcs B JeprKaTelle BHU3.
[Ipu BO3BpaTHO-NMOCTYNATENBHOM JBWKEHUU MOPIIHSA 1 Kamepa MEXIy HUM U OOHKOM cooOIaeTcs
gepe3 OKHO 3 ¢ aTMoc(epoid, U pa3pe’KeHNs B HEM HE MIPOUCXO/NT, a, CIIEAOBATEIBHO, OOEK OCTaeTCs
B HM)KHEM HEIO/IBM)KHOM IIOJIOKEHUH.

MexaHnu3mbl BpamieHust 0ypa MOryT ObITh KHHEMAaTUYECKUMH U TMHAMUYEeCKUMH. B kuHemaTtuue-
CKOM MeXaHH3Me BpaleHue 0ypy 5 (pUcyHOK 4.6) mepenaeTcs OT JIeKTpoaABUraresns 1 uepes cucremy
3yOuateIX nepenad 2 u 4. Jlns orpaHuYeHHs KPYTSIIEr0 MOMEHTa, BO M30eKaHHe TIOJTYIEeHHUs orepa-
TOPOM TpaBM IIpH 3aKJIMHUBAHUU Oypa, B TPAHCMHUCCHIO BBOJAAT NMPEIOXPAHUTEIbHYIO HIAPHUKOBYIO
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WIN AUCKOBYIO MydTy 3.

Ha pucynke 4.7 npuBeneHa NpuHIMNHAIBHAS cXeMa TUHAMUYECKOr0 TTOBOPOTHOTO MEXaHHU3Ma ¢
UMITYJIbCHBIM TIOBOPOTOM BCTaBJIEHHOTO B OyKCy 6 Oypa 7 Ha HEKOTOPBI yroj BO BpeMs XOJIOCTOTO
xona Ooiika 5. [locmequuii coeIMHEH TOABM)KHBIM IMUTHIIEBBIM COCIMHEHUEM C TIOBOPOTHOM OYKCOii 0,
CBOOOJHO TIOCaXXEHHOW B Kopiyc mepdoparopa 1, 1 BUHTOBBIM COCIMHEHHEM CO CTepHeM 4, Ha
KOHIIE KOTOPOT0 3aKpEIUIEHO XpanoBoe Kojeco 2 ¢ cobaukoil 3. [Ipu aBmxkeHun BBEpX O0EK BMECTE C
OyKCOM TpPOBOPAUYMBACTCS HA 3aCTONOPEHHOM XPaloOBBIM MEXaHM3MOM BUHTOBOM CTEpkHE 4, mpu
JBUKEHUH BHU3 cpabaThIBaeT XparoBOM MEXaHW3M, MO3BOJIAS MPOBEPHYTHCS BUHTOBOMY CTEPKHIO
BMECTE C XParoBbIM KOJIECOM.

~

Pucynok 4.6. Kunematuueckas cxema Pucynok 4.7. JluHaMudeckuii moBo-
ANIEKTPOMEXaHUYECKOro nepdoparopa  POTHBIN MEXaHU3M Hepdoparopa

ITneemamuueckue nepghopamopsr OTINYAIOTCA OT IEKTPOMEXAHUYECKUX TUIIOM JBUTATENs —
THEBMOJBHTAaTENeM, paboTaoIM OT KoMITpeccopa. B wacTHocTH, B iepdoparopax ¢ AMHAMUYIECKUM
MOBOPOTHBIM MEXaHM3MOM OCHOBHOE JIBUKEHHME — BO3BPATHO-IIOCTYNATEIbHOE NIepeMelieHre Ooiika-
NOPIIHST — 00ECTIeYMBAETCsl MTOTIEPEMEHHON TOAa4Yel CKATOro BO3yXa B MOPIIHEBYIO U HITOKOBYIO
HOJIOCTH.

HmnynbcHOE BpaiieHue pabodemMy OpraHy mepenaeTcs, Kak M y JeKTPOMEXaHHYecKoro nepgdo-
paTopa, 4epe3 BUHTOBYIO Mapy U XparoBoil MexaHu3M (pUCYHOK 4.7).

B anekmpomaznumnuvix nepgpopamopax, HazpiBaeMbIX Takxke (yraabHbIMH, Bpamienue Oypa 1
(pucynok 4.8) ¢ Oykcoil 2 nepenaeTcs OT MEKTPOABUraTess 6 uepes peaykrop 7 ¢ MyQpToil mpeaeins-
HOTO MOMeHTa 3, cpadaThIBaOIeH MPU 3aKIMHUBAaHUH Oypa. Bo3BpaTHO-TIOCTyMaTenbHOE JBIKEHHE
6oiika 4 ¢ ygapamMu MO XBOCTOBHUKY pabOuero opraHa OCyIIECTBIISICTCS IEPEMEHHBIM MarHUTHBIM T10-
JIEM OT KaTymiek 3.
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Pucynoxk 4.8. [[puHIMnuampHas cxeMa yCTpOHCTBa JIEKTPOMArHUTHOTO miepdopaTopa
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4.3 PyuHble MAIIMHBI VIS KPeNJICHUsI U3/1eJIUH M COOPKH KOHCTPYKIUH

s MOHTa)xa METaJNIOKOHCTPYKIIMH, JJIEKTPOMOHTAXKHBIX, CAHTEXHUYECKUX U IPYIMX BUAOB pa-
00T MPUMEHSIOT PE3bOOBBIEC COSAUHEHHS, UCIIOB3YS JIsl ATOTO CTAaHAAPTHBIE KPENEeKHbIE AETAIN WIN
U3rOTaB/IMBasl OTJEJIbHBIE UX 3JEMEHTHI 10 MecTy. i1 MeXaHu3aluu 3TUX paboT NMPUMEHSIOT Ciie-
JYIOIME PYYHbIE MAILIUHBI.

Pe3vbo3asepmuigaroujue mawiunpl TPUMEHSIOT 17151 COOPKU pe3bOOBBIX coenuHeHuid. K Hum oT1-
HOCSTCS Traliko-, IIypyIo-, IINHUIbKOBEPTHI C HENPEPHIBHO-CUIIOBBIM MJIM MMITYJIBCHO-CUJIOBBIM Bpa-
IIaTeJIbHBIM JIB)KEHUEM pabouero opra€a. OTH MallMHbl OTJIMYAIOTCS OT CBEPJIMJIBHBIX MAIIMH pa-
004YMM MHCTPYMEHTOM — TOPLIOBBIMH KJIIFOYaMU Ui pabOTHI ¢ 00ATaMu, BUHTAMH M TallKaM¥ WK OT-
BEPTKaMU JUIsl pabOThl CO IINMJIBKAMU U IIypyHaMH — U HAJMYUEM B TPAHCMUCCUU MY(QTHI Npeieib-
HOT'O MOMEHTa, MIPU JOCTHKEHUH KOTOpOro My(dra OoTKIO4YaeT pabouuii opran ot aBurateins. Pabo-
YU UHCTPYMEHT COEAMHAIOT C PAOOYMM OPraHOM JKECTKO WM IIAPHUPHO, B MOCIEIHEM CIIydae JUIs
paboThI B TPYAHOAOCTYIHBIX MecTax. Pe3p003aBepThIBatOIIME MAIIMHBI PEBEPCUBHBI, UX MPUMEHSIOT
Kak Ui COOpKH, TaK U 11 pa300pKU pe3bOOBBIX COEAMHEHUH.

MaiuHsl ¢ HEMPEPHIBHO-CUIIOBBIM IBMKEHHUEM Pab04yero opraHa mpocThl O ycTpoicTBy. Ux oc-
HOBHBIM HEJJOCTATKOM SIBJISIETCSI 3HAYUTEIbHBI PEAKTUBHBIM MOMEHT, BOCIPHUHHMMAEMBIM Oleparo-
POM, 0cOOEHHO B KOHIIE 3aTsDKKU PE3LOOBOTO COCMHEHMS. MalIiHbI 3TOT0 TUIa paboTaroT ¢ pe3ndo-
BBIMM COCIMHEHUSMHU JAHaMeTpoM 10 16 MM. MamuHbl HMITyJIbCHO-CHJIOBOTO THUIIA JIMIIEHBI 3TOTO
HEeJ0CTaTKa. JTO YacTOyJapHble MallMHbI, 00€CIeYMBAIOIINE 3aTSHKKY Pe3bOOBBIX COEAMHEHUN 3a
100...200 ymapos B Teuenue 4...5 ¢, 1 peakoynapusie (3...15 ynapoB Ha 01HO pe3b00BOE COSAMHEHNE).
[lo cpaBHEHHIO ¢ HENpPEephIBHO-CUIIOBBIMH HMMITYJIbCHO-CHJIOBBIE PYUYHBIE MAIIMHBI 00ECIIEYMBAIOT
00BN MOMEHT 3aTSKKU PEe3b0OBBIX COCIMHEHUH MPU PaBHBIX MTapaMeTpax UX JBUTaTeleH.

B kagecTBe nmpumepa 4acTOyJapHOM HMMITYJIbCHO-CHUJIOBOM PYYHOM MAaIIMHBI PACCMOTPUM DJICK-
TpUUeckHil raiikoept (pucyHok 4.9). Bpamenue mmungento 1 ¢ 3aKpenseHHbIM Ha HEM KitouoM 9
nepeaaeTcsi OT JJIEKTPOABHUraTelsi, BMOHTUPOBAHHOTO B Kopiyc 4, uepe3 peaykrop 3 M yIapHO-
UMITYJIbCHBIA MEXaHHW3M B BUJIE BUHTOBOW Iapbl BBIXOJHON Bajl peAyKTOpa 5 — BTYJIKA 2, COEIMHEH-
HBIX MEKJy cO00i BUHTOBBIMHU Ma3aMHU Ha Baly M BXOJSAIIMMH B HUX U B JYHKH Ha BHYTPEHHEU IO-
BEPXHOCTH BTYJIKM Iapukamu 7. llInuuaens MoxxeT CBOOOJHO IepeMeniaTbcs B 0CEBOM HaIPABICHUN
B KOpITyCE M B HEpabOOYEeM COCTOSHHHM OT)KHMAaeMbIi MpPYKWHOU 8, 3aHMMaeT B HEM KpaifHee JIeBOe
nojoxenue. s Hadyana paGoThl KIJIOY HAJEBalOT Ha HAaBMHYMBAEMYIO TallKy WJIM TOJOBKY Oousrta
(BMHTA) W MIPIKUMAIOT KOPITYC B OCEBOM HampapieHHH. [IpeomoneBasi cOnmpoTHBIIEHHE MPYXHUHBI 8,
LINMWHJENb TIEPEMEIIAETCS OTHOCUTENBHO KOPIyca BIIPaBO, 3aLETUIAETCS CBOMMH KyJIauKaMH Ha €ro
TOPIIOBOI MOBEPXHOCTH C KyJIaUKaMH BTYJKH 2 ¥ MPHUXOJUT BO BpamaTenbHoe aBmwkenne. C yBenu-
YEHHEM COIPOTUBIIEHUS BPAILECHUIO IIIUHIEISA €r0 CKOPOCTh 3aMEIIIETCS, U BTYJIKA 2, IPE010JIEBAs
COINPOTHUBIIEHUE MPYKUHBI 6 U HAaBUHYMBASICh HA BaJl 5, OTXOAUT OT LIMHMHJENS BIPaBO, BBIBOAS KY-
JaykKyd W3 3alelyIeHus co IMIMuHAeneM. BTynka, ocBoOOXAE€HHAass OT 3TOro 3alenjeHus, MoJydyaer
YCKOpPEHHOE BpallleHHe OT Bajia 5 U MOJ] AEUCTBUEM MPYKUHBI 6 TepeMEIaeTCs BIEBO, YIapOM BXOS
B 3alICIUICHUE C KyJIauKaMM HIMUHJENS. JTU JIBWKEHUS MPOJOJDKAIOTCS 10 TEX 0P, MOKa LIMUHENb
He 3aliMeT cBOeE JieBoe Hepabouee mnonoxeHue. OCHOBHBIMU NapaMeTpaMM YacTOyIapHBIX raiikoBep-
TOB SIBJIIIOTCS MAaKCUMAaJIbHBIH MOMEHT 3aTsDKKHM M BpeMsl 3aTsDKKH pe3b0oBoro coeannenus. I[Ipomecc
cOOpKHU pe3p00BOr0 COENMHEHUsI TaKUMHU raiikoBepramu ocymiectsisgercs 3a 100...200 ynapos B Te-
yenue 4...5 c. [lynsg paGoTel B pexXxuMe pa3BUHYUBAHMS PE3bOOBBIX COEAMHEHUH MepeKitoyaroT (a3bl
AEKTPONUTAHUS ITPH MIOMOILY IITENCENTHHOIO COETUHEHUSI.

MOMEHT 3aTsDKKM OTpaHWYMBAIOT My(TaMH TNpelelbHOr0 MOMEHTAa WM BpPEMEHEM JIeHCTBHS
YIapHOTO MEXaHW3Ma. JTU Mepbl HE 00ECTIeUnBAIOT HEOOXOAUMOW TOYHOCTH IMapaMETPOB 3aTsHKKU
pPe3bOOBBIX COETMHEHUH, B CBSI3U C YeM YaCTOYAapHbIE FaKOBEPTHI MPUMEHSIOT TOJIBKO JUIsl COOPKH
HEOTBETCTBEHHBIX COCTUHEHUH.

Penxoynapnsle raitkoBepThl 0071a/1a10T 60IbIIEH TOUHOCTBI0. OCHOBHBIM HX ITapaMeTpOM SIBIISIET-
Csl DHEprus ynaapa, cocrasistromas okoso 25 JIxk. I1o cpaBHeHHIO ¢ 4acTOyJapHbIMM MAIIMHAMHM OHU
UMeIoT MeHbInyo Maccy (Ha 20...40 %) u 6omnee Beicokuii KIT/I. VIx mpumeHstoT it cOopku pe3nobo-
BBIX COEIMHEHMH nuamerpoMm 22..52 MM npu TapupoBaHHOM MoMeHTe 3aTskku 400... 5000 H-m.
[IpoaomKuTenbHOCTh COOPKU OHOTO COEIMHEHHS cocTaBiseT 3...8 c.



Pucynok 4.9. DnexktporaifkoBepT

B mHeBMaTHyeckoM peakoyaapHoOM raiikoBepte (pucyHok 4.10) Beaymas dacte 4 ymapHOTO Me-
XaHU3Ma NPUBOJUTCS BO BpallleHWE OT IMHEBMATUYECKOrOo pOTAaLMOHHOro asurarens 5. Benomas
yacTh (yAapHHUK) 3 MOca)keHa CBOOOJHO Ha BAJIMK 7 U MOXET IMEpeMeIlaThCs MO0 HEMY B OCEBOM
HanpasiieHuu. B HepaboueM COCTOSIHMM YIAapHUK, OTXKMMaeMbl NpPYXUHOW 2, 3aHUMAaeT KpailHee
npaBoe mnosiokeHue. [Ipu BKIIFOUEHHOM JBUTraresieé KOHTAaKTUPYIOIIME C BEJAOMOM YacThiO LIAPUKHU
(meHTpoOEXKHBIE TPY3bI) 6 MPUXOIAT BO BPALICHHUE U 32 CYET BO3HUKAIOUINX IIPU 3TOM LIEHTPOOESKHBIX
CHUJI TIEpEMEIIAIOTCs [IEHTPOOEKHO B paluaibHOM HAIPABICHUHU, OT’)KUMAsl YAapHUK, KOTOPBIA Kynad-
KaMH{ Ha €ro TOPLIOBOM MOBEPXHOCTH YAApOM BXOJUT B 3alICIJICHHUE € KyJlaukaMu mmuHens 1.

1 2 3 4 5

Pucynok 4.10. PenkoynapHbiii TailkoBEpT

B nauane mporecca, Korja conpoTUBICHNUE BPAILEHUIO IMHH/EIS HEBEIHUKO, JeTalb Pe3b00BOro
COCIMHEHUS 3aBUHUMBACTCS 0€3 OTKIIIOUEHHS IIMMUHICIS OT YAapHHKa. B KOHIIE 3aTsSHKKH, C BO3pac-
TaHUEM CONPOTUBIICHUS BpAILlEHUIO, CKOPOCTh LIMUHIENS U yIapHUKA YMEHbIIAEeTCsl, BCIEICTBHE Ue-
TO CHIDKAIOTCS TaKXKe OKPY)KHAasi CKOPOCTh IIEHTPOOEIKHBIX TPY30B U JICHCTBYIONINE HA HUX IIEHTPO-
OeXKHBIE CWJIBI, U TPY3bl EpEeMeNIaloTcs IeHTpocTpeMuTenbHo. [Ipu sToM mpyxuHa 2 nepeMerniaer
yIAPHUK BIPABO, BBIBOJS €T0 KYJIA4KH W3 3allETUICHUS ¢ KylTadykamu mmuHAens. OCBOOOIUBIINCE OT
BHEIIIHEH HAarpy3KH, yIapHUK IPUXOAMUT B YCKOPEHHOE BpallleHHe, U MPOLIEeCC YapHOTO BKIIOYSHUS U
OTKITIOYCHHUS KYJAYKOBOTO COCTMHEHHS TTOBTOPSIETCSI.

[THeBmaTnueckuii pesepcuBHbIi raiikoBepT UI13102 (pucyHok 4.11) npenHa3sHaueH A 3aBUHYHU-
BaHUS W OTBHHUMBAHHS BUHTOB W raek. [[HEBMOTallKOBEpT COCTOUT U3 PYKOSATKH 13, Kpbimiku 4 u
CMEHHOT0 pabodero HHCTpyMeHTa (Kitoueil) 1.

Pyxositka umeer xopryc 14, B mepenHell 4acTu KOTOPOTO CMOHTHPOBAH POTALIMOHHBINA MTHEBMO-
nsuratens 19, B 3agHei — Mexanusm pesepca 11, a B HIDKHEH — myckoBoe ycTpoiicTBo 16.

B kpbIlike CMOHTHPOBaHBI ITAHETAPHBINA penykTop 6, 20 u ymapHbIit Mexanu3M 3. PoTarmoHHBIIH
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nHeBMoABHraTenb 13 coctout u3 poropa 9 ¢ 4eThlpbMs Jonatkamu 8 u cratopa 7. MexaHu3M peBep-
ca 11 umeer pacrnpeaenuTenbHOe Koibllo 12, koTopoe ¢ momorisio nepekntodatens 10 perynupyer
1oJ1ayy CKaToro Bo3Ayxa B IHEBMOJBHUIATENIb U 00ecneunBacT BpaLIEHUE POTOPA [0 YaCOBOM CTpe-
ke win npoTuB Hee. [lyckoBoe ycTpoiicTBO nMeeT Kypok 18, Bo3melCTByOIIMIA IpU €ro Ha)XaTuu Ha
cTepxeHb 17 u mapukoBslid kinaman 75. [Inanerapusiii peayktop 20 pa3MenieH B IepeaHel MOJIOCTH
KopItyca pykoaTkH 13 u 3aHel MmojaocTu KpbIKU 4. PeyKTop COCTOUT M3 HEMOABMKHOI BEHIIOBOM
HIECTEPHH 5, IO KOTOPOi 0OKaThiBatoTCs /Ba careumra 21. OQHOBPEMEHHO 3TH CATEJUTUTHI CBSA3AHBI
¢ 3yObsiMU, BBIITOJTHEHHBIMH Ha TIepeHel ocu 22 poropa 9 co mmuuaeneM 23 yIapHOro MeXaHUu3Ma.
nuaaens ygapHOTO MeXaHU3Ma IMOMEIICH B KopIyce 2, CBSI3aHHOM ¢ BWIIKoOW 24. Ha xoHel BUIIKH,
BBIXOJSILEH 3a KPBIUIKY, YCTAaHABIMBAECTCA OAMH M3 YETHIPEX CMEHHBIX pabo4yuX HWHCTPYMEHTOB
(kyTrO4Yeil) il 3aBHHYMBAHUS WM OTBUHYMBAHMS BUHTOB WJIM TaeK OMPEICIIEHHOTO pa3Mepa OTBUH-
YMBaHUS BUHTOB WJIM TaeK OMpeIeNeHHOro pa3mepa. [lpu Haxatuu Ha Kypok 18 cxaTblii BO3ayx U3
MarucTpalid MOoCTyMmaeT B padouyr MmojocTh mHeBMoBurarens 19. Bpamenue potopa depe3 moHu-
XKarouui rmianetapHblid peaykrop 20 nepenaeTcs WNUHACTIO 23, YAapHBIM MEXaHU3M KOTOPOTO MpHU
MOMOIIYM CIUPATBHBIX KAHABOK U JIBYX IIAPUKOB COSJAMHEH C KOPITYCOM yJIapHOTO0 MEXaHW3Ma, HaXo-
JSIIETOCs B 3allCTICHUH C KyladykaMu BWIKW. [Ipy Hanmuuuum Harpy3Kd Ha BHIKY KOPITYC YJapHOTO
MEXaHU3Ma OTKAThIBACTCS Ha IIAPUKaX Ha3aja M, CKUMasl MPYXKUHY, PACIEIUISICTCS ¢ BHJIKOW. 3aTeM
MOJ1 ICICTBUEM MPY>KUHBI OH JBUTAETCS BIIEPE] U, 3aLETUISCH C BUJIKOM, COOOIAeT eif SJHepruio yaa-

pa.
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Pucynox 4.11. [TneBmaTndeckuii peBepcuBHBIN raiikosepT MI13102

Texauyeckas XAapaKTCPUCTHKA

HaumeHoBanue nokasarens Hopma
HawnGonpmmii nuaMeTp 3aBUHYNBAEMON PE3bOBL, MM ............. 16
HaunOoaplmii MOMEHT 3aTSDKKH, KI'M .............. 10
HauGonbmnii pacxos Bo3ayxa, M>/MUH 0,75
Pabouee nasnenue Bo3ayxa, MIIa .........cccoeevveenveveenienicnnnnen. 0,5
CKOpOCTh BpallleHUs IIIMUHACIS, MEH ™ oot 1400
["abapuTsl, MM:
B18)07%05 ¢ N 270
60
176
4

["aiixoBepT 40211108 (pucyHok 4.12) mpUMEHSIOT AJis 3aBEpThIBaHUS OOJTOB U raek ¢ pe3b0oii
JMaMeTpoM J10 14 MM IpY BBINOJIHEHMH MOHTaXHO-COOpOYHBIX pabot. [l yno6cTBa moaxoaa kK 60J-
TaM U Taiikam, pacroJIO’KeHHBIM B TPYAHOAOCTYIHBIX MECTaX, OCh HIMHHJIENS railkoBepTa CMeleHa
OT OCH ABUTraressi, M raikoBepTe yCcTaHOBJIEH [ mymnTensb, npeHa3HaueHHbIN 17151 CHUKEHUS YPOBHS
HIyMa, CO3/JaBaéMOro OTpabOTaBIINM BO3AYXOM. ['alikOBEpT COCTOUT U3 POTALIMOHHOTO ITHEBMAaTHYE-
CKOT'0 JIBUTATEJISA, PACHIOJIOXKEHHOTO B Kopnyce 2, peaykropa U pykosarku 5, neganu 3. [Tyck MammHel
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NPOM3BOIUTCS HaXxkaTueM nenanu 3. Ha Topiie raifkoBepra pacnoiokeHa netis 4 A HoABeIuBaHHS
ero Ha OayaHcupe.

=]

Pucynox 4.12. I'aiikoBepT 40211108

TexHndeckast xapaKTepUCTHKA

HanmMeHoBaHue mokazarens Hopwma

Hanbonpmmii quameTp pe3bObl, MM 14
HanOoapimii MOMEHT 3aTSHKKH, KI*M 6
Uwncno 000pOoTOB MIMHUHAEIS HA XOJIOCTOM X0y B MUHYTY 300
JBurarens:

TUIL ITHEBMATHYECKUM, POTALIMOHHBIN

pabodee naBieHue Bo3nyxa B cetn, Mlla 0,5

HarOOJIBINMI PAcX0l BO3AyXa, M/ MUH 0,8
["abapuTHbIC pa3Mepbl raliKoBepTa, MM:

JUINHA 490

HIMpUHA 122

BBICOTA 66
Macca raiikoBepra, KT 6

HImmmekoBept MI17201 (pucynok 4.13) mpenHazHaueH Ajsl 3aBEPTHIBAHUS PE3bOOBBIX MIMUJIEK
IpU MPOU3BOACTBE MOHTaXHO-COOpOUHBIX PaboT. LINMMIbKOBEPTHI MOTI'YT BCTPauBaThCsl B MHOTO-
LIMUHJENbHbIE OJOKH pa3IMUHBIX KOMIIOHOBOK, 00€CHedMBAIOIIME OJJHOBPEMEHHOE 3aBEpThIBAaHUE
HECKOJIBKUX IIMHJIEK.

HImmibKoBepT COCTOMT M3 KOpIyca 7, POTAIIMOHHOTO IMTHEBMAaTHYECKOTO JBHTATENs 8, IBYXCTY-
NEHYaTOro IJIAHETapHOTO peayKTopa O, peBEpCHBHOIO MeXaHW3Ma 3, IIMUHAET 2, IIMHIbKOAepkKa-
Tend 1.

Bpamenue or poropa nBurarens 4depes JIBYXCTYIEHYAThIM IUIAHETAPHBIA PEAYKTOP IEpenacTcs

HIMUHEI o 2. VI3MeHeHue HarpaBieH!s BPAIleHNs! IIHHIEIS] OCYIECTBISIETCS ITyTEM B3aUMO/ICHCTBHS
Myt 4 u 5.

Pucynok 4.13. Imutekosept WI17201. OOmmmit Brx

Texunaeckas XapaKTCpPUCTHKA

HaumenoBanue nokaszateinst Hopma

JuameTp pe3pObl, MM 12—14
HaunOonpimmii MOMEHT 3aTsHKKH, KM 48
Ywucno 000pOoTOB MIMUHAEIS TPU HAHOOIBIIEH HArpy3Ke
B MUHYTY:

IIpH [TPaBOM BpallleHUU 250

IIPH JIEBOM BpaNICHUU 500
JIBUTATENb.........e'eee. IMHEBMATUYECKUW, POTAIITMOHHBIN
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Jns cOoopku pe3pOoBbIX coeaunenuit nuamerpom 100...200 MM, Hanpumep, P MOHTaXe KPyI-
HOT'O TEXHOJIOTHYECKOT0 000pYOBAaHUS, IPUMEHSIIOT TallKOBEPTHI ¢ THAPABINYECKUM IIPUBOIOM, ITH-
TaeMble IEHTPAJIN30BaHHO OT CTAHIMU.

Lypynosepmur (6unmogepmot) NPUMEHSIOT IpU cOOPOUHO-Pa30OPOUHBIX paboTax, HaIpUMEp,
IIPU MOHTAXE MEPErOPOIOK U3 CYXOM TMIICOBOM IITYKaTypKH 0 METAJUIMYECKOMY, IEPEBSIHHOMY U ac-
OolleMEHTHOMY Kapkacy. B kadecTBe nmpuBoza MCHOJIb3YIOT JIEKTPUUYECKUE PEBEPCUBHBIE KOJLUIEKTOP-
HBIC JIBUTATEIIN C JTBOWHOW M30JSAIHEH MOIIHOCTEIO /10 420 BT ¢ 3y04aThiM peayKTOpOM M KyJa4KOBOM
My(TON INpeeabHOr0 MOMEHTA € PEeryiasTopoM 3HaueHus nocienHero. Yamie B cucreMy NpHUBOAA
BKJIFOUAIOT OJIOK 3JIEKTPOHHOTO PETyIMpPOBAaHMS YacTOTHI BpaLICHUs B nuamazoHe ot Hymna 1o 0,75 ee
HOMHUHAJIBHOI'O 3HAYEHUS ¢ OIPAHUYEHHEM MAKCUMAaJIbHOM 4acToThl BpauieHus. it ynoocrBa paboThl
B TPYAHOJOCTYIHBIX MECTaX MCIOJB3YIOT YUIMHUTEIH, IEPEXOIHBIE BTYJIKH, CMEHHbBIE IATPOHBI JUIS
KPEIUICHHUs] UHCTPYMEHTA.

B kauecTBe CMEHHOrO MHCTPYMEHTA HCIIOIBL3YIOT OTBEPTKH IOJ IUIOCKMM M KPECTOBBIM ILLIUIL
IIypYIIOB, a TAaK)Ke TOJIOBKY-KJIIOU. B psne mozaeneil mypynoBepToB 3apy0eKHOr0 MPOU3BOICTBA Kpe-
X [10J1aeTCsl aBTOMAaTUYECKH M3 CMEHHBIX KacceT, cofeprkamux oT 100 go 150 mwT kpenexHpIx u3-
IENH.

Pe3vbonapesnvie mawiunbl C SIEKTPUUYECKUM M ITHEBMATHUYECKUM POTALMOHHBIM JBUTATEISIMU
IPUMEHSIOT JUIsl Hape3aHHsl pe3bObl B CKBO3HBIX M TIyXHUX OTBEPCTHUSAX. DTH MAIIMHBI OTJIMYAIOTCS OT
CBEPJIMJIBHBIX MHCTPYMEHTOM, B Kau€CTBE KOTOPOrO NMPUMEHSIOT METUUKU, U PEBEPCUBHBIM YCTPOM-
CTBOM B TPaHCMHCCUH, NEPEAAIOLICH IBIKEHHE OT 3JIEKTpOoJBUraTess paboueMy oprany. TpaHcmuc-
CHUSl DJIEKTPUUYECKON pe3pOoHape3HOl MaliuHbI (pUCYHOK 4.14) cOCTOUT U3 ABYX IUIaHETApHBIX Iepe-
nay 11-10-9-8 (mpu HEIMOABUKXHOM BEHIIOBOM KoOJIece 9) u
4-5-2. lllnuunens 1, cBOOOHO TIEpeMeIaeMblil BIOJIb OCH IIEHTPATBLHOrO KOoJieca, Ha BHEITHEM KOHIIC
MMEET NaTPOH JUIsl KPEIUIEHUSI METUYHMKA C XBOCTOBUKOM KBaJIpaTHOI'O CEYEHHUs, a HA BHYTPEHHEM KOH-
IIe — JKECTKO COCIMHEHHYIO C HUM JIBYXCTOPOHHIOIO KYJIa4KOBYIO mosymydry 6. IIpm Hakatum Ha
KOpIYC MAIlIMHbI B HAIIPaBJIEHUH [10J1auu nosyMmydTa 13, )KeCTKO COeIMHEHHAs C BEHL[OBBIM 3y0UaThIM
KOJIECOM 8, BXOAUT B 3alCTUICHHUE C TIOIYMY(PTOH 6, BCICACTBUE YEro IIMTUH/ISIIO MEPEIaeTCs OT IIeK-
TpoaBurarens 12 npaBoe BpallieHHe (Ha 3aBUHUYMBaHUE MeTUMKa). J[J1s1 BO3BpaTHOro BpallleHUsl METUYH-
Ka (Ha ero BHIBUHYMBAHUE U3 pe3b00BOr0 OTBEPCTHUS) B Cydyae Hape3aHusl pe3bObl B CKBO3HBIX OTBEP-
CTHUSAX KOPITyC MAalllMHbI MoJatoT Ha ceds. [Ipu sTrom nomymydra 6, ynepxkuBaemas B OCEBOM Halpas-
JICHUH YIHUPAIOLUIMMCS B TOPLIOBYIO IOBEPXHOCTh OTBEPCTUS METUMKOM, BBIXOJUT U3 3aLEIIEHUS C MO~
aymy¢Toii 13 1 mpu JanpHeHiel nojadye Kopryca Ha ce0si BXOJMT B 3alleIUVIEHUE C MOIyMY(TOH, BbI-
MOJTHEHHOM 3a0/IHO C LIEHTPaJIbHBIM 3yO4aThIM KOJIECOM Ie€peladd BTOpoil crymeHu. B pesynbrare
9TUX JEHCTBUH IIMHMHJEN0 COOOIIAaeTCsl JeBOe BpalllaTesIbHOE JBUXKEHUE ¢ Oosiee BBICOKOM CKOpO-
CTbIO, 1 METYMK BBHIBUHYMBAETCS U3 Hape3aHHOH MM pe3bObl. B ciyuae Hape3aHus pe3pObl B IIyXHX
OTBEPCTHUSX €€ IIIyOUHY PeryJlupyroT ynopoM 3, 3aKpeIuisis ero Ha Kopiyce MaluHbl BUHTOM 7. Ilpu
JOCTUKEHUH YCTaHOBJICHHOM TIYOMHBI YIIOp MPUXOIUT B CONMPUKOCHOBEHHE C TEIOM Hape3aeMoH Jie-
TaJIM, NPEIATCTBYS JaJbHEHIIEMY IIEPEMEILIEHUIO KOPITyca B OCEBOM HAIPaBJIEHUH, & BPALIAKOIIMNACS
HIMUHJENIb ¢ BBUHYMBAIOIIMMCS B OTBEPCTHE METYMKOM IEPEMEIAETCs] Ha OTBEPCTHUE, BBIBOAS IOJIY-
My(pTy 6 U3 3auerienus ¢ noanymydroit 13. [l BpaiieHust MeTuMKa B 0OOpaTHOM HaIlPaBJIEHUH MOCTY-
NAKOT TaK K€, KaK U B CIy4ae Hape3aHUs CKBO3HBIX OTBEPCTH.
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Pucynox 4.14. Kunemarnueckas cxema pe3b00Hape3HON MaIInHbI

4.4 MoHTa:XHble cOOPOYHbIe MOJIOTKH WIH MHCTOJIETHI MIPUMEHSIOT JJIs 3a0MBKU KpEMeKHbIX
u3zenuii (reosnel, cko0, arobeneit). KpenexHoe uszienne BCTaBIAIOT B CTBOJ MUCTOJIETa U OHOPA30-
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BBIM BO3/ICHCTBHEM HA HETO MOPIIHS-YAapHUKA 3a0UBAIOT €r0 B JEPEBSIHHOE, METAIIMYECKOE, KHUP-
NUYHOE WK OETOHHOE OCHOBaHWE. B 3aBHCHMOCTH OT BHAA MPHUBOJIA PA3JIMYAIOT MOPOXOBBIE, ITHEB-
MaTUYECKUE U JICKTPOMArHUTHBIE MOJIOTKH.

[TopoxoBbie MOJIOTKH (pUCYHOK 4.15) mpenHa3HaYeHBI 17151 3a0MBKH AF0OCIICH pa3IMIHOTO HCIIOJ-
HeHus (I00eTb-TBO3 b, JFOOETh-BUHT — C BUHTOBOM HAape3KOil XBOCTOBHKA) B O6eToH g0 Mapku 400
BKJIFOUMTEIIBHO, CTaJIb ¢ mpeaenoM npoydoctu 10 450 MIla, kupnud. B pabote mopoxoBoro MojoTka
UCTIONIL3YETCSI IPUHIIMIT JICHCTBUSI OTHECTPENBHOTO opyxus. J[robens 2 u mopoxoBoi maTpoH 6 3a-
KJIJbIBAIOT B CTBOII 5.

6 7
3 4 5 Tt

8 9

Pucynoxk 4.15. IlopoxoBo# CTpOUTENLHO-MOHTaXKHbII MHCTOJIET

Jlasiee MOJIOTOK IPHKMMAIOT YCTAaHOBJICHHBIM Ha MEPEAHEM KOHIIE MPUKUMOM 1 K OCHOBaHUIO,
npeJHa3sHAYeHHOMY Ul 3a0MBKH /1100elis, 1 HAXKUMAIOT Ha CIycKHOM peryar 7. Ilog aelictBuem mnpy-
KHUHBI 8 ppraar 9 yaapsier ocTpieM HaKOHEYHHKA B KarCIoJIb MTaTPOHA, BCIECACTBHE YETO HAXOASAIIeecs
B HEM BOCILJIaMEHsIoLIeecs OT yJapa BelecTBO Mopkuraer nopox. OOpasyronmecs npu 3TOM MOpo-
XOBBIE€ Ta3bl, YBEIMYMBASACH B 00BEME, BBITAIKHBAIOT U3 CTBOJIA MOPIICHb 3, KOTOPBIA yJaapseT Io
XBOCTOBMKY Ar00esl, BHEApsAsA ero B ocHoBaHue. [locne mepemenieHys MopuiHs B MEPEIHIO 4acTb
CTBOJIA TOJIOCTh TMOCJIEIHETO COEAMHACTCS ¢ KaMepou 4, depe3 KOTOpy OoTpaboTaHHBIE MOPOXOBEIC
rassl BEIOpachIBalOTCS B aTMOChepy.

Tum nmaTpoHOB BBEIOMPAIOT B 3aBUCHUMOCTH OT pa3MepoB 3a0MBaeMBbIX ar00esiell 1 MeXaHHUECKUX
CBOMCTB OCHOBaHUH. IIopoXOBBIE MOJIOTKM KOMIUJIEKTYIOT CMEHHBIMH CTBOJIAMH U IOPIIHEBBIMU
rpynnamMy COOTBETCTBEHHO pa3Mepam Jro0enei.

ITnesmamuueckue monomku, Ha3blBa€Mble TaKXkKe IBO3JIe- WIH CKO0O03a0MBOYHBIMU MUCTOJETA-
MU, NPUMEHSIOT JJis 3a0MBKM T'BO3/I€H M CKOO B JIEpEBSHHbIE, JPEBECHO-BOJIOKHUCTHIE, IPEBECHO-
CTpY)KE€UHbIE, IEMEHTHO-CTPY>K€UHbIE U JIpyrue ocHoBaHMs. OHM ObIBAIOT clielUaIbHBIMU — AJIS 3a-
OMBKM KPENEKHBIX AJIIEMEHTOB OINpPEAEICHHOT0 BUJAa U YHUBEPCAIbHBIMU — ISl 3a0MBKU HECKOJIb-
KHMX BHUJIOB KPEIEKHBIX DIEMEHTOB.

B rBo3zne3aOuBHOM NMHEBMAaTHYECKOM MHCTOJNIETE (PUCYHOK 4.16) KOMIUIEKT I'BO3JIEH MOMEIIAIOT B
MmarasuH 9, 0TKy/a OHM 10 0oJHOMY noctynaroT B cTBoi 10. ['Bo3 b 3a0KBaIOT yjapoM 10 €ro IIsNKe
IITOKOM 3 MIPH MEePEMEIEHIH MOPIIHS S5 B HAPABJISIOIIEM HUIHHAPE 4 K CTBOITY OT JTABJICHHSI CKATO-
ro BO3/yXa, IOCTYNAIOIIEr0 OT KOMIIPECCOPA Yepe3 IITYLEP 8 U Kilanad 6 B HaANOPIIHEBYIO MOJIOCTb
(mpsiMoii XOg).

Knaman 6 oTkpbIBaeTCs IMyCKOBOM CKOOOM 7 MpH yCIIOBHM, YTO MpeaoXpaHuTenbHas ckoba 11 Oy-
JIeT MpuXkaTta K OCHOBaHHIO (MecTy 3a0buBku rBo3as). [locne ormyckanust ckoObl 7 wiH (M) OTKaTHS
NpeoXpaHUTEIbHON cKOOBI 11 mocTyn Bo3ayxa B HaAMOPIIHEBYIO MOJOCTh MpPEKpallaeTcs, U mop-
IIEHb CO IITOKOM BO3BpAIIA€TCA B MCXOJHOE MOJIOKEHUE TOJ] IaBJIEHUEM BO31yXa B aKKyMYJIHPYIO-
IIMX KaMepax 2, KOTOpbIe 3apsDKAIKCh MPH MPSIMOM XOJIe OPILIHS yepe3 oTBepcTus 1 B HampasJIsiio-
IeM LUJIUHApE.
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Pucynoxk 4.16. 'Bo31e3a0MBHON THEBMATUYCCKHUI MUCTOIET

DJIEKTPOMArHUTHBIA MOHTAKHBIM MUCTOICT (PUCYHOK 4.17) HCHOB3YIOT /Uit 3a0UBKH I00€ICH B
OCHOBaHUE W3 Pa3UYHBIX MarepuayioB. OHU pabOTAIOT OT BBIHOCHBIX KOMIIAKTHBIX AJICKTPOHHBIX
npeoOpasoBareneii ¢ yactoroit MmeHee 50 ['u. Duepruto eauHuyHoro yaapa (5...22 JIx) u3MEHSIOT my-
TEM U3MEHEHUS 4aCTOTHI TOKA.

; NS e
rererary e 7.

R

1 — cunoBas KaTyIIka; 2 — IPY)XUHA; 3 — orOpHas InTa; 4 — Nro6eTb-rBO3b;
5 — BeIKIIOUATENB; 6 — IKOPH-00€K; 7 — BO3BpaTHAs IPY>KHHA

Pucynok 4.17. DneKTpOMarHUTHBI MOHTaXXHBIH MMHUCTOJET

KnemaapHbIe MOTOTKH npe€aHa3sHa4YCHBI JJIs1 YCTAHOBKHU 3aKJICTIOK JUAMETPOM 10 36 MM B OTBEP-
CTHSI COEAMHSAEMBIX KIIENKOW METAITIMUECKUX KOHCTPYKIHMHM M MX IUIACTHUYECKOro J1e(OpMHUPOBAHUS
(ocaxuBaHMs) B XOJIOJHOM U TOPSTYEM COCTOSTHUSIX C 00pa30BaHHEM 3aMBIKAOIIEH ToJIOBKH. B kaue-
CTBE pabOYero MHCTPYMEHTA UCHOIb3YIOT 00KUMKHA. MOJIOTKH paboTaloT B BUOPOYAAPHOM pEXUME.
HawuGospiee pacrpocTpaHeHHe MOMYYMIA THEBMATHUECKHE KIIETadbHbIe MOJOTKU (pucyHok 4.18),
IpeCTaBisIomue co00i MOPIIHEBbIE ABYXKaMEepHbIE MAIIMHBI, OOBIYHO C KJIallaHHOW CUCTEMOM BO3-
TyXOpacHpeaesIeHHs.. .

2 . 3 - 4:

, ave
S = € |

1 — pyKkosiTKa C IyCKOBBIM yCTPOHCTBOM; 2 — 30JI0THUKOBOE BO3/{yXOpacHpeeIUTeIbHOE YCTPOUCTBO; 3— CTBOII ¢ yAApHOI mapoif;

4 — xoH1eBas Oykca

Pucynox 4.18. [TneBMaTHYeCKHH KIIETIaIbHBIN MOJIOTOK
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OCHOBHBIMU TIapaMETPaMH MOJIOTKOB SIBJISIFOTCS: SHEPrus €AMHUYHOrO yJaapa, 4acToTa yAapos,
yJlapHasi MOLIHOCTb M YZAEIbHBIN pacxol Bo3ayXa. J{as MOJIOTKOB XOJIOJHOH KJIETKH € UCIIOJIb30BaHH-
€M 3aKJICIIOK U3 AJIFOMUHUEBBIX CIUIABOB M MajioyryiepoaucTor cranu CT1Kn 3HaueHHs 3TUX MapaMeT-
poB coctaBisioT 10 13 JIxk, 30...45 ', 400 Br; 2,45 M%/(Mun/xBT). Jl1 MOIOTKOB ropsueii KISHKH C
HCIIOJIb30BaHUEM 3akiienok u3 ctanu 20 — coorBercTBeHHO 22,5...70 JIx; 8...80 I'tr; 400...560 BT;
2,45 M*/(Mun/kBT). B mocieniHee BpeMst co3/1aHbl KJIeNalbHbIE MOJIOTKHU C THAPOIPHUBOIOM.

Ilucmonem monmasicuviii nopuwinesou I11] 52-1 npenHazHaueH JJis BBIIOJHEHUS KpEIUICHUN
Pa3IMYHBIX KOHCTPYKIIMH U JeTaNe MyTeM 3a0uBaHus q100eseii B O6TOHHBIC U JKeIe300eTOHHbIE (10
mapku 400 BKIIOUUTENHHO), CTABHBIE (C penenoM npoyHocTH 10 450 MIla), kupnuuHbie, nutakooe-
TOHHBIE, KEpaM3UTOOETOHHbIE M JPYI'He CTPOMTEIbHbIE OCHOBaHUA. C NPUMEHEHUEM IHCTOJIETa
[I52-1 MOXHO NHPOU3BOAUTH: HECHEMHBIE KPEIUIEHHUS IIYTEM HEIOCPEACTBEHHON (IIPUCTPEIKU»
H00EIAMHU-TBO3/IIMU K CTPOUTEIBHOMY OCHOBaHMIO (0€3 MpeaBapUTEIILHOTO BBINOJIHEHHS OTBEp-
CTUM) JleTajeil U KOHCTPYKIIMM, U3TOTOBICHHBIX U3 CTAJIM TOJIIMHONU OT 1 70 6 MM, a TaKKe altoMU-
HUS U €ro CIUIaBOB, JIEPEBA U JEPEBOBOJIOKHUTOB, MJIACTMACCHI U T. II.; Cb€MHBIE KPEIJICHUs MyTeM
npeBapuTeNbHON 3a0MBKU Ar00eIeli-BUHTOB ¢ MOCIEIYIOUINM 3aKpeIUICHHEM Ha raifikax Jerajiei u
KOHCTPYKLUH; KPEIUICHUE 3JIEKTPOTEXHUYECKOI0 M CaHMTApPHO-TEXHUUYECKOIo 000pyIOBaHHUA, MpPO-
KJIaJKy TpyOO- M BO3yXOBOJa, KPEIJIEHUE THJIPO-, 3BYKO- U TEIUIOM30JISILIMOHHBIX MaTepHUaIoB, MOH-
TaX BHYTPEHHUX CTEH M NEPEropojoK, BHIIOIHEHUE OTIENOYHBIX paboT B MPOMBIIIICHHOM U XKH-
JUIIHO-TPaKJAHCKOM CTPOMTEIBCTBE, IPU MOCTPOMKE U PEMOHTE CYJOB, Ha THAPOTEXHUYECKUX CO-
OpYXEHMSX, B METAJUTYpTHH U T. 1.

[TopmiHeBOi MUCTOJET MO3BOJIIET BECTH OE30MACHBIH M BBICOKOIPOM3BOIAUTEIBHBI MOHTaX B
JT0OBIX MPOCTPAHCTBEHHBIX MOJOKEHUAX U HE3aBHUCUMO OT HOTrOAHBIX ycioBui. [luctoner paboraer
Ha TMPHUHIHUIE KCIOJIb30BAHUS DHEPTUU PACIIUPSIONINXCS TOPOXOBBIX ra3oB. 3abuBka mrobens 1,
HaXOJALIerocs B HaIpaBUTelle 2, OCYILECTBIISETCS yIapoM IOpIIHA 3, KOTOpBIA pas3roHseTcs IO
CTBOJIY 4 aBJIEHHMEM IOPOXOBbIX ra30B. Pa3roH mopiHs noj faBjieHUEM IPOUCXOAUT HA ydacTke 22-
35 MM g0 ckopoctu 50-90 Mm/c, mocie yero mopoxoBble Ia3bl Uepe3 paccekareiab 5 cOpachlBalOTCs B
pacmpuTeNbHbIe TTONOCTH My THI 6. JlanpHeiiee qBMKEHUE MOPIIHS M 3a0MBKa JTI00EIs IPOUCXO0-
JUT 10 UHEPLUH, IPU ITOM B KOHEUHBIH MOMEHT 3a CUET COIPOTHUBIIEHUS CTPOUTEIBHOTO OCHOBAHUS
CKOpPOCTH Ar00€ems naaaer 10 Hyns. Jig mpou3BoJICTBA BhICTpEIa MUCTOJIET MPHKUMAETCSl K MECTY 3a-
OuBKH /1100€I1s YTOOBI HallpaBUTENb, IEHCTBYSI HA aMOPTH3ATOPHI / U pacceKaresb S5 CMECTUII CTBOI 4
Y NIATPOH K IJIOCKOCTU HakJIOHa Kancrois. [lucroner cHaGxeH OJ0KHMpOBKaMHU, HCKITIOYAIOIIUMHU CITy-
yaiiHblii BeicTpen. s GezomacHoi padotel nucronet [1L[52-I" koMIuiekTyeTcs: crienualbHbIMU TPH-
HA/JIEKHOCTSAMU (OYKH, TPOTUBOIIYMHBIE HAYIIIHUKH, IEpUYATKH U KacKa), a TAaKKe MPUHAJJICKHOCTSI-
MU Ul €ro pa300pKu COOPKH YMCTKU M CMa3KH, IByMs CTBOJIAMM, KOTOpPbIE YCTAHABIMBAIOTCS B 3a-
BHCUMOCTH OT MIPUMEHSIEMOI0 NaTPOHA, MOPIIHEBBIMU IPYIA MU, PHKUMaMU U HAKOHEUYHUKAMHU.

[Tuctonerom III152-1 paspemaeTcst Hoap30BaThCS JULAM, IPOIIEAIINM HHCTPYKTAXK U MMEIOIIUM
CIeIHalIbHOE YA0CTOBEPEHUE Ha MPABO dKCILTyaTalllu.

Texunueckas XAapaKTCPUCTHKA

HaumeHnoBanue nokaszares Hopwma

JlnaMeTp KaHANIA CTBOIA, MM ......eurerenrenrannannnnnenanns 10
MakcuMaIbHas! JJITHHA JFO0EHEH, MM ....oovvvveeeeeennnnn... 100
TexHuYecKas MPOU3BOIUTEIBLHOCTD, BBICTPEN/ ........... 50
TIATPOH, TPYIIIIA .. .vvettte et et e e e e aaeannn ;K
T"apaHTHiiHAS TOJITOBEYHOCTD:

JUTSI IACTOJIETA, BHICTPEJIOB, HE MEHEE .................. 25000

JUTSL K&KJIOTO TIOPLIHSI, BBICTPEJIOB, HE MEHEE ......... 1000
["abapuTHbIe pa3Mepbl ¢ HaKOHeUYHHKaMu Ne 1, MM.........| 385X65%x135
IMacca, KT, HE OOTIEE . ...ovvveeineieiineeeinie e iieeannens 3,6

6.5 PyuHble MalIMHbI 1JIs1 pa3pylIeHUs] MPOYHBIX MAaTePHAJIOB M Pa0dOThI 10 TPYHTY.

Jns pazpymenust acaabTOOETOHHBIX MOKPBITUH, MEP3JIBIX TPYHTOB, CKaJIbHBIX MOPOJ, AJIEMEH-
TOB KOHCTPYKIMH M3 pazIHMYHBIX CTPOUTENIBHBIX MaTepHUaioB (KaMHs, KUpIKUYa, OETOHA), MPOOUBKU
OTBEpPCTHH CTEHAX U MEPEKPBITUIX U T.I. IPUMEHSIIOT MOJIOTKM U OETOHOJIOMBI. JTH MAallUHBI OTHO-
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CSTCSL K MMITYJIbCHO-CHJIOBBIM C BO3BPATHO-TIOCTY-IIATEIbHBIM JBUKCHHEM Pa0OYuX OpPTraHoB (MBI
WK 3yOusia — y MOJIOTKOB, TUKU WJIM JIONAThl — y 6€TOHOJIOMOB). OHM BBITIOJHEHBI MO0 OJJUHAKOBBIM
NPUHIUITAATBHBIM CXeMaM, HO OTJIMYAIOTCS APYr OT JApYyra dHEprueil yaapa, Kotopas y dJIeKTpude-
CKHMX MOJIOTKOB cocTaBisieT 2... 25 [Ix, a y 6erononomoB 40 [ mipu anekrpudeckoMm u 90 [k npu
MTHEBMATUYEeCKOM MpUBOAax. [0 CpaBHEHHIO C MOJIOTKaMH OETOHOJOMBI MMEIOT TaKKe OOJBIIYIO
Mmaccy. B paGouem cOCTOSSHUM MOJIOTOK MOXKET 3aHHUMAaTh MPOU3BOJIBHOE MOJIOKEHUE OTHOCHUTEIHLHO
oOpabarsiBaeMOro Marepuaia, a 0ETOHOJIOM — TOJBKO BEPTUKAILHOE WM OJM3KOE K HEMY TOJIOXKe-
HUE Mpu paboTe CBEpXY BHU3.

B crpouTtenscTBE MPUMEHSIIOT MPEHMYIIECTBEHHO MHEBMATHYECKHE MAIIUHBI, KOTOPhIE 3HAYH-
TEJBHO JIETYEe AJIEKTPUUYECKUX U 00safaroT Oosblieil sHeprueit yaapa. OHM MeHee SHEProeMKHU B H3-
TOTOBJICHUH M HE TPEOYIOT UCTIOIB30BAHUS JJOPOTOCTOSIINX MaTEPHAIIOB, O€30MAaCHBI ¥ IPOCTHI B 00-
cinyxuBaHuM U pemonte. x Hemocratkom sBisiercss Hu3kui KIIJ[ u Gombiias cTOMMOCTb 3HEPrUH
nutanus. OJHAKO PEHIaroNIyl0 pOJib B OMPEIEICHHH CeOSCTOMMOCTH €IMHHIIBI MPOTYKIIUN UTPAIOT
TPYAOBBIE 3aTpaThl, OMpeaesieMble TEXHUYECKUMH MapaMeTpamMu MAallUHbI, B TOM 4YHCJIE€ Maccoi H
rabapuTHBIMHU pa3MepaMu.

B nHeBmMaTtnueckoMm pyOminbHOM MonoTKe (pucyHok 4.19) mocrymarenbHoe IBHKEHHE pabodero
oprana 1, 3akperuIcHHOTO BO BTYJIKE MOJIBH)KHOTO CTBOJIA 2, 00ECIICUNBACTCS 32 CUET YJAapOB IO €ro
XBOCTOBUKY OOWMKOM 3, MepeMeniaeMbiM B HUIMHAPUIECKONH YacTH 4 CTBOJIA MYyTEM MOIEPEeMEHHON
M0JIa4Y¥ B HIDKHIOIO W BEPXHIOKO IMOJIOCTH IIWJIMHJPA CKATOTO BO3ayxa. KianaHHbId MexaHU3M 7 BO3-
JyXOpacHpeesIeHNs pacioio’KeH B BEpXHEl yacTu cTBosa. PykosiTka 5 MOIIOTKa BMECTE ¢ KOPIyCOM
10 BuOpoM30JIMpOBaHa IPYKUHOW 8, MOCTYNAIOIINM B KaMepy 9 C)KaThIM BO3AYXOM U OydepoM 6.

Pucynox 4.19.
PyOunbHBINH MOJIOTOK

1

OTeuecTBEHHOW MPOMBIIIIEHHOCTHIO BBIITYCKAKOTCS MOJIOTKU C 3Heprueit ynapa 8... 56 JIx ¢ ya-
crotoit coorBeTcTBeHHO 40... 10 I'it 1 Mmaccoii 5,5... 11 k.

6.5.1 Omoéoiinvie moromku u 6emonHoeI0Mbl

Ot6oitapie Mootk MOSII, MO9IT u MOI10IT (pucynox 4.20) mpemHasHaueHBl ISl PYOKH,
KJICTIKH, YeKaHKH, 0OpYOKM MOBEPXHOCTEH OTJIMBOK, BHIPYOKH PaKOBHH, 3a4MCTKHU CBAaPHBIX IIBOB U
JIPYTUX OINepanui.



Pucynox 4.20. [TneBMaTHueckuii pyOHUIIbHBIA MOJIOTOK
MOSII, MO9I1, MO10I1

B 3aBucumocTH OT Buaa paboT MHEBMaTHYECKUE OTOOMHBIE MOJIOTKH BBITYCKAIOT TPeX MOIU(H-
karuii: MOSII - s nerkoit yuekanku u o0pyoku; MOOII - nnst cpenHeit Yekanku, OOpyOKH U KJICTIKH,
MOI10IT — myist 0OpyOKH MOBEPXHOCTEH KPYITHBIX OTJIMBOK TSDKEJION YEKaHKH.

Ha MonoTkax yCcTaHOBIIEH TIIYIIUTENb, IPEAHA3HAUCHHBIN JIJIs1 CHIDKEHUS YPOBHS 1ITyMa, CO3/aBa-
emoro otpadoTtaBmuM Bo3ayxoM. Monotku MOSII, MO9II u MO10II cocrosiT U3 cTBoOia 5, pyKOsAT-
KU 7, yaapHuka 4, 30JI0THUKOBOU KOpOOKH 2, OyKchl [1sl pyOku 6, pabouero uuctpymenTa (muku) 8,
yAepKuBaromieil npyxunsl 7. Ynapuuk 4. [log neiicTBUeM CKaToro BO3/yXa COBEpIIAET BO3BPATHO-
MOCTYNaTeIbHOE TBUKEHHE B CTBOJIE 5.

B xoHnue pabodero xona yaapHuK 4 HAaHOCHUT y/ap IO XBOCTOBUKY pab0O4Yero MHCTPYMEHTA, BCTaB-
asiemoro B Oykcy [uist pyoku 6. PaGouuit nHCTpyMEHT (MHKa) YAEPKUBACTCS OT BBIMAaHUS U3 OYKCHI
npyxuHoi 7. Bo3BpaTHO-TIOCTymaTenbHOE IBMKEHUE YAapHHUKA 4 OCYIIECTBIISCTCS ITyTeM IOJa4d
CKaToOTo BO3[yXa B Ty WM JAPYTyI0 CTOPOHY MOPIIHEBOW 4acTH ynapHuKa. llepekimtoueHue momayu
BO3/yXa B Ty WJIHM MHYIO TOJOCTh MOPITHEBON YaCTH yAapHHUKA MPOM3BOJUTCS aBTOMATHYECKH ILIa-
CTHUHYATHIM 30JI0THUKOM 3, TOMEIIEHHBIM B 30JI0THUKOBOI KOpoOKe 2.

K mrrynepy 9 npucoenuHsieTcs IITaHT UTS TOJIa4X CKaTOTO BO3AyXa K MOJIOTKY.

Texuuyeckas XapaKTCpuCTUKa

HanmeHnoBanue nokasareiis Hopua
MOSII | MO9IT MO10I1

Pabouee naBnenne Bo3ayxa B cetu, Mlla 0,5 0,5 0,5
OHeprus ynapa, Jx 30 37 45
Yucio yrapoB B MUHYTY 1600 | 1400 | 1200
PacxoJ BO3IyXxa, M°/MUH 1,25 1,25 1,25
JTriaMeTp BO3yXOMPOBOIHOTO [IJIAHTa B 16 16 16
CBETY, MM
["abapuTHbIC pa3Mepbl XBOCTOBUKA ITUKH, MM:
TameTp 24 24 24
ITMHA 70 70 70
["abapuTHBIC pa3Mepbl MOJIOTKA, MM:
THHA 490 520 572
IMpHHA 90 90 90
BBLICOTA 170 170 170
Macca MOI0TKa, KT 8 9 10

Bemononom V114602 (pucynok 4.21) mpemaHazHadyeH sl pa3paObOTKH MEP3IIbIX U TBEPHBIX TPYH-
TOB, JIOMKH OCTOHHBIX M ac(aJbTOBBIX JOPOKHBIX MOKPHITUH, pa3pylIeHUs] OETOHHBIX M KUPIUYHBIX
COOpPY)KEHHH M IpYyrux MOJOO0HBIX paboT. beToHOIOM MCTONB3yeTCs Il MEXaHHW3alUU Pa3IMYHbBIX
CTPOUTENBHBIX U JTIOPOKHBIX paboT. Ha GeToHONIOME yCTaHOBJIEH TIIYIINUTENb, TpeIHa3HAYCHHBIN IS
CHIDKEHHSI YPOBHS IIIyMa, CO37aBaeMOTro OTpabOTaBIINM BO3AyXOM. beToHOIOM cOCTOUT M3 cTBOMNA 5,
pykosTku 1, Oykcsl 6, ynapHuka 4, 30JJ0THUKOBOW KOpOOKH 2, muadparmsl 3, yAep KUBAIOLIEH Mpy-
JKUHBI 7, pabovero nHCTpyMeHTa 8.

VY napHuk 4 noJi AEWCTBUEM CXKATOTO BO3/lyXa COBEPIIAET BO3BPATHO- ITOCTYNATEIbHOE JIBUKEHHUE.
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B xon1e pabodero xona yaapHUK 4 HAHOCHT yzap IO XBOCTOBUKY pab0O4ero MHCTPYMEHTA, BCTaBJIse-
Moro B Oykcy 6. Bo3BpaTHo-mocTynaTeibHOE IBUKCHHUE YIApPHUKA OCYIIECTBISIETCS MTyTEM MOJa4n
C)KaToro BO3JlyXa IO OJHY, WIH APYI'YIO0 CTOPOHY ynapHuka 4. [lepexitoueHre mogayu cxaTtoro BO3-
JyXa B Ty WIH JPYryl MOJOCTh IMOPUTHEBOH YacTH YAapHHKA MPOU3BOJAUTCS aBTOMATHUYECKH JHa-
dparmoii 3. K mtyniepy 9 nprcoennHseTCs IJIAHT IS [TOaYH CKAaTOTO BO3/1yXa K MOJIOTKY.

H'='=='
.9‘-”
___—'

=]
SIS RS 2

Pucynox 4.21. Beronomom UI14602. O6uwmii Bz

Texuuueckas XapaKTCpHUCTUKA

HanmeHnoBaHue nokasaTesns Hopwma

DHeprus ynapa, Jx 80
Yucno yaapoB B MUHYTY 850
Pabouee naBnenne Bo3ayxa B cetu, Mlla 0,5
HauGonpimii pacxo Bo3ayxa, M°/MUH 1,6
Jwnametp BO3MyXONPOBOTHOTO IIJIAHTA B CBETY, MM 18
["abapuTHbIe pazMepbl OETOHOIOMA, MM:

JuirHa (0e3 pabouero HHCTPyMEHTA) 670

[IprUHA 92

BBICOTA 255
Macca 6eToHosioma (0e3 pabouero HHCTpyMEHTa), KT 16,7

Jinst 00pazoBaHus TIyXUX U CKBO3HBIX CKBXKWH (TOPU30HTAIBHBIX, BEPTUKAIBHBIX, HAKIIOHHBIX) B OJTHO-
poaHbIX TpyHTaX 10 |V KaTeropum BKIIOYUTENEHO MPUMEHSIOT ITHEBMAaTHYECKUE MPOOOWHHUKH (IUISI CKBaXKHUH
nuametpoM S55... 300 MM) U pacKaTUMKH TpyHTA (715 CKBaXXHUH AuaMeTpoM 55 ...2000 mm).

ITneemamuueckuit npodoinuk (pucyHok 4.22,a) paboraet B UMIYJIbCHO-CHJIOBOM pexkume. OH mepeme-
IIAeTCsl B TPYHTE 33 CYET BO3BPATHO-TIOCTYNATEIFHOTO JIB)KEHHS yIapHHKa 4, epeMelIalomerocsi B Kopiyce
1 u HaHOCAIIETrO YAaphl JIMOO 0 HAKOBaJIbHE, EPEJHE YacTH Kopiyca (Ipu ABWKEHUH HA CKBAKHUHY), MO0
1o 3ajHel raiike 10 (pu ABMKEHUU U3 CKBaXKHHBI).

a) 1 2 3 4 5 6 7 8 9 10 11

o ////////////// 2% \\\
m\\\\\\\\\\\\\\\\\\\\ﬂn
I |

Pucynox 4.22. ITneBMaTHueckuii MpoOOWHUK (a) M TOPU3OHTAIBHBIE IPOKOJIEI B TpyHTE (0)
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JIBI>keHue B MPSIMOM HalpaBJICHUH, Ha CKBaXXHMHY, 00€CIIeUnBaeTCs Mojayeld C)KaToro Bo3ayxa oT
KoMIIpeccopa 1o ruokomy manry 11 x marpyOky 7 u ganee, yepe3 kamepy 6 U OKHaA 5, B MOJIOCTh
MEXIy yOapHUKOM U TepelHel 4acThio Kopmyca — kamepy 3. M3-3a pa3HOCTH BOCHPUHUMAOIIUX
JaBJICHHE C)KaTOTO BO3AyXa IUJIOLIA/el Co CTOPOHBI Kamep 6 U 3 yaapHUK nepemMeniaercs Bripaso. B
KOHIIE 3TOTO MEpEeMEIeHHs TPOUCXOIUT BBIXJION BO3AyXa U3 KaMephl 3 Yepe3 OKHa 5 B MOJOCTh 8 H
nanee, yepes OTBEpCTHs amopTu3aropa 9, B atMocdepy, BCIeICTBUE Yero yIapHUK CHayalla OCTaHaB-
JMBAETCs, a 3aTeM, C BO3pacTaHUEM JaBJICHUS BO3[AyXa B KaMepe 6 mepemMeriaercsi BIEBO, HAHOCS
yziap 1o HaKOBaJIbHE.

st BO3BpaTHOTO ABMKEHUS (M3 CKBaXXHHBI) BpalleHHeM Iuianra 11 u coeJuHeHHOro ¢ HUM Ma-
TpyOKa 7 mocneaHui BEIBUHUYMBAIOT U3 raiiku 10, mepemernas ero B mojoxeHue, MOKa3aHHOE HITPU-
XOBOMH JIMHHMEH, yBEIHMUUBAs 3TUM XOJ YIapHHUKA B HAIIPABJICHUHU K 3a/IHEH raiike 10 COOOIIeHUsT OKOH
5 ¢ monocThI0 8 Tak, YTO BBIXJION OTPaOOTaBIIEro BO3AYyXa MPOUCXOIUT OAHOBPEMEHHO C YAapOM
yIApHHUKA 10 3a1Heu raike. [Ipu nepeMeleHny e yJapHUKa B HAIIPABICHUU NIEPEIHEN 4acTu KOp-
myca M3-3a aMOPTU3UPYIOLIETO JACWCTBUS HAXOJSIIErocsl B KaMepe 3 BO3/yXa yaapa MO HaKOBaJbHE
HE MPOUCXO/INT.

HNmnynscHOE TiepeMelieHre IpoOOoiHNKa B TPYHTE SIBISIETCS Pe3y/IbTaToOM pa3daliaHca Mexay re-
HEpPUPYEMbIMH yJlapaMH aKTUBHBIMHM CHJIAaMU U CHUJIAaMH TPEHHUS KOpIyca O CTEHKHU CKBaxHHbI. [Ipu
JIBUKEHUH yJapHHKa B 0OpaTHOM HampaBieHHH (TIOCNE yaapa) 3TOT OallaHC BOCCTaHABIMBAETCS, U
BO3BPATHOTO MEPEMEIICHHUSI BCET0 MPOOOWHNKA HE MPOUCXOAUT. 1109TOMY HEOOXOAUMBIM YCIOBHEM
MPOXOJKU CKBaXUHBI MPOOONHNKOM SBIISETCS HATUYME CHJI TPEHHUS MEXKIY KOPIYCOM M CTEHKaMU
CKBAKUHBI. DTUM OOBSICHSIETCS, B YaCTHOCTU HEOOXOIMMOCTh UMHUTALIMN YKA3aHHBIX CUJI TPEHUS CIe-
[UATBHBIMH YCTPONUCTBAMU MPU 3aITyCKE MAIIUHBL.

["'opu3oHTaIbHBIE IPOKOJIBI B TPYHTE BBIMOJIHAIOT OOBIYHO M3 IPEABAPUTEIBHO OTPBITHIX MPUIM-
KOB (pUCYHOK 6.22,0). JIns mpenoTBpalieHus] CaMOIIPOU3BOJILHOTO BpallleHus MaTpyOKa U U3MEHEHUS
BCJIE/ICTBUE 3TOT0 HAINPABJICHMS JBUKEHMS IPOOOWHMKA IIUIAHT OT KOMIIpECCOpa YKJIabIBalOT 3Mel-
KOH M 3aHEBOJIMBAIOT. B 3aBUCHMMOCTH OT MPOYHOCTU TPYHTa U AMAMETPA CKBAXKUHBI MOCIEIHIOIO
IpOoOMBAIOT HECKOJIBKHUMH MPOXOJKAMHU MPOOOMHNKA CO CMEHHBIMU YIIMUPUTENAMH 2. [ TpoXoaKu
[IIYXUX CKBXHH 00s3aTeJIeH OMHMCAHHBIN BhIIIEe peBepPC ABUKEHHS TPOOOIHIKA JIsl €ro U3BJICUCHUs
U3 CKBO)XXUHBI. B ciryyae CKBO3HBIX CKBa)KMH MOTYT OBITh IPUMEHEHBI 00Jiee IPOCThIE HEPEBEPCUBHBIE
npOoOOMHUKH.

[TpoOOMHUKN MPUMEHSIOT TaK)Ke ISl 3a0MBKM METAJUIMUECKUX TPYO M aHKEPOB, JJIsi TITyOMHHOTO
YIJIOTHEHMSI TPYHTA, PHIXJICHUS CIIEKABIINXCS HACBIITHBIX MaTEPUANIOB M JPYTUX MOJO0OHBIX paboT.

OcCHOBHBIMU MapaMeTpaMy NPOOOWHUKOB SIBIISIFOTCS: SHEPTUs yJaapa Ha MpSMOM XOJy, 4acToTa
yZapoB, IMAMETpP U JJIMHA CKBAKMHBI, @ TAK)KE CKOPOCTh NPOXOAKH. [laBleHHe C:KaToro Bo3ayxa co-
crasisiet 0,5 ...0,7 MIla; a ero yaensnsi pacxox — 0,05 ...0,22 M3(C/KBT). [TpoGoitHuKN OTIUYAIOTCA
IPOCTOTOM ycTpoiicTBa n o0cityxuBaHusi. OCHOBHOM HEIOCTATOK — OrpaHMYEeHHast 001acTh MpUMEHe-
Hus. VIX ucnonb3yroT uist paboThl TOJIBKO B OAHOPOAHBIX HECKAJBHBIX TPYHTaX HEMEP3JIOro COCTOs-
HUSl C KAMEHUCTBIMU BKJItOUeHusiMU He Oosiee 0,15 m. IIpu paboTe B HEOAHOPOAHBIX I'PYHTaX H3-3a
OOKOBBIX PEAKTHUBHBIX CUJI TPYHTA BO3MOKHO 3HAUMTEJIbBHOE OTKJIOHEHHE MPOOONHUKA OT 3aJaHHOTO
Kypca.

Packamuuku epynma (pucyHok 4.23) SBISIOTCS CaMOJBHKYITUMUCS MAIlMHAMU HETPEPHIBHOTO
NeicTBUS, NMpeJHAa3HAYSHHBIMU JJIs1 00pa30BaHUs CKBAXUH B TPYHTE METOJOM €ro IMOCTETEHHOTO
VIUIOTHEHUsI pabOYMM OpraHOM B BHUJI€ KOHMYECKHUX KaTKOB 3, YCTAaHOBJICHHBIX Ha IIEeHWKax JKCLEH-
TPUKOBOTO Baja 2.

[TepBsiii (HanpaBmstoNMii) KaTOK 4 cBOOOIHO MOCaXXeH Ha Och Basia. Bece ocTalibHbIE KaTKU C BO3-
pacTaHHeM MX JUaMETPOB OT JIMAEPHOTO K 3aMBIKAIOLIEMY KaTKy CBOOOJIHO MOCAKEHBI HA IIEHKHU Ba-
Ja, Kaxaasi u3 KOTOPBIX, a, CIEI0BATeNIbHO, U OCh MOJIEP)KUBAEMOTI0 €10 KaTKa, pa3BepHyTa OTHOCH-
TENbHO MPEIBIAYIIEN MEHKU Ha Yrol ¢ TakK, 4TO NPU BPALIEHUM Bajla MPOMCXOAUT 3aBUHUYMBAHHE
BCEr0 YCTPOICTBa B OCEBOM HampaBiieHUH (Ha CKBaXHHY) C OJTHOBPEMEHHBIM YINIOTHEHHEM IPYHTA B
CTEHKaX CKBaXXMHbBI OOKATBHIBAIOIIMMHUCS M0 HUM KaTKaMu. PeakTUBHBIN MOMEHT BOCIIPUHUMAETCS 3a-
MBIKaIOIIMM KaTkoM 1 ¢ pebpamu no ero nepudepun. Bpamienue Bany nepegaercst OT BCTPOGHHOTO B
3aMBIKAIOIIUN KaTOK MOTOP-PEAYKTOpA, MUTAEMOI0 3JIEKTPOIHEPTHEN OT BHEITHETO NCTOYHUKA YEPE3
Kabenb 5.
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a — NPUHLMITHANIbHASA CXeMa; O — cXeMa pa3BopoTa KaTKOB

Pucynok 4.23. PackaTunk rpyHTa:

B numamnaszone aumameTpoB paspadaThiBaeMbIX CKBOKHUH 55..250 MM MOIIHOCTb JBUTATENs MPHU
ckopoctu npoxoaku 20 m/4 cocrasiuser 0,3...5,5 kBt, a macca mammnsr 10 150 kr. Macca Hau6osee
MOIIIHBIX PAaCKaTYUKOB (17151 pa3paboTku ckBaxuH 2000 MM) gocTuraer 25 T Py MOIIHOCTH JIBUTATe-
a5 10 270 kBT. OHM paboTaroT ¢ YaCTUYHOW BBIEMKOW TPYHTA, JUISl YeTO UX TI000OPYIYIOT BUHTOOO-
pa3HOIl JIOMACTHIO HA 3aMBIKAIOIIEM KaTKe.

6.6 Pyunble MammHbI 1J1s1 IIJIH(OBAHUS MATEPUAJTIOB

Pyunsle nudoBanbHble MallliHbl 0 00BEMY BBIITYCKAa 3aHUMAIOT BTOPOE MECTO IOCJIE PYUHBIX
CBEPJIWJIbHBIX MAIlIMH, YTO OOBACHSAETCS OOJBIIMM pa3HOOOpa3ueM BBINOIHIEMBIX UMM ONEpanuil u
BO3MOXHOCTBbIO O0Pa0OTKU CaMbIX pa3IMYHBIX MaTepuayioB. MU 3a4MIatOT MOBEPXHOCTH, CBApPOU-
HBIC [IBBI, CHUMAIOT T'PaT MOCIIE Ta30BOM Pe3KH METallIa, PEXYT TPyObl i MPOPHUIBHBIN METasll, CHH-
MaroT (hacKu I0J1 CBAPKY JINCTOBOTO MeTaula U TpyO, yIaJIAI0T HAIJIBIBEI HA MeTae, MIIU(YIOT U3-
JeNig U3 MeTajla, Mpamopa, TpaHuTa, 3a4MILAI0T CTYINEHU JIECTHUYHBIX Mapieil u T.n. PyuHble
HIIM(OBaJIbHBIE MAIIMHBI OTHOCSTCSA K HENPEPbIBHO-CUIOBBIM M MOTYT OBITH C BpallaTelIbHbIM, 3a-
MKHYTBIM U CJIOXHBIM JIBUKEHUSMH pabouero oprana. B kauectse puBOoJI0B UCIOJIb3YIOT THEBMATH-
YECKUE U DJIEKTPUUECKHE ABUTATEIM BCEX TPEX KJIACCOB 3AILUTHI OT MOPAKEHUS DIEKTPUYECKUM TO-
KOM.

[To KOHCTPYKTUBHOMY HCIIOJIHEHHIO HIIM(OBaIbHbIE MAIIMHBI MOTYT OBITh: C BpallaTeIbHbIM
JBUKEHHEM paboyero opraHa — NpsiMbIMHU, YTIIOBBIMHU, TOPIIOBBIMU U C THOKMM BaJloM; MallUHbI C 3a-
MKHYTBIM JIBUKEHUEM — 0apaGaHHOTO THUIA; MAIIUHBI CO CIOXKHBIM JIBUKEHHUEM — IIJIOLIaJOYHOTO TH-
na.

B cTpouTenbcTBe MCMONIB3YIOT MIPEUMMYIIECTBEHHO MAIllMHBI BPaLIaTeJIbHOrO JBHKEHHUA. B kaue-
CTBE paboyero MHCTPYMEHTA B MPSMBIX U YIJIOBBIX MalllMHAX U TOJIOBKAX (B ClIy4ae MAIlUH C THOKUM
BAJIOM) NMPUMEHSIOT aOpa3uBHBIE KPYI'H, 3JACTUYHbIE JAUCKH, METAJUIMYECKHE IETKU, a TaKkKe BOii-
JIOYHbIE, (PETPOBBIEC U XJIOMUATOOYMaKHbIE KPYTH, pexe IIIHU(OBaIbHBIE MIKYPKH HA MaTepuaTon oc-
HoBe. [ TaBHBIM MapaMeTpoM NPSMBIX U YTJIOBBIX MAIIMH M TOJIOBOK SIBJISETCS TUaMeTp abpa3uBHOIO
kpyra (40...160 MM — 151 ipsambIxX U 80...230 MM — 11 YTIIOBBIX).

Ilpamaa nneemamuueckaa 1 yrioBast JIeKTpUUECKasl pydHble NUTM(OBAIbHbIE MALIMHbI TPUBE-
NeHbl Ha pucyHKe 4.24. PoTannoHHBIN MTHEBMOABHTATeNh 7 (CM. pUCYHOK 4.24,a) THEBMAaTHYECKOM
HNUTM(OBAIBHON MalMHBI C NPSAMBIM BpallleHHeM pabodero opraHa — INMUHAETS S5 NMPUBOIUTCSA B
JBYDKEHUE CXKATBIM BO3JyXOM, IOCTYHAIOIIUM OT KOMIIPECCOpa 4Yepe3 MyCKOBOE YCTPOWCTBO U IEH-
TPOOEKHBIN PEryysiTOp 4aCTOThI BpAIlleHHs MOCJIe OTKPBIBAHUS BIYCKHOTO KilamaHa 9 HakaTMeM Ha
Kkypok 10.
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a — IpsiMasi IHEBMaTHUeCKasi; 6 — yriioBast SJIeKTpUIecKas

Pucynox 4.24. Pyunsle nutindoBaibHbIE MAIIMHBI

BpamarenbHoe ABMKEHUE HINUHICIIO MEPEAACTCS HEMOCPEICTBEHHO OT Baja ITHEBMOJBUTATENs
yepe3 MypTy 6. AOpasuBHBIA KpYT 2 3aKpEIUIAIOT Ha KOHIIE IIMUHACIS, 3aKUMas €ro MEXIy IBYMs
¢dnannamu 1 u 4. Jns 3auTel OT MOPaXKEHUS OCKOJIKaMU a0pa3sUBHOTO Kpyra B Cllydae ero BO3MOXK-
HOTO pa3pylIeHns abpa3uBHBINA KPYT 3aKPBIBAIOT KOKYXOM 3 Ha TIOJOBUHY €r0 TMaMeTpa.

B yenoeoii winugposansvnoin mawmune (pucynox 4.24,6) BCTpOCHHBIN B €€ KOPIYC AJIEKTPOJIBUTa-
Tenb 13 mUTaeTCs AJIEKTPOIHEPTHUEl OT BHEIIHEr0 UCTOYHHKA, C KOTOPBIM OH COSAMHEH Kabenem 14.
Bxurouarot aBurarens BoikitouaTeneM 15. Bpamenne mmungeno 12 ¢ 3akperieHHbIM Ha €ro KOHIE
paboynM MHCTpyMEHTOM 17 mepenaeTcsi OT AJIEKTPOABUraTells Yepe3 OAHOCTYIEHYAThli KOHUYECKUI
penykrop 11. Kak u B ciaydyae mpsMoil MamivMHbl, pabo4yrii HHCTPYMEHT 3alllUIIEH Ha MOJIOBUHY €Tro
nuamerpa Koxxyxom 16.

LInughosanvhan mawuna c cudkum éanom (pucyHok 4.25,a) COCTOUT U3 BBIHECEHHOTO AJIEKTPO-
neurarenss 1 U IByX CMEHHBIX TOJOBOK - TpsiMoii (pucyHok 4.25,0) u yrioBoit (pucyHok 4.25,B).
BpamarensHoe nBuxkeHue nuiM(oBaIbHBIM TOJIOBKaM OT JIEKTPOJBUTATENS IepeaeTcss THOKUM Ba-
JI0M 3, KOTOPBIH COCMHEH C JIBUTATENIEM KYJIauKOBOW My(PTO# 2 OMHOCTOPOHHETO BPAILICHHS.

B cirygae BkimtoueHusI IBUTATENST HA PEBEPCUBHOE IBIKEHNE My(Ta OTKITFOYaeT THOKAN Bajl OT JBUTATEIS,
MPEIOXPAHSS €r0 OT BO3MOXHOTO TIOBPEXK/ICHUS IIPU TAKOM BKJIFOUYCHUU. JIpyroi KOHEI TMOKOro Bajia COeu-
HSCTCS C OJIHOM M3 yKa3aHHBIX BBINIE NIIU(POBAILHBIX TOJIOBOK. OnepaTop ylaepKUBaeT NUIH(OBATIBHYIO I'0-
JIOBKY 3a PYKOSITKY 5 (cM. pucyHku 4.25,0,B), OOJNMIIOBAaHHYIO BHOPO3ANTUTHBIM CIIOEM Ha PE3MHOBOW OCHOBE.
[Ipsimast TomoBKa cHaOXXeHa, KpOME TOTO, JTOTIONTHUTENEHON PYKOSITKON 4 1T IprKaTusl pabodero HHCTPyMEeH-
Ta K 00pabaThIBaeMOi MOBEPXHOCTH.

OddexTuBHOCTL PadOThl NUIM(OBAIBHBIX MAIIUH B 3HAYMTEIILHOM MEpEe 3aBUCHT OT PEKHUMa paboThI,
mpexae BCCro, OoT CTa6I/IJ'II/I3aI_II/II/I YaCTOThI BpalllCHUA pa60qero OpraHa npu U3MCHCHUHA BHEIITHEH Harpysku, a
TaKXe OT MPOYHOCTH M M3HOCOCTOMKOCTH pabodero MHCTpyMeHTa. B MammMHax ¢ aCHHXpOHHBIMH DJIEKTpHYe-
CKUMHU ABUIaTCIAMU CTa6I/IHLHOCTB YaCTOTHI BpalllCHHUA O6eCHe‘II/IBaeTCH J)KECTKOM MeXaHWYeCKOM XapakKTepu-
CTHKOH caMoro ABUTATCIIA, 4 B MalllIMHAX € KOJUICKTOPHBIMU ABUIATCIISIMU, UMCIOIIUMU MATKYIO MCEXaHUYC-
CKYIO XapaKTCpUCTHUKY, AT STOH LEJIN IIPUMCHSIOT JJICKTPOHHBIC PETYIIATOPEIL, ,Z[Y6J'II/IpOBaHHBIe HC3aBHUCHUMBI-
MU IIEHTPOOEKHBIMH TPEIOXPAHUTEIBHBIMU YCTpoiicTBaMU. X ycTaHaBIMBAIOT Ha Baly SKOPS JBUTATENS.
OHHM OTKJIIOYAIOT MUTAaHUE ABUTATECJIA OT CCTU IIPH MPCBLINICHUN HOMHMHAJBHONW YaCTOTHI BpalicHus Oosee ueM
Ha 15 %. Drta Mepa BeI3BaHAa HEOOXOAMMOCTBIO NMPEJOTBPATUTh Pa3phiB IUIM(OBAIBLHOIO Kpyra IpH 3ampe-
JIEIbHOM 4acTOTE €ro BPAIllEHUs] HA XOJIOCTOM XOJIy B CIIy4ae BbIX0J1a U3 CTPOSI JIEKTPOHHOTO PETYIISTOPA.

B mammuax ¢ mHEBMaTHYEeCKUMU JABUTaTCJIAMU 4aCTOTY BpallCHUA CTa6I/IHI/ISI/Ipy}OT HeHTpO6e)KHBIMI/I pe-
rynsaropamu 8 (cM. pUCYHOK 424,a), 4aCTUYHO NEPEKPHIBAIOIIMMH BXOIHOE OTBEPCTHE ISl CKATOTO BO3IYXa,
IMMOCTYIMAOMWICTO B ABUIaTCJIb, IIPU IOBBIIICHHUU €TI0 YaCTOThI BpalllICHUA U TEM CaMbIM YMCHBIIAIOUIUM ITOCJICI-
HIOIO.

[InudoBanbHbIE KPYTH UCTIOIB3YIOT B KQU€CTBE OCHOBHOTO BHJa Pabouero MHCTpyMEHTA MpHU pa-
6oTe nuM@oBaIbHBIX MaIIUH C BpalllaTeIbHBIM JIBHXKEHHEM pabouero oprada. OHU COCTOST U3 €cCTe-
CTBEHHBIX WJIH UCKYCCTBEHHBIX aOpa3MBHBIX KPUCTAJIOB BBICOKON TBEPIOCTH U MPOYHOCTU U Kepa-
MUYeCcKOW, 0aKeTUTOBON MM BYJIKAaHUTOBOU CBS30K. Kpyru ¢ kepammuueckoi cBsI3KOW 00J1aatoT BbI-
COKOH IPOYHOCTBIO U M3HOCOCTOMKOCTBIO, HE 3aCAIMBAIOTCA U JIETKO PEXYT METAIU, HO YyBCTBH-
TEJbHBI K yJapHBIM HArpy3KaM M Harpy3kaM Ha W3TUO ¥ HE MPUMEHSIOTCS IS pabOThI ¢ OKPYKHOM
ckopocThio 6osee 35 m/c. Kpyru ¢ 6akenuToBoii cBA3KOH 001aJat0T BBICOKOH MPOYHOCTBIO U YIPYTO-
CTBIO, YTO MO3BOJIIET U3rOTABJIMBATh UX TOJIIWHON MeHee | MM U paboTaTh CO CKOPOCTHIO 110 75 M/C
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IpY BBHIOJIHEHUM OTPE3HBIX omepanuii. Kpyru ¢ ByJIKaHMTOBOW CBSI3KOH OoJiee ympyru, OHHM 3ia-
CTUYHBI, 00JIaJJal0T BBHICOKON PEXYIIEH CMOCOOHOCTHIO, HO MMEIOT HHU3KYIO TEIUIOCTOMKOCTH, M3-3a
4ero ux pabouue CKOPOCTH He MpeBbIaoT 18 m/c.

e

a)

a — ¢ THOKMM BajioM, O — ¢ TIPSIMOIA TOJIOBKOH, B — C YTIIOBOH TOJIOBKO#

Pucynox 4.25. Py4dnast nuudoBasibHas MallliHa ¢ THOKMM BaJIOM
U CMEHHBIMH T'OJIOBKAMH

JI1s pe3ku pasMuHBIX MAaT€pHaJIOB IMPUMEHSIOT apMUPOBAaHHBIE OTPE3HBIE KPYTH, COCTOSIILINAE U3
3JEKTPOKOPYH/Ia WK KapOuja KpeMHus, 0aKeIUTOBOM CBA3KU, CTEKJIOCETKH U METaNINYECKO BTYJI-
KM JJI1 TOYHOM IOCaJKU Kpyra Ha IIMHUHJENb MaMHbL. JlonmycTuMas ckopocTh 3Tux kpyros 80...110
M/c. ApMHUpOBaHHBIE KPYTHU 00J1a/1at0T MOBBIIIEHHONW CTOMKOCTBIO Ha M3JIOM MPU OOKOBBIX HArpy3Kax.
[Tpu pe3ke Kpyr MoaaroT Ha pa3pe3aeMylo JeTaib TaK, YTOOBI IUIOCKOCTh €ro BpalleHus Obula mep-
NEeHAUKYJISIpHA pa3pe3aeMoil OBEPXHOCTH, a IPU 3aUMCTKE YroJ MEX]y IJIOCKOCTBIO BpAIlleHUs KpPY-
Ta M 3aUMIIAEMOil MOBEPXHOCTBIO JOKEeH ObITh B mpemenax 15..40°. Ilmocko- um NeHTOUHO-
nuMdoBaTbHbIE MAIIMHBI TPUMEHSIOT /711 BBIMOJIHEHMS! I0BOJIOYHBIX paboT. B mimockouuindosans-
HOU MalnHe padouuii opran B BHJIE MIAT(GOPMBI ¢ 3aKpEIJICHHON Ha Hel IUIM(OBANIbHON MIKYpKOH
COBEpIIAET CI0KHOE, BO3BPATHO-TIOCTYIATENbHOE WM OpOUTAIBbHOE TUIOCKONapaieIbHOE JBUKECHHE
B IJIOCKOCTH 00paboTku. OCHOBHBIMHM NapaMeTpaMM 3TUX MAaLIMH SIBJISIOTCS pa3Mep IIaT(hopMbl U
4acTOTa BO3BPATHO-TIOCTYIATENbHBIX IBHKEHUH.

PaGounM opraHoM JeHTOYHO-UUTM(OBATLHONW MAIIMHBI SBJISETCS HaATsAHyTas Ha JABa OapabOaHa
(MpUBOHON U HATSKHOM) OeckoHeuHasi abpa3uBHAas JICHTA, COBEPIIAOIIAs ABHKEHUE 110 3aMKHYTON
TpaekTopuu. OCHOBHBIMHU MapaMeTpaMu 3TUX MAIUH SBISIOTCS pa3Mepbl aOpa3uBHON JIGHTHI U CKO-
pocth ee nBrxkeHHs. O0a Tua MallMH O0OPYAYIOT YCTpOMCTBaMM Ui OTCOCa MbUIM — MPOJYKTOB
T (OBAHUS.
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4.7 PyyHble MalIMHBI VISl Pe3KH, 32a4MCTKH MOBEPXHOCTeH M 00padOTKH KPOMOK MaTepHa-
JIOB

Jlist pa3pe3anusi Kak TJIaJKOTo, TaK ¥ TO(QPUPOBAHHOTO JMCTOBOTO METAIa, apMAaTYPhl U APYTUX
MaTepuaioB MPUMEHSIOT BBIPYOHBIC, HOXKEBbIE, MPOPE3HbIC, TUCKOBBIE M PBHIYAKHBIC HOXKHHIIBI C
AIIEKTPUYCCKUM, THEBMATUYCCKUM WJIM THAPABIMYECKUM MpuBoAoM. Hanbombiiee pacnpocTpaHeHHe
B CTPOUTEJIBCTBE MOIYYHIIM BHIPYOHBIE M HOXKEBbIE HOXKHHIII, IPUTOHBIE ISl PE3KU MeTalia TOJ-
IMHOHK 110 4 MM, B TO BpeMsl KaK, HAalIpUMep, JUCKOBBIC HOXKHHIIBI CIIOCOOHBI pa3pe3aTh METALI TOJ-
MHOM He Oosiee 1 MM.

BripyOHBIE HOKHUIIBI 00ECIIEYMBAIOT TOYHOCTh PACKPOsi, YUCTOTY pe3a U POBHOCTh KPOMOK. Pa-
00YKMM OPraHOM BBIPYOHBIX HOKHHUI[ CITY’KUT MOJI3YH 3 (pUCyHOK 4.26) ¢ 3aKpeIICHHBIM B HEM ITyaH-
COHOM 2, COBEPIIAIOIINN BO3BPATHO-TIOCTYIATEIHHOE JBUKCHHUE OT IEKTPUIECKOTO WM ITHEBMATH-
YECKOT0 JIBUTATENS Yepe3 peaykTop (Ha pucyHke 4.26 He moka3aH), SKCIIEHTPUKOBBIN BaJl 5 U MIATyH
4. B mporiecce pe3aHus UCTONIB3YEeTCs MPUHIMN Jon0aeHus. [Ipu paspe3aHuu JIMCTOBOTO MaTepuala
"oT Kpas" ero 3aBOJAT B LIEJIb MEXKIY MaTpulleil 1 u myaHCOHOM 2, 1MOCIe Yero BKJIIOYAIOT JIBUraTellb
U, 110 Mepe BBIPYOaHUS MPOPE3U MIUPUHON, paBHOU quameTpy pabodeil 4acTu myaHCOHA, TiepeMenia-
I0T MalllUHY 10 pa3MEYEHHOMY JIs BBIPYOKH KOHTYpY. 3a Ka)IbIi X0/ yaHCOHA CHUMAETCS CTPYXK-
Ka ceprnioBugHON (opMbl. [Ipu BeIpyOaHUM JIOKOB U OKOH B CEpEAMHE JIMCTOBOM 3arOoTOBKM CHayalla
Ha TpaHUIlE BBIPyOAEMOro KOHTYpa MPOCBEPIUBAIOT OTBEPCTHE, B KOTOPOE 3aBOJIAT JAepiKaTelb C MaT-
puliel, mocine 4ero paboTaroT MO OIMMMCAHHOM BhIIIE cXxeMe. Pa3HOBUTHOCTBIO BBIPYOHBIX HOYKHUIL SIB-
JISIIOTCSL KPOMKOPE3bI, MPeIHa3HAuUEHHBIE U1 MOATOTOBKH KPOMOK JI€Taliel MO/ CBAPKY.

HosxeBble HOKHHUIIBI TIPETHA3HAYCHBI JIJISI PE3KHU JIMCTOBOTO META/UIa B OCHOBHOM OT Kpasi JIMCTa.
[TpuBoAHAs YacTh HOKEBBIX HOXKHUI] YHH(PHUIIMPOBAHA C BHIPYOHBIMU HOXXHHUIIAMU. Pexxyias ronoBka
(pricyHOK 4.27)COCTOUT U3 MOJBMKHOTO 8 U HEMOIBMKHOTO 6 HOXKEH 3aKPEIJICHHBIX COOTBETCTBEHHO B
MOJI3yHE U Ha yiauTKe 7. MeTamn pa3pe3aroT B pe3ylabTare BO3BPaTHO-TIOCTYMATENLHOTO JIBUKEHUS TI0-
JBYKHOTO HOKa TIPY PYYHOM 10J1a4e BO BPEMsI €r0 X0JIOCTOTo X0/1a. HermoIBuKHBIE HOKH MOTYT UMETh
HAKJIOHHYIO, KaK MOKa3aHO Ha PUCYHOK 6.27, Wi MEePHeHIUKYISPHYIO HANpPaBICHUIO JBHKEHHS TO-
JIBIDKHOTO HOXKa PEXYIIYI0 KPOMKY. B mociennem ciyyae cHbKaercst ycunue pydHoit mopadn. Cko-
POCTh pe3aHHs HO’KEBBIMU HOYKHHUIIAMU BBIIIE, YeM BBIPYOHBIMHU.

[Tpon3BOIUTEIIEHOCTh HOKEBBIX HOMKHHII

_ Kn(2e-f)

~1000-tgB

:

rae I1 - mpou3BOAMTEILHOCTD HOXEBBIX HOKHHUIL, M/MUH; K - koaddunuent otmaun (K =0,7...0,9); n -
4acTOTa JIBOWHBIX XOJIOB TOJIBIYKHOTO HOXA B MUHYTY; € - SKCIIEHTPUCHUTET SKCIICHTPUKOBOTO BaJia,
MM;
f - ko3 dunmenT, yunteiBaromuil ynpyryo aedopmaiuio neraieil Mexanusma rojosku, mm (f = 1,1
MM); B — Yyroa MexXAy KpOMKaMHU HOXel B BEPTUKATBHOU MIOCKOCTH.
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Pucynok 4.26. BeipyOHbie HOK- PrcyHok 4.27. Pexyinas roloBKa HOXKEBBIX
HUIIBI HOKHHII
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Mammunbl 1 000py10BaHKe VISl pe3KH TPYO

st pe3ku Tpy6 muamerpom a0 1200 MM u 06paboTku (acok Ha UX TOPIAX IMOJ CBapKy MpUMe-
HSIOT TpyOOpe3bl ¢ pabounM MHCTPYMEHTOM B BUJIE PE3LIOB, aOpa3UBHBIX OTPE3HBIX KPYTOB, IHCKOB,
HO’KEBBIX U JICHTOYHBIX MOJIOTEH.

TpyOope3sl ¢ pe3loOBBIM HHCTPYMEHTOM MMEIOT AJIEKTPUUYECKUI MIIM THEBMATUYECKUN JIBUTATEIb
MOIIHOCTHIO 0,6 KBT 1 paGouyro TOJOBKY ¢ IUTaHIIAKO0H M 3aKpeTUICHHBIMU Ha Hel pe3namu. [lnaH-
11aifidy ¢ OTBEPCTUEM B €€ CpeIHEH JacTh 3aKkperuisroT Ha Tpyoe. [locnenHioro 00pabaTeIBaOT MyTeM
BpaIleHUs IJIAHIIAHOBI M paauaIbHOM 1ogaun pe3noB. Tpybopessl aToro Tumna (Maccoit 10 26 kr) 00-
pabaTeIBalOT TPYOBbI U3 YIJIEPOIUCTHIX craiei auamerpom 15... 20 u 245... 273, MM mpu TONIIUHE
CTEHOK 5... 25 MM.

TpyOopessl ¢ pabounuM HHCTPYMEHTOM B BHJE a0pa3uBHOTO Kpyra Jjsi oOpaboTKu TpyO AuaMeT-
pom 150...1200 MM ¢ TONIIMHOW CTEHOK 10 15 MM Hale Bcero M3roTaBIMBAlOT Ha 0a3e YriIOBBIX
NUTM(OBATBHBIX AMEKTPUICCKUX PYYHBIX MAIIMH, YCTAHABIMBACMBIX HA CHCIHAIBHBIX KapeTKax, 00-
KaThIBAIOIINXCS MO OKPYKHOCTHU TPYOBI.

Tpyoope3z monmascnotit CT/]120 (pucynok 4.28) npenHazHadeH IS OTPE3KH BOJOTa30MPOBOJI-
HBIX TPYO MPHU BBIMOJIHEHUH MOHTAXHBIX U PEMOHTHBIX pa0OT B YCIOBUAX CTPOUTEIHLHO-MOHTAXKHOMN
wionaaku. Tpybope3 UMeeT OTKPBITBINA 3€B, UTO IMO3BOJISIET MPOU3BOJUTH OTPE3KY TPYOBI B JIIOOOM
MecCTe.

Tpybope3 cocrouT u3 Kopryca 5, peaykropa 4, KOHUYECKOH IIECTepHU O, BEAYIIEH miecTepHH 3,
kpoHureitHoB 9. Koprnyc kpenutcs Ha cBepIwibHYI0 MamuHy xoMmyTtoM 1. Kponmreitns: 9 ycranose-
HBl Ha Beaymei mecrepHe 3. KoHmueckas mecTepHs MMEET XBOCTOBHK C KOHycoM Mop3se Ne 1 s
dukcanyy B MIMHUHJENE CBEPIWIbHON MamnHbl. Pa3pezaemas Tpyba 3akuMaeTcs B MpU3Max BpallleHH-
em raiiku 11 u BunTa 12. IlpuBoz TpyOOpe3a ocymiecTBIIeTCs OT CBepamibHOW MammHbl MD1022A.
Bpatenue ot cBepiuiabHON MamnHbl K HOXKY 10 mepenaercs yepe3 KOHUYECKYIO IIECTEPHIO, PEAYKTOpP,
BEIYIIYIO IIECTEPHIO, HAa KOTOPOU ycTaHOBIICHBI KpoHIITEeHHBI 9. Hoxkn 10 u raiiku 8 pacroniokeHbl Ha
oJIHOM pe3b00Boit ocu. [Ipu BpareHnn KpoHIITEHHOB 9 raiiku 8 mooyepeHO HATATKUBAIOTCS HA YIIOP
2, TeM caMbIM BpalaTeIbHOE ABHKECHUE IaeK PeoOpa3yeTcst B MOCTYIATELHOE IBIKEHHE HOXKEH.

Pucynox 4.28. Tpy6ope3 montaxubiii CT/[120
TexHuueckass XxapakTepUCTHKA

HaumeHnoBanue nokaszares Hopma

JlnamMeTphl pa3pe3aeMbIX TPYO, MM .....cvvveriereeneeneenreniennnnn 15—35
Uucio 060pOTOB HOKEH, O0/MHH. ......eecvvee cvevvnenennennnnnnnnn.. 120
OneKTpoABHUraTelNb (KOJUIEKTOPHBIH):

HOMMHAJIBHAS MOITHOCTE, BT. ..o, 250

TOK MepEeMEHHBINH, OAHO(A3HBIH

HATPSDKEHUE, B ... 220

JACTOTA TOKA, I'TL ...uvivi ittt 50
I"abapuTHBIC pa3Mepbl, MM:

D10 171 - T 530

F100710) 705t R 137

BBICOTA .\ euventttareeeteaesensennensenreneeserneereaasensaneanns 250
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ITuna ouckosas C488 (pucynox 4.29) mpenHazHadyeHa Juid pe3kH TpyO, JHCTOBOIO MeTalia,
IPYTKOB U MPO(UIBLHOTO MPOKaTa.

MoskeTr ObITh UCIIOJIB30BAaHA IIPU BBIIIOJIHEHUHU 3arOTOBUTENIBHBIX, CIECAPHBIX U MOHTAXHBIX pa-
00T B CTPOUTEILCTBE U MALTMHOCTPOCHHUHU.

[Tuna cocrout U3 mmuHAENS 3, peaykTopa 2, paboueil pyKosTku 7, Koprmyca 5, B KOTOpPbIi BMOH-
TUPOBaH KOJUIEKTOPHBIN OAHO(A3HBIN 3JIEKTPOABUraTEb.

Ha Bany sxops 3nexkTpoBUraTesns HacaxeH BEHTUIIATOP 4, MpeaHa3HAuYEeHHBIN Ul €ro OXJIax/jae-
HUs. B paGouyro pykosTKy 7 BMOHTUPOBaH KypKOBBIH BBIKJIOUATElNb ¢ uKcaTtopom 6. Bpamenue ot
Bajla SIKOpS Yepe3 peayKTOp NepeaeTcs YepBsaKy 1, KOTOPbIN BXOIUT B 3aLIECIJIEHUE C YEPBSIYHBIM KO-
aecom 10. Ha och 4epBA4YHOro KoJjieca Haca)xeHa AMCKoBas muia 9.

BepxHsis 4acTh ITMCKOBOW MHJIBI 3aKphITa KOKYXOM 8, MpeaHa3HaueHHBIM JUIS MPeIOXpaHEHUs
MOHTa)KHUKa-0IIepaTopa OT MOBPEXKICHHI.

JIMCKOBO# NHIION MOXKHO pe3aTh TPyObl AuameTpom a0 60 MM, IHJIa IPU 3TOM OOKaThIBaeTCsl BO-

KpYT pa3pe3aeMoii TpyOsbI.
1 5

Pucynox 4.29. Tluna nuckoBast C488

Texuuueckas XapaKTCpHUCTUKA

HaumenoBanue nokasarens Hopma

HaunGonbias TonmuyHa pa3pe3aeMoro MaTepuaia, MM 60
Jwmametp munmpHOTO AHcKa (hpes3sl), MM 200
TosuHa THJIBHOTO AUCKA, MM 2,5
Urciio 000pOTOB HIMMHIEIS B MUHYTY 64
(DJICKTPOABUraTElb (KOJUICKTOPHBIH): 400

HOMHUHAJIbHAsE MOIITHOCTh, BT

4UCII0 060POTOB, MHH 11600

pEeKUM pabOTHI MPOIOJKUTEIIbHBIN

TOK nepeMeHHBIH, o1HO(a3HbIN

HanpspkeHue, B 220

yacToTa TOKa, I'11 50
["abapuTHBIC pa3Mephl MBI, MM:

JUIMHA 540

HIMPHUHA 94

BBICOTA 205
Macca nuibl, KT 53

Hoscosxka 03C840 (pucynok 4.30) nmpenHa3HaueHa JUIS pa3pe3ku TPYO W pasIuIHbIX Mpoduiieit
IpoKaTa, BBIPE3KU AEe()EKTHBIX YYaCTKOB TPYO M JAPYrMX MOACOOHBIX paboT. HokoBka cocToUT u3
WINUAHIENA 5, 3IEKTPOABUraTesiss, BMOHTUPOBAHHOTO B Kopmyc 6, pykostku 7. Penykrop 4 pacnoJio-
*KeH B koprnyce 8. B BepxHell yacTu Kopmyca yCTaHOBJIEHO OrpaHHUYUTENbHOE MpHUCIOocoOiieHne 2.
[TuTanune 31€KTpPOABUTATENSI OCYLIECTBISIETCA OT MEPEHOCHBIX Mpeodpa3zoBaTesieil YacTOThl TOKA WIIH
OT CHEIMaJIbHON ceTu TpexdazHoro nepeMeHHoro Toka yactotoi 200 I'm u nHampsbkenuem 36 B.
BpamarensHoe IBUXKEHUE OT IIMUHACIS IEKTPOABUTATENS Yepe3 PeLyKTOp U ClielnaibHbINA IKCLEH-
TpUK 3 npeoOpa3yercss B MOCTYNATENbHOE JBM)KEHHE HOKOBOYHOTO MosioTHa 1. OrpaHuYMTeNbHOE
npucnoco01eHne 2 0THOBPEMEHHO SIBJISIETCSI YITOPOM B 30HE Pa3pe3aeMoro MU3/eIusl.
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Pucynox 4.30. HoxxoBka ODC-840

Texuuyeckas XapaKTCpUCTUKa

HaumeHnoBanue nokaszates Hopma
PazpesaeMblii TpOKaT:
JIUAMETP TPYO, MM................... 28 ...200
CTAJID YTIIOBAS . ..ceveeenneeennnnn. Ne2 .. .Nell
100010 1) (<) o T Ne5...Ne20
OAJIKU IBYTABPOBBIC. ... evnennenn. Ne 10 ... Ne 20
JI1MHA X0m1a HO’KOBOYHOT'O TIOJIOTHA, MM ... 60
DNIEeKTPOABUraTelNb (ACMHXPOHHBIN ¢ KOPOTKO3aMKHYTBIM POTOPOM):
HOMUHAJIbHAsE MOIITHOCTb, BT...................... | 600
PEKHAM PAOOTBI ..euvneeneeneeniiieaienannen, MTPOJAOIKUTENbHBIH
TOK. .t entetnteenteteenteentiiineaneennn TIepeMEeHHBIN, Tpex(a3HbIi
HanpsbkeHue, B 36
YacToTa Toka, I'11 200
["abapuTHBIC pa3Mepbl, MM:
b1 61070 5 0: DU 650
10807 10)705 - F PP 140
BBICOTA ... eutenteieteeteeneate et eneeneeueaeeeanenes 225
WY EXeler: B 0010702 15 0 N 10,2

Ilabepbr nicnioNB3YIOT IJI1 YUCTOBOW 00pPAaOOTKHU MOBEPXHOCTEH U KPOMOK METANTUYECKUX JIeTa-
neii. [IlaGepbl coBepIIatOT BO3BPATHO-TIOCTYIATENbHOE IBIKEHUE ¢ pa3MaxoM 20 MM u yacTtoToi 20
I'n. [IpuBOoa MOXET OBITH JIEKTPUUYECKUM WJIM IMHEBMATHYECKHUM C SKCIEHTPUKOBBIM MpeoOpa3oBa-
TEJIbHBIM MEXaHU3MOM.

J1st OYUCTKM TPYTHOAOCTYITHBIX METAUIMUECKUX MOBEPXHOCTEH M KPOMOK MPUMEHSIOT 3a4uUcHi-
Hble moJ0mKU BUOPOYIApHOTO JAEWCTBHUS C pabOYMM HMHCTPYMEHTOM B Bue 3yOmia (3yOuIbHO-
3a4MCTHBIC MOJIOTKH) M TIyYKa CTAJIbHBIX TOJIBMXKHBIX UTJI, BCTPOCHHBIX B MMPOMEXKYTOUYHBIN MOPIICHD,
Ha KOTOPBIN BO3JEUCTBYET YAapHUK (MYYKOBBIE 3a4MCTHBIE MOJOTKH). Hambombiiee pacmpoctpane-
HUE MMOJYYNIIU MTHEBMATHYECKHE 3aUMCTHBIE MOJIOTKU C dHepruen ynaapa 1...8 [ u yactoToii ynapoB
60 I'm.

Llennvie pyunsvie nunpl CNOIB3YIOT B OCHOBHOM JJIsl NTONEPEYHON PACIMIOBKU JPEBECHHBI UH-
CTPYMEHTOM B BHUJE ILIEMH C PEKYIIUMU M CKAIBIBAIONIUMHU 3BEHBSMHU, OTHOAMOIIEH BEAYIIYI0 U
HATSDKHYIO 3BE3/I0YKU U JIBIXKYILEHCS 10 3aMKHYTOW TPAaeKTOPUU B MJIOCKOCTH padoueit muHbL. B ka-
YecTBE MPUBOAHBIX JBUTaTeNel HanOoliee 4acTo MCIONB3YIOT NByXTakTHbie [IBC 1 anmekTpudeckue
KOJIJIEKTOPHBIC JBUrATENIM C ABOMHOM M30JAIMEd. B mocnenHee BpeMs B 3THUX MalllMHAX MPUMEHSIOT
Takke ruaAponpruBoa. OCHOBHBIMH MapaMeTpaMy IEMHBIX MU SIBJSIFOTCS: HAaUOOMBIINN THaMeTp pac-
nuauBaeMon npeBecunsl (1o 600 MM u Oosee), niMHA pabodel MIMHBI, MAPUHA MPONWIA U CKOPOCTh
JBUKEHHUS 1IETIH.

I{erHpIe py4YHBbIE TTUIIBI UCTIOIB3YIOT TAKXKE JIJIST PE3aHUsT KUPIIMYHON KIIAJTKH U JPYTHX KaMEHHBIX
MaTepuasoB, JUIsl YeTOo PEeXyIIue 4acTh 3yObeB Iereld apMHUPYIOT TBEPAOCIUIABHBIMHU BOJb(pamMo-
KOOAJThTOBBIMH TJIACTUHKAMH.

Hooscosounsle pyunsle nuibl IPUMEHSIOT KaK JJIsl IPSIMOJIMHENHOTO, Tak U 7151 (JaCOHHOTO (KpH-
BOJIMHEHHOTO C MCIOJIb30BaHUEM THOKHUX HOXKOBOYHBIX TOJIOTEH) pe3aHus JAepeBa, IIACTMACC U Me-
TaioB. X paboyrM WHCTPYMEHTOM SIBISIETCSI HO)KOBOYHOE MOJIOTHO C TOPU3OHTAIBHBIM (HOKOBKA)
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WIA BEPTUKAIbHBIM (J1003UK) pacrionokeHueM. [Ipu pacnuioBke pabouMii MHCTPYMEHT JABHMKETCS
BO3BpPATHO-TIOCTYNATEIbHO, COBEpIlas pabo4yMil X0 B OJHOM HAIPaBJICHUU U XOJOCTOM XOJ B BO3-
BpPAaTHOM HAIIpaBJICHUH TPU PYYHOH IoJaue B HaNpaBleHUH pacnuia. HoxoBOYHBIE 1OJIOTHA BECbMa
YYBCTBUTEIbHBl K H3TMOHBIM Harpy3kaMm, OCOOEHHO MpHU PACHWIOBKE METAJUIOB, IO3TOMY JUIS
NPEIOTBPALICHUS UX TIOJOMKH TUIOCKOCTh MOJIOTHA PACIOIaraloT CTPOro MEepHeHANKYISIPHO K paciy-
JMBAaEMON MOBEPXHOCTH.

B npuBoiax HOKOBOYHBIX PYYHBIX MW HAaHOOJIeE YacTO MCHOIB3YIOT JEKTPUYECKHE U ITHEBMa-
TUYECKUE BUTATENH, KPUBOIIMITHO-IIATYHHBIE U SKCIICHTPUKOBBIE MEXaHU3MBI JJIsl peoOpa3zoBaHUs
BpaIIaTeIbHOTO JBM)KECHUS Bajla ABUTATElsl B BO3BPATHO-IIOCTYIATEILHOE JIBHKEHHE pabodero opra-
Ha — [0JI3yHA — C 3aKPEIJICHHBIM HAa HEM HOKOBOYHBIM MOJOTHOM. [Ipu MCTIOIH30BaHUN HOKOBOYHBIX
PYYHBIX TWJI 7Sl PE3KA METAUTMYECKUX TPYO M MpO(UIBHOTO METallla MX KOMIUIEKTYIOT CHEIHAlIb-
HBIMU 32KHUMHBIMH IIPUCTIOCOOTICHUSIMHU.

K ocHOBHBIM mapameTrpam HOKOBOYHBIX PYYHBIX IMHJ OTHOCSATCS: pa3Mepbl paclHUINBacMbIX Ma-
TEepHUAJIOB, MIMPUHA WU TIIyOrHa mpormia, Xox (20...60 MM) 1 yactora X008 (10 350 MuH 1ipu oOpa-
6otke MetayuioB u 0 3800 MuH mipu 00pabOTKe AepeBa) HOKOBOYHOTO MOJIOTHA. MammmHb! 11 ¢a-
COHHOM PE3KU XapaKTePU3YIOT TAaK)KE€ MUHUMAIBHBIM PaInyCOM IPOIUIIA Ha 3aKPYTICHUIX, KOTOPBIiA
COCTABJISIET JJIs1 APEeBECUHBI U tuiactMace 15... 30 MM.

Jlonbexncnuku (pucynok 4.31) npegHa3zHavyeHbl Al BHIOOPKU MA30B U THE3[ MPSIMOYTOJIbHOTO TMO-
NEPEYHOTO CEUCHHS B JICPEBSIHHBIX M3/enusX. JJonOexHuK npeacraisier co00i pa3HOBHIHOCTH IIETI-
HOU MWJIbI, YCTAHOBJICHHONW Ha OMOPHBIX CTOMKaX 3 ¢ BO3MOXKHOCTHbIO BEPTHUKAJIbHOW MOJAaYM BHU3
OIIepPaTOPOM C TIOMOIIBIO PBIYAKHOW pyKoATKH 1. B mcxomHoe monokeHHWe MalidHa BO3BpAIaeTCs
npyxuHamu 4. B npuBomax 1010€KHUKOB Yallle BCEro HCIOIB3YIOT 3JEKTPUUECKUE aCUMHXPOHHBIE
nBurateny 2. MamumHy 3aKkperuisioT Ha oOpabaThiBaeMO JeTanu (M3[eNINU) KPEeTeKHBIMU YCTPOK-
cTtBamHu 5. B pabouem pexxume pabodast muHa 6 ¢ 10710€KHON IETbI0 CBOMM TOPIIOM BpE3aeTcsi B 00-
pabaTbiBaeMylo JIeTallb, OCTABIIss MOCTe €€ BO3BpaTa B MCXOIHOE MOJIOKEHUE TOTOBBIN 1a3 (THE3/0),
no gopme u pazMepaM COOTBETCTBYIOILIUI MOMEPEUHOMY KOHTYPY TOPILIOBOM YacTu paOoueil IIMHEIL.
st o6pazoBaHust M1a30B OOJBIION IMUPUHBI TPUMEHSIOT IIMHBI ¢ MHOTOPSTHBIMU IIETISIMU.

@Dpe3zepuvle mawunbl BPALIATEIBHOTO JCHCTBUS MPUMEHSIOT 71 00pa3oBaHMs YriyOJIeHUI B
pa3IUYHBIX MaTepuaiax (Merajuie, epeBe, miactmaccax U jap.). Pabounm unctpymenTom (peszepHoit
MallluHbI ABJseTCA (ppe3a Uil pajuanbHOTO MAM TopLoBoro ¢peseposanus. Haubonee mupoko uc-
MOJIB3YIOT MAIMHBI C TANBIEBBIMU (ppe3amu, 3aKperuisieMble Ha MITHH/IEIE MAIMHBI TAHTOBBIMH 3a-
xBaTaMu. dpe3epHas MalIMHA ATOTO TUIIA MPEACTABIAET COO0H (pe3epHYIO TOIOBKY, EpeMeIaeMyto
OTIePaTOPOM C TIOMOIIBIO PYKOSITOK 110 BEPTUKAIBHBIM IIMIIMHAPHUECKUM HarpasisitonM. Hanbomnee
4acTo B 3THX MalllMHaX HMCIOJB3YIOT JIEKTPONpHBO MOIIHOCTEIO 0,6...2 kKBT. ®pe3epHble MalInHbI
OCHAIIIEHBI DJIEKTPOHHON CHCTEMOH 3alUTHI OT MEePErpy30K, YCTPOWCTBOM IIJIABHOTO PETYIUPOBAHHS
YacTOThI BpaIlleHUs IIITHHJIEIN, YCTPOMCTBaMU JUIsl peryIupoBaHus INTyOuHBI (pe3epoBaHusl.

PasHoBHIHOCTBIO (pe3epHBIX MAIINH AJ1s1 00paObOTKH KaMEHHBIX MAaTEPHAJIOB SIBISIOTCA H0P0300-
Oenbl, TIpe/THa3HAuYEHHBIE U1 00pa3oBaHus OOpPO3]1 U Ma30B B OETOHE, Kene300eTOHE U KHpIHYe MpU
BBITTOJIHEHUH CAHUTAPHO-TEXHUYECKUX, DIIEKTPOMOHTAKHBIX, INTYKATYpHBIX, OOJMIIOBOYHBIX WU Ka-
MEHHBIX paboT, B TOM 4Hcie A1 00pa30oBaHUS OTBEPCTUN M BHIOOPKH THE3[ O] PO3ETKH, BBIKIIIOYA-
TEJH U pacnpeenuTenbHble KopoOku. OCHOBHBIM pab04YMM MHCTPYMEHTOM SIBJISIETCS JUCKOBas (pe3a
C aJMa3HBIMH 3YObSMH, 3alllMIIEHHAs KOXYXOM, CMEHHBIM MHCTPYMEHTOM - CBEpPJIMJIbHAS Hacajaka
JUTSL TUIIMOYPHBIX PE3IOB ¢ 3a0ypHUKOM C TBEPAOCIUIaBHBIMU TuTacTHHAMU. OCHOBHBIMU TTapaMeTpa-
MU SBJISIOTCA IIMPUHA U INTyOMHA Ma3a, 00pa3yrolierocs 3a oAuH npoxoJ. bopo3aoaenst npuBoasTCs
B JIBIKEHUE AJIEKTPUYECKUMU JIBUTATENIMU MOIIHOCTBIO OT 270 BT u Gonee. x ocHamaror ycTpoii-
CTBaMH JJIs1 BOJSTHOT'O OXJIaX/IEHUSI MHCTPYMEHTA M 0TCOCA MBLIH.

B naugane pabodero mporecca 60po3ao0/en BpezaeTrcs B 00padaTsIBaeMblii MaTepual Ha MOTHYIO
rIIyOuHY, MOCJIE Yero ero nepeMeniaoT BpYYHYI0 BJOJIb pa3MeTKH na3a. [ obneryeHus nepemerie-
HUS 00PO3/10/1€ITBI OCHAMIAIOT POTMKOBBIMH OTIOPAMH.
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Pucynok 4.31. JlonGexxHuK
Pyoanxu (pucyHok 4.32) npenHa3zHauyeHsbl JJIs CTPOraHUs PAa3IMYHBIX JE€PEBSIHHBIX u3aenuil. Pa-
004YMM OpraHOM CIYXKHT Bpamiarouuiics 6apadan 8 ¢ 3aKperuieHHbIMU Ha €ro nepudepun AByMsi HO-
’KaMHU, IPUBOJUMBIN B JBMXKEHME BJIEKTpOABHUraTeneM 4 depes3 KIMHOPEMEHHYIO Nepegady Wi 3y0-

YaTbId PEAYKTOP.
3

A
&
Pucynoxk 4.32. OnekrpopybaHoK

Kopmye 2 py6anka ¢ pykosTKoH 6 M MyCKOBBIM YCTPOMCTBOM 5 B 3aJHEH 4acTH ONMUpaeTcs Ha
3aHIOI0 TUATY 7 ¥ niepeantoro ornopy 1. TonmmHy CHUMaeMO# CTPYKKH PETYTUPYIOT BUHTOM 3, W3-
MEHSIIOIIIMM BBICOTHOE IOJI0KeHHE onopbl 1. OCHOBHBIMH MapaMeTpaMu pyOaHKOB SIBISIOTCS MIMPHHA
(75... 160 mm) u riryOuna (1... 3 MM) cTporaHus 3a OJMH MIPOXO/I.

Jnis cTporanust py0aHOK MepeMeIlarT BPyUHYIO M0 00pabaTbiBaeMOil MOBEPXHOCTH B Mpenenax
3aXBaTKH, [IOCJIE YETO €ro BO3BPALIAOT HA HCXOJHYIO O3ULIUIO AJIsl CTPOTaHUsl CMEKHON MOJI0CHI WIIH
MOBTOPHOTO NMPOXOJa Mo HpexHel mosoce. PyGaHOK MOXXHO HCIIOJIb30BaTh TAK)KE B CTAllMOHAPHOM
BapHaHTe, YCTAHOBHB €r0 HEMOJIBUYKHO Ha BEpCTaKe HOXKaMH BBEPX M NEpeMeliasl Bl0Jb HEro oopa-
OarpiBaeMyto JeTaib. s 3TOro BepcTak 0O0OPYAYIOT MOPHU3OHTAIBHO YCTAHOBJIEHHBIMH IUIOCKHMMHU
HANPAaBISIONIMMHU CTPOTO B INIOCKOCTU OMOPHBIX IJIUT pyOaHka. Paboune opranel MamuH Jyist oOpa-
OOTKHU JPEBECHHBI UMEIOT MHO>KECTBO OCTPBIX KPOMOK, JABMXKYIIMXCS C BBICOKOM CKOPOCTBIO, B CBS3U
C 4€M OTH MAlIWHBI ABJIAIOTCA CPECACTBAMU MOBBINIIEHHONM omacHOCTH. B dmciie MCP HUX Oe3omnacHoi
9KCIUTyaTallui OpraHbl YIPaBICHUs STUMU MalllMHAMMU BBITOJIHSAIOT TAKUM 00pa30M, YTOOBI ABH)KEHHUE
paboyeMy opraHy nepeaaBajlioch TOJBKO MPHU yAEpKAHUHU IIYCKOBOTO YCTPONCTBA (KypKa, pyKOSITKH)
HaJblEM PyKH OIlepaTopa, a Mpu €ro OTIYCKaHUHM MAallMHA OCTaHaBJIMBalIach Obl. DTa Mepa UCKII0Ya-
€T BO3MOKHOCTh pa0OThl HEYIIPABIIIEMON MaIlIWHbI. 3aIIUTHBIE KOKYXU MMUJI U CTAllMOHAPHBIX pyOaH-
KOB 3aKpBIBAIOT paboyre opraHbl U HHCTPYMEHTHI Ha X0J0cTOM Xo1y. [lo okoHYaHuu mporiecca pesa-
HUSl OHM aBTOMAaTUYECKU BO3BPAILAlOTCS B HCXOTHOE MOJIOKEHHUE.

6.8 MexaHu3MBblI /1J15l BAJIbI[€BAHUSI KOHAEHCATOPHBIX TPYOOK.

BanpnoBku 6oproBounsie Bb u kpenexnbsie BK (pucynku 4.33 u 4.34). BanpoBku 60pTOBOYHBIE
(pucyHok 4.33) mpenHa3zHaueHbl AJS pa3BaIbLIOBKA KOHLIOB TPYO C OJAHOBPEMEHHON OTOOPTOBKOM.
BanbroBku kpemnexHbie (pUCYHOK 6.34) mpeaHa3Ha4YeHbl A1 pa3BAIbIOBKH KOHIIOB TPYO 06e3 oTOop-
tToBKkHU. BanbiioBka Bb (pucyHok 6.33) COCTOMT M3 LHMIMHAPUYECKUX POJIUKOB 5, KOHUYECKUX POJIH-
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KOB 4, Kopryca 2 ¥ IByX [IapUKOMOAIINIIHUKOB 3.

7

A

"

Pucynox 4.34. BanbuoBku kpenexHsie BK
Pa3BanbiioBka TpyOOK OCYIIECTBISETCS KaK BPYUYHYIO C IIOMOIIBIO BOPOTKA, TaK M MPU MOMOIIH
pa3BaLIIOBOYHOM MamuHBL [IprBOJ ycTaHaBIMBaeTCsS Ha XBOCTOBHK 1 Kopiryca BaibIOBKH. [Ipu
MOMOIIM POJIMKOB 5 MPOU3BOJUTCS pa3BaliblIOBKAa KOHIIOB TPYOOK U OTOOPTOBKA KOHUYECKUX POJIHU-
koB 4. Kpenexxubie BasibiioBku BK mpou3BoOAsT TOJNBKO pa3BasIbIIOBKY KOHIIOB TPYO 0€3 OTOOPTOBKHU.
Banb1ioBku ObIBalOT HECKOIBKUX TUIIOPA3MEPOB.

Texuuueckas XapaKTCpHUCTUKA

Hopwma 1151 BanbIOBKU:
HanmenoBanwue mmokasaTeis Bb Bb BK BK
32x20 [51%2,5%16|32x3x20|5%2,5%16
Tosmuua TpyOHOM nocku, mMm| 20 16 20 16
[Ipenen BaybIieBaHUS, MM 245-28 | 44,5-48 | 26,5-30 | 46-50
Macca, Kr 0,88 2,42 0,88 2,21

Bansnoska KBb (pucynok 4.35) npenHazHaveHa Ui pa3BalbllOBKH KOHIIOB TPYO C OJTHOBPEMEH-
HOU 0TOOpTOBKOI, BanbiioBka KBK — Ge3 or6opTroBku. Banbnoska KBb cocrout u3 konyca 2, kopmy-
ca 1 1 kKoMIUIeKTa pouKoB 3, 4. B KOMIUIEKT POJUKOB BXOJAT: JJis BanblloBok KBB — onuH ponwk
JUIMHHBIH, J1Ba POJIMKA YKOPOUYEHHBIX U JIBA pOJIMKa OOPTOBOUHBIX; A BasiblloBOKk KBK — Tpu ponmka
OJIMHAKOBOM JUIMHBI. B KadecTBe MEXaHMYECKOTrO NMPHUBOJA BAJIBIIOBOK IIPUMEHSIOTCS MAIlMHKA, a
TaKXe JIEKTPOMOTOpP C PEAYKTOPOM M TMOKMM BajoOM, 4acTOTa BpalleHus KoTtoporo He Oonee 60
00/MUH.

A

4 3 A

Pucynok 4.35. Bansnoska xocas KBb
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B enquHUYHBIX cydasx JOMYCKAETCs BABIIOBKA TPYO BPYYHYIO C TIOMOIIBIO BOPOTKA.

TexHndeckast xapaKTepUCTHKA

HawnmenoBanue mokazaresst Hopma /U1 BANbUOBKH THITA:
KBB-38x2|KBB-51x2|KBK-83x%3
Tompaa TpyOHOH TOCKH, MM 20 20,35 35
MakcuMaibHas pa3gada poaukoB MM | 31-35,5 43-48 75-82
Jluametp 1pyo ) 32/38 | 46/51 | 75/83
(BHYTpEHHUI/HAPYKHBIH), MM
Macca, Kr 1,075 1,48 5,567

BanbsrioBounas mammaa WI14802 (pucynok 4.36) mpemHasHaueHa I Pa3/eKUd KOHIIOB TPYO
nuameTpoMm a0 50 MM, pa3BaJbLIOBKOM X BO (uIaHIIaX IpU MOHTa)Xe TPyOOIpPOBOIOB UM B TPYOHBIX
JIOCKaX TMPH M3TOTOBJICHUHU KOTJIOB M PA3JIMYHON ammapatypbl. Ha mMammHe ycTaHOBIIGH IEHTPOOEK-
HBII PErynaTop 4yucia 000poTOB.

LD,

A
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Pucynox 4.36. PazpanbuoBounast manmna UI14802

MammHa COCTOUT M3 MHEBMATHYECKOTO POTAI[IOHHOTO JIBUTATENS 3, PETyJsATOpa 4acTOTHI Bpa-
IIeHUs 2, TJIAHETApHOTO 5 ¥ KOHUYECKOro 9 peayKTopoB, HIMUHAENSA 8, PYKOSTKH / CO BCTPOCHHBIM
MyCKOBBIM ycTpoiictBom 10.

Bpamenue or potopa aBuratens udepe3 IJIaHETApPHBIM W KOHUYECKHE DPEAYKTOpBI NepeaaeTrcs
HIMAHACITIO MAIIUHBL. J{J11 OCYIIECTBIICHHS] aBTOMAaTHYECKOTO PEBEPCUPOBAHHS PAa3BATBIIOBKUA UMEET-
Csl peBepCUPYIOIINI MEXaHU3M 7, pacroyoKeHHbIH B Kopiyce 6. Pykostka 1 u kopryc 6 mpucoenu-
HEHBI K KOPITyCY MaIiuHbl 4 BUHTaMH. J1JI1 yCTaHOBKH pa3BalIbI[OBOYHOTO HHCTPYMEHTA IIMUHACTH 8
umeer koHyc Mop3e Ne 2. B cinyyae ycTaHOBKM MHCTPYMEHTA C KBAaJPAaTHBIM XBOCTOBUKOM B IIIIHH-

ACJIb CTAaBUTCA MEPCXOAHUK.
Texauyeckas XAapaKTCPUCTHKA

HanmeHnoBaHue nokasarens Hopwma

Haunbonbimnii qriaMeTp BallbIlyeMbIX TPYO, MM 50
UYncno 060pOoTOB MINHUHAEIS B MUHYTY:

Ha XOJIOCTOM X0y 340

T0J1 HArPy3KOH 200
JBurarens:

THIT MMHEBMATUYECKUH, POTAIIMOHHBIN

HanOoJIbIIIas MOIHOCTD Ha IINUHENE, KBT 1.8

pabouee naBieHue Bo3ayxa B cetn, Mlla 0,5

pacxoJ BO3ayXa, M>/MUH 1,9
["abapuTHbIC pa3Mepbl MaIlIMHbI, MM:

JUTHHA 675

IIMpUHA 218
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INPAKTUYECKOE 3AHATHE Ne 5

OCHOBBI PACYHETOB 1 BBIGOPA OCHOBHOI'O OBOPYJIOBAHUS MEXAHU3-
MOB ITIOABEMA I'PY3OIIOABEMHbBIX MAILIMH U YCTAHOBOK

5.1 I'py303axBaTHbIe yCTPOiicTBa

I'py303axBaTHbIE YCTPOMCTBA MpPEIHA3HAUYECHBI ISl KPEIUICHHUS IMOJHUMAEMOI0 WIM IepeMeniae-
MO0 Tpy3a K KPIOKY I'py30M0IbEMHOTO MEXaHu3Ma. [’ py303axBaTHbIE YCTPOKWCTBA, IPUMEHIEMBIE HA
MoHTaxe cucreM TI'C u BEeHTWIALMH, NMOAPA3ACIAIOTCS HA CTPOIBI, TPAaBEPChl, MATKHE 3aXBaThl U
KJICLIEBBIC 3aXBaThI.

Cmponwvi. CTponiaMu Ha3bIBAIOTCS OTPE3KM MATKUX CTAJbHBIX KaHAaTOB WJIM L€NEH, MpeaHa3Ha-
YEHHBIX JJIS1 KPEIUICHUS TPpy3a K KPIOKY JIEOEIKH, KpaHa WK APYroro rpy30no/bEMHOTO MEXaHU3Ma.

B mnpaktuke monTaxka cucteM TI'C u BeHTWISIMM HauOOJbIlIee PacHpOCTPAHEHUE MOIYUHIIN
CTpOTIbI 00JIerYéHHbIe, YHUBEPCAJIbHBIE U MHOTOBETBEBBIC. OOJIEruéHHBIE CTPOITBI M3TOTABIMBAIOTCS
U3 KyCKa KaHaTa, Ha KOHIIAX KOTOpPOro oOpasyroTcs Jubo MeTiau, TUO0 KPIOKH B 3aBUCUMOCTU OT
Ha3zHaueHus crporna. [leTaro 06pa3yroT mocpeaCTBOM CIUIETKM KaHaTa, WM, Yalle, TOCTAHOBKOW CKH-
MOB. BHYTpB MeTiu 3aeNbIBaloT KOYIIl, KOTOPBIM MpeJoXpaHsIeT KaHaT OT Pe3KUX MeperudoB U mnepe-
Tepannii. Koylm u3rotapivBaroT U3 JUCTOBOM CTANIM IMYTEM IITAMIOBKH.

OcHoBHBIE pa3Mepbl KoyIIel npuBeeHbl B Tadbnuie 5.1. J[nuHa cruiéTku 1omKHA OBITH HE MEHee
20°dk (dk- mrametp kanata). Ecnu ke netian o0pa3yroTcsi MyTéM YCTaHOBKH CKUMOB, TO KOJIMYECTBO
CKUMOB M PAaCCTOSIHUE MEXIy HUMHU IPUHUMAIOTCA B 3aBUCUMOCTH OT TUIIA C)KMMOB U JIMAMETpa Ka-
HaTa.

Tabmuta 5.1 - OcHOBHBIE pa3Mephl U Macca IMMTaMIIOBaHHBIX KOYIIIeH

Jluamerp ka-{5,7-7|7-8,6| 8,6- |10,2-|12,5-]15,5-|18,5-| 22- |25,5-
Hata d, MM 10,2112,5|155|185| 22 [255]| 30
D, Mmm 25 | 30 | 34 | 40 | 45 | 56 | 63 | 75 | 85
B, Mmm 12 | 14 | 18 | 20 | 24 | 28 | 32 | 38 | 42
A, MM 41 | 50 | 56 | 65 | 74 | 92 | 104 | 125 | 142
€, MM 62 | 74 | 84 | 100 | 115 | 144 | 160 | 190 | 225
Macca, xr  |0,035|0,058) 0,11 | 0,15] 0,20 [ 0,40 { 0,55 0,97 | 1,32

OO0ner4€HHbIe CTPOIBI PAa3INYHBIX KOHCTPYKIUH MPeCTaBIeHbI HAa pUCYHKe 5.1.

1

ol ) 2
& R T 2 R LT L2 Pl 2 7 e

a) CoeJIMHEHNE KOHIIOB KaHaTa MyTEéM CIUIETKY;
0) coeMHEHNE KOHIIOB KaHATa yCTAaHOBKOW CKUMOB;
B) COEMHEHNE KOHIIOB KaHaTa YCTaHOBKOM I'MJb3 € IOCIEAYIOMIeH X OTHPECOBKOM.
1-kaHaT, 2-KpIoK, 3-1eTis, 4-KOYyIll, 5-CKUMBI, O-THUIIb3bI;

Pucynok 5.1. Cxema 06JeT9€HHBIX CTPOI:

Camblil pacripocTpaHEHHBIN TUI CXKHUMOB - OOBIKHOBEHHBIE CKUMBI C TUTAHKOM M pokKoBbIe. KoH-
CTPYKIIUS 3THX C)KUMOB, OCHOBHBIC pa3Mephl, Macca, YHCI0 COKMMOB M PACCTOSHHE MEXKY COKHUMAMH
naubl B Tabmunax 7.2 u 7.3.
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JInst BCeX THITOB CXKMMOB JIyXKKa C)KMMa BCETJa JOJ/UKHA PacroiaraTbCsi CO CTOPOHBI KOPOTKOTO
KOHIIA ITETIM KaHaTa. PaboTa C)KMMHBIX COEJIMHEHUI OCHOBAaHA Ha CHJIAX TPEHHUS MEXKIY O0XKAaThIMU
KaHaTaMH U IUIOCKOCTSIMHU 3JIEMEHTOB CXKMMOB. Y CHIIHE, BOCIIPUHUMAEMOE COKMMHBIM COEIMHEHHEM,
3aBHCHT OT KOJIMYECTBA CKMMOB U CTEIIEHH 3aTSKKH COKUMOB.

CrerneHs 3aTsHKKH CKUMOB 1| OIIPEAEsieTcst 1Mo (hopmylie

n =a/2dx,
rae Ok - auamerp KaHara, a - pasMep JABYX HUTEH KaHaTa B CKATOM COCTOSTHHH.
Jlnst oOecrieyeHus: paBHOIPOYHOTO CTHIKA OOBIYHO 00ECIIEYMBAIOT 3ATHKKY KaHaToB 10 1=0,6.

(5.1)

Ta6nuna 5.2 - Cxumbl 0OBIKHOBEHHBIE C IIAHKOMN

Paccrosinue
Auamerp| D, mm B, | C, HHCIO CoicH MeXKIy CkHMMa- | Macca,
KaHaTa |(pe3nba MOB Ha CO-
di, MM | Taiikn) MM MM eIMHEHU U IM 1, MM L Ko
8 M10 10 | 22 3 80 190 | 0,18
12,5 M10 12 | 24 3 105 100 | 0,26
15,5 M12 14 | 31 3 130 100 | 0,43
17,5 Mi16 16 | 36 3 145 120 0,7
19,5 Mi16 16 |37 4 160 120 | 0,85
21,5 M16 16 |40 4 175 140 0,9
24 M20 20 |45 5 195 150 | 1,45
28 M20 22 |49 5 225 180 1,7
45 M22 24 | 58 7 270 230 2,4
Tabmura 5.3 - C;KUMBI POKKOBBIC
Pe31>6a Paccrosnue MCKAY
Jnamertp kana- d Yucno C, B, C)KUMAaMHU, Macca,
Ta dx, MM " |CKHUMOB| MM MM MM KT
MM I I]_
13-15 M12 3 30 15 130 100 0,5
15,5-17,5 M16 3 36 20 145 120 0,83
18-21,5 M16 4 40 20 175 140 1,0
22-26 M20 5 50 25 210 165 1,81
26,5-31 M20 5 55 25 215 200 2,52
32-35 M24 7 62 30 270 230 3,62

IMpumeu.: 3uadenus | u |1 cMoTpure Ha pucynke 5.2. [l BceX THIIOB CKUMOB JIyIIIKa CKAMA BCETIa JOJDKHA PACIIoaratbCst CO CTO-

POHBI KOPOTKOI'O KOHIIA NETJIM KaHaTa.
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_CKoba_

1) nyxxa, 2) ninaHka, 3) raika,
4) xoy, 5) COXKUMBI
Pucynok 5.2. Cxema cxnuma 0OBIKHO-
BEHHOTO C IJIAHKOU

Pucynoxk 5.3. Cxema po>KKOBOTO
CKUMa

17
NG

PI/ICyHOK 5.4. Cxema COCIMHCHUSA KaHaTa 1YTOBbIMHU C)KUMaMU
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l

Ilpumep onpedenumsv pazmep "a " npu ycmanoske 0y208viX CIHCUMOSB C NIAHKOU, Ymobbl obecne-
yumo cmenens samsxcku 1 =0,6 kanamos muna T/IK-O 6Xx37+ | oc ouamempom 17 mm, u xoruue-
CINBO CHCUMOS.

ITo Tabmune 5.2. onpenensieM, 9To0 HEOOXOAMMO YCTAaHOBUTH 3 CKUMA C TUAMETPOM Y KKU 16 MM.

a=n2-d«=0,6-2-17=10,2 mm.

YHnueepcanvnovle cmponwl - 310 3aMKHyTas NETaAsS JIUHON oT 5 10 15 M (pucynok 5.5). KoHibt
KaHaTa COCTUHSIOT MOCTAHOBKOW C)KMMOB WJIM 3aruI€TKOW. J[iMHA 3aruiéTKy J0JDKHA OBITh paBHA HE
menee 40 nuamerpam KaHaTa. PaccTtosHue MexXIy CKUMamMH M UX KOJMYECTBOHEOOXOAMMO IPUHH-
MaTh o Tabnune 5.2 u 5.3.

a) 6)
/fj/f/_///////77//?@///////f//?ﬁ////y
h e oEh o S
VAV AV L7 AV VI AN /
4 (WAY 7.8 &7, ST v v

it Lh LI I:TJI}

a) COeJIMHECHNUE 3aMIETKOM; 0) COCIMHEHUE MTOCTAHOBKON CKIMOB

Pucynok 5.5. Cxema yHHBEpCaIpHOTO CTpOMa

Mnozoseemeegvie cmponsl CiyXatr Uil IOABEMA IPy3a 32 HECKOJIBKO TOYEK, €CIIM 3a JBE TOYKHU
IIPUMEHSETCS ABYXBETBEBOM CTPOII, 3@ YEThIPE TOYKH — YETBIPEXBETBEBOU U T.1. B KadecTBe OTAEIIb-
HBIX BETBEH NPUMEHSIOT 00JIerYéHHbIE CTPOIIbI, OMH KOHEL KOTOPBIX KPEMUTCsS K METJISIM, MpHBa-
PEHHBIM K T'py3y, a IpYToil KOHEI K cepbre, Kak 3TO BUAHO HAa PUCYHKE 5.6.

a) IByXBETBEBOH; 0) 4ETHIPEXBETBEBOM;

1-cepbra; 2-00ser4€HHBII CTPOI; 3-KPIOK
Pucynok 5.6. Cxema MHOTOBETBEBBIX CTPOI

Hapsiny c BbllIeonMCaHHBIMU CTPONAaMH, IPUMEHSIOTCS MOJyaBTOMAaTHYECKHE CTPOIBI (PUCYHOK
5.7), mo3BousitoIIIe MPOU3BOUTH PACCTPOIIOBKY IPy3a CHHU3Y, HE MOJHMMAsICh Ha BBICOTY YCTAHOBKH
MOHTHPYEMOTO 00OpYy/IOBaHUsA. JTa ONepanus MPOU3BOJUTCS MPU MOMOIIHN CKOOBI C TIOJyaBTOMAaTH-
YEeCKHUM 3allopOM M OTTATMBAIOIIETO NMEHBKOBOTrO KaHaTa. /g moaséma u nepeMerieHus Tpyo npume-
HSIIOTCS CTPOIIBI C TOPLIEBBIMU 3aXBaTaMH, MPEACTABIAIOMIUMU cO00 TUIACTUHY € LIEHTPAIBHBIM, pac-
IIOJIOXKEHHBIM I10J{ YIJIOM BBIPE30M, K KOTOPOU IIPUBAPEHBI MOJAKIIAKA U TOPLIEBOU YIIOP.

Jlj11 MOHTa)ka M30JIMPOBAHHBIX TPYOOIIPOBOIOB MPUMEHSIOTCS MSTKHE 3aXBaThl, MPEMSITCTBYIOIINE
MOBPEKACHUIO U30JIALUH, 3a CYET YMEHBIICHNS YIEIbHOIO JIaBICHUS B MECTE€ KOHTAKTa 3aXBara C Tpy-
6onpoBooM. /111 MOHTa)ka M30JIMPOBAaHHBIX TPYO nuameTpoM 110 377 MM IPUMEHSIOT 3aXBaThl U3 pe-
3MHOTKaHeBOH JieHThI mupuHOi 500 MM 1 rpy3onoabéMHOCTHIO 10 60 kH. [l MoHTaxa TpyOoonpoBo-
JIOB OOJIBIIET0 JUaMeTpa MPUMEHSIOTCS] MATKHE 3aXBaThl U3 METAUNIMYECKUX JICHT.
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1-06ner4€HHblii cTpoI, 2-MIacTHHA, 3-BBIpe3, 4-TOpLUeBol ynop, S-pyduka

Pucynok 5.7. Cxema TopiieBOro 3axsara Ijist Tpyo

5.2 OcHOBHBIC IPABWJIA CTPONIOBKH

1) CTporoBKy MOHTHPYEMOTO 00OPYIOBaHUS CIEAyeT IPOU3BOIUTH MO CXEMe, YKa3aHHOU B Iac-
HOPTE 3aBOAA-U3TOTOBUTEIIS ATOI0 OOOPYAOBAHUS UIIH 110 CXeMe, pa3pab0TaHHON B JOKYMEHTAI[MH Ha
IUTaHOBO-TIpeAynpeauTenbHbiil peMoHT (ITI1P).

2) CTpomnoBKy HYXHO NPOU3BOAMTH 3a 3aBOJICKME METJIM WM NpoyHuHbL. [Ipun oTcyTcTBUM Tako-
BbIX B [1I1P HeoOxomumo pa3paboTarh MeTid I IPUBAPKH K 000PYI0BAHHUIO.

HauOonee npocTeiM mpHUCIIOCOOICHUEM AJISi CTPOIIOBKHU SIBJISIIOTCS METJIM U3 apMaTypHOM CTajH,
npuBapuBacMbic (pJIAHTOBBIMH IIBAMU K MOHTHPYEMOM KOHCTPYKIIUHU (PUCYHOK 5.8).

NN

-
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HERE

Pucynok 5.8. Cxema MOHTaXXHO¥ MeTiIn
JHuametp crepskHst netu d (MM) onpeesstores o tadmuie 5.4

Ta6muna 5.4 - Jlnametp crepkHs e d B 3aBUCHMOCTH OT YCHIIMS OT Beca KOHCTPYKIIUH, MTPH-
XOJIILIETOCS HAa OJIHY METIII0

d, Mmm Ycunue ot Beca KOHCTPYKIINH,
npuxojgiieecs Ha oHy netiao, H
6 1000
8 3000
10 7000
12 1100
14 1500
16 2000
18 2500
20 3100

VYceunne, BOCOpUHAMAIOIIEECS OTHOW MEeTIEN
P=Q-K,/n, (5.2)
rae Q - Bec mogHMMaeMo# koHCTpyknuu, H; N - kommaecTBO metenb; K, - KoapUImeHT tuHamMmd-
HOCTH, IPUHUMAaEMBIH 1,5.
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Jnuny cBapHoro mBa Ly ompenenstor u3 ycioBuil paOOThl IIBa HAa BOCHPHUSATHE HArpy3ku P,
NpUXOASAUIEHCA Ha OJIHY NeTt0. Karer 1mBa NpuHUMAIOT PaBHBIA THAMETPY CTEPKHSI.

3) Ans obecnieueHus] IPOYHOCTU U YCTOMYMBOCTHU MOJHUMAEMON KOHCTPYKIIMU CTPOTIOBKA JTOJDK-
Ha OCYUIECTBJIATHCA HE MEHEE YEM 3a JIBE TOUKHU.

4) JIns yMEeHbLICHUS YCWIIMS Ha KaHAT CTPOINa HEOOXOIUMO MPUHUMATE YTOJI PACKPBITHS CTpOMa
20 He 6oiee 90° (a - yroi MEeX1y BETBBIO CTPOIIa U OChIO KPIOKA).

5) Kprok nob€MHOT0 MexaHU3Ma HY>KHO pacrojararb Ha OJHOW BEPTUKAJE C LIEHTPOM TSKECTU
MOJAHUMAEMOUN KOHCTPYKLIMH.

6) YpoBeHb CTPOITOBKH JIOJIKEH OBITH BBIIIE IICHTPA TSHKECTH IMOJIHUMAEMOM KOHCTPYKIIHH.

5.3. Onpenenenne ONTHMAJBHBIX MeCT CTPONOBKHM 3BeHbEB TPYOONPOBOIOB HMJIH JAPYIrHX
JJIMHHOMEPHBIX KOHCTPYKIMIi PH UX MOHTAKe IBYMsI TPy30N0IbEMHBIMU MeXaHU3MaMU

Hcxons U3 TeXHOJOTHYECKUX COOOPAKEHUM, TP MOHTa)KE ra30BbIX WM TEIUIOBBIX CETeH TPyObl
CBApUBAIOTCS B 3BEHBs (TUieTn) AnuHOM 40 M, a 3aTeM OIYCKalOTCS B TPAHIICIO MM KaHa, JINOO MO-
HUMAIOTCS Ha OIOPHI IIPU Ha3eMHOMN MPOKJIa/IKe IBYMs I'py30110IbEMHBIMU MexaHn3MaMu. CoOCTBEH-
HBII Bec TpyOBI pacmpeiensercss paBHOMEPHO 1O Bced uuHe (pucyHok 5.9). Ycuims B crpomax
HalpaBJIeHbl BEPTUKAJIBHO K TPYOOIpOBOY. 3a/ada COCTOMT B TOM, YTOOBI ONPEETUTh ONTHMAJb-
HbIE MECTa CTPOIOBKH, PACCTOSIHME MEXIY MECTaMHU CTPOIOBKHU (PacCTOSIHME MEXAY I'PYy30MOIbEM-
HBIMU MEXaHHM3MaMH) U JIOIYCTUMBbIE pa3Mepbl KoHcosiel. HanpsikeHne B oMacHbIX CEYeHUsX (B Me-
CTax CTPOIOBKH M B POJIETE) HE JIOJHKHO MPEBHIIIATH pACUETHOE COMPOTHUBIICHHE MaTepHraia Tpyo.

Ya q Yg
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<X>; I >;X>
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Mexp Mexp
Ul L 11 1111

W

A n B- mecta cTponoBky; ( - Bec 1 MeTpa 1ymHBI TpyOonpoBona; L - anmuHa 3BeHa (Iu1eTd TpyOonpoBoa); X - JTMHA KOHCOJIH;
I=L-2-x - paccTosiHEE MEX1y MECTaMH CTPOIIOBKH (PACCTOSIHIE MKy OCSIMH KPIOKOB MOIBbEMHBIX MEXaHU3MOB); YA U YB - Harpy3ka
Ha CTPOI; Mcrp - BENIMUMHA M3rMOAIOIIEr0 MOMEHTA B MECTaX CTPOMOBKU; Mup - BEIMYMHA MaKCHMAJIBHOTO M3TrH0AOIIero MOMEHTA B

mposiére; G - Bec TpyObI.

Pucynok 5.9. Cxema cTpONOBKH ATMHHOMEPHBIX KOHCTPYKIIMH M SIIIOPa MOMEHTOB

Harpyska Ha ctpor: Ya=Ys=Qq'L2=0,5G;
BenmunHa n3rubaromero MOMeHTa B MecTaX CTPOIOBKH
Mer=0x°/2; (5.3)
BennunHa MakCMMalbHOTO H3TUOAIOIIEr0 MOMEHTA B IIPOJIETE
2 2
m, =95 _ A(g— xj _ %-%{E —xJ . (54
Tak kakK MakCHMaJIbHbIE MOMEHTBI OyJyT B MECTaX CTPOIOBKU U B MPOJIETE, HEOOXOJMMO, YTOOBI
HOPMAaJIbHBIC HAMTPSHKSHUS B 3THX MECTax ObLUTH MEHbIIE pacYETHBIX COMPOTHUBIICHUI MaTepHraa Tpyo
R. IMockonbky 6=Ms'D/21<R, T0O
Musr<2R- I /D(1),
rie D - HapyxHblii quamerp Tpy6s, M; |, - MoMenT unepruu Tpy6s!: |, =n-(D* -d* )/64; d - BHyTpen-
HUi tuametp Tpyosl, M; R- s cramu npuauMaercs 200- 10° Ia.
Mup=- g-X2/2=Merp= g-X%/2(2)

[TpupaBHMBas paBble YacTH BhIpAXKEHUH | U 2, monyuum:
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2R- I, /D g-x%/2; x>=4-R- I, /g-D;
x=+/4"R-1z/g-D. (5.5)
HOI[CTaBJ'ISISI 3HAYCHUA |z U YUCJIEHHBIE 3HaueHusa R IJIA CTaJId, IIOJIYYHUM

‘= \/4.200.106-3_14'(D4_d4) — 6265 . \/w (7.6)
64-g-D gD

W3 ycnoBrs paBeHCTBA HOPMaJIbHBIX HAINPSKEHUHM B MECTax CTPOIIOBKU M B CEPEIMHE IPOJETa,
BBITEKAET PaBEHCTBO M3TMOAIOIIMX MOMEHTOB AJIS TE€X YK€ CEUCHUH.
g-x? 12=g(1/2+X) 1/2-g-(1/2+x) * /2;
X2 =122+ x=(17 /4+2-x-/2+x 2 ),

X2 =12 2+ %1 fA-bxx

2x =1 /4; 1*=8-x?; I=x- /8. (.57)
IIpumep
W3 ycnoBuii mpoOYHOCTH TPyOONPOBOAA ONMPEACTUTh MAKCUMAIIBHYIO JUTMHY IUICTH MPH YCIOBHH
CTPOIOBKH IUICTH B JIByX MECTax, JHOIMYCTUMYIO BEIMUMHY KOHCOJIM M PACCTOSHUE MEXKIY MECTaMHU
cTpornoBKU. Tpy0a 3eKTpocBapHasi ¢ HapyXHbIM auaMeTpoM Dy=1120 MM, TONIMHA CTEHKHA TPYOBI
10 mm; Bec 1 M TpyOBI.

g=2737H,  der=1100Mmm.

Pewenue: donycmwwaﬂ 6€lUYUHA KOHCOIU X.

x=6265- 2% — 6265 - /M = 16 M
gD 2737-1,12

PaccmO;lHue Meofcdy mecmamu CI’I’lpOI’lOGKu
L=xv8=16/8=45m.

Lonycmumas eenuuuna niemu
L=l+2-x=45+2:16=77 m.
st Tpy6omipoBoa tuaMeTpoM 76 MM C TOJIIMHOM CTeHKH 6=3 MM, =54 H/m
<=6265 - 0,076*—0,070%
54-0,076
L=x/8=26,8 M. H=26,8+2-9,48=45,8 m.

[TpousBens pacy€Thl ISl BCErO psifa AJNEKTPOCBAPHBIX TPYO, MBI MOXKeM yOEAMTHCS, UYTO AOIY-
CTUMasl ITMHA TJIETH 110 IPOYHOCTHBIM COOOpaKEHUSIM HE OyJIeT MPEeBbIIaTh MPUHATYIO JJINHY IJIETH
40 M ¥ BhIIIENpPUBENEHHBIE PAcUEThl HEOOXOIUMO MPOU3BOAUTH B HEOPAMHAPHBIX CIIydasx, KOTAa
JUIMHHOMEpHasl KOHCTpYKLUA npesbiiiaet 40 M.

3aaBIIMCh JUIMHOW JJIMHHOMEPHOW KOHCTPYKIIMH, YTO C TOYKHM 3PEHHUS NPAKTUKH MOHTaXa
HauboJs1ee BEPOSITHO, MOXKHO OMPEEIIUTh MECTa CTPOIIOBKH UCXOS U3 CIEAYIOIUX COOOpakeHUH.

[Tockonbky Mup=Mcrp, TO MptMerp =0.

[Toncraiss 3Hauenus M,,p 1 McTp, moJydnm

g-x% /2 +g-L 2 /8-g-L/2 (L/2-x) =0;
g-x2 /2 +g-L 2 /8- g-L? [4+g-L-x/2=0;
x2/2+Lx/2-g-L.%/8=0
x%+L-x-L2/4=0.
Pemas 310 nonHoe npuBeIEHHOE KBaAPaTHOE YPABHEHUE, IOTy4aeM
X=-L/2+,/(L/2)2 — (—12/4) =-L/2+,/12/2.

Pemienue 3Toro ypaBHeHUs JAa€T JBAa KOPHS:
X1=-L/2+,/1? /2 =-L/12+L/1,414=0,586 - L/2,828; X1=0,207L;
Xo=-L/2-\/12 /2 =-L/2-L/1,414=-3,414 - L/2,828; X=-1,207L.
X2 NeXKUT 3a IpeesiaMi KOHCTPYKITUH.
st 40-meTpoBoro 3BeHa TpyOompoBoaa

=948 m
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X=0,207-L=0,207-40=8,28 M.
OnTumanbHOE PacCTOSHHE MEXKIY MECTAMH CTPOIOBKH, T.e. MEXAY TPy30MOIbEMHBIMH MeXa-
HU3MaMH, OYyeT:
(=L-2-x=40-2-8,28=23,44m.

5.4. Pacyér u moadop cTajbHbIX KAHATOB /ISl THOKHUX CTPOII

OnHOBETHEBBIE CTPOIIBI PACCUUTHIBAIOTCS TaK )K€, KaK M KaHaThI.

[Tpu pacuére kaHaTa 711 MHOTOBETBEBBIX CTPOIT HEOOXOIMMO YYUTHIBATH CIIOCOO CTPOIOBKH, T.C.
3aJI0’KEHUE BETBEH CTpOIa, yrojl MKy BEPTUKAIbIO U BETBSIMU CTpOIMa, KOJIUYECTBO BETBEH. 3aiio-
YKCHHUEM SIBJISICTCS] OTHOIIICHUE BBICOTBI CTPOIIOBKU A K 1MOJIOBUHE cTOpoHbl B/2 (prcynok 5.10).

Q

Pucynox 5.10. Cxema CTpOIIOBKY Ipy3a YeTHIPEXBETBEBHIM CTPOIIOM

VYcunue B BETBSIX CTpona onpeeisiercs no popmyie
5= ¢ (5.8)
Amk’
rie S-HaTshkeHue BeTBH crpomna, KH; Q- Bec mogHmmaemoro rpysa, kH; C- anmuHa BeTBU cTporma, M; A-
BBICOTA CTPOIIOBKH (BBICOTA TPEyrojbHHKa 00pa3yeMoro BETBSIMM CTpOIIa); M-YMCIIO BETBEH CTpoma;
k' -xo3(dummenT, yauTHIBaIOIME HEPABHOMEPHOCTh HATPY3KM Ha BeTBH crpoma (mpu m=3, k' = 1;
npu m>3, k'=0,75).
Ecnu u3BecTeH yron Mexay BETBBIO CTPONA U BEPTUKAJIBIO (YIO 0), TO YCHIINE B KaXK/10i BETBU
ompezensercs no Gopmyse
__Q (5.9)
mk'coso
IIpumep 1. Gunbtp (cM. pucyHok 5.10) cHaOXEH YEThIPbMS 3aBOJCKUMH NETISAMH U UMEET pas-
mepbl L=4 M, B=3 M. Pacnionaraemas BeicoTa oT Kproka 1o ¢pristpa A=3,5 M. Bec pumpTpa Q=35 xH.
Onpenenuts AIMHY BETBEW CTPOIA, YCUINE BOCIPHUHHUMAEMOE KakK10M BETBBIO, OIPEIEIUTH Yroi o
MEX1y BEpTUKAJIBIO U BETBBIO CTPOIIA, TOJ00paTh TUI U JUAMETP KaHaTa.
Pewenue:
U3 TPEYrojbHUKA alC HAXOIUM TMIIOTEHY3Y ac:

ac =+/(ad) + (dc) =+/4*+3? =5]
U3 TpeyronbpHUKa app HaXOUM JJIUHY BETBU CTpOIa ap:
ap =C =+/(po) +(ac/2f =35 +(5/2f =431
cos a=a@p/ap=2,5/4,3=0,581; Torma a~=59,5°.
Ycunue B KaXA0M BETBU cTpora S:
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. Q 35
~ mk'cose  4-0,75-0,581
Koaddunuent 3amaca st ctpora K=6.
PacuérHoe pa3pbIBHOE yCUIIME B KaHATE
R=S-k=20,1-6=120,6 xH.
[TogOupaem kanat nBoiiHoW cBuBKM: THa TJIK-O konctpykumu 6X37+loc ¢ MapkupoBOUHOM
rpymmoii 1570 H/mm?, nuamerpom 13,5 MM, ¢ R=88 650 H> 85 800 H; wm trna JIK-3 KOHCTpyKIHH
6X25+7x7 ¢ MapkupoBOuHOi rpymmoii 1960 H/mm?, nuamerpom 11,5 mm ¢ R=87300H>85800H.

= 20,161

Ipumep 2. MsBectren yron a=20°. [lonoOparh kaHAT YEeTHIPEXBETBEBOrO CTpoONa I MOABEMA
rpy3a Becom 35 kH.
Pewenue:

yeunue 8 Kaxcoou emeu cmpond
5=t -#4-35/0,9397-4-0,75=12,41 xH:

_Cosa
R=Sk= 12,41-6=74,46 kH.
[ox6upaem kanat TJIK-O+loc ¢ 6 =1960 H/mm?, tmamerpom 11,5 mm.

Ycunne B BETBIX CTpoOIla 3aBUCUT OT criocoba CTPOIIOBKH U yI'Jla paCKPLITUA CTPOIIa 20, (pI/ICYHOK
5.11).

Tabmuna 5.5 - 3aBUCHMOCTH IMTapaMeTPOB CTPOIIOBKH OT YTJIa (L.

Haumenosanne | o0 =20° | o =30° | a =45° | a =50° | a.=60° | o0 =80°
Ycunue B BETBU 0,575-10,710- | 0,775- . )
crpona,S.cH 0,50-Q 0 Q Q 1,0-Q |2,85-Q
Amusa - BeTBU| |y 401 | L | 0.71-L ] 0.65L | 0.58-L| 0.5-L
crpona, |
Bricota  cTpo-
moBku, H, M

1,37-L | 0,86-L | 0,5-L |0,42-L | 0,29-L | 0,09-L

L

Pucynok 5.11. K pacgery 3aBHCHMOCTH ITapaMeTPOB CTPOTIOBKH
OT yria o.

Kak BuIHO U3 TabnuIb! 5.5, ¢ yBEIMUYEHHEM yTIIa oL Pe3KO BO3PACTalOT YCHIIUS B BETBSIX CTpoma U
MOTYT CPaBHSATBCS, M JaXKe MPEB30WTH BEC MOJHMMAaeMoro rpysa. Iloatomy npu KOHCTpyHpoBaHUU
y3J1a CTPOIIOBKM PEKOMEH]IYETCS OFPaHUYUTh yroJ o crpomna 45°. Ecnu BeIcOTa CTPONOBKY HE TO3BO-
JISIET 3TO CZeNaTh, @ B YCIOBUAX MPOBEICHUS MOHTAKHBIX pabOT 4acTO BhICOTA CTPOMOBKHU OTpaHHye-
Ha, HE00XOAUMO MTPUMEHSTH KECTKHE CTPOIIBI Ha3bIBaEMbIE TPABEPCAMHU.
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7.5 TpaBepcsl

TpaBepchl TPUMEHSFOT TIPU MOHTaXK€ JJTMHHOMEPHBIX KOHCTPYKIIHH, KOT/Ia HE XBaTaeT BBICOTHI
CTPOTIOBKH JJIsi THOKHMX CTPOTIOB, JHOO KOTJa MOHTHUpYeMasi KOHCTPYKIUSI HE MOXET BOCIIPUHUMATH
C)KUMAIOIINE YCUIIHS, BOSHUKAIOIINE IPH HAKIIOHHBIX THOKHUX CTPOIIaXx.

TpaBepchl 1enecoodpa3Ho NMPUMEHATh Ha TPyO03aroTOBUTENBHBIX 0a3zax Ui YKIAAKH TPYO, IJis
CBapKH WJIX JIJIsl IOTPY3KH TUICTeH JITMHOW 10 36 M Ha TUIETEBO3BI, a TaK XKe I MOHTaKa KPYITHBIX
0JI0KOB BO31yX0BOZOB JTHHON 20-30 M, KOTOpBIE HE 00JaAa0T TOCTATOYHOH KECTKOCTHIO. B Kaue-
CTBE HECYIIETO AJIEMEHTA TPaBEPChI UCIOIB3YIOTCS TPYOBI, IIBEJUIEPA U JIBYTaBPHI.

Ha npaktuke MOHTaxka TpyOOTIPOBOIOB M BO3TyXOBOJIOB HCIIOJIB3YIOTCS JBE CXEMBI paOOTHI Tpa-
Bepcel. Cxema 1 (pucynok 5.12). TpaBepca o 3Toii cxeme paboTaeT Ha U3TrHO.

Q

(N

oD
A\
N/

1
y
A

N
|

Q Q
2 2

Pucynok 5.12. PacuérHas cxema TpaBepchl, paboTaromiei Ha H3rud

[Topsinok pacuéra TpaBepchl, paboTaroliel 1o cxeme, NoKa3aHHOM Ha pUcyHke 12:
1) Ompenesnsercss MakCUMaJIbHBIA M3rHOaroIuii MOMEHT B TpaBepce, KOTOphIi Bcerjaa Oyner mnoa
TOYKOM MPUIIOKEHUS TPYy3a B IIPOJIETE TPABEPCHI
M=Q/2-¢/2, H-Cm; (5.10)
rae Q - Bec mogHMMaeMoi KOHCTpyKiuH, H; I-paccTosiHie Mex 1y TOuKaMu MPUKPEIICHUS TPY3a, CM.

2) OmpenernseM HOPMAJIBHOE HAIPsKEHUE B TpaBepce MpU U3THOE M CPaBHUBAEM €TO0 C JIOMYCTH-
MBIM
6=M/W<Gion, H/cMm?; (5.11)
rae W - MOMEHT COTPOTHUBIICHHUSI CEYCHHUS TPABEPCHI.
CedeHne TpaBepcChl yIOBIETBOPSET YCIOBUSAM IPOYHOCTH, €CIU PACYETHOE HOPMAaIbHOE HArpsi-
’KeHHe TIpH M3TH6e Oy/ieT He GOIbIIe JOMycTUMOTo, T.e.< 16000 H/cm?,

Ipumep

Paccunrars TpaBepcy, 3aKperiéHHYI0 K KPIOKY I'py30M0AbEMHOIO MEXaHU3Ma, Ui MoJbEMA BO3-
nyxosoga amuHou 12000 MM, auamerpom 1000 mm. Bo3ayxoBoz U3roTOBIIEH U3 CTanyu TOJMIIMHON 1,5
mMm. lmuHa tpaBepcsl 1= 700 cm.

Pewenue:

OmnpenemnsieM Bec Bo3myxoBoaa, Q, H:

Q=1,37-FpH;
rae 1,37 - koadduument, yuutsiBaronnii Bec (aaHIeB, XOMYTOB, TIOJBECOK M MPOKJIAJOK MO/ CTPO-
1b1, F - m1omaas HoBEpXHOCTH BO3IyX0BOAA, M:
F=L-n-D;
rae L - qmmHa BosmyxoBoma, M; D - nuamerp Bo3ayxoBoda, M; P -Bec | M? HOBEPXHOCTH BO3AyXOBOJIA.
Hns cranu tommumuon 1,5 mm p=120 H.
Q=12-3,14-1-120-1,37=6195 H.
MakcumanbHBIM U3THOAIOIIHI MOMEHT
M=Q/2:1/2=6195/2- 700/2=1084165 H-Cm.
Jlnst TpaBepckl BeIOHpaeM msemnep Ne 14, 11 KoToporo MoMeHT conpotusiaerns W=70,2 cm>,
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[TpoBepsieM HOpMAIILHOE HATIPSKEHHE, BOZHUKAIOIIEE B TPpaBepce OT U3ruoa.
0=M/W=1084165/70,2 = 15444 H-cm <16000 H-cm.

Cxema 2 (pucyHok 5.13)
[Topsimok pacuéra TpaBepchl, pabOTaroIIeH 1Mo cxeme, OKa3aHHO# Ha pucyHke 7.13:
1) Haxonum ycunue N B KaHaTax JIByXBETBEBOI'O CTpOIIA:
N=Q/2-1/cos a, H, (5.12)
rae Q- Bec nmogHMMaeMoro rpysa, H; o - yros HakjioHa BeTBM cTpoIia K BEpTHKAJIU.
2) Haxoaum cxxumaromiee ycuiie N1 B Oanke TpaBepChl:

N:1=Q/2-tg o, H. (5.13)
0 4
i
|
o |
N i N
1
Ny L\ Ny

A

Y
|
]
N

vy Qi =7 vy

1-tpaBepca, 2-mogHUMaeMas KOHCTPYKIHUS, 3-00JeTIEHHBIA CTPOII, 4-IBYXBETBEBOI CTPOI

Pucynok 5.13. Pacuérnas cxema TpaBepchl, paboTaroiieii Ha cyKaTHe

3) IIpoBepsiem Ganky TpaBepchl Ha YCTOMUYHUBOCTD
6=N1/F- @< on, H/cM? , (5.14)
rae F-momans ceueHns Gankm, cM%; ¢ - KOOQQUIMEHT MPOIOTBHOTO M3rHOa, 3aBUCSIIHIl OT THOKO-
CTH TpaBepchl X, onpeenseMoi mo Tabmuie 7.6; A - onpeaensercss OTHOIICHHEM JITMHBI TpaBepchl L,
B CM K MHHMMAJIbHOMY PaJinyCy UHEPIIMH, ONPEICIIIEMOMY 10 COPTAMEHTY BBIOPAHHOU OAJKH Imin, B
CM.
=t/ imin

Tabmumua 5.6 - 3aBucumMocTs K03 (UIHMEHTA Y OT THOKOCTH A TPH PACYETHOM COMPOTUBICHUHU
cramu R=200 MIla

0 | 10| 20 ) 30|40 | 50 )60 |70 | 80 ] 90 |100
1 10,988|0,967(0,939|0,906/0,869|0,827|0,782|0,734/0,665|0,599
110 120 | 130 | 140 [ 150 | 160 | 170 | 180 | 190 | 200 | 210
0,537|0,479|0,425|0,376|0,328|0,290(0,259|0,233|0,210(0,191|0,174

S |[>e |

IIpumep 2. Paccunrtarh TpaBepcy MOJBEIIEHHYIO K KPIOKY T'PY30HOJbEMHOIO MEXaHHU3Ma C I10-
MOIIIBIO JIBYXBETBEBOr'O CTporma (cxema 2, cM. puCyHOK 13), s moabéMa BO3yXOBOAA U3 MPEIIIie-
CTByIOLIEro mpumepa auHoi 12 M, nuamerpom 1000 MM u Becom 6195 H. [lnuna tpasepcsl 7 M,
YTOI 0. MEKTy BETBHIO CTPOTIA M BEPTHKAIBIO paBeH 45°,

Pewenue:
Haxoaum ycunue B kaHaTax JBYXBETBEBOI'O CTPOIIA
N=Q/2-cos a=6195/2-0,7070=4381 H
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OrnpenensieM pacu€THOE YCUIIUE B KaHATE
R=N-K=4381- 6=26286 H,
rae K-xoaddunument 3anaca asist crpor paseH 6.
[Tog6upaem kanat aBoiiHoi cBuBkM THma JIK-PO kouctpykumm 6x36+loc, aquamerpom 6,7 M,
6=1960 H/MM? ¢ paspeiBHEIM ycumieM 27600 H.
Cxxumarolee ycuiue B 6aike TpaBepcebl Ni:
N1=Q/2-tg 0=6195-1/2=3098 H
[TpoBepsiem npuHUMaeMbIi mBeiep Ne 10 Ha yCTOMYHUBOCTD, JUISI UETO OIMpeesisieM THOKOCTh
A=/ imin =700/3,99=175,4>150,
3HaYeHHUE imin OMPEICIIAEM II0 COPTAMEHTY Ha IBesuiepa imin =3,99 cm.
CrnenoBarensHo, mBemiep Nel0 He oTBeyaeT TpeOOBaHUIO.

[Mpuaumaem mBemep Nel2, umeromui imin =4,78 cMm.
A=700/4,78=146< 150.
Hamnpsoxkenue B 6ainke
o=N1/F-o,
e F - onpenensem no copramenty, juis mBestepa Nel2 F = 13,3cm?; ¢ - onpesenseM o TabmuTie 6
nyTéM uHTepnosuuu it A=146 u ¢ =0,347;
6=3098/13,3-0,347=671 H/cm? <16 000H/cM".

He cMoTps Ha TO, 4TO HaIpsHKEHHE MHOTO MEHbIIIE JOMYyCTUMOr0, YMEHbIIIATh pa3Mep LIBeiepa

HEIb3s U3 YCIOBUH mporuoa.
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INPAKTUYECKOE 3AHATHUE Ne 6

OBOPYAOBAHME JJIA 3EMJIAHBIX U IINTAHUPOBOYHBIX PABOT
P COOPY’KEHUU CUCTEM TI'B

6.1 O0Me cBegeHUus

3emnepoiino-mpancnopmusimu (3TM) Ha3bIBAIOT CTPOUTEIbHBIE MAIIMHBI, OTAEISAIOIINE TPYHT OT
MacCHBa TATOBBIM YCHJIMEM C IMOCJEIYIOIIUM €ro MepeMelIeHUeM K MECTY OTCHIIKH COOCTBEHHBIM
xo070M. OCHOBHBIMH pabounMu omepauusMu 3TM sBISIOTCS: TOCIOHAs pa3paboTKa IpyHTa, €ro
TPAHCIIOPTUPOBAHKE U YKJIAJKa B OCHOBaHUE CTPOUTEIBHOIO 00BEKTa MIIH OTBAJ, a TAKXKE MJIaHHUPOB-
Ka 3eMJISIHBIX ITOBEPXHOCTEH. B 3aBUCMMOCTH OT Bua paboyuero oprana pasindaroT Kosuiogwle (CKpe-
nepsl) U omeanvrvie (0yaba03ephl, aBTOTpeiAephl rpeiaep-neBatopbl) 3TM. DT MamMHBI OTIWYA-
FOTCSL ITPOCTOM KOHCTPYKIIMEN, YHUBEPCAIBHOCTBIO M BBICOKOM IMPOU3BOAUTENBHOCTHIO. X mpume-
HSIOT B JIOPOKHOM CTPOUTENBCTBE, NMPU PHITHE KOTJIIOBAHOB U KaHAJIOB, BO3BEJICHHUH HACHITICH, MJIaHU-
POBKE 3€MJISIHBIX, BEpPXHOCTEHN U Ha APYrux padorax.

PaGounii nmpoiecc BKIIOYACT BA XapaKTEPHBIX PEKUMA: mA208blti U mpancnopmusiil. VIckiiode-
HUE COCTAaBIISAIOT Tpeiliep-31eBaTophl, pabOTAIOLINE TOJIBKO B TATOBOM pekuMme. Ha TaroBom pexume
paboTaroT MpH KOMaHWH TPYHTA, a HA TPAHCIOPTHOM TIPU €ro MepeMeIIeHUH K MeCTy OTChINKH. [1po-
JOJDKUTEIBHOCTD TATOBOTO PeXHMMa OT 00IIEro BpeMeHH pabouero mporecca COCTaBIsIeT y CKPETepoB
10...20 %; y Oynbao3epoB, paboTaroLIMX Ha MOCIOMHOM pa3pabotke rpyHTOB 20...25 %; y Oynbro3e-
POB U aBTOTpEiIepoB Ha MIIAHUPOBOUHBIX padorax 75...80 %. DPPEKTHBHOCTH TATOBOTO peKnUMa 3a-
BUCHUT OT CIIOCOOHOCTH MalIMHbBI MepeABUTraThcsa 0e3 OyKCOBaHUS MPHU MOBBIIMICHHBIX CONPOTHUBIICHU-
AX, @ TPAHCIIOPTHOI'O PEXUMa B OCHOBHOM, OT CKOPOCTHBIX KAa4€CTB MAILUHBI, €€ MPOXOJAUMOCTH U
maHeBpeHHOCTH. Yame 3TM npu pabote mepeaBUraroTcsi Mo TPYHTOBBIM U CHEXXHBIM JI0pOTaM, CBe-
KECPE3aHHBIM U PHIXJIBIM HACBITHBIM TpyHTaM. C MOBBIIMIEHUEM BIAKHOCTH TPYHTA YCIOBHS paOOTHI
3TM yxynmarorcs.

6.2 Ckpenepsl

Cxkpenepamu pazpabateiBatoT TpyHTHI | 1 |l kaTeropun Henocpenctsenno, a rpyutsl |l u IV xa-
TErOpHH TIOCIe UX MPEeIBAPUTENHLHOTO pa3pbixyieHus. OHU 4acTo paboTalOT B OJTHOM KOMIUIEKTE C
OyJIb103epaMHU-PBIXJTUTEIISIMU, UCTIONB3YEMBIMUA TAK)KE€ B KAUECTBE TOJIKAUEH IS TIOBBIIICHUS CHIIBI
TATH ckpernepoB. Ckpernepbl He PeKOMEHIYETCsl MPUMEHSTH IS pa3paboTKU 3a000UEHHBIX, HECBSI3-
HBIX TIEPEYBIIAKHEHHBIX TPYHTOB, & TAK)KE TPYHTOB C OOJBINIMMH KaMCHHCTBIMHU BKIIOUCHHUSMH. Pa-
O6ouull yuka CKperepa BKIIOYAeT KomaHue (OTAeJIeHHe TPyHTa OT MacCUBa U 3allOJTHEHHE UM KOBIIIA),
TPAHCIIOPTHPOBAHKUE TPYHTA B KOBIIE K MECTY €ro YKJIQJKH, OTCHIIIKY M BO3BpAICHHE MAIIWHBI Ha
UCXOJHYIO0 TIO3UIMIO clieayroniero pabodero nukina. CpeqHsis AadbHOCTh BO3KU TPYHTA CKpErepoM
Komnebnercst oT 3 M 70 2...3 KM NIpH KOBIIAX BMECTHMOCTBIO COOTBETCTBEHHO 5...46 M°. VienbHbIi
pacxon sHepruu coctapiuser 3,2...6 (kBr-u)/m’.

['maBHBIM MTapaMeTpOM CKperiepa sIBJISIETCSI BMECTHMOCTh KOBIIIA, B COOTBETCTBHH C KOTOPOH pas-
NHYAloT cKperepsl Manoi (1o 4 M%), cpenneii (5... 12 M%) n 6onpmoit (15 M° 1 6onee) BMECTHMOCTH.
Ckpenep COCTOUT U3 TATada U paboyero o00pya0BaHus, IO CIIOCO0Y COSAMHEHHUST KOTOPBIX pa3inya-
10T npuyenuvie (pucynok 8.1,a), noaynpuyennwvie (pucyHok 6.1,0) u camoxoonwvie (pucyHok 6.1,B)
CKperiephl. Y MPUIICTTHBIX CKPETIepPOB CHJIa TSHKECTH pabouero o0opya0BaHUSI BMECTE C TPYHTOM TIOJI-
HOCTBIO TI€pe/laeTcs Ha OMOPHYI0 MOBEPXHOCTh Yepe3 COOCTBEHHBIE XOJIOBBIE YCTPOMCTBA, a MOMY-
MIPHIICITHBIC CKPENephl Y4acTh ATOW HArpy3kH mepedaroT Ha Tsarad. OOBIYHO TMPHIICITHBIE CKPETephI
OMHPAIOTCS Ha JBE XOA0Bble och. CyIIeCTBYIOT TaKK€ OJHOOCHBIE MPUIIEITHBIE CKpenephl (PUCYHOK
6.1,r), y KOTOpPBIX IIEHTP Macc IPYKEHOTO CKperepa pacoioKeH Hajl XOJJ0BOH OChIO.
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a - TIPUIIETTHbIE, O — MONYIPUIIEITHbIE, B — CAMOXO/IHBIE, T - OJJHOOCHBIE ITPUIIECITHBIE CKPEHePhI

Pucynok 6.1. CxeMBI COeIMHEHHS CKPETIEPOB C TATa40M

TsaroBoe ycuime o0ecrieynBaeTcs ryCeHUYHBIM (CM. PUCYHKH 6.1,a,T), KOJIECHBIM OJTHOOCHBIM (CM.
pUCyHOK 6.1,B) uimu IBYXOCHBIM (CM. pUCYHOK 6.1,0) Tsaradom. Y ckpemnepoB OOJIBIIOI BMECTUMOCTH
MHOT/Ia PUPOTHBIMU JIENIAI0T TAK)KE 3aJHHUE KoJieca, 000py10BaHHbIE BCTPOCHHBIM B HUX DJIEKTpHYe-
CKUM WJIM THJIPABIMYECKAM TPUBOJOM (MOmop- Koieco), COCTOSIIUM U3 3JICKTPOABUIATEINS WIN THI-
POMOTOpA U IJIAHETAPHOTO PEAYKTOPA.

[lepBbie KonecHbIE ckpernepbl ¢ KOHHOU Tsrod mosiBuinch B 70-x rr. XVIII B. B konme XIX B.
CKpenephl ObUTM YCTAHOBIJIEHBI HA OJAHOOCHBIM XOJ] ¢ METAJUIMYECKUMH Kojecamu. s ympaBieHHs
[I0JIO’KEHUEM KOBIIa B pab0O4YeM M TPAHCIOPTHOM pEeXHMMax HCIOJb30Balach pbluaXkHas cucrema. B
KauecTBE TATrada MCIoJb30BaJics KosnecHbld Tpaktop. B 1910 r T. IlImeitzepom (CIIIA) Obut co3man
CKperiep ¢ KOBIIOM BMECTHMOCTBIO 5,4 M° ¢ THIPABIMUECKUM yIPABIEHHEM KOBIIOM, HPHBOINMBIM B
JBUKEHHE OT KoJiec TpakTopa. JlanpHeiiliee pa3BUTHe KOHCTPYKIIMNA CKPETEePOB IO MO IMyTH COBEp-
HICHCTBOBAHUS KOBILIEH U UX CUCTEM yIpaBjeHUsA. B Halieil crpaHe MacCOBOE MMPUMEHEHHUE MOy I
CKpernepsl Ha KOHHOMW Tsre mpu crpoutenbeTBe Typkecrano-Cubupckoit qoporu B 20-X IT. MPOLLIOTO
cToyieTus, Ha banpkennopcTpoe u Ipyrux CTPOUTENbHBIX 00BbekTax. B 30-e rr. mpouuioro croierus
OBLTH CO3AHBI CKpENephl ¢ KOBIIAMH BMECTUMOCTBIO 5 M® ¢ THIPABIMUECKHM YIPaBIEHHEM H 6 M° ¢
KaHaTHBIM YIPaBJICHUEM JJIsI paOOTHI ¢ TPAKTOPAMH MOIIHOCTBIO 48 KBT UensOnHCKOTo TpaKTOpHOTO
3aBoaa. K koHiy 50-X IT. BMECTHMOCTb CKPENEPHOTO KOBIIA Y)Ke TOCTUITIA 46 M° IIPH MOIIHOCTH Ts-
rava 440 xBT.

VYcTpolcTBO M IPUHLMT paboThI CKperepa paccCMOTPUM Ha MPUMEPE €ro CaMOXOIHON MoJienH (pu-
cyHOK 6.2,a). OqHOOCHBIH TATad 9 coenuHeH ¢ pabounM 000pyITOBAaHUEM CIEITHBIM yYCTPOHCTBOM 8 B
BUJIE JABYX IWIMHIPUYECKUX IIAPHUPOB, MO3BOJISIONIMX TATady MOBOPAYMBATHCA M MEPEKAlTNBATHCS
OTHOCHUTEBHO pabouero obopynoBanus. Pabouee obopynoBanue BkitoyaeT B ceOs koI 15, ommpa-
IOLIUICS 3aHeN YacThio Ha Kojeca 16, a mepeaHel COeMHEHHBIN yNPsS KHBIMU MapHupamu 14 ¢ 60-
KOBBIMH OpychsiMHu 13 TSATOBOW pambl, KOTOpasi CBOEH TepeaHeit Oankoi omupaercs Ha Tsarad. Kosmr
OTpaHUYEH THUIIEM U OOKOBBIMU CTEHKaMH, a B 33JJHEH YacTH BBIIBUYKHOW CTEHKOU 2, IepeMelaeMoit
IpU pasrpyske Kopiua rufponuinHapamu 1. B nepeaneli yactu KOBII 3aKphIBA€TCS 3aCIOHKOM 4 ¢ TO-
MOIIBIO THIPOIMIUHIPOB 3.

s pa3paboTKK IpyHTA NEPETHIO0 3aCIOHKY MPUIIOJIHUMAIOT H, IEpEeMENasich Ha pabouell cKo-
POCTH, TUAPOIMIMHIPAMU 5 OMYCKAIOT KOBII, 3ariy0ssisi ero B rpyHT. [Ipu 3TOM HIkHUN 00pe3 3a-
CJIOHKH JIOJDKEH HaXOJUThCS MPUMEPHO Ha ypoBHE 3eMud. [locne 3amoHeHus KOBIlIa ero noJHuMa-
10T, 3aKpBIBAIOT 3aCJIOHKON M HAa TPAHCIIOPTHOM CKOPOCTH INEPEMEINAIOT K MECTY pasrpysku. Yarie
CKpenepbl UCIOJIb3YIOT JJISi OTCBHINKH IPyHTa B HACHINH, JUISI YEro IOC]e Bbl€3/la Ha HACHINb KOBII
OIYCKAIOT, OCTABJISISA 11EJIb MEK/y HOKaMHU U MOBEPXHOCTHIO MEPE/IBUKEHUSI, OTKPBIBAIOT 3aCJIOHKY U,
MEePEIBUTASICh HA MAJIOW CKOPOCTH, 3aJTHEW CTEHKOW BBITAIKMBAIOT TPYHT U3 KoBIIA. [Ipu 3TOM 3aaHME
KOJIeca, MEePEKAThIBAACh M0 CBEKEOTCHIIAHHOMY TPYHTY, YIJIOTHSIOT ero. [loBopor Tsiraua oTHOCHU-
TEJIEHO KOBIIIA OCYIIECTBISIIOT C TIOMOIIBIO THAPOIMIMHIPOB 6, paboure MoJIOCTH KOTOPHIX COSIHHE-
HBI TI0 cxeMe (pUCyHOK 6.20), corjaacHO KOTOPOH MOPIIHEBas MOJOCTh KaXJA0T0 THAPOLMINHIPA CO-
€MHEHa CO MITOKOBOM MOJOCTBIO IPYroro ruApoinHapa. Paboyas xUAKOCT MOCTYHAeT OT Hacoca
K THIPOLWJIMHIPAM 4Yepe3 THApopachpenenurens 18, ynpasuseMblit BAHTOBOM mapoi 17 oT pyneBoit
KOJIOHKU. ['MApOIMIUHAPEI IAPHUPHO COETUHEHBI CBOMMU T'HJIb3aMH C XpeOTOBOI Oalikoi, a mToKa-
mu ¢ taramu 10.
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a - o0mmii BUx; 6 - cXxeMa pyJIeBOro yIpaBICHUS

Pucynok 6.2. CaMOXO/IHBIH CKperep

Jpyrue Moienu CKpenepoB OTIUYAIOTCS OT PACCMOTPEHHOW CIOCOOOM COenUHEHUs pabodero
000py/I0BaHuUs C TArauoM, YCTPOWCTBOM U NPUBOJIOM IEpeIHEN 3aCIOHKH, KOHCTPYKIMEHW KOBIIA U
€ro MOJBECKOl, oOecreynBaroiel qpyrue crnocoObl pasrpy3KH: camMoC8anbHOU - ONPOKUABIBAHUEM
KOBILIA BIIEpe] WU Ha3al, nOIYNPUHyOUmeIbHOoU - OPOKHUIBIBAHUEM JOHHOM 4acTH KOBILA U 3aJHEH
CTCHKH, Wesegotl - TyTeM Pa3JABIKKH THUIIA U T.II.

Haubonee sneproemkoii siBnsiercs onepanus Konanus rpyHTa. KoBIl HaronHseTcs HOMUHAIbHBIM
06BEMOM IPYHTA, PABHBIM €TI0 TeOMETPHUECKO BMECTHMOCTH 6...15 M3 Ha mmne 9...15 M npu cpen-
Helt TommuHe crpykku 0,09...0,16 M nipu paspadorke rwH 1 0,2...0,35 M ipu pa3pabOTKe MECKOB.
s 3anonHenus koBia "¢ mankoil" (Bblllle €ro reoMeTpuYeckoil BMECTUMOCTH) JUIMHA MyTH KOTa-
HUS yBenuuuBaercs B cpenHeM Ha 20 %. KoBmr HamomHsieTcs mydiie mpu IBHKCHUU CKperepa Imoj
yKJIOH. [IpH MOCTOSIHHOM TOJIIIMHE CTPYKKU (PUCYHOK 6.3,a) U TIOCTOSIHHOM CKOPOCTH TMEPEIBUKECHUSI
TSATOBAsi CIIOCOOHOCTH CKperepa peasn3yeTcsl MOTHOCTHIO JIMIIb B KOHIE KomaHus. C Ienbio COoKpa-
IIEHUS JUTMTEIBHOCTH ATOM Onepaiyy 3a CYeT MCIOJIb30BaHUs pe3epBa TArW B TeUEHHE BCEH omepa-
IIUH TIpY pa3pabOTKe CBS3HBIX TPYHTOB MPUMEHSIOT KIUHOBOU cnocob (PUCYHOK 6.3,0) MakCHMaIIbHO
BO3MOXHOE IO TSATOBOMY YCHJIMIO 3arfyOJIeHHe KOBIIIA B Hayaje ONEepalyy ¢ MOCTENEHHBIM BbINTyO-
JIEHUEM 10 MEpe €ro 3alojHEHHUsS. Y I0BJIETBOPUTENIbHbIE PE3YIbTAThl JAeT cpebeHyamvlii cnocob
(pucyHok 6.3,B) npu pa3paOOTKe CYTJTMHHCTBIX U TJIMHUCTBIX TPYHTOB, a TAKXKE KIE6KOBbll CHOCOO
(pucyHok 6.3,1) mpu pa3paboTKe CyXHX MECKOB U CyIeceH.

Pucynox 6.3. TIpononbHbIH Ipodmitk BEIEMOK, 00pa30BaHHBIX CKperepamMu

OCHOBHBIM HEIOCTATKOM Pa3pabOTKU MPOYHBIX TPYHTOB SIBISIET OTPAaHUYECHHASI BO3MOKHOCTB TPO-
TaJIKUBAHWS TPYHTA B KOBII Yepe3 CII0H HaXOJSIIEroCs TaM TPYHTA B 3aKJTFOUMTEIEHON CTA UM 3aI10JI-
HEHHs KOBIIA. BCleNCTBHE 3TOTO TATOBas CIIOCOOHOCTH CKperepa MOXET HCUEPHaThCs MPEXIe YeM
3armoTHUTCS KOBIIL. bonee 3(h(ekTHBHO 3amoNHAIOTCS KOBIM co cmynenyamovimu 11 n 12 (cm. pucy-
HOK 6.2,a) WIN noaykpyeivimu, BHICTYIAIOIIUMHA B CPEIHEH YacTH HOXKAaMH, TJIe TPYHTOBAs CTPYXKKa
uMeeT OOJBINYI0 TONIMIMHY. Jlydmme pe3yabTaTsl HaéT npuHyoumenbHas 3aepy3kd, s 4ero B Mepe-
HEll 4acTH KOBIIIA YCTaHABIUBAIOT CKpPeOKO8blll 2nesamop (PUCYHOK 6.4) WK wiHeKu, KOTOPHIE OT/e-
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JICHHBIA OT MaccHBa IPyHT 3a0pachiBaloT B KOBHI. Takas 3arpys3ka MOBBIIIAET HAIOJHEHHE KOBIIA B
cpenHeM Ha 20 %. IIOBBICUTH HAIMONHIEMOCTh KOBIIA MOKHO 3a CYET YBEJIWYEHUS TATOBOTO YCHIIUS
nyTéM IPUMEHEHHs mojKayeti, B Ka4eCTBE KOTOPBIX MCIIONIB3YIOT 000pynoBaHHbIe OydepaMu TpakTo-
pbl nim Oynbao3epsl. [Ipu KomaHuu ToJKayd 3aXOAMT B XBOCT CKperiepa M, yIupasch B ero oydep (3a
3aJHIMHU KOJIECAMH), COOOIIAET €My JOIMOJHUTEIBHOE TATOBOE YCHIIME. DTO MO3BOJSIET OOBIYHO YBe-
JMYMBATh TOJIIIMHY CTPYKKHU B cpeaneMm 1o 40 %.

Tonkaun 3¢ (HeKTHBHO MPUMEHSIOT NPU OpUTATHON padoTe HECKOIBKUX CKperepoB. B 3aBucumo-
CTH OT BMECTHMMOCTH KOBIIA M JTAJIBHOCTH BO3KH OJIMH TOJIKA4 MOXKET 00CITyXHBaTh OT 2 110 16 ckpe-
IIEpOB, OCTaBasICh BCE BpeMsl B 30HE pa3paboTku rpyHTa. Eme Gosee >(ppEeKTHBHO HCIOIB30BaHHE
CKpenepHuIX noe3008, COCTOSIINX U3 ABYX CAMOXOJHBIX CKPEIIEPOB, COSANHICMbIX Ha BPEMS KOTIAaHHS
CHELUATBHBIM YIIPAaBIIEMbIM YCTPOHCTBOM. CHauana COBMECTHBIM TATOBBIM YCHIJIMEM JBYX TAraden
3alOJIHSACTCS MePeIHUM CKperep, a 3aTeM 3aJHHM, TI0CIIe YeTO CKPETIePhl Pa3beANHSIOTCS U IBUKYTCS
K MECTY OTCHINIKH IPyHTa pa3/ienbHo. [Ipu TakoM criocoGe KOBIIM MOTYT OBITh HAIIOJHEHBI OoJiee 4eM
Ha 10 % BbIlIE UX TEOMETPUYECKON BMECTUMOCTH.

[Tpu paboTe B TPaHCIIOPTHOM PEXHMME IPYKEHbIE CKpernepsl MPeo0IeBa0T YKIOHHI 10 12...15 %,
a ¢ MOPOXKHUM KoBIIOM 710 15...17. IlpenenbHas KpyTU3HA CITYCKOB JUISL TPYXKEHBIX CKPEIEpPOB COCTaB-
nset 20...25 %, ¢ mopoxkHuM KoBIIOM - 25...30 %, MEHbBIIME 3HAYCHUSI YKJIOHOB JUISI CAMOXOJIHBIX, a
OosbIIMe JUIS IPULICTTHBIX CKperiepoB. KpyTeie MoabeMbl IpyKeHbIE CKpETIephl MPEOA0JICBAIOT C TIOMO-
LIbIO TOJIKAYEH.

Pucynok 6.4. 3arpy3ka KOBIIIa CKperepa CKpeOKOBBIM 3JI€BATOPOM
TexXHUYECKYI0 TPOU3BOAUTEIHLHOCTD CKPETIEPOB OMPEIEIIIOT KaK
IT; = 3600- ks /(ty Kp ), (6.1)

rje ( - TeOMeTpuYecKass BMECTUMOCTh KOBIIIA, M”; Ky - KOO (DHUIIMEHT HAMTOJIHEHHS KOBIIA (B CPEIHEM
JUIsS CKperiepoB 0e3 Tosikauel mpu pa3paborke neckoB Ky = 0,6...0,9; rmun - 1...1,1; cyneceit u cy-
rIUHKOB - 1,1...1,2; yepHosemoB - 1,1... 1,25); t, - IpoIOKUTEIBHOCTS PA00YEro MUKIA, C; Kp - KO-
3¢ pULMEHT pa3pbIXJIEHUs TPYHTA.

[TponomxuTensHOCTh pabodero 1UKIa

3

t =36 I—K+IT—T+I—"+IT—“ +tn, (6.2)
Ux DTI‘ Up Urn
rae g, |, Ip 1 Iy - cOOTBETCTBEHHO AIMHBI TyTeH NMPU KOMAHUH, MIEPEIBIKCHUH TPYKEHOTO CKperie-
pa, pasrpys3Kke U MepeBUKEHUU MOPOKHETO CKPENepa, M; Uk, Vrr, Up U Vm - CKOPOCTH ME€PEIBUKEHUS
Ha 3TUX MYTAX, KM/4; ty - MPOAOIKUTENBHOCTh OJTHOTO MTOBOPOTA, ¢ (B cpeaneM 12...15 ¢); n - yucino
MOBOPOTOB 32 pabOYUH ITUKIL.
JInvHBI IIyTeH KONaHUs U pa3rpy3Ku
L= =T (6.3)
Bcx, Bh
rne B - mmpuHa KoBIIa, M; Cep - CPEIHSIS TOJIIIMHA TPYHTOBOM CTPYKKH, M; h - TommuHa cinost oTchln-
KU TPYHTa, M.

Jmusbl nyted I 1 |y, @ Takke YUCIO TOBOPOTOB N ONMPEENSIOT B COOTBETCTBHU CO CXEMOH Iie-
penBmxenus ckpenepa. CKOpocTh vk B cpeaneM coctasiset 0,65...0,8 oT macmopTHON CKOPOCTH Tsra-
4a Ha IIEpBOM Iepenaye, a vp - npumepHo 0,75 0T NaCOPTHON CKOPOCTH.

DKcIlyaTallioOHHAas MPOU3BOAUTEIBHOCTh CKperepa:

IT, = I1+'Ks (6.4)
I71€ Kp - KOO (GUIUEHT UCTIOIb30BaHUs CKperepa BO BPEMEHHU (B CpPETHEM IIPHU pacyeTe CMEHHOM, Me-
CSYHOM M r0I0BOM MPOU3BOAUTENIBHOCTH COOTBETCTBEHHO paseH 0,8...0,9; 0,5...0,65; 0,4...0,5).



81

6.3 Byabao3epsbil.

OcHoBHOe Ha3zHadyeHHE OyibA03epa - MOcioitHas pa3paboTKa IPyHTA ¢ MOCIEAYIOUIMM €ro mnepe-
MEILEHHEM TIepe/l OTBAJIOM I10 MOBEPXHOCTH 3eMJIM Ha HeOousbime paccTosHus (10 150 m). Bymnbao-
3epbl MPUMEHSET ISl BBIMOJIHEHUSI CIETYIOMUX paboT: CHATHUS IUI0I0OPOAHOTO MMOBEPXHOCTHOTO CIIOS
TpyHTa TPHU MOATOTOBKE CTPOUTEIBHBIX IUIOIIAA0K; NEpEMEIICHHsI TPyHTa B 30HY JCUCTBUS OJTHO-
KOBIIIOBOT'O SKCKaBaTopa IpH MOrPy3Ke €ro B TPAHCIIOPTHOE CPEICTBO UM OTBAJI; pa3paboTKa Herly-
OOKHX KaHAJOB C TPAaHCHOPTHPOBAHUEM I'PYHTA B OTBAJIBI, 3aYMCTKA MOJOTHX OTKOCOB; COOPYKCHHE
HaChINIeN U3 Pe3epBOB; AJIs IUIAHUPOBOYHBIX PabOT MpHU 3a4MCTKE OCHOBAHUU MOJ (DyHIaMEHTHI 3]1a-
HUN ¥ COOPY)KEHUU W TUTAHUPOBKE TUIOMIAJIEH M Tpacc; M paboT MO yCTPOWMCTBY M COACPKAHUIO B
HCIIPABHOCTH MOABE3IHBIX JIOPOT, YCTPOICTB BbE3/10B Ha HACHIIIU U BHIE3I0B U3 BHIEMOK; JJIsl pa3pa-
OOTKHM IpyHTa Ha KOCOTOpax; 1Mo oOpaTHOW 3achIIKe TPAHIIEH U Ma3zyX, pa3paBHUBAHUS TPYHTA B OT-
Bajiax; MTA0eTMPOBAHUS U IEPEMEUICHHS ChIMTYYUX MaTEePHAaIOB; MOATOTOBUTENbHBIX paboT s Baj-
KA OTJENIBHBIX JIEPEBbEB, CPE3KH KYCTapHHKA, KOPUEBKU ITHEH, yJaJeHus KaMHEH, pacyuCTKU MO-
BEPXHOCTEH OT Mycopa, CHEra; BCKPBIIIHBIX padoT, a TaKkKe UCIOJIb30BAHUS HX B KaUeCTBE TOJKaye
ckpenepoB. DPPeKTUBHOCTH pabOTHI OyNbI03€pa B 3HAYUTEIBHON MeEpe 3aBUCUT OT MPOXOJAUMOCTH
0a30BOr0 TPAKTOPA U €T0 TATOBO-CIICITHBIX CBOWCTB.

[To HOMMHAIBHOH CUJIE TATH U MOILHOCTHU JABHUraTeseil pa3nuyaroT Oyiba03epbl Marocabapumibsie ¢
cuino Taru g0 25 kH u MomHocThio 10 45 kBT, neekue - 25...135 xkH u 45...120 xBt, cpeonue -
135...200 kBt u 120...150 kBT, msocenvie - 200...300 xH u 150...225 xBt u ceepxmsoicenvie - 6onee
300 kH u 225 xBr.

Bynbo3epHble 0TBajIbl Kak BCIIOMOraTelbHOE paboyee 000py0BaHNE HABEIIMBAIOT HA ITHEBMO-
KOJIECHBIE IKCKABATOPbI U JIPYrve MAIIUHBI U1 OYUCTHBIX U IJIAHUPOBOYHBIX paboT B cocTaBe pabdo-
YHX MPOILECCOB ATHX MAIIHH.

bynbnozep (pucyHok 6.5,a) cocTout u3 6a30BOro MHEBMOKOJIECHOTO UM TYCEHHYHOTO TpakTopa 8
Y HaBECHOro paboyero o00pysoBaHUSAM BUJIE OTBaJIa S C IMWJIMHAPUYECKON paboueil OBEPXHOCTHIO U
HOXKaMU 4 B €ro HI)KHEW 4acTH, COEIUHEHHOTO ¢ 0a30BBIM TPAKTOPOM IIapHuUpamu | depes aBa TOI-
Kalonmx Opyca 2 Wi YHUBEPCAIBHYIO paMy (pPUCYHOK 6.5,B), M THAPABINYECKON CHCTEMBI yIIpaBie-
HUS OTBAJIOM.

OTBas Ha TOJKAIOIIUX OpYyChAX (PUCYHOK 6.5,a 1 0) MMeeT OOKOBbIE CTCHKH U YCTAHOBJICH PEXKY-
e KPOMKOW HOKEM MEPIEHANKYISIPHO IPOJOJIBHONW OCU MalllvHbl. HakiloH OTBajia B BEPTUKAIBHOMU
TUTOCKOCTH PEryJIUPYIOT packocaMu 6 100 MmyTeM M3MEHEHHUsS MX JUTHHBI, JTHOO MOJIOKEHHEM MecTa
UX KpEIUIeHHs K OTBajy WU TOJKAIOUIMM OpyChsiM. YIPaBISIOT OTBAJIOM IIPH €ro MEepeBOjE U3
TPAHCIIOPTHOI'O MOJIOKEHUS B pabouee U HA00OpPOT OJHUM (ManorabapuTHbIE OyJIbI03€phl) WU JIBY-
Msl THAPOLMIUHAPAMHU 7, MUTaeMbIMH paboyeil KHUAKOCTHIO OT THAPABIMYECKON CHUCTEMBI 0a30BOTO
TpakTopa. bynbpa03epbl ¢ TaKMM OTBajOM, Ha3bIBAEMbIM HEHOBOPOMHbIM, UCTIONb3YIOT, B OCHOBHOM,
Ha TOCJIONHHOM pa3paboTKe IPyHTOB. Y HEKOTOPBIX MOENe OynbI03epoB MpPeayCMOTpEHa peryiu-
POBKa HAKJIOHA OTBaJla B BEPTHKAIBHOW IMJIOCKOCTH THAPOIMIMHAPOM, W3MEHEHHEM JUIMHBI OJHOTO
packoca UM MECTa ero KpervieHus (pucyHok 6.5,r).

Pabouwmii ks Oyibro3epa ¢ HEMOBOPOTHBIM B IUIAHE OTBAJIOM COCTOUT M3 ONEpaIfii KOTaHHS
TpyHTa (€ro OTAeNeHHUs OT MaccHBa M HAKOIUICHUS Tepe] OTBAJOM - 00pa30BaHUS Npu3Mbl 80J04e-
HUsL), €TO TPAHCIIOPTUPOBAHUS BOJIOKOM IEpe/l OTBAIOM K MECTY YKJIAJKH, Pa3rpy3KH OTBajia M BO3-
BpAIeHNUs MAIIMHBI HA UCXOAHYIO IMO3UIHIO CIEAYIOIIEro pabovero MuKIia.
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a - Buz cOOKy; O - BUJ B IUTaHE Ha OyIIbI03€p C HETOBOPOTHBIM OTBAJIOM; B - TO K€ C IOBOPOTHBIM OTBAJIOM; T - IEPEKOC OTBAjA

Pucynok 6.5. Bynpmoszep

CMeHHBIC pa6oqI/Ie OpraHbl, HABCIINBACMbIC Ha 6y.]'II>,I[03€pLI. IMMOKa3aHbI HA PUCYHKC 6.6.

Pucynok 6.6. CMeHHbIe HaBECHBIE OpPraHbI

[Tpu konanuu Oysba03€p MepemeniaeTcss Ha pabouel CKOpoCTH, 0OBIYHO COOTBETCTBYIOLIEH Iep-
BOM mepenaue, ¢ 1EIbI0 MOJIYYUTh BO3MOXKHO Oosbliee TAroBoe ycuiue. st cokpaiienus mnpoaosn-
YKUTEJIbHOCTH KOIIaHHUS KEJaTelbHO MPENeIbHO COKpalllaTh MyTh KOMAaHMs, JUIsl YEro IPYHT CIeAyeT
pa3pabaThiBaTh C BO3MOXHO OOJIBIIEH TOJIIMHOM CTPYXKKH, KOTOpass B claObIX IpyHTax OOBIYHO
OrpaHMuY€Ha XO0JIOM MOPILIHS TUAPOIMINHAPA 3aray0IeHus] OTBajla, a B MPOYHbIX TPyHTax - OyKcoBa-
HueM JIBWKUTENs. JXKenareabHO UMETh MOCTOSIHHYIO TOJIIMHY CTPY’KKH Ha BCEM ITyTH KOIAHUs, 4TO
00BIYHO peanu3yeTcsi TOJbKO IpU pa3zpaboTke ciadbix TpyHTOB. C MOBBIIMIEHHEM MPOYHOCTU T'PYHTA
TATOBasi CIIOCOOHOCTH OYIbJI03epa MOXKET OBITh McCUepIiaHa B CepeAMHE IMyTH KOMaHWUs WM HeJ0CTa-
TOYHOM emie B Havaje KonaHus. C y4eToM TOro, 4TO IO MEpe HaKOIUIEHUS IpyHTa IEepe] OTBAJIOM
pacTyT cOnpoTUBICHUS (POPMUPOBAHUIO MTPU3MBI BOJIOYCHHS U €€ MEPEIBUKEHHUIO BOJIOKOM IO HEHa-
PYLIEHHOMY TPYHTY, TPYHT pa3padaTbIiBaloT KIMHOBBIM WIH IPpeOeHYaThIM CIIOCO0aMHU.

[Tpu pa3paboTke BecbMa IJIOTHBIX TPYHTOB, HAIIPUMEP, YIIJIOTHEHHBIX TPAHCIOPTOM WUJIH JPYTUMHU
crocob6aMu, BHEIPEHNUE HOXKa OTBaJIa B TPYHT OKa3bIBaeTCs NMPAKTUYECKU HEBO3MOXKHBIM. B 3TnX ciy-
YasiX MPUMEHSIOT OTBAJIBI C BBICTYIAIOIIUM CPEAHUM HOKOM WJIM TPYHT NPEABAPUTENBHO Pa3phIXJIs-
10T. BecbMa 3(ppexTUBHO 711 TaKMX YCIOBUI MPUMEHSATh HaBEIIEHHBIM B 3aJHEW yacTu 06a30BOro
TPaKTOpa PHIXJUTENb (PUCYHOK 6.7) WM crienuaibHble cMeHHble oTBaiibl. OTBan 13 (cM. pHUCyHOK



83

6.6) 00opya0BaH OAHUM TEPEIHUM U IBYMs 33 HUMH 3yObsiMu. [Ipy ABMKEHUU MaIIMHBI 33 JHUM XO-
JIOM 3aJTHUE 3yObs IPOPE3al0T B TPYHTE MPOPE3HU, a IPU MOCIEAYIONEM JIBUKEHUU MEPEIHUM XOA0M
TPYHT JOTOJIHUTENIBHO Pa3phIXJIOT MEepeIHUM 3yOOM M 3aXBaThIBAIOT OTBAJIOM. J[JIsi B3JaMbIBaHHA
acGanbTOBBIX MOKPBITHI MPU PEMOHTE AOPOT MPUMEHSIOT OTBalbl 14, 060pyI0BaHHBIE KUPKOW B Ie-
penneil yactu. Mepaible TPyHTHI pa3pabaThIBAalOT OTBajlaMHM 15 ¢ rpeGeHuYaThIMH HOXaMH MU C
YCTaHOBJICHHBIMU Ha HOXKAaX 3YObsIMH.

¢

Pucynok 6.7. Bynpo3ep-peIXinTenb

ITo 3aBepiieHNH onepanyy KOnaHus OTBaJl yCTAaHABIMBAIOT HOKaMHU Ha YPOBEHb 3€MJIM U B TAKOM
NOJIOKEHUH OyJIbI03ep MepeMeniail IepeHuM X0J0M Ha BO3MOXKHO OOJIBIIEH CKOPOCTH K MECTY OT-
CBIIIKU TpyHTa. BO BpeMsi TpaHCIIOPTUPOBaHUS IPYHTA YacTh €ro TEPsAETCs MO MyTH, CChINAsICh 10 CTO-
poHaMm oTBaia. J{oyig moTepps 3aBUCUT OT BHUJA IpyHTa (HauOOJIbIINE MOTEPU Y HECBA3HBIX, HAIIPUMED,
IECYaHbIX TPYHTOB) U OT JAJIbHOCTU TPAHCHOPTUPOBAHMS. DTU MOTEPU HE CKA3bIBAIOTCSA Ha MPOU3BO-
JUTEIBHOCTU OYNb/103€pa, pa3padaThIBAIOLIET0 BbIEMKY, IIOCKOJIBKY ITPOU3BOAUTEIBLHOCTD B TOM CIIy-
yae ONpeseNsoT 0 00beMy BBIHYTOIO U3 BBIEMKH I'PYHTA. B ciydae coopyeHus Hachlu e€ ornpeje-
JSIOT 110 00bEMY JOCTaBIEHHOIO B HACHIIb IPyHTA. BiMsHMe moTepb IpyHTa MPU €0 TPAaHCIOPTHUPO-
BaHUM Ha MPOM3BOJUTENBHOCTL OyJib/103€pa B 3TOM ciydae OIIyTHMO. Tak, Ipu TpaHCHOPTUPOBAHUU
rpyHToB |l xareropum (kpome cyxoro mecka) Ha paccrosiHue 40 M CMEHHas MPOU3BOAUTEIBHOCTD
OynbJi03epa MpUMEpPHO B 2,2 pa3a BblIllIe, YeM IPU TPAHCIIOPTUPOBAHUM TEX K€ TPYHTOB Ha PacCTOSHUE
100 m.

D¢ eKTUBHBIM CPeACTBOM CHHMKEHHs MOTEpb I'PYHTa SIBISETCA COKpallleHHE JaJbHOCTH TpaHC-
noptupoBku. Ha Gombiine paccTosIHUS TPYHT NEPEMEIAOT C YCTPONCTBOM NPOMENCYMOUHbIX 68U~
K06, TPaHIIEHHBIM CIIOCOOOM MJIM C MPUMEHEHUEM HECKOJIbKHUX Oynbao3epoB. Criocod TpaHCIOPTH-
pOBaHMs TPYHTA C YCTPOWCTBOM MPOMEKYTOUHBIX BaJIMKOB 3aKJIOYAETCSI B TOM, YTO CHayana rPyHT
nepeMeniatoT Ha 40...50 M, HaKaruIMBasi €r0 B IEPBOM BaJMKE, U3 KOTOPOTO €ro MEPEMEIAIOT BO BTO-
POi1 BaJTMK Ha TaKO€ YK€ PacCTOSHUE K MECTY YKJIaJKH.

[Tpy TpaHCHOPTUPOBAHUM TPYHTA MPAHULENHBIM CNOCOOOM Ha BCeX pabouuX LUKIax Oylbao3ep
nepeMenaoT 10 OJHOW M TOH e Tpacce, BChINAIIUKCA 0 O0KaM oTBajla TPYHT 00pa3yeT BaJlUKH,
KOTOpPbIE YMEHBIIAIOT MOTEpH I'PyHTA MPH MOCIEAYIOUIMX Mpoxojax Oynpaoszepa. Jlyummid sddexr
JIOCTUTAETCs MPU HE3HAYUTENIbHOM 3ariyOJIeHUH OTBaja B IPYHT BJIOJIb TPACChl TPAHCIIOPTUPOBAHMS
¥ 00pa30BaHMU TaKMM 00pa30oM HETJTyOOKOM TpaHIIEH.

TpaHncropTupoBaHUEe TPYHTa OJHOBPEMEHHO HECKOJIbKMMHU OylbJ03epaMy MPUMEHSIOT MpH JI0-
CTaTOYHO MHUPOKOM (ppoHTe pabdot. [Ipn 3TOM criocobe HECKOIBKO OYJIbJ03epOB MEPEABUTAIOTCS Psi-
JIOM C MUHUMaJTbHBIMU (70 0,5 M) 3a30pamMu MeXIy OTBajJaMu. DTOT CIOco0 TpedyeT YEeTKOH KOOPIH-
HalMM JIBUKEHUS BCEX MAIIMH C OJMHAKOBOM CKOPOCTBIO, TAK KaK PACCOITIACOBAHME CKOPOCTHOTO
pexuMa paBHOIIEHHO 1O TTOTEPSIM TPYHTA pa3/ieTbHON padoTe OyibI03epOB.

[Tpu pa3zpaboTke ci1abbIX TPYHTOB MPOU3BOIUTEIHHOCTH OYIIbJ03€POB MOKHO YBEIMYHUThH 33 CUET
MCIIOJIb30BaHUs JIOTIOJIHUTEIBHBIX YCTPONCTB K OTBaJlaM, MU3MEHSIOMUX (GOpMY U 00BbEM IMOCIETHUX
(8 1,7...1,8 pa3) B Buae 1000BBIX LIMTKOB, 3aKpEIIsieMbIX B BEPXHEHW 4acTH OTBaia, YHIMPUTEIEH U
OTKpPBUIKOB Ha €ro OOKOBBIX CTEHKaX.

[Tpon3BOIUTENEHOCTS MOKHO MOBBICUTD 32 CYET MPABHIIBHOTO BbIOOpA TPAacChl TPAHCIIOPTUPOBA-
HUS TPYHTA, OTJaBasi PEANOYTEeHNE IBUKEHUIO 10/ YKIIOH. BiusHue ykioHa Ha 00beM nepemerae-
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MOTO TIEpe]l OTBAJIOM IPYHTA UIUTFOCTPUPYETCS CXeMOM (pUCYHOK 6.8), U3 KOTOpOH cilenyer, 4To MpH
JIBUKEHHUH TI0 MEPECeYeHHOM Tpacce mepexoi oT yKiIoHa 1 K TOpU30HTaIbHOMY Y4YacTKy 2 WJIH IO-
CJICZIHETO K MOABEMY 3 MPH OJHOM M TOM K€ €CTECTBEHHOM OTKOCe 4 CBsi3aH ¢ HEM30eKHBIMH OTe-
psimu rpyHTa. IlpH nepementennn nox ykinon 10...12° MOXXHO HOBBICHTE BHIPaGOTKY OyIIbI03epa Mo
CPaBHEHUIO C JBMKEHHMEM I10 ropu3oHTanbHOM Tpacce Ha 30...40 %, u HaoOOpOT, NpU ABUKEHUU HA
noabeM 10° mpou3BOIUTENBHOCTD OyIb03epa CHUYKAETCS TOYTH BABOE.

2 [

Pucynox 6.7. Bausinue penbeda MecTHOCTH Ha 00BEM TPYHTA TEepe]] OTBaIOM OYyJib03epa IPpU ero TPaHCIIOPTHPOBKE

OTchINaroT rPyHT COBMECTHO C IUTAHUPOBKOI MOBEPXHOCTH MK O€3 Hee.

B mepBoM ciydyae OTBaJl HECKOJIBKO MOJHUMAIOT HAJ 3€MJICH, U TIPU IBWKCHHUU Oyiblo3epa Ha
MaJIOil CKOPOCTH BIEpE] TPYHT BBICHIIIACTCS B 3a30p HMKE PEXKYILEH KPOMKH OTBalla, a B JAIbHEH-
IIeM, TOCJIe BBIXOJa MAalIMHBI Ha OTCBHIIAHHYIO BO3BBIIICHHOCTH BIIEPE]], HApalIMBas IMOCIEIHIO.
YacTUYHO OTCHINAHHBIA TPYHT YIUIOTHSETCS MEepeMeIaeMbIMU 110 HeMY JIBMKUTEIsIMU. OcBOOOX 1e-
HHE OTBaJla OT TPyHTA 0€3 €ro IJIAHUPOBKH 3aKIFOYACTCS B OTXOAE OT HEro Oylibao3epa 3aJHUM XO-
noM. Tak, B 4aCTHOCTH, 3aCHINAIOT TPAHIIEH U a3yXu (yHIaMEHTOB.

BosBpamator Oynp103ep Ha UCXOJHYIO TO3UIHIO CIEAYIOMIEro pabodero NUKIa Ha MaKCUMaJIbHO
BO3MOXKHOW CKOPOCTH 3a/THUM (IIpH HEOOJBIINX PACCTOSHHIX MEPEIBUKEHHS) WIN MEPEIHUM XOI0M
C pa3BOPOTaMH.

Bynbro3epsl Takke HCHOIB3YIOT Ha TPY30MOIBEMHBIX Pad0Tax, UL Yero UX OTBaJbl 000OPYAYIOT
rpy3oBbiME Bustamu 20 (cM. pucyHOK 6.6) wim TpaBepcamu ¢ MOIbeMHBIMU Kprokamu 21.

6.4 Bb10op 3eMJ1epoiiHOli MaIIMHBI

DKCIITyaTallHOHHAs TPOM3BOAUTEIBLHOCTE OJHOKOBIIOBOTO dKCKaBaTopa (B M>/u)
IL, = (n q Ka KB)/ Kp

r7ie (| - BMeCTUMOCTh KoBina, M>; Ky - koapduument nanonuenns kosma (Ky = 0,9-1,2); Ky, = q'/q (r1e
g - 00beM pa3phIXJIEHHOTO IPyHTa B KOBILIE Nepen pasrpyskoit); K, - koapuuueHT paspbixieHus
rpynTa (Kp = 1,15-1,4); n gucno ukiioB 3a yac paboter; N = 3600/t (rae t - mpoaoKUTETBHOCTD O1-
HOTO pabouero nuKia, ¢); Ky - ko3 dpuireHT ucnoap30BaHus SKCKaBaTopa Mo BpeMeHHU (B 3aBHCHUMO-
CTH OT THIIA YKCKaBaTopa u ycioswuii padots (K ~ 0,65-0,80).

[IponomxurenbHOCTh pabodero mukia t (¢) mpu COBMENIEHNN OTACIbHBIX ONepaIui

ty =t + to + 1 + ts

rae tk, tus, 18 ¥ th; - COOTBETCTBEHHO MPOJOIKUTENRHOCTD KOMAHWUS, IIOBOPOTA HA BBITPY3KY, BBITPY3-
KU ¥ TTIOBOpOTA B 32001, C.

MorHOCTh, pacxoyemasi Ha KonaHue rpyHta (B kBr),

Nk = (Ay/10%t) (0/Mx Mn)

e Ay, - yaenbHas dHeproeMKocTh komanus, [x/MS; (Ayy = 2:10° JIx/M® - ans rpyaTos 111 karero-
punt, Ayy = 2-10° JIx/M® - s rpynToB 1V kateropun); tk - MpoaoKUTETLHOCTh KOMAHKS, ¢ [OpHEH-
trupoBouHO tk=(0,25-0,35)t |; 1 - KO3PPUIMEHT HCIIOTB30BaHKS HOMHUHAIBHOW MOIITHOCTH JIBUTATEIS
npu komanuu (M = 0,75-0,85); na - KII/ npuBoga u paboyero obopynoBaHus (sl 9KCKaBaTOPOB ¢
MeXaHUYECKUM MPpUBoIoM N = 0,6-0,65, To e ¢ ruapaBIrndecKuM nmpuBoaoM 1, = 0,5-0,65).

TexHNUYecKyt0 MPOU3BOAUTENBHOCTE OYIbA03€pOB Ha MOCIOWHONW pa3paboTKe TPYHTOB OIpe/e-
JSIFOT B 3aBHCHMOCTH OT BUA 3eMJISTHON coopyskeHUs. [Ipu pa3paboTke BRIEMOK OHAa paBHA 00beMy
IpyHTa BBIHYTOT'O U3 BBIEMKH 3a | 4 HeNpephIBHOM paboThl, MIPUBEICHHOM K INIOTHOMY COCTOSIHHIO:
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I8 = 3600Vnp / (ty kp),
riie Vip - 00beM NPU3MBI BOJIOUEHHS B KOHIIE KOMTAHHS B Pa3phIXJIEHHOM COCTOSHMH, M°; ty - mpos1on-
KUTEIHOCTb IUKIIA, C; Kp - KOAPPUIIUEHT pa3phIXJICHUS TPYHTA.

O0beM npu3Mbl BoJIoUeHUS sABIsieTcs pyHKuMeH mupunel B u BeicoTsl H oTBana:
Vip = RHKyyp

I'Z1€ Knp - KOOPQUUHUEHT NPONOPLHOHAIBHOCTH, 3aBUCALINNA OT KPYTU3HBI OTKOCA B IIPU3ME BOJIOYEHHUS
u ot ot H/B= 0,15...0,45 on m3mensiercs B npeaenax 0,65...0,6 1 CBA3HBIX (TIMHBI, CYTJIMHKH) H
0,45...0,35 1t HeCBA3HBIX (TIECKHU, CYIIECH ) TPYHTOB.

[TpomomKUTETHLHOCTh pabovero nukia (B CEKyHIax) MpU IBHKECHUU OyibIo3epa MepeJHHM XO-
JIOM C pa3BOPOTaMH Ha KOHIIAX Y4acCTKa MepeIBUKCHUS

tu = 3,6[lc /vp + It/or + (I« + 1)/ vax] + th + 1y,
a MpY BO3BPATHOM JIBUKEHUU 33/IHUM XOJIOM
tu = 3,6 [l /op + It/ot + (I + I1)/ vax] + 1y,
rae I u |y - JUTMHBL y4acTKOB KOMaHMs U TPAHCIIOPTUPOBKH (HECOBMEIIECHHOW ¢ KOMIAaHUEM), M; Vp, VT,
Vnx. M V3x. - CKOPOCTH paboyero, TpaHCIOPTHOTO, BO3BPATHOTO BIIEPE] U BO3BPATHOT'O Ha3aJ XOJIOB,
KM/4; t; 1ty Bpemsl, 3aTpaunBaeMoe Ha MIOBOPOTHI M YIPaBJIEHUE MAIIMHON B T€YEHUE pabOYero LUK-
1a, C.

Bce ckopoctu omnpenensioT pacyeToM HMCXOIsS M3 YCIOBUH IOJHOIO MCIIOJIb30BAaHUS TATOBO-
CIICTIHBIX CBOWMCTB 0a30BOTO TpaKTOpa M C Y4E€TOM OYKCOBaHHs, OCOOCHHO B pPEXHME KONAHHS,
ymenbinas pabouue ckopoctu Ha 20...30% npoTuB pacueTHbIX. Tak ke, HA OCHOBaHHMH pacueTa
OTIPENIeNIAIOT MPOJIOIHKUTENIEHOCTD IMTOBOPOTA OYIIb103epa, a 3aTpaThl BPEMEHH Ha YIPaBJICHUE MaIllH-
HOM MpUHUMAIOT 7...8 C.

Ecnu paGoThl M0 KONaHWIO ¥ TPAHCHOPTHPOBAHUIO TPYHTA TIOJHOCTHIO COBMEUICHBI, KaK, HAIPH-
Mep, NPH 3aChIIKE IPYHTOM TpaHILIEH, [TO MocieaAHs st 3aBUCUMOCTh peodpasyeTcs K BUAY:

tu = 3,6 Ik(l/vp + l/vsx) + ty,

[Tpu BO3BEIEHUN HACBINIEH TEXHUUYECKYIO MPOU3BOAUTEIBHOCTD BBIYUCISIIOT 110 00BbEMY OTChIIAH-
HOTO TPYHTA, IPUBEACHHOTO K INIOTHOMY COCTOSTHHUIO, C YI€TOM IOTEPh IPHU €r0 TPAHCIIOPTUPOBAHUU
yepe3 Kpasi oTBaja B OOKOBBIE BIMKH, KOTOPbIE COCTABIAIOT 3...6 % OT Tekydero o0bema Mpu3Mbl
BOJIOUCHHS:

Iy = Iis kH1
rie Ky, ko3 dHIMeHT moTephb rpyHTa.

OtBan 5 Oynbao3epa ¢ MOBOPOTHBIM B IJIaHE OTBAJIOM HE MMEET OOKOBBIX CTEHOK (CM. PHCYHOK
6.5, B). OH coenuHeH ¢ pamMoil 3 yHHUBEpCAIBHBIM IIapHUPOM 12 B ee MEeHTpaabHON YacTh, KOTOPBINA
MIO3BOJISIET OTBATy TOBOPAUMBATHCS B TUIAHE B KaX/1yr0 CTOpOoHY Ha yroia 30...36° ruaponuiuHapamMu
11 ¢ mocnenyromum 3akperuieHrneM Toikateneit 70 Ha pame 3. HakiioH oTBana B BEpTUKAIBHOM TLIOC-
KOCTH, a TAaKXKe €ro NepeKoC OCYLIECTBISIETCS PACCMOTPEHHBIMHU BbIIIE CIIOCOOaMH I HEIIOBOPOTHO-
ro oTBasa. /(s OTHOBPEMEHHOM TUTAHMPOBKH OTKOCOB M MIX ITOJIOIIBBI OTBAJI JIOTIOJIHUTEILHO 000pY-
JYIOT HaKJIOHHOM HacTaBkoi 16 (cM. pucyHok 6.5, 1) ¢ ®KEeCTKMM WM LIApHUPHBIM COEJMHEHUEM C
OCHOBHBIM OTBAJIOM. B mocienHem cirydae HaKJIOH HACTaBKU PETrYJIMPYIOT CIIEHUAIBHO YCTaHOBIICH-
HbIM rupormmHapoM. HacraBka 17 cooTBercTByrOmero mpo¢uis npeaHa3HadeHa Uil OYUCTKU U
TUTAaHUPOBKU KaHaB. J[JIsl mepeMenieHust TpyHTa OT CTEH 3[aHWi MPUMEHSIOT OTBAIBHYIO MPUCTABKY
18, nBurasice mpu 3TOM 3aJHUM X0A0M. D(H(HEKTUBHOCTH pabOTHI OyNIba03epa HAa PaCUUCTKE MOBEPX-
HOCTEH OT KyCTapHUKa U MEIIKUX JIEPEBbEB CYIIECTBEHHO: IMOBBIIIACTCS 3a CUET YCTAHOBKU B CpEIHEN
4acTH OTBaJla KycTope3Horo Hoxa 19.

[ToBOpoTHBIE OTBaIBI, MPUMEHSIEMbIE KaK BCIIOMOTaTEIbHOE pabodee 000pyI0BaHNE HA MaIIMHAX
MHOT'0 Ha3HAYeHUs, OOBIYHO YCTAHABJIMBAIOT C MOCTOSHHBIM YIJIOM 3axBaTta (yroj HaKjJIOHa pexylien
KPOMKH K HAIPaBJICHUIO JIBIKSHHS MAIIIMHBI), )KECTKO 3aKPETUIsis Ha IOJbeMHOU paMe.

Bynbno3eps! ¢ MOBOPOTHBIM OTBAJIOM, BBIOJIHSIOIINE TUIAHUPOBOYHBIE PAOOTHI, @ TAK)XKE OUUCTKY
MIOBEPXHOCTEH OT CTPOUTEILHOTO Mycopa, CHera, paboTaloT B HEMpPEphIBHOM pexume. OTIeneHHbINH
OT MaccHBa I'PyHT (WM APYyrHe MaTepuabl) MEpeMeIIaeTcst 10 OTBAILY BBEPX U B CTOPOHY €r0 HaKJIO-
Ha B IUIaHE 10 BUHTOBBIM TpaekTopusiM 1 (pucyHok 6.8). Ilpu 3Tom mpusma BOJIOYEHHUs, yBIIeKaeMast
NIOTOKaMH TPYHTa, HETPEPHIBHO NEpEMEIIaeTCs B CTOPOHY HAKJIOHA OTBaia (HampaBlIeHHE 2) 3a ero
Kpail U YKJIaJIbIBaeTCsl B BHJIE BAJIMKa TMapaJUIeIbHO HANPABJICHUIO JBIKCHHS MAIIWHBL Takoe B3am-
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MojeiicTBue pabouero opraHa ¢ rpyHTOM, KOTOpPOE€ MPHUBOAMT K CABHUTY TPYHTa BAOJIb PEXYIICH
KPOMKH, Ha3bIBAIOT KOCBIM pe3aHueM. lIpn KocoM pe3aHuu BO3ZHMKAIOT JAONOJHUTEIIBHBIE COIIPOTHB-
JICHUs [IEPEMELICHUIO IPYHTA BJI0JIb OTBAJIA.

Pucynok 6.8. Cxema GpopMHUpOBaHHS IPU3MBI BOJIOYCHUS
Ha TIOBOPOTHOM B IUIAHE OTBAJIe

TexHu4Ueckas MPOU3BOJUTEIBHOCTH OYIIb/I03€pa HA TUIAHUPOBOYHBIX paboTax
ITr = 3600 L-[Bn-b(n-1]/ts,
rze I1; - TexHUYecKast HPOM3BOAUMTENBHOCTh OyIIba03epa, M2/4; L - JIMHA MIaHUPYEMOTO y4acTKa, M;
B - mupuHa 3axBara, M; N - YHUCIIO MOJOC IUIAHUPOBKU; D - MIMPUHA MOJOCHI TEPEKPBITHS MEXKITY
CMEXHBIMH TI0JIOCAMH TUTAHUPOBKY; ty - CyMMapHas IpOI0JDKUTEILHOCTD IUTAHUPOBKH y4acTKa, C.
[Tpu nBUXKEHUH TSI TOCIEAYIOMIUX MPOXOA0B C Pa3BOPOTAMHU MAIIMHbI
tz = [3,6L/Up + ty)n +ty (n - I)]Z,
a TIPM XOJIOCTOM 3aJTHEM XOJIC (UeIHOUYHAs cXxema)
ty = 3,6 L (L/vp + L/vsx) +ty] Nz
/1€ Z - YUCJIO TIOBTOPHBIX MTPOXOJIOB 110 OJTHOMY CIIETY.
W3 cpaBHEHUs 3TUX BBIPAKEHHUM CIIEIYET, 4TO paboTa MO YETHOYHOM CXeMe MPOU3BOAUTEIIbHEH
paboThI ¢ pa3BOPOTAMU MAIIMHBI IPU YCIOBUU
L <vsx ta(n-1)/(3,6'N).
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INPAKTUYECKOE 3AHATHE Ne 7

MOHTAKHBIE KPAHBI, ABTOBBIIIKH, ABTOTMJPOITIOAbEMHUKHA U
ABTOIIOI'PY34YUKH

CaMbIMH PacIpPOCTPAHEHHBIMU I'PY30NOABEMHBIMM YCTPOMCTBAMHU IIPU MPOU3BOACTBE MOHTaX-
HBIX paboT, SABISIOTCS MOHTa)KHBIC KPAaHbI Pa3IMYHBIX TUIOB. MOHTaXXHbIE KpaHBl MOPA3IEIISIOTCS
Ha:

a) JIETKUE CTPEJIOBBIE KPaHHBI;

0) OareHHbIC KPaHbI;

B) I'YCEHMUYHBIE KpaHbl U KpaHbl TPYOOYKIaUUKU;

I') aBTOMOOHWJIbHBIE KPaHbI;

1) KpaHbl Ha THEBMOXO/Y;

€) KO3JIOBbIE U IIOPTAJIbHbIE KPaHbI;

7K) MOCTOBBIE KpaHBbI.

KpaHnbl xapakTepu3yroTcs CBOUMH TEXHUYECKMMM JaHHBIMU (I1apamerpamu). B kartanmorax mpuso-
JSITCS CIIEYIOLINE OCHOBHBIE TAPAMETPBI:

1) rpy30noabeMHOCTh KpaHa - Macca HauOOJIBLIEro Ipy3a, KOTOPbI MOXKET HMOJHATH KpaH INpH
MUHUMAaJIbHOM BBUIETE CTPEIBI.

2) rpy30BOM MOMEHT - IPOM3BEAECHUE MacChl Ipy3a Ha BbUIET CTpenbl. J[Is OTAEIbHOrO TUNA U
MapKH KpaHa IPy30BOM MOMEHT SIBJIACTCS BEIUYMHON NOCTOAHHOM. [I03TOMY NpH yBEJIIMUEHHUH BbLIE-
Ta CTpEIbl, IPY30I0AbEMHOCTD KPaHa YMEHBIIAETCS, a [IPU YMEHBIIEHUH - YBEJIMUNBACTCS.

3) BBUIET CTpEIbl KPaHa - PACCTOSHUE OT BEPTUKAIBHON OCH KpIOKA IO OCH BpAIIECHUS [1OBOPOT-
HOM 4acTH KpaHa.

4) nnuHa CTpenbl - PACCTOSTHUE OT OCU HMXKHETO IIApHHUPA CTPEJIbl 10 OCH FOJIOBHOTO OJI0Ka cTpe-
JIBL.

5) BBICOTA MOABEMA KPIOKA - HaUOOJbIIAsi BRICOTA OT IUIOCKOCTH, Ha KOTOPOW yCTAaHOBIIEH KpaH,
JI0 YPOBH$, Ha KOTOPBIN MOXKET ObITh IMOAHAT KPIOK KpaHa ¢ rpy30oM. BricoTa nmobemMa Kproka 3aBUCHUT
OT JUIMHBI CTPEJIbI U BBIJIETA CTPEJIBL.

6) CKOpOCTh MOZ/beMa Ipy3a (OMyCKaHUs) TPy3a - pacCTOSHUE, HA KOTOpPOe IepeMeliaeTcs rpy3 1o
BEPTHUKAIIN 32 €AUHUIY BPEMEHH.

3aBOJBI-IIOCTABIIMKH YKA3bIBAIOT TAKXKE U APYrue MapameTpbl: CKOPOCThb MEPEABUKECHHS KpaHa;
0a3a, Ha KOTOPOl CMOHTHPOBAaH KpaH; CKOPOCTh BpAIIEHUs MOBOPOTHOM 4acTU KpaHa; rabapuTHBIE
pa3Mephl; Harpy3ka Kojieca Ha TpyHT; Macca poTHBOBeca (1711 OallleHHBIX KPAaHOB) U Jp.

[Tpu BrIOOpE KpaHa HEOOXOAMMO YYUTHIBATH €TI0 NMapaMeTPhl, a TAKKE CTOUMOCTh MalllMHO-CMEHbI
MOHT@)XHOT'O KpaHa U 00beM padoT, KOTOPBIA HA/UIEKUT KPAHOM BBIIOJIHUTH, T.€. HEOOXOIUMO yUH-
ThIBaTh 9KOHOMHYECKYIO 3()(hEKTUBHOCThH UCTIOIb30BAaHUS KpaHa.

JI€rkue cTpenoBble KpaHbl OTHOCATCS K MPOCTEUIINM IPy30M0IbEMHBIM YCTPOCTBaM, 0COOEHHO-
CTBIO KOTOPBIX SIBJISIETCS CTPEJia, Ha KOTOPOU KPENUTCs TPY30BOM OJIOK MIJIM MOJUCHACT.

Cpeay MHOTOYMCIIEHHBIX KOHCTPYKLUH CTPEJIOBBIX KPAHOB B NPAKTUKE MOHTAa)Ka CaHTEXHUYE-
CKHX ¥ BEHTWJISLIMOHHBIX CHCTEM, a TaK)K€ Ha 3arOTOBUTENbHBIX NPEANPUATUAX, HAUOOIbLIEE TpUMe-
HEHUE HAlUIM HEMOJIHOIIOBOPOTHBIE NIEPEHOCHBIE MOHTAKHBIE CTPEIIbl (KpaHbl - YKOCHHBI) U IIOJHO-
IIOBOPOTHBIE CTPEIOBBIE KpaHbl TNA "[Inonep".

HenonaHonoBopoTHBI KpaH-ykocuHa (pUCYHOK 7.1) oOcCimyXHBaeT OTAEIbHBbIE arperarbl WU
IUTOUIA/IKH, TPYOOrHOOYHbIE MEXaHU3MbI, MEXaHU3MBbI JUIsl TPYNIUPOBKH PaJAHAaTOPOB, a TAaKKe HUC-
MIOJIB3YETCS IS MOTPY3KH Ha aBTOMAILIMHBI Pa3JIMYHBIX MaTEpUAIOB.
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Pucynok 7.1. Kpan-ykocuna

Kpan coctout u3 BepTHKaJIbHOW KOJIOHHBI, TOBOPOTHOM (hepMbl, TOBOPOTHOT'O OTBOJHOTO OJIOKA
U IpUBOAHOM oJHOOapabaHHOW TsroBoil jebenku. KojgonHa, kak mpaBuiio, OblBaeT TpyOuaTas, me-
tajuinyeckass. OHa U3roTOBIISIETCS HA MECTE U HM)KHUM KOHLIOM 3ari1y0ssieTcs B 3eminto. Bepxuuii ko-
Hel| KOJIOHHBI 3aKpEIUIIETCs pacTsDKKaMH WM MPUKPEIUIIETC K 31aHUI0. 3arac IpoYHOCTH P IIpo-
BEpKE KPEIJIEHUsI KOJIOHHBI JJOJDKEH OBbITh HE MeHee 3,5.

Texuuueckas XapaKTCpHUCTUKaA

HanmeHnoBanue napamerpa Hopma
['py30110JbEMHOCTb, T 1
Briier, M 2,25
TsiroBOE ycuine mpuBOIHOM ebeIKH, KT 1,25
YT0J MOBOpOTa B TOPU30HTAIBHON TUIOCKOCTH, TPaj] 230
["abapuThl, MM:

JUTHHA 2400
HIMpUHA 175
BBICOTA 1900
Macca koMIuieKkTa (YKOCHHBI M OTBOJTHOTO 0JIOKA), KT 220

3A0 "Kpan-Cepsuc" (Yda) npous3BoauT psist JIETKUX CTPEIOBBIX KPAHOB, MO3BOJISIFOIUX MaKCH-
MaJIbHO MEXaHU3UPOBAaThb MOHTAXK CUCTEM OTOIUICHHUS, BEHTWISALMU U KOHAUIIMOHUPOBAaHUS BO3AyXa,
a TaKK€ MOHT&XX MaJIbIX KOTJIOB JJIl KBapTUPHOIO OTOIUIEHUS. TeXHHYECKas XapaKTEpUCTHKA THX
KpaHOB npuBeneHa B Tabnune 7.1. Hapsny ¢ nerkumu ctpenoBbiMu kpaHamu 3A0 "Kpan-Cepsuc”
BbINTyckaeT okoHHbIe kpaHbl KO-0,25, 6ankonnsie kpansl Kb-0,25 u kpaHbl, ycTaHaBIMBaeMble Ha
KpBILLIAX 3/JaHUN MM HAa CTPOMTENBHBIX JiecaX. Y CTAHOBKA OKOHHBIX M OaJKOHHBIX KPaHOB IPOU3BO-
JUTCS C TIOMOIIBIO BUHTOB U IATHI. DTH KPaHbl OY€Hb YI0OHBI I MOABEMA Ha 3TaX TPYOHBIX y3JI0B
CaHTEXHUYECKUX 3arO0TOBOK, PaJIMATOPHBIX U KOHBEPTOPHBIX OJIOKOB, KaJopu(pepOB, CAHTEXHUUYECKUX
npubopoB U T.1. ['py3onoasEMHOCTh UX cocTasiseT 250 kr, BbicoTa mogbéMa 11 M, yroia nmoopora ot
HOMHHATBHOTO Tooxkenns 90°, Macca kpana ¢ ne6énxoii 200 kr (s kpana KK-025 - 380 kr).

Brimmyckaemblie 3To# hupMoit JErKue KO3JI0BbIE KpaHbl Tpy3onoabémMuocTthio 0,5; 1,0; 2,0; 3,0; 5,0
T YAOOHBI JUI1 MOHTa)Xa KOHJIUIIMOHEPOB, BEHTHISLIHOHHOTO 00OPYAOBAaHUS U NbLIETa30yJIaBIHBalO-
IIMX YCTaHOBOK, a TAKX€ B 3arOTOBUTEIHHOM MPOU3BOJCTBE. J[TMHa mponéra 3TuX KpaHoB 3,5 M, BbI-
corta noabéMa 3 M. Haunbonbliee pactipocTpaHeHHe MPU MPOU3BOJICTBE MOHTAXXHBIX PadOT MONYyYUIIN
aBTOMOOWIIbHBIE KpaHbl. HecMOTpst HAa X MOOMIIBHOCTh, YHUBEPCATBLHOCTh U y100CTBAa OpraHU3aIlH
MOHT@)Xa MX NMPUMEHEHHE HY>KHO OOOCHOBBIBATh SKOHOMHUYECKHMHU COOOPAKEHHUSIMHU C YUETOM JI0-
BOJIBHO 3HAYUTEIbHOW CTOMMOCTH MalIMHO-4aca SKCILTyaTaluu.

[Tpu mondope KpaHa ClieAyeT YUUTHIBATh €r0 IPy30H0AbEMHOCTD, BBUIET CTPEIIbl, BHICOTY HOABEMA
KpIOKa U IpyTHe TEXHUUECKUE TaHHBIE.

I'py3onoabEMHOCTh KpaHa 3aBHCHUT OT BbuUIETa CTpenbl. KaTanokHas rpy30noIbEMHOCTh KpaHa
YKa3bIBA€TCs TP MUHUMAJIbHOM BbUIETE CTPEJIbl, IPU YBEIMYEHUH BbLIETAa CTPENbI, YTO JOCTUTAETCS
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an00 3a CYeT U3MEHEHHUS yriia HAKJIOHA CTPEbl, JIM0O0 3a CUET M3MEHEHUS JJIMHBI CTPEIIbI, TPY30I0.Ib-
E€MHOCTh YMEHbILIAETCS U MPU MaKCUMAJIBHOM BbLIETe OyeT MUHUMAIbHOM.
BricoTa mogbéMa Kproka Tak)ke 3aBUCUT OT BbLIETA CTPEJIb aBTOKPAHA U OT JTMHBI CTPEJIBI.

Tabmuma 7.1 - Texanueckas xapakrepuctrka kpaHoB KbK-025 u KCII-1

HaunmMeHoBanue napamerpa | Hopma
Kpan xonconvno-oanounsiii KbK-025
'py3onoabémHocTh, KH 2,5
Bricota mogpéMa rpysa, M 1o 40
[Iponér kpaHa, M 2,94
BruieT ctpensl, M 1
Kpan konconvno-oanounsiii KbK-025

MakcrMaIbHO JOMTYCTHMBIH pa3Mep rpysa, M 1,0x1,2
["abapuTHBIE pa3MEpPbl M 2,6x4,5x1,42
Macca (6e3 KOHTprpy3a), KT 190
Kpan ycTtanaBnuBaeTcs Ha 3eMJie WM NEPEKPBITHSIX
BIaHui

Kpan cmpenoeoii nepedsusncnon KCII-1
['py30n015EMHOCT OPHU OTHOKPATHOM 3anacoBke, KH ... 5
["py3omonsEMHOCT IpU IBYKpaTHOH 3anmacoBke, kKH ..... 10
BbL1eT cTpensl MAaKCUMAJIBHBIN, M 4
BruieT cTpensl MUHUMATBHBINA, M 2,3
BricoTa moabpéMa MakCUMaiabHasl, M 6,1
'Yron moBopoTa, Tpa. 360
Macca kpaHa, KT 920

['py30noabEMHOCTD, AJIMHA CTPEIIbI, BHICOTA MOABEMA KPIOKAa M BBUIET CTPEINbI CBSI3aHbl CIELM-
QJIbHBIMU TpaduKaMu, Iie IO OCH abCIMCC OTJIOKEHA BEIMYMHA BbUIETAa CTPEIIbl, 0 OCH OpJHHAT
CJIeBa JJIMHA CTPEJbl, a CIIPaBa BBICOTA MOJBbEMA KPIOKA; IPY30H0IBEMHOCTE ONPEAEIeTCs 10 KpH-
BBIM I'padyKa B 3aBUCUMOCTHU OT BBILIETIPUBEIEHHBIX [TaPAMETPOB.

B kauectBe mpumepa npuBeA€H rpaduk onpeaeseHus: Ipy30MoAbEMHOCTH U BBICOTHI MOIBEMA
Kproka H M, B 3aBUCHMOCTH OT JUIMHBI CTpEbI U BbuleTa ctpensl |, s aBrokpana KC-55716, BbI-

nyckaemoro Kamsimmackum OAO "TaznpoMm-Kpan", MakcuManbHON Ipy30H0BEMHOCTBIO 25 T IIpH
BbUIETE CTpENnsI |, =3 M.

ABTOKpaHOBBIE YCTAaHOBKM MOHTHpYIOTCSl Ha maccu aBromoomns KamA3, KpA3, Vpan, MA3.
MHorue aBTOKpaHbl UMEIOT TEJIECKOMMUYECKUE CTPENbl C 2 - 4-Msl CeKLUsMH, ITO3BOJISIOLIMMHU JIETKO
U3MEHSTH JUIMHY CTPEJbI.

B Poccun oxosno 20 npeanpusiTHii BBITYCKAalOT aBTOKPaHbl pa3iuyHoi rpy3onoabeéMHocTn. OAO
"ABTokpan" (r. 1IBaHOBO) BBIyCKaeT aBTOMOOMJIbHBIE KpaHbl TPy30MOABEMHOCTBIO OT 16 10 50 T,
CHa0XEHHbIE BBIHOCHBIMU ONOpPAaMHM, YCTaHABIMBAEMBIMU NPH MOMOIIM THAPABINYECKOTO MPHUBOAA.
Kpans! "MBaHoBe1" UMEIOT TEIECKONUYECKHE IBYX-TPEX CEKIIMOHHBIE CTPEIIbI, KOTOPHIE BbIIBUTAIOT-
Cs C TOMOILBIO JJTMHOXOOBBIX THIPOLMINHIPOB.

OAO "T'aznpom-Kpan" (r. KamblH) BeITycKaeT KpaHbl Ipy30n0abEMHOCTHIO 25, 32, 50 1. Tex-
HUYECKasi XapaKTepHCTUKA aBTOKpaHa TPy30MOAbEMHOCTBIO 25 T mpuBeaeHa B Tabnuie 7.2. I'paduk
JUTSL OTIPENICITICHUS] TPY30II0IbEMHOCTH M BBICOTHI IMOJABEMa B 3aBUCHMOCTH OT BBUIETAa CTPEIBI MPe-
CTaBJICH Ha PUCYHKE 7.2.
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Tabmuua 7.2 - TexHuueckas XapakTepHCTUKa aBTOKpaHa Ipy30noabeMHOCThio 25 T. OAO "T"a3-

npom -Kpan"
HaumenoBanue napamerpa Hopwma
MakcumanbHast Tpy30I0bEMHOCTD, T 25
I'py30BOii MOMEHT, TM 30,0
JlinHa cTpeiibl, M 9,3-21,5
JlnnHa rychKa, M 7,15

MaxkcuMalibHasl BRICOTA MMOAbEMA KPaHa, M: 22,3
Ha OCHOBHOM cTpee

Ha cTpeJie C TyChKOM 28,8
CKOpOCTb:

nmorsEMa-oyCKaHus rpy3a, M/MUH 9,5

BpallleHUs] TOBOPOTHOM YacTH, 00/MUH 2,0

TPaHCIIOPTHAs, KM/ 60
Pamuyc noBopota, M 12,9
MormiHocTs ABurarens, KBt (71.¢) 177(240)
Macca B TpaHCHOPTHOM IOJIOKEHUH, T 22,5
I"aGapuTHbIe pa3Mepbl, MM 11450%2500%3600
bazoBoe maccu

VPAIJI 4320-1912-30
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Pucynox 7.2. I'paduk amst onpeeneHust rpy30n0bEMHOCTH U BEICOTHI TTOABEMA KPIOKA B 3aBUCHMOCTH OT BBUIETA
CTpeIbl

OAOQO "KnnHIOBCKMH ABTOKpPaHOBBIN 3aBOJ" BBIITYCKAET KPAHBI IPY30M0ABbEMHOCTBIO 15-20 TOHH.
OTHU KpaHbl YCHENIHO HMCHOJB3YIOTCS MPU COOPYKEHUU TEIUIOBBIX M Ta30BBIX CETEH, a TaKKe IMpHU
MOHTa)K€ CHCTEM BEHTWISLUM U KOHIUIMOHUPOBAHUS Bo3ayxa. Kpansl "KiMHIBI" OCHAIIEHBI ABYX-
TPEX CEKLMOHHBIMH TEJIECKOMMYECKUMU CTpesraMu AauHoM 8-18 M. Jlyig yBenuyeHus: BBICOTHI MOb-

€Ma MOTYT KOMIUIEKTOBAThCS PEIIeTYaThIM T'yChKOM JUIMHOW 7,5 M. ba3oBbIMH aBTOMOOWISIMHU IS
kpaHoB "Knuunps!" ssistorcs Ypain, MA3, KamA3.
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ABTOMOOUIBHBIE KpaHbl "YibsHOBEN" rpy30noabEMHOCTEIO 20-25 ToHH BhiyckaeT OAO "VYibs-
HOBCKUI MexaHnueckui 3aBoj Ne2". Kpanbl MmonTupytoT Ha maccu KamA3, KpA3, Ypan. Kpansl
OCHAIIEHBI TPEXCEKLIMOHHON cTpesoi ainuHon 21,7 M 1 6-TH Win 8-MU METPOBBIM I'yCHKOM, YBEJINYU-
BAIOLIMK BBICOTY MoAbEMA Kproka 10 27 M. TexHuueckue XapakTepUCTUKHA aBTOKpaHOB "KiMHIIBI"
IIPUBEZICHBI B CIIPAaBOYHOM JIUTEPATYpE.

[TonpoOHbIe XapaKTEpUCTUKU 3THX U IPYTUX aBTOKPAHOB IPUBEJIEHBI B KAaTajlorax 3aBOJIOB M3r0-
TOBUTEIIEH.

IToutn BCe COBpPEMEHHBIE KpaHbl OCHAIEHBI MUKPOIIPOLIECCOPHBIM OIPAaHUYMTEIEM I'PY30I01b-
€MHOCTH B 3aBHCHUMOCTH OT JUIMHBI BbUIETa CTpeibl KpaHa. [Ipubop ¢ umdpoBoii mHAEKCanuen nH-
(dopmanuu 1nokasbiBaeT (paKTHUECKYI0 BEIMUUHY I'py3a HAa KPIOKE, a TAKKe 10 3aJlaHHBbIM KOOP/HHA-
TaM aBTOMaTHYECKH OTPAaHUYMBACT 30HY JICHCTBUS KpaHa MpU padoTe B CTECHEHHBIX YCIOBUAX WU B
30HE PacIOJIOKECHU JTMHUH JJIEKTponepesay.

[Tpu mpOM3BOCTBE MOHTAXKHBIX M MOTPY30-pa3rpy30uHBIX pabOT CephE3HYI0 KOHKYPEHIIHIO aBTO-
KpaHaM U aBTONOABEMHHMKAM COCTABISIOT KpPaHbI-MAHUIYJISATOPHI, KOTOPbIE COBMEIIAIOT ()YHKIMU
TPAHCIIOPTHOI'O CPEJICTBA Ul IEPEBO3KU I'PY30B, IPY30I0IbEMHOIO MEXaHU3Ma JJIsl IOTPY3KHU U pas-
IPY3KU Ipy30B, a Takke (YHKLUHUU MOJBEMHUKOB Al paboThl Ha BbIcOTe. KpaHbI-MaHUIYJISATOPHI
KOMIUIEKTYIOTCS CMEHHBIMHU NPUCIOCOOJEHUSMU: KIICIIEBBIMU 3aXxBaTaMM Ui TpyO, BHJIOYHBIM 3a-
XBaTOM, TEJIECKOINMUYECKUM I'yCbKOM M JIFOJIBKOM Ul MoAbEMa JItoied. TexXHuuecKkne XxapakTepuCcTUKU
TUIPOMAHUITYJIATOPOB  banammxuHckoro 3aBoja aBTOKpaHOB-MaHumysATopoB (3A0 "BAKM-
CepBuc') nmpuBeIeHbI B CIIPABOYHOI TUTEpATYypE.

Jiist mpou3BOICTBA MOHTKHBIX pa0dOT Ha BHICOTE (MOHTaX BO3/yXOBOJIOB, TPYOOIIPOBOAOB, Ta30-
BBIX U TEIUIOBBIX CETEW NMPH HA3eMHOU MPOKJIAJIKE) MPUMEHSIOT CAMOXOIHbIE [TOJIMOCTH, aBTOBBIILIKU
U aBTOrupono bEMHUKU. CaMOXOHbIE MTOJAMOCTH Ha TYCEHUYHOM XOAY C aBTOHOMHBIM IUTaHUEM
0T KapOIOPaTOPHOI'O JABUraTessi WK ¢ MUTAaHUEM OT 3JIEKTPOCETH IPU IOMOIIU TMOKOro Kadess, no3-
BOJIIIOT IIOJTHUMATh pabouylo IJIOIAJKY pasMepoM 5%2 M ¢ pabOYMMH, HHCTPYMEHTOM U MOHTHUpYe-
MBIMU KOHCTPYKUHUSIMU Ha BbIcOTy 10 12 M. Ha pucynke 3 npeacrasnensl noamoctu [I1BC-8. Texuu-
YECKUE XapaKTEPUCTUKU HAa CAMOXO/IHbIE [TOJIMOCTH NPUBECHBI B CIIPABOYHOMN JIUTEpATYpE.

AptoBbiikn BU-15M u BU-23M cmoHTHpOBaHBI COOTBETCTBEHHO Ha aBToMOOMIsIX ['A3 u 3UJI,
npeHa3HaYeHb! IS TOAbEMA JIIOJIBKHU € IBYXCOT KHJIOTpaMMaMHM Ipy3a (JBa MOHTa)KHUKA C UHCTPY-
MEHTOM) Ha BBICOTY COOTBETCTBEHHO 13,6 M 1 21,6 M. ITockonbKy MOABEM JIFOJIBKA MOXKET OCYIIECTB-
JSATHCS TOJNBKO BEPTUKAIBHO, IPUMEHEHNE aBTOBBIIIEK HA MOHTa)KE€ OTPaHUUYEHO.

ABTOrUAPONOABEMHUKH, BhITyckaemMble OAO "3aBUIOBCKHI IKCIMPEMEHTAIbHO-MEXaHUYECKUI
3aBoJ1" MO3BOJIAIOT OOCTYXKMBaTh 30HY MOHTa)ka B IIMPOKOM Juamna3zoHe. TeXHH4Yeckue XapakTepu-
CTHKHU aBTOTUAPONOAbEMHUKOB IIPUBEACHBI B CIIPABOYHOM JINTEPATYDE.

[Tpy MOHTa)ke BEHTHJIALIMOHHOTO M CAHTEXHUYECKOro OOOpYy/lOBaHUS Ha HYJIEBOM OTMETKE 3(-
(EeKTUBHO NMPUMEHATh aBTONOTPY34MKU. KpoMe Toro, aBTONoOrpy3unkyd MPUMEHSIOT Ha KOMILIEKTO-
BOYHBIX IJIOLIAAKaX /ISl KOMIIJIEKTOBAHUS BEHTUIIIIMOHHBIX U CAHTEXHUYECKUX CHUCTEM, a TAKXKe NPHU
paboTe B 3aKpBITHIX CKJIaJax, BaroHax M ¢ypax. B Poccuu aBromorpy3unmku He M3roTaBIMBAIOTCS,
OHM UMINOPTUPYIOTCS U3 YKpaunsl (T. JIbBoB), bonrapuu, Kopeu u np. JIbBoBCKHE aBTONOTPY3UUKH C
JIM3EJIbHBIM WM O€H3MHOBBIM JIBUTATENIeM 00JIaZatoT MOBBIIIEHHONW MPOXOJIUMOCTBIO, TPUCIIOCO0Ie-
HBI JUIsl pabOThI HA OTKPBITOM MECTHOCTH MJIM B HEOTAIUIMBAeMbIX MoMelleHusIX. OHU OCHaIIeHb! 000-
rpeBaeMoi 3aKpbITON KaOWHOM.

TexHUYecKne XapaKTepUCTUKH JIbBOBCKUX aBTONOIPY3YMKOB MPUBEJIEHBI B CIIPABOYHOMN JHUTEpa-
Type.

bonrapus sBisieTcst JaBHUM MTOCTAaBIIMKOM IIUPOKOU raMbl aBTONOrpy34nKoB B CoBerckuil Coros,
a 3ateM B Poccuto. ABronorpysunku cepun "Pexopa" ¢ OTKpbITON KaOMHON 000pyI0BaHbI THAPOYCH-
JUTENEM pyJisl, YTO JeNlaeT UX Ype3BbIUaiiHO JETKUMHU B yIpaBlieHUU. TeXHHUecKue XapaKTepUCTUKH
IIPUBENIEHBI B CIIPAaBOYHOM JIUTEPATYpE.
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Pucynok 7.4. ABronorpy3unk JIbBoBCKoro aBT03aBOAa Mojenu 41015.45
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Pucynok 7.5. ABromorpy3uunk cepun "Pexkopa-2" monenu JIB 1788.45 dupmsr "Balkancar”
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