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B HacToswemM nNocob6bWMU paccCMOTPEeHbB BOMNPOCH
KOHCTpYUWpOBaAaHWA U AUMWHaAMMUYeEeCKOTO (CVIJ'IOBOI'O)
pac4deTa OCHOBHDBI X .ueTanePl CTaHKOB: BalJloB,
3y6anb|x Konec, noagwnMmnHMKUWKDOB, WwnNnWHAEeNNbHBbB X
y 35108, CTaAaHMWUH n ap. PaCCMOTDEHbI TUNOBHL €
KOHCTPYKUKNMU opraHosB pPpyyYyHOTO ]
aBTOMaTMUW4YeCcKOTro ynpaBlnneHUWA CTaHKaMMu.
HDMBe,ﬂeHa KJ'IaCCVIdOVIKaLLVIH, KOHCTPYKUWMU 7]
pac4yeT MydDT,TODMOBHbIXVIFIDe,ElOXDaHVITeJ'IbeIX
yCTDOVICTB CTaHKOB. PaCCMOTpeHbI OCHOBHUbI
pac4deTa cneunMmanbHB X NepeHOCHB X CTaHKOB aOn4
06DaGOTKM KDyI'IHOI'aﬁaDMTHbIX neTtTanewn -
6aH,ua>+<e17| 7] OnNoOpPHBLbB X PONNTUKOB Bpawawwnmxca4a
LleMeHTHbIXﬂe'-IeVI.

YyebHoe nocobuenpeAHa3HaYeHO o141
cTyleHTOBHanpaBneHUWW15030l-MawmMHOCTpPOEHUE
M1503.05-KOHCTPYKTOPCKO-TEXHONNOINrMYecKoOE
obecneyeHUMEe MAWMUHOCTPOUTENDbHBLIX
NPOM3IBOACTB,M3YyYawOWMX AUCLUNITUHDBI
«TexHoNnormyeckoe obopynoBaHWE»HU
«MeTannopexyuwme cTaHKU», a TaKxXe 01
BbIMOMNHEHWA KYPCOBbBX PaboT No OAaHHBIM
OINWCUMNIAWUHAaM.

M3anaHMe nyb6bnMKyeTCsa BaBTOPCKOMN pegaKUUMU.
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4yeTa WNMUHAOEeNbHbBX yYy3J10B CTaH
XeCTKOCTHDb n BMOBGPOYyCTOMNYMUBO

9NeMeHTB 3yb64yaTblx Konec #

B H bl M BMUOOM TexHonornmdyeckKkorao

OBaHMUSHA onaA pa3MepHOMW
TKW feTanenm, TakK Kak obnapgpatwrt
" NMPOU3IBOAMUTENBHOCTHLbIO,
Tbio ] VHMUBEPCANbHOCTbIO. B
M nocob6wuwu M3 OXEHbh o6bwue
n bl NMPOEKTUPOBAHMUSH CTaHKDOB.
Heob6X0oaoWMBle MeToaoMWYEeCKMUE
MA MU peKoMeHAgaUWU, NpUBESEHHS
Hble DOPMY Nbl,TPUMEPB PacyeToB,
MBHbE M CNpaBOYHBLE JaHHBL €,
bl KOHCTPYKTMWBHDBIX peweHUN,
IWMBl e npwu pacyerTe u
YyUPOBaAHWUMU geTanewu " y3nos
opexXxyuweroobopyanoBaHWA.
noco6wuwu paccMOTRpPEH bl
YKTUBHEBLIE 3/1TeMeHTHsl BalloB #U

CTHBbBl € pac4erThtl, O a H bl ocC

O x O

(pa3fnensl1,23).

MpuBenoneHa knaccudbUMKaumMma, onuc
M OCHOBbB pacyeTaopraHoB ynpasH
CTAaHKOB, MY®MT M TOPMO3HBLIX YCTPO
(pa3pnens 4, 5); paccMOTPEHb TwWN

KOHCT
oeTan
ycTpo
3a300p
CTaHMU
CTaHK
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YKLUKMU CTaHWH, Kopny
h, HanpaBiAWWMK X CTaHMUH
cTBaMMu ans perynuMpoBaH#u
B. MpuBeageH nNpumep pacuyerT
bl BepPTUKaAaNbHO-CBEPAMUNbBHOT

(pas3fens 6 7, AaeTcs obuwa
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CTaHKOB (pas3nen 8). PaccmMoTpeHoO
onuMcaHue n OCHOBHI pacyeTa
HecTaUMWOHapPHBL X (NepeHOCHEBH X)
CTaHKDOB, KOTOpbH € pa3paboTadtHsl
COTPYOHMUKaAaMMU Kadeppsl TEXHONOTN UM
MawMHOCcTpoeHua BITY wm. B.. WyxoBa

(pas3npnen?o.
MocobuMuecooepXMUT CcCNpPpaBOYHLE

MaTepunanb,Heob6bXoaoMMble NPpMU
BbIMOMTHEHWU PAacCYeTOB U
KOHCTPYWPOBaAHUU MeTannopexyuwux
cTaHkoB.laHHOe yyebHoe nocobue
bypeTnones3Ho AnACTYyAoLeHTOB,
obyyawuwmxcsa NnoHanpaBheHUAMI15.03.01 -
MawnMHOCTpPOEHMUE,1503.05—-
KOHCTPYKTOPCKO TEXHONOINrMYECKOE
obecnevyeHMe MAWMUHOCTPOMUTEINDbHEBIX
NPOMW3IBOACTBNPM M3YYEHUU OMUCULUNDAKUH

«TexHonormMmyeckoe obopyaooBaHUE»HU
<<MeTannope>Kyu.Lme CTaAaHKMU», a TaKXe nNnpwu
BbBIMOMHEHWUUM KYPCOBBLIX PaboT nNo AaHHLIM
omMmcuumnnumHaw

1. BAJILIMONOPLI KOPOBOKNEPEOAMU
CTAHKOB11. KOHCTPYKTUBHbE
3NnNeMeHTbH Banos

B anobl Kopobok nepenjpauy CTaHKOB no

KOHCTpPpYKUWUMHU M OXHO pa3nenntTeb H a
BXOAHbBEe (BbIXOAHbBE) U NPOMEXYTOUYHBLE.
OCHOBHbBIMMU KOHCTPYKTWUBHbBMMU
3 eMeHTaMMu BalJloB ABNAKTCA

nocajgoyHblE MeCTa nouan noaowWwMNMWNHWUKMU,
WKWBB MNMCOEAUHUTENbHbBE MYdT bl.
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Pucl KOHCTpPYKUMA BXOAHOTFrOo(MAMU
BbIXOAHOTFMO)WAMUEBOIroBanaKopob6KM
nepeapasu

PacuyeTHbM oAnamMeTpPOM Bana,
NMOKa3aHHOTIO H a punc. 1, CNyXwurT
nocajpo4yYHBIHK AnamMeTp ,dnoja cTynuuy

nNonymydTbe. HTob6b cO3a0aTb OYPTUK ANA
ynopa nonymydTb, AMamMeTp Balla ,dnopj
NOAWUNHUK NPUHUMAKWT paBHbM (1,0...1,1),d.

OnameTpuwnumueBorn YyacTunu Bana ons
YyCTaHOBKM 3ybyaThx Konec unm 610KOB
3yb6yaThx KoNnec paBeH

dd?2t

3_2+’

ronetr—BbCcCOTabypTHUKaadnaynopanoaWwWMWMNHUKa
(puc.2).

YnopHB €

OYPTUKWN HaAa
Banax |
NXHbB UMETH ]
KYIO BbBCOTYVY !,
0o6bl ONOpPHaAaSA
BEPXHOCTHSb
f

PUOB KONEeL NOAWMNHMUKOB 6blNa
CTAaTOYHOMN.

BoicoTabypTMukaonpeagenaerTcs
pa3aMepoMrdbacKkwm YUncnosble
NOAWMNHMUKAa. 3HayYeHMUSA

=T T = e [ o |
O O O30 +49o 0



KoopOoMHAT hacCcoOK BbBCOTH YynopHOTro
ANA KaxXporoT Tuna O6ypTHKa
M pasmMepa

Puc2 KonpeneneHwuto

NOAOWMWNHWUKEA NPpUBEeAeEeHB B KaTalorax #u
cnpaBo4YHMUKax. Ina npumepa B Tabn.l
Yy Ka3aHbsl 3HaAa4YeHMUSd rin A WapuwekKOoBBbI X
panunanbHBb X NOAOWMUNHMUKORB cpelHeMn
CepuMnm MW HaMMeHblWada BbICOTa BypTHUKaAa B
3aBUCUMOCTM OT pa3mMepa MdacCKMUr.
Ta6bnumuyal

d, 10 15 20 35 50 60 85

r 1 1,5 2 2,5 3 3,5 4

t 1,8 2,5 3 4 4,8 5,5 6,5

Oname T phl nocapngoYyHb X MecCT noana
noaoWNMNHKUKMHU KayeHUsa BolOMpatwT n 3

CTaHpapapTHOTIro paagal10,12,15,17,20,25n nanee-
LO1IOMM-4Yepe3 KaxXaobleS5Smm.

Banbl BBINOMHAKT M3 KOHCTPYKLULMWOHHB X
cTanewn 35 40, 45, HOpManui3oBaHHDL X 7
yAiyyWweHHbB X. JnAa BBCOKOHATrpPyXeHHbl X
BalnoB NPUMEHSAKWT NerMmpoBaHHLE cCTanwu
40X, 40XH, 35XIC U op. Banwl na3 3 THUKX
MaTepuanos noanpBepraert YyAydlWweHMulo,
3aKanke c BblCOKMUM OTNYCKOM Mnwu
NMOBEPXHOCTHOM 3aKanke c HU3KUM
OTNYCKOM.

Mpumep odpopmneHnma paboyeroyepTexaBahna

npmBenLeHHapUC.3.

1.2.0nopbiBanos

B MeXaHW3Ma x CTaHKOB 0O6bIYHO
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PUMEHAT Onop bl KayeHMUSA n pexe
NMopbl CKONbXeHMWA. HUXe paccMOTPEHHE.
cTpoMcTBaA onop KayYyeHwua.
OHCTPYKLUMUS u KayecTBO onop
npepnenstwowTCH TUMOM NOAOWMKWNHMEK a,
X eMO W yCTaHOBKM, cnocobowm
penneHMA NTOLJWMUNHUKOB B KOpPRNnyce W Ha
any. [MTocne KOHCTPYKTMWUBHOM
popaboTKWW QaJeTanenm, pacnoNnoXeHHb X
aBany(3ybyaTbx Konec,BTYNOK U T.0.),
pUucTynamwT K KOHCTPYMWPOBaAaHMWIO ero
nop.

Boi6op TUna,pasamMmepaunmkKknaccaT TOu4YH

NOAWUNHUKaA
MNpwu BblO6OpeE TUNa NMOAWMMNHMUKaa B
epBYylo oyepensb NPUHUMaAWT B O
HUMaHMUeE BeENUWYUYUHY ] HanpaBlieHMUE
arpyskwu Ha onopy, 3aTeM pas3Mepdsl
ocapoMHblX MecT Bana 2] Kopnyca,
ECTKOCTb NOAWMUNHMUKA U, HaAaKOHelU, ero
TOMMOCTHDb.
Mpu neNcTBMUU Ha onNnopy paldluMualnbHON U
€e3Ha4YnuTenNbHOW OCeBOW cCUN BoIGOBUPpAT
alnanbHb E WapuKOBSHE NMOAWMUMNHUKM
oTOpbL E Hawnw Hanmbonblwee
pUMeHeHUWE B MalWMHOCTpPoeHUU.EcnunHHa
nopy JencTBYT paluvManbHaH-s B
HayMmTeNnNbHasa oceBaad CUNbBl —BbIOEMPpaAWT
OAWMUNHUKMH paaoManNnbHO-YNOPHbBE UMK
NoOpHO-paAWalbHBLE WapuWUKOBEBIE Mnu
ONWKOBSLIE

OCTH



A

__.I

(]

fl

-
S
7.5
G.J:Jé:l _ﬂ.-i%

Hepenoko Ha BbbH6OpP TMNa NOAWMNHMUKA
oOKai3bBawT BAUWSAHKUE pa3Menpbl
nocagoyYyHoOro mMecTa Baha M Kopnmnyca.
Ecnwm TpebyeTcCs «BNMUCaAaTbC aA» B
onpeneneHHoOe npocTpaHCTBO, TO
MHOIrga NPUXOOLMUTCSHA NPUMeHSATbL 6onee
rpy3onoabemMHBblH PONMUKOBBLIH



noAWMNHMUK MeHbWMX pa3MepoB BMeCTDO

«™HeBMNUCH BawWeroc a» WapMKOBOTO.
MMeHHO no 3TOMW NMPUYUHE yacrTo
NMPUMEHAWT KOHMWYEeCKMUE PONMUKOBSLIE

NOAOWMUNHWUKMU TaMm, rage OHWU HarpyxXeHsl
yncTtopaagumalnbHBMU CUNAMMU.

Hanbonee JelweBble NOAWMUNHMEKMU -
WwapWUWKOBELIE paaguvanbHBLE. KoHunuyueckne
PONMMKOBbLE NOAJOWMUNHUKNU NpUumMepHO B 1,35
pa3a,a pailvManbHO-YyNOpPHbLE WapPpWUKOBSHE
B2pas3alopoXelWwWapmMKOBbB X paagunanbHBbIX.
Mpwu Boi6boOpe TUNa NOAWMUNHUKa
apannenbHO NPOM3IBOALAT €ro pacuyerT,
O pe3ynbTaTaM KOTOpPOroonpenenawrT
oTpebHYVYylO OJWNHAMMUWYeEeCKYI
py3onoabeMHOCTb MNUWU pecypec: Knacec
OYHOCTMWU BbiOBMpPaAaWT Mcxond M3 YCINOBMUMH
MHMUMaAaNnbHOINO WyMa, BuMOpauuwu M aop.
FOCT 52071 ycTaHaBnuBaerT 5 KhaccoB
TOYHOCTMH NOAOWMUNHMUEKORB KavyeHunsa: 0 -
HOPMaAaNnbHbBIN;6-—NMOBbLILWLEHHBWN;5—BbLICOKMUM;4
—NMPEeUU3UOHHBIN,;2—CBEPXNPELULUIUOHHBLIMN.
Ona Kopobok cCKopocTeMu CTaHKOB
Khacca TOYHOCTHW H cnepyeT BbbMUpaAaThb
NOAWMNHUKMKM Knaccalo.

<= 4 -7 3303 3

CxeMbl YCTaAaHOBKMW NOAWUNHUKOB

MpMMeHAWT IBe OCHOBHbBIE CX €M bl
YyCTaAaHOBKMW NOAQWMNHMUKOB B ONOpPpax:1)c
PUKCUPOBAaHHOMW U«NNaBatwLUe N»
onopaMunm M2)«Bpacnop».YcTaHoOBKaM™M
KpenneHMe NTOAWMUNHUKOBINO NepBOH
cxXeMenoka3sl3aHaHa

puCc. 4. BHyTpeHHMKNE Konbuyua o6 0MUX
NOAOWMWMNHMWEKOB 3aKpenineHbsl Ha Bany.
BHewHee Konbuo neBOW onopbsl
3aKpenneHO BKoOpnNnyce,BHelWHee KONbLO
npaBoOW onophsl B Kopnyce He
3aKpenneHo, MoO3TOMY WUMeeT cBoObGOAOY
oceBOTroO nepemeweHunda. JleBytw onopy



Ha3bBatT dUKCUPOBaAaHHOM, npaByw -
nhaBatwwen. OPMKcHMpOBaAaHHaAA onopa
BOCNPMUHUMAaeT KaK paaouMmalnbHYO, TakK U
oceBYH Harpy3KM,annaBawwaa-TONbKDO
paouvanbHYIO. Mpw HarpesBe MNu
OXNaXmgeHWHu Ban VONUHAeTCSs Mnu
yKOpaymBaeTcCcd, a nnasBatwas onopa
nepemeuwaerTcs BMecCTeEe c HUM no
pacToO4YKe Kopnyca.JJna sToroHapyxHoe
KONbLULO AOMXHO CTOATbL B KOpnyce no
MOOBUXHOM nocajgpke (Hanpumep, H7) wu
MMeTb No Topuam 3a30p C A0 3aWMNTHDEBX
Kpblle K. U3 IBY X onop nnasBatwen
cnepyert genartThb onopy c MeHbLWLeEew
palvManbHOMWHATIPY3IKOMW.

Ons yBenuMyeHMA XeCcTKOCTM onop B
dDUKCUPOBaAaHHOM onope Bana
ycTaHaBAauMBaAlT IBa OOMWHADPHDELIX
(WAaPMUWKOBBX MNIU PONMUKOBBIX) MUNU OOLMUH
COBOEHHB MW NOALWMUNHMEK.

Bropasa cxema KpenneHWsa
nogwnMnHUKOB ("Bpacnop") npumMmeHdaeTcCcsd
aonas OIBYXONOPHB X BanhoB HebBONbWOMK
OAWHB — Ao 300..350 MM. 3TO KpennhneHue

Hanbonee npocCcTOE " camMoe nLeweBoe,
TaKKaKpaCTOYKHUW KoOpnycCcarnagKkume u
9

CKBO3HbLE(pUC.)S).

Puc4 YcTaHOBKaAaNOAWMNHUKOB C
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dUKCUPOBAaHHOM M«NNaBawWeW»onopamMm

Pucs5YcTaHoBKanoAWUNHUKAaA«BPACNOP»

Topubtl BHYTPEHHMUX Koneuy ob6ounx
OAWMNHUKOB ynupatwT B 6YypTHUKMKU Bana
nW APYIrMUX AeTaneun, cuaawWMx Ha Bany.
HewHUe TOPLUbI HapyXHblX Koneuy
OAWMNHUKOB ynupawTcCs B TOpPLUbI
pblilWe K Mnu ApYyrunx neTtTanen,
aKpenimneHHDBb X B Kopnyce. Ons
peapoTBpaWeHusn 3aKNMHMUBaAaHUSA npw
arpeBe MUNIW owWMOBKAaX M3TOTOBNEHUSA U
6GOPKM HaA OOQLHOM KOHULUEe Bana Mexagy
OPULOM KPbLWKKWU (CTONOPHOTNO KoNnbua) u
apyXHbM KONbLOM NOAOWMUNHUK a
ocTaBNAWT 3a30p a TaK KaK 3a3o0p
YyeHb Man, Ha yepTrTexax ero He
Ka3bBatwT. Benumuuny 3a30pa a
PUHMUMAKWT Ha02..03 MM 60oNblie BeNUYWHBI
ennoBOro yaoJlluHeHUWA Banna A+4[l14 npwu
agpunanbHBbB X NOAWMUMNHMWEKaaX U H a
ENNYUHY OCeBOMU «UTpPbl» (003..01 MM) Npw
agMnanbHO YNMOPHEBLIX.

MoHTax BanoBMuonop
KoHcTpyKUuuA4 Onopbsl 0L ONXHa
peaycMaTpuBaThL: BO3MOXHOCTH®b
6bOpPKMU MU pa3boOpPpKKM BCex oeTanen Bana,
BO6GOOHL K npoxon NOAWMWNHMUEKOB oo
OCafgoO4YHBIX MECT U AOCTYNHBUNU MOHT AX MU
EMOHTaX MUX Ha Baly WU B Kopnyce;
O3MOXHOCTbL PEeryanmpoBKMU 3ybByarThlX



3auenfeHNMMn M 3a30poBBCaAaMMUX
10

noaoWMNHUKAX KaK NPU MOHTaxe,
TaKunBRnpouecece

KCcnnyaTtTauunun.

Puc6 KoHCcCTpyKUMA ONOPCNPUMEHEHUEM
cTaKaHOB

MHorpa B oOTBepcCcTWEe Kopnyca pAns
obneryeHus MOHTa»Xa BalloB, UX 0OCeBOMN
dbMuKcauuu, YHUDUKALNM InamMeTpoOB
pacToyek, YMEHBLWEHMUS M3HOCa

OTBEPCTWUW B KOPMNYC CTaBAT CTakKadHbhl:
UWYryHHBE C TONNWMHOMN CTEHOK 8..10MM 1w
CTalbHbBE C TONWMUHOMN CTEHOKA4.6MM(pPHUC.
6).

BoneenonHbe cBegLeHMUA O
KOHCTPYKTUMUBHOM OPOpPMNEHUU ONODP
M3NOoXeHbB BnNnuTeparTypel[610,11,13].

MocaAKM NOAWUNHUKOB KayeHHUSH

Mocapka NoOAOWMMNHKUKaa 3aBUCUT oT
peXuMumMa ero paboTb U BULA HAaTrpyXeHUSH
Konbuya; pa3mMepa, HanpaB/eHMUSH ]
XapakTepa Harpys3oKk, TMna MU pa3mMepa
NOAOWMUNHUKA,YCNTOBUKU IKCNAyaTaUUuMWU.

Bkopobkax ckopocTeMWcTaHKORB
NPUMEHAWT ABaBUOAAaHATPYXeHUSa Koneu:
MECTHOE MW UUPKYNTALMOHHOE.

[Ilpbn MecTHOM HarpyXeHHWHU KONbLO He



BpawaeTCcss OTHOCMUTENbHO Harpys3KH#
(HapyXHoe KONnbuo). ConpsaxeHue
HapyXHOoOTro Konbua NoOAWMKWMNHMUEKa c
oTBepcTMEM B Kopnyce (MAIMW B CTaKaHe®e)
BHIMONMHSAKWT NO nNepexoanoHOW nocapke (H7,
Ke, M7, N7), nDatwwehm Ma bl HaTsar Mnu

HebOoOnNbWOW 3a30pP,NO0O3IBONAWWMUN KoNbLUy
npw paborTe HECKONbKO
noBOpayYyumBaTbC 4 OTHOCUTENBLHO
cBOoOeronocajgo4YyHoro mecTa.bnaropaps
3TOMY B paborTe yyacTBYEeT BC A
JOPOXKa Ka4vYeHUsda.

lMpwn UUDPKYNALNOHHOM HarpyxXeHuu
KOoOnbLuo BpawaerTcH OTHOCUTENBbHO
BHeEeWHEMN Harpys3KH#H (BHYTpPpeHHEE
KONnbuo). ConpsaxeHune BHYTpPEeHHETrO
Konbuya c BasloM BBIMOMHAWT no
HenoadBMWUXHBIM NOAOWMUNHMUEKOBBLIM
nocaamkKam(gb, h6, k6, mo, nb) .

Ons HopManbHOIFro peXxmma paboThl
NOAOWMNHUKOB KNNaccaTo4YyHOCTHUOB
KopobKax cKopocTeuWn BONnoOpax
NPOMEXYTOYHBIX BaNOBNPUMEHAIKT
nocajgKuW: 0N HapyXHoOorokonbuyua-H7, ansA
BHYTpPeHHero-k.HapyXHoe Konbuonpw
nocajgkax Kem MHe nepemMewaeTcCHd
BOONb OCMU.

11

Mocapkwu NOAOWMMNHUEKORB H a B a N bl
nNPoM3IBOAAT NO CUCTEMEe OTBEepPCTHUA, a B
Kopnyc - no cnmcrteme Bana.
llepoxoBaToOCTb NOBEPXHOCTEW BalloB WU
OTBEPCTHUMN KopnycoB (CTaHKORB) B
MecTax nocapnkwm NOAWMMNHUEKORB Ra =

0,4..0,8M K M.

13.PacuyueT Banos

Mpwu KOHCTpPpyYyUWpoOoOBaHWUMU MeXaHW3MOB
CTaHKOB BHa4ane BbIMONHAKT
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POEKTMUPOBOYHBLIMN pacuyerT Banos, a
aTewm, nocne npoyep4yunBaHUA
OMMNOHOBKM! y3na (Hanpumep, KopobkKwH
KoOpoCcTen) U onpepeneHMs OCHOBHEBIX
OHCTPYKTMWBHBHIX pa3MeposB Banos,
POM3IBOAAT UX NPOBEPOYHBIW pacuyerT.
CHOBHBIMMU KPUTEepPpUuAMMHU
aboTocnocobBHOCTM Bana cnyxart
POYHOCT b, EeCTKOCTHb n
MBPOYCTOMYUMBOCTGSb.

MpoeKTUPOBOYHBIN pacyerT

MpenBapuWTenbHO AMaMeTpb BanoB ond

CKM3HOTO nNpoeKTa (KOMNDOHOBKMW)
CTaHaBAIMUBAaAlT pac4yeToM,
as3uvmpywowmmc sa H a npocTenwWwunXx
AaBUCUMOCTAX MexXAHoy AMamMeTpoMm Bahma,
PYTSAWUM MOMEHTOM, YCNOBHBM
ONyCKaeMb M HanpaXeHWAM npw
pPpyyYyeHUMH Mnwu yrnom 3aKpyuYynmBaHwuA.
acCcCMOTPWUM NopAaAaoOK pac4yeTa BanosB
OpoObBGBKM CKOpPOCTEMW.

1.OnpenenawT MOWHOCTbL Ha BCeXx Balax:

=N

wn

n

LeN,—~MOWHOCTb,NepefjaBaeMas
nuMHbeneM,KBT,paBHaa asbdbeKTMUBHOMN
oOWHOCTMU pe3aHMAa NpMHanMbonee
arpyXeHHompexume paboTh;n-KMNA
YyaCTKaKMHeMaTMUM4YeCKOMN LeNuHn OT
NMHOEeNna noopaccyuMTbBaemMoroBarna.
AaCCYUTHBAKWT KPYTALWMEe MOMEHTEHI Ha
cex Bahnax:

9740
M 1

N;(1)

2.



[: ] (2)

roe M - KPpYyTALWKMK MoMeHT, H-m; N-
nepepfpaBaeMasd BajloM MOWHOCTb, KBT; jn-
pacdeTHas+d yacToOTa BpawWeHWH Bana,
MUH!, KoTopasda A4ANA NocnegHero Bana -
wnuMuHaena 6onbWMHCTBA CTaHKOB(KpOME
06 4MPOYHEBIX) onpepenfAaerTcs n 3

cnepywuwem 3aBUCUMOCTMU:

‘nyg=nyR,3) raen,~MUHMUMaNbHaASA
yacToTaBpawWeHMs WNUHAeNns, o06/MUH
(MUH )R-
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OMWana3oOHperynuMpoBaHMWA YyacTOT BpaleHUSH
WnWuHAaens.

PacuyueTHbe yacTOThH BpalleHUH
MPOMEXYTOUYHbL X BaloBONpeneNnAlwT No
rpadbMmky nepejadynpumuBopacyd4yeToMm
Ny, WNWUHILEens:.

3.0npenpenswT AnaMeTpb BaloB No
JONYCKaeMOMY HanpaXeHWIONPHU
Kpy4dYyeHWU[T]=25.30MIa:

M
d,®)

0,27 [ 7]

rne,d-aovamMeTp Banna,MMM.

MeHbWMEe 3HAaYEHUA[T]INPUHUMAIKWT 0N 4
6onee 0NMUHHB X BanoB,a 6onbWwMe—40s
KOPOTEKMUX.

4. HaWwpneHHB e pac4YyeTOM avnamMeTDphl
BaNnoB OKPYIFrNAaWT 4O HOPMAalnM30BaHHDLX
InameTpoB rnagkux (no NOCT 6636-69) [15] u
Wnuue BBH X BanoB (no [ OCT 1139-58) [12].



PesynbTarthl pacyerTa MHOFrOBaloBOW
KOpPoObBKM CKOpoOCTeW peKomMeHpOoyeTCH
cBecTuMBTaAabGBIMUY:

No. PacyeTHbe napameTphsl
Bana

no N, kBT M, H-wm o 1, dMM
KMHEeM MU H

aTVI'-IVe pac HOpPpM
cKown yeT. | anuas.
cxeme

MpoBepoOYHLIH pacuerT

B KypcoBOM nNpoeKTe TMNpPpOBEePOYHbLH
pacuyerT BbIMOMHAWT ans Hambonee
Harpy»XeHHBb X OOHOTIMO-OBY X BanoB
KOPOOBKM cCkopocTeMn" Mpw 3TOM
paccuYyMmTbhBatwT B alr H a CTaTUYeCKYI
MPOYHOCTH B HEeCKONbEKMUX onacHBbX
cCeyeHUnaX c yyeToM CNOXHOM
dJedopmMauunwmn ] Mm3rmba, a TaKkxe Ha

XXeCTKOCTb W Ha BbIHOCJNTHUBOCTHDb.
BanblHanmnpo4YHOCTb paccyuMTbBaAWT NO

dbopmMyne

M (s)
(1.,

roeM,,-NnpuBeeHHbAMOMEHT,HmM W-
MOMEHT CONMPOTMUBNEHNWA B ONAaCHOM
ceyeHWU,MM%5[]o,,—AOoNyCcKaemMoe
HanpaxeHune,MIa.

2
K

M, =M, ,+0,75M . (6)



*PacuyeTwnuMHOoenAa—-nNocCneoAHEero(BbX0ALHOTO)
BallanpuBojarnaBHOINO ABUXEHMUS
o6s3aTeNeHUMpPacCcCMOTPEH HUXE.
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3necbM,,~MaKCUManbHBIU U3ITMNOBawLWKMK
MOMEHT BONAcHOMCEeYeHUU, Hm; M, -
MaKCMUManbHBW KPYTAWNUN MOMEHT B
onacHomMceyeHUU,Hm. MomeHT

conpoTtTunBlneHWAa Balna paBeH:
3

T
d
LN KPYTrnorocnnowHOT O
cevyeHMU
a3w=
32d
0,1
= |
| 1)
I\
ddWO
3 dd-
4
LNS KPYrnoro 10,1
nonoro 0
cCeyeHUsH
no__
32 d 4 d

roed-HapyXHb#W anameTp Bana;,d-
BHYTPEeHHUN OnameTpnonoroBahna.cC
JOCTAaTOYHOMHA AaHHOMW CTAaAaAKUMU
pacyeTaTOYHOCTbIO AONA BanoB U3
cpenpHeyrnepoagmctTtoncTtanmn(CT.54540X,
40XHwuW op)MOoXHO NpPpUHATSDL []0,,-50...60 H/mMm m?2,
[fpoBepoO4YHBIMN pacyeT BallaHa
CTaTMYEeCKYHONPOYHOCTbLNPOMI3IBOLAT B



cneapgpytuwem nopannpke:

1. Monb3yAcshb CXeMOoMn KOMMOOHOBEKM
KOpPoObBKM cKopocTeMu, cocTaBnNsaAT
KOHCTPYKTUBHYILO CXeMy (puc.7, aym cxemy
HarpyXeHuwsa (puc.7, 6) paccyYyMmTbBaAaEeMOTro
Bana.
2CocTaBnAwT pacyeTHbBE CXeMb Bana B
BEPTUKaAaNbHOM (puc. 7, B) 7
FrOPU3OHTaAaNbHOMW (PUC.7, TH)NNOCKOCTSHAX MU
CTPOSAT 3MNW0OPbL M3ITUbBaWK X MOMEHTOB.
Pacuer YyCUNUN HarpyXeHMUSH Bana MU
peaKkUuMMW BONOpPpax nNnpuBeageH Ha puc.l7.
3.CTposaT anpy CYMMapHBIX
M3rnmbawwmx MmomeHTOB(pUC.7, 4).0nsa

nwobéoroceyeHMA CYMMapHBN MOMEHT
paBeH?2X

M, =M+ M.

4. CTposaT oanNtOpbl KPYTAWKUX (PUC.T7, €)H
npuBedeHHB X (PUC.7,) MOMEHTOBI[CM.
bopmyny (6).

5. OnpenenswrT LencTBUTENbHLIE
HanpAaXeHMWA B ONaAaCHbB X CeYeHUAX Bana
(Hanpumep I-InI-I) no dopmyneG), KOTOoOpPpH €
He HOONXHBL MnNpeBbIWaAaThb JonyckaeMoe
HanpaXeHUe.

PacyueT BanoB KOPOOBOK CKOpPOCTEMW Ha
WEeCTKOCTbWHABbBHOCNUBOCTGHb
BLIMONHAKWT peXxXxe(no 3aTOMYy BONPOCY CM.
nuntepartTypylll,l12,15,16]).

14. Bi6opuMpacyeT NOAWMUNHUKOB
KayeHMUSH

MpM KYPCOBOM NPOEKTUPOBAHUKU TUN HU

ra6bapuTHBb e pa3mMepbl noagwnMNHWUWKORB
npeaBapumTenbHDO BblOMpaAtwT no
KOHCTPYKTWBHBM coob6paxXeHUAaAM,

Mcxoaoda M3 pacd4yeTHOro gMamMeTpa Bana
(cm. nogpaspnen 1.1). MpeanoyTeHUWe Npw
3TOM cnepyertT oThpaBaThb



WapuMmKoOoNnoJWUNHMUKAM NO CpaBHeHWIO C
6onee TPYLOEMKWUMMU M LOPOTOCTOALWMUMMU

14
PONMUKONOJAWMAOHUKAMMHU. Mpwu oceBOM
Harpy3Ke cocTaBnsawwemnm 3% n 6onee 0T
paluManbHOM peKoMeHAayeTCSHd
NPUMEHATHL WapWUKOBELIE

noaoWWNHMUKMW.

PacueTtTycunumn
T Fa
Ao B HarpyXeHuaBahnaw
peaKkuumn B
., onopax:
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M
P=; zzzd:m 75

@l T,= P,tg 20;
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2= P cos18’ “Py= PZ-sin18;

“T,7 Thin1s: ~ 1o~ T, cosl;
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Ecnwu no pacyeTam



palvManbHO-YNOPHBLE NOAWMUNHMMEKMU
OKa3bBawTC A HeNnpPpUIroOAHBMMW, TO
nepexopnsart H a PONMKONOAWMUNHUEKMU.
[focnenHune NPUMEHSAIWT TaKxXe, ecnwu
Heob6bXodMWMMO obecneynThsb BbiCOKYVYI
EeCTKOCTbL OMNMOp MNW ecnNun LEeNCcCTBYIT
6bonbWMEe OMHAMUYECKNE HAarpy3KMU.

Ha cnepyouem 3aTane nocne
BbIMOMTHEHMUS NMPOBEPOYHDEBIX pac4yeToOB
BallosB n onpeneneHw”n peaKkuun B
onopax (C M. pas3pnen 1.3) BbIMONHAKT
NMPOBEPOYHBIN pacyeT NoJWMNHUKOB.[lpw
3TOM onpenensawT 0LEeNnCTBUTENbHYIO
OIVWHAMMWYECKYW Trpy3onoagbeMHY CcuNy
Hanmbonee HarpyXeHHOTO NOAWMUNHUK a
Hapacc4YyuMTbBaeMOMBany:

1/ a
"heo|s
-
6OC
)
Tab6n
=)
©10

)

roneC-goMHaMMyecKaga rpysonoagbemMHasd
CMJ'Ia,KH;Q—I'IpVIBe,D,eHHaFI Harpy3KaHa

NOAQWUNHUKU, KHnm-—-4vyacToTaBpaweHUsn

Bana,MMWH h—TpebyeMaa 0ONITroBeYHOCTHSH
(pecypc)nogWwMnNnHMUKAaA,Y, x-NOoOKas3aTenb

cTeneHw
(ANAWapMKONOJAOWMUWNHUKOB & =3,4"1
ponNMKONOAWMUNHMKMEKOB & =10/3).

Iﬂ,OJ'IrOBe‘-IHOCTI::(DeCpr)I’IO,EI,LIJMI'IHl/IKa
hOPUEHTUPOBOYHO MOXHO NMPUHUMATHLb

PaBHOMS0004Y O0NA MENKUX U

nNerkKkosamMeHsaeMb X ToAWMNHUEKOB; 10000 4 —
AnAanoagWMNNHUMWKOBCPEeEeOIHUNWX pa3MepoB U

paboTawWMX BYCNOBUAX CpefHero



HarpyXeHuna;250004—-o0na TaxXenblX U
JOpOrocTofAWNX MOJQWMNHMUEKDOB,
paboTawWMX B TPYAHOLOCTYTNHEBIX
MecTax.0OpHaKoHeNb3da NPUHUMATHL
hype3MepHO 6O0ONbWMUM, TaK KaK 3TO MOXET
Bbl3BaTb HeoONpaBAoaHHOE YBeJIMYEHUE
rabapmMmToOBUCTOUMOCTMH.

MpuBeogeHHYWHaAarpys3Kky aond
pagManNnbHbB X WapUKONOAWMUNHUKOB U
paoManNnbHO-YNOPHL X WapUKO-HU
ponuMKoONnNoOAWMUNHUKOBONpPeOLendawT No
dopmyne

1 ORkmAkks—-.,.,(8)

rine R - pacuyeTHas paluvanbHaH+A
Harpys3Ka, oenvcTtTBylWaa Ha NOAWMUNHMEK,
KH, paBHaS+A BeNMYUHE CYMMapHOMW
ONOPHOW peakKUUMU;A-pacyeTHas oceBas-
Harpyas3kKa H a NOAWMUNHMEK, K H; m -
KoadbhdbunmumeHrt npuBeageHMUSd oceBOM
Harpy3KW K pafguMmanbHOMW, NPaAaKTMUYeEeCKHMU
onA OCHOBHBIX TUNOB NoOAWWNHWUEKDOB,

NPUMEHAEMbB X B KOpOoObGBKax CKOpOCTEMN
CTAaHKOB,MOXHO NPWUHATDbL m=1,5;,
k
—KooddbMUMEeHT BpalWWeHUA, paBHBNLINPMU
BpaWwWeHUN BHYTPEHHEroKoOnNbULaAa MW 12npwu
BpPpalWeHMM HapPyXHOIMO KONbLUa;;,
k—-KoadhdMUMEHT,YYUTb BAWWUMN
BNMWAHUE XapaKTepaHarpys3KWHa
NOAWMWNHUK(OANSAS KOPOOBOK CKOpPOCTEMW
CTAaHKOBMOXHO NMPUHATDb kg=1...1,2);,
k—-TeMnepaTypHbB W KoOadbdbDUMUMEHT,
16

3HaYyeHMWA KOTOpPpOrocnepgytwuwme:

Paboyasa tTemneparTypa,°C 100125150200
TemnepaTypHb# KoadbdUuuMeHT,k, 1,01,05
1,1 1,25



Ona noaowWMNHAUKOB C KOPOTKWUMMU

ULUAMHAOPUYECKUMMHU PpoOnNMKAaAMM n
pagauvansbHBb X WapMKONOAWMUNHMEKOB, He
Harpy»XeHHblX oceBOM cumnowmn,

npuBeagaeHHada Harpy3Ka paBHa
. ORkkks=",(9

annd ynopHb X TOAWMUNHUKOB

LQAkks=-.(10)

3HavyeHUsnA LVMHaMUUYECKOMN

rpy3onoabeMHOW cuAbl C,,6, AN 8 KaxXxnoro

TMUNOpai3Mepa NOAWWNHUKA NPUBOLATCSA
BKaTanorax MamBCcnpaBO4YHMUKaX [I2, 18]

22.3YBYATHIE KOJIECA

2. KOHCTPYKTHWUBHbBE 3/1€MEHTHI
3ybyaTbhXx Konec

ULvnnuHpopuruyueckune 3ybuyaTshl e Koneca

M a bl X 7 CpenHMUX oInamMeTpoOB
M3roToBNAKT CO cTynuuewn (puc. 8, a, B)
nmb6o 6e3 cTynuub (puc.8, 6), ecnu D.<80MM.
OnAa cHUXeHUA Macch Koneca ¢ D,>8MM B
T - e e = N
TR ¢ -
[ SN s a6
%7 '
L = —
[ ! .
5 ;/ 1
IB1Z 7 o
b [ |
il 3
| "y
= = 2 ghacmu

Puc.80OcHOBHbBE 3NeMEeEHTbB ULUAMUHAPMUYECKMUX



3ybyaTh X Konec
17

Pa3smMepb oTOEeNbHbB X 31eMeHTOB
ULUNMUHOPUYECKUX 3ybUyaThx Konec
peKoMeHIOIYeTCANPUHUMATHD
cnepywownumu(cm.puc.8 axrdd,

cT

(1,5...1,7)
1,2..1,7) + . :=;¢=025b;¢,=0,2b;a=(3..4m; 0,5() D,=D +d., ,;
db
/3.4 d,=D ~d.,.

LlecTepHMU KOHCTPYMWUpPYIT B IBY X
MCNONMHEHMUA X: oOTHhenbHO oT Bana
(HacajgHafa WecTepHsAs) M BMecTe C BaloM
(Ban-wecTtepHa) lWecTtepHto BbIMOMHAWT
HacalHOW nNWMWWb B TOM Chydae, ecnu
HaWMEHBLWMWHN JoONyCcKaeMbl ¥ pa3Mep
Mexay Yyr70M WMNOHOYHOMW KaHaBKMW ¢
InamMeTpoOMm OKPYXHOCTHW BRaAuWH D(CM.
puc.8,6)00nNXeHO6bTb He MeHee 25m.

B MNOCKMX 3yb4yarThlX Konecax C
HebOOoONblOMW WMPUHOMK BeHLUa onaA
BblageneHUWss 6a30BbLIX TOPLOB HECKONbKDO
3aHMUXatT yyacTKM (Ha 1.2 M M), n X
pa3pnenstwowurMe (cwm. puc. 8 a) B y3kwux
3ybyarTh X Konecax Heb6oONbWOTO
AnameTpa (D,< 8MM) BBITOYKMKU He penawT
(C M. puc. 8, 0, B)., ®ackwu Ha yrnax
WwnmueBoro oTBEepPCTMUA NMPUHUMAaAWT
cornacHo puc. 8, r. KOHCTpPYKUMKM

KOHMYECKUX Konec (Manblx U cpepHMX No
BenNMWYMNHE) U peKoMeHaQgaUNUWUM No Bel6OpY
MX pa3MepoBNpMuBedeHbB Hapuc.9, a, 6, B.

22.Bbnokn 3yb6yaThXx Konec

BKopobKax cKOpOCTeMCTaHKORB
WMPOKOE MPUMEHEHMNWE HaxooaT ABY X-,



TPpexXx-Mm yeTbpexXxXBeHULOBb e 610KMU
3ybyaTbhx Konec(puc.10). Mpw
KOHCTPYMPOBAHMWU MHOTOBEHLOBBI X
6NOKOBMEXAOLY BeHULaMuUucneagyer
npeoycMaTpuMuBaTb paa3dgensgioWwme ux
KaHaBKMW,a TaKXe KoOnNblLeBble Nnaslbl 44
nepeidBUXHB X KaMHEeW UNUMBUNOK.Bbb6OpP
paccTOAHUA MEXAOLY 3y64yaTbiMM BeHLaAMMU
6nNoKa3aBUCUT NTMOBOOT TEXHONOIMMUMU
M3rotToBneHMsa sybobeB, nnmbo oT
KOHCTPYKLUMU MEXaAaHU3Ma
nepekniwyeHmna konec.lluprMmHanpoTOoOUYKMH

b(cM. pnc.10,r)oonxXxHaob6bTb AOCTAaTOYHOM
Ins BbXxXogapgonbakauwnuuwensepa. bnokwu,
M3roToOBNAEMbe M3 CTanuc
TepMoOObOpaboTKOMN TUNA«YNYyUYWEHUE
NPW 8N CTEeneHM TOYHOCTMHU 3YybOBYyaTh X
BeHUOB MW Irpybee, MmorytTHapesa3aTbCcCsH
pnon6baKkamMum besz nocnenywowem 0BOOKMU,
AnaHUX NnpumMoAaynem=1,5.5pa3mepbl h225;b,
=5.7MM.3y6bAT-M UEMNCTEenNeHENW TOYHOCTMH
Cne 3aKankKMunpuTupawT Ha
MPOYHBIX CTAaHKax;4ANaHUX pa3Menphbl
BKM NPUHUMaAWT TaKUMMXe.Ecnwu
aThble BeEHUb C TepMoobpaboTKoOM
«YNY4YWEeHME»BLIMONHSAKWT No7-H#
€EHMW TOYHOCTMU, TOOKOHYAaTENbHOMU
auvmenmnpmobpaboTKe 3ybbesB
eTCcCAaWeBMHIroBaHMWE, ANA HMUX
ep KaHaBOKNPUHUMAWT NO
ManbHBM HOMOTrpamMamI[lO]. [Mpw
OCTUM AMAMETPOBCOCEOHMEX
aTblx BeHUOB B Npeapenax40.80 MM

18

WOT OT NOOAH w X313
< O JY w34 I KK QT O
OOWw d W3 ®M®OONI X
LI EFENYT 3 € A

MOXHO MNPUHUMATHL 12.16 ;=M M.
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Puc9 KOHCTPYKTMUBHLIE 3/TeMeHThl
nec

1
b b,

Pucl0o KOHCTPYKUMM MHOTOBEHLOBBL X 61TO0OKOB
3yb6yaThXx Konec

WMpMWHY NPOTOYKU ,hbNPU NEPEKNTIOYEHUMU
Koneca pbyarom (pwuc. 10, 6, B) Bei6UupatwT
KOHCTPYKTMUBHO; npw nepeKknwyYeHNU
NON3YHOM C peeyHbIM NPpMUBOLOM (4..6) by=b,
tMMm, raoeb.=10,12unmil6MmmMm-—pasmenp
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KaMHa4a [10].

FNny6uHY KONblLleBbhblX KaHaBOK non
KaMHUW MOXHO NpuHumartsb h,=4.7mm.Wunpuna
NMPOTOYKHU , b(puc. 10, B) ponxHa O6bTHb
JOoOCTaTO4YHOM LA pa3MeWeHUa BUNKMU;
06bl4YHO bL,ZIOM M.

3y6b4 BeHLOB MNMoaBMUXHDEBIX 6nokKoOB
3ybuyaThiXx KONec,a TaKXe HenoJaBMWXHEBbIX
COCTOPOHB BXOAgaB3alLlenneHWe BEHLOB

CKawnmBawrT noan yranom 15...20° 7
3aKpyrnawT, 4yTobb 06NerYynITb BBOJ B
3auenneHune nepejasBMUXHBI X Konec ¢
CONPSAXEHHB MU HEMOABUXHBMMU (CM. puc.lo,
6). PabouyuuMmnm 4vyepTexX OBYXBEHLOBOTNO
6noka 3ybyaThx Konnec npeagcTaBfneH Ha
puc. 11.

OnaymMeHbWeHNWA OCEBLIX pa3MepoB
3y64yaTh X ONOKOBMUCNONb3YIT KX
COHOPHYWKOHCTpPYKUMKIWO(pUC.12).B
TOKaAapHOMCTaHKe MmoJgenul6K20
CTaAaHKOCTpPOMTENbBHOINro 3aBoOda
"KpacHb MW NponeTapum"otTnenbHLE
Koneca CoOeJMWHAWT BOOWKUN OBNOK Kneewm
(pnc.13).dna nyywerocuenneHna Ha
CONMPAXEeHHB X TOBEPXHOCTAX Hapes3awT
BUHTOBbBle KaHaBKW pPa3HOTO
HanpaBneHMUSH.

23.Mocapkmnm saybyaTtex Konec

OnAaHeNOOBUWXHB X COEAUMHEHWUN B
MexXxaHUM3IMax, TpebywouwWmnmx pa3bopKU,B
3aBUMCUMOCTHWU OT BN UYMUHBSI
nepejaBaeMb X YCUAUNNPUMEHAWT OOHY
M3 nepexoagHbx nocafgoK.[lpucpelHMUX
veumnumax npumeHstoT nocanaky H7k6. 1 na
CMEHHB X KonecnpuMcbHoOpPpKEe UX BPYUYHYIO



pekoMeHayeTcAnocaaka H7Th6.[1pw
MCNONb30BaHUMU 3ITUX MOCaA[OK
HeobXoaQMUMO KpenuUTb 3ybyaThle KoNneca
BoOCeBOMHanpaBneHuu.na
nNepenBUXHB X 6NOKOB 3yb64yaThblXx Konec
nNPUMEHAKWT NocapkwuH6h,HTf6,HT
e8fMMocankaH/leMcnonb3yeTCcsas TONbKO
npuvu o6OoONbWOKW ANMHE CTYyNuUUbB 6NO0Ka
Konec.

Bunp conpsaxXeHwunasda 3yb64yarTh X Konec
onpepgpendaeTcasA BeTMYUHOMN 6oOKOBOTO
3a3opa, KOTOPbLIM 3agaeTcsa YCNOBUAMMU
IKcnnyaTaUuuMU. roOCT 1643-72
npeagycMaTpuBaeT 6 BULOB CONPSAXEHMUMU:
A B, C, 4, E v H W3 Hux H - ¢ HYyNneBblM
rapaHTMUPOBAHHBM 3a30pO0OM; A - c
YVBEeNMUYEHHBM rapaHTUWpPOBAHHLBM
3a30powm. Yawe BCero MCNOoONb3YyIT
conpsaxeHune B. OHoO obecneuunBaerT
MUHUMAaANbHYIO BeNUYUHY 60oKOBOTO
3a3opa, npw KOTOpPOM MCKNlYaeTCA
BO3MOXHOCTb 3aKNMWHUBaAaHMUA 3ybyaToMH
nepejgaymM OT Harpesa NpMWU pa3HOCTM
TeMnepaTypKonec#umKkKopnyca?25C.

24 MaTepunane 3yb6yaTbex kKkonec.Cnocob6hsl
YVNpPOYHEeHUWA 3ybbesB
20

OcHOBHbBMMaAaTepuWanommAans«
M3roToBNeHMWA 3ybuyaTbix Konec
KOPOBGBOK Nnepepgpaychnyxar
NerMpoBaHHBEe UM YyTrnepoagucT Th e
cTanun(tabn.2).
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B3aBucumMmoctTuMm oT TBEepAOCTU PaAaboyux
OBepxXHOCTEMW 3yb6beB nocne
epMooOb6pPpaboOTKM 3ybuyarThble Koneca
OXHO YCNOBHO pa3nenuTsb H a 1Be
pynnbl: ¢C TBepaoocTbi He 6onee HB 350 -
opManuM3oOBaHHBE MNUWU YyNYyUYlWEeHHbBEe U C
BepaoocTbi 6onee HB 350 (6 onee HRC 45 -
aKaneHHBL e, LeMeHTMWPOBAHHELIE,
MTPpOLEMEHTUPOBAaAaHHLIE,
30TUPOBaAHHBLE.

Mpwu TBEepPpAOCTHMH MaTepumana HB < 350
YyncTOBOE Hapes3aHWUe 3yb6beB
npoM3BOOAT nocne OKOHYaTenbHOMW
TEPMUYECKOMN obpaboTkKkwu 3aroTo0OBKMU.
[ToBepxHOCTHMH HOPManum3oBaHHDEBX U
VAYUYlWeHHBb X 3ybbesB Xopowo
npupabaTbBawTC A, yewm yacTMYHO

ycTpaHSaWTCA NOrpewHoOCTH 06paboTkKMU.

B

KoOpobKax cKopocTeMH U nomgau



CTaHKOB B KadyecTBe ylyylwaeMblX
MCNONb3YWT cTanuvm MapokK 45 502, 40X, 45X,
KOTODpGbl e HaxonoaT BecbMa WMPpOKOE
nNpUMEHEHMUE rnaBHSBM o6pa3om B
MENKOCEPUMNHOM u MHOMWBUIOAYaANbHOM
npouMsBOLCTBE, a TakKxe npw
npoM3BOACTBEe 3anyacTenm B YyCnoBMUSAKX
HecneuuMmanumMamMpoBaHHOTO
npomMs3BOACTBaA.

Ta6bnuya?

MexaHMUYecKHUEe XapaKTepUCTUKUCTanen ans
3yb4yaTbhX KONec CTaHKOB

22
Map TepMoob6pa MexaHMWYecCKkK TBephoc
K a 60TKa ne Thb
cCTa XapakTepuc
U TUKU,MIMa
o, o o, Ce Mos
. pa | epx
e H.
B WU HRC

Irzx
[su =N




35
45
45
45

45
40X
40X
40X

40X H
40X H

50
500
15X
20X

12X
H3

20X
H3
18X I

38X M
FOA

Hopmanwua3a

uua
<<

YnyyweHune

O6beMHasn
3aKanka

[ToBepxHO
CTHas+
3aKkanka
YnydyweHMH
e
O6beMHasd
3aKanka
[ToBepxHO
CTHas+4
3aKkanka
YnyyweHwu
e
O6beMHas
3aKkanka
Hopmanwua3a
uusa

<<
LlemeHTau

nsa u
3aKkanka

<<
LlemeHTau
MAa c
O0BOWHOM
3aKankowu
llemeHTauy
n A c
3aKankowu
LlemeHnTau
n A c
LBOWHOM
3aKankowu
A3oTuUupoBa
Hue C
3aKanko#wu

540...
580
610...
700
750...
850
1000

600
800...9
00
900...1
000
1000
750...
850
1000
580...
620
660...
700
700...
800
800

1000
800...

900

1150

1000

230...250
...180 360
...300 170

430

40 260...3
0...460 23

500

500

450 410..
220...250
320 250..
210...230

420

500

550

500

20...340
10...230
2 HRC
53...55

250...
280 —

210...

230 -

230...2
40

260...
400 —

400

350

56

260




3yb6uyaThe Koneca c TBepOoOCTGbLIO

paboyunx NoBeEpPXHOCTEMW HB > 350
MPUMEHSAWT B cpepnHe- n
BbICOKOHATMrPYXeHHBbX nepepagavax.
Beicokasn TBEPAOOCTHb pocTuUuraeTcs
TEPMUYECKUMM (3aKanka),
XUMUKO-TEPMUYECKUMMU (ueMeHTaUWA,
a30TMpPpOBaAaHUE), MEXAHMWUWYECKUMMU
MeToOoOdaMMU VNPOYHEHMUSd, a TakKkxe
39NeKTpPONONUPOBaHUEM.

Onsa 3aKankw MCNONb3YIT
yrnepoagumcTbe U NermMpoBaHHBE cTanwu
co CpeoHMUM COOoepXaHMUeM yrnepoaja
0,35..0,5% (c Tanwu 45 40X,35XM u 17.0.). TBEepAooOCTHSb
MOBEPXHOCTM 3yb6bes HRC 45...55.
MpumeHsaAT obbeMHYO 3aKanky Mnwu
3aKkanky c HarpesoM CBUY

(noBepxXxHOCTHasd 3aKafnka).
23
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Puc. 12 KoHCTPYKULUMUA COBOPHBIX 6NTO0OKOB
3yb4yaThb Xx Konec

Pucil3. KOHCTPYKUMUU CKNIEeUnBaAeMBbl X
6nN0KOB

lemeHTaumMu(HacblweHUNe yrnepoagom

OBEepPXHOCTHOrFrocnofAacnocne gytuwen
aKankoW)noagoBepratwT KoNnecauas
M3KoyrnepoagumcrTbiXx(cTanbl5u 20)u
ermMmpoBaHHB X 20X,20XH2M u ap.)cTanemn.
eMeHTUMpPOBaAaHME cCTanm no3BoONAET
ONYy4YnTb bH6ONBWYW TBEPALOCTb paboyux
oBepxHocTeun 3y6beB (HRC356..63) n
OCTAaTOYHO BA3KYHCepaAUEBUHY,YTO
becneynmBaeT BICOKYI KOHTaKTHYIMH
3IrMbHYIO NPOYHOCTbL 3ybHbesB.
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25.PacueTtT 3y6yaThXx nepen
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noBepxHoOCTEeW U U3TUDOHaGA.

npoeKkTe MPOYHOCTH
ybyaThXx Konec BbLMNONHSAWT
NPOEKTMUPOBOYHBIK
HblW.

NMNPOEKTUPOBOYHOM pacye
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yeTcH onpenenwu
H O OONYCTMUMBIH MOJLY
HarpyXeHHOM WwecTepHMH
rpynnoBoOM
b ypaBHeHUEM MPOYHOC
M3TrmMb NpM HaNOXeHMUM p A
n. Monoynwu BCeX npyr
Konec DAHHOW rpynmnoBOMW
NMNPUHMUMAKLT TaKUMKU Xe, K
CYMTbHIBAaeMoOro Koneca.
3Tane nocne BbiMOJMHEH
KW KOpoObBKM CKopocCT
BCe YyCNOBMUSA pabo
Konec mnpoBepsalwT Hanubon
Hble nmepefpaynM Mo AOMNMYCTUM
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Pacuer npounMsBoOaAdAT L4N1d WecCcTEepHMU.
OpneHTHMpPOBOYHOE MUHUMANbHDO
JonycTtTumoe 3HavYeHHUE Moaoyna m, MM,
BlYMCNAKT No dopMyne, npuBeoeHHONW B
MCTOYHMUKEII:

Mk

21
=4, (11)
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rne

k—-BCcnoMoraTenbHbB W KoadhdbUUuMEHT.
OnanpamMo3ybbex nepepadyk, =14, on
KOCO3YyObbX(Eg2)MWeBPOHHBIX Nepeja
k,=11,2; o n A Koc03y6b|x(5531)nepeuaqkm:12,5.
bopmyne(ID)M-KpPYy TAWMKN MOMEHT H
wecTtepHe,HM;z-4yncno kkyuynTbeBawm
HepaBHOMEPHOCT
3ybbeBuwecTtTepHU. KoadhdrnumeHrT,
pacnpepeneHna Harpy3KMnownMpuUuHe BeHLUa,
MOXHO NPUHSATb paBHbLMI,L.
WecTepHMU

U St 0 £ .|

OTHoOwWeHMUE

w¥ =
WMPUHB BeHLUa K b
HavyalbHOMY bd
onamMeTpy “
nNPpUHUMaeTCsd paBHbBM 0,2...1,6; MEeHbLWMUeE
3HavYeHWa — ANA NepenagBUXHBX 6nokKoOB

Kopobok nepenaudy.lnga kopobok nepepnau

CTaHkoBpPekomMeHAayeTCcAa ¥,=03.04.
yv,yYyYynutbBatwowmnmumn bdopmy 3yba,MOXHDO
onpenennMTb No



KoaddbununmeHnrt,
Tabn.67[(l1.AnAawecTepHU C YUCNOM
3yb6beBz=17-40(c KkoadhdbMUMEHTOM
cMeweHMAx=0)KoadbdrMuUuMEHT ,

ynpuBeneH B Tabn.3

Ta6banmuyas3
25

z 17 | 18 | 19 | 20 | 21 |22 |24 |25 |26 |30 |32 |37 |40

y |42 42 |41 |40 |40 |40 (39 (39 (38 (3,8 (3,7 [3,7]37

JonyckaemMoe M3rMbHOEe HanpaAaXeHUWeE
C,,0NpPenenanT NO POPMYNE pprd=0" -k,
(12" —ponycKaeMoe HanpaAXeHWe
3ybbeBnounus3rnmby,MlMa,

roe 0.

cooTBeTCTBYytWwWee 6a30BOMY Yynucny

LMWKNOBMNepeMeHb HanpaXeHUW,; k-

KO3dhdMUMEHT 0ONTOBEYHOCTMHU.
CvyyeToOMYyCNnoOBMUMN PaboTh U
M3roTOBNEeEHUA 3ybyaTh X Kolec
3HayYyeHUa npuBedeHb B Tabn.6s[ll].

Hanpumep,onsa sybyaTtToroekonecaua3
cTanwu

O pp
40X ¢ noBepxXxXHOCTHOW 3akankoun TBY po
TBepAooOCTHMH pabo4yunx nmMoBepXHOCTEMW

3y6beB HRC48.52 BenuuunmHa o’ ,=270MIMa npwu
HepeBEeEPCUBHOW Harpyake v o ,,=200MMa
npuM peBepPCUBHON Harpyake;anscTtanewm
20X, 20X ®, 12XH3A, 18XIT'T ¢ uemMeHTauMUen MU
3aKkankomn 3ybbeB no 1TBepanocTtu HRC 56..62
U nocnepytouwen WNMdDOBKOMN paboyunx
noBepxHOCTEMN o', = 300MI a npw

’

HepeBEeEPCUBHOMW " o' ,» = 220MMla npwu




pPpeBepPCUBHOW Harpyske.

Ons cTanbHbB X 3ybyaThx KONnec npwu
TBEepALOCTM NOBEPXHOCTHN 3yb6beB HB>350
MOXHO NPUHATDL ky=<1,63.

PaccuyuTtTaHHBMW NodopmMmynedl)ymoaynes
oOKpyrnaeTtTcsas gocTaHALapTHOTro (tTabn.4)
(cm. [ OCT 9563-60).

Ta6bnuuyad

m, 1-1 1,25 1,5 2 2.5 3 4 5 6 8 10
M M pAamn
2-" 1,375 | 1,75 | 2,2 2,7 3, 4, 5, 7 9 11
pAaan 5 5 5 5 5

MpoBepoYHBM pacuyerT

B NPOBEPOYHOM pacu4yerTe, Koranm
3B€CTHbl napameTDpsl nepepgpadm
cnoBwus ee paborThtl, onpeapensato
3rMbHble M KOHTaAaKTHbBE HanNnpaAXeHUs
paBHMBaAWT c JONYyCKaeMb MH# n
BLHOCAMWBOCTMU MaTepuana. I[lpwu 3TO0
pebyeTcCs BO3MOXHDO 6onbuwa
O4HOCTHSB onpeneneHusn BCe
oacdbdbmMuMEeHTOB, BNUSAWLWM X H
aboTOoOCNOCOBHOCTHDb nepegauywu.
e
a
6

O WW® X 1 20X 4090

- 0O 44 X

3ynbTaTtTe NpoeKTaHT YyTo4yHAEeT e
3Mepb,MaTepuman ¥ TEPMOXUMUYECKYIO
paboTKky 3yb6beB KONecC.

PacyeT Ha KOHTAQKTHYIO BHIHOCJHUBOCTHb
paboyux noBepxHocCcTEe#H 3y6bes.
JencTBywwWwWMne B nNepepavye KOHTaAaKTHbL e
HanpAaXeHWAaonpeagenatwT no dopmyne

26
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zzz,(3)

HHH
Sdu

w
1

roe c,—KOHTaAaKTHbe HanpaxeHunsa,MMa;,
Z—-KOoOSdbdbDUMUMEHT,3aBUCAWUN OT
yrnaHaknhoHa 3yb6besB
3HayYyeHWA KoadbdbMuMmeHTacCcMelWwWeHUd
KOHTYypanpuBeageHb B Tabn.610 [111. A n s
KoadhdbrmumeHtTacmeweHmna X=03HadyeHUSs ,
ZIMOXHO MPUHATbL NO

Tabn.s.
Ta6bnanumyas

Yron 0 10 15 20 25 30 35 40
Hakan
OHa
3yb6a

B

z 1,76 1,74 1,71 1,67 1,62 1,56 1,50 1,42

H

KoasdhdbunumnmeHnT,
ZYyYMTbBaeTMexaHMYeCcKMe cCBOUCTBA
MaTepuvnanos
conpsaXeHHbB X Konec.Onsa
CTanbHBIX 3yb4yaTbx Konec z,=
275. KoadhdburmumeHnrt,

ZVUYMUTbBAaeT CYMMapHYt© OAOUHY
KOHTaAKTHB X NAUHWUKA. Ona nNpaMo3yob6bXx U
KOCO3YybbX Konec npu KoadbhdbuuMeHTE
oceBOronepeKkpbTHNA EB<O,9



KosdhdbunuumeHrt
TopuoBOT
o}

nepeKpb T

v A Ill[llﬂ

B € ,=—+cos

18832 (4

roe zun,

z—4Mncna3ybbeBWECTEPHU U
Koneca,3HaK«t»MTPUHUMAWT O 1
HapyXHOro3auenneHus.

wonpepgendawT nodopmMmyne
YoenbHytOpacUYeTHYW OKPYXHYOCUNY

P
H H Hv
H, (15)
w= “
P: }
b 210 M
kkkae
rane P- cuna,H;
MCcCxXxXopgHasd =.1
OKPYXHasd
d

1

k—
3necbMV d-KPYTAWMNUN MOMEHT Ha
wecTepHe neemnameTp;,,KoadbdbuuumeHrT,
YVUUTbHBawWMMN pacnpeneneHne
Harpy3KM Mexaoy 3ybbamu.dnsa
27



npAMoO3ybbx nepepgauys=l,,
kkInsa KoCco3ybO6b X MWEeBPOHHBIX Konec7-H#
CTeneHU TOYHOCTMUNPUOKPYXHOM
CKopocTMKI10.20M/C MOXHO NPUHUMATHDb
k—-KoadhdbMuMmeHT pacnpepneneHuns
Harpy3KMnNnownWpuHe BeHLUa.

k;BH

=11 ,,

Ona 3y64yarthblX CKopocTemn=l
Konec Kopobok k—-koadbdbuuumMmeHT,

ky  n
BH
YVY4UTbBBawWMMUM AMHAMUYECKYIWOHaAarpyskKky,
BO3HMWKawWyr B 3ayuenjieHNnU:

b

LY

w -

= 4w

k'
1, (16)

"Pkk

tHHap

Ww—-ynoenbHas OKPYXHada dIMHaMMyecKas cua,
H/mm,
rane.,,

“w=20 -

who (IT)

30ecCbv-0KPYXHafA CKOPOCTHb,M/C;, a-
MexXxoceBoe paccToaHue, MmMm.llpwu
TBepaAaoCcTM NOBepxXxXHOCTen 3ybbeB HB <350
KoadbdburmumeHT000685,=, anpmu TBeppocTtu HB
>3500,014 § ,=.

KoasdbdbnmumeHT g, YUYMTHBAaOWMUN BAUAHUE
pa3HOCTMWAroB 3aULenNeHNa WeCTEPHM
MKoOoNneca,npuHMMawWT No Tabn.e6.



Ta6banmyab

Mooy nbm, 3HayeHUAgNPUM CTENECHMU
MM TOYHOCTMH

6 7 8 9

Ho3s 38 47 56 73

3,5...10 42 53 61 82

JonyckaeMoe KOHTaKTHOE®
HanpaxeHune[]o,onpenensawTno
dopmyne u3 [11]:

[],,0=0" %k, up. (18’ —ponyckaemoe
KOHTaAaKTHOEe HanpaAXeHUe,
cooTBeTCTBYOLWEEE

rone Oyp
6a30BOMY yncny LUKRNOB nepemMeH bl
HanpsaxeHun, MlMa; ,, kK - KoasdbdbUuuMeHT

A 3yb4yaThbXx KoORnec

gonrose4vyHocTwu. [
e c HKOB BeNUWYUHY
H 1.

KOPOBHBOK CKOpOCT T
mKMOXHO NPUHATDbL paBHO
3HavyeHuUAa o, npuBefeHb B Tabn.6s5[11].
Hanpumep,ondacTtanuni4oX c
NMOBEPXHOCTHOMW 3aKankownm TBY no
TBepaoocTuHn HRC48.52BenMUYMNUHa
28

n
" a
"

o’ ,=900MMa; ana cTanewn 20X, 20X D, 12XH3A, 18X T T
C uemMmeHTaLULWEMN M 3aKankKohn 3ybbeB A0
TBepaoocCcTH HRC 56...62 C nocnepytouwe

=«

WnudboBKOMW paboywux MoBeEPXHOCTEMW
JONycKaeMoe KOHTaKTHOEe HanpAXeHUE
o’ ,=900M a.

Pac4yeT Ha U3rM6HYH0O BbBHOCJHAMUBOCTH®b
3y 6beB. NencTtBytlown e B nepepfpauve
HanpaMXeHUA M3rnba cpaBHUBAaAWT c
JONYyCKaeMb M#, B3ATbMMU c yyeToOM

KoadhdbmumMmeHTa oONroBEeYHOCTMH.



JevncTBywOwWMe HanpaXeHUWa U3T Kb a
Y¥e &
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o =819
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roe koadbdbvmumeHrT,
yipUHUMaAaeTcano Tabn.67[lllmnumno
npuMBeadEHHOMW
HUXe COKpaWweHHOW Tabn.7aonsa 3yb64yarThlxX
Konec,y KOTOpPb X KoadbdbuumeHT
cMmeweHUudax=0.
Tabnuyav

z |19 ] 20 21 22 124 | 25 28 [ 30 | 32 | 37 | 40 | 45

yp | 4 | 408 | 401|140 |39 139 (38 |38 |37 |37 |37 3,6

KoasdbdbunumnmeHnt,
yy4yuTbBaeTnepekpbTHue a3ybbes.Ans
KoCcOo3ybbx u

WeBPOHHBI X Nepefjavyy=; AnAanNpsamMo3y6blx

nepBOHa4vYanbHOMNPUHUMaWT y,=1.MTpwn

YTOUYHEHHbB X pacyeTax KoadbhdbunumeHT,
yonpeagenswT no

npunoxeHnunwtiwl k TOCT 21354-75[19].

KoasddbunumneHnrt,
yy4yuTbiBaeT HakKnoH 3yb6a.na
npamMo3ybbx nepepgauy

ys=, ANA KOCO3Yb6b X MWWEBPOHHB X KO3dhdHuumnmeHT

vz =1-B/140 .
YoenbHYOpPaAacUYeTHYWOKPYXHYWOCUKUAY ,

woOnpenenawT nodopmyne



w - (20)

roeP-pacyeTHas OKpPYyXHaf cunas
3ybyaTtom3auenneHuun, H; pb—paboyasd

WMpPpMUHaAa BeHULA,MM
OkpyxHadacuna, , P=2000M/d, rne M-

KpyTAawnih MmomeHT,HmM, d—-—novnameTp

LEeENUTENbHOMW OKPYXHOCTMHU, MM,
kyyunTtTbBaeT pacnpepnpeneHuwe

Harpy3KuMumMexay 3yb6bamu.

KoasdbdbunuunmeHnrt,,
29

OnanpamMo3ybbx Mm Koco3ybbx nepejiay c
KOSdDOMULMEHTOMOCEBOTIO NepeKpbTHUSA &

slz,npuHumawTl
k.=

a

KosddbunumnmeHrt,,

kyyunTbBaeT pacnpeapeneHme Harpyas3kKHu
nowumpwuwHe

BeHLAa;MOXHO NMPUHATDL _
=11
k(c M. Tabn.63[11).
kyynmTtTbBaeT OMHaAaMMUYEeCKYIHHaAarpyskKky,
BO3HMWKAaAWYI B

KoadbdbunmunmeHT,
3auenneHunwn.
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1
roe,

w-YDLenbHafs OKPYXHafa AMHaAMMYeCKana cuna,
H/imm;

ngww:aF'o'U’(zz)
roev-OKpyXHaa CcKOpPOCT®b,M/C;, a-—
MexXxoceBoe paccTosAsHMue, MmMm.dndA
npaAMoO3ybbx nepepad 6,/0,016, 4 1 1
Koco3ybbx §,70006. KoadbdburmumeHrtg,
VYUNUTbHBawWMMW BAINAHME pa3HOCTHM WAroB
3auenneHWa, MOXHONPMUHATbL NO Tabn.s.
Ta6bnuyas

Moaynbm, 3HadYeHUWAgNPUCTENEHSAX
MM TOYHOCTMW 3aLenNeHns

5 6 7 8 9

o35 28 38 47 56 73

35...10 31 42 53 61 82

JonyckaemMoe narmbHoe HanpaxeHune [
lo,onpenenawtnodopmyne (12).

MpMunNnpoBepoYHOM pPpacuyeTeno
dbaKTMUYEeCKOMY HanpsaXeHUI T,
OKOHYaTeNbHOYCTaHaBNMBalT



MaTepunan3ybyaTbx KonecwuwBUL
YVNPOYHEHNUSA NMOBEPXHOCTHU 3yb6beB(CM.
Tabn.2).

JJ.WUNMAHAOEJIbHBIE Y 3J1bl

3. PacyeTHaKMUHEeMaTUYEeCKYIO
TOYHOCTHDB

KOHCTDyKLI,VIFl,TOHHOCTb M3arotTolieHna
cbopKMWNMHOENBbBHOIrO y3naBO

30

MHOTFOM onpenenawT TOYHOCT b,
HagoeXHOCTHb u B KOHEYHOM MTOT €
paboTOoOCNOCOBGBHOCTbL MeTannopexyuero
cTaHKa. B ¢cBA3M ¢ 3TMUM K TOYHOCTHMH
BpalWweHUSd, ecTKOCTMH,
BUOPOYCTOMYMBOCTMH 7
M3HOCOCTOMKOCTMU WNUHOENbHB X y3J10B
npenbABAALTCA ocob6ble TpeboBaHUSH
KoTopbe cnepyerT YyYMUTbBaTb Ha BCeXx
cCcTaaguMAaAXx CO3JaHMWA cTaHKa MW o0cob6eHHO
HacTalWW NPOEKTUPOBAHMUSA.
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Pucil4d. CxemapaagumanbHBX 6MEeHUA WNUHOENA
Ha ABYX OMNopax

To4yHOCTHDB BpauweHWA
XapaKTepunmsi3yerTcCcad 06blY4HO brneHUneM
nepegHerao KOHLa wnunHApennd "
onpependaeTtTcd TOYHOCTbLKW KaK CaMOTro
wnunHapaenda, Tak 7 KnhaccowMm TOYHOCTMHU



NMOAOWMMNHMWMEKDOB.

PanvwanbHoe 6MeHME KOHLUa
IBYyXonopHorownumHaenaonpeagensawrT
no cbopmyne

+ +
+ +
A 8 (23)
E &£ €+ &
=+
+
+ 10 100

E-pajgMmanbHOEe 6UEHMUE
NOAOWMNHUKOB COOTBETCTBEHHO B

3aflHenN n €,4

]

oe ,
epegHenonopax(puc.ld;,

E-pagpMmanbHOEe bMUeHUWE,CBA3AaHHOE C
reoMeTpPpUMYeCKUMMU NOTrPEeWHOCTAMM WNUHLE N A;,
4+-paccToOoOfAHME MEXOY

3

onopamu;,
+-O0NMHAaKOHCONBHOINO KOHULAaWNUWHAeEDNA.

3HayYeHUHA panguanbHBb X 6UnEeEHMUN
NOAWMMNHWUEKOB pas3nuyHBbl X KnaccosB
TOYHOCTMW nNnpuBepaeHb B Tabn. 9 Ecnn B
OOLHOM onope YyCTaHOBI/ €Hbl I Ba
CnapeHHB X OOHOTMWUNHB X NOAWMUNHMUEKA, TO
pe3ynbTupytwee 6MeHMe B 3TOW onope

yMeHbWwWaeTCda BIl42paa3a

Tab6bnanmya?

JonyckaemMbe paguMmanbHbe 6MEeHHUSA
NOAWMWNHUKOB Ka4YyeHUA

HoMuHanbH Knacc To4yHoOCTHMH
bW OMamMmeTp
Bala,MM
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CBbiw oo PO Pe6 Ps P4 P2

e

- 30 0,013 0,010 0,010 0,005 0,003
30 50 0,015 0,012 0,010 0,005 0,003
50 80 0,020 0,016 0,012 0,006 0,004
80 120 0,025 0,020 0,014 0,007 0,005
120 180 0,030 0,024 0,016 0,008 0,006
180 250 0,040 0,032 0,020 0,010 -
250 315 0,050 0,040 0,024 0,012 -
315 400 0,060 0,048 0,030 0,015 -

AOOBbhmWmOOITOAHOOXIIOO 1O a1

MepBble ABa cnaraeMbx B dopmMyne (23)

OXSWIOIIS SO SIQ0OEOUTDOT
O DDOTOXD®DLZTDODITODO®DOSSOD

O LT ORI IO I Wb

H
Cc

cTaBnaAwT cobon 6BMUeHMA B onopax,
efeHHbe K KOHUY WNnMWHAOena. 9To
OATEeNbCTBO nosBonsaserT nerkKo
MTb BNUAHUE OTHAeNbHBLX
METPOB WNMWHAENbBHOINroO y3/1aHaero
MaTMyYyeCKYW TOYHOCTbL. Hanpumenp,
me €,B b6oNbwWen cTeneHn BANMUAET Ha
apHoOe 6neHne, 4yem €&, NO3ITOMY
OCTb NOJWMUNHMUKOB 3agHeWw onNopb.bl
yeT BbbMpaTb Ha OAMWH-ABa Khacca

TOYHOCTMW NOAWMNHUKOB NepenHedw
bl. Ha cTaouMKM NPOEKTHOrNO pacyerTa
HO CYMTaAWT, 4MTO NOTFrpewWHOCTMU,
MMble NOJWWMNHMUKAaAMWU, COCTaBNAWT
TpeTW AONYyCKaeMoropaialuManbHOTO
Ma wnuHaoensa [€]. 3aTeM BbbObUupatwT
c TOYHOCTMH nepenHero (nnu



3anpHero) NOAWMUNHMKEKaA ", nNonb3ydaAchb
YypaBHeHWUEM

&
[l

pacC4YMTbBalwT HeEOO6XOLAMMYI TOYHOCTHB
3alHero (nepefjHero) nojgwunHuka. ITa
MeTOAMWKA M3-3a HeonpeapeneHHOCTMU,
CBA3aHHOW C BbIGOPOM KNNacca TOYHOCTH
OAOHOINO M3 MNOAWMNHMKOB, MOXEeT JApaThb
HECKONbKO TEXHMWYECKMU pPaBHOSIHAYHDBIX
BapumaHToB. OKOHYaTeNbHbLAW BapuaHT B
3TOM Cchnydyae BolOMPAKWT MO MUHUMYMY
CYMMapHOM CTOMMOCTHMH NOoOAWMUMNHMKUEKDOB.
Ecnwm NPUHATSL YyCNOBHO LeHy
noAwWWMNHKWKaAa HopmManbHOro (H) knacca
TOYHOCTM 3a edlnHULUY, TO LeHa
NOAWMUMNHMUEKODB oCTanbHDBbX Knaccos
TOYHOCTM O6GYyRLeT COOTBETCTBEHHDO:
PoP6 P5P4P2
11,53612

B KadyecTBeEe npumMmepa paccMOTPUM
WNUWHAENbHbLIHK y3en co cnepywowummu
reomMeTpuMyYecKMUMU pa3mepamMu: +,=100MmM; 4+,
= 400mm. B aTomM cnyuyae BO3MOXHB J.ABa
BapMumaHTa KnaccosB TOYHOCTMU
NOAWWNHMUKDOB, obecneyunBawLn X
NPUMEPHDO OOMHAKOBYIO
KUHEMaAaTMUYECKYW TOYHOCTDb:

-n BapmaHT2-W BapumuaHT
aynepeagHMMn noawMnHUK P2P4
32

6)3afHuMuM nopgwunHuk POPS5

JencTtBMTEenbHO,paaguMuanbHbLe OMUEHNS
KOHUOBWNUHAENA NPU 3TUX BapmaHTaxX
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2-M BapMaHT

400 400

M

00105 € =0,012+="

M

M.

OTHoOcCcHMTenbHaga cymMMapHas
CTOMMOCTbL NOAWMUNHMUEKOB
pa3fMyYHa:l-um BapumaHT:12+1=13;

2-M BapuaHT:6+3=9.

CnepoBaTenbHO,BTOpPOMW BaAapMmaHT

39KOHOMMUWYeEeCKHNU Bonee

uenecoo6pasen.322PacuyeT Ha

eCTKOCTHDb

KecTKkocCcThb WNMUHAOENbHOTO y 3
npenpenseTtT TOYHOCTbL €ro MNOJJTOXEH
p U BO34LEWCTBUM Harpyasok

nepoBaTenNbHO, TOYHOCTbLb O6paborT
a CTaHKe. Manas »XecTKOCTb CTaH
acToO 'BolHYXOaeT BeCcCTH 06paboTKy
AQHUXEHHB X pPeXuMMax pe3aHUSA, CHMUX
eMCcCaMbMeEero nNPoOM3BOAOMTENBHOCTGHGb.
KecTKkoCcTb WNMWHAOENbHOTO y 3
apaKkTepusyeTcCs BeNMWYNH
NMPYroro oTXaTWUsa KOHLULaAWNMWHOeNA N
o3p0encTBUEM HambonbWwmXx c
e3aHuAd " cun, JencTBYIWN X

ToOopoHb npuBopgpa. OHa onpenenserT
ECTKOCTDbLI0O onop u EeCcCTKOCT

O I X X

o OO X O 0 o

DY OS SO

31T 09Ol s



HenmocpeagcTBEeEHHO CaMorownuHAaen s.
MccnepnoBaHUA KEeCTKOCTM CTaHKOB
nokas3anwu, 4yToO cobcTBeHHBLB e
gJedopmMauuwmn gJeTanen cocTaBnAwT
HebonNbwylto 0o nto B obuwewm 6banaHce
VAOPYTIrMUX OoTXaTWUN. 3HaunuTenNbHaa ponsb
NMPUHaAaONEXKUT KOHTAaKTHBIM
gedopmMauunsam B MecTax conpsasXeHWs
OTOEeNbHBX gjeTanen, MO3TOMY
EeCTKOCTHb WNMUHAOEABbHOTO y3na
Heob6bxoaunWMO paccMaTpuBaThb B
COBOKYMNHOCTMU c KOHTaKTHB MM
gJedbopMauMmsamMm B onopax. B npoTmuBHOM
cnyyae MOXHO NMOAMYYUTb He TONbKO
OWMOBOYHBIM pe3ynbTaT, HO U NPUNTU K
MPUHUMNOMANBHO HeBEepHBM BblBO4aM.
OcHOBHOM XapaKTepUCTUKOMN
NOAOWMWNHWEKDOB, onpenenawuwe M X
yonpyrue gJedopmMauumn, CNYXWUT
pagouManbHaAaA* EeCTKOCTHDb. Moan
EeCTKOCTHbLIO bynewm NOHMUMATHb
OTHOWEHWUWE CUAB PK BbI3BAaHHOW 3TOM
CUNOMNWKOHTAKTHOMW oedpbopmMalLvu:
yP

j=.24
BHekoToOopbX Ccny4dYyasax 6onee yno6b6bHo

NonNb30BaTbCABENUMUYUHONU, 0OBpPAaTHOM

*I'Iocanoulele oAnaMeTpPbl TOJAWNUNHUKOB MPUHATLHLMMU
PaBHBMMWTS MM.
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KEeCTKOCTMHU,-NOAAaTNAUBOCT biO:
24

1 (25

~.



3HayYyeHUSH XeCTKOCTMH OTAO€eNnbHBb X
y3108B MOTryT 6blThb NMoJly4YeHbl
S KCnepummMeHTanNnbHO, MU B 3TOM cnydyae

OHa yudynmnTtboiBaerT K a K CoOH6CTBEHHYIO
pedbopmauvio geTanem, TaK M CYMMaApHVYI
KOHTaAaKTHYIH pLedbopmaumunio B O BCeX
CThblIKaX.

j, KH/M KM
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Pucils. 3aBucuHuMoCcTb palAManbHOM
WMEeCTKOCTHMNW HEKOTOpPb X TUNOB
noAgWMNHUKOB KavyeHNWNA OT BHYTpPpeHHeraO
nocagod4YyHoOoroaoMmameTpa

puc. 15 O aHbl 3aBUCUMOCTM
anbHOM EeCTKOCTHMH HEKOTOpPHIX
0enbHBblX NOAWMUNHMUEKORB oT
peHHero nocagpoyHoro gonmamMerTpad.
KOCTb NOAOWMNHUKOB ONpepgeneHa c
oM pedbopMaunMih B MecTax NocalkKwu
L. Havbonbwe#n EeCTKOCTDbLI
nawT ULUAMUHAPO-PONMUKOBESHIE
pPAOHBle NOAWMUMNHUKM cepuun 3182100

(FOCT 7634-5) C KOHMWYECKUM nNOCanOYHbBIM
oTBepCcCTUEM " paguMalbHO-YNOPHEBLE



PONMTUKOBELIE NOoOOWMUWNHUKM cepuun 2007100
(rocrT 333-55). 3HauyYMTEenNbHO MEHBLYIO
WMEeCTKOCTb MUMEWT pagovManbHO-YyNOpPHEBIE
WapUKONOAWMNHUKN cepUun 46100 n 46200 c
YyrnomMm KOHTakKTa=

B =28(" OC T 831-54).
PacyueTHaXeCcCTKOCTbWNMUHAENbBHOTO
y3nacBoaAuUTCcCaKoOonpeapeneHuto
CYMMaAapPHB X YyONpyruMux orTXaTumunuym yrnos
noBOpOTanonepeyHb X cevYyeHUNn B Ha
Hanmbonee oOTBEeTCTBEHHBL X Yy4acTKax
wnuMHpena,a UMeEHHO: HanepeagHewM

34

TOpuUue;,nNoOoOCafoO4YHbB X MeCTaxX
noawWMNHMUWKOB; TOCaagO4YHbB X MeCTaxX
3ybyaThbix KOnec u op.

PakKTMyecKMe 3HaYeHUs NapaMeTpoORB

yM O He BONXHbB NpeBbLIWAaTb NPpeaenbHO
gonyckaembe.O6bl4yHO

[1=033[€],©=0,001 paa,

roef[e]l-nonycKkaemMoe
paaoManbHOe GMEeHUE KOHLUaAa
WwnuMuHpena.BmecTax nocapkwu
3ybyaTbhXx Koflec cMoOaynem
mnonaratT

[v]=0,02m, © =0,001 pa o.

BenvMuyuunmHub npormb6oB B NOAWMUNHMUKAEX
onop onpefpenawTCcCa UX XKECTKOCTbLIO HU
BeNMUYMHOM cun peaKkUuWUM U
aBTOMaAaTMUYeCKMU OrpaHuMmuyumBawTCA MNpwU
Bbl6Oope NOAOWMNHUKOBIMNO KOIDPDDULUEHTY
paboTocnocobHOCTM. 3HaAaYeHUsds yYrnos
HaKRnoOHa BHYTPEHHMX Koneuy
OTHOCUTENbHO HaAPVYXHbBX OONXHbB 6bThb
MPpoOBEepPEeHbB M He AONXHbB NPpeBbIWaTb,pPada.
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0005—-ponNnAaooHOPAAHB X WaAapUMKONOAWUNHKUEKDOB;
00025- 40N A UUTTUHOPUYECKMUX
PONMMKONOAWMUNHMUEKDOB;

00016—-0N149 KOHUYECKUX PONNTUKONOAWMUNHMUEKDOB;
005-nnNnAchbepUMYEeCKUX NTOJWMUNHUEKDOB.

CymMMapHbBe NpormMbébo M yrabl HaKJNOHa
NPYTromMm ITMHUM Bana npegcrTaBnsawnT
OOOMMOOYNMNUBEKTOPHBX CYMM 3TMHX
€ENMWYMH ONA OBYX B3aMMHDO
EPNEeEHAUKYNAPHB X NTNOCKOCTEMW:

yEytyit
'0-0,+0 @0

PacuyeT HayMmHatwT Cc BbOGOPA CUCTEMHS
ocopanvHar 7 onpeneneHwu”sn BCeX
arpysoxk, JencTBYWN X H a Ban B
axXnou nnockocTun. Hauwano CUCTEME
oopaAaMHaAaT O0O6bLIMHO COBMeWaKWT C NeBbM
OHLOM pacc4YuTbBaemMoro Bana.
eTonoMKa pac4yerTa anaq Ppa3nuuyHBblX
NoCKOCTEeW oAMHAaKOBAa MW B AaNbHeWWeM
accMaTpuBaeTCa TOANbKO NAOCKOCTb XY,
MHOEKCHL ANA NPOCTOTHL ONyCcKatwTCAa.
Hanmbonee TOYHBIMU U YHUBEPCANbHBMMU
AT C A aHaAaNUTHUYEeCKHUE cnoco6hl
yeTa,KOTOpPble NTO3BONAKWT HE TONbKDO
enenunTb 3HavYeHUsa y ¢ ©, HO u
aHanuMa3upoBarThb BNUAHUE
ENbHB X MapaMeTpPOB Ha XECTKOCTHSb
cnocobb xopowo pa3paboTaHb aAnA
OK NOCTOAHHOINO Ce4YeHUa, NO3ITOMY
HOoenb npeanBapuUTEeNnbHO LOoOnXeH
b nNnpuBeneH K 6Ganke NOCTOAHHOM
TKOCTMHW(PpMHUC.I16).

T OO0 4 40T 399w
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WnMHAaenNb nNpeagcTaBnNAKT B
e rnagkKkoro cTyneH4yaToro Bana

16, a). AnAa ynpoweHWs pacyeToB
ycKaeTcCaA4 O6bedUMHATSH
EpPpXHOCTHM c Manowu pa3HULUewn B
MeTpe 7 He VUUTBBATH MenKMUKX
aBoOK, NPOTOYeEeK, WNnuMuueB, pe3bbl,
TUKOB 7 T.0. KecTKoOoCTb
YYEHHOTrOo Bana OLONXHa 6blTb
3KOW K XeCTKOCTHW WNUHAOAEeNA, HO He
BblWlaTb er o.™

T

Jr=kJ, 1 =k2]1

a
R\ 4R, R, R
6

1
RIk RyJk,R,

RIRZ
B

Ralk,
R,blk,



R\ R, pi/koRofk; T
Plk,
P,=R,/k,~R,/k,

R,P,=R-R//k,
M =R ,a-R,alk, M,=R,b—R,blk,

Puc.l6.lMpumepnpuBegeHmnma cTyneHyaToronBsalna K
6anKenocTOAHHOINO Ce4YeHUSA

InaBcex yyacTKOBCTYNeHYyaToOTro
BanaonpenensawT 3KBaToOpUWalnbHLE
MOMEHTHB MHEPUWUKU CEYEHUN,I,,

1’3
In T.0.BoiObMpatT cevyeHUE,KKOTOPOMY
byapyTnpuBeageHb BCe oOCTallbHBLIE
(AonycTuM,Bbl6paHoO cevyeHue D #
paccyYuUuThHBAaWT KoaddHULMUEHTHI
npuBeneHUS :

k=; 2 k=vn T.4.(127):
k=1;
1 I
2[ 1 %I 1
36

Ban Harpyxatwrt BCEMMH cnMunamu
IenNCcCTBYLOWNMMU H a WwnuHAOenb,
onpepgpendawT CUNbBl peaKuMum B oNnopax,
pacCc4YyuThHBaAaKWT U3TrMbawwme MOMEHTa U
nonepeuyHsble cunel. Paspe3sawrT Ban B
MecTax CTyneH4yaToro M3MEHEHMUSH
OnameTpa 7 K KaXgoomy y4yacTKY
npunaratwrtT JencTBYylOWNE H a Hero
BHeWHWEe HATrpPpy3KWU UMW BHYTPEHHWUE CUIBbI
(punc 16, 6). Janee NPUHUMAKT MOMEHTH

MHepLUWNnH BCeX y4acCTKOB PaBHbBMMU



OMEHTY MHEPUWUU YyYacCTKa, K KOTOPOMY
puBOoOOMTCSHA BanNn, HO OLNss COXpaHeHMUHd
edbopmMauUnM C Wbl KaXooro yyacTKa
enarT H a cooTBeTCTBYOLWMUMHU
osadbdpmMumMeHT nNnpuBeneHus (puc. 16, B).
OEeIMHAWT YYaCTKW BMecTe M HaCTbEKa aKX
BOOSAT OOMNOJNHUTENbHbBE BHEWHWUE CMUIMBLI,
aBHbEe CYMMEe CUJT MW CYMME MOMEHTOB Ha
oegMHAeMb X Topuax. B pe3ynbTaTe
onyyawT Ball NMOCTOAHHOMW XECTKOCTMU C
H bl M pacnpeneneHnem cun, H O
edbopmMaLUUnMn KOTOpoOTroOoO paBHb
dledbopmMaumMmaMUUCXOOHOIro Bana(puc. 16, r).
OuidbdbepeHumanbHOEe YpPaBHEHMUE
YVOAPYTOMWNANUHUN BANKM NOCTOAHHOTO
cedyeHUda umeeT BULOI2]

4

dy()
qx

ESSOooo0co OXBbBL3ZXZ

=,(28)
EI
dx 4

roeE-MoaoynbynpyroctTmumaTtTepuana

6anKW;I-MOMEHT MHepPpLUNUU BanKu; y-

npormb6 6ankuMunoee OAUHE;qgkx-

MHTEeHCUBHOCTb pacnpenoeneHHOMN

BHeWHeNW Harpy3KM MM peaKTUBHbB X CHUI.
Obwee pewleHMe 3aTOTO

ypaBHeHMA NpeapcTaBnaerT
cobomcymmy 1

()
YAAXxAxAx 29)

rine A, A, A, A NMOCTOAHHSbIE



HTerpumpoBaHUA, onpepgpensgemMsble M3
pPpaHWYYHBIX ycnoBuKn; 2XPx) - 4YacTHOE
eweHne NMONMHOTIO ypaBHeHMUA (28),
aBuUCAUWee OT BMAA BHEWHUX YCUNUNK U
OOPAOMHAT UX MPUNTOXEHMUA.

YpaBHeHMUE YyNPYrowu NTUHUMHK (29)
npaBengnuBoO aonas C aMbl X
a3HOO0O6pPaAaA3HLIX CXEeM HarpyxXeHwuwsa #
akKpenneHwua, HO aonaA 6ankwu co
BOOGOAOHBMMU KOHLAMU (TAKUMU ABNAKTC A
NMUHOENU) Ha OCHOBAHMUM rpaHMUYHBX

CNOBMWUMW:
3

X WT 11 X

< EowwooOoO

dy
—OHO YynNpowaerTcC §;
n,0)=0
0)=0,dx
dx

()

, yAAx GO
=,+,+ Px
El

Ona Hanbonee pacnpocTpaHEeHHHB X
MpoB Harpysaku 3Ha4vYeHUSH YyacTHbBX
ewWeHUN ®x)NpuruBENEHEL B Tabn. 10.
nenpyeTtT MUMeTb B BMUAY, YTO 3Ha4vyeHMUSA
TUX DYHKUMINU DaAaHbL NS NONOXUTEINbHBX
anpaBleHMN cHMUNOBbBX PaKTOPOB (C M.
X € M bl B Tabn. 10) 7 B cnyu4yaasx
POTMBOMNMONOXHOINO HaNpaBNeHUA CHUIT
37

0 I o OT W

3HakK#u nepeafg COOTBETCTBYOWUMMU
BblPpaXeHMUAMMU HOONXHB 6bITb 3aMeHEHbBl Ha
obpaTHbe. Kpome Toro, B dopmynax (29 #u
(30) yynTbeBawT TONbKO C Wb,



PpacnonoXeHHEBLe cneBa 0T
paccMaTpuMuBaeMoro cevyeHuda. Hanpumep,
ons CXeMb, NpuBeaeHHONW Ha pwuc. 17,
YVPaBHEHWE ynpyrom numuHuMuu B30) B obLuem
BMOoe 3afaloT TPeMss YPAaBHEHUAMMU:
ansydyacTtkal@©,2x<4)

O: 1
yAAx=++,31)
LD x

01,

El

4+ <x<4)
LNnfyydyacTkall(,

[OO)yaax=++,+,32)

1 Px Dx

01,

EIl

+<x<4)
oLnaydvyacTkKall(;,

LOoOO]
YAAx=++ ,+,+,(33)
nPx Ox Ox

01y,

EI

3HayYyeHUas DYHKUUM()
Dxp()
CDxR,()

! Mmcun .
®x,cyvHeTtTom ,

HanpaBRneHMU
MKOOPAMHAT UX NPUNOXeHUA oNnpenenawT no
Tabn.l1o0:

3 }]

OxPx 2



()73

®xRx
() /7310);
R == + (34)

lll

|

] 3

DOxPx

()/3!0).

2 :_'_+

22
Takuwm obpa3s3owm, OKOHYaTenbHOE
peweHne ypaBHEeHMUSs ynpyrou NTUHUMN
CBOOMUTCA K OoOnNpeneneHNWIdo MOCTOSHAHHEB X
MHTEerpuMpoBaHMUA U pacyeTy peaKkKkuUHn
onop. Ans ABYXONOPHBLX BaloB 3TW ABe
3agavu Lenecoob6pas3HoO pewarThb
pa3befbHO. Peakuwuwn onop HaxonodaT
McCXoadd M3 yYypaBHEHWW CTaAaTUCTUKMU, a
MOCTOAHHBIE MHTEerpuMpoBaHMUSH - M3
rpPpaHUMYHBIX YyCNOBMUM B onopax (Tabn. 1)
Hanpumep, mo cxemMe, NpuBeOgeHHOW Ha
puc. 17 Anon4 YAOPYTHUX OnNop, WUMEWLWnN X
XEeCTKOCTMW COOTBETCTBEHHO ,ju,

jyTPaHMWUYHBE YCJTOBMWA paBHHSI

O
O o i~
J y+=-.
y+ = 2

1 3
1 2

Benmunmuna npormba B NnepBOM onope

onpependaeTcsd BblpaXeHUemm (31,
cnepoBaTenbHO, nepBoOeE rpaHu4yYHOE
yclnoBUue Cc vyyeToOoOM BbipaXeHWAd (34)

npunuBOAOUT K YpPpaBHEHMUIO
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Ta6bamuyalo

J
3HayYyeHUA YaCTHbBX pelleHUN YPaBHEHHUSH
YVNPYTrOW NTUHUMU

BupopHarpyskwu 3HavYyeHMUE
bYHKUMU P(X)

Y NMpux>a
P
X P
3
a @ x ,=-
() x a
O
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Y Mpux>b
M
X M
2
Q x
b
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MHTerpmpoBaHt
n A

OnaBTopoMonopb,MCNONb3yHA
bopMynbl 33)M@B4d)NOoNYyHYNUM aHaNOIMTMYHOE
YypaBHeHMUE:
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Ta6bnuyall

FpaHUWUYHBIe YCNOBUA NPUPAa3NAUUYHBIX
cnocobax 3akpenneHua sBana

Cnocob CxemMma [paHUUYHBl e
3aKkpen yCnoBMUSA
NeHUsA
CBob6bogn 2
H bl K d }
KOHeLU y(O)Oz
dy
0 0;
2 =
dx
dx
XecTko dy
sakpe ﬁ ¥(0)=0;(0)=0
nneHH dx
bl M
KOHel
llapHUPp 2
HO dy
3aKkpe ¥(0)=0;0)0,
nneHH =
bl M dx
KOHeL
XecTka 2
A dy
npomMme yDH=0;()0,
Y TOHN A /=
Has dx
onopa




Ynpyra 2
q R

NPoOMeEX dy
yTo4Ha A yDh=0)0,
A onopa /=

(KecCTKO i
CTbj dx

CoBMecTHOEe peweHUne ypaBHeHUN (35 #H
36) LaeT 3HaAaYeHWA NMOCTOAHHBX A, n A,
KOTODpEGLl € 3aTem noagcTaBnsdawT B
YVPAaBHEHUNA YNPYTOKN NUHUKM (B])...(33).

EcnmMmHeob6XO0OOUMMO OUEHUTb BAUAHMUE
oTAeNlbHbBIX NapaMeTpPoOB WNMUWHAENbHOTNO
y3laHaXeCTKOCTbL, TOUMX BBOLAAT B
dbopMynb B KadyecTBeE

40

epeMeHHB X M pacyeT BeAyT BoObOWeEM
mape,BoCTalnbHbBX CNy4dasaX
enecoobpasHonoacTaBNATSL

McnoBble 3IHa4dYeHMUA.

M3anoxXxeHHasas MeToOAMKaAaNno3BoONsAeT
acCyYynMThbiBaTbHE TONbBbKO ABYXONOPHEbBIE,

£ FE W 3

©

HOMMHOTITOONOPHbBE WNUHAENMN.
Korpa 4uMcno HeWMW3IBECTHB X peaKkuuhn
onop 6onblwe IBY X, n X pacuyyerT Ha
OCHOBAHMWWU TONbKO YypPpaBHEeHUSA CTaTHUKMH
HeBO3MOXEH. MosaToOoMYy 3HayYeHUSA
peakuun onop R, R, RM Tak pDanee #
MOCTOAHHB € MHTEerpuMpoBaHMUSH Ao n
AonpepenawT nytem peweHUs
COBMECTHOW CMUCTEeMb YyYpaBHeHUN. IJTa
cmctTemMa COCTOMUT U3 IOBYX YpaBHEHMUMN
CTAaTUWUKMU:

l{' { 37)
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MHECKONbKUX(MO YMCNY ONMODP)
YPAaBHEHMWMN, MONYUYEHHB X M3 FPaHMUYHBIX
YCNOBUWUWUBKaAaxXaonmonope:

O
iR
y+=

1

1
1
O » y
J 3
+ = 3

[SE R

BocTanbHoOMpacyYyeT MHOTOOTMODPHBLI X
BalloB aHallorMmyeH pacuyerTy
IBYXOMNOPHESX.

PopmMynb gnApacyeTayrnoBnoBOPOTaA
nonepeyHb X CeYeHUN NerkKo nonyvyawrT
M3 yYypaBHEHUSA YNPYrom NMUHUKU NyTewM
IndbdbepeHumMpoBaHMa ero noux

dy 6(x)=.
dx

Hanpumep,onacxemMb,NPUBEeOEHHOMWHa
puc.l7, ancdbdbepeHUUpPYSA BbipaxeHus (31)-(34),
NONYy4YuM:

onayyacTtKal

P
1
X
12
6 =A--;
3
113}
EI
onaydvyacTtkKal
R

Ly
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Puc.l7.BaprmaHT pac4yeTHOMW CXeMb Npwu



onpeneneHMM ypaBHEHMUA YNPYTON NUHUMN

Mpu BpaweHMNM HecbHBanaHCUPOBAaHHOTO
Bala, MMewWero KOHEeYHYI EeCTKOCTHDb
NOAWMNHMUKOB, OCb Balla nNoag AeWCTBUEM
LEeEHTPOO6GEXHBbI X cun cMewaeTcCsHd
OTHOCUTENDBLHDO ocwu BpaweHw”s 7
nporuvmbaeTca, coBepuwasd
nNpeUuecCUOHHOE LBUXEHMUE. C
yBennM4yYeHUEM YyrnoBOM yacToOTa
BpauweHws, CMeweHMUE [ nNporuo6s.l
BO3pacTawT U CTaHOBATCA OCO6EHHO
3HAaYUTEeNbHbBMM npw KPUTHUYECKOM
3HaYeHUMWe 3TOM YHaCTOTh W,,.YBenunyeHune
yacTOTHhl BpalweHMUSs cBepx
KPMUTMYECKOINro 3Ha4vYeHUMWsaS nNpuBOAUT K
VMEeHBIWEHNUWI CMEeWwWeHMWA UMW NPOrMo6oB oCH
Bana, 7 O H camMoueHTpuUupyeTcs. 3To
ABNleHMWE cCcONpoOBOXAaeTCca NOABANEHWUEM
3HAa4YUTEeNbHBHB X 3HaKoNnepeMeHHblX
Harpyasok U BUOpPaAaLUMUAMMU BCero
MEeEXaHW3Ma.

Pacuer H a BUOPOYCTOMYMUBOCTHD
CBOAMTCSHA K oONpefneNneHNIDO KPUTUYECKOMN
yacTOTh BpaweHWHA U CPpaBHEHWI ee C
paboyuM AManNmnal3oOHOM YacTOT BpalWweHUHd
wnmHpensa. CuynmtaeTcd, YTO OMACHOCTHDb
pe30HaHCa He BO3HUWKaAaeT, ecnwu
npenenbHb € CKOpOCTHMH pabovyero
OInanas3oHa oTnMnyatwTCA 0T
KPUTUYECKOM YacTOoOTh b6onee yem Ha 25%,
T.e.

max

33.PacuyeT Ha

BUOGPOYCTOWYUBOCTH

42

75w, ,w<0,nn60 ;250

K P

w>l,,3) rne w,,~



27Ttn

max> wmin: 2 s nmin'

TOYHBM pacyeT KPUTUYECKONW YyaCTOTH
BpaweHsda c yyeToOM Bcex ®GaKTOpPpOB
ABNAeTCHA AOOBONbHO CJOXHOMW 3ajaydyen,
NO3TOMY H a nNPpakKTHUKE NoNb3ywWTCA
YyNPOWEHHBMMU pac4YeTHBMMU cCXeMamu.
Ecnm »XecTKOCTbL WNMUHOoendA Ha MU3ITKD
Majlna NO CpPpaBHEHUI C XeCTKOCTbLI ono
(3aToO BBISCHAEeTCA npwu pac4yerTe
K OCTb), TO €6ro paccmMaTpuBatlwT K

e
n
a
n
(0]
a
a
3

T wH0OO0 =K

A OT OT O
OO 0DmoOxK H
Xt4 =1 O 1 X

W, .

y 10
7 H a
enawT
BEHHOMW
CUCTEMHSI,

6anky

c pac
XeCTKMUX
nepBylo
4yacToOTHl
KoToOpas

npenened
onopax
rapmMoH
Koneob6a
NMPUHUMaeE

MeTopuka

nopagoo6HELb X

pacue

JNTOXeHa

B O

MHOT U X

MCTOYHMU

H

o T

(HanpuMme p,
nocob6wuwu
cnyuyaasax

B paboTax [3],[4) » B OoaH
He NPUBOOAMUTCA. B opy
WNUHAOLENbHB K
paccMaTpPpMUBAIWT KaK XECTKWUN poTODp
yopyrux onopax (PUMC.18) M KPpPUTHMUYECK
yacToOTy BpalWweHUHd onpenenawT
6MKBagopaTHOINO YypaBHEeHMUSN:

h

W 1TIx-H4-4ITX
S < I®D®DSO0O®MOOTSXX

<
WA T X EZ X WDIN SIK X XXX QOO

Illf+2

Jajbo)
jiab() *
Jj

1212

mlill

xyxy

O-

m
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BTOpPOMW ONmoOpb;m—Maceca
rone,,
poToOpa;,

I,,
I-MOMEHTHB MHEPLULMUU POTOPaA
OTHOCUTENbHO rNaBHbB X OCeWN MHEDPLUMUMU,;
a,b-paccTOfAHMWA OT LEHTpPamMacc Ao

nepBOM MW BTOPOMW ONOP.

A

Puc.il8 CxemagnapacyeTacobCTBEHHOMN
yacToOTbH KOoONnebaHUMW MAaCCMUBHOINO Bana
Ha
ynpyrumx onopaix
Wy, Nerko
YpaBHeHUEe d)cBOAMTCSA K
KBaLpaTHOMY 3aMeHOMW=¢

pewaeTCcCda M3BeCTHBMUW MeTOoOdaMMWU.

43

Heob6xoaouMMbe POPMY bl M 3aBUCUMOCTMH
Ins pacyeTanpuBegeHb B Tabn.12.MMocne
onpeneneHunsd KPUTUYECKOMN yacToOTHh
BpaweHWAa NpoBepdaArT cnNnpaBegonNnuBOCTGSGb
HepaBeHCTSB 39), “u ecnwu OHM He
BbIMONHAKTC A, TO B KOHCTPYKUMUIO
WNMUHApEeNbLHOTO y3na BHOCAT
HeobxoagMWMble U3MeHEHNWA (KaK NnpaBuUunNoO,
yBenmuyuunmBawT XeCTKOCTb Y3Nna)u pacuerT

Ha BUOBPOYCTOMYMBOCTbL NOBTOPAIWT.
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CTAHKAMMU

41.HasHayeHne W KnaccudbuKkauuAs

opraHoBynpaBneHwus

OIna o6bpaboTKU KOHKPEeTHB X AdeTane

H a MeTannopexXylwux

Heob6bXo0dMMO obecneynmThsb pabouyue

BCNOMOIraTellbHBbLE
MCNONHWUT®ENbHBb X oOopraHosB

CTaHKa

n X X X¢

OBUXEHMU
CTaHKa.



MpooonNXMTeNbHOCTb 3TUX OBUXEeHUN, a
TaKkxe M X Lenecoobpa3Hylto
nocnepoBaTeNbHOCTHSb cornacHo
TEXHONOTIrMYEeCKOMY npoueccy
obecneyunuBawT CUCTEMB ynpaBhneHMUSH
CTaHKaM#u. BorT noyemy
9KCNNAYyTaUMWOHHBLIE KayecTBa cTaHKa,
Takue, K akK NPOM3IBOAMUTENbHOCTHb,
yaobcTBO MU NpocTOoOTa O0O6CNyXWBaAaHMUSH,
HaOoeXHOCTHb B pab6borTe, B O MHOTFOM
3aBUCAT OT NPUMEHAEMOMN KOHCTPYKLMUM
CUCTEMB ynpaBileHMUs, K KOTOpPOMWH
npenbABAANTCA CchlnejylWwWmMe OCHOBHEBE
TpeboBaHMUA:

l.BesonacHocTbynpaBneHua.na
becnevyeHnsa aToroTpeboBaHUA
eobxoaumMO:
—pacnonaraTtbopraHb ynpaBilneHWs B
YVOOOHB X 30HaX;
—-MUCKNYaTb MUX BpalwWeHWe BoBpemMsa paboThl
CTaHKa;
—-bMKkcuHMpoBaTbOPraHbe ynpaBlneHUs B
KaXOIOMMW3 3aHMUMaAaEMbl X UMM MOJTOXEHMUMN;
—6NOKMPOBATb MEXAHMUWIMBI
ynpaBhleHWA, T.e.MCKANYaThb
OLNHOBpPpeMeHHOE BKNl4YeHUWE ABY X
HECOBMECTHbB X IBUXEHUIN;
—-NMPUMEHATbLOINrPAaHMYUTENU NYTH
YyCTAQHOBOYHbB X NepemMelleHUN U
MrHanbHbBEeE ycCTpoOMWCTBAa;
—-Mcnonb3o0oBaTbAUMCTAHUMWOHHOE

I O

ynpaBineHMme npmobpaboTkKe
PanoMOAaKTMUBHB X M TOKCMWYHBI X
MaTepunanos.

2.JlerkocTbMWypobcTBO
MaHUMONYyNMUPOBAHUSA OpraHammu
yvinpaBneHuUusa.llpn BbIMONHEHUN 3TOT O
TpeboBaHWUA YYUTHBAIWT:

- dM3InMoNoOrmMmyecekKue daKTORPH
yenoBekKa - Heobxoaunumas cuna

ynpaBilneHUss AONXHAaAa 6bITb He 6o0onee 80 H,
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puM 4acToOMW onepauununm ynpaBnaneHMUsa 40..45

—pa3Mepb,DoOpPpMbB M PacnonoXeHHUE
nNpaBNAKWWMUX OPraHoOoB(PYKOSATOK,
aX0OBUWYKOB U T.M.).
3.bbicTpoTaynpaBneHusa.Haonepauuto
npaBlNleHUWSs OONXKHO 3aTpaynMBaThbCHd

M MEeHbLIe BpeMEeHMUW,YHeM Yyal,e OoHa
onsBoagmtTca.4 MHeMOHMYHOCTHb
paBleHUWA, T.e.cornacoBaHWe
npaBleHUSs OBUXEHUS PYKUC
paBlleHMWEM ABUXEHUA YNpPaBAsAsEeMOHN
TUCTaHKa. Hanpumep,aons

lbYHeHUWSs OBUXEHUA cynnopTaBnpaBo
Ky ynpaBJ/ileHMHA TOXe HEObBX0OOAMUMO
peMecTUWTb BNpPpaBsBoO.

ToYyHOCTbL CcHUCTEeMb ynpaBhneHuda. B
aXoom KOHKPEeTHOM cnydvyae
eobXoaAMMYI TOYHOCTbL paboThb ULenw
npaBleHMUSH cnepyert onpenenuTsb
cxopns M3 ee Ha3HavYeHMUSH "
BIMONHAEMON PDYHKLMUM.

45

£ 00O 1

d

CucTtema ynpaBneHMUS CTaAaHKOM
T M3 MEeXaHWUYECKMUX,
MYyecCcKMUX, rmaipaBiuMyYecCKMUMX U
TUYECKMUX YyVCTPOMWCTB,
3yeMb X oNnsa nepejgaym KOMaHJIb.
MTEeNbHOMY opraHy;
Aluwero opraHa - PYKOATKM,
KOHEYHOro nepeknwyaTtensa u
NMONMHUTENBHOIrO opraHa (BUNKMU,
, pbplHara wvn 4op.), nepemMewawwero
TBeTCTBYWYYacTb CTaHKa.
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PyyHboe ABTOMATMUYECKUE

obpart
HoOMW
CBA3b

beas
obpart
. HOMW
OpnHoODp CBA3MU
VKOAT
OYHblE

Puc.l9. KnaccudbukaumacumctemMynpaBilneHMUSH
MeTalnnopexXywMMM cTaHKaMMU

CucTtembl ynpaBhneHUA MOXHDO
pa3nennTsb H a PVYUYHObLl€E "
aBTOMaTMUyYecKMUe (punc. 19. NMpr py4yYHOM
ynpaBhneHUU BCe NepeKNWYEeHMA LUKTa
ocyuecTtBhnAlTCA paboyYymMM NMPU MOMOLLM
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YKOSATOK, pblyaros, wTypBanos Mnu
HOMNOK. Bonee NPOrpPeccuMBHbBMMU
BNALTCA aBTOMAaTMUW4yYeCcKMUeEe CUCTEMB
npaBleHMUSH, KoTopble no NPUHUKUNOY
enmcTBMUSA MOXXHO pa3nenaTsb Ha n4Be
pynanmnbl:
HDcucTtembl 6e3 obpaTHOM CBA3U,KOrpga
3ajJaHHBW ULMKN BbIMONHAETCA B
46

pebyeMonnocneagoBaTenbHOCTMK 6e3
OHTpPONA NPaAaBMUANBHOCTMUW €70
cywecTBhneHUa;

2) cMcTeMb C o6bpaTHOMW cBA3blo,Korgac
OMOLLb O cneuMmanbHOTO JaT4yunKa
paBHWBaeTCSs JeNcTBUTENbHOE
ONoXeHMWEe paboyero opraHa cTaHKa C
pebyeMb M ] npw HECOOTBETCTBMUMU
o3pnpaeTcCH JOMNMONHWTENbHBLMN curHan
npaBleHUA, TUKBUIOAWUPpYIOWUN 3TO
ecooTBEeTCTBMUE.

42.9nemMeHTB MeEXaHU3IMOBPYYHOTO
ynpaBlneHUSA

KoHCcTpyKUuUKMU OpraHoB PYYHOTO
1 BecbMa pa3HOOOpPa3HbL U
oT PYHKLUMOHaAaNBbHOTO
MmAa, TpeboBaHUM ypobcTBa
aHMA M ODOPMIAEHUS C YUYETOM
CywecTBYIT
OATOYHBIE (MHOTFOpPbYaXHb€) U
ATOYHbL € (OAHOPbLYaAXHBIE)
bl. MpevmyuwecTBO nepBbl X —
KOHCTPYKUMKU, HeEoOCTaAaTOK -
e " YyYTOMUTENbHOE
aHWe, Tak KaK IOnNs8 KaXpjporo
H a KOTOpPbLMH Heob6bxoaguWMO
CTBOBaAaTb, ECTb CBOW MEXaHMWSIM
€HMUA.
MHOTFOPYKOSATOUYHB X MEeXaHM3Max
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ynpaBlieHMUSH B KadyecTBE
MCNONHUTENBHOTO opraHa ons
nNepeKknmwyYeHUSsd 6nokKoB Yyauwe BCero
MCNONb3YKWT pblyar (puc.20Mnumu NoN3yHTC

BUNKOMU(PMKUC.2]).
Ha polyarel/(puc.2004uepe3 ocCb?2

yCcTaHOBNEeHCYXapb3 KOTOPbLNA 3IaxoounurT

BBbBTOYKY OBOMHOINO 6 MoKa 3yb4yaThblX

Konec4llpunoBopoTe pPYKOATKMUSPpbIYATr

lyepes3BanéenepemewaeT 60K (UAMU

=]

OTANEeNbHO KONEeCOoO)BAOOMNb ero ocCMu.
HepocTaTKOM3TOMWCXeMb ABAAETCA
OrpaHMyYyeHMe xooacyxapa,Bbi3BaHHOE
HeobXO0OAMMOCTbIOHAXOXAEHNUSA YyacCcTH
cyxapaBBbBTOYKEe. YTOob6bB YBENUYUTDH
BeNMWUYUHY XOopga,pajguMyc pblyara
NMNPUHUMAIKWT PaBHbLIM

R=A+a, (41)
roeA-paccTofAHMe oT ocuBanabnoka go
OCM nNoBOpPpOTaAa pPbYaAara, a — BEeNMWYUHa
noobemMa OCHMU cyxXxapsa oOTHOCUTENBbHO OCMH
6noka.XenatenbHO, HTOOB BeNMWYMUHa at<
Jh,roeh-BbBCOTaAacCcyxapsd.
Bonee 3HaAaYUTeEeNbHLE nepeMelie HHU A
becneynBaeT NON3YHC BUAKOK (puUc. 2.
ON3YH c BUNKOMU LBUXeTCSH no
an

< X
(@) W |

yaToro cCeKToOpa 6 7 peunkKHu
3aHHOM C NOMN3YHOM,NIPOUCXOOAUT €
eMeweHne. Xoo nepemMmelwjeHma B 3T
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POpPMB PYKOATOK,MTPUMEHSAEMB X B
CTaHKOCTpPOEHUU,BECBbMaA
pa3HoOO6GpPa3HbB,M HaHUX UMELTC A
cooTBeTCTBYWOWMUE HOPMaAanNKU (pucC.22).
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paBnawweMmM CcKanke 4 M C NOMOLWbLIO
KM nepemMewaeT 6nok 5 C nomMouwsbto
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A

Puc.200llepeknioyeHune 6 n1oKapbyarom

A

Puc.2l.lTepekniwoyeHnMe 6N0OKaNoON3YHOMC

BUINTKOM
H a puc. 23 npumuBengeHr
MHOTOPYKOATOYHBWN (ABYXPYKOATOYHBIN)
MEXaHUIM ynpaBlneHMUSd. B 3TOMK

KOHCTPYKLULMWUM NMPU NOBOPOTE PYKOATKMU I
yepes NMPOMEXYTOYHYIO BTYNKY 2



noBopa4vyMmBaeTCs 3ybyaTtbhMm ceKTOpPp 3
TOpPb K B
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oroo4vyepenob 4yepe3 NON3IYHCPENKOU4H
XapbsisnepemewaeT 3ybyaToe Koneco
Mmbnok(nocnenoHMe Ha PUCYHKeE He
Ka3aHb)BTopaapykosaTKa6é4dyepesd Barl
7nNoBOpaYMBaeT KPYroBOMW pblyars,
KOTOpPpbHMW Yepea3 cyxapumu9nepemewaerT
6noklo.JnaobecnevyeHuns
onpejeneHHoOoroyrinanoBopoTa
PYKOATOK MCNONb3YWTLWapWUKOBELIE
NPYXUWHHB e dDUKCaAaTOpPBL /]
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Puc.22BuaoblpyKoaToK ynpaBieHMUSs
49



A

Puc.22MHOTOPYKOSATOYHBA MEXAHWUSIM
ynpaBneHWAd

KOHCTPYKTHMBHOE UCNONHEHUE
MHOITPOPYKOATOYHB X MeXaHW3MOB
ynpaBneHMa oyeHb pa3Hoo6pas3HO.

ODHOPYKOSATOUYHEBIE MEXaHMUW3Mbl
CoOKpawawrT noTtTepwu BPEMEHMU H a
ynpaBneHWe, ynpowatrwT 06CNyXuUMBaHUE U
cnocobcTBYWT MOBbLIWEHMULI
NPOMW3IBOAUTENBHOCTMH CTaHKOB C
PY YHbM ynpaBlneHWUEM. 910
npeMmMmyluecTBO OCOO6EHHO CylWeEecTBEHHDO
aonas CTaHKOB c M a bl M MalWWUHHBIM
BpemMeHeM MW TOrpApa, Korga pabouyemy
NPUXOOAUTEC A yacrTo MaHUNynuMpoBaThb
opraHamwu pPpy4YyHoOTroO ynpaBleHMUSA. K
OOHOPYKOATOYHBIM MEXaHMUI3IMaM
OTHOCATCA: CUCTEMHSI ynpaBlneHMUSH
nocnepoBaTenNnbHOTO LencTBMuUA C
6apabaHHBMUW UKW MNAOCKUMMU KyJladyKamwu
(punc 24);, nNnpeceneKTUBHESbE cuMucTemMb (cC

npeaBapuUWTeENl bHBM Habopowm
Heob6bXxXxoaAMUMOTO 3HayYeHWA BeJln4iunmH,



npouvMsBeLeHHBIM B O BpewMmHq pab6orThl
CTaHKa) (puc. 25, cenekKTMUWBHbBE CUCTEMHI

(M3bupaTtenbHOT O, BIOOPO4YHOTO
pencTBUA)(PMUC.26).
Onsa npumepa pPpaccMOTPUM CUCTeEMY

ypaBHeHUNW ¢ 6apabaHHBMM KynadvykKamwu
nNA NepeKNYeHUA CKOPOCTEN KOPODBKM
az=8pwunuc.24a,6). OTMaxoBUKalaBUXEeHUNE
JaeTcs ynpaBhnsawweMy BaluWuKy 2 C
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Kynadykamu LILIL KaxXabl KyJnayok
LwaeT CBOW OABOMHOWN BNOK3

n CKopocCcTeR#W. YnpaBnawwumn
MOXeT 3aHMUMATHLb BOCEeMb
HU N, KaXooMy M3 KOTODH X
TCTBYEeT BKNYeHUE JaHHOMN
TMW wnuHpensa. Ons nocTpoeHwUSHd
TOK bapabaHoB 1, I [ 111
OYHO MMEeTb CTPYKTYPHBIH
KOPOBGBKM CKoOpoOocCcTeun (puc. 24, 6).
bl x, v,z K, WMpMUHAa U hpopmMa KaHaBOK
NANLTCA NO BEUYUHE

50
nepeMelwie Hun A 6noKOB, no
pawm PONMWKOB 7 T.0. na3
YVPHOM CeTKW BMUOHO: ANnA TOro
nocnepoBaTenNbHO BKRNYaThb

CKopocTeWw, HeobBXoaAMUMO 6nNO0K I

epenHO nNepeKknwyYaTb Ha 1/8 4acThb
XHOCTMHWU, 6noKII-HaldvyacTb,a 6 nokll

172

4acCcThb npwu KaXgowm mMoBOPOTE

ynaykKoB.
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Puc.24CxemMa OLHOPYKOATOYHOMN CUCTEMBI

ynpaBlneHMUS
cbapabaHHBMMWU KYyNadYyKamMmwu

Mnockue KyJlnla4dyKHMu Cc 3aKpPpbl TbM
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BIMM NO CPaBHeHWI C 6apabaHHBMMU
Kamu o6bnapawrT 6onbuwewn
KTHOCTbLK, 4TO O0OOBYCRNOBNEHO WX
TONWMKUHOM n BO3MOXHOCTH®bIO
NOXEeHWA ynpaBiNAWWMUX KPUBB X Ha
CTOpPOHaxXx KaxXporopagumceka.
npeceneKkTMWBHEBIX cMmcTemMax
BNeHMUSA npenBapMUTEeNnbHBMK Bbl6Op
POCTMU(NOATrOTOBKAaAa K MNEPEKINIYEHMWLID)
M3BOOMUTCH npw BbHIMOJMHEHMWMU
ouwecTBYytlWero nepexopnga, T.e. BpemMsd
YyCTaHOBKY Tpebyemomn CKOpPOCTHMH
MeuwaeTca coBpeMeHeM 06paboTKU MU
bKO Bpewmsd BKNIOYEeHMUSs CKOpOCTHMH
TBIBaeTCcHda KakK XxonocTtomn xopn. Ynmcno
TWYHBIX cCucrTem ynpaBileHMUSH c
IBapMuTenNnbHbBM HaboOpPpOM CKOPOCTM,
YYUBLWMUX pacnpocTpaHeHMUE B
peMeHHbl X CTaHKax, JOBONbBHO

X0 1395y W
X O X <
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BeJ'IVIKO.BKOHCprKTVIBHOM OTHOWEH
3TWH cCMctTemMbl MOFryT pa3findyaTbecCaAd,
o6WwWMnmMMHU on4q HUWX OCTaeTCa4d npuHLU

pas3pblBa uenum ynpaBleHUWsSs Ha Bpe
MOAOTrOTOBKM oyepenoHOM CKOpoOCTHMH
MPUMEHEHMUE ynpaBnswowmx dacoHH
KyYyNnayKoB, aHalOIrMrMUYHBI X KyJnadyKkam MU
6bapabaHawm cucTewm OOLHOPbL YAaXHO
ynpaBneHMUS .
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npenoBapuUTenNbHbBM HabopoOMCKOPOCTEMW

MopAapmoKk pab6oThsl JaHHOM CUCTEMEBI
cnepgpywowuMm (pmuc.25: nepeBOAHON pblyar |
(M X CTONbKDO, CKONbKO Heob6X0OMUMO
EPpPEeKNIYNTBL 6NOKOB), 3aKpenfneHHBH
a OCM WecTepHW 2, MTPU CBOEM NOBOPOTE
epenBuraerT 6 nokK 5. llecTepHHd 2
oBOpauymBaeTCH npw nepeMeweHUN
OHOMW M3 KPYTJNNblX PeeK 3, HaxogdAWMUXC 4

3auenneHnm c wecTepHEeEW.
eopBUMraeT PEeNWKW OBOMHOMW JOUCK 4.
IBapuMuTelnbHOE Heob6bXoOoMMOE
OXeHunue AOUCKa ycTaHaBIAMBaAwWT BO
MA paboTh CTaHKa NepeBOLOM €ro
ABO C MNMOBOPOTOM B HYXHYI NO03MULMUIO.
K nepemMewatwT BO3BpPaToOM OIMWCKa
BO,BO BPeMfd KOTOPOTro OH
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NPoOTUBCTEPXHEN 06eunx
peek.MHorpasmecTO
nepeBOJHOIrO pblYyara
MCNONb3YWTNON3YHC
BUNKOMW.
CncrteMbcenekKTUBHOTO
(M3bunupaTtenbHOro)nepek” i
HUA(PUC.26) 9IKOHOMMH
CKMUBBITOOHOMNPMUMEHATbL B
AaHKax c 60NbWKUM YUC N OM
PEKNIWYEHUN, T.€.4H4UCNOM
yneHem cKOpPOCTMWWNUHRAE
MNUNW CKOPOCTEMW ouncks5 Odna

gJauu. ns 5
HCTPVYKLUMUKU 3TMUX
cTem

PpaKT®epHbl
NeKTOpPb AOUNCKMUC
BepcTHUAMMU(OOHO

M 4B a). Puc.?2e6.
NEeEKTUBHLMN MpuHUMNManNbHAaA
XaHW3M cXxemMa

peKknwouyeHusa Hale CETEKTUBHOM

opocTenmunumeerT
MH CeNnNeKTOPHLH

OO0 20OT00OX0OXI3 0 130 £ c
B X OD®O®Da-40®®»OO0OMAH®-HD® O

BKNHOYEeHUNA OOHON M3 CKOpPOCTE
HEeOb6XOAMMO PYYKOMG6OTTAHYTb ANC

BHM3, 3aTeMnoBepHYTb erao

cooTBeTCTBYKOUWeEee NOJTOXeEeHMU
(MEXaHM3IMNOBOPOTAa Ha PUCYHKE H
MOKas3aH),pykKoBOACTBYACbHLNPU I3ITO
VYKa3aTelleMCpPpUCKaMHMN Ha NaHen
CTaHKa,nocne yeronpoaBunHYTb AKNC
BBepx.CenekTWUBHBLN AUCK NP
nepemMeuweHnWn BpBepx nepenBUnHE

CUMCTeMbl ynpaBineHMUWAd
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cooTBeTCTBYWOWYHONapy pee4dYHb X z—2,
4TO0O,B CBOI

TONKaTenenm,KoToOpble NTOBEPHYT
peedyHbewecCcTepHHNW ,04yepenb,Bbl30BET
nNoBOPOT pblHaroBs,a oHMWN NepeBegyTB
TpebyeMoe NONOXeHMWEe OBYXBeEeHLOBbLIE



610KMU 14

OcHOBHbLE FreoMeTpMUMUYEeCKHUE pa3Mephl
NMPMU NPOEKTMUPOBAHUN 3TUX MEXAaHUW3IMOB
onpepnenswTCA M3 chnenpywumn x
COOTHOWEHMWN (OBO3HaAaUYEeHMNUA NPUHATH Ha
puc.27 a, 6).

PaccToAaHMe MexXxOay ocaMM Napb peeyHbl X
ToOonNKaTenewu

53

C=2r+d-2m, (42)

roem-—-MOAOYJibpeedyHb X KO1ecC,MM.

A

Puc.
2Z7KonpenpeneHWiw reomMmeTpmnuyieckKx
pa3MepoB3leMeHTOBpPeeyYyHOromMexaHuM3Ma

Oname Tp KOHULEHTPMWYHB X
OKPYXHOCTEN,Ha KOTOPbLIX PacnosioXeHbhl
oTBepcTMANOL Landb peeuyHbl X
ToOnNKaTtTenewu,

«C
ccC
D, (43)

sin(/2) sin( / 2) sin( -180/ 2)
B k o

360 =
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X =10 X

O=n—-4Yncno TpeobdyeMbl X
nNepeKknw4YeHWN.

— enoe 4yncno;
nek H n

BennmumHa nepemMeweHMUMda TOoONKaTenew
AaBUCUT OT b—WMUPUHB 3y64yaThblXx BeHLOB
oTHoweHWA Rr/, rAe R—pajauycCc pbyar a,
epeABurawwero 610K (06bl4YHORFr,=(3..5).

O6napas BaXHblM JOCTOMHCTBOM -
6MpaTenNnbHOCTGBLIO noé6oro
KNWOYeHUA, MUHYA NPOMEXYTOUYHBLIE,
KTWUBHEB € MeXaHMU3Mbl MMetT
CTATKW: CNOXHB KOHCTPYKTUBHO W
OEeEMKMU B M3TOTOBNEHMWUM,; 6 10KMU
aThl X KOoONec, pacnoioXeHHBble H a
M Bany, L O NTXH b MMeEeThb
Mpymwwne YyCTPOWCTEBa,
loYyawWwWmMme BO3IMOXHOCTb BKJINIYEHMUSH
BpeMeHHO ABYX 610KOB.

43.ABTOMaTM4YyecKoOoeynpaBn
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CucTtewmsl aBTOMATMWYECKOTO
paBNneHUSA obecneuynBawrT
TEeNnNbHOCTHb ] HEeoOb6XO0OOMMYIO
nepoBaTenNbHOCTb BCeX ABUXEHUN B
HKe ons obpaboTkKkwu geTanu C
OWb KOMAaHA, ocywecTBANAEMb X MNO
rpamMan, NOAOTrOTOBNEHHBLIM ]
MCaHHBIM Ha NporpaMMoHoOcCcHUTene. B
MCUMOCTMU oT THUNa
rpaMMOHOCHKUTERNSA pa3nuMyatT
elywouwmMme cMcTeMb aBTOMaTMUYECKOTO
54
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npaBlleHWA
KynauykoBoe ynpaBileHUEe B OCHOBHOM

CNONb3YyWT ANA CTaHKOB-aBTOMAaTOB M
onlyaBTOMaTOB KPYNHOCEPUWUHOTO n
accoBOTrO NMPoOoM3IBOLCTB. Kynauyku,

cCnonlb3yemMble B ponwu

€eHUue



nporpammMoHOCUTEeNewwn, obnapatT
BbiCOKOW HagoeXHOCTbto, MPOCTOTO
KOHCTPYKUMKU. K HepocTaTKawm 3aToTr
TUNa ynpaBhneHWa cnepyeT OTHecCT
6O0NbWY HOMEHKNATYPY KynaudykoB (4n
KaXaooW AeTann HYXeH CBOW Kylnayok)
6onbWHeE 3aTparhsl BpemMeHHMu H
nepeHananky. CBotw dYHKLUM
nporpamMoHOCHTENA Kynauyo
coBMewaerT c DGYHKULUMUAMM npusBoAa

(TAroBoro yctpomcTtBa), paboTaBwerao

N X VDI IWO®» XS NI O X¢

ULUKITOBOM pexXxunume. B cTaHKkax Kyhnhauyk
ycTaHaBAauMBaAlT H
pacnpefgenuMTenbHBbB N Ban, 3a onau
oboporT KOTOpoOTroOoO ocyuwecTBRnsAeTC
AaBTOMATWUYECKUMN UnKD-” o6bpaborTkK
OOHOW peTanun, w yacTOTa BpalweHHMU
MOXEeT ObIThb:

a) MOCTOAHHOM ons ynpaBhneHMWSH
paboynmu " BCNOMOTraTeNbHb MU

IBUXeHUsMHNU. B aTomM cnyvyae TepdaeTcCH
BpemMa Ha BCcnoMoraTtenbHbEe AOBUWUXEHMUSd,
KOTOpPble MOXHO 6blTO 6bl OCYLWECTBNATSDL C
66N bWNUMMU CKoOopoCTAMMU, 4YeM pabdBouyue
(bacCoOHHO-0TPEe3HbLe aBTOMAaThb,aBToOMaTHbl
NMNPOOONBHOIMO TOYEeHMUA),

6) pa3nuMyiHOMN: 6bICTpPOMU 0nA
obecneyeHUHd BCNOMOTFaTe~NnhbHBblX
OIBUXEeHWUN U MepgnNneHHOW — ANndA paboyux,

HO 3HaAaYuTenbHOW pas3HWUWLB JO0b6MTbLCA
Henb3fA BBUAOY BO3HMKHOBEHMUA BGONbLWMUX
CMN UWUHepUMUM NpPpU Nepexope C OOLHOM

YyrnoBowu CKoOpoCTHM H a Apyryiewo
(nonyasBToMaThbl 1720, 1730, 1265-4).
Mcnonb3ytTcCcHd aBTOMAaATH® C 6onee

CNOXHOMWCTPYKTYPOU,KOrga NPUMEHSAIT
HECKONbKO pacnpeaenuMTenbHb X BaJjloB:

BCnomMoraTenbHbB W Ban”n, Bpalwawwummec a
6bLICTPO ons ynpaBhneHMWSH
BCNMOMOTIMraTeNbHBMM OIBUXEHUAMMU, u

pabo4yunmn Bain c HU3KOMU yaCTOTOM



BpaweHsda - aonsq paboyunx OLBUXEeHMUWMH
(TOKapHbB KW aBTOMaT 1A136).

YnpaBneHwue c peryauMupyemMmbmMu
ynopamMu TNPUMEHSHIWT B CTaHKax A4ns
obecnevyeHMUSn NPOCTHX
AaBTOMATMUWYECKUX UMKNOB: paboynmmnm xonag -
OTCKOK MHCTPYMEHTa oT gjeTtTanu -
6bICTPLH BO3BpPparT. MpevmywecTTBa
JaHHOW CUCTEMbL: BBICOKAafa HageXHOCTHb
" MEeHbLWMUE 3aTparthsl BpemeHHMU Ha
nepeHanlnapnkKky no CpaBHEHMUI c
KYNayYyKoBOMW CUCTEMOW (MHOTFTOpPEe3LOBbLMN
nonyasBToMaT 1730).

KomaHnHpgoannapar sl O9T1a cucTema
aBTOMATMWYeCKOro ynpaBlneHWUA WUMeeT
OOMWH KOMMNOAaKTHBIHR oprat -
KoOMaHLoOannapart, KOTOPBLHN nopgpaert
KOMaHJLbB Ha CMeHY BCceXx OBUXeHUN.N3-3a
6o0oNnNbUWMUX rabapumToB M CNOXHOM
nepeHanankw OHM BCe 6bonbuwe
3aMeEHAKNTCAWTEKEPHBMMU NAaHENAMMU.

Cnepgaume KkonupoBallbHbBE CHUCTEMBI, B
OTOPBHX KoMaHRia Ha ynpaBneHWe
CXO0OOQOWT Ha ynpaBlneHWe B 3aBUCUMOCTMU
T IOBWUXeHMUSsS Wyna, CKONb3AWEero Ha
OBEpPXHOCTHW Konupa, dopmMa KOTOpPOTro
ocnpouM3BOAMTCAHA Ha MOBEeEPXHOCTMH
eTanu.
OInaobpaboTKMTen BpaWeHMAaWYn MMmeeT OBe
nopgavwu: S—-3apawwyto
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noAgayvyy,NOCTOAHHY NO BeNMUYUHE, U .,5-

cnepsauwyto nogady, ABANAKWYC A
dPYHKUMEN OBUXEeHWUS Wyna, — KOTopble
CBf 3aHhbl MeXJmny cobowu cnepytoowmnmm

o6bpaa3sowm:
Scnzsgan,tge,(M)rue O-yronnpoduna konupa
(p unc.28).



Spes

Ssan SoesScn

S32,0

Puc.28. CooTHoOWeHMe nNogay npu
KONMMPOBAHMUM

Torpape3aynbTupylWasas nooaadYyaobxona
KOHTYpPa

5 (45)



Tacxk K akK Havbonbwen nogadven
AaBnAeTCSA pes S , TO, Mmcxonmns M3
Heob6GXOoOOAMUMOCTHMH OrpaHM4YeHMUSA 3TOMH
CKOpPOCTH, a TakKxe M3 CooObGpaxXeHUMN
TOYHOCTHMH n WwepoxoBaTOCTMH
MOBEPXHOCTMUW, 3ajlalTCA 3HaYeHUEM .,
a cnepywvowummn asnarwTca ,,,SnUS.:

SS(46)
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Sin J

Onasa obbeMHOTrO KONMPOBAaAHMUSA
Heob6bxoauWMO nocnepoBaTenbHO
NPOM3IBOAUTDL 06PaboOTKY NNOCKOCTENW B
HanpaBNeHUWUU TPpeTbewnm KOOPAMUHATEHL, T.e.
NMPOMUCXOAUT KONUPOBAHMUE «<CTPOYKAMMU»,
M B MUTOre nonyvatwrT obpaboTaHHYI
NOBEPXHOCTHb, cooTBeTCTBYWYI
NMOBEPXHOCTU KONUPa.
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Llmpokoe pacnpocTpaHeHWEe NOAYUYUNH
3N1eKTpUYeCcKMUE (bpe3epHb#
nonyaBToMaT 6441 B) M rmopaBnuMyeckKue
(nonyaBToMarT 1722) KOnNMUpoOBaANnbHLE
CUCTEMB, pexe Mcnonb3ytlTCA
doTOKONMUpPOBANbHELIE, rne obpaboTKa

BegpeTtTcda npaMO C YyepTexa.
Cucrtems YncJi1oBOTIO nporpammmmHOTrOoO

ynpaB/ileHMUSH (4ry).
MfocnenpoBaTeNbHOCTHLb KoMadHa/a u
BellMYMHA NepeMeweHMUMN y3nNo0oB B 3THUX
cMmcrTemMax BblpaXaeTCcA YCNOBHBIM
YUCNOBBLM KoagoM.[lporpamMa MOXeT O6bTHb
3anuMcaHa Ha nepdoneHTe, MarHMTHOM
NeHTe, NepeKknwyaTenaMU, WUTEeKEePHbB MM



naHenaMM Mnu XpaHUTCA B namMsaTw
ynpaBnstwowem BblYHUCAUTENbHOWN MallUHBLI.

CywecTtBYIT Pa3oOMKHYTHhHl € CUCTEMHI
YUMCNOBOTIMO ynpaBileHUsAs UKW 3aMKHYTbhl e
C obpaTHOM CBfA3blo. Hanmbonbwee
pacnpocTpaHeHMWEe B CTaHKax NONYy4Ynnu
Pa30OMKHYThle CUCTEME yny c
MCNoONb3O0OBaHWEM WwaroBblX
anektTpoaBuUurateneunm (bonee noagpobBHO C
3TOM cMmcTemMomu ynpaBneHUs MOXMHO
NoO3HaKOMMUTbLCA BpaborTax [3],[4)]).
4.4.,U,I/ICTaHLI.I/IOHHoeyI'IpaBne

OncTtTaHUMOHHOE ynpaBhneHMUeE
NMPUMEHAWT Torga, KorJnaa
HenocpeancTBEeHHOE ynpaBneHuWe
CTaHKOM 3aTPYyAOHUTENBbHO Mnu
Bbi3biBaeT HeyanpobcTBO. B ynpaBleHMWMU
KPYMNHBMWU U YHUKANbHBMU CTaHKaMK 3Ta
cMcTemMaHeobXoaouUMa.

BycnoBusax BpeagHOronpomaBoacCcTBaA -
npw obpaboTkKe panouMoaKTMWBHDEB X,
TOKCMUUYHBIX MaTepuanos " TOMY
nNonob6GHOE - pabovyero Heob6xoaounumo
M3onupoBarThb, ] ynpaBhneHUeE
nepeHOCHUTCSH Ha 3HaYMTEeNbHbE
paccTofasHMA OT obopynoBaHUA. OpratHhsl
ynpaBileHMUSH B BUOE 3NeKTpPpUYEeCKMUX
KHOMNOK MNU PYKOATOK pacnofiaratT Ha
nocTy LeHTpPpanuM3oBaHHOTO
IWNCTAaHUMWOHHOTO ynpaBileHMUs, ans
obecneyeHUd KoOTOpoOTro MCNONb3VyIiOT
3NeKTpUYeCKMUE, rMapaBimMyYecKuUe u
apyrune CUCTEMB. MpumeHeHMUE
9N1eKTPOMArHUTHBX MydT, CONeHOWAOB,
MHOWBUIOAYaAaNbHBX 3NeKTpoaBUIraTenewmn,
30/TOTHWKOB, FrMOPOUMUIAMHOPOB
no3BONAeT cCBeCTU MDYHKUWUKM onepaTopa
rnaBHBM 0O6pPa3OM K HaXaTMWI KHOMNOK U
MOBOPOTY pykoaTok. JOucTaHUMOHHOE



vynpaBneHWe 4acCcTO mcnonb3d3yeTca on4da

KOHTpPpoONA MU 6bICTPOro ynpaBneHMUs Ha
AaBTOMATMWUYECKUX NTUHMUSAX.
45.NMMpenoxpaHUTEeNbHL €
ycTpoucTBa
MeTannopexyuwmx CtTaHKOB

YcTpoWcTBa onq npenoxpaHEeHMUSH
CTaHKa MW MHCTPYMEeHTa OT NONOMOK UNMU
NMOBPEeXOEeHUWW pacnpenendTcs Ha TpPpHU
OCHOBHEBIE rpynnbl: MeXaHMU3Mbl
6NTOKWUPOBKMU, orpaHMuYymMTeEenNHMU Xopna u
YyCTPOMCTBA anq npenoxXxpaHEeHMUSH
CTaHKaoOT

57
neperpysekKMu.
MexaHUW3MBLl 6NOKUPOBKMH

MexaHUW3Mb 6 10KNUPOBKMWOOBBIYHO
KOHCTPYKTUBHO 06beMHAWLTCA C
MexaHUM3IMaMuynpaBneHna . OHwU
MCKRNIYyatlwT:

— BO3MOXHOCTbL BKNIO4YEeHWA B OOQLHOM
rpynne nepejay OOLHOBPEMEHHO [AOBYX
Mnw bonee 3yb64yarThl X nepeagnau, 4yTo
MOXeT NpUMBEeCTMU K NONOMKe chaboro B
MPOYHOCTHOMOTHOLWEHUN 3BEHaAa;

—0OO0HOBPEeEMEeEHHOE BKNlOYeHWEe OBY X
HECOBMECTUMbBIX 0BUXEHMUMW;—
BIMONMHEHMWEe HEKOTOpPBIX oOnepauwuim
ynpaBneHUMWA MHavYe,KaK NnMlWlb B
onpefpeneHHoMWnNocneanoBaTeNbHOCTM, a
MHOTrJaTaKXeMWconpegeneHHbB MHU
MHTepBalaMWU BPEeEMEHN MEXAY HUMMU.

Hapuc.29npeancrtaBneHb NPUMEPL CXeEM



XaHM3IMOB ONOKMpPOBKWU.Bo BC e x
eMax 3BEHO2He MOXeTO6bTb
BEPHYTOJLO Tex nop,Noka 3BeHOIHe
MMEeTNONOXEHMWE,MNPU KOTOPOM
paBnAaemMoe UMKONecoMWIKU MydTa
AXYTCHA BbKNIOYEHHBMMU.

oK w110 =L
X 399 O X D

A

Puc.29CxeMblMeEXaHMU3IMOB 6NTOKMUPOBKMU
58

H a punuc. 30. npuBeneHb KOHCTPYKUUMHU
HEKOTOPBL X BNTOKMPOBOYHBIX YCTPOWCTB.
MexaHW3M, M30b6paxXxeHHBN Ha pwuc. 30, a,
BbIMONTHEH MO CXeMe pUC.29, r,a MeXaHU3M
puc.30, 6-nocxeme puc.29, B8.06a ppivyara B
3THUX MeXaHUW3IMaXx 3aHUMaAKWT
HeMTpanbHOE MONOXEHMUE, nNoaTOMYy
Bblpe3b B AOWCKaX obpaweHb ApPYTF K
opyry. MexaHnM3M, noKa3aHHbBW Ha pwuc. 30,
B,BbIMOMNHEH NO CXeMe punc.29 g,a Ha pwuc.30,
r-nocxeme puc.29, a
59



Puc.30. KOHCTPYKULUMUU BNTOKMUPOBOUYHDEBIX
ycTpoucrTB

OrpaHUMuyuTenu xopa

OrpaHuyutenum xoagqa(puc.3])
noapas3pgpenAwTcAa HanpenenbHblE



OrpaHM4YmnNTeEenum,KoOTOpPL €

ycTaHaBnNIMBalwT TaK,4Tob6b ABUXYLWLUECSH
yacT
60
CTaHKa He jgoxogounw no onacHOTroO
KOHeyYHOTO MONOXEHMUSH Ha 3.4 MM,
NMo3TOMY TOYHOCTHDb TaKux
orpaHumuymTenen HeBbiCcCOKasa +05.1) MM; #u
pa3MepHBb e OrpaHmMuynTenu, KOTOpble
"""""""" AT nmneouscappe C 0O60A3aTENbHBM
Heob6bxoaoumMOTro
e) pa3mMepa
peTanwu; No3TOMY
YEeHMA Yy HUX NEeXxuT B
g ) M M.
2
o)
Puc.31.CxeMb YCTPOUCTB ANA OIrpaHMYeHMUSA
Xopna:
a-cmMydbtTamMmumu;6-cnanblamMum YyepBAKaAa
B KayecTBE npeanoxXxXpaHWUTeEDNDbHBLbI X
YCTPOMUCTB 3TOrFr0o Hal3Ha4yYeHUA MOTyT
6blThb MCNONb30BaHL MEeXaHMW3Mbl
aBTOMaTMW4YeCKOTO BblKJIOYEHMUSA,
pa3Mb Kawwue KMHeMaTM4YeCKYylw uUuenb
npw OFrpaHUWYeHUMU nepemeweHnd

paboyero opraHa c MOMOLWDbIK XeCTKMUX
ynopoB (pwuc.3l, a).



B ocHoOBe Mmx paboTh NeXUT cnenyrowmum

NMPUHUKMUN: HAa NYTU LABUXEHMUNSA paboyero
opraHa 2 ycTaHOBNEH XeCcTKuWUKW ynop I,
ponpsa 0O KOTOpPOTro noaoBMWXHAaAA YyacThb
CTaHKa OCTaHaBnNuBaerTCAd.
ConpoTtTuuBleHMUE JanbHeWwWeMy
OBUXEHMULI Bbl3blBaerT neperpyskKky B
KMHEeMaTMUWYeCKOMU uenwu, KoToOoOpasd
CHMUMaeTCHd c MoMOLLb I
nNpenLoXpPaHUTENbHON MYDdT bl 3.

Ons aBTOMAQTUYECKOINO BbIKNIOYEHMUS
KMHEeMaTMWyYecKoOMW ULUenumnNnpwu
BO3pacCTaHUMU KPYTSAWEroMOMeHTa a Bbllle
JONYCTMUMOTOWMUPOKO MCNONb3yeTcCsd
MEXaHMW3IMCNapgawWMM YHepBAKOM
(TOKapHbe cTaHKuK).PaccmMoTpum
npuMuHUMUND paboTe NajgawuWweroyepBAKaAa
(pnc.31,6).dBMXeHMnNe nofgayYymnmcoobuaeTtcsHd
z/lz, Banuk 3,
Canhna3KaMOT Xo0aQO0OBOroBana2l2yepea
g3ybuyaTtyionepegpayy , ,YHUMBepCcCanbHYI
MydbTy(KapilaH)MBalUK4HaAa KOTOPOM
cBob6oOgHOMNMOCAXEH 4YepBAKS, CBSA3aHHbBMK
CBalUMKOMNPeaoOXpPaHUWTEeNbHOMW

neperpy3o4yHOM MydbTon 6.lpn BcTpeye
Cana3oOKCHEeNnoOABWUXHBM ynopowm !
npeKkpawaeTcda BpalWwWeHUWe 4YepBAYHOTO
Konecao9unm yepBAKAS KPYTSAWMUN MOMEHT
Ha Banumke4Bo3pacTaerT

61
U npefpoxpaHUMTenbHasa MydTa
BbIKNlOYyaeTCA. Ee NMOOBMUXHAS yacrThb,
nepemMewasacsb BNpaBoO, noBOpayYyumBaerT
PblYaXHYl CcUCTeMy 8 B HanpaBRleHMUMU,
NMOKa3aHHOM cTpenkawmwu, NONbKaAa 7
BMeCTeE® c yepBAKOM napaert noang
LencTBUEM COOBGCTBEHHOMW TAXeCcTHU, U
TAaKUWUM o6pas3om npomMcxoaunrt
pacuenfneHUe 3NeMeHTOB 4YepBAYHOMU
nepeagaudu.



PacuyueTorpaHuvmynTtenemn xopna
cCBOAOMUTCA KONpeaoeneHUWwyrnanoagbeMma
Bvobpa3HOros3ybaKkKynaykoBOW MydThl U
yeunumanpyxXxmHe.MydbTaHaxoaoumTCcHa B
PpaBHOBECMUU NPUYCNOBUMU

_ =N F, @47) —-o0ceBagacuna,
Poo=Po. D ronep,,

JeHcTBYyWaa Ha MydaTy;zF—cmna TpeHUAa,

KoOTOpadonpeagendaeTcCAd I'IOCbOpMyJ'Ie
2
()2 M
SEINEN=F69)

2

roeN-peakuUMsa cCOCTOPOHB WWNOHKMU(PUC.
32;NB-peaKLMWacoCTOPOHbB Bana;M-
KPYTAWMN MOMEHT Ha Bany;,r—paaunyc
Bana(MnmuepBAaKayf—-kKoadbbdMUMEHT
TpeHuUda,pasHb K 0,06...0,08,

m

ctg (),
p 49
OC:e+q)
r
1
roe¢-—yron TpeHUsa Ha 3ybbax MmydThbl (=
»,=6;0-yronnoanbema 3yba
KYNTAaYKOBOMW MYMdTHI.



A

Puc.32.Cxemagns pacyeTacuninbl TPeHUSA
3aﬂ.aBaﬂCbPOC(‘-leM TOYHee Heob6BxoauMO

nNoNyudYnrTeb pai3mMenp, TEeM MeHDbBLWE
nNPpUHUMaAaWT P,.),onpepnendawT 6nodopmyne
49, 3aTeM - ycunwue NPYXWUHB P ,, 0O

3HaAa4YeHUt PanbI6MpaPOT M pacC4d4MTbIBAlT
napammMmeTpbl
62

NPpYy>XWHBbI.

YcTpoWcTBO ANANpPeapOXPaHEeHUWA CTaHKa
oT neperpysok

Pa3Mephl OTBETCTBEHHGBX neTanewu
CTaHKa pacc4YuThHBaAWT Mcxonmsn M3
MPOYHOCTHEBIX XapaKTepUCTHUK U M X
ECTKOCTM NO HaAaMbOBONBbWMUM 3HaYeEeHUAM
KpyTAwero MomMmeHTa M, ¥ cunel P, Ecnmu
MOMEHT M CUNaAaNpPeBLICAT pacyeTHb e M, MU
P, .o B CTaHKax nNPpeaoyCcCMOTPEHHS
npefgoXxXpaHUTeEeNbHLE ycTpouncTBa OT
neperpya3s3ok, KOTOpPBHE MOTYT ObITb
MEXAHWUYECKUMMU, 9NEeEKTPUYECKNUMMU U
rMmaipaBilMWYEeCKUMU.
[fpepnoxpaHUWTenNnbHLE ycTpoMKCcTBaAa
6biBaAlT ooHOpPpas3oOBOTroO JencTBMUA
(Cpe3Hble WTUDTHbI U WnoHEKM), Koranmga
neperpya3skKa - penkKu#n cnydyatn 7
BO3HMUKaAaeT TONbBKDO B aBapuWMUHBL X

ycnoBusdax (pnc. 33, AU MHOCropas3oBOTO



JeNcTBMUA — WapMKOBLIE, KyladyKoBble MU
PPUKLMUOHHEBIE MYMdT b, y KOTOPH X
NMPOMUCXOOMUT npocKanb3bBaHWe
pabouunx 3/1eMeHTO0OB NPMW HapylWeHUMH
HOPpMalnbHOINO peXuUmMa paboTbl, U MYDTHI,
DPPUKLMUOHHLBIE NMOBEPXHOCTM KOTODHbX
Npob6yKCOBbLBAT npwu neperpya3s3kKax.
JencTtBylwune C Wbl 0b6bIYHO
ypaBHOBeWMWBAaAOT ULUNMUHOPUYECKUMMHU
NMPYXMUHaAMMW CHaTMUA, pexe TapenbyaTbMu
MAW OPYTUX DOPM.

Cpe3Hbl e WTUDTbI U WMNOHEKMU,
ycTaHaBNlMBaeMble B COOTBeTCTBYLWEM
MecTe KMHeMaTHWyYecCcKOMU uLenw U
coelMHAWME OABa Bana, paccuYyMmTbBawT

YyTO6GbB NPUWU yYyCNOBMUM
TaK’ MKp,cbaKT

WTUHPTMUAMWNOHKA pPa3pywnnucesb.

pacu

A

Puc.33.0ceBON CPE3HON WTUDT

> M,

H a punc. 33 NOKad3aHa KOHCTpPYKUWUA
npepoxpaHnHntTenbHONO ycTponcTBa co

Cpe3HbM wtTudbTtom. MonymydThe 2 U

6

mMoca>XeHb Ha Ban I: ogHa - Ha wnoHKe®e,
apyraa-cBo6oaHo. OHM cBA3aHL Mexay

cobowu npw NMoMOLLM WTHUdTa

47

BCTaBleHHOINoO B OTBepcCcTHUEe CTanlnbHDbBX

3aKaNnNneHHbB X BTYNOKI3Mu3,
63



MO3TOMY NPW pa3pylleHMUM WTUDTa Kpas
OTBEPCTUM He CMUHatwTCA. Ha cTynuuye
NONYMYMDTbI 6 3aKkpennsawrT 3ybuaToe
Koneco, nepepjpatwuwee BpaweHUe Bany
(Mnnwu HaoboporT). Mpw neperpya3ske
OKpPYXHOE ycuMnme HawTudTe npeBbilIaeT
gonycTtTumoe, n wTuodT cpe33aeTcCiH,
npefpoxpaHaa OT pa3pylWeHMUSH aIpyrue
geTanu npuBopna. PeabboBaa npobka 7

JawuvuwaerT WwTMnMdT oT BblnageHUsa.
Bennmuunua C W Nbl, cpes3atwuwen WTMdT,
3aBUCMKUT, rnaBHBbBM o6bpas3owm, oT

MaTepunmana, TEPMUYECKON 06paboOTKU U
oInamMeTpa wtudbta.lltTudt mM3arotoBnAwT

M3 cTanwuids YS8A, YIOA.

BenmMmyunmHy pacyeTHOrNro KpyTsaAWeromMoOMeHTa
onpenenAtT No dopMyne

™, (50)
W kRME
) Kp.bakT g

rned-punameTpwrtudrta,m;o,~-npepnen
NMPOYHOCTU HaAa paAaCTAXEeHUE;R-
paccToOsSsHMe oToCMWTUDTa oo ocH Bana,
M:k=125+13-KoadpdPHWUMEHT AMHAMUYHOCTMH,

O »

AHanorum4yHo LencTBYIT B CTaHKaxX
npeapoxXxpaHWTENbHEbBIE Cpe3Hble WNOHKMW.
MXx M3roToBNAKT M3 Tex Xe MmaTepunarnos,
4yTO 7 Cpe3Hble WTUDTHI, MHOTI.Oa n3
nnacTMacCCbl.



5.MYOTbIUN TOPMO3A

5. Knaccudbmkauuma M Ha3HaYeHUe

MyodT
MydT bl npefdHa3HayeHbl onA
MOCTOAHHOTO Mnu nepmMoamMYecKOroO
cCoegMWHEeHUWSA ABYX COOCHBX BanlnoB UAMU
BanoB C oeTalAMMU, yCTaHOBNEHHBMMU Ha
Bany anAda nepejaYynm KpyTsalWeroMoMeHTa.
Mo ODYHKLULMOHANbHOMY NPUI3IHAKY U
Ha3HaYeHWI ObIBAaWT Pa3IUWYHBIE TMWIMNBL
MYydT.
MMocTOAHHBE MYdDThl

MocTOAHHBE MYdDTb NPUMEHAWT B TeXx
cnyyasax, Korgpa HYXHO CoOeaAgMHUTbL pAOBa
Bafla, KoTopbe B npouecce paboTh He
pa3beauHsatwTca. lNpn aToM Banbl MOTYT
6blTb COEAMHEHB XXCTKO MNM C NMOMOLbIO
YyAPpYrux asnemMmeHTOB. [loCTOSAHHBE MYMdT b
noappas3fgenatTCs B CBOI oyepensb
cneapyrouwum obpasomMm:

ecTtTKkue HeKoMneHcupyrwumne (Frnyxue)
anaA coeldlWHEHMWA CTporo COOCHO
pacnofnoXeHHblX Banos: BTYNOUYHLI €,
nonepeyHO- 7 NMPOAOONbHO-CBEPHYTHhLIE
(punc. 34, Banwl, coeoMnWHEeHHBbl e rny xow
MYydTOoMH, pa6boTawrT Kak OOLHO Lenoe,
NO3TOMY Hapaaoy C KPpYyTAWMM MOMEHTOM
MydbTaMOXeT BOCNPUHUMATHL
64

M3rMbawWMM MOMEHT, MOMNEepPeYHbI e U
oceBble HATPY3KU; KOHCTPYKLUWUMK ee
MPOCTbL MU HEe TPEeOYWT AONONMHMUTEINbHBbIX
NOSACHEeHUMN.

ecTkKwue KOMMOEeHCHUupyrwouue MYdT bl
(3ybuyarThb e u LenHbl e) JonycKatwT

HebonblWMKeE OTKJNOHEeHMUWA B3aMWMHOTIO



pacnonoXeHWHA BaloB M3-3a HETOYHOCTMH
M3TrOTOBNEHMUSH U MOHTa aXa (punc. 35).
Hanmbonee pacnpocTpaHEeHHOMN
AaBnAeTcAa 3ybuyaTasa mMmydbTta, cocTofAwasd
M3 AOBYX BTYNOK I C BHEWHUMNU 3YybbamMu #u
CKpenfneHHbB X 6o0onTaMM ABYX 0o06O0OMWUM 2 C
BHYTPEHHUWUMU 3YyObAMU(PMUC.35 a)

Puc.34 X XecTKMWe HEKOMNEeHCUPpYOLWMUE
MY®DTbI:
a-BTynodyHafa;6-nonepe4vyHoO-oNnopHas"
CUMITUHOPUYECKUMMU KOHUMYECKUM
OTBEepCTUAMU 4L NA BanNnosB; B—
nNpoooOnNbHO-CBepPHYTaA

3a cyerT 3a30poB B 3y6uyarTh X
COYNNeHeHMUMAX KaXpgad M3 BTYNOK MOXeT
noBoOpa4vYumBaThbCH OTHOCUTENBbHO
06 0MWMBI H a yron, 06blYHO He
npesBbiWwatwmnMm05°. benHada MmydbTa cocTOHUT

M3 IBY X nonymydT-3Be3ao04ecKk c



aKOBbLIM YU CNOM 3ybbes 7
ThiBatwen M X OOLHOPAAOHOM Mnwu
PAOHOW PONMKOBOW Lenun (puc. 35 6)
bl € MYdT bl MO3BOMNAWT
eHCUMpPOBATHL yrnoBbl € cMeuweHusd
B Aaool.llpymcnonb30BaHWK Lenen cC
oob6pa3HbBMMU PONMKaAMM yrnoBbl €
EHMA MOINrYT AOXO0O4AMUTDbL oo 3.5
65
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BoaMoxXxHOe palvManbHOE CMelWeHNE OCe
aBUCUT OT pa3mMepoB MYydT Mmwara uen
MOXeT pgocTuUraTtb 1 MM. 3as3ophl
auenneHuwu co3patT 3HaA4YMUTEeNbHH.
od T, NMo3TOMY He pekoMeHAayeTC
PUMEHATHb MY®T bl npwu pPpeBepCwUBH Db
arpyaskax.

HecTKkKHMue NoABUXHBE MYdDThb JONYCKawT
HayMTenbHbBE CMeWeHWA BanoBgB MAw
OLBUXHOCTbBL UX BO BpeMsa paboTb B
POOONbLHOM (pa3ABUXHBLE MYdTHhI) u
OnNepevYyHOM (nnaBawwue MYydTBhl)
anpaBlneHMUSHaX Mnw OTHOCUTENBbHLIE
OBOPOTH FreoMeTpPUYECKUX OCeHn Banos
(WapHUWPHBe MYMPThl), a TaKXe pPpa3NMUWYHBbBIE
CoOYyeTaHUA 3TUX CMeLWeHUN.
MpocTenwasd KOHCTPVYKLMUS
Manorab6bapMTHOW WaAaPHUPHDO MydTb (pUuC.
36) MMeeT WapHUPBbl TPEHUS CKONMbXEHUA U
NPOMEXYTOUYHOE 3BeHO B BULE
napannenenunepna C OTBEPCTUAMMU, OCMH
KOTORPHbIX nepecekxkatTcCcaA noan npsmMblM

I 03539 WX W
X N XD X X¢

I 3033w

0
7z

YT oM.

Ynpyrwue MYya®T sl MMEeWT
1edoOpMUPOBaAaHHLE geTanu c MalJlblM
(ynpyrue MYydTbl) Mnu c 6bonbWUM
(ynpyro-pemndupytwue MYydTbl)
paccenmBaHUEM 3Heprumun, ocnabnawrt

TONYKW MW BUBPaAaLMUKM NPU NYyCKe MW paboTe
CTaHKa.
Hapuc.37noKas3aHblynpyrume MmydThl C



ULUPKYNUPYIOWHUMU 3TEeEMEHTaMMU,
paboTawWMMM Ha CXKaTuMe,M3TUD U
KPYYeHWEe CKPYTUAbHBMCAOBUT OM.

A

Puc.35. ) kecTkunue KomMmneHcupyrwowmwme MmydThbl: a—
3ybyaTtana; 6-uenHas

bonbwoe pacnpocTpaHeEeHUWE MOAYYUYMIDN
MydTb ynpyrme BTYynOo4YHO-ManbLue Bbl
(MYBIl)(puc.37, a,nepepatwowime ycumnu
yepe3 pe3nWHOBbBIE TOGPUPOBAHH B
BTYNKW,B3auMMOLeNCTBYWWMUE
MOBEPXHOCTAMM OTBEPCTH
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SO O n O

OJHOMW M3 nonymydrT ] CTalbHB MM
anblulaMM, YyCTaHOBNEHHBMU B OAPYyromn
onymydrTe. ATwu MYydT bl JonycKatwT
MeleHUE BalloB B paluManbHOM
anpaBneHuun 02.05 MM, B NPOAONbHOM —1..5
M n Yyrnoso# nNoBOpPOT oo 1°. WUx
JOCTOMHCTBO — NPOCTOTA KOHCTPYKUUM
] BO3MOXHOCTHBb 3aMeHbl YyNnpyrwux
SnNeMeHTOB,Manbe rabapmTb U Mmacca. W Nx
paboToCcnocobB6HOCT®SB onpepnenaeTcas

=S I O 3330



CTOMKOCTGBbBIO BTYJNOK u 3aBUCUT oT
pexXxmMuma paboThb, TOYHOCTMH MOHTaXa u
MaTepuana yAOpyr#ux 3/1eMeHTOB. Ho
MYMdT bl MY BTl CpaBHUTENbHO Mano
nogpaTnWBL, pacnpeneneHmMe ycUAIUN B
yAOpyr#ux 3N1eMeHTax oOTNMYaeTCH
6oNbWOM HEPAaBHOMEPHOCT bIO.
Puc.36.llapHuupHaavmydTa

B MydbTtTe, nokal3aHHOW Ha pwuc. 37, 6,
paboTatWwne Ha M3rmnob pe3nHOBLE
ynpyrue 3NeMeHTb 3, apMUpPpOBaHHLE
KoOpaoowm, ycTaHOBIMEHH B naasax
nonymydTs I " B3aMMOoLeWCTBYIT c
BblcCTynamMu nonymydTs 2. 3T7Ta MydTa B
cpaBHeHUMU c MYBlloTnuyaeTcs 6onbwien
nNofpaTNMWBOCTbLI (3HEProeMKOCTbl) ]
CNOCOObGHa KOMNEeHCUupoOBaAaT®H 6oNnbWwMUeE
OTKNOHEHUS B paavManbHOM
HanpaB/NeHWUW U YTrNTOBbLIE NTOBOPOTHI.

Ha puc.37, Bnokasd3aHaMydTacynpyrumm
3n1eMeHTOM 3 B BuUae Wwapoobpal3HOM
o6o0oNnNo4YKMHU, NPUKpPpEeNnNneHHOMN K
nonymydTamM I M2 NPUXUMHBIMU KONTbLAMMU
4. O6onoykKka BBHNONHSETCHA U3 pPe3MUHELbI,
apMmupoBaHHOW kapaomMm.MydbTa obnapaert
XOpPOWUMMU AMOPTUIIUPYIOWUMMU n
gemMnduvMpyrowmMMmn CBOMCTBaMKU UM MOXeT
KOMNeHCMpPOBATHL 3HayYuUuTenNbHbE
CMelWweHMUSA BanoB: B NPOLONBHOM
HanpaBlNeHUWMNM2.6 MM,BpagmanbHOMI..5 MM,
YyrnoBowmw noBopoT 2.4° JJnameTpanbHble



pas3Mephl 3T WX MYydT 6onbuwe, yemw
YAPYTITUXMYDT APYFrmMXxX TUNOB.
67

ln.,

A-A 1

Puc.37.Ynpyrvme mydThbl: a-
BTYNOYHO-NanbueBaa, 6—-C YNPyrumu
IneMeHTaMu, paboTawWMMM Ha U3TKUB; B-C



wapoobpas3HoOoMWYynNnpyromobonoykotm

CuenHboeynpaBnsaembe MydTHhl

ATtH MYdT bl npeagHa3Ha4eHbl onaAa
coegnMnHeHNUWNA WKW pPpa3begnWHeHNA BalJioB, a
TaKXe BaJloB U yCTaHOBJNEHHB X Ha HMUX
JeTanem Ha XodAy MUAWMW B HENOLBUXHOM
COCTOAHMUU. OHM WMUPOKO MCNONbIYyWTCA
nNpMU YacTOKW CMeHe NyckKa #u OCTaHOBKMU,
npwu HEeoOb6XO0OAMWMOCTM M3IMEHEeHWUWA
pexXxumMmoB paboTb CTaHKaC MMHMUMAaNbHOM
3aTpaToOMnM BpPEMEHMW.

MepepadvYya KpyTAaAwWweroMomMeHTa

ocywecTtBhnaeTCcaunnIincuMmnamMmmnm TpeHMUA

68

(DPPUKLUMOHHBIE MYdDThbl, pUC.38),nMnH
3auenneHMeMKYNaykoB UNIN 3yb6bes
(CuenHble KYynNadyKkoBble MU 3y6ByaTh e
MYydTBhl, PUC.39).

OPpUKLUMNOHHDBE clUenmnHbnble MYyoT b
nepejawT KPYTAWMUNA MOMEHT 3acyeT CHUN
TPEeHMUSH Ha pabouwnx noBepxHOCTSH X

Ppa3nNMUYHOW DOPMb: AUCKOBOMW (puUc.38, a, 6),
KOHYCHOW (puc. 38 B), UMWAMUHLPUYECKOMN

(punc. 338, ). MydThs pa6boTalwT KaK <CcoO
CMa3KOW, TaK M 6e3 CMa3KW, C NMOMOLWLbI
MEeEXaHW3IMOB BKNWYEeHUWA pa3nNMWYyYHOTO
BMUAOaA.

KynauykoBbe MyopTs TNPUMEHAWT npw
nepepjgauve 3HaYMUTEeNbHBLH X KpyTaWwM X
MOMEHTOB, NPWU HEeobBXOAMMOCTMHU MaiblX
pa3MeposB MYydT, a TaKxXe anq
obecnevyeHMUSn KEeCTKOM
KMHeMaTMmyecKkon uennm. Mydbta cocTOMUT
M3 0 BY X NOAYMYDT c TOPLOBbLMMU
KynadvyKammMmu (punc. 39, a. BkniouyueHwue 7]
BblKNIOYeEeHUE ocyuwecTBNsAseTCHA OCEeBbM

nepeMelweHunem OOLHOM NONYyMYMdT bl H a
wnuuax WAMU HanpaBnsawWWMUX LWMNOHKaX.



BknwoyeHnme KYnaykoBb X MY®DT BO3IMOXH
TONBKO NMPUMalNb X OKPYXHB X CKOPOCTS
(oo 1 M/C). Mpumep MCMNONMHEHMU
KOHCTPYKUMUM 3ybyaTonhm MydbTho NoKaasa
H a puc. 39 6. Koneco I, BBOAMUMOE
3auenneHune c Konecom 3 nepepae
BpalweHUWEe Bany 4. Ecnwm Koneco
nepemMecTUTHb BnpasBo, BBEeCTMH
3a
no
06

W, - T INxO

LenneHWe C KOoOnecom 2, TO BpaweHwMUe
nyuyuuTtT Bans. Batomcnyvyae konecalwu?2
pa3ylwT 3ybyaTytmwcuenHytw MydTy.

a

Puc.38 PpMKUMOHHBIEe cUENHbBIE MYMdDTHI

KynaykoBble M 3ybyaTbe MydThb MMeEetT

MEHbBbLLWMWKE ra6apurThl U Maccy (anaqa
nepepgpadu ogHOTrO U TOro X e
MaKCMUManbHOTO KpyTsauwero MOMEHTa),
yewm dPUKLULMOHHBIE. HOoO dOpPUKLUMOHHEBIE
MMetwT psaan IPpYyTrunx npeuvMMmyuecTB, a
MMEHHO:

—-MUX MOXHO BKNHYaTb UBBKANWYAaTb 6e3
peKpaweHMAa OBUXEeHUA BLENU UAMU NPMU
AQ3HbLX YITNOBbLX CKOPOCT A X
OeOUWHUTENbHB X 39NeMEeHTOB;—0HM
BHIMOMHAKWT PONb NpPenoXpaHUTeENDbHBbI X
MYDT,MPU KPYTAWMUX MOMEHTaAX Bblle
JONYCTUMBIX OUCKU MYDT
NMPOCKanNb3blBalOT OTHOCUTENbHO
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O T O

apyrapyra,;



w

—obecneynBawT NNAaBHOCTb BKNIYEeHNA U
BblKJTIOYEHMUSHA;

—~DOPPUKLMOHHBE 3NNEKTPOMATrHUTHSLIE
YDOTH MOXHO NPUMEHATbL 404
MCTAaHUMOHHOINO ynpaBJ/eHMWSH;
—-MOryTHWCcRHONBbB30BATbLCHA Kak

OPMO3HBE yCTPOMUCTBA,4YTO

HayMTeNbHO COKpawaeT BpPeMH
CTaHoOBa.

A-A



Puc.39.CuenHbee ynpaBnsemb e MmydT bl

a-KynavykoBas;6-3ybyaTas
CaMOAeﬁCTByI-OI.LI.Me cuenNHBble

MYdDTHh

KaToMy TUNRNy oOTHOCSATCA MYDTbI,

aBTOMaAaTMWYEeCKWUW BbBINONHAWWMNE OQHY U3
cneanywowmx dYHKLULWK:

—0OrpaHMyeHMme nepegaBaeMoOMu
Harpys3ku(npenooxpaHUTEeNbHESLIE
MydTbhl);—-nepepadyy MoMeHTa TONbKO B

OOHOMHaANpPaBNeHUWUN(OOBTOHHBIE MYDdT bl);
—BKNIOYEHWE WBLKNIOYEHNWE NPMU

3ajaHHOMW YacToOTe BpauweHUsd
70

(LeHTpPpobGexHb e MydT bl).
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X IJI3J13JIT w0313 1313 I3 0=

lTbenoxpaHUTENTbHBIE MYyoT b
pabaTbBawT, Korga KpyTaWwWMUMN MOMEHT

peBblllaeT HEeKOTOpPY' JONYCTUMYIO
eNMYUHY. OCHOBHbBIMMHU TMUNaM#
pefLoOoXpPaHUTENbHDBLbIX MYydT ABNATC A

PUKLWOHHEBIE,

NPYXMUHHO-KYNnayKoBble,

PYXMWHHO-WAaPUKOBSIE ] MYMdT bl c
aspywawwmMMmMca snNeMeHTaMMU.

OPpUKLUMNOHHDBLE

npeagoxpaHwnwTelJlbHBbeE

yeTte OTAMYaAawTCA OT DPPUKULUMKUOHHBIX
L enHblX OTCYTCTBUEM MEeXaHMW3IMa
npaBneHusa. HopmanbHOE ycunue Ha
OBEPXHOCTMW TPEeHMUA ocylwecTBNAETCH
OCTOSHHO 3aMKHY TbIMMU NPYXWUHaAMMW.
anbonbuwee pacnpocTpaHeHMUE
onyuyunnu MHOTFOJOLMCKOBEBIE
pefpoxXxXpaHWTeNbHbe MYydTb (puc. 40, a).
pu cpabaTbBaHMUU MydpTa He NMOMTHOCTHbLIO
peKkpawaeT nepefgavyy MomMmeHTa mnocne
HATWA nNeperpys3kKwu aBTOMaTMHW4yYecCKHM
Knio4vyaeTcs B nepepgady nNone3HOM
Arpy3kKun. 397TmM MmydTb MUCNONBL3IYIWT Kak
paBuWuO npwu KpaTKOBPEeMEHHBbl X
eperpyasakax, Tak Kak B nepunoan
eperpyskKkwu BolgendaeTcA 6onbWwoe
onMyecTBO Tenna.

a6

B

Puc.40.NMpepnoxpaHUTeNbHbBE MYMdT bI:

a-DpPUKUMOHHAA; 6-NMPYXMHHO-KYynaudyKkoBasa; B-—



NPYXMUWHHO-WapMUKoOoBaA*A

lMpyXmuHHO-KynadyKkoBbe My@dTho (puc.40, 6)
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pa3Mbl

M€eHDbLW

cpaba

He MMEetwT MEeXaHMW3IMa
NeHWA, MW NnonymydThb 3aMbKatlTCcCA
AHHO AenWcTBYWEN NPYXUHON.lpw
py3Kax 3auenneHune KynauykoB
aeTcAa B pe3ynbTarTe oceBOTroO
HHUA MOAOBMUXHOM NONYMYMdT I,
HHOT O HaKNnOHHBIM
NTOXEHUEM conpsXeHHblX
XHOCTEeWn KynauykoB. Yron HaknoHa
KOB Ha3HavyYaeTCH 06blYHO He
40°. 3TU MYdDTH MCNONBb3YWTCHA NPWU
bWKWX KPYTAWMUX MOMEHTAaAX M MaIblX
bBIX CKOPOCTS X.
VYVKUHHO-WapPpUKOBbBX MydTax (puc.40,
neperpy3Kax WapMKKW CcMelatwTCA
BOM HanpaBleHWU U NPOUCXOAMUT
KaHue MydTb C nocnepaywowmumu
NKWUBAHUAMMNM, B CpaBHEHMUMH C
KOBBIMMU 3TH MYydT bl bonee
NOT W YHBbI, HaJjeMXHbl ] MMetwT
MMh pa3bpoc MOMEHTa
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TbiBaHMWA.

A
LA-A



JW I3 U0 YO A X

WK £ OWME0TU0OOEKXO
T O T OYONT OO IIXO OO0

2143

Puc.41. PonunkoBas o6broHHaa MmydT a

O6roHHbEe MychTbe (MydTb CBO6H6HOOAHOTO
ona) nepegawrtT KPpYyTAWKN MOMEHT
ONbKO B OAQAHOM HanpaBhneHuun. Ecnwm
rnoBas CKOpPpOCTES®B BeOooMoro Bana
oOnbwe, 4yeM Beagywero, TO NMPOUCXOOAMUT
BTOMaTMUyYeCcKOeEe pa3Mb KaHUeE
MHEeEMaTMWUYeCKOMN uenw npueBoOda
OnNbWOEe pacnpocCTpaHeHMWEe NoNyudyunwu
PUKULUMUOHHEBLIE O6roHHBIE MYdT b,
epegatwuwme KPYTALWNMN MOMEHT B
e3ynbTarTe 3aKNMWHUBAHMWUS Mexanay
onymydTaMum NpPOMEXYTOUYHBLIX AeTanewu,

KadyecTBeE KOTODPHBH X yauwe BCero
PUMEHAKT PONTUKMU.

PonukoBas ob6broHHasas mMypTa (puc. 41)

OWSoS OO0 XTI OOIT 430

SO®MOSIE®XIO0 T O -

OO XmWmMEZO0OH4XT O OEFEO

X 0 0 O T

QDO X X

T M3 3BEe3OO0OYKMU I, HapyXHOTO
(0O6OMMBI)2, PONTUMKOB3M NMPYXUHHDBIX
CTB 4, obecnevynmBawWKX
NbHBMH MEePTRBHLIK X0n n
CTBYWMU X PaBHOMEpPHOMY
dJeneHU Harpyas3KHMu MeEexXamgy
MH.3Be3004YKal
6bTb BeOgyLWUM 3BEHOM npwu
Mn no yacoBOM cTpenke, a
2 - npw BpalWwWeHUH NMPOTHUB
] CTpenku. Cwunwol TpeHwusd
T PONUKMU B CTOPOHY CVYXEHMUSH
MEXOLY OOBOMMOMW M 3BE3IOLOYUYKOW MU
oounT 3aKnNvuHuBaHunue. OB6oO0MUMY



po

NTUNKMH

7 3Be3004YKY BbIMONHAKT n 3

MaTepuanac TBepaoocTbioHe MmeHee HRC 60.

LHeHTpoO6eEexHDB e

camoagencr TBYOIMUE

cClUennHbl e MYycoT b cnyxart aonaA
aBTOMAaTMW4YECKOTrO coeaoVWHEHMWSH u
pa3beaoMHeEeHUA BalNloB MNPU OLOCTUXEHUMN
onpeneneHHOMW YyacToThb BpaweHUudAa. OHM
npeancTaBnAKT cobowu cuenHbl e
PPUKLMUOHHEBIE MYMdT bl (OUCKOBGBlE,
KONOAJOUYHEBLIE 7 op., MCTOYHUKaAMMU
HOpPpManbHOTO ycunwuas B KOTOPHBH X
ABNALTCA LeHTpPpob6exHbe cunbl.Ha puc.42
MOoOKa3aHbl NPUHUUNUANbHBLE C X &M bl
KOJMOAJOUYHBIX LeHTPOO6EXHBbI X MYydT.
[TepBoHayYyanbHO pabouyume 3NeMeHTH m
MU pas3xXaTh (puUc.42, a), »nunm cxXartThbl (punc.42,
6) YCUNAUAMMHU NPYyXMWH Fop. Mpw
onpeneneHHOMW yacToTe BpalWweHUWsd
Beaoyuwero Bana nopn nLencTBUEM
HLEeHTPOOGEXHbB X CUNF, MydT bl
72
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Puc.42. KonopngpoyHb e LeEHTpPOBGBEeXHbB e MYydT bl

52.PacyeT mMydT

Mpwu pacuyerTe KyYynadYykKkoBOMW MYDT bl
Heob6X0aAMUMO onpenenunTb pa3Menp
Kynadyka u aonmameTp MydbTto. KonunuuyuecTtBo
KynaykoB Z 3aBMCUT OT nNepenaBaemMoWu
Harpyas3Kwu, a TaKkxe oT BpPpeMmMeHHMu
BKNwo4yYyeHUda. O6bi4HO Z = 3..60, npuyem
KyYyNnaykKuMu CcC MENNTKWUM 3YOOMNPUMEHAWT NpPpH
nepejgavye HebOONbWMUX Harpys3oK npu
MalloM BpPpeMeHW BKNYeHMUA (noTepwu 05 c).
MonymydThl M3roTOBNAKT M3 cCcTanu
MapoK?20X,20dH2c uemMmeHTaUuMWeEeN U 3aKaNKOMU
oo TBEepPLOCTMH HRC 54...60, a B
OTBEeTCTBEHHDEBblX KOHCTPYKLUMUSX npw
YacThblX BKNIOYEHMUAX U BbIKNIOYEHUNUSAX — K3
cTanwud40X,30X H, 40XH.

KynaykumnpoBepsiooTHacMaTHUE U
Mmarmb6.CornacHoO pUC.43,BeNUYUHY
JONYCKaeMOro KpyTsalWeromMomMeHTa

MOXHO Bblpa3nWTb cneaytwum obpas3om: a)

npwu

6)

rnoe

CMATHUKUN Ky JTadKa
(S
05;M,,=D_ " Z,ahp

npumusrunbée  , =050, Z,[0], .0, 62
73

‘o KpyTsAawWwWnWih MomeHT, H-m; D,



CPeAHMNn AMaMeTp NO Kylnaudykam, M; Z, =
03...05Z, - pac4eTHOEe YUCNO KYyNadyKoB; Zy—
baKTMYeCcCKOe KONMYeCTBO KynauykoB;
plo0l,-LonNyCKaeMbe YCNOBHOe yaeNlbHOE
JaBneHUe MeXnmy KyflayKkamwu 7
HanpaxXeHWe Mm3rmba, Ila; W — MOMEHT
CONMPOTMUBNEHMNA Ce4YEHUA Yy OCHOBAHMUSA
Kynayka,wm?

Onsa pMoOXHO peKoOMeHAOBaTb C CleayWKNe

3Ha4YeHWA4da: a

MydTbe 3HayeHUs p, h
MT a
Bknioyaemble BNoKOeE

90...120 Puc43. Cxema
Ha TuxoMm xoay 50..70 NPpOBEepPKW Kynauvka

Ha 6bicTpomxony Ha CMATUE UM3TUB
35...45
M, w=05n -Dcp2~b'p'f'z, (53)

TeopeTunyieckKHM roneD,...b—
KPYTAWMN MOMEHT,
KOTOPbLIKM MOXET
nepepgnaBarThb cpeoHUUM oMamMeTp
AnWCcCKOBas+A
PPUKLMOHHA S
MydT a,

Po

cp»

cooTBeTCTBEHHDO

7

b
WMPMUHAa KONbULUEBOIrOo AMCKaA A, M;f-
KoaddbMuMeHT TpeHUA;p—AONYyCKaeMOoe
yvhenbHoe naBneHune,MMa;Z-4yuncno
NMoOBEepPXHOCTEN TPpeHUMA.3HaAUYEHMUSH
KOadhbhOMUMEHTOB T TPEHMA MW AONYCKAaAeEMBblX
JaBnNeHUWMW Ha NMOBEPXHOCTU TPEHUA MYDT
JaHb B Tabn.l13.

BnenmctTBUTENbHOCTMU KPYTSAWKUMNK
MOMEHT,KOTOPbLIMBCOCTOAHMMU NeEpPpegaAaTHb
MydTa,paBeH

MEK,K -



= (54)

rne K~ KoadhdbMmumMmeHT, VYU T BawWuUM
OKPYXHYI CKOPOCTb NpPpOCKanb3biBaHMUSH
MCKOB NMPU BKANWYEHUU; K- KOoO3dbdbMLUEHT,
YN TbiBatWKH yncno NMOBEPXHOCTEMW
peHuna; B =125.13-KoadbdbrMmumMmeHT 3anaca
LuenneHwuaAa.

0O 4 In

V<25M/c 3456810K,=10,940,860,75 0,68 0,650,63Z<3456
78910K.=10,970,94 0,91 0,88 0,85 0,82 0,79
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Tabnuuyal3
MaTtepuan Koad Jonyckaemoe
Tpywu xc A duu yaoenbHOE
noBepxXHOCTEMW MEeHT naBneHune,MMNa,
TPpeH anamyodrT
u A
Ouncko KOHYCHBI
B bl X X M
ULUAMUHOP
MYyecKMUX
CocMa3KoMm: 0,06 0,6...0,8 -
3akaneHHas~
cTalnb No
3aKaneHHOM
cTanu
Yy ryHno 0,08 0,6...0,8 1,0
YYTryHY MK MO
3aKaneHHOM
cTanu
Bcyxyto: 0,3 0,2...0,3 0,3
npeccoBaHHLMN
acbecT Nno




cTanwu

YyryHno 0,15 0,2...0,3 0,3
YYTryHYy MK Mo
3aKaneHHOM
cTanu

OnapacuyeTad®PUKLUMOHHBIX CLUENMHBIX MYdDT (CM.
puc.38)3ajaTCA

BeJNMWUYUHOMN o
w DVZ

pb
_m3dbdopmynb (53) n c
Yy4eTOMBbLIPaAXeHMUSH

G4y nonyyarwrT cop Kp.M
2.(55)
MKK
CpP  eeeen
s
fz
0

Ona aoMcKOBB X MW KOHYCHBIX MYdT
npUHUMawWT ¥ =0,15...025; 4 n A
UuMmnmHapuuyeckunx v=02..03.0ceBoe

ycunune ,
F,He06xouMM0e ons

co3fpaHMWAg HOpPpMalbHOINO ycunwuna

F
F,=F,sina, (56)
a TaKXxXe
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M, w=05F;fD;,Z (57
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M
= (58)
fZD
cp
FNyxuMme MydDTb BTYNOYHbBEe cCOWTUDTaAaMMU
accuyYuMTbhBaAaWT NOo Haumbonee cnabomy
nemMmeHTY - WwTudTy, B KOTOpPOM
npenensawT cpeas oT CUNbl,, pPaBHOM
THOWEHWIO NepefgaBaeMoro MoMeHTa K
eNMYUHE paguyca PpacnonoXeHMUSH
eyeHuUAa cpes3a. Ecnm BTynouyHas MmydTa
o) WNOHKaMMKW, Torpmna BeaoyT pacuyerT
NMOHKM Hacpe3 MCcCMaATHUE.

75
MfonepeyHO-CBEPHYThHl € dbnaHuUueBb €
ydbTh (CM. pUC. 34, 6) paccuyuMTbBAT B
AaBUCUMOCTMU oT HanlMnyus MNu
TCYTCTBMUS 3a3opa Mexay
OEIJMUHUTENBHBMMHU bonTtamMu u
onymydTton.llpn coeagmMHEeHUN NMONYMYDT
onTaMu, BCTaB/leHHBMW B OTBEePCTHUA C
A30POM, KPYTSHAWMUN MOMEHT nNepepjaeTcs
a cCYeT CWUN TPEeHUS MeXAyYy TOPLOBbLMMU
OBEPXHOCTSAMM NONyMyodT. Cuny
ATAXKMW OOQHOTFro 6onTa onpepgendoT 0O
opmMyne
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IeK-—-KoadhbdbmumeHT pexmma paboTh;DUNd-
MamMeTpPb,CMf—KO3dDPUMUMEHT TPEHMUSA,f

0,1..02;z—-KonunuyecTtBO BGBONTOB.MpwM
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1T 4 X0 3732 X
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W U4 3 XT

oedUWHEeHUMUM NONYMYDT 6onTamMu,

CTaB/lNeHHBMMW B OTBepCTHUA 6e3
a3ODa,6OJ'ITbIpaCCLIVITbIBaI'OT Ha Cpea3
O CHnnNe:
S.
K
2 KPP (60
MKDZ

1

LeS-cunna,cpe3awwan oauMuH 6 onT,H;D -
MaMeTpP OKPYXHOCTMUW pacnosioXeHMUs+d
ONTOB, CM.
3atTemMmnocunamMPusSonpepenstwoT
MamMmeTp bonTacMUCNONb3O0OBaHMWEM
ENMYUHHaANPSaSXeHUN Ha pacTAXEeHUE U
acpeas.

MepeynmcneHHb e B bllle pacuyerTbsl
BIBAalT TONbKO Nepejavyy KpyTsaWwuXx
HTOB. B cnyuyae, Korpga MYdT bl
NHUTEeNbHO HarpyxatwTcs
6alWnUMM MOMEHTAaAMMU ] OCeBbMMU
MW 3HaAaUYMUTEeNbHOW BENMUWYUHB, NpPWU
eTe 6onTOB Heob6Xo0aOMUMO
bBIBaThb cuny JONONHUTENbHOMW
KKWU, KOMNEeHCUpPpYLOWYW OLencTBUE
6alWMX MOMEHTOB MWW OCEBbLIX CMWI.
MpoaoonNbHO-CBEeEPHYTbe MydTh (pUC.34 B)
AaCCUYMTHBAKWT M3 NPeanoIoOXEeHUHA, 4TO
PYTSHALWKN K MOMEHT MOMHOCTH LI
epepnaeTcCs TONBKO 3a cuerT cun
peHUA (WNOHKa He YyYUTbBaeTCSH).
acyeT CBOAMTCSHA K onpeneneHWo CMUANb
aTAXKM oaHOrob6ontanodopmyne



MK
=P, (61)
dzf

roed-ovMameTpBana,cM.
NaneeonpegenswoT anamMmeTp bonTtaus3
ycnoBua eropaboTb Ha pacTAXeHMUE.
BoneenoappobHbMpacuyeT APYTHUKX
TUNOBMYDT,aTaKXecneuMmalbHbB X MydT
npuBeneH BpaboTe[lO]
76

5. TopMO3HbEe ycTpouncrTBa

MocnenpeKkpaweHMua nepegaywm

MCNONMNHUTENbHBX ABUXEHUN pabovyune
OpraHb CTaHKanNnpojgonXalT ABUIraTbCH
MO MWHEPUUU BTEYEeHUE HEKOTOPOTO
BpeMeHW.OTO TaK Ha3bBaeMoe BpemMH
Bbl6eranpuMmYyacTh X BKNYEHNAX U
BbIKNIOYEHMWAX CTaHKaMOXeTCOCTaBUTGL
3HaYUTenNbHYW AONWOT OOWLEro BPpeMeHMU
eropab6boThb.ns TOroyTobb YMEHbBIWKUTHL
BpemMa BbH6era,CcCtTaHKuM ocHawatT
TOPMO3HBMMU YyCTPOUCTBAMM.
BmMeTannopeXxywmMx cTaHKax NOAYy4YUNHU
pacnpocTpaHeHMUE 3NeKTpUuYecKMUeE
CUCTEMB TOPMOXEHMNUA, MexaHM4YecKUe,
rmMmaopaBimMmyecKkue, NHeBMaTUWyYeCKMUE
TOpMO3a Mau n X KOMOMHAaLUMKUMWN.
MexaHUWYecCcKMUE TOpMO3a 6bBaAatOT
NeHTOYHBLl e, KONOMAOYHBLIE ]
MHOIFrOoOAOMWCKOBbLE (bpUKUMOHHBLE) PaborTa
MEXaHMYEeCKMUX TOPMO3OB OCHOBAHa Ha
NMOTrNOWEeHMUM KMHETMWYEeCKOMN 3HEepPruun
OBUXYLWHUXC A no MHEepPpLUWUMU gJeTanen
CONMPOTUBINEHUEM TPEeHMUL.



YcTaHaBnuBawT n X B OCHOBHOM H a
O6bICTPOXOAHDEBIX Banax Kopobok
CKopocTeWm U 6GNOKMPYIWT C NYCKOBbLMMU
MydbTamu, npw BbBIKJTIOYEHMUMU KOTODHhIX
BKN4YyaeTCca TOPMO 3.
2 6
2
a 3
a 3

6

6
7
7
1
1 5 1
4 56 1
4

Puc.4MexaHMUYeCKME TOPMO3a:a—-KOJNOJLOUYHBIN;
6-NEeHTOYHbLH

JleHTO4YHBI € u KONOAOUYHBLIE TOPMO 3 a
NPOCTbL MU KOMNAaKTHB MO KOHCTPYKUUMU,
MMewT Manyto BeNUWYUHY ycunua
BKNIWOYEeHMUSA. HepocTtaToK -
OOHOCTOPOHHEE dJaBneHue H a
TOPMO3HOM Banl, B pe3ynbTaTe yero
noAaBnNnAlTCA MU3IrMbawwMme MOMEHTH, YTO
NPUBOAMUT K MNOBLIWWEHHOMY M3HOCY ONO0OD.

Kpowme 3TOrOoO, KOJTOAOO4YHBbIE TOPMOS3a
M3-3a Manou TOPMO3HOM noBepxXxHOCTMH
co3patrwT MEHbBWMMN TOPMO3IHOWU MOMEHT,
yeM aopyrunme BMOAbl TOPMO3O0OB TaKKWX Xe
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Y Konmnogpo4yHOro TopmMo3a (puc. 44, a)
OnNoaoKKW I KMN6COEenMHEHDB OoBWeEeN TATCrown 3,
NMHA KOTOPOMW MOXeT perynmpoBaThbcCH
anKoMm 2, 4YyTo daerT BO3MOXHOCTHDb
becneuyunBarThb onpeneneHHL U 3as3op
eXOYy KONOAKaMMU MU TOPMOIHBIMIWKMUBOM?7.
p v BKNHOYEHNUMU TOpMO3a KONOAOKM
TArMBawTCA TATCroOM 4, NnepeMewiaruwemnmc A
TnNnpuBOA 4as.

JIEeHTOYHBIM TOPMO3 (pUC.44, 6)pabo

TaerT

O TOMY € NMPUHLMUNY,YTO MU KONOLOUYHEBIMW.

PUBOJL ONA 3TUX TOPMO3OB MOXeT
NeEKTPOMATHUTHBIA UNU CONNEHOMWUN,
YUYHOMN.

6..CTAHUHBI N KOPMYCHbBIE AETAJHU

OblTb
pexe

CTaHMUWHDLI " KoOpnyCcH®bE gJeTanu
6pa3yT HecCcylwytlw cuCcTemy CTaHKa,
acca KOTOpPpOMH cocTaBnaeT 80..85% oT
acchbl CTaHKa. OcHoOBHaH 3ajgava
MCTEMBI - COXpaHeHUE TpebyemMowu
O4Y4HOCTM, EeCcCTKOCTHMH "
MBPOYCTOMYUBOCTMU. Ona MOBbIWEHMWSA
ECTKOCTM CTAaHMWH ] KOPMNYCHBb X
eTanew HeobXxoauUMO: OKPYrnaTtThb
epexoajbl, npumiapaBaThb CTaHKawm
BoOgo4YaTh e b0 p MBI, pauMOHaANbBHO
acnonaraTtTbpebpauvnneperoponkMu.

Ha pwuc. 45 MUHMUMaAaNbHOMW XECTKOCTHbLIO
6bnapaeT CTaHWHaA, BbBIMONHEeHHasd no
XemMe a;, MaKCMUManbHOMW — NO CXeMe e.
06 XO0OOMUMO YYUTBIBAaTb, YHTO XECTKOCTHSD
TaHWMWHB BoO3pacTaeT B 3aBMUCUMOCTMHU OT
mcna neperopopnock MeLNneHHO U
pPMO6ENM3IUTENBbHO PaBHa:



jni=:

rne ij - onpependemMasf XeCTKOCT

CTaHMWHB-I c yyeToOM neperoponaoxk;,
yncno neperopopok; , - MCXOMHa
EeCTKOCTHDb CTaHMWHDELI 6e3s yuer
neperopopoxk.

a 6 B
Jo=4 -
. ﬂ e 5 1
Jr=2,j
hi=l Je=6."
J3=3 ] =20
-

Puc.45. PacnonoxXxeHume neperopopno
CTaHWHAaX:

78

a,6,B-nepneHONKYNAPHO K 6OKOBbLIM
CTEeHKaMCTaHMWHLbI;
r,g,e—-nonapHO M HaAKMNTOHHO K 60K O BHbI
CTEeHKaMCTaHMWHDEL

KecTKoOoCT®B KOHCTPYKLMUM CTaHK
MOXHO VBENUWYUTSH obbelMHEHMUE
CTAaHWHB MU KOPNYCHBX AgeTanenm B OJOH
Lenoe B BULOeE MOHOBGBMNOYHO

KOHCTPVYKLUMUWMU.

B kKauyecTBe wMaTepuana 410189 J"OUTH
CTaHMUWH ] KOPMNYCHBb X JeTane
MCNONb3YyT cepblh YyyryH mapok CY 15 C
21 M CY 35. B OCHOBHOM NPUMEHAWT Mapk
CY 15, ocTanbHbe —0NA OTANUBKW AeTane
MpeLuun3unoHHEBbX CTaHKOB nn
arperaTHbB X y3J0B.

Ona cBapHbBX CTaHWUH UIAWU KOPMNYCHEHL
JeTanem NPUMEHAWT NpenMMylwecTBEHH

(W)

X0 2 ©

X XXX C XX

x

H



cTanes MapKHm Ct 3. Ipwm OLMWHAKOBHSbIX
pa3Mepax CBapHbLE CTaHMWH - n
KOpnycHbe o eTaluMu UMEIT EeCTKOCTb B2
pa3a MeHbLWY, YeM NMUTbe, NO3TOMY
CBapHbLE KOHCTPYKLUWUM pauLMOHAaINDbH b
InNA HebONbWMUX CTAaHKOB C Manb MM
TEXHONOTIrMYEeCKMUMMU Harpys3Kamu.

6. KoHcTpynmpoBaHMe CTaHHWH

MpM KOHCTPYUPOBAaHUNU CTAaHUH ocobBoe
BHUMAaHMUE yvoensawrT obecneyeHU
MECTHOMW KEeCTKOCTMU BBeOgEHUEM
neperoponok, pebep, KOCbBHOK, KOTOPpPHbLIE&
YyMeHbWAWT nedbopMuMupyemMylto ONUHY
CTEHOMW MU YyBenuMUYnMBalwT UX NPUBEeOEHHYI
TONWMKUHY. PekoMeHOoyeMmbl e TONLWMWHBI
CTaHMWH [ KOpPMNYCHB X JeTaneu
npuBeneHb B Tabn.l4d.

Ta6bnuuyald
TOHLI.I.I/IHa CTEHOK CTAQHHWUH U KOPNOYCHBIX
pneTtanem
Tunol TonwnmHa ANSA KOHCTPYKUKUMN
CTaHKOB
NTnThe X CBapHBLB X
NMNerkune 4..5MM 3.4MM
CpenHue 8..12 MM 6..8 MM
Taxens e 16...20 M M 10...16 M ™

dopMy CcCeYyeHUMW CTaHUH BbOGMUPpaAWT B
3aBUCUMOCTHU OT TpebyemMOoOnW XeCTKOCTM,
dOPMB M pPachnNoONOXeHMWA HanmnpaBANAWWM X,
BO3MOXHOCTMH yoaneHwus CTPYXKMHU.
OTHoOWwWEeHMWE BLICOTH CeYyeHUS K WUPUHE
OINA TOKaAapHB X CTaHKOB paBHO eaAMHKULUE,
oAnAapeBonNbBepPHSL X 1,2..15.



KOHCTPYKTHUBHOE

odbopMNneHHUE

nepexopgaoT OCHOBHOMW YaCTUWCTaHMUHDLbB K
HanpaBnsatwuweu, KOTOPH LI H MOXMXHO
OCywecTBMUTb NPMU NOMOLWMN OAHOMU(CM. pPUC.
46, a) N OABYX (CM. puc.46, 6) nepexomnHb»blX

c

M
i
K

2 4 0 =ZrmMhw
T ®O X ® ® 9
® X 1T X 93

TEeHOK, cywecTBEeHHDO BnmaerT H a
€ECTHYI0 XeCTKOCTb, KOHCTPYKLUMKA c
BYMSA NepexonoHb MM CTeHKaMun 6o0nee
ecTKasa.
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62.KopnycHbe peTanu

KopnycHbe peTanuM KOPOBOK O6bLYHO
BINONMHAKWT B BUAE napannenenuneajmna

A

YCTaAaHOBKMW OoONoOp BanoB B AeTansakx
AT KPYrnbe OKHa,a NS YyCTaHOBKMU
AaHUW3IMOB nepeKknwyeHUHd 06bIYHO
a nNPpAsMOYTronbHOW dopmMbl. Kpowme
0, ans CHbopKM " o6CcnNnyXuBaHMUA
aHW3MOB, BXOJOALWNX B KOpPpOoObKY,
JycMaTpuBalwT CBOOGBOAHBLE OKHaAa.

[MfepexonHasn
rnepexooHasi

cmenxalepexodHasi

CTeHKaﬂepexonHaﬂ
CMeHKa
CTEeHKa

Puc.46. KoHCTPYKTUBHOE



npuncoegnHeHWe HanpasnawWU X K
CTaHUWHe:a-O0OAHaNnNnepexoaHaH+d
CTeHKa;6-oBenNepexonHbe CTEHKM

R=h
6

h(2,5.3)h
h(3.4)h



