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COKPALLEEHNA, OCHOBHbBIE OBO3HAYEHNS,
WHOEKCbI, BEBPA3MEPHbGLIE NAPAMETPbI

CORKPALIEAHITA
BHA ~ OypoBOH HACOCKDIN arperat
BI'M — BMHTOBOH repoTOpHbIK MEXAHHIM
B34 ~ BHHTOBOH 3a60HHbIN 1BHraTe b
B3 - sytpenuuit 3nement (potop)
B - rubkuil Ban
It - rubKme TpyGbi
IC - TOPH3UHTANbHAA CKBAMHHA
ac — IMNAMHYCCKAR CHCTEMA
3 — 3aMKoBas pesbba
3A - 3afloitumil arperar
310 - 3260HHBIN JRMHraTe b
KHEK - koMnoHoexa pu3a GYpHILHOA KOIOHHB
MH — MCXAHH3IM HCKPHBAEHNR
MK — MeTpHuecKas KoHHYeckad pesnba
HKT ~ HACDCHO-KOMIIPECCOPHbie TPY6nl
H3 — HapyXHblii 3nement {craTop
Pb — pexHM GypeHus
PKT - peabfia KolHMecKaA Typhobypos
PO — paBoyHe opransl
PIIA — peryNATOp NOIauM 10.0Ta
TBA - TYpSOBHHTURGH IBHIATENb
TC — TENEeMETPHYECKAA CHCTEMA

QOCHOBHBIE OFO3HAYERNWA

a ~ ycKopellHe; paauye uckrporanl HI: paanye unawripa
b — paauyc uentpouin B3
d - IMaMeTp rudKoro pana
deo - cpeanvii 1namerp B3
dy — auameTtp pactosxs B3
D, - KonTypxbiil auamerp PO
D, = AHaMmeTp JchoTa
e — aKCHeHTPHCHTET (MEKLUCHTPOBOE paccTOAHHE)
E - MOIYNb ¥APYTOCTH
Eyp — NprBeIeHHBI MOIYAb YOPYFOCTH Matcpuanos PO
f — KO3PPHLUMENT TPCHHA, YACTOTA, MI0WAILL TPOXCANOTO CeUCHHA HACALKIL
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Fy - o¢epas cH.1a Ha kopnyce B3
Fy — DCeRag CW.IA HA OIOpE LUTHILIETA
Fea - oresad cuia s PO
Foun ~ HHEPUHOHHAK CHaa
For — OTKIOHAKLLAA CHIA HA J010Te
q ~ VCKOPEHHC CBOGOIHOTO NaCHHA
G ~ OCeBas HArpy3Ka Ha 10.10T0
G, - cuaa THRECT potopa B3 m xuakocti
i ~ KHHCMATHYECKOe OTHOUICHHE
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NPEOMCIOBUE

BunToBble 3aboitnpie apuratest (B3.1) urparot samernvio pois B
nporpecce 6ypopoit TEXHHKH NOCIEIHUX JIeCATHIETI.

3TH MamlnHbl, pa3dpaboTtaunble B 60-X rojax noutH OHOBpPEMEHHO
s Haweil cTpane 11 CIIA, Bo MHOroM cnocofcTBOBATH CYUIECTBEHHO-
MY TOBBLIEHHIO TEXHHKO-3KOHOMITYECKHX UOKaszateiel O6vpewits
HePTAHDIX Il TA30BbIX CKBWKHH I BO3HHKHOBEHHIO HOBBIX TCXHOJD-
ruil CTPOHTEIBCTBA CKBAXMIL. B naell cTpade paboTsl 110 cO3Tal0
B3/l mauanuce B HITO "Byposas texunka” — BHUUBT (Ilepmckom
(HAHATE 11 MOCKOBCKIX 1I0JIPA3jleleHiAX) 1 LpoJ0.IHAIICA B Ha-
crosiillee BpPeMs.

Maccosomy HemioabsoBanuo B3/ npemunectBopaan roant wuTen-
CHBHBIX HAyYHO-HCC.IeJOBATEIBCKHX II OILITHO-KOHCTPYKTOPCKUX pa-
6ot (HHOKP) Muorix oprausaluii, oTie 1bHbIX HIKCHEPOB H yue-
HBIX. OpHIMHAAbHAA KOHCTPYKUHA BIHTOBDLIX /BUrarteteil i, mpexie
BCEro, 1X paGovuX OPraHoB BLIABILIA HeoGXOMMOCTL paspaborkit
HOBBIX TE€XHO.IOTHIT 1H3rOTOBAEHINT 11X,

ITeppoit mombiTkoil anaamnsa semoamenusx HWMOKP u oneira
akcmayatauiy B3 ctana sonorpadis "3aboitibie BHHTOBLIE JIBlTA-
Tedl 114 Oypeliis CKBAXKHH', BBITYIIEHHASA H3Jatenbcreom "Henpa'
B 1981 r. [94] i Hameamas 6IaronpHATHRIL OTKMK Y Clednatic-
CTOB-6YPOBHKOB, KOHCTPYKTOPOB H y4EHBIX .

Hocae sbixona B ceT 3Toil Monorpad Hi NPOH3OMLIH 3HAUMTE Ib-
Hble H3MEHCHHA B OTeYeCTBeHHON H 3apy6eskHOUM TeXHHKe H TeXHO.10-
THIl CTPOMTEIBCTBA CKBAXKHH! OVPHBIMIE TEMIIAMH Pa’BHBAIOCh HAa-
KJA0HHO Hanpap1eHHoe Gyperite, MoABILTHCH HOBble TeXHoIorHE {ro-
PH3OHTAAbHOE Oypenue, GVpeHie J01I0IKNTEIbHLIN CTEOIOR B Ipo-
OypeHHOH CKBaXKiHe, PEMOHTHble H GVPoBLIC paloThl ¢ HCNOIB30BA-
HHCM HenpepsIBIoi ruGKolt MeTaliideckoil Tpv6sI), COBepLIEHCTRO-
BAJIHChL MOPOIOPA3PYMIAOIME HHCTPYMEHT I KOMIOHOBKH HH3a Gv-
PILIbHOI KOTOHHDBI M Ap. B cH1y CBOHX VHHKaJBHBIX XapakTeplcTHK
B3 craan cocTaBhoii 4acTbio COBpeMeHHBIX Texmooruii, M eco
patiee B3]l paccMaTpiBaIHch TOTbKO KAK KOHKYpeHT TypGoGypas i
HX 11epCHeKTHBbl OUEHHBAIHCH HEOIHO3IAYHO, TO B HACTOSLIEE Bpe-
M B3/l npoyno samami csoe Mecto B 6vpoBoit TexHIKe i1 X po.b
MOCTOAHHO RO3PACTAET,

B npeaiaraesos uuTaTemio cmpaBodton nocofin le1acTeA no-
NBITKa 060GWHTh OCHOBRBlE ONVOTHRECOBANHBIC MATEPILLIE] OTEYeCT-
BEHHLIX I 3apVOCKHBIX TEXHHYECKHX i MAaTeHTHRIX HCTOMHUKOR 10
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KOHCTPYHPOBAHHIO, pacdeTy M 3KCTayataint asurateied. B Kuury
BK.TI0UECHBI TAKIKe HeKoTopble, He Ny6/IKOBABIIMECS paHee MaTephia-
Abt, TOArOTOBJEHHblE ABTOPAMH CIIENUATBHO /IR HACTOSAUIETO 137a-
Hust. M3-3a orpandyeHHOCTH 0ObeMA KHHTI aBTOPbL He HMETH BO3-
MOKHOCTH MOApOSHO OTPA3NTh BCE ACHEKTH TeOpPii 3 TIPAKTHKH
MpHMeHeHHs ABHIATeIeil, 103TOMY MHTATETH MOIYT 03HAKOMHTHCR C
HIMH o pafioTaM, VKA3AHHDIM B npusedenuoll 6ndmmorpadni. B 1o
e BpeMs, Npelrno/araf, 4To JAaHHAas KHUra OyJIeT HCIoab3oBata B
KavyecTBe yyeSHOro Imocobia [1s CTYIEHTOB H ACTHPAHTOB HedyTera-
30BOro NpodIUIA, OCHOBOMOIATAIONINE MOJIOKEHIA TEOPHI JIBHIATE-
Jeii 1 mpodmnpoBaius paBouYHX OPriaHOB PAacCMATPHBARIOTCA 1O
po6HO ¢ BBLIBOAOM (PYHKUHOHATHHBIX 3aBicHMocTedi.

Hacblu{eHHOCTE KHHTH MATEMATHUECKIMIT BBIK/IAJKAMIL, [0 HAalle-
My MHEHHIO, He ARIdeTcs N36bITOYHOI, A TOJIbKO XapakTepusver
CIOMHOCTh KOMILTIEKCA 33,134, PerIacMblX KOHCTPVKTOPAMH M 9KC-
MAYaTaUHoINIIKAMA Ha PA3TYHLIX CTAIMAN paspaboTKi 1 1CC.1e10-
paHus Burarte.leil, OHI MOIVT CIVHTL OCHOBOH 115 JAaIbHeiimero
cOBEPUIEHCTBOBAKIS PACYETOB Il KOUCTPYHPOBAHIEA MULLHH.

Boapuioe BHIMAHHE B HACTOLILEM CIPABOYHOM MOCOGIHH V.1€71H€T-
cs pallee He OCBCUIABINIMCSA BOIIPOCAM KOHCTPVIHPOBAHUSA W 3KCILIVA-
TAIGL, 4 TAKXKE IPHMEHEHI ABUraTeIeil B HOBBIX TeXHOIOTIHAX, B
YACTHOCTH, OJHH 113 Pa3Ie 0B NOCBAICH OCOOCHIIOCTAM VIIPABICHIA
pexuManmu pabotel B3]

ABTOpPhI CMHTAIOT CBOHM IOITOM [OMIMO YKASAHHBIX B TCKCTC
KHMTH o 6H61iorpaditn GaMinmil vHeHDIX 1t KOHCTPYKTOPOB, BHEC-
MIHX CVIGECTBEHHBIT BKIa1 B CO3A2HHE OTCUCCTBCHHBIX B3/, orme-
™HTL Ko11ekTusst HIIO "Byposaa texnnka”. Kyarvpekoro n [las-
JORCKOTO MALIHHOCTPOHTEIBHBIX 3aBOJIOB, & TaKke OGVPOBBIX mpel-
UpuATHIT eTpaHnbl, 6e3 TBOpHecKoil dHEPTHIT it MHoro1eTHell padoTnl
koropslXx B3]l B Hameil crpane He noavypad Gul NpH3NAHHA 0 UG-
POKOrO PacnpocTPaHeHHs.

[Tpestaraemas paioTa oTpaxaeT COBPEMENHOE COCTOAHHE Teopli,
KOHCTPYMPOBAHUS, [POH3BOJICTBA 1l BKCILIVATALHI BIHTOBBIX 3aloil-
HbIX JABHraTenell, KOTODbiE HAXOIATCH B MOCTOSHHOM paspuTinn. B
27Ol CBA3H ABTOPBI ¢ OPHIHATEJILHOCTHIO HMPHMYT Bee 3aMEHalia If
VHTYT UX B cBoeil tatnhefineil pabate.

Auntoppl 61arogapar OQAO "TasmpoM”™ — cmoncopa H3jaHUA.
a taxke crneuwnamictos BHUMWBT o PIY wedtu o rasa im
M. .M. T'vOritHa 3a [OMOMDL B NOJNOTORKe KHIIIL.

FNABA 1

OBLUWE CBEAEHUSA

1.1. UCTOPUA CO30AHUA BUHTOBbIX
3ABOWHDbIX ABUTATENENK

Haunnas ¢ 40-x rogop B 6. CCCP ocnoBHBIM TeXHHYECKIM
cpeacTBoM Aas Gypenusi HeTAHBIX If TA30BbIX CKBAXHH ABIAETCA
MHOrocTYneHuarblit Typ6odyp [96].

Ilnpoxoe pacnpocTpaHeHHe TYpOiHHOTO cnocoba Gypenis obec-
meYH/10  VCKOpeHHoe pasfypueanue Hed)TeTasoHOCHBIX  ILIouajed
Ypato-Tloponkes W 3anaanoit CHOHPH M TeM caMbIM NO3BOIHIIO
MO.Iy4aTh BBHICOKHE TeMIIbl POCTa JOOBIMH HeddTH K [asa.

Oagnako ¢ vBCAHYeHleM CpeJHNX TIvOHH CKBAXWH W N0 Mepe
COBEPUIEHCTHOBAHMS TOPOIOPASPVLIAIONIETO HHCTPYMENTA i TEXHG-
foTity  poToproro cuocoba GVpeHHS B oTedecTBeHHolt HedyrsiHol
MPOMBIILIEHHOCTH ¢ KAaXdCIBIM TOJ0M pOCIa TeHAEHUMS OTCTABaHIMs
MPOXOIKH 34 peilc J0.10Ta -~ NOKAa3aTe/s, onpelcsionlero TeXHUKo-
3KOHOMHYECKITE [loKalaTeu OypeHus.

HecMoTpa na onpefeleHHble YCOBEDPUIEHCTBOBAHMA TEXHMKN H
TeXHOJTOTHH TYPOMIHOIO GvpeHHs, Nokadatead paloThl 00T Ha
IPOTSKEHHH PAIa €T V.IYYILATHCh BCChbMA HE3HAYUTEIbHO. XOTH B
70-¢ roawel Hayanock pasbypuBaHite MecTopoxietui 3anaiunoil Cu-
6UpPH, OTIHYAKIIMXCA GJIATONPHATHBIME VCITOBHAMH Oypemist (msr-
KHME [10pPObl, OTHOCHTE.TbHO HeriyGoKHe CKBKHHDBL), CPeIHAA Ipo-
XOJKA 32 peHC 10 3KCILIYATALHOHHOMY OYDEeHHIO CYUIeCTBEHHO OT-
CTABAId OT AHAJIOCIMHOrO MOKasaTess B HedTANOH 11pOMbIILLICHHO-
¢t CIHIA B 34 pasa. Tax, B 1981-1982 rr. cpeausas npoxoika 3a
doa6ienne B CIIIA coctaBmaa 350 s, B To Bpems kak B 6. CCCP
3TOT nokasaTe.1b we npesbimat 90 a (73, 94].

Cepseanoe OTCTABAHHE B NPOXOIKe 3a ,1016.1eHIe 6BLTO CBA3AI0 ¢
TeM, YTO B T€ TGABI OTEHECTBEHHAs NPAKTHKA OvpeHita HasnpoBaach
Ha BBICOKQCKOPOCTHOM peskiMe GVPeHHs ¢ TIPHMEHCHICM MHOTOCTY -
HeHYaThix Ge3apeVKTOPHBIX TYPOOOGYDPOR, XapaKTepPHCTHKIL KOTOPBIX
He MO3BOJAIH NIGJIVYATE YACTOTBI Bpaulenya Mexee 400-500 o6 ~»un
¢ ofiecrevderieM HeOOXOIMMBIX KPVTALIHX MOMEHTOB I IHPHeM.1eMOro
VYPUBHS JABIECHHA HACOCOB H, KaK C.JIe/J1CTBite, shexTHBHO HCMNOIb-
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30BaTh PEBOJIOLMNOHIIbIE YCOBCPIUEHCTROBAKIA LAPOIIEYHDbIX i1010T
(¢ npeuMavOHHDBIMI MACTOHANOTHEHHBIMI ONOpaMii M TBEPAOCIIAB-
HbiM BOOPYXEHHEM).

B cBa3K ¢ 3THM Tepe] CrelHaaHcTaMH I OpraHi3arcepaMi Oype-
HMs B Haillei cTpaHe BCTAT BONPOC O CO3JAHHII TEXHUKH I8 HH3KO-
060poTHOTO Gy peHHs,

BoijiM onpene/ieHsbl ONTHMAIBHBIC JHAMNA30HbL HACTOT BpAl{eHMs
3 PEKTHBHOIO HCIIOIb3OBAHUA  YCOBEDINEHCTBOBAKHBIX  ILIApOLIeY-
Hpix AcdoT [63]: 40-80 o6,/mun - aas TRepanix nopoja, 120-
200 o6,/ MHH — 1719 MAMKHX IOpPOA.

Ilepea oTedecTBeHHOIt HedhTsHON MPOMBHIIEHHOCTBIO BCTAla Ji-
JeMMa: JHO0 NMepexoAHTh K poTopHoMy Oypenno, 160 co3jlaTh
HH3K0000pOTHDIH 3a60itHblil aBHraTE 1B,

K stomy Bpemenn 8 6. CCCP nMeanch onpeaeneHHble yCIexu B
poTopHoM Gvpeniit LAYSOKMX cKBaxuH B psge paiiodos (Cepep-
ublit Kasxaa, 3anagnan Yxpauna u ap.). O HaKo TexHYeckH,
SKOHOMHYECKH M ICHXO.JOTHYeCKM HedTHAHAS NPOMBILLIEHHOCTD 1ie
6bl1a IOTOBA K paspHTHIO poTopHoro OypeHHs. 3a MHOTHE OJbl FO-
CYOAPCTBERHONR MOLIEPXKKH TYPOHHHOIG OYDEHHA CYHMECTBEHHO OT-
CT&1a OT MHPOBOIO YPOBHH TCXHHKA POTOPHOTO GVPEHHA: He GbLIO
6yPUIBHBIX TPY6 H OGYDOBBIX VCTAHOBOK BBICOKOTO TEXHHYECKOro
VPOBHSA,

Ilepexoa Ha poTopHBIH cnocof OypeHHs B OCHOBHBIX PErHOHAX
cTpaHbl CHH3WA 6bl TeMNBI pPa3BUTHA OTPAc]H, TAK KaK NPOMBII-
JeHHOCTb He pacrnofarata HeoOXOJUMbIMH CPCACTBAMM 1A CTPOH-
TeTbCTBA HOBBLIX 33BOJOB K 3KCIAYATALMOHHBIX 6a3 Iy 3aKVHIKH 34
pvbexoM HOBBIX TeXHo.10THil. TakiM o6pa3oM ompeictiicss JOMH-
HHpYIOmHMI cnocol OypeHHss HAa Oaze HHU3KOOOOPOTHBIX 3A60HIBIX
Apiratesneii. PaBoTbl B 2ToM HampaBieHWH ObLAH COCPEAOTOMEHBI B
OCHOBHOM B oaHoif opranusannn — BHHKW 6yposoil texnuxn
(BHUMBT) 1 npoBoauinch Mo AATH IPOTPAMMAM:

CYNEPMHOTOCTYIIEHYATbIe MHOTOCEKIHOHHbIe Typhobypht (10 6-8
cekuit) ¢ uMcaoMm crymedeil Typ6un g0 800 B oaHOM arperate
[102];

Typ6oGYpPBI ¢ pasTIHYHBIMH CHCTEMAMH PETYJIHPOBAHHA YacToThl
BpamieHus Bamna [103];

peayKTophble Typ6obypst [75, 100];

peaykTophble 31ekTpobypet [139]:

o6beMHbie [HAPaB/IHIECKHE MALMHDI.

IddexTHBHOE pellleHite npobiieMbl co31aHiA 3a60i{HOTO THAPAB-
JMMECKOro ABHIaTe s ¢ XapaKTePHCTHKAMIL, OTBEYRIOUIHMI TpeGoBa-
HMSM HOBBIX KOHCTPYKIH{l 10.10T, Gbl1o HalJeHO B flepexole oOT
AHHAMHYECKHX MallliH, KakuMH AB3ISOTCA  Tvpbobvpbl, K 06b-
EMHBIM.
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B naTeHTHoit M TexHH4ecKoH aMTeparype, HaunHas ¢ 30-x ro-
JIOB, TIPOCJIEXKHBAETCS CTPEM/IEHHE KOHCTPYKTOPOB W u3obperateseii
IPUMEHATL A1 OYpeHHA CKBAXKHH H3BeCTHble B oflleM MAalIHHO-
CTPOEHHH THMb! O6bEMHBIX TMAPOMALIAH. JTO OGDBACHAETCA MpEHMY-
ntecTBOM 00BEMHOrO NpPHBOJA Nepel AHHAMHYECKHMM M, Mpex/e Bce-
ro, 6o/nee BBICOKHM K.M.A. O6bEMHBIX rHjapoABuraTenei, NpocToToi
PETYTHPOBAHMA CKOPOCTH BPALIEHHS BBIXO/HOTO BAIA, & TAKXKE BO3-
MOXKHOCTBIO KOHTpOJA 3a Harpyakoif Ha JBUTaTe/qb Mo Tepenajy
JaBJCHHA.

Hexona u3 ypoBHA pa3BHTHS TeXHHKH H NPMMEHHTENBHO K Bpa-
mATENbHOMY cilocoby OypeHHs 3a BCe 3TH Tojbl HAHOOALUIHE HMTe-
pec CTELHATNCTOB PHBJIEKIH POTOPHbIE HIAPOMANIHHBI.

AHaIU3 UATeHTHOH M TEXHMYECKO# JAWTepaTypbl INOKasbiBaeT
[87], 4TO TIpaKTHYECKH BCE THIBI DOTOPHBIX THAPOMAIUHH HCMLITHI-
BaJHCh B KadecTBe 3a60iiHBIX aABHrare.eil Aas OYpPeHHA CKBAXHA.
Eue 8 1932 r. T.A. JIio6umMoBbiM 6bLIa NPELNOKEHA KOHCTPYKIHA
POTALHOHHOTO OOBEMHOro JIBHTaTe.s, paGouMM OpraHOM KOTOpOro
ABJAAMHCH IHAMHAPHYECKHHt CTATOP U POTOP € BBLABHXHBIMH JoNaT-
kamu. [locrne mepBbIX HCNBITAHHI BHISABHJIACH HEAOCTATOYHAS J10/ITO-
BEYHOCTb JBHTATENA, H paboTbl GbLIH MpekpalleHbl. B ToM ke Ha-
npaBAeHHH BelH pa3paboTKH oTedecTBeHHbie HiKcHepbl X.A. Ac-
danausipos, I1.H. TI'puropves, P.T. 3axupos, T.3. Hanbangos,
I.O. Cxaosckuii 1 apyrune, a 3a py6exom E. Garrison, H. McDon-
ald. OzgHako HH oaHA M3 M3BECTHBIX cxeM ofibeMHbIX ABHraTeneil He
Halllfia MPOMBIILLICHHOrO 1IpHMEHeHHS NPH 6YPEHHH CKBANKHH.

IepeoiM paboTocnocobHBIM 06pa3LoM, HalleAWHM MPOMbILLIEH-
HOE [IPUMEHeHHe, OKadadcsl THApOABHraTenb, NMPEACTABAAIOILHIE CO-
6ot ofpauleHHbI Hacoc MyaHo', oTHocsuwMiics K IJIaHETapHO-po-
TOPHOMY THIY [MAPOMAllIHH.

Brepssie npHHLHTHAIBHYIO BO3MOKHOCTE MIpHMeHEHHs B Gype-
HHMH OJHOBHHTOBBIX ABHTaTenell obocHosann 8 1939 r. T. Hudson u
W. Gerber [153]. Mosanee W. Clark [156] samarentoBan KoHCT-
PYKIIMIO, KOTOpas HBIJACH MPOTOTHNOM aBuratens ~Dyna-Drill”
¢dupmel "Smith Tool™.

B Hameit cTpane B 3TO e BpeMs He3aBHCHMO OT pa3paboTok
"Smith Tool" natopatopusle HenbiTaius Mogeneil OJHOBHUHTORBIX
ABMrare.iei B HOBO‘!CPK&CCKOM HHXEHCPHO-METHOPDATHBHOM HHCTH-
Tyte nposoxua J./. Cassun [135].

Pa6oTel Mo CO3J2HUIO OTNBITHEIX OOPA3LUOB BMHTORBLIX 3aG0HHBIX
ARMraTefefl HAYAJAHCh TIPAKTHYecKH ofaHoppesmenHo B CHIA 1 6.
CCCP B cepeanne 60-x rogos. AMEPHKAHCKIHE CIIELMATHCTH (PHPMED

" R. Moineau (1887-1948 rr.) — (paily3cKMii HiKellep, HAOSPETATC.b OIHO-
BHHTOBBIX THPABIHNCCKHX M (HCBMATHHCCKIX MALIKH.
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"Smith Tool" paspaboTanu gsuratesn {Ha 3anage HX HAILIBAIOT
PDM - positive displacement motors) s HAKJIOHHO HANPABJIEHHO-
ro 6ypeHHs KaK afibTepHaTHBY TypOoBvpas, a B Haweit cTpaHe, po-
JAMHe TYPOHHHOTO GVPeHHSA, KAK TEXHHYEeCKOe CPefCTBO AMA MPHBOAA
HH3K00O0POTHBIX AO.10T.

MHoroTeTHUE MOHCKOBBIE HAYYHO-HCC.1€10BATEIbCKIE paboThl Bo
BHHMHDBT no copepnieHcTBOBAHHIO 3a00HHBIX 'MApPAB.IMYECKHX [BH-
rateseit npuBe.d B 1966 r. x noasaenuw npestoxensoro M.T. Tve-
sanoM, C.C. Hukomaponsim, H.JI. [depkauem, K0.B. 3axaposbiM H
B.H. MenbmenutbiM Hosoro tuma B3/I, patouHe oprassl KOToporo
BIepBble B MHPOBOit NPAKTHKe BBIMO/IHEHB! Ha 0a3€ MHOI0O3aXOJHOIO
BHHTOBOTO repoTopHoro Mexanuama (BI'M), Brinoassoutero ¢yHk-
1IN0 TUTAHETAPHOTO peAykTopa [98].

B 70-¢ roaet 80 BHMUDBT u ero Ilepyckom duanane .. Baa-
aenko, KD.B. Bazeukum, M.T. T'ycmanom, JO.B. 3axapobbim,
A M. Kounesbim, C.C. HiukoMapoBbIM M IPYTHMH HCC.1€10BATEISIMH
6BbLTH CO3XAHBI OCHOBBI TEOPIHH paBodero Ipoilecca, KOHCTPYHpOBA-
HHS ¥ TEXHOJOrHH H3IOTOBJIEHHS, Pa3paloTaHa TexHo.10ruA OypeHis
BHHTOBBIMH JBHTATEIAMY.

BonpocaM koHeTpYUpOBaKUA, HeNbITanus i sHeapedua B3/ no-
CBATHJHN CBOW [JeATe.1bHOCTD cOTPVAHHKM MOCKOBCKOTO W peruo-
maapubix nogpasfetennii BHUMBT I1.W. Actadees, H.I1. Besnen-
knH, M.[". bobpes, A.B. Baacos, B.B. Tomtebun, Y.A. Toausane,
B.A. Kanayu, KO A. Kopotaes, JI.I1. Measejesa, H.O. MytoBxknun,
I0.®. Hotance, KO.M. Capanyios, B.W. Cemenen, B.A. Xaber-
kas, A.B. Llenxos, T.H. Yepnora, B.A. llleaxanoros, H./I. lep-
610K W 1pyTHe.

OTeyecTREHHBIE HHXKEHEpbl W HayyHble pPAaGOTHHKH He TOJIbKO
MPeLTOXHIHM OPUTHHAIBIYIO CXeMY PaGOUHX OpraHoB, HO H paspa-
6oTa.ut Ha ypoBHE H306DeTeHuil HOBble KOHCTPYKUHH JBHTarededl it
OT/IEAbHbIX y¥37108, noayqiHe oxko.10 100 aBropckux cBUeTE.ThCTH,
12 u3 KoToppIX OLLIH 3anmaTenToBaHbl 3a py6exon [148, 150-132 u
ap.].

[Tpitananmes MPHOPHTETA OTEHECTBENHBIN pa3paboTOK HBM.IACH
npojaxa B 80-x rojax muensimit diupme “Drilex”, koTopas Brocne,1-
CTBII IIPEBPATILIACE B BEIYUIYIO TPAHCHAIHOHATBHVIO KOMIAHHIO MO
NPOH3BOACTBY M Hclodb3osanu B3], B gonoanense K .muicH3non-
oMy coriamenuio cupme "Drilex” 6n110 npojano 28 asurareeii
Anamerpom 172-240 MM M OpraHH30BAHO JeMONCTPALMOHHOE 6Vpe-
Hite OTe4eCTBEHHbDIMH ABHTATENSAMH B BaMHEHWHX HedTAHBIX perio-
HaX MHpa.

Pesy 1bTaThl 6VPEHHS [OIYYILIH (G01bIIOH PE3OHAHC B IEJGBOM
MIpe W medaTil. Tak, M3BeCTHbI amepukaHckuit sxyphasa "Ocean
Industry” B mioHbckoM HoMepe 3a 1982 1. moMecTH1 PeAAKIMOHHY K
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cTAThIO, i€ MOJUEPKHBAIOCH, YTO “ofutte LIoKasatean GypeHus Ho-
BBIM COBETCKHM OO6BEMHBIM JIBHTATCICM, NOIYYeHHble Ha MEPBBIX
JTAnax NPHMeHCHHSR, NPeB3OULTH BCe OXKILIARUA .

B nepebie TOAbl 3apyGexHBIMH (PHPMaMK TIOCTABASTHCH THIUB
BBICOKOOGOPOTHBIE ABHIatedll /1718 BbIIOIHEHHs CTENHAIbUbIX paboT
B HHTEpBajaX Hadopa KPHBH3IHBI H (DM KOPPeKTHDOBKE HallpaB.ie-
HUS CTBO.T.

B 80-90-e rr., yYuTbIBas HOJIOXHTEIBHBIA OILBIT JKCILTYATAUH
BHHTOBBLIX 3a00HHBIX ABHraTesgedl U PA3BUTHE TeXHO0rul OVPEHHS
HAKJIOHHO HAlpABAeHHBIX H OPU3OHTAIBHBIX CKBAKHH, a Takxe 3d-
dekTHBHOCTL Henoan3oBaHHA B3/l npi BLINOTHEHHN peMOHTHO-BOC-
CTAHOBHTEThHBIX K CllelMajibHBIX pabdoT, MHorue 3apy6exible (Hp-
Mbl CTAJM cllelHaTisHposaThesd Ha Beinveke B3/ pasiuunoro Ha-
3HAYEHHA,

B nociemie rogb: Ha61103€TCH HCKIIOYHTEIBHO BBICOKHIL poCT
napka B3/l i umclIa MALNTHOCTPONTEIbHBIX H CCPBHCHBIX KOMIL-
HHIl, 3AHATBIX HX [POEKTHPOBAHHEM, NWATOTOBICHHEM I AKCILIVATA-
LHeit.

Ilo odutmaibibyM AanHeM, B 1998 r. B MHpe HacunTeiBa.TOCH
He MeHee 22 TakuxX KoMIaHuil, mpidem 6o.Tee NOJORIHBL H3 HUX 00-
pasoBadbl B 90-¢ roapt [10, 48, 169]. Cneayer nojuepknyTs, uto
B TOCJIeHHe TOAbl NMOYTH Bce KOMMaHiH — npoHapoantean B3
B3I Ha BOOPYXKeHME MHOTO3aXO/IHble BHHTOBblE paGodHe OPraHbl,
Brepbble 3anatentosaHHble B Poccmn B 1966-1979 rr. K stomy
BpeMeHH CpoK JcHCTBHS MHOTHX HalIMX MATEHTOR, 3ANIMUIAIONIHX
KOHCTPYKIHIC MHOTO3aXO[HBIX JIBUTaTenell, yke HeTek W 3ailallinie
KOMIAHIH Obitd cBOBOAHBI OT [pPAaBOBLIX It (DUHAHCOBBIX 0Od32-
TEIbCTH.

B pesyiabTare MHOTOJICTHCTO ONBITA OYPEHHS € HCIOIb3OBAHHEM
rHApan.TYecKHx satoiibix asurareteit {rvp6obypos 1 B31) cio
HIICH KOMILTEKC TeXHMHecKHX Tpefopaitii kK cobpeMenHoMy 3aboii-
HoMy aBnraTetio [94].

1. XapakTepHcTHKH JIBHIRTC1 I0DKHDLL 06ecneyiBaTh:

BbIcokiii vposenb KpyTawero mMoMenta (3 kIl-m n 6o1ee g1a a0-
10T anameTpami 215-243 »am);

YACTOTY BPAIIEHHA  BBIXOJHOIO Bajda B Jianasode 100-
200 o6, MuH g14 wapoweydbx JogoT # 300-800 o6 Mim gaa an-
MAa3sHbIX A0.10T,

BblecokHE K.1L.A. ABHrate’st s apeKTHBHOIG MO0 Ih30BAHHSA
TIIpaBIHyecKoit MOITHOCTH HACOCOB!

HPOTIOPLUHOHATBHYID 3ABHCUMOCTD  MEXIV pacxoJoM  6HYposero
PAcTBOpPA H YACTOTOH BPAILEHIS, A TAKKE MEXKIY KpVTIUUIM MO-
MEHTOM I HepenajoM JaBJIeHis ¢ Uedblo 3QMCKTHBHOrO YIIPABICHHA
PEsKUMOM OVPCHIs.
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2. Pafouse apranbl ¥ Apyrue yajasl JABHIATEMS JOKHBI OBITb
BBITOJIHEHB B M3HOCO- H TEPMOCTOHKOM HCMOJTHeHWH, obecrneynsaro-
eM:

HCIO/Ab30BAHHE B C/Iyvae TexHHYeckoit HeobxomumocTu Gyposora
pactsopa /060l MJIOTHOCTH H BASKOCTH, B TOM YHC7e ¢ COAEPHKAHH-
€M TaMTIOHHDYIOIHX MATepHa/10B, NMPeJOTBPALIAIOIINX NOTEPID LHp-
KYJAALMH, H ArpecCHBHBIX J06aBOK;

SKCILIYATALMIO JBHTaTeas Ge3 CHMMKEeHHMA TeXHHYeCKHX HOKa3aTe-
7eit npu Temnepartype mo +150-180 *C u pasaeHun oxpyxawougeii
cpeiant go 100 Mlla;

CTOHKOCTD ABHTATEIA, AOCTATOYHYIO M8 CTaOHIbHON paBoTh ¢
COBpEMEIHBIMH IIAPOLIEYHBIMH H AMA3HBIMH A0JOTAMH

BO3MOMXHOCTE HCKDHBJIEHHSt KOPITVca JABWraTe s IPH HAKMIOHHO
HAIPARICHHOM GVDEHMI:

BO3MOXKHOCTh VCTAHOBKH HA KOPIIVCE [BMTaTelIst OMOpPHO-UEHTPI-
PYIOIHX 3JeMEHTOB [IpH NMPOBOJKEe HAKMOHHO HANPABJIEHHBIX W ro-
PH3OHTAIBHBIX CKBAXHH.

3. /lnameTpaJbHble H OCeBbl€ PasMepbl ABUraTessl J0KHBL obec-
NeYyuBaTh:

nposefeHie OVPOBBIX DPaboT 1070TAMH pa3.THYHOTO JHMAMeTpa,
BK.110Yad Ma;J1oTabapHTHBIE,

3hpeKTHBHYIO NPOBOIKY HAKJIOHHO HAMPABIEHHBIX W COPH3OH-
Ta IbHbBIX CKBAXKHH;

HCTIO.Tb30BAHHE CTAHAAPTHOTO JMOBILTBHOIO HHCTPYMEHTA.

AHA/IH3 KOHCTPYKUHH H XapaKTepHCTHK THPaBIHYECKHX 3a60ii-
HBIX ABHraTesefl pas/iHMYHOrO THNA OKA3BIBAET, YTO HM OAMH H3 HHX
He OTBevyaeT B MOJHOH Mepe BeeM NepeyyuciIeHHbIM TpeGoBAHUAM: B
3HAYHTENBHOM CTeNmeHH YKas3aHHbIM TPEOOBAHHAM COOTBETCTBVIOT
B3/l ¢ MHOro3aX0AHBIMH PAGOYHME OpTraHAMH. )

1.2. NPUHUMMN AEACTBUR B3A,

1.2.1. OCHOBHbIE OT/IMHWA OB bLEMHbIX
3ABOWHLIX ABUrATENER

O6vbeMHble aBuraTeT IefcTBYIOT B peay.ibTaTe HATNOMHEHHS X1
KOCTbIO paBouHX KaMep H NepeMelteHHs BuitecHHTeTeii. Ilox saitec-
HIFTE1eM NTOHHMAeTCH Paboynii OpraH, HelocpeIcTBEHHO COBEpPHIAD-
wHi padoTy 1o ReifcTBHeM HAa HEro JaBIeHMS KUIKocTH. Koner-
PYKTHBHO BBITECHHTe.b MOXKeT ObITb BHIIOTHEH B Buje MOpIIHS,
LTACTHHBL, 364 ulecTepeH 1.1 poTopa. B ofibeMmubx rigparirve-
CKHX [BHIATeAX BEIOMOE 3BCHO MOMXET COBEplIaTh KAaK LHK.TH-
YECKOe BO3BPATHO-IIOCTYTIATEIbHOE WM BO3BPATHO-NOBOPOTHOE, TAK
H HellpepblBHOEC ABHKEHHE,
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O6beMHbIe THAPOABHATATENM XAPAKTEPHIVIOTCA TPEMA OCHOBHBIMI
npH3HaKaMu:

HATHYHEM pabovlX KaMep, KOTOpble Mepuo,urieckit coobllantes
coO BXOJ0M WJIH BbIXCOJAOM MAUIHHLI, IIpH 3TOM KHIKOCTh HAallOJHACT
KXY KaMepPY M./H BbITAIKHBAETCH U3 Hee!

H3MeHeHHeM JaB.1eHus B pabodeil KaMepe OT HAYa.ThHOrO 0 KO-
HEYHOTO I[IOCTEIIEHHO BCJAEACTBHE U3MCHCHMA of0beMa KaMmepbl W
cKaukoo§pasHo BCAeqcTBRe COOOUIEHHA KAMEPD] ¢ BBIXOJOM,

HeCylUIecTBEeHHON 3ABHCUMOCTBIO YCUTHHE Ha pabodix OpraHax
JABHTATENA OT CKOPOCTH JABMMKEHHS KHIKOCTH B Kamepax.

1.2.2. OCOBEHHOCTH B3]1

BHHTOBbIE JBHrATEAH OTHOCATCS K OOBEMHDIM POTOPHBEM THPAB-
JIHYECKHM MANIHHAM, KOTOpblE OTTHYAKTCS MHOTCOODA3ieM THIOB H
KoHCTpyKumit [7].

CpaBHHTE.IbHO MATad MeTA.TI0EMKOCTH i LPOCTOTA KOHCTPYKLHI
3THX THAPOMALIHE N0 CPABHEHNIO ¢ MOPILHEBLIMH ABH.IHCh BAMHBIMY
(baKTOpaMH, CIlOCOf)CTB}'lOlHHMH HX [MHPOKOMY HCIIO.Tb30BAHHK) B CO-
BpeMeHHOH TeXHHKe.

XapakTepHbIM LIl POTOPHBIX THIAPOMALIIH SBIACTCE HaTHYHe
Pa3BUTBIX MOBEPXHOCTEH TPpeHHs1 H LUEJIEBLIX VILTOTHEHHH, ITO3TOMY
GO IBIIHHCTBO M3 HUX paboTaloT © HCNO.Ib30BalHeM XMIKOCTEH ¢ Xo-
polueil cMasniBaollefl cnocofHOCTBIO, CBOGOIHBIX OT MEXAHHUYECKIX
npumeceil. Vckaouenne cocTaBISIOT OIHOBHHTOBDIE THAPABIHYECKHE
MallHHbI, npeaaoxentole P. Myano.

CornacHo obuieii Teopuu BHHTOBBIX POTOPHBIX TH/JAPAB.IHYECKHX
MaliH, aneMeHTaMH pabounx opraxos (PO) ssasores:

CTATOP ABMIATENS C MOJOCTSAMH, IPUMBIKAOWEMH 10 KOHLAM K
KaMepaM BbICOKOTO H HH3KOI'o JaBTeHHA,

pPOTOD ~ BHHT, HOCSINMII HA3BAHHME BEJYNIErD, Yepe3 KoTopulii
KPYTSAU MOMEHT IlepeaaeTcsi HCMO.THHTE TbBHOMY MeXaHH3IMY,

3aMbIKaTe, TH — BHHTDLI, HOCAUIHC Ha3BaHHe BeJOMbBIX, HA3HAYCHHC
KOTOPbIX VILIOTHATH ABHTATelh, T.C. MMPENATCTBOBATh MMEpPeTeKaHHIO
IHIKOCTH M3 KaMepbl BbICOKOTO AABJIeHHA B KaMepy HH3KOIO JaB.1e-
HHSL.

B OZHOBHHTOBBIX THAPOMAILIMHAX HCIIOB3YIOTCH MEXAHUIMBI, H
KOTOPDBIX 3aMbIKATE1b 06Pa3yercst JHib JIBYMs JeTa’isIMH, HaXxols-
MHMHCR B NOCTOAHHOM B3aMMOAEHCTBIH, ~ CTATOPOM H POTOpOM.”

Yrmpoueniad cxeMa ABHrate.is nokasana xa puc. 1.1, Tlpu nnp-
. B texnnyeckaoil AHTCPATY pC TAKHE MEeXAaHHIMbl HOUHT HAZBAIHC BHNTOBLIX ieno-

TophbIX Mexatinamon (BUM) . Tepasn "repoTopHbii” NOARNICA B CBA3M ¢ AHAIOMHCH
JBMKCHMI aTHY Mexanvasos 1 3eman (rpeveckoe "ye” - 3emin).
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| Puc. 1.1. Cxema potopHore rHAPOGARKTETEAR AR
YpPeHua;
{ = wenoasuxnwii kopnye (cratop); 2 - potop: 3 -
BBIXOTHOW Ba1. f — VIOPHble NOAWMIHKKH, 5 — patn-
ATBHLIC JIOLWHIHHKH, 6 ~ MOpOLOPA3PY AU 1H-
CTPYMOHT, 1y — ofiiacTh BbLICOKOIUo JaB€eHHA XH KO-
CTH j32 — 06AaCTh HHIKOTO [1GHICHHA RKHIKOCTH

]

KY. TAUHH KILIKOCTH depea PO noa geiicTau-
eM llepellaja JaBJeHHs Ha poTope ABHraTe-
A8 BbIpaOaThIBAETCS! KpPYTAILMH MOMEHT,
NpUYeM BHHTOBbIE NopepxHocTH PO, Raa-
e HMHO 3aMblKadAch, pasobuaioTr o6J1acTb Bol-
.: COKOro JaB/1eHHs H 00.7acTb HH3KOTO IAR.Te-
:. nug. ClefoBaTedbHO, 110 NpHHUMIY Aeiicr-
g BHA  BHHTOBble JBHTATETIH  AHAIOTHYHBI
7 HOPIIHEBbIM, ¥ KOTODbIX HMEeTcs BHHTOOG-
i PA3HLIA  LOpPIIIeHb, HENPEpPbIBHG  [EPEME-
IAOOHITCH B UHIHHAPE B0 b OCH ABHIATE-
a8 (npinuun rancyamama  Myvano) |87,
,@ z 155].

K ormyurenibiM ocobennoctsM B3]
@/ CACAYET OTHCCTH!

OTCYTCTBHE GLICTPOHIHAIHBAKILMXCA Pac-
UPEJeTHTC.IBHLIX  VCTPOHCTB,  MOCKOIbLKY
pacnpejleleHne KHIKOCTH o Kamepam PO
OCYLUECTRIAETCA ABTOMATHUYECKH 34 CUYET Co-
OTHOIIEHHA YHcea 3y0peB W 1IATOB BHHTO-
g BBIX JIOBEPXNOCTCH poTopa W cTaTopd;

kunesmatiky PO, B ornocnTtebHOM Jau-
HMEHHMI KOTOPBIX coOYeTaeTcd KadeHile co
CKOJIBMEHIHEM IPH OTHOCHTEIBbHO HEBhICco-
KHX CKOPOCTSIX [IOCI€,IHEr0, YTO CHHXKaeT
H3Hoc paboyveil napsi;

HEHPCPBIBHOE HIMEHEHHE 10;10XeHUs KouTakTHOH _1unrHu {reoMe-
TPUHECKOTO MeCTa TOUECK Kacamits poTopa H CTATOpa) B MPOCTPAHCT-
BE, B pPE3Y.IbTATe HET0 MENAHUYCCKHE UPIMECH, HAXO/AIHECT B SKILT-
KOCTI, HMEKT BO3MOKHOCTh BLIHOCHTLCS NOTOKOM 113 PO.

Ha pre. 1.2 noKasaHa TpaekTopHs Tpex Touek, MPHIGACKALRX HOUEDEYIoay
cevern potopa. Tovka A oTpeska A0, cocaiHena € ochi poropa. [Tpu Bpawcinm
1ot acH {1okn (3) 1o wacoBail cTpeake no TPACKTOPHH € paauycoM € ToYKa A 18-
KETCH BPOTHB YACOBOM CTPEJIKH Mo a1auncy, B Toukax A, B, € u E npuxacascn
KOHTYPY cTatopa. Jpyrasn. Q1aMeTpaisno npoTHRONGIOKHAA TOYK F TAKMKe OlHCbI-
BaCT JTIHNIC, ()O_’IhIIIH.ﬂ b KOTOPUIU paﬂna ,'iHii.\l('T]T'\' IIf)Il(.‘pC‘iHCer cevyeHHsd p(]Tﬂpil d
! KaCcaeToH KO}{'}‘}'pa CTATOPE TO.ThKO B TOUKAN B H E np”.‘l(‘)ﬂ_\'TO‘{Hblf_‘ TOHKH KOHT’)'*
Pa paOTOPRA TAaKKCe ABHARYTCH (10 DLTHIICAM. OCH KOTOPRBIX HAKIOHEHBD 1L PA3TH IHBE-
MHE VIJIAMH K OCAM Cceselifs cTaTopa Bauo, 4ro B Toukax NCPHOTHUCCKOT KOHTMK-

a3 lapsl pOTOp — CTATOP HMCCTCS TOBKO MPHOBOHHOE CKOBACHHE M OTCYTCTHVIOT
ATHOCHTCILHBIE IPOBETs HoBCpXHOC el
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Puc. 1.2. TpacKTOpHK TOYCK NOMEPENHOro CeMeHHA potopa (i = 1:2)

Braronapa yxasanubiM ocobennoctam B3/ spisotea npakthde-
CKH EAHHCTBEHHBIM THNOM OOBEMHBIX THAPABIHYECKHX ABHIATEIEN,
KOTOpble CPABHHTE/IBHC JOJITOBEYHBI NPH MepeKaudBalHH KHIKO-
cTell, COMEPXKAMUX MeXAHHYECKHE NMpUMecH W He 001aJaloliidX cMa-
3BIBAICIIHMII CBOHCTBaMH. 3TC AOCTHIACTCA 33 cHeT ocolieHHoCTell
MpHHIHNA AeiiCTEUA 4 KOHCTPYKTUBHOTO HCMoaHeHHs PO.

B31 oranyamorcs TpajiMIMOHHBIM  KOHCTPYKTHBHBLIM  HCIIO.THE-
tiem PO MeTarmmyecKiM PoTopoM ¢ H3HOCOCTOHKoI paboueil no-
BEPXHOCTHEO M CTATOPOM, HMEMIMHM 2TACTHYHYVE OO0KJIAIKY ¢ BHVI-
peHHell BHHTOBOIf noBepxrocTbio. Takoe ncmcIietiie HepeT cBoc Ha-
Yano ¢ nepBblXx HacocoB Myano [22] u oObsacHsercs TeXHOIOMH-
yeckHM (AKTOPOM ~— PAIMOHATBHOCTLID BBIIOTHEHHS  (POPMYH-
HIErO CTEPXKHS /1718 H3rOTORJIEHHA 271acTHYHOH OOK.IaAKk B hopMe
Bana.

Boi6op a1actomepa (06bidHO 3T0 pe3dHa) B KadecTse MaTepHaa
O6KJTARKH CTATOPA ONPEIeIsHeTCs:

HEOOXOAHMOCTBIO ITOIVYEHHA JOCTATOMHON H3HOCOCTOHKOCTH B ab-
pasupHoli cpede (WHPOKHH ONBIT HCNOIB30BAHUA PE3MHOMCTALTHYE-
CKUX NOAWHNHHKOE B PA3.THYHBIX TSOHKEIBIX VCTOBHAN MOJATBEPM1aeT
3To nonoxenue) [96];

BO3MOMKHOCTDIO KOMIIEHCALUH TMOrpelliocTell HAr0TOBIeHHA pOTO-
pa i cTatopa (upodmis, aAuamMeTpoB, ILAroB H MpPAMOTHHEHIIOCTI
oceli BHHTOBBLIX NOBepXHOCTell);

BO3MOKHOCTHIC O0CCIICUCHNST TepMeTIHNHOCTH paGodunx KaMep 3a
cyerT cozdaHid Hatara 8 PO vBeIMdenneM THAMCTPAIbIBIX PAIMEPOR
poTopa.
= 19




1.2.3. YCNOBMA NPEBPALWIEHWSA Br'M
B PAGOYME OPTAHblI OEbEMHOIO NTMOPOLBWUIATENR

BI'M npexcras.iget co6oii 3y64aTyio Kocoay6yio napy BHYTpeHHe-
ro UHKJOHAAABHOrD 3alEeN/ICHHUs, COCTOALLYIO 13 2, — 3aXOJHOTO CTa-
TOpa M z; — 32XOJHOTO POTOPA, MLy BHHTOBBIMH IMOBEPXHOCTAMI
KOTOPBIX 06pasyloTcst paGovie KaMephi.

Jlan cosnanus B BI'M kaMmep, TeopeTHYeCKH pa3o6lUeHHBIX OT 06-
JacTell BBICOKOIO M HM3KOrO AaBiaeHHH (ULTI030B), HeOGXOAHMO N
/ICCTATOYHO BBIMO.THEHHE HEThIPEX YCMOBHIL:

1) uscao 3y6bes 2z, HapyXHoro siementa (cTaTopa) A0TKHO
ObITh HAa eAMHHLY GOJbille YHCaa 3y6beR Z, BHYTPEHHEro 3JeMeHTa
(poTtopa): z, = 2z, + 1;

2) oTHOmIeHMe WIATOB BHHTOBBIX [OBEPXHOCTell HapyxHoro T u
BHYTPEHHETO ¢ 3JMeMEHTOB JOIKHO ObITh NPONCPLUHOHAIBHO OTHOIlle-
HUIO MHCaa 3vGben: T/t = 2,/ 2,

3) amuna PO L jo.1kHa 6bITh He MeHee Iara BHHTOBOI noBepx-
HOCTH HapyXHoro sjgemenTa: L 2 T

4) npodin 3v6beB HAPYKHOTO H BHYTPEHHETO 3M€MEHTOB [0/K-
Hbl 6bITh B3AHMOOrHGAEMbI H HAXOAMTBCH B HEMPEPHIBHOM KOHTaKTe
Mexay coboil B moGoil daze 3anenienus.

IlpoaonbHoe  monepedHoe ceyernns PO apuraTens Ha JIHHe wWwa-
ra €TaTopa, Mo3p0.1AK0UIHE NPOaHaTHIHPOBATh MIHOBEHHOE PACIpe-
AeJIeHHe XXHIKOCTH B PaBoyHX KaMepax, MMOKasaHbl Ha pic. 1.3,

1.2.4. KHHEMATHYECKOE OTHOLLEHHE

OranyutesnpiM napaMetpom BTM, 2o Muorom onpegensitownm
€ro XapaKTePHCTHKH, SIBAAETCS OTHOLIeHHe Ylice. 3y6bes PO, Haawl-
BACMOE KUHEMAMUUECKUM OMHOWEHUEM T = 25:2,.

BTM ¢ paziunbiMu KHHEMATHYECKHMH OTHOMIEHHAMH MOKA3AHbI
Ha pHc. 1.4,

B xaxqioM nonepedHoM ceyennm kuHeMaTHka BIM MoxeT 6biTh
Mpe/CTABAEHA B BHAe ABYX HA4a/lbHBIX OKpYxkHocrel (ueHTpom;)
(cM. pHe. 1.4, NYHKTHDHbBIE THHHH), OJHA H3 KOTOpbIX O6GKATBIBAET-
€S BHYTPH APVIOif 6e3 CKOMbXEHHS.

Henrtp cedenns craropa coBnajaet ¢ ueHTPOM HadualbHOM OKpYX-
HOCTH €TaTOPA ®, @ UEHTP CEeYEHHS pOTOpA — ¢ LEHTPOM HAYABHOL
oKpy#HocTH potopa P. Hapyxuas oxpyxHocts a (¢ uentpamu 0,
05 it 0g) — nenmoBisKHAS, a OKPYXHOCTb B ¢ ueHTpamu 0,, 0, 05 Ka-
THTCSH [0 OKPVKHOCTH .

Toyka Kacamusa OKpyxHOCTER 6VieT nepeMelaTscs MO IHKION-
AateHoli “cketetroit” [111] kpisoii (B 1aHHOM c1vyae - THIOLHK.ION-
20
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Puc. 1.3. llponoasnoe 1 noncpeuune cedcHHa pabouux oprancs B3A:

[ — o6aacTh Aklcokore aasaenus; JI — o6aacTs HH3KOro JlaBicins,;
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Puc. 1.4. CxeMBl BHHTOBBIX €POTOPHBIX MCXaNHIMOB ¢ PAZAHMHBIMH KHHCMaTHYE -

CKHMH OTHOIEEHHAMMH:
T—i=12.2-1=233-1=34
0.0, @y, Ayl — CKEIEThl CTATOPI: .3 — UeHTpoHIBl CTATOpaE H polopa

ae): orpesky a.a. (oo3yOblit potop), KpHBbM @.@:q, (IBVX3vObIii
pOTOP) i @,G,a-a, (Tpexay6blii potop).

B ofuiem ciyvae npodiIn MOMCPEUHOIO CeYEHHS MHOTO3VHOI0
(sMiorozaxomnoro) BI'M BBIOIHEHB! N0 IGIK.TOHIAIBHBIM KPUBDLIM.
PACCMOTPEHHBIM B TT. 4.

Hekmouesdue cocranaser BIM ¢ oanosaxoansiM potopos, upea-
CTABIAOUINM B CeYeHHH KPYT, HECHMMETPHMHBLI OTHOCHTE 1bHO [1eH-
TP CBOEll HAMAILHON OKPYMHOCTIL, M JBYX34XOJHBIM CTATOPOM C
OBA.TBHBIM COYEHHEM, CHMMETPITYHLIM OTHOCHTEILhHO UeHTpa PO,

DTOT yacTHelil cayyall KHHeMaTHYeCKoil cxeMol BTM 6bra noso-
KCH B OCHOBY mepBoit Mogean nacoca Myvano u 1o cix nop npn-
MOHAETCH B M3BCCTHDIN NPOMBILLICHHBIN KOHCTPVEUEAN OTHOBIHHTO-

BblX HACOCOB. OH e GbLA 3aJ0KCH B KOHCTPYKLHIO NEPEbIX 06pas-
uop B3 [135, 136].

1.3. KNACCHDUKALIUA BUHTOBbLIX ABUrATENENK

Mioroaertitl oTedecTBeHHBIT H 3apyOexibil onNLIT co3tanis
B3 u amamia narentHoll 11 rexmiMecKoll THTCPATVPLI HO3BOIHIO
IPCITOARUTH BX KIACCHPHKAIHIO 10 €IV IOWIIM NIPH3HAKAN,

1. Ho kparHocTH neHCTBHA paGouMXx OPranoB pa3;MYalOT (BMra-
TN € OHO3AXO0AHBIM poTopoM (2, = 1) 11 MHOrO3axoHble QBHTaTe-
i (2, > 1), 8 KOTOPbIX POTOP H CTATOP HUMEIOT MHOFO3AXOHBIC BIHH-
TOBbIE [IOBEPXHOCTIL
22

Puc. 1.5. Bausuie KHHCMaTHYCCKOTO OTHOWEHHA Ha XapakTepucTukn B3/]

KpatHocth JedfcTBHS ONpeleisicT MHC/IO IHKI0B B PAGOYUX KaMe-
pax TpPOMAlIHHbL 33 OJHH 060poT Ba1a. LIHKI 0/JHOBHHTOBO#H rs
POMAIIIHHLI COOTBETCTBVET NPOIECCY BbITECHEHHs oObeMa 3aMKHYTOL
kamepbl (11,11033) H COBEPIIAETCA HA LIEPHOAC MEKIY KOHTAKTOM
eMexHbIX 3vObeB poTopa ¢ (HKCHPOBAIHO BNAIHON CTATOpA.

KpatnocTs AeficTBHS, 3aBHCAUlAs OT KHHEMATIMECKOrO CTHOLIC-
i PO, pasHa HHC IV 33X0/0B BHVTPEHHEr0 21CMEHTA 2; H oupe/le-
aser patoduit o6vem BI'M. KpaTtnocTs feficTsist sissieTcd oCHOB:
Hbid napamerpod B3/, 4To HAIAIHO WITIOCTPHPYETCS TCOPETINE:
ckimu KpuBbiMu (puc. 1.5), noayuennsiy 3o BHUMBT B 1972 1
[87] u B janbieliiieM MOBCEMECTHO HCIMOIb3YEMbIMH 1IPH 0BOCHOBA-
HuM Bbibopa PO B3/,

OTtevectentpie B3/ wsmetoT Muorosaxonsie PO. 3apybexibie
KOMITAHHH 1[POH3BO/ST JBHIATEN KAK € OJHO3aNQ[HBIM POTOPOM.
Tak # ¢ MHorosaxoassiMu PO (r1. 2).

2. Ho kunematnke paGouyux opranos. Coriacio KIaccHBKIILHE
BI'M, npeaaoxentoit 1. M. Banieuko u M.I. BruamatomM [21]. amn
ocvuIecTBIeHNIA padoUuero mpouecca HeoOXOMHMO i 10CTaTOuHO, 4TO-
Obi KITHEMATHKA pOTOPa M CTATOPA COOTRETCTRBOBATA OJHOMY H3 HETh-
PeX BAPHAHTOB B3ANMOAENCTBIA, MpHBedeltplx Ha pre. 1.6 1 Taba.
1.1.

23
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Puc. 1.6. Bapuanm azaumojelictaus potopa H cratopa BI'M

Tabauya 1.1

Bapwant
KoMio-
HOBKH
{em,

puc. 1.6

Hapysubiil saement A padounx opra-
HOB

Bryvpennudl aaewent B pabounx opra-

HOB

[
I1
11l
v

Henoash#en, ocb coBnagiaeT ¢
OChIO JABHIATCIH

BpamaeTtcs Bokpyt cBocii och,
COBMAJANIEH ¢ OCbIO JIBHTATCIRA
gpaluac‘TCR BOKPYT OCH 35¢MeHTa

CobeplilaeT nianeTapHoe ABMKC-
HHC BOXPYVT ock 31eMenTa b

Conepuiaet n2atcTapHoe J1BHKe-
HHC ROKPYT OCH 3TICMCHTA A
Bpauraetca porpyr ocH aaementa

Bpawaerca BokpyT cBoci ocn,
CORMALAIONICH C OCHIO AHHMTATe. T8
Henoasmken, ocbh coBnagaer ¢
OChI0 JBHTATE, 1A

KoMmounoBka JABHTATeNs BO MHOTOM ONpe1eIACTCA KOHCTPYKTHR-

HbIMIL CPEeJCTBAMY, BO3MOMKHOCTDh BBIMO.THEHHS

obeceyBaoIHMI

ILIAHETAPHOTO JBHXEHIA 0HOro H3 31eMeHToB PO.

HauGonee pacnpoctpaned BapHaHT | KOMIIOHOBKM, Xapaktepi-
IVIOUHACA HeNMOIBHMKHbIM HAPYIKHBIM 3.1EMCHTOM I IL1aHeTapHo-Bpa-

24

[MAUHMCE BHYTPEHHUM. JTOT BAPHAHT MMCET CJE/YIONLIE TIpeliMy-
HiecTBa:

pazzeieHHe TOJIOCTell BBICOKOTO W HH3KOTO JaBiaeHHA OCYIIeCTh-
aserca BHYTpH PO, T.e. He TpeGYeTCA KAKHX-.THO0 JOMOIHHTE]IbHbIX
caTbHUKOBBIX VCTPOHCTR;

HMeeTCA BO3MOMKHOCTh HENOCPEICTBEHHO COEIHHATL CTATOP ¢ KO-
7oHHON BYPHALHLIX TPYS (PeaxTHBHBIH MOMEHT Ha CTATODPE 3AKPVHH-
paeT peapBosbic coeIHHenHs 6ypPHaALHBIX TPVE).

Opurateait ¢ PO no papuaunty 11, ouesuano, 1e1ecoofpasHo ImpH-
MEHATb B KOMTOHOBKaX HHM3a Gypu.isnoii koitonuet (KHBK), npea-
HasHaueHHBIX 1158 MOLIePXAaHHA BePTHKAILHOCTH CKBAXHHBL WML
MpH HeoSXOIMMOCTH PaciiHpeHHs CTBOJA, TIOCKO.TbKY Ha HapyXKHOI
[IOBEPXHOCTH BpallalOUIEroca CTaTopa BeCbMd [IpOCTO pPa3MECTHTD
ONOPHO-UEHTPHPYIOLIHE HIH pexyllde d1eMeHTsl. OAHAKO 3TOT Ba-
DHAHT HMeeT CYLeCTBEHHBI HeJOCTATOK — HeoBXOAMMOCTb YIIOTHe-
HIA MEXJY HETIOIBIKHBIM KOPIMYCOM H BPALLAICUIMMCH CTATOPOM.

Ha npakrtuke apant 1] KOMIIOHOBKH 6bia HCil0JIb30BaH (paH-
uysckoit dupsoit "Schlumberger” B aBuratene "Gerotor” [164]. a
TAKKE B IKCTICPHMEHTAIBHOM OTE4eCTBCHHOM JBHratede s crabn-
muzauus KHBK 6es Bpamenns Ko.10HHbI 6YpHIbHBIX TPYO.

B nauane 70-x rogop BHUWBT npeanoxur korcrpykino B3]
€ MOABIKHBIM CTATOPOM, KHHEMATHYeCKH aHAJMOIHYHYIO BApPHAHTY
111 [92]. OT u3BecTHBIX ABHraTe.leH OH OT.JHYAETCA TEM, YTO COEIH-
HEHIte MOABIDKHOTO CTATOPa M KOJAOHHBI GYPH.IbHBIX TPYG SbllO.THE-
Ho B Bitde rHékoit Tpy6el. KoMnoHoBka 3a60iHOTO JABHTATENA IIO3EO-
JsleT UCNO.1b30BATh B KauecTBe THOKOH TpyGbl 3/1eMeHT 6ypPHIIbHOI
KOJIOHHBIL.

[IpakTHyeckoe npuMeHeHHe BapHanTa |V KOMIIOHOBKH NOKA HEH3-
BECTHO, XOTA TEOPETHYECKH HCIMO.1b30BaHHE €ro MOXET clocofeTBo-
BATh [10BBILEHHID 3QeKTHBHOCTH pa3pyUIEHHs TOPHBIX MOpoA H
YBEJIHUEHHID CKOPOCTH GVpeHnd.

3. Tlo KOHCTPYKTHBHO# KOMIIOHOBKE pa3jH4aloT IINHHIEIbHbIE
¥ Geclunuu/e bHble ABHTaTe M. DoJbliasg 4acTe gBHrarefieit ssinyc-
Kaercs B LIMHHAETBHOM HCIOJIHEHHH, ¢ BblHeceHHeM OCEBOH M pajy-
AJTbHBIX ONOpP B OTAe/bHbill ABTOHOMHBIIL V3el, PacloNoMeHHBIH
noa PO.

I1puHUMIIHAIBHO BO3MOMHBI KOHCTPYKLUH ABHratejell B Gec-
WINHHAeIbHOM HenoHeEHH. HanbGoiee akTyanbHa TAKAA KOMIIOHOBKA
A pBurateneil ¢ OrpaHHYeHHBIM OCEBhIM rabapHTOM.

4. Tlo KOHCTPYKIMH cuaopoit cekuus (cexuun FO) paznngaior
MOHO/THTHBIE i CEKIIHOHHbIE JBHIaTEIH.

B GoabmiuHceTse cayvaes PO apurarte.ieif BbINoOJHAIOTCH B MOHO-
JMTHOM HCTIOTHEHHH ATHHOI B 2—3 wara crartopa.
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Cexnnontble JBHraTe Nt XapaKTEPHIYIOTCH  II0CIE10BATEILIBIM
paciiooxcHueM cTanaapTHRX PO. Potopbl ceKuHOHnbIX ABUTaTe 165
O6bIMHO COEAHHSIOTC MewaY coboil MoCpeacTBOM IHOKHX Ba/JOR Il
IaDHHPOB, CTATOPBI ~ peapGoBLIMH NepeBoAHnKamit. OCHOBHAA Leb
CCKIHOHHPOBAHHA — MOBbILICHHE KPYTAILErO MOMEHTA ABUIATENS HJIH
CHIXEHHE KOHTAKTHBIX HanpsixeHui B PO.

B paae caydaes npH co3JaHHH MHOIOWIArOBBIX KOHCTPYkUMil PO
HCIOJB3YIOTCH MOJAYIbHDIE BapHMaHThl. Hanpusep, asuratean Tuna
AMM umeeT cocTaBHOM cTaTop, BBINGIHEHHbI M3 HECKOIBKHX BTV-
MOK, COGpaHHbIX B KOPIIVCE, M COCTABHON POTOD, HAGPAHHBIN M3 MO-
Jy1eH, 3aKperneHHblX HA obujeM BaJe,

[To KOHCTPYKIMH CEKLHOHHBIX JABMIaTesIeii pasinualot Sezopueli-
THPOBAHHBIE ¥ OPHEHTUPOBAHHBIC MOIH(HKALMH.

ITpu opitentHpoBautoii c6opke COKIHN COETHHANOTCA TAKHM 06pa-
30M, YTO OHU 06PA3YIOT €AHHYIO BHHTOBYIO Hape3ky U B iacate To-
Ao61bl MoHOTHTHBIM PO,

[IpenmyiuecTB0 OPHEHTHPOBAHHOIO CcOCIMHENHS CeKUHE — CHH-
KeHHe MEKXBHTKOBOIO NMepenaja Jap. eHHs I MepeKanHBAIoUerc Mo-
MeHTa.

5. Ilo xapakTepy pacnpefe’erHs MOTOKa KHAKOCTH pas.iH4aw0T
ABHrare i ofblMHBIE M ¢ Pa3je’ eHHBIM NOTOKOM. PasfeleHHBl no-
TOK HemosbayeTes B exeMax B3/l xorja no Texnosoriveckusm coob-
PAKEHHAM HEOOXO[HMO HRCTh MUAKOCTH HNPOIYCTHTH “epe3 [o.asti
potop, MuHvA kamepbl PO, If B cXeMax ¢ Mapaiies bHbIM COeAHHEHN-
em cexrui PO,

6. Ho xoHCTPYKUHH poTopa pafouHX OPraHoB pa3lHyajT JBM-
raTean ¢ EeJBHBIM H TIOABIM DOTOPOM.

/lBurate i ¢ HapyxHbIM JHaMetposm B8 um i Goee, KaK mparu-
710, BBITOAHAIOTCS € MOJIBIM poTopoM. Takoe HCHOIHEHHE NO3BOJISeT
pa3MecTHTh B PAaCcTOYKe POTOpPa HOKHIT BAT, a TAKXKe CHH3HTh MHEp-
HHOHHBIE CH/IbI B MallMHE.

ABurareql ¢ HAPYKHBIM JAHAMETPOM MeHee 88 MM BLINOJIHSIOTCS
€ Ue/IbHBIM PoTOpOoM. OOHAKO ¢ Pa3BUTHEM MPOTPECCHBHBIX TEXHO-
Joruit (rHApOIITAMIIOBKA, rOpsAYas MPOKATKa) B GYAVILEM He HCKI0-
YEeHO HCIO/1b30BAHHE TIOABIX DOTOPOB BO BCEX TUMOPAIMEpAX JBUIA-
Te1ed.

7. Tlo KOMCTpYKUHHM y3Na cOeJMHEHHS POTOpPAa W Baja HIIMHAE-
A B3/l BhiMonHAOTCA B ABYX BAPHaHTAX: [WAPHRPHOM H/H TOPCH-
oHHoM (¢ rHOKHM BadoM).

Ilepsoie otevecTBennbie apuraresu (J12-172M, J13-172) ochama-
JTHCH ABYXIIAPHHPHBIMIL coeduHeHuAMI. B wactosliee BpeMs noutu
BO BCEX JIBHTATETAX HCMOIBIVIOTCA IHOKIE BAbL.

B HexoTopbIx ¢aydadx B ABMraTesAsx ¢ GOJBUIHM NepeKocoM ocel
(60:1ee 1,5°) cH10BOH U WINHHACTBION CEKUMIT 115 HOBbILEHHS 1A
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AEKHOCTH HCIONb3YeTcs KOMOHHHPOBAHHAS WIAPHHPHO-TOPCHOH A
KOMITOHOBED.

8. Ilo xoscTpyKuHH mmmHaeaa paszauaior B3 ¢ oTKphiThIM U
MACA03ANOTHEHHDIM IITHHIENEM.

B oTkpbIThIX WnHHAE X (OHH HCNOMP3YIOTCA BO BCEX CEPHITHBIX
OTEUECTBEHHBIX ABHIATEIAX) V3.1bl TPCHHs CMA3bIBAKOTCA M OXIaX1a-
j0TcsA OYPOBBIM PACTBOPOM.

B MacioHano.HeHHbIX IUOHHAEASX V3Abl TPEHMA MaXOJATCS B
Mac/ifHoil BaHHe ¢ H3OLITOMHBIM JaBieHieM Ha ,1-0,2 Mlla, mpe-
BBILIANOMIMM [JABJEHHE OKPYXAIIeH cpebl.

9. lo Tumy ocesol oNOphl B IIIMHMAE]E Da3.1HYalOT 3a60iHbIE
ABHIATETH C CIIOpPaMH KayeHHs H CKO.IbXXeHHH.

Omnopbl kaueHHs] BLINOAHAKTCA B Bijle MHOTOCTVIIEHYATBIX pasii-
AJBHO-YIOPHBIX HTH YIOPHBIX [LAPHKOMOIIIHITHHKOB.

OHOpr CKOJbKEHHEA [MPEeACTABIEHRI MHOTOPAAHBIMH  YIIOPHBIMH
MOAIIMITHHKAMM, B OTe4ecTBEHHDIX KOHCTPYKLHSAX HCNOJB3YETCH Ta-
pa "ofpealHeH bl TOIMATHHK — METATTHYECKIE JHCK".

Hau6obmee pacnpoctpatenne noayunn B3/ ¢ ocesbimir ono-
pamt Ka4yeHHA.

10, Ilo KOHCTpYKUHH YIAOTHENHS Baja DIINHMIEAA DA3.IHYAI0T
IITTHHACTH © TOPHEBDIMH H MHOropsaHbIMH .'IaGHPHHTHbIMH ynaorye-
HUAMH.

YaoloTHerHA BAJA YCTAHABIHBAIOTCS 145 ofccrieveniist s ghexTitn-
HOlt pabGoThl THAPOMOHHTOPHBIX padoT.

11. 1o na3ana9eHHIO pa3.IHYaKIT ABHraTeTH:

VHHBEDCATBHOO NpuMeterus (o6Ilero HasHade s ),

J7I3 HaK.TOHHO HanpaBIeHHoro 6ypeHus;

A TOPH30HTAIbHOTO GYpeHns;

A8 peMOHTa CKBaXXHH (Gyposb[x paboT BHVTPH 06caIHbIX KO-
JOHH H HACOCHO-KOMIIPECCOPHBIX TPVG):

Cler A 1bHOTo IpHMeHeHns (HanpuMep, [ABUTATeNH /18 TOpH3OH-
Ta.ibHoro 6ypeuns ¢ spamednem KHBK).

12. Tlo HapyxHoMy gxaMerpy eblic.sor B3/

o6btunore HenoaHenus (anametpoM 127 My u 6oaee),

mastorabapurabie (Iuamerpos oT 34 5o 127 ma);

MHHHATIOPHble (IHaMeTpoM MeHee 54 ).

13. ITo TepmocTONRKOCTH pa3 . IHYAT ABMraTeTH:

B 06BIMHOM HCMOIHEHHH 48 Temilepatyphl go 100 °C;

TepMoOCTOliKIe, NpegHa3HayeHHBIEe 118 OypeHus [pn 3aboiinoi
temnepartype 120-150 °C.

TepmocToiikoets B3] onpetetsetca dusitko-xMuyeckiimMn cpoit-
CTBAMH 31acTiunoil OBKIAAKH €TaTopa H K1ed, ofecnediBaroIero
KpereHle OC)K.'!"I,'IKH C MCTa. 7. 10M.

J1s mosbiwenya TepsoctoiikoeTt B3/ uemopaviotes cnemuais-
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Hble 3JaCTOMEPbl, a TaKkXe 0CoOble KOHCTPYKUHH CTAaTOPOB, HAINpH-
Mep CO WIHLEBLIM KpellleHneM obxaaaku [15].

B oteyecTBeHHOH NPAKTHKE TePMOCTOIKIE ABHIATENH CEPURIO He
BBIYyCKalOTeA. 3a py6esxoM ps1 koMnanuii npeatarair B3], npea-
Ha3HaYeHHbIE [ paboThl B YCIOBHAX 3a6oiHON TeMIlepaTypbl Ao
150 °C.

14. Ilo 4acToTe BpamEHHs BBIXOJHOTO BARA PA3IHYAIOT ABHTA-
TETH:

ofivuubie (n = 802150 06,/ Mun):

6eicTpoxoausie (n > 150 06/ MuH);

taxoxoaubie (7 < 80 06,/ Mun).

K 0o6bIMHBIM AsHraTeNAM OTHOCHTCS ABHraTe 1 Tia [l B rabapure
127-240 MM, K GBICTPOXO/HBIM - ABHTaTenn B rabapute 54—88 M.
TixoxoaHble ABHraTeH BCTPENAOTCS PEAKO, K HMM OTHOCHTCA OJHA
13 Moandukaunit aearatess JJK-108 [27].

15. Mo Tary MexanHMaMa HCKpHBIEHHA padiuyaoT B3]] c:

KPHEBIM NIEPEBOJHHKOM € OTHHM NePeKocoM ocel:

KPHBbBIM NEPEBOAHHKOM ¢ JBYMA MNepekocaMu oceit (ABHraTeis
DTU ¢upmet "Baker Hughes” [171];

PETYIHPYeMbIM HAa IIOBEPXHOCTM KPHMBbIM MEPEBOIHHKOM (na
VCTbe CKBAKHHBI WIH B Uexy) [47, 168, 174-177):

peryaipyembiM  Ha 3afoe KpUBLIM mepeBOIMHKOM {CHCTema
"Telepilot” Mpaniysckoro uncrutyta vedru) [164];

IADHHPHBIM MEPEROIHUKOM .

Hau6obuiee pacnipocTpanenne noIydumi IBHIaTenu ¢ nepeBoi-
HHKOM, DACIO/TOXKEHHLIM MEXAY CHJACBOH M IITHHIAEIbHBIMH CEKI[I-
ML

16. TTo poay paGouero aremra H3BecTHbI ABMIATE.IH, KCIOIB3YVIO-
mne KuIKocTh (BOKa, TIMHUCTDLIR PAcTBOP), BO3AYX WM a3, [a3o-
AHHIKOCTHYHO CMECh.

17. Ilo rumy 3auenaenns npoduarelt paGoyux opranos pazinya-
0T ABHraTeNH C THIO- H 3IHUWK/JIOHAATBHBIM 3aunelLiexueM [94].
Haubonpuiee pacnpocrpaHeHue MOAYYHAH IBHFATEAH ¢ [HIIOLMKIOH-
Aa1bHBIM 3aleraedueM PO.

FNABA 2

OCHOBHbIE TUNbl U PABMEPLI B34

Io cocrosumo nHa 1 susaps 1998 r. B Poccnu B cepuiinom H
OMBITHOM IIPOM3BOACTBE Haxoiudochk okKeqo 40 Tunopaamepos B3/l
KOTOpble BBINYCKAMHCE TISTTbI0 MAIIKHOCTPOHTEIbHBIMH 3aBOAAMIL.
OCHOBHblE TEXHHYECKHE I[I0Ka3aTelH, TeXHOJMormdeckue TpeGoBaHuUs
H KOMMJIEeKTHOCTh nocTaBKH B3]l periaMeHTHpYIOTCS TeXHHYECKHMH
yciaosuaMHi " /ABuratean BuHTOBble 3aboitubie” TY 366425-00147074-
001-98 u CTII BHUUBT 1018-99.

3a py6exkom 22 KOMIAHHAMH BbIIIYCKAETCA TaKkKe GOABIIOE KOIH-
YeCTBO JBMTaTese pas/AMYHOrO TEXHHYECKOro HaaxaveHus (1abn,
2.1). MspecTHo, 4To NpH TakoM MHOrco6pasuH Mofenei pabouue op-
ragbl ABuraTteneil 3a pyGeXoM BbIMYCKAIOTCA TPeMsi CHeLHATH3NpO-
BaHHbIMu hrpMamu ("Moyno”, "Roper Pumps” u PCM).

Tabauya 2.1
HoMeHRAaTYpa BHHTOBHX 3a60fHMX ABHTaTeneli 3apyGemubix GrpM
Yucno | KuneMatH- Auanason Havano npo-
©upma-uz- | Toprowag | ryno- | weckoe or- | wapywwux | mbiwnennod Mpusesa-
roToBy- Mapxa pasMe- | HolueHue AHaMeT- aken.Tyata- HuA
Teb poB pabounx pob, MM LLHH
opration
Baker Navi- 22 1:2-5:6 44-286 1971 r. | do 1994 r.
Hughes Drilt BhIIIVCKA-
Auch dup-
Moit "East-
man Chris-
tensen”
Bec Field | Vary Drill] 7 1:2-56 89-203 1994 r.
Beijing Lz 10 1:2 127-197 1992 r.  {Zeurartenu
Petroleum BBIMYCKa-
Machinery 10T 110 M-
HEH3HH
gmpm:n
Smith
Inter”
Black PDM 41 1:2-9:10 43-244 1994 r
Max Cobb | DMF 1 1:2-9:10 89-197 1994 r.
Energy
Compu- Comman- 28 1.2-7.8 44-244 1989 r.
talog der
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IIpodoaxenue matia. 2.1 — @ -
i
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Yucao | Kunemare- | Awanison | Havano upo- {2260mm ) -
DupMa-ni- Topropas -n'«rtm— qecl::oe OT- | HAPYMHNIX | MBiACHNOR [Tpumena-
TUTOBH- Mapka pasme- | RoOUeHHe AaMeT SKCITYATA HH ERER
TeTh PoB paBoumnx POR, MM LHH {27B0mir ; 156 Y
Opravos 0350 O
. 03f
Dailey DM 6 | 45-89 | 89-244 | 1993+ 320mmy 1310
Dreco Trudrill | 45 | 1:2-9:10 | 43-286 | 19921 DI50HS J
Drilex D 29 341011 43-240 1983 r dsMraTtean TEL
BbITIVCKA- {3440mm ) {78
IOTCR Na co-
BCTCKOH U~ {15&)8 1t o6 1
LEHIHH (3600mm 1 15 4
{BHUUEBT)
Fracmas- PDM 15 1:2-7:8 44-203 1995 1. 1891
ter 15770mm | |56
Hallibur- Dylh'a- 22 1:2-7:8 44-305 1968 r.  {/Jo 1994 r. DI @J
ton Dri BBINYCKA- !
AHCh dutp- 13170m, 1 356 NV |
Moit "Smith [@
Inter" t
Houston | Hydra- 3| 7:8-910 { 121-197 | 1994 1. '5' 21
Enginecrs | Drill D o
Moyno 85 1:2-9:10 | 43-286 1968 r Brtnvekaer (7530mm 1 |67
Oilfield TOAbKO 2
Products BHIITOBbIC DB O
- frapl (6250mm i {910
Nevrfar VM 10 1:2-7-8 121-286 1994 r. -
PCM 18 | 1:2-78 | 121-286 | 19941 |Bunycxaer 1o O
TO.1bKO {4000mm i |910
BMHTORLIE
napui 21 1 O
Phoenix PDM 18 1:2 38-203 1996 r. (6440mm 3 [910
Roper 63 1:2-8:9 43-286 1992 r. | Boinyckaer DIR775
Pumps TOIbKO 1311 @
BHHTOBbBIE 14000mm 1 191
nape | D825 |
Schlum- Anadrill 7 1:2-7:8 121-244 1593 r. 217N 0
berger (6620mm ) 910
Shoeller - | Flex 18 1:2-56 45-244 1992 r.
Bleck- Drill 2451
man {7470mm | 156 S |
Slimdrill | PDM 13 38-171 .
Sperry- Sperrv- 42 1:2-9:10 | 44-286 1991 r. 2131 _
Sun Drill {6500mm b 101
Upefrom | PDM 2 3-4 171-197 1988 1. 098 O
1 May (7350 mlml 56
é
ws5n | L
(B630mm: 30 FEET
Muoroo6ipasse /surateteil, oT.THYARIMXCS JHaMeTPaMH, KHHe-
MAaTHYECKHM OTHOIEHHeM H JTHHOH, Ha npHMepe MpoIyKUHH ofHof
xomnanuis "Drilex" noxasano na pue. 2.1 [170). Puc. 2.1, Trmopasmeps asuraresedl, sunyckaemnix dupmoit "Drilex”
PaccMOTpHM 0cOGEHHOCTH KOHCTPYKIHH BIHTOBBIX IBMTaTeneii
PA3JIHYHOIO HA3HAY€HHA B COOTBETCTBHH C I[pe,‘l.‘]O}KeHHOﬁ paHee
KJ1accHHKaHeil.
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2.1. ABUFATENY OBLLEr0 HASHAYEHUA

OrevecTBeHHble JABHTaTeTH 3TOH MOIuHKAUMM  OXBATbIBAIOT
JHATIA30H HAPYXKHBIX JHaMETPOB OT 127 no 240 MM M mpejHa3Hade-
HBI IS [pHBOAA JOJOT JHAMETPOM 139,7-295.3 mm (rabn. 2.2)
{40, 112].

3apy6exHble ABHraTe.lH NpPeacTaBIeHbl Gonee UIHPOKOH HOMEHK-
AaTYpOIt HapyxXHbIX anametpos oT 120.6 a0 286 MM, Texnudeckie
OKa3aTeAM 3apyGexHbIX ABUraTeeH HeKOTOPBIX (PUPM IHAMETPOM
615" n63. 4" npreeseHs B Taba. 2.3.

OTevyecTBEHHble ABHIATENH C03/aBaTMch HA OCHOBE MHOTOMETHE-
ro OMBITA KOHCTPYHpOBaHHA Typ6oGypoB, H B HWX MCIIO.1b30BA/THCDH
anpo6upoBaiibie KOHCTPYKLUHMH ONOPHBIX Y3.10B IUTTHH/IEIBHOH Cex-
1IHH, Pe3bBOBBIX COeHHEHHH, 31€MEHTOB COeJHHEHHS BATOB H ApP.
B To xe BpeMs crieUndHUECKHe y3ibl 1 AETAIH JBHraTereH (pabo-
yMe OpraHbl, COEJMHEHHE pOTOpa H BBHIXOJHOIO Bafa, nepeaUBHOH
KganaH) He WMEIOT aHaloroB M pa3pafaTbiBajich MO pe3y IbTaTaM
pUBEJEHHBIX TEOPETHHECKHX H IKCIEPHMEHTATbHBIX MCCJIEA0BA-
HHI.

Boinyckaemsie B Poccun # 3a py6exom B3/l Bbinoanswores no
ennioii cxeme (cM. a6 1.1, TN 1) H HMeT HenoABMXHEIl cTaTOp
M NITaHEeTapHO BpallaoluMiics poTop.

KOHCTpPYKIHS BHHTOBOTO /IBMIATEIS B MPOJIOJBHOM H MONEPECHHOM
paspesaX npisejeHa Ha puc. 2.2. JIBHraTelb COCTOMT H3 ABYX Cex-
UHH CUN080U W UNUHIEAbHOL.

KopivcHbie eTamt ceKumil COeMHAIOTCA MeXAY cobol 3aMKOBbI-
MH pe3b6aMH, A Bajbl — C NOMOL(BIO KOHYCHBIX, KOHYCHO-LILTHLEBBIX
i peabboBbix coelntenuit. TpeTnit ysea apuratens — nepeIMBHOMH
KTAaH, KaK NpaBuio, pa3MellaeTcs B aBTOHOMHOM IepEBOLHUKE He-
NOCPeACTBEHHO HAA [ABHTATEJEM WIH Mexay Tpybamu 6ypiibHON Ko-
JOHHBI.

Cutopas cexuua (cM. puc. 2.2) Brawoyaer B cebs cratop 4, po-
Top 3, coefiMHeHHe J POTOpA W BBIXOAHOro Baja {2 I KOpIycHble re-
pPeBOAHHKN | 1 6.

IInuHAe ThbHAA CEKUMS COCTOMT H3 Kopmyca &, Bana 12 ¢ OCeBbIMH
{1 u paaManbHbIMH 9 onopaMH, HA[I0JIO0THOTO NEPEBOAHHKA 4.

Tabruya 2.2

Texunyeckan xapaxkrepucrika B3/l o6uiero naznavenus
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2.2. ABUFATENU N8 HAKNOHHO HAMPABAEHHOTO
M FOPU30OHTANBLHOIO BYPEHURA

JTa cepus npelHAlHadena 1A OYPeHUA HAKIOHHO Hamnpas.iei-
tpix (¢ 60IbUIOH MHTEHCHBHOCTBIO HCKPHB.IEHHA) H rOPH3OHTATHHBIX
CKBKIIH,

O6nagasi paaoM KOHCTPYKTHBHBIX OCOBCHHOCTEH M palHOHATb-
HpM KpuTepueM dddeKkTHBHOCTH M /n, ABMTaTE.IH STOH CepHH, B OT-
augne oT Typ6oSypoB, 3d@eKTHBHO MCIOJALIYIOTCA B pa3dNtiHBIX
TEXHO.TOTHAX HAK/IOHHO HANPABJEHHOTO M [OPU3OHTAIbHOTO Oype-
HNS, B TOM YKCJAe OPH 3apedke W OYDeHHH BTOPBIX (zoromHHTE D
1bIX) CTBOJIOB 4€PE3 OKHO B IKCTLTYATAUHOHHOW KOTOHHE.

[pu ucnosib3oBanist B3/l B ropH3oHTaAbHOM GYypEHUH peaniuay-
IOTCA MX [PEHMYIIECTBA [0 CPaBHEHINO ¢ Typ6obypaMu, B HACTHOCTIH
MeHDIIAS 3aBHCHMOCTb OT [MAMETPA, a TAK)Ke [OBbIWEHHBIA YIe/b-
UbOT MOMEHT JABMIATEIN. JTO (I03BOJIHET CKOHCTPYUPOBATL CHJIOBYIO
cerilo Lm0l 1-2 M ¢ HAPYXKHBIM JHaMeTpOM, CYIIeCTBEHHG MEHb-
M, geM Yy Typ6oGypa 118 aHATOTHYHLIX HeTek.

B pesyspraTe NpOBCAEHHBIX B 90-x rogax HAOKP o BHUHUEBT
co3AaHa Hopas cepust 3aboitibix eHrateitedt Tuna A 1mamerpom
$0-172 MM A18 OPOBOAKM HOBBIX TOPH3CHTAIbHBIX CKBAXHH I pe-
smonTa cyuecteyiomnx {11, 45, 112]. Tlpu npoexrupoBanny AsHrate-
aefl MCIO.Ib30BAJICA BAALATHNATHAETHUN OMBIT KOHCTPYHPOBAHISA
B3/l ofmerc HA3HAYEHHS W B TO e BpPEMA Y4HTLIBATHCD tpebona-
HHA TEXHOJOFHH TOPH3OHTATBHOTO GVPEeHHS.

Ochogtbre ocobentoctu apuratereit cepin AT (puc. 2.3):

YMEHbIIEHHAS A TUHA, JOCTHTACMAs COKPAUICHHEM Kak CHAO0BOI,
TaK ¥ LIMHHAEAbHON CeKIlH, TPH 3TOM CH/I0BAs CeKIs, Kak MpaBH-
10, BBIMOJHAETCH ABYXWArcsoif, 4To obecneyuBaeT HeolXOANMYIO
MouiHocTs M pecype PO

VMEHbIIEHHBI HAPYXHDBIH UiaMeTp (108 npotus 120 My 155
npots 172 MM), 4TO TP COXPAHEHHH OMNTHMAJIBHBIX XapakTeph-
cTuk B3J] obecnevnBaeT HAACKHVIO MPOXOIMMOCTD IBHraTens ¢
OTIOPHO-MEHTPHPYIOUIHMH 3/1€MEHTaMil B CTBOJE CKBAXMHBL U y.1y+d-
LEHHYI0 [MAPO/THIAMITYECKYIO CUTYAIHIO B 3aTPYOHOM NPOCTPAHCT-
BE;

MHOroo6pa3ife MEXaHHAMOB HCKPHBJIeHUs Kopryca (xecTxuil e
KPIUBICHHDBIH TMEPEBOAKHK, Pery.THpyemblii MepesoIHHK, KOpMyCcHbIe
[WAPHHPbI ¢ OiHOH WM JByMS CTEleHSMH cBo60Ibl) HTO MO3BO.IAET
HCII01H30BATh PA3THHHbIE TEXHOTOTHH TPOBOIKH CKBAXHH,

HO3MOMKHOCTD Pa3MellleHHs Ha Kopuyce ABHIATEIA ONOPHO-UEH:-
TPUPYIOUIHX 3.1EMEHTOR;

a6

-y

Taasoro Gypeunn AT-
1 — mepxunit nepepoauvk; 2 — po-

Top u cbope; 3 — cratop; 4 — THO-

Pnuc. 2.3. Annraveas 1A

Al

KM BaA; J — MIApHHP; 6 — KOPIyC

wnHKAean; 7 = ocesas onopa; 8 -

palHANbIAR Ollopa; § - naaonoT-
HBIH NepeBoITnK
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2.4. ABUTATENWU A8 OTBOPA KEPHA
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Mruoroxerrmni oreit arcitvaranny B3/ B 6y-
PeHITH MOKA3d7, UYTO OHH MOTYT € YCIeX0M Uc-
[0Ib30BaTbes 418 oTfopa kepHa, [Ipn atom xep-
HOOTOOPHBITT CHAps,1 110/BCIIMBACTCA 110 JBUIA-
Te.lk, a BHEIXQJAHOI BAT JIBHraTe.Isl HANpPSMYIO co-
cuitAerca © panoM cHapsga. B 1o ke Bpems ni-
BECTHO HECKOJBKO ClelHAIbHBIX KOHCTPVKIHI
BMHTOBBIX JEHraTe.teil 114 oT6opa KepHa.

CHapsaa Kamcxoro HUHMKWIC tuma [JIBK
npeAycMaTpUBaeT pa3dmellleHHe BHYTPH  BaIa
LILHHIE IS | 110100 POTOpa cbeMioit TPyHTOHOC-
ku |67]. Jpuratesau JIBK-195 u [ABK-240 nosno-
15107 oT6PaTh KepH gnamerpoM 60 MM 1 Lol
7.2 M, a gapuraten JIBK-172 — kepH anasmerpoy
40 sm o andoli 6,4 M. It apuratenn npourin
npomeic1opble ucnbrtanug B 110 "Yamyprreooo-
rug” n [Tepsckoit o61acTi 1t NPHEATEL K cepHitia-
MY H3roTORICHHIO.

Kouerpvkuns  3aboiiitoro  rHAPaRIHYECKOro
ApHraters a0 otbopa xepua BHMMWBT [29]
npelcTasfiena Ha puc. 2.5,

Pa6ouite oprans! cocTofT 13 JIBYX CeKUMH ¢
pastbiMH  HAMpaBleHUAMH Hapesok. Hapyknbri
aneMeHT PO 6, comepuiaoumii faHeTapHoe Bt
KeHHe, [10CPeaCTBOM THOKHX Tpy6 4 u 9 coequns-
€rcsl COOTBETCTBEHHO € HAPVKHBIM [EHTPATOPOM
12 u 6ypHARHOI ro1o8Koll 13 1 BpanaeTcs B No1-
wHnHgKax 2 1 11, BuyTpenuuii noani#t azement
PO 7 wenoasioreH it coeIMHeH ¢ KoJgorHoil Tpy6
!. BHVTpb M0.I0T0 3.1¢MeHTa CITYCKAeTCsl KePHOoOoT-
GopHas Tpy6a 5. /115 NpOXoKIEHIA MOTOKA IKILL-
KOCTH BbUO.JIHeHBI KaHa1sl 3, 8, 10.

surateas pafortaer caeIywunM  ofpaso.
Patoyag »GLIKOCTh nOcTvilaeT B KoJblesoft 3a-
30p MEXAY BHYTPeHHeH TOBePXHOCTbIO OO0
Ea.Ta M TPYHTOHOCKGIT, Ja7ee 1HpOoXOANT Yepes Ka-
HaTBl B 11010M BATY H paslensiercd HA jBa MOTO-

Puc. 2.5. /[suratexs pas ot6opa xepHa KOHCTPYKUsH
HHUET

ka. Ol MOTOK, MPOXOJR Yepe3 BHHTORbIE KAHAMBE B BepXHell cek-
gt PO 1 KaaTbl B BEpXHEM TpYyOHATOM 3jeMeHTe, MOTMAJaeT B 3a-
1py6HOe NPOCTPAHCTBO. Hpyroil noTox, npoXoAS 4Yepea HHMXKHIOWO
ceKUHI0 M TPOJO.TbHble KAHAILI HIGKHETC TIOIIUMIKUKA, NONAAAET
Ha 3aboil.

IpeuMyltecTBa paccMATpUBaeMoil cxXeMbl — Majas MeTall10eM-
KOCTb 33 CHET PAMOHATLHOTO MCROJbI0BAHMS JNHHBI JBHrATeds M
rHApaBAHYecKas ypapHoseweiiiocTh PO,

2.5. ABUTATENW C PA3AENEHHBIM NOTOKOM
AKNoKoCct

B HekKOTOpbLIX coly4asiXx NPpH 3KCNAYATAUHH JIBMTATEJNEH 1O TEXHO-
aorudeckuy coobpaxenitsim (yeaoBuaM npoMbiBki) rpebyercn 601b-
muil pacxod NPOMBIBOYHON JKKIKOCTH, HeM 3to Heobxoadmo B3/]
HUCXOAs M3 obeclieveHWA dajaHioi xapaktepuerikit 7 — M. Toraa
HCIMOTB3YIOTCA ABHIaTe I ¢ pa3aeIeHHLIM TIOTOKOM XHIKOCTH. Cxe-
Ma /BITATEIR ¢ pazfeeHHbIM 10TOKoM ObLla npeanoxena 8 1971 1.
[4). CuroBas cexumns coctosfa U3 JBYX BHHTOBBIX UApP padHOro Ha-
HpaEJ’lEHHH Hape3akH, H NOTOK npOMbIBO‘-lHOﬁ HMHUAKOCTH pa3fe.tsacs
MexXTy paGodnmi opranamit. OjiHako 373 cXeMa He NOJYYHJa [Ipak-
THYECKOTO BOITOLLEHHS .

Ha npaxtike npunuun pasieneuns moroxa 8 B3/l 6n11 Bnepeste
ocymecTsie B apuratede [1-240 {(puc. 2.6), paspaGotanHom
BHHUUWDBT a1a dupmm "Drilex” [39]. B sepxueii yact moacro po-
TOp2 pA3MelaeTcs HacalKa € pacueTHbIM TMPABIHYECKHM CONpO-
THBJeHHeM. YacTb WIKOCTH NMPOXOAHT Yepe3 HACAAKY M BHYTPCH-
Huii KaHa1 potopa, muHys PO. K coxatenno, B cBoe BpeMs aTa
cxeMa He 6blia 3anateHToBaHa, W B 90-e roawl Ecey 3a "Drilex” ee
B35/ HA BOODYAeHHE MHOrMEe 3apyGeXKHble KOMIIAIMI.

Kak nokasanu iccaefoBanus, KoHUIYpauus HACAIKH OKasblBacT
CYWECTBEHHKOS BIHSHIE HAa HArPY304uHYI cnocofhocts B3/, Opua
H3 ONTHMAJIBHBIX KOHCTPYKUHH Hacanaku, npeanoxennas BHUMBT
H 3anaTeHToBaHHas B psife crpan [38], nokasana va puc. 2.7. Ha-
CalKa uMeeT gse Kasmepbl {ApUeMHYIO I OTJa101IYIO), pazileleHible
JMtueil Haioma.
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Puc. 2.6. [lpsrateas c paafefennsiM NOTOKoM xuaxkocTH [-240:

! — patoune apranst; 2 - whiigeAb, 3 - Hacaika 8 poTope

+

Puc. 2.7. Kouctpykuna HacaJkH B poTope (peryraropa noToka)

2.6. TYPBOBUHTOBDIE ABUIATENH

B nocieanne roabl oTeyecTReHHbIH napk 3a60iiHbIX THADABAHYE-
CKHX JIBHFaTeleil MOMOJHK.ICH HOBBIM [IpeACTABHTEAEM — TYPOOBMH-
tosbiM Apuraresem (TBJI).

Brepsbie cxema TYypGOBHHTOBOTO arperata, I1pe/lcTABISIOUIETO
co6oil ToclefoBaTeibHOE coejfHeHIe TypOHHHOH I BHHTOBOI ABH-
rateabHol cexunii, Oor1a npeaamxena BHYIMBT s 1970 r
M.T. T'ycmanom, .. Banaenko, A M. Kounesuim 1 C.C. Hukoma-
posbiM [91].

TBJ/l opradHi4HO C€OYETAOT BBICOKYID CTOHKOCTh, CBOHCTBEHHYIO
Typ6o6ypaM, H ONTHMAILHYIO XAPAKTEPUCTHKY (BBICOKHIl ypoBetib
oTHOIIeHHA M. n [IpH He3HAYMTeTbHOM NAIEHHH HACTOTHl BPAlleHHS
MPH 3arpy3ke JBUTaTe ), Xapakrepuyio a1 B3/1.

Wcenepopanus pabovero npouecca TBJ 6wii nposeselbl BoO
BHUMBT A W. Areesnim, B.C. Byasuckinm, C.1O. Bpyanbim-Hesa-
auHoBbiM, KO.@. MotanossiM 1 1p. [69, 70, 86].

TBJ Moxio OTHECTH K PeIYKTODHBIM TypbofiypaM, B KOTOpPLIX
BHHTOBAs NApA BLIMOJHAET (DYHKUHM He TOMBKO PeAVKTOpa, HO H
cTaGILTH3HPVIOUIETO 3/1eMEHTa TIPH NeperpyakaX J10J0Ta.

HecMoTpst Ha G0JBLIYVIO METATIOEMKOCTb H ClOMHOCTE KOHCTPYK-
I{1EHT, T:\’pGOBHHTOBbIe ABHTATEAH B PAIEC CIYHACE }’CI]EI]IHO HD}!K}'})H'
pyvioT ¢ B3Jl. 310 obbachsercd Tem, €ro TBJl ofiajanr pamoM
BAXKHBIX [IPEMMYINECTB, TAK KAX OPraHiyHO COUETAIOT CTAOHIbHbIE BO
BpeMeHH XAPAKTEPHCTHKH, CBONCTBEHHbIE TYPOHHHDBIM JABHTATE. 1AM, 1
KECTKOCTh muHun # — M| npucvume B3/

Boapwoit pecype TB/l ocobenno mpupiekatened NpH HCIOIb30-
BaHHH COBPEeMEHHBIX BblCOKONPOH3BOIHTEIbHBIX 10M0T.

TB.J1 npeactapiaser cofoil YHMBepcadbHbIH 3a6oliHBIH JBUraTeh,
COAEPKALIMH TpH OCHOBHbIX Y37Tal LIHHIETIb ¢ oceBoit omopoit |
(npH Heo6XoAMMOCTH WiNMIIe.Tb-OTKAOHUTE ), ofHy (IIpH Heobxov-
JMMOCTH JBe M.IH TPH) TYPOHHHYIO CEKIMIO 2 N CCKIIHK BHHTOBBIX
PO 3 (puc. 2.8, a).

Komnonoska TBIl moxer 6bITh peaiH3oBaHa B JIBYX BapHaHTaXx
[94]:

¢ BHHTOBO# napoil Hax Typ6uaHoil cekuneit (cm. puc. 2.8);

¢ BHHTOBOI Mapoil MexIy TYpPOMHHON H HINHHIEIbHOH CceKlHA-
MH.

B nepeom BapHaHTe yIIpOWAETCS KOHCTPYKUNA JBHIATETS, ItO-
CKOJIBKY Tpeé_\’E‘TCﬂ JAHINL OJIHH Y3€.1 CO¢JHHCHHA TL.1dHEeTAPHOrO po-
Topa ¢ BajgoM Tvpbobypa. Kpose Toro, HHePUHOHHbIE CH.Ib!, BOIHH-
KAoupe B BHHTOBOH Nape, NPaKTHYECKH HE BOCIIPUHHMAIOTCS Bbl-
XOJHBIM BAN0M.
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6 Bropoil sapnanT Mexee npemIoNTHTEIEH, TAK KaK TpeGveT ARy
Y3108 coenHeHus poTopa. [loMIMO 3TOro YCIOXKHSETCS PEry.1HPOB-
Ka TYpOunnoil CekilMi, Tax Kak M3-33 OPOCAIKH BATA B KOHYCHBIX
COEIHMHEHHAX Y313 COeIHHEHIA BO3MOXKHA 110CaAKa POTOPOB TYpPOiH
Ha cratopsl. Jlas ycTpanenus 3Toro spleH1sl Tpe6VIOTCA TypPOHHBI ¢
yBEMYEHHbIM TiopTOM MU C IIABAOIHMII cTatopamu tuna TIIC.
KpoMe Toro, HHepUHOHHbIE CHIbl B 60ablUeH CTENEHH OKa3bIBAIOT OT-
pHLATE.TbHOE BO3/AeHCTBHE HA 101070,

| ' Tlpejycmorpens pasIMyuHble BapualThl ArperaTHpoOBaKIA V3108
TB/l B vc10BHAX KAK LEXa N0 PEMOHTY 3ab0HHDIX JBUrateleil, Tak i

i g "§ » OvpsAwelics cKBaXHHDBL, Blarojaps 4eMy GypeHHe BEPXHHX HHTepPEA-
4 \s\\\ JOB CKBAXKMH MOMKET OCYINECTBAATBCH (IPH OTHOCHTERLHG BLICOKOI
5N qacToTe BpalleHus AotoTa — 300-400 of - ymun {6e3 Hcnonb3oBauiis
g;; § ceKiuh BuxtoBbix PO), & HIGKHHX NETEPBATIOR — NP1 CPABHHTC.ILHO
?_\ Hu3Kol 9actoTe ppamenns — 80-100 o6 mun {c noaxmoueHues
9 CCKIHM BHHTOBBIX PO).

. ? TB semvekatorcs ¢ HapVvHbIME JuaseTparit 172, 195 w1 240 sy
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THABA 3

ANEMEHTbI KOHCTPYKLUWA OBUTrATENENA
“ UX KOMNMOHOBOK

3.1. PABQMUE OPrAHbI

HecmoTps Ha MHoTOOOpasie THIIOpasMepoB BHHTOBLIX JBHTaTe-
Jeif. nx paboyie opraHbl HMEKT obUHe OCOGEHHOCTH:

1. PO BuinoiHsoTes 110 0jHOM KKHEMATHYECKOH CXeMe: Herod-
BIOKHBIT cTATOp W HaxoJMIIMACH BHYTPH HETO ILTAHETAPHO JBHKY-
niitcs porop.

2. HanpagneHue suntosoii mopepxuoctn PO — mepoe, 4yto ofec-
HEYHBACT 3aBOPAYHBAHHE PEAKTUBHBIM MOMEHTOM KOPIVCHBIX pe3nh
B3 u pe3sb 6ypHIbHBIX TPY6.

B 3aBHcHMOCTH OT 3aJaHNbIX XApaKTepHCTHK Jsiratets PO
BBUIOHSIOTCH KaK ¢ 0JHO3aX0AHBIM, TAK H ¢ MHOMO3aXOJHBIM POTO-
oM.

PoTopbl N3roTaBIHBAIOTCA H3 KOPPO3HOHHO-cTOHKOM WIN jernpo-
BAHHOI CTagH ¢ M3HOCCCTOHKHM TIOKPBITHEM, a OOGK.IAIKA CTATOPA —
113 agactoMepa {NpeuMyuIecTBeHHO Pe3ltHbl), 0613 AI0ero conpo-
THBIACMOCTBIO AOPA3NBHOMY H3HAWHBAHNIO o Pa6oTOCNOCOGHOCTLIO
B cpejte 6ypoBoro pactiopa (cm. ra. 11).

B oTedecrBenublX JBHratensx mepsoro nokojewns (J1-172, 12-
172, d2-172M), BeimvekaBiunxest B8 70-x rojax, PO umend HeaHayu-
TEIBHYK [UTHEY, He [peBblulaBuryio 1-1,5 mara BHHTOBOI noBepx-
HOCTH cTaTopa. B ABUraTe X BTOPOrO HOKOJIEHHN, BBIIYCKAEMBIX C
navaia 80-x rogos, gmHa PO cocrasaser 2-3 wara cratopa.

Haufoaee nepcmekTilBHa MOHOINTHAS KOHCTpykiuna PO, obecne-
UHBAIOIIAA [IPOCTOTY H MAJIOAETATBHEOCTD MAIUKH. YBeTiYeHHe ax-
THBHOI JJHMHBL MoHOTHTHON paboveil 11apbl OrpAHHYNBAETCS TEXHO-
JMOMHYECKHME  BO3MOXHOCTAMY THTCHHO-MIPECCOBOrO  0GOpY/10BAHNSA
TPt H3TOTOBMEHHH CTATOPA.

3a pvfexxosm B IBHrateax npiMensaioTes PO npoTsikeHHOCThIO 5
i 00.1e€ 1IATOR.

Pa6oune opraner B3/ koMiLtekTvioTes ¢ Hataram {om. § 4.1).
3HadeHHe HaTAra 3aBHCHT OT JIHAMETPAJIBHBIX M OCEBBIX pASMEPOR
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PO, ceoitcTs 6ypoBOra pacTBOpa H MATEPHATA OOKIAJIKIE CTATOPA M
OKA3IBLIBACT CYUIECTBCHHOC BAHAHHE HA XAPAKTEPUCTHKH W A0.TroBeY-
HOCTD JIBHIaTEIA.

B cBA3M ¢ TMOAB.IEHHEM TEPMOCTOIHKOH pe3miibl, B HaHO0.IbLIE
cTeNeHn oTBedaniiell TpeGOBAHUAM 3KCILIVATalHl 3ab0fiHbIX ABHrA-
Tellei, P 3aMaIHBIX KOMIAHHI paspaboTaTH PEKOMEHIALHIT 11O Bbl-
6opv HaTara B PO n pexxina narpyais B3] (tabn. 3.1) ¢ vaerom
TeMIepatypHoro (haKkTopa.

Tabauya 3.1

3apucHmocTs pekiaMa paboru B3/l ot Temnepar l:mux yCAOBHH
{pexomenpanuy GupMel "Sperry—Sun” { 76])

Makcumaibiei paboulil Nepelial TARICHHR, % 0T HOMHIGLTBHOR RV RN

Obumsubli a1ac- Brrcokotemne-
Pabusan TeMie- ObuiuHbLi TOMCP ¢ KoMIIeNn: Bhicakoresme: paTypHpiEi agac
parvpa, C 3acToMep caiieil Temne- PATYRHLIC 2300 | TOMER ¢ KOMilen-
PATYRIGIG Pac- TOMep CAHCH TeMlte-
LHMPEHHH PEIHHBL PATYRHOIO Pac-
WHPCHHE PeIHHDbL
38-54 100 He veneassv- | He nenoasay- | He wenoabay-
CTCA eTes eTCH
34-77 80 100 To xe To e
77-99 60 80 100 !
99-116 He uenonbay- 63 80 100
€TCH
116-132 To xe 50 65 83
132-149 " He nenoapay- 50 63
eTCH
149160 " To xe He uenoavay- 60
eTCh
160-177 " " To xe He uenoasay-
CTCH

Cexunounposanue paGounx opraHos. B Poccun ¢ nasaaa 80-x
0108 TIPOBOJSTCS OUBITHO-KOHCTPVKTOPCKIE PaBoThl 10 COATAHING
CEeKIHOMHBIX BHHTOBbIX aBuraterteit [51].

[lepexoa Ha cxemy cexuntontoro B3/l ocvinectrasercs:

A5 MOBBILCHHA HATPY3IOYHOH CHOCOOHOCTH, KOTAA HeoGXoTHMas
4718 cO3/aHHS BbICOKOMOMEHTHOIO JBHIATe1d ATHUA MOHO.IHTHBIX
PO npesbluiaer LTHHY, OrPAaHWYEHHYIO BO3MOKHOCTAMH H3TOTORB.IE-
HHH;

A5 nopbimendsa croiikocty {cEuKeHHS KOHTAKTHBIX HaIpsie-
uiit) PO 1pH onpegeteHIbIN PEXHMAN 0TPaboTKH 10.10T, ec.1 ore-
Boii rabapit B3/] He AB.IseTcs OTpanMyHBAIONINM KOHCTPYKTHBHLIM
dakTopom;

11 MOBTOPHOID HCII0.1b30BAHMA HaHomeHnbix PO.

Cexunolibie JBHTATEIl BKIOMAKT HECKO.ILKO NOCAEI0BATETBHO
PACTIOJOXKEHHBIX pabodHX Imap LK pAl Moay.teit PO. B oT1iyne ot
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TypGOGYPOR 1IpH CEKUHOHIPOBAHIN BHHTOBLIX ABItraTe 1eil BO3ZHHKAET '
psi;l TEXHHYECKHX I11pofiied, CBA3AHHBIX ¢ HEOOXOIMMOCTBIO obeclie-
YeHIS CHHXPOHHON paboTbl BUHTOBLIX Map. o
; MeTolHKa CCKIITHOHIPOBANNS M IPHMeEHAEMbIe TexiiiecKHe cpel-
crua B 80-x rogax 6elM paapaboransl so BHUHBT. E =
Ha tpaktiuxe UWHPOKO HCMOAB3YETCA CEKUHOHHPOBAHWE coputi-
wor PO.
CekltOHHbIC aBHraTe i Ha Gaze cepiiiupix PO MoryTt Bbinoa- ©
HATBCH B JIBYY BapHAHTAX! \W
fiea opuentipopanus PO mpu KecTKOM coelisHCHI POTODOB ¢
IOMOIILI0 PA3THYHBIX cOeJHHeHHl, He HapyAUMX KHHEMATHKY
potopog (pic. 3.1);
¢ opueHTHpoBattiem PO 1Mo BIHTOBOR JIHHHN HPH KECTKOM CO-
e MHCHUH CTATOPOB il POTOPOB TNMOCPCACTBOM pEe3LBOBLIX NEPEBOAHH- :
ros [19] (pnc. 3.2). .
CTen0Bble MCNBITANUA CEKIMOHHDIX ABHTATC/Iel, a TAKKE OIIBIT
HX [POMBILIEHHON IKCILIVATAUNK He TIOKAa3a Il CVIECTBeHHBIX Tex-
HITKO-2KOHOMHYCCKHX IPEHMYIIecTH Toft 1LTH HNOH KOHCTPYKTHBHOMH
KOMIOHOBKH. [ToaToMy cXeMV CeKIHOHUDPOBAHHA PEKOMEH1YeTCH Bbl-
GHpaTh € VYETOM MECTHBIX BOBMOMCHOCTEHl HAITOTOBJEHI JONO.THH-
TCIBHBIX IPHCTOCOOTeHHH 118 cOHOpKH.

HeopuesTuposannan c6opKa — Ranboice NpocTo | DACIpocTpancHiibil ciocod
ceRuHoBMpoBatna  OaHAKG I0ITORCYHOCTS M NHAIEKHOCTL JAHHOH KOMNOHOBKH BO
MHOFOM 3ANHCAT OT Y314 COeIHHERHA CCKUHOHHPYEMBIX POTOPOH
Opuentuponannas c6opka. Modv.1n poTopa 0 CTATOPA COeIHHRIOTCR MEKIY Co o
6UI PeILGOBRIME 1TePEBOAHUKAMH TAKHM OOPAEOM. 4TO BHHTOBLIC TOBCPXNOCTH Kax-
00 NOCAEIYIOUICTO  MOAYAH HRIRIOTCH  NPOJOGKEHMCM  BIUHTOBBIN  TOBEPXHOCTC
npehLyero [19]
OpHeHTHPORAHAA CHOPKA OCYILCCTRIACTCH € HUMOHLBIO CTICIMAIBHBIX [PHCIO-
cOOICHHA.
[pscnocobaenie 114 opHERTHPOBankM:A cOopku ctatopos 3 (pue. 3.3) cocTourt
M3 POTOPOE 2 1 6, HAPVIKHBIC NOBCPXIOCTH KOTOPDIX TOXIECTREIHBI BHYTPCHHCH MNO- i
pepxsioctd PO, ancka 7 W wrmanrn 5 HenoBukHbil MOHNTLKHBIA DOTOP § MCUTKO
3aKpeilIel Ha WTAHre, a poTop 2, B KOTOPOM BbLI0JHEHM fipopesn (HACeMKH), Bpa- 4
utactes. Tlo coBnatenno npopesci o potope 2 v AHCKe | CVIAT 6 CORTAICHI HHH- -
ToRLIX NapepXxHocTeil ctatepop. ITepes nacTpoiikoii NpUCNocofieHNE 1TH OpHCHTI-
poBallioi COOPKH CTATUPOR POTOP 6 NepeMCUIEeTCH 10 TRPYGC B HGAMKCHHC . KAl ‘o
' e K potopy 2, u sakpenasactes. [Ipucnocofienise pasMeulacTes B o,110M cTaTope
. L8 TOTo, 4TOHL GbIAG TapAETHPORANL COBOATICHHE BRHTOBBIX T, 3atem auck |
VOTAHARTHRAETCH B NMO/IOKEHHE, TPH KOTOPOM €O POPEIN CORMAIANT € NPOPCIsgMy
NE TOPIUE POTOPR 2, W 3AKPENIACTCH,
[Mocae ¢60pKIE MePRO Napbl CTATOPOGR TIPOBOIHTCA OKOHYATC.ILHAK HACTPOKa
: npucnocabiaenng. pn stom potop 6 nepeseiracTes 3 kpalisee {patoyee) notoxe-
' nHe W 3akpenascres. IIpHenocofielne yOTAaHABTHBACTCH B COOPAHHBIX CTATOPAX W
IACTPANRAETCH B Tom ke nopanke. Takum oOpadoM lpHelocobiaeHHe HCUOAbIVCTCH
SIS aTbHCOREICH padoTsr.
HacTpoitka npuciocobacuus 108 opienTiposadioil cbopxyn potapor {puc. 3.4) —
AHATOCHYHA OTMHCAHNOMY Bhille Npaiieccy. B sTom cayyae nprenocodienue pacnong-
raloT Na oasorm potope PO TaknM ofipasoM, MToOb COBMAIH BHHTORLIE TEHINL,
Kpbimky 3 ¥eTRNARTHRAIOT B TOTGKEHIE. NIPH KOTOPOM TPOPedH B HeH COBITLIAKT ¢
IPOPE3SME B CTATORC 4. M 3AKPLNIAOT,
LHpn opuennposannod ¢opre PO upuciocofients paciionaraioTcs 1a COOTRETET-

pa

- NCPeBGIHHKH, i K-

as cbopka PO):

poTopa; H, 8

J

b

3 — BTYJKB

-195 (HeopweHTHpOBAKH

3 — cratopbl, 4 = poTOPDI;

Aaneblil Ba; 9 — ruOkHE Ban

HEPXHHE DEPCROIUNK,

:)_.

a4

Puc. 3.1. Cuaosan ceKUHN aAsyxceKiHonHoro amurateas J1

(CPCEAEBION KT,

"y

4
[
"
b TG STTD o i i §

!
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Puc. 3.5. Muaoromaroemil Moayastuit agvrateas JIMM-172;

BCPXHHA Nepenyiiig, 2 — kopuye; 3 - nan; - Modyab ctatopa; 7

HHXK-

I'ueKHE nan, 9

mnonKH; &

© MO poTopa; G, 7

JIHHK, 10— #Tyaks saa

H

[
o
=

Puc. 3.6. Cexmionnunt aaurateas dupmst "Halliburton™:
{ — IsKHRHA cTaTop; 2 — kM poTop; 3 — MAapHHpHOC cocinneHie; J — LeHTpa-
TOp; J — HepeBo,IHMK, & — BEpXHHH poTop: 7 — BCPXHHM cTaTOp

BYIOLWHX BHETOBBIX TIOBEPXNOCTAX POTOPOB HJH €TATOPUD, COCAMHCHHBIX MEXIY CO-
(Ol MOCPeICTBOM 1ICPeBOIHUKOB. 3aTeM OKPeNIANTCA peabhibl C IPHIMKEEHEM He-
06OXO01HMOIO MOMENTa CBUHYHBAHHA 10 TTOJI0XKEHHA, COOTBETCTBYIOWCTO COBIAICHHID
npope3ei Ha NpUenocobIesnax.

Criocol OpHeHTHPOBaHHOM COUPKK, HECMOTPA HA KAXYLLYIOCA CIOXHOCTh H Tpy-
AOCMEOCTD., 6bl1 A0BCABHO BBHICTPO H X0pPOII0 ocBOocH paboTHHKAMK cGOPOMBLIX LC-
XOB OYPOBBIX NPENPUATHA.

B nepBbIX CeKUHOHNLIX ASBMIATeIAX HCNOAB3OBATHCH CepHillible NAPHUPHLIC CO-
camitenins. TIpH 3TuM WAPHKPb! YacTO BHIXOIHAM 13 cTpod . [IpHuina sakamvaiacs s
TOM, 4TO COEIHHAEMbBIC POTOJYBI MOTYT HaxolMTbCH B [lp()THBO(gﬂZJ(‘ H Torda coxMeleie
oceit UIAPHKHPA COOTRETCTBYET JIBYM 3KCUEHTpHCHTeTam. B xoie wcubitanmi cexiinot-
HLIX ABMratenef 6maa BbiABICHA HEOOXOIHMOCThE Pa3paloTKM CIICLHAIBIONO Wap-
nnpitore coeunenust. B flepmckom dwamane BHUHBT Gbia paspatotan naabue-
ablii 1apHUpP. 3L10KCEHBIC B KOHCTPYKIIHIO 3JCMCHTDI i IONYCKE TIOAROTHTH HACHK-
O COEIHHATD POTOPDI CEKI[I{ﬁ, ﬂ.‘lﬂ COC,IHHCHHA POTOPOR NMPHMCHAKTCA TdKMKE H
rHOKHe Banbl.

TloMyUMO HCIO.TB30BaHMA CTaHJIApPTHBIX PO MepcnekTHBHBI cNCMbI
MOOYNbHOZ0 CEXYUOHUposanusa [51]:

OTAEAbHBIX MOAVlell CTATOpa NPH MOHO.IMTHOM POTOPE;

OTJE/NbHBIX MOJIVIEH PoTOPA IIPH MOHOAHTHOM CTATOpE!

arperHpoBlIiHe MOJYJiell poTopa M CTaTopa.

Bo BHWMWBT paspa6otann asuratem tuina AMM (pic. 3.5),
PO xoTopbIx nipeacTaBasoT coboil arperHpoBaHHbIe B KOpUYVCe 3.1€-
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MENThI CTATOPA, 4 HA BAAY — sjieMentnl pPoTopa. KoHcTpyKuus Moayv-
aeil [31] noaBoasieT NpoBoaNTh COOPKY CEKILHM aBTOMATHUYECKH, (e3
KaKoitf-TH60 HacTpoitk,

Bo sTopoii noaasxue 90-x rofloB cEKIHOHIPOBAHHE KAK cOCO0 Mo-
BBIILEHHS MONIHOCTH H Harpy3sodgoii cnocobyoct B3 6b11 Henmoae-
3oBaH K 3apyvOemxubMH komnanmsiyit [ 169]. Tak, "Halliburton” na-
ya1d TPOM3BO/MTE TaK HaabiBacMbie “tawjges-asiratean” (Dyna-
Drill} no cxesme neopnentposaHoil cbopri PO (puc. 3.6). Cekun-
OHHble JIBHraTeld npliMensiorcsa Ttaioke xomnaunefi "Baker Hughes"
[139, 167].

3.2. WNUHOENL

Bce oredecTBentble BUHTOBBIC JABHTATE.TH, HAYITHAS ¢ TMEPBbIX 06-
pa3LOB, BLUIVCKAKITCHA B LIMHHICIBHOM HemoaHeHun. [log TepMunos
"HNGEHE B HOPa3vMeBacTesa ABTOHOMHBIN y3el JBHrATe’1S ¢ Bhl-
XO{HBIM BA.TOM € OCEBBIMH H PAJMaIbHBIMH NOJIUIHITHIKaMIL. B 60.16-
UIHHCTBE CTy4acB [IMHHJIEJb MOXeT OblTb OTcoe nHeH Ges QeMoHTa-
KA CH10BO ceKlHi, MpH HeobXoAHMOCT H HA GypoBoil.

HImuugeanr orevyecTBeHHbIXx B3/l BoINIOIHAKTCH HEMAC.TOHANO-
HeHHBIMH. Bce v37IbI TPeHHs cMA3BIBAIOTCS M OX.IAMIATCA GYPOBBIM
pactBopoM. OTKa3 OT HCIO.1b30BAHHS MACACHANOJIHEHHDIX H repMe-
TH3HPOBAHHBIX HEHTHH/E el 06BACHASTCH KaK TPAIHIMOHHBIM MO1XO-
JIOM K KOHCTPYHPOBAHHIO 3a60ithblx jBlratetell {94], taxk u npaktu-
yeckoil [eaecoo6PasHOCTBIO MMETb THAPOMAIIHHY, O0JaA30UYI0
NpHMepPHO PABHBIM PECYPCOM OTJe.1bHbIX Y3.10B.

Ulnuniens gaBiseTcs OGHHM M3 TIABHBIX yaJdoB apurateas. Ow
llepegaeT KpYTANMA MOMEHT i OCEBYIO HAIPY3KY Ha [OPOJIOPa3py-
NI HHCTPYMEHT, BOCIPHHEMAET Peakiiio 3a6os i IHIpaB.Iiye-
CKYIO OCEBYID Harpysky, Aeficteyiouivio 8 PO, a Takxe pagHalibible
HATPY3KH OT A0J0T M japHupHoro coeludenus (rubkoro saTa). B
ps/le €Iyd4es 1pH HCIOIb30BAHHIL NOPOLOPAIPYWAICIIMX HHCTPY-
MCHTOB ¢ HacagkaMi (THIpoMonmToplioe OGvpeHHe) MIHHIETb 10.1-
KeH BBIIO.THSTh (PYIKIMH YIIOTHEHHS BbIXOAHOTO BATA, MO3BO.IL
c033zaBaTh HeoGXOAHMbII mepena] AaBiaeHIs B HACAAKAX ;10J0TA.

Hau6o1ee pacnpocTpanendas KOHCTPYKUMA mmnuulean {puc. 3.7)
BK.IIOYAET MOHO.TITHBIA MOl BA.1, COEIHHEHHBIH NOCPEICTBOM Hal-
JOTOTHOTO IIepeBOAHNKA B HIDKHEH YacTH ¢ JOJOTOM, a ¢ MOMOLULIO
MvibTel B BepxHeil wacTH — ¢ wapHitpos (i rubkus satom). J1s
BOCHPHATEA OCEBBIX HATPY20K HCIOJIB3YIOTCH KAK YIOPHO-PATHAIL-
fible, Tak U YMOpPHble noJuHmHiIKE. [loAINMIHEKY BRITOJIHSOTCS
MIIOTOPSAIHBIMII M COXPAaHAOT padoTocniocoGHOCTD MpuH BbipaboTke
3azopa {modTa) 10 5-7 MM,
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Puc. 3.8. ¥nopno-pagHatbHpe MOANIHAHHKM;
@ = ¢ KOINHMCCKHMH JOPOKKAMH KadeHHs; 6 — ¢ TOPOMHBLIMH JIOPOXKKIMH Ka4CHHH!
(-2 § KOMGMHHDOBHHHHMH JAOPOKKAMH KAYCHHSA | f- HAPYXHOC KOThIo! 2 - HHVTPEH-
lee Koawble: 7 - owap: 4, 3 - pacnopble BTVIKE; 6 — Ba1; 7 — TNpocTaBOYHOC KObILG

B oTeyecTBeHHBIX /IBHTATEIAX IIPHMCHSIOTCA VIIOPHO-PAIHAIbHbIE
noAmunHIKY Kaverus [94, 102]:

€ KOHHYECKHMM JOpPOXKKAMH KaveHiA (cepust 128700), wcrmoan-
ayeMble B JBHLATCAAX C HAPYKHBIMI JHAMETPAMI 105, 108, 195 u
240 mm (puc. 3.8, a);

¢ TOPOMANBIMY JOPOXKKaMH KadeHna (cepist 296000}, ucnoibaye-
Mple B ABHTATEISAX € HAPYXHbIMH jiamerpamiu 85, 88 m 127 mm
(puc. 3.8, 6),

¢ KOMGMHMpPORAHHBIMH J0pOXKaMH kauenus (puc. 3.8, ¢), uc-
no.1bayemble B askrarexsx [1-48, [11-54, JAT-93, JII-108. Jdas vse-
JMYEHUA HATPY30YHOR CNOCOOHOCTH NpH OJHOBPEMEHHOM YIpolle-
HilH KOHCTPYKUHH TOPOHAHbIE IOPOXKH ;18 LAPOB ITHX ONop pac-
HOAMKEHBI HelocpeictBento Ha Baxy 33, 152].

B HekoTopblX MoAKpHKALMAX ABkrateei anamerpoM 172 MM e-
110.1b30BAJIHCh  YIOPHble TOJUNWIHHKH KAYeHHS ¢ TOPOHAHbIMU J10-
POKKAMH M pe3iHoBbIM KoMnerxcatopom Tuna LHIIO (cepus
338900).

MexaHuasM JeHcTBHS MHOTOpPsJIHOI ONOpPbl PACCMOTPHM Ha lipH-
mepe noguninnuka toa WIHIO, oama crymeitb KOTOPOTO [OKA3AHA
ua puc. 3.9. Cpeanee xoapuo [ JIBOHHOIO NOJLIMTHIKA 3AKPEILICHO
B KOPIYCE € TIOMOLIbIO HApyxHbIX ofoiim 2, a kpaifHie koabia 3
PACIIOIOKEHDL Ha HAPYKHOI MOBEPXHOCTH BHYTPCHHEN BTYIKH 4, Ko-
TOpast JKIMAETCS HA BAJy WILIHAETH BMECTe ¢ PE3MHOMETALTHYC:
ckitM KomreHcatopoM 5. OceBast Harpyv3ka IepeslaeTcs ¢ Koplycd Ha
BAT LIMHECIA Yepe3 Pe3nHOBbIe TOAYIKIH KOMILEHCATOPOB 5 i LIaphbi,
B pesy.ibTaTe obeclevHBAETCS paBHOMEpPHOE pacripe/ieeHHe Harpys-
Ki 110 psiaM onopsl it AeMIHPOBAHKE JITHAMHYECKHX HATPY30X.

Puc. 3.9. Crynens MnoropsaHoro ymopHo- L
r0 NOANIMITHHKA KAYEHHA C PCIHHOBLIM KOM- -
nencaropom Tina HINIG
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Passmepbl yNopHO-paHa/bHBIX W YIOPHBIX NOJWHITHHKOB Kawe- . ‘ -z
Hua wnHdeseit B3/l npusegenst s Taban. 3.2, 2 lxo es—nNomexninan § &

Jeta1n noJWHIHMKOB KAYeHHA BbINOMHSAIOTCHE H3 CHEUNATBHOH PN - Eo e dab oLt Rl L g =
MOAMHNTHIKOBOH cTatu Mapku SSCMA i SSCMASMA (TY 14-1- - L
3189-81) ¢ npeaenom Texkydectn o, > 1100 Mlla it viapHoH Basko- —: z
crbio a 2 800 x/bx - M2, Teepaocts Kosel, KOHTAKTHPYIOIHX € UIa- o - - £ =
pasit, — 45-47 HRC, a camux mapos — 58-62 HRC. TRt St S T B

B Hexotophix koucrpykumsx wnumieneii B3/l ucnoabayiores R DL LR R G g
MHOTOPSIIHbIE YIIOPHbIe TO[IMIHUKH CKONBXKEHHS HellPpOTOYHOrO TH- P o=
na (puc. 3.10). Boi6op THNa OceBbIX MOAUIMIKMKOB 3ABHCHT OT ye- _ I
JoBni skcntyaraund B3/l Muoronersse cTenaossie if npombic.io- g2 E g
Bble MCTIBITAHHA [OATBEDAHIM NPENMYIIECTBA Pe3HHOMETATTHYECKHX £ 53-, RANZTRE[ECEIREZT £
YIOPHbBIX 1IOIIHIIHHKOB CKO.IbXEHHA [PH 3KCILTVATALME JBUTaTeeil i g i
B abpa3uBHoil cpele M NMPH BBICOKHX Harpyakax. HexocTatok mog- z E
NIHUIHHKOB CKOJIBXEHHS — MOBBIIIENHBIE MEXAHHYCCKHE HOTEPH, 0CO- E : g
6eHHO NPU HEBBICOKMX HACTOTAX BPALUCHHH. B 58 N e ms e e o -

HekoTopoe yMeHbileHite MexaHHYeCKHX [OTEPb HAGIIOAACTC B ElZg (- - 07" o2
HOANATHHKAX ¢ TaKk Ha3blBaeMoil "vTomlexnoil” peannoit [96] (puc. H g £
3.11). 2 T L

Pasmeppl YNODHBIX TOAMUHIHHKOB CKO.TbYKEHHS NpUBEJEHBl B -~ E =g 2
Taéa. 3.3. = E|iizlexBenginenugsns  3i:

B nsrax mcnoassyerea pesuna mapki UPI1-1226, a pabouie no- §- E EE (VT TR mTR SEX 2
BEPXHOCTH KOMTAKTHPYIOMHX C HHMH JHCKOB BBIMOIHSIOTCH H3 [e- g _;'_‘ = S; g £
MeHTHPYeMOit €TaIH, 3akaeHnoil 10 TBepaocty HRC 45-48. ~ 5 = ;%j H

Pasuasbibie NOAWMINHHKH winmiitie s B GOIbIIMHCTBE CIy4aen gl E |vevmecnmos . L x~ SIS
UPeICTaB.1eHbl NapOi TPeHH CKO.IBKeHHA. IlenoBikHblil s1emenT Sz [FRERRreeR TS s1% 3
BBIIOHSAETCS B BILIEe pe3nHoMeTa1Tideckol getamt (puc. 3.12), pa- BRE g g
6oyast 3.1aCTHYILAA TIOBEPXHOCTb KOTOpoii HMeeT HpodiibHble KaHAB- g" g ¥E5 =
Kit. OTBeTHas feTa’b — MeTALTHYECKas, ee paboyas MOBEPXHOCTD R I
TIOIBEPKEHA YTIPOYHEHHIO. “TE les BELERSguoopny  YEE X

B aBuraTeassx 1151 HAKJOHHO HAMPAB.IERHOIO M FOPH3OHTAALHOIO g TN T EEE =
OypeHis pa, U IbHbIE MOJUIMNHUKH BLITOHAKTCS B BIIC NAPH Tpe- B tedow
His “MeTaqt - Meranrn'. BBHAY NOBLILEHHBIX PagHaTbHBIX Harpy- o - = - :”* -
jox, npucymsx B3/l aroro knacca (Bcaencrsie JeficTBHA oTK.T0- =8|35 ;‘Eaﬁﬁﬁ?’_—é—_ R EEE =

i HAOILER CITBI HA J0.T0T0), AAHHBIH V3e ABIAETCH OHMM M3 CaMbIX ZEE(EE %g%&%g@g%é@“é & §EE =
HEI0.1TOBEYHDBIX, ONpeAe.TAI0WHX MeKPEMOHTHBIH Nepuo JABHraTe s BEE lalalt> @L'sg""‘”“ COCNED g% : %
B L1e.10M. E5i=1

Pa3Mepb! paaHaIbHbIX NOAUHIHKKOB NpedcTaBiaeHbl B 1abi1. 3.4, ~ E\% % £3

Paasmep 3asopa B pajuaisHbx onopax OnpeJe1AeTcs BO3MOMXKHOI £F = '52 m 5?55
TOMHOCTBIO U3TOTOBJIEHHA AeTaleif, a Takwe HeoOXoauMoil vreukoii é? = . o x ?E:;_
HMHIKOCTH (L1 OXT3XKAeHHA ONOPHI. S"g 2 ud t%‘@i’:jémgﬂ-q = §F§_=

B 3apy6exHbIX ABMraTe1sx .14 TOBbIIEHHS J10JTOBCYHOCTH He- CENE hoped :I'T-‘:’-Fﬁﬁ'%f’-? . 5
PEAKO NPHMEHSIOTCR PaHaThHble METANTHYECKHE OMOPBI, APMHPO- Sl e EC C e ER
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Puc. 3.10. Muoropagnas ocesas o(0pPa CKOMLREHHA;
VIKHOC KOIBLO, 2 — AHCK, 3 — BIVTPEHHCC KObLUO, 4 — TIOANATHHK. ) — Kop-

I — nap
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i Puc. 3.11. Oceras ouopa c noa- Puc. 3.13. Topuossel carsmux: . 7 ? 7

f TUATHHKOM C ~yTomnenuoil” peau- f - BTyaKka B kopmyce WITHILTe T3, \ \ \

ot 2 7 HENGABHMAK NI 2acMcHT CABIM- DN
Ka, 3 — NpyRuHa: 4 - nosnsnoi

l 3AEMEHT CATbRUKA: § ~ yINoTHeHHE;

il f — BTVIKQ Ba Bay /‘

‘ NN

A
| — —_— L

Puc. 3.12. Pagmaabuan onopa WNHHACAR

Tabuya 3.4
Paamepu H Macca pagpashex noamunrvkos B3/
THropaiMep Wudp Huametp, MM AAHHa, Mac-
JBurarened PALHZIBHON HapyXK- | sHyTpen- MM ca, [Tpumeuannn
QrcHprbt Hbli HHA KF
A1-240 OH-240 155" 205 155 200 18.0 | PeannomeTannu-
HECKHE ONopbI
[2-185 OH-183 135 16> 135 400 25,0 | To xe .
13-172, OH-172 120 148 120 200 8.0
5-172
%1'455 Ar-155.025 128 102 110 6.4 [Merariudeckue
onapbl
1127 11-127 060 105 83 200 4.0 |PeadHoMeTanTH-
HECKHE anopbl
J1-108 J1-108.027 88 70 100 1,8 [Merarauueckue
onopbl
AT-108 1-108.027 88 76,70 16071001 1,9 |To xe .
J1-105 A-105.037 a8 70 100 1,7 .
AT-95 Ar-95.025 76 6560 [120-80( t8 ;
Ar'Y-95 ATY-95 026 76 62,5 100 1,2
-85, /11-88 OH-83 70 34 190 2,1 | Peansomeratin
HCCKHE OTIOpB
J11-34 OH-34 45 33 120 0,7 |[To xe
J-48 1-48.025 38 3228|8050 | 0.2 |Mcraiinyeckue
olopbl
* Paamaisupie onopst 0ol wudpom OH wsrotasausaores ito TOCT 4671-76, ocrans-
HBe =~ [ lll(,’u(Bllﬂ)’a.'TbHHM NpoOeKTaM
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BaHHble TBEPADIM CILTABOM WM 3/IeMEHTAMM CHHTETHYECKHX -
308 {174].

Ynnotenne muxoamoro pana. 1A HCHO.Ib3ORAHHS FHAPOMOHH-
TOpHBIX J1010T B oTevecTBeHHbix B3/l npaxtiveckoe npuMeneie
MOIYYH.TH YeTbIPE BAPHAHTA YILTOTHEHII:

TOPLOBbIH CATBHHK, YCTAHABAHBACMBIN B BepXHeil MACTH M e-
A7 HHKe paguanbholf onoper [94). Mcnoasayerca n asiraressax jua-
MeTpoM 172 1 195 mm (puc. 3.13);

MHOTOPSHbBIH  YIIODHBIH NOJIIHIHHK CKOJIBXEHHS, athdexTusio
BBINOJIRSIOWNE poib yiloTuenns (94, 124]. Ucnoabayetcs B asura-
TelsIX gHaMeTpoM 172-240 mm:

AaGUPHHTHOE YIIOTHEHHE, BHINOJHAIONLIEE DO ApocceTupyole-
ro ycrpoiictaa [94];

YNIOPHO-PAIHATbHbIE NOAIMNIHEKY ¢ PE3HHOBLIMH TOPOHIHBIMI
KOJbLaMH, yCTaHABIMBAEMblE BMECTO OHOrO psaa wapos | 102].

/lBa mocieHEX BapHAHTA MCTIONBAVIOTCA B ONBITHBIX KOHCTPVE-
uusx B3/]1.

B zapySexnbix IBHraTensx ¢ Mac.OHANOIHERHDIMI WINMHHE. M
YIIOTHEHHE BAMA BXOANT B KOHCTPYKLHMIO THIPO3AlIHTHI.

Ilpu axcniryatauun B3] Goabwoe sauManue yaeaseTca soiGopy
PAIHOHATBHBIX PEXHMOB palOTBI ABHIraTe1eH, o6eCTIEUHBAOIIX pa3-
FPY3KY 31 3 peRTHBHOE OX.1akK/IEHHe OCEBBIX omop. MeToauka pacue-
Ta wngHAebHol cekiin B3/l w onpenenenne venosuit ee pasrpys-
KH npejcTaBlednl 8 § 5.5,
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3.3. COEANHEHHWE POTOPA U BANA
WNUWHAENA

Coeannende potopa B3/l u Bana WINHHAEIA ABIAETCH OJHHM H3
OCHOBHbBIX V3JIOB ABHrartenda, ofnpeAeTAIIHM J0JATOBEYHOCTE H Ha-
JEXHOCTh THAPOMALIMHBL B LETOM.

MexaHH3M, COCIHHSMIOIHH TUIaHeTAPHO JBIDKYIHHCA pOTOp C
KOHIeHTPHYHO BPALIAOUIHMCA BaTOM, paboTaeT B TKEJbIX YCI10-
Busx. IloMuMo nepesayl KpYTSILIerc MOMEHTa H OCEBOH CHJbl, ATOT
y3el Jo/KeH BOCTPHHHMATD CJIOXKHYIO cHcTemy cda B PO, xapakre-
PH3YIOILYIOCA HENocTOSHHON opuenTaurel poropa (cm. § 5.5, 8.3).

B otauyMe OT M3BECTHBIX B TeXHHKe coegHHeHMH, nepejanmux
BPAlUICHHE MEXAY /ABYMS HECOOCHBIMH KOHUEHTPHYECKHMH Bpawialo-
ILHMHCSL BaJaMH, paccMaTpuBaemoe coefltiende B B3/l sBnserca
CBA3YIOUIHM 3BEHOM C POTOPOM, COBEPUIAIIHM ITAHETAPHOE IBHKe-
tite. TIpudeM 3a 0AMH OBOPOT BBLIXOAHOTO BATAR POTOp Zy HOBOpAMH-
BAeTCH BOKPYT CBoell OCH, COOTBETCTBEHHO CoBepliasi 2y LHK.J10B lle-
peMeHHBIX HanpsskeHHi. It obcTosTE bCTBa NpefonpeleaT Io-
BbhIlLIEeHHBIE TpCﬁOBBHHﬂ K uHK.ﬂH‘ieCKOﬁ IIPOMHOCTH COCAHHEHHA, 0CO-
GeHHO MpH HCIo.1b30BaHUN MHore3axoanbix B3 /1.

Cpoeobpa3uble yca0Bus PaboThl COEJHHEHHS M HEBO3MOMXKHOCTh
nepeHoca HANMPAMYIO H3 APYIHX oTpacjell TeXHHKH TOTOBOTO TEXHH-
YeCKOTO pelleHHS MpeJonpeaeanal MHaroofpasie KOMIOHOBOK 3T0-
ro yajaa. [IpHHUMIMaAbHO MOryT 6bITh HCIOAB30BAHBI HEThIPE THMA
coeHHeHHi Ha Gaze:

AedopMaLHK OJHOIC HJIH HECKOJLKHX 3JEMECHTOB KOHCTPYKUMH,

obecrieyeHHsT CBOGOJLI TEpeMEIeHHsT POTopa 3a CYeT BBefeHHA
3J€MEHTOB € OTHOCHTENbHO GONbUIMM TIOPTOM;

IIApHUPHDIX COEAMHEHHH;

rubkoro Basa (TopcHoHa).

[lepsbiit n BTOpOll TUNBl coeanHenun [22] BBMAY CYIUECTBEHHBIX
yaeAbHbiX Harpysok B B3/l He HamIu npuMeHeHus.

lllapHupHbie coemmnenns. B3/l npourin ssomouiio oT nIpHMete-
HHA NajbUeBblX mapHHpoB (aHAMOTHYHLIX aBTOMOGH/BHBIM) 0 —
clleliHa 1bHbIX KOHCTPYKUMil, Haubogaee NpucnocobaeHHbIX A8 Mepe-
JIA4H JHHAMHYECKEX OCepoft HATPY3KH Y XPYTAUIEro MOMEHTA.

B nepBom nokosenuu orteuecTBeHHbIXx B3] nmpumensnich AByX-
UWAPHHPHDIE COSAHHEHMs 3yGYATOr0 THMA ¢ LEHTPAJbHDBIM lIapoM
{90]. Oun wucnoas3oBaiucy AN Nepeladd KpYTALIMX MOMEHTOB [0
7 kH-»m npu vactote Bpamenuns 2o 200 06/ MuH. IKCLUEHTPHCHTET CO-
e[HHeHHA JOXOAMA A0 5 MM. MI3BeCTHBl Pa3HOBUAHOCTH TAKOTO CO-
eanpenus a8 B3 ¢ paigencHHbIM NMOTOKOM, MO3BOJIAIONIHE Yepe3l
€ro BHYTPEHHIOK N0 10CThH HPOH}’CKaTb KHAKOCTE BbLICOKOTG JAB.Te-
His [95].
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Puc. 3.14. dsyxumapuupuoe coeauuenne:
f - noaymydra: 2 — raika, 3 - Mankera: { - BIyAka: 5 - wap;
6 - kopnyc; 7 - coeaMauTeanasn tpyha

-

Hlapuvphbie coenunenus B3/l paSoraior, kak
npasuo, B cpele abpasHBHBIX HuakocTell. [ToaTomy
HaJleMHasA TePMEeTH3ALHA LIAPHUPOB SIBISIETCA OIHHM
M3 OCHOBHBIX HANMpaBAeHH MOBBIWEHUA UX paboTo-
caocobHocTi. 11po6ieMa repMeTH3ALINT OCIOKHACT-
€51 TeM, YTO IO/10CTH, KOTOPble TpebVeTes H30:1HpO-
BATL, BPAUAIOTCA BOKPYF CMELIEHIBIX ocell B yo.to-
BHAX BHOPALMM U 3HAYMTEBHOTO THAPOCTATHYCCKOrO
naprenua. Ilo3ToMy repMeTHIHPYIOWINE 3/1EMEHTBI
A0 1KHBL ObITh FHOKHMU M [IPOYHBIMH PH LHKAMYe-
CKOIf HArpyske, a VCTpoiicTBO TSI TepMeTH3aliy B 74!
LeTOM MPOCTHIM i HaTeMHBIM .

Cravana p wapHipax HCHO.Ib30OBATUCH UPOCTEil-
i€ PC3HHOBBIE YILIOTHEHWA, B Jd.1pHelilneM cTajan
NPUMEHATL YILIOTHEHHSA CHIBGOHHOIO B MAHKETHONO
inos (puc. 3.14) [25].

3acnyKMBaeT BHEMAHHA OPHIHHAJBHAS CHCTEMA
CMA3KH IUAPHHPOB 104 JABJACHIIEM, KOTOpas BK.TIO-
YaeT NOANPYXHHEHHBbIH nopwHesolt 1ybpukatop, ye-
TRHAB/IHBAEMBIi BO BHYTpeHHeil NOXOCTH TpVhbl, co-
eHAINEel rofoBKH wapaspoB. Tem campiv BHYT-
PEHHAA [ONOCTk IUAPHHPOB NOCTOSHHO HaXOAHTCH
10 H3OBITOMHBIM [0 OTHOUEHHIO K fI€peKadHBacMoil
cpele JaBJIeHHeM,

3apyO6ekHbIe KOMNAHHK Takxke HCI0.1b3YIOT ABYXAPHHPHBIE CO-
eauHeH s, Pa3HoBMIHOCTD KOHCTPVKUMH, HCTIOAb3YeMON B ABiraTene
"Anadrill”, npusenena na puc. 3.15 [48].

Tubkue Baam, CyltecTBeHHbIH UIAr, 0OKA3aBUIHI BJAHSHHE HA TO-
X0Jbl K KoHCTpyHpoBaunio B3/l B uetoM, 6bLT cIeqad B cepegnie
70-x rogos, korja BHUMBT BbIIOAHKT KOMILIEKC HAYYHO-HCC 1e10-
BaTe1bCKNX paboT [46] u Bnepshie B npakTuke NPOCKTHPOBAHNS
B3.1 npeaioxua KOHCTPYKUMIO PHOKOTO BAata, 3ALMMILCHUVIO MATEI -
taMi 6. CCCP u apyrux crpau [32. 151]. -

B oTamume oT wapHupoB B rHOKHX BAIAX BHEIIHee TpeHHe [eTa-
‘teil 3aMeHAeTCA Ha BiyTpcHHee TpeHie MaTepHala Ba.la.

Metoamnka pacdeta rH6kHX BajtoB H ofocHoBaHHe BbIGOPA HX pa-
UHOHA.IbHBIX PA3MEPOB W3JI0KeHbl 8 § 8.2

K nasary 90-x rozos B GotbuntHerBe Tinopasmepos B3, swi-
ryckasunxcs B Poceui, 118 coelifHEeHNS poTopa H BBIXOIHOIO BAa
NpiMeHATHCE THOKHE BaThl. B JIBHraTejsix ¢ HAPVXHBLIM AHAMET-
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pom 88 My 1 6oiee THOKNIT Ban pA3MellacTCA B PACTONKE POTOPR, 4
B Ma-10ra0apUTHBIX ABHIATENAN — HIDKE poTOpa.

B GoapuixcTBe civyaee ruOkuii pa B3/l upeactasaser coboi
METAIHYeCKHH cTepiKeHb KPYIJIOTO cedeHHs ¢ VTO.IIEHHBIMH KOHIA-
Mi (puc. 3.16). Ha koHuax BbNOIHRIOTCH [PUCOSIMHHITE THIIbIE 2.1€-
MEHTBI! T IAKHIT KOHyC MM KoHideckas pesnba. Muorga rubkuil san
BBUIOVIHAETCA MOJABIM €O CKBO3HBIM ILULTHUAPHYCCKHM KaHamoM L1
noaBoAa paboueil KUAKOCTH BBICOKOTO JAB.ICHHS HEIIOCPeICTBEHHO K
fogory. /118 MOBBIIEHMA UIKTHYECKOll NPOYHOCTH B MecTe Nepexo-
A2 oT 3aJ¢TKH K padodeil 4acTH BAIa iMecTed KOHVe ¢ yriaom 5—15°
LTI 'aTTeh ¢ OTHONIEHHEM PAgMyca TalTedl ¥ K AHaMeTpy BaTa d B
npesenax (,1-0,2. Kpome Toro, NpHMeHSIOTCA TeXHOIOMHYECKHAC Me-
TOBI TOBEpXHocTHOro ynpouHenus. HanbGooee paciipoctpanen rno-
BepxHOCTHBIT Hak.1en (o6kaTka poaskaMi i o6j1yBKa Jpobbio),
CTIOCOGCTBYIONIHI 06pa30BAHIIG CKHMAWIIHX OCTATOYHBIX HAMPSKe-
HHH, 61aroNpUATHO CKA3bIBAKIINXCH HA CONMPOTIBICHHH VCTAJIOCTH
[113].

B 3aBHCHMOCTH OT THIOpa3aMepa Asirare s HAMCTP FHOKUX Ba-
J0B N3MeHseTest B auanasoie 18—70 mr, a goanua — S00-3000 M.

IlpenMyliecTBA HeMOTB3OBANHA THOKHX BATOB 3aKTIOMAIOTCH B
BPOCTOTE KOHCTPYKUHH H BBICOKON TeXHOTOTHYHOCTH, GOAbIIOM cpo-
Ke cayKObl, COH3MEPHMBIM ¢ PECYPCOM KOPITYCHBIX jleTanef anurate-
I, a TAKKe BOIMOKHOCTH peaTH3ALHE pa3dH4YHBIX KOMIOHOBOK
JABHraTe1eH.

B 90-e roaet 3anaguble koMmanHi Beaed 3a ¢upmoii "Drilex”,
BBIMYCKaIOUie IBUraTe. 1M Mo oTe4ecTBeHHOH MHLEH3NH, TAKXKe cTa
HCIO.1530BaTh FHOKWE Bainl. JL1si UX M3TOTOBRJIEHHA MOMHMO cTaneil
HCHOB3YIOT THTAHOBBIE CILIABBI I CTEKJIOILIACTHKH.

OneIT 3KcLTyaTanui ABHTaTeIcl B HAK/IOHHO HATPaBIEHHOM I
FOPH3OHTAJIBHOM OYpeHITH BLISBHI HEJOCTATOMHYVK CTOHKOCTB THOKHX
BATOB [IpH yIiaax nepekoca cekldit 6otee 1°30°, B cesasu ¢ atum asu-
rateau tuna /[IF cTaau ocHaulaTh WAPHHPHO-TOPCHOHHBIMH COeIHHE-
Hitsanir [ 10].

5 — rafika; 6 — coCAHNKTE b-

4 — ynaotkenue,
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3.4. KNNANAHbI

2~ ueNTpAALHLIA wap
r
.y I_ . . .
ﬁ- -t—\_-b Puc. 3.16. KoHctpykuun ruGKHX BaN0B

O6peMHbIl OPHHIKN JeficTBUS BMHTOBBLIX ABHTATEIel Mpeionpe-
AU HeoOXOAHMOCTh OCHAIEHHA UX CNEUHATbHbIMH KiIamaHaMi. B
6oabwHCTBE JABHCaTenell OHH NOPEICTABAAIOT coGOH ABTOHOMHBLIL
¥3e, a HHOL1a BCTPoeHbl B poTop.

Hepeausnol Knanam npegHasnaved A8 COOGIMCHHA BHYTPEH-
Heif nmojocTi 6ypH.IbHOIT KOTOHHBI ¢ 3aTpYOHLIM [IPOCTPAHCTBOM [IPH
CHyCcKo-NoAbeMHBIX onepanusx. lIpimMenenne Ki1anaHa yMeHbHIaeT
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Puc. 3.17. llepemmuoit xaanan asuratens 11-105:
! — nepesogHnk, 2 - XoabLo; 3 — ynop; 4 — apMHPORANHAA MamKeTa; J — BTYIKM:
& — ynaoTHenMe: 7 — Kopnyc

rHIpOAHHAMHYECKOE BO3eHCcTBHe Ha 3ab0H MpH chycKe M MOgbeMe
KOJIOHHBI, & TaKKe YCTpaHsfeT XOJMOCTOf BpAlEHHe [BHTATENd IIpH
ITUX OllepalHAX.

Paspa6otatbl H HCNO/B3YVIOTCA HECKO.1bKO KOHCTPYKLUHH Nepeins-
HblX KianaHoB. B oJHoH 113 HHX, He HMewIleH JIiHeHO nepeMenlal-
LIMXCA AeTalei, B KavecTBe 3aTlOPHOro d1eMeHTa NPHMEHEHA Pe3HHO-
Ban Mamxera, AeopMHpYIOIAACST 33 cHeT NAleHHa JaBJeHNH npH
JRMIKEHHMH KMAKOCTH B IIe/ it KianaHa. Kianad ycTaHaBJIMBaercs B
BepXHel yacTH 1010r0 poropa. Cepbeanblil HEAOCTATOK ITOH CXeMbL —
HEBO3MOXKHOCTb OTpee1cHHs YyTedkn npi onpofoBaHHH KAAdllaHA HA
VCThe CKBAXKMHbI.

B panpueitmem Ilepmckum dumnarom BHUMBT 6bina paspato-
TaHA MOJepHH3HPOBAHHAA KOHCTPVKUMA kiamana (puc. 3.17), mpu-
MenseMasi B Hecko/lbKnx THropasmepax B3/ [127].

B KOHCTpYKUSH TepeMBHOTO KlanaHa B MEPBhIX MOAENHX JABH-
ratejeil guaserpoM 240 u 172 MM M YIUIOTHHTE/BLHBIH 3MEMEHT Kia-
naHa 3aMMCTBOBAH oT GypoBore Hacoca. DBbINoiHeHHE OCHOBHbLIX
bVHKUMA Kianasa obeclledBaeT CHEUHAIbHAA THIPABIHYECKas KO-
pobka (puc. 3.18) {20].

B sapy6exHbIX IBHIATETAX IOBCEMECTHO ICTOIbIYIOTCH 30.10THH-
xoBbie K:ianaunl (pue. 3.19).

[TonbITKH HMCIIOAbL30BATH MOAOGHBIE K.TANMAHLI B Cpejle NpHMeHse-
MbiX B Poconn 6ypoBbiX PAcTBOPOR OKAa3ATHCh HevaqHBIMH: Hab1io-
Ja.1cH ObICTPBIR H3HOC # HecTaOH.TbHOE 3aKPbiTHE KJArlaHa.

PeAyXuHOHHNE KJAanaWel MPHMEHATCA B HCKTIOYHTEIBHBIX
CAYYAAX, KOrZa MO TEeXHO.TOTHYECKHM CcOOOpaMeHHAM TpebyeTcs
YBCIHYHTD pacxod KHAKOCTH A0 OYHCTKH 3abos H 33pr6t101"0
npocTpadctBa. OHM  ABASIOTCA ANbTEPHATHBOH Haca ke B DOTO-
pe. Peaykunonnniii ki1anan BHHHWBT ans  asuratens anamerpom
95 MM YCTAHABJIHBAETCS B aBTOHOMHOM NepeBojnnxe soie PO [50]
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1
S rrmmmi:

Puc. 3.18. Ilepeamsnoit kaanan aeuraveas /1-240:
f — ruapasBanycckas kKopoOKa; 2 — ceaie, 3 — knanan; J — Kopnyc; J = (pyxHHA:
6 = WITOK, 7 ~ TepeBn;IHHK

f
7
0
J /
j {
Puc. 3.19. Ilepexwnnoli xraman aBHra- Puc. 3.20. Peaykunounumnit kaanan isH-
rensn "Dyna-Drill”: rarexn [JI'Y-95:
I - kopnye; 2 — nopiless, 3 - celnw; f - xopnvc, 2 - ymopHas waii6a; 3 -
4 - mpVvXMHA nopiicHb; 4 - npvxkana: 3, 6 - yoaoT

HCHITH




(puc. 3.20). Ipi yeeauseril pacxoa XHEAKOCTH co31aeTCd 10001
HITENLBIT [epenajl JaBIeHHS H TiopuleHb, TPEOJoTeBas YCHAHE
NPy XUHBI, NEepeMeIlaeTcss BHH3, NO3BOJSAA YACTH [IOTOKA XHIKOCTH
HpOXOAUTS B 3aTpyfuoe npocrpancteo, MiHya PO.

B naTeHTHO# .IuTepatype H3BeCTHb PeAYKUHOHHBIE KIAMAHDI,
pasMellaeMble B poTope ABHratens [44). Onu obecnmequBaioT WHPKY-
JAIMIC TPOMBIBOYHOH JKHIKOCTH Yepe3 JBHIATe.Ib NpH 33TOPMOMEH-
HoM poTope. Taxas CHTYaLUsl MOXET BO3HHKATb NpH WIaMOBaHHH
JABHTATENA W B CTyvae ero MPUXBATA B CKBaMHHe MTPH PACXAMCHBAHIM
HHCTPVMEHTA CHInKaeTeA usHoc PO,

Lpryasuns qocTvraeTca TeM, uto Kilamad cnaxen juacpar-
MOIf, PACIIOJIOKEHHON B BEpXieM TOpLE NOA0ro poTopa, W GOfKOM,
HECTKO CBA3AHHBIM C NOJIIPYYKHHEHHBIM [1OBIM TOPLUIHEM.

3.5. ONOPHO-UEHTPUPYIOLWWE 3NEMEHTDI

K onopHO-UeHTPHPYIOUIM 37eMelTaM OTHOCATCA Kainépato-
pbl, LEHTPATOPbl M deleHTpaTopbl. OHH HCNOIB3VIOTCH B KOMIIOHOB-
Kax HHM3a OYPHIBHOR KOJOHHLI NPH NPOBG/IKE BePTHKAJbHBIX, HA-
KIOHHBIX H I'OpHSOHTZI.’]beIX CKBa>»XHH B 11€/1AX NMOBBINICHHA Kd4eCT-
Ba CTBO.IA CKBAXMHBL H YIPABJeHHs [APAMETPaMii ero HCKpHBIE-
HISL, @ TAKXKe MpelVIPexKICHHS OCIOKHEeHHH B npouecce 6ypeuus
(109].

Kanubparop npeirasaden 118 KAIHOPOBAHUA CTROML CKBAKHH,
LIEeHTPHPOBAHHSA H CHIDKEHHS MOllepeyrblX Ko.lebaliiil J1010Ta H Baia
ABUTATEIA W VCTAHABIMBACTCH Ha BBIXOJHOM BAY HETOCPCICTBEHHO
HAT JOTOTOM,

LenTparop npeiHaskaden 114 UeHTPHPOBAHUA HiKHeH vacTH Oy-
piabliol KoJ0HHB! it 3adoiinoro IBHraTe’1s ¢ UeIblo cTabH/IH3AUHH
[IapaMeTpoB HCKPHUBIEHHA CTBOTA HWIH H3MEHE€HHA 3€HHTHOrO VIJld
CKBAMMHDBI.

JdenedTpatop npeiHasHayen 18 CMELIEHNA ocu 3a6oiiHoro ABH-
raTeast Wi OYPIHIbHOH KOJOHHBL 34 OCL CKBAHHDI B MECTE €ro yCTa-
HOBKH.

leoMeTpHyeckHe TapaMeTpbl ONOPHO-LUCHIPHPYIOLINX 3M¢MEHTOR
I PACIIOIOMEHHe HX OTHOCHTE/bHO J0.10TA ONpeletsioT H3 HasHaue-
uns KHBK.

LleHTpaTopsl ¥ JCUCHTPATOPHI VCTAHAB.IHBAKT MeMIy CEKIHAMH
H.TH HETMMOCPEJICTBEHHO Ha KOPIIyVCe 3aboliHoro JIBUTaTE. 4.

Koncrpyiriroe uenoanenne (¢ OPAMBIMI ILTH  CIHPASIBHBIMIL
NIaHKAMHE, ¢ mapouma.\m), THIT H BILY BOODPYHEHHA, a TAKXe pa3Me-
pbl KATHOPATOPOB M ICHTPATOPOB 3aboilHBIX jIBUTaTeledl periaven-
74

mipoBarsl OCT 39-078-79. Cramgapt oXBaTbhisaeT oNopHO-UeNTpit
PVIOIHE 2TCeMEHTh KOMIIOHOBKY, NPeAHAZHAYCHHDBIE 1A I0TOT -
merpoM oT 114,3 70 490,0 MM,

B npaktnke 6vpekns Joaotamu auametpoM 2139 My it Gosee ne-
NOIL3VIOTCS CepHitHO BbIITYCKaeMble CTALHOHAPHDBIC HEHTPATOPBI Ti-
na 1ILT-214MC u nepeasumunie thnos 3LLTIT-295.3 MCT &
31U1-215.9 MCT, npeguassaveHHbie 118 3a60fHBMX ABHraTelel
Juametrposm 240 1 172 MM cOOTBETCTBEHHO.

B B34 a1a ropusontansHoro 6ypenns wentpatops! (1a6a. 3.5) o
ACLENTPATOPEI BXOJIAT B KOMILIEKT CMEHHBIX YacTell M 1I0CTAB.ISIOTCH
€ JARUTATENAMI 0 KeIAHHK 3AKA34HKA,

Tabauya 3.5

Ar-95 [ ar-os Ar-153
Hapamerp JDtaMetp J000Ta, MM

120.6 1397 ] 1397 190.5 215.9
Jdisasetp onoprioi 114, 116, | 132, 134, | 132, 134, | 182, 184, | 202, 206.
NOBEPXIOCTH, MM 118 136 136 186, 188 | 208, 210
Yyeao omacTeit 8 8 8 8 8
Jossra, sim 170 170 150 146 146
HInpuna aonacty, 25 25 30 40 40
ML
JuameTp xopnvea, 105 105 118 163 180
BT

Koprycubie nexTpatopb! B IBurareaax auaserpos 95 i 108
YCTAHABIMBAIOTCH MEXR/Y ABHFATENbHOH I WINHWICTLHOME CEKIUINMH,
a 11 JiBHrateslelt 155 MM — Ha Kopryee mmMiLieIs.

deuentparopor asurateneit JAI-108 umenT oany 10nacts amHoil
150 »en o nmpsntodt 70 My Pamitye onopnoit HosepXHOCTH JeleHTpa-
TOpoB paBeH 74, 76 1 78 mum.

B asurarenax Ar-155 JeLeHTPATOPDL BRIIO.THEHBL TAKXKe ¢ OJHOI
nonacTbio ganHol 146 MM B mupunoit 100 MM, Pagnves onopnoif
NOBePXHOCTH AeUeNTPaTopoR cocTas. 1aloT 118 1 122 My,

3.6. MEXAHU3Mbl ICKPUBJIEHWUA OBUIATENA

Mexarnay HekpusiaeHus (M) ABTHeTcss HeoTBOMIEMBIM V3 TOM
B3/, npeanasuavenpix 117 6VPeHUA HAKIOHHO HANPABIEHHBIX
TOPH3OHTAIbHBIX ckBaskiH. MU npesnasHauen s fiepekoca oceit
cekunif 3afiofivora asurarens i camoro 3aGoffHoro 1BHraTens of-
HOCHTEIbHO HIDKHEH 4acTH Oypuibnoil ko1oHHb. MU somer yerta-
HABITHBATRCA HAT IBHTATETEM HIH MEXIY CHJI0BO{ M IINHILIE1LHO]
cexuaMit. B xadectse MM nenoassviores nekpnsaenusie (Kpisbie)
NEPCBOIHMKI 1 KOPIYCHbIC IAPHHPDI.
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Tabauya 3.7
Hatarn w MoMenTd cBiiwBanna peas B3/]

Hatstr, mm MoMeuT caHNYH Y-
Oto3tyenud neLh NPIE NEPBOM CHUH- Bm RTOPOM CBHNYYK- Hist, kH-m
UKHBAHKWH BadHHH
Jamxoane peinbnt
3-171 1.0 £ 0.4 0,7+ 04 28-31
3152 06104 0504 27-30
3-147 1,004 0,704 27-30
3-133 06+04 05204 15-17
3-117 0,504 0404 13-15
3-t 0.5+04 04104 9.5-11
3-88 05+04 0.41+04 8-9
3-76 05204 0.4+0.4 6,5-7.5
3-42 05104 04204 3-35
Peavfint konunecxkue myphiot ypoa

PKT 218x6.35x1:16 32207 2.5+07 32-34
PRT 177<3,08x1:16 3007 22107 25-27

Peavlni Mempuneckue Konuueckue
(€ napyKnms ynopom no mopyy Mydme u ynopuoMy yomyny Hunneas)

ME 156x5.5%1:32 16-18
ME 140x6x1:16 15-17
ME 119x4x1:16 ILH 9 |
MK F12x4%1:32
‘\'“'\f 97,5:-’“1'12
MK 94x4x1:32 LH
MK Bdx6x1:16
MK 84x5.3x1:16 LH
MK 75x6x1:16

MK 76x4x1:32

MK 60x6x1:16

MR 530x4x1:16

MEK 50x5x1:16 I.LH
MK 51x 4x1:16
HEKDB 34x3.175x1:16
MK 42%2 5x1:16
MK 40%4x1:16 1.H
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Peinfine mempuueckue xonu
(¢ ynopos 1o MopYYy KunneIs u aNympenre.

MK 116x6x1: 16-BT 1
MK 98x6x1:16-BT 1
MK 90=6x1:16-BT 1
MK 75+621:16-BT 1
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Tabauya 3.8

[Ipreoenontre nkse | Anasor JaMkosoit pest-|| IIpHcocininTe ibisie [ ARLI0L JAMROBON pedn-
peabin, o cTanlapry |66, 1o TOCT P 5086415 peasObi, Mo cranaapty 6w, o FOCT P 30864
APL 7 (CHIA) 96 APL 7 (CLUAY L]
NC 12 3-35 4 1.2 Reg 3-117
11 4 Reg Her anaiora NC 46 3-122
23 B Rey 3-66 NC 50 3-133
NC 26 3-73 51 2 Reg 3-140
77 & Reg 3-76 63 8 Reg 3-152
31,2 Reg 3-88 75 8 Reg 3177
31721F 3-102

I'11, no npodiTIo B pasMepaM 0.THOCTbIO COOTBETCTBVIOUIHE AN&TO-

THMHBIM 3aMKOBbIM peabGam o TOCT P 50864-96 (1a6a1. 3.8).
Peapfnl THIA Reg oTHOCATCS K HOPMAIBHOMY THITV COEUMHEHI 1t

OT.THHATCA VBENMENHON koHvenocTsio (1:4) B cpapHeHinn ¢ apyri-

MIL THTIAMK pe3bh.

82

Pean6bl NC nMe0T, KaK OpaBH.10, KOHYcHooTs 1:6 ¢ waros pess-
661 6,35 My (4 HUTKH Ha | jarofim).

MoMeHThl KpenleHHs, PeKOMEH,IVeMble TTPH CBHHYHBAHHH pesnd
no crangapty API 7 (CIIJA) ats apurateneii anametpom 120 M 1t
MeHee, COOTBETCTBYIOT OTEYeCTBEHHOMY CTAaHJAPTYy, & /1t 60.IbLINX
avaserpos — Bbiue B 1,2-1,5 pasa.

Jas coefMHEHHA KOPMYCHBIX JeTajtell M cHCTeMBl pOTOp — Ba.l
NPUMEHSIOTCH KoHUYeckie pesbbol TPE, a Tarxe LUMTIHHAPUYECKIle
pe3bSbl ¢ TPArelenAATbIbIM M TPeyroIbHeIM npoduiem ACME. 31i
pesbbbl He IMEIOT AHATOTOB B OTeYecTBEHHBIX KOHCTPVKIIMAX.

6*




FNABA 4

FEOMETPHUA PABOYUX OPrAHOB

4.1. FTEOMETPHS NNOCKOTO 3ALENNEHUA

4.1.1. NPOPUANPOBAHHUE PABOYHX OPrAHOB

Teopna npodmanposanus paboyux OpraHoB repOTOPHBIX MAIIHH
HMeeT [4BHICIO IHCTOPHIO H 0epeT cBoe HAayalo OT UHKJIMYeCKHX
kpuBbIX. [li0ocKOe NMKIOHIATbHOE 3alENICHHE HCMOABIYETCA B
Pa3AHYHBbIX OTPAC/ASX TEXHHKH: B POTOPHBIX HAcoCaX, KOMIpeccopax

n JABC; GecmmoHOYHBIX COeJMHeHMAX. 3Y6MATBIX Mepenavax
[61, 143).

Hexoanwit npodmmn

Pa6oune oprann B3/l B obuwem cayyae npodiiTHpylOTCca OT M-
XGIHOTO KOHTYDPA UHKAGHZANbHOMH peitxit (3KBHANCTAHTH cMEmEHHOH
LHKJIOMBL ), CBA32HHOTO ¢ HHCTPYMEHTA.IbHoil npamoil 4, no Koto-
poit 118 06pa30BaHKA LUHKJIOHABL [ IepeKaTsiBacTcH 6e3 CKoIbKEeHHA
OKpyxHOCTb 6 paauyca r (piuc. 4.1).

s npodiinpoBaHns npHMeHsoTca ykopodennnie (¢ < 7) mHK-
JomIbi, VAMHeHHbte (€ > r) # ofbixHoBeHHbIe (€ = 7) He HCTOAB3Y-
FOTCH H3-3a caMoliepeceqeHitit it 3aocTpennit [94].

Ucxoaserit unkaongaabhelit npoduis’” obpasyeTca Kak oruban-
mas ceMeitcTBa KOHTYpoB peiiki (puc. 4.2) npH o6kaTke HHCTPYMEH-
TAIbHOH MpsAMOH HeNOABIDKHOR Hanpas.J saoLiell OKpYXHOCTH 5 pa-
auyca rzy [56, 140]. Ecmu katamascs oKpyXHOCTh § pacriioicixena
BHYTPH HalpasJ/siioinlel 5, To npi ofkaTKe NMOJMYYaeTcs CHIOLHKIOU-
AaqbHas xpuBasi (cM. puc. 4.2). Ecam xe okpyxuocTh 6 pacmono-
AKeid BHe Hal'ipaBJIHEOllleﬁ — AMHUHKJI0HIA. 1bHAA KpHBast.

[lvcre B HawambHOM MooXeHHH {cM. pue. 4.1) HHCTpYMeHTalib-
Hast npasas 4 {och ¥, MOABIKHON CHCTEMBI KOOPIHMHAT XpY,), CBA-

.
Likaonia — KpUpaa, ouucbiBacMasi TOYKOH, CBA3ANHON ¢ OKPYXHOCTBID, KATH-
iefics 6e3 CKoTKeHNA 110 NpsmMoil aHinn [68].

s u
HapamcTpbr HCXOZHOTO W conpsennore npoiieil 06o3HaYaKTCA cooTaeTCT-
BCHHO HHICKCaMH 1 M 2.
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Puc. 4.1. K o6pa3oBanmio HKAOsA&bIHOTO NpodikaR:
! = yKopodeHHas UMKAOKA; 2 - CMEILEeHHas LMKIoHAa; 3 — IKBMAMCTaHTA; 4 — HICT-
PYMEHTATbNAS MPAMas; 5 — HANpaBWIOWAN OKPYHKIIOCT; 6 — KATALIAACA OKPYKHOCTD

Puc. 4.2. O6pazoBasue
HCXOAHOTO THIOUMKAOM-
nansuoro npoduas Me-
T010M 06KaTKH petixn




JaHHAA € KOHTYPOM peilKi, pPacno1oKeHa MepHeHHKYIAPHO K He-
IOABHMKHON FOpH3acNUTATRHOI ocu x.
[apaMeTpHyecKie ypaBHEHHA LHUKJIOMB (OTHOCHTEIbHO OCeH
XpYp) UMEIOT BUI
x, = e g, — cosy);
4.1)
y, = elegy - siny),

rAe W — vroBoil mapaMeTp HHKIoUAL! (OTHOCHTEALHLLUT Yo noso-
poTa KaTAlelcs oKpyxKHocTH), y = 0+27; ¢, — koadduuuent stie-
LHEHTPOILIAIBHOCTH, Cp = r €, 4 — Koa(huimeHT THNa TpoduIa

(OpT NepeJaTOYHOro OTHOUIEHNS), U = ﬁ
ty

IlepeaaroyHoe OTHOIIEHHE M — BEKTOPHAS BeTHUMHA, PABHAS OT-
HOWICHHIO CPEIHIX 32 LK1 (y = 2r) aBCcOTOTHBIX YI.IOBBIX CKOPO-
cTelt xaTsaulelicsl CKPYKHOCTH H HHCTPYMEHTAIbHON NpsMoit:

=1+ uz,

%=1 npn ofpazopanun annuuKIouaambioro npoduias (Hanpante-
HHSI YII0B TIOROPOTA KaTAleHcs OKPYXHOCTH W H HHCTPYMEHTA.1b-
Hoit npsaMOH @, cOBMAAAOT); # = —1 npu o6pasoBaHiy IHICIHKKIOH-
Aa.1bHOTO 1podhus.

IlapaMeTpuyecKkHe yYpPaBHEHHS MCXOAHOTO KOHTypa pelkn MMeioT
BIL

X

1]

X+ Ax —ur sina;
_ (4.2)
Y, = Yo + U, COSA,

[A€ dp — VOO HAKIOHAZ HOPMa pefikli K HHCTPYMEHTaJIbHOH npa-
sodt {yroa npoduis),

tgo, =y =14 (4.3)
—  siny
A=u = (4.4)

Focre noactanoskn (4.1), (4.3) B (4.2) u apeo6pasoBanuii mo-
aviaeM

x, = ueqlcy —cosy) + Ax;
(4.2a)

y, = eleyy - gsiny),

rre g = 1 = coy Wi ¢, — woapuument dopmpr 3vha, ¢, = r,. e,

W =1+ -2¢cosy.

86

Puc. 4.3. Texymee no- v=2%
AOXKCHRE pefiky npy o6- ¥p
KaTKe xp
®p *
V =0
n
4 T
2%

B Texyles NoJ0KCHIGE TIPH 0OKATKE HHCTPY MEUTAIBHOIT 11pAMOI
peflKa 110BOPAUHBAETCS Ha VIO ¢ (pic. 4.3). Iockoabky obKaTHa
HPOHIBOIMTCS 63 CKOJDKeHHS, ceMeitcTBO KPHBBIX PeifKH OMKChINA-
eTesl CAEAVIOUMMH MapaMeTPHYECKHMH YPABHEHHAMH OTHOCHTE.TbHO
HCMOABHKHBIX ocell 1y

X = (x, +rz)cos@ =y, ~72,9 ) sing:
(4.3)

Y = (x, +72,) sing +(y, -72,0) cosQ.

Vpapnenns (4.3) cojepiar ;(B4 (ePeMEHIBIX VIZIOBBIX 11APAMCT-
pa w 1 (p'p. Jlis mepexosa Kk ypasHeHmo oruaromeii cemeicrsa
KPHBBIX HEOOXOAUMO YCTAHOBMTE 3ABHCHMOCTD MEAIV Y i @y Fe
MOMKHO 1OTYUHTDL IBYMSI CTIOCOOaMH!

¢ MOMOILBIO H3BECTHOI TEOPEMbI, YTHCPKIAWILEH, YTO TOUYKIL 0111

Gamieit BXOAST B COCTAB MHOMKECTBA, B KOTOPOM JICKPIMHHANTA CU
seficTha kpuebix pasua 0 [106], T.c.

X B XA . (4.6)
&y o, e, &Y

Yepe3 reoMeTpPHYeCKHE MOCTPOEHHA! HOPMATDL K oritbamoeii ce-
MeflcTBA KPUBBIX 1IPUXOINT Yeped nooc P— TOURY KacaHusa HEcT
pVMEHTAIbHOH TpAMOi K HallpaB souell  OKpYHKHOCTI {em. putc,
4.3). KoOpaiHATBL TOYKN, HpHHALIEKALET ornbawieil  peiixe,
Moo Haitti, npipaiss (4.3) 11 BBIDWKEHHC TaureHca ¥ria Ha-
E101A IPOXOIAIeit 4eped NMeT0C HOPMAT, Jasdcdllee oT yr.ia no-
BOPOTA O,

*VIUhl TOROPOTA U H On HCPYTCH 110 MOTY. 10
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Puc. 4.4, JapHcHwocTs yraa mosopora pelfKw 0T yrraBoro napaMerpa T upH pag-
AnuHbx koaddHunenTax cmemennn (z; = 6; ¢y = 1,17?3

x
-
tg P relcpp—yp‘ (47)
T.€.
x

4 o
AT ey (4.8)

Pewas (4.6) u (4.8) oTHocuTe1BHO Py, MOIYYAEM IIEHTHYHBIC B
o60HX CIyMasX Bbipaxenus [36]:

9, = (y —A) /2y, (4.9)
rae A, — YIrUioBoe cMelleHue,

Ax C
A =——"L 4 _=a
, A C A, (4.10)

€4 — KO3(POHUUHEHT CMEINEHHA, €, = Ax, - e.

Vriosoe CMEINeHHe XapaKTepH3VeT OT.THYHE MEeX/V VIJIOM [OBO-

L()ora (gip 4;1) YTIOBBRIM fTApaMeTPOM T = 2, OPOMHIA CO CMEUIEHIICM
pHc. 4.4).

Ec.au CMCUIEHHE OTCYTCTRVET, TO

¢ = T (4.11)
88

C nomolbi ypashenns cesa3n (4.9) napaserpideckie ypasHe-
uua orubamommell ceMeiicTsa peitkn (HcxogHoro npoditas) npuobpe-
TAKT B

— . — o COSP, — COSE
1= (Mr + :‘.\.rt)cos(pp — Hecose, — A SIng, - U, et

0

W
(4.12)
) _ Cpsing, - #sing,
= (|u1|r + A‘r‘)sm(pp - eSinE, + rA, cosQ, — u, ——‘u—-——
rae lug| - MOJIV/b [epeiaToYHOIo OTHOIIEHHS, lu | =2, + #: g =
=’1 u, I(p], + Ay

M. B 6espasmeprom (oTHoCHTEIBHOM) BiLIe
— — . CpCOSQ, — COSE,
== (MCU + cﬂ)cosgop— Ucose,— ¢, ASinG, — Uc, —— |

(4.13)

= _ % . . _  CGysing, - i7sing,
yW=5= (Mq, + c:..)smcpp - Sing, + ¢, Ajcos@ — uc, ——p———.

Jlannble YpaBHEHRA SB/IAIOTCA OGLIMMI M CTIPABEATHBbL [{Is THO-
Goit BeTBH MpodHIN Ha BCEM WHTEPBAJAE H3MEHEHHS YIJIOBOTO Napa-
MeTpa T WK vrja nosopota @¢,(0+2m).

Bextopuas ¢opma. IIpi ollMCAHHH HCXOAHOTO LHKIONIAIBHOTO TPOdHIA MUX-
1o Nepe#TH ot NapaMeTpuycckoll K BEKTOPHOR (opMe H DPeICTaBHTL UPOPHIb Kak
TPACKTOPHIO CJI0KHOTO BHXKCHHA TOUKH [IPH COF1aCOBAHHOM BPAILCHHH BCKTOPOB.

BitepBbie BEKTOPHDBIR ¢HOCOO NOCTPOCHMA LHKIOMIATHHOHR kpusoit 6601 npeito-
wen B 1871 r. Dpakcya, KOTOPBI MOKa3an, “TO eC.1H [1BC CTOPOHbl WAPHHPHOTO Ha-
P/L1EAOTPAMMA BPALIAKTCH PABROMEPHO, HO C PASHBIMH YTNOBBIMI CKODOCTAMH @ H
3 TO Ha KOMMIEKCHOH [aockocTd G ero BepLIHHA ONHCBIBACT 3MH- WM THIIONHK-
oK1y

G{1) = liexpjogt + hexpjogr, (4.14)

rac Iy, b - cToponst napaitenorpamma; 2 = =1
Boipaxeiie (4.14) sapaseTcs 4acTHBIM CavdaeM ypaBHeHK:

G(1) = Zl|cxp]’mit, (4.15)

i=1

ELIPAKAIOLETO UHKAOHID BBICIUIErD NIOPAKA.

TIpuMenuTeasho kK BIM Bo3aMokHL! jiBa ciocoba BEKTOPHOIO MACOPAKCHHA NPO-
hias:

t Uetwipoma BexTopasi [36] (puc. 4.5)

Gly) = (lqu + Ar, )expjcpp + ecxpf (B + 2, ) + ralcxpj(cpp + %) +

. T
+ r“exp)(cpp «Ppra, - 7sngnap). (4.16)

rae p= E(l + E).
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Puc. 4.3. Yenipexsextopnan amarpamma toukn A (¢, = 120°) rmoumxronza -
woro npodsana (2, = 4, ¢p = 1,5, ¢, = 2):
a-ca=—10g, =341 6 -cs=0 ((pp =30, 8- cy=1 (o, = 25,99

[Tepeaatodnoe oTHOWECHNE Uy ONIPEICASET CPEIHKNO KpaThuctb ad BekTopes | u
2. Ecan sextopbl f H 2 BPAAOTCH B NPOTHBOINOI0KHBIX HAIPABIEHHAX, TO nOPa3y-
CTCA THNOUHK.I0HK,1a (ul < 0). CC.JTH HampaBeHHEe REKTOPAR COBNANACT — 3MHUHKION-
aa (uy > 0).

Oy 13 YeThipex BeKTOPoR — BekTop cMelileHns 3 (oM. pHe. 4.5) nMeeT aHaio-
fepestelitbill Moyab cod, 3asuCAUBLT 0T yriosary rapamerpa. Cpeades MiTerpate-
HOC 3NHAYCHKE MOIY.IA BEKTOPA CMCWICIHA 34 Hepuod W = 21 paBHo Iy, B ofuen
cavyae (cy # 0) BCICACTBIC YIIOBOTO CAtENIENHA MITIOBEHHAA KPATHOCTh (a3 BeKTy-
poB ! ¥ J HC pamRHa nepeiatoyHoMy OTHOWICEHIO &, BexTopbt 3 4 esewetbl no ta-

n
3¢ OTHOCHTENBHE PATHYCA-BCKTOPA | cooTReTeThelO Ha n 2 1 B + a, - signa .

OtaH4HC BEKTOPHBIX JTHAMPAMM 1IpodHICH € Pa3IHYHBIM CMEUICHHEM LHKIObL
(ot piec. 4.3) COCTOMT B TOM. 4TO pH noiewkHTeabHoM cyewenmi (cy > 0) BekTop
3KBIIMCTANTH 4 [ICPCCEKACT €IHHHYHBI BeKTop 2

2. JdevMa sextopamu (puc. 4.6)

- ; - n
Gly) = zrexpip, + mcxp‘r(tpp o, - 751gna“). 47

I M- MOAy.ab sextopa 2 (PA),

z
=1 41+ .
" P oty o,

Moay.n paduyca-sektopa f (0P) cooTReTCTRYET palMycy HarpaBisiomed ok-
PYKHOCTH, & /1~ NEPEMCHHAR BCIHYMEA, 3ABHCALLAS OT Y12 TOROPOTA Oy,

20

Puc. 4.6, /IByxsekropias au-
arpaMMa TOMKH THIOIHKJOH-
AaABROro npoduan

Yacrable cayvad. [Ipu kpaiinux 3HadeHHsax oJHoro Ha 6e3pad-
MepHBIX KoadpduuneHToB (€4, Cq, €,) UHKIOKIAMLHLIE IpodHIb 1pe-
BpallaeTcs B

1) udeaavuviti (nexoppuzuposanmsil) WHKIOH1a Kb npoditin,
nonyuaemslii 6e3 cMewlenius xourypa peiikit (¢, = 0). Ipaduuecki
OH MOKeT BbITb Mojyien u "Kraccuyecknym” cnocobom [94] npu xa-
YEeHHH OKPYXXHOCTH He 110 npsimoii (1151 "3arotoBkn” peitkit), a Hero-
cpecTBeHNO To Hanpasasoiuefl okpyaHocTit (prc. 4.7). Pesy.abra-
Thl MOCTPOEHHS HI€AJBHOIO LHHKIOMAATLHOIO TPOPHIA 1P ITOM 1I0-
AVYAKOTCH HICHTHYHBIMMU:

x= {zq'rcosr —ue cos|u1|r - Er—“,(cncos-r - cos|u1{t):
0 (4.18)
y= |u1|rsim - csin}u1|r - 1;', (cnsim - Esin‘udr);

2) uenmpoudnsit NpodK.Ib — YacTHBI cayuait wacanbHoro po-
duaa (puc. 4.8), Korga npouspoAsLlas TOYKA PACTIOIOKEHA HA Ki-
Tauleiics okpyvkuocTH (¢ = 1):

ul| +id

T= |ul|cos1: - ﬁcos}u] \t - uc sin—5—T,

(4.19)
e N iu |+ ]
¥ = |u||sinr - 51n1u!|1: +¢, 008 -——T.

Jlansple vpaBHeHHs OTHOCSTCH TOIbKO K HEUETHLIM BCTBSIM IPO-
(i1, B Tom uncse k nepsofi (1 = 0+2r. 2,) Beren.

" KpuBan, onucsiBaeMas B 3TOM CIvMa¢ TUUMKOH, CBASAIMON ¢ OKPYXHOCTBIG, Ha-
ABIBAETCA THNOUMKIOH10H (BHYTpeHnee KadeHHe) WITH AMMMKIToR0R (RllelIHee Ka-
vene).
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Puc. 4.7. O6pazonanse HCXOAHOFG THNOUMKACKARARHOTO Hpoduas MeToa0M 06-
KATKH OKPYXHOCTH!
f - ofiblksoBeHHAR THIOUMKAOKIA; 2 — YKOPOYCHNAR MMIOUNKIOW1a: F — YLAM e A
THiouHKaonaa; M — pod3Bo1fAluan TouKa

8 2ezy

de

an

Puc. 4.8. Ilentponannie ranounxtonaatbibe npodun (e = idem; ¢, = 2):
a-z=0L6-71=2:8-2,=4

Puc. 4.9. CxeaeTibie raioUHKAOHAANBHBE TpodusH (D, = idem; ¢y = 1,5):
a-2=26-2=48-2=10

IlpenenbHbIMH TUIOUMK.IOHAATBHBIME UEHTPOMIHBIMU 1pOdK .-
mu apssiorest (oM. puc. 4.8):
a) oano3y6plit npoduas (2, = 1; u = 0) — oKpyXHOCTb paauyca

rll;
6) npyay6eiit npoduas (2, = 2; u = —1) — napanneibHbie nps-
MBI JTHHIH
x = 2ecosT;
(4.20)
y=r,

KoM6unanus atux geyx npodmu.eii ofpasver ceqyeHHe MeXaHH3-
Ma, ucno.bayeMoro B PO BrHTOBBIX Hacocos (Hacocsl MyaHo) U Bbl-
cOKOOBOPOTHBIX FMJPOABHUTaTeeit, B TOM YHC.1e B MEPBBIX KOHCTPYK-
wsx B3/ "Dvna-Drill" [22, 87].

3) “cxeaemumit” npoduap [111] - Boipoxaennbii npodm.in
(puc. 4.9), ofpasopaHHblil Kak orufawiuas ceMefcTBA LHMKIOWIbI
(cMeIeHHOH HAH HeCMelleHHoM ), a He ec 3KBHAHCTAHTH (¢, = 0):

r= (|“1| r+ M1)COS‘PP - uecose, —rAsing
(4.21)
¥y= (|”1| T+ M1)5mq’p - esing, + 74A,cos@ .

Crener wieaJbHoro npoduias — OObIKHOBEHHAA THIO- HAH 3HH-
uikaonga (cM. psc. 1.4).

Cxenetablit npoduib HCNOIb3yeTcH TpH Npoduanposanun PO
potopHo-nopiuHessrx rugpoManmy, JIBC i koMnpeccopos {61].

ConpsixeHHbHl Tpoguis

Conpsxennsiii mpodiiih o6pa3veTcd Kak orubawmas HeXoIHOro
npohHIS TPH B3AHMHOM OGKATBIBAHMI LeHTpona rnpoduteii. Bi
COIpPsUKERHOro MpodHIA He 3aBUCHT OT crnocoba obkatki (oTHOCH-
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TETHHOTO JIBHMKEHHS 1leHTPoHA) M OAMHAKOB NPH 3allelJeHHH ¢ He-
UOJBHAKHBIMH OCAMH, IPH 3aKpPelLIeHHON HAPYXHON 1LTH BHYTPEHHEH
uenrpome [94, 117].

ITpst [OCTPOEHHH COMPAMKEHHOTO HPOdPUIS 3AJA0TCA TAPAMETPH-
YecKHC YpaBHeHUA Hexojuoro npodmas (xqy) o paaMyvebl LEHTPOIL]
HCXOIHOTO @ H conpskennoro b npodmateit [117].

B BI'M c BHyTpeHHHM 3auemicHHeM H 4uc1aMH 3y6beB 1podu-
Jeil, OTIHMAIONIHXCA HA CAHHHIY, DPAAHYCLl LEHTPOHI NPOMOpPLHO-
HATBHBL SKCLHEHTPHCHTETV: d = e2,; b = ez, [94]. B runouuk.on-
JATBHOM  3dleNVIeHHH  HCXoJHbl npodiis SBISETCH  HAPYIKHhIM
atementoM (z; = 2, + 1), B 3NMUMK.IOHAAIBHOM — BHYTpehHum {2z, =
= 2, ~ 1). MexoceBoe paccTOSTHIHE PABHO HKCUEHTPHCITETY 3alleTLIe-
HUA €.

Pacuer KOOpANHAT CONPSXKEHHOT0 MpodHIa PACCMOTPHM Ha Npi-
Mepe THHOUNKIOHIAIBHOIO 3alerIeHHs, B KOTOPOM HEXOIHbI 1po-
1Ib ABIRETCA HEMOABIDKHBIM HAPYXKHBIM 21ementoM (cTaTopom).
[IycThb B HawaabuoM nonoxeddn (puc. 4.10, @)} uoT0C 3aLenIeHis
P (rouka kacanns ueHTpoMA) M TO4Ka KacaHus npodureii (1 = 0)
JeXaT Ha ocH X, coBOajamlielt ¢ HopMaIblo.

IIpin ofkaTke NEHTpOILIA COTPSKEHHOIO NpodHIs coBeplIaeT
f1aHeTapHoe aBxeHie. B TexylleM monoxenun npu ee nosopote
HA ¥To.1 @ 0poTHB YacoBoil cTpeaxn (puc. 4.10, 6) ocb UeHTpOMIB
0; ¢ nioaoc 3aUerieHHs P 1oBopauHBAOTUH BOKPYT UEHTpa HCXOIHO-
ro npoduas B o6paTHOM HaNpapBIeHHU HA yroa 2,¢. [lpu atom B 3a-
LelIeHHH OKadblBaeTca To4Ka K ¢ YIUIOBBIM apaMeTpoM t.

Puc. 4.10. O6pazosanme conpaxennoro npoduan:
d — HCXOJHOC NMOJ0KEHHE, 6 - ApE TIOBOPOTE HAa yroa ¢

KoopauHaTbl TOYKH KacaHHA OTHOCHTE.IbHO HCNOBHMKHBIX oceit
Xy, ¥ 3ananbl. KOOPAHHATBI cONpsKeHHOrO IPOPUAA ~— KOODIHHATH
TOYKH OTHOCHTE/ILHO IMOABHXKHLIX ocell Xyy), CBA3AHHBIX ¢ BHYTpPCH-
Hell HeHTpoRIol .

[lepexo;l OT KOOPAMHAT XYy K KOOPMHATAM Y)Y NPOBOJMTCA B
/B4 3Tamna:

napa.ie bHblil Hepedoc oceil 1Y, B UEHTD CONPAXECHHOIO TpO-
Puas Oy i}

npeobpasopaHiie KOOPAHHAT IIPH TOBOPOTE OCeH Ha YTOT ¢.

B peaynbTaTe KOODAMHATDLI COMPSKEHHOTO MPOQILIA NPEACTABAS-
I0TCS B BHjIE

Ay
W

X, COSQ + I, SINQ — € C0S 2, {4.22)

—x,5IiNQ + ¥, cos@ + es5inz Q.

Ypapuenusi (4.22) coaepxaT JBe YIIoBble TepeMeHHbIE (z, ).
[l1s mepexofa K [1apaMeTPHYECKHM VPaBHEHISIM ¢ OJHOI mepemed-
HOM HEOGXOMMO YCTAHOBHTb 3aBHCHMOCTb MEXJY VIIOM NOBOPOTA @
U YIJIOBBIM TTapaMeTpoM T. 5

YpapHeHHe CBA3W ONPEAeNAeTCA H3 OCHOBHOI TeopeMbi 3allern.ie-
s (Biaaica), coraacHo KOTOPOH HOpPMAaib B TOUKe KACAHUA IIpO-
xoauT ueped mooc [117]. TIpupapHuBas BLIPKEHHS TAHTEHCA YTJa
HAK.JIOHA @ K OCH X HOPMAJH K HCXOIHOMY NpodH.I

tga = - = (4.23)
LA

i aHanormdioil Remmuinbl H3 AKPB (oM. prc, 4.10), noayvaenm:

Yy +ezsinzy g M (4.24)
Xy — €2(C0823( W

B obuweM cilyyae alernienus co cmemenueM Beipaxerie (4.24)
MOeET GbITh PeLIeHO TOMbKO YHCIEHHBIM METO/I0M.
B uaeanbioM sauentednu (4.24) ynpomaercs 10 BHIa

cesinz, T + sinz; (g ~ 1) — esinlt + 2;9) = 0. (4.25)

3To YPpaBHEHIE HMEET JBd pelIcHHA OTHOCHTEABHO

0 =t—%¥—k k=01, 2,..,2,-2);
2
2, +2 7 (4.26)

) q]cos_"z—t—cns?r
Pu :?amtg 5+ 2 Y
2 CeSin— T +sin "1

2 2
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Puc. 4.11. Conpamennmit runoun-
KAoKAaAbHME npoduas
(z22=3:cp = 1,175, ¢, = 2,173

/

A
¢

a

Hamiine aByx xopHeit ypaBHeHUs cBA3M 03HAYAET:

B KAKJblH MOMEHT BpeMeHH 3aief/ieHue Npodilieil NpoucxoanT
Ha BLICTYHIAX (kopeHb ;) H Bnagnnax (KOpeHb @) CONPAKCHIOrO
npoduas;

ypaBHeHHe CONPSKeHHOro npodiuas HeoOXOMIMO paccMaTpHBATh
OTAEAbHO 114 ero BBICTYNOB M BhiaauH {puc. 4.11).

Moacrasup B (4.22) BblpaXKeHus @ H @], MOXKHO MOAYYUTb COOT-
BETCTBEHHO MapaMeTpHYECKHe YPABHEHMS BBICTYIIOB M BNa M 3yObeB
colipsikeHHoro npoditig. B YacTHoCTH, YpaBHEHHe BBICTYTA TICPBOrO
ay6a (k= 0)

,
Xypper = 25T + #(c{, —cos 1) ( )
4.27

LT
_‘/;’mwz T‘?S]‘n 2T

VYpaBrenuss {4.27), kak nokasano A M. Kounesem [94], ectb
VPaBHEHHA OKDPYXHOCTH, UEHTP KOTOPOH HAXOJHTCA B TOYKE C Koop-
AMHATaMK [z, 0], T.e. BHICTYN 3y6beB COMPSIKEHHOrO MAEAMBHOTO
npodiinsa (B ToM 4UCTe 1 BHELEHTPORIHOIO) OMEPYEH JYVroil oKpyX-
HOCTH pPaJHYCca IKBHIHCTAHTDI .

Jyra oxpyKHOCTH BbIcTYNa 3yba collpsKeHHoro mnpodnis ab
(cm. pue. 4.11) orpannuuBsaeTcsi TOYKAMH ¢ YIIOBBIM [APAMETPOM T
= + 1. leHTpatbHBIT VIO BBICTYIA X = 2€mn (eM. § 5.1) anst upo-
dueii ¢ oanHAKOBBIM KO3(PHIUHEHTOM BHEUEHTPOKIHOCTH He 3aRH-
CHT OT KIIHEMaTHYeCKOTO OTHONIEHHS !

= in L
1 = 2 arcsin o

3HaveHus YIUIOB ¥ A1 PA3NHYHBIX Cp COCTABIIAKGT!

Cunniniiieens 1,0 1,175 1,25 \E 1.5 2.0
TSR 180 16,7 106.3 %0 83,6 60

B uentpouanom sauennennu (¢ = 1)

Q¢ = - T, 2 (428)

H VPaBHEHUS BUAIHH CONPSLKEHHOTO mpodiaA YNPowawnTes 1o Bitja

2,-2
Xy = e[(22 - cost +cos(z, —1) 1+ Crsin_zz—T];
(4.29)

2,-2
Youn = "3[(22 - 1)sint ~ sin{z, -1} 1 + ¢,cos 25 t].

W3 cpasuenus (4.29) ¢ suipaxenmsmu (4.19) cregyer, uto 8
UEHTPOHAHOM 3aUeniellHH BNAJAHHA CONPSKEHHOTo npodiis nped-
cTap1sleT cofoil IKBWINCTAHTY NpaBHibHOl THIIOUMK.TOMIALHO
KPHBOH C YHC.TOM BEPIIMH H& eIMHHLY MeHbUIE, 4YeM Y HCXOJHOPO
npoduas.

B ofem c1yvae BHELEHTPOMIHOrO 3alleN/eHHs COIpPAXKeiblii
“POd)H.'Ib, CTpOI'c TOBOPA, He sipageTcAa UHK.TOMAAJIBHbIM H O4YEPYHBA-
eTcst CNOoXHOH KpHBOH. B €BA3M cO CMOXKHOCTBIO MaTeMaTHYECKOIo
ONMCAHUS HEAThHO CONPSKEHHOTO npogmis {(pasinyHble ypaBHe-
Hitsl €ro BbICTYMOB M BIAJHH, HELMKJIOMAAIPHOCT KPMBBIX) Ha
IpaKTHKe OTCTYNaloT oT uaeanpuoil dopmol [131]: conpsxennsiii
popHIb, KAK H HCXOAHDBIH, CTPOUTCA 110 KOHTYPV peliki 0O ypaBHe-
HHAM

_ R _ CDCOSQ)P* L‘OSE2
X, = (iu2|r + sz)cosq)p —~ UeCosE, — rAzsmcpp L S T —
(4.30)
cSing - Et'sine.l
= ’ | Ax, Jsing_ — esing, + rA,cos@ —ur X ———ti-—
Y, U |r + ax, P 2 €059, u w '

rae Ar, = Ax —-u (¢, - 1) e; |u2|= v U A= —-A;Z
+ Ay

CMemete cotlpsxeHHoro npoduis Ax; OTIHYaeTcA OT Ay, I BbI-
6HpaeTca M3 ycaoBHs KAacaHHA BEPUIMH BRICTYIIOB H BIIAAMH HPodi-
1eit (npu @, = 0).

[Ipu ucnoansosannn miacanbHOTO MexoaHoro npoguas (Av, = 0)
CMEIleHHe pefiKH NpH 06pa3oBaHUK COMPSKEHHOTG npodHia coxpa-
HAeTCA.

Honyqaenoe 3aleIlIeHHue, CTpero TOBOPA, ABJSIETCA HpHG."lH)KEH-
HBIM M He ofecneuuBaeT HieaisHoro {BsanMoornbaemoro) conpsxe-
79T o7

5= ] g+




i, HecMOTpst Ha 3TO, M3TOTOBNTE.IH BHHTOBBIX 11ap 3akpblBalot
r123a Ha TAKyK [OCPENIHOCTh, TOCKOJbKY OHa, € 0,140l cTOpONbI,
KOMIIEHCHPYETCH 3JaCcTHYHOCTBIO O6KIAAKH cTaTopa, a ¢ JApYTo# —
senaeT lanernerie Haufo/lee TEXHOTOTHYHBIM, TaK 'KaK TO3BONSCT
nape3ath ojiHol (hpe3oil poTOpbl U cepIeHHKIM fipecc-popMblL CTATO-
pa pa3.IHM4YHbIX KHHEMATHYECKHX OTHOWeHuH W Waros, a, Kpome ToO- J
ro, 3a cueT cMelleHHsl (ppe3bl BbINOIHATD BI'M paamHuHbIX DHAMET-
pos 1 Hatsiros [114, 1401.
Kpome TOro, 1Le1ecoo0pasHOCTh MPHMEHCHUS DPEEHHOTO coupA-
XeHHOro TpodHIs 06YCI0BIHBARTCA TEM, UTO 4714 ofecnieMeHNA 34-
| JAHHBIX XapakTepUCTHK FLpOManiuiibl HeoOX0IHMO 1IPeJyCMOTPETDb
AHAMEeTpa 1bHbl HATAT & MexIy 3y6pamu PO:

6=dBHCT+2€—DK; '

rae dyes — JHAMETP BBICTYTIOB 3YGHCB BHYTPEHNHETO 3.IEMEHTA
(cm. § 8.1).

Harar coajaeTcd 3a cyeT VBeIMHEHHS JHAMETPOB BBICTYIIOB H
BIATHE 3y6beB BHYTPEHHCTO 31€MEHTA (conpsxeHroro npodias B .
HITOIMK 0 THHOM 3AUEILTEHII), LA Yero KOHNTYp PEHKH M0cTIel
HEro I0.Ty4AeT JIOTOJIHHTEIBHOC TI0T0KHTEIbHOE CMEINeNie Ha BEAl-
unHy 8- 2.

KoHTypbl THIO- M 3NMIKKIOHARIBHBIX npodnieif 1pH PasTHY-
HbIX 3HAUCHMSX Ge3paaMepHblx mapametpos (z;, Ca, Cn, €.) TIOKa3aHbl
‘ na puc. 4.12.

i Kourypnbiii anamerp PO — MaKCIHMA TbHBIH JHAMETP HAPYHKHOTO
' saementa (oM. puc. 4.1)

D, =2e[(z, +i), +1+cy —i2c,] (4.31)

Tlockospky NpH TPodHAMPOBAHHK paboylnX OPraHos B34 uc-

No.1b3yeTcA TTABHDBIM 06pasoM [HIIOUMK/IOHA.TPHOE 3AUCTLIEHIE, 1T
xoaxbiM npodpitnenm [94] koTtoporo AB.IAETCH Hapy®HbIl 21eMeNT
(ctatop), Teopusa 3alellieHHs Ja/ee pacCMATPHBACTCA NPUMEHHTCIb:
Ho K runolMKIouaabtbiM BIM. OcHoBrble dopMmy.1bl MPHBOIATCS
Kak Jnsa obuiero c1yvuas [HOOUHKJIOHARILHOIO 3alleilICHIA (4.12),
TAK H [11 TPEX ero YacTHBIX cIyyae (1/1€a.TbHOTO, UEHTPOHAHOTO H
CKeAETHOIO 3alErIeHHs).

[TorpemIHOCTh PECHHOLHK.TOHIAIBHOTO 3alen1eHHs {3ameTHOE Ha .
KOHTAKTe BLICTYNMA 3y6a poTOpa €O BAAMHOI cTaTopa) CyIUecTBet-

L WO 3ABHCHT OT codeTasus Geapasmephbix Koddduuuentos BIM. Puc. 4.12. Tuno- u 3“';‘;"““-"0"1[”“’““‘-’ “PW’%HPH.E“E-‘;‘““X auawenax Gea-
aMepHMX NAPAMETPOB = idem):
OTKIOHEHHE DPEEYHOro COMPSDKEHHOTO TPOGMHIA 0T HICAThHOIC [ - uicoa sy6ben 7, (cy= 0. o= 1.5, Ce =2V a—2=26-2=4a-2=6 I~
(puc. 4.13), moCTpoeHHOro Kak OrMbaIoNLAs HCXOIHOTO npodias, E"? HuHCITA BHENEHTPORLIOCTH Cy (y=4ca=0c,=2)a-cg=1256 =
ocobenHo TIPOSBIAETCA NPH BHICOKHX KOIPULUHEHTAX BHEUEHTPO- : A o = B JIT - koaed "}‘{‘F“Tio‘ba“i’%‘“‘ﬁ;g’ﬁface (i =4ica=0:c0 7 1.5) e~
. g T &y 4, - H CMELUCHHA C 21 =4, Cg= 1.0
waHoety (puc. 4.14) u oTpHuaTebiblX KO3PPHIHEHTAX CMCILEHHS. 6= a-ca= 16 -ca=0a-ca=1, ! ’

Crenoratesio, A5 npodiuanposatiis PO netecoo6pasiio HCIOJb- !~ MHNOIHKIGHIAT 2~ ITHIHKAOH AR
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Puc. §.14. Preamouuxaouaaasnoe zanenacuue (i = 2:3;c,. = 0; c, = 2) upu paa-
AHTHMWX 3HANCHHAX KoxdPHIACHTR nngu;mpoumlocru cp:
a=1,1:6-158-2,

J0BATh peHKHM ¢ TOJOXKHTEAbHBIM cMelleHiem i Ko3(ddHUHEHTOM
BHELEHTPOMAHOCTH 6IM3KUM K 1.

[Ipy H3roToB.JIeHMM cTaTopa H poTopa HX daxruyeckue podiLTi
OTJAHYAKTCA OT HOMHUHAIBHDbIX (OIIHCbIBElCMbIX }’pﬂBHCHHHMH, nphpe-
JEeHHBIMH Bbll[]e) H perjlaMeHTHPYTCH COOTBETCTBYWIMHMH JOMTVCKa-
MH.
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IorpewHoctit dopmoobpasonanis npodu.ieii PO MoxHo paszge-
JHTD Ha:

TEXHO/MOTHYECKHE IOTPEIIHOCTH TIPH M3TOTOBIEHMH pOTOpa H cep-
AevHUKa mpecc-opMbl CTATOPa, BO3HHKAWOLIHE M3-33 HETOMHOCTER
pacueTa, M3TOTOBIeHHA M YcTaHOBKM dpe3, a Takke M3-3a HiHoca
HHCTPYMEHTA, TEMIEPATYPHBIX AeOpMAlHil, HEXECTKOCTH CHCTEMBI
CTAHOK — MpHCIocobaeHMe — HHCTPyMenT ~ Jertatb [141];

NOrpelIHOCTH, CBA3AHHbIE ¢ YCAAKOH 3/1aCTHYHON OOKAXIKH CTa-
topa {140].

l1pu ucronb3osanmu o1HOH ¢$pespr JAHHOIO MOAY.JIS A4 H3LOTOB-
jenusa PO ¢ paanuyHbIMM OCEBBLIMHM IIATAMM BO3HMKAKOT NOTPELUHO-
cTH NMpodHIHPOBAHUA CTATOPa, TO3TOMY OTKJIOHEHME OCEBOro Xoja
MEXaHH3MA 0T HOMHMHATBHOTO OTPAHHYMBACTCH JONYCKOM,

B nponecce akcnayarauun B3/ pacyernan reomerpua PO napy-
IIAETCA TAKKe BCAeACTBHE BO3AeHCTBHA Ha o6KAaIKY cTatopa 3aboil-
HOrO THAPOCTATHYeCKOro AABACHMA M TeMiepaTypbl. BaugHue yxa-
3aHHBIX (PAKTOPOB MPHUBOAMT K M3MEHEHHIO HAMpPsXKeHHO-1edhopMu-
POBAaHHOTO COCTORHMA PO, 3HAYHTENBHLIM KOHTAKTHLIM HATPSKEHH-
SIM, HepaBHOMEPHOMY u3HoCY 3yObes [108].

TeopHa TpOEKTHPOBAHMH TEXHOJOTHYECKO{ OCHACTKH, obecneyu-
Balolleli MUHUMAdbHble OTKJOHeHHs npoduieii PO or HoMuHana,
PABHOMEPHEIH HATAT B NApe H KOMIIEHCAIHIO YCAAKH DE3HHEI, paspa-
6orana O.A. Koporaesnim i1 A.B. IlenxoBwiM 1 npeacrasieda s
[140, 141). Kpurtepuem ouerkn Tounoct ¢opmootipazopanus PO
ABIASTCA MOrPELIHOCTD HATArA B 3auell1eHud, onpefeTamiias Ha-
JEKHOCTb H A0JropedHocTh BIM.

Mpodumiposanne paBounx OPraHos ¢ y4eTOM YCRAKH
pe3unopoi 06KAaaKH cTaTopa

[Mocae upeccobanis W BYJIKAHH3AUMH TpoditTs M AHAMETPAbIblE PAa3MEpbl pa-
Godeil 1I0BEPXHOCTH CTATOPA OTAMYAIOTCA OF HOMMHAABHBIX BCIEJCTBHE YCAKH pedi-
HOBOH OGKIAAKH peaunn [ 140].

[Tpu 3TOM JHAMeTpbt CTATOPA [0 BIAAHHAM D: H BBICTVIIAM D: 3v0ObeB yBean-

wusaotea (puc. 4.15), a sbicota ay6a A = 0,5(D, - D,) yMeHswacten uo cpasue:
HUIO © HoMHHATLHOW h = 2¢. [locaeanee o3nayaeT, uTo IHAMeMHA pajuaibuoil ycad-
KH peambl BO SNadie a = 0.5(07 — 1) w no sewcryuy a, = 0.5(0 — N, ) neozunako-

Bbi H CTIPABE1AMBO COOTHOLIEHHE d, > 4. T.c. hakTHYeCKHe M HOMHHAIBNbIe podH-
JH cTaTopa — He3KBUIUCTaHTHble (HepaBHOY A teHHBIE) KpUDBble.
¥cajka pe3uHbl 3aBHCHT OT TOUMHB DOKJIAIKH CTATOPA, MApKH PEAHHhl H TOX-

HOIOTHYECKHX (PAKTOPOB, ONMPEIeaRIOUINX PeRHMbI [PECCORAHWS & BY.IKAHH3ALUTH
cTatopa. JKCTepUMEHTANbHO YoTaHoB.TeHo [140], uto

a, = {0.005-0,008} D,
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Prc. 4.15. Ycaaxa HCXOIHOTQ THICUHKAOHAAMBHOMO n(gocbm:
! — HOMMHRIbHBIR poduT; 2 — hakTHYecKHH NpodHIb

Takum OBPA3OM, HOMHHAIbHBIH npodMIL CTATOPA HCKAKAETEA W 118 NOBhIUC
IHA xavecTBa salenaciug PO npu ux npodHAMpOBaHHI HCOOXOIHMO MPOHABCLTH
COOTBCTCTRVIOUIV IO KOMITEHCALKIO VCAIKH PE3IHHBI.

IanHas 3a71a¥a cBOANTCA K TAKOH NOCTAIOBKE: KaK, HMCA KOOPAMHATBL HOMU-
watpHoro npodnas cratapa {(xy, yy) W 3HaR HAKTHYCCRHE SIEAYCHUA PAIHATHHOH
VCAIKHM Pe3ktibl BO BIAIKHE M BbICTYIE CTATOpA (a;, a,). paccunTaTs npodmay cep-
Sednnka ctatopa (X, yo), OOECTIEYHBARNTSH KOMIICHCALHIO M0 IHAMETPATbHBIX pad-
MEpON MTOCAC BYTKANH3AIHI. 3 B ' )

Ccan (PHHATH, 4TO HOMHHATBHLIH W CKOPPCKTHPOBAHNLIH (obecneunBaoLnil
KOMIIEHCAIUHIO YCaIKH) HpodHAN HMEIOT OAHHAKOBYIO VOATKY M obUWYI0 HOPMAh B
TOYKAX U OJAHHAKOBbIM }'I'.'l()ﬂbl.\i napaMerpoM 1, TO
I, =1, - d'cosa;

¥

(4.32)
¥e = 3y — dSing,

(e & - VIOJ HAKA0HA HOPMATH HOMMHATLHOMO PO K oCh X (oM. §412); o -
VCAINA TeKYINel TOMKH OPOGRIA, NIMCPCINIAA K10.1b IOPMAIH. ‘
"B ofwem cayyae @& ABASETCH HEMABECTION (yHKUMEN YITOROro LapaMeTpa T,
GNpeaeICHHOR TOABKO HA TPAHKLAX M B CCPEAHNC YIAOBOTO MEPHOTA. rie HOpPMATH
HAIPABIEHbI [0 PAINYCY !

a=a,nput1=0: 2%z

.

d" = 4. NpUH T = M2y,

[Ipeino 10Ky, 9To @° — rapMOHKYecKas QyHKINE, Toria

. da.+a, 4,

a =—‘5—- —L_rdit‘ﬂszﬂi (4 33)

Mo1cTanasis wpipaxcrne (4 33) B napaMeTpuUccKHe YPABHEIIHA (4.32) ¢ vucrom
AARMCHMOCTH (1, MOMHO PAcCaTaTh KOOPAMHATBL IPOMIA COPICHMMKA CTaToOpR,
OOeCTICHHBAKUING KOMNCHCAUHYG _\’CZL]KH pt‘3'ﬁHbl‘

102

B oTAHMHE 0T HOMHHAIBHOTO NPOPEAA CKOPPCKTHPOBANINbI llpggz\n.'lh CepeYtin-
Kiv CTATOPA He ARTACTCH CTPOTO UHKIOHTATEHBIM, HO BMECTC C TeM CIHCYHBACT OT1-
THMATbHDBIC XADAKTCPHUTHKH 3auct.IellHi PO.

B uactuoem cayvae npu noCTORNCTBE YCALKH PEAVIOBOL 0OKAATKH B10.1b HOpMa-
A la” =a; = ab CKOPPKTHPOBAHHBIH H HOMHBAABHBIH NpoHId — IKBHAMCTAHT-
1hl

Boree npuctoii (o MeHee ToqHbIR) cnocod Koppexiliy npodHAA CTATOpA — J0-
IOVTHHTCEIbHOS oTpHIlaTCIbHOE CMElleHHe HCXOAHOTO KONTYRA p(‘ﬁ[(ll Ha pACCTOHHHC
@,. llpavuaemeil mpi aToM npodab ¢TaTepa ABINETCA LMKIoMIATLHEM (110 He 5k
BHAHCTAHTHBIM HOMHHANLHOMY ) H 10CJE YCAIKH COBNALAET ¢ HOMHHATLHBIM Npodit-
AeM HA erc BepIiHHAY

[Mo vTouncHnoMy npodilio CceplevHHKA CTATOpa NPOCKTHPYCTCS CNCUHAIbHAK
HCPBAMHAA Lt)p(‘3a aHBO NPOHIBOINTCH KOPPCKTHPOBKA (‘MCUL(‘HHﬁ H ¥II0B 3aTOMKN
vinsepcaibioil yeprsdHoi dpeant {140, 141] [locreauuii cnocod Hae npakTuye-
CKOE IPHMENERHE NPH H3FOTORACTIHH CepledHKOR 1A ipecc-dopy B3]

4.1.2. KACATE/bHbIE U HOPMAJA
NPODUNEN

B Teopun BI'M (npu amai3e KMHEMATHKI 3ALENIEHHA, pacdere
KOHTAKTHBIX HATPY30K) BaXKHOE 3SHAYEHHME HMeeT HCC.IeJuBaHHe
CBOICTB KacateIbHbiX H Hopmaieil npodiaeii PO.

Texywuuii yroa HaxjIoHa KacaTeIbHOH K Hexomuomy npodmio A
(Yro.1 Mex Iy MOoJMeXKHTe.TbHBIMH HANPaB.TeHHAMY ocit abcuMce H Ka-
caTeabHOH K KpHBOH, 3ajaHHoil B napameTpudeckoii dopme (4.12))
onpeaeanerTcs caeayumy ofpasom [68]:

A= arct.gi, (4.34)
-
tie &', ' — NPOU3BOJMBIE IO VIVIOBOMY IapaMeTpy T.
ITockoabKy KacaTebHble K cketery npogitis (c, = 0) u ero ak-
BIIUCTAHTe Mapa’LIejabHbl H HX HAK.JIOH He 3aBHCHT oT koadduimen-
Ta dropMbl 3vHa, TO

A = arctg if"
K

[Ipu H3smeHeHHI! YII0BOro napaMeTpa T B [peJenax YriaoBOro Mid-
ra (t = 0 + 2rn,2,) riaBHoe 3HaveHue Kpyroboil chyHximm (4.34)
MoxeT ObiTh KAK oTpHUATebHBIM (npH t' < 0), Tak M NOJMOXKMTEb-
#eiM (mpu x' > 0).

¥ron nakitoHa K ocu x {puc. 4.16) HOopManu mepBoH BETBH HC-

XOJHOTO npocbu,'tﬂ TaKKe MOXET HAMEeHATH 3HAK!

o -125+k>0 npu A < 0,
(4.39)
0'.=?L—%<0 npH A > 0.
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Puc, 4.16. YrIel naKAOHA KACATEAbKON H HOPMATH TOUKH UHKAOHAANLHOTO npodu-
A (A <0;a>0)
[ - OTOMKHTEIbHOE HALPABIEHHE KacaTeibHoll; 2 - MOJTOMHTCIBHOC HANPARIEHAUC
HOpMaIi

Tlocae npeoSpazosamuit popmyn (4.35) MOXHO MOAYIHTD obee
BhIpaskeHHe YI1a HAKTIOHA HOPMAH, CTPABEATHBOE A% 060t ToY-
KM TIepROii BeTBH MpoduIs,

v

o= -arctg%"?. (4.36)

!
(o9

BoipaxeHis NPOM3BOAMBIX X[, ¥ 13733 HMX TPOMOSAKOCTH

3fech He TIPHBOAATCH.
B ngea1pHoM HIOLHK.IOHIA TBEHOM 3arenmIeHni (Ca = 0)

C,$IinT+5inz,t

o = arctg (4.3D)

COCOST*COSZ-).I

B lieHTpOHﬂHOP‘[_ H1ea 1bHOM THIIOLHK. 10U, 1A TbHOM 3aunerniaedHl
(cy=1;,¢7 0

-1
a=%-%4 (4.38)

TakiM 06pa3oM, VIO HAKJIOHA HOPMAIH K HCXOAHOMY NPOQHII0
3ABHCHT OT YIJIOBOFO MapaMetpa T i 6eapa3MepHbix mapamerpos (2,
Co, C1}, HO He 3aBHCHT 0T paaMepos PO (e, 7,):

a = flz,. €, €, 1),
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CrielHa hHBIMI TOYKAMH ABIAKOTCA BepUIHHb npodis (Ha rpa-
HUIIAX YIJI0BOTO Wara W B cepeinHe HHTePBATA) M TOUKI Mpodpiig,
B KOTOPBIX YIoMl HAK.10Ha HOpMA.iell JOCTHTAeT 3KCTPEMUIBHOrO 3Ha-
YCHHA.

Ha rpanuuax yr.osoro wara (1 = 0; t = 2r - 2,) 1t B cepee
uHTepBaia {1 = 1. z,) He3uBHCHMO OT 6¢3pa3MepPHBIX NAPAMETPOB O =
=T

Wektmodenuem spadeTcs UeHTPOILIHBIE 11pohHib, yrona HaKIoHA
HOPMZ.TH B KOTOPOM H3MEHSETCH 10 THHEIIHOMY 34KOHY, a Ha Ipali-
LaX YT.IOBOIO IWiara

o)

o= nput=0

(4.39)

a= Zizl(d -2} nput=2nsz.

(O6mree BbIpaskeHie VI1a HAKTOHA HOPMATH, CMpapellnBoe /114

boit Touku npoduas (1 = 0:271), MOXHO NMOJIYYHTD M3 TeOMeTPHI
peeyHOIMKI0H1a16HoTO 3anenienus (cM. § 4.1.2).

@, rpaayc
70
60
30
40

Ja

20

17

1

s~ & Z, rpeayc

Puc. 4,17, Hamenenne yT1a HAKAOHA HOPMAJH HCXOJHOTC THOOHHKAOHAAABHOTO
npodmuas npu paaamasx koadiduumenTax cmewenus (z; = 6; ¢ = 1,175)
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a:(pp+ap—-£_,si.gnap, (4.40)

Te @p, @ = OYHKINH YLI0BOTO MAPAMETPA T, ONpee/AeMble Sani-
cimoctsivi (4.9), (4.7).

CpoiicTBa HopMaJeil HCXOAHOTO npogit1a ofyc 0B aeHbl XapaKTe-
pOM HaMeHenHs ero KpuBuannl (cM. § 4.1.3), T.e. HopMATH H KpH-
puana npocduaeit BIM - B3aUMOCBA3AHHBIC KATCrOPI.

ToukH ¢ 3KCTPEMAIbHBIM 3HAYEHHEM O ABISIOTCA TOUKAMH IEpe-
riba, B KOTOpBIX M3MEHATCH HallpaBieHHe BOTHYTOCTH KpHsoil:
3€ch TIPOHIb PACHIONOKER HE 1O 0JHY CTOPOHY KacaTe/IpHol, a I1e-

pecexaeT ee. B Towke nepernta npodian (7, ) paanyc KpHBH3HBI
H

p=x (cm. § 4.1.3).
B LelTpOIIHOM 3alellIeHHi TOUCK Nepernéa podu.1s i COOTBeT-
CTBEIHO 3KCTPEMAIBHBIX YII0B HAKAOHA HOPMAJII HE CVILECTBYVET.

B kawectse npuMepa na pHe. 4,17 npeIeTanacbl FPapHKR 3ARMCUMOCTH V1L
KAOHA HOPMAAKR K WCXOAHOMY THTONHKIOHILILHOMY TROPHIKY (z, = 6} or yraosoro
NapaMeTPa T NP PAIAMIHBIX INAUCHHAX koappHisenToB cMeulckis. Buano, yto
OpPHEHTAIMA HOPMANCH K GpoILTI0 HAMeHgeTcs Golee paBloOMEPHO (MeHbILE OTKAC
HEETCA OT NPSAMOR ¥ = T — KaK ¥ OKPYAKHOCTH} NPH MO0KHTCTbII0N kuaddruitnenTe
emewetnn o KoahduUNeRT e BHEICHTPOHTHOCTH Cg ORaspiBacT BHAIIHE Ha BO3-
MOMHOCTH TICPEXOAA K OTPHIATEIBHBIM ¥TIaM HAK0HD HOPMAJH (KaK B Cavyac ¢y =
= 1), CAcloBaTCAbhO, TABHAA OPHEITAIMA HOpMATell npodiich ofiecnempaeTcs
IIPH MOBbIEHHBIX 3HAYCHHAX KO PUUHEHTOB Cp H Ca.

4.1.3. KPUBU3HA NPODUNEN

MccaeoBadie KpuBH3Hbl mpoditieil paboynx opraiop IpoBOJIT-
€f A7 onpeje.eHHs:

yegoBrit obecliederns NTABHOCTH 11poditteil (oTcyTCTBUA TOUEK
320CTPEHHS I CAMONEPECEHeH s )

PAAMYCOB KPUBH3HBL n1pocit e, HEOOXOINMMBIX IPIL PACUCTAX Teo-
METPHH MOBEpXHOCTeH M KOHTAKTHBIX Haupsoxenuii PO.

Pajuyc KpHBH3HBI 12paMeTpHuecKoll KPHBON [68]

B (x12+y:2 )3 <2

(4.41)

[lockoIbky Hexoanmii npodmas BI'M sisasiercs oKBUAHCTALTON
ero cketeta {em. § 4.1.1), 10

PL= Pu T U,

B ofies cTyac npoduis co cyeutesnies (Av, = 0) Boipamenitc
pALIYCa KPHBH3HBI CKENETa Pgy TOJYYACTCH JIOBOILHO TPOMOU3AKHM
(110 BIONHE TIPHIOANBIM JL1A KOMIIBIOTEPA) I 3JeCh He IPHBOIMTCS.
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Jlis  Waealblioro rinomMKIonIaIbEOO poduan (Av, =
i=-1)

2, (i+ed-2¢, coszy T 2

_ s 447
P = € g -anregly -2y cosg T CPu (4.42)
pl = pLK +ru =€ (En' +Ce-)‘ (443)
rie E(K = pL‘K e
B LeHTporJHOM 3aHeIlTeHIHH
2z,,{2(1-cos 2,1}
P = g (4.44)

3HaK KPHBHAIBL 3ABHCHT OT HAMPAB.IEHNA BOTHYTOCTH KPHBOH [0
oThoweHHo K Hopmaaw [68]. HoromuTtespublil 3HAK 03HAYAET, UTO
KpliBast BOTHYTA B CTOPOHY I10JOXHTC.THHOLO HAIPABIEHIS HOPMAaTH
(puc. 4.18).

Ha puc. 4.19 npeacrasiensl rpapukn H3MEHeHNS P, LEHTPOILL-

noro (¢, = 1) 1t BHenenTporatora (¢, = 1,173) THIMULHKAOILIEIBHO-
ro npodis cratopa 8 OpeIerax VLIosoro trara 2z Bigimo
(cs. pue. 4.19, @), 4TO PATHYC KPHBHAHBL HOPMATLHOM MIIOUKAOH-
Abi (ABAsoNeitcs B JAIHOM CIVYae CKEIeTOM CTATOPA) MOHOTOHHO
pasmensercss of O 10 MAaKCHMVMA I cHoBa JocTHIaeT 0. JTo o3HAUACT.
YTO Ha 3KBHAHCTAHTE TAKOro NpodiiLa, 11e3aBHCHMO OT 3HAYEHUA X,
HIMEKTCA ABe TOUKH, B KOTOpPhIX p; = 0 1 HabIiodarTes caMoliepece:
yerns (Hatompl). MexTovenne cocTapaseT runomngionaa 2, = 2, v
KOTOpOli P, = % 1 IKBIIMCTAHTA BHIPOK,IACTCS B [PAMYIO “HHHHI.
AT0T HacTHbll cIvyail Henoap3yeTes 414 NPodILTHPOBAHHA CTATOPCH
OAHOBHURTOBBIX Hacocor Myano. BamecTe ¢ TeM, HecMOTpA Ha HAL-
yle M3I0MOB, HexoTopbie dipmbl (manpisep, "Roper Pumps™)
BCJIEJICTBHE TIPOCTOTH NPOMIIHPOBAHIA HCNOB3VIOT IEHTPOMANOC
salemTeHie i s Muorozaxoaumx BI'M (puc. 4.20), obecmeunsas
ILI2BHOCTD KPHBBIX [ndoBadnes JAeeKTHBIX VYacTKOB npodiiis.
Bo pretientpouasom npoduace (oM. puc. 4.19, 6) B npeacIax yr-
J0BOrO HIATA HMEIOTCH [(BE TO4KI Lieperdba, Ille pajiiye KPpHBHIHDI
CTpeMHTCA K OGecKOHEeUHOCTH, MeHAH CBOH 3Hak. [HIOUHK.10iLd1b-
Hblii UpodNAB CTATOpA HMeeT NO.IOKMTEIbHYIO Kpupnsny (p, >
> () Ha HAyaIbHOM I KOHEYHOM HHTepBaiax vriosoro uwara. Cse-

[a 3HAKA KPHBI3HDbL B TOYKE T, Q3Ha4YacT Nnepexo’ IIpOC]JII.’]ﬂ H3 BO-
i

THVTOro B BhINVK.I0C coctosivie. Ha vyacTke ¢ oTpHuate 1bHol  Kpi-
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Iy Puc. 4.18. K swGopy 3maka KpHEBHANBI
| UHKAOHAZBHOTO Npodmas (F — Touxa
nepernfa)
| p=l
; F

p>0

|

| -

| X

:
H 1 6 ﬁCK '

| |
I l‘ a § " ]

3 |

> - ...‘/‘.
'l i & e s 1 r ) fp I r ‘
Y s ﬂi'/z, o o2, g tf /e, 21/, Puc. 4.20. Npoduss paGouwx opranos B3]l ¢muprut "Roper Pumps”

(1= 485 ¢cp=1;¢c,=2

|
_ l
Ce -Co 7 TOYKH reperuda
|
| | 1 ol
. ' T, = arccos ‘-*ZJ—C TREVE (4.45)
-5k -5 L ! 1 0 %2
!
TOYKH ¢ MHHHMA1bHbIM paJHyCOM KDHBH3HBI
| 1 22,—65(2l+1)—1 .
1, = S-arccos mpH ¢, <€)
i | 1 cylzy - 2)
gL T, =R 2 TpH ¢, 2 ¢, (4.46)
Puc. 4.19. Hamenenue panyca KPHBHAHW "CKeAE€TA” HCXOAHOIO IMHMOUHKAOHAAb- rae C :, — XapaKTepHOE 3HayeuHe Kosd)Cbi{LlHEHTa BHELEHTPOWIHOCTH,
: noro npoduan (zq = 10): 253
18 a—-cyg=1.6 -¢co= 1175 o o= 20
0 2+l

BHI}HOﬁ HMEWTCH Maxcumyn, Hﬂ.‘(OL[HlIlHﬁCH B cepemu{o yr.mnoro mia-
ra (1 = %, 2z,), H JBAa CHMMETPHYHO PACIO.TOKEHHBIX MHHUMVMA.
! I'paHHYHBIM 118 JTAHHLIX Z, H ¢y SIBJISIETCA TaKoe 3HaveHue Koaddu- 20 2 3 4 3 6 7 8 9 10 11

3uavenns C; A PA3MYHBIX Zy MPUBEIEHDBI HUKE!

uenta GOPMBI 3y6a C,, 1P KOTOPOM KPHBas P, B TOYKAX MMHHMY- o - 1 125 140 1,50 (57 163 167 1,70 173 175
MOB KAacCacTCH TOPHACHTAIH —C,.

Anaan3npys sbipakerne (4.42), MOXHO oNpeeTHTh YII0Bble na-
paMeTpbl 0cobbIX TOYeK HexoaHoro npodiits [56, 941
108 109

B BI'M ¢ koadduUHEHTOM BHEIEHTPOHAHOCTH €y 2 ¢, XapaKTep
H3MEHEHHA PpAAHYca KPHBH3HBI OT.IHYaeTcst oT nokaldadnoro (e,




ﬁCK B

' T
x/z, 2n/z,

Puc. 4.22. Tlpoduas ¢ camonepece-
yennem (2, = 4; ¢g = 1,023; ¢, = 8)

-30 ’-

Puc. 4.21. H3aMeHenne pajgHyca KPHBHIHB CKeA€Ta HCXOJHOrO rHNOUHKAOHAA b
noro npodman (z = 10; ¢, = 0; ¢g = 2)

pitc. 4.19). Y Takux npodisieil MuHEMYM Py PACTIOI0KEH B CEPCIH-
He VIIOBOTO LIATA, A MAKCHMYMA He CYUleCTBYeT (puc. 4.21).

KputiticcKoe coueTanne Mex1y KodguuneHTaMit npoduas (2.,
€y C,), UPH KOTOPOM COXPAHAETCH erc IUTABHOCTH, MOMHO Olpelce-
AITh, IPHPABISAB K HY.O NPOH3BOAHYVIO dp,. dT.

Tpaniunoe 3uaderiie xoaddHiliteHTa (POpMbl avba ¢, paABHAETCH
MOJIY.TIO MIHHMAJIBHOTO PAJHYCA KPHBH3HbI CKeleTa M 3aBHCHT OT
kosdpuItenTa BHEUEHTPOIAHOCTH!

[ 3
.ep zszi(:z) (c; —1) npu ¢ < Gy

3!
]

(4.47)
Z'}(fu“'l)a .
¢ =TT pH G 2 Gy
TR gy —cerlzy-1) pit G =G
TlpiMep mpodiits, MOIBepHKEHHOTO CAMONEPECEHEHIIO, 10KA3al
na puec. 4.22.
Pamirvenl kpiBuanbl ucxoanoro mpodmas (cy = 0) B BEpIIHHAX
pnagns €1 = 0) u BbieTynos (v = 7 *2y) COOTBETCTBEHHO COCTAB.1H-
10T
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_ 22(('0—1)2

plsn* e o + 23 +T'u; (448)
0
plnunz c%—y—*—ru' (449)

Kpusnana conpsxexHoro npodmas moxer ObiTh onpeesicha
Tpems cnocobamu [117]:

HemocpeCTBEHHO IO IAPAMETPHYECKHM YDPABHEHHSM Ha OCHOBE
(4.41);

Mo KPHBHAHE HCXOJHOro NPodi.IsA ¢ NOMOILIbIO TeopeMbl Jiilepa —
Capapu;

no KPHBHIHE HCXOHOIO MPOHIS M 1aPAMETPOB OTHOCHTEIDHOTO
JBIDKEHHA KOHTAKTHOI TOuKH.

HMapecTHo, 4TO YPABHEHUS CONPSXKEHHOTO NPOdH.IS cI0XKHee, den
vpaBHels HexoaHoil kpupoit [94). TlosroMmy onpeienerie KpuBH3-
Hb! conpsxeHHoro npoduia 6e3 HCMOJIb3OBAHHA €ro NapaMeTpuve-
CKMX VpaBHeHHil 6oee 11€.1ec006pasHo.

Ilo rteopeme 3Jiinepa — Capapu npamble, COeAHHSIONHE UEHT-
pbl LEHTPOM H UEHTPBI KPHBM3HbI COMNPSIKEHHBIX 1pochineit.
nepeceKkarTes B OJHOH TOUKe SIHHHeR, TpoBejeHHo depe3 Tou-
KV KacaHHs UEHTPOMjL NEPIeHHKY . ISPHO K MPOgu.1bHON HOpMA1n
[117].

[IveTh u3aBecTHBI KIHEMATHHeCKOe OTHOLUIEHHe I = 2,izy; pajilyc
KPHBU3HLI HCXoAHOro npoduas p; B Touxe K (pue. 4.23) ¢ yr1oBbIM
MapaMeTpoM T, YIoJ1 HAKJOHA & HOPMATH, NPOXOIAIIELl Yepes 110.110¢
sauertenns P (Touxy xacamusi HeHTPoH: Kodec). OTHOCHTETBHO HC-
X0HOTO TOJNOMEHHS IOMIOC (IOBEPHYT Ha yrod 2;¢. Torda, 3nas mo-
TOXKeHHe LEeHTpa KPHBH3HBL McXoaHoro npoduuis B, rpaduyeckn
MOXHO OTpeae.INTb KOOPAWHATY HEHTPA KPHBU3HBI COMPSKEHHOTO
npoduis B, Todka A ~ ofmas Touka Jiitepa — Casap.

M3 1pAMOYFO.IbHBIX TPEVIOIbHHKOB 0,E By i 0,F,8, no.1yqaem

PB, -0,E, PB, 0,E,

Py = e, (4.50)
r.e
0,E, = ezsinlat + 2,0); 0,E, = ezpsinla + 2:9).
E,B, = PK — p, + ez,cos(a + 2,0):
E.By = PK — py + ezwos{a + 2,0);
PB, = PK — py; PB, = PK - p,.
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P1<0
//
7~
//
F
K p>0
_0lzy
A [+
02 8,
; B,
£ P
* Ez

n

Puc. 4.23. K pacuery KpHBH3HBI CONPSKEHHOro Npoduan:
I ~ ycxopublii npoguasb; K — Touka xacanus; P — nomoc; F — Touka neperx6a

[Tocne mpeobpasopauust (4.50) mosydumm BbIpakeHHe pajmyca
KPHUBU3HDI COMPSDKEHHOrO Mpodust:

P, =PK + (4.51)

rae
i 1

ez, zycos{a + z,0)  PK -p, ’

U:

Jl1st BBIYMCJEHUS P; B TOYKE € YIJIOBBIM MapaMeTpoM T Tpebyercs
OIpe/Ie/IUTh PaccTosiHUE A0 nojioca PK ¥ 3aBUCHMOCTD MEXAY YIJIO-
BbiMu mapameTpamu @ U T (cm. § 4.1.1).

B uaeannnom sauemnenuu (¢, = 0) Boipaxenne (4.51) aaa Bbl-
cTyma 3y6a poTopa yIpOLIAeTcsl 0 U3BECTHOTO BUAA

P~ ru.

1 peeqHOTro 3auensieHUsl Paauyc KPHBU3HDI BLICTYNA COMpPSIKEHHOTO MPOdu.Is
(¢p = 0), crposmerocs no ypasrennsm (4.30), oTauuaercs ot ry u ¢ yuetoM (4.41)
onpegeseTcst Kak

2
¥

P 2gpicr= ~ o (4.52)
13
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Fz Baicm
ir 6,=175
— 15
— - - 1,175
21 Ce
1+
0 1 i 1 | 1 ] | ) |

12 3 4 5 6 7 8 3 2z

Puc. 4.24. 3aBHCHMOCTD paHyCa KPHBH3HBI BRICTYNIA CONPSXEHHOro npoduas or
4HCJa 3aX0J0B NPH PadIHYHBIX Koaduunentax BHenenrpougHoctu (¢, = 2,175)

IIpu oTcyTcTBUN cMelleHust ucxoauoro nipodmaa (Ax; = 0)

22(00 —1)2
o+ 1/ cg)+2zy -2

+7,. (4.53)

P 28micr= €

Haub6onbliiee OTARYHE Popyer OT 7y HAGMIOAAETCS MPHU MOBbILIEHHBIX Ko3ddUUMeH-
Tax BHelleHTpouAHoctH (prc. 4.24).

HeBbINOHEHHE YCAOBHUS P > Plpmer SBJAAETCS OLHUM H3 MPHU3HAKOB HecoBep-
IIEHCTBA PeCYHOLMKIOKIANBHOTO 3aLETNICHHS, NIPUBOISIIETO K [OBBILIEHHBIM MeXa-
HHYECKHUM MOTEPsIM M yXyAIIeHHIO myckoBbix cBoiicts B3/, B cBsian ¢ 3tuM BbiBOADI,
BbITeKaloUMe U3 puc. 4.24, UMEIOT BasKHOEe NPAKTHYECKOe 3HAYEHHUE NP MPOEKTHPO-

Bannn PO B3 /1.

Pacyer kontaxkTHbIXx Hanpsbxenuil (1o Tepuy) ocHoBaH Ha TOHS-
THM HPHBENEHHOTO PaAHyCca KPHBH3HBI COTNDPSDKEHHBIX IOBEPXHO-
creit (cM. § 4.2), KOTOpBIt B CBOIO OYEpeAb 3ABUCUT OT IIPHBEJEHHO-
ro paadyca KpUBH3HBI [pocduieil B TOYKe KacaHHs:

. _ ptp2
T pi-py’ (4.54)

TJe paxMychl KpUBU3HBL Ipodueil 6epyTcsi CO CBOMM 3HAKOM.

HauGobunii uHTEpEC MpeAcTaBJseT KCCAeJOBAHKE IPUBEIEHHOTO
paguyca KPHBH3HBI HA KOHTaxTe BbICTyma 3y6a poropa (puc. 4.25,
toukn K;, K, K3) — Haubo/ee HATPYXXEHHOM Y4YacTKe 3alellIeHH
(B OT/IMYME OT KOHTAKTa BUAJMH POTOPA C BbIIYKJIO-BOTHYTBIM KOH-
TakToM 3y6beB (cM. puc. 4.25, Touka K,)).

ITockonpKy pazuyc KpHBM3HBI BbIcTyna 3y6a poropa B HAeaIb-
HOM IHKJIOMJA/bHOM 3alelieHuH roctosHeH (p, = r,), BbIpaxkeHHe
(4.54) c yuerom (4.43) MOxHO npefCcTaBUTb B 6€3pa3MepHOM BUIE
8 —2977 113
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Puc. 4.25. Tunn Koutakra npoduaeit PO: .
Ky, Ky, K3 — Boinykzo-BbInyk.bli; K4 — BbINYKJI0-BOTHYTbIH

1

T

{
”/Zr 2.74/1/ T

Puc. 4.26. Tpadux nameHenus npHBeAEHHOTO pa-
AHyca KPMBH3HBH NpoQHuiei

(i =9:10; ¢y =1,175; ¢, = 2,175)

CK

— . c,
5= (14 2], (4.55)

Qopmyant (4.54), (4.55) cnpaBeANMBbI Ha BCEM YIJIOBOM IMepUO-
ge (1 = 0+2n,/2,), paauyc KDHBH3HBI CKeJleTa 6epeTcsl CO CBOMM 3Ha-
KOM.

Ilpuseennblif paguyc KpHUBHM3HBI npodusieil MuxuManeH B ¢ase
3allellIeH s ¢ YIJIOBbIM napaMeTpom 1, (puc. 4.26).

B o6uiem cayuae npu pacuete xpuuaHbl BIM Heo6xonuMo y4MTBIBATh M KO3g-

¢HUMEHT CMellleHHs Ca, KOTOPbIH OKa3biBAET 3aMeTHOE BJMSIHHE HAa KPUBH3HY Npodm-
neit. Y npodueit ¢ NoJOXHTEbHBIM CMelleHHeM OTHOCHTE/IbHbIH PAagnyC KPUBH3HbBI

cTaTopa fy M NPUBEEHHDIA PAJUyC P NOBBILAIOTCA, YTO AOJOKHO YHHUTHIBATBCH IPH
ontumuzaiuu dopmst PO (em. § 7.2).

4.2. TEOMETPUSA NPOCTPAHCTBEHHOIO 3ALIENAIEHUA

[IpocTpaHCTBEHHOE UMKJIOMJANBHOE 3allEI/IEHUE HCIIOIb3YeTCsl
T0/1bKO B PO OJHOBHHTOBBIX THAPOMALINH.

4.2.1. NOBEPXHOCTU PABO4YMX OPTAHOB

Mosepxuoctu PO (cratopa u poropa) o6pasyioTcsi BHHTOBBIM
JBIDKEHMEM COOTBETCTBYIOIIMX Npoduieil. TpaekTopuu BceX Todek
npocuiel SBASIOTCS OGbIKHOBEHHBIMUH BHHTOBBIMHU JHMHHSIMH, JIEXKa-
MU Ha COOCHBIX UMJIMHApax paguyca [118]:

a=+x*+y*.

Ecmu n3BecTHbl mapaMeTpuieckue ypashenus npocduis x(1); y(1) u
1Iar BUHTOBOW MHUYM T, YpaBHEHUS IIOBEPXHOCTH ABJSIOTCA (PYHK-
LHSIMH ABYX YIJIOBBIX napameTpos (1, ¢)

X = xcoso * ysing;

Y = F asing + ycosy; (4.56)
=27

Z= 2n r,

rAe ¢ — yroa moBopora cevenus (¢ = 0+2m).

BepxHite 3HaKH OTHOCSATCS K BUHTOBBIM NOBEPXHOCTSM JIEBOTO Ha-
[IPaBJIEHHUs], HIXKHHME ~ MPABOTO HAIPABIEHHSI.

[ockoabky T/t = 2,/ 2z,, TO

L (4.57)
P2 2

g* 115
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Puc. 4.27. KoopaunaTHbie JHHHH NPOCTPAHCTBEHHBIX F€POTOPHBIX MEXAaHH3MOB:
a — npsMo3y6oro; 6 ~ BUHTOBOTO

T.e. ToJiHOMY noBopoTy (Ha yros 2m) BHHTOBOH MOBEPXHOCTH CTATO-
pa (uTo npoucxoaut Ha AjuHe z = T) COOTBETCTBYET MOBOPOT MO-
BEPXHOCTH POTOpa Ha 60JbIIHH YroJ —2—21!.

WccieoBanue reoMeTpHH MOBEPXHOCTEH BEETCS ¢ MOMOLIBIO KO-
opaMHaTHBIX JHHMI [68].

[lpu PUKCHPOBAHHOM 3HAYEHMH OJHOIO M3 IAPAMETPOB T UIM @ M
M3MEHEeHHH LPYroro, TOYKA OMMILIET KPUBYIO, JIEXKAIUIYI0 Ha MOBEPX-
rocty PO. Ecu npuCBOMTD T MM (¢ pa3jiH4Hble MOCTOSIHHBIE 3HAYe-
HHSl, TO HA TTOBEPXHOCTH 06pa3yloTCs JBA CEMEeHCTBA KPHUBBIX = KO-
OpJAMHATHBIX JuHuii. [[Ba 4MCAa T = T; U @ = @ ABJISAIOTCS KPHBOJIH-
HeHHBIMH KOODAMHATAMM TOYKM Ha moBepxHoctd (puc. 4.27). 1-1u-
HUM JIEXAT B IJIOCKOCTH Xy M NMOBTOPSIIOT TOPLOBbIH mpoduib, a ¢-
JIMHHH TIPE/ICTABJISAIOT cO60H OGbIKHOBEHHble BUHTOBbIE JHHMH C IIa-
rom T°, npoxozslme Mo UMAMHApPaM paauyca a. Ilpoekumeit BUHTO-
BOW JIMHUM HA IJIOCKOCTb Xy SBJAETCS. OKPYIKHOCTb, a HA IMIOCKOCTD
X2 WM Y2 ~ CHHYCOMJA.

Kpususua t-mnuit (¢ = idem) uaentnuHa kpususHe npodpu.s p.
Paguyc KpuBM3HBI p, M yroa moabeMa O (cM. puc. 4.27) @-nuHuit
(t = idem) MOCTOSHHBI M He 3aBUCAT OT KOODAMHATBI '

*2

pB=a+ (458)

4n%a’

*

6 = arctg— (4.59)

2na”

Yroa nmogpema BHHTOBOH JHHHHM, 3aBHCAIWMIH OT YHcJa 3aXOAOB H

koabuimenta GopMbl OBEPXHOCTH, ABJSETCS TAKXKE YIJIOM Hepe-
ceveHus: KoopAMHATHBIX suHuit BIM (cM. puc. 4.27).

116

I'1aBHBIE HOpMAJIM KOOPAUHATHBIX JHHUH PacoJIOXKeHbl B TOPIO-
Boii mutockoctu. HopManu 1-1uHuUi cOBNagaioT ¢ HOPMaJsMH npodu-
as (cM. § 4.1.2). HopManu @-7uHuA mpoxoasT 4yepe3 ock PO, cos-
HafaoMyIo ¢ HAYa/I0M KOOpPAUHAT.

HopMaiu K moBepXHOCTH OTKJIOHEHDBI OT ILJIOCKOCTH Xy Ha HEKO-
Topblil yron f, saBucsumii 0T 6e3pa3MepHBIX NapaMeTpoB 3allenJie-
uus (i, ¢g, C,, Ca, Cr) U yroBoOro napamerpa t (puc. 4.28). B Bep-
IMHaX BbICTynoB u BnaauH (1 = 0; 1 = n/z,) HOpPMaJb K MOBEPXHO-
CTU JEXUT B TOPUOBOH IJIOCKOCTH U COBNAZAET ¢ IJIABHBIMH HOpMa-
JSIMM KOOPAMHATHBIX JHHHIA, B 3TUX TOYKAX IPOCTPAHCTBEHHBIH I10-
JIOC COBMeNiaercsl ¢ IMOMIOCOM ceueHHsi. HanGosbliee OTK/IOHEHME
HopMaJell TpOUCXoauT B TOYKe NpodHIs T,, HOpMalb B KOTOPOil Ka-
caetcsi tieHTpouabl. I'paduk dyuxunu B = f(1) cuMMeTpudHBIH: Ha
pasHbIX MOJOBMHAX YIJIOBOIO MEPHOAA HOPMAJM K IOBEPXHOCTH CMe-
IIEHBI OT TOPLOBOM IJIOCKOCTH B PasHble CTOPOHBI.

IIpoexiisi HopMaauW K NMOBEPXHOCTH HA IJIOCKOCTb Xy €CTb HOP-
Manb K cooTBeTcTBYymolleil Touke npocduisi. Ilostomy yroa B pasen
yrJ1y MeXJy HOPMajblo K IOBEPXHOCTH M IJIABHOI HOPMalbio T-JIM-
Huyu. Feomerpuueckoe ob6bsicHeHHE 3TOrO COCTOMT B TOM, YTO HOD-
MaJsib NepecekaeT MTHOBEHHYIO OCh BpalleHusi, KoTopasi, 6yay4n nep-
HNeHANKYJ/SIPDHOH K TOPHOBOM IJIOCKOCTH, MPOXOAHT depe3 Hee B IO-
JIIOCE PacCMaTPUBAEMOTO CEYEHHS.

BasxHbIM IOKa3aTe/ieM SBJISAETCS PaAHyC KPHBH3HLI OBEPXHOCTH
B HOPMAaJIbHOM CEUEHMH, TepIEeHIUKYASPHOM K KacaTeJbHOH @-JH-
HUM B TOYKe [IOBEPXHOCTH ¢ KOOPAMHATAMH T, O,

B BuntoBoM (K0CO3y60M) MeXaHH3Me @-JHHHHM He MapasijieJbHbI
OCH 2, I03TOMY HOPMAaJIbHOE CeueHKe HE COBMAAAET C TOPLOBBIM.

B rparyc

ZOF

0 } f t } 4
10 20 30 40 50 60]trpasyc

=20

Puc. 4.28. [paduk M3MeHeHHS yr1a HaKIOHa HOpMai K mosepxsocTH (i = 5:6,
co =1,173; ¢, = 2,175; ¢ = 6)
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UYepes HOpMaJb B TOYKE MOBEPXHOCTH MOXHO IpoBecTH Gecduc-
JIeHHOe MHOXECTBO Ce€YeHMH B PA3JIHYHBIX HAMpPaBJEHHUSIX, [IPH 3TOM
KPHBHM3HA MOBEPXHOCTH B [JaHHOM HalpaBjeHUH 6yJeT paBHAa KpH-
BU3HE KpHUBOH, Ipoxojsiell yepe3 TOYKY MOBEPXHOCTH B TOM e
HanpapjieHuH. B Kaxgoit TOUKe MOBEPXHOCTH UMEETCS ABA 2AAGHLIX
HANPAGAeHUA, TIEPNEHAUKYISApHble APYr K APYTy, B KOTOPBIX HOp-
MaJibHAA KDHBM3HA ITOBEPXHOCTH JOCTHIaeT 3KCTPEMAJbHOIO 3Hade-
HHS.

IlepBoe riaBHOe HamnpaB/eHve (¢ MaKCHMaJbHBIM PAUYCOM KpH-
BU3HBI R) COBIIafaeT ¢ HANpaBJeHUEM Q-THHUH, T.e€.

R1 = Peo- (460)

Tak xak HOopManbHOe ceyeHHe MMEPNEHAUKYJSAPHO K KacaTelbHOIl
K Q-JIHHMM, TO OHO TaKXKe SBJSAETCS U BTOPBIM TJIABHBIM CeYEHMEM
(¢ MMHMMAJBHBIM pajuycoM KpHBu3HBI R,). [lostoMy paamyc Kpu-
BU3HbI B HOPMAJbHOM CEYeHHH P, = R, H onpexeasercs no ¢popmy.ie
Oiinepa, cBsi3pIBalOllelt pafMychl KPUBH3HBI B TJIABHBIX M IPOU3-
BOJIbHOM ceuenusix [68, 118]:

cos’k  sin’k

1
P R! R2 '

(4.61)

[Z€ Py, Pr — HODMAJbHbBIE PAJHYyChl KPMBU3HBI B HANPABJEHUH KOOp-
MMHATHBIX JuHUE (B MPOM3BOIBHOM CEYEHUM); K — yTOJ MEXIy Iep-
BbIM TJIaBHBIM HalpaB/IeHHEM W HANPaBJEHHEM T-JIUHHI, K = 0.

lo Teopeme Metive {68] p,, P, MOXHO BBIPa3UTb 4epe3 paguychi
KPHBHU3HDBI COOTBETCTBEHHO BUHTOBOW JMHHH P, U TOPLOBOTO MpodH-
as p:

__ P .
pq) - COSBB ’ (462)
po=—2o (4.63)
cosf’ )

rae B, — yroJ MexJIy HOPMAJblo K IIOBEDXHOCTH M TJIAaBHOH HOpMa-
JIBIO Q-JTHHHUH.

Honcrasnsas (4.62), (4.63) B (4.61), B pesysbTaTe mosywaen Bbl-
pakeHue HOPMAIbHOTO PaJHyca KPHBH3HDl BUHTOBOH NOBEPXHOCTH

b, = pp,sin?e
" pycosP - pcosBBcosze ’

(4.64)

M3 (4.64) cremyer, 4to KpHMBHM3HA IOBEPXHOCTH B TOYKE C 3a-
A2HHBIM YIJIOBBIM NMapaMeTpoM T 3aBHCHT OT KPHBM3HbBI €ro KOOPIH-
HaTHblX JHEE (p, p,), yI/a mogbeMa BHHTOBOi JIMHHH 6 N yr.ioB
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Puc. 4.29. Cpasnenne paauy- ple
COB KPHMBH3HBI TOBEPXHOCTH 7
(1) PO u npodura (2) B Top- 4r
LHOBOM CEYEHHH INpPM Pa3IHu- /
HBIX 3HaveHusx ¢7 (i = 9:10) iF —
2} !
1k
| | 1 | 4 |

0 12345678390 M12¢

MEXy HOPMAJBIO K IIOBEPXHOCTH M [ABHBIMH HOPMAIAMH KOODIH-
HaTHeIX Junui (B, B.).

Y npsimosayboro mexaHuaMma, o6pasoBaHHOTO 6e3 IOBOPOTA MpO-
duneit (B=0;0=mn/2),

Pp = p. (4.65)

3asucumocth (4.64) MO3BOJISIET AHANM3UPOBATH M3MEHEHHE KpH-
BU3HbI IOBEPXHOCTH OT YIJIOBOTO T H FEOMETPHYECKHX NApaMeTpoB.

Mo sHaky ruaBHBIX paguycoB KpusuaHbl (R,, R,) nposomutcs
knaccudukanus tovexk nopepxuoctu PO [68]. Tak, ans nosepxHo-
ctu cratopa BI'M ¢ runolumk/ouga/bHbIM 3alelJIeHHEM B Tpefenax

“yrsosoro mwara (2n,/2;) paguychl R, u R, UMEIOT OJMH 3HAK Ha HH-

tepBanax 0+1,, 2n/zy - T, +21 /2y, TOUKK MOBEPXHOCTH, JIeKallue

B 3THX HHTepBaJax, SBJAIOTCS 3daaunmuueckumu. B wHTepBaie
T, +2n/2 -1, R, MeHseT 3Hak, rIaBHble PagMyChl Pas3HbBIX 3Ha-

KOB M TOYKH TIOBEPXHOCTH — zunepboauueckue. Touku meperu-
6a (‘c‘,‘; 2n/ z, - ‘c,r), B KOTOPBIX R, = w0, oTHOCSTCS K napaboauye-

CKUM TOYKAM.

CpaBHutesibHas OUEHKAa KPUBH3HbBI BHHTOBOH mopepxHoctH PO m
KPHBU3HDI NPodU/Is B TOPLOBOM CEUEHHHM IIPH COOTBETCTBYIOLIEM
3HAYEHMH YTJOBOTO IIApaMeTpa T MOKET ObITb IPOM3BE/IeHA 110 KpH-
BbIM pHc. 4.29. M3 HuUX cieayer, 4TO HCIO/Ib30BaHHE B pacueTax
(HampuMep, KOHTAKTHBIX HANPSDKEHMH) 3HAYEHUE paaMycOB KpUBH3-
Hbl npoduseil npaBoMepHO MWL HpH Goabmnx KoadduiueHTax
¢opMbl BHHTOBOI TTOBEPXHOCTH ¢7 2 6.

IIpn OopHEHTHPOBOYHBIX pacieTaX HOPMAJbHDI PagMyC KPUBH3HLI BHHTOBOH IMO-
BepxHocti PO B3/l ¢ xocraTouHol TOMHOCTBIO MOMXKHO ONpeje uTbh 1Mo MPUBAMKel-
Hoii dopmyae

Pr = psindp, (4.66)
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rae 8¢, — yroJ noabeMa BUHTOBOH JIMHHMM MO CpejlHEMY AMAMETpY,

cp
Toraa nocne npeobpasoBaHuit

°r
= arctg-—.
) an

‘r
b= ptee. (4.67)
" ,/n2 +ck
[puBeaenubiit paaryc KPUBH3HbI NoBepxHoctet PO
plnp2n
P, ~ Py,

TR Pi,, P2, — HOPMajbHble PafNMyChl KPUBU3HDBI MOBEpPXHOCTel cTatopa U poTopa B
TOYKE KacaHus.

C yuerom (4.54), (4.67) npy pacyeTaXx KOHTAKTHbIX HANpPSXEHHH MOXKHO HC-
10/1b30BaTh BBIPAXKEHHE

Py = (4.68)

in

* °r

n?+ck

Prp =P (4.69)

4.2.2. KOHTAKTHbIE JINHUX PABOYUX OPTAHOB

KonrakTHble nuHUM 06pa3ylOTCS MHOXECTBOM TOYeK KacaHWS
BHUHTOBbBIX NOBEPXHOCTEH pOTOpa U cTaTopa NMpH MX (UKCHPOBAHHOM
noxoxenun. [Ipoexuus KOHTAKTHOM NUHHK HA TOPUOBYIO IJIOCKOCTD
XY HA3bIBAETCS AUHUCU 3AUENTEHUS.

Konrakrnbie suuun nosepxHocreit PO BMHTOBOM ruApOMallVMHbI
OTIpeNeIStIoT!

NPOTSKEHHOCTh U KOH(UIypauuio 3aMKHYThIX Kamep (1IL11030B);

cxeMy JAeHCTBUSI rMpaBJIM4eCKUX CHT,

KOHTAKTHbIE HArpy3Kd B fape;

norepn (MexaHudeckue, 06beMHble, rMapasIndeckue) B PO;

IIyCKOBBIE CBOMCTBA MPOMAIIKMHBL.

B ¢opmupoBannn KOHTaKTHBIX JHHME Y4YacTBYIOT BBICTYIBI M
BIAJUHBI' BCEX z; 3y6beB poTopa.

Ilapamerpryeckne ypaBHeHHS KOHTaKTHbIX JuHuil. [lycTh B uc-
xoznHoM cevenuu (z = 0, ¢, = 0) (puc. 4.30, a) PO nesoro Hampas-
JIEHHS TOYKa KacaHHUs BbICTyma 3y6a poTopa cO BHaguHOH cTatopa K
pacnosioxena Ha oci ¥ (1 = 0), a TOUKa KacaHus BNAIMHBI POTOpA
K, cooTBercTBYeT yrioBoMy mapamerpy T = —T,. Torza B HeKOTOpOM
TEKYLIEM CEYEHUH 2 NPH NMOBOPOTE CEUEHHS CTATOPA M KOOPAHHATHBIX
oceif xy Ha yron ¢, (puc. 4.30, 6) OTHOCHTENbHBIH YroJ MOBOPOTA
ceyeHus: potopa ¢ yyeroM (4.57)

* Hoa BnaauHoil poTopa NOHUMAETCs yHacTOK NPOdUJIR, PACTIONOKCHHBIH MEXIY
ABYMSI COCEAHMUMM BBICTYNAMH.
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Puc. 4.30. Iloaoxenne npoduaeit B ceuenmnax BIM:
a - ucxoptoe (@1 = 0); 6 — npu nosopore cevennii (¢ = 60°)

Q== @1 = @1/ 2=y /2. (4.70)

B aToM ceueHMH TOYKM KacaHMs paccMaTPHBAeMBIX BBICTYNa U
BIIAJUHBl POTOpa NEepeHyT COOTBETCTBEHHO B mosoxerua K' u K| c
oInpeieAeHHbIMH YTJIOBBIMH KOODAMHATAMH.

B teopun BI'M npunarto B npenesnax xaxzgoro 3y6a poTopa pas-
OeJATb KOHTAKTHYIO JHHHIO HAa [B€ COCTABAAIOLINE: NEPEylo 8emay,
ofpa3yeMyl0 TOYKaMHM KacaHMsI MOBEPXHOCTeil BbicTyma 3y6a poTo-
pa, H 6mMopyio 6emev — 10 MHOXKECTBY TOYeK KACaHUSA BHAAUHBI po-
Topa.

Teopernieckoe ofbsicHEHUE NOSBJIEHUS ABYX BeTBEH KOHTAKTHOMH
sunnu [94] cocrouT B ABOMHOM mepeceyeHUM HOPMaaHM B TOYKE Kaca-
Hus mpoduteil HeHTpons Kosec (3a HCKIIOYEHHMEM OCOGBIX TOYEK Ty
(cm. § 5.1), B KOTOpBIX HOpMA/b PAacMoJIOKeHa MO KACATeNIbHOH K
LUEHTPOHAAM).

Koopaunarte! BeTBell KOHTaKTHOHM JHHWM MOXHO ONPEAENHTb, MC-
10/Ib3ys Npeo6pa3oBaHus KOOPAMHAT NPH MOBOPOTe OCEH Ha YroJ ¢
H ypaBHEHHMs] CBSI3H YIJIOBBIX nmapaMeTpoB T u ¢ {(cM. § 4.11):

x = x'cosgy — y'sing,;

y = x'sing, + y'cos@,; 4.71)
=L

z= 27! (plv

rae x', ¥’ — KOOPAMHATBI TOYKHU KACAHUSI OTHOCHUTEIbHO TEKYIIETO TIO-
JIOXKeHHs ocell cTaTopa, 3aBHCSAILHE OT YIJIOBOTO NMapaMeTpa TOUKH.
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Jlns nepexona oT obumx ypaBHenuit (4.71) x ypaBHeHusM BeT-
Beil KOHTAKTHBIX JMHME yuTeM, 4to cornacHo (4.26) B uaeanbHOM
BI'M (c, = 0) nipu moBopoTe cedeHHUs CTaTopa Ha yroJ ¢, B 3allerie-
HHH ¢ BBICTYIIOM pacCMaTpHBaeMoro 3y6a poTOpa HaXOAMTCS TO4Ka
npodusst cTaTopa ¢ YIJIOBBIM MapaMeTpoM T = @2, a B 3alere-
HUM CO BIAJMHON POTOpa — TOYKA, YIJOBOI MapaMeTp KOTOPOH Ompe-
JleJIseTCSl U3 BBIPAXKEHUA

29+ 2 z

cocos~—"22 t—cos—22~‘t
@ = 2arctg—— L5 s (4.72)
Cosin ~5— T -sin 51

IlepBas xoutakTHas JunMA. [loAcTaBisda B ypaBHEHHE UCXO[HO-
ro npoduns (4.18) 3xaueHue T = @,/ z;, NOJIy4aeM KOOPAMHATDHI JIH-
HUH 3alleIJIeHUs

Co Ty
Xy=7|2,+—F7——|COS +ée- y
’ [ : J“’:] ACRRIN 7

(4.73)

Y= [22 + ﬁ] Sing,,

rae W, =1+ ¢ — 2c,cos0,.

BTopas KOHTaKTHas JMMHA. BBHIy HEBO3MOXHOCTH DEIIUTD
ypasHenue (4.72) OTHOCHTENbHO T /ISl BHEUEHTPOMIHOTO 3alerie-
HHsI, KOOPAMHATBI JHMHMM 3aLellIeHust B oblieM clydae MOTYT ObITb
TOJTyYeHbI TOJIbKO YHUCIEHHBIM PAcieTOM Ha KOMIIbIOTEPe.

B 1eHTpOMIHOM MEXaHU3Me T = —@; ¥ KOOPJAWHATDHI JHHUM 3allel-
JIEHHS] MOYKHO BbIDA3HTh aHAJTHTHYECKH

C, Ty
X = e[i - ]coszz(p2 +ezy + ;
;;WH YW

(4.74)

Y= e(i - T‘C—‘;TJ Sin22(p2,

rae Wy = 2(1-cosz,0,).

O6e BeTBH MpeAcTaBJsIOT coboil BUHTOOOpa3Hbie MPOCTPAHCTBEH-
Hble KpHBble pasjuuHoro mara u kpuBusHbt (puc. 4.31). Ilepsas
BETBb IIPOXOAMT MO BCEH [IMHE BUHTOBOro 3y6a poTopa C IIAroM t
H JHaMETPOM OCHOBHOH OKpYXXHOCTH, 6JM3KMM K cpe/HeMy OHaMeT-
py PO. Bropas BerBb — KpuBas ¢ marom t,/z, + 2Al 1okaiuzoBaHa B
palioHe ocH 3aLlelIeHus.
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Puc. 4.31. PaaBepTKka KOHTaKTHBHIX JHHMIT

BIM
! — nepBasi KOHTaKTHasl JMHus;, 2 — BTOpas
KOHTaKTHasi JuHMs;, | — yNJIOTHHTe/bHas

4YacTb KOHTAKTHBIX JHHUH; ] — yTeuka

K~
Puc. 4.32. Ipoekuuu KOHTAKTHBIX JMHHI i
Ha TOPUOBYI0 MAOCcKOCTb (i = 3:4; ¢, = 2):

a-¢=156-¢=1,0
)
a b Y,
1
[4
7
2 be
h ab x h g
f > =z
f 2
a,d
d

Ha puc. 4.32, 4.33 npexncraBiieHb! TIPOEKIIMM KOHTAKTHBIX JHHHUIL
Ha KOOPAHWHATHBIE [LIOCKOCTH.

Ha BepTukanbHO# MIOCKOCTH Xz MOKA3aHBI MPOEKIHH ABYX Iep-
BbIX U [ABYX BTOPBIX KOHTAKTHBIX JMHHUH, 06pasylollux 3aMKHYTYIO
pabouyo kamepy (mumo3) ruapopsurartens. 1llmos o6pasyetcs
CMEXHBIMH NEPBbIMH JMHUAMH KOHTaKTa H Kpaitnumu (Ha aiuHe wa-
ra CTaTopa) BTOPbIMH JMHUSAMH.

IMockobKy MMEHHO BTOpasi BETBb KOHTAKTHOH JMHHM obecred-
BaeT 3aMKHYTOCTh pabOYHMX KaMep, €e HAa3bIBAIOT JAuHuel 3aMbiKa-
nus [22, 94]. CausiHue mepBoit M BTOpOH KOHTAKTHbIX JAHHMiT (cM.
puc. 4.33, @) npoucxogut B Toukax c, d, ¢', d’ ¢ yrioBbIM mnapa-
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Puc. 4.33. IIpoekuun KOHTAKTHRIX sznnﬁ Ha BEPTHKAJIBHYIO ILIOCKocTh (1 = 3:4;
C.=2;cr =3)
a-co=1,56-cy=1,0

METPOM T, Pa3feNsiomuX npodHIb Ha BBICTYN M BHaAuHy. B neH-
TpougHoM saueriennu (cM. puc. 4.33, 6) Touku a u d' coBmagaior,
T.€. pasfieleHHe BBICTYIA H BIIAJUHbI [IPOUCXOAUT B "MepTBOH" TOUKe
(x = 0). Orciona CIEAYET, YTO OCeBasi IPOTSXEHHOCTb L 3aMKHyTOM
KaMepbl, 3aKJIOYEHHO! MeXIy BHHTOBBIMH HOBEPXHOCTSIMH, B O6IIEM

cllyyae BHeLleHTpouaHoro 3auernnenust (cM. puc. 4.33, a) npesbiuaer
mar craropa [94]:

L=T+2Al (4.75)

rae Al — [ONMONHUTENBHAS JMMHA, [0 KOHLAM KaMepbl O6YCJIOBJIeH-
Hasl YIJIOM 3amasiblBaHusi AQq = 2,1, UMKJIA BNAJUHBI POTOPA OTHO-
CHUTEJbHO "MepPTBBIX" TodYeK. 3amasjblBaHHE UMK/JA O3HAYAET, YTO B
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MOMEHT BXOK/JEHHS BbICTyna 3y6a poTtopa Bo BaauHy craropa (Toy-
Ka d) KaMepa ellle He CTAHOBUTCS TePMETHYHOM.

T
Al =540, (4.76)

C y4eroM Bbipaxenus 1, (cM. § 5.1)
L= T(1+2—23rccosl]. 4.77)
nZy Co

Us (4.77) crexyer, 4TO NpOTSKEHHOCTb HLIIO3a (MUHHMAJIBHO
Heo6xoxuMast puHa PO) 3aBHCHUT OT K0aUUMEHTa BHEUEHTPOHI-
Hoctu (4eM BbluIe ¢, TeM GoJbiie Al).

Knaccuyeckoe ycioue L 2 T cripaBeJi/IMBO TOJIBKO JUJISL THAPOMA-
HIMH C LeHTPOUIHbIM 3auelltenneM PO.

B xadecTme npumepa HMXKe [peACTaBJeEHbI 3HAYEHHS OBIUEro OT-
HOCHTEJIbHOTO YJJIMHEHUsI BHeleHTpouAHbIx PO BeiencTBHe 3amas-
ABIBAHUS LMKJIA BIOaJHHBI pOTOpa:

_L-T

IA -2 1
AL T = arccos —, (4.78)

S
paccuuTaHHble [ cranfaptbix BIM (¢, = 1,175) pasaudHoro Ku-
HEMATHYECKOIO OTHOUIEHHS:

2 3 4 5 6 7 8 9 10
11,7 132 141 147 1151 154 156 158 16,0

JAnuna xontakTHmX duuuii, CeTb KoHTakTHbIX JuHHMi PO dop-
MUpyeTcsl KOHTAKTHBIMH JIHHMSIMM OTAE/NbHBIX 3y6beB pOTOpa, CMe-
L{EHHBIX I10 OCH 2 Ha paccTosiHue t,/2z,.

[Tosnxass pauHa xKoHTakTHBIX JuHHMII PO MuHUManbHO Heo6XOmH-
MOW JUTHHBI L

-LK = 21(11 + l" + All), (479)

rae I, Iy — anuHa nepBoif M BTOPOM KOHTAKTHBIX JIMHHII COOTBETCT-
BEHHO C maramu t u t/z; + 2Al; Al; — nonosHUTebPHAS AJMHA Tiep-
BOI KOHTAKTHOW JIMHMM BCJIEACTBHE MpeBbIleHMs JIHHBI PO (L >
>T).

Tounas n/uHa BeTBeil KOHTAKTHBIX JHHUH M 3HayeHHe Al; onpeje-
JIAIOTCA 110 HX KOOPJMHATaM YHCJIEHHBIM MHTErPHPOBAHUEM.

B npaktuyeckux pacyerax mpu ¢; < 1,25 ¢ mocrarouyHoii crerme-
HbIO TOUHOCTH MOXKHO!

npexebpeys cocrasiaswouei Alj;

NPUHATH, YTO MepBasg BeTBb KOHTAKTHOH JIMHHM — MpaBUJ/IbHAs
BUHTOBAsl JHHUA C IUAroM £, JHAMETP OCHOBHOH OKPYXHOCTH KOTO-
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poit pasen cpeanemy auamerpy PO: a = (D, — 3e)/2, a Bropas
BETBb — IpsiMasi AJIuHOHA /2,

[Ipu Takux HOMyIIEHUSIX TOJIHAS J/THHA KOHTAKTHBIX JIMHHIT MHO-
romarospix PO onpesensieTcs: BoIpaskeHHeM

L, = k(z,Jt2 +dn’a’ +T) (4.80)

Tlpu BpalleHun poropa B npolecce paboyero unk/aa B3]l xoHTakTHble IMHMK CO-
BEPLIAIOT [BHKEHHE B HanpaBjeHUH ob/1acTv HU3Koro AaBaeHus. IIpouecc asmxenns
nepBoil KOHTAKTHOM JYHHUH MOXET ObiTb WHTEPNPeTHPOBaH (hH3HYecKol Moe/bio
[22] - Geryuieii BoHOM, A/MMHA KOTOpPOW paBHA HIary CTaTopa, a aMIVIMTyaa — Ze.
CxopocTb pacnpocTpaHeHUsl BOJHbI W = 29711 XapaKTepuayeT CKOPOCTb nepeMelleHus
KOHTAKTHOW JMHMM BAOJIb CTaTopa. BBejienHe B TEOPHIO OJHOBHHTOBBIX TMAPOMAUIMH
¢dusnuecKoii Moiein oblieryaeT NMpoBejieHHe TEOPETHYECKOro aHamuaa paboyero mpo-
Hecca, B YACTHOCTH, MPH HCCNEJOBAHUM PAcTipelle/lcHHA JaBAEHHA B WIJII03aX, Hepas-
HOMEPHOCTH KPYTAIIEro MOMEHTA IMapojBHrarens v ap. (eM. r1. 5).

[Lromaap mMpoeKHMH KOHTaKTHBIX JuHHi. Ilockoabky 3aMKHY-
TOCcTh pabovuX KaMmep cO37aeT BTOpas BeTIBb 3allellJIeHus, To ILIO-
WAaAb MPOEKIH KOHTAKTHBIX JHHHI Sy, onpejesaIomas oceByIo I'uj-
pasiuyeckylo cuiay B3/l, paBHa momjafu, 3ak/JO4EHHOH BHYTpH
3aMKHYTOl KpuBoit Adfch (cm. puc. 4.32).

Tounoe Boipaxkenue S, @/ WAEATHHOIO TUMONUKJIOUAAIBHOTO
BI'M npuseneno B [55].

B uenTpouaHOM 3alenyeHun

S, = 6'2[112(222 +1+ cf) + 4ce(22 - 1)] (4.81)
B PO c onnosaxoaubiM potopoMm (23 = 1; ¢o = 1) [22]
S, = 71:92(03 +2). (4.82)

B npaxTuueckux pacyetax MHOrO3aXOAHBIX THIPOMAIINH MOMHO
[IPUHSATD, YTO HPOEKHHUSt KOHTAKTHBIX JMHHI €CTh OKPYXKHOCTb CpPei-
Hero guamerpa PO:

_ Dy - 3e)?

; (4.83)

Sk

4.3. NNOWAAb U MEPUMETP XKUBOIrO CE4MEHUA
i PABO4YUX OPTAHOB

[Tnomandy 1 mepuMeTp KUBOTO CeYeHHs] — OJHU H3 OCHOBHBIX I'€O-
MeTpuieckux mnapamerpoB BI'M, onpeaensiomue pabounit o6bem
THAPOMALIMHB! U THAPABJIMYECKHI pajiyc CeYeHHsI.
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Ilromaznp XHBOro cedenMss (3aHSITOrO KHIKOCTBIO) OIpejessieT-
cs PasHOCTbIO IUIONIafel Sy u S;, OrPAaHUYEHHBIX UCXOMHBIM H CO-
NPSDKEHHBIM PO UIAMHU:

S=Sl _S'Zv (484)

[Mnomanu S, u S, (puc. 4.34) B obuiem ciayyae peeyHOLHKJIOH-
nanpHoro 3sauemsennst (cM. § 4.1) paccYMTBIBAIOTCS METOLOM HHC-
JIEHHOTO MHTETPUPOBAHMA C MCIIOJIb30BAHMEM KOMIIBIOTEDA:

MEFARRES A (4.85)
rae S;, S; — IUIOIMA/I¥ CEKTOPOB, OrpPaHMYEHHBIX OMHOH BeTBbIO
npouis:

2R/ 2, 2r/ 2,
Si= [ds; s3 = [ds,. (4.86)
0 0

dnemenTapHble mwiomanu dSy, dS, (cMm. puc. 4.34) onpenensior-
Csi MO TeKyWMM KoopAuHaTaMm npoduist (o yriosomy napameTpy
).

Hlnst obecneyerius BbICOKOR TOYHOCTH MHTEIPHPOBAHUS YHCJIO Pac-
4eTHbIX TOYEK MpUHUMaercs He MeHee 100.

IIpu 3alaHHOM 3KCUEHTPUCHTETE € TNCIIAAbL KUBOTO CEeYeHHSI OIl-
peaessercs 6e3pa3mMepHbIMH MapaMerpamu BIM

S = f(e, z;, ¢, Cq, Ca, C5). (4.87)

Hatar B nmape u cMeiuenHe peifku OKa3bIBAaiOT BJMSHHME HA [LIO-
U[aJb JKHBOrO CEYEHHs W MPH yTOYHEHHDBIX pacyeTax MpeHeOperaTh
UMHU HEJb3SI.

[Ipn noctosinnoM KoHTypHOM auameTpe PO ¢ yBesmyenueM umcia
3aXO[I0B pOTOpa IJIOWIAJb J>XHBOTO CeYeHHSI yMeHbliaeTcss (pHc.
4.35).

Ilepumerp xuBoro cevemus (“cMouenHslit” nmepumerp) ompese-
gre-rcit CyMMO¥ 1epuMeTpoB L, L, MCXOZHOTO H CONPSIKEHHOTO IpPO-

HIeli:

L,-=L1 + L2.

[Tepumerpn! (AauHBE KOHTYpoB npocduieii) B ofmeM cirydae Tak-
e ONpee/IIOTCS YUCJIEHHDIM METOIOM.

st BI'M ¢ uaeaabHbIM B3aUMOOTHOaeMbBIM THIIOLHK AOHAIbHBIM
auerienHeM (c, = 0) NOTydYeHbI TOYHble AHAJIHTHYECKHe BBIPAXe-
HHS IL1omaneii u nepumerpos [78, 94):
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Puc. 4.34. K onpeaeaenmio nio-
M XKHBOTO CEYEHHS

S = e’ [z2(6 et -1 +2(c; +_2)arcsin% - n) +8¢, - 211:};
L, = dez,(co + 1)E(R) + 2mr,; (4.88)

L,= 462’2(C0 + 1)E(R) + 2ﬂru - 8e,

24cg
rae E(k) — samuntudeckuit MHTETpaa BTOPOTO pofia [k = 1] .
VIHTEpecHo OTMETHTh, YTO PAa3HOCTh ATHH MEPHMETPOB CONMpPSIXKEH-
HBIX Tpodpu/edl HE3aBUCHMO OT KHHEMAaTHYecKOoro oTHouieHus: u ¢op-
MblI 3y6beB cocTaBJser 8e.
Ins crangaptHoit [131] reometpum mpoduielt MHOT03aXOTHBIX
mexanusmos (cy = 1,175; ¢, = 2,175)

S = e:(7,443z, + 11,117);

(4.89)
L, = 4e(4,3982, + 4,833).
B BI'M c uenrpomansiM 3auensenneM (¢, = 1) BblpakeHus
(4.88) ynpomatores:
S = 2em(z, — 1) + 8er, = 2e’[n(z, — 1) + 4c,};
(4.90)

L. =8e(2z, — 1) + 4nr, = 4e(4z, ~ 2 + nc,).

B Mexaum3aMe ¢ ofHO3axoAHbIM poTopoM (¢, = 1; z;, = 1; dep =
=2 )
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Puc. 4.35. 3aBucumocts mao0- S
WAAH XHBOrO CEYEHHS OT KHHe- F
MaTHYeCKOTO OTHomienua PO K

(cs = 0; c. = 2,175) 03

1§ 10 5 Wz,

S = ded., = 8e’c,;
(4.91)
L, = 8e + 2nd., = 4e(2 + nc,).

Jlnsa mpaKTHueCKMX pacyeToB ILIOMAAH XKUBOTO CEYEHHS] MHOro3a-
xozuplx BIM moxHO ncnosnb3oBaTh mpubmpkenHyio ¢opMy.y, MHo-
JY4YeHHYI0 M3 yCJAOBHA, 4To Sy H Sy 9KBMBAJEHTHBI ILUIOWAASIM KpPY-
rOB, AMaMeTPbl KOTOPBIX paBHbl CpeJHUM AuUaMeTpaM Impodueit
(mromazs xopua):

S = ne(Dy — 3e). (4.92)

Pacuernl no (4.92) o6ecnieuuBaoT BBICOKYIO TOYHOCTH, HOTpeEIl-
HOCTb He IpeBbIaeT 5 %.
I'napaBinyeckuii paauyc ceueHus

R.=S/L, (4.93)

HCTIONb3YEeTCA TIPH ONpeleseHUN TUapaBindeckux notepb B PO (cmM.
§ 5.7) u npu nepecyere xapakTepucTuk rugpoasurares (cm. § 6.4).

[Ipn pacyerax BIM B psige caydaeB tpeGyeTcsi MMeTb 3aBUCHMOCTb TeKylueii
TIOUIa i CEeYEHHs 1i103a Sy, OT yr/a noBopora NMoBepXHoCcTH cTatopa ¢q (Mau yria
noBopoTa poTopa ¢). B uacTHOCTH, Takas 3aBMUCHMOCTb I03BOJISET ONPEAETHTb M3Me-
HeHWe TIOWAAM cevyeHHs 10332 3a UMK/ B3aWMOAeHCTBHS BbICTYNa 3y6a poTopa
(cMm. § 5.1).

IIpunuMasn Bo BHHMMaHHMe MOHOTOHHbIN XapaKTep M3MeHeHHMA S,;, € AOCTaTOYHOM
CTeNeHbIO TOYHOCTH MOXHO NPUHHATb rapMoHudeckuil 3akon [22]

Sy = 5"2‘“ (1- coszy@), (4.94)

21
rie Spax — MaKCHMa/bHas Mowalb ceveHus wunosa (¢ = n,/23) Sy, = )2—25.
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4.4. PABOYMIA OBBbEM MNMAPOMALLUHDI

Pa6ounii o6beM — [JaBHbI mapaMeTp, onpelensioluid xapaxre-
puctuku B3/I, B 4aCTHOCTH KPYTSAIIUI MOMEHT U YacTOTy BPAIEHUS.

Mexcay nosepxsoctsiMu PO o6pasyerca 2z, — BUHTOOGPa3HbIX Ka-
HajtoB (KaMep), LMK/Jbl KOTOPBIX CABMHYTbI No ¢pase Ha yroa
2n/22,.

Pa6ouuit o6beM onpeaeseTcs npou3BeieHHeM o6beMa Beex pabo-
yux Kamep Vo M KPaTHOCTH A€HCTBHA | THAPOMAIIKXHDL

V=jVe (4.95)

O6bem paboyux KaMep XapakTepHsyeT o6beM XKHUAKOCTH, [IPOXO-
JSUit Yepe3 THAPOABUraTenb 3a ofuH ik (eM. § 5.1)

KpartHocTp geificTBus (4MCJI0 UHMKJIOB, COBEPIIAEMbIX 32 OAUH 06o-
pot Baja) BI'M cooTBeTcTBYyeT YHCIy 3aXO0l0B BUHTA

]' = 23.

[lo TepMHUHOJIOTHM, TIPUHATONR B Teopuu ob6beMHbIx Mamuu, B3]
IIPEACTABJISET CO6Oi HeperyIHpyeMyX MHOTOKaMEpPHYIO MAPOMAIU-
Hy MHOTOKpPaTHOTO JeHCTBUSI.

Pa6ouuit o6nem B3/

V= 225T = ZtSt (497)

3aBUCHUT OT 3KCLEHTPHCHUTETA H 6e3pa3Mepr1x napaMeTpoB ILJIOCKOIO
M NNPOCTPAHCTBEHHOI'O 3allell/IEHUs:

V= f(er 22, Co, Ce, Cay Cp, CT)' (498)

[Ipu 3aganHOM KOHTypHOM Auamerpe PO Dy BiusaHue 6e3pasMep-
HbIX HapaMeTpoB MposBJsieTcs depe3 PyHKUMO Ge3pasMepHoro pabo-
yero o6beMa:

|4 =T)V7=f(z2r Co» Cer Car Cv Cr)- (4.99)

V nponopunosajeH KoapguuueHTy (popMbl BUHTOBOI MOBEPXHO-

cTi. 3aBucumocTd V oT Apyrux KoaddHIMeHTOB 6oJiee CIOXHBIE
(puc. 4.36). W3 mpexacTaBjeHHBIX KPHBBIX CJIeqyeT, 4YTO HamboJb-
wee BJMsHUE Ha pabouuil o6beM OKasbIBaeT KUHEMAaTHYECKOE OTHO-
wenne BI'M. VYsennuenne k03¢ppHUMEHTOB BHEUEHTPOMAHOCTH Cp
M CMELIEHUS C, NPUBOAUT K He3HAYMTeJbHOMY CHIDKenmio V. Bius-
uHe ko3 dunuenTa GopMsl 3y6a ¢, HeOAHO3HAYHO, IIPH ONpeAe/eH-
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a
v/c, D3 v, J
/er Di Co=M75 /C’f"
101 75 068
2,0
06
ast Y
42
1 L 1 J 0
g 0 5 10 15 Z,
V/cr Dx
10

Puc. 4.36. 3asucumocts paGoue-

ro o6vsema BIM' or Gespasmep-

HBIX K09 PHUMEHTOB 3aleTLICHH

a—-z{ca=0;c,=2175); 6 — ¢y

(i=23:6;¢c,=2,175); 8 = ¢, (cs =
=0; ¢o = 1,175)

\\\ 2=8
B 5
, 3
!

0 2 4 5 8 Co

HBIX reoMeTpuiecknXx mapamerpax BI'M moxer cymecrBosats dopma
3y6a, obecrieunBaomas MAKCMMaJbHbIA B JaHHBIX YCJIOBUSIX pabo-
yuit o6beM.

B 1a6a. 4.1 mpuBe/eHbl 3HAYEHHS] OCHOBHBIX T€OMETPUYECKUX Na-
pameTpoB (KOHTYpHbIit AuameTp D,, SKCUEHTPHCHTET €, KHHeMaTHYe-
CKOE OTHOLIeHHe i, war ctatopa T, miomanp S u nepuMerp L, xuso-
FO CEYEHUs, MJOMWA/Lb NPOEKUNM KOHTAKTHBIX JUHHIA S, pa6ouuii
o6beM V) PO orevecTBeHHbIX cepUItHBIX BHraTeeit [10, 85, 94].

Tabauya 4.1
Teomerpuueckne napamerpm pabounx opranos B3J]

Mapamerp Hsuratens

J1-54 J11-88 1127 A2-195 1-240
Dy, mm 36 63 92 135 175
€, MM 2,14 3.5 3.5 4,9 7,0
i 3:6 5:6 9:10 9:10 7:8
T, MM 222 390 650 850 880
S, cM ; 2,0 5,8 9,0 18,6 34,4
Sk, CM 6,9 21,6 52,2 113,7 186,3
Ly, cm 21,6 37,4 60,1 87,2 107,3
V,on 0,22 1,14 5,26 14,3 21,2
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FNABA 5

PABOYUN NPOLECC B34

Pa6o4uM TpoleccoM CH/APAaBIMYECKOH MAIIMHbI NPUHSATO CYUTATD
COBOKYMHOCTb (PU3MYECKUX SBJIEHUH, BO3HMKAIOWMX TpH pa6oueM
nukne. Pa6ounmit mponecc B3]l ofycrosiupaercsi B3auMoAeHCTBHEM
PO B uX OTHOCHTE/JbHOM JBHXEHUH.

5.1. KKHEMATUKA PABO4UX OPFAHOB

Kuniematuky B3/l caenyer paccMaTpuBaTh € ABYX TOYEK 3PEHHUS!

kak kuHeMaTuky BI'M B 1ejoM, 4YTO MO3BOJSiET ONpENETUTH
KPATHOCTb AEHCTBMSA MeXaHU3Ma U COOTHOLIEHHE MEeX/y €ro OTHOCH-
Te/IbHBIMH, MEPEHOCHBIMH M A6GCOJTIOTHBIMU CKOPOCTSMM M yCKOpe-
HUSAMH;

KaK KHHEMATHKY KOHTAKTHBIX TOYEK, YTO [JAeT BO3MOXHOCTb HC-
CJIelOBATh CKOPOCTH KadyeHHS! ¥ CKOJIbKeHUs Mpoduell, onpeaesio-
nue mponecc u3HamuBanust PO.

Kunematuxa BI'M. B kaxmom nonepeynom cederun BI'M moxer
6bITh MpPeACTABIEH B BHJE ABYX HayajbHbIX OKpyxkHocteil (ueHTpo-
M), OJHA M3 KOTOPBIX OOKATHIBAETCS BHYTPH JpYroil 6e3 cKoJbixe-
HUS ¢ [OCTOSIHHOM yI/I0Boit ckopoctbio. Vicc/ienyeM ¢ aTMX TO3ULMI
KHHEMATHKY T€pPOTOPHbIX MEXaHM3MOB Pa3/MYHOTO KOHCTPYKTUBHOTO
ucnonenus’ (cm. Tabn. 1.1):

¢ HEMOABWXXHbIM HapyXHbiM anemerroM (HD) u mnmanerapso
ABIKYIMMCS BHYTpeHHUM a/eMeHToM (BD) — rtpaauumonnas cxe-
Ma;

¢ Bpamaomumcst B3I u nnanerapro aswxyummesa HI;

¢ Bpamatomumcst H3 u nianetapro aswxyummcd B3.

Mexanusm ¢ nenodeuxnoim H3. Potop n ero uentpouma b co-
BepILAIOT IlJIaHeTapHOe [ABIDKEHHE, OGKaTbIBasCh COOTBETCTBEHHO IO
3y6bsIM CTaTOpa M HeMoABUXKHOIt UenTpouae a (cM. puc. 4.10).

O603HauUM OCH TOABHKHON CHCTEMBbl KOOPJMHAT, CBA3aHHON
C poTOpoM, Xy%;. Ilycts B HavanbHOM mosoxennn (puc. 5.1, a) Tou-

*3anensete npodueit paccMaTpuBaetcsa 6e3 ydera gedopmauuu PO.
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Puc. 5.1. KunemMaTHKa repoTOpHOTO MEXaHH3MA ¢ HemOABMHXKHBIM HD:
@ — HavyaJbHOoE MoNOXKeHHe; 6 — NpPH NOBOPOTE Ha yroJ ¢

Ka KacaHus neHTpous (1oJioc 3auensienuss P) pacmosoxeH Ha OCH x.
IIpn moBopoTe poTopa u oceit Xy, Ha yroa ¢ 1o 4acoBolt CTpeiKe B
a6CcoIIOTHOM ABIKEHHH (OTHOCHTENbHO HEMOABMXKHOI CHCTEMBI KO-
OP/MHAT) MOJIOC U3MEHSET CBOE IOJOXEHHE, & OCh POTOPA IIOBOPA-
YHBAETCsl IPOTHB 4acoBol cTpeskn (IIepeHOCHOEe MBUKEHUE) HA yroJ
o, (puc. 5.1, 6).

HoaBukHas cHcTeMa KOODAMHAT X,y; COBEPIUAET OTHOCHTEIBbHOE
neuxerne (IIOBOPOT Ha YToJl @¢ MO YACOBOI CTpeJKe) 110 OTHOLIEHHIO
K ycjoBHoMy Boauay 0,0,.

CawrHast Touka P (cm. puc. 5.1, @) npu nosopote poTopa mepe-
xoauT B mosioxerust A u B (cM. puc. 5.1, 6). Tak kak o6kaTka LieH-
TPOHUJ| POUCXOAUT 6e3 ckoybxenus, To PA = PB. Ilockoabky PA =
= —¢.ez,, PB = Q.e2,, TO

$o o _ 1
o - - .1
A6coTIOTHOE YTIOBOE MEpEMEllIeHHe poTopa
® =@t Q. (5.2)
Hnss B3] z; = 2z, — 1, noatomy c¢ yuerom (5.1)

=% _ %
(0] S (5.3)

T.e. 32 O/IUH 060POT POTOpA €ro OCh COBEPUIAET Z; 060POTOB B IIPOTH-
BOTIOJIOXKHOM HATIPaBJCHUH.

Huka BIM c sakpennentbiM HO (puc. 3.2), coorsercTByromuii
poleccy BbITECHEHUS 06beMa JKHMAKOCTH, PABHOTO 0o6beMy pabodnx
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Puc. 5.2. Huxa rugpomanmum (i = 3:4) ¢ nenogswkunm HI:
a—(p=0;6—(p=30°;6—(p=60°;z-(p=90°;6—(p=120°

KaMep THAPOMAUIMHBI, MPOMCXOAMT MPH [OBOPOTE pOTOpa Ha Yroj
21/ z,. C1efoBare/bHO, KPaTHOCTD AEHCTBHSA BI'M

=2 (5.4)

Mexanusm ¢ nenodeuxnum B3. HO u ero uenrpouja a cosep-
MafoT TUIAHETapHOe ABUKeHHe, ofKarblBasich Mo 3ybpam BO 1 ero
uenTpouge b. B manHOM ciryyae NOABMXKHBIMH SIBJSIIOTCS OCH KOOpP-
AMHAT %y, cBs3anusle ¢ HO. Ilpn mosopote HI n oceii xyy; Ha
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Puc. 5.3. KuneMaTHKa repoTOpHOro MeXaHH3Ma C HEMOABHXKHLIM BI:
d — Haya/bHOe MOJIOXKeHNe; 6 — NpPU MOBOPOTE Ha YTOJ @

yroa ¢ mo 4acoBoil crpeike ocb HO mnosopaunBaercss B TOM Xe Ha-
npaBaennu (mepeHocHoe ABWXeHue) Ha yroa @, (puc. 5.3). Ilon-
BIDKHAA CHCTEMa KOOPAMHAT Xy; COBEpIIaeT OTHOCHUTE/IbHOE ABIKE-
HHe OpOTHB 4acoBoil cTpesku (,) MO OTHOIIEHHIO K YCJIOBHOMY BO-
auay 040,

Tak xe, Kak U B Npeabiayilem cayyae, PA = PB, npu atom PA =
= —@.ezy, PB = @,€z,.

Puc. 5.4. lmxx ruapomanmusl (i = 3:4) ¢ venoasuwxusim BI:
a-9=0,6-90=306-9p=602-¢=90",9-¢ =120
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CienoBaTtesbHO,

9, 2

p=2r -2 (5.6)
2 22

TlosToMy B cxeme ¢ 3akperieHHbIM BO 3a oxun obopor HOI ero
och coBepuiaer z; 060pOTOB B TOM e HampabjieHuu. Ilpu stom
(puc. 5.4) Kaxaas Kamepa 2, pa3a UUKJIHYECKH M3MeHsleT 0ObeM (f =
= 22).

Takum o6pa3oM, B MeXaHHU3MaX, OJUH 3JEMEHT KOTODBbIX Heloj-
BIDKHO 3aKpeIlieH, a BTOpOli coBepliaeT IJAHETAPHOE ABIXKEHHE, yT-
JIOBble CKOPOCTH OTHOCHTEJNBHOIO M I€PeHOCHOTO JBUXKEeHUH Tpolnop-
LIMOHAIbHBI KUHEMATHYECKOMY oTHouleruio PO.

YriaoBast CKOPOCTb MOJBHXKHOTO 3JjeMeHTa B aOCOMIOTHOM JIBHXKe-
HIM HPOIIOPLHOHAIbHA YAaCTOTE BPALIEHHS 1 BHIXOJHOIO Baja:

_de _ 5.7
w=_-= 2nn. (5.7)
OTHOCHTCJH)HRH yl'JIOBaH CKOPOCTb
d

(00=—(p—°=_(zi1)(o. (5.8)
dt

[lepenocHas yriioBasi CKOPOCTh

®, = di" = Fz0, (5.9)

rZie z — 4KCJI0 3y6beB TIOABHMCHOTO 3/1€MEHTA.

Bepxune snaku B dopmynax (5.8), (5.9) orHocaTcs K MeXaHu3-
My ¢ HenoABmxHbIM HO, HuxHUe — ¢ HenoABUXHBIM B3,

Ecayn paccMaTpuBaTb MOABMXKHOR 3JIEMEHT, COBEpILAIONIMMI I1/1aHe-
TapHOEe JBIKEHME, KaK MaTePHAIbHYIO TOUKY, HAXOASNIYIOCS B IEH-
Tpe MOABUXKHOIT cucTeMbl KoopauHat (cM. puc. 5.1, T. 0, 4 puc. 5.3,
1. 0,]), TO ero a6cosOTHOE YCKOpeHHe PABHO EPEHOCHOMY YCKOpe-
HHUIO.

Tak KaKk LleHTp NOABMKHOIO 3/IEMEHTA BpallaeTcsl 10 KpyTOBOW
opbute paguyca e ¢ yriaoBoit CKOPOCTBIO M, TO MEPEHOCHOE yCKOpe-
Hile, HaNpaB/JIeHHOe K UEHTPY,

a, = ®ie = 22w’e. . (5.10)
Mexanusm ¢ spawarowunca H3. HD u ero uentponsa Bpama-
10TCA B MOJIIMIHUKAX BOKPYT cBoeli HenoaBixHOM ocu 0. IIpn sTom
B3, coemnHeHHBIH IMapHUPOM WM TMOKHM BajJOM C HENOABUKHOM
KOJIOHHOH 6ypPHJIbHBIX Tpy6, coBepliaeT IJaHeTapHOe ABHXKeHHe, 06-
KaToIBasich 1o 3y6bsim HI.
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Puc. 5.5. KunemaTnka reporopHoro Mexanuama ¢ Bpamjaionyumcs HI:
@ — HayagbHoe NoJoKelHe; 6 — NPH NOBOPOTE HA Yroa ¢; | — KoHell TMOKOro Basia

Ilockonbky KoHen rubkoro Baja, COeAMHEHHBIH c¢ Tpy6amu, 3a-
KpeIieH, NpH ABIXEHMH PAaGOuYHX OpraHoB Bce JUHHM (BOJOKHA) B
MONIEPEYHBIX CeYeHUSIX I'MOKOro Basja M UeHTpouabl BO ocraworcs ma-
pannenptbiMu. Hanpumep, BbiaesnenHstit otpesok 0, P (puc. 5.5, a)
HeHTPOMAbI BO BceX paszax mnapaniened ocu x (puc. 5.5, 6, 0,B),
T.e. a6COIIOTHOE YI/I0Boe HepeMenenue ¢, = 0.

Nns cobmonenus sToro ycijoBus npun obKatke ueHTpoua (cM.
puc. 5.5, 6) ocs 0, B3 cosepuwaer nepenochoe apixenue (¢,) Bo-
kpyr ocu &; HI, a oTHocuTetbHBIH yros noBopoTta BD

Po = Py (511)

ITockobKy OOKAaTKa LEHTPOHJ NPOUCXOAMT 6e3 CKOJIbKEHHS
(cM. puc. 5.5, 6), PA = PB. B cBowo ouepennp, PA = ez,(¢, ~ @),
PB = -ez,0,.

Ilpu 2z, = 2z, — 1
@ =2 %o (5.12)
24 2

Crenosarenbio, 8 BIM ¢ Bpamatomumcs HD Tak e, Kak u B
MexaHH3Me ¢ HeloABHXHbIM B3, 3a oxun obopor HO och B3 cosep-
waer z; o60pPOT B TOM e HAMpaBJeHuH, a paGoumil HKI COOTBETCT-
BYET yrJjy IOBOPOTA ¢ = 27,/ 2.

Taxum o6pasoM, He3aBHCHMO OT KOHCTPYKTHBHOH cxembl B3]]
KpaTHocTb JeitcTBust BI'M, onpenensionias umcao HUKJIOB 3a o6opoT
BBIXO/(HOTO BaJa, paBHa 4yHc.Ty 3y6peB B3 (j = z,). CienoBatenbHo,

ANl BCex cJydyaeB paGounit o6beM IMAPOMALIMHBI OIpeeTseTcs] Bbl-
paxkenuem (4.97).
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KusneMaTHka KOHTakTHbIX TodeK. OOuIMi aHaiM3 KUHEMATHKH
KOHTAKTHBIX TOYEK' IPOM3BOAUTCS HA OCHOBE yPAaBHEHMsI CBS3U YIJIO-
BbIX MapaMeTpoB Touek Kacanust npoduieit PO u yrna mosopora ¢
potopa (4.24).

Hannuue asyx xopheit (@), @) ypaBHeHHs CBSI3H O3HA4aeT, 4TO B
Ka>K/blil MOMEHT BpeMeHH 3alerienue rpodreil NpoOUCXoIUT OHO-
BpPEMEHHO Ha BIAAMHAX U BBICTYNAaX poTopa.

Jns uaeanpHoro BI'M MoxxHO onpeiejHTb yIJoBble IapaMeTpbl
IBYX OCOOBbIX TOUEK 3alleTlIeHUsl, B KOTOPbIX:

HOpMaJb KacaeTcs UeHTpoui npoduseii (ynopieTBopsiomue yc-
JIOBHIO @) = (p]]) [94]

1, = larccos—t; (5.13)

4 Co

HOpMAaJIb HPOXOJHT 4Yepe3 IMOJIOC 3allellIeHus B MCXOAHOM IIOJIO-
xenun npoduieit (ygosieTBopsomue ycaosuio ¢y = 0). B obuiem
clydae UMeIOTCsl TPU Takue TOYKU, KOTOpble MOXHO HAaHTH M3 Bblpa-
KeHUuit:

Ty = O;

(5.14)
22; 2 T = cos%2

Bo srenentpounanom (cy = 1) 3allelieHuH T, # T,

YriaoBble KOOpAHHATBI OCOOBIX TOYEK T,, T, ONpPEAeNAOT obmue
3aKOHOMEPHOCTH KHHEMATHKY KOHTAKTHBIX Touek [56].

€,C0S To-

Hukap B3auMoAeHCTBHS BBICTYNIOB M BIAJHH POTOPA CO CTATOPOM C YYeTOM Kpar-
HocTH aeficTBuss BI'M cornacoBanbl Mexxay coboii. Mk B3anMoAeHcTBHS BIaaHHbI
poTOpa €O CTATOpOM HAYMHAETCS W 3aKAHYMBAeTcs He B "MepTBbIX" Toukax (puc. 5.6,

2n
@), a copepilaeTcs Ha MHTepBaje Yrja IOBOPOTAa poTopa ¢ = -1, +— —+T,. Ilpn
32
3TOM Ha y4YaCTKaX ¢ = —T,+1, B 3allellIEHUHM HAXOJSATCA Cpasy /BE COCEJHHE BMNAIH-
Hbl, & TOUKH KOHTAKTa BbICTYNa M 3aBepluaioillell CBOW UMK BNaJHHbI POTOpA ABH-
XKYyTCSl HaBcTpeuy Apyr Apyry. [Ipu nosopote potopa Ha yron ¢ = 1, (puc. 5.6, 6)
3TH KOHTAaKTHble TOYKHM cauBaioTcst (obuias HopManab Kacaetcsi o6eMX UEHTPOWA Tipo-
duaeit) H B 3altenIeHHH OCTAETCA OJHA BIAJAMHA, T.€. BO BHELEHTPOH/HOM 3alleriie-
HHY NPH BpalleHHM pPOTOPA LMKJbI BIAAMH MEPeKphIBAOTCA U CYMMapHOE YHMCJO TO-
4eK KOHTaKTa npodueil NepHo,IMYecKH U3MeHseTcsl OT 2y o 2y + 1 (oaHOBpeMeHHO
B KOHTaKTe C NpoduaeM cTaTopa HAXOAATCS 77 BLICTYNA M KaK MMHMMYM OZHA Bla-
/IHHa poTopa).

YyacTku npoduas cTatopa ¢ YIIOBbIMH MapaMeTpaMy B MHTepBatax 1= 0+1,; 1=
= 21/2; = Tp+2%/ 21 B KOHTAKT cO BNAAHHOW POTOpA He BCTYNAIOT.

[To anajoruy ¢ NOpPUIHEBbIMK THAPOMALLIKHAMM YIOJ T, MOXKHO Ha3BaTb yIJIOM 3a-
11a3]1bIBaHNs LIMK/1a BIAJAWHbI OTHOCHTENbHO "MepTBbIX" TOueK. MckaiouenneMm sBas-
etcst BTM ¢ oanosaxoannim poroposm (23 = 1; ¢g = 1), B xotopoM 1, = 0; 15 = 0 u
UKKJIbI BIIA/IHHDI M BHICTYIIa HAYHHAIOTCA B "MEPTBbIX" TOYKaX.

*PaccmatpuBaetcs BI'M c nenoasmxunim HI.
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Puc. 5.6. Hoaoxenne npoduneii xapimir;a‘g)l-mx dasax sauennenus (i = 2:3; ¢o =
=1, .

I-i=34; II —3y6 BIM, i = 2:3; a - «meptBasi» Touka (¢ = 0); ' — ¢ =1,/3;
6 -0 =1,

Cropocmnas ofcmanoexa B KoHTakTe Hpoduieil ompenesercs
3HaYEeHUSIMH M HallpaBJEHUAMHU OTHOCHTEJ/IbHBIX cxopom‘eﬁ JIBUXKEHUS
(ckopocTeil KayeHNA) TOYKM KACAHUSI II0 COMPSIKEHHBIM HPODUIAM
cratopa (v,) u portopa (v,).

B Touke KacaHus B3auMooruH6aeMblX Npodiieil BEKTOPbl CKOPO-

CTeii OTHOCUTEIbHOTO JBUYKEHUS NeprneHAUKY JIAPHBI K BEKTOpPY HODP-
MaJu.

139




Ecju cKopocTH KaueHus vy M U, HalpaBJjieHbl B MPOTHBOIOJIOX-
Hble CTOpPOHbI (MM ofHA M3 HUX paBHa ), TO Ha KOHTaKTe HMeeT
MeCTO TpEHHe CKOJbXEHHS; eCJIH HaIpaBJeHWe CKopocTell KadeHus
COBIAJAET — TPEHHe KAYEHHS, B CJy4Yae PABEHCTBA CKOPOCTEH Npouc-
XOAUT YUCTOE KAadeHHUE.

Kak 6pL10 nokasano panee, B3aumogneiictBue mpoduneit PO s
M1060M TONEepeYHOM CeYeHHH IPOMCXOJUT HA YYacTKaX KOHTAKTa
BHAAWUH U BBICTYNOB 3y6beB pPOTOpa, NPUYEM OXHOBDPEMEHHO B KOH-
TaKTe C MPOdHIEM CTATOPA HAXOJATCA 2; BBICTYA POTOPA.

Ilockosbky Ha BHaauHe poTOpa NMPOHCXOLMT KaueHMe npoduiei,
a MMeIOLIHiics 3ech BBIMYKJ/O-BOIHYThHI# KOHTAKT o6ecreYuBaeT Mu-
HMMAaJIbHble HaNPSDKEHUS, H3HOCOCTOUKOCTb U IOTEPH HA TPEHUE B
PO B pewaromeif cTeneHy onpenesnsiioTcsl YCJOBUSIMH 3allell/IeHUs
BBICTYIOB POTOPA.

Iuxs1 B3auMogedcTBHS BpicTyna 3y6a portopa co cratopom [53]
coBeplIaeTcst IIPH [OBOPOTe poTopa Ha yroJa 2w/ z; (puc. 5.7). Yro-
6bl ONpeReaUTb CKOPOCTHYIO OOCTaHOBKY B TEYeHHE 3TOTO IIMKJA,
IIPeABapHTENbHO PACCMOTPHM TPAEKTOPMH TOYKH KOHTAKTA IO CONPpS-
SKeHHDBIM IpoduisM [54].

Tpaextopus TOYKM KOHTaKTa II0 NPO(HII0 CTATOpa COBNAJAET C
BeTBbIO McxonHoro npocusis AB (puc. 5.8, @). [lepeMemetue TouKu
S, ompexenserca ee KoopauHatamu xy, ¥, (1 = 0+2n/z,) orHocH-
TeJbHO HEMOABHXHOM CHCTEMBI.

TpaexkTopuss TOYKH KOHTaKTa IO BBICTyIy poTtopa — ayra CD
(cM. puc. 5.8, @), orpaHHYeHHasi TOYKAMH C yTJOBBIMU IapaMeTpa-
MH T = X7,

Hosoxenne konTakTHOI Touky K Ha BeicTymne potopa (puc. 5.8, 6)
OIpeJesieTcs KpPUBOAMHeHHOH KoopauHaToit S, paBHOM paccTOSHUIO
N0 TOYKH Hayasa orcyera (Bepmmusl 3y6a) O3, W3MEPEHHOMY BJO.Ib
tpaextopun (ayra K03). CregoBatenbHo,

_ds, _ }(ﬁf (‘_1!1)2.
9= “\Wa) *la)

Puc. 5.7. Iuxa B3anMozeiicTBus BhicTyna 3y6a poTopa co cTaTopoM
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Prc. 5.8. TpaekTopHs ABMKEHHS KOHTAKTHOM TOUKH MO CONPsSXEHHHM NPoduAsM:
d — UCXOAHOE NMOJOXEHNE, 6 ~ NPy NOBOPOTE POTOPA Ha YTod ¢




02‘_‘%' (5.13)
rae dt =fw$.

B 3alenjeHHy cO CMelleHHeM CKOPOCTH KayeHHUsl MOXHO Ompeje-
JIUTH YUCJEHHBIM pPacyeToM Ha KOMIBIOTEpE.

B 1€/ 1bHOM LMKJ/JIOUIATBHOM 3alemieHun (c, = 0):

BbICTYIl 3y0a poTopa ouepyeH Iyroff OKPYXHOCTH pajHyca 7,
(cM. § 4.1.3), mosTomy

ds, = rde, (5.16)

rae € — yroa Mexzay ocbio 3y6a 0,0; m orpeskom EK, coeguHsiio-
umM Touky K u uentp xpuu3Hbl BbicTyna E (cM. puc. 5.8, 6), € =
=a-¢=0,+n/2;

YIJIOBO¥ IapaMeTp TOYKH KAacAHWS BBICTYyNA U Yrosl MOBOPOTA po-
Topa coBnagaT (1 = @).

C y4eToM yKasaHHBIX 06CTOSITEJbCTB AN HAeasbHoro BI'M cko-
POCTH KadeHHs ONpele/IsiIoTcs clefyionuM obpasoM [S4]:

2,(cycos 20 ~1)c,
o = we{zzJW +—‘—°——‘—(p——-—e+ce];

“/
(5.17)
wez (cgeoszp - 1)c,
2 = w .
B uentpougnom sauerienun (¢ = 1)
. -2

o = a)e(Zzzsmz—’z‘g— 212 e);

(5.18)
4

Uy = —0.)6366.

B Mmexanuame ¢ oqH03ax0aHbIM poTopoM (¢p = 1; 2, = 1)

vy = 20esing;

od
v, = -wec, = ———21’. (5.19)

I'pacdbuku u3MeneHUst cKOpocTel KayeHMs! 3a MK/ B3auMogeicT-
Bust (puc. 5.9) mokasbiBamT, 4To Iapa porop — cratop BI'M otHo-
CHUTCST K CONPSDKEHMAM C NePEMEHHBIMH YCJIOBUSIMU KAaCaHUS M yCJIO-
BHSI TPEHHs] HA KOHTaKTe CYIIECTBEHHDBIM 06pa3oM 3aBUCAT OT KHHe-
MaTHYecKoro oTHoireHust BIM.

B BI'M c oxnosaxoasbiM potopoM (cMm. puc. 5.9, @) cKopocTH
KayeHHsT B TE€YEHHe BCEro UHKJA HallpaB/JeHbl B [POTHBOIOJJOMHbIE
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Puc. 3.9. Ipaduxu cKopocTeit KayeHns Ha KOHTaKTe BHICTyna 3y6a poropa:
a-1=1:2;6-1i=9:10

cropoHb! (npuueM v, = idem), cJiefoBaTe/bHO, B TOYKE KAacaHUs Bee-
TJa UMeeT MEeCTO TPeHUe CKOJIbXKEHUS.

B muorosaxoausix BI'M ckopocTHast 06CTaHOBKA B TOYKe KOHTaK-
Ta umeer 6oJiee cOxHbIH xapakrep (cM. puc. 5.9, 6). B Havane
LMKJa HampaBjieHHe cKopocTelf vy U v, coBnagaer. Ilpu noBoporte
poTopa Ha yroa ¢ = 1, CKOPOCTb v, MeHsieT 3Hak (TOYKa KOHTaKTa
JABUYKETCA K BepiMHe 3y6a poTopa) M BEKTOPBI CKOPOCTEN KadeHHs
CTAHOBSITCSI IPOTHBOIIOJIOXHO HalpaB/ieHHbIMU. TIpH mepexone yepes
cepelMHy UMKJIa ¢ = T/Zz; BCe NPONCXOAUT B OOPATHOM MOPSAKe.
Taxum o6pa3oM, ycI0BUSI TpeHHSI Ha BbICTyIe 3y6a poTOpa HepeMeH-
HbI: €CIM B Hayaje W KOHLe LUKIa HabiaogaeTcs TPeHHe KAYeHUs C
IPOCKaNb3bIBAHHEM, TO B CpefHEM HHTepBase ILHMKJIAa — TpeHHe
CKOJIBbXKEHHS TTpoduIeit.

[Moa6opoM onTMMajbHOro coyeTaHusi He3pasMepHBIX NAPAMETPOB
sanemaenust (cy, C,, €C4) MOKHO BapbHPOBATh CKOPOCTHOM O6CTAHOB-
KOM Ha KOHTaKTe, NOOUBasich GJATOMPHSTHBIX YCJIOBHH TpeHHs co-
HpsDKEHHBbIX Npoduneil ¢ y4eTOM KOHTAKTHBIX HAIPSXKEHUH B Ilape
(eM. §7.2).

PeayabTarsl uccreqoBaHUN KOOPAMHAT OCOGBIX TOYEK IMKJIOH-
JaJbHoro 3anerenus (cM. § 4.1.3 u § 5.1) o6o6mens: B Taba. 5.1.
YucieHHble 3HAYEHUsI YTJIOBBIX IIAPAMETPOB OCOOBIX TOYEK CTAHLAAPT-
Horo (¢, = 1,175) wWJeanpHOr0 TMIOUMKIOMAAIBHOTO 3aleN/IeHHs
IpHBeAeHbl B TabJI. 5.2.




Tabruya 5.1

Oco6blie TOYKH LIHKJOKHJAJABHOTO 3alENJEeHHA

Hassanue

¥Yraosoit
napamerp

OTauuuTeIbHas oco-
6eHHOCTD

Dopmy.1a orpeleaeHns !

Bepuuna BoicTyna
npoduas

Bepumha BnaguHbl
npoduas

Touka nepern6a

Touka MUHHMAIBHO-
ro paauyca KpHUBU3-
HbI

Touka, HopMaJb B
KOTOPO# KacaeTcs
LeHTpou1 npodu-
neit

Touka, nopmass B

KOTOPOi MPOXOAUT

4yepes MoJoc 3auer-
JeHus B UCXOAHOM

MOJI0XeHNH

TBHCT

T

Tn

To

Touka BoaBpara npo-
buas

“MeprBas” To4ka 3a-
uenJjeHus

Lentp BeTBY npodu.is
Touka, MaKcUManbHO
yZafeHHast OT [oJIoca
3alen/eHus
MaxkcumanbHas cko-
POCTb CKOJIbXKEHHS

CMeHa 3HaKa KpUBU3-
HBI HCXOJHOTO NpO-
buas

MaxkcumanbHoe KOH-
TAaKTHOE HANpsXKeHHe

Paanenenue npoduns
poTopa Ha BDBICTYI U
BIA/JMHY
3anaszgbiBaHye UMKIA
BNaJIMHbl pOTOpa OT-
HOCHTeJIbHO “MepT-
Boil” TouKM
Hsmenenue ycnosuit
TPEHHs poTopa: repe-
X0/ OT KauyeHHus K
CKOJIbXKEHHIO
Hawu6oaplee otkio-
HEHHE HOPMAJH K NO-
BEPXHOCTH OT TOPLO-
BOH IJIOCKOCTH

Touka kacanus Bna-
AHHBL pOTOpA B HUC-
XOAHOM MOJOXKEHHH

Vst naeanshoro sauengenun (cy = 0).

4tBl)lC'I' = 0

Tgn = M./ 24

—c2
29 C0

T 270
co(z,-1)

1
7= —ZTarccos

1
T, = - arccos X
Gl
22— ¢ (2, +1) -1
N 2= oz +1) -
colzy = 2)
W T, =1/ 2
1

T, = _-arccos—
2y 0

2y +2
oS =51

2z
= Ccos =2 Ty

2

Tabauya 5.2
YraoBbie napamMeTpnl 0COGBIX TOYEK 3aLenaeHHs
i T, T 1,
3:4 2 11,61 15,39 21,90
5:6 8§ 6,61 12,27 12,25
9:10 7 3,58 9,08 6,61
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5.2. KPYTAWUA MOMEHT

Mexanuam o06pa3oBaHusi KpPYTSAIIEro MOMEHTa PaccMOTPHM Ha
mpUMepe MIeabHBIX ruApoaBuraTeseil (OJHO- U MHOIOLIATOBOrO), B
KOTOPBIX OTCYTCTBYIOT o6beMHble, MeXaHHYECKHe U THAPaBJIUYeCKHE
[OTEpH, T.e. TMOABOAMMAS T'HIPABIMYECKas MOIIHOCTh MOJHOCTBIO
npeo6pasyeTcsa B NOJE3HYI0 MOUIHOCTD Ha Bany B3/l

Oanoinarosblif ABHTATE b

AHau3 paGodero mpolecca HadHeM ¢ pacCMOTPEHHS paclipefelie-
HUS JaBJeHUs XuAKocTy B moJoctax B3/, o6pa3oBaHHBIX MeXIy
BUHTOBBIMH MMOBEPXHOCTSIMU POTOpPa U CTATOPA.

Paccmorpum pabouue oprasbel ¢ JieBOH HAape3Kod U DPaCIOJIOXKUM
OCH KOOpAMHAT Xyz TakuM o6pas3oM, yTobbl OCb 2z COBHAJA C OCHIO
cratopa. IlpennosoxuM, 4To B HaHHbIT MOMEHT BpeMeHH pOTOp 3a-
HUMAET I0JIOKEHHE, PH KOTOPOM €ro OChb COBMAJAeT ¢ NpsAMof x =
=0, y = e (puc. 5.10). B atom ciydae Bnagusa 3y6a poTopa BXOAMT
B 3allellJieHMe ¢ BBICTynmoM 3y6a craTopa B cpegHeM cedeHuu (z =
=T/2) PO.

YcI0BUMCH TOJIOCTH, THIPABJIMYECKH CBsS3aHHble ¢ 06JacTsIMH
BBICOKOTO WJIM HM3KOrO AABJIEHUS, HA3bIBaTb KaMepaMmu, a TONOCTH,
pasofieHHble 0T objacTedl BBICOKOTO MM HU3KOTO AABJCHUS, —
warosamu [87].

Ha puc. 5.11 npeacrasyens! nonepeussle cederust (cpesbr) PO ¢
KMHEMATHYeCKUM oTHoureHueM i = 9:10. /Inga mpoctoTsl u3obpaxe-
HUSL cpe3bl BbINOJHEHb! paBHOMepHO 110 JjauHe PO yepe3 HHTepBaJIbl
Az = T/z,. Jlna Bbi6paHHOTO MOMeHTa BpeMeHu (yrjia moBopoTa po-
TOpa) LLTIO3bI OTCYTCTBYIOT. B JII06OM MoOmepeyHOM cevyeHHH UMeeTcsi
Z, KaMep, pasleseHHbIX MeXay co6oif KOHTAKTHBIMU To4yKaMM. XOTs
OTHOCUTEJIbHASA KOH(UIYpaLUs CPE30B OCTaeTcsl MOCTOSHHOH, KaK-
JBIH cpe3 XapakTepuayeTcsl criequduyecKUM paclipefieIeHHeM JaB.ie-
HHUS B KaMepax.

Taxk, B nepsoM ceuennu (z = 0) XUAKOCTb C BBICOKMM JABJIEHUEM
3aHMMaeT Bce Kamepbl, B cevdenun (2 = T,/2) TOJbKO I10JOBHHA Ka-
Mep 3allojHeHa JKHUAKOCTBIO ¢ BBICOKMM [aBjeHueM W T.4. (cM.
puc. 5.11). [Ina BbI6paHHOTO MOJOXEHHS POTopa pa3obuieHue ilo-
JIOCTEeH BBICOKOTO M HH3KOTO [JABJEHUH MPOUCXOJIUT HA JJIUHE 2 = f.

AHav3upyst pacnpefesieHue [TABJIEHUS >KUJIKOCTH B MOJIOCTAX
PO, MOXHO 3aMeTHTb, 4YTO B KakxAoM cedeHud PO Ha guiuHe mara
poTOpa BO3HHUKAET HeypaBHOBeIlE€HHAsl paJMasbHasl ruApaB/MyecKas
cuiaa. VckJIO4eHHE cOoCTaB/SIIOT KOHIEBble cedyeHust f, 2 u 9, 10
(cm. puc. 5.11), B KOTOPBIX Bce KAMEPbI COEANUHSIOTCS COOTBETCTBEH-
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Prc. 5.10. Cxema peficTeus THAPaBAMYECKHX CHJI B NONEPEMHOM cevennn PO

HO C BXOAOM M BBIXO/JOM H TZ€ YCTaHABJIMBaeTcs OZMHAKOBOE JABJe-
HUe KHIKOCTH.

Ecam paccMoTperh mpousBoJIbHOE cedeHne u Ha paccTOSHUA dz OT
HEro TNPOBECTH BTOPOE CeYeHHE, TO 3/eMEeHTapHAs CMAPAaBIMYecKas
CHJIa BbIDA3HUTCS ypaBHEHHEM

dF = PLydz, (5.20)

rae P — nepemnaj naBnenusi B pabouuxX opraHax; L, - pmuna mio-
IAIKK, Ha KOTOPYIO JeHCTByeT TUApaB/IMYECKAS CHJA.

B orindne oT MeXaHH3MOB ¢ OJHO3aXOJHBIM poropom (i = 1:2),
Bo MHorosaxoanbix BI'M no pnune PO uaMenserca He ToabKo OpH-
enrauus (yros HaKJIOHA) ITOIAAKH, HO M ee [THHA L.
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z= 4T 92=320° TeJT; 92=360°  Z=T; gy =400°
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Puc. 5.11. Pacnpenesenne 1aBICHUS KHIAKOCTH B kamepax PO:
I — ofnactb Bbicokoro aaBaeHus; I1 — o6aacTb HU3KOTO AaBAEHHS




Ha asuxe mara poropa (B HHTepBajie yria noBOpOTa BHHTOBOIA
IIOBEPXHOCTH poTopa ¢y = 0+27) ANMHA NJIOWAJKM C JOCTATOYHOI
TOYHOCTBIO ONHKCHIBAETCSI TapMOHMYecKol 3aBucuMocThbio [87]:

L, = Dsin%Z. (5.21)

rae D — pacuetHblif [uamerp.
PacuetnbiM auametpom siBasietcst (cM. puc. 5.10) auamerp crato-
pa mo BeicTynaM 3y6beB (OH Xe CpemHHI QHAMETDP POTOpA)

D = Dy — de. (5.22)

B obmem cryyae D sBisercs dyHkuneii 6e3pasmepHbIX NapaMert-
pos 3auerutenus (i, g, C, Cy).

Honymerue (5.21) o3HayaeT, 9TO NMPOEKUHs KOHTAKTHBIX JHMHHIL
Ha MJOCKOCTb XY — OKpyXHocTb; AAOB — paBHOGeApEHHbIH H, Clie-
HoBaTENbHO, B 11060M cevyennn PO BekTOp 3/1€eMEHTapHOW rupaB/K-
YeCKOH CHJIbI TIPOXOJIMT 4Yepe3 LEeHTD CeYeHHS CTATOPA M HAKJOHEH K
ocu Ox nopx yrJjom

_T_9
3_3_72, (5.23)

Moncrasnsis B ypasuenue (5.20) Bbipaskenue (5.21) u yyutbiBas,
4To

t
z =.2?d(p2: (524)
noJiyyaem
_PDt . @
dF = = —sin~dg,. (5.25)

Paznoxum cuny dF Ha nBe coctapastomme: dF,, dF (cm. puc.
5.10).

Cuna dF, cosnaeT KpyTAMHUHA MOMEHT POTOpa OTHOCHTEJIbHO IIO-
Jioca 3alenieHusi, a cuila dF, COBMECTHO C UHEPLMOHHOH cuJoi
dF,, (cM. § 5.5) o6pasyer nonepe‘myxo cuy.

IIpoexumy ajleMeHTAPHBIX CHJI Ha KOODJAMHATHbIE OCH

dF, = dFcosp = ---sm2 %2 2dg,; (5.26)

dF, = dFsin = 22 sing,dg, (5.27)

CocTapigmomas CHIbl dF H3MEHSIET CBO€ HalpaBJeHHEe MO JJIH-
He PO: Ha noJioBHHE BbICOKOI‘O aasnenusi (z < T/2) oHa TIPMKU-
MaeT pPOTOp K IOJIOCY 3allellieHus, Ha HOJOBHHE HHU3KOrO [aBJEHHS
148

(2 > T/2) - orxumaer poTop. B cBsisu ¢ 3THM NPOEKIHH pagHalb-
HBIX THAPABIMYECKHX CHJI, AEHCTBYIOIIMX Ha POTOp, ONpeAeasioTcs
CJIeAYIONM 06pa3oM:

F,

t 2%
_PDt [ 292 4. .
ode,_ £ Ojsm 2 doy; (5.28)

t,2 n
F,= [dF,=£2" [sing.de,. (5.29)
0 0

JeMeHTApPHBI KPYTAIMH MOMEHT ABHraTess
dM = dFh, (5.30)

rfie h — maeyo cuisl (paccTosiHMe [0 MoJTioca 3auellienus), h = D, /2;
D, — auaMeTp HavaJbHOW OKPYXKHOCTH CTAaTOpPa,;

D, = 2ez,. (5.31)
Iocre moacranosku B (5.30) Beipaxennii (5.26), (5.31) moay-
yUM

dM = PDtez,

2n
IlonHbii KPYTAIIHE MOMEHT

sin2%d(p2. (5.32)

t
= fam=F2. (5.33)
0

Mocue UHTErpUPOBAHUA MOJYUYUM CJEAYIOUIHE pacydeTHble (i)OpMy‘
JIbl JJIA CHJI U KDYTAIIETO MOMEHTA!

F,=PDt/2, (5.28a)
F, = PDt/2m; (5.29a)
M = PDtez, /2. (5.33a)

JMOpBl MOMEHTA U CHJI, JeHCTBYIOINX B pabOYMX OpraHax [BU-
rate/s, IpeJCTABJIEHbl Ha pHC. 5.12.

Heo6xoaumo o6paTHTh BHHMAaHHWE HA OJHO Ba)KHOE CJIEICTBHE,
BbITEKAOLIee M3 MPHUBEJAEHHOTO AHAJIN3a AEUCTBUS PAAMAIBHBIX CHJI
[87]. OxkasbiBaercsi, Kak OBIIO OTMEYEHO paHee, COCTaBJISIOUHE CUI
dF, cospaioT Ha poTope nepexawuaaromuu momenm (MOMEHT naphbl
cym F,) B miockocTH, IpOXOJsulell Hepe3 oCH poTopa M CTatopa
(cm. puc. 5.12).

= . (5.34)
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Puc. 5.12. dmoput kpyramero momenta M u paguansubix cun Fo, Fy, Fyy, neit-
crByonmux B PO ruapoasurareas

Hegexamnaaromnﬁ MOMEHT NMPHBOAMUT K HADYIIEHHIO IPOCTPAHCT-
BeHHoIT opueHtanuu (mepekocy) poTopa, MCKaXKEHHIO pacyeTHOH reo-
METPUU M NOABJIEHUIO B pabodeli Iape JOIOJHUTEIbHBIX 3a30POB U
HATATOB, a TaKXe SIBJSIETCS MCTOYHMUKOM BHOPALIMH.

Takum obpasom, B ognomarosoM BI'M BekTop asieMeHTapHBIX pa-
AMANPHBIX THAPABJHYECKUX CHJI HU3MEHSETCS] KaK [0 Hanpap/eHHIO,
TaK ¥ 10 3HAYEHHIO B 3ABUCHMOCTH OT KOOPAMHATBI cedyeHust. O6pa-
3YIOIUICS NPY 3TOM Ha JUIMHE IIara poTOpa CIIMpasbHbIA "Beep”
3JIEMEHTAPHBIX THAPABIMYECKHX CHJ MOXHO IIPUBECTH K 2Ad6HOMY
sexmopy F. = F, n zrasnomy momenmy M, cuctempl. OmucanHas
COBOKYITHOCTb CHJIBI F, U mapbl cusa M, M3BECTHA B TEOPETHUECKOI
MeXaHHKe KaK AUHAMHYECKHH BMHT M K OJHOIl paBHOAeHCTByMOILElt
He TIPUBOIUTCS.

B BI'M c uenTpouanbM 3auen.tenueM 3asucumoctd (5.33a) mpu-
obpetaer BHI
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M = P2,e2T(z, — 1 + ¢,). (5.35)

Kpome Toro, corjacHo ofmedl Teopuu rHMAPOMAILMH [60, 111]
KpYTAILMHA MOMEHT 06beMHOrO THAPOBUTATENS

M = PV /2x. (5.36)
Jlnsa susToBoro ruapoasuratess (cM. § 4.4)
V = 2,8T. (5.37)

B neHTpoMaHOM MeXaHM3Me C y4YeTOM (4.90) TouHOe BbIpaxeHue
KpPYTAILEro MOMEHTa NPUOGPETaeT BUA

M =P2232T(22_1+£:_:_). (5-38)
B uactoM cayyae BTM ¢ onHo3axomHbsIM pOTOPOM i=1:2)

2
M=l (5.382)

Boipaskennst (5.35), (5.36) MoxHo npencrasuts kax [87]
M = MyPe?T, (5.39)

rae M, — yae/bHbIi MOMEHT, IIpeCcTaBIsOLuMi coboi KpyTsalmil Mo-
ment BI'M c eaunuunbiMu pasmepamu (e, T) ¥ eIHHUYHDBIM I€pena-
JIOM JaBJEHHUS.

W3 aHanmu3a AeHcTBUSA pagMaJbHBIX CUJI BIM (mpubmkernoe
BbIpaXKeHHe)

M() = 22(22 -1+ Ce). (540)

U3 obueii Teopun o6beMHbIX ruapoMalit (ToYHOe BbIpaskeHyeE)
4
M0=Z2(22—1+;Ce). (541)

CpaBHuBas BbIpaxkeHUs yleibHpIXx MomenToB BI'M, mosyyerntbie
Pa3HBIMU €IOCO6aMM, MOXKHO CeJaTh BBIBOJ, UTO OHM IPaKTHYECKH
ugeHTHyHbl. Tak, OTHOCHUTETbHOE pacxoX/JeHue MNpH pacyeTe yAelb-
HbIX MoMeHTOB Ang caydas BIM c i = 9:10; ¢, = 2 cocTaBisieT Bee-
ro 5 %. DTo NOATBEPKAAET MPABOMEPHOCTb MPOBEJEHHOrO aHaIH3a
PaJMAIbHBIX CHJI W TPUHATHIX TPU BBIMHCICHUH [UIMHBI IUIOMAAKH
L, JomyuieHuit.

KpyTaiunii MOMEHT MOXHO NPEJCTABUTb B BUJE
D, -4

Dy

rae C; = t/dep; fjK =D, /e

M=MPZc,

2

D3, (5.42)
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Boipaxenne (5.42) HarasaHo wimoctpupyer NPEUMYIIECTBO BUH-
TOBBIX JIBUrate/eii: B OT/IMYME OT AMHAMMYECKMX FMApoMauuu (Typ-
606ypoB), y KOTOPBIX KpPYTAIIUIt MOMEHT NpPONOPLIOHANEH MSTON
crenenu auamerpa PO [41, 96], B BIM npu npounx pasmbix ycio-
BUsIX M rponopunoHanen Tperbeii cTeneHW AHaMeTpa’. HTo MO3BOJIA-
er B3/l pasBuBaTh BbICOKHE KPYTSIHE MOMEHTbI MPIl OTHOCUTETHHO
MaJIBIX /MaMeTpaJjibHbIX rabapurax.

MiuoromaroBbiii ABHTaTE b

B muoromarosom mexamname (B npaktuxe Gypenus TIPUMEHSTIOTCA
umeHHo Takie PO, ¢ wncioM maros & > 2) pasjgenenue moJocteii
BDICOKOTO U HH3KOTO JaBJEHHH, a SHAYMT, U Nepenaj AaBJeHUs Ocy-
LIECTBJ/IAICTCST YK€ HE Ha OJHOH KOHTAKTHOW JIMHUM, a HAa 6OJbIIeM
ux uucjie [87]:

A= —1)z, + 1. (5.43)

B Teopun onHOBMHTOBBIX ruapomamun [22] obIIeNpU3HAHA THTIO-
Te3a PABHOMEDHOTO CTYMEHYATOTO M3MEHEHUsI JABJICHHS NPH Mepexo-
Zle Yepe3 KOHTaKTHble JIMHUH No giauHe PO (¢ nmocTossHHBIM Mexeum-
KOGbIM nepenadom daeienus)

P,=P/A. (5.44)

B Muoromarosbix PO rugpaBimyecKie CHJIBI HA KaXIOM liare
poTopa MoryT GbITh MIPUBEAEHD! K [IABHOMY MOMEHTY TONbKO B BI'M
C OAHO3aXOJHBIM poTopoM [S55].

B mHoromaroBeix Muoroszaxoxubix BI'M BeiencTsie crienup Ky
paclpefe/ieHust XUAKOCTH Io paodnm kamepaM [55] cuiosbie dak-
TOPbI MPHOGPETAIOT KauyecTBEHHO IHHON XapakTep, BBI3BAHHDIH TeM,
UTO NpH IIOCTOSIHCTBE MEXBUTKOBOTO Nepenaja AaBieHns P, 3Hadve-
HUS 9JIEMEHTADHBIX I'MAPABJIMYECKHX CHJI BO BCEX CEYEeHHSX HE 3aBI-
CAT OT aGCOTIOTHOTO NaB/IEHUS XHIKOCTH B KaMepe, a OIIpeJeasI0TCs
MEXBUTKOBBIM II€PETajloM, reoMeTpHell 3alerIeHHss H KoOpAHHATOl
ceyenusi. Ilpu 5ToM BeKTOp 2JIeMeHTapHBIX IHAPABAHYECKHX CHI U3-
MEHSET CBOE HalpaBieHWe, CO3[aBas IIPH 3TOM IepeKaulMBAIONHil
MOMEHT, He Ha Bcedt ganne PO, a auumb Ha KoHiax poropa (puc.
5.13). B cpemnux xe ceuenusx BEKTODPbI 3/IEMEHTAPHBIX TH/IPABJIH-
HECKHX CH.T MOCTOSIHHBI 10 HATPABJIEHHIO M COCTABSIOT yroa 90° ¢
HUHEPIIHOHHOM CHJION.

IJTa 3aKOHOMEPHOCTDH BbITEKAET U3 AHAIH3A AeliCTBHS 3JIeMeHTap-
HbIX TUAPABJIHYECKHX cui (puc. 5.14), sBASIOMIHXCS paBHoaeiicT-
BYIOWMMH CILI [aBieHust xuakoctd (df;) Ha rpaHm samkmyToro

'd‘ 3Th BbIBO/Ibl CIIPaBEINUBbI 115 TCOMETPHUYECKH 10 106HbIX FHIpOMAUIMH U n =
= 1aem.
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Puc. 5.13. Smopsl THAPABIMMECKHX DaJHAILHBIX CHA B MHOTOLIArOBOM MHOr03a-
' xoaiom B3/l (1 = 3:4; k£ = 2) n sKBUBANEHTHAA PACYETHAR CXeMa

muoroyroasiuka K, K; K3 Ky Ks K, BepulllHbl KOTOPOIO pacro-
T0KeHbl B TOYKax KacaHusi npoduell. DieMeHTapHble THAPABIIIe-
cKue CMJBI He JAai0T MPOEKLHH B HANpPaBJEeHHH HHEPLUHOHHOW CHUIBL,
ecall JIaBJeHIle TOCJIe0BaTebHO W PAaBHOMEPHO H3MEHAETCst OT Ka-
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Puc. 5.14. Cxema geiicTBust rua-
PaBJAMYECKHX CHA B MNONEPEYHOM
ceyeHus mMuoromarosoro BIM (i =

Mepbl K KaMmepe, TaK YTO Nepemaj JABJEeHUS MeXAYy HUMH OCTaeTcs
MOCTOSIHHBIM, a 3To mpu P, = idem uMeeT MecTo B CpPeJHHMX CEYEHUSIX
wa piune [, (cM. puc. 5.13).

TakuMm o6pa3oM, HmoHepedyHble CEYEHHS MHOTOIIATOBBIX MHOr03a-
xoaHbIx BI'M c Touku 3peHHs AelicTBUS pagMasibHBIX THApaBJIHYe-
CKHX CUJ MOKHO YCJIOBHO KJACCH(MDUIMPOBATh HA TPH rpymmbl [55]:

1) kpaiiHWe cevyeHHs, pacloJOXKeHHble ¢ 060MX KoHLOoB PO Ha
amuue ly = T /22, BO BceX KaMepaX KOTOPbIX HAXOAUTCA KUAKOCTD
OMHAKOBOTO (BDBICOKOTO MM HU3KOro) AaBJeHUS. B STHX cedeHHsX
paznaJibHble TUAPAB/IUYECKYE CUJIbI HE BO3HHUKAIOT,

2) uentpanbHble cevyeHns Ha auune I, = (K — 2 + 3 /2T, Mexay
KaMepaMH KOTOPBIX YCTaHABJIMBAaeTCs OJWHAKOBBIN MHepenaa AaBie-
M. B 21X ceveHusx pajuasibHble MHAPABJIHYECKHE CHUJBI HE CO3/a-
0T IIepeKaAUIMBAIONWUX MPOEKIHH;

3) NpoMeXyTO4YHbIE CeYeHHsl, PACIONOKEHHbIE C JIBYX CTOPOH Ha

2 -2
nauhe [ = ‘Z—T, pacrpeje/ieHHe JaBJEHUs] XKUIKOCTH B KaMepax
1

KOTOPbIX He HMeeT 3aKOHOMepHOro XapakTepa (Mex/Jy OJHUMH KaMe-
paMHM ecTb Iiepenaj JaBJeHMs, MeXIy APYTMMH — HeET), 4YTO IIpHBO-
AUT K BO3HMKHOBEHUIO NePEeKalIMBAONIHX PALHAIbHBIX CHII.
[ockoabky F. n Fy ecTp miolagu COOTBETCTBYIONIMX 3IIOP 3JIe-
MEHTAPHBIX THAPABIMYECKMX CHJ, TO, YYHTBIBAsi BHA 3THX 3MIOp M

annpoOKCUMHUPYS UX NPaBUIbHBIMU Tpamerusamu (cM. puc. 5.13), mo-
JydaeM

F,=dF.(l, + 1), (5.45)
dF,
F = 2“ (4, +1,), (5.46)
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rne dF,, dF, - cpeaune 3HaYeHHs I3JIEMEHTApHBIX CHJI B LEHTpe
smop (BbIcOTa Tpamneruit).
MoMeHT napbl MepeKanyBaioinX CHJI

Mn = Fn(l1 + lz) (547)

Yuurbias, uto l3 = T /2y, Bbipasxenuns (5.45)—(5.47) ynpoutaior-
cs 10 BUAA

F =2T1dE,
2
F =LtdF: (5.48)
n 3 n
M, =2TF,.

2
Boipaxenus: (5.48) MOXHO NpeACTaBUTD B BH/eE
F, =0, D}P;

Enlr

F, =—"LD:P, (5.49)
A
= 2 3
M" - GM CT DK P,
rae o, , O, — 6e3pasmepHble Ko3(pPHUUMEHTHI, 3aBUCAUIME OT 1,

Co, Co.

3HavenHs JaHHbIX KoaPHIHMEHTOB AJs CTaHAAPTHOTO 3allellje-
uusi mHorosaxoausix BIM (¢, = 1,175; ¢, = 2,175) upusesiensl B
taba. 5.3.

Tabruya 5.3
Beapasumep- UncJio 3aX0208 poTopa 2
Hbte koacpdu- 2 3 4 s 6 7 5 5 0

LHEHTb]

o 0,244 {0,292 10,324 (0,346 {0,363 {0,377 (0,388 {0,397 {0,405
oy 0,058 [0,122 |0,190 10,261 10,334 {0,408 {0,483 [0,559 |0,635
Oy 0,018 {0,028 |0,035 |0,041 |0,045 |0,048 {0,051 [0,053 [0,055

[1aBHBIA BEKTOP pagHaJbHbIX THADPABAMYECKHX CHJ, NDHJIOXEH-
Hblil B LeHTpe cedeHuss PO, MOXHO onpejieIMTh B HENOCPeACTBEHHO
yepes KpYTsiii MOMEHT rugpoasuraress M:

=22 (5.50)

" ez 2mez’
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TnaBHBIi BeKTOp THApaBIUYECKUX CUT oTedecTBeHHBIX B3/l B pe-
AKIIMe MaKCHMAaJIbHOH MOILHOCTH, paccyuTaHHbiil mo ¢opmyre (5.50)
- y

HUMeeT cJeayIolue 3HauYeHUsI:

JBUraTeab............... J11-54 a1-127 J2-195 J1-240
FooxkH.. o 5-9 60-85 105-140 360-475

UHPH onpeaexentoi reomerpun PO u nepenasie aaBjeHus P rias-
Hblif BeKTOD rujpasiuyeckux cui BI'M ecTp BenuwuuHa nocTosHHas,
He 3aBHCAINAS OT YHCJIA IIATOB R, B TO BPEMS KAK IEpEKAIIMBAIOLIHE
TUAPABINYECKHE CUIBI F; YMEHbIIAOTCS NPH YBeJAMYEHUHM YHWC/a IIa-
ros. Ilpu sTtoM riaBHbIf MoMeHT cHcCTeMbl (mepeKauIMBaIOMIUIL Mo-
MEHT) TaKXKe He 3aBHCHT OT R, T.e. yBeJMYeHHe I1e4a NMapbl CUNI IIpH
[OBBILIEHUH YHCJA [IAroB COMPOBOMAAETCS IIPONOPLMOHAIbHBIM
yYMEeHbDILEeHUEM MOLY.JISI CHIbI F .

OueHky BIMSHMSA NEPCKAUIMBAIOLErO0 MOMEHTA B CHCTEMe TMPaBAHYECKHX CHJI
BI'M MoxHO BecTu 110 yray nepekoca

2F,
¥y = arctg—=. (5.51)

B BI'M ¢ oaHosaxoaHbiM poTopom (i = 1:2)

B {
Yy = arctg =y (5.51a)

Bo muorosaxoanbix BI'M

Y, = arctg% ~ 32,5 npu k=1;

2a
Y, = aretg - npu k= 2. (5.516)
r ,rpallyc
0 ] ] ] ) 1 1 ] ] 1l
1 2 J 4 S 6 7 & 9§ 10 k
16 Puc. 5.15. 3aBuCHMOCTb yraa nmepekoca y, OT YMCJAa HIAroB k/PO

OmucaHHas 0co6eHHOCTb JeilcTBHSL DalHAIbHDBIX TUApaBIMYEC
kux cuj, npucywas BI'M u 3axiroyaronasacs B TOM, HTO rJ1aBHBIN
BEKTOp M TJIABHBIl MOMEHT CHCTeMbl HE3aBMCHMO OT YMCJa IIAroB
OCTAIOTCSI TIOCTOSIHHBIMH, a [AeHCTBHe IePEeKallMBAONIMX CUJT JIOKA-
JH30BaHO HA KOHUAX pa6odeil mapbl, HOIYEPKHBAET IPEUMYILICCTBA
MOHOJIMTHBIX MHOIOLIArOBbIX KOHCTpyKuMit PO, MOCKOJbKY B HHX
He TOJIbKO CHIKAIOTCS KOHTAKTHble HANpPAXEeHIsS, HO M yMeHbIaeT-
csi, a mpH R > 4 TPaKTHYECKH YCTPAHACTCSA MEPEKOC poTOpa (puc.
5.15).

5.3. YACTOTA BPALLEEHUA

Jlist o6beMHBIX THAPOMAIIMH MPH 32[aHHOM PacXole KUIKOCTH
O uactota Bpamtenus Bana (6e3 ydera 06beMHBIX noTepb)

n=0/V. (5.52)

i BITM ¢ ULeHTPOMAHBIM THIIOLUKIOMIAIBHBIM 3aLEIICHIEM
(5.52) MoxHO npeobpa3oBaTbh K BHILY

n =2—152-—Tw0, ~ (5.53)

T7ie Wy — yJAeJbHasi yIJIoBasi CKOpPOCTD,
wo = 1/ M,. (5.54)

o, — Gespasmepnblit mapametrp BI'M, BbIPAXAIOLUHA CKOPOCTb MeXa-
HE3Ma ¢ emuHudHbMi pasmepamu (e, T) M pacxofloM XHAKOCTH
[87].

Hau6oapmuM 3HaYeHHEM oy 06/1aJal0T MEXaHI3Mbl ¢ OAHO3AXOA-
HBIM POTOPOM, Y KOTOPBIX

n=Q/4edT. (5.532)

O6paTHas 3aBHCHMOCTb Y/€JbHbIX KPYTSAIIMX MOMEHTOB H YIJO-
BbIX cKopocTelt (5.54) BBITEKAeT U3 NPUHSTOTO YCJIOBHS MOCTOSHCTBA
MOII(HOCTH THAPOJABHIaTe/s

N = Mo = PQ. (5.55)

[lonyyeHsble BbIpaXeHUss Mo ¥ g MO3BOJAIT IOCTPOUTDH 0606-
[lleHHbIE 3ABHCHMOCTH KPYTSLIELO MOMEHTa M YIJIOBOH CKOPOCTH OT
KuHeMaTH4eckoro ortHomeHus BI'M 1npu IOCTOSHHOM pacXoAe u Ie-
penaje AaBJeHUH.

Ha puc. 5.16 naHHble 3aBUCHMOCTH IPUBEJEHDI I ABYX CJIyda-
en: a — e =idem, T =idem; 6 — D, = idem; cr = idem. W3 npea-
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Puc. 5.16. 3aBHCHMOCTh KPYTAIIEr0o MOMEHTA H YIIOBOJ CKOPOCTH OT KHHEMATHYe-
CKOTO OTHOWEHHSA

CTaBJEHHBIX KPUBBIX BHAHO, YTO IPH IIPOYHX DABHBIX YCJOBHSX
ABHraTeJ I ¢ OQHO3AXOAHBIM poTopoM (z, = 1) pa3sBHUBAIOT MakKCH-
MAaJIbHYI0 CKOPOCTh H MHHHMMAJBHBIN MoMeHT. VX mpumeHeHue or-
paBRaHO, KOTA& CTABHMTCs 3ajaya CO3LAHUS G6bICOKOOOOPOMHOZ0 ABH-
rarteJis.

Ho Mmepe yBenuyenusa umcna 3aXoAoB BO3pacTaeT KPYTSAWHH Mo-
MEHT U YMEHbIIAETCSA YIJI0Bast cKopocTb. OGbsicHAETCS 3TO TeM, YTO
MHorosaxonHblii BI'M npencrasaser cobol coeguneHie THApaB/IHYE-
CKOTO JBMIateJisl U MJAHETAPHOIC PeNyKTOpa, NepeAaTovHoe OTHOLIe-
HHEe KOTODOTO PaBHO YHCJY 3aXOJ0B poTopa. DTo BakHeiillee cBOii-
c1B0 MHorosaxoanbix BI'M mpenonpenenser ux mpeumyiectsa npu
CO3JIaHHMH GbICOKOMOMEHMHOZO JBUTATEIA.

Han6obutee usmenenne GpyHKUMi OTHOCUTEILHBIX KPYTALMX MO-
MEHTOB H YIVIOBBIX CKopocTell HabJiofaeTcst TpH YBelHYeHHH YHC.Ia
3y6beB potopa 1o z; = 10, ganee npu D, = idem KpHBble Muao
BbINTOTaxKHBaoTcsa (cM. puc. 5.16).

Taxum o6pasoM, npumenenne cynmepmuorosaxoaupix PO (3a me-
KJIIOYeHHEeM 0COGBIX CyqaeB) Heleeco06pa3Ho, MOCKOBKY IpH CT =

= idem 3To He NMPUBOAMT K 3aMETHOMY H3MEHEHMIO XapaKTepPHCTHK
HIPOMAIIHHBI.

KpyTswuit MomMeHT 1 YacToTa BpalleHHs HAeaIbHOTO THAPOJBHTA-
TeJA HE 3aBUCAT OT uucaa mwaros PO u onpenensioTess cOOTBETCTBEH-
HO TiepenagoM AaBJIEHHS H PACKXOAOM KHUIKOCTH.

B neiicTBUTENPHOCTH BCAEACTBHE THAPOMEXAHHYECKHX H 06BEM-
HbIx notepb (cM. § 5.7) kpyTsmumit Moment M 1 yactoTa BpalleHud
n B3]l MeHblIe cBOMX MAEaJbHBIX 3HAYeHUH M
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W n}l:

Puc. 5.17. Hanpasaenue kpyraumux Momentos (PO ¢ xe-
ROl Hape3koil)

M=M,-M.-M,=Mnmn,; (5.56)

n=n,—AQ/V =nmno (5.57)

Hanpagjenue KpyTAIIHX MOMEHTOB. AHa-
JAn3 pabovero Mmpouecca BHHTOBOTO JBHTATes
no3poJisier chopMyIUPOBaTh ofllee MPaBUIO
JUIs OTIpeIe/IeHHNS] HANPaBJeHus KpyTANIUX MO-
MEHTOB, CO3[aBAeMbIX IIOTOKOM >KMAKOCTH
(ananoryynoe “mpaBuiny OypaBYuka” B BJeEK-
TPOTEXHUKE): 05 HABA00ameNs, CMOMPawEezo
nO NOMOKY KUOKOCMU, MOMEHM Om ZuOpPae.u-
YECKUX CUA HA HAPYXHOM dJeMenme coenaoa-
em ¢ HanpaeaenueM GUHMOGOU nape3xu pabo-
YuxX 0pzanos, ad HA GHYMPEHHEM 3JeMeHme —
HANPAsaien 6 NPOMUBONONOXHYID CMOPOHY
(puc. 5.17).

MomMeHT Ha ajsemenTe PO, cBsizaHHOM ¢ 6y-
pPUJIbHOU KOJIOHHO{l, NPUHATO HA3BIBATH PEAK-
MUGHBIM MOMEHMOM.

Yto6bl peaKkTHBHbIH MoMeHT M, 6bul Ha-
npaBJeH NPOTUB 4YacoBOH CTPEJKH H HE CIO-
co6CTBOBAJ OTBOPOTY pe3b6 OypUJIbHOI KOJOHHEI, B TPAAUIHOHHOM
cxeme B3]l manpasienne Hapesku PO Jqo/mkHO ObITh jeBbiM. B
CBSI3U € 3TMM BO BceX OTedecTBeHHBIX i 3apy6exHorx B3/l paboume
OpraHbl HMEIOT JeBOe HarnpapjieHue 3y6bes, BHIXOAHOH Bajn Bpawa-
eTcs mo yacoBoif crpeiake (ryisias cBepXy), a HaAZOJNOTHbBIA mepe-
BOJHMK M [pyTHe [ETAJIM BBIXOJHOTO Baja CHAGXeHbI MPAaBOil pe3b-
6oit.

5.4. HEPABHOMEPHOCTb YI/IOBOW CKOPOCTH
N KPYTAWEro MOMEHTA

Pa6ouuit npouecc B3/, nogo6Ho apyruM o6beMHBIM THAPOMALLH-
HaM, COMPOBOXXAAETCS KOJEeGaHUSMU yrIOBOH CKOPOCTH M KPYTsUIero
mMoMmeHTa. Ho B OT/MYMe OT MOPUIHEBbIX TUAPOMALIMH KPyTH/IBHDIE
kosebauns Bana B3]] o6yc/oBIMBAIOTCS He KMHEMATHKOH pabodero
oprasa (CHHYCOMZATbHBIM 3aKOHOM ABH)KEHUS [MODLIHA), 3 H3MeEHe-
HieM MTHOBEHHOIO pPacxo/a yTedeK B KaMepax JABUIATess.

SIB/ieHHe HEMOCTOSHCTBA YTEUKH, BIEpBbie yCTAaHOBJIEHHOE B XOJ€
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HccJieloBaniii pabodero Ipolecca OJHOBHHTOBOTO Hacoca [22], Bbi-
3pIBaeTCs NMepHOAMdecKuM (IMKJIHYECKMM) H3MeHeHHeM YMCJIa KOH-
TAKTHDBIX JHHMIT A, pa3zessionmx o61acTi BbICOKOTO U HHU3KOTO JIaB-
JIeHUST, CJIeICTBHEM 4Yero SIBJsieTcsl M3MeHeHWe MEXBHTKOBOIO Iepe-
nazga nasjaenns Py (5.44) 1 yTeuxu 4depe3 napy

AQ = f(P,). (5.58)

A 3aBUCHMT OT KMHEMATHYECKOTO OTHOHIeHMs, yyucia maroB PO u
yIJIa TMoBOpoTa poTopa. 3a ofuH 060pOT POTOpa MAKCHMAJbHOE HHC-
JI0 KOHTaKTHBIX JMHHH Ap,y Da3[esseT BXOJ M BbIXO/ MPU BXOXKAE-
HUH BBICTYTa 3y6a poTOpa BO BHAfuHy cTatopa («MepTBasi» TO4YKa) B
TopHoBOM cedenun o6oitmpl (z = 0)°. B mpoMeKyTOUHBIX IOJIOXKEHH-
SX POTOpPA YMCJI0 KOHTAKTHBIX JHHHIT MUHHMAIbHO [87]:

Amin = (k= 1)z; + 1;
(5.59)
Amax = (k - 1)21 + 2

C yuetom kpaTHocTH JelictBust BI'M uactoTta myabcanuit pacxona
yTeYeK, CONPOBOXIAIOMIMXCA KOMe6aHHSMH JaBJEHHS Ha BXOJAE B
TH/IPOABHTATEND

f=zizm. (5.60)

Hepasnomeprocts Bpawennss B3] (cm. § 6.8), kak ato ciexyer
u3 (5.59), cHIKaeTcst ¢ yBeJUYEHHEM 4YUCJA WIaroB M KHHeMaTHde-
CKOTO OTHOIIEHHMSI, T.e. Hambosee CHIBHO KpPYTHJIbHBIE KoJebaHus
IPOSAB/JAIOTCA B OJHOIIATOBBIX TuApoaBuraTessx. Eca¥ cpaBHHBAaTh
MHoromarosbie PO pas/jMyHOrO KHHEMATHYECKOTO OTHONIEHHMSI, TO
6osee paBHOMEPHO BpAUAIOTCS MHOTo3axo[Hble MHapbl. Tak, npu
TpexwaroBoM ucrojHeHud PO ¢ KHHEMATHYeCKMMHU OTHOINEHHSMH
9:10 u 1:2 YKCJIO UX ULII30B B IPOMEXYTOYHBIX ITOJOXEHHSIX COOT-
BeTcTBeHHO cocTtapaser 20 u 4. IloaToMy mpu M3MeHeHMM A Ha eau-
HHIy 60Jiee YyBCTBUTENbHBI K Iepepacnpesieedmio gasienus B3/l ¢
O/[HO32XOJHBIM POTOPOM.

[Tysbcaiis MeXBUTKOBBLIX IepelafioB [aBJeHHsI IPUBOAUT TaKXe
K KoJe6aHusIM OCeBOM CHJIBI THApoMAIIMHbL [22], yro AOMKHO y4u-
TBIBATBCS IPH JMHAMHYECKHUX pacyerax.

HepasuomepHocTs Bpattenus B3/l MokeT mpuBecTH K yBeJnde-
HHIO IMHAMUMECKHUX HArpy30K; CTATh HCTOYHHKOM KPYTHJIBHBIX KOJe-
6aHuit gosnota ¥ 6ypUJIBHOW KOJOHHBI M HPOJOJbHBIX Koje6aHHil B
cuctemMax poTopHasi rpynna B3/l — nosoto — GypuibHash KOJIOHHA,

ununAe b — koprnyc B3/l — 6ypusbhas xoJloHHA; CHHU3UTDL 3amac yc-
TONYMBOCTH THAPOABUraTEJIs.

*
Paccmarpupalotess PO anmHoi, kpatHoil mary craropa.
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BMecTe ¢ TeM NpPONMOPIHMOHANBPHOCTb YacTOThl TyJ/bcauuil nasie-
Hus U yraoBoil ckopoctd B3/l MoxHO ucmonb3osBaTh AAsS HAEHTHDH-
Kalui pexxuma paboThl TMAPOJABUTATE/IS B Npolecce GypeHHs CKBa-
xunnl (cM. § 9.5).

[lnst 6oJiee TOYHOIO ONKCAHMA IPOLECCA KPYTHIBHBIX Kose6GaHuil
B3/l Heo6XomquMoO TNpPOBeAEHHE CIHELHAaIbHbIX 3KCIEPHMEHTAJbHBIX
HCCJIeOBAHMH B 1a60pPaTOPHBIX M IPOMbBICJIOBbBIX YCIOBUSX.

5.5. CU1IOBbIE DAKTOPbDI

B npouecce skcmtyatauuu B3][ ero anementsl (paGoume opra-
HBI, COeJMHEHle POTOpa CO MIMUHIeseM, BaJl W ONOpbl IIMHHIENS,
KOpIyCHble [eTaju) IOABEpPXKeHbl MEiiCTBIIO DPa3JMYHBIX CHJIOBBIX
¢$haKTOpOB TUAPABIMYECKOTO K MEXaHMYECKOrO IIPOMCXOXKAEHHUA.
JleiicTByIOLIME CUJIBI MOXKHO YCJIOBHO pasfe/MTb Ha pajidajibHblE H
oceBble. _

Paduanvnvie cuavt, GOpMUPYIOIIUE KPYTAUUA MOMEHT THAPO/BU-
ratessi, o6ycJOBIMBAIOT CMeIlEHNEe pOTOopa BeiedcTBHe AedopManiny
3MacTUYHOM OOKJAAKM cTaropa. Bo3HHUKalOlHe IIpH 3TOM KOHTaKT-
Hble HATIPSAXKEHHUSI, KAK [TOKA3bIBAeT ONBIT IKCILIyaTallMH, BO MHOTOM
npeponpedensiior pecypc PO. Kpome Toro, neiicterue paauMaabHbIX
CMJI TIPMBOJMT K OCEBOMY IIepeKOCY pOTOpa, 4TO TaKKe HebJaronpu-
SATHO CKa3bIBaeTcs Ha paGoTOCHOCOGHOCTH I'MPOMAIIMHDI.

Ocesvie cunvt ONPeResOT TpeGOBaHUSA K BBIGOPY KOHCTPYKTHB-
HBIX 9JEeMEHTOB I'MApoMaliuHbl (COeJVHEHHS] POTOpa CO LIIMHJENEM,
omopb! mnuHAens U Ap.). OceBoe ycu/ne Ha KOpIyce ABUTATEs OI-
peflesisieT XapaKkTep NpPOJOJBHBIX Harpy3ok Oypu/IbHOH KOJOHHBI,
IIPOCTPAHCTBEHHYIO (pOpMY ee YIIpyroit JHHUM, TPOAOJBHYIO yCTOM-
YHMBOCTb KOJIOHHB! M BBIGOP MeCTONOJOXKEHHS Ha Hell ONmopHO-UeHTpH-
PYIOLIMX 3JieMeHTOB. B CBSI3M ¢ 3TUM TOYHbBIH pacyeT OCEBbIX CHJ
0Cco6eHHO BaxKeH IpH 6ypPeHHH HAKJOHHO HaNpaBJEHHBIX U TOPU3OH-
TaJBHBIX CKBaXKHH.

PajguanbHble ¥ OCEBbl€ CHJBI 3aBHCAT OT reOMETPHYECKHX TNapa-
metpoB PO (i, cr, k) u pexxuma paboter B3 (Q, M).

PaauajbnHbie CHJIbI

[elicTBre paauatbHBIX TMAPABJIMYECKHX CHJI B paboYMX opranax
B3/l ogHoO- M MHOTOWIAroBOH KOHCTPYKIHI Toapo6HO pa3o6paHo
NpH MCCIEZOBAHHM MeXaHH3Ma 006pa30BaHMsI KDYTAINETO MOMEHTA

(cM. § 5.2).

B nanHom maparpade neiicTBie paaMafbHBIX CHJ paccMaTpuBa-
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Puc. 5.18. Cxema aeHCTBHA PajHaJbHBIX CHJI

eTcsl C y4eToM BceX (paKTopoB, BO3-
HMKAIOMHXX B PeaIbHbIX YCJIOBHSX.
[Ipu ABWXKEHUM [BYX COMpPUKACAIO-
mxcs tea (poropa u craropa) Heob-
XOJMMO YYUTBIBATb HE TOJBKO T[HUA-
paBJUYeCKHe CHJbBI, HO H PEAKIHH
cBsizelf, BBIpAXAIOLIHE YCTIOBHS KOH-
trakta PO. lna BI'M sto nojoxeHnue
O0COGEHHO CIIpaBe/INBO, IOCKOJBKY
3fiech CTaTop BBIMOUHSET (YHKUUIO
paauasbHOM! OIopb.

Ha potop, coBepmiaomuil rraxe-
TapHoe [BIDKEHUE, B PAAHAIbHOM Ha-
npaBJIeHNN JeHCTBYIOT (puc. 5.18):

TH/paBAMYECKHEe CUJIbI, CBOJSHINE-
csi K riasHoMy BekTopy F, coszalo-
uleMy KpYTsiLIMii MOMEHT, M Iape Ie-
pexammMBanLux cui Fy (cn. §5.2);

[IoMepeyHasi COCTABJ/IAIOUIAs CHJIbI
TsiKecTH potopa B xuaxocta Gy;

CHJIBI peakluy cBsidel B TOYKax
KoHTakTa nosepxuocreit PO;

CHJIA PeaKUHH CBSI3H C TMOKHUM Ba-
aoM R,, (mepepesbiaiomas CcIuia),
HAMpAB/IeHHAsH K LIEHTPY CeueHust MepreHnKyIIpHO BEKTOPY F..

Cunvt peaxyuu c6a3eil B TOYKaX KOHTAKTa C y4eTOM MpEABApH-
TeIbHOTO HATSTA B TApe PACIpee/eHbl N0 JMHUM KOHTakKTa. B Kax-
oM tomepeyHoM cedennu PO uMeercs 2z, TOYEK KOHTaKTa npodu-
neit. TIpu ABMXKEHHH POTOpa CUJA PEAKIMU CBSI3U R; B TOYKax KOH-
taxTa ciaraercst (puc. 5.19) U3 HOpMaJbHOH peaKIHH N, u nepnen-
JMKYJISIPHOR K Heil CHJIbI TPEHHA

FTpi = fNir (5.61)

rae f — AUHAMUYECKHH KOI(QUIUHEHT TPeHUsl; ¢ — HOMEp TOYKM KOH-
rakta (i =1, ..., 21).
[TonHas cuJja peakLHH

R, =N} +F}, (5.62)

OTKJIOHEHa OT HOPMaJi n; Ha tekotopblit yront (cm. puc. 5.19).
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Puc. 5.19. Cuanl, aeiictayiomue B xapakrepHom cevennn BIM (i = 5:6):
F, - ruapaBnuyeckas cuna; Fp, — MHepuHoHHas cuaa; R; — NOJHas peaKlns CBs3H
B TOYKe KOHTaKTa; N; — HOpMaJibHasl peakumsi CBA3H; F; — TaHreHUHMAsIbHAs peaxuus
cBsian (cuna Tpenns); R — paBHOAeHCTBYIOWAn CHAA peakuuy cBsian (cuna Bo3jeicT-
BMs CTATOpPA Ha POTOP); K; — YIroJ [aBJIEHHS; Y — YIOJ OTKJIOHEHWsl; n; — HOPMaJH;
P — nonioc 3auensienus; 1—6 — Toyku kontakra PO

HopmasbHad peakiust N; He cO34aeT HA KPYTAIUIETO MOMEHTA, HH
MOMEHTa CHJ conpoTHBaeHus. CHJIBI TPEHHS CO3JAl0T Ha POTOpE MO-
MEHT CHJI BPEJHOTO CONpOTUB/eHHs (MeXaHMYeCKUX MoTepb M,,).

I1pu HeNmoABUIXHOM pOTOpE (FTp = () HopMaJIbHASI PeaKUUs CBSI3H
coxpaHseTcsl W3-3a HadyaJbHBIX HArpy3oKk oT Hatara B mape. Ilpu
JBIKEHHH pOTOpa NPOHCXOAMT Iepepaclpe/ie/IeHHE HAYANbHBIX Ha-
IPy30K: Ha OJHOHl YacTH KOHTaKTHOI /uHMM N; yBeJIMYUBAETCS, HA
apyroif — yMenbluaercsi (MJM Zaxke CHMMAaeTCsl NIpM Ilepexo/e KOH-
TakTa B 3a30p).

Ecay NpHHATH CHCTEMY KOODAMHAT, CBA3AHHYIO CO CTATOPOM, YC-
JIOBHO Hemo/BIXHOM (a6COMIOTHOM), TO OCHOBHOE ypaBHEHHE [BIXKe-
HUsl pOTOpA IIpeACTaBiseTcs B BUle
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YF=ma, (5.63)

N
rae ZF - cyMMa cuJl, IefiCTBYIOIMX HA POTOp; @ — YCKOpEHHE po-
TOpa OTHOCHTEJIbHO a6COJIOTHOM CHCTEMbI KOOPAUHAT XYy, M = Mac-

LYY 2
camwmqm=mL;@w‘%)

Yro6bl PacKpHITh PACCMOTPEHHYIO BbIllle, CTATHYECKH HEONpeje-
JUMYIO CHCTeMY CHI, IPUMEM JOMyIeHus:

poTop — a6COMOTHO TBEpAOE TeJIo;

paJMasbHOe CMelleHHe POTOpa MPeHeGPEexHMO Majo MO CpaBHe-
HUIO C SKCUEHTPUCUTETOM;

peaKiusi CO CTOPOHBI TMOKOTO Baja OKa3blBAET HECYIECTBEHHOE
BJAMSHME Ha Tepekoc poropa (LEHTp nepeKoca pacliojioKeH B cepe-
aune PO).

Torga ypaBHeHHe [BUKEHHS (5.63) npuBOAUTCS K MHTErPHPOBaH-
HOMy Ha mosioBuHe funbl PO BHIY

i - [ d - - 12 )

F +F +-G _+N+F_+-F, =0, (5.64)
I I P ™
- -

rne N, F,, — PaBHOJEHCTBYIONIHE CHIbI COOTBETCTBEHHO HOpMAJb-

N
Hoil peakuuu u Tpenus; F . - 1eHTpOoGeXKHAs! CUJIA MHEPLHH POTO-
pa,

Fux = -man; F,, =mz;0. (5.65)

TIpuBe/ieHHbIe CHIBI COCPEAOTOHEHBI B LEHTPE PAacCMATPUBACMBIX
yuacTkoB. KoopuHaTbl TOYeK NMPUIONEHHS BEKTOPOB: 2 = L/4;z=
= 3L /4 (puc. 5.20).

MHepuyOHHAas CHJIa, B OTJMYME OT APYTMX CHJ, BXONALIUX B
ypasuenue (5.64), umeer HeU3NYECKOE MPOHUCXOXK/ICHHE (B ToM
CMbIC/IE, YTO OHA He ypaBHOBElIEHA CHJIOH MPOTHBOAEHCTBUA, T.€. HE
nopuunsietcs 111 sakony HbioTona) i BBOAMTCS AN yAOGCTBA pacte-
Ta ¢ KCIOJIb30BAHMEM MeTOAOB cTarTuky (mpuHUMM Hanambepa), a
TaKKe [UIA OThICKAHWs peakuuu cBsidu. [IOCKOJIBKY KOHTAaKTHbIE Ha-
rpysku B PO B3] omnpeneasioTcs peakuusMu cBs3el, 3TOT NpHEM
MCIIO/Mb3YeTCS. B TEOPHMH OJHOBMHTOBBIX THMIPOMAIIMH IpH pacHeTax
KOHTAKTHDBIX HAnpsDKeHHH.

Ilpu y4eTe noTepb B THAPOJABHUIraTese riaBHBIA Bekrop F Impo-
NOpPLUOHA/IEH HHAMKATOPHOMY MOMEHTY My, (cM. § 5.7):

F o M P20 (5.66)

ez 2nez

164

Puc. 5.20. Cxema anelicTeus npuse- y
aeunbix cux B PO B3/1

YpaBHeHHe [BIDKEHUS pO-
topa (5.63) moxHO mpencTa-
BUTb B BUJlE Fun

- 1= - - - F
R={—ﬁ+ﬂ+iﬂﬁ16), " Fr
2 2 2 °

(5.67) . -

rae R — paBHOAeHCTBYIO-
A CHJIA PEeaKIWU CBS3H Ha Fa
noJjioBuHe aauHbl PO, koto- L
pas ypaBHOBEIUMBAETCS BeK-
TOPHOH CYMMOWN THAPaBJIMYECKHX M HMHEPIMOHHBIX CHJ, a TaKke IIO-
nepevHoit cocTaBJsiolleit CUJIbI TSKeCTH poTopa. B Teopu# oJHOBHH-
ToBbIX ruapomamut [94] moa maHHOH# cymMoit Fy, 3aKIi04eHHOH B
cxo6ku B (5.67), u nonumaercs paauaieHas cuia B PO.

Caefyer nom4epKHYTb, YTO PaBHOJEHCTBYIOILAS CHJA PeaKLUH
YYMTBHIBAET ¥ COCTABJISLIONLYIO OT HATsITa B mape.

Ypasuenue (5.67) siBisieTcss OCHOBHBIM IIpH pacieTax pPajuaib-
HBIX CHJ U KOHTAKTHBIX HanpspkeHuit B PO.

- - -~
Taxk kak BexTop F, NepneHAWKyJspeH K BektopaMm F, u F,

n HH !

YpPaBHEHUA AWHAMHKH DOTOpa B IIPOEKUHAX Ha KOOpAMHATHBIE OCH
[peACTABJAIOTCS CJIEAYIOIHM 06pa30M:

R.=F./2,
(5.68)
R, = (F,—G.sing) /2 = F,,
rae
G, = mg(1-£). (5.69)
p P :
ITosHas paBHOAeitCTBYOMAS CHJIA
R= R+ R =F, / 2cosy, (5.70)
rJe Yy — yron oTk.JIoHeHus Bektopa Fy (M. puc. 5.19),
tgy = (F,, = 2F, — G,sing) /F,. (5.71)
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B (5.71) u natee BepXHIil 3HAK OTHOCHTCS K TOW MOJIOBIHE PO,
rae F,, u F, cOBIAJaIOT 110 HaNpaBJEHHUIO, a HIKHHE — TJe OHU IIpo-
THBOIIOJIOXKHBI.

Cuna peaxiuu cBsi3n R pacrnpesiesieHa MO KOHTaKTHBIM JIMHIAM
10 HeW3BECTHOMY 3aKOHY, ONpPeJe/NTh KOTOPbIil AHAJINTIHYECKH BBU-
[y CIOXHOCTH 32/la4l He MPeNCTaB/IAETCS BO3MOMXHBIM. Takas 3aza-
ya OTHOCHTCS K KJA&cCy TMPOCTPAHCTBEHHBIX KOHTAKTHBIX 33/[a4 Ofpe-
Je/leHusi HANIPSIKEHHOTO COCTOSHUS IPHKATBIX YIPYTHX Tel. B Ha-
IeM cjydae O[(HO U3 TeJl (poTop) MOKeT paccMaTpHBaTbCs Kak abco-
JIOTHO TBepJOe, HO TIPH 3TOM 3a/la4a yCJIOXHAETCA TeM, ITO KPHBH3-
HA COINPUKACAIOUIMXCS TeJ H3MeHsdeTcs MO JJIMHE KOHTAKTHDBIX
JMHUT.

B cBsi3i ¢ 9THM IepeXxofl oT R k geiicTsyiomelf HopMabHOI Ha-
rpy3Ke B TOYKE KOHTAKTa IMOBEPXHOCTEH MOXeET 6bITH OCYIIECTBJIEH
TOJBKO TIOCJIE TIPUHSATHUS HEKOTOPBIX JIONMOJHUTEIbHBIX JIOTTy TLIEeH Ui,
OJHH 1i3 BO3MOKHBIX TIOAXOJIOB K PelLIeHHIo JaHHOW 3ajauy, MpU KO-
TOpOM yZe/IbHasl HOpMaJbHas HArpy3Ka yCJIOBHO pasiesisieTcst Ha JBe
HE3ABHCHMbIE COCTABISIONINE: HAYAAbHYIO OT HATSAra B Iape 1 00no-
HuMeAbHY!O OT CHJIOBBIX (PAKTOPOB, BO3HHKAIOWIYIO NpH ABIXEHHH
pOTOpa, HCIOJIb3YeTCs TMPH pacdere KOHTAKTHDIX Hanpsokeruit [43,
87], mepecyeTe XapaKTePHUCTHK H ONTHMH3AIlMII €OMETPUYECKHX Ia-
pametpoB B3 /1.

Ocesble CHIBI

IleiicTBHEe OCEBRIX CHJ PaclpocTpaHAeTCsl KaK Ha CHCTeMy Baja
B3/l (porop — rubkuil Bajg — BaJ IWMHHAEAS — JI0J10TO), TaK W Ha
KOPIyC THAPOABHIATENS.

[Ipu pacyeTe OceBbIX CHJ IIPUMEM THIIOBYIO KOHCTPYKTHUBHYIO
cxemy 3aoitnoro arperara B3/l — mosoto (puc. 5.21) c aByxcry-
nmeHvaThiM NepenazfoMm Aasiaenuit B PO B34 P = p, — p, u jonote
P, = p, — ps (npeneGperast noTepsiMu AaBJIEHUS B KaHaJlaX ABHrate-
7S, B 4ACTHOCTH B [IPOTOYKE BaJIa UIMMHAESN).

Ocegoe ycuaue 8 cucmeme gaJa, onpele/sioniee Harpy3Ky B
ormopax IWIMMHAENS, 3aBHCUT OT pacipeje/eHust IaBleHHs B THAPO-
ABUraTeie W JONOTe, OCEBON COCTABJSIIOINEH YCHJIHS B 3alleIIeHHH
paboyuX OPraHOB, MAcChl POTOPHOI PYIIIbI (cuctempr Basa) my o
peaxiuu 3a60s1 (oceBoit Harpy3ku Ha nogoro) G.

JI/1si MpUHATON KOHCTPYKTHMBHOM cXeMbl OCEBbIe CHJIBI B CHCTeMe
Bana cymmupylotes (cm. puc. 5.21), cosaaBas Harpysky Ha omnope
WMTHHE 1S
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*a Puc. 5.21. CxeMa AeiCTBHA OCEBbIX
B cHa
N\
N dy N 2
doy N
N | R
\
§41 Puc. 5.22. Cxema aeilicTBus cuJI Ha
N AN HaKJOHHOM ILIOCKOCTH:
F — cu1a B3aHMOJEHCTBHS MEXY
2 MJAOCKOCTBIO W noasyioMm; Fu; Fr —
oceBas M OKDYXXHasi COCTaBJASIOLIMC
& § | § cuabl F
T NR
N '
§ Pz N
N d
N
3 N
N .
&= |
N ! N
T N ¢ N T >
7
Iige
| 2
‘ ’
dy
Dy
[ -1
Fo=Fpo+ Fy+ G, — G, (5.72)

rae Fp, — oceBast cuia B pabouuX OpraHax, BK/IOYAIONIAs IMAPABIIH-
HeCKYIo COCTaBAoyo F, = PSy 1 COCTaBJSIOLIYIO yCUIMH B 3alle-
mwienun Fa,,; F, — oceBast ruapapiMdeckasi cuja OT Nepenaja jAas.ie-
Hus Ha jgoJyote; G, — MPOJOJIbHASL COCTABJIAIONIAA CHJIBI TSXKECTH PO-
TOPHOH IPYIIBI B XUJKOCTH.
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CocTaBIsIIONIME OCEBOH CHJBI ONpeAessioTcest clefywouuM obpa-
30M:

Fpo = Fp + Faay;

Fp = Pa(Su = Son); (5.73)

f

G, = myg(1 = £ )cose,

P
rae S, Sy — IJIOWAAM HPOEKIMH COOTBETCTBEHHO KOHTAKTHBIX JH-
auit PO u Bana wnuugens; S,; — N/JIOMAaAb HMPOMBIBOYHBIX OTBEP-
cTHit f070Ta.

B 3aBUCUMOCTH OT cOOTHoOUIeHHst cusa, BXogsmux B (5.72),
F, MoxeT G6bTb Hampabiena kak Beepx (F, < 0), Tak u BHu3
(F, > 0).

CocTapismomas ycuauil B 3auelieHnn Fg,, BO3HHKaeT B pe3yJib-
TaTe pPAa3JIOXKEHHsi HOPMAJbHBIX CHJ, PACNpeAeJeHHbIX MO JWHUM
KOHTakTa 3y6bes [22, 94].

C dusideckoil TouKU 3peHua Fy,; MOXHO IIPEACTABUTD KaK oce-
BYIO COCTaBJ/ISIIOINYIO CHJI TIPH CKOJBLXEHHMH IOJI3yHA-pOTOpA IO Ha-
KJIOHHOH TIockocT (pa3BepHyTOit BUHTOBOM MOBEPXHOCTH CTATOPa)
(puc. 5.22).

Eciu paccmatpuBate PO kak BMHTOBYIO nepenady [55], 3aBu-
cuMocth Fyy, OT BHyTpeHHero (MHIMKATOPHOrO) KPYTSIIETO MOMEH-

Ta Myyy ==M+ M, (cM. § 5.7) u cpeaHero auaMerpa D umeer
BU[
M,
o= S 7
Faau Dtg(G—B) (5 4)

rie @ — yros roabeMa BHHTOBOH JHMHWM; B — yroJ TpeHnus,
B = arctgf. (5.75)

Koadduitment tpeHus [ 3aBUCHT KaK OT (PHUKUHOHHBIX CBOMCTB
Hapbl, TaK M OT reoMeTpudeckux napamerpos PO (narsar, 4meso ma-
roB, COCTOSIHHE TIOBEPXHOCTH).

Ecau war u cpefHuii [HaMeTp BUHTOBOI Mepeflayll NpPHHSATD PaB-
HBIMH COOTBETCTBEHHO IIAry M cpejHeMy AWMaMeTpy poTopa, To

8= arctg%. (5.76)
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Puc. 5.23. 3aBucumocts ko3 u- K f
uuenta Ky or cr

L0 ] 1 | 1
12345578970CT

WuaukaTopHblll MOMEHT IIPH NPOYMX PABHBIX YCIOBHSX 3aBHCHT
OT Nepernaja JaBJeHUs M THApaBJudeckoro K.m.x. B3/1:

PV
Mmm=ﬁﬂr. (5.77)

opcrasasis (5.75) u (5.77) B (5.74) u npoeas mpeo6pasosa-
HUSI, TTOJIy4YaeM

Fsau = Z2SanfP, (5.78)

rae Ky — xoapuument, xapakTepusyoluil BJMSHHE NPOCTPAHCT-
BEHHOU reoMeTpuu u GPpUKIKOHHBIX cBolictB PO [55],

K= frj—["‘—fcrj (5.79)

cr—fn

Hannbiit koapuLMeHT IPHHUMAET MUHMMAJIbHOE 3HAYEHME (K=
= 1) B uneanstom BI'M npu orcyTcrBun Tperust (f = 0).

Ans nwboro koadduuuenta Tpenus f cymectyer ¢GopMa BHHTO-
BOil TOBEpPXHOCTH (c;), obecreynBaoas MHHUMAIbHOE BIIHMSIHIE

TPEHUsS. Ha yPOBEHb OCEBO cocTaBJstomlel cul B 3auernenuu (puc.
5.23). Jlns nupuMeHseMbIX MaTepPUATOB MApbI potop — cratop (pesu-
Ha — ctanb) f~ 0,05:0,1 u ¢ ~ 3.

U3 rpacduka (cm. puc. 5.23) BHaHO, uTo B pabodeM AMamasoie
u3MeHenna napamerpa cp (cr = 6+10) xoacbduuuent Ky nesnaun-
TEJbHO OTJAMYAETCA OT 1 U, TaKUM 06pa3oM, TPEHHE He CHJIbHO BJINA-
€T Ha OCeBYIO CHJIY B 3allelIEHHU.

Hockosbky n: u Ky komnencupyior apyr apyra (n, < 1; Kr> 1)

B MPaKTHYECKHX pacyeTax UX BJIHAHMEM MOXXHO NpeHe6peyb, TOTAA
oceBas cuyia B PO

Fpo = P(S + 2,5). (5.80)

Eciu Tpe6yetcs BpIpasuth 0CeBYI0 CHJY KaK (bYHKIUHIO KpyTsiiile-
ro MomeHTa M, 10

169




_2nM | S,

= +11. (5.80a)
M \ 238

F

po

B 60/IbIIMHCTBE CIYYaeB IPH PacyeTax OCEBBIX CHJ MOXHO Ipe-
He6pedb CHIOH TSKECTH POTOPHOI TPYMNbI 1 NEPENajoM AaBJIeHHS B
nosote (P, << P), npuHuMas, 410

Fy=Fpo - G.

JIs5 OpMEHTHPOBOYHBIX PacyeTOB MOXXHO HCIMO/Ib30BATh [AOCTa-
TOYHO TOYHbIE ITPHOJIMKEHHbIE BhIPAYKEHHS IUIOWAAN TPOEKUUH KOH-
TAKTHBIX JUHUH U xuBoro cedenus (§ 4.3):

S,

n 2
= ¢(D.=3¢); S=me(D, - 3e).

Ocepble ycuust B TubkoM Bane Fp, u Bate mnunaens Fyy oTIH-
4al0TCsA OT HArpY3KY Ha ONOpY HIIHHAES:

Frg= Fpo+ (Py Ps)Sts; (5.81)
Fow = ps(Sy — Son) + G, (5.82)

re S, — MIOWAIb POEKLHH CEYeHHs] IHOKOro Bana, Sy = nd?/4.

B pacuernoit cxeme B3]l (cm. puc. 5.21) rubkmit Ban u Baj
IITMHAES TIOABEPIKEHbl CKUMAIOMMM HanpssxenusM. Ilpn pacuerax
BANOB HA [IPOYHOCTb, B OTJMYHe OT OMNOp WIMHHAENS, HeoOXOAUMO
YYUTBHIBATD HE TOJDbKO YCWJIHMs OT [epenaja AaBJeHHsS B PO u noso-
Te, HO Tak)Ke u 3a60iiHoe JaBJEHUE KUIKOCTH pj.

Ocepas cuiia B PO comoctaBuMa ¢ Harpy3kaMH Ha AOJIOTO U OKa-
3bIBaeT CyIECTBEHHOe BJMSHYE Ha PaGoTocnoco6HOCTh rHOKOro Baja
U MOJULUITHUKOB INITHHAENA.

B I BHMUBT nposenennl aKCNEpUMEHTAIbHblE HCCIEA0Ba-
ung ocesoit cuanst B B3/ [94, 107]. Ee usMepsiiv ¢ IOMOIIBIO TEH-
30METPUYECKON BTYJIKH, YCTAHABIMBAEMOW MEXAY OCEBbIMH [MOJ-
[WIMTTHAKAMY ¥ HUTIeJbHOM raifxoil wnuxpens. PesyabTaThl aKcIie-
pumentop (puc. 5.24) NOATBEPXAAIOT HaMuKMe cocTaBasomei Faay,
IOCKO/IbKY haKTHYecKas oceBasi Harpyska Goibille pacyeTHON IHA-
paBaudeckoit PSy. C yBenmyeHHeM Hatara B Tiape oceBas CHJIa B
PO Bo3pacTaerT.

Venosus pasepysxu ocesotd onopu B3/]. OceBoe ycuane Ha oro-
pe mmuHAe s oTcyTeTBYeT (Fo = 0), ecau HATPpy3Ka Ha J0JOTO

G = PS + F + P(Sy, - S.) + G, (5.83)

Ecnu npene6peus BiusiiueM 1., K, G, P,, TO ycjoBue pasrpys-
KM yIpoliaeTcs: 10 BHAA
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Puc. 5.24. 3asHCHMOCTB OCEBOIf G.kH
CUJIbi OT Hepenaja JAaBAcHUSA B -

neuratene [1-54:
! — akcnepument [94, 107}, 2 -
pacyeTHas CUAPABIHYECcKas CHIA
6+
4
2+
I 1 J
0 2 4 A mMna
G = P(§, + 2,9). (5.83a)

3nayene G, moacuuTanHoe no (5.83a) gns mBurarens J12-195
(i =9:10; ¢ = 4,9 mm; D, = 135 mm), npu nepenaje AaBJeHHUs
5 MIla cocrasasier 140 xH.

Pasrpyska oceBoif oropbl ofecredHBaeT MaKCHMAJIBHYIO CTOli-
KocTh Wmnubaeass B3/l, mostoMy B HHCIPYKUMSAX 0[O 3KCIAyaTAlUH
B3]l HexoTopbIX 3apy6eXHbIX KOMIaHUIl peKoMeHIyeTcs BhIGHpaTh
pexuMbl 6ypenns, obecriednBaroue pasrpy3ky omnops! (cm. § 8.3)".

Ocesgoe ycunue na kopnyce B3/ F, ckianbisaercs u3 ycu-
st Fy, Nepearolierocst 4epe3 OCeBYIO OMOPY UIUHIAEAS, H YCUJIUA
F; OT rugpaBiInYecKHX M MeXAHMYECKUX CHJI Ha KOpITyce THAPOABIL-
ratess:

F.=F,+ F.. (5.84)

B TexHMueckoil sHTepaType pacuer oceBBIX CHJ Ha Kopmyce B3/[
He paccMaTpuBaercs. BMecTe ¢ TeM MpH ITPOEKTHPOBAHUM OTK.JIOHSIO-
IIUX KOMITOHOBOK /ISl HAKJIOHHO HAIPABJIEHHOTO U FOPH30HTAJbHOTO
6ypeHUsT NOCTOBEpHOE OmpefeseHHe VCILIHI Ha KOHIE KOJOHHBI 6y-

PHJIBHBIX TPy6 MOXET CIOCOOGCTBOBATH MOBBINIEHUMIO TOYHOCTH pacye-
TOB.

.
Bumecte ¢ TeM onbIT TypOMHHOrO GypeliHs CBHIETEIbCTBYCT, 4TO HPH NOJHOM
pasrpy3Ke OrMopbl MOTYT BO3HHKATb MOBbILIENHble BUOpALMH 6YPHIBHON KOJIOHHBI.
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3uayenne F, 3aBHCHT OT pacnpee/eHusi JaBJeHMA B MAPOABH-
raTeje H A0JOTe, JABACHUS XXUAKOCTH HA 3a60€ CKBaXKMHBI P,, BHYT-
peHero dy, ¥ HapyXHOTO d, IMaMeTpoB 6y pHIbHOH KOJOHHDI.

Cocrapisiomast F, B BepxHeM cedeHun koprnyca B3/l onpenens-
eTcs cieayiommm o6pasom (cM. puc. 5.22):

F! ==PSy = PSSy + piSo = P3Su = Faau * Gy, (5.85)

rre Sy, So — MJIOWAA¥ COOTBETCTBEHHO NPOEKUWH U MPOXOLHOTO Ka-

Hajia GypHJbHBIX TPY6: Sy = nd?[4; Sy = ndl, [4; Gy — mponon-

Hast COCTABJISIOWIAs CHJIbI TsKecTH Kopmyca B3/l B xuakocty.
oactasass (5.80a) u (5.85) B (5.84), B pesynbrare nosydyaeMm

Fo=PSg+ Pi(Sy = Sop) = PSSt + G + G, (5.86)

rae S, — momanb ceyenus (110 Metauty) 6ypuiabHbix TpY6,
= (2 2 \.
ST - z(dn - dsu)’

Gpsy — CyMMapHas NpOJOJIbHAs COCTABJSIONIAs CHUJBI TSKECTH B3
B xkuaKoCTH, Gyyy = G + Gy

3aboitHoe naBJeHME 3aBHCUT OT I/IyGMHBI CKBaXXHHBI Loxg M ITO-
Tepb JAaBJIEHHS B KOJIBLEBOM NMPOCTPAHCTBE Pyy!

Ps = PILcxs + P (5.87)

OTmeTuM, 4TO B OT/IMuKE OT Fy CyMMapHOe yCHjiie Ha KOpIyce He
3aBUCHT OT Fy,, (aelfcTBre 3y6beB poTopa Ha CTATOp KOMIIEHCHDYeET-
cs1 06paTHBIM TIPOTHBOAEHCTBHEM).

Ecnu npene6peub IepenajoM HaBleHHs B J0JOTe M CHJON Tsixe-
cru B3, 1o

Fy = PSy - psS; — G. (5.86a)

B aToM c/Iyuae MpPOXO/IbHOE HATPSDKEHHE B HUXKHeM cedeHun Oy-
PHJIBHOM KOJIOHHBI OTIPEfie/IsieTCs COYeTaHHeM TpeX CHJl: THApaBJnye-
cKOli OT mepenaja JAaBJjeHust B asurarete PSy; apxumenosodl p,S, u
oceBoll Harpysku Ha gosoto G.

Henocrosincto nepenaga aasiaenust B3/l ocinoxHser ymnpasie-
HUe HArpy3Koil Ha JOJMOTO MO TOKa3aHWSAM HH/MKaTopa Beca (xat-
yMKa HATSXKEHHs HENMOABIXKHOHA cTpyHbl KaHata) (cM. § 9.5) nmaxe
B caydyae GypeHHs BEPTHKAJIbHOW CKBaxHHBI (IIpH MHHUMaJIbHOM
BJAMSIHMH CHJI TPEHHS KOJIOHHBI O CTEHKM CKBRXKHHBI), IIOCKOJIbKY
fpH mepexojie oT xoJjoctoro pexuMa (G = 0) x paboueMy H3MeHseT-
csi THAPABJIMYECKAs CHJIA OT Iiepenaja AaBjieHHS H TeM CaMBIM Hapy-
lIaeTcsl NEepBOHAYaJbHBIA 6ajaHC MPOLO/IBHBIX HArpy3oK B GypH/b-
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HOW KOJIOHHE, MMEBIIMHA MeCTO IpH “B3BelIMBAHMH’ HHCTPYMEHTA.
Hanpumep, npu 6ypenunn Tpybamu 127x9 ysesndenue oceBOro ycH-
st Ha Koprmyce B3]l npu usMeHeHuM mepenaja AaBJjieHHS ¢ 2 [0
5 MIla cocrasasier 28 xH.

Yenoeue cuamusa uanpaxenus cxamus OypuivHol KOJOHHbL.
Kosionna Tpy6 HaxoAuTcst B pacTsiHyTOM cocTosiHud npu Fy 2 0.

U3 (5.86a) caenyer, uro MakcuMasbHasi oceBasi Harpy3kKa Ha J0-
JIOTO, MpH KOTOPOH KOPIyC THJpOABUraTe/sl He HCTIBITBIBAET CXH-
MAaIOILUX HaNpSKEeHUH,

G™ = PS5y — p,S;. (5.88)

Cusatie cxuMaloIIMX HampsbkeHud ¢ kopnyca B3]l BoamoxHO
JIMIUD TIpH GypeHun HeryGOKUX MHTEPBAJIOB.

MakcumajipHas CKUMAOWIAs Harpyska Ha Jonoto G [js ciydast
Gypenus B3/l ¢ nepenagoM masienust P = 5 MIla npn ucnosb3osa-
HUHM KOJIOHHBI Tpy6 127x9 u 6ypoBoro pacTtBopa ILIOTHOCTBIO p =
= 1100 xr /M3 Ha pas3MMYHBIX TTy6HHax 6ypeHus L. (6e3 ydera mo-
Tepb B JI0JOTE K B 3aTPyGHOM IIPOCTPAHCTBE) HMeET CJeAYIOUHE 3HA-
YeHUST: :

Legoy M..... 100 500 1000 1500
G xH...43 29 11 -7

Pactsarupaioimue ycu/ausi Ha KopIiyce THADOJBHUIaTessl YCTPAHSIOT
ONACHOCTb NPOAOJIbHOTO U3THGA 6YPHIbHON KOJIOHHBI H CHOCOGCTBY-
0T JIyYlIeMy [OBEJEHHIO OCEBBIX HATPY30K K JOJIOTY NpU GypeHHH
HAKJOHHO HAIPABJEHHBIX CKBAXHH, HO NMPaKTHYECKH 3TO TPYAHOLOC-
THXKHMMO.

Mockoabky nepenan nasiennit B B3] 3aBucur o1 pacxoga »xua-
KOCTH M KpyTsiero momMeHTa (Harpysku Ha JOJIOTO), OCEBble YCHJIMS
B CHCTEeMe BaJla M Ha KOpITyce FMAPOABUTaTeNst B OOIIEM CIyYae MOX-
HO paccMaTpUBaThb KaK HEKOTOpble (PYHKLUUHM [NapaMeTpPOB pexyuma
6ypenns: Fy = (Q; G), F, = (Q; G), onpenenenue KOTOPbIX U SAB-
JsieTcs 3ajiayeil pacyera.

W3 sripaxceHHs mpoJOJbHOTO YCUJIMS Ha KopIyce T'MAPOJABUTaTe-
na (5.86) BoiTekaer BaXKHOE AIS MPAKTUKH GYypeHHs CIEICTBHE: Oce-
Basi Harpyska Ha J0J0To G MOXET pery/JupOBaTbhCs ABYMS IyTAMU —
MexaHuyeckuM (u3MeHeHueM JepOpMalHM  KOJOHHBI GypHIIBHBIX
Tpy6) u ruppaBandeckuM (u3MeHeHHeM mepenaja gasiexust B B3/,
[I0JI0Te ¥ KOJIbIIEBOM NPOCTPAHCTBE CKBAXKHHBI), T.€. MPH HCIOJIb3O-
BaHMH THPABJIWYECKOro JBUraTe/sl CYIIECTBYIOT ABA KOHTYpa yNpas-
nexus pexxumoM Gypenus [147]: BoazeiicTue Ha BepxHHUil KoHell 6y-
PUIbHOH KOJMOHHDBI (TpaAMUMOHHBINA cI0co6); HM3MEHEHHE pacxofa
xuaxocty (n1aBHoe peryauposaiue G).
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5.6. KOHTAKTHbIE HANPSOKEHUSA
B PABO4YUX OPraHAX

Bo3HUKHOBEHHe KOHTAKTHBIX HalpsXKeHUH B paboyMx OpraHax
B3]l o6ycnoBneHo aBymsi axrtopamu. Bo-mepBbIX, 4t CO3XaHUS
yIIOTHeHUsT paboyux KaMep B Ilape poTOp — CTAaTop CO3ZaeTcs
[IpeABapPUTENbHDI HATAT, HasHAYaeMbl B 3aBHUCHMOCTH OT MEXXBHT-
KOBOrO Mepenajfia AaBieHUs U U3MKO-MeXaHUYECKMX CBOMCTB 3Ja-
CTHYHON OOKJAZKM CTaTopa. BO-BTOPBIX, MPH ABUXKEHUM POTOPa K
Harpy3ke OT NpelBapHUTEJbHOro Hatsra po6aBJseTcss Harpyska oT pa-
muanbhbix cut (em. § 5.5), meificteyiommux B PO. CymmapHad Ha-
rpy3Ka B TOYKe KacaHUs HEOQMHAKOBAa HAa Pa3jUYHBIX Y4YacTKax Ipo-
¢unell 1 3aBUCUT OT HaNpaBJIEHUsI BEKTOpa paBHOAEHCTBYIOUIed pa-
JUAJBHBIX CHJI.

Pacyer yae/abHbIX  HOPMAJbHBIX Harpy3oKk N OTHOCHTCS K KJaccy
MIPOCTPAHCTBEHHBIX KOHTAKTHBIX CTATUYECKHM HeOIpedeMMBIX 3a/ay
HANPSLDKEHHOTO COCTOSIHUS TIPIDKATBIX YNPYTHX Tea. B gaHHOM coiy-
yae OfHO U3 Tesl (POTOP) MOXKET PacCMaTpPUBATBHCH Kak abCONIOTHO
TBepJioe, HO MPHU 3TOM KPUBU3HA COMPUKACAEMBIX TEJ U3MEHSIETCS [0
JJUHe KOHTaKTHbiX Juuuil. Onpegenenne N sBiasgercss oqHoN u3 Hau-
6071ee CJOXKHBIX 337aY B TEOPUHM OXHOBMHTOBBIX TMAPOMAIIUH U Tpe-
6yeT IpOBEAEHUS SKCIEPUMEHTATBHBIX HCCIEL0OBAHMI.

19 HHXEHePHBIX pacudeTOB MOXKHO IIPUHSATH CJAeYIOL{He [JOMy-
LIEeHUST:

1. Harpyska ot Harsira N paBHOMepHO paclipefie/leHa 1o Beeif
[JIMHE KOHTAKTHBIX JHMHHUH K NMPONOPIIHOHAJbHA OTHOCHTE/NBHOMY Ha-
ALYy €5 = 8/ €:

N = ks, (5.89)

rae Ry — K0a(pPUIUMEHT, 3aBHCSIUIUI OT reOMETPHYECKHX [1apaMeTpPOB
U olpene/isieMbl U3 aHAJM3a CTEHAOBBIX XapakrepucTuk B3/{.

2. B pesysbTaTe HeliCTBHS NepeKauIMBAIOLIETO MOMEHTa HATDY3-
Ka OT pajMajbHbIX CHJ B BepXHell M HIKHEH 4acTAX Hapbl pas/iud-
Ha ¥ paccMaTpUBAeTCsT OTAeJbHO Ha ImoJioBuHe Ajauibl PO (cM.
§5.2).

3. Harpyska ot paguaibHbix cua N g BOCIPHHHMAETCS. TOJBKO 4a-
CTbIO KOHTAKTHOMN JIMHUU, Ha3bIBAEMOIl YynAomHuUmensHol Aunuell:

NFf = Fycosk, (5.90)
rae Fy, — ylAe/bHas HArpy3ka Ha YIUIOTHHTEJIbHOH JIMHWH, K — yroa

JaBJIEHUA (yFOJI MEXAY IOJIOXKUTEJIbHDIM HampaBJIeHHEM HOPMaJH K

“Yaenpnas — pacnpejle/leHHas MO JTMHE KOHTAKTHBIX JIHHMIA.
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npoduaI0 M BEKTOPOM paBHOJeHCTByIOllelt paaMaibHbBIX cua Fy)
(cM. § 5.5).

4. YnenbHas Harpyska oT paauasibHbix cua (6e3 yuera Hatsra)
MOCTOSIHHA M 3aBHCUT OT IIPOTSDKEHHOCTH YIJIOTHHUTEIbHOH JuHuu L,
Ha mosoBuHe AauHbl PO: ’

Fy.=Fs/L,. (5.91)

Touubl pacuer Ly BO3MOXEH TOJIBKO C HCMOJIb30BAHHEM KOMITbIO-
Tepa. 1Ipu OpHEHTHPOBOYHBIX pacyeTax MOMHO IPMHATb, YTO paju-
ajipHasl HArpy3Ka paclpe/le/isIeTcsl Ha IOJIOBHUHE JUIMHBI KOHTAKTHBIX
munnit (Ly = L/4).

C y4yeTOM NpHHATHIX MOMylIeHMii y/e/bHas HOpMajbHas Harpys-
Ka B TouKe Kacahus PO

N =N;+ Npr. (5.92)

Jlna npubavxeHnss K peajJbHbIM YCJIOBHAM KoHTakTta PO B pac-
YETHYIO 3aBHCHMMOCTb BBOAUTCSA KO3 (PHIMEHT HepABHOMEPHOCTH pac-
npejesieHHsl HArpy3KM [0 JJHHe KOHTaKTHBIX JuHuid = 1,1+1,2.
Torza Beipaxenne (5.92) npunuMaer Bua

F_cosx
N = B| kycy + |,
2L cosy

KonrakTHoe Hanpsbxenue npu BaauMonedicteun PO ompesensercs
no ¢opmy.e Tepua

NEnp (5.93)

K= |—"
npnp(l - p-z)

rae E., — npuseaeHHbIt MOAyJIb ynpyrocTu Martepuanos PO; p —
koadpuiment Ilyaccona.

Jns mapnr cranp — pesuna (E, ~ 8 MIla; E;, = 2:10° MIlla)
E,=~E;u=~05.

MakcuMaibHble KOHTAKTHbIE HANPSIKEHUS BO3HMKAIOT TPHU 3allen-
JIEHHH BBICTYIIOB 3y6beB pOTOpa M cTaTopa. Takoli BbIBOJA MOATBEpP-
KIAETCSl IKCIEPHMEHTANbHBIMH HCC/IEHOBAHUAMH KOHTAKTHBIX Ha-
IpsAXEHUH ¢ HCIOMB30BAHUEM METOAO0B (POTOYNPYroCTH, NPOBENEH-
HBIMH OTEYECTBEHHBIMH H 3apybekHeiMu HccaegoBateasmu [ 108,
159].

Ilpu ABMKEHWH POTOPA BEKTOpPbHI THAPABINYECKHMX M HHEPIHOH-
HBIX CUJI [IOBOPAYMBAKOTCS B MPOTHBOIIGJOXKHYIO CTOPOHY C Z,-pasa
6osbmieit ckopoctbio (puc. 5.25). unamuxa PO onpeaensieT xapax-
Tep HarpyxeHusa npocduieil poropa u cratopa. B Teuenue uUMKJIA
B3aMMOEHCTBUSA BBICTYNa 3y6a pPOTOPA CO CTATOPOM YTOJ AABJEHMS
u3MeHsieTcsl 1o 3aKkoHy (puc. 5.26)
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Puc. 5.25. MaMeHeHHe TNONOXKEHHA PajMAJbHBIX CHJI INIPH NOBOpoTE poropa (i =

=3:4

a—¢=0;6—¢;15';e—¢=30°

k=zp+a—-y=-15IL (5.94)

IlosToMy KOHTaKTHBIE HAIPSLKEHHMS Ha BbICTYIle 3y6a poTopa BO3HHU-
Kal0T Ha BTOPOH II0JIOBHHE I{MKJA B3auMoAeiiCTBUSA, KOTJA YTON Jas-
JIEHUs] K JOCTHraeT HyJeBoro 3xavenus (cM. puc. 5.26). Ilpu atom
XapaKTep HarpyxeHusi npodueil — UMKIHYECKHE C YACTOTAMHU: Ha
BBICTYIIE POTOpa — zyn; Ha Npoduie cTatopa — 2,n.

Taxum ob6pasoM, npu B3aUMOAEHCTBHH POTOpa M CTaTOpa HabIio-
JaeTcst OZHOCTOPOHHMIT (PPUKLUHOHHBIN M3HOC MX MOBepxHocTel (Ha
JIeBOU CTOpOHE 3y6beB poTOpa, ecu CMOTPETh co Bxoza B PO).

X,rpanyc
180§
gk 12 J
0 9
30 60 y,rpanyc
-90k
- Puc. 5.26. I'papuk uamenenun yr-
180 na gasxenns (i = 5:6): v
T-y=-15%2-y=0%3-y=1§
K
10
06
52
0 | | | . Puc. 5.27. 3aBHCHMOCTb KOHTaKT-

HbIX HAOpSDKEHHH OT YHCJIa waros
PO

-
~
Cy
<«
€
=~
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VYkasaHHble 0cO6EHHOCTH HArpyXeHus npodusieil JoMXKHbI yYHUTDI-
BaTbcsl TP NIPOBEJEHHH MePONpPUATHH (KOHCTPYKTUBHBIX, TEXHOJO-
FMYeCKHMX, SKCILUIyaTallHOHHBIX), HANpaBJIEHHbIX HAa NOBDIIEHHE H3-
HococTtoitkoct PO.

(DyHKUMOHAJIBHYI0 3aBHCHMOCTb KOHTAKTHOTO HAIPSIXKEHHS B 06-
IEM CJIyYae MOXHO NpeJACTaBUTDb B BHAE

K= f( \/PEnp y 22, Co, Cey Cp,y Cs,y Cry k) (595)

W3 (5.95) crenyer, 4To B “replieBoil” MocTaHOBKE 3aJa4M NpH 3a-
JaHHOM P ypoBeHb KOHTAaKTHBIX HANpPSDKEHWI He 3aBUCHT OT AMAMET-
pa PO wu omnpemensercst coderanueM G6e3pasMepHbIX MapaMeTpoB
BI'M. [lpu 3agmaHHoM paboyeMm o6beMe CHU3UTD KOHTAKTHBIE HAMPS-

KEeHHsA 3a CYeT "PEHP HE NpeACTABJSCTCA BO3MOXHDBIM, ITOCKOJBKY

P o6ycioBiieH HEO6XOMUMbIM KPYTAIIHM MOMEHTOM, a E., A Mc-
M0/Ib3yeMOro MpPH H3TOTOBJIEHMH CTAaToOpa COPTaMeHTa 3JaCTHYHBIX
MaTepHAJIOB U3MEHSIETCSt He3HAUUTEILHO.

B cBA3u ¢ 9TMM Ha mepBbIi IJIaH BbIABHIAeTCd 3aJaya ONTHMHU3A-
MU reoMeTpuyeckux mapamerpos PO.

Vsenuuenne vucsia marop PO NPUBOAUT K CHMXKEHHIO KOHTAKT-
HbIX HanpsukeHuil (puc. 5.27), moaToMy HCHOJb30BAHKHE MHOTOIIAro-
BbIX KOHCTPYKUHMil ~ ofuH U3 Haubosee 3ddeKTHBHBIX COCOGOB I10-
BbIlLIeHUsT N3HococToiiKocTu PO [51, 87].

AHa/m3 BAMSHUSA 6e3pa3MepHbIX NapaMeTpoB 3allellIeHUs! Ha ypo-

BeHb KOHTAKTHDBIX HAMPSUKEHWIl POBOAMTCS NMPH ONTHMH3AUUU Teo-
metpuun PO (cm. § 7.2).

5.7. BAJIAHC MOLUHOCTHU

TlogBoauMas K rUAPOABUIATE/IO [TOTOKOM >KUAKOCTH I'MADPABIIIYe-
ckast MOMHOCTb Ny, = PQ + N, BCIEACTBHE IOTepb B MalliHe
[IPEBbIIIAET I0/IE3HYI0 MOIIHOCTh Ha Baxy N = Mo.

B npouecce pa6otsl 06beMHOR I'HAPOMAIINHDBI PA3JIHYAIOT TPU BH-
aa moteps mottHoctu [60, 111]:

1) mexanuyeckue notepu N, Ha TpeHue B PO, wapHHpHOM co-
enunenuu (ru6KoM Baje) M omopax UIMHHIES;

2) ofbemuble notepu N, 06yC/IOBIeHHbBIE YTEYKAMU XHUIKOCTH B
PO;

3) ruapasanyeckue notepr N MpH TeYeHUH XHUIKOCTH B KaHaJaX
PO u apyrux NpOTOYHBIX 3JEMEHTAX THAPOJABHIATES.

Bananc mownocmu B3]] (puc. 5.28, a) Bbipaxkaercss ypaBHEHHEM

NIIOHB=N+NM+N0+ND (5.96)
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Puc. 5.28. Baxanc momnoctu (@) u k.n.4. {(6) reapoaBHraTean

MomHocTpio CKaTUST Ny TIOTOKA H3-32 €e MaJIOCTH MOXKHO TIpe-
HeGpeyb.

Ba3osbiMu (BHewIHNMK) MepeMEHHBIMH TMAPOABUTATENS, KOTOPbIE
MOXXHO HeENOCpeJCTBEHHO HM3MEPHTh B NPOLECCE €ro HKCILTyaTamuu
HJIM  CTEHAOBBIX HcObITaHuft, sAsasiorct M, o (Mexanuueckue
nepemennvie’) u P, Q (zudpasiuuecxue nepemennwie).

Jis ananmu3a ypaBHeHHsi 6ajlaHca pacCMOTPHM HHAMKATODHble'
(BHyTpeHHHE) BEJMYMHDBL: KPYTSIUMI MOMEHT My, , YIJOBYIO CKO-
POCTb Wyy,, AaBaenue Py, u pacXon Qyy,; TMAPOMAIINHEI, KOTOpHIE
HETOoCPe/ICTBEHHO BO3ZEHCTBYIOT Ha poTop (BUHT) M oNpefesioT pa-
6ounit npouecc B3/1:

Mmm =M+ M,;

Opyp = O (5.97)
Pmm =P- Pr;
Qmm =Q- AQ-

Wunukatoprble 3HaveHus (3a WMCKIIOYEHMEM ®©) OTJIHYAIOTCS OT
6a30BBIX TlepeMEeHHBIX COOTBETCTBEHHO HA BEJWYHHY MeXaHMYeCKIX
M,, ruapaBiandeckux P, u o6beMHbIX AQ T0TEpb.

B 06beMHBIX I'MIPOMAlIMHAX MEXaHWUYECKUE U THAPaBIHYECKIe

HHAMKATOPHbIE IepeMEHHbIE CBSI3AHB! NPONOPUMOHAIBHBIMHA 3aBHCH-
MocTtsamu [60]:

. .
PaccmaTpuBaeTcs CTALMOHAPHDBLA PeXuM, B KoTopom M = M.

"“TepMHH “MHAMKATOPHDIH” 3aMMCTBOBAH M3 TEOPHH BO3BPATHO-TIOCTYNATEIbHbIX
rMPOMANIHH.
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MIIMJ = Pmmv/2n; (598)

Ouia = 21Qu,/ V. (5.99)

CrenoBatenpHO, HHAMKATOpHasi MouHocTh B3/l — MoOIMHOCTS,
pasBuBaeMasi POTOPOM IO BO3AEHCTBUEM XKUAKOCTH:

Nz = MuaiOuia = PruaQunae (5.100)

Eciu B (5.98)-(5.100) noactaBuTh BbIPAXKEHHSI MHIUKATOPHBIX
sesnyul u3 (5.97), TO MONyYMM ypaBHEHHs CBSI3H MEXAHUYECKUX U
TUAPABJIMYECKHX ePEMEHHBIX THAPOMAIIMHbI:

B cuJoBoOi dopme

M+ M,= —(P-P); (5.101)
B KMHeMaTu4eckoit popme
0= 2(Q - A0); (5.102)
B 9HepreTuyeckoi dopme

M+ Mo =(P-P)OQ - AQ). (5.103)

N3 sHepretnyeckoit GopMbl ypaBHEHHS CBSI3H MOXKHO IIOJYYHTb
BbIpaKeHHs! MOTepb MOILHOCTH

N, = Mw;
N. = P.Q; (5.104)
N, = P AQ,
a.TE;KX(e BbIPaX€HHE HHHHKaTOpHOﬁ MOIHOCTH
Nuwu =N+ N,. (5.105)

Pasgenus ofe yactu ypasueHus 6aganca MowHocTH (5.96) Ha o
1 [IPOU3BENS HECJIOXNHbBIE [Peo6pasOBaHUs, MOXHO NMEPENTH K ypas-
HEHHIO 6aianca MOMEHMOs

M,=M+M,+M =M,.+M, (5.106)

rie M, — uaeaJbHbIH KpyTSAIUH MOMEHT, KOTOPBIA MOT 6bl pasBHUTb
JBUTATEJb IIPU OTCYTCTBUH MeXaHHYECKHX H THAPABJIMYECKHUX IIO-
Tepb; M, — “MOMEHT I'HAPaBIAHYECKHX [OTEPL” — COCTABJ/AIOLIAS TO-
Tepb HAeaTbHOTO MOMEHTa, PAacXO/yeMasl Ha rupaB/HvecKie MoTe-
pu: M, =PV /2n, M, =PV /2n.

CregcTBUeM ypaBHEHUsA 6aJiaHca MOMEHTOB SIBJIsieTCSi ypaBHeHUe
6anranca dasaenutl
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P=PHO.’I+PM+PT=PMH,’1+PI‘7 (5.107)

rae Pp,, — 1NoJie3Hasi COCTABJSIONIAs NMepenaja JaBjeHus, CO3Jamas
KpyTaumi MoMmeHT; P, — cocraBisiollas nepenaja JaBJIeHHS, UIY-
[gasi Ha MOKPBbITHE MEXAaHHYECKUX TIOTEPH:

Pmm = 27TM/V; PM = 2ﬂMM/V

B oTiuuue or ypaBhenus 6asnanca momuoctu (5.96) B Bbipaxe-
Hus 6ajnaHca MOMEHTOB M JaBJieHHH He BXOAAT COCTaB/AolIMe 06b-
€MHBIX TOTEpPb, YTO [€JAeT ITH ypaBHeHHS] Gonee yNOOHBIMU st
pacdetoB xapakrepuctuk B3/l (cm. ra. 6).

KavecTBeHHBIM TOKasareem 6ajlaHca MOWIHOCTH THAPOMAILMHBI
aBJjseTcs ero KA. (puc. 5.28, 6)

N =N/Nuw = Mo /PQ. (5.108)

Koadduument mnosesnoro aelicTBUS THAPOABHIATEIS MOMKHO
NpeJCTaBUTb KaK MpOU3BefeHNe eT0 YACTHBIX K.II.A.

n = MNMo, (5.109)
TJe 1, — MexaHuueckuil K.1.4.,
M P
M, = = —et—y (5.110)
MHH.’_[ PHD.'I +PM

T, — FUApPaBJNYeCKU K.1.1.,
' Pulm Pno.;1+PM .

=Tp T p 11
nr 24 P (5 )
No — 06beMHubIl K.11. 1.,
n, =g 20 2, (5.112)
Q Q0 o,

©, — MJeaJbHas yrioBas CKOpPoCTs, 0, = 2nQ/V.

IIpoussesenye o6bEMHOTO M THAPABAMYECKOrO K.N.J. BbIpakaeT
unduxamoproui (06beEMHO-THAPABINYECKHIT) K.TI.J. THAPOABHTATEN ,
XapaKTepH3YIOIHi BJMSHHE BCEX NOTEPh THAPABIMYECKOTO NMPOHCXO-
KJIEHNUS,

Nura = MNoNr = M““A(D/M"(D“. (5113)

[locko/bKy NpH KCCI€IOBAHMH XapAKTEPUCTHK BUHTOBOTO THAPO-
ABUTATENsl HE Tpe[CTaBJsIeTCs BO3MOXHBIM Pa3JeUTh THApPAaBJIMYe-
CKME W MEeXaHWYecKHe IOTEepH, /ISl UX OUeHKH B Teopuu B3]l mc-
noJb3yetcs zudpomexanuueckutl k..a. (cM. puc. 5.28, 6)

New = NN = Poot/P = M/M, = 2rM/PV., (5.114)
Bce yactHble K.I.A. TWAPOABHTATENS U UX KOMOHHAUMH (T,1) i)
3aBHCAT oT pexiima paborsl B3I (kpyTsamero momenra).
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Bananc mMomHocTH B npeaeabHBIX pexumax B3/]

B xonocmom pexume runponsuraresis (M=0,P,,=0;,n=0;
N = 0) ypaBHeHMe 6a/JaHCOB yIpoIIAETCs A0 BUAA:

Npows = Ny + Np + N

Mu = MM + Mr)
M= M,;
P=P,+P,

B mopmosnom pexune, xoraa porop He spamaercsa (o = 0; n =0;
No = 0), pacxox yTedueK CTAHOBUTCS PABHBIM PACXOAY XHIKOCTH, MO-
crynatouteit B B3/l (AQ = Q), a MexaHuyecKkue IOTEPH OTCYTCTBYIOT
(N, =0):

Nuoss = Ny + N,
M,=M+M,_

My =M+ M, + My,
P=P. +P +Py;

N,=(P-P) Q.

B3/l oriMyaroTcs OTHOCHUTEIbHO HEBBICOKMM YDPOBHEM OGIIETO,
FUAPOMEXaHHYECKOTO M 0O6BEMHOTO K.M.A. 0 CPABHEHUIO C THAPO/IBH-
rateqsMu obiero HasHaveHnns. K.n.gn. B3/l o6bidHO He NMpeBBILAIOT
50 %. DTo cBs3aHO KaK C HeTPaJHUMOHHOHW KOHCTpykumeh PO,
UMEIOUIMX IPOTSKeHHble KOHTAKTHbIe [IOBEPXHOCTH, TAK U C OCOGEH-
HOCTBIO pa6oyero Ipolecca TMAPOABHIATENS — HENOCTOSHCTBOM OPH-
eHTalui (paguasbHBIM CMEIEHHEM) POTOpa NPH €ro JBMXKEHHM. B
CBSI3Y C 3TUM Ueaeco06pa3Ho NOAPOGHO pacCMOTPETh MeXaHU3MbI 06-
pa3soBaHKMA pas3auyHbIX BHJAOB moTepb B B3/l u mpoananusmpoBath
(bakTOpBI, BAHAIOUIHE HA HUX.

‘B TopmO3HOM pexkuMe P, CO3[1a€T MOMEHT CHJ, yPaBHOBEUHBAIOUIMH TOpMO3-
HOM MOMEHT.
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5.8. MOTEPU B B34

O6veMubie moTepH B PO BO3HHKAIOT BCJEACTBUE YTEYEK >KUAKO-
CTH M3 KaMep B HanpaBJeHHH o6JAaCTH HM3KOTO JaBJeHHs yepe3 06-
pasylolMiicss Ha KOHTAKTHOIl JMHMH OJHOCTOPOHHHIl 3a30p MEXIy
pOTOPOM M CTaTOpoM. Pasjenenuie KOHTaKTHOH JMHHM Ha YILIOTHH-
Tenphyio (rae PO HMCHIBITHIBAIOT KOHTAKTHbIE HANPSDKEHHS) M MpPO-
Tounyio (4epe3 KOTOpYIO HPOMCXOISIT YTEYKH) 4acTi OGYCJIOBJEHO
nedopManmeil 3JacTHIHOR OOKJAJKH CTaTopa, NepepacipefeseHieM
HATATa B [Iape M CMEIeHHeM pOTOPa B DPaJHMajbHOM HANPABJIEHHH
oz aefictBueM cuioBbix dpaktopos (cM. § 5.5).

Jlns onpenenenHoil reomerpun PO 1 3ajaHHBIX CBOHCTB XXHIKO-
ctt (p, v) o6beMHBble MOTepH 3aBHCAT OT MEXBHTKOBOLO I€pernajga
napjenust P, (cM. § 5.2) 1 4acTOThbI BpallleHUst 7 poTopa:

AQ = f(P,, n). (5.115)

Tak kxak pasmep menu (3a30pa) B NONEPEYHOM CEYEHHH BECbMa
He3HaunTeJIeH, TO IIPOLecC yTeuKH cJeJyeT paccMaTpUBaTh KaK MCTe-
YeHHe XUAKocTH u3 auadparMbl BUHTOO6pa3HOi koHurypanuu. B
3TOM CJIydae CKOPOCTb UCTEYEHUA B 3a30pe

v =uy2P./p, (5.116)

rae y — Ko3adgpulMeHT pacxoaa.

[TocKoJIbKY 1101 06bEMHBIMH IOTEPSIMU [TOHUMAIOTCS YTEYKH Yepes
KOHTaKTHble JHHUM, HeobxommMmo (Kak M B cjydae HCTEYEHUS depe3
3a30p C TOABMXHOH cTenkoit [60]) mpuHUMATh BO BHUMAHHe, YTO
KOHTAKTHbBIC JUHMM NIPH BpAIleHUH pPOTOpa HENPEPBHIBHO IlepeMella-
IOTCSA OT BXO/Ja K BBIXOAY CO CKOPOCTBIO

w = z;Tn. (5.117)
DTa CKOpOCThb JocTuraeT GoJbiux 3HadeHuit (15+25 M/c) u mpe-
He6perath el Hesb3d.

C yueroM BausiHus “PpPUKIHMOHHOTO” BO3AeHCTBHA MOABUMKHON
JIMHUK KOHTAKTa CKOPOCTb YTEYKH — CKOPOCTb HCTEUEHHS XHMAKOCTH
OTHOCHTE./IbHO TOJBHKHON KOHTAKTHOMN JHHUH

u=0v- w. (5.118)

3nak (=) B3AT MOTOMY, YTO KOHTAKTHAsl JHHUS ABHXKETCS Ha-
BCTpedy MOTOKY yTeuek 4epe3 Iie/b. BC/eACTBHE 3TOrO ¢ yBeTHYEHH-
eM n pacxojl yTeuek y apuratens nagaet (puc. 5.29).

OddeKT BCTPEYHOro [BHKEHMS KOHTAKTHOM JIMHHH SIBJSETCS
omHoi u3 npuuMH (Hapsay ¢ HaByXaHueM pe3HHbl, HETOYHOCTHIO U3-

182

Puc. 5.29. 3aBucuMocTs pacxosa

yreuek B PO or nepenana xasne- a4, nfc
uusa (1 = 9:10) Jr
20+
10}
0

o T N | 1
1 2 J 4 & 6 7 8PMIa

rotoBjeruss PO ¥ Ap.) TOro, 4TO CKOPOCTb XOJIOCTOTO BpalleHHs
B3/] mpu CTEHIOBBIX MCIBITAHHAX YacTO OKA3bIBAETCS BDIIIE pacyer-
HOI1.
Ecan npeHe6pedp ABUXKEHMEM KOHTAKTHOH JMHHM, TO aHAJIHTHYE-
CKasi 3aBHCHMOCTb 06BEMHOTO K.IL.J1. uMeeT BHA [94]:
ns, [2p

n, =1 - —, (5.119)
In p

rie Sq — TIOW@AAb UIeJH IO KOHTAKTHBIM JHHHUAM PO.

W3 soipaxenua (5.119) crexyer, 4T0 o6beMHbIN K.II.J. MOHMXA-
eTcs C TOBblIIEHHeM Iepenaja JaBleHuil M, HaobopoT, BO3pacTaeT
[pU yBEJIMYEHUH YacTOThl BPALIEHHUS.

»KecTKOCTb XapaKTepHCTHK M HArpy30uHas CHOCOGHOCTb 0o6beM-
HOll TMAPOMAIIMHBI BO MHOTOM OIPEAEISIOTCsS CTa6H/IbHOCTBIO 06D-
eMHOro K.1.4. I103TOMy pOTOpHbIE THAPOMOTOPbI OGILETO Ha3HAYEHUS
O6BIYHO BBIIOJHSIIOTCS] GBICTPOXOAHBIMHE.

B paccMaTpHBaeMbIX yCHOBHSAX, KOTAA [JISI ONTHMAJBHOTO PEXIT-
Ma pa6oThl M0J0Ta TpebyeTcss HH3KOOGOPOTHBIN JABUTaTe/b, A/ CO-
XpaHeHUs! BHICOKOTO yPOBHSI OGBEMHOr0 K.I./J. NIPH 3ajanHHOM Py He-
06X0IMMO yBeuyeHne pabouero ofbema.

Veenuuenne V 3a cuer auamerpa PO BBI3bIBAET MOYTH IMPONOP-
[{MOHAJIbHOE yBeIMYeHHe JIMHDbI U IUIOWAAM ILIesNH, BCICNCTBUE YETO
eJaeMblil pe3yJibTaT He JOCTHAETCS.

Wck/oueneM sIBJSIOTCS MHorosaxogHsle BI'M, y KoTopbIx pa-
6ouuii ofbeM 3aBHCHUT He TOJbKO OT o6beMa KaMep, HO H OT KpaTHO-
cTH jelicTBuS, paBHOH 4HC/y 3aX0[0B poTopa (eMm. § 5.1). Toatomy
pa6oyuii o6beM Muorosaxomusix BI'M MoxHO yBemruuuMTH 3a cHeT
KHHEeMATHYECKOTO OTHOIIEHHMS TpH COXPAHEHMH KOHTYPHOTO AHaMET-
pa PO ¥ [IHHBI NPOTOYHON YaCTH KOHTAKTHBIX JUHHMI. DTO BaXcHOE
CBOICTBO MHOro3axofHbix BI'M mM03Bo.IsieT NOI/Iep)KHBATh BBICOKMIf
ypoBeHb 06BeMHOTO K.M.J. TPH HU3KOH  4acToTe BpalleHUs, HE
npuberasi K HMCMOMB30BAHUIO MHOTOLIATOBbIX KOHCTPYKIit PO. C
vBeTiueHHeM Ke umc/ia maroB PO mpenMymecTBo MHOrO3aXOIHbIX
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BIM B ofbeMHOM K.M.A. CTAaHOBHTCA ele 60Jiee 3aMETHBIM, IO-
CKOJIbKY IIDH 9TOM De3KO CHHIIXKAETCsS MEXBHUTKOBBIHA INepenasn AaBJe-
HUSI.

luppasanyeckne norepu B B3/l cxiaapiBaiotes u3 moreps B pa-
6ouux opraHax P,, 1 MOTepb B APYrMX NPOTOYHBLIX YACTSIX MALIKHBI
P* (mampumep, 8 mmungese). Iorepsamu P BBHUY MX OTHOCHTE/b-
HOif MaJIOCTH B GO/IBUIMHCTBE C.Iy4aeB MOXKHO NpEeHE6peyDb U MPUHATH
P, =P,

Ho 80-x romor ruzpaBanyeckum notepsm B BI'M He YAENI0Ch
AOCTAaTOYHOTO BHMMaHuA. PaccMmaTpuBanmch JHIUb ycI0BHSI TedeHus
HEeBA3KOU XUAKocTH B PO HacocoB ¢ KMHEMATHYECKHM OTHOIIEHHEM
1:2. laa atoro ciy4ast aBTopbl pa6otbl [36] caenamu BBIBOJI, 4TO
TH/IpaBJIMYECKHE TIOTEPH BECbMA MaJbl M /151 MPAKTHIECKUX PacueToB
Nr MOXHO NPUHSTb OJU3KUM K euHUIe.

B nanpneitmem H.A. Tykacos getaibHO HCCIeq0Bad 3TOT BOIIpoc
NpUMEHUTENbHO K MHOrosaxoAxsiM B3/l u npensoxun creaymormyo
MeTOAMKY pacueta [84].

I'uppaBinyeckne motepu 8 PO B s060M pexiMe ciaraiorcs u3
TPEX COCTABJSAIOLIMX: NOTEPb B KaHajJaX HemoaBWwxHbIX PO AP, 1o0-
TIOJIHUTE/IbHBIX [OTEPb NPH BpPaIleHHH POTOpa AP, M MECTHBIX IO-
Tepb Ha BXOAe u BbixoZe PO AP

P,, = AP, + AP, + AP.. (5.120)
]_IJIH BbIMUCJICHHUS COCTaBJAIOIIMX IoTepb NpeaoXXeHbl Cl.)OpMyJIbI

[84]

e 30 22(2)

1,75
78,4pv°'25e2'75(nz2rp)

R|-3 ]

ap=o(Z) (5 (31

rae F — mioliagn npoXoJHoro kaHana Tpy6bi, IpUMbIKAOIMIEH K PO;
7p — pacyeTHbId pamuyc, r, = D, /2 — e.
[Ipu BblYHCIeHMH AP, npUHHMaeTcs, 4YTO Ko3puIHeHT rrapaB-

JIYECKOro CONMPOTHBJEHHA 3aBHCHT TOJBKO OT ymc/aa PeifHosabzaca
Re = 4Q/vR,:

AF,

(5.121)

A =0,0032 + 0,221Re0.237, (5.122)
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Puc. 5.30. Baaanc cOCTaBAAIOIIHX THAPABAHYECKHX TOTEPD:
a-1=1:2:6 -i=9:10

R
f 2 3 4 5§ 6 7 8 32,

Puc. 5.31. 3aBHCHMOCTb THAPABIWYECKHMX NOTEPb H CKOPOCTH 3XKHIKOCTH B KaHa1aX
o O ot 2

Basatc COCTABAAIOINX THAPABANYECKHX NOTEPb U BJIHsSIHUE KHHE-
matuueckoro oTHomenusi (puc. 5.30) ucciaenoBanbl B pabote [52]. C
yBeJMYEHHEM 4HCJa 3aXO0J0B POTOpa CyMMapHbIE IHMIPABIHYECKHE
TI0OTepH H CKOPOCTb JBM)KEHHS XKHUAKOCTH B KaHalax PO, umerommux
[IOCTOSIHHBIM KOHTYpHbIl auamMeTp D, W Pacxof XUAKOCTH Q, BO3-
pactaiot (puc. 5.31).

Jlns aBuraTeneit ¢ pabo4MMU OpPraHaMH, CIPOEKTHPOBAHHBIMHU IO

-164— 30BaTh YNpPOIEHHbIe (pOpMyJibl THI-

OCT 39-164-84, mMoxHO HUCIOND yIp ¢ D o

paB/JMYeCKHX Totepb [52]; B yacTHOCTH, A/ JBUTaTe! ,

J13-172, [15-172, J1-85 ¢ i = 9:10 npu paboTe Ha Bofe 9TH HOPMYJIbl
NPHHUMAIOT BHI
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-5 2 1,75 -4 2

4,76 -10 " ART 1,8 210
=_____5._9_; APn=-2Q_175; Apc_______.__g_,
e e’T" e

AP, , (5.123)
agech Q B a/c, AP Bxrc/cM2, T ue B oM.

Jnst pBurarenss [13-172 B pexuMe MaKCUMaibHON MOILTHOCTH TUA-
paBiaudeckrii k.r.4. . = 0,7 + 0,8.

BMmecte ¢ Tem peasbHblii mpouecc TeyeHHs KuakoctH B PO
IIpY 3HAYUTEJbHBIX Tepenagax AaBJeHUs UMeeT 6ojee CHOKHBIH Xa-
paKTep IO CPaBHEHUIO ¢ IIPHBEJAEHHBIMHU Bbille (POPMYJaMM: 4HacThb
NOTOKA JSKMAKOCTH U3 o0O0JaCTH BBICOKOrO JABJEHHsI IOHafaeT
B 06/1aCTb HH3KOTO NABJIEHHS yYepe3 06pasyiomuiics 3a30p, MHHYysS
BYHTOBbIE KaHanol. llo3TOMy [ YTOYHEHHS METOMMKM pacyeTa
THAPABINYECKUX NOTePh NOTPeGYIOTCS IOTOJHHTE IbHbIE MCC/IeL0Ba-
HHSI.

Mexannieckne notepu B B3/l cknagsiatores us mmoteps 8 PO B
CoeJIMHEHHMH DOTOpa C BAJOM INNHHAENS, B OCEBOl M paAMaIbHBIX
omopax IIMKHIENS.

Ecnu coeaunenne poropa M Baja ILMMHAEAS OCYLIECTBJSAETCS C
[IOMOIbI0 TMOKOTO Baja, TO HEOOXOAUMO YUHTBIBATH TAKXKe Heo6pa-
THMble [OTePM BHYTPEHHETO TpeHUsI, BO3HHMKAIOLME BCJEACTBHE IIe-
PHOAMYECKOTO Iepexo/ia BOJOKOH IMOKOTO Baja M3 CXKATOro B pactsi-
HyTtoe cocrosuue (cm. § 8.2).

Cocrapisiolie MEXaHHYECKUX MOTEPb MOXKHO OMNpPENeTHTb TOJb-
KO 3KCIIEPUMEHTAIPHO Ha CHEHHaIbHOM CTeHe, MO3BOJIAIONIEM MpO-
U3BOJAMTL pa3olllieHHe cTaTopa OT Kopiyca wnuuAeas. Wccnejo-
Banus [0.B. 3axaposa u A.M. Kounesa [94, 107] nokasanu, uto
B B3/l ¢ ocepoil onopoii KaueHus MpeBaHpYIOLLYI0 AOMK COCTABJISI-
1oT motepu B PO. BinsHHeM OCTaNbHBIX COCTABASIIONIUX MOXKHO
npeHe6peyb ¥ MPHHSTH, YTO MOMEHT MeXaHHYECKHX HoTepb M, =

po-
B MaremaTuyeckux MoAeNAX POTOpHBIX ruapomaiuut [129] yuu-
THIBAOTCA /IBE COCTABJISIONIME MEXAaHUYECKHX TTOTED: OT cyxozo AM;

i 8a3xoz0 (Kudxocmnozo) AM, Tpenus:
M, = AM;+ AM.,. (5.124)

COCTaBJIHIOUIHC notepb NPpUHUMAKIOTCA HPOINOPHUHOHAIBHBIMU CO-
OTBE€TCTBEHHO JIaBJIEHUIO U yI‘JIOBOﬁ CKOPOCTH.

AM;= C/PV; AM, = C,uoV, (5.125)

rae Cs, C, — GespasmepHble KO3(pPUUMEHTBI TOTEPh CYXOro M KHAI-
KOCTHOTO TPEHHA; U — AWHAMUYECKAS BA3KOCTb KHIIKOCTH.

3navenus Cy, C, NPHHHUMAIOTCS OCPEAHEHHBIMH, HE3aBHCHMBIMH
oT pexxuMa pabotbl ruapoMamuuel. Taxoe gomyiienue (<«iHHeiiHAs
MOJle/ib") CIPaBEAMBO B CPAaBHHTENbHO Y3KOM [MAIla30HE U3MeHe-
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st P u @. [/ NOMHOrO ONMCAHHMs XapaKTePHCTHK I'MAPOMAIIHH He-
06X0IuM NepeXoa K 6oJiee TOYHBIM MATEMATHYECKHM MOJE/ISIM, OCHO-
BAHHBIM HA IIMPOKOMACIITAGHBIX JKCIIEPHMEHTaIbHbIX AaHHbIX. Ta-
KOii MOJIXOA CIpaBelJuB M IJsi OJAHOBHHTOBBIX ruapomamun. Ocra-
HOBHMCA Ha 3ToM GoJslee TIOAPOGHO.

JluHeiiHble 3aBHCHMOCTH cocTaBasiolux notepb Tperust (5.125)
CTIpaBeIHUBbI TOMBKO TPU OMpE/eJeHHbIX AOMymeHnax. JlunedHas
3aBHCHMOCTb MOMEHTA IIOTEPb CYXOro TpeHusi or P MoxeT 6bITb IpH-
HATa, €CAU He YYUThbIBaTh AedcTBylomme B PO HHEPUHOHHbIE CHJIbI,
3aBUCSIIME OT IKCLUEHTPHCHTETA, MAcChl POTOpPA U €ro yrjoBOil CKo-
poctu. IlponopunosaibHasi 3aBUCHMOCTb MEX/y MOMEHTOM CHUJI XKHA-
KOCTHOTO TPEHHSI M ( XapaKTepHA TOJbKO /IS TMAPOMAIIMH, pabo-
TAIOIMX HA BA3KMX xuaxoctax (¢ maabiM Re).

J[1s1 OIHOBMHTOBBIX MMAPOMALIMH, C MACCHBHBIMH POTOPAMH M HC-
0JIb3YIOIMX B KauecTBe pabouero arenta Bofy (korma pexum Tede-
HHS SKMAKOCTH B KaHanax PO — Typ6yJeHTHBIH), pacyeTsl IO
(5.125) MoryT npuBeCTH K IOTPEIIHOCTSM.

JInsi nOATBEPIKAEHHS CKa3aHHOTO COCTaBMM KPUTEpPUaJ/IbHbIE ypas-
HEHUS MOMEHTOB CHJI CYXOro H JXHIKOCTHOIO TPEHHsA B DOTODHbIX
TMpPOMAlIMHAX ¢ reoMeTpuyecku nogobupiMu PO ¢ ydyetoM nHepLu-
OHHBIX CHJ M PeXHMMa TedeHHs >KHAKOCTH B KaHamax [57].

Cyxoe Tpenme. IIperno/ioKuM, YTO MOMEHT CHJI CyXOro TPeHHsl 3aBHCHT OT CyM-
MapHOH paaHanbHoii cnibl (OT THAPABAMYECKHX, MHEPLMOHHBIX M yNpyrux cui) R,
YFJ10BOH CKOpPOCTH @, KOHTypHoro auametpa PO u napaMerpa, onpe/esisliolero cMa-
3bIBAIOIINE CBOHCTBA XXMAKOCTH, HANPUMEP KMHEMATHYeCKON BA3KOCTH V!

fi{AM{, R, @, Dy, v) =0. (5.126)

Mpouecc cyxoro tperns (5.126) xapakTepHusyeTcsl BCero AByMs Ge3pasMepHbIMH
KOMILJIEKCAMH:
KpHTEpHEM MOMEHTa CHJI CYXOTo TpeHUs

[y = AMy/RDy;

uncsom Peitnoabaca

Re = mD,f A

CraenoBatenbio, B obuiem cayyae (puc. 5.32, a)

AM; = RD.fARe), (5.127)

rie f{Re) ~ onbitiast dynkums Re, onpegensiomwas KoaUUHEHT TpeHus B nape
poTOp — CTaTop.
Ecam 312 (pyHKUMSA — NOCTOsIHHAs BeAMYMHA, KpUTepHil [Ins ABJsieTcss mapamer-

poM ripoMalmibl C.

ITO 03HA¥aeT, YTO B COOTBETCTBHK € 3aKOHOM AMaHTOHA MOMENT CHJ1 CYXOrO Tpe-
HUsl TIPONOPUHMOHANEH CHJIe HOPMAJIbHOTO faB/eHis, a Ko3g@uimeHT nponopuuo-

. [}
HaJIbHOCTH Cf NPpH 3aJaHHbIX DK ¥ V HE 3aBUCHT OT YIJIOBOH CKODOCTH.

B cBolo ouepeab, cyMMapHas paauaibHas cuia B PO 3aBHCHT oT nepenaja Aas-
feHus, YFIOBOH CKOPOCTH, KOHTYDHOTO AHaMeTpa, Hatsra B mape & W Maccol (10T-
HOCTH MaTepHasa p,) poTopa
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Puc. 5.32. KpurepuaabHbie XapaKTePUCTHKK NPOUECCA TPEHUS:
a — cyxoro; 6 — XuKocTHoro; | — obmwuii cayyait; 2 — f(Re) — idem

f(R,P,0,D,80p,) =0 (5.128)

Hns onpedesietnsi 5Toi 3aBHCHMOCTH CJ1YXAT TPH Ge3pa3MepHble BEJTHYHMHbL:
KpHUTepHii pajHaJbHBIX CUI

Mg = R/P Df;
KpUTepuil naBjieHUs
I, = ———P ;
P 252
p,0 D,

koadduument Harara 8,/ D,.
B obuem cayuae

R =PD? f(Np, 8,/D,), (5.129)

rae f([p, 8/D,) — Hexoropas ¢byHKUMSA, onpeaensieMas aHAJUTHYECKUM HJH OfbIT-
1bIM ITyTEM.
[Ipu Gonbwnx 3uauenusx [p (Manoil Macce waM yrosoit ckopoctn potopa) H

He3HAUHUTENbHbIX Koa(duUMEHTAX HATATA HX W3MEHEHMEM MOXHO NpeHeOpeb, KO-
nycKast, 4To

R=CrPD}. (5.130)

IIpu Manbix 3HaucHUAX KpuTepHs [lp BAMAHHE WHEPUHOHHOW CHAbI CTAHOBMTCH
OLIyTHMBIM H JiMHeitHas 3aBucuMocTd (5.130) napyuaetcs.
Hoacrasnsas (5.129) s (5.127), noayyaem

aM;= PD} fARe)f(I1s, 8/D,), (5.131)

T.e. B oflleM Ciy4ae MOMEHT CHJI CyXOTO TDEHHs ONHMCbIBaeTcsi 6oJiee CAOXKIBIM, 110
CPABHEHHIO C UCTIONb3YEMbIM B MOJE/IAX POTOPHDBIX TMAPOMALINH, BbIPaXKEHHEM.

Uz obuiero ypasrenusi (5.131) MOXHO BbIIENHUTb TP YACTHBIX MPOLECCA CYXOFO
Tpenus [57}):

1) npu noctosiHcTBe KoadduuHKenTa TpeHHs

aM;= C; PD] f(Ilp, 8/D,);

2) nIpU 1E3HAYHTETBHOM BJIMAHMH CKOPOCTH M HaTAra
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aM; = Cg PD] f(Re);

3) npu nocroaHcTse Koa(duLMENTA TPeUHs M HE3HAYUTEILHOM BAHAHHH CKOpO-
CTH W HATATa

AM; = C}Cg PD].

TobKO B NOCAEAHEM CHAYHae MOMEHT CHJ CYXOro TpeHus, kak n B (5.125), npo-
NopuUMoHAJIeH Nepenajy AaBJeHHi B J1060M pexuMe TMAPOMALINHEL.

MKuaxoctnoe Tpenne. MOMEHT CHJ1 XHIKOCTHOTO TPEHHS 3aBUCHT OT IJIOTHOCTH
M BA3KOCTH XXHAKOCTH, YIJIOBO} cKOpocTH H anametpa PO

f(AM,, p, v, @, D) = 0. (5.132)

CanejioBaTe ibHO, npotecc BA3KOro TPEHHUS XapaKTepHU3yeTca AByMs 663p33Meprl-
MU KOMILICKCaMH!
KpUTEpHEM TOTEPb MOMEHTA

L. =AM, .
Mv — 2145

po°Dy

yucaom PeitHonbaca Re.

U3 KpHTepHanbHOM XapaKTEPUCTHKHM FEOMETPHYECKH TOJAOOHBIX fiap NojydaeM,
4TO

AM, = po? D] f.(Re), (5.133)

rae f(Re) - bynkums Re, onpenensieMas onbithpiM nyTeM (cu. puc. 5.32, 6).
[Ipu manbix Re, Koraa 3aBHCHMOCTb MeXJly KPHTEPHSIMM Nofo0Us 6/M3Ka K TH-
nep6oanyeckoii (MyRe = idem = C,):

AM, = Cyo D] . (5.134)

IIpu Gonbmux wucnax Peiinonbiaca kputepHit nogobust Tlxsy CTAHOBKTCH IMPAKTH-
YecKH He3aBHCHMBIM OT PEXMMA TeueHHs XKHAKOCTH B kaHanax (or Baskocty) (Il =

= idem = C} ) u B 3TOM CJTyvae

AM, = Cjpw? D . (5.135)

Takum o6pasoM, JMHeliHAs 3aBUCHMOCTb MOMEHTA CHJ JKHIAKOCTHOTO TPEHHS OT
ckopoctu (5.134) cnpaseaMBa TOJbKO MpU Maibix Re, 1Sl ONMHCAHHA TMAPOMALIMH
¢ 60bIIMMK Re clyXHT KBajpaTHunas 3aBucumoctp (5.135).

BMecTe ¢ TeM BCAEACTBHE KOHCTPYKTHMBHbIX ocoBeHHocteit PO (npoTsxeHHOCTB
KOHTAKTHBIX NMOBepXHOCTeit, HATAT B mape) notepH BAakoro Tpenus BIM (3a ucknio-
YeHUeM BBICOKOOGOPOTHbIX HACOCOB) OTHOCUTENBHO HEBENMKH H B LIEJIOM MeXaHu4e-
CKHEe MoTepH OOYCAOBJEHDbl COCTABJIAIONIENR NOTEPb CYXOTo TPEHUS M OMNPEC/IAIOTCS
nanpsiieHHo-tepopMHpoBattbiM coctosinueM PO. [loaToMy npu nepecueTe xapakre-
pretuk B3I (cM. § 6.4) noTepsiMH HAKOCTHOTO TPEHUS MOXHO npeHeGpedb W NpH-
HSATb, YTO

M, = AM;.
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XAPAKTEPUCTUKN B34

Xapaxrepuctuku B3/l Heo6xoauMer ajs BbiGopa ONTHMATBHBIX
napaMeTpoB DeKHMa OypeHHs M MOJJepiKaHus HX B Tpolecce 10J6-
JeHHs], a TaKXe JUIA onpelesieHus MyTeit JalbHEHIIEro COBEPIIEHCT-
BoBaHMA KOHCTPyKHui B3/l u TexHONMOrMM 6ypeHHs ¢ HCIOIb30Ba-
HHEM HX. :

B nociennee BpeMst BHUMaHHe K XapakrepuctukaM B3]l Bce 6o-
Jlee TOBBIIAETCA. JTO CBSI3aHO ¢ BHEADEHUEM DEry/JMPYEMbIX IIPHBO-
A0B 6ypoBBbIX HacocoB, A/ 3P GeKTHBHOrO HCIOJAb30BAHUS KOTOPBIX
3HaHME XapaKTePHUCTHK I'MAPOMALIMHBI CTAHOBUTCH HEIPEMEHHBIM yC-
JIOBHEM, a TaKXe PacClpOCTPaHEHHEM HOBBIX TexXHOJOTHH (HaKJIOHHO
HanpaB/IeHHOE€ M TOpPH30HTaJbHOe 6ypeHue, GypeHHE ¢ HCIONb30Ba-
HHEM HEIPEPBIBHBIX TPY6), 0OCO6EHHO YyBCTBHTENbHBIX K H3MEHEHHIO
pexxuMoB pabotst B3/1.

CoBpemenHble TIPOrpaMMbl 6ypeHHs! BEAYNINX 3apyOesKHbIX hHpM
NpelyCMaTPHBAIOT CTEHJOBbIE HCHBITAHUSA KaXIOTO THAPOABHraTe/Is
C UeJDbIO MOJIydeHHs] UX PaKTHYeCKHX XapakTepucTuK. HecMorps na
JOIOMHUTE/IbHBIE 3aTPATbl, 3TO M03BOJAeT HauGouee 3ddeKTHBHO
ucmob3oBath B3/, B 4acTHOCTH, KOCBEHHO 10 JABJEHUIO HA CTOSKE
KOHTPOJIMPOBATb HArpysKy Ha JOJOTO, YTO B KOHEYHOM CYETE MpPUBO-
AMT K yJAy4NIEHHIO TeXHUKO-SKOHOMHYECKMX MoKasaTeseifl Mpouecca
6ypeHus.

B Poccunt creHoBble UCHBITAHHS TaKXe CTAIH MPOBOAUTD 3aBO-
opl — u3rotoBuTesu Asurateneil. Iloywn B 3TOM Refe MOI0XKeH
Hepmckum ¢punmnanom BHUWBT.

B ofuiem ciyvae pa3MyaloT cTaTHYeCKHe, [MHAMHYECKHE M IIepe-
Xoauble xapaktepucTHku B3/l

Cmamuuecxue xapaxmepucmuxu OTPaXKAIOT 3aBUCHMOCTH MEX/Y
nokasateaaMu ruppoasurarenst (M, o, P, N, 1) B ycTaHOBHBUINXCS
pexHMax.

Aunamuueckue xapaxmepucmuku ONpPeNeJsIOT COOTBETCTBYIO-
I{e 3aBUCHMOCTH B HEYCTaHOBHMBINMXcsT (HECTALUMOHAPHBIX) pPeXH-
Max M ofyC/IOBIMBAIOTCS MHEPLUHOHHOCTBIO MPOHCXOASIIMX IpOLec-
COB.

Ilepexodnvie xapaxmepucmuxu BBIPAXAIOT 3aKOHOMEPHOCTH M3-
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MeHeHHsI BO BpeMeHH Nokasatesneit B3]/l npu Boamymenusax. K me-
PEXOAHBIM OTHOCSTCSL M ITyCKOBbIE XapaKTEPUCTHKH THAPOJBUraTe-
Js.

IMockoJibKy pexum paborst B3/l ompenensieTcss TUIIOM NPUBOAH-
MOTO UM TOPOOPA3PYLIAIOLIEr0 HHCTPYMeHTa (HCIIOTHHTEIBHOTO Me-
XaHH3Ma), NMpPH pPacCMOTPEHHMH XapaKTEPUCTHK HEOGXOAUMO pa3Jiu-
4aTh XApPaKTEPUCTUKH CAMOrO T'MAPOJBUIATE]S M HCIOJHUTEJIBHOTO
MeXaHH3Ma.

6.1. CTATUNECKUE XAPAKTEPUCTUKU B3

Cratuyeckue xapakTepucTHkd B3/l ycsoBHO MOXHO Kaaccudu-
1MpOBaTh KaK CTeHAOBbie M HarpyaouHbie. CTeHIOBble Xa-
pakTepucTHKH (KaK QYHKUMH OT KPYTSIE0 MOMEHTA) OIpPee/isioT-
csi B peayibTare ucnbitanuii rugpossurarens (cMm. § 6.5). Harpy-
304Hble XapaKTepHCTHKU (Kak (pyHKUMM OT OCeBOil HArpys3Ku Ha Jo-
JIOTO) PACCYMTBIBAIOTCS 110 CTEHAOBBIM /151 KOHKPETHBIX yCJIOBUH 6y-
peHus.

B Teopun 06beMHBIX IMAPOMAIUNH, K KOTOPBIM OTHOCATCA BHHTO-
Bble THPOJIBUTATE/H, BBIAESAIOT JABE OCHOBHble (MEPBUYHBIE) Xapak-
TEPHCTHKH, CTPOSAILIHEcs] IPH IIOCTOSIHHbIX 3HAYEHMSX pacxofa,
IIOTHOCTH M BSI3KOCTH XKH/IKOCTH:

MEXAHUUECKY!o — 3ABUCHMOCTD MEXJY YIJIOBOH CKOPOCTBIO ®
(yacToTolf BpamleHust n) M KPyTAIUMM MOMeHTOM M rujppoasurare-
JIs;

Zu0poMexanuuecKyo — 3aBUCUMOCTb MEKAY IepenajoM JaBaeHHs
P B rugpoaBuraresie H KPyTAIIUM MOMEHTOM M.

Ilo usBecTHbIM HEPBUYHBIM xapakrtepuctukam B3/l paccuntbiBa-
I0TCA IHepzemuueckue XapaKTepUCTHKH FMAPOJBUTATEIS: 3ABMCHMO-
CTH MOIMHOCTH N H K.IL.J., N OT KPYTSIIEro MOMeHTa.

Peanpuble xapaktepuctuku B3/[, B oTiM4me oT o6beMHbIX THA-
poMalIMH APYFHX THUIOB, CYIIECTBEHHO OT/IHYAIOTCS OT HAEaJbHBbIX
XapaKTepHCTHK, OCTPOeHHbIX 6e3 yuera notepnb (puc. 6.1).

B uneanpHoil 06beMHON THApOMANINHEe MeXaHHUYecKask XapaKTepu-
cTukKa — a6comoTHo KecTkas (n = idem), a mepemag AaBAEHHS MpPO-
OpLMOHANEH KPYTALIEMY MOMeHTY, NpuueM rpaduk P — M mpoxo-
JHT Yepe3 HAyaJo KOOPJAHHAT.

HenocrosiHcTBO Nepenaja AaBjeHHs B PasJHYHBIX peKHMax —
ocobeHHOCTb XapakTepuctuk B3/l, nospojsionias UCIO/1b30BaTb €r0
B KayecTBe MHAMKATOpa mpolecca 6ypenust (cum. § 9.5).

o mepe pocta Momenta M (cm. puc. 6.1, 6) nepenaa AaBieHUS
P yBesquuuBaeTcsi paKTHYecKu JuHeitHo. YactoTa BpameHust n BHa-
yajie CHIXKAETCSl He3HAYMTENIbHO, a NPU MPUOIHKEHHH K TOPMO3HO-
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Puc. 6.1. Xapax'r%pncﬁum B3A4:
a — upeanpHbie; 6 — peajbHble

My pexxumy — pe3ko. Kpusble momuoct N ¥ K.ILA., 1| HMEIOT 3KC-
TpeMaJIbHbIH XapakTep.

Pa3nnyaloT 4yeTbipe OCHOBHBIX pexuma: xonoctoit (M = 0), on-
TUManbHbI (MaKCHMaJIbHOTO K.IL.J.), 9KCTPeMaabHbIH (MakcHMalb-
Holt MOIIHOCTH) U TopMo3Ho# (n = 0).

Pa6ounit pexxum B3]l npuHMMaercsi COOTBETCTBYIOIIMM 3KCTpe-
MajbHOMY (MacloOpTHbIE JAHHBIE ABHTaTe/sl NPHBOASITCS [IJISi AaHHO-
To peXuMa) WM PeXXUMY MaKCHMAJbHO JOIMYCTHMOTO Nepelaja JaB-
nenus (orpaHMYeHHOro O6bEeMHBIM K.M.JA. WIX KOHTAKTHBIMH HAItps-
xeHussMH B niape). HexoTopble (bUpMBI B CBOMX KaTajIorax HPUBOIST
KOHKpPETHbIE 3HayeHus gaomyckaemoro P [168, 170, 174] .

OnTUManbHbI PEXHM CMEIIEH BJIEBO [0 OTHOIUIEHUIO K 3KCTpe-
majbHoMy {(cM. puc. 6.1, 6), T.e. HacCTymaeT NpH MEHBUINX 3HAYEHH-
AX KpyTauero Momenra. Kak mpaBujio, a3KCTpeMasbHbIH PeXHM, CO-
OTBETCTBYIOIIUIT yciaoBuAM Haubosiee 3¢h@PeKTUBHOTO Da3pyLIeHHs
FOpHBIX TIOPOJ, PACIOJIONKEH PSAJOM C TpaHuieil 30HbBI YCTOHYMBOIL
pa6orer B3/l, mpn noctmxeHnn KoTopoil AajibHelilliee yBejgHueHHe
HArpy3Ky NPUBOAMT K TOPMOXKEHMIO ABHTaTEs.

B o6memM ciayyae xapaxrepuctuku B3]l 3aBucar ot:

reoMeTpUdecKux napamerpoB PO (KMHEMaTHYeCKOTO OTHOIIEHHS
i, KOHTypHoro auaMetpa D, mara T, yucja maros k, HaTsra 8, Ton-
UIMHBI HIACTHYHON O6KJIAAKH CTaTopa);

pacxozia Q u cBoiictB paboueit XUAKOCTH (IJIOTHOCTH P W BS3KO-
CTH V);

(U3NYECKUX CBOMCTB MaTepHAJIOB napbl poTop — crartop (M/IOTHO-
CTH, MOLYJISt YIPYTOCTH);

KOHCTPYKTHBHbIX ocobenuocteit B3/l (PO, coeputienus potopa u
BBIXOMHOTO BaJa, ONOP IUTHHAENS).
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6.2. BMIMAHUE PA3JINYHbIX ®AKTOPOB
HA XAPAKTEPUCTUKU B3

6.2.1. BIUSHUE FTEOMETPUYECKUX NAPAMETPOB PAEO4UX OPTAHOB

KuneMatnueckoe orHomende i. IIpn 3agaHHBIX pacxofe XuA-
KOCTH M KOHTYPHOM [MaMeTpe KMHeMaTHYecKoe OTHOILIEHHE OKa3blBa-
eT onpefensiiomee BiusHue Ha xapakTtepuctukn B3 (cm. § 5.2-
5.3). B kauectBe mpuMepa Ha puc. 6.2 mpencTaBJieHbl XapaKTepH-
CTUKH MHorosaxojHoro asuratens u B3/l c¢ oaHo3axoAHbIM pOTO-
POM, BBITIOJHEHHBIX B OJUHAKOBOM ra6apute u ¢ nomo6xoi dopmoi
BUHTOBBIX TNoBepxHocTeit (¢; = idem). Vs rpaduka BHAHO, 4TO
MHorosaxozanble B3J] MMerOT NOBbillieHHbIH KPYTALWUH MOMEHT IIpH
HM3KOH YacToTe BpauleHus, T.e. 06JajaloT BBICOKMM 3HAYeHHEM
kputepusi adexTnsHOCTH M /N, ONpENENSIONIEro NOKa3aTen Mpo-
uecca 6ypenus (cm. § 6.10). XoTs mo cBoeMy K.II.J. MHOTO3aXOJHble
B3]l HeMHOro ycTymaioT ABHraTeJsIM ¢ OJHO3AXOLHbIM POTOPOM, B
HeJoM K.IL.J. TMApOABMraTesell ¢ Pa3/JMYHBIMHM i OCTAeTCA Ha OXHOM
YPOBHE.

Oco6eHHO 3aMeTHO NpeuMyllecTBa MHorosaxoxnbix B3/l nposs-
JIAIOTCA TIPM MCIIONB30BAHMM MX MHOTOLIATOBBIX KOHCTPYKUMH, KO-
rAa pe3Ko YBEJMUMBAETCSl YMC/IO KaMmep, OTAENSAIOMHUX BXOA OT BbI-
X0Zla, M TeM caMbIM BO3pacTaeT Harpy3o4Has cloco6HOCTb TMAPOABH-
ratessi.

Koutypumit auamerp D,. Ilpu 3aganHOM KMHEMATHYECKOM OTHO-
IEeHUH yBeJuYeHre KOHTypHoro auamerpa PO npusoaut k Bospacra-
Huio paboyero o6bema B3/l B cOOTBETCTBEHHOMY U3MEHEHHUIO €r0 Xa-
pakTepHCTHK. BMecTe ¢ TeM BO3MOXXKHOCTb BapbupoBanus D, Ha cta-
JUY IIPOEKTUPOBAHUS OIpaHMYEHA, IOCKOJbKY MCXOAHBIM TMapameT-
POM SIBJISIETCS AMaMeTp CKBAKKHBI.

B xauecTBe npumMepa Ha puc. 6.3 MpuBeAeHbI CTEHJOBbIE XapaKTe-
pucTHKHM aBuraTesiedl auamerpaMu 120 m 240 MM ¢ MAEHTHYHBIM KH-
HeMaTHyeckuM oTnomenueMm (i = 7 : 8) mpu pacxogax >HAKOCTH,
COOTBETCTBYIOIIMX PAaBHBIM YacTOTaM BpalleHHA B PeXHMe MaKcH-
MaJ/IbHOH MOILHOCTH.

Iaru PO T, t. llpu samaunsix i, Dy, Q xapaxtepuctuxku B3/l
MOXKHO M3MEHSATb NMyTEM M3MEHEHHS IaroB BMHTOBBIX NOBEPXHOCTEH
cratopa u poropa. C yBeJH4YeHHeM IIAroB Bo3pacraior paboumit 06b-
eM u xputepuit adpdextuBrHoctu M ,/n ruapoasuratens. Ilpu sei6ope
mraroB PO Heo6X0AMMO YYHUTBIBATH CjeAyloniee:

yseauueHue T MPUBOAMT K yBeaudeHuio Aaunbl PO u obmeit aau-
HbI TMPOJBUTATENsS, YTO YCJIOXHSIET TEXHOJIOrHIO HaroTosaenus PO
u cHuxaeT 3¢ddekTHBHOCTh HcnoJb3oBaHuss B3]l B HakJOHHO Ha-
[IPaBJIE€HHOM H FOPU30HTaJbHOM OypeHHH;
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Puc. 6.2. Cpasnenue xapaxtepucTHk B3/l pasaniHOro KHHEMATHYECKOTO OTHO-
IEeHHA NpH pacxoae xuIKocTH Q = 22 a/c:
I-i=9:10; IT —i=1:2; 1, 2 — kpusble n = f(M); 3, 4 — kpusble N = f(M)

cuikerue T MOXKeT IPMBECTH K BBIXOAY M3 ONTHMAJIbHOTO JAUara-
3oHa KoagduuuenTa GopMbl NIOBEPXHOCTH Cr (cm. § 7.2) u yxynure-
HHIO ITyCKOBBIX CBOficTB ABuratesist (BO3MOXHOCTD He3aImycKa).

UYucao maros PO k. Biusuue uncia maros (ammuer) PO Ha xa-
pakTepuctuky B3/l B nmepByio oyepeab CBA3aHO C H3MEHEHHEM HHMC/IA
KOHTAKTHBIX JHHUH A, OTAENSIOMMX BXOA M BbBIXOJ TMIPOMAIIHHBI
(5.43).

WccrenoBalusi o6MUX 3aKOHOMepHOCTeil BJIMSHUS 4UC/]a [IaroB
Ha xapaxtepuctuku B3/l nposommmuch B Xone HCTBITAaHWH JBUra-
TeJeil Pa3JUYHBIX THIIOPA3MEPOB IyTEM NOCJENOBATENBLHOTO yKOPA-
yusanus potopa [66, 94]. PeayibraTsl uccsienoBaHuii MOKasaid,
YTO C yMeHblIeHHeM JUIMHbI POTOPA CYIECTBEHHO CHUKAIOTCS TaKue

N,kBT n,c°!
! e B
60 2[0 -x.-__ __[E_":: u\\4
601 45 \ 7 I TN
40 1,0 7 \:\u \
20 05 d \\\ \
- "\
h ‘ / I I l ’/: lﬂ \\\
oL 2 L 1 | LY

0 2 4 § 4 10 b4 14 16 M,kH-M

Puc. 6.3. Bausinue kouryphoro muamerpa D, na xapakrepuctuku B3J:
I-D=120, 1 -D;=240; 1, 3-n=f(M); 2, 4 - N = f(M)
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pMna n,c!
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Puc. 6.4. Bausanne g PO na xapaxrepucruxn B3/] amamerpom 195 mm:
1-k=2;, 2-k=28, 3-k=35

MOKA3aTeIH HKCTPEMAJBHOTO PeXHMa, KaK KPYyTAIM MOMEHT, MOII-
HOCTb Y Tlepenaj JaB/eHus, a Takxe TopMo3Hoi MoMeHT (puc. 6.4).
Yacrora BpalieHus H K.I.[J. B peXHMe MAaKCHMaJbHOH MOLIHOCTH
[pH 9TOM M3MEHSIOTCSA He3HAYMTEbHO.

JlaHHBIE 3KCIEPHMEHTbI MOATBEPXKAAIOT leJecoofpa3HOCTb IpH-
MeHeHHMs] MHOTOMIArOBbIX KOHCTpyKUui PO ¢ ueabio noBbleHHA
KpPYTANIEro MOMEHTa ¥ MOLIHOCTH B31. OmbIT skcnryaTanuu JBura-
Telell IIOKa3bIBAaeT, YTO INpHMeHeHHe MHOTOMIATOBBIX I[ap TaKXe
obecriednBaeT CylIeCTBEHHOE yBeandeHue X croitkoctu [51].

Hartar B nape §. Hatsr B PO Biuser Ha of6beMHbIe W MeXaHHYe-
ckue motepu B3/l. C yBenuuenueM & o6beMHble IOTEPU CHIDKAIOT-
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Puc. 6.5. Bausnue watsra B nape Ha xapaxtepuctukn B3/l auamerpom 195 mm:
1-86=-06MM;2-86=-03MM;3-8=0; 4-8=03mmM
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csl, a MexaHuueckue Bo3pacTtaioT. CTporo roBopsi, HaTsTr BAMSET U Ha
pa6ounii o6vem B3/l

MHorousceHHble UCCAeIOBAHUSI BAMSIHUS HATATA B [lape Ha Xxa-
paktepuctukn B3]/l (Hanmpumep, npu ucnbiTanuax jgsuratenss [fi-
195 [64] npu usMeHeHuu 8 B HHTEpBase oT 3a3opa 0,9 MM g0 HaTAra
0,6 MM) POJEMOHCTPHPOBAH, YTO C YMEHDILIEHHEM HaTATa XapakTe-
puctuka n — M cranoButcs 6onee “msarxkoin” (puc. 6.5): cHmxaoTrcs
TOPMO3HOH MOMEHT U Hepenaji JaBJjeHHsi, KPYTALIHA MOMEHT B 3KC-
TpeMaJbHOM pexuMe. BciaenctBue Bo3pacTaHus yTedeKk NpH yMEHb-
ureHun Hatsira (yBeAMUYEHMH 3a30pa) CHUXKAIOTCA YACTOTA BpanleHus
H rnepenaj JaBJeHHs B xojoctoM pexxume. [Ipu ymeHblienuu & uac-
TOTA BpPAIlEHUsS B HOMMHAJbHOM pexxume (aas gpuratens J1-195 wo-
MUHAJIbHBIH KpYyTSAmui MoMeHT npuust [64] pasusim 4 kH-M) cyue-
cTBeHHO cHmkaetcs (B 2-3 pasa npu 3asope 0,6 MM 0 CpaBHEHMIO ¢
Hatsrom 0,3-0,6 mM). Ilepenan naB/ieHHsI B HOMUHAJIBHOM pexXUMe
MaJIo 3aBHCHT OT Hatsira. IIpH yMeHbIUeHHH HATATA CHHXKAIOTCS aM-
MIMTYAa MONEPEeYHbIX KoJeGaHuil Koplyca ABUraTe/sl H AMHaAMHYe-
ckue Harpysku B PO u onopax mnuHaens.

Tlo Mepe ustoca PO, uTO paBHOCHJIBHO CHMKEHHIO HATAra HJIH
nosiBjieHHIo 3a3opa B nape (§ 6.2.5), pexomenayercs B npouecce 6y-
PeHHsl YBEJHYUBATD PACXOJ KAAKOCTH.

Ha npaxTuke sHaveHue HaTsira B Mape poTop — crarop, obecre-
4yBaoulee ONTUMANbHble XapPAKTEPHCTUKU, BHIGHPAETCH B 3aBUCHU-
MOCTH OT TBEPAOCTH PE3WHbI, AuaMeTpa M aauHbl PO. [Iasg asura-
tenelt [13-172, 15-172, [2-195 cornacHo cymectByrouumM TY nartar
cocrapisier 0,2-0,4 mM. B stoM amanasone pas6poc (mosoca pac-
CEeHBAHUsI) XapaKTepHCTHK n — M BecbMa HesHauuTeqeH (CM. puc.

6.5).

.

6.2.2. BAMAHUE PACXOA XUAKOCTH

Pacxon uakocTH Q ABAsieTcS OAHMM M3 MAapaMeTPOB PeXHUMAa
6ypenns. Yame Bcero Bo3MOXHbIH AnanasoH uaMeHeHusa Q omnpeje-
JIAETCA MCXOAA M3 TeXHOJIOFMH GYyPeHNs CKBAXXMHB! M 33]aeTCs KOH-
crpykropy B3/l BMecTe ¢ APYrHMH MCXOJHBIMU JaHHBIMH.

Crengosbre ucnbitanust B3/l pasnmuubix Tunopasmepos [35, 64]
TIOK23bIBAIOT, YTO ¢ yBEJMYEHHEM PAcXOAa NMOBBIMAITCSA KaK TOPMO3-
HOH MOMEHT M TNepenaj JaBJIeHUS, TaK M MOIIHOCTb, KPYTAIIMHA Mo-
MEHT, YacToTa BpalUEeHHs Y Nepenaj [AaBJeHUs] B 3KCTPEMAJIbHOM pe-
xume (puc 6.6). K.n.a. ruapoasuratens npu ysenuenuu Q B fo-
IlyCTUMOM /IM2IIa30He U3MEHSeTCS HEe3HAUUTEIbHO.

HioxkHuit npesie1 pacxofia XHAKOCTH OTPaHMYHBAETCS HATPY304-
HOli CHOCOGHOCTBIO HIM YCTOHYMBOCTBIO paGoOTbl ABUTaTess, a BepX-
HUI npejes gomyctumoro pacxoaa [2] - tpems daktopamu:
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Puc. 6.6. Bausinue pacxoaa »uAKOCTH Ha xapaxrepuctuxu B3/1:
@ ~ ONTHUMAJIBHDBIH pexXuM; 6 ~ TOpMO3HOIt peXHM

BBICOKHMH HHEPLUUOHHBIMH HATPY3KAMM IIPH YBEIHNYEHUH YaCTOThHI
BpalleHus;

K.Il.A. ABUTraTe/isi: MIPH 33/laHHOM HATATe C OMpe/eIeHHOTO pacXo-
Aa XUAKOCTH NMPOUCXOTUT CHHKEHHE 1. DTO O6BACHIETCA TEM, UTO C
YBEJMUCHHEM YacTOTbl BpallleHUS K Ilepenaja JaBJIeHUs HA [IHHE
JIMHUM KOHTAKT2 06pasyercsi OJHOCTOPOHHUI 3a30p, NMPUBOAAMIMK K
pasrepMetusauuu PO u pocty yreyex. Kpome Toro, ¢ yBennueHuem
pacxoza pacTyT ¥ THApPaBJINYEeCKHE IOTEPH B JBUTATEIE;

u3HocoM PO BCJeACTBYE MOBBILIEHHBIX KOHTAKTHBIX HAMPSDKEHHI
M CKOPOCTeH CKOMbXEHUA B paboueit nape, a Takxe CKOpocTeil Teye-
HHS KMJKOCTH B KaHaJax PO.

B ciyuae ecam orpaHMdeHus Mo pacXoly He YIOBAETBOPSIOT Tpe-
60BaHUSIM TUAPABJHYECKOH HPOTpaMMbl GypeHHs, MEPEXOmAT K CXe-
mMe B3/l ¢ pasgesieHHeM IOTOKA XKUAKOCTH C HMCIIONb30BAHHEM [10.I0-
ro poropa u pery.Jsrtopa pacxoxa (cm. § 2.5).

Ilpu BBIGOpe omTHMAJIBHOrO pacxofa KUAKOCTH HeOoGXOMUMO
YUYHTBIBATh BO3MOXKHOCTH HacocHoro ofopyaoBaHus. Bosee iemeco-
06paseH TEXHOJOTMYECKHil PeskuM 6YPeHHst ¢ OXHHM MOCTOSHHO pa-
6oraromuM HacocoM. ITO, KaK NOKA3bIBAET OIBIT 3KCILTyaTaluH,
CHH)KAET PEMOHTHbIE IIPOCTOM M YMPOWAET Mpouecc GYPEHHS CKBa-
XKHHBI.

B 1a6n. 6.1, 6.2 npenacrasiensl mogauu Hambosee pacrpocTpa-
HEHHDIX MOPLIHEBBIX OYPOBbIX H He(TENPOMBICIOBBIX HACOCOB MPH
Pa3TMYHBIX AHAMETPAX NUJMHDOBBIX BTYJIOK M 4YacTOTaX XOJOB 71,,.
Koaddpuument nonayu npunsr pasusim 0,9.
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Tabruya 6.1

Tonaua (8 a/c) Tpexnopmmesoro Gyposoro nacoca HBT-600 ¢ peryaupyemsim
3JIEKTPONPHBO/JOM MOCTOSHHOTO TOKa

YactoTa JinameTp BTYJKH, MM
X008, My ! 120 130 140 150 160 170 180
65 8,3 9,7 11,2 12,9 14,7 16,6 18,6
100 12,7 14,9 17,3 19,9 22,6 25,5 28,6
135 17,2 20,1 23,4 26,8 30,5 34,5 38,6

Tabauua 6.2

Hopava (B 1/¢) AByXNOPIIHEBOIO
nedrenpombiciosoro nacoca YIMIp

Yactora Juamerp BTYJKH, MM
xopos, muu~' [ 90 100 110 125
70 5.8 7.4 9,1 12,0
95 79 | 10,1 ] 12,4 | 16,3

MMogawya aByxmopuideBoro 6ypoBoro Hacoca ¥Y8-6MA2 c Hepery-
JMPYeMBIM CHHXDOHHBIM 3jexTporpusogoM (ny, = 66 xoa/muu)
HUMeeT CJIe[yIoliue 3HaYeHUsI.

[unameTp
BTYJKH, MM ............. 130 140 150 160 170 180 190 200
Moaaya, 1,/¢C........... 17,0 20,4 24,0 27,9 32,0 363 409 458

6.2.3. BIMAHUE NNOTHOCTU XUOKOCTH
Cpashenue xapaktepuctik B3]l Ha BoZe M TJMHUCTOM DPACTBOpPE

MIOKA3BIBAET, UTO C YBEJMYEHHEM ILJIOTHOCTH KMIKOCTH CYIECTBEHHO
BO3PACTAIOT TOPMO3HOM U KPYTAMUH MOMEHTHl SKCTpEMa/bHOrO pe-

AMNa n,oB/mMnuH

4 |-r20PS= <
~
| I
L =1
= 1
2|60 Puc. 6.7. Bimguue unor-
HOCTH JKHAKOCTH HAa Xa-
1+ AKTEPHCTHKH ABHIaTeAs
N =195 (Q =o)30 n/cid =
0= I - poaa; Il 2 uRCTb
0 § MykH-M  pactsop (p = 1,12 1,/ cM3)

wuma (puc. 6.7). Takas ocobennocts B3]l mnpegonpesensier Bo3-
MOXXHOCTb TNpHMEeHeHHs OYPOBBIX DACTBOPOB BBICOKHX BSI3KOCTH U
ILJIOTHOCTH.

BuinsHne 1IOTHOCTH JKMAKOCTH Ha xapakTtepuctuku B3/] B He-
KOTOpOM cTereHu Mogo6HO uaMeHeHuio umc.1a waros PO. C poctom
ILJIOTHOCTH HPY ITOCTOSIHCTBE MEXBHTKOBOIO Hepelnaja AaBJeHUs CO-
raacHo (5.116) cHuxawOTCsT OOBEMHble MOTEPH, YTO IPHBOAUT K
yBEeJHYEeHUI0 HArpy3o4Hoil crmoco6HocTu AgBUraTenas. Bmecte c TeMm
B oflieM ciy4yae AaHHas B3aUMOCBs3b Gosiee CJIOKHAS H HEO/HO3-
HAYHasl, MOCKOJIbKY yBeJH4eHUEe IIOTHOCTH NPHBOAHUT K POCTY THA-
PaBJMYECKHX [OTEPb M CHIDKEHHIO MHAMKATOPHOro JaBijeHuss (cM.

§ 5.7), M3MEHEHUIO CHJIOBBIX (DAKTOPOB U MEXAHMYECKHX IOTEPH B
PO.

6.2.4. BNMAHUE XXECTKOCTU T’MBKOTI 0 BANIA

Xapakrepuctuku B3]l 3aBUCSIT OT >XECTKOCTH HA H3ru6 ceyeHUs
rubkoro Bana EI (cMm. § 8.2), npexnae Bcero, oT ero auamerpa. Mc-
OBITAHHA TUAPOJABUraTeJeil, OCHAUIeHHBIX THOKUMH BaJaMH Da3jiud-
HOrO [JHaMeTpa, IIOKA3ajd, 4YTO MpH HPOYUX pABHBIX YCJIOBHSIX
yMeHbIeHUe JuaMeTpa BaJia B JOMYCTHUMbBIX IIpefesax IPUBOAUT K
YBEJMYEHHUI0 MOIIHOCTH, K.IL.J. JBHraTesis ¥ TOPMO3HOrO MOMEHTA;
NafeHUIo epenafa AaBJeHUs U IOBBIUIEHUIO YACTOTBI BPAIUeHUS B
HOMHHAJIBHOM PEXHME; CHHXXEHHIO aMILIUTYAbl MOMepeYHbIx KoJeba-
HHif KopITyca.

Tak, ana gsuratens auamerpom 195 mm [65] uamenenne nuamer-
pa rubkoro Basna ot 70 zo 50 MM MPWBOAUT K POCTy K.I.A. oT 34 Ao
42 %, yMeHbIIEHWIO HOMHHAJBHOTO nepernaja AasaeHus Ha 0,5 MIla,
NOBBILIEHHIO TOpMO3HOTO MoMeHTa oT 6,8 zo 8,0 kH'M, a Takxe K
CHIDKEHHUIO TIoNepeyHoil BHOpaLuy.

Bo Bcex ucnbrtanusx apurarteneii ruOkuil Bas pasMel[asicss BHYT-
PH IIOJIOTO POTOpA Y KPENuscs K POTOpY B €ro BepxHell yacrtu.

YayquleHHe XapaKTEPUCTUK THAPOABUTATENS IIPH YMEHbIIEHUH
JKECTKOCTH cedeHus] FHOKOro Baja oObsICHSIeTCS] ABYMSI IPUYHHAMH:

CHHJKEHHEM HeOOpaTHMBIX NOTeph BHYTPEHHErO TPEHUs, CBSI3aH-
HBIX C IepUOAMYECKUM MEPEXOAOM BOJOKOH TMOKOTro Bajia M3 CXKATo-
ro B pactanytoe coctosiuue (cM. § 8.2);

CHUXeHHeM H3rubamouiero MOMeHTa M IlepepeabiBalolleidl CHUJIbl Ha
KOHIIax ru6Koro Bajia H, Kak cJeACTBHE, CHHXeHUeM Harpy3ok B PO
U IpYTUX AeTajIfax.
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6.2.5. BNIUSHUE TBEPAOCTU U TOJILLIUHbLI
3MACTUYHON OBKJIALLKU CTATOPA

Biusuue atx ¢axTopoB Ha xapakTepuctuku B3/l Bo Muorom
TOXK/IECTBEHHO YBEJIHYEHUIO YMCJIa IIaroB MM IOBBINIEHHWIO HATATA B
nape, MOCKOJIBKY OT TBEDAOCTH U TOJIIIMHBI OOKJIAJKH CTATOpa 3aBH-
CHT paauanbHaa aedOpMauyst CTATOpa U B KOHEYHOM cyeTe QaKTHye-
ckuii Hatar (3a3op) B mape.

K HacTosimemy BpeMeHHM JaHHBIH BONpOC B JOCTAaTOUHOH CTeNeHH
He U3y4eH H Tpe6yeT TpPOBeJEHMs SKCIEPHMEHTa/IbHBIX HCCJE0Ba-
Huii. B uacTHOCTHM, aKTyaJbHBIM TMpeJCTABIAETCA MHCCIeLOBaHHE
BAMAHHS Ha Xxapaktepuctuku B3]l xoadduumenta HepaBHOMepHO-
CTH TOJIH{HHBI HJIACTHYHON OOK/IALKU

(emax — 8min)/scp»
THE Emax, Emin: Ecp ~— MAKCHMAJIbHOE, MUHMMAJIbHOE H Cpe/iHee 3Hade-
HHA TOJIIIHNHDI 06K.TIaZIKH.

Takne HccaeqOBaHHS AAXYT BO3MOXHOCTb OLEHHTb 3hdeKTUB-
HOCTb HCIIOJIb30BaHUA TAaK Ha3bIBAEMbIX “MeTauyeckux’” CTaTOpOB
¢ TIOCTOSIHHOI1 TOJIIHHHO;‘{ O6KﬂaﬂKH.

6.2.6. BNMAHUE N3HOCA PABOYUX OPFAHOB

B npoiecce 6ypeHus mpoucxoauT HenpepblBHbi H3HOoC PO B3]
U, KaK CJIeACTBHe, — yMeHbIleHHe HATsra B llape, YTO NPHBOIUT K
H3MEHEeHHI0 XapaKTePUCTHK THApPOJBUraTess. Pacyer u3MeHeHHUs Ha-
TAra BejeTcs M3 NMPeIOJ0XeHUs, YTO CYMMAapHbIN pajguanbHbIi U3-
HoC A B mape C TeueHHeM BpEMEHM YBeJMYMBaeTCs MO JIMHEeHHoH 3a-
Bucumocty [17]

A= Wr, 6.1)

rae T — TeKyliee BpeMs GypeHus ¢ uCHojib3oBaHHeM AaHHoro B3/[L;
W — cKOpOCTb M3HAIMIMBAHUSA Naphbl.

B ofmem ciayyae W smJisieTcss NepeMeHHOI BeJIUYMHON U 3ABUCHUT
OT peXXUMa Harpyskehusi (KpyTsIlero MOMEHTa i YIrJIOBOH CKOPOCTH),
cTerneHH oYMCTKH 6ypoBoro pactBopa (a6pasuBocomepX)aHus) U nep-
BOHAYaJbHOTO HATATA B mape Jg.

[lns1 mEOKeHepHBIX pacyeToB JAOMYCTMMO cuMTaTh W mocTOsiHHOM
THApPOABUTATENSI, 3HAUEHUe KOTOPOit ompefessieTcss U3 aHAJIM3a MPO-
MBICJIOBBIX JAaHHBIX OTpaGOTKH BHHTOBbBIX Iap.

Texyumuit Hatar B nape

8=60-A=80[1—%%t]. (6.2)
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Cornacro (6.2) 1o MCTEUEHNN HEKOTOPOIO KPHTHYECKOTO BpeMe-
HH T = Ty, HATAT B NApe yMEHbIIAeTCs 10 KATaCTPodUIECKOro 3Have-
HUSL WIH MepexomuT B 3aszop (A 2 §;), NpH KOTOPOM ABHraTelb He
MOXET Pa3BHUTh HEOGXOAUMBIN KPYTALIMI MOMEHT M ero AajbHeiimas
3KCIIJIyaTaAIUsl CTAHOBHMTCS HEBO3MOXHOIA.

Hapa6otka (1yp), COOTBETCTBYyIONasi LOMNYCKAEMOMY 3HAYEHHIO
u3Hoca [A], ompenessercss 3KCIEPUMEHTAIbHO U 3aBHCHT OT TeX e
¢dakTOpoB, KOTOpbIE BAUSIOT Ha W,

6.3. MATEMATU4ECKOE ONMUCAHUE XAPAKTEPUCTUK
B34

Maremaruyeckoe ollMcaHUe XapaKTePHCTHK TMAPOJABHIaTeell He-
06X0/IUMO KaK B TEOPETHYECKUX HCCJe0BaHusX (MIpU TPOEKTUPOBA-
auy B3]] ¥ onTUMU3auMM MX reOMETPHYECKHMX NapaMeTPOB), TaK U
Ha npakTuKe (IIPH YIPaBJIEHMH PeXKUMOM GYDEHMSI M INepecueTe Xa-
paxtepuctuk B3/1).

[Ipu cTporomM aHaAUTHYECKOM ONMUCAHMU XAPAKTEPUCTUK THAPO-
ABHraTeIs HeoOXOAMMO YCTaHOBUTb (DYHKUHOHAMbHBIE 3aBHCHMOCTH
06DbEeMHBIX, THAPABAUYECKHX M MeXaHMYECKHX [0Tepb OT KPyTIle-
ro MomeHTa. B oriauune oT GOJbUIMHCTBA APYTHX THIOB O6beMHBIX
rugpoMamive A1 B3/l takas 3agava npakTHYecKH HEBBITOJHUMA U
MOXET PacCMaTPHBATLCS TOJBKO B aGCTPAKTHOH MOCTAHOBKe. OJTO
CBSI3AHO B IIEPBYI0 o4epeJb C HCIOJb30BAHHEM B KAY€CTBE OJHOTO
U3 3/1€MEHTOB 3JACTHYHOTO CTaTopa, YTO BCJAEACTBHE DPaAMAIbHON
HE32KPENJIEHHOCTH pOTOpa IPHBOAMT K HENOCTOSIHHOH OpHeHTauMu
[oCJe/(Hero, Hapylluawoomieil NnepBoHavaibHbIl 3KCUEHTPUCHTET 3alle-
nwienns PO [87, 22]. B pesyabTaTe sIBIEHHSI HENOCTOSHHON OpHEH-
TAUMU HA YacTH KOHTAKTHOH JHHMM o6pasyeTcsi 3a30p, TPH 3TOM
IJIOWAnb We d U KoadUIMEHT pacxoda, ONpeessAioNlde pPacxon
yTedeK AQ, SABIASIOTCS HEMOCTOSIHHBIMM BEJHYMHAMH M 3aBUCST OT
nepeliaja [JaBjeHHsas P, 4To JenaeT aHATIUTHYecKHil pacyer AQ
KpaliHe 3aTpyaHuTesbHbIM. I[lono6Hble TPYAHOCTM BO3HUKAIOT U
I[P pacyeTax MOTepb Ha TPEHHE B Iape, NOCKOJIbKY epeMeHHBIMU
ABASIOTCS U KO3(pHUMEHT TPEHHH, M y/ejibHasg KOHTAKTHas Ha-
rpyska.

Pacuer rugpaBIuYecKHX IMOTEPh 3aTPYAHEH CJIOXKHBIM XapakTe-
POM [IBMIKEHMsS IIOTOKA >XHAKOCTH IO BHHTOOOPA3HBIM KaMmepam
(wm03aM) TUAPOMAIMHEL

B cBA3u ¢ 3THM AJIS1 TPOTHO3MPOBAHUSA XAPAKTEPUCTHK BUHTOBBIX
THAPOMAUIMH MCIO/Ib3YeTCs] METOJ ANIPOKCHMAIMM WX CTEH/IOBBIX
XapaKTepUCTHK Ha 3ajaHHble ycjaoBusi. VlccaepoBaHust CTEHZOBBIX
XapaxTepucTik B3] MMEIOT TPHAUATHJIETHION HMCTOPHIO W HayMHA-
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JIUCD C NEPBbIX MCNBITAHMI OTEYECTBEHHBIX IMApoABHraTeseil B 60-x
rofax. OmicaHne XapaKTepHCTHK 6asMpyeTcst Ha pe3y/bTaTax CTeH-
JIOBBIX HCHBITAHWH, NpoBefeHHbIX Ha moauroHax BHUUWBT B Mock-
Be u Ilepmu [34, 35, 64, 97, 116 u ap].

O6pa6oTka 3KCIIepUMEHTAIbHBIX JaHHBIX NMOKA3aJ1a, Y4To B O6ILIEeM
cilyqae MeXaHW4yecKas M rUAPOMEXaHHYecKast XapaKTePHCTHKH HeJH-
HEHHbI i MOTYT 6BITb OTIMCAHBI ITPOCTHIMK CTENEHHBIMH (YHKIMAMK

o =0, ~ a,M*
P =P, + a,M", (6.3)

rae o, B — nokasarenu cTemeHu HeJMHEHHOCTH XapaKTePHCTHK, d,,
a, —~ K03 OULKMEHTDI, 3aBUCALINE OT YCAOBMIT UCITBITAHMIL:

ay =k, /MY a, =k, / MPY;

ko, k, — nocrostnbie B3], cooTBeTCTBYIOMME NMHEHHBIM XapaKTe-
w1 p
PHCTHKAM:

ky = 0y /M, ky, = (P, ~ P,)/M,.

Hns B3] Bcex tunopasmepos P He3HAYHTENbHO OTJHYAETCSA OT 1,
TMOSTOMY B IIPAKTHYECKUX pacyeTax MAPOMEXaHHYECKYIO XapaKTepi-
CTHKY C JOCTATOYHOH CTEMEHbIO TOYHOCTH MOXKHO ONMCHIBATD JHHEl-
HoH 3aBucumoctsio [17, 64]

P =P, +k,M. (6.4)

Teopetnuecky ¢ yuetom ypasnenus 6anadca gannenus (5.107) XapaKTepUCTHKA
P — M sBasercs smneiiHoill B ABYX cayuasx:

NpH COXPAHEHHUH TIOCTOSIHCTBA CYMMbl I'MAPABJIMYECKHX M MEXAHUYECKHX MOTepb
(P, + P,) B mobom pexume, npu stoM  k, = 21,/ V;

NIPH TIPOTNIOPIHOHAIBHOM HU3MEHEHUH (ﬁr + Py,) ¢ pOCTOM KpYyTALIEro MOMeHTa.
JKCTiepHMEHTAbHbE [IAHHblE CBMAETEIbCTBYIOT, YTO TaKOE MONOKeHHe BIHZKO K
AEHCTBUTENBHOCTH, [pUYEM ky > 2n/V, T.e. ruapoMexannyeckue noTepH JaBAEHHS
PacTyT Npu npuGIUKEHHN K TOPMO3HOMY PEXHMY.

Mns onpenenentoro tunopasmepa B3/l o 3aBHcHT OT pacxofa RHAKOCTH Qn
HaTAra B nape 8, M05TOMy KPHBbIC MEXaHHYECKHX XapaKTePHCTHK © — M ruApoiBH-
rareia neakBuanctantHol (puc. 6.8).

T'napomexannyeckue xapakrepuctukn B3] npn uamenenmun Q u 8, Hao6opor,
KaK NpaBWjlo, pacrojlaralrcsi napajfeipHo Apyr apyry (cM. puc. 6.8), ciesosa-
Te/IbHO, HAKJOH JIMHMI P — M He 3aBHUCHT OT pacxojia H HaTAra; TaK uTo k, ssnser-
€ BaXKHBIM NApaMeTpOM THAPO/BUraTelisl, HE U3MEHSIOIMMCS B Npouecce GypeHus.
Taxum o6pasom, ruapomexaHnyeckyio MOCTOSHHYIO k, MOXHO KCNO/B30BaTh B Kade-
CTBE fapaMeTpa peryiupoBaHus npu ynpasiaenmy B3J: npu ycnosum gocrarouso
TOYHOTO ONPEAECHUS JIaBJeHNs B npolecce GyPeHHs CKBAXKHHDI MOXKHO KOHTPOJU-
posaTb pexxuM paboTel B3]l, ouennBath MOMEHTOEMKOCTb H COCTOsSHHE BOOPYXEHUsI
nonota [17, 64].

Koadppuumenr &, cepuiino suinyckaemvix B3 nus OyPEHHsS! CKBaXKHH HMecT
CIeYIOUIHE 3HAYECHHA:

Tunopasmep B3/1..... J11-240 J1-195 13-172 11-105 J11-54
ky, xlla,/ (Hw) ...... 0,4 0,7 0,9 3.8 35
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Puc. 6.8. Bausuue pacxoaa »ua- w;P
KOCTH Ha XapakTepuctHkun B3]l Wy
(Q1 <0< Q)
w,
: 2
Wy Py
h
M‘r, M"Z MT3 M

3Hauenne k, Ma1aer ¢ ysesudeHueM AHaMeTpa ruapoaaurarens ot 35 klla,/ (H-m)
s B31 ¢ napyxubiM anametpoM 54 MM z10 0,4 kITa/(H-M) y 240-mMm apurarens.
ChefoBatenbto, ¢ yBeJMueHHeM KOHTYPHOTo 1uametpa PO YYBCTBMTEIBHOCTD IHIPO-
ABUTATE/IA K HIMEHEHMIO HATPY3KM HAa By yMeNbllaeTcs. lakum o6pasoM, Goiee
NIPHCTIOCOGIEHHBIMH AN YNIPABJEHNUS NPOLECCOM GYPEHUS 10 M3MEHEHHIO nepenaja
JlaB/leHUst B TUADOJIBUraTesie, NPpU MPOYUX PaBHLIX YCJOBUAX, ABamores B3/ Metb-
IHeTO TMaMeTpa.

6.3.1. BEBPABMEPHDIE XAPAKTEPMCTUKU

Henocratkom 3aBucumocteit (6.3) sBasieTca uacTHbII XapakTep
annpoxcuMaiun (IockoabKy k, M ky, ABJSIOTCS Pa3MepHBIMK [apa-
METpaMH), He MO3BOMAOMMUI MPOU3BOAUTDL MepecyeT XapaKTePHCTHK
NP M3MEHEHMH PACXO/Ia XKUAKOCTH MM reoMerpiy PO.

Bonee yno6o ncmonn3oBaTh OTHOCHTe/IbHbBIE XaPAKTEPHCTHKH
[17]

eyt 11

w=1-M; (6.5)

P=1+G-1)M,
rae ©= ®/w,; P=P/P; M=M/M; h- K03 pHIUMEHT HaKJo-
Ha THApPOMEeXaHHYeCKOHW XapaKTepUCTHKH, ONpeAe/ISIONMH OTHOIIe-
HHE NepenajoB AaBJIeHNs B IPeAeIbHbIX pexuMax, h = P, /P,.

IIpeumymecTBo oTHOCHTeIbHBIX XapakTepuctik (6.5) mo cpaBHe-
HHIO ¢ ADYTHMH M3BECTHBIMM crloco6aMM ammpokcuManuu (B yacTHo-
CTH, MOJIMHOMHDIE Pa3MEPHBIE XADAKTEPHCTUKY MM NPOIEHTHbIE Xa-
PaKTEpHCTHKH OTHOCHTE/BHO MapaMeTPOB HOMHHAJIBHOTO DeXXHMa)
ONpeNe/IIETCA QOCTOBEPHOCTBIO PACYETHBIX BEJHYMH B IIpeje/IbHbIX

pexumax (w=1, P=1nmpu M=0: 0=0 npu M =1) u He3Hayu-
TEJbHBIM YHCJIOM NMOKa3aTeJeii noxobus.
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o sIBJIsIETCST MoKazaTteseM oO0beMmHbiXx motepp B3/l: yem Beiue a,
TeM >KecTue MeXaHHYecKasi XapaKkTepucTHKa. JHaueHUe O U3MeHsIeTCs
ot 1,5 10 4 ¥ NpH NPOYHX PABHBIX YCJIOBUSX, PACTET C yBeJHYEHHUEM
Hatsara B mape d. Tak, Hanpumep, ais asuratenst [1-195 npn Q =
= 32 n1/c ¢ uaMeHenueM Hatsara ot 0 mo 0,3 MM [64] o yBenuuusaet-
cs o1 2,3 10 3,2.

Koadduiument HakioHa /# 3aBUCMT IJIaBHBIM 06pasoM OT 4Hc/a
maroB PO (cM. § 6.4). C yBenmuennem gnmuel PO £ Bo3pactaert.
Harnpumep, ansa gsuratesns guaMerpoM 127 MM IIpH H3MEHEHHH YHC-
ja waros ot 1 go 3 k yseamuusaercs ot 3,0 xo 4,2 [66].

B crporoM Buae P; u P, ONMCHIBAIOTCS CAOKHBIMU (YHKUHOHATbHDIMH 3aBUCH-
MOCTSAMHU OT Q ¥ 8, noatoMy h B OT/IHYHe OT k;, ABJIsieTCS NepeMeHHOM BEeJTHIHHOM.

BMmecTe ¢ TeM aHalM3 cTeHA0Bbix xapaktepuctuk B3]l nokasbiBaer, yto Py 1 P;
¢ JI0CTaTOYHOH TOYHOCTBIO MOTYT GbiTh OIHCAHbBI JHHEHHbIMHU (M1 6JIM3KMMHU K HUM)
3aBUcuMocTsMH oT Q [17, 41]

Py = p&iQ; (6.6)
PT = p&TQ’ (6-7)

rae &y, & — K03 PULHEHTbI CONPOTUBAEHHI XOOCTOTO H TOPMO3HOTO PEXHMOB, 3a-
BHUCALLME TOJBKO OT TeOMeTpHUYECKMX napaMeTpoB PO, B ToM uncie M OT HaTAra.

B Taxoif ynpowaioteii nocraHoBke GeapaaMepHblit koadduurent nakaona h cra-
HOBHMTCS HE3aBHCHMBIM OT PACXOAA W MJIOTHOCTH M OnpejiensieTcs OTHOWEHHeM Koad-
¢duunenTos conporusiennit B3/

Ecau oTHoueHue &;/&y He H3MeHsieTcst IIPH Pas3/IMYHbIX HATArax B fape, 4To
BecbMa 6AH3KO K aelcTBuTebHOCTH [17], h MOXHO OCpelHMTb ¥ paccMaTpuBaTh Kak
napameTp ruapojaBurares. B atom ciyvae GeapasMepHas rHApOMeXaHHuYecKas Xa-
paktepuctuka B3]l rocTosiHHa M He MCKaXKaeTcs NPH H3MEHEHMH PAcXOAa MM HaTs-
ra B nape.

Takum obpasoM, o, B, A ABAsOTCA Ge3pa3MepHbIMM [TOKA3aTe M1 NOA00HS Xa-
paktepuctik B3/1: npu pasencTee o, f§, h OTHOCHTe/IbHbIE XAaPAaKTEPUCTHKH THApPO-
asuratesieit 6yayT uaeHTnyaHbiMH (puc. 6.9)

a 5
w/wx F/Px
7 6
N o
» 5k o f
44 A
3.—-
2—
1 1
0 1 M/Mr g 1M/M.,.

Puc. 6.9. OtHocHTemHule XapakTepHcTHKH B3/l npn pa3aHyHbIX 3HaYEHHAX K03 -
duunenros o, h:
a — mexanuueckue; 6 — rujpoMexaHuyecKue
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BasoBnMH MapameTpamu xapakTtepuctuk (6.5) siBastioTcsi napa-
MeTpbI TIpefiesbHbix pexumoB (@y, Py, M;). YrioBas ckopocTb B
XOJIOCTOM peXHMe Oy He3HAUUTENbHO OT/IMYAETCS OT WeasbHOH CKo-
POCTH ®,, THAPOABUIATEN:

mx = (.0" - A(,l) = 2_71[9’110.)(- (68)

Hepenan AAaBJIEHUS B XOJIOCTOM pEXHME H TOpMO3HOﬁ MOMEHT
[pH NPOYMX pPaBHbIX YCJOBHAX 3aBUCAT OT PacXofa W HaTAra B
nape 5, a cJjenoBarTteJIbHO, H3MEHSIOTCA € TEYEHHMEM BPEMEHH IKC-
nayartauun B3d:

Py = f(Q, 8),
M, = f(Q, 8).

Topmoanoit MoMeHT B3]l MoxeT 6biThb ompeesieH JBYMsl CNOCO-
6amu:
no pacxofy xuaxoctu [35]

M, = pk;Q, (6.9)

rie k; — ko3 dUIHEHT TOPMO3HOI HATPY3KH, 3aBUCAIMHA OT &;
no nepenaay AaBjaeHus

M =5n, .. (6.10)

TIpu ynpasiennu pexuMom paborbr B3]/l TpebyeTca sHaHMe MCTHHHBIX 3HaveHHil
%03¢hDUUMEHTOB COMPOTHBJIEHHSA W HAarPY3KH TIpee/IbHbIX PEXWUMOB IIDH PasNHYHBIX
HATATAX B nape.

Ha octope pesyabtaToB Mcnbitanuii auratens [11-195 [64] npu pasanuubix na-
tarax (8 = =0,9 + 0,6) B Tabn. 6.3 npeacTaBAeHbl YMC/IeHHbIE 3HAYeHUs KoadduuH-
enTOB &, M k,, paccumtannbie no (6.6), (6.9).

Tabauya 6.3
Tlokasatenb Harsar, MM
0,9 | -06 | -03 0 0,3 0.6

£, 34 | 44 | 50 | 53 | 60 | 75
kila/ (xrc™!)
k., 135 160 180 200 205 210
HwM/ (krc!)
M 1,88 11,72 | 1,70 | 1,78 | 1,61 1,33

U3 taba. 6.3 caeayer, uto NpH M3aMeHenuy Hatsra or 0,3 Mm g0 O (HaﬂPVlMCp,
BCeACTBHe n3noca) koadduumeHt &, ymerbinaercs ot 60 go 53 kila, (krc™), Te
OTHOCHTEJIbHOE H3MEHeHHe Tieperajla JAaBJeHHs B XOJOCTOM pexuMme coctaBuT 12 %,
YTO [I0JUKHO YUHTBIBATBHCS TIPH ONEPATHBHOM YNPaBJAEHUH NpPOLECccOM OypeHusl.

Ananua xapaxktepuctik B3]l npH pasaMunbIX HAaTArax B nape NOKasbiBaeT, 4TO
nepenaj AaBAeHUS B XOJOCTOM PEXHMe M TOPMO3HOH MOMEHT IIPOMNOPIMOHAJbHDI 8.
JIns NpaKTHYECKNX pacyeToB 3aBUCHMOCTH Py W My OT HATATa MOXHO NpEACTABHTb B
N

Py = Py + ay8; (6.11)
M, =M, + ad, (6.12)
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rac Pyo, My, — Tepenap AaBjeHus B XOJOCTOM PEXUME M TOPMO3HOIt MOMEHT TIpH
HyJeBOM HATATE; @y, dy — TNOCTOSHHDIE K03 UIMEHTDI, He 3aBUCAILHE OT HATAra M
pacxoja.

6.3.2. S3HEPFETUMECKUE XAPAKTEPUCTUKWU

Jlust pa3paGOTKN PerJaMeHTOB PAlMOHAIbHbIX PEXUMOB HArpys-
ku B3]l Tpebyercs 3HATh AMANA30HBI U3MEHEHHS KPYTALIMX MOMEH-
TOB, IpPH KOTOPBIX 0GECMEYMBAETCS MAKCHMYM K.IL.A. HJIf MOIIHOCTH
TMAPOABUTATEIS.

Vicnonbays M3BECTHbIE BHIPAXKEHHMS MOIIHOCTH U K.I.J TMAPOJBH-
ratensa (5.108) u GespasmepHyio dopMy 3amucy MEpBHYHBIX Xapak-
teprctuxk B3/l (6.5), MOXHO MOJYYUTb AHATHTHYECKUE 3aBHCUMOCTH
SHepreTMYeCKUX XapaKTEPUCTHK I'MAPOABHUIATE/Is [17]:

N =M.oM(-M*)=N,N; (6.13)
1-M* = _

= h —M = , (6.14)
M= Mo Moes BTG WP Ml

rﬂe NM = MTO)X; nli = nOAan‘MT h

M3 mo/yueHHbIX BbIpaXeHHH C/elyeT, 4TO MOIHOCTb ¥ K.II.A IMAPOABUTaTe/s
MOHO TPE/CTABMTD KaK MpoM3BelieHue [BYX COMHOXHTe/E: NOCTOAHHOIO KPHTEPHA
B3/l (N, M), He 3aBHCSILIETO OT Harpy3Ku, M nepementoit ruaponsuratens (N,
1), 3aBHCsLLeil OT OTHOCUTENIBHOTO KPYTALLEro MOMEHTA M =M/M,.

Kputepun momHoctd N, H 3DQEKTUBHOCTH My B3/l onpenensioT ujeaibHbie
MOIIHOCTb M K.M.A BooGpaxkaeMoro ruapoasuratens (ny > 1), yraoBasi CKOpOCTb H
Neperajl 1aBieHHs KOTOPOTrO COOTBETCTBYIOT XOJIOCTOMY DEXHMY, 2 KpyTHIHit Mo-

MCHT paBeéH TOPMO3HOMY MOMCHTY .
Ny ABJSETCA 3HEPreTHYECKUM napaMeTpoM MJpO/BUraTesa

N = M w, _ 2rk My
i PXQ V&x

UYncieHHble 3HadeHns 1, asurateast J1-195 npu ngx = 1 M pasAHYHBIX HaTArax
B rape npejcTas/eHbl B Taba. 6.3.

(6.15)

epemennbie (N, ) 3HEPreTHYECKMX XapaKTEPUCTUK THAPOJBHMIATE]s MOXHO
paccMaTpMBaTbh KaK OTHOCHTE/bHble MOUIHOCTD M K.I1.1 (puc. 6.10), xapaxTepusyio-
lMe BO CKOJIbKO pa3 ymeHbluaroTcs N 1 1) peasibHOTo rHAPOJABHraTe a N0 CPaBHEHHIO
¢ Nu n Ny

N =M{-M®); (6.16)
_ — 1-M°
n=M Ty (6.17)

s onpefeneHHsl TPaHHIL SKCTPEMAJIbHBIX H ONTHMAAbHDIX PEXHMOB B3/ neob-

XOMMO HMCCIef0BaTh ByHKUMM N M 7 C Ue/bio HAXOXIeHUs 3Hadenuit M, obecre-

YHBAIOLMX MAKCHMYM MOLIHOCTH WJM K.TI.JA. TMADPO/BHIarTe/1d NpH pasaniHbIX a, B, A
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Puc. 6.10. JHepreTHYeCKHe XapaKTe- - - P
pucrukn B3{(a =2; 8 =1; h =3) M1

Gz~

a1

I VU S B S Y S . W
0 05 M

Taxkue uccaegoBaius NOKa3biBaloT, YTO TNPH B =1 SKCTpeMaJIbeIﬁ PEXHM THA-

possuratessi N, MMeEET MeCcTo MpH

M=+ (6.18)
Toraa, noacTasass Haiinennoe sxavenne M B (6.16), nomyuaem, uTO OTHOCH-

TeJ1bHas MOLIHOCTb THAPOABHTATENS B 3KCTPEMAJIbHOM pEXHUME

N, = a1+ 1*®/e, (6.19)

Jins rUAPOBUraTeIA ¢ AMHEHHOM MeXxaHH1ecKol xapakTepucTukoit (o = 1) N, =
= 1 /4, T.e. 3KCTpeMaJbHasl MOLUHOCTb COCTaBJSAET BCETO 25 % ot ugeanvHoi. [dns
ABraTeneil ¢ HeMHeHbIMM XapakTepuctukamn (o > 1) IpH BO3pacTaHUN o 3Haue-

nne N, yseauunsaetcsi (ta6n. 6.7), npesbiwas 50 % npu o = 4.
Touka ONTHMATBHOrO pexkuMa ruapoaeuratesi ( My, ) 32BUCHT OT COUETaHMA

6eapa3MepHbIX NapaMeTPOB MOJAOGUS o M i 1 HAXOAMTCA M3 yPaBHEHNS

alh= DM %+ (1+OM® = 1. (6.20)

st TM/IpOABHIaTe/is C TOCTOAHHBIM TeEPeTNajoM JaBJeHUA (Typ6o6yp ¢ HOp-
MasbHbIMM TypOuHamu) b =11 fvi-om cosnagaer ¢ M, .

Ilna ruapoaBUratest ¢ AMHeHHOMN MeXaHHYeCKOH XapakTepHCTHKOMH

M, =0,5;
Jh -1
Th-t

YucaeHHble 3HAYEHHUS] OTHOCHTEJbHBIX KPYTANIHUX MOMEHTOB 3KC-
TpeEMAJbHOTO H OIITHMAJbHOTO pPEXHUMOB THApPOABUTATEIA IIpU pas-
IuuHbix 3Havenusx ok = 5; B = 1) npuBenenbI B 1a61. 6.4.

MonT =

Tabauua 6.4
IMoka3aTeNb o
1 2 3 4
M, 0,50 0,58 0,63 0,67
N, 0,25 0,38 0,47 0,54
Mo 0,31 0,40 0,47 0,52
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Ananuaupya Taba. 6.4, MOXHO cllesaTb BBIBOA O “KOOPAMHATAX” ONTHMAJbHOIO
¥ aKcTpeManbHoro pexxumos B3Jl. OnTHManbHbIl pe)xUM IMAPOABHraTe/In HAXOMNT-

Csl B CepejMHe MHTepBaja OTHocHTesbHOro MoMenTta (M = 1/2); sKcTpeMasibHblit
e PeXXHM HECKOJDbKO CMELIEH K TOPMO3HOMY M DAacroJ/ioXeH B OKPEeCTHOCTH TOUKH

M = 2,/3. 3TH BbIBOABI MOJIHOCTBIO COOTBETCTBYIOT Pe3y/bTaTaM CTEHAOBBIX MCIIbl-
Tauuit B3/l, 4to noaTeepkAaeT npaBOMEPHOCTb MCMO/B30BAHHMA 6Ge3Pa3MEpHBIX Xa-
paktepuctuk (6.5).

Mpu M =1/2, B =1 Boipaxenne k.n.a. (6.14) YIPOLIAETCSA 10 BUAA
L
A+l
Chaenosarenbro, makcuMasibHblii k.n.4. B3/I onpejenserca YPOBHEM Ty 1.
Meronuka anmpokcumauun xapaktepuctux B3Jl, ocHoBaHas Ha
ux 6e3pa3MepHOil (popMe 3anUCH U NMpeHASHAYEHHAS AJIs1 MCIIOMb30-
BaHUS B QJITOPUTME YIPABJIEHUS PEXUMOM GypeHus, Tpebyer obs3a-
Te/IbHBIX CTEHAOBBIX MCHBITAHUA KaXXJ0TO THAPOABUraTENsi, a TaKXKe
9KCIEPUMEHTAIbHBIX JAaHHBIX 06 u3MeHeHMHU u3Hoca PO Bo BpeMeHH.
[Ipu 6ypeHnu cKBaXXMHBI TAPAMeTPbl ANNPOKCHMALIMH XapaKTepH-
cruk B3/ 1 nstnoca PO MoryT skcrepuMeHTAIbHO KOPPEKTHPOBATD-
Csl IIPH CMEHe [OJIOTa MJIM HAPAIUBAHMH HHCTPYMEHTA, €CJIU CHCTe-
Ma yrpaB/ieHusl 6yfeT BKIIOYATh B cebs JHATHOCTHYECKHUIT GJIOK.
Hanpumep, samepss nepeman [aBieHMss B XOJOCTOM peXuMe
P, DK M3BECTHBIX pacxofe Q M IUIOTHOCTH p xuaKocTH, 0o (6.6),

(6.11) moxHO moayunTh MHpOPManHIO O (PAKTHYECKOM HATsre B
PO B naHHBIH MOMEHT BpeMeHM, a cJeAOBaTelIbHO, OUEHUTh U3HOC
napsl.

IIpencrasienne o6 sHepreTmyecknx nokasatensx B3/ npu wusme-
0 18 & M.kH-m

n d TlD.X 1.ll'M.T

15 l | / / 2
safe
[+
57 =
94 n/C SN
H- 2D
nfc T\ 2
99 iﬂ [ \ 1 n
NS
N ]
n C\ = — <
LAV =
\ Puc. 6.11. Yuusepcaabunie xa-
N, 06/MYH paxtepuctuxkn B3/]
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HEHHM pacxoja >XUIKOCTH AT yrueepcasvhvie (monozpaghuue-
cxue) xapaxtepuctiku [37]. Vzonununr pasroro x.m.a. (puc. 6.11)
OYepYMBAIOT O6JIACTU ONTHMAJBHBIX PEXHMOB, 4To objeryaer 3c-
dbekTHBHYIO OTPaGOTKy FUApOJBUraTe]ed MpH Pa3JHYHBIX yCIOBUAX
IKCILIyaTalHH.

6.3.3. OCOBEHHOCTU U30BPAXEHUA XAPAKTEPUCTUK
3APYBEXHbIX B31,

B sapy6esxHoil mpakTHKe BcTpedaeTcss MHas ¢dopMma IpeicTaBJie-
nus xapaktepuctuk B3/l (puc. 6.12): oHH CTPORTCA B 3aBHCUMOCTH
oT nepenaja AasaeHus P win audgepeHInaibHoro AaBieHus

Ap =P — P,. (6.21)
a .
mrpm T 1 ;‘{ M,ft-1Bs
L AN 2500
B assciD
-~ \.-
200 (778 9pm N o
Ind P
150 T 1500
00gp =
m
100 = Tz 1000
pZ.2 T~ 500
S rarghedZ
5 0 190 200 300 400 500 600 700 Ppsi
mrpm M,ft-lBs
250gpm_
: n | 3000
120 215 gpm —— 7
100 160gpm = 2500
a0 /,’z~ 2000
50 // 1500
0 My 1000
20 s 500
0 7 Y 728 34 41 4P 6ar

Puc. 6.12. XapakrepucTuku 3apyGexnnix B3/1:
R Fz = 4:5); 6 — "Dyna-Drill" 43,/4" F2000M
(i =5:6)
14 — 2977 209

a — "Shlumberger-Anadrill” A475



Ecin THAPpOMEXaHUYECKUE [IOTEPH OCTAIOTCS TMOCTOAHHBIMM JJIsI

no6oro pexnma (py + pr = idem), To auddepennuanbHOe AaBIEHUE
COOTBETCTBYET IIOJIE3HOH COCTAaBJISIOWIE TOJHOTO Tleperaga JaBie-
HUS

Ap = PI'IO.’I'

Caenosarenpto, B atom ciydae (cM. puc. 6.12) rpaduk 3aBucu-
mMoctH M — Ap mpeacTaBiasieT MPAMYIO, NPOXOAAIUIYI0 Yepe3 Hadaao
KOOPAMHAT, W HE 3aBMCHT OT pacXoja >XUAKOCTH. JIMHUS © — Ap
UMeeT HeJuHelHbI XapakTep.

HacTo HETOUHOE TOMKOBAaHHE BEIMYMHBI NepeNaja JaBJeHHs MpH-
BOIMT K IIyTaHWLE U 3aBbIUIEHHDbIM IIPEACTABJIEHUSIM O K.ILA. THAPO-
JBUTaTes el 3anagHbIX PpUpM.

B 6onbunncTBe ciyyaeB 3apyGexHbIMH UPMaMH HCIOIb3YIOTCS
€HULbl HM3MEpeHUS, OT/INYHbIE OT HPHUHSATHIX B OTEUYECTBEHHOM
IPAKTHKe: [l uaMepenna momenta — ft - lbs; gaBsenua — psi, bar;
pacxoxa — qpm.

IlepeBoa 3THX M APYrUX BEJMYHMH JAETCS HIKe:

1 feet = 0,308 »;

1 inch = 0,0254 m;

1 hp = 0,736 kBr;

1 rpm = 1 06,/ MuH;

1 psi = 6895 Ila;

1 bar = 1,02 krec/ cm2;

1 gpm = 0,063 1,/c;
1ft-lbs=1,356 H - M;

1 cfm = 0,0283 M3 /Mun; *
°F =1,8°C+ 32.

6.4. NEPECHET XAPAKTEPUCTUK B3/

3azmaya nepecuera xapakTepucTuk B3]/l Moxer paccMaTpuBaThCH
B CJIEIYIOUIMX MOocTaHoBKax [57]:

1) npu uamenenun pacxoga Q wumi cpoitcts (p, v) )ugkocTH
THAPOMAIINHBL ¢ onpele/ieHHol reomerpueit PO (Tpaguimonnas 3a-
Aava, BCTpeYaromasics B IpakTuKe GypeHus);

2) npu usmenennu reomerpun PO ¢ coxpasenueMm Q, p, v (3aza-
4a, paclpocTpaHeHHasi IPpH MpoeKTUpoBanun B31);

3) Npu M3MeHeHHH KaK reoMeTpHYeCKHX MapaMeTPoB, TaK H pac-
xola u cBoHcTB xuakocTH (Hanbosiee obias 3azaya).
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W3Becthbl fiBe $HopMbl 06061IEHHS]  METOAHKY TiepecdeTa Xapak-
tepucturk B3/1:

omuocumenvnas {(Ha ocHoBe O6e3pa3MepHBIX XapaKTepPHCTHK
(6.51));

kpumepuanvnas (Ha OCHOBe TEOPUH MOO6UST).

JInst UCMoTb30BAHHUS OTHOCHTEJIBHBIX XapaKTEPHCTHK TPe6yroTcs
3aBHCHMOCTH 6a30BbIX mapamerpoB (Wy, P, M) NpeenbHbIX pPeXu-
MoB (TopMO3HOro ¥ XojocToro) u Koadduuuentor nogobus (o, B,
h) OT reoMeTpPUYECKMX M BKCILTyaTALIHOHHBIX NMapamerpos [57].

Basognble napaMeTpsl NpeJeJbHbIX PeKHMOB

B ofmem cryyae pacueT OCHOBaH Ha ypaBHeHusix cBsizu (5.101),
(5.102) mexannyeckux (M, ®) u ruapasaudeckux (P, Q) nepemen-
HBIX.

Xonocmoti pexum. YraoBas CKOPOCTb (O, THAPOABUTATENs IIPH
3a/JaHHOM pPAacxofle XUAKOCTH () onpegessieTcss pabouuM 06beMOM
THAPOMAIIMHBI H 06BEMHBIM K.II.J. B XOJOCTOM PEXHME T]q !

- 2:‘_97\“_ (6.22)

X

AHanu3 xapaktepuctik B3/l, cHATBIX BO MHOTHX HCIBITAHMAX,
TMOKa3bIBAET, YTO AMSA BCEX TUIOPA3MEPOB Ny x = 0,95 +1,0.

B pesysbrare 3agada ynpolaeTrcss U CBOAUTCS K BBIABJIEHHIO 3a-
BUCHMOCTH TOJIbKO OJHOM HepeMeHHO# XoJjocToro pexuma Py.

W3 ypasHenus cesizu (5.101) ciegyer, 4To B XOJIOCTOM pexHMe
(M =0)

2nM

[)X = 1)M.X +P\"X = PI'N.X = ‘*m'x ’ (6.23)
rae P,y — cocraBiasfoilas Nepernaja JaBJeHUs, 3aTpauuBaeMas Ha
MOKPBITHE TOJbKO MEXaHHYECKUX NMOTEpPb:

B.x=2nM, .,/ V. (6.24)

OmnbIThl OKA3BIBAIOT, YTO B JMIO60OM pEXXHMe FeOMETPUYECKH I10-
JOGHBIX MAIlMH MOMEHT THAPOMEXAHWYECKUX MOoTepb M., 3aBUCHT
OT mepenaja AaBjeHus P, yrioBoli CKOPOCTH ®, IJIOTHOCTH P H BS3-
KOCTH V >KMJIKOCTH, Macchl (WUJIM TIOTHOCTH MaTepHasa p,) poTopa
1 XapakTepHoro pasmepa PO (HampuMep, KOHTYDHOTO AMaMeTpa
Dy:

(M, P, ®, p, v, py, D) = 0. (6.25)
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3 ananu3a pasMepHOCTe CJefyeT, YTO CMAPOMEXaHHYECKHe TI0-
TEpH XApAKTEPU3YIOTCS YeThIpbMsi 6e3pa3MEpPHBIMM KpHTepUsMu', B
KadecTBe KOTOPBIX yA0GHO MCIOJIb30BATb [57]:

KpUTEpHii TOTEpb MOMEHTA

MI'M

I, =—7

palDy’
KpUTepuil AaBaeHUs

P

M, = ——;
P pnm2D3

yucyao PefiHoabaca

Re=wD?} /v;
OTHOIILIEHHE HJIOTHOCTCI';I
| ay=p/ Py
Ortciona cregyeT, YTO BO BCeX peXHMax s NoKO6HBIX Tap
BI'M
M,, =pw®D; f(I1y, Re, a,), (6.26)

rae f(I1,, Re, a,) — dyHxuus GespasMepHbIX IAapaMeTpOB, OMpese-
JiieMast ONbITHBIM IIyTEM. ’
B XO/MOCTOM pexnMe 3Ta 3aBHCHMOCTD YIPOIIAETCS:

: M x = f(Re, a) (6.27)

Ecay K TOMy e OTHOLIEHHE P/ Py 33/laHO, KPUTEPHH TMApPOMeEXa-
| HUYECKHX I0Tepb 3aBHCHT TOAbKO OT uncia Peiinonbaca. Ipadux
‘ sToii 3aBucuMocTH st geurartens J1-195 (puc. 6.13), mocTpoeHHbIR
0 pe3yJbTaTaM CTEHAOBBIX HCTbiTanmit [64], mokasbiBaer, 4TO B

i JAHHOM CJyyae YKa3aHHbIH KPUTepUl MOXKET MPUHUMATBCS MapaMeT-
poM ruapoMamuubl: Il . = 400.
B cBowo ouepes MOCTOSHCTBO KPUTEPUSA TMAPOMEXAHUYECKUX NO-
* Tepb O3HAYAeT, YTO Nepenajl JABJEHUH THAPOABHIaTe/sl B X0JIOCTOM
pexxuMe MpornopuuoHaned p?. Takoe mojoxenue nosponser 6e3
1 Tpy/Aa MPOU3BOAUTD IepecyeT NOTEPD B XOJOCTOM peXHMe INPH H3Me-
1 HEHHH pacxoza.
1 Ha npakTdke KBaJpaTHiHasi 3aBUCHMOCTb COOJIONAETCA He BCe-
é rza, 4acTo npu nepecyete xapakrepuctuk B3]l npuHuMaercs JuHeH-

‘ 1He nyTath ¢ KpHTepusiMK nofo6us xapakrepuctuk B3 (cm. Hixe).
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Puc. 6.13. Kpurepuaibnuas xapax- Mrm.x

TEPHCTHKA THAPOMEXAHHYECKHX MO~
Teps asurateas [J1-193. Ikcnepu-
MEHTAJIbHBE TOYKH COOTBETCTBYIOT
pacxoaam xuaxoctu 20, 24, 28, 32, ° °
36 a/c 400 ——y
)
oot
200 ] L ! _

50 200 250  J00 Re-10”

nas sasucumocTb Py ot Q [17, 41]. B arom ciyyae I, 1 Re cBs-
3aHbl TUIEp6OIMYECKOli 3aBUCHMOCTBIO.

JIsIst OCTPOEHHsSI XapaKTEPUCTHKM MPOEKTHPYEMOro MM HE IpO-
mrepmiero ucnpitanug B3/, a Takxke mpH Iepecyere XapaKTePHCTHK
HICTIO/Ib3YeTCsl PacpOCTPAHEHHbIH B TEOPUM TMAPOMAIIMH METOJ pas-
JeJeHus THAPABINYECKUX H MEXAHMIECKUX NOTEPb (em. § 5.7). llpu
5TOM THAPABJIMYECKHE TIOTEPH OMpeJeNIoTcs no GopMyIaM (5.121),
a MeXaHHYyecKde II0TEPH MEPECYHTHIBAIOTCA MO XapaKTEPUCTUKE dTa-
JIOHHOTO JBUTaTeJIsl.

Topmosnot pexum. [lepenan naBieHUst B TOPMO3HOM PEXKNME

P = hPy. (6.28)

Topmo3snoit Moment B3/1

M, =2y, (6.29)
2

TuapoMexaHHYeCKHil K.I.J. TOPMO3HOIO PeXMMa Ty r B ob1eM
caydae 3aBucUT Kak oT ¢opmbr PO n Hatsira B mape, Tak U OT pac-
XO/1a JKHUAKOCTH. BMecTe ¢ TeM 3KCIEPUMEHTBI IIOKA3bIBAIOT, YTO B
JEHCTBUTEIBHOCTH My r H3MEHSIETCS B CPABHUTEJIbHO Y3KOM HaNaso-
e (0,3+0,5), moaToMy mpH IepecyeTe XapaKTEPUCTHK €r0 MOXHO
CYMTATb MOCTOSIHHBIM TIAPaMeTPOM THAPOMAIIHHBL Nry r = 0,4.

Takoe NOCTOSHCTBO O3HAYAeT, YyTo M MPOMOPHHOHANEH TPOU3Be-
aenuio P .V, T.e.

M, =aPV, (6.30)

rne a — nocrosiHHas B3/1.

IIpu mepecdeTe XapaKTePHCTHK TUAPOMAIUMHBI NPH H3MEHEHUU
ypcna maros & PO (ungexcsl 1 u 2) chOpaBefiMBbl CJIeRYIOMHE CO-
otHoueHus [66]:

Py A

My _ A
Py-Po My k' (6.31)
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Hoxka3atean noxo6us
XapaKTePHCTHK

B ctporoM Buzte KoaHIHMEHT HAKJIOHA h U IOKasaTeld CTeme-
HU O, P HeJTMHeHHOCTH XapaKTEPHCTHK 3aBHCAT KAK OT JHAMETpa,
dopmbt u Hatsira PO (Dy, 23, ¢r, k, 8), Tak u OT pacxoaa >KHIKO-
ctu Q.

IIpu nepecueTe XapaKTepUCTHK BJMSHHEM pacxoda MOXHO IIpe-
He6peub U PacCcMAaTPHUBATD MOKA3ATEJM MOAOGUS KaK reoMeTpuyecKue
IOCTOSHHBIE THAPOMAIIHHDL:

h, o, B=f(Dy 2y ¢, k, c5).

Han6osbuiee Biusinue Ha K03 UIMEHT HAKJIOHA OKa3bIBAET /M-
Ha (uncio maros) PO. ¥ oreuectBennbix B3/l tuma I [17] h usme-
HSEeTCsi B AManasone 3—35.

1 OpUEHTHPOBOYHBIX PACYETOB HA OCHOBE PE3Y.JIbTATOB HCIIBI-
tauuil B3/l ¢ pasamynbiM yncaoMm 1maros [66] MoxHO ucHOIB30BATD
[POHOPITMOHANBHYIO 3aBUCHMOCTD

h=2+k, (6.32)

JOITyCKas, 4TO JBYXILAroBbIX paboyHux opraHos h = 4.

TlokasaTequ CTemeHH HEJIHHEHHOCTH Tak)Ke U3MEHSIOTCA B y3KOM
auanasole: o = 2+4; B =1 + 1,5, T.e. rufipoMexaHnyYecKue Xapakre-
puctuku B3/l 61u3ku x JuHeiiHbIM (IIpH pacyeTax MOKHO NPUHATD
B = 1), a MexaHMYecKHe — CYLIECTBEHHO HeauHeiiHbie. [IpH 3TOM
6oJibluKe 3HAYEHMS TI0Ka3aTelss O6beMHbIX IOTEPb O COOTBETCTBYIOT
[apaM ¢ [OBBIIEHHBIM HATATOM U HPH IPOYHX DABHBIX YCJIOBUAX

(Q = idem; z5 = idem; k = idem)
a = ag + Acs, (6.33)

rie &y — noxasaTesb 0OBEMHBIX ITOTepb B nape 6e3 narara, A — 1o-
CTOSIHHASI THIPOMAIIHHEI.

Hnsa asuratens [1-195 o = 2,5; A ~ 10,5.

Ilpu ucrnoab3oBanun map c 3asopamu (c; < 0) MexaHMYecKas xa-
PaKTepUCTHKA JBUTaTe sl CTAHOBHTCS MeHee JXeCTKOH, mpub.IMxasich
K JuHeitHo# (a0 = 1),

Takum o6pasoM, npu mepecieTe xapaktepuctk B3]l MoxHO
IPHHSATD, YTO IMOKA3aTe/ U MOA06MA 3aBUCST TOJABKO OT JBYX reoMeT-
PUYECKHX NapaMeTpoB - YHCJa LIAroB U HATSTa B Iape.

214

IMocTpoenue XapakTepHCTHK

[ocne ompeneneHusi Mokasateelf nogo6us M 6a30BBIX NapaMeT-
POB TIpe/ie/IbHBIX PEXUMOB 3aKTIOYUTEbHBIMH 3TallaMU SBASIOTCS:

nocTpoetne XapaKTePHCTHK THPOMALINHbI (6.5);

onpejieieHie KOOPAHHAT ONTHMAJIbHOIO peXHMa!

Ognr = Ox @ onr
Mope = M My

BeapaaMepHble KOOPAMHATH ONTHMAJIbHOTO PEXUMa HaXOATCH
HA OCHOBE BbIpasKeHHst K.1.1. ruapoMauuet (6.20).

Ecnu mpu mepecyeTe XapaKTEPHCTHK TOKasaTesu NoAo6Hst W
K.M.J. B TIPeJeJbHbIX PEXHUMaX 3TaJOHHOH H “HoBoit” ruapoMallly-
Hbl npHHUMatoTcst oguHakoBbiMu (o, B, A, Mox, New. 1 = idem), 1o
HX TOJHBIE K.I.J., HECMOTPS Ha pasinuue 6asoBbix Bemuuni (Py,
M,), TaKxe COXpaHsIOTCsS Ha OfHOM yposHe. Ha ocHOBe H3/IOXEH-
noit meTomuku B PTY nedbrtn u rasa um. I'y6kuma paspaborana u
ficnosb3yeTcsi B y4e6HOM IIpollecce TporpaMMa Iepecyera XapakxTe-
puctuk ogHoBuHToBbIX rmapomami “HAR. VINT”. BsoambiMu yc-
XOHBIMU [AaHHBIMU ABASIOTCS: reomerpudeckne (z;, Dy, e, T, 8, k)
U sKcrTyatauuonusle (Q, p, V) mapaMeTpbl 3TaJOHHOIO U “HoBOroO”
aBuratesefi, a Takxe CTEHIOBble XapaKTEPUCTUKH 3TaJIOHHOIO
B3/.

MeToapl TeopuH NOAO0OHA OCHOBAHbI Ha PYHKIMOHANBHDIX 3aBU-
cuMocTsix GespasMepHbIx KoMiulekcos ruapomaunubl [111]. Tlpe-
MMYILECTBO AAHHOIO METOJa 3aKJII0YaeTcs B TOM, YTO KpHTEpHalb-
Hble COOTHOLIEHHS MOXKHO HAXOAMTb, He HUMest MAaTeMaTH4ecKoro OIii-
canHsi mpoliecca. JTO IO3BOJIIET HA OCHOBE 3KCIEPHMEHTaJbHbIX
JAHHBIX TI0JTy4aTh YAOBJIETBODHTE/bHbIE /ISl HHXXEHEPHBIX Pacu€TOB
ypasHenust xapaktepucTuk B3/1.

B ofmem ciydae xapakTepuctiukn B3/l onpereisiorcst caenyio-
1eit MHOToaKTOPHO! 3aBHCHMOCTBIO

f(n,P,Q,M,p,v,23 21, € Dy, T, L,38, &, do, Py, Enp) =0

(6.34)
win 13 Ge3apaaMepHbIMH KPUTEDHSIMH, B KauecTBE KOTOPBIX yHAOGHO
HCII0JIb30BaTD:

KMHEMATHYeCKOe OTHOIIEHHE

1=2y: 2q;
KpUTEepHil MOMEHTa
MD,

My =—5%
M PQ2
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KpUTepu#l CKOPOCTH

nDE .
I_In - Q ’
KpUTepHil JaB/JeHUS
PD}
Iy =—;
pQ
yucao PeitHonbaca
Re = -2 :
Dyv

OTHOCHUTE/IbHbIY KOHTYPHBIH Anamerp

D, =D, /e =2(cz, +14¢, +¢,);

K03 puiHeHT HOPMbI TOBEPXHOCTH

ot T
T7d, D-4e’

yucJao waros PO

k=L/T;
ko3 duieHT Hatara
cs=38/¢e;

K03GbHIMEHT TOMIUHDI O6KJIAIKH
. =¢g,/¢e,

OTHOIICHUE JUAMETPOB
ag=do/dep = do/(Dy — 4e);

OTHOLIEHHUE IJIOTHOCTEH
a, = p/Pu;

KPUTEPHH YIPYrocTH
I, = E, D! M.

YuntbiBas BbIpaxenue Dy, B oflieM coydae XapaKTepHCTHKH
B3/l onpenensiorcs 15 GeapasmepHbIMU napamerpaMu. OCHOBHBIMU
U3 HHX ABJSIIOTCS pexkxuMHble kKputepudt (Ily, I, IIp, Re) u reomer-
puyeckue koadpduuuents (i, ¢, cs, k).
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BespaaMepHaﬂ 3aBNCNMOCTb
F(Iy, T, Tp, Re, i, D,, ¢y k, Cs, Cc, da, o, Ig) =0 (6.35)

TIpe/CTaB/sieT TOJHYI0 KpUTepHalbHylo Xapaktepuctuky B3/l s
ee onpezie/ieHusi HEOOXOLMMO NpoBeeHHe 60MbIIOr0 KOMILIEKCA 3KC-
IepUMEHTOB TIpH DAa3/MyHbIX co4YeTaHuAX napamerpos B3/l u
CBOMCTB XXHUIKOCTH, YTO KpaifHe 3aTpPyAHUTEJILHO.

IS MpakTUYEeCKHX PACYETOB MOXKHO OTPAHMYUTBCS yYETOM TOJb-
KO OCHOBHBIX KpuTepHeB. B 3toMm ciy4ae

n=% £,(1,,TL,,,Re, i,c,, cs, k); (6.36)

K

pQ?
4
K

pP=

£,1, 11, Re, i,c,,c;5, k),

rae fi, f» — &yHKIME 6e3pa3MepHBIX NMAPAaMETPOB, OIpPEAesieMble
ONBITHBIM IYTEM.

Kputepuanbhble MexaHudeckue xapaktepuctuku B3 II, =
= f(ITp;) (puc. 6.14) npencrasasitoT co6oit My4OK KPHBBIX, BbIXOMS-
ux u3 onuoli tTouku (I, = idem). Makcumansuas abeuncca Iar
KPMBBIX yMeHblaeTcs ¢ pocToM yucia Re (pacxona »uakoctu).

Jins nepecdera XapaKTePHCTUK CEpUIHBIX Asurareseid tma /[ B
pabote [85] mpeanokeHo HCNOJB30BaTh TOJLKO YETHIPE IapaMerpa:
pa6ouuit o6beM V; Hatsr B Hape §; oCeBYIO CKOPOCTb JKHAKOCTH B
kaHanax PO w; IJIOTHOCTh KWIKOCTH p.

IIBa u3 nux (V, w) sBaMioTca pasMepHBIMH KOMIIJIEKCaMH Iapa-
METPOB, BXOIANIMX B 06ury10 ¢pyHKUMOHAIBHYIO 3aBucHMOcTh (6.34):

V =f(z3 e, Dy, T, 8);

w=Q/8S=2TQ/V.

M

R
My 8

Puc. 6.14. Kpurepraabunie mMexa-
HHYeCKHe xapaxrepucrukn B3J{

(Q3> Q2> 0Q9) Mhery Tury Tury T
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Takim 06pa3oM, TPU AAHHOM TOAXOI€ He 3a/|efiCTBOBAHHBIMH B
pacueTax OKa3blBalOTcsi liecTb napamerpos u3 (6.34): L (ompene-
nasiomas ydcsao uaros PO), Bsiskocts xuakocti (Re), MIOTHOCTH
MaTepHana U AMaMeTp pactouku poropa (a4, 4,), ToJIHHA OOKJIA-
ki cratopa (c,) ¥ npuBeaenHslit Moayib ynpyroctia PO (ITg).

KpurepuaipHbte 3aBUCHMOCTH xapaktepnctuk B3]l B atoM ciy-
yae IPUOGPETAIOT MPOCTON BUA!

I1,, = f(HM, Hs)}

p = f(Ilp, TT5), (6.37)

rie I, Ip, Ips, TI5 — Ge3apasmepHble KpuTepun nofobust (yacTHble
BbIpAXKEHHsI KpUTepueB obuleil 3aBucumocty (6.34)):

I, =nV1/3/w;Tlp = P/pw?; TIpy = M /pVw?; Il = 8/ V1/3.

CraTucTtuyeckas o6pa6oTKa 3KCHEPHMEHTATbHBIX JAHHBIX CTEHIO-
BbIX ucnbitanuit B3/l J11-195 nossoamaa Ha ochose (6.37) mnoay-
yuTh 3asucuMoctu [85]:

w oy,
n=3173 (01 + bIHM)r

P = pw(a + bIT, ), (6.38)

rae ay, by, ¢y, a, b, ¢ — xoapdunments!, 3aBucsuiue ot [s.

Bmecte ¢ TeM, MOCKOJIbKY B MCXOAHBIX YPaBHEHUSIX YUHUTBIBAIOTCS
He BCe KPUTepUM MOA06US, JaHHAs METOAUKA He SBJISETCS YHUBEp-
CaJIbHOM M, B YACTHOCTH, HE MOXXET UCMOJb30BATbCS IPH U3MEHEHHU
yycsa mwaroB PO uiu BSIBKOCTH >KMIKOCTH.

PaccMoTpenHble METOAMKM INepecyera xapakrepuctuk B3/l ne
YYUTBIBAIOT BJIHSIHHE 3a60HHOro AAaBJeHUs >KUAKOCTH. BMmecte ¢ TeM
pa6ounit npouecc B3/l onpenensieTcs He TOJBKO IepenajioM AaBJe-
Hus B PO, HO, y4MTbIBas 3JJaCTUYHOCTb OGKJAAKH cTaropa, W abco-
JIOTHBIM [aBJEHHEM B KaMepax, a Takxe TeMmepaTypoil Ha 3aboe.
IloaToMy, cTporo roBopsi, CTEHAOBBIE XapaKTEPUCTUKU OTIHYAKOTCS
oT peaJbHbIX xapaktepucTk B3]l B 3a60ifHBIX ycJjoBHSX. YTO4He-
HHe 3TOro Bompoca Tpebyer mpoBeldeHust ucnbitanuit B3/[ Ha cren-
gax, HMUTHPYIOUIHX 3a60iHble YCIOBUSI.

Ynpomennsie ¢popMy.bl nepecyera xapakrepuctuk B3/]

MHoroJieTHHe 3KcIlepUMeHTaJIbHble UccaegoBanuss B3/l u ocHos-
Hble MOJIOKEHUS Teopuu paboyero mpoliecca OGBEMHBIX THAPOMA-
UIMH MO3BOJIAIOT NPENIOXKUTD yrpouieHHble (yao6Hble HA MpPaKTHKe)
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cdopmynbl nepecyeta XapakTepuctuk B3/l npu uaMeHeHHH pacxona
XUAKOCTH 1 anaMeTpa (pa6ouero o6bema) ABUTaTelIs.

HMaMeHeHHe pacxolia XHMAKOCTH. B skcrpemasnbhoM (macnopt-
HOM) peXuUMe THMIPOABHMIaTess 4acToTa BpallleHus, Mepenaja AaBJe-
HUS M KPYTAUMA MOMEHT BO3PACTAIOT ¢ YBEJUYEHHEM pacxoja Mmpak-
THYeCKH JUHEHIHO, a MOIIHOCTb YBEJNYUBAETCA 110 KBAAPATHYHOMY
3aKOHY:

m_Q. R_9. M_0o. ﬂ=[9_)2_ (6.39)
n Q' R Q' M @ N \Q

B xojocToM pexuMe Tpu IepecyeTe n W P Takixe MOXHO BOC-
[I0JIb30BaThCS JUHENHBIMU 3aBHCHMOCTSAMH

na _ Q. B _9
Ny2 Q2' Px

©

U3smenenne pa6Gouero o6vema’. B ofueM ciydae paboumit o6b-
em B3]l MOXHO M3MEHMTb 33 CYET KHHEMATUYECKOrO OTHOLICHMS,
KOHTypHOro auametpa U mara PO. IIpn coxpanenun ypoBHs o6beM-
HOTo M FHIPOMEXaHHYECKOTO K.II.[.

m_QV,, M _PVi. N _O Bk (6.40)
m V' My PV, Ny OB

Nsmenenne auamerpa B3/, [lis ruapoxsurarteseit ¢ reomer-
puuecku nogobusm PO (4, ¢;, k = idem) u oqMHAKOBBIMK K.ILA.

3
ﬁ=9_[&)3. Aﬁ=£1.(£ﬁj- N_QP (6.41)
ny, Dy M, P,)\Do)' Ny &P,

Tlpu NMpuUMepHO OAWHAKOBOM YPOBHE TepenajioB AaBJIeHHil JBUIa-
TeJleil pa3TIMYHOro AMAMeTpa, 4To XapakTepHo ais B3]l obwero Ha-
3HAYeHHs,

3
M _[Da
M, —(Dra] ' 6.42)

T.e. TIpH u3MeHeHun guaMeTpa PO xpyTAwMil MOMEHT ruapoJBurate-
JIS TIpH TIPOYMX PABHBIX YCJOBHSX M3MEHSIETCS MO KyGHYeCKOMY 3a-
KOHY.

"Tlpu u3aMeHeHnH paboyero o6beMa WK JHAMETPa B3]l, kak npasuJo, U3MeHsH-
eTCs ¥ PacXol XKHIKOCTH.
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6.5. CTEHAb]I AN" UCNbITAHUA B34

Crenapt ans ucnorranuit B3/l npegnasnavenbr s cHATHS xa-
PaKTepUCTHK ABUraTesielf, OTPABOTKH 3JEMEHTOB KOHCTPYKUHH M IIpH
HEOOXOAMMOCTH TPOBEIEHUSI PeCYPCHBIX MCIIBITAHUH OTAENbHBIX y3-
JIOB U JAeTajteif.

Bypogoit crenx BHUUBT npencrasiser co6oit yHuBepcabHBbIit
6yposoit crenx (YBC) anst ucnblTaHusi 3a60iHBIX THAPABIHYECKUX

1
N
3%
2
N
\'"J
3
f
L )|
16 /\ ¢
5 N
14 ?’ s I3
13 i 7

MRV

r—/
T
F

12~

11~ _—]
7 //‘%

48,9

|4+ 10

Puc. 6.15. Yuusepcamuiit 6yposoii creng BHUUBT:
! — KpoHOJIOK; 2 — KPIOKOGNOK ¢ AaTHMKOM HArpy3kH; 3 — BepT/Or; 4 — CTOSK 6y-
posoit pykas; 5. 8 — pacxoaomepst; 6 — poTop; 7 — 60K npeobpazoBatesneil CHIrHa-
JIOB; 9 — aaTyMK nasnaeHus; 10 — Hacochl 6ypoBble; f{ ~ eMKOCTH CHCTEMbl OYHCTKH:
12 — subpocuto; 13 — nebexka; 14 — TaneBblit KaHAT, 15 — 3a6OitHbIi AsurareJb, 16 —
MOMeEHTOMep
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JABUTaTeseit 1 MOpoJOPa3pyIIAOIIero UHCTPYMeHTa. BxoauT B coctaB
Ucnerratensroro uentpa BHUWBT u pacnonoxer moxy MockBoii Ha
ct. [ToBaposo [142]. Ctena co3zaan Ha 6a3de crauMoHapHO# 6ypoBoil
YCTAHOBKH C PETYJIMPYEMBIM 3JeKTPONPHBOAOM M MaKCHMAaJIbHO BOC-
MPOM3BOAUT IKCILTyaTauuoHHble ycaoBusi (puc. 6.15). Ha crenzge
[IPOU3BOMSIT UCHBITAHUSA HATYPHBIX O6DA3IOB TMAPABJIMYECKHX [(BH-
ratesieif, MOPOAOPA3pYIUAIOLIEr0 HHCTPYMEHTA M JAPYTHX OYpPOBBIX
MexaHuaMoB. Moneauposauue paborsr B3/ nocruraercs pas6ypuba-
HHEM HCKycCTBeHHoro 3abos (cTajb, 4yryH, CBUHEL[ MJIM TPaHHT)
CTAaHAAPTHBIMH JOJOTAaMH WJIM CIeluaJbHbIMH (pe3amu B cpene 6y-
POBOTO pacTBOpa.

Harpyska Ha J0J0TO CO34aeTcsi COCPeNOTOYeHHOH Maccoif, CMOH-
THPOBaHHOU Ha Befyluledl Tpy6e, moaaya XXUAKOCTH (BOABI WJIH TJM-
HHUCTOTO PacTBOpa) — OJHUM MJHM [AByMs GypoBBIMH HacocaMu. B
Ipoliecce HCIbITAHUH PErNCTPHPYIOTCST PeaKTHUBHbII MOMEHT JBHraTe-
a5 (TeH30aTYMKOM, YCTAHOBJIEHHBIM B MEPEBOJHUKE BbILIE Bemyiel
Tpy6bl), Tepemnaj JAaBJIEHUs] B ABHraTesie, YacTOTA BPALIEHUS BBIXOJ-
HOTO BaJjIa M Harpy3ka Ha J0JIOTO.

Texuuueckass xapaktepuctuka ¥ BC nosBossier poOBOAUTD MCIIbI-
tanusg B3/l Bcex THmOpa3MepoB ¢ HAPYXXHBIM AUaMeTpoM 85 MM H
6o.1ee:

Iomaua 6ypoBbIX HACOCOB, J1/C....cccovveriniiiniinianiiinnne.
JlaBnenue HarHetanus, Mlla..... e
OcesBas Harpy3ka, kH.........

Kpytamwmit moment, kHom ..o
YactoTa BpallleHHs! THAPOABHraTeis, 00,/ MUK

Creng I® BHHUMUBT. YHuBepcaabHbIil TOPH3OHTAJIbHBIN CTEH[
(puc. 6.16) ansa ucnblTaHMs M HcCJIegOBaHuMs pabodero mpolecca
ruapoaBurareseif ocHamex [6]:

PEryJIHPYeMBIM 3JEKTPOMPHBOAOM [OCTOSHHOTO TOKA CHJIOBOIO
Hacoca, 4TO IMO3BOJISAET GECCTYNEHYATO U3MEHATD PACXO/ KUAKOCTH;

TOPMO3HBIM YCTPOWCTBOM B BHJE IIMHHO-IHEBMATHYECKOH MydThI
M 3JIeKTPOJABHraTe/sI-reHepaTopa NOCTOSHHOro Toka (pexymnepaTus-
HOE TOPMOXKeHHe),

aMOPTH3UPYIOUIMMH 3JIEMEHTAMK BCEX OMODPHBIX Y3JI0B.

TexHUYeCKHe AAHHBIE CTEH/A MPHUBEICHDI HIKE.

Jinametp ucnbitoiBaeMbix B3], MM ... 54+172
JdauHa B3I, Moo, o7
YacTora BpalieHHs BbIXOAHOrO Basia, 06,/ MUH . 0-500
Topmoanoit MomeHT, KH-M ................ T 0+7
MounocTs nMpHBoAa Hacoca, KBT.........ooooooeiiinll 90 x 2
IMoaavya HACOCA, J1,/C ..ooviviiiie e o 20

Crena cOCTOMT M3 HAcOCHOrO G6JIOKA, MeXaHMYecKoil 4acTu H
nysbta KUIL. Pa6oyast xuaxocTh — BOJa HJIM TJIMHHCTBIA pacTBOp.
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Puc. 6.16. Yuusepcanbnnii ropuaontaibhbii ¢tens 1O BHUHBT:
{ — NaTYMK TaXoMeTpa; 2 — 3JIEKTPOABHIaTe b-peAyKTop; 3 — MydTa; 4 — WNHHAEIDb
Ca/bHHKOBbIH; 5 — MydTa; 6 — canbHuk; 7 — 6anaHcupible oropbl; 8§ — JaT4HK MO-
menToMepa; 9 — Beptaior; 10 — AaTYMK AaBJeHus; {1 — paTyuk pacxosa; /2 — Hacoc;
13 - Topmo3; 14 — 6ak

Ilpu ucnbrranny B3/] ast cHATHSI peakTHMBHOTO MOMEHTa C KOp-
myca OH ycTaHaBauBaeTcsl B GasaHcupHble onopbl (moHeTs!). Yepes
KOHYCHO-IILTHLEBYI0 My(Ty ABHTaTe]b COEAMHSETCS CO IINHHIEIeM-
CaAbHUKOM, a dYepe3 HeTro — C 3JEKTPOJBHTaTesleM-pefyKTOPOM.
Bepxuuit nepesoguuk B3/l moacoenuHsiercsi K BEpPTAIOTY M MOXKeT
Harpy»KaTbesi 0ceBbIM ycuaneM. BypoBoil pacTBOp HojaeTcsi HaCOCOM
B TMAPO/JBHUraTe/b Yepe3 BepTJIOT.

Mowmenr conporusnennss B3/l cosnaercs ajekTpojgBUraTeneM-Te-
HepatopoM. Tok, BblpaGaTbiBaeMbiif IIPM TOPMOXXEHMH, IepelaeTcs
TPEXMAIIUHHOMY arperaty.

Tlpu McOBITAHUSAX TPOU3BOJUTCS. U3MepEHHe YacTOThI BpaIUeHUs H
KpyTsiiiero MomeHTa B3/l, pacxoma kuakoctH, AaBJeHHS HarHeTa-
HHSL.

Ha crenne moxHO npousBoautb c6opky-pasbopky B3/l. Ceunuu-
BaHWe W pPa3BUHYMBAHHE pe3b6OBBIX COEAMHEHMH OCYIIECTBJIsSIeTCs
3JIEKTPOJBUraTeNEM MOCTOSIHHOTO TOKA C HCIOJIb30BAHHUEM CIIELHAIb-
HBIX 3aXBATOB U KJIOYEH.

Creupg PTY nedrv u raza um. TyGkHHa /)19 MCOBITAHMST MaJjora-
6aputabix B3/l (puc. 6. 17) uMeer cjeayiolne OTIMYHS:

HAKJIOHHOE PacToJIOKeHHe THAPOABHIATE/IH;

co3faHne Harpysku Ha Baxy B3]/l mocpencTBOM 3/1€KTPOMArHHT-
HOTO TIOPOUIKOBOTO TOPMO3a, MOMEHT KOTOPOTO [IPONOPLHOHAJIEH I10-
JaBaeMOMY HATIPSDKEHHUIO;

HCII0Nb30BaHue KJINMHopeMeHHot nepenaun Mexay B3]l u Topmo-
30M, IIKUB Iepefavyd /18 CHUXKEHHS AHHAMHYECKHX HArPy30K Bbl-
MO/THEH K3 I[IJIACTMAcCHhl;
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Puc. 6.17. Crenn PIY nedu u rasa um. Ty6kuna qis HCHBITanus ManoraGapur-
Heix B3,
{ — 37IeKTPOJIBUTaTe b NIOCTOSIHHOIO TOKA; 2 — 3JIEKTPOABUTaTe/Ib MEPEMEHHOTO TOKa,
3 - kopoGka nepejay; 4 — O/IHOBMHTOBOI Hacoc; 5 — 6ak; 6, 13 — peryisTopbi
HanpsKeHUs; 7 — PEeMEHHas repedayva; 8 — 3/eKTPOMArHUTHbIH NOPOUIKOBbIH TOPMO3,;
9, 14 — TaxoMeTpnpl; 1 — 3aKUMbl; {2 — MaHOMETp

HCIIOJIb30BAHME B KAYeCTBE CHJOBOrO HAcoca MHOTO3aXOAHOIO
BuHTOBOrO Hacoca (i =5 : 6; D, = 46 MM);

BO3MOXKHOCTD NIPHBOJA HACOCA KAK OT HEPEry.IHPYeMOro, Tak  OT
pEryJIMpyeMOoro 3JeKTPOJABUIaTe/Is;

HeroCpeCTBeH bl BBIXOJ MOTOKA XUAKOCTH B 6aK 4epes IoJbie
Ba/bl IIMMHAENS W NMPHUBOJA TOPMO3HOTO YCTPOiHCTBa 6e3 HCIOMb3O-
BaHMS IITHHAE/ISI-CATbHUKA.

Ilauubii cTena sBAseTcss ofbeMHOl BUHTOBOIH rujponepeadedl M BKJIOHaeT B
CcBOH COCTaB TOJIbKO BUHTOBbIE€ TMIPOMAlIMWHbI. Taxkas KOMNOHOBKA MO UMEIOLIHMCA B
JMTEPAType CBEACHUAM pa3pa60TaHa BNEpBLIE, U MOJOXHUTEbHBII OTIBIT ee pUMeHe-
HUS CO3/1a€T NPEANOChLIKY ISl POEKTHPOBAHHUS NOLOGHBIX CHCTEM (cm. § 14.2).

Bo3MOXHOCTD MOAKJIIOYEHHUS Hacoca K 3JEKTPOABUraresstM pas-
HBIX THIIOB [TO3BOJISIET MCCJEJ0BATh MyCKOBbIe CBOMCTBA THPOJBHIA-
Tesisl B Pa3JMYHbBIX YCJIOBHAX IKCILTyaTauuu. B mpoiecce UCIIBITAHUS
NPOM3BOJANTCS H3MEepeHHe JaBJEHUs] Ha BXOJe M BBIXOAE B3/; uac-
TOTBI BpallleHHsl BaJIOB Hacoca M THAPOJBHUraTeist; HaNpsKeHHs TOp-
Mo3a.

Pacxon xuakocti (mogaia Hacoca) npu 3acHKCHPOBAHHBIX Yac-
TOTE BpAllleHHs ¥ JaBJEeHUH HATHETAHHWs HACOCA ONpeJe/IAeTCs IO Ha-
[OpHBIM XapaKTEPUCTHKAM HAacoca, [peBAPUTENbHO CHATBIM IMPH
€ro UCIBITAHHHU C MOMOILIbI0 MepHOTO 6aKa.

IMockoMbKy TOPMO3HOH MOMEHT IPONOPLHOHAJIEH HaMpsHKEHUIO,
MPOM3BOAMTCS PErucTpallis aKTHBHOTO MOMEHTa Ha Bafy B3 u
oTmajaer Heo6XOAMMOCTh B U3MEpEHHM PEaKTHBHOIO MOMEHTAa Ha
Kopiryce. MOMeHT cusi conpotusienus Ha Bany B3/l paccuuTbIBa-
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Puc. 6.18. CrennoBne xapaxrepucruxu apurareas JA1-105 na pacxone Q=10 a/c.
OKCIepHMEHTaIbHBIE TOMKY:
I-n II~-P

€TCA € YYETOM IlepeJaTOYHOro OTHOIICHHUS KJIPIHOpeMCHHOfI nepegadu
W MOMEHTa XOJIOCTOI'C BpallleHUs npuBoJa.

Ha nanHoM crenae mnpoBeneHbl uCHbITaHHA [BMraTeseil I1-48.
Texnuveckye TaHHbIE CTEHAA:

Mapka TopMO32a .........oooooviiiini
Topmostoi moment, HM..........

Hanpsikenue topmosa, B ...
IlepenaTousoe oTHoweHue ...
Pabounii 06bvem nacoca, ...
Honaya racoca, a/c ............
[laBnenue Harneranus, MIla

Crenapr m1a ucnbrranus B3] ochamens: COBPEMEHHBIM U3MEpH-
TeJIbHO-BBIMMC/INTEIbHBIM KOMILIEKCOM. B kauecTBe mpumepa Ha puc.
6.18 mpeacrabneno rpaduueckoe uzoGpaxeHnue XapaKTePUCTUKH
ABUTATE]S, NONy4EHHOE IPH KOMIBIOTEPHOI 06paoTKe 3KCIIepHUMEH-
TaJbHbIX ZaHHbIX Ha cteHae [10 BHUMBT.

6.6. MOMEHT CWUJ1 CONPOTUBJIEHUS HA OONOTE

B ycraHoBuBuIeMcs pexxume paboThi KpPyTAWmil MOMEHT 3a60ilHo-
TO JBUraTeJsl ypaBHOBEUIMBAETCS. MOMEHTOM CHMJ CONPOTHBJIEHHS
BPAIlleHUIO J0JI0TA B CKBAXXMHE. MOMEHTbI TPeHUS! B PaJMaJbHBIX U
ocepbix onopax B3/l, oTHocsiuuecs Kk BHYTPEHHMM MeXaHHYECKHM
224

IOTEPSAM THAPOABHUTATENSI, HE BXOAAT B MOMEHT CHJ BHEIIHEro co-
TDOTHBJIEHHA ¥ YUYUTBIBAIOTCS IIPU INOCTPOEHMH XAPaKTEPHUCTHK
B3/.

Ilpn 6ypeHuH HCKPHBJIEHHBIX YYACTKOB CKBAXKHH, KOTZIa HA J0J0-
To neficTByeT Kak oceBast G, Tak u paguasnbHas (oTknomsmomas) Fo,
CHJIA, MOMEHT CHJI CONPOTHBJIEHHS BPAILEHUIO 0M0Ta M, CKJajbiBa-
eTca U3 Tpex cocTapiasomux [59, 109]:

M. =M, + Mpau + My, (6. 43)

rae Moc, My, — MOMEHTBI CHJI COTPOTHBJIEHHST COOTBETCTBEHHO pu
Pa3pymIeHHu 3a60si CKBXHHBI NMOJ AeHCTBHEM OCEBOH CHABI M NpH
(pe3epOBaHUM CTEHKH CKBAXXUHBI MO AeHCTBHEM DAZHANBHON CHIIbI;
My — ycpenHeHHas 3a NEPHON JOMOJIHUTEJbHAS AMHAMUYECKAS
(BubparmonHas) coctaBasomast, 06yc/I0BIeHHAS IPOJOJBHBIMH KO-
ne6anusiMu gonota (cm. § 6.7).

[Ipn pacueTax MOMeHTa CHJI CONPOTHB/IEHUS 3HAYeHHeM M o 4a-
Ie BCETO MOXHO IpeHe6peydb M NPHUHNATD, YTO

M= Mo, + My, (6. 44)

B ofmem cryyae MOMEHT CUJI CONPOTHBIECHHS 3aBHCHT KaK OT
cunoBblx axTopoB (G, Fop), Tak M OT YacTOThI BpAlleHHs AOJOTA
n:

M. =f(G, Fo, n). (6. 45)

OnHako mpu pacuetax, He CBS3aHHBIX C HMCCJIETOBAHHEM yCTOil-
YHUBOCTH BpailleHus rugpoasuratens (cMm. § 6.8), vame Bcero Bius-
HHE 1 He YYMTBIBAETCH, a PaJMajJbHAS H OCEBas COCTABJIAIONIHE MO-

MEHTa CHJI CONPOTHBJIEHHS ONpEAESIOTC] CAEYIOUMM 06pasom
[109}:

M., =92-‘ime; (6. 46)

Moc = MynG: (6 47)
rae [ — xoapHUUHEHT TpeHHS 0JOTA O CTEHKY CKBaXHHbI, M
YAebHBI MOMEHT fonoTa, My, = dM,. / dG.

B ctporom Buze yaeapHBIH MOMEHT JOIOTA 3aBMCHT OT OCEBOMN Ha-
TPY3KHM, B NMPaKTUYECKHX X€ pacyeTax oGbIYHO IPHHMMAETCS JHHEli-
Has 3aBUCHMOCTb Mexay M, u G. B atoMm cayuae My, He 3aBucur
OT MapaMeTPOB pexXuMa 6ypeHHs] M ONpeje/isieTcss TOJBKO THIOM JO-
JI0Ta ¥ CBOHCTBaMH TOPHBIX IOPOJ.

3HaveHns yAeapbHOTO MOMeHTa M KosdduumeHnTa TPEHHs [Jsi
Pas/IMYHbIX THIIOB [OJOT ¥ KaTeropuil TBEPAOCTH TOPHBIX MOPOA,

NoJIyYeHHbIe IKCIepHMEHTAIbHO, TNpeicTaB/ieHbl B Taba. 6.5, 6.6
{109].

ya —
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Tabruya 6.6

MomenToemMkocTs ¥ K03 dHLHenT
TpeHHs Ppe3epHbIX K ATMA3HBIX AOJNOT

Tabauya 6.5

MoMeNTOEeMKOCTb H K03 PHiHeRT
TpeHHs TPEXIIAPOWEYHbIX A00T

T Mon it
Ao:tglra HmVkH f aole?rh;?TEM H{\:ffléﬂ f
Tpexwapoweunve” Dpeaeprie
M 13-16 0,45 188-214 24-28 0,50
MC 11-14 0,35 267-292 l 30-36 l 0,50
C 8-11 0,30 Annt
P 8t .23 188-214 Ey 0,42
K, OK 5~6 0,1 - - )
267-292 J 28-32 0,42

[Ipu 6ypeHuH WHTEpBANIOB CKBAXKHUHDBI, Ha KOTOPBIX OTCYTCTBYeET
oTKJIOHAOmMAsA cusia (BepTHKAJIbHBIA YYacTOK CTBOJIA, YYACTKH HPO-
U/t ¢ MOCTOSIHHBIM 3€HMTHBIM YIJIOM),

M. = M,,G. (6. 48)

[lns onpesxesieHHs OTKJIOHSIOWEHl CHJIBI PacCMOTPHMM CXeMy JelcT-
BHUSI CHJT B yIIPyroit cucteMe GypUIbHAS KOJGHHA — TUAPOABUIATENDb —
nonoto - ckBaxkuHa (puc. 6.19), Haxonsmeiicst B COCTOSAHUU YCTOMH-
YHBOCTH PABHOBECHS INPH MPOBOAKE KPUBOJIMHEHHOTO y4acTKa IIpo-
¢us ckpaxxubl ¢ ucrnosb3oBanMeM B3]l ¢ HCKpUBNEHHBIM Kopily-
coM (KPUBBIM MEPEBOAHHKOM MEXAY CHJIOBOH M IUNUHAETbHON CEK-
uusivu). [{1s momaepxanus 3aJaHHON MHTEHCHBHOCTH MCKDHBJIECHMUS
Heo6XoauMOo, 4TOGBI Ha BEPXHIOW CTEHKY CKBRKHUHBI [AeHCTBOBAJA
OTKJIOHsIIOIas cuia F,,, HanpaBjieHHas NMEPHeHAUKYISIPHO K OCH J0-
J0Ta.

OTKJIOHSION{As CHJIA Opede/IsIETCsl MOMEHTOM ynpyrux cui (Bos-
HHKAIOIMX B HIDKHeN yacTé Gypu/bHOI KoMoHHBI) M, aedcTByO-
iuM B cedenuu usruba I — I (cMm. puc. 6.19) kopmyca {3311, conpu-
Kacaioulerocst ¢ HUXKHeH CTEHKOH CKBaXKMHBI!

F. = [My 0, 1, sin(p + B*)} /L, (6.49)

rde Qy — cHJIa TSDKECTM WIMMHIEAS M JoJoTa B GypOBOM pacTBOpeE;
[, — paccTosiHHE OT IeHTpa TSDKECTH LIMUHAEAS U AOJOTA O IJIOCKO-
ct u3ruba oTkJoHMTeNs; L, — paccTosiHMe OT Topua A0J0Ta J0
IJIOCKOCTH H3ruba; ¢ — 3eHUTHBIA yrou; B° — yroa Mexay ocsmu

* D»l - D
CKBaXKHHBI U J0J0Ta, B = arctg—ELﬂ—.

B paccmartpuBaeMoit oTkiIoHsIOmEed koMnoHoBke (cM. puc. 6. 19)
HCKPHBJIEHHE CKBAXHHbBI TPOUCXOAUT KAK BCJEACTBUE dpesepoBaHus
crenkn (Fop), Tak ¥ B pesyJibTaTe aCHMMETPHYHOTO PAa3pyIIeHHs 3a-
6ost (B* > 0).
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Puc, 6.19. Cxema neficreus cux B cucreme Gypunbnas konouna (f) — 3aGoitbiii
asurarems (2) — ponoro (3) — cksaxuua (4):
G - oceBast Harpysxa; Fo; — OTIIOHAOMIAA cuna; W, ~ peaxkuus 3abos; Wy, W, W, -
PCAKINA CTEHOK CKB@XHHBI; ¢ — 3eHHTHbIA yroa; B° — yroa MEXAY OCAMM CKBAXHIb
M JI0JIOTa; ¥ — YroJl epeKkoca ocei ceKUMUil ABHTaTe s
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ockonbky For u tg B° 06paTHO MPOMOPUHOHAMBHDL JIMHE HIK-
Hero Tuieua L,, TpH KOHCTPYMDOBAHHM JBUraTe/el-OTKIOHUTEICH
ee crpemarcss ymeHburuTb. IIpu 3a/aHHBIX reoMeTpU4YeCKHX Mapa-
metpax asurarens (D, y) 3T0 06ecrieynBaeT MaKCHMAIbHYIO MHTEH-
CHBHOCTb WCKDHMBJEHUSI CTBOJA CKBaXWHBI. [Ipy 3agaHHOM OTKJIO-
usomeii cute Ha monote (Fop = idem) yMeHbilenue L, no3BoJseT
BecTH GypeHue JBUTATENAMU C MEHDBIIMMH YIrIaMU MEpeKoca KOpITY-
cay.

MOMeHT YIpPYTHX CHJ OTpPEesieTcs ¢ y4ETOM XeCcTKOCTH CTEHOK
CKBa>KHHBI H KOpIyCa THAPOABHraTeis, oceBoif Harpy3KH U 3CHHTHO-
ro yria. Metoauka paciera My npeicTaBjena B [109].

TIpH OpHEHTHPOBOUHBIX PacueTax MOXHO JONYyCTHUTD, HTO CTEHKH
CKBaKMHBI M Kopiryca cekimit B3/ sBasiores a6COTIOTHO JKECTKMMH
TeJaMu, ¥ TIPUHATb, YT0 My COOTBETCTBYET MAKCHMAJbHOMY MOMEH-
Ty YHPYTHX CHI

My = oWy, (6. 50)
rme o, — Tpejel TeKyYecTH MaTepuaza HCKPHBJEHHOTO KopItyca
(xpusoro mepesoanuka); Wy — MOMEHT CONPOTHBJICHHUA CeYeHUs M3~
ruby.

B kauyectBe npuMepa OLEHHM YPOBEHD OTKJIOHAIOWEH CHJIbl ¥ COCTaBJSIOIMX MO-
MEHTA CWJ COTNPOTHBJEHMA MpH GyPeHHH CKBAXHHBI TPEXIIAPOWETHbIM J0I0TOM
(D, = 215,9 MM? B MOpOAAaX CpeaHeil TBEPAOCTH My, =10 I‘E;M/KH) TMAPO/BHIa-
TejleM € Hapy>KHbiM JHaMeTpPOM Kopryca D, = 172 MM ¢ oceBoil Harpy3Koi Ha 10J10-
to G = 50 kH. HuxHee nie4yo OTKAOHHUTENSA L, = 2,5 M, TOJHHA CTEHKH WCKDHB-
neHHoro kopryca & = 20 MM, nipefes TEKYHeCTH Matepuaia oy = 320 MIla, koadpdu-
LMEHT TPEHHs [10/10Ta O CTEHKY CKBAXKHHDI f = 0,3. Becom wmuHaeas u 40J10Ta npe-
ne6peraem.

BuyTpeHHuit AvameTp Koprmyca

Dy = Dy — 28 =132 Mm.
MoOMeHT COTPOTHBJIEHHS naruéy

4
W, = -%D,? 1—(%) =326,3 e,

H

MoOMeHT yRpYrHX CHJI

M, =o,W, = 104,4 xH- M.
OrkJoHAlOWAR c1Ia
Fpo=M, /L, = 41,7 xkH.

PaauanbHad U oceBast COCTaBJSAIOUIHE MOMEHTa CHI COTIPOTHBJIEHHA

F,.D,
Mpay = —25 [ = 1350 H;

pa1

Moc = My;G = 490 Hm.
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Takum o6pasoM, paiuajbHas COCTaBJAAKOLIAs MOMEHTA CHJI CO-
IIPOTHMBJIEHHUS] MOXeT MpeBBINIATh OCEBYIO COCTABJAIOLIYIO, MPONOp-
muonaabuylo G. CiexoBaTesbHO, OTKJIOHAMIOILAS CHJIA HA J10JIOTe,
COTOCTABMMAsT C OCeBOM HArpy3Ko#, Hapsy c Ioc/efHel ABJIseTCS
OCHOBHBIM CHJOBBIM (DAKTOPOM, OIpe/e/IAIOUIMM MOMEHT CHJ CO-
IPOTHBJIEHUS] [0JI0Ta MPU GypeHHMH HAKJIOHHO HANpaBJIEHHbIX CKBa-
XKUH.

OTrJjoHsALmAS CHJIa HO/DKHA OBITh JOCTATOYHOH st ¢pesepo-
BaHHUS CTEHKY CKBAXXHHbI, HO BMECTe C TeM He NPEBbIIIATb KPUTHIE-
CKOTO 3HAa4yeHMsl, MpU KOTOpOM Mporu6 3a6oiHOro JBUraTels Mpe-
NATCTBYeT 3aJaHHOMY MCKDHBJIEHHIO CTBOJA CKBAXKHHBI HIJIM 3aTpPY]-
nserca myck B3/[. V3 mpaktuku OypeHus H3BECTHO, YTO HA Ha-
KJOHHBIX Y4YacTKax MNPOMUIA CKBaXXUHbI IIyCK THAPOABUraTe/s
3aTpYAHSETCSl, OCOGEHHO €C/H INNHUH/ENb OCHAILEH Pe3HHOMeTaJlIu-
yeckoi msrToii. MHOrAa TCHAPOABUraTeNb, UCIBITAHHBIA HA YCTbE
CKBa>KMHBI, BCJEJCTBHE BO3HHKAIOIIUX paJUa/IbHbIX CHJ HE yRaeTcs
3amycTuTh Ha 3a6oe. Bea pacuera F,; IpPOEKTHPOBaHHE OTKJIOHAIO-
ILIAX KOMIIOHOBOK, BbIGOp HArpy3Kd Ha J0JIOTO B COOTBETCTBHH C 3a-
AaHHBIM KpyTsAmmM MomeHToM B3/l M KocBeHHbIlf KoHTposis M B
npoliecce GypeHHsi He IpeJCTaB/AIOTCA BO3MOXHBIMU. B cBsasu c
3THM JJI ycnelnHoi skcrryaranun B3/l npu 6ypeHur HakJIOHHO Ha-
NPaBJEHHbIX M TOPH30HTAJbHBIX CKBAXKMH I1€J1€co06pasHo MOCTPo-
MTb HArpy304Hbie XapaKTEPUCTMKH CHCTEMbl THAPOABUrartejb — J0-
JIOTO — CKBa)KMHA.

6.7. HATPY304HbIE XAPAKTEPUCTUKU

IIpu nmpoBo/Ke CKBaXXHH C Hcroab3oBanuem B3/l, Tak xe kak u B
Typ6unHOM 6ypeHuu, mapaMeTpbl pexxuma 6ypenus (oceBas Harpys-
ka G, 4acToTa BpalleHHs J0JOTa n U pacxof 6yporo pactsopa Q)
B3aHMO3aBHCHMbl. B3anMOCBS3b mapameTpoB pexuMa GypeHHs Ou-
CBIBAeTCS HATPY30UHbIMM (KOMIIIEKCHBIMH) XapaKTePHCTHKAMH CHC-
TeMbl B3/] — g0/10TO — CKBaXKWHA, NMPEACTAB/SIOIHUMH 33aBHCHMOCTH
YILJIOBOK CKOPOCTH ® = 2%n M mepenaja JaBjeHus P ruapojsurartesist
OT OceBoOlf Harpy3ku MpH pa3/MYHOM Pacxoje XHIAKOCTH

o=71(G, Q) P=f(G, Q). (6.51)
Heo6xoauMocTh HCCI€AOBAHUS HAarPY30YHBIX XapaKTePHCTHK CHC-
TeMbl CBSI3aHA C TeM, YTO B Ipolecce 6ypeHust B 6OJBUIMHCTBE CJIy-
yaeB u3BecTHa (c TOH MM HHOM CTENEHbBIO LOCTOBEPHOCTH) HArpy3Ka
Ha JI0JIOTO, a He KpyTsiuii MoMeHT M Ha Bajy THpoJBHUrares, Io-

3TOoMy cTeHgoBble (MAaclOpPTHBIE) MEXAHHYECKAs M THAPOMeXaHHde-
ckast xapakrtepuctuxu B3/
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o= f(M, Q); P=fM, Q) (6.52)

HETOCPEeACTBEHHO He MOTYT HCIIO/Ib30BaTbCA A8 MAEHTH)HKALMNA pe-
xuMa 6ypeHusi, ocO6eHHO NPH NPOBOJAKE HAKJIOHHBIX TOPU3OHTAJb-
HBbIX CKBAXHUH.

3aMeTHM TakKe, YTO KPYTSINIIl MOMEHT TUAPOABHUraTe/isi He BXO-
QUT B COCTAB MOKaszaTeJiell reo/oro-TeXHUYeCKOro Hapsaja Ha CTPOU-
TeJIBbCTBO CKBAYKUHBL.

Jlnsi mocTpoeHysl HArpy30UHBIX XAPAKTEPHCTUK CHCTEMBL HOMHMO
CTEHJOBbIX MOMeHTHbIX xapaktepuctux B3/l (6.52) tpebytorcs 3a-
BHCUMOCTY MOMEHTa CHUJI CONPOTHBIEHUA BPAIUEHHIO JOJOTA OT OCe-
BOif Harpy3ku ¢ ydetoM JeficTBHSA OTKJOHSIONIEH CMJIbI HAa AOJIOTe
F,;, Bo3HHKawomWeil npu 6ypeHHU HMCKPHBJEHHBIX YYACTKOB CKBAXKH-
HBL:

M. = f(G, Fyp). (6.53)

Crenzosnie xapaktepuctikd B3]l ¢ JocTaTouHOM CTEMEHBIO TOY-
HOCTH OIKCHIBAIOTCS HeNMHeiHbIMU 3aBucuMocTsiMA (6.5).

PaccMOTpuM THAPOABUTaTeNb C OCeBON OMOpOH KauyeHUsi, MOMEH-
TOM CUJI TPEHHS B KOTOPOH MOXHO mpeHe6peub. B aToM ciyuae xa-
pakTepucTuki B3]l He 3aBHCST OT COOTHOIUEHUS MEXIY OCEBOM THA-
paBJuueckoii custoit B3/l u oceBoii Harpyskoit Ha J0JIOTO H OCTIOT-
51 TIOCTOSIHHBIMM 1P JIIOGBIX YCJIOBUSIX HArpYKEHHS.

MoMeHT CHJI COTIPOTHBJEHUS B OOIMeM CJy4ae MOXKHO INPEACTa-
BUTb KaK cymmy Tpex coctassomux (6.43).

JlMraMuyeckass COCTaBJISIOIIAS MOMEHTa Oco0eHHO 3aMeTHA Ipu
6ypeHHH ILIapOLIeYHBIM J0JOTOM Io yxabuctomy 3abow. HMasectHo,
yTO0 yxa6oo6paskblit 3a60ii BO3HHUKAET IIPH aBTOKOJE6ATENTbHOM MpPO-
necce B cucteme 3aboit — mogoTo — GypuibHas kojoHHa. Ilpu sToM
THAPOABUIaTENb PACXOAYET AOMOJHWUTENbHYIO MOIIHOCTD Ha [TOAAEp-
xaHue KosebaHui B cucreMe. AMILIMTY/IHO-4YACTOTHaS XapaKTepH-
cruka (AUX) cHcTeMbl 32BHCHT OT €€ TapaMeTpoB M MMeeT, KakK Ipa-
BHJIO, 3KCIIEpHMeHTAbHbIH Xapaktep [77]. Paxtnyeckas AUX Mo-
et 6bITh TOJMy4eHa TOJbKO BKCIepHMeHTaNbHbIM myTeM. Hpu pacue-
Tax MoKHO npuHSTh, 4To AUX — cUMMeTpHYHAas TapMOHKYECKas
dyuxuust (puc. 6.20), TMOCTPOeHHAs B OTHOCHTE/BHBIX KOODAMHA-
Tax:

Mmm = Mmm /1\4‘3c =a sin Tt;?;» (654)
rie ¢ — aMIIHTyA2 YHKHHH OTHOCHTEJbHOrO AMHAMHYECKOro MO-
MeHTa M ,,; ) — pasroHHas yriosasi ckopocts B3/ (uraekc).

B KoHeYyHOM cuyeTe HArpy3oYHble XapaKTePHCTUKU CHCTEMBI
B3/l - nosoTo — cKBaXKMHa B ycTaHOBHMBIeMcst pexume (M = M)
npHobpeTanT BUA:
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Puc. 6.20. Avmauryano-vacror-
HBIE  XapPAKTEPHCTHKH CHCTEMHbI Magn /Mo
B3/l — nonoro — cxBaxuma

o 05 1 Wfw,
o = o, (1-m*); (6. 55)
P =P + (P - P)mP, (6. 56)

T/le m — OTHOCUTEJbHBIH MOMEHT CHJ COIIPOTUBJIEHUS,

m=M_/M, = [M_VJG(1 +M,,)+05 fDJFm] /M,

HarpysouHble XapaKTepHCTHKH CHCTEMBI OXBATHIBAIOT AHANAIOH
HArpysok ot pasronHo# ckopocty B3/l (G = 0) go nosxoro Topmo-
xenus (o = 0).

Ilpu pasroHHoM pexuMe, KOrAa JA0/I0TO He KacaeTcsi 3a60s CKBa-
xunbt (G = 0), ckopocTh u mepenaz AaBrerust B3]

wp = @,(1-p%); (6.57)
PO = Px +(PI‘ _px)uB (658)

IpH HAJIMYHY OTKJIOHAKIEH cuibl Ha goJgote (M # 0) orauvaiores
OT COOTBETCTBYIOLIMX CTEHAOBBIX XOJOCTHIX 3HadeHuit (M = 0) u 3a-

BUCAT OT OTHOCHUTEJLHOrO MOMEHTA CHJI COMNPOTHBJIEHHS BPAleHMUIO
AoJIoTa BCIEACTBHe AeHcTBUS F o,

n=M,, /M, =[fDF, /2M,

3uaverne kosdduuHEHTa (L 3aBHCHT OT pacxoaa xuakocTd (de-
pes M, = f(Q)) u orkJIOoHAOMEN cHIbI, 06YCJIOBJIEHHO! MOMEHTOM
YODYTHX CHJI B CeYEHMH M3ruba OTKICHHTEe.d (kopmyca B3/ wuau
KPUBOTO IepPEBOJHHKA).

WUsmenenue ckopoctn u mepenana aB/ieHus oT n, oo ny 1 or Py
Io P, XxapakTepusyeT 3HayeHHe MOMEHTA CHJ TPEHHs J0JI0T2 O CTeH-
KM cKkBaxxuHBl Mp,,. Haubosnee cyumectBenno, kak mOKa3bIBaIOT
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JabHeitiMe pacyeTbl, Pa3/MYHe PasrOHHBIX M XOJOCTBIX Tepera-
OB JABJIEHHs, TOITOMY NPUMEHSEMbIl Ha TpPaKTHKe crioco6 ynpas-
nenus pexxumoM padorst B3/l no pasnuue AaB/EHUS HA CTOSAKE IPH
HATPYXEHHOM W pasrpyXeHHOM (G = 0) poaore Ha OCHOBe Tac-
NOPTHOW CTEHJ0BOH XapaKTEPUCTHKH B3]l 6e3 yuera jeiicTBUs OT-
wronsitomedt  cusbl (kak 5TO, HanpuMmep, Mpejjaraercst B {17,
62]) MoXKeT TPUBECTH K TEPerpy3Ke ruapoasuraresis, 1o HeoOXoaAK-
MO YYHTBIBATH IpH GypeHUM HAKJIOHHBIX H TOPU3OHTA/IBHBIX CKBa-
JKYH.

TopMo3Hast oceBasi Harpy3Kka, npH KOTOPOH NPOUCXOAUT OCTAHOB-
xa rugpossuratens (o = 0), onpenessieTcst U3 ypaBHEHUA (6. 55):

G, =|M, -0,5/D,F..|/ M,;. (6.59)

OCHOBHbBIE TPYAHOCTH NIPH pacueTe HArpy30uHbIX XApaKTePHCTHK
CBSI3aHbI € OIpeJeneHHeM 3aBUCHMOCTE: Fo, = (G, n); My, =
= £ (G, n); f = f (n) 1% 32 AHHBIX TEOMETPHYECKUX NAPAMETPOB M
JKECTKOCTH OTKJOHHMTENA, GYpUIbHBIX TpPy6, CTBOJA CKBaXKHMHBI, a
TaksKe CBOMCTB MPOXOJAMMbIX TOPHBIX MOPO/.

OTKJIOHSIOMAS CHJIAa Ha 0JI0Te, KaK OJHa UX MepeMEHHBIX YIpY-
roif cucreMbl GypHJbHAsi KOJIOHHa — THAPOABUTaTe]b — JOJOTO ~
CKBAXXUHA, OIpeAe/ISeTcs aHATMTHYECKH) TI0 OJHOM M3 M3BECTHDIX Me-
Toxuk pacdera (cm. § 6.6). MOMEHTOEMKOCTD [10JI0T pas/IMIHOTO TH-
na (WapolmeyHbIx, aJMa3HbIX, JIOTIACTHBIX) ONpeJe/sieTcsl 3KCIepH-
MEHTa/IbHO, TpUYeM B GOJBLIMHCTBE ciayvaes My, { npuHEMaNTCA
He 3aBUCSIIMMU OT YacTOThI BpallleHUst 10JI0Ta [{09].

TIpuHEMast JaHHOe [OMYIIeH!e, PacCiNTaeM HArpy3ouHbIe Xapak-
Tepuctuky cucTeMbl B3/l — [040TO — CKBaXHMHA IIPU PA3/MMHOM
pacxojie JKMIKOCTH /15 ABYX CJiy4aeB 6ypeHnsi: BePTUKAIBHOTO y4a-
ctka (Fop = 0) ¥ KpUBOJMHEHHOTO yYacTKa MpH JeHCTBUU Ha /I0JIOTO
OTKJICHSIIOLIEH CHJIBL.

Bypenue Begercsl ajqMa3HbIM JOJOTOM JMaMeTPOM D, = 214 MM,

klla

rupponsurarenem [1-195 (V=14 n; £, =55 — ). Tloka3saTenu

(¢

HeIMHEHHOCTH XapaKTePUCTHK THAPOABUIaTessl, KO3(pGULUMEHT 1aB-
senus b ¥ K.1LA. B NPeJETbHBIX PEXUMAX MPUHHMAeM He 3aBUCSILH-
mi ot pacxoma (a=3; B=125 h=4; n,, =095 n,. = 0,4).
[IpunMMaeM Take, YTO yA€JIbHbI MOMEHT Ha [0JOTE, koaddpunn-
eHT TPeHHs! I0JI0Ta O CTEHKY CKBaXKMHbI M OTKJIOHSIOLIAs cH/la He 32-
BUCAT OT OCEBOH Harpy3ku M YIJIOBOH CKOPOCTH M COCTABJSIOT:
My, = 24 H™M/xH; f = 0,4; For = 25 xH. Iln0THOCTD XKHAKOCTH P =
= 1100 kr/M3.
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n,mnn=1

n, Mupn!
10P,MNa 10P,MNa
150~ 150~

100 100

50

50
| | 1 I
8 [/ 100 200 300 G,xkH 0 50 90 150 200 250 G,xH
mMun! 2 nmunt
10P, MNa 10P, MNa

150

100

50

0 170 200 300 Gkl 0 50 190 150 200 2506,kH

Puc. 6.21. Harpy3sounsie xapakTepucTHkH cucTemn B3/l — nonoto — ckBaxuHa
NpH Pa3JWYHOM PACXOAE XKH/IKOCTH:

a,686—-Fy;=0; 6,2~ Fy,=25kH(a, 6 -~ npu My, =0; 8, 2~ npu My, = 0);

1—Q=2Sn/c;2—Q=30n/c;§-Q=35n/c Y

XapaKTepUCTHKU CTPOATCS KaK € y4eToM JMHAMUYecKOH cocras-
nsaionteit momenta (@ = 0,25), Tak U A/ CTATHIECKOTO DEKMMA, KO-
I/1a IpoJoIbHBIe Koaebanust oTcyTcTBYIOT (a = 0).

MocTpoentbie xapaktepucTuku (puc. 6.21) [1eMOHCTPUPYIOT
BJHMSIHHE PACXOJa JKUAKOCTH U OCEBOHl HAarpyskH Ha CKOpDOCTb M He-
penaj AaBjeHHs 3a6OHHOTO TMAPOABUTATENSi H B IIEPBOM IPHOINXKe-
HHM MOTYT KCIIOJIB30BATHCA IIPU VIIPABJEHUH pexxuMoM pabotel B3/
B 32/IaHHBIX YCJIOBHSAX OYypeHHs.

OcHOBHBIE pe3yabTaTbl pacyera IpeACTaBieHbl B Tabn. 6.7, rae
NpHBe/EHDI TAPaMeTpbl X0JOCTOrO, Pa3TOHHOTO U TOPMO3HOTO peXXH-
mMoB B3/l npu 6ypenun ¢ oTKJIOHSIONLEH CUIOH Ha JOJIOTe.

. VI3 mnpenctaBieHHBIX HAUPY30YHBIX XApaKTEPUCTHK CJELYeT,
TO:

JeficTBUe OTKJIOHSIOUIEH CUJBI B IIEJIOM He OTpaXKaercss Ha (bopme
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XapaKTePUCTUK, U3MEHSIOTCH Jumb napameTpsl B3/l B mpesenbHbIx
pexxumax (em. puc. 6.21, @, 6);

JeifcTBHE MHAMHYECKOi COCTaBJSIONIE MOMEHTa HCKaxaeT ¢op-
My XapaKTepHCTHK, He M3MeHsia MapaMeTpoB IPeje/IbHBIX DEXHMOB
(cm. puc. 6.21, 8, 2), “nedopManus” Harpy3oYHON XapaKTePUCTHKH,
o6ycJIOB/IeHHasT BausHUEM M ,,, 13-3a M3MEHEHMS 3HAKa KPUBH3HBI
guaud n — G MOXeT CHHU3UTh YCTOHYMBOCTb TMApOABHMraresss K BO3-
MYIHAIOLIMM BO3JEHCTBUSM.

Tabauya 6.7
ITapametp Q. /¢

25 30 35
Ny, 06,/ MuH 101,8 122,1 142,5
ng, 06,/ MHH 101,0 121,6 1421
Py, Mlla 1,5 1,8 2,1
Py, MIla, 21 2,4 2,7
G,, xH 180 225 270
M, xH™ 5.4 6.5 7.6
u 0,20 0,17 0,14

DaKTHUeCKHe HArpy304YHble XaPAKTEPHCTHKH CHCTeMbl OyAyT HECKOJbKO OTJH-
yaTbCsA OT PACYETHBIX, NMOCKOAbKY:

yAeNbHbIH MOMEHT, Koacbgmuuem TpeHHsi ¥ OTKJOHSIOWAs CHIA He OCTAIOTCS Mo~
CTOSIHHBIMH TIpH u3MeHeHuH G ¥ ©;

yaeJbHblii MOMEHT M NOKa3aTeJu nofo6us Xapaktepuctuk B3]1 (a, B, h) uame-
HAIOTCSt B Mpoliecce J0J6JeHMs BCJEJCTBHE M3HOCA COOPYXKeHUsl M ONop J0A0Ta H
paboyuX OPTaHOB MPOJIBHIaTES,; .

IMHAMWYECKAs COCTABJAIONIAS MOMEHTa OMMChIBaeTCs G6ojee CJAO0XKHOH, UeM
(6.54) 3aBHCHMOCTBIO.

OpHako 43-3a CJIOXKHOCTH OINPpeJeNeHUs] AAHHBIX (PYHKIMOHANbHBIX 3aBUCHMO-
cTeil YTOUHeHMe PACYETHBIX XAPAKTEPHCTHK 3aTPYAHHMTE/IBHO H Tpe6yeT JONOJHH-
TejpHOH MHGOPMALNH, AJs MONYUYeHHs KOTOpOi HEOOXOAMMO MpoBeleHHe CJOXHBIX
SKCIIEPMMEHTAAbHBIX HCCJAEJOBAHHI B PeasbHbIX YCAOBUAX GypeHHs.

BMmecTe ¢ TeM B TIOC/JeAHHE TOJbl C PACNPOCTPAHEHHEM TeJEMETPHUECKHX CHCTEM
xontpons (tuna MWD) ¥ aBTOMATHINPOBAHHBIX CHCTEM yNpaBJeHust npoieccoM 6y-
penus [ 18] oTkpeiBajoTcs Gosiee LIMPOKHE BO3MOXKHOCTH LIS NOJMYYeHHs yTOUHEHHBIX
XApaKTepUCTHK TpOlEcca MPH PA3AMYHBIX YCNOBUAX NMPOBOJAKM CKBaXHHbI. Hcnosn-
30BaHHe THX CHCTeM TO3BOJIAET oNpenesaTh (PakTHYeCKHUe HArpy30uHble XapaKTepu-
CTHKM CHCTEMDBI, B TOM YHMCJe M B peajbHOM MacluiTaGe BpeMeHM, H OG0CHOBaHHO MOA-
XOANTb K BBIGOPY OCHOBHBIX NapaMeTpoB pexuma GypeHus.

[IpencrapsieHHas MeTOJMKA IIOCTPOEHHs HATPY304YHBIX XapaKTepHu-
ctuk cuctembl B3]/l — [0J0TO — CKBaXXHHa C YYeTOM BJIMSHUSA BCEX
B3aMMOCBSI3aHHBIX (PAKTOPOB MOXET HCIIOJIb30BaTbCs NMpPH YIpaBe-
HIK pexxuMoM pabotsl B3/l, B 4acTHOCTU NpH OlLlEHKE JOMYCTHMOIO
[MATIA30HA OCEBBIX HArpy3oK Ha o1oTo AG u BbiGope ONTHMAaJbHON
Harpy3kn Ggpy AJIS 331aHHBIX YCTOBMH OypeHUsl IpH M3BECTHBIX Xa-
paKTEPHCTHKAX TMIAPOABUTates, A0JI0TA M CKBAXUHBI, MPH KOPPeK-
un AG u Gy B npouecce 6ypeHHsl; IPpH OLUEHKe IIyCKOBBIX CBOMCTB
THAPOIBUTATEIS.
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B oranune ot HMEUIHXCS CIT0Co60B KOHTDPOJIA [1IapaMeTpOB pe-
KUMa GypeHHSI ¢ MOMOLIbI0 3a60HHBIX HM3MEpPUTEJbHBIX YCTPOWCTB
(§ 9.5), moporoctosllMX M HE BCETAA HAMEXKHBIX, MCIIOJb30BAHUE
Harpy3o4YHbIX XapaKTePUCTHUK II03BOJISIET BECTH P[Z[CHTI/I(bP[KaL[I/HO
pexxuma GypeHHs CKBaKUHbI, He NpHGeras K 3aboiiHoit uudopma-
uuu. [Ipu 6ypeHHM OTHOCHTENDHO BEPTHKANbHBIX Y4YacTKOB CKBa-
JKHUH, KOorja G A0CTAaTOYHO TOYHO OIIpefessieTcd 0 Ha3eMHOMY HH-
AMKATOPy Beca, YAcTOTY BPaIleHHs MOXHO DAcCYMTaTh IO XapaKTe-
puctuke © = f(G; Q). Ilpu 6ypeHnH HAKJIOHHO HANPABACHHDBIX U
FOPM30OHTANBHBIX UHTEPBAJOB, KOTAA ONpefesieHHe OCEBOM HArpy3KH
Ha [J0JIOTO II0 Ha3eMHbIM JaT4YUuKaM OpPpaKTHYECKH HEBO3MOXKHO, UC-
noJIb3yI0TCsl 06e Harpy3o4Hsle xapaxtepucTuku (651): cHawasa mo
xapakrepuctike P = f(G; Q) u mokasaHHSM Ha3eMHOIO JATYHKA
JaBJieHUsI U MaHOMETpA OIIpeAe/IAeTCAa G, a 3aTE€M PACCUYHTBIBAETCS
o. [anHblif Moaxoj peaiu3oBaH B aIroput™e ynpasjienus B3],
ACY pexumom Oypenus PI'Y nedru u rasa um. U.M. T'y6kuna
[18], (§ 9.5).

IJKCnepUMeHTaNbHOE HCCJIeJ0BaHHe 3aBHCMMOCTH 4YacToTbi Bpamenns B3/l awma-
MeTpoM 172 MM OT OTK/OHSIOWEH CHJIbI HA JonoTe npoBejeHo B.A. KanaynoM Ha
GyposoM ctenae Ilepmcxoro duamana BHUUBT {110]. Ortxaousiowee ycuaue B
ftpouecce OypeHus CO31aBajoch CreLUaIbHON eGe KON TOCPeCTBOM KaHaTa, 3aKpe-
niexxoro 3a Hunneab B3/, u 3amepsinoch auxamoMetpom. Uccaeaosanus nposoau-
JMCh KaK [IPY HEHArpPys>KeHHOM OCeBOIl CHJIOH J0/0Te, TaK M NPH COBMECTHOM JeficT-
B G # For. OKCNIEPUMEHTHI NTOKA3AIH, HTO YBeJAHYEeHHE OTKIOHSIOMEH CHABl HA 10-
Jote oT 0 10 20 kH npuBoAMT K yMeHbIUEHHIO YaCTOTbl BpAIllEHUs ABHraTe/lsl He 60-
Jee yeM Ha 5—7 %. PeaysbTaThl aKcIepHMEHTOB, NPOBEACHHBIX B YCJAOBMAX, BIM3KHX
K pealbHbIM, CBHAETEbCTBYIOT O HE3HAYHTE/bHOM BAMSHMM OTKJOHSIOLIEH CHJBI Ha
yactoTy Bpamenus B3JI, 4To moATBEpXKAaeT NPaBOMEPHOCTb NpEJIOXKEHHON Bbille
METO/IMKM pacueTa HATPy304HbIX XapakTepucTnk B3/l M nojgdepKuUBaeT IpeMMyuIecT-

Ba ucnojb3osanus B3/l B HAaKJOHHO HalpaBjieHHOM GypeHHM BCJECTBHE IIOBbIILEH-
HOJ XKECTKOCTH MX XapaKTepUCTHK n — M.

6.8. NEPEXOAHbIE XAPAKTEPUCTUKHK

HccnenoBanue nepexoHBIX IPOLECCOB NMPHU IIyCKE UJIH H3MeHe-
HHY YCTAHOBUBILETOCSA PEXHMMA THAPOJBUraTe/IsE MOMHUMO TeopeTHye-
CKOTO MMeeT BaXXHOe MpaKTHYecKoe 3HadeHMe. [lepexosHble xapakTe-
PUCTHKH BJIMAIOT Ha croiikocts PO, oceBoil omopbl U coeguHEeHHS
poTopa co HIMUHIE/EM, OMpeldeasloT ycroituuBoctb paborsl B3 u
KosiebaTe/IbHbIE TIpoliecchl B OYPHIbHOH KOJIOHHE M TMAPaBJIHYECKOil
JIMHUH, YTO CKa3blBAaeTCA HAa TEXHUKO-IKOHOMHYECKHX M KadeCcTBEH-
HBIX MOKa3aTesnsaX GypeHus.

B3/l aBaserca wacTbro 3a60HHOrO HCMOJHUTENTBHOrO arperara
(3A), BrmOYamOUIEro TakXKe B CBOH COCTAB AOJOTO M CIIEIMATBHBIE
3BeHbsl [/ ODHEHTHPOBAHUA, TeAeMETPUH WJIHM CO3[AHMS HArPy3KH
Ha 3a6oit. B cBow ouepeanp 3A Kak oTgeibHOEe 3BEHO BXOAHUT B CO-
CTaB CJIOXHOI dunamuuecxoi cucmems (JIC), cocrosimedl u3 mexa-
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HUYECKOH M TUApaBIMyeckoil mnoxcucteM. I'udpasnuuecxas nodcuc-
mema cocToUT n3 GypoBoro Hacoca M HamopHoit iuHuM (rHApOKaHa-
JIOB Ha3eMHOTO MaHHuoJbAa, GYPUIbHON KOJOHHBI, 3A, KOJbUEBOTrO
3aTpy6HOTO MPOCTpaHCTBA). Mexanuveckas nodcucmema BKIIOYAET
B cebst 6apaGan Je6efKUM ¢ MeXaHM3MOM Iofaid fojora (py4HbIM
WJIH aBTOMATHYeCKHUM), TaJeBblii MeXaHu3M, KpIOK, Beprior, Oy-
PUJIbHYIO KOJOHHY ¢ KOMIOHOBKOi €e HH3a, B TOM 4HCJIE KOPIYCHYIO
n potopuyio rpymnmnsl B3/1.

[Ipouecchl, NPOMCXOAsiNIe B THAPABIMYECKOH M MEXaHMYECKOH
MOJICUCTEMAX, SBJSIOTCS B3aMMOCBSI3AHHBIMU: IIPH H3MEHEHHH Ha-
TPY3KH Ha [0JIOTO MEHSIETCsl aBjleHHe B HaMODHOW JIMHUM, & TPH H3-
MeHeHMH mofaul Hacoca (pacxofa KHAKOCTH) M3MEHSIOTCS YIJIoBas
ckopocTb u KpyTsauwmii moment B3]l Ilockosbky B mpouecce Gype-
HUSI TIepeMellleHse KOJOHHBI Tpy6 M Hojaya IOPITHEBOTO Hacoca He-
paBHOMepHBI, cTaTHyeckuil pexxum paborsr B3/l (G = idem; Q =
= idem) npakTMYeckH He BCTpeYaeTcss U SIBJsieTcA Hjeannsanueii.
Cocrosinne JIC onpeziensieTcsi Kak ee BHyTPeHHUMH aBTOKoJie6aTeb-
HbIMU CBolicTBaMK, 06yC/IOBJIEHHBIMU XapaKTepUCTHKAMM IIOPLIHEBO-
ro Hacoca M JOJIOTa, TaK ¥ BHEIIHHMH BO3MYLIEHUSAMH.

Bretunue 603mMyujenus BO3HUKAIOT [IPH:

PYYHOM peryJTHPOBAaHUMHM Pacxoja XHAKOCTH W HarpysKH Ha [0.0-
10 B npouecce 6ypeHnsi (M3MeHeHIe YMCIa XOAO0B HAacoca U CKOPOCTH
[10a4} BEPXHEro KOHI@ 6ypuibHON KOJOHHBI);

H3MeHeHUH TBEPJAOCTH TOpPHBIX Mopox (Iepexox M0/0Ta B HOBOH
MPOIIACTOK); 3AIITAMOBAHUM 3aTPYGHOTO NPOCTPAHCTBA HAMOPHOH
JHHUH; U3MEHEHHM MPOCTPAHCTBEHHOro mosoxenus: (popMbl crupa-
/1) 6ypUJIbHONM KOJIOHHbI, TOTepsBLIEH IPOAOJIbHYIO YyCTOHYMBOCTD;
HU3MEHEHUH TIOTHOCTH 6ypOBOTO PacTBOpa;

H3HOCe paBoyNX OpraHoB MJPOABUTaTeNs U J0J0Ta

Ocob6ennocts [IC cocTouT B TOM, YTO HANOpHAs Marucrtpajib U
KOJIOHHa OYpHJIbHBIX TpPyO SIBJSIIOTCS INPOTSKEHHBIMH 3BEHbSIMH C
paciipe/leJieHHbIMM [AapaMeTpaMH U OIMCHIBAIOTC A depeHIyain-
HbIMH YPABHEHUSMHM B YaCTHBIX IPOHU3BOAHBIX. B aToM cMbicse 06b-
eMHasi THApoliepeaya pezyaupyemviti 6ypoeol HACOC — Hepezyau-
pyemviil 3a60unviti 2udpodeuzamens SIBJASETCS YHUKAJIbHOH CHCTe-
MOH, B KOTOpOH CHJIOBOH Hacoc yaasleH OT THAPOABHIraTe]sl Ha He-
CKOJIBKO TBICSY METPOB, a YNpaBJ/ISIONIMe W BO3MYNIAIOIIMe BO3JelcT-
BUsI NepelaloTcsi [0 BOJHOBOAAM ¢ 3anasgbiBaHueM. [lostomy mnpu
HCCJIeI0BAaHUM [uHamMuveckux cBoiicts B3/l Heo6xoauMo y4uTBHIBATH
BOJIHOBBIE IPOIECCH B THPOKaHaJe HAaNMOpPHOH JMHHUHM U 6ypHJIbHOM
KOJIOHHE.

Iepexonuble xapakrepuctuku B3/] BoIpaskaloTcst B3aHMOCBSI3aH-
HBIMH 3aBHCHMOCTSIMH YIJIOBOil CKOpPOCTH H Ilepenaga AaBJEHHs! OT
BpEMEHH:
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P=f(@),;
o=f@).

IepBast 3aBUCHMOCTDb SBJASETCA TPAHUYHBIM YCJIOBHEM THPaBJIH-
yecKoll MOJCHCTEMbI M BBIPAXaeT COCTOSIHME MOTOKA XUAKOCTH B Ha-
NOpHOH JIMHHY, BTOpas — OMNpe/ie/ideT PABHOMEPHOCTb BpalleHHs
MIPOJABUTATEIS.

Ecnn paccMaTpuBath portopHylo rpymmy B3]/l kak a6coJ0THO
TBepHOE TeJO, paBHOMEPHOCTD BpalleHusi (ypoBeHb KPYTH/IbHbIX KO-
ne6aHuil) 3aBHCHT OT IPUBEAEHHOTO K BBIXOAHOMY Basly MOMEHTa
uHepuu J

M-M =]% - 1, S (6.60)

rre T'3;; — MOCTOSIHHAS BPEMEHH TMAPOJBUIaTe s (cMm. § 6.10).
OnpefeneRne TepexXoJHbIX XapaKTePHCTHK MPOBOAUTCSI Ha OCHO-
Be: MaTeMaTH4eckoro Mozenuposanus [C; pa3paGoTKu aIropUTMOB

H NporpaMM pacueta; IHCJEHHOro JKCIIEpHUMEHTA NPH 3alaHHBbIX IIa-
paMeTpax CUCTEMbI 1 BHEIIHUX BO3MYUICHHUAX.

6.9. YCTOM4YMBOCTb B34

YcroitunBocTts Bpautedusi B3/l mpn HapylI€HHH €ro yCTAaHOBHB-
1lerocst peXXuMa — OJHO U3 OCHOBHBIX CBOWCTB, ONPENENSIOINX pa-
60TOCIIOCO6HOCTD THApoMaliuHbl. Ilockoiabky B mpouecce 6ypeHus
pexxuM pa6oTbl 3a6oifHOro JBHUTaTe/s HENPEPHIBHO H3MEHSETCS
(BcnencTBue felicTBuS BO3MYIIEHHI KaK THAPABIHYECKOTO, TaK U
MeXaHMYEeCKOTO NPOMCXOXAEHHs), Bompock! ycroiuusocti B3/ nme-
IOT HEMAJIOBAXKHOE 3HAYEHHE.

OlieHKa yCTOWYHBOCTH BPALIEHUS] MOXKET HPOM3BOJUTLCSA CTaTHYe-
CKUMHU M JUHAMHYECKMMH METOJAMH.

Cratuueckasn ycroitumeocts B3/l. B ycranoBuBmieMcs pexxuMme
pa6oTbl KpyTSIUMHA MOMEHT ruApoABHraTe/is M ypaBHOBEUIWBAETCSI
MOMEHTOM CHJI CONpOTHBJIEHMs M, BpalleHHI0 JojoTa. MexaHuye-
ckue xapakTepucTuku B3/l U fo0Ta CYMTAIOTCS M3BECTHBIMHM U BbI-
PaXKaloTCsl HETMHEHHBIMHU CTEIIEHHbIMHM 3aBHCHUMOCTSMU:

® =, -aM*® (6.61)
M =M, +ba?, (6.62)

re 0y, @, My, b — x03bPUIHEHTH XapaKTepUCTHK; o, € — MOKa3a-
TeJNH CTENEeHH HeJMHEeHOCTH.
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1
M M
Puc. 6.22. MexaHHYeCKHe XapaKTepHCTH- Puc. 6.23. ComemeHnble Xapak-
KH fosota (g = 1/2): TePHCTHKH THAPOIBHTATE S H JO-

1-6<0;, 2-6>0;, 3-6=0 J0Ta

M,, b 3aBucgT oT Harpy3ku Ha gosioto G, THIA AOJIOTA U TOPHBIX
HOpoJ.

B ofieM ciaydae B 3aBUCHMOCTH OT 3HAaKa koaguuueHra b me-
XxaHu4ecKash xapaktepuctuka gojora M, = f(®) Moxer 6ot (puc.
6.22): ’

najfatomeit (¢ poCTOM YacTOTBI BpalleHUsl NPy coxpaHeHHH G Mo-
MEHT CUJI CONPOTHBJIEHUS] CKBAXXUH CHUXaeTcs1); b < 0;

Hapacrawouei, b < 0;

nesasucumoit (M, He 3aBucut oT @), b = 0.

Mexaunueckue xapaxtepuctuku B3]/ npu Q = idem Bceraa ume-
10T Hafamoluid BHJ, HO (opMa KPHUBBIX OTJIMYAETCS IO CBOeil Kpu-
BU3HE.

Pabounit pexcuM, COOTBETCTBYIOUIMI TOYKE IEpECEYeHHS] MeXaHH-
yeckux xapakrtepuctuk B3/l u mojora, onpedensieTcsi coYeTAHHEM
QudG.

CorstacHo ofIieif TeopUH aBTOMAaTHYECKOTO PEryJIUPOBAHUS THI-

pozaBuraTejb 061afaeT CTATHYECKOH YCTOWYHBOCTBIO NPH YCJIOBUH
[111]

dM _ dM,
%< Ta (6.63)

WM, ADYIHMHU CJOBaMH, npupamieHde moMmeHnta B3/l goaxHO 6bITH
MeHblle IPHpaNieH:s MOMEHTA CHJI CONPOTHBJEHUS HA BAXy THIpO-
JABUTATEIS.

B HeycroifuuBoM peskume BpalleHus Ji06oe OTKJIOHEHHE NPHBO-
JAUT K IOSABACHUIO AecTabUIM3HPYIOUIEr0 MOMEHTA, B YCTOMYMBOM —
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IIpY BO3MYIIIEHHAX BO3HHKAET MOMEHT, CTPeMAIMIICS BEPHYTD cUCTe-
My B HCXOJIHOE COCTOSIHHE.

Jlns xapaktepuctuk (6.61), (6.62) ycnosue cratudecko#t ycToit-
yigoctu (6.63) npuBOAMTCS K BUIY

a-1

(0, - ®) @ ©'t > —-0ea’h. (6.64)

Tak Kak Ox =2 ®; o > 0; € > 0, To A1 obecnedeHus: yCTOHUMBO-
CTH THAPOJBHUIATE/s! OCTATOYHO, YTOOGDI b2>0.

CreposatebHO, npy Hapactatouteit (b > 0) u HesaBucumoit (b =
= () XapaKTepHCTHKax [A0JIOTa TMAPOJBUTaTe]b YCTOWYMB BO BCEX
pexKuMax npH J6oM BHAE ero XapaKTepHCTHKH O ~ M.

[pu nagaromei (b < 0) xapaxrepucTuke A0J0Ta, Haubosee vac-
To BcTpevaiouleiics Ha NpakTVKe, BO3MOXHBI [BA KaY€CTBEHHO pas-
JMYHBIX CJIY4Yast:

OIHOKpaTHOe Nepeceyenne xapaktepuctuk (puc. 6.23) ¢ ycroii-
YHBBIM PEXMMOM BpAIleHHs THAPOJBHIATENS,

JBoIiHOe TepecevyeHue XapaKTePUCTHK, KOrjaa oJHa H3 TO4Y€K COOT-
BETCTBYeT HEyCTOWYMBOMY pexumy. B aToM ciydae ycToiuuBbIil pe-
KHM pPacIioJioxeH B JeBoit (6JM3Koll K XOJOCTOMY XOMy) 4acTu Xa-
PaKTEPUCTUKY THAPOJABHIATE/IA.

Junamuueckasn ycroiumsocts B3/l onpenensierca ¢ ydeTom
MHEPUMOHHOCTH THIPOABHTaTeNs M IPOJOJKUTENbHOCTH Ipolecca
fepexoja CHCTeMbl B HOBoe cocTosiHue. MccieloBanue AnHamuye-
cKolt yCTOHYHMBOCTHM II03BOJISIET BCECTOPOHHE OLEHMTb CBOKMCTBA Ma-
IIMHBl B OTHOIIEHHM YCTOMYHBOCTM ero ABIKeHusa. IIpu ouenke yc-
TOIYHBOCTH PACCMATPUBAKOTCS OCOGEHHOCTH TPOTEKAHMS IMEPEXOA-
HBIX TIpOlleccoB B AuHamMuueckoll cucteme (cm. § 6.8).

[Ipu onpenenesHn ANHAMHYECKOH YCTONYMBOCTH THAPOABUTATES
C mepeMeHHbIM NepenajioM JaBJIeHMil Heo6X0IUMO YUHTBIBAT!

BOJIHOBbIE IIPOLECCH! B THAPABJINYECKOH AMHUK U GypHIbHOH KO-
JIOHHE, PACNIPOCTPAHSIOUINECS] IPH W3MEHEHUH peXHuMa paboThl THA-
POIBHTATES;

TOT (baKT, YTO H3MEHEHHe OCEBOH HArpysKH Ha JOJOTO MPOUCXO-
OUT He TOJbKO 3a cYeT M3MeHeHHs] MpoRosbHoil aedopMauun 6y-
pUIbHOM KoJOoHHBI (1IpH BbIGYpPHMBAHMM TIOPOAbI MM BO3JAedCTBUH
6ypUIbIIMKOM HA JEHTOYHbI TOPMO3 JebefKn), HO M HACTHYHO 3a
cyeT u3MeHeHHsI oceBbIX ycuauit B PO oT mepenama naBnenus Fp,
[147].

Tak, HanpuMep, NpH YBeJINYEHMH YeIbHOTO MOMEHTa TOPHbIX
NOpPOA pacTeT MOMEHT Ha JosoTe M, U Iepenaj naBjeHUH M, Kak
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ciencTBue, Bospacraer oceoe ycuine B PO F,,. Tem cambim ewe
60.Ibllle YBEJUUUBAETCS MOMEHT CHJI CONPOTHUBJEHHS M., U TIpH OI-
pelesleHHbIX YCMOBUAX CTARHOBUTCSI BO3MOXKHBIM CaMOIPOU3BOJIbHOE
HapacTanue faaBjeHusi, npu kotopom B3/l Tepsier ycroifuuBocTh #
saTopMaxuBaercs. [1pu aToM napaJjiesbHO pa3sBUBAIOMUACA BOJIHO-
BOIl mpollecC B JUHUH MOXeT CIIOCOGCTBOBATh IOTepe YCTOWYHMBOCTU
B3.

HepaBHOMepHOCTb KPYTSILETO MOMEHTA /JBUraTe/Isl, CBS3aHHYIO C
IepUOJMYECKHM H3MEeHeHHeM Yuc.1a KaMep (ULTI030B), OTAENAIONINX
061aCTH BBICOKOTO M HH3KOro gabieHuit (cm. § 5.4).

6.10. KPUTEPUN QODEKTUBHOCTHU 3ABOMHbIX
OABUTATENEN

1151 OUeHKH IepCleKTHB IPUMEHEHUST U JaJIbHellllero coBeplIeH-
ctBoBanuss B3/l uesecoo6pa3Ho ompele/suTbh M IPOAaHAJH3UPOBATDH
Kputepun ux 3 ¢eKTHBHOCTH — 06061IeHHbIE TOKA3ATEH COOTBETCT-
BUS JBUraTeJjieil CBoeMy Ha3HA4YeHHUIO.

IIpu mpoekTupoBaHUM 3aGOHHBIX ABUrarteaed st GypeHMs CKBa-
KUH NIPHOPUTET OTAAETCS He NOCTHXKEHHIO MAKCHMAJBHOTO K.M.A., a
obecneyenuro 6osiee 3¢ ¢GEKTHBHOTO Mpolecca paspyUIeHHs] FOPHBIX
nopox [104]. ’

HecMoTps Ha 6osbloe 4MCIO Pa3iHYHBIX (aKTOPOB, BJIHSIONIMX
Ha TioKasateju OYypeHus, aghgexmusnocms npumenenus 3a6oHHBIX
Asurartesieft UL MpUBOJA ROJIOT OIpEESISIETCS TPEMS MOKA3aTeNsIMU
potiecca: paboToll ABUrartesis 3a ofuH 060poT A{, BpEMEHEM OIHOTO
oboporta (mepuosga) Ty u xosmdectBoM obopoTos (Ha 360°) & gonora
3a goabjenue [14].

B ofuieM Busie ipH CpaBHUTEJbHON OLieHKe 3aGOHHBIX JABHraTeleR
Kputepuit apdeKTHBHOCTH UX MPUMEHEHHS

K,=f(4, T, &). (6.65)

Bausinre ykasanHbix nokasatejied Ha apdekTHBHOCTD npouecca GypeHMs H3me-
HSAETCA B NMePUOA NPOBOJKH CKBaX#Hbl. Tak, ec/iM Ha HayaibHbIX WHTepBajax 6ype-
HHS ONpeeNAIONMMA ABJAIOTCA CUAOBOH M ckopocTHOH daktopbl (A, T{), To lpu
YBeJIMYEHHH TAYOHHbI CKBaXKuHbl 3(PeKTHBHOCTL 6YpOBbIX paboT B 3HAYMTE/bHON
CTeNeHN 3aBHCHT TaKXe W OT CToKocTH foJoTa (8).

Ecan Bce nokasatesu npouecca (Aq, Ty, &) OKa3bIBAIOT OJMHAKOBOE BANAHME HA
addexTHBHOCTb 6ypenus, BbipaxeHue KpuTepust K, ynpoctutcs Ao BHja

K, = AT E (6.65a)

[Iponssesenne EA¢ onpejeaseT cyMMapHyI0 paGoTy, 3aTPauMBaeMylo JBMraTeeMm
Ha paspyuieHHe TOpPHbIX NOPOJ 3a BpeMs A016/eHus, a nepnod T — BpeMs KOHTaKTa
BOOPYXKEHHS! 10/10Ta ¢ 3a60eM M, CJIe10BATeIbHO, NPH NPOYNX PABHBIX YCJOBHAX yrI-
ay6nenve 3a o60porT.
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CJle10BaTeNbHO, HacTHOE BblpaxeHue KpuTepus K, (6.65a) MOXHO HCMONB3OBATH
TIpH OLIEHKe BJWSHUS XapaKTePUCTHK 3aGOMHBIX JBMraTesedl Ha CKOPOCTH GypeHHs W
POXOAKY Ha AOJIOTO.

TocKobKY paboTa 3a oiHH 0GOPOT NPONOPLHOHAILHA MOILHOCTH ABMraTes N:

A = NT,, (6.66)
1o BoipaxeHue (6.65a) MOXKHO NpeACTaBUTb B BUJe
K, = N, (6.656)

M3 (6.656) caeayer, uto K, mponopiuonaen kpaipaty Ty, NO3TOMY MOUIHOCTb
ruapoasuratens N caMa no cebe eie He TOJHOCTbIO ONpeAensieT 3(QeKTHBHOCTb
npotecca 6ypenns: NpH MOCTOSHCTBE MOWIHOCTH ABYX 3aGOHHBIX ABHrateseit (nanpu-
Mep, Typ6o6ypa U BHHTOBOTO aBuratens) W & = idem mpeanoyTenue caelyeT OoTAATb
TOMY M3 HUX, KOTOpbIii o6nanaer Goabiumm nephoaoM Ty, T.e. ABUraTeio ¢ MeHblleH
yacToTol BpaweHus. [lockonbky

N = Mw; T, =1/n =20/,
TO padoTa 3a oHH 06OPOT MPONOPLUUOHAMbHA KPYTAlIEMY MOMeHTY M u He 3aBucHT
OT 4YaCTOTbi BpallleHHUA n:

A = 21M. (6.67)

Torna 3aBUCHMOCTD KpUTEpHUst 34)(1)CKTHBHOCTM OT KPYTSAIIEro MOMEHTA M HacTOTbl
BpallleHUsA uMeeT C.’XelllelllMﬁ BUA:

M
K, = 2nt = (6.656)

CyMMapHOe KOJ1uuecTBo 060pOTOB 3a A06/eHMe & 3aBMCHT Kak OT yc/oBH# Gy-
PEHHS, TaK U OT KOHCTPYKIIMU [0JI0Ta.

JIns cOBpPEMEHHbIX WAPOLIEYHbIX JAO0JOT € [ePMETH3MPOBAHHBIMM OIOpaMH, pe-
XHMM Harpy>KeHHs KOTOpbIX ONpejeNsieT pecypc A0J0Ta B UenoM, & yBelMuMBaeTcs
TIpH CHMXXEHHMH 4acToTbl BpaieHns. OXHAKO NOCKONbKY 3aBUCHMOCTD & OT i KOJMye-
CTBEHHO He YCTAHOBJEHa, B Ja/bHejillleM aHann3e BausHue & Ha 3(QeKTHBHOCTD He-
110/1b30BaHUA 3a60iHbIX ABUraTeleit paccMaTpHBaThes He GyfieT.

B Teopun 3a6oiiHbIX ABUraresell OObIYHO MCHOJIB3YETCS BbIpaxe-
Hue kputepusi 3¢PeKTUBHOCTH B BHAE

K; = M/n. (6.68)

B dyHnmamenTasibHbIX pa6orax Io TypOuHHOMY OypeHHIO CKBa-
KUH 3TOT MOKa3aTe/b TPAKTYETCS KaK COOTHOIIEHWE IUHAMUYECKOH
(M) u xuxemaTnyeckoif (n) COCTABJISIONINX MOIUIHOCTH H CUMTAETCHA
OCHOBHbBIM KpuTepHeM 3(¢deKTHBHOCTH pa3pylleHHs FOPHbBIX MOpoQ,
a Takoke npHemuctocTd (Harpy3o4Hoii CIIOCOGHOCTH) H yCTOHYHBOCTH
IMPOBUIATE NS TIPU NEpPeMEHHbIX Harpyskax [96].

B Ta6a. 6.8 npexncraBieHbl OCHOBHbBIE INOKA3aTead TUApaBJHye-
cKHX 3a60iHbIX ABUTaTeseit obliero HasHaueHust (TPEXCEKLHOHHBIX
Typ606ypoB, BUHTOBBIX ABHrateseil cepuu [I) u pacyeTHbie Kpute-
pud ux 3ddextuHocTH. [loKasaTe/ i OTHOCATCS K PEXHUMY MAKCH-
MaJIbHOII MOIIHOCTH JBHTATENEI NP OAMHAKOBOM PacXoje XHIAKOCTH
[14, 49].

U3 naHHBIX clIeayeT, 4To Mo cpaBHeHHIO ¢ Typ6obypamu B3/l o6-
J1aJAI0T HA HOPANOK GOJbLIMMH 3HAYEHHSIMH KpHUTepUst 3(peKTHBHO-
ctu K.
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Tabauya 6.8
Tokasaresn u kpurepuy 3¢dPeKTHBHOCTH rHAPABAHYECKHX 3a60iHbIX ABHTaTEACH
[Mokasatenb [nameTp asuraress, MM TMokasaTenb IuameTp asuratensi, MM
240 195 172 240 195 172
Q, 1/c 32 30 23 LM 233 { 237 25.4
P, MIla 39 N 4,5
58 | 45 | 40 [[Ne¥BvMigy | L6 | 32
n, 06/muu | 450 400 625 M 110 60 70
70 95 80 L 1250 | 4S0 410
(HM) /M
M, xHmM 2.7 1.5 1.8 Yo, -1.05 | =157 | =2,09
11,5 3.5 3,2 sun™ / (Hom) -0,02 | -0,07 | -0,07
NxkBr | 125 | 60 | U$ k. I 0
85 35 25 KIa,/(Hw) | 04 07 0.9
M/n, 6 4 3
(H-M)/munl| 160 40 40
"B unucautene — ans typ6o6ypos 3TCUI-1; B snamenarene — aaa B3J1.

ItoT (aKT cBUAETEIBCTBYET O Jiyuiled npucnocobiaennoctu B3]
K COBPEMEHHBIM TPe6OBAHUAM OYypeHUs IpH COOMIONEHHHM YCIOBHIA
JOCTaTOYHOM HaMeXHOCTH ABHraTeas M CTAaOMJIBHOCTH ero XapakTe-
PUCTHK.

Paccmorpyum akTopbl, Bausole Ha KpuTepuii adpextusnocty B3/, Tak kax
115 o6bEMHOTO IBUTATENs KPYTAUMH MOMEHT W YAcTOTA BPAUIEHHs NIPH APOYUX paB-
HBIX YCJOBUAX ONpejesioTcss pabouuM obbeMoM V, 10 Ge3 yueta 0ObeMHbBIX WU M-
pomexanuvecknx notepb ( cm. § 5.2, 5.3)

P .. ‘
K = oV 6.69
3 27|:Q ( )

T.e. IIpH 3aJlaHHOM PacXofie XUAKOCTH Q M Nepenajge AaBjeHus P xputepuit K; npo-
noplLoHa/leH KBaapaty pabovero obbeMa asurartens (puc. 6.24). ITOT BbIBOA Bech-

Ma BaXKEH M CJTYXXHT O6bsCHEHHEM BJMSIHMS KHHEMATHYECKOrO OTHOINEHUS i = 7 : 2y
paboynx opranos B3/l na adpdexTHsHOCTb €ro npuMeHenus B mpoilecce 6ypeHust.

O6br1yHo npu npoexktHpoBanuM B3]/l paccMaTpHBalOT BJAMAHME KHHEMATHYECKOTO
OTHOUIEHHA TOJILKO Ha MX MEeXaHMYecKHe XapakTepHCTHKM n — M. IlosyuyaeMble npH
3TOM KJIaCCHYECKHMEe 3aBHCHMMOCTH KPYTSLIETO MOMeHT2 M W 4acToTbl BpAalleHHs n
BMHTOBOTO JBHTaTessl NpH noctosiinbix Dy Q, P ot i (cm. § 5.8), oTpaxas sausnue
KMHEMATHYECKOr0 OTHOUIEHHS Ha BHEUIHUE XapaKTepHUCTHKH (YTO THMMMYHO M A1 06-
EeMANTMHOCTPOUTETHHOTO FHAPONIPHBO/IA), B TO Xe BPeMs HUKAK He CBS3aHbl ¢ a¢b-
exTuBHOCTBIO Henoab3oBanua B3] npu 6ypennn cksaku.

B To e BpeMs B menoM o6beKTUBHO oTpakas 3dp¢eKTHBHOCTb
B3/l ofuwero nasnauenuss, kpurepuil K, sSBJSeTCH HeJOCTATOYHBIM
NnpH aHaJu3e I[BPII'aTe./'IeI\;I, npegHa3HaYeHHbIX A1 HAKAOHHO Hanpae-
JAEHHOZ0 U ZOPUIOHMATIBHOZ0 6ypenuﬂ.

B sToM ciyuyae npu cpaBHeHMH Ba)KHOe 3HAuYeHMe IPHOSGPETaIoT
TaKHe IIOKa3aTeJiH, KaK /JAJIMHa 3aboiiHoro aAsurarenss L u YAEJIbHDBIC
3HAYEeHUS MOIIHOCTH H MOMEHTAa

N, =N/L=No/L; M, =M|/L.
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Puc. 6.24. 3aBHCHMOCTD KPHTEPHEB
adpdexrusHocn B3/| o1 kunema-
THYECKOr0 OTHOIEHHSA

| S N N N I T N S |
1 2 3 4 § 6 7 8 8 2,

a

[Ipu Menbmux, yeM y Typ6o6ypos, oceBbix ra6apurax, B3/l o6-
JafaloT GOJBIHMMHA 3HAYEHUSIMM Y/I€TbHOH MOLIHOCTH M Y/EJbHOro
momenta (cM. ta6a. 6.8). D1o mpenompenensier npemmymecrsa B3]
M [aeT OCHOBAHME PACCMATPUBATh HX KaK HanboJee MepCHEKTUBHOE
TeXHHYeCKOe CPEACTBO s GypeHHsl HAK/JOHHO HalpaBJIEHHBIX U TO-
PHM30HTAJBHBIX CKBAXKHH.

DddexTuBHOCTS PabOTHl NMOPOAOPA3PYINAIOMETO HHCTPYMEHTa
Tak)Ke B 3HAYUTEIbHOM CTElEHH 3aBUCUT OT PAEHOMEPHOCMU epauje-
nusa 3aboiiHoro asurarens [14, 136].

Usmenenne ckopocTu 3a60MHBIX ABUraTesedl BCIEICTBHE HEMOCTO-
SHCTBA KPYTAIEro MOMEHTA MJIM MOMEHTAa CUJ CONPOTUBJIEHUS ITOPO-
Kjaercsl MexaHWyeckuMu (TIpM M3MEHEHMM HArpy3KH Ha JOJIOTE) U
rufpaBiudeckuMu (BCJIEACTBUE IIyJbCALMH PacXoja >KUAKOCTH Ha
BXOJie B ABUTATe/]b) BO3MYIIEHHSIMH.

W3 ombrra 6ypeHHs M3BECTHO, YTO cTabHJM3alUsl yII0Boll CKOpo-
cTH 3a6oiHOrO rMApOABUTaTe st IPUBOJHT K yBEIHYEHHIO MeXaHHYe-
CKOH CKOpOCTH IPOXOJKH, CTOHKOCTH TMAPOABMIATENSA U JOJIOTA, a
TaKKe YJIyYLIEHHIO Ka4eCTBa [POBOJKH CKBAsKHHBI.

CrTaTHYeCKHUM KpUTepHeM PaBHOMEPHOCTH BpalleHHs 3a6oi-
HOro ABMTaTe/Isi SBJAEeTCH KpPYTH3HA ero MeXaHM4ecKoil XapaKTepu-
CTHKH

dw

Jlns asuratedeit ¢ HeAMHeHHONW MeXaHMYeCKOW XapakTepHUCTHKOH BHAa (6.61)
KPYTH3HA JMHHH @ — M — nepemeHHast BeJTMYHHA, 3aBMCALIAs OT HATPY3KH
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W
Yo = kS R7, (6.71)

rae k, — xoadduument 3anaca Momenra, k, = M /M,
Ipu npounx pasubix ycaoBusx {0y, M;, k, = idem) kpyTHana MmeXaHH4ECKOMH
XapaKTePHCTHKH ONpPeJleISeTCsl ee CTENEHbI0 HENTHHENHOCTH .

KpyTnany MeXaHudeckoif XapakTepUCTHKH MOXHO BbIPA3HTb Yepe3 KpHTepHil ad-
dextuBrocTh K

o
g, = - 2na (6.72)
1—k% K;

CpaBnenne xapaktepHcTHK TYp6o6ypos (o = 1) u B3]l (« = 3) nokasbisaer,
YTO TIpM KPYTAIMMX MoMeHTax M = 0,5 M, Haumenblleit KpyTH3HoH o6aanaor B3]
(cn. Ta6a. 6.8). Ioatomy B npouecce 6ypeHus TIpH OJMHAKOBBIX MaMeHeHHsx (ckau-
Kax) MoMeHTa Ha joJote (AM) OTKAOHEHHE YI/IOBOit CKOPOCTH (A® = Y,AM) BHHTO-
BOTO ABMratesisl 6yAeT MUHHMATbHDBIM.

JmHaMynyecKHM KpUTEPHEM DABHOMEDHOCTH BpallleHusi 3a6oiiHoro J1BHraTe-
Jist SIBASETCS] €70 WHEPLMOHHAsK NOCTOAHHAS BPEMEHH

T3y =-1Iv,. (6.73)

Kpurepuii T3 XapaKTepH3yeT NPHEMHCTOCTb ABuratens {(cnocobHocth pasro-
HATb MHEPLMOHHYIO HArpy3Ky M AJIMTeNbHOCTD HepeXoausiX npoueccos). llpu pasen-
CTBC MOMEHTOB WHeplnu I GbicTpoxoanble TYpSo6ypbl 061a4al0T Ha nopanok Gosee
BbICOKMM 3HAYEHMEM WHEPUMOHHOFO KpHTepHsi T3j, T.e. SBJSIOTCH MeHee TNpHeMH-
crbimu, yeM B3], 3to aBastetcs, ¢ oaHol cToponbl, Hepoctatkom B3]I, Tak kak npu
HECAHKI{MOHHMPOBAHHOM HM3MEHEHUHM Harpy3kH Ha J0JI0TO WM PacXofa KHAKOCTH B
npoiecce Joa6aeHMA nepexonbiit npouece 8 B3/ passuBaercs 6onee AMHAMHYHO, a
¢ Apyroil ~ 06yclOBAMB2ET NPEHMYLIECTBA BUHTOBbIX ABuraresel B GbicTposeiicTeuu
OCYLIECTBJIEHHs] OflePALlMK YNPaBJeHHs B CBSA3HM C MX MOBBILIEHHOW peakuMeil Ha ue-
NleHalNpaBieHHOe PETYIMPOBAHNE PEXMMA HATPYXKEHUA,

Hpusenennan olueHKa CTAaTHYECKMX M AMHAMMYECKMX KPMTEPHEB XapaKTePHCTHK
3a60MHDIX ABHraTe/leit NoKasblBaeT, YTO NO cpaBHEHHMIO ¢ Typ6obypom B3]l ssaserca
BbICOKOTIPHEMHCTON THADOMAIUMHON, MeHee YYBCTBHTenbHON (B CTaTHYECKOM CMbic-
Ji¢) K U3MEeHeHHIO Harpyaku. [[0aToMy K CHCTEMaM yNpaBJeHMA MpoLeccoM 6ypeHus
B3 (cm. § 9.5) 10/KHBI NpeAbSBAATHCS TNOBLILEHHblE TPeGOBAHHA B OTHOUIEHMM
OFIEPRTHBHOCTH M TOMHOCTU MOJy4yeHHs: HeoOXOAHMON MHGOPMailuM U BHIPAGOTKH CO-
OTBETCTBYIOIUUX YNPaBAAIOWIMX Bo3aelicTBui.

Kak ruspossuratesns ¢ mepeMeHHbIM NepenafoM zabBieHus B3][
MOXKET HCIIO/Ib30BaTbCs B KauyecTBe uHOuUKamopa pexuma Gypenus
(Harpysku), B YaCTHOCTH IPH NMPOBOAKE HAKJIOHHBIX H TOPM3OHTAIb-
HpiX ckBaxknH (cM. § 9.5). B aroM cayyae kputepueM abex-
TUBHOCTU SIBJISIETCS KPYTH3HA €ro THAPOMEeXaHWYeCKOH XapaKTepH-
CTHKH

Y, = %. (6.74)

B o6uiem cayyae (cM. § 6.3) xpyrnsHa auHuM P — M - nepeMeHHasi Be/HYMHA,
3aBHCSIAA OT HArpy3sKH

v, = BTk, (6.75)

Ias asuraTeneit ¢ rujipoMeXaHWveCKHMHM XapaKTEPHCTHKAMH, GJM3KHMHM K M-
neitnsim (B = 1),

Yp = kp' (6750)
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Koatgnguuuem Hak/oHa kR, aunun P~ M BoapactaeT ¢ yMeHbluennem pabouero
obbema B3/ (em. § 6.3), noatomy Gonee npuciiocobieHHbIMA 1151 yNpaBaenus pe-
XHMOM OypeHHsl N0 H3MeHEeHHIO mepenaja AaBieHds (6o.ee YYBCTBUTENbHBIMY K H3-
MEHEHHMIO Harpy3KW Ha Ba/ly) NPH IPOMMX DaBHBIX Yc/oBHAX aABasiorcs B3]l mchb-
uIero AxaMeTpa.

IlpyruM nokasaTesieM INepeMEHHOCTH Mepenaja AaBjaeHuit 3a6oii-
HOro ABHUTaTess siBjsercsa 6e3pa3MepHslil koadduitmeHT

h=PB/P,.

B oramune ot xosdpduumenta naxiona k, OTHOWEHMe NEPENANoB JaBAeHUS B
TOPMO3HOM K XOJIOCTOM PEXHMAX [IPAKTHUECKH He 3aBMCHT oT Auametpa B3]l u on-
pellesisieTCsl B OCHOBHOM 4ncJoM waros PO (cM. dopmyny (6.32)).

Ilockonpky B mpouecce GypeHuss puUKCHpyeTcs He JaBJjeHMe Ha
BXOJ€e B 3a60MHbIH ABMraTe/ b, a JaBJeHHEe Ha cTosike P, 3ddeKTHs-
HOCTb yTipaBJieHus pexxuMoM B3]l saBucur or orHocuTe bHOTrO mEpe-
naja AaBJeHUS

k= P/P,. (6.76)

Yem Gosbiie x, TeM Jrerve BECTH YNpapJeHHe 3a60HHBIM JBUTaTE-
JeM.

Tak kax naBaenne Ha cToAKe pacTeT ¢ yBENUYERMEM [JIHHbI KOJOHHBI GYDHJb-
HbIX TPYS, BO3MOXHOCTH YNPAB/IEHHA IMAPOABHIATE/IEM 10 [ABAECHHIO CHHXKAIOTCS 110
Mepe YBeMMYeHUst TyOuHbl 33604 M OTK/IOHEHHMS JI0A0Ta OT YCTbA CKBRXKHMHBL. Ilpu
6o1bLIMX TAYyGHHAX H OTKJIOHEHMSX OT YCTbs B pAjie CAydaeB Lieecoo6pasHbIM cTa-
HOBUTCS NepeX0j K yNpPaBJeHHIO 1o 3a60fHOMY MapaMmeTpy, TO TpebyeT ONO/HH-
TE/IbHBIX 3aTPAT N0 BKIIOYEHHMIO B COCTAB TeJIEMETPHYECKON CUCTeMbi 6JI0K2 JaTYHKOB
Aapjenus Ha Bxoge B B3]l uam kpyraumero moMenta Ha Baay (cm. § 9.5).



FNABA 7

ONTUMU3ALIUA TEOMETPUYECKUX NAPAMETPOB
PABO4YUX OPrAHOB B3/

Bpr6op onTUMaAbHBIX FEOMETPHYECKUX MapaMeTpoB pabodux op-
TaHOB SIBJISiETCSI HauboJiee OTBETCTBEHHBIM 3TAlOM MPH MPOEKTHPOBA-
HHHU, [TOCKOJIbKY OT HUX 3aBHCAT OCHOBHbIE [TOKA3ATENH T'MAPOLABUIa-
TEJs.

KonCTpyKTOp IHApOMANIHHBI CTATKHBAETCS CO CJIOXKHOM 3ajgaueil
BbI60Opa ONTHMAJIDHOTO COYETAHUS KOHTYPHOIO AHAMETpA, JKCIEH-
TPUCHTETA, HATATA, JJIMHBl U KMHEMATHYeCKOro oTHoureHust PO, yTo
J0JIKHO 0OeCledHBaTh, ¢ OXHOH CTODOHBI, 3aJaHHblE XAPAKTEDHCTH-
ku B3/, a ¢ apyroii — Heo6xoauMble MTOKA3aTeNd HAJeKHOCTH U
JOJITOBEYHOCTH.

Teomerpuio BI'M ¢ uukaouganbHeIM 3aUellIeHUEM MIPH 3aJaHHOM
KOHTYPHOM JuMaMeTpe B o6lieM cJydyae MOJHOCTBIO XapaKTEpPU3YIOT
AeBATb 6e3pasMepHBbIX mapaMetpos [56]:

koadduiment tuna npodpunst u (em. § 4.1);

KUHeMaTU4ecKoe OTHOIUEHUE § = 2, © 2y,

K03bOUIMEHT BHELEHTPOUMHOCTH €y = 1 /€;

koaduiuent sxBuancTanTh (bopmbl 3y6a) ¢, = r,/¢;

K03 PHULIEHT CMEUIEHUA HCXOJHOTO KOHTYPA Cx = Axy/€;

K03 PHILHEHT HaTsra B Mape ¢ = 8 /¢;

K03 puLeHT GOPMBI BUHTOBOI ITOBEPXHOCTH Cr = t,/d

4ycJs0 1aros paboyux opranos kR = L /T;

YHCJIO ceKuuit k.

3nech dgp — cpennuit anamerp potopa (de, = Dy — 4e); L — pu-
Ha cexiun PO.

[lepBbie 1miecTh Ge3pa3MepHBIX TNAPaMETPOB OIPENEJSIOT IPO-
dure PO B TopuoBoM cevenun. Ilapamerpwr ¢y, kB xapaktepusy-
I0T POCTPAHCTBEHHYIO T€OMETPUI0 MOHOJMTHOM CEKLUM THAPOMAIIU-
HBI.

[lapameTpnr %, i, ¢y, C, Ca, Cr SABASIOTCS 6A30BBIMM, ONpENess
HENOCpeACTBeHHO reoMmerpuio saueriesus BIM u  pa6ounii o6nem
FHAPOMALINHDI, B TO BpeMs KakK Cs, R, R, MOXKHO paccMaTpuBaTh KaK
AOTIOJIHHTE/IbHbIE [EOMETPUYECKHE MApaMeTphl PeXHUMa IKCILTyaTa-
LK.
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CPY

7.1. KPUTEPUU CPABHEHWUSA

[Ipy onTuMHu3auuu TeoMeTpuieckux mnapamerpo PO B3] uc-
OJIb3YIOTCS CeyIoline KpuTepui cpaBHenns [94]:

KOHCTPYKTHBHbIE — O9KCUEHTpHCHTET e, war cratopa T (mrmuHa
oxHoil cTynenu), yucio maros PO k;

3HepreTMYECKMe — IOKaszateb addextuBHOCTH M /N, OTHOCH-

TesbHas JJMHA KOHTAKTHBIX JHHHE L/ 3V u MexsuTKOBBIIi nepe-
Maz faBJleHusl Py, ompelensionlde MexaHuyecKue H o6beMHbIe IOTe-
pH TUAPOABUTATES;

JOJrOBEYHOCTH — KOHTAKTHOE HampsiKkeHue B nape K — cKOPOCTh
CKOJIbXKEHHS U, M OTHOCWTE/bHBIH KoopdUUUEHT KaueHHs K, mpo-
¢uieit; CKOpOCTb XXUIAKOCTH B KaHasax pa6oduX OPTraHOB W; YacToTa
Harpy>keHus sJacTH4Holl ofkJaaky craTopa f;

TeXHOJOTHYECKHE — K03(PHUIMEHTbI HEepPaBHOMEPHOCTEH TOJIIN-
Hbl OOKJIa[KK CTATOpa U CheMa MeTajla poTopa.

CpasuutesnpHas oueHka B3]l u 3aboitnbix ABurateseil aApyrux
THIIOB BejeTcsl Mo KpUTepusM 3heKTUBHOCTH HX HMCIOJb3OBAHUS B
nponecce 6ypenus ckpaxun (cm. § 6.10).

7.2. ONTUMU3ALUA BA30BbIX FTEOMETPUYECKUX
NAPAMETPOB

Onmumusanus 6a30BbIX [EOMETPUYECKUX [1ADPAMETPOB IIPOM3BO-
JUITCSI, KaK TPaBUJIO, HE3aBUCHMO /st MpocTpaHcTBeHHOH (cr) u
rnockoit (%, ¢q, Cp, Cs) TEOMETPHH,

IpocTpaHcTBEHHAsi T€OMETPHA BHHTOBBIX JBUraTesled NMOMYMHS-
eTcs TPeGOBAHMSIM HAJEXKHOCTH MX IyCKAa, IIOCKOJbKY NpH HeGOJb-
IMMX Yrjax noxbema BHHTOBOH JnHUK PO B0O3MOXHO camoTOopMOXe-
HHe poTopa.

ITOMy SABJEHUIO, IPUBOASIIEMY K OCJIOXKHEHHAM IIyCKA MAIIUHBI,
6bLTH TIOABEPXKEHbl OTeYeCTBEHHble ABUTATENHM II€PBOTO IIOKOJEHHS
J[1-170, J12-172M, cnipoexTHpoBaHHbIE 6€3 yyeTa ITyCKOBBIX CBOICTB
B31.

B nanbneitinem, B 70-x rogax, npo6aema mycka B3/l 6pL1a Bce-
CTOpPOHHE MCCJIEJOBAHa, HaliIeHbl MyTH ee Npeoo/IeHNs U 3alaTeHTo-
BaH AMAamNa3oH M3MeHeHHs! Koadpduimenta GHOpMBI NOBEPXHOCTH, HC-
KJI0YAIOUWMA caMOTOPMOIKEHHe pOTOpA TpH COXPAHEHHH BBICOKOIO

k..o [231.
Ecau paccmatpusarb PO aBuratenss xax nepejavy BHUHT — raika {22}, 3aBucu-

MOCTb KPYTAILEro MOMEHTA OT cpeanero auameTpa Dy, M oceBoit ciibl B 3aUeneniy
F1a MOXHoO nipeficTaButb B Buje (cM. § 5.5)
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Moz = 0,5DpF,0,t8(6 - B, 7.1
rjte & — yroj noabema BUHTOBOH AHHUM; B ~ yroJ TpeHus,

tgb=cp /M tgB=f; (7.2)

f — xoapuunent Tpenus B nape.
TIp# onpeje/ieHHOM CoYeTaHUM reoMeTpHueckux napametpos BI'M u duamueckux
CBOWCTB MATepHAIOB 1apbl POTOP ~ CTATOP BO3MOXHbI CyHan, Koraa npH nycke B3J]

6 < By,
rae Po — yros TpeHust MoKos.
Ycaosue 6 = By onpeneaseT MHHUMAILHO JOMYCTHMOE 3HAYeHUe koaduliHeHTa

OpPMBI BUHTOBO# NIOBEPXHOCTH ¢, , FAPAHTHpYIOLIEe nyck B3J]. C yuertom (7.2)

*

;= nfo. (7.3)

B BuHTOBO# nape MeTaninMuecKuit POTOp — 3MACTHYHBIA CTATOp NpuBeieHHbIH (c
Y4eToM HatAra) koaPUUUEHT TpeHUS NOKOA fy MOXKeT AoXoauTb A0 1,75+2. B atomM

L]
cayyae ¢y = 5,5+6,3.

Bepxuuit npegen xoadduumenra dopmbl nosepxuoctd (cr = 12) Bhibupactes
UCXOJA H3 COXPAHEHHs BBICOKOFO YPOBHA K.N.4. TUApoABUTATENS.

B Hacrosimee Bpemsi paGoume opraHbl Becex oTedecTBeHHbIX B3/l
UMeI0T (OpPMYy BHHTOBOH NOBEPXHOCTH, COOTBETCTBYIOUIYIO OIITH-
MajbHOMy auanasony (cr = 5,5+12). Yroa mogbema BUHTOBOH JIH-
Hur PO npu stoM uamensierca B mpesenax 6 = 60+75°. OgHaxo sxe-
CTKHe TpeGOBaHUA MO 06ecIedeHMIO CTaGUIbHBIX MMyCKOBBLIX CBOMCTB
B3/l He no3BossioT peasM3oBaThb ONTHMAJBHYIO C 3HEPreTHYECKOit

ToukH 3pennst (MunnMyM kputepusi L,/ YV ) opMy BUHTOBOH IIO-
BepxHocTH (¢r = 1,5+3,5), HCIONB3YeMyI0 B MHOTO3aXOAHBIX HACO-
cax [12].

OnTuMM3auus reoMeTpHH ILIOCKOTO 3amemienus. CpaBHUTENb-
HbIH AHAJU3 3MHM- ¥ THIOLUMKJIOUIAIBHOIO 3allellIeHMil TOKA3bIBaeT
[94], uro ¢ Touku 3penust mraBHOCTH MPODMJIL NpPeAIOYTUTE bHEL
HCIOJIb30BAHMeE 3alENIeHUsI THIOLMK ToMJa bHoro tuna (7 = —1).

OcHoBHBIM 6e3pa3sMepHbIM I1aPaMETPOM, OMPEAEAMINM XapaK-
TEPHCTUKH TUADOJIBUTATE/IA, SIBJISETCS KUHEMATHYeCKOE OTHOIIEHUE
i. Ero Bpi6op saBncut ot xontypHOro AMametpa U 3ajaHHBIX Xapak-
tepucTiux B3/ (cum. § 8.1).

Cpasnenne B3] ¢ PO pa3.1uyHOro KMHeMATHYECKOTO OTHOLICHHS
1O BbIIIEYKA3aHHbIM rpynnaM kputepues (cM. § 7.1) npexcras.ieno
B Ta6ur. 7.1. :

B oTiMuMe oT KHHEMATHYECKOTO OTHOIEHHS i U xoadduimenTa
hopMBI MOBEPXHOCTH Cr, KO3DDUUHEHTDI Cq, Ce» Ca OKA3BIBAIOT HECY-
LUECTBEHHOE BJIHAHMe HAa pabounil o6bem BI'M, mostomy npn OITH-
MH3AIMK 3TUX NapaMeTpPOB MOXXHO MCXOAHTbL TOJBKO H3 KAauecTBEeH-
HBIX TOKa3aTeJeil 3allenIeHus.
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Tabauya 7.1

BansHHE KHHEMATHYECKOTO OTHOILIEHHsl Ha nokasatean B3/{
(Dy Q, P — idem)

NsHrareanb ¢ oHO3a- Hwrarens, ¢
Kpurepun cpasHenus XOAHBIM POTOPOM »1:::'5:3;(())11-
KoHCTpyKTHRHbIE:
3KCHEHTPHCHTET Boﬂf:me Me}f‘bme
NJI0aAb XHBOTO CeYeHUs
pa6ouuit o6beM MeHnbuie Bonbuie
JAMHA pabouyHUX OpPraHoB Boabure Menbuie
JHepreTHYECKHE:
KPYTALIMH MOMEHT Huxe Bbiure
YacToTa BpallleHus Bboriue Huxe
M/n Huxe Bbiute
K.ILA. Bbre Huxe
JMJIMHA KOHTAKTHBIX JHHUM MeHbute Boabie
MEXXBHTKOBDBIii Mepenaj AaBAeHHS Boasuie Menbuie
JloAroBeyHOCTH:
KOHTaKTHOe HampsKeHue Mewblue Bonbiue
CKOPOCTb CKOJIbXEHUSA Bosbwe Menbuie
0CeBasi CKOPOCTb XKHAKOCTH MeHbie Bonbue
4acTOTa HarpyeHus o6KJalaKy cTatopa “ “
Texunonornyeckue:
KOHGUrypauus nonepeyHoro ceyeHus IIpocTas Caoxnas
HEPAaBHOMEPHOCTb TOJLIMHbI OOK/1a[AKH Bonbiue Menbuie
cTaTopa ¥ chbeMa MeTajsia potopa
cpecTBa AJ/isl 3aMepa npopuas ITpocroie Craosxnble

Bri6op koadduuueHToB €p, C., Cp NpH 33JaHHOM KHHEMaTHye-
CKOM OTHOINEHHH OCYILECTB/AETCS B IEPBYIO O4Yepellb HCXOIA M3
obecrreyenuss nuaBHocTd npoduneir (em. § 4.1.3). B runouux.oun-
[IaJIbHOPEEYHOM 3alelUIEeHUH OHA COXpaHsieTcs, ecJu KoadduUueHT
cMeleHHs ¢y £ / 2/ [114], koapdument BHEUEHTPHYIHOCTH ¢y > 1,
a xoaduumeHT Popmbl 3yba ¢, He NpeBbINIaeT PAHHYHOIO 3Haye-
ausa (4.47). KoadduumeHT BHELEHTPOMAHOCTH €, MCXOAS M3 yCJo-
BUS ofecriedeHrs] MHHUMAaJIbHOI IOrpelHOCTH PeeYyHOTo 3alelIeHus]
(cm. § 4.1.3) u noHmwKeHHOH cKopocTH ckoabxenuss PO caenyer
MpHHUMATL 6Jn3KuM K 1.

Iockoabky Hapa6oTka mo oTkaza B3/l onpenensercs rjaBHbIM
obpasom (puxuuonHbIM M3HOocoM PO, onTHMHM3alMs TJIOCKOl reo-
METPHH BeleTcs 10 MHHUMYMY KOHTAKTHbIX HalpsDKEHWi B mape po-
TOp — CTaTop.

Ipu sajaHHBIX Nepelaje AaBJeHUsA!, 4ACTOTe BpallleHUs M IIpH-
BEIEHHOM MOZyJie YIPYTOCTH MAaTepHAJOB Napbl KOHTaKTHbIE Ha-

Mepenaa aasnetus B PO orpaHuuMBaeTcs /I0NyCKAEMbIM MEXBUTKOBBIM Tepena-
/oM aaBJieHns [Pyl:
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P Puc. 7.1. 3aBHCHMOCTb KOHTaKT-
HBIX HanpsXeHHit ot koadPpuumenTa
dbopmu 3y6a c,
639
08 ‘
Li=3:4
\ L g6
J L 7:8
\ =910
a7
06
1 2 J 4 Ce

NPSKEHUS ONMpeeISIOTCA TOIbKO 6e3pasMepHbIMU TeOMETPUYECKUMHU
napamMerpamu PO

K = f(lr CT) k) Cey Coy Ca, CS)-

HWuayve rosops, B B3/l ¢ reomerpuyecky nmogo6usiMu PO Hesapu-
CHMO OT aGCOJIOTHBIX Pa3MEpPOB MpPH IPOYMX PABHBIX YCJIOBHSIX BO3-
HUKAIOT OAMHAKOBble KOHTAKTHDIE HAIPSIKEHHS.

i MammH ¢ PUKCUPOBAHHBIMH 3HAYEHUSMH C;, k, C; M Waeab-
nbiM 3auenenneM PO (cy = 0) ¢ xoadduumenHToM BHENEHTPOU/IHO-
CTH, 6TH3KUM K 1,

K =f(i, c,). (7.4)

AHanuTHYeCKOe HccaefoBanue 3asucumoctu (7.4) mokasaso, 4To
{42, 43):

A1t BCeX KMHeMaTHyecKux otHomrennit BIM cymectsyer dopma
3y6a, obecreYMBaiomas MUHMMYM KOHTAKTHBIX HAMpSDKeHHit (puc.
7.1);

ONTHMA/IbHDL AHANA30H U3MeHeHUs Koaduuuenta dopmbi 3y6a
cocTaBuaseT ¢, = 1,65+2,50.

OrnrumanpHas dopma 3y6a, obecnednsaromasn MurmMyM K, 3ama-
TenToBana [3] u ucnospsyeres npu npoduposanun pabouux opra-
HOB OJJHOBMHTOBBIX I'MPOMAIIINH.

Ha ocnose ycTaHOB.IEHHBIX ONTHMAIBHBIX COOTHOUIEHHI MeXay
fTapaMeTpaMi 3aLEIVIeHHs [IPH JKECTKUX TPe6OBaHUAX MO yHH(HKA-
LM TEXHOJIOTHYECKOro MHCTpyMeHTa mpoduiupoBanue PO orteyect-
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BEHHBIX MHOT03axofHbiX BI'M, He3aBHCHMO OT X KHHEMAaTHYECKOro
OTHOINEHHS] M YCJIOBMH 9KCIUIyaTalHH, NPOU3BOAWTCS OT TUNOLMK-
JounasbHbix Kpusbix (# = —1) u cradmaprusmposanio {131] a0
Bupa: ¢o = 1,175; ¢, = 2,175; ¢4 < |121.

CunTaercs;, YTo0 MHOTOJIETHSS MPAKTUKA MNPOEKTHPOBAHHSA JBHUIa-
TeJlelf onpejenaa onTUMaabHyo ¢opmy npopuseir PO o BBOAUTH B
Hee HOBble KOPPEKTHPOBKM HellelecooGpasHo. OZHAKO aHAIM3 MpH-
HATBIX METOAOB ONTHMHU3ALHU reomerpud BI'M nossosseT oTMeTHTD
J(Ba HEYYHTbIBAEMBIX OGCTOSITEIbCTBA, IIPEICTAB/ISIONIHECS BAXHBIMU
JUTS IOBBILIEHHSI KAYECTBA MPOEKTHPOBakus PO:

1) koadpuLneHT cMeleHYs C5 BHIOUPAETCSA MPOM3BOJILHO M U3Me-
HsETCS B 3aBHCHMOCTH OT Tpe6yeMOro KOHTYPHOTO AMAMeTpa, He SB-
JISIACh TIPH 3TOM CBS3aHHBIM C KaYeCTBEHHBIMH IIOKA3aTeasMM 3aleln-
jgenns. Tak, Hampumep, B 3aGOHHBIX ABUTATENAX C, HU3MEHSETCS B
jquanasone ot —0,639 ([11-54) no +0,845 (AI-155). Takoe momaxe-
HUe, BecbMa yJ06HOe [/t TeXHOJora-MallnHocTpoutesi (He Tpeby-
eTcs HM3TOTaBJMBATh HOBbie Gpe3bl), HeJb3sl IpHU3HATh O0GOCHOBAH-
HBIM C TOYKH 3PEHMS] KOHCTPYKTOpa M SKCILTyaTalMOHHMKA. Mexay
TeM M3 TEOPMM MEXaHHU3MOB M MAUIMH H3BECTHO, YTO KOPPUTMPOBA-
HHe  3y6YaThIX JBOJBBEHTHBIX KOJEC HCIOJIb3YeTCS MMEHHO sl
YJIyYIIeHUst KadeCTBEHHBIX TOKasaTeseil 3alelIeHHsl: KOHTaKTHOH
HPOYHOCTH, NPOYHOCTH HA M3ru6, YAEIbHOTO [JABJEHMS M CKOJbXe-
Hud, K..4. [79]. B Teopum e OQHOBHHTOBBIX THAPOMAIIMH pac-
CMaTpHBAETCSI TOJBKO HieajsbHoe 3auerienue (cy = 0), YTO CHIDKaeT
3HAYHMOCTD IOJIYYEHHBIX [IPH 5TOM BBIBOJOB;

2) croxuBuUIMECS TOAXOABI K BhI6opy 6e3pasMepHBbIX NapamerT-
pOB 3allenyieHus He YYMTBIBAIOT YCJOBHsI TpeHHMs B paboyeil mape.
A Bmecte ¢ Tem 111 BI'M, oTHOCSIUXCA K CONPSKEHUAM ¢ TlepeMeH-
HBIMH YCJIOBUSIME KacaHUs (KaK MO HANPSKEHUIO, TAK H 10 CKOJIb-
JKEHHUIO), YCJIOBUSI TDEHHUS, OGYC/OBJIEHHbIE XapaKTePOM OTHOCH-
TesabHoro Aswxenuss PO, npeponpenessiioT Kak MOTepd Ha TPeHME,
TaK M H3HOCOCTOiKOCTb Hapbl. IloaToMy paunoHanbHblil BHIGOP reo-
METPUH B3aHMOJEHCTBYIOIMX Tes (B HalleM ciydyae pOTOpa M CTa-
TOpa), YAYYWAIOWHUH YCJOBUS TPEHHS CONPSDKEHHBIX IIOBEPXHO-
cTell, dBase€TCA ONHMM M3 CDPEACTB IOBBINEHHS DPa6OTOCHOCOGHOCTH
BI'M.

B cBsian ¢ 3THM clleAyeT NOQYEPKHYTh, YTO B OCHOBOIO/IAraioninx
pabotax no TpeHuio 1 u3Hocy [138] ykasbiBaeTcsa Ha HEO6XOIMMOCTD
KOMILIEKCHOTO y4eTa (PaKTOPOB, BJMSIOLIMX HA XapakTep KOHTaKT-
HbIX B3amMojeicTsuil. IIpn onTHMu3aMy reOMETPHUYECKUX TlapaMeT-
pos PO B3]l raxxe Heo6X0oquMO NpoBelleHHE YTOUHEHHBIX HCCIe-
JOBAaHMI KOHTAKTHBIX SBJIEHHH.

*OT nart. corrigo — WCNpaBAsTh, YAYYWIATb.




PaccMorpuM 3asady MUHHMHM3ALMH KOHTAKTHBIX HANpSIKEHHH B
6osee obuell TOCTAHOBKE C YYETOM CMEIIEHUsT HCXOAHOTO MPOQUIIS:

K = f(i, ¢, c,, Ca). (7.5)
Anamu3 3aBucumoctH (7.5) NOKa3bIBAaeT, YTO OCHOBHBIM KpHTe-
pHEM YPOBHsI KOHTAKTHBIX HANpsDKeHWil B [ape poTOp — CTAaTOp SIB-
JA€TCA OTHOCHTENbHDIH MpPHBENEHHBIHl PAafMyC KPUBUIHBI CONPSIKEH-
HbIX npodusieit p =p’/e [56]. Ucnonb3oBanue P B KauvecTBe oxHO-
ro U3 KpUTepHEeB ONMTHMAJBHOCTH ONPABAAHO TEM, YTO B OTJMYHE OT

KOHTAKTHOTO HAMpsKeHHss K OH MOXeT ObIThb JOCTOBEPHO OIpeje-
JIEH.

Ha xonTaxte BbIcTyna 3y6a portopa co ctatopom (yyacTke, HCIbI-
TBIBAIOIIEM HAaNOGObIlNe HAMPSKEHHS)

—_ c,
p—(1+ECK)Ce, (7.6)

TA€ P, — OTHOCHTEJbHBIN pajiMyc KPHBHM3HBI cKesieTa cratopa (oM.
§ 4.1.3).

s cHY)KEHHST KOHTAKTHDBIX HAMpSKEHUH Heo6XOQUMO HAHTH co-
yeTaHHe 6e3pa3MepHBIX NApPaMeTPOB, O6ECHeYHBAIOLIEe MAKCHMAJID-
HOe 3HaveHUe P . YYHUTbIBas, 4TO P, HE 3aBUCUT OT C,, HCCIEAyeM

(7.6) Ha MakcUMyM U MOJYYMM BbIpaKeHHe ONTHMAJILHOTO k03¢pdu-
uMeHTa ¢opmMsr 3y6a

C; = _—p-cx /2' (77)

-
TA€ P, — OTHOCHUTEJbHBIH MAKCHMAJIbHBIH pajuyc KpHBU3HBI CKeJie-
Ta.

*
Yucnenusle sHaveHuss c, Ausi ugeanbHoro BIM ¢ pasiuyrbiM
KHHEMaTHYeCKUM OTHOIUEHHEM i IIPU ¢y = 1,175 npHBeeHbI HIXKe.
: 3 4 5 6 7 8 9
Coervenrnnnrnnnnnnns 5,55 3,40 2,76 2,45 2,28 2,16 2,08 2,02
Iosy4eHHbIE pe3yIbTAThI MOCTATOMHO TOYHO COOTBETCTBYIOT 3ama-
TeHToBaHHOH [3] dopme 3y6bes (cM. puc. 7.1), ompexeneHtolt us
6osiee CNONHBIX pacyeToB (C Y4€TOM [MJIMHBI KOHTAKTHBIX JMHHMIL,
pacnpesie/ileHHst HarpysoK . Zp.). DTO KOCBEHHO MOATBEPKAAET pa-
BOMEPHOCTb IIPUHATOTO HOAXOJA — OLEHKY KOHTAKTHBIX HAIPSIKEHMIt
no p.
B sauennenun co cMeuenuem npupeseHHas KpHBu3Ha npodu/iei CyLecTBeHHbIM
06pasoM 3aBUCHT OT kosdipuumenTa ca. [ToCKOABKY B 3TOM C/ydae aHATHTHYECKOE
BbID2XEHHE P, TIONYYHTb HeJb3s, ONTHMaibHas GopMa 3y6a MoXeT GbiTb HaitieHa
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Puc. 7.2. 3aBHCHMOCTb MHHM- P /e
ManpHOr0 OTHOCHTEJIBLHOIO NPH-
BEACHHOTO PajHyca KPHBH3HH | o=t
p/€ OT C, NPH Pa3AHYHLIX 3HA-~ 2 4
YEHHAX xoac{dmm{ema cMeme-
Hus ¢ (I = 3:6; ¢y = 1,175) 0
ds 1
] ] ]
/) 7 2 J 4 Ce

TO/BKO MpPH TOMOUIM YHCJAEHHBIX PacuetoB Ha KOMMbIOTepe. PacyeTbl MoKa3niBaioT,
YTO NPM NPOYMX PaBHBIX YCJAOBMAX MAKCHMATLHbIM OTHOCHTENBHBIM PAaaHyCOM KpH-
BU3HbI OGJAJaeT 3aleM/CHHE C TMOJIOKUTEJNbHBIM CMEIIEHHEM HCXOJHOTO KOHTYpa
peiikn (puc. 7.2). [lepexon na ontuManbhyio dopmy PO jaeT BO3MOXHOCTh B He-
CKosbKO pa3 yBenuuuth p. [loatoMy McrosbsyeMast B HacTosllee BpeMs CTaHAapT-
Has ¢opma 3y6a (c, = 2,175) nmilib B NIepBOM MPUOAKEHHH (B 3aueneHud ¢ He-
6OJbIIMMH CMEILEHUSIMH) MOXXET PAacCMATPHBATLCA KaK ONTHMAajbHas ¢ TOYKH 3peHHd
KpusH3Hbl npodueii.

Ce1oBaTeNbHO, KOPPHUIHPOBAHMEM 3aLEN/IEHHS MOXHO He TOJIbKO HM3MEHATH
KOHTYpHBII IMAMETP, HO TAKXKe M BApbHPOBATh KOHTAKTHbIM Hanpsxketnem PO, no-
6uBasich PALMOHANBHBIM coueTalueM koadduientor (Co, Ce, Ca) MUHMMANBHBIX Ha-
NpspKEHKI B Nape, NOBbINAs TeM CaMblM M3HOCOCTOMKOCTD 3allenUIeHHUS.

Jlns oueHKyM ycaoBuil TpeHus (KMHEMATHKM KOHTAKTHBIX TOYeK)
HCIOJb3YIOTCS KOJMYeCTBEHHbIE M KaYeCTBEHHbIE NIOKA3aTe .

Koauuecmaennoim NOKasaTejJeM SIBJSIETCSI CKOPOCTb CKOJIb)KEHUS
npoduneit vy CyliecTByer fBa crocoba ee Olpele/eHus:

1o pasuuie ckopocteit kavenns (cM. § 5.1)

U = Vg — Uy (7.8)
[I0 PACCTOSTHUIO OT TOYKU KOHTAKTa JO TONIOCA 3aleIIeHHs
Uy = 01, (7.9

rae | = PK (cM. puc. 5.8, 6).

Jina 3auennenus co cMeiuenneM (ca # 0) Tekylias cKGPOCTb CKOJbXEHHs OIpe-
JeJAETCA YUCAEHHBIM PACcYETOM Ha KOMIbIOTEpE.

Jlna waeaabHoro 3ailell/ieHHsl CYyWIeCTBYET TOYHASA aHAJMTHYECKas 3aBHCHMOCTb
U, OT yraa nopopota paropa ¢ (yriosoro napamerpa 1). Ha pbicTyne 3y6a potopa

U = me(zz\h +cd - 2chc0520 +¢,). (7.10)

B MeXxaHH3Max ¢ HeHTpoMAHBIM 3auelinetnem (cg = 1)

z
vy = welzysin 'T(P +¢,). (7.10a)
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Puc. 7.3. paduxu ckopocreil CKOAbXeHHs BhiCTYna 3y6a POTOpa NpH Pa3/IHYHBIX
anaueHnAX kos¢duunenta snenentponanoctr ¢q (i = 9:10; ¢, = 2,175)

Ipacuxn ckopocteit ckoabxkenus (puc. 7.3) 3aBUCAT OT KHHEMATHYECKOTO OTHO-
LIEHUS] ¥ MMEIOT BKCTPEMAJbHDBII XapakTep. MHHHMAa/bHAS M MAaKCHMasibHas CKOpO-
CTH CKOJbXEHHsi OTHOCATCA K (pasaM 3alenieHHs BbICTYNA POTOpPA COOTBETCTBEHHO
co BHaguHON (Ve min) W BHICTYROM (Ucx max) MPOQUIs CTATOpa, KOTa MOJIOC Hau-
MeHee ¥ HauGoJ/ee YAISETCs OT TOYKH KOHTaKTa

Voemin = O00,5D,, —e2)) = we[zy(cy — 1D + ¢, +c,];

Vexmin = ©(0,5D 0 — €2) = we[z,(cy 1)+ ¢, +c,] (7.11)
MakcuMyM CKoOpOCTell CKoJbxeHnsi Npoduiell J0CTUraeTcsi B CepeauHe LMK/aa
3auennenus BoicTyna potopa (¢ = m/2{); MUHHMYM — B “MepTBbIX" TOUKax 3aleriie-
uns (o = 0; 2r/2¢).
U3 (7.11) caenyeT, 4To CpeHss CKOPOCTb CKOJIbKEHUS NPONOPUHOHAIBHA Cpeil-
nemy anamerpy Dep mpodmis cTatopa:

vcxcp = 2CP = (DB(COZ2 + C, + CA), (712)

T.e. B CPE/IHEM 33 LIMKJl YCJIOBUS TPEHHA npoguneil COOTBETCTBYIOT YCJIOBHSAM B3aH-
MO/EHCTBHA BpallaloUIErocsl ¢ YrJI0BOiH CKOPOCTBIO ® BOKPYF HEMOJABHMXKHON ocH Me-
Ta/TMYECKOrO KoJsieca AnaMeTpoM D, MO 3/1aCTHYHOMY OCHOBAHHIO.
BoipasuB e yepea KoHTypHbiit AnameTp PO, noayunM sbipaxenlue
WD, Cyzp +C, +Cy
cep 2 ezt ey +1’

1)

(743

H3 KOTOPOro CaelyeT, HTO NpH NOCTOAHCTBE ® H DK CpeZlHAs CKOPOCTb CKOJIbKEHHSA
HE3HAUMTEAbHO 3aBHCHT OT 6e3pa3MepHbIX NMapaMeTpoB 3auenieHus (23, ¢q, Ce, Ca).
Jlas Tpubonorndeckux pacieroB BI'M wucnosnbsoBanue TOJIBKO
KOJIMYeCcTBEHHOro ToKazaTeast (vg) HegoctatoyHo. Heobxomumo
TaK)XKe BBECTH Ka¥ecmeeHHwiti TOoKa3aTesb, YYHTBIBAIOUIMHA ocobeH-
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HOCTH KUHEMATHKM COMpPSKEHUS ¢ TepeMEHHbIMH YCJIOBHAMH Kaca-
HHSL.

MaccoBasi ckopocTh usHamtuBanus W (xr/c) 3aBHCAT OT KOH-
TAKTHOTO HATPSDKEHHs CKopocTeil KaueHHs] U KOHTYpPHOTO JMaMeTpa
PO [56]:

f(W; K; vy; vg; D) = 0. (7.14)

M3 Teopuy pa3MepHOCTH CJIEYET, YTO NMPOLECC M3HAIIWBAHHUS Xa-
paKTepusyeTcss AByMsi 6e3pasMEpPHBIMH KOMILIEKCaMH, HalpuMep,
JUISL cTaTopa

W, Uy
r[l =R nll == ku
KDy 2
CJIelIOBaTeJIbHO, B 06H1eM Cﬂy‘{ae MaccoBas CKOPOCTb U3HalINBa-
HUA CTaTOpa

KD?
Y

Wy = f(k,), (7.15)

rae f(kl,) - dyHKIMsI, ONpeessieMas ONbITHBIM IIyTeM.

IMockonbKy mpu ynctoM KadeHHH (k, = 1) compsixeHne He H3HA-
musaetcsa (W = 0), B nepBoM HNpUGIIKEHHH MOXHO IPUHSITD

f(k,) = C,{t- k). (7.16)

rfie ¢, — MOCTOSHHBIN K03(PULHEHT.

Ecau orpaHHYMTbCS JHHEHOH XapaKTepHCTHKOM (a = 1), BbipaxkeHne MaccoBoif
ckopocTH H3HalmBanus cratopa (7.16) npeo6pasyetcs K BUaY

W, = CKvo D} / v} (7.15a)

Taxum o6pa3oM, NPH JHHERHOR XAPAKTEPHCTHKE W3HANMBAHUA WCIO/b3YEMblil B
M3BECTHBIX pacyeTHbX MeToaMkax [138] kputepmit usHococToilkocTH KUg Crpasel-
AHB TOJbKO MpPH YCJIOBHH HE3aBHCHMOCTH CKOpOCTe kaueHus M ckoubxkerus. Ilo-
CKOJIbKY B 3alleTVIEHHsAX C NepeMeHHbIMH YCJOBHAMH KacaHus, nogo6usix BI'M, nan-
HOe YCJ/IOBHE HEBBINOJHMMO, 3A€Ch JIl PACYETOB MOTYT 6bITb PEKOMEH/IOBAHDI YTOU-
HEHHble KPUTEPHH M3HOCOCTOHKOCTH, NMOJyYEHHbIE H3 TEODHH Pa3MEPHOCTH:

Hy = Koo/ vf; Hy = Kvg /.

DTH KpHTEPHM YUHTHIBAIOT NPHHIMIMANbHYIO 0COBEHHOCTb 3allenieHuit ¢ nepe-
MEHHBIMH YC/IOBUSMH Kacanusl: COMpSDKEHHbie NPOMHIH HMEIOT obliKe KOHTaKTHOE
AaBJIeHHE H CKOPOCTb CKOJIbXKEHHUSI, HO pa3Hble CKOPOCTH KayeHHs.

YesoBue uaHococToiikocTH BI'M Moxto 3anucats B Buie

Hy < [H], Hy<{H)],
rae [H], [H3) — nonyckaeMble 3HaYeHUs! KPUTEPHEB.

.

TTockonbky ¢uanieckue cBoficTBa MaTepuaoB potopa (metann) u cTaTopa (pe-
3UHA) pas3/MYHbI, TO

[#1] # [H2].

Takum 06pa3oM, NpH olleHKe Npollecca HaHamnBakus BI'M Heo6X0QMMO yuHTbI-
BaTb pas/iMuMe KaK KPUTepHeB M3HOCOCTOMKOCTH POTOpa M CTaTopa (BcneacTBHe pas-
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JIMYHs CKOpOCTel KaueHWs), TaK M MX JOMycKaeMbix 3Hauenuil (BcsiencTBue HeoxM-
HAKOBOCTH MAaTEPHAJIOB).

VI3 npencraB/ieHHOrO aHatu3a ciaefyer, yto A BIM kauvecteH-
HbIM KMHEMATHYECKHM IOKa3aTe/eM fBJIseTcs K03dDUUHEHT CKOJb-
xeHust R,. Ilpu nomomwm 3toro KoadduiMeHTa, ONpeesIOmEro
TPUGOJIOTHYECKHE XAPAKTEPHCTUKU 3alerIeHusi, CKOpOCTHas ofcTa-
HOBKa B TOYKE KacaHHSI MOXeT 6bITb KJIaCCHUIMPOBAHA CJEIYIO-
muM obpasom [54]:

no muny mpeHus:

TpeHHe KaveHus (¢ IIpocKab3blBaHueM), k, > 0;
TPeHHe CKOJIbXKEHHs, Ry, < 0;
4YHCTOe TPeHHE KauyeHus, k, = 1;

no xapaxmepy omuocumevHozo Osuxkenus npodpuneii
PO (puc. 7.4):

KacaHue ¢ “onepesxeHueM cTatopa’ — TOYKa KacaHus ObICT-
pee ABMXeTCS 110 ITPOUII0 CTATopa, lkv < 1 (puc. 7.4,
a). AHAJOrOM TaKOTO B3aHUMOJEHCTBUS SBISETCS ABHIKEHHE
1030M KoJsteca (potopa) no gopore (cratopy);

Kacalue ¢ “ornepexeHreM poTopa’ — TOYKA KacaHMs 6bicTpee
JIBMXeETCA 1o mpoduio potopa, |kl > 1 (cm. puc. 7.4, 6).
Ananor —6ykcoBaHHe KoJIeca;

KacaHHe ¢ PaBHbIMM CKOPOCTSIMH, COOTBETCTBYIOLIEE YUCTOMY
KayeHUIO WM CKOJbXXEHHIO ¢ 6ECKOHEYHO MAJIbIM IyTeM Tpe-
Hus, Ikvl =1.

OcobennocTbio Tperust PO MHOr03aXogHpIX OZHOBMHTOBBIX THA-
pOMAalIMH ABJSETCS IepUOAHYECKoe U3MeHEHHe CKOpOCTHOH ofcTa-
HOBKH B TOYKe KacaHHs BbICTyNa 3y6a poTopa O CTATOpOM: 3a LK.
B3aMMO/IEHCTBUSA NPOHCXOAUT NepeXoJ TPeHUs KadeHus (¢ mpocKap-
3bIBaHMEM) B TpPeHHe CKOIbXeHHst n obpaTHo [54]. Ha smammue po-
TOpa BCera HMeeT MecTO TPEHHE KaYeHH.

AKOH XapaKTep OTHOCUTE/IBHOTO ABMXKeHus npoduaeli BIM: Ikvl < 1 un
lk,| > 1 aBaserca MIPEINIOYTHTEIbHBIM € TOYKH 3peHusi U3HococToHkocTH? OjHo-
3HAYHOTO OTBETA HAa 3TOT BONPOC He CYyLIeCTBYeT. Bce 3aBMCHT OT MeXaHMYeCKMX

a 6

/ (Y
Q) OO

Puc. 7.4. Kacanne npoduneii BI'M (i = 1:2):
a ~ ¢ "onepexeHnHeM cratopa”; 6 - ¢ "onepexennem poTtopa”; ! — HCXOJHOE NoJoXe-
HHe; 2 — NooXeHHe TIPH NIOBOPOTE poTopa
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CBOHCTB NPHMEHSIEMbIX MaTepHA/IOB Napbl POTOP — CTATOP, HATATA B nape u ycJoBHit
akcrayataumn BI'M (wactorsi Bpauienus n KpyTAllero MOMeHTa, 3a60iiHoii TeMnepa-
TYpbl, CBOMCTB pa6oueil XHIKOCTH, HAJIMYMA B Heii aGpPa3sMBHBIX BKJIOMEHHH M Jpy-
rx (akTopos). He Bbi3biBaeT cOMHeHHH MWD TO, YTO, MU3MEHNS KAYECTBEHHDIE K-
HEMATHYECKHI NOKa3atens 3auenjeHus R,, B MPHHUHIE MOXHO YNpasisiTh npouec-
COM H3HOCZ W NEPEHOCHTD H3HOC Ha oaHy 3 Aetasell PO (potop wam cratop), aobu-
BaACh MaKCHMAJIBHOTO peCcypca 3alenIeHHsA.

YCTaHOB/ICHHbIE AHA/IMTHYECKKE 32BUCHMOCTH AUIA K, AA10T BO3MOKHOCTD BapbH-
POBATb CKOPOCTAMM B TOYKe KAcaHMs Npoduiel NyTeM HaMeHeHUs KO(D(DHUHEHTOB
€0, Ce, Ca M TEM CaMbIM CO3/AIOT MPEANOCHIIKH YIPAB/IEHHUs CKOPOCTHOMN OGCTAHOBKOI
Ha KOHTaKTe C LeJiblo obectieyeus 61aronpuATHbIX YCAOBHH TpeHHs B nHaubosiee Ha-
IPYXeHHbIX ¢a3ax 3aUenNeHns.

7.3. ONTUMUSALIUS FTEOMETPUYECKUX NAPAMETPOB
PEOXXMMA 3KCIMNYATALIUM

Boi6op Gespasmepnbix reomerpuueckux kosdbpuuneHTOB pexuma
skcrutyataumu (cs, k, k), o6ycroBauBamomux Harpy3o4Hy crocob-
HOCTb THAPOMAauIHHb! (KPYTH3HY XapaKTepHCTHK ® ~ M), aaBucHT:
OT KHHEMATHYeCKOTO OTHOUIEHHS M pOpMbI BHHTOBOIl TOBEPXHOCTH
PO; Mexanuuecknx cBoifcTs MaTepuanoB mapb, nepenazga JaBJeHUS
B PO.

Haznauenue xoadduunentos narsira n gmun PO gosmkHO ocyue-
CTBJIATHCA KOMILIEKCHO, UCXO/JSl He TOJIbKO H3 HOCTHXKEHHS Heo6Xo-
AMMOI XapaKTePUCTHKHM TMAPOMALUMHBI, HO M M3 TPeGOBAHMIt JOrO-
BEYHOCTH M HajeXHOCTH. IIpn aToM Heo6x0AMMO MPUHHMATB BO BHU-
MaHue, 4YTO 4pe3MepHOe yBe/MYEHHE HATATA B IIApe OTPULATENHHO
CKaspIBaeTcss Ha paborocmocobHoctH u addektusroctH BIM, rmo-
CKOJIbKY TIPUBOJMT K YBEJIMYEHHIO KOHTAKTHBIX HANPSDKEHHH M Mexa-
HHYECKHMX I0Tepb. YBeauueHHe 4yucia cekumit PO MoHMKaeT HaJex-
HOCTb THAPOMAIIMHBI BCICACTBUE IPOSBIEHHS B HEH JOMOIHUTEIb-
HBIX CoefMHeHHH poTopoB (mWApHMPOB WM THOKHX Banos), o6ia-
HAOMHAX OTPAHUYEHHOH BBIHOCIHBOCTBIO. YBeTHYEHHE iK€ UHCAA
LIaroB MOHOJMTHOM CEeKLMH, SIBJAIONeecss HauGOMee ONMpaBHAHHBIM
Meponpuatnem (cM. § 5.2, 5.6), MoXeT 6BITb CBA3AHO € TEXHOJIOIU-
YECKHMH TDPYXHOCTAMH.

OCHOBHBIMH KPHTEPHSMH NPH BbIGOpE TEOMETPHYECKUX napamer-
POB pexuMa 3KCIIyaTaUMu SBJISIOTCS KPYTAUIMI MOMEHT WJI¥ MOLI-
HOCTb TMAPOMAIUMHBI, 2 Takxe obmuit ¥ yactabie (o6beMHbIH, -
POMEXaHUYECKUT) K.I1.1.

[Tockosibky pa6oumit mpolecc 0XHOBUHTOBBIX THAPOMAIINH HEIOo-
CPEACTBEHHO comnpoBoxJaercst TpenueM PO u HenocTosiHcTBOM OpH-
CHTAlMK POTOPA, MATEMATHYECKOE MOAEJIHPOBAHHE PEXHMOB pabOThI
H CO3/aHME TOYHOH Teopuu nogo6us BI'M BecbMa 3aTpyaHuTeNbHBL.
B cBssu ¢ stum npn ontumusaumnu kosdduunentos cs, k, k. aHamtn-
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THYEeCKHe MeToAbl cjeayer COBMCHIaTb C 3KCIEepHUMEHTAJbHBIMHA HC-

cJIeJOBaHUSMU.

Hcxoas U3 BbIIEU3NOKEHHBIX COOGPANKEHHH H C UebIo JanbHeRero coBepiileH-
CTBOBAHHSA OHOBMHTOBBIX MMAPOMAUIMH MyTeM ONTHMHM3AUMHM UX Ge3pasMepHBIX re(():olu4
MeTpHYECKUX MapaMeTpoB Ha Kadeape MalMH U o&pynoaaugn He(bmug(}: " rz:la;:em
npomsiuinentoctn PIY nedru  rasa uM. .M. Ty6kuna Gb1 paspal Tar;a.
npuxaaonuix npozpamm “Iepomop”, BRIOUAOINA B ce§ﬂ NporpaMMbl pacyera:

NIONATH KUBOTO CeYeHHA H paboyero obbema BIM;

KpuBH3tibl npoduneil n nosepxHocteit PO; ‘

cu10BbIx daxtopos (ocesblx M paanabhbix) B PO;

KOHTaKTHbIX HanpsikeHuit B PO. N

B MAKeT BXOAAT FIPOTPAMMbI:

ﬁ%?:qxlzz'm ROCTPOEHUS npo‘zgugeﬁ PO 1 KHHEMaTHKHU 3alenJeHus;

nepecyera xapaktepuctuk B3]l (cM. § 6.4); PO (cx. § 8.1) n 16

npOeKTzl[)OBo‘lg%l‘)o pacyeta reoMeTpUYECKHX NapaMeTpoB . .

cMm. § 8.2);
Komp:gﬁ:ra xap§ax'rep;xcmx ceKu(uoHHé)ré)GBEil[ (cM. § 8.4), TBJL (cm. § 8.5), aBu-
HbiM notokoM (cM. § 8.6).
ra'reﬁ;;”:: ﬁﬁs&iﬂnakera nporpamMM “FepoTop” Ha cTajuH NpPOEKTUPOBAHUSA Mo)KH(f
OlLIEHMBATh BJHSHHE T€OMETPHYECKMX M 3IKCIJIyaTalMOHHbIX MApPaMETPOB Ha KayecT
BeHHble TI0KA3aTeTH 3alelIeHHs i IPOBOAMTL onTHmuaauuio PO.

Jlast oKOHYaTeJbHOro BbI6Opa reoMeTpHuecKuX napamerpos PO
Tpe6yloTCS [OCTAHOBKA M IPOBEJCHHE CIELMAIBHBIX 3KCIIEPHMEH-
TaJIbHBIX HCCJIEJOBaHUIM C LEe/bI0 YCTAHOBJIEHUS ONTHMAJbHbIX CcoYye-
tanuit cunorsix (K) u kuneMatuueckux (vg, R,) GakTopoB B3auMo-
npeiicreusa PO.

rABA 8

NMPOEKTUPOBAHUE U PACHET B3/,

8.1. METOAVWKA NPOEKTUPOBAHNS B3],

Meronuka nmpoekTHpoBaHUS M paciera B3J[ 6a3upyeTcs Ha oc-
HOBHBIX [MOJNIOKEHHAX TeOpHH pPaboyero MpoLEcca OJHOBUHTOBBIX
ruapoMamiut. IIpy KOHCTPYHpOBaHHM OTAETBHBIX y3/710B M AeTaseit
PaspaGoTYNK JOJDKEH DPYKOBOACTBOBATBCS CYIIECTBYIOMMMH Tocy-
NAapCTBEHHBIMU M OTPAC/EBBIMU CTAHAAPTAMM, a TAKXKE TEXHUYECKN-
M ycjoBusMH Ha usrotosiaeHne B3J[ (CTII BHUUBT 1018-99,
TY 366425-00147074-001-98, TY 38-105-1419-86).

IIpu npoextuposannn 3aboitHoro asuratenss ucxommpiMu (3a-
JQHHBIMU KOHCTPYKTOPY) INapaMeTpaMi SBJSIOTCS: Pacxof Q u
IIOTHOCTb P KUIKOCTH; AMaMeTp nosiota D, n ray6uma cxBaku-
HB! Leyg; THIIOpasMep GypPUJIbHOM KOJOHHBI; CBOMCTBA TOPHBIX IIO-
POA; 4acTOTa BpalleHUs n W KpyTsmuit MoMmeHT M josnorta. Ilpu
npoextnpobanuu B3/l ana 6ypemnss HakaoHHO HampaBieHHBIX
M TOPH30HTAJDbHBIX CKBAXXHH TaKxXe 3a4aloTcs NMpPOH/Ib CKBAXKU-
Hbl (3EHUTHDBIA yroa ¢, pagmyc HCKpHBAeHHA R) M MAKCUMAIbHO
AOMyCTUMasi AJIMHA JBUTaTeAs MM WHHAe . B Hexotopeix ciyua-
AX MOXET JONOJHHUTENBHO perJaMeHTHPOBATbCs 3aGoiiHas TeMmepa-
Typa.

ITpoextnpopanue B3/[ Bk.IouaeT ciedyiomue sTamsi.

1. Pacuer reomerpuyeckux napamerpos PO.

1. Hapyxwublif quamerp kopmyca gpuratens D (puc. 8.1). [lns
obecrieyenus Heo6xoMMoro npocseta (3asopa MEXIY CTEHKOH CKBa-
’KHHBI M KOPIyCOM JBHTaTe/s1) NpHHUMAIOT [94]

D =(0,8+0,9)D,.

2. KonrypHsiit nuamerp pa6ounx opramos (mmamerp snazmm
3y6beB cTatopa)

Dy =D - 2e, +gp),

rae gy, Sp — COOTBETCTBEHHO TOJIIIMHA CTEHKH METaLJIU4YeCKOro KOp-

myca (ocToBa) cTaTopa M MHUHMMAJbHAS TOJIIIMHA pEe3NHOBOH 06-
KJaJKH cTaTopa.
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Puc. 8.1. K pacuery reomerpuu PO:
@ — NpoJONbHOE ceveHHe, 6 — nomepeuHoe ceveHne

Ha ocHOBaHMH OMNbITa KOHCTPYHPOBAHUA 3a60iHbIX THAPOABMIa-
Teneii g, = (0,07+0,10)D. [lns HOpMaJIbHO} 3a/TMBKH pe3HHOMETa-
nuueckux Aetaueii [94] €, 2 (0,04+0,07)D.

3. Tpebyemblit pabouuii 06beM IHAPOABHIaTEA

V' = gno.

n

Jl/1s1 IpeaABapUTENbHBIX PACyeToB 1, = 0,8.

4. Tun 3auenienus, 6eapasMepHbie KO3GhGOUUUEHTb 3aLENICHUS.
B ofmeM cJydae BO3MOXHO MPOodUIHPOBAHUE PO Kak 3MUUMKION-
[AJBHOTO, TaK M THIIOUHKJIOMJAJIbHOTO 3aLEIIeHUs. Tpeanourenue
cJieflyeT OTAATh TMIIOUMKJIOMAANHHOMY 3aLEIICHHUIO. B naHuoli MeTO-
JIMKe PacCMATPHBAETCS PacyeT THIOIUKJIONAIBHBIX PO.

Teometpuss PO xapaKTepu3yeTCsl CEMbIO 6eapaamepHbIMH K03~
dbunMeHTaMu: i, Co, Cey Car 85 Cr k. O6bmr{ovxoacbcbnuuembx BHE-
1{EHTPOUHOCTH Co, (opMbl 3y6a C, U BUHTOBOH MOBEPXHOCTH c; 3a-
fgatoTcsi, a 3ajadeil KOHCTPYKTOpa sABJSETCA BbI6Op OCTAJIbHBIX
(BapbupyeMbIX) 6e3pasMepHBIX k03 PuLMEHTOB, OOeCIeHHBAIOUMX
3a/[aHHble ApaMeTPhl ¥ XapaKTePUCTHKH MMAPOMALIHHDI. §

o OCT 39 “Ilepenaua 3y64artas poTop — CTaTop B34" [131]
co = 1,175; ¢, = 2,175.
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Koa¢ddbuiment ¢opMpl BUHTOBOIM MOBEPXHOCTH ¢; HA3HAYaAIOT MC-
X0z u3 obecrieyeHus! YIOBIETBOPUTE/IbHBIX MYCKOBBIX CBOHCTB FHA-
poABHUraTessi H TEXHOJOIMYECKHX BO3MOMcHOCTell uarotosureseii PO
B puamaszoHe 5,5—12. Ha mepsoM atame pacuera A JOCTHXEHHS
MUHHMAaJIbHOR A1uHbl PO npunuMaor ¢ = 6.

Boi6op BapbupyeMbIX K03((pHIMEHTOB i, C, OCYLIECTB/IAEICS IO
3KCLEHTPUCHTETY 3alleJIEHUS.

5. DKCUEHTpHUCHTET 3allellIeHusl DU 3a/laHHbIX MCXOAHBIX Mapa-
MeTpax [JOJKeH o6ecleduTh, ¢ OJHOI CTOPOHBI, 3aJAaHHBIH KOHTYp-
ublit quametp Dy, a ¢ apyroit — Tpe6yembiil pabounii o6beMm V* nBu-
ratessi. Takas 3ajaHHas ABONCTBEHHOCTb B KOHEUHOM CYeTe U IpeNo-
npezessieT BoIGOp reoMeTpudeckux napamerpos B3 /1.

IIpn U3BECTHOM KOHTYDPHOM JUaMeTpe 3KCLEHTPHUCHTET OINpe/ess-
10T 1o dopmy.ie

eD=DK/BK'

[ns obecnieyenus tpebyeMoro pabouero o6bema BI'M akcuentpu-
CHUTET HOJIXKEH COCTABJIATD

V*
ey = 3 —
ZlcTS (DK - 4)
rae D,, § — cooTBeTcTBeHHO 6e3pa3MepHble KOHTYDHBIH JHAMETp U
[JIolagb Kusoro cededus PO;

D, =D, /e=2(cez +1+c,+¢y;) S=5/¢%

Ha npegsaputenbHOM aTane pacyeT BeAyT s HaeanbHoro {(c, =
= () 3alenjeHus.

s muHorosaxomubix BI'M ¢ uaeasbHpIM THIIOLMKJIOUIAJIbHDIM

3alleI/IeHHEM U TpaauuMoHHON popmoit npodureit (¢, = 1,175; ¢, =
=2,175) D, = 2,352y + 4; § =7,4432, + 3,674.

Jlns mexauusma Myano (i =1:2; ¢p=1; ¢, = 0)

D, =212 +¢,); S =8k,

[Ipu pacyerax BI'M ¢ npou3BosibHbIMH 3HaYeHHAMH KO3 pULHEHTOB Cg, €, MOX-
HO BOCIIOJIb30BaThCA NPUGIHKEHHOI (opMynoii

S =n(D, - 3).

Pe3yibTaThl pacyeToB 3KCUEHTPUCHTETOB TEOMETPUYECKH MOZOG-
Hpix BI'M (¢y = idem; ¢, = idem; ¢, = 0; ¢, = idem) npu pasaud-
HBIX 3HAYEHHUSX Z{ NPEACTABJSAIOT B BUJE:

2 2 3 9 10
€D
ey
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6. KunemaTuueckoe otHomenue PO BbIOUPAIOT IO PeE3yJIbTaTaM
pacyeTa HEO6XOAMMBIX [ obecreveHHsl 3aJaHHOTO KOHTYPHOro
anamerpa u Tpefyemoro pa6oyero o6beMa IKCUEHTPUCHTETOB (ep,
e1"): ONTUMAJTbHOE KMHEMATHYECKOE OTHOIIEHHE IO/DKHO Ofecredu-
BaTb MMHHMYM OTKJIOHEHHA |&p — &1°1.

Jlnst BBIGPAHHOIO Zy CPEIHUH DKCUEHTPUCHUTET

e = (eD + 8")/2
no OCT 39 okpyrasior fgo OGamxailiero 3HayeHWs, KpPaTHOTO
0,5 MM.

Ecau He ynaercs JocTudb 6JM3KOH CXOAMMOCTH €p U €y, TO U3-
MeHsI0T k03¢ uLHeHT POPMbI BUHTOBOH MIOBEPXHOCTH C; H IOBTOPS-
101 pacuet (mn. 5, 6).

B yacTHOM cayvae, KOrJa SKCUEHTPHUCUTET 3aUEIUIeHUs SIB/AETCS OJHMM H3 HMC-
XO/IHBIX TAapaMeTpoB M 3aiaH koHcTpykTopy (¢pesa Bhibpana 3apaHee), KMHEMaTH-
yeckoe OTHOLIEHHE OTpee/sIoT yeped pabounii o6beM no dopmye

v’
ne(D, - 4e)(D, - 3e)c,

HaiinenHoe 3HaueHMe zy OKPYTJSIOT 110 6ukaiiliero nesioro Yucia.

Z1=

Ecau (mpu Hu3Koft 3aganHOil 4acToTe BpauleHus) TpebyeMoe yuc-
JI0 3aX0JO0B CTATOpa OKa3blBaeTcs 3asbiueHHbM (z; > 10), To uese-
coo6pa3no yBeJuduTh KoadbuimeHT GopMbl BUHTOBO! [IOBEPXHOCTH
C; U TOBTOPHTH pacuer (mm. 4-6).

Yucao 3y6peB potopa 2; = z; — 1.

7. JlnaMerpasbHbIil HATAT B I1AP€ POTOP — CTATOP

8= Cs€,
rie koadduiMeHT Hatsra ¢; npunuMaroT B npexenax 0,01-0,10.
BoJibllie 3HAYEHHS Cs COOTBETCTBYIOT MAJOraGapUTHBIM JBUIaTeNsM
¢ D, < 50 MM, a MeHbIIHe 3HaYeHHs — ABUTaTensM ¢ Dy > 100 mM.

8. CMelmeHne McXofHOro KoHTypa peiiku. Ilocre Beibopa i, e, &
OCYIIECTBIISIIOT NMepexof oT ugeanpHoro (cy = 0) K ¢axrTHieckomy
3alenIeHHI0 OT MCXOAHOTO KOHTypa LmuKaouzanbHol peiiku [131] n
paccYMTHIBAIOT KO3(DUIMEHT CMEIEHHS:

Ca =%—cozz—ce—1.

HaiineHHoe 3HauyeHMe C, HCXOAS U3 obecneveHHUs IJIABHOCTH [PO-
duneit 1omKHO HaxoxuTbes B mpenenax [131]:

"2SCAS2.

Ecnu faHHOE YCJIOBHE He COGJIOZaeTcs!, TO M3MEHSIOT Koaddu-
1HeHT (HOpMBI BUHTOBOH NMOBEPXHOCTH M IIOBTOPSIOT pacyer.

1B nannoit MeToanke ontuMu3alns Koadduumnenta cs (cM. § 7.2) He npoussoant-
csl.
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CMeleH1e KOHTYPOB PeMKH COOTBETCTBEHHO cTaTopa U poTopa
Ax, = ec,;

M2=M1+e(60—1)+8/2.

9. Paguyc xatsiueiics OKpysKHOCTH 7 = ecq.
10. OcHosHble pasMepsl npoduieit PO.
JluaMerps! cTaTopa:
HHCTPYMeHTaNbHbI [ = 2rzy;

o BrnajuHaM 3y6peB D; = D,;

o BbicTynam 3y6ves D, = D, — 4de;
cpeanuit Doy, = Dy — 2e.

lunametps! poropa:

HHCTPYMEeHTAJbHBIH d; = 2rz;;

HO BaguMHaM 3y6bes d; = Dy — 6e + §
1o BoIcTynaM 3y6beB d, = Dy — 2e + 8
cpeaunit do, = Dy — 4e + 8.

Cpennutt guamerp PO

Dpo = (D¢ +dep) /2=Dy— 3e +8/2.
Beicora 3y6seB PO
h=(D;-D,)/2=2e.

TopuoBslit MOAy/Ib 3auellieHus m, = 2r.

11. Illaru pa6ouux opraHos.

UOCGBOﬁ xox 3y6ves (B MM) & = (c,/ 2,)d, OKpyrasIOT K0 6.TH-
XKaiflero iej0ro Yuca.

Ecu mapametpnt dpespr 3ananst (cM. m. 6), 10 ocesoit xox 3y6b-
€B He JOJUKEH BBIXOAHTb U3 JOIYCKAeMOro AUANAa30Ha, OrPaHUYH-
BAIOILEro MOrPeIHOCTH TpoduinpoBanus ctatopa [114].

laru BUHTOBBIX MOBEPXHOCTEH CTaTOpa M poTOpa

T= Zity, t= 25ty.

12. CkopocTb xuaxoctd B KaHantax PO

w = z,In.

Hns orpannyenus rugpoabpasusHoro usHoca PO w He 1oJDKHA rnpe-
BBIIIATE 15 M/cC.

01)3. Koadduunenr ¢opmsr suurosoit mosepxnocru (daxrrdec-
Kuit

Cr=t/dep.
14. Yron nmogbema BHHTOBOH JMHHMM 3y6beB HA MHCTPYMEHTAIb-
HOM QHaMeTpe

0= arctgni:;—‘
t
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15. TLiom@aab XHUBOTO ceueHus: pabouMX OPraHoB S onpenensor
ylc/IeHHBIM pacyeTOM Ha KOMIIbIOTEPE (eMm. § 7.3) aubo npubimKe-

Ho 1I0 dopmy e
S = ne(D, — 3e).
JIst MexaHnaMa ¢ OJIHO33aXOJ{HbIM POTOPOM S = dedy,.

16. Ilnomagp MNPOEKIUH KOHTAKTHBIX auHulE  Sg OTpe/Ie NS0T
YHCJIEHHBIM pacyeToM Ha KOMIIbIOTEpE WIM II0 npuSaKerHoi Qop-

MyJie
2
S.=nD} /4.
IIJIS MeXaHuaMa ¢ 0JHO3aXOaHbIM pOTOpOM
S, = 1(0,25d2, + 2e)).

17. Pabounii o6bem asuratens (paxTudeckyit)

V= Z2ST.

18. Jlnuny Jjuxun konTakta PO paccyuTbIBAIOT HA KOMIIBIOTEDE
s 1o ipu6sskenHoit gopmy e

L, = k(zJt? +72Dio +T).

19. Tlepemaj iaBieHHs B ABUrarese

P =2ntM/ V. 06

TuapoMexXaHUdecKHii K.ILJ. B paboueM pexuMe Ny = U,0.

20. Yucao maros PO. IIpu u3BecTHOM Iiepenajie AaBJI€HHs HHCIO0
U1ATOB BBIGHPAIOT MO JOIMYCKAaeMOMY MEXBHTKOBOMY Iiepemaiy AaB-
nenus [Pyl

1{ P )
k=—(rpﬁ”v

1 OKPYTJISIIOT JI0 YHCJIA, KPAaTHOTO 0,1. [P,] = 0,4+0,5 Mila.

[Ipu M06BIX YCJAOBUAX XKeJaTeJbHO MMETDh k=2

21. Jlnuxa paboyux OpraHoB

L = kT.

Ecau L mpeBblliaeT MAKCHMMaJbHO JONMYyCTHMOE 3HaYeHHe [L], or-
paHMYEHHOE TEXHMYECKHMH BO3MOXHOCTAMI H3rOTOBUTEA PO
(06BIMHO ¢ STHM CTANKHMBAIOTCS TPH BBICOKOM 32/IaHHOM KPYTSIIEM
MOMEHTE), TO HeO6XOAUM I€peXxojl Ha CEKIMOHHYIO KOHCTPYKIIMIO

ABUTATEIS. .
22. Uncao KOHTAKTHBIX JHHUH, OTAE/IAI0MIHX BXO/] OT BbIXOZ4,

A:(k— 1)Z1+ 1
23. MexXBUTKOBBIil nepenaj AaB/eHHH
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Py=P/A.
24. MakcuMasbHasi CKOPOCTb cKo/bXeHuss PO

v =2nnelz,(c, +1) + ¢, +¢,].

CK max

Hna orpanndenuss uzHoca PO cKOpOCTb CKONbKeHHMS He JOJDKHA
npeBblIiaTh 2 M/c.

25. IlocTpoenne mpodusieil poTopa M CTATOpA OCYWIECTBISIIOT HA
KOMIIbIOTEpE MO COOTBETCTBYIONUIMM ypaBHeHuaM (cm. § 4.1).

II. Pacyer xapaKTepHCTHK ABHTaTe]d.

Mexanuyeckass ® — M u rugpoMexanudeckass P — M xapakTe-
PUCTHUKU CTPOATCS TEPECcYeTOM 3TAJOHHON XAPAKTEPUCTHKH [ABUTa-
Te1g, 6JU3KOTO IO AMAMETPy H KMHEMATHYECKOMY OTHOIIEHMIO H.TH
no kpurepuam nogobus B3 (cm. § 6.4). dHepretudeckue xapakTe-
puctukn N — M; m — M paccuutbiBaiorcs 1o Qopmyaam (cm.
§ 6.3.2).

[Io mocTpoeHHbIM XapaKTepPHUCTHKAM ONpEIESAT Nepernajpl AaB-
JIEHHH B XOJI0CTOM Py U TOpMO3HOM P; peXHMaX; X0J0CTYIO 4acTOTy
BPAILEHHUS Ny M TOPMO3HOH MOMEHT M MpU 3afaHHOM PacXofe >KH/-
KocTH Q.

III. Pacuer oceebix cua (cm. § 5.5).

Cuta TsKeCTH poTopa B XKHIKOCTH

(2 2 [
Gp = ngL:;(dcp - dO )(1 - __jy
pM
rae dy — AMAMeTPp PACTOMKU POTOPA; Py — ILIOTHOCTD MaTepuaJa po-
Topa.
OceBag cuna 8 PO

Fpg :(SK +225)P‘,
rae P* - rnepenman gaBnenus, 3aBucsiuil oT peskuma pabotsl (Ha-

IPY3KH).

OceBast Harpyska Ha omnopbl wnuHgenas (6e3 ydeTa Beca BaJja
urmuegens, I['B u nepenaga nasnennst 8 gosore Py; ¢ = 0)

F, = Fpo + Gp - G".

OceBast Harpyaka Ha koprryce asuraresst (6es yyera P,)

FK = SOP‘ - SM(ngC}(B + PK]’I) + GBBII - G*v
rie G* — Harpyska Ha [0JI0TO B 3a/laHHOM DEXUME; Gp3zp — cnia 14-
xectut B3/] B xxuakocTu.

OceBbie CHIBI DPaCCYMTBIBAIOT sl TpeX pexiMoB paborsi B3I
xonoctoro (P* = Py; G* = 0); pa6ouero (P* = P: G* = M/My) u
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A

topmosoro (P* = Py, G™ = M,/M,;). B oTcyTcTBHE XapaKTEPUCTH-
KW JBUTaTeJst pacyer OrpaHHYMBAIOT PAGOYUM PEXHMOM.

IV. Pacuer coeiuHeHHs POTOpa M BBIXOJHOTO Baja /[BHIaTe-
il

Pacuer 1IAPHHPHOTO COEAMHEHUsS I MGKOTO Basa OCYLIECTB/Li-
jor no opMyIaM, H3NOXEHHbIM B § 8.2 u B qutepatype [46, 65].
McXoaHbIMU JAAHHBIME AU pacueTa ABJISIOTCA i,e, P, M, n.

V. Pacyer UMIMHAEIbHONH CEKIHA.

Pacyer mmunaens B3/ (em. § 8.3) npousBOAST Ha OCHOBE U3-
BECTHDBIX METO/I0B KOHCTPYMPOBAHHUS 3260iHBIX asurareneit [96]. Mc-
XOJIHble AaHHbIe AJs pacyera: Fo, M, n.

Tocko/ibKy 3apaHee He M3BECTHO, KaKoe COUeTamie CHJIOBBIX
JakTopoB siBAsieTCs HanGoJiee OMACHbIM, MPOTHOCTHEIE pacyeThl y3Ja
COeMHEHUst ¥ INMUHIEAbHON CeKUMH MPOBOMAT A/ TPEX PEKIMOB
pa6otst (cm. 1. 1.

V1. KoMnoHoBKa o0Iero Bujaa JABHIaTeJs.

O6mas komnoHoska B3/l ompenessercs [IaBHBIM obpa3oM ee
TeXHOJOTHYEeCKUM HasHaveHueM. Tak, B /BHTaTeasAX A/ TOPU3OH-
TanbHOTO GypeHus 06s3aTeqbHO IPEelyCMATPUBACTCS MEXAHM3M Jic-
KpHBJIEHUS, yKOPOUEHHDIH WITMHAC/D, OMOPHO-UEHTPUPYIOLUE a1e-
MeHTBI Ha Kopmyce. [IpH HCIOJb30BAaHHK a5pHPOBAHHBIX sKuaKocTel
B KoMToHOBKY B3/l He BXOJUT MepeHBHOM KIaNaH.

Tlocsie BbI6Opa TAapaMeTpOB U pacyeTa OCHOBHBIX y3/0B JIBHrate-
JIs1 BBITIOJHSAIOT 4epTeXXHM ero oOLIEro BHJA H OINPEAESIOT rabapur-
wyio guudy Ly B3/1 1 iy ninuHae1d Ly. Eciu L. n Ly, mpeBbI-
LIAIOT 3a/IaHHbIE AOTTYCKaeMble JJIMHBI, TO MPOU3BOJAAT KOPPEKTHPOB-
Ky reomerpuu PO (ymeHblleHue LIAros PO) unu KOHCTPYKTUBHBIE
|13MeHeHust ApyruXx yajoB (pasMemienue THGKOro Baja B PacTOvKe
pOTOpA, yMeHbUIEHHE JJHHBI TOPCHOHA WJH MOJINIHUKOB H T.0.),
HampaBJeHHbIE HA yMEHDIIEHHE OCEBBIX rabapuros B3/1.

VII. Pacuer OTKJOHSIONEH KOMIIOHOBKH,

Jlas OTKJIOHSIONMX KOMIIOHOBOK Ha 6ase B3/l ¢ HCKPHBIEHHBIM
KoprmycoM TpefyeMblil yros mnepexoca pesb6 KPHMBOTO TEPEBOJHHKA
3QBHCHT OT 3aJaHHOro paamyca ckBaxuupl R [109]:

. . L +L
y =B +arcsin———=,
2R

rae Ly, Ly — COOTBETCTBEHHO JUTHHA HIDKHETO M BEPXHEro Iniewdd ot-
KJOHHTEJIS,
B» tg DJ -D
=arctg—;—.
2L,

266

[Toc/e ompeaeeHus yria mepekoca y:

YTOYHAIOT pacyeT COefHHEHHs pOTOpa W BBIXOZHOTO Baja (cM.
n. IV) u npu Heo6XOAMMOCTH BBOJASAT KOHCTPYKTHBHBIE KOPDPEKTH-
posku (Harpumep, mpu y > 1,5 MepexonsT K CXeMe IHapHHUPHO-TOP-
CHOHHOTO COEIMHEHHUS);

PacCYHTHIBAIOT OTKJIOHSIOUIYIO CHJy HAa 70JIOTe, CTPOAT HArpy-
3ouHple xapaktepuctuku B3J[ (cM. § 6.7), OUEHHBAOT BO3MOX-
HOCTb ITyCKa THIPOABHIraTesst Ha 3a00e CKBAXKHMHbBI, ONpPE/IENSIOT oce-
BYIO CHJIY, géecneqnnaromyfo 3aJaHHBIH KPYTSIHUI MoMeHT. [Ipu He-
AOCTAaTOYHOM JKECTKOCTH KOPIyCa OTKJIOHHUTENS YBEJMYMBAIOT /HUa-
MmeTp D.

VIII. Pacuer 3y6oHape3HOro MHCTpyMeHTa.

Pacuer MHCTpyMeHTa M TEXHOJIOrHYeCKOH OCHACTKH, HEO6XOMH-
MBIX AJIS1 U3TOTOBJIEHNS CIIPOeKTHPOBaHHbIX PO, IpoU3BOAAT no Me-
TOAMKAM OpPraHM3alUil — MPOU3BOAUTEN N BUHTOBBIX map.

Hcxoaubie RaHHbIE LISl IPOCKTHPOBAHKSA
ITapaMeTphl CKBAKMHBE:
Dn; Lm: ¢, R, Myn- p
[MapameTpbl pexxuma Gypetnst:
onM

KoHcTpykTHBHBIE Pacuer Pacuer
orpaiHyetusd TeOMeTPHYECKHX NApaMeTpoB 3y6ouapestioro
L], leal, W [V eids IL ] paGouux opraHoB HHCTpYMeITa
H OCHACTKH

Pacuer
-9 Harpyzoumbix
XapAKTEPHCTHK

Bank fanubix
xapakrepucTuxk B3]

Pacuer
XapaKTEPUCTHK JBHraTels

Pacuer
coe/iMHeHus poTopa
H BAJIa WIHIACIS

Pacyer wnunnens

Pacyer

.| Komnouoska oGuiero Buaa

OTKJIoHSIOMmEH
KOMIIOHOBKH

ABHIraTens

Puc. 8.2. Baok-cxema pacuera B3/]
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Ta6ruua 8.1

Cpasuenne nokaszareneii B3/l npu pazmrinbix kosgduumenrax
¢opmbi BHHTOBOI HOBEPXHOCTH

Cy e, MM V,a E2) T, MM L, mMm k K @, Vex

MIla M/c M/

5,0 2,6 13,3 20 651 930 1,4 3,5 21,7 1,2
5,5 2,8 14,0 18 703 1036 1,5 5.3 | 21,1 1,2
6,0 3,9 13,9 12 767 1298 1,7 45 | 153 ] 1,2
6,5 4,5 14,4 10 836 1520 1,8 4,2 13,9 1,1
7,0 5,4 14,3 8 891 1782 2,0 3,8 11,9 1,1
7,5 5,9 14,5 7 952 2023 2.1 3,5 11,1 1,1
8,0 6,6 14,4 6 1008 2304 2,3 3,3 10,1 1,1
8,5 7,5 14,1 5 1068 2670 2,5 3,0 8,9 1,0
9,0 7.4 14,8 5 1134 2835 2,5 3,0 9.4 1,0
9,5 8,6 14,1 4 1195 3346 2,8 2,6 8,0 1,0
10,0 8,5 14,7 4 1260 3528 2,8 2,6 8,4 1,0
10,5 10,2 13,2 3 1316 4277 3,3 2,2 6,6 0,9
11,0 10,1 13,8 3 1384 4498 3,3 2,2 6.9 0,9
11,5 10,0 14,4 3 1452 4719 3,3 2,2 7,3 0.9
12,0 10,0 15,0 3 1520 4940 3.3 2,2 7,6 0.9

brok-cxema pacyera B3/l, obobmaomas npuBegeHHYIO Bblie
MeTOAMKY, MNpejcTaBjeHa Ha puc. 8.2. Peanusanust ganHOH 6.10K-
CXeMbl B BH/E MPOrpaMMbl Ha KOMIIBIOTEpE IO3BOJSET NPH KOHCT-
PYHMPOBAaHMH 3HAYUTENBHO YNPOCTHTb H YCKOPUTb IPOLEAYpPY pacye-
T4, a TAKXKe OLEHHBATDb anbTepHaTuBHbIC (NIPH PA3IH4HBIX i, C;), Ba-
PHAHTBl UCTIOJNHEHHUS IBUTATe/sI C LeJNbi0 BBIGOpA ONTHMAJILHOTO CO-
4YeTaHWs MeXAy KpaTHocTbio Aeficrsusa (i) u mmunoit (T, k) PO ¢
Y4€TOM KOHCTPYKTHUBHbBIX, TEXHOJIOTHYECKHX H 3KOHOMHYECKHX (ak-
TOPOB.

ITpumep pacueta anhTepHATHBHBIX BapHaHTOB ucroiHenus PO c
KOHTYpPHbIM AnaMeTpoMm D, = 135 MM npu saganaeix Q = 30 1/c:
n = 100 06 /mun; P = 5 MIla npuseseHbl B Tab1. 8.1.

8.2. PACYHET N'MBKOIO BAJIA

Onnoit u3 ocHoOBHBIX 1po6JeM Mpu KOHCTpYHpoBaHHI B3]l sB-
JsieTcst paspabotka coeqMHEHUIT poTOpa ¢ BBIXOAHBIM BAJOM LITHH-
Aess UM IBYX POTOPOB ceKiuonHoro gpuratens (pic. 8.3). Haubo-
Jlee TIEPCTIEKTHBHBIM HANpPaBJeHMEM B 9TOH 06JaCTH, KAK [10KA3bIBAET
onbIT akcrLryatauuu B3/l [46], saBasgercsa mcnonb3oBanne B KayecTre
COENHHHUTEIbHOIO dJleMenTa ribkoro (TopenoHHoro) Bata (cM. § 3.3).

YcnoBus pa6ots! tu6koro Bana (I'B) oasoBuHTOBOI THIpOMAIIIH-
HBL KPAlHE TsDKEJble: OH MOJABEPXKEH OJHOBPEMEHHOMY JeifcTBIIO
268

[~
2

als P | N

Puc. 8.3. Cxema coenunenuii ruéxoro pana:
@ — COeAMHeHHe POTOpa C Ba/IOM IUNHUHIEAS; 6 — COEAHHEHHE POTOPOB CEKIIHOHHOTO
B3/1; ¢ - coenuuenvie poTopa ¢ BaOM LIFMHAENR ABHIATENA-OTKIOHHTENS

KPYTAUIETO MOMeEHTa, PACTSIFTMBAIOIIUX HJIH CXHUMAIONMX OCEBbIX
cui1, uarubarommx MoMenToB. Kpome Toro, B oTiMume or o6mienpH-
HATOTO B MAlIMHOCTPOEHHH TEPMHUHA “THOKUIY Baa”, B OMHOBHHTOBBIX
runpomammntax I'B coequnsier He 1Ba HECOOCHBIX KOHIEHTpHYeC-
KH BPAIAIOIIMXCSA ¢ OAMHAKOBOH YIiIoBOit CKOPOCTBIO Ba/ia, a SBJS-
eTcs CBSI3YIOIUMM 3BEHOM MeXAy MPHBOAHBIM BaJOM M pOTOpPOM,
COBEPIIAIONIUM CJIOXKHOE ILIAHETapHOe JABUXKEHHE, HapyllaeMoe K To-
My JXe [edicTBHEM NepeKaluBalomero Momenta. Ilpu sToM poTop
BpallaeTcss B a6COJIIOTHOM ABMXKEHHH CO CKOPOCTHIO BBIXOZHOrO Ba-
Ja @, a ero ocb, Ha KOTOPOH pacnosioxeH oAWH u3 KoHuoB I'B, cme-
IleHa OTHOCHTEJBPHO OCH CTaTopa Ha pAaCCTOSHUE IKCUEHTPUCUTETA
e 1 COBEpIIaeT BpalleHHe B MPOTUBONONOXHOM HAMpPABJIEHHH C YT-
JIOBOKM CKOPOCTBIO 2p00. TakuM o6pasoM, 3a OfHH 060POT BBIXOZHOTO
Bajla B KaxJaoM cedenuy I'B copepiaercs 29 + 1 = 2z, uukiaoB usme-
HEHNs TepeMeHHbIX Hampsikenuit (puc. 8.4), uto mnpexmonpenessier

2 a

b Eggo} -

Puc. 8.4. KunemaTHka cewenus ruGKoro Baja 3a OJMH LMK NEPEMEHHBIX HAIpA-
xeHull (1 = 3:4)
a-9=0,6~-9=306-9=452-¢=60"0-¢ =90
I - Bbl€/I€EHHOE BOJIOKHO CEYEHUS; 01 — OCb CTaropa
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[IOBbIIIIEHHDble TPEGOBAHUS K UMKJAHYecKol mpoyHocTu I'B oxHoBuUH-
TOBBIX THAPOMAIIHH, 0OCOGeHHO ¢ MHoro3axoanemMu PO.

Jipyras cyuiectBeHHasi oco6eHHOCTb pabotsl rubxoro Bata B3l
COCTOMT B TOM, 4TO, MCXOAS H3 COOOpaXeHHH MPOCTOTbI KOHCTPYK-
MM U yAo6CTBA SKCILIyaTallMy, OH B GOJBIIMHCTBE CIyYaeB pacro-
noxel MoA PO U HCIBITHIBAET CXKUMAIOUINE HANPSIKEHHUST OT OCEBBIX
cu1. DTo mpejonpefe/sieT MOBBIIEHHbIE Tpe6OBaHUA MO obecmede-
HHIO IpogobpHoi ycroitunBoctu I'B.

IMpu pacyerax I'B goskeH paccMaTpUBATLCA HE H3OJHMPOBAHHO, a
Kak sjeMeHT cHcrembl Bana B3Jl, cocrosimeii us poropa, THOKOro
BaJIa, BaJa IUNUHAe s U gosota (eM. puc. 5.21).

3amena mapHupoB Ha I'B crasia Bo3aMOXHOI B pe3y/ibTaTe BbINOJ-
HeHHbIX B KoHue 70-x rogoB HUOKP, uroroM xotoppIX craja pas-
paboTKa ocHOB Teopuu pabotsl rubkoro Bana B3 [46, 65].

Ha ocHoBanny 06061ieHHS TEOPETHYECKUX U KCIEPUMEHTaNbHbIX
WcCIefOBAHMIE TIpeIoxKeH 1 3anaTentoBad [32] paumonanpuerii (xo-
MycKaeMbiii) AMAanasoH HW3MEHEHUS] TeOMEeTPUYECKUX [apaMeTpoB
(zmunpl [ u auamerpa d) I'B, obecneunBaromuii ero pa6oTocioco6-
Hocthb: [/d = 10+60 (puc. 8.5). YBeJuueHue OTHOCHTENbHOH MJIHHDI
Basa l/d > 60 MoxeT mpuBecTH K MOTepe YCTOHYUBOCTH, a IIpH
{/d < 10 HanpspKeHnst U3ru6a Bajia U NOTepeyHble YCHJIUS CTAHOBAT-
csl upeaMepHbIMu [46].

B masHOM moco6uu paccMaTpHBAETCsl BAPMAHT MHXKeHepHOil MeTo-
qHKu pacyeta I'B ¢ y4eTOM COBOKYMHOCTH BCceX T€OMETPHYECKHX H
cuIoBbIX (HhAKTOPOB, ONpele SIOIUX €ro paboToCnOCO6HOCTD.

n R 6,

6“4‘1

7t

st F

st

4 T

Ik

2r 1t

s

0-o0~ :

0 10 0 30 40 50 60u/d

Puc. 8.5. 3aBHCHMOCTD NIOKa3aTe el UHKJIHYECKOH NPOYHOCTH H YCTOHYHBOCTH THO-
koro Baxa oT ko3¢ uuuenra [ /d:
R — nonepeyHast cui1a; 6, — uarnbaiollee HanpsikeHue; n — koadPuunenT 3anaca yc-
TOHYHBOCTH

270

Metoauka mnpeaycMmaTpuBaeT IocjefoBaTe/bHbIi pacder I'B Ha
CMamuuecKy0 NPOYHOCMb, ELIHOCAUBOCMY U Yycmouuugocms. Koneu-
Hasl Uesb pacueTa — ONpefieieHde auaMmeTpa W Anuusl B u mexanu-
YeCKMX CBOHMCTB ero MarepHaJja.

Pacyer Ha CTaTHYECKY1I0 NPOYHOCTD

IIpn pacuere Ha craTuyecKyw IpoyHocTb ['B yuuTbIBalotcst HoOp-
MaJIbHble HaNpsKeHUs

F, Fge M
B, f8€

6= Zu 8.1
Se W, W,

oT cxuMmawoueit Harpysku Frg (§ 5.5) ¢ ydYeToM BHElEHTPEHHOCTH
ee MPUJIOKEHUs U H3rubarleroc MoMeHTa M, a TakKe KacaTe/bHble
HANPSXKEHUS

1=M/W, (8.2)

OT KpYTsIIero MoMeHTa M, mepeJaBaeMoro BaJjOM.
3nech u najnee Stp — IJIOMIAAb ceyeHus Bana; W,, W, — MOMEHTBI
3 3
nd nd
COIIPOTHBJIEHHSI Kpy4eHHIO M uaruby: W, = T(i —ot“); W, = BT
X (1 —cx“); O — OTHOILIEHHe BHyTpeHHero d, W HapyxkHoro d [gnaMer-

poB Baja. lng cmromsoro Basa o = 0.
Kpyrsamuii MOMEHT MOXXHO BHIDA3UTb yepe3 Iepenan JaBjieHust P
u pabounit o6vem V THAPOABHTATE/IS:

PV
M =¥T]m. (83)

YciaoBue craTudeckoit IIPOYHOCTH IIpH COBMECTHOM CXaTHU U -
Kpy4Y€eHHH 1O TpeTbeﬁ TEOPUU IIPDOYHOCTHU MMEET BHU/J

Ope = VO? +41% <0, / Ko, (8.4)

Tlie Oyys — IKBHBAJIEHTHbIE HANIPSDKEHHS, O, — Ipejes TeKy4ecTH Ma-
Tepuasa ru6koro Bana, K. — koacdduiuMeHT 3amaca craTH4ecKoil
NPOYHOCTH, B pacyerax npuHumamt K, = 1,5.

Iockonbxy HopMajbHble M KacaTesbHble HANpSKEHWs [OCTHra-
0T MaKCHMaJbHbIX 3HaueHHH B TopMo3HoM pexume B3], pacuer

Ha CTaTUYECKYIO IIPOYHOCTD CJE€AYET BECTH AJA 3TOro peXuMa Harpy-
JKEHHA.
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Eciii XapaKTepHCTHKH ABUIaTe st HEH3BECTHDI, TO NPHHIMAIOT

P, =2P; M,=2M,
rae P, M — cOOTBETCTBEHHO Teperia/ JaBIeHUs U MOMEHT B paboyeM
pexumMe.

[Ipu mpounx pasHbix ycaoBusx (P, o,, D, — idem) c pocrtom
yucaa 3axooB PO Tpe6yeMpii HCXOAS U3 CTAaTHYECKOH IPOYHOCTH
(8.4) muametp I'B yBemuuBaercs.

PacueT HA BBIHOCJIHBOCTD

Heo6xonumocts pacuera I'B na BblHocamBocTh (ycrafiocTHYIO
TMPOYHOCTB) OGYCJIOB/IEHA NepeMeHHbIM (UMKIMYeCKMM) XapaKTepoM
COKUMAIOINX M H3TH6aomuX HanpsokeHud. [TocKoOIbBKY B KaXKJI0M ce-
dennud I'B 3a oauH 060poT BBIXOAHOTO Bajia COBEPIIAETCS 2, LUKJIOB
nepeMeHHbIX HampsiXeHUH, BbIHOCTIMBOCTH B, mpu mpounx pasHbIX
YCJIOBUSIX, 3aBUCHUT OT KUHeMaTH4eCKoro otHoluenus PO.

ITepemennocTh CXUMAOMKX Hanpspkexuit B teqe ['B npu mocro-
SHCTBE OCeBbIX Harpy3ok B PO cBsi3aHa o MX BHeILlEHTpPEHHBIM MpH-
noxenuem [46].

[TepeMeHHOCTb U3rMOGAOMIUX HANPSDKEHUN IIPU NTOCTOSIHCTBE H3TH-
6aouMx MOMEHTOB B KaxjoM cederui I'B ofycioBieHa Helpepbis-
HBIM IIPH BPAIleHHH BaJa MepeXoJoM ero BOJIOKOH M3 cxartoro (¢M.
puc. 8.4, mosoxenne ¢) B pactsaHytoe (cMm. puc. 8.4, 1noJoKeAus a
i d) cocTosSHUE,

[ns  ycTaHOBJEHHS MapaMeTpPOB LIMKJIOB NEPEMEHHBIX HAIpsKe-
HUI paccMOTPHM CXeMy OZHOBHUHTOBOH ruzapoMaimubl (puc. 8.6),
omuH KoHel ri6koro Bana (0) KOTOpOU 3akpellieH B OIOpE, a BTO-
poit (A) coenuuen ¢ potopom. Ipoekuuto ynpyroit muuuu B ¢ goc-
TATOYHO# TOYHOCTBIO MOXHO OIMCATb FAPMOHHYECKHM YpaBHEHUEM
[46]. B cucreMe KoOpAMHAT Xy ¢ HavyasioM B OTOpPHOI Touke 0

e X
=S{1- _) )
Y 2( C051 (8.5)

B crporom Buje HanpsixenHoe coctosHue B u rpauuynble yc.o-
BUSI 3alIEMJIEHUS €r0 KOHIOB 3aBUCAT HE TOJBKO OT 3KCLUEHTPUCUTETA
3alernyeHysl, HoO U OT OPHEHTALlHH POTOpA. YTJOBOe OTKJIOHEHHE OCH
poTopa BCJIEAICTBUE II€PEKALIMBAIOIIEr0 MOMEHTa — OAWH U3 KPUTEpH-
eB paboTocTIOCOGHOCTH COeJUMHEHNS .

Yupyras nunust (8.5) COOTBETCTBYET Ha€aNbHOMY CIYYAIO FHAPO-
MaUIMHBI € MapaJ/ieJbHbIMH OCSIMH POTOpA M BBIXOAHOrO Bajna IpH
OTCYTCTBHH llepepe3blBaloUX CUJI Ha KoHuax [ B.

s yrouHennoro pacdera ¢opMbl ympyroit aunumu I'B MoxHO
BOCIIO/Ib30BATbCSI METORMKOIL, U310XeHHOiT B [65].
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Puc. 8.6. Pacuetnasa cxema ru6koro Baia

Cokumaromue Hanpsixenus. [Ipu pac-
CMOTPEHHH [EePEMEHHBIX  CKHUMAIOLIHX
HaIpsKEeHUI cyuTaeM, 4TO paBHOJeHCT- >
BYIOIAst OCEeBOil CHJIb! TPUJIOXKEHA B LieH-
Tpe ceverus poropa (cM. puc. 8.6). Tor-

Ja aMILIMTyJa HanpsDKeHUH LMKJIa CKa- >
™Ha I'B ‘Z‘A

o =Foa/W, (8.6) A

rle a — BHELEHTPEHHOCTb JeiCTBUA
OCeBO CHJIBI B JaHHOHM Touke Baja K
(cm. puc. 8.6),

)

a=e-y=<{1+cos 2| (8.7)
2 1

AMIUINTYa LMKJA CKATHS M3MEHSET- ~
cs o anamue I'B ot 0 B Todke coeduHe-
Hus ¢ potopoM (x = [) ;o MakcuMmyMma

O, max B TOYKE COEIHHEHHMS C BAJIOM a

A

mnuageas (x = 0)
O max = Fue / W, (8.8)

IIMK HanpspKeHHH CXKATHS — dcum-
Mempuunvid, KOOPOHLIMEHT acHMMETPUH  Y°F Y
3aBUCHT OT KOOP/HHATHI CEYEHHs BaJja. 0

Cpentee HampsiKeHHe LUKJIA

Gf"»( = FTB / S]'B. (89)

Usrubaiomue nanpsoxenus. VsruGaonwmii moment I'B onpeselis-
etcst popmoit ero ynpyroit sunun (M30rHYTOl ocu Basa)

M (x) = EI / p(x), (8.10)

. nd*
rae I — oceBoil MOMEHT UHepIUU cedyeHus, | = W(i—a“); E — w™mo-

Ryab yIOpYyroctd Matepuasia Banda; p(x) — Tekymuil paguyc KpHBU3-
Hbl yupyroi aunuu [68],

(1 N y'2)3/2

"

p(x) = (8.11)

Y
18 — 2977 273



Wsrubaioiuiee HanpsiKeHye
o(x) =M, (x) /W, (8.12)

[loce nmpeobpasoBaniii

2 X
2n’eldcos —

o(x) = 1 E. (8.13)

32
2 22 2
41° + e sin ———)

1

Heo6xoxuMo NOMMEpKHYTh, 4TO HAIpSDKeHHe H3TH6a He 3aBHCHT
or koHCTpykuuu I'B (mossiii mau ciutoHoit) u onpegensiercss To.b-
KO €ro JAJIMHON H HapyKHBIM JHAMETPOM.

[uK/1 U3ruGAIOIMX HATIPSDKEHUI — cummempuunvii (cpeaHee Ha-
npsokedue of) =0 ; aMnautyaa uukaa ob =o(x).

U3 (8.13) caexyer, yto usrubamomue Hanpsokenus (amIiauTyaa
LMKJI2) TAK)KE U3MEHSIOTCA MO JTMHE BAJa OT HyJsl B CPEHEM cede-
uun (x = [/2) go MakcumyMa G4, Ha KoHuax Bana (x = 0; x =)

w ned

Cumex = 77 E. (8.14)

[Ipu BpameHuu Baja yacToTa W ¢asza UUKJIOB HM3rMba M BHELIEH-
TpeHHoro cxatusi copnagaiot (cM. puc. 8.4), TakuMm o6pasom CyM-
MapHble IepeMeHHble HaNpsKEeHUsI, BO3HHKAIOUIHE B pe3y./bTaTe CO-
BMECTHOTO JEHCTBUSA CXKATUA M M3ruba, ONpeiessioTcs CIOKeHUeM
COOTBETCTBYIOIIUX HAMpSIKEeHUit.

ITpy pacuere Ha BBIHOC/JAMBOCTb OMACHBIM cedyeHueM I'B aBigercs
€ro KOHell, coeJUHeHHbH] ¢ BamoM wnuuaeas (x = 0), HCIBITBIBAIO-
it HauGo/bIIMEe HANpsDKEHHsT OT BHELEHTPEHHOTO MPUJIOKEHHS
OCEBOII CHUJIbI.

CpenHee HANPSDKEHHE B OMACHOM CEYEHHU

O =F}'B //SFB' (815)
AMILINTY 2 HalpspKeHus LUK

_ Fge  ned
Cu =+ E. (8.16)

M3 mosiyyeHHBIX MapaMeTPOB LMKJIA INepeMEHHBIX HAaIpsiKeHHit
I'B caeayer, uro:

cpellHee HAIPSUKEHHE LHUKJIA MPONOPIHOHANBHO OCEBOH CHie B
PO, o6paTHO NpoNOpPUMOHAIbHO KBAAPATY AHaMeTpa Bala U 3aBHCHT
OT KOHCTPYKUMH Basia (o);
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AMIUIMTY/a [epeMeHHbIX HalpsDKeHHH IMK/Ia ITPONOpPLUOHAILHA
IKCUEHTPUCUTETY, PAcTeT C YBeJMYEHHEM oOceBOH CHJbI, MajaeT ¢
yBeandeHneM JIuHbl [B U HesABHbIM 06pasoM 3aBUCHT OT ero Jua-
MeTpa;

LUKJI IEPEMEHHBIX HAMPSKEHUN — acumMMmempuunblii.

Oco6ennocteio pacyera I'B B3/l, dyHkumoHupymomero B arpec-
CUBHOIt cpesile 6ypOBOro DacTBOpA, SIBJIseTCsl HEOOXOTMMOCTb ydeTa
KOPPO3HOHHOTO JeHCTBUS CPEAbI.

B ofumem ciaydae xoadduiMeHT 3anmaca ycTAJOCTHOH NMPOYHOCTH
[113]

K, = LT S (8.17)
i G, t+ \yncm
rAe G.,, — Ipefen BhiHOCAMBOCTH Aetaid (ru6Koro Bajga) ¢ ydertom
KOPPO3UOHHOTO JeHCTBHSI CPeAbl P CHMMETPHYHOM UHKJe H3rnéa;
Y, — KO3(pUIMEHT YyBCTBUTEJIBHOCTH MaTepuala AeTAJH K acuM-
MEeTPHH IHKJA.

6.1, =06-1/K, (8.18)
snecb K — KoappHIHEHT CHUXXEHUS Mpefesia BIHOCIMBOCTH, YUUTHI-
BAIOIUI BJMSHHE KOHUeHTpaluii Hanpsbkenuit K,, macurrabHoro
¢paxropa K, xauecTBa 06pabOTKH NOBEPXHOCTH, BJIMSHUS MOBEPXHO-
cTHoro ynpoutenus K,, kopposuu K, [113}:

K
K—(Kd+KK-1)KU. (8.19)

B cBSI3M €O CIOKHOCTBIO OmpejieseHust Koo PUUMEHTA YYBCTBH-
TENBHOCTH Y, B HHXXEHEPHO-TEXHUYECKHX METOAUKAX pacyeT HA ycTa-
JIOCTHYIO TIPOYHOCTD Yalle BCErO BefeTcss Ha OCHOBE H3BECTHOIO ITpPH-
6mpkeHHoro (IIpH CIPAMJIEHHOH AMarpamMme MpefesibHbIX HAMpPshKe-
uiit [113, 45]) BoIpaxkeHMs s 3amaca IPOYHOCTH 3JEMEHTA, HAXO-
JSILETOCs Mof AefCTBHEM KAK NepeMEeHHbIX, TaK M IIOCTOSHHBIX Ha-
NPSOKEHUH NPU PEryJIIPHOM Harpy)KeHHU

S-1
O_11- Clof,,’"
Ky =—7F52—, (8.20)
) 12 .
o, + o
a CB m

r/le G, — Tpe/es MPOYHOCTH MaTepHasa AeTalu.

Taxkum o6pasoM, A pacdeTa Ha BBIHOCJHUBOCTD I10 MPUGIHIKEH-
Hoii dopmyse (8.20) gocTaToYHO 3HATH Mpee/ BBIHOCIUBOCTH G_y; U
Tnpe/ies IPOYHOCTH MaTepHala o, AETa/IH.

g ru6koro Bana B3/l ¢ =0 u sorpaxenue (8.20) ynpoiaer-
cs 0 BUAA
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PR S— (8.202)

O6bIyHO TP pacyeTax Ha LHKJIHYECKYIO NPOYHOCTb MOJ G, MO-
HUMAIOT CpejlHie 3KBHUBAJIEHTHblE HAIPSKEHUs, BKJIOYAOUIME Kaca-
TeJIbHbIE HANPSIKEHHUSI KpydyeHus

0. =yo™ 4412, (8.21)

CII03KHOCTD NPaKTHYECKHX PACYETOB CBSI3aHA C OMPEAETECHHEM 02-
PAHUUEHH020 Npedesa 6bIHOCAUGOCTNU G-y, 3ABHCAINETO OT YHCJ/a
IIMKJIOB HarpyKeHuss N M KOpPDO3MOHHBIX CBOMcTB cpempl (kpusas
Besinepa He MMeeT ropH3oHTaIbHOIO y4acTKa B OTJIMYHE OT HATpyXe-
HusL 06pa3uoB Ha Bo3ayxe). OTCYTCTBHE ONBITHBIX 3aBHCHMOCTEH KO-
apduLmenTa BAMAHUSA KOppo3uoHHOH cpensl K, or o, u N 3arpyn-
HsIET NIPOBeJleHNe TOYHBIX PACYETOB.

B cBs3au ¢ 3TUM NpH OPMEHTHPOBOYHBIX PAacyeTaX BBIHOCJIMBOCTH
rHOKOTO Baja MOXHO HCIOJb30BATh CJEAVIOIIYIO YNPOWEHHYIO Me-
moduxy.

BBensi maBecTHOe OTHOIIEHHE MeXAY IPENENOM BBIHOCJIMBOCTH
TJafKoTo JabopaTopHOro o6pa3ua MpH CUMMETPHYHOM IMKJIEe H3TH6a
B KOpPO3UOHHOIt cpefie (0-,,) ¥ NpeseIoM MPOYHOCTH G,

Co = G*IK/GB < 1» (822)

nosy4uM ofuie BbIPAKEHHS HEOOXOMMOTO IMpefesa NPOYHOCTH Ma-
Tepuana I'B, obecnequsaroiiero ero BbIHOC/JIMBOCTB TNpH 3aJaHHOM
4HcJie LIMKJIOB HarpyxeHust N

v

G, =———0,+0,, (8.23)

rae K = 6.1/,

Koaddunnenr ¢, 3aBucur ot marepuana I'B u cBoicTB cpenpr.

B HeKOppO3UOHHOU cpefie ¢, €CTb BEJMYMHA TOCTOSIHHASI, HE 3a-
BUCAIAsA OT YMcIa LUK/JIOB HarpyKeuusi. as craneil ¢, = 0,4 +0,5.

B xopposnonHON cpege, Koraa ©-, lpeAcTaBageT coboil OTpaHu-
YeHHBIH IIpeJes BbIHOCJUBOCTH MaTepHasa, 3aBMCANIMH OT yYuHcJa
UIKJ/IOB HAarPy’KeHHS, C, HeMmOCTOsiHeH Tipu mameneHud N. Ha ocHo-
Be pPe3yJbTATOB HCIbITAaHWN 06pasloB CTaJbHBIX HACOCHBIX MITAHT
(anementa, momobroro I'B) B KOppO3HOHHOI cpene (Boge u HedTH)
npu N = 106 u 107 koadduiuenT ¢, npu pasnuyueix N NpUHUMAaeT
caenywoue 3Havenus [58]:
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N 106 107 108 109
Coovonnnn 0,26 023 0,20 0,17

3aBHCHMOCTD ¢, OT N MOXHO ONHCATh BbIpAXKEHHEM

C, = 0,26 - 0,03(lg N - 6). (8.24)

[das I'B OofHOBHMHTOBBIX THIPOMAIINH, KPaTHOCTb HLMKJOB Iepe-
MEHHBIX HAIpsDKeHHil KoToporo paBHa z; (cM. puc. 8.4), uncao wmk-
JIOB HArpy>KeHWs NpH 4acToTe BPAINlEHUsI pOTOpA 7 32 BpPEMA IKC-
nyatamuu h

N = z;nh. (8.25)
Ecau n usmepsietcsi B 06,/MuH, a A — B Hacax, To
N = 60z,nh. (8.25a)

B muorosaxoauoM B3/l ¢ kuHeMaThyecKMM oTHoweHHeM i = 9 : 10
npu 4acrote BpameHus n = 150 o6/mun 3a 200 u sxcnryaTanuu
rubkuii Ban coepuaer N = 18-108 yuknos Harpysxkenus.

Koadduuuent K* B mepBoM NPUOIMKEHHH MOXKHO IPHHSTDH I0O-
CTOSIHHOY BeMMYMHOM, He 3aBucslleil oT 6a3bl HCIbITAHUN N,

Hpunnmas B (8.23) K* = 1; Ky = 1,5, no/y4aem npu6.suxenHble
yCJI0BUSL IHKIWYeckoll npouHocTy ['B:

B HEKOPPO3NOHHOII cpefie

G, > 30, + 0, (8.26)
B KODPO3HOHHOH cpezie
c,,zl—'f&ntom. (8.27)

(+]

PacueT Ha BBIHOCIMBOCTD CJIERyeT BeCTH AT pafodero pexxuma
runpoasurates (pexyuMa MaKCHMaJIbHOH MOILHOCTH).

Ina uadopmaumu B Taba. 8.2 npexcTaBjeHb! MPOYHOCTHbIE Xa-
PAKTEPHCTHKH PACIPOCTPAHEHHBIX KOHCTPYKLUHOHHBIX cTaneil u pe-
JKUMbI TEPMOOODPAGOTKY /I HX JOCTUXKEHHUS.

Ilpu 3agannoM pecypce i I'B TpebyeMerii npenesn MPOYHOCTH Ma-
Tepuaja BaJa MOKHO CHH3HTb 3a CYeT DaIMOHAJbHOTO COYETAHUS
MEXIY [NOCTOSHHBIM G, M NEPEMEHHBIMH O, HANMpPSDKEHUSAMHU IHKJIA.

Takast 3agaya pemraercss ONTHUMU3alHeH reoOMeTpUIECKHX NapaMeTpoB
I'B.

[Ipu ontumusauuu reometpun I'B B3/ ¢ 3azanneiMu PO yenoBue unxanyeckoit
npounocth (8.23) nenecoo6pasHo NpeacTaBUTb B Ge3pasMepPHOM BH/ie, IPUHAB B Ka-
yecTBe 6a30BbIX NApPaMeTPOB Nepenaj JaBAeHUs H IKCLUEHTPUCHTET 3allenieHus:

% > f@d.m, (8.28)

rne d = d/se; 1 = /e — xoacdduuenTb reoMeTpHuecKoro Moao6us Baja.
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Tabauya 8.2

MexannyecKHe CBOHCTBR HEKOTOPBIX KOHCTPYKUHOHHBIX CTasei,
peKoMeHAyeMbIx aas rubxux Bajgos no FOCT 454371

Ipenen IMpeaen
Cranb MapKH NPOYHOC- TeKy4ecTH Pexun repmoobpatoriu, °C
TH G, o,, MIla 3
MITa aKanka Otnycx
40X 1000 800 860 macso 500 Boy
40XH 1000 800 820 macsio 500 ggﬁg
40XH2MA 1100 950 850 mac.o 620 macsio
13%))((%%%{1\;[2 }égg 185000 950 macsi0 200 macno
4 900 mac: 0
i Mac.10 260 Mmacno
20H2M: 900 700 860 macso 180
15H2M 850 650 860 macno 180 ggzﬁﬁ
40X13 780 500 1000 macno 500 poaayx
*Cranu, UCToIb3yeMble ISt HACOCHDBIX ILUTAHT.

U3 Boipaxenus (8.28) creayer, yTo Ans 3aganHoro pecypca TpebyeMblii OTHO-
CHTE/IbHBIH Npejle1 TIPOYHOCTH MaTepuasia ru6Koro Bajia o,/ P onpefenserca aByms
6e3pa3mMepHbIMY MapaMeTpaMu d, .

[IpeacTaBaser npakTHuecKuit MHTEpeC W Apyrad NOCTAHOBKA 3ajlayM ONTHMMK3a-
1liH pa3MepoB Baja, a UMEHHO, HAXOXAEHHE ONTHMAIBHOTO COYETAHHS MEXNILY d u
!, obecneunBaiomero TNPH 3a1aHHBIX CBOHCTBaX Matepuana Baia (o), sxcueHTpucH-

TeTe e, nepernanc AasjeHust P u pecypce i MUHHMAJIDHYIO A5 COGMIOAEHHS LIMKAHYe-
Kot npourocTh AnuHy [B. AKTyanbHOCTb Takoi 3ajady Bbi3BaHa AByMsi NPHUMHa-
MU OTPAHNYEHHOCTbIO KOHCTPYKTUBHBIX BO3MOXKHOCTEH YBeAMYEHUs AUHefiHbIX raba-
PHTOB THAPOMAIIHHBI K ONACHOCTBIO TOTEPH YCTOHYMBOCTH Baja NPH ero Hepaumo-
HaJIbHOM YJIHHEHUH.

Pewenne pannoi 3a/la4d CBOAMTCS K HAXOXAEHUIO U AHA/IU3y 3aBUCHUMOCTH l- =

= f(d ). Boipaxennc tpebyemoii GespasmepHoli anunbl [B moxHO NOJYYNTDb M3

(8.23) u (8.16):

[ dE

- n
[ =7 — (8.29)
KyK (GB - cm) - G4

UncslenHblit anaaus Boipaxennst (8.29) NOKa3bIBAeT, YTo CYUIECTBYET ONTHMAND-

Hoe 3HaueHMe o, npu KoTopoM TpeGyemas amuna I'B nocturaer mummmyma (puc.

8.7). Kpupas [ - d sBasercs rpadmuecKum oTobpaxkeHHeM YCJIOBHS LIMKJIHYECKOH
npouroctv I'B sanHOl rMAPOMALIMHBL IPH 3aaHHBIX G W YMC/E LHKIOB: Kax oMy
AMaMeTpy Bala COOTBETCTBYeT ONpejeNeHHas MUHHMAJIBHO 0IyCTHMAS JITMHA.

Cpasrenne sapucumocTell LMKIMdeckoil npounocTd B ns pasiuunbix o, u
cpea sxenryataun (cM. puc. 8.7) NokasbiBaeT, 4To B KOPpPOSHOHHOI cpeje TpeGye-
Masl JNMHA BA1A 3HAYHTENbHO YBENHYMBAETCH, A ONTHMA/bHBIN JHAMETp d CMel[aeT-
€ B CTOPOHY GOJbIIMX 3HAYEHHIA.
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-

&
t/e t/e
1
400+ 2_. 400
Joor Joor 1
2
2001 200+
100 |- 100}
1 1 A 1 - | 1 1 1 1 1
a 10 20 J0 40 50 0 10 20 30 40 dfe

Puc. 8.7. Baanmoces3p GeapasMepHbix napaMeTpoB ruGxoro saxa, oGecneuusaio-
mas WMKAHYECKYIO IPOYHOCTD MPH HCIOJIb3OBAHHH CTAJCH pasmnyHbix Mapok (1 =
= 9:10; e = 4,9; cT = 6,5; n = 150 06 /vun; P = 5 Mlla; h =200 v; K, = 1,3):
1 = 20H2M; 2 - 18X2H2MA; a — xoppoanonnas cpea; 6 ~ HeKOPPO3UOHHAs cpella

Ipenen npoutoct Marepyana I'B rakxe cyluecTBEHHO BJMsIET Ha €ro ONTHMAJD-
Hble pasMepbl, TIpHYeM 3Ta TEH/EHLMS COXPANAETCS KaK NS KOPPO3HOHHOMN, Tak H
118 HEKOPPO3MOHHOMN cpefivl. TakuM 06pa3oM, NpeHeGpexeriie BAMSHHEM CBOHCTB
cpeabr npy pacyetax ['B Ha BBIHOC/AMBOCTb MOXeT CKa3aTbcsl Ha TOMHOCTH BbiGopa
pa3sMepoB BaJla H ¢ro paGoTocrnocoGHOCTH.

Ha cTaauu NpoexTHPOBaHUs BONPOCH] ONTHMH3ALMHK PAa3MepOB Bajla J0JIKHbI pac-
CMaTpUBATLCS TIAPAJIEBHO ¢ 3a/a4aMu onTHMu3alni dopmst PO ¢ yuetoM nmeiolie-
rocsi copTamenta matepnanos I'B H BO3MOXHOCTH HX HEOOX0AHMON TepMoOGPaboTKH.

Pacuer Ha ycTOHYHBOCTD

YcroitunpocTs Bpamatoierocsi ['B oaHoBUHTOBOH THAPOMAILMHDL
3aBUCHT OT psijia OJHOBpeMeHHo AeitcTBylomux dakrtopos. [Ipu aToM
B OTJIHYHME OT CTAaTHYECKOH ¥ ILMKJINYECKOH MPOYHOCTH YCTONYMBOCTb
34BUCUT HE TOJBKO OT CHJOBbIX (PAKTOPOB, U3THOAMOIMX M KPYTs-
IHX MOMEHTOB, HO TaKxe U OT Macchl (IIOTHOCTH p,,) THOKOTO BaJa,
yria HakJIoHa Kopiyca (3eHHTHOrO yIia) ¢, TEHTPOGEMKHBIX (unep-
IMOHHBIX) CHJI U YCJIOBHil 33/leIKHl ero KOHIOB. B cBA3M ¢ 3TUM B
obmem ciaydae I'B MoXeT IOTepSTh yCTOHYMBOCTD KaK IPH CXKATOM,
TaK W [IPH PACTSIHYTOM COCTOSHMH.

Pacuer I'B Ha ycroifyuBocTs mojo6en Kjaccuueckoit sagaye Jitre-
pa o6 ycroitunsoctu (npogo/ibHoM u3rube) crepxnsa. Oco6eHHOCTHIO
pacyerta sIBJIsieTCS] HECOOCHOCTb KOHIIOB BaJja U HECTAHJAAPTHOCTD I'pa-
HMYHBIX YCJOBHH, 8 MMEHHO: paclpe/ieJieHHOCTb ONOPHOW peaKiuH
OJHOI'O U3 KOHIIOB BaJIa, COEMHEHHOIO ¢ POTOPOM.

Konupt I'B — omeprble, mpuyeM OZMH H3 HMX, CBSI3AHHBIN C Bbl-
XOJHDBIM BAJIOM, 3aKpeIlJieH B MOAUIHIIHHKE, a APYyrodl — coBeplIaeT
NIaHeTAPHOE [ABHXKEHHE 10 Op6HTe pajuyca e, Hapyllaemoe K TOMY
’Ke HEeTIOCTOSIHCTBOM OpHEeHTAllud POTOpa H3-3a €ro Iepekoca B 3Ja-
cTH4HOIT 06oitMe cTaTopa, ABasionleiicss BTopoii onopoil rHbKoro Baja.
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Yeroituusocts pasHoBecust I'B, npu xotopoM coxpansiercs dopma
€ero ympyroi oci, 3aBHCHT OT COYETAHHS CACAYIOUIMX OCHOBHbBIX Ia-
paMeTpoB:

eeomempuseckux (KMHEMATHYECKOTO OTHOWIGHHS 7, KOHTYPHOTO
Auametpa Dy u sxcuentpucutera e PO; qaunbl ! u auamerpa d top-
CHOHA);

skcnayamayuonnoix (yrioBo#t cKopocTH @ H oceBoit cupt Fyy);

xoncmpykyuonnvix (ILIOTHOCTH Py, M MOAYJS YIpyrocTd E MaTe-
puaJja sasa).

Ilpu 3TOM coriacHo TeopHM pasMepHOCTH ycToituuBocth ['B onpe-
JeJIsIeTCst COYEeTaHHEM IATU 6e3pa3MepHBbIX MapaMETPOB:

w* 1 4 D Ed*
HI‘B - Py Y K ;. (830)
B d e e Frg

Beapaamepubrii koMitexe I, u koadumment //d sBasiores oc-
HOBHDBIMM  Kpumepusmu ycmouyusocmu. KpurepnaibHas 3aBucH-
moctb Il =f(1/d), mocTpoeHHas TeOPETHYECKH W OMBITHBIM my-
TeM, onpejiesseT 30Hy ycroitunpocty I'B.

Teopernueckue uccnegoBanust ycroitumsocTnt ru6kux Basos B3]
[65], ocnoBannble Ha auddepenIatbHOM ypaBHEHHH ¢opmbr ux yn-
Pyrux ocelf ¢ yyeroM (haKTHYECKMX IPAHMYHBIX YCJIOBUI H HATpY3OK,
IO3BOJIMIH  OTpeleUTh 06JIacTH yCTOHUMBOH pa6oThl TOpPCHOHA
KPUTHYECKHE COYETAHUS €r0o JUIMHDBI U AUAMeTPa JUIS Pas3/IHuHbIX TH-
nopasmepoB B3 /I, ucnosp3yeMbix B 6ypenuu.

I'B MoXeT NoTepATh NMPOAOJIBLHYIO yCTOHYUBOCTD KAK B TOPMO3-
HoM pexxuMe (NpH MakcHMaJbHO OCEBOH CHJe), TaK M B HOMUHAIID-
HOM pexcuMe (IIPH COBMECTHOM MefiCTBUM OCEBOM M LEHTPOGEXHOI
cua).

IIpn OpHEHTHPOBOUHBIX pacueTax /s OLEHKH YCTONIMBOCTH
MOJKHO BOCHO/Ib30BATBCS popMyJroft Ditepa u onpese/uTs KpUTHYE-
CKYIO OCEBYIO CHLIY

Fyp, = mEI /2. (8.31)

Hdnst peuratens [2-195 ¢ B gimboli 2 M u auamerpoM 30 u

60 MM KpHTHYecKast oceBasi CHJIA COOTBETCTBEHHO cocTapiseT 151 u
314 xkH.

Kposme pacuera na npownocts M yeroiiunBocTs npu Bbréope pa3mepoB I'B Heo6-
XO/IMMO OGECTIeYHTD MPHEMIEMbIi YPOBEHb HATPY30K, neicTByIOIMIMX co cTopobt [B
Ha apyrHe Jetann asHratens. Hanpumep, Topcuon Manol AnuHbi M 601bUIONO fiMa-
MeTpa Oy/eT 06/1a1aThb yCTOHYMBOCTBIO M 3amacoM IPOYHOCTH, HO B TO e BpeMs
BC/IEJCTBHE TIOBDLIUEHHON JXECTKOCTH Ha Harué 6yeT OKA3blBaTh CHJbHOE OTpHLa-~
TeabHoe BoajeiicTBue na paGory B3/1. Harpyaxu, aeitcTBylome co croponnl I'B, xa-
PAKTEPHBYIOTCA H3rHOAIOMM MOMEHTOM M, M nepepeablBaiouieit cuoii R, =
= dM, dx na kouuax [B. [[ns co3panus Haubonee 6.1aronpUATHBIX yca0BHi pabo-
ol B3/{ BbI6panHble pasMepnl Bana A0MKHBI O6CCHEUMBATD MHHHMANLHbIE 3HaYeHus
3THX Harpysok [653].
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8.3. PACYET OCEBOW ONMOPLI

dddextusHoctp npuMenenus B3/l Bo mHorux ciyuyasx orpese-
JsteTcsi paboTOCIIOCOGHOCThIO IUMUHAEAS Y, B YAaCTHOCTH, €T0 OCEBOM
ONOPBHI.

Pacyer Muoropsanbix (IMApOBBIX WM DPE3MHOMETANIMYECKHX )
OCEBBIX MOJAMIUITHUKOB UIMUHAE/S TIPOBOAUTCS € HeabIo Bhifopa:

pas3MepoB JeTajell OAHOrO psaa;

yucJaa pSIoB;

MOMEHTOB CBMHYMBAHMS BpAIUAIOMIMXCS M HENOABIKHBIX [Ae€Ta-
anelt.

PaccMoTpuM MeTOIMKY OpPHEHTHPOBOYHOIO pacieTa MHOTOPSIHOM
ocepoii omopet B3/l. [IpoexkTnpoBaHue NOAMIMIHUKA Ha OCHOBE OLEH-
KH €T0 IPy30H0beMHOCTH MPOBEJEM C UCHOJIb30BaHHEM 3KCIEPHMEH-
TaJbHbIX M AHAJIHTHYECKHX MAHHBIX M3 OOILEro MalIMHOCTPOEHHS M
6yposoit Texruku [96].

OceBast Harpyska Fy, BOCIIpHHUMAaeEMasi 7-PSIAHBIM IIOAIIMIIHHKOM,
HepaBHOMEDPHO paclipefieisieTcsl 1o psiiaM. MaxkcuManbHasi Harpyska
Ha OIUH psl

Nmax = Nep@, (8.32)
rie N¢p — cpeaHsisa Harpy3ka Ha OAHWH psf,
Nep = Fo/m; (8.33)

Q - K03¢pPULHEHT HEPABHOMEPHOCTH PACIIPE/IENEHHS HATPY3KH.

HepasnomepHOCTb pacnpefefieHusi HATPY3KH 110 psiJaM B o6liem
cJyyae 3aBUCHT OT COYETAHHUS CJAEAYIOIUX (PAKTOPOB!

THIIOpa3Mepa M 4HC/a PSAAOB Onopbl (ecTecTBEHHas HepaBHOMEP-
HOCTb, OOGYCJIOBAEHHAs IPUHUUIIOM [eHCTBUS ONOpPBI M MpPUCYINAs
HNOAIIMOHUKY J2)Ke C HAEabHO TOYHO HM3rOTOBJEHHBIMH M 3aKpen-
JIEHHBIMY CONPSIKEHHBIMU 3MEMEHTAMH )

TOYHOCTH M3TOTOBJIEHHSI U c60pKH (3aKperieHns1) BHYTPEHHETO U
Hapy>KHOTo MaKeToB (4ONOJHUTEIbHAS HEPABHOMEPHOCTD);

BpeMeHeM 3KCILIyaTallMH, 33 KOTOPOe Ieperpy’KE€HHbI€ MEpBOHA-
4a/IbHO PSPl MMEIOT IOBBIIEHHYIO BbIPAGOTKY (BbIpaBHHBaHHME Ha-
TPy3KH Mo psiZaM BO BpeMsl NpHPabOTKH, 3aBUCSIIee OT CBOHCTB 6y-
POBOTO pacTBOpa M MaTepHaia pabouux KoJelr).

Ha mnpaxkTnke HepaBHOMEDHOCTb paclipe/le/leHHs Harpyski Mo-
KeT ObITb CHIDKEHA MyTeM per/IaMeHTAllMM ¥ KOHTPOJIS MOMEHTOB
CBHHYHBAHHS BHYTPEHHETO M HAPY3KHOTO NMaKeTOB MOALIMIHHKA C He-
Jplo ofecneyeHuss paBeHcTBa JAebopMAllMM MX OpeABAPUTEIBHOTO
cxatus [101].
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PacueT Ha CcTaTHYECKYI0 IPy30mOABEMHOCTDb BeleTcs I Hau6o-
Jlee He6MArOMPHUATHLIX YC/IOBMH, COOTBETCTBYIOIUMX [IEPUOAY IKC-
IUTyaTaluy ABUIaTessl ¢ HeMpUpabGOTaHHON OMopoi.

B kauecTBe pacueTHOl oceBoil Harpysku F, npuHMMaeTcs MaKcH-
MabHO YCH/IME, BocupuHiMaeMoe onopoit B3/l B 3azaHHbIX ycioBH-
ax 6ypenns (Q, G, M,,). Jta Harpyska MoxeT ObITb Halpap/JeHa
KaK 6H43 U COOTBETCTBOBATb XOJIOCTOMY DE€XHMY ABUTATe/s, TaK U
66epx M OTHOCHTCA K paboyeMy pexuMy OypeHus C MNOBbIINEHHOMH
oceBolf Harpy3ko# Ha gojoto (puc. 8.8).

PexxuM, cooTBeTcTBYIOmMI MaKCHMa/IbHOH Harpyske Ha oropy,
HaXoJUTCA M3 aHaIM3a BbIpaxkeHuss oceBbix cun (5.72). Ilepeman
AaBJEHHA U KPYTAWHKH MOMEHT NPHHUMAIOTCS JHHEHHBIMH (DYyHKIMSA-
mu (cm. § 6.3, 6.6): P =P, + k,M; M = M,.G.

OceBast Harpyska Ha OIOpY WINMHUHENS B paboyeM pexuMe

Fy=F,.+ APS" - G, (8.34)
rae F, — Harpyska Ha OMopy B XOJOCTOM pexxuMe (C y4eToM ycHamsi
OT nepenaja AaBJeHUs B JOJNOTe), HANIPAB/IEHHAs CBEPXY BHU3; AP —
IIPUPOCT Mepenajga LaBleHHA B ABHIaTeJe OT KPYTSALIEr0 MOMEHTA,
AP = k,,M ;' §* — 3KBHBAJIEHTHASI ILIOIIAAb MMPOEKIMH KOHTAKTHBIX
muuuit PO ¢ yuetom F,,, (cM. § 5.5).

Harpyska Ha omopy cuusy 6yaet npeBbtmartb F, NpH yCI0OBHH

2
G>—2E g (8.35)
1-k,M,S

Hanpumep, npu Gypeunu nsuratenem /12-195 (k, = 0,7 xIla/(Hwm); S* =
= 280 cM?) ¢ pacxoaom xuakoctn Q = 30 a,/¢ (P, ~ 2 MIla) Harpyska Ha ofopy B
XOJIOCTOM peXHMe, €C/H NpeHeGpedb yCHJIMsMU OT Nepenaja AABJAeHHS B 0JOTe H
cuJioili TskecTd poTopHoi rpynnel, Fy = P,S° = 56 kH.

Hns pasubix kateropuii nopoa (My,) urnxe npusefensl sHauenns G, npu xoro-
gbxx Harpy:;Ku Ha ONOpY B XOJOCTOM M PaGoueM PEeXHMAX OAMHAKOBBI 110 MOIYJIO
Fo == Fx :

F, [ xH
100 |
1
0 )
Joo 600 &,kH
-100}- z
Puc. 8.8. Tpadux ocesmx Ha-
y3ok Ha omopy B3 npu
-200 - j YPEHHH B NOPOJAX PA3IMMMHOMN
TBEPAOCTH:

My, HM/xkH ... 5 10 15

For kH oo, -56 -56 -56
G, KH oo, 124 139 159
G KH oo, 62 69,5 79,5

Harpyska Ha mosoro, ofecnednBawilllas pasrpysKy omopbl {(cn.
§ 5.5),

G =Ttz (8.36)

=T =
1-k,M,,S

[Ipu npouux pasubix ycaosusx (P, k, — idem) “paBHoBecHas”
Harpyska G HuXe Npu 6YpEHHHM B MeHee MOMEHTOEMKHX TBEpIbIX
nopogax (cM. puc. 8.8), MOCKOIbKY B 3TOM c/y4yae He3HAYMTEAbHbIiL
IPUPOCT Mepenana aasjieHuss AP TpebyeT MHHHMAJbHON KOMIEHCA-
MU,

[Ipu onpeje/ieHUN HArpy3oK Ha ONOPY ABHMTATe/sl AAS HAKJIOHHO
HATIPABJIEHHOTO GYPEHHsl yYUTBHIBAETCS BJIMSHHE OTKIOHSIONIEH CHIIBI
(cM. § 6.7).

CraTnuecKas IIPOYHOCTD OIOPbI COGMI0AAETCS IPU YCIOBUM
Nmax € [N] = an/kcw (8.37)

rie ke = KoadduimenT 3anaca cratuieckoit npounocty; [N], Ny —
COOTBETCTBEHHO JIONycKaeMasi U TpefesbHas CTAaTHYeCKas HArpyskKa
Ha OAMH P OHOPHL.

Pa3mepsl psAga onopbl BRIGHPAIOTCS B 3aBHCUMOCTH OT HAPYXKHOTO
nuaMerpa asuratens (cM. ta6a. 3.2, 3.3).

Hucsiennbie 3HaveHust Q n Ny, 3aBUCAT OT THIIOPasMepa OCEBOIf
OnopHl.

Ilaposas onopa. Teoperudeckyie MCCAeNOBAHUS paclpe/e/eHHs
Harpysku B 10-psigHoil yropHO-paguasibHoOl onope Kavenus [96] mo-
Kasasu, 4To K03 PHUIUHEHT HEPABHOMEPHOCTH B 3aBUCHMOCTH OT TOY-
HOCTH M3TOTOBJIEHMSI M KpeIieHusl IOAIINITHUKA H3MEHSIETC B Jua-
naszore ot 3,2 (MOeaibHO TOYHBIH MOAWIMIHHEK 6e3 3a30poB) 10 5,6
(mogumnuuk ¢ 3asopom). [lpu 3TOM He3aBMCHMO OT HampaBjeHHs
Harpy3KkH Han6oJjiee HarpyKeHHBIM OKasbiBaeTcA HikHHi (flepBbIi K
[OMOTY) DSiZ OTOPHI, & JUISl 3arPY3KH BCeX PAJ0B HEOGXOAMMO HpH-
JIOKHTb BECbMa 3Ha4HTEJbHOE INPAaKTHYECKH HEAOCTHIKHMOE OCeBoe
yCHJIHE.
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TaxuM 06pa3oM, Npu OLleHKe CTaTUYeCKOU rpy3onobeMHOCTH LIa-
POBOii OMOPbI B NIEPBOM MPUOGIMEHNM MOXHO NPUHATE ) = 5. s
YTOUHEHHSI PAcueTOB HEOGXOZMMO IPOBECTH CHELHAIbHBIE HCCIEI0-
BaHHUsA Cc y4eToM ocobenHocTel Harpyxenus B3/l, B Tom uucse Baus-
HHUSl OCEBOrO YCHJIMS, HepefaBaeMoro Ha KOpPILyC ABUTaTe/is 0T JAeHCT-
BUS rugpasandeckux cua (cm. § 5.5).

TlpenesbHas cTaTU4ecKasi Harpy3ka Ha ofAuH psift onopsi [96]

N,, = k2d?, [xrc] -(8.38)

rae k, — 9KCIlepMMEHTa/IbHbIN Ko3puLKeHT, 3aBUCAWMIE OT THMA
MOAUIMITHKKA, 2 — YHCJIO IIAPUKOB B pAdy; d,, — AHAMETp IIADHKA,
mm (cM. Ta6r. 3.2).

Jlns ynmopHO-pafua bHbIX MOAIIHITHUKOB

ko = 1,25 cos B,

rae B — yroja KOHTakKTa, B ~ 26°.
YcaoBue npoynoctu (8.37) ¢ yyerom Bsipaxenus (8.38) moxHo
3anucaTh OTHOCHTETBHO HEO6XOHMOrO YHCIA PA/IOB

FQky

n 5
ky2dy,

: (8.39)

agech Fy — B Kre, dy — B MM.
Cornacro (8.39) mpu 3azauHoll ocesoii Harpyske F, Heo6xogu-

MO€ YHUCJIO PSAOB yMEHbBIIAETCA C POCTOM AHAMETpa H YHC/a IIapH-
KOB.

Himpumep. ans peurarens guamerpom 195 mm (2 = 22; dy, = 19,05 mM) npu
oceBoil Harpy3ke Ha onopy F, = 50 kH u koad¢uuuenre sanaca k ., = 1,5

_ 5:.10%.5.1,5
= x
1,25c0s26° - 22 -19,05°

Onopa cxoasxenus. B pesuHOMeTasiMdecKod msArte Harpyska
pacnpeze/siercss 6ojiee paBHOMEPHO, ITO3TOMY MPH PACYETAX MOXHO
npHHSTh Q = 2.

Hecymas cmocoGHOCTb TSITBI ONpedesieTcss YAeJbHONH HArpy3Koi
(KOHTAKTHBIM HaUpsKeHHeM) HA OfHOH cTymenu [96]

N=N,./S., (8.40)

rae S, — MUJOLIafb KOHTaKTHOH (OMOPHOH) MOBEPXHOCTH CTYHEHH
(cM. puc. 3.10 u Tabn. 3.3),

S, =7(d? - d3)-2(d, - &) B.
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MHOrOJTETHHII OMBIT JKCIIyaTalMH 3a6OHHBIX JABHraTesedl MoKa-
3aJ1, YTO Mpeje/ibHAs y/e/bHAs HATPY3Ka PE3HHOMETAJIMYECKOH Isi-

01 N, =1,5 MIla.
Heo6xonuMoe 40 cTyTeHeit MATbl

> il (8.41)
o' Y np

Pacyer AMHAMHYECKO#l Irpy30NOABEMHOCTH MOJMIMNHHMKA 3a6oii-
HOTO THAPOABHTaTe s, PaGOTAIOWIEro B YCIOBHAX a6pa3UBHON Cpeapl,
no ¢opMysiaM, NMPHHATHIM B OOGIIEM MAIIMHOCTPOEHWM, HPUBOAMT K
negomycTumbiM norpeursocTsaM [96]. Tlostomy mpu ouenke pecypca
OMOPbI HCIOJIB3YIOTCSL IKCIIePUMEHTAJIbHbIE METO/JbI HA OCHOBE CTEH-

JOBBIX MCITBITAHHI M MPOMBIC/IOBBIX JAaHHBIX.

8.4. PACHET CEKUWOHHOIO ABUTATENSA

Ipumenenue cexkunonusx B3I (em. § 3.1) Haubosiee aKTya/lbHO
JUISL TIOBBIIIEHHSI HATPY30YHOIi CIIOCOGHOCTH JIBUTaTe/Ist TpH 6ypeHuu
MOMEHTOEMKUM MOPOA0PA3PYIIAIONMM HHCTPYMEHTOM, KOTAa HC-
HOJIb30BAHIE OHOCEKI[MOHHON cXeMbl He ofecIieyyBaeT 3aJaHHble Xa-
paxtepuctuku B3J/l. B aToM ciyuae, ecu M3BECTHbI FEOMETPHIECKIE
MapaMeTphl M KPYTSIUMIt MOMeHT M jBuratess, Heo6XoauUMOe YHC-
jo cekimii PO npu yc/IoBHU paBHOMEPHOTrO pacripeleseHUs Meperna-
12 JaBJeHUsI Mex/y HUMH U moctostHcTBa K.1.ja. B3I, pacder Benet-
csl cJeyIoLUM 06pa3oM.

1. O6uuii nepenaj AaBJieHUs1 B ABUTATEE

_ 2nM

P= .
‘/n ™

2. Yucso mwaroB MoHOIUTHBIX PO

1y P
= —[—I;K—] +2,.
3. Tpebyemas piuHa MOHOTHTHBIX PO
L = kT.
4. Yncno cexuutt PO
k.= L/[L],

rae k. okpyrasercs po uenoro wucaa (1, 2, 3...).

285



3 Puc. 8.9. Cxema cexuynonnoro B3/1
oct

5. [lepenasa gaBJjieHUs B CEKLHH
P’ =P/k..

6. Hucno waros PO B cexuuu
R=L"/T,

rae L' — gnuna PO cexknum.

MakcUMaTbHO BO3MOXKHAS JJIHHA CEKIIHH
L' =[L].

7. MexBUTKOBBIN Mepenaj MaBieHus B
PO cekunonnoro B3/]

M/2Z

*

__Fr
(k'—l) z, e

IMockosbky cekuuonnpoBanue PO  He
obecrieunBaeT uxX o6UlyI0 MOHOJIUTHOCTB! H B
CTBIKE MeX/]y CEKUHSIMH pachpejeleHue Tno-

P =

TOKa XUIKOCTH Hapyuaercsi, 1o P, # P,.

B cayuae, ecan HaligeHHoe 3HaveHue P,

L 6osee yeM Ha 20 % npesblutaet [Py, unciao
S ceKInil HeO6XOIMMO YBEJIUIHTD.
1 OTBETCTBEHHBIM 3TAllOM IIPU NPOEKTUPO-
] BaHuH cexkuuonHoro B3/l sBjsiercst pacuer
( ~m y310B coequHeHu# (IIapHUPOB MM THOKHX
i C  BanoB).
KuneMaTHKa M YCJIOBHS HArpy>KeHHs
TG BEpPXHEro ¥ HIDKHETO COeJHHEHMi cyllecT-

BenHo oTandatorcs (puc. 8.9).

CoestHenne poTop — Baj mmuHAesst (OCH KOTOPBIX CMeIlleHbl Ha
PACCTOSIHHE IKCIUEHTPHCHTETA €) BOCIPHHMMAeT IOJIHbBIH KpyTsuiuit
MOMeHT M U oceBy10 ci1y oT Beex cekunil PO.

Coe/iHeHMEe [BYX POTOPOB BOCIPHHHMAeT KDPYTSIU MOMEHT M

! 3a nckalodenHeM cXeMbl ¢ MOAY.TbHbiMIE PO.
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OCeBYI0 CHJIy TOJDBKO OT pACIOJIOXEHHBIX Bbllie cekiit (B cuy-
yae JABYXCEKIIMOHHOTO JBHTraTeJs — OT OJHOI BepXHeil CeKIllu).
IIpn HeopueHTUpOBaHHOIl c60pKe cMelleHue ocell poTopoB (BepxHe-
0 H HIXKHEro cedeHuit rMb6Koro Basa) — caydailHas BeJHYHMHA, 3aBH-
csAllas OT HATATOB U MOMEHTOB CBIIHYHMBAHUS pe3bOOBBIX CoelHHe-
Huil, a Takxe (aKTUYeCKHMX OTKJOHEHHH OT HOMMHAJDbHBIX JHHEH-
HBIX pa3MepoB JetaJeil. CMellleHHe ocell MoxeT H3MeHsATbcss oT 0
(ugeanpHblii ciydait) go 2e (Korga poOTOpbI YCTAHABJIHBAIOTCS B
“nporusodase”). IIpu pacyetax BepxHero ru6KOro Baja Ha Mpod-
HOCTb NPHHMMAIOTCS He6MaronpusTHbie ycjaoBus (cMelueHue, paB-
Hoe 2¢), COOTBETCTBYIOLIME MAKCHMAJbHBIM H3rHOAIONIMM HAIpsiKe-
HUSIM.

Takum o6pazoM, npu ceKuHOHHpoBaHUU PO HIXKHUI rU6KUN Ba
HCIIBITBIBAET MAKCHMAJIbHble HANPSIKEHUS] OT CUJIOBBIX (pakTopoB, a
BEpPXHMI — MaKcUMalbHble u3rubamomue Harpsixenus. Ilpu mpoumx
paBHbIX ycaoBHsAX (ofMHAKOBble pa3Mepbl U MATepPHaJIbl BAJOB) LHUK-
JIM4YecKasi TIPOYHOCTh rMGKUX BAJIOB CEKIIMOHHOTO JBUTATENS OTJIMYA-
eTcs, TIpHYeM B 3aBUCHMOCTH OT YCJOBHi 3KcIIyaTanuu ¥ cOOpKH
GOJIBILIIM pPECYPCOM MOKeT o6JlafaTh KaK BepXHHIl, Tak M HIKHUI
BaJI

B peajipHbIX YCJIOBUSX JOMUHHUDYIOIIUMH OKa3blBAalOTCS CHUJIOBbIE
(pakTOpPBI M JOJTOBEYHOCTb MALIMHBI OMpPeNe/sieTcsd CTOHKOCTbIO CO-
eMHEeHUS pOTOpa CO IUMHHJE/IEM.

8.5. PACHET
TYPEOBUHTOBOTIO ABUTATENA

[IpuBenenHas Hibke Meroguka pacdera TBJ/I, ocHOBHbBlE KOHCT-
PYKTHBHBIE CXeMBbI H 0COGEHHOCTH MpPHMEHEHHS KOTOPBLIX IpPUBEAEHBI
B § 2.6, MoxxeT GbITb HCMIOJIb30BAHA:

Ast moctpoenusl xapaxkTtepuctuk TB/I mo 3azaHHbIM XapakTepH-
CTUKAM TYPGHHBI I BEHTOBOI'O JBUTaTe/s; :

OpH ONTUMH3AaUMH XapakTepucTuk TBJI ¢ uUesnblo JOCTHXXKEHMUs
MaKCHMaJIbHOTO K.I.A. arperata [70].

Ilpu paccmoTpeHHu NepBoOi 3ajauM, KOTJa 3aJaHbl KOHCTPYKTHB-
Hasg cxeMa TBJ/I, Tum oceBoil omopbl WINHBAEAbHON CEKIUH, a TAKKe
MexaHuyecke M — n U ruJpoMexaHHieckue P — n XapakTepUCTHKH
TypOUHHBIX M BUHTOBbIX (F€POTOPHDBIX) PaGoYMX OpPraHOB MpH AaH-
HoM pacxome Q xapakrtepuctuku TBJ/I MoryT 6biThb mosydeHbI Kak
SKCIePUMEHTaJbHO (CTeHJOBbIe HMCIBITAHWS), TaK M PACYETHBIM IIy-
TEeM.
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Puc. 8.10. K nocrpoennio xa-
paktepuctuk TB/{

Fa.x{

Mi
Mrpxp——————=— d

Tak xak B TBJ/] norok IpoMbIBOYHOM >KHAKOCTH HOCJIET0BATEND-
HO IPOXOJMT TyPOUHHYIO H BHHTOBYIO CEKLHH, B JI060M pex;lme pa_
60ThI arperata MPOHCXOJUT CJIOXEHHE U(c YUETOM UX 3HaKOB }qé)gr)m
U[MX MOMEHTOB U TepeIiaZioB AaBJeHUil TypOUHbI (IleIeKC TYp "
BUHTOBOH mapbr (HAexe “B”) NMpH MX OAMHAKOBOH YacToTE Bpalle-
HISL. 5 '

IlpakTudeckuil MHTepec IIpeACTaBJseT CJydail, KoOrJa 4YacToTa
BPAILEHHMs] XOMOCTOTO XOAA TYPOUHBI Ny p6 x 3HAUMTEIBHO NPEBHIIAET
XoJ0cTyl0 4acToTy Bpamenust B3JL ngy (pHUc. 8.10). OcHosnas
CJIOKHOCTb pacyeTa — oOllpefeJieHHe XOJOCTOH YacTOTbl BPAlleHHs

TB/I, pacronoXeHHO# MEXAY Ny x H Npyp6.x M CMEIIEHHOH B CTOPOHY
nB.XI.Ipn BbIYMCJIEHUH 7, HA OCHOBAHMH OIbITA 3KCIJIyaTallud H IC-
caenoBanust pabounx xapaktepuctuk TB/I [69] u oxHOBMHTOBBIX
MaluH B 1uejioM [94] MoXHO NTPUHATD aozzyugeuwz.‘

[OTEpH Ha TpeHHe B OCEBOH 1apoBOiil omope npeHe6pexuMo Ma-
HbI‘B pexume Xojoctoro xoma arperata (cM. puc. 8.10, n = ny),
KOr/la YacToTa BpalleHIisl poTopa 06beMHOTO JBUTaTe sl 6oJblie Teo-
petndeckoil n = Q/V Ha 3aJaHHOM pacxofie XMIKOCTH, BHHTOBas
napa mnepectaeT (YHKUMOHMPOBATb Kak o6beMHas THAPOMAIINHA.
Ilepenan naBirenuss B Hell cHwxaercst no Hyas (B3 ue cosuae'f
KPYTANIETO MOMEHTA), & MOMEHT CHJ THAPOMEXAHHYECKOTO COIpO
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tunaenist M, (danpas.iennbrii nuporis BpAlICHIIA 11 HMCIOMt 3HAaK
“yunye”) npu Tpeniu pPOTOpa B cTatope 1 TEYEHIH KUAKOCTH B

BHHTOBBIX KaHatax PO npeoponesaercs KPYTAILUIM MOMEHTOM TVp-
Oliibl;

n=mny P,=0; Moivps = My
MOMEHT TILAPOMEXAHIMECKIX T0Tepb BHHTOBON Hapbi (cx. § 6.4)

3aBIHCHT OT YacTOThI BpalleHIs poTopa. ZI.'IH pacueTta CIipaBeJ 1HBA
KBagpaTHYHAs 3aBHCUMOCTD

My, = Cn2, (8.42)
re C — NOCTOsSHHASA BITHTOBOI [apel.

Pacuer TB/T [IpH TaHHDLIX AONYUIEHHSX BeeTcs B caeaywolureli no-
C.1€10BATEABHOCTH

1. MakcHMaTbHBIH MOMEHT THAPOMEXaHUYECKHX TOTE€pPhb, COOTBET-
CTBYIOIHI} 4acTOTe BpameHus ny, ONDENEJISAETCA MO COCTABJISAIOLIE]
TIAPOMEXaHIYECKIX 1oTepb M), B pexiiMe X0JI0CTOro Xoa B3/,

KOrla rnepenaj JAaB.JeHISI B BHHTOBOII fape MOJHOCTBIO IJEeT Ha 11X
[IOKPDBITHE:

M., =PV /2n (8.43)

Torna npi nexkoropoii vactore BpauleHUs arperaTa n
. 2
M., =M, (n / nM) . (8.44)

Kpusasa gd (cs. puc. 8.10) npexcrap.iser PAacCUYETHYIO TIHIIO MO-
MEHTa TAPOMEXAHIYECKIX N0Tepb BHHTOBOI Mapbl.

2. Hacrora xonoctoro xoxa TBJI, [IPH KOTOPOH MOMEHT TYpP6IHbI
Moryps (M. puc. 8.10, Touka m) ueikom 3aTpailBAETCA Ha Npeojo-
-ICHIE  MOMEHTA THIPOMEXAHHYECKUX [0TEpPh B BHHTOBON nape,
M,y x, ONpegessieTcsi MyTeM HECTOKHOrO HIICIEHHOTO  nepeopa

PY'HOIO H/IH Ha KOMIIbIOTEpPE), rpacdMuecknM yc1oBHem pacueTa gB-
JISIETCH paBeHCTBO mb = bd.

3. Kpusyio naexems B3/ P, — n MOBOAIIM TJIABHOM JHHUEH 10
TOUKH ny, kpuBasg ab (cv. pne. 8.10) BBIDXKHET llepenas JaB/IeH s
B BUHTOBOH lape IIPH YacToTe BpalleHHs poTopa 6oubite TeopeTie-
CKOIi. -

4. Jlunmo kpytsimero moaenta B3J] B OTPHIATEbHOI 06.1acTI
cd (n > ny ) cTpoun mo dopaty.te

M, ="~ _ 2 (8.45)
2n
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Puc. 8.11. Crenxosmie xapaxrepucthxs TBJI

B peay/ibTaTe NOMy4aeM XapaKTePHCTHKH BHHTOBO mapsl P, — n
u M, — n Ha BceM MHTepBaJjie YacTOTbl BPAIlEHHA TB.

5. Boixoadble xapakrepucTukn TBJl cTpouM cyMMHMpOBaHUEM
KPYTSIIMX MOMEHTOB M TepenafoB AaBJIEHUS Typ6UHBI U BHHTOBO
napbl HA BCEM WHTepBaJie 4acToThl BpallleHUs arperaTa (or 0 o n):

P = Pryps + Po. (8.46)

6. Mo xapaxrepuctukam M-—n; P-n onpeze/nsieM MaKCHMAJTbHYIO
MOIL[HOCTb M K.T.J. arperata, a TaKXKe YacTOTy BpAIleHHA M KpYyTs-
it MmomeRT TBJI, cOOTBETCTBYIOIIME 3TUM PEXHMMAM.

B kauectBe mpuMepa Ha puc. 8.11 mpeicTaB/eHbl peaJbHbIE CTEH-
noBbre xapaktepuctiuku TBJI ¢ BuHTOBOI napoi, pa3MenieHHOH Hal
Typ6unnoit ceximeit. B coctas TB] BxoauT BHHTOBas mapa oT B3
muamerpom 172 MM, 123 crynenu Typ6un 28,/16 n mmunaesp c wa-
POBOii 0ceBOit OIOPOi.

8.6. PACYET ABUrATENIS C PASAENIEHHBIM NOTOKOM
XUgKoctu

TpocTeitmuit 1 Hau6osree PacMPOCTPAHEHHbIR B3/l c pasmenen-
HBIM TOTOKOM xuaKkocTH (cM. § 2.5) comepxuT mobii potop (puc.
8.12), BHYTPH KOTOpPOTO YCTaHaBJIMBAaeTCH Hacaaxa (apoccesb) ¢ M3~
BECTHbIM THAPABJIHYECKHM COMPOTUBJIEHUEM.
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Puc. 8.12. Cxema poropa ¢ na- Puc. 8.13. Baxanc pacxoaos B apuratese c
caaxoit pa3jieeHHBIM NOTOKOM XHAKOCTH (V = 14 »x;

AMameTp Hacazku 15 mm)

Meroauka pacqe'ravBBII C pasfieIEHHBIM IIOTOKOM OCHOBBIBA€TCS
Ha CHCTeMe ypaBHeHMH pacxo[oB M fAaB/ieHus B KaHantax PO u Ha-
caake potopa (uHzaexc “H"):

0=0,+0,

- — r
P-p, =P, (8.47)

rae Q, P - coOTBETCTBEHHO pacxo
_ I M Iepernaji AABJIEHHS -
JBUTaTeNE, P ° e

Ilepenan naBnenust B Kananax PO u Hacazke poTopa Ipu cOoT-

BETCTBYIOLIUX pPAcXoJax >KHAKOCTH MOXHO BbIDA3
obpasom (§ 6.3)": PasuTh CJIeLYIOUUM

P.=P, +kMP =E,pQ, +k,M?; (8.48)

__P 2
Pn - 2“2/.2 Qu' (849)

IZe f, B = COOTBETCTBEHHO IIOWAAb TIPOXOAHOTO CEYeHHS i K03 du-
UMEHT pacxoga HacaJKH.

fl(IJIH KOHOM/IaIbHOH Hacagku p = 0,97.
oadpduureHT
sy $$ I Bl XapaKTePUCTHK Ex, kp, B ompemensiorcs mo pe-
CTEHJ0BBIX HcnbiTanuit (cM. § 6.5).
IlpupaBuuBast BbipaxceHus nepenagos aasienus (8.48), (8.49)
U yIUTbIBas 6a/IaHC PacXOZ0B, MOTyYAeM 3aBUCHMOCTD PACXOAA KHI-

Tlpn BbI
o p UHCIEHHH Py BJHAHHE BpAIIeHHs POTOPA He y4HTbIBAETCA.
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Puc. 8.14. Xapaxrepuctuku asurareas [1-240 ¢ pasacicHibiM 10TOKOM SKHKOCTH
(@=32n/c)

! — ¢ 3arayueHiibiM poTopoM; 2 ~ ¢ Hacaakoii anamerpos 11,3 My, 3°— 1o xe, 13,3 MM
KOCTH Yepe3 HacaiKy OT OOMIero pacxoja Q, KpYTAIIETo MOMEHTA M
IHAPOABHIATE ISl | JHAMETPA OTBEPCTILA HaCaLKI (f):

\[if + 4a(E,0Q + kpMB 7p) - &y

n 2a '

(8.50)

1
e a= e

MirHIIMAIbHBI pacxoj Yepe3d Hacaaky Ha6JI0JaeTcst B XOJOCTOM
pexane B3/1, MaxciMaIbHbI — MPIf 3aTOPMOKEHHOM poTope (M =
= M,).

Ha puc. 8.13 npiBe/eHbl 3aBHCIHMOCTI pacXO0B XKIAKOCTIH B Ha-
casake 1 Kanamax PO oT xpyTsiero momenta B3/1, Ha puc. 8.14 -
CTeH/0Bas XapakKTepUCTIIKA JBHraTels ¢ pas3je/eHHbIM [OTOKOM
sxiikoceTi J1-240.

rNABA 9

OnbIT AKCNNAYATALUU B3 B BYPEHUU

9.1. OBLUME UTOIrM N OBJACTU NMPUMEHEHUSA

Iupoxoe npimeHentie B3/l B oTedecTBeHHOIl MPaKTHKe OVpEHIs
HePTAHBIX CKBAXKHH Hauyajoch B cepeditHe 70-X rojfoB, Iocie oCcBoe-
HIs cepHiiHoro mpouspozacTsa gsuraTeteii. HanGospuiii oneit HaKo-
ITeH npy 6ypeHuH fosotamu guameTpod 215,9 MM ¢ HCMoab30Ba-
ex B3/l ¢ mapyxubim guamerpoM 172 11 195 mm (ta6a. 9.1).

B oTpa6oTky KOHCTPYKIMH H TEXHOJOTHIH GYpEHHS ¢ HCI0.Ib30BA-
Hiem B3/l 6oabuioil TBopueckuil BKJIAA BHECAH KOJIEKTHBBI 6Vpo-
BDLIX IIPEANPHATIIT cTpaHbl, B YacTHOCTH AJbMeTbeBcKoro ¥ BP obpe-
anuenust Tatned s (Bikuypun T.H., KozioB M.A. 1 ap.), obbenn-
Henist Bamnedts, Tpecta Openbyprras OAO “Tasnpom” u ap.

[To coctosnmo Ha Havajso 1998 r. B3/l soimosiHeno cBbilze
350 000 peitcoB 1WapOUIEYHBIMH 1 A, IMA3HBIMI J0J0TAMH B HHTEPBA-
e ray6un oT 100 1o 5560 M i npoGypeno Gomee 26 MIH. M TOPHBIX
MOpOJ.

Tabauya 9.1

Tlokazatesn Loz
1976~1980 | 1981-1985 | 1986-1990 | 1991-1995" | 1996-1997"

O6mem Gyperins 0,4 5.3 12,6 6,5 1,75
B3/, san. M
Y 1eabliblii Bec B 0,6 4,2 6,6 6,9 10,0
npoxojxe Hed-
TEera3oBbIX CKBa-
KHH, %

«
Hannble no Poceuit, 6e3 yuera Oypennst B JApyrux crpasax CHT.

Kposme Toro, B3/l Bbinosaneno 40 peiicoB B yHiKkaabHoil Ko.1b-
cxoli ceepxr.ay6okoii ckBaxkune CI-3 B unrepBaste ray6un 4332-
9040 », a Taxxe okoso 100 peiicoB B crpanax Boctounoil EBporibi 1
[Oro-Boctouynoit Asiu.

Hanbosbwee pacnpocTpaseHile ABHTate’Jd 11oayd4iLin B paiioHe
Ypaso-llopomxbs, rje B TedeHie Hocteannx 20 1eT OHI 3KCIIYaTi-
pvioTes B HnTepsasie ray6un 700—1800 » [89].
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llo mannbiv BHUMOS3HT, B 1997 r. yaenbHbiit Bec 6ypenus
(8 %) B3/l B ofieil npoxogKe COCTaBHJI Ha npeanpusTsx: JIY-
Koita-6ypenue Ilepmb ~ 43; Yamypraedprtp — 42; Tatnedrts - 28;
Bamnedpts — 25,7; HmxuesommkckHedts — 23,2; HuXHEBOKCK-
et — 23,2; Camapanedreras — 21,0.

B 3anagnoit u Boctoynoit Cubupu o6vem 6ypenus (8 %) B3]]
(B unTepBanax ray6un umxe 2300-2500 M) NMOCTOAHHO pacTeT M B
1997 r. cocraBun Ha npexnpustusx: KOranckuedrerasa — 18, “CU-
HAHKO” - 17,2, CypryrHedrerasa ~ 12,2, HuxnepaproBckuedre-
rasza — 7,2.

Ha 6yposbix npexnpustusix OAO “Tasnpom” B3]l o6ecnieunsaer
OKoJIo 5 % obiero o6beMa npoxoaku. [123]

IIpu 6ypenun c 1ApoOLIEYHBIMH A0JOTAMH, OCOGEHHO C HOJIOTa-
Mt tunoB T'HY wu TAY, nocturaercs cymectBennoe (B 1,5—
2,5 pasa) ysenuuenHe MPOXOAKH HA JOJIOTO MO CPABHEHHIO C IOKa-
3aTeJIMU CEPUHHBIX Typ6OOYpOB IPH HEKOTOPOM CHMXKEHHH MEXaHHU-
YeCKOil CKOPOCTH TpOXOAKH. PeiicoBast ckopocTh 6ypeHHs BHHTOBbI-
MM JBUraTejsiMu ¢ ray6unpl 1000 M u Hwke B ycaoBusx Ypaso-Io-
BOKbA, a Takxe B ckBaxuHax 3anaguoit Cubupu c ray6uHb
2500-3000 M mpeBbImaeT peiicoBble CKOPOCTH TYPGHHHOIO M porop-
HOTo GypeHHUs.

Bo MHorux pernmoHax npuMeHeHHe BHHTOBBIX ABHrateeil Takxe
06€eCeYnIo POCT KOMMEPYECKOli CKOPOCTH 6yDeHHs 10 CPaBHEHUIO C
[OKa3aTe/IAMH TypOUHHOTO GypeHus.

B xode mnozonemmeil npomviunennod sxcnayamayuu 6vin nod-
meepxOen pAd 6AXHBLX IKCNAYAMARUOHNBIX npeumyuecme B3/

ONTHMA/TbHbIE XapaKTePUCTUKM (HH3KHMe YacTOTbl BpAIEHHs MpH
BbICOKOM KpYTSlleM MOMeHTe), obecneynBaioiye 3 peKTHBHYIO OT-
paboTKy ROJIOT Pa3IMYHOTO THIIA,

He60JIbILION Nepenaj AaBAeHUs, O3BOIAIOMMH UCIIOJIB30BATD TH/-
POMOHHTOpHbIE JI0JIOTA MPH CYUIECTBYIONUIeM HACOCHOM NapKe;

BO3MOXXHOCTb KOHTPOJIA 3a PeXMMaMK OypeHHs IO AABJEHUIO Ha
CTOSIKe;

MUHUMAJIbHBIE OCEBble rabapuThbl, MO3BOJAIOLIME HCNOJb3OBATD
B3]l npu 6ypeHnn HakJOHHO HANpPaB/JEHHBIX H TOPH3OHTAJIbHbIX
CKBAXHH M0 PA3JIMYHbIM PafHycaM UCKPHUBJIEHHS,

NpOCTOTa MOHTA’Ka M PEMOHTA ABHTaTe.Iei.

OnbIT pa6oThl B pasnHyHbBIX PErMOHAX MOKA3aJ, YTo B3/l mosxer
paboTath ¢ HCIOJIb30BAHHEM MPOMBIBOYHBIX JKUAKOCTEH JMI060M 1LIOT-
HOCTH — OT a3pHPOBaHHBIX PACTBOPOB ILIOTHOCTBIO MeHbiue 1 I/ cMm3
A0 yTsXKeJEeHHBIX MJIOTHOCTBIO 6ostee 2 '/ cM3 U BA3KOCTbIO 10 90 ¢
no CIIB-S.

Onwim axcnayamayuu u ucnwmanuii B3/] onpedensiom caedyio-
wue nepcnexmuss ezo npumeneHus npu Gypenuu:
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TIy60KHX CKBaXHH, KOIJa YBE/IM4YEHHE MPOXOAKM HA 0J0TO
MMeeT CyLIECTBEHHOE 3HavyeHHe W obecrednBaeT 3KOHOMHYECKHit ad-
dexr;

HAKJIOHHO HaIllPaBJEHHBIX U TOPU3OHTAIbHBIX CKBAXKHH;

JOJIOTAaMH C TepMETH3HPOBAHHBIMH MAC/IOHAMOTHEHHBIMH OfIopa-
MH; 5

¢ MpHMEHEHHEM a3PUPOBAHHBIX IPOMBIBOYHBIX XHAKOCTeH;

BTOPBIX CTBOJIOB IIPH aBapHsX;

¢ oT60pOM KepHa.

3a py6exkoM poTopHOe GypeHHE ABJAETCA JAOMHHHPYIONIMM B Ha-
cTosllee BpeMaA Kak 1o o6beMy OypeHHs, TaK M MO KOJHYECTBY IIO-
CTpOEHHBbIX CKBaxuH. B3], HauHHAA OT nepBoro ofpasua JBMraTe/s
“Dyna-Drill”, npeumyuiecrBeHHO NpPHMEHSIOTCA NPH HNPOBOJKE Ha-
KJIOHHO HAIPABJIEHHBIX M TOPM3OHTAJIbHBIX CKBaXXHH. ORHAKO LIMPO-
KOe pacrnpocTpaHeHHe TEXHOJOIHI HanpaBJIEHHOrO, TOPU3OHTAILHOTO
H MHOIOCTBOJIbHOIO 6ypeHusi CYyIIeCTBEHHO YBEJHYMBAET YJeJbHbIi
Bec 6ypeHus 3a6oitHbIMU THApaBAMYecKnMH ABHrarteasmu [166]. O6
3TOM CBHJIETENBCTBYIOT MHOTOMHC/IEHHblE My6IHKALUM B IEpPHOAUYe-
CKoOif MeyaTH M pa3sMax npoussojictBa B3/l MHOruMM KOMNaHMsIMHU B
CHIA, Kanape, ®panuuu, I'epmanuu, Kurae, ABctpuu. K konuy
90-x rogos o6muit o6beM 6ypenus ¢ ucrmoiabzoBanuem B3/1 B CHIA
cocTaBHI okoso 15 %.

9.2. OCOBEHHOCTU TEXHOJIOTUU BYPEHUR

Texnonorus 6ypenus B3]/l uMeeT ocOGeHHOCTH NO CPABHEHHIO C
6ypenueM Typ6obypamu [71, 76, 94, 123].

1. B 3aBucumocTH 0T ycaoBuit 6ypenuss npu BoiGope THNA NOpo-
JOpa3pyIlalol(ero WHCTPYMEHTa IMpeANoyYTeHHe CJelyeT OTAABaTh
mapoureyHbiM goJjotaM TunoB T'AY u THY, monoram ¢ mojamkpu-
cTa/uiHdeckuMu maactuHamu tuna PDC, a Takxke MMIOPTHBIM “Mo-
TOpHBIM" ZoJ0TaM. THIT BOOpY>XXeHHs 0/10T2 BBIGHPAIOT B COOTBETCT-
BUM C TBEPAOCTHIO H A6PA3NBHOCTBIO IPOXOJHUMBIX MOPOJ.

2. Ilpu Bboibope palMOHAJIbLHOTO pexXMMa OTPAGOTKH JAOJNOT YYH-
THIBAETCS IOBbILIEHHAS XKECTKOCTb XapaKTepHcTHKH n — M (mazenue
YACTOTBI BpalleHHs] OT PeXHMMa XOJOCTOTO XOJa [0 peXHMa MaKCH-
MaJIbHOI MouHocTH He 6ostee 15-20 %). 310 Mo3Bo.seT B mpolecce
6ypenust noa6upaTh HArpy3KH Ha J0J0TO, O6ecrneYHBAIOLIME MAKCH-
MaJbHYI0 MEXAHHYECKYIO CKOPOCTD.

Ipu akcnnyarauun B3/l BpeMst Mexann4yeckoro 6ypeHHst 3HAYH-
TeJabHO yBenwuuBaercs. OGBMHO MOMEHT mogbeMa AosoTa mpu 6y-
peuun B3]l ompepensiercs mo NMageHMI0 MeXaHMMECKOH CKODOCTH B
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3-4 paza, B To BpeMs Kak B TYPOUHHOM GYPEHMII — 1Pl IageHin
ckopocti B 2-2,5 pasa. Ilogvem umncrpysmenta npu Gypennit B3/
TPOU3BOAUTCSA TAKXKE IIPH Y. TbCAIll JAB./ICHUsI, BDLI3BAHHOIN H3HO-
COM OITIOp J0.IOT.

3. Henpotounas koncrpykuus PO npesonpeseiser onpejenen-
HbIC TeXHHYeCKHe CTOKHOCTH axcmayarauun B3/, /laa ycrpanens
cichona 6ypoBOro pacTBopa IpH HOgbeMe H 06ecleYeHui 3aMBa 6y-
PILTbHOI KOJTOHHBI nplt crycke B KomuoHoBky B3]l Briouaercs me-
pe:niBHoil kianaH. Ilepen Kasjoii crycko-nogbeMHoll omepariteif
PEKOMEH/IyeTCA NIPOBEPATh PaGoTOCHOCOGHOCTD KAANAHA.

4. [ns npefoTBpamieHHs] 3aUlIAMOBAHIS JBHTATENs, OCOGEHHO
npu paGoTe Ha BOAE, NEpe] HapallUBaHHEM HHCTPYMEHTA, Mepes
[IO'BEMOM  IBUTaTe/Isl /I 3aMEHbl OJ0Ta HEOGXOJAMMO OCYIIECTB-
JAATb TIPOMBIBKY CKBaXKHHbI B npusaboiiHoil 30He, a 3aTeM NpHIIOj-
HATb HHCTPYMEHT Haf 3ab6oeM Ha 10-12 M n ToubKo IoCAe HTOTO OC-
TAHOBUTDb HAcoC.

C uesbio 60pb6bl C MIAMOBAHMEM HA IPAKTHKE B psife c/Iy4aeB
upuyensdercs KHBK: gosoro — aurarens — mnamopas tpy6a B 6y-
puabHoil TpyGe — o6paTHbIit KianaH, a nepeJuBHOI KiamaH yCTaHaB-
JiiBaetcd Bbile B3/l Ha 6—8 M.

5. CymecTBeHnoe BiiisiHUE Ha pabOTOCIIOCOGHOCTD ABUTATES]
OKA3bIBAET HATAT B Ilape POTOP — CTaTop.

[lo mepe usnoca PO, ocobeHHo npH Icno/b3oBanui pacTBopa ¢
OOJIBIINM COAEPKAHMEM TI€CKA, HATAT YMEHDIIAETCS, YTO IPUBOJUT K
pasrepsernzaunn PO n, xax cleAcTBuHe, K CHUXEHUIO HArpy304Holi
crocOGHOCTI jiBHraTe1ss. [l NpejOTBpALLEeHIsT XO0J10CTOTO peitca
ABHTATENA Tepejl CIIyCKOM HHCTPYMEHTa PeKOMEHyeTcs ONpoGbIBAT
ABITATETb HA YCTbe CKBaXKHHDBL H 110 Nepenafy AaBJeHHus Olpe/e/iTh
axtuyecknit Hatar B mape [17, 64, 94]. Jlas JOCTOBEPHOTO OIpeje-
JTEHILA Tekyiero coctositiiss PO Heo6xommumo Meth Ha 6ypoBoii fgoc-
TaTOMHO TOYHBIE CpPe/CTBA U3MEpeHNs pacxofa xuaxoctd (nomayi
Hacoca).

Jlast xoyuencann usnoca PO gomyckaeTcst yBeamunsaTh pacxopn
KUAKocTH Ha 20 % OT 3a7aHHOTO, UCXOAS M3 MACTOPTHBIX AAHHBIX
B3/l 11 TpeGoBaHmii re0oro-TeXHHYeCKOTO Hapsaa.

6. pn 6ypernn B3] Bo usbexaniue 1esoro BPALICHHS HHCTPY-
MEHTa HOX HellCTBHEM PpeaKTHBHOTO MOMeHTa JABHIATe.Is BeYIIYIO
TPyOy ¢ OMOMUIBIO K/THHbEB (PUKCHPYIOT OT NPOBOPAYHBAHUS B CTOJIE
poropa. BypoBoii HHCTpYMeHT Heo6XomiMO MOjaBATH IIaBHO, 6e3
ppiBroB. Hawnyunnix mokasareseit 6ypeHiss MOXKHO JOCTHYb IpH He-
TI0.Tb30BAHUIL peTy.asiTopa nojaun gomaora (cM. § 9.5).

7. B orevectennoil npaxtiike 6ypenite BepTHKAILHbIX CKBasKHi
B3I B 6oabuinHere cayyaeB Bemercss 6e3 MOCTOSIHHONO BpalilleHIs
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6ypH/IbHOM KOJIOHHDI, & JMIIb C NMEPHOAHYECKHUM TIPOBOPOTOM HHCT-
pymenTa. 3a py6exxoM mpu GypeHUH 3a60HHDBIM ABUTATENEM MPOM3-
BOJUTCA MOCTOSIHHOE BpauleHne OypuibHOHK KoJoHHbI. Ilpu 3ToM
JIOCTHTaeTCs:

TIOBBILIEHUE MeXaHUYECKOH CKOPOCTH OypeHws;

yJAy4leH)e Ka4ecTBA OYMCTKM CKBXXHHDBI OT BBIGYDEHHOH IOpO-
AbI;

CTabMM3aUHMs TPAEKTOPHH CKBaXKMHBI 6e3 cMennl KHBK:

AOBe/ICHYME OCEBO! HArpysKd AO MOPOAOPA3PYUIAIOIIETO UHCTpY-
MeHTa IpH 6OJIBINNX OTKJIOHEHHAX 3abos.

IKCTepUMEHTRI, NpoBeleHHble B BysynykckoMm YBP o6bemuue-
Hust “OpeH6ypruedTs”, NpoaeMOHCTPHpPOBaH, 4TO 3¢hHEKTHBHOCTD
OypeHus C BpalleHWeM MOXeT GbITh CyleCTBEHHO MOBBIIEHA MyTeM
4aCMOMHOU HACMPOUKU CUCTEMbl [OJOTO ~ THAPOABHTATENb — Gy-
pHJIbHast KoJioHHa [82].

Ontumusauus xosebatenbHbix Impoueccos (mogasienue peso-
HAHCHBIX SIBJIEHMH) [OCTHraeTcsi MOAGOPOM TAKMX YACTOT BpAllEHHS
B3/l n (uamenss momauy macoca) u 6ypuibHOl KoJIoHHBI (poTopa)
Np, TPH KOTOPBIX a6COJIOTHAS YacTOTa BpAlleHHs JOMOTA m, = n +
+ n, obecneynuBaeT MAKCHMAIbHblE [I0KA3aTeM OTPaGOTKY JOJIOT.

XOJle BKCIEPUMEHTANbHOro 6ypeHusa Ha riay6une 1841-1910 m
asurateneMm [11-195 u goaorom 215,9 T3-THYRO05 mexanuueckas u
peiicoBasi ckopocTd 6ypeHus B pexiMe YacTOTHOMN HAcTpOHKH cucTe-
Mbl yYBEJMYUINCD COOTBeTCTBeHHO B 2,7 m 2,2 pasa. Ilpu pacxoge
KUAKOCTH 32 J1/¢ onTMMANbHAS YaCTOTa BPAUIEHHs POTOPA COCTABU-
na 67 06,/ MuH.

8. Konctpykuua B3/[ nospossier ycHemHo NpuMEHATb TeXHHue-
CKYIO BOAY M pa3iuyHble THIIbI 6YPOBBIX PacTBOPOB:

Ha 600noll ocHose (KalbliMeBble, CONEBbIE, TMHHCTDIE U ap.);

Ha Heghmanol ocnoge (C UCIONB3OBAHUEM CHIPOiE HedTH, [U3eND-
HOTO TONJIMBA, NPOAYKTOB HepepaBGoOTKHU);

noaumepHvie, 06J1a/lA0IME HU3KOM BS3KOCTBIO M MOBBILIEHHOI
CMOCOGHOCTBIO K OYMCTKE OT TBepOil hasbi.

Kpowme Toro, B kauecTBe pa6ouero areta MOryT 6bITb HCIIOJB3O-
BaHBI BO3AYX, a3 U a3pUPOBAHHBIE XKHIKOCTH.

MHorue 3apy6exxhble GUPMbl B CBOMX CONPOBOAMTE/IbHBIX HHCT-
PYKUMAX PEKOMEHAYIOT yZAeSTb Oco60e BHUMAHME PEOJOTHYECKUM
cpoifctBaM pactBopa. Ilpu 6ypenun B3] perynsproe u BCECTOPOH-
Hee HCC/IeROBAHHE ITHX CBOMCTB MMeET BaskHOE 3HAYEHHe He TOJDBKO
AJTS yCTIEWHOro BefeHHs! 6ypeHHsi, HO M IS NPEROTBPAllleHHs H3HO-
ca asuratesneit [167].

MHoroseTHuUIT oTedecTBEHHDbIH M 3apy6exHBIt OBIT HCIO/Ib30BA-
Husa B3/ nokasbiBaer, uto:
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colepxanmue B pacTBope TBepoil (a3bl U MecKa OKa3bIBAET CyLle-
CTBEHHOE BJIMSHHE HA JOJIOBEYHOCTb ABUrarens. MakcuMajibHOe cO-
Jep)KaHue He QOJDKHO MpeBblliath 2 % Mo obbeMy (npearmoyTHTeb-
Has KoHUeHTpauus MeHee 1 %);

TIpH TMPYMEHEHHH MATEPHUaIoB A1 6OpbOBI C MOTJIOMEHHEM 6ypo-
BOTO PacTBOPA HEOOXOMWMMO CJIEJMTD 32 TeM, YTO6bI 06aBICHHE UX B
CHCTEMY BEJOCH PABHOMEDHO. YBEJIMYEHHE KOHIEHTPAlMH HAIMOJIHU-
TeJIsi MOXKET TPUBECTH K 3aKJIMHUBAHUIO JBUrATENst MJHM 3aLI1aMOBa-
HHIO KaHaJoB fojoTa. Ha BcackiBaiomtell JTuHUM O6ypOBbIX HAcCOCOB
pEKOMEH/y€eTCsl YCTAHABJIMBATD CETKH JUISL NIPEJOTBPALIEHHS MoNafa-
HUS BETOIINM M METAJUINYECKHX IPEIMETOB,;

npu 6ypeHHH Ha BOZe M TJMHMCTOM pacTBope ras M BO3AYyX,
COREpKALIMECS B PACTBOpE, CHIKAIT 3¢beKTUBHOCTh paboThl ABU-
raTens, TAK KaK WX MPUCYTCTBUE IPMBOJUT K yMeHbIIeHUIo daKTu-
4eCKOro pacxoja, IOABOAMMOro K apurateno. Kpome sTtoro, mox
feficTBHEM THAPOCTATUYECKOro AABJEHUS Ha 3aboe ra3, cofepXa-
wuiics B 6ypoBoM pacTBope, MPOHHMKAET B 31aCTOMEpP CTaTopa, M Io-
cJe To/beMa ABUTaTeNsi H3 CKBa’KUHBI MOXeT NPOH30HTH pacumpe-
HHUe 3TOro rasa, KOTOpOe MpHBeleT K MOBPEXKIECHHIO 3JacTOMepa.
Ecint o6bIMHblE METOAbI yJaNeHus rasa oKasblBaloTcs Manodddex-
TUBHBIMH, TO MOXeET NOTpe6OBaTbCS [PUMeHeHHe YCTPONCTB sl fe-
rasauuu pactsopa. Ciefyer Take KOHTPOTMPOBATb JAaBJEHHE H
TeMIlepaTypy Ha BXOJe Hacoca, MOC/Je[JHSAA He OJUKHA MpPEeBBIMIATH
65 °C;

B pacTBopax Ha HeTSIHOH OCHOBE COMlepXKaHMe apoOMATHYECKUX
YIJeBOJIOPO/OB, BBI3BIBAIOIIMX HafyxaHue 3/acTOMepa CTaTopa,
J0JIKHO OBITh MUHUMAJIBHDIM;

IpH MCMOJb30BAHHM B YCJIOBHMSAX BBICOKMX TEMIIEpaTyp H JaBJe-
HHA 6YypOBBIX PAacTBOPOB Ha HedTsHON OCHOBE C PA3JIMYHBIMH XHMIH-
YeCKHMM PEAreHTaMM ¥ YTSDKEJHTEISIMH MOTYT NMPOHUCXOJUTh Cepbe3-
Hble MOBPEXAeHUA 3/ACTHYHOH 06K/Ia/IKH CTaTopa.

HexoTopble He(TsIHbIE IMYJIbCUHM XapaKTEPU3YIOTCA HU3KOM aHU-
JIMHOBOH TOUKOM, 4YTO MpH 3a6OMHBIX YCJIOBHUAX MOXET NPHUBECTH K
HeXKeJIATEIbHBIM peaklusM HedTH u aacToMepa, cmoco6cTBys Haby-
XaHUIO 3JacTHYHOH OOKJAAKM cTaTopa M, KaK CjeJCTBUE, K ee IIOBbI-
IJEHHOMY M3HOCY X BO3MOXHOMY moBpexaexmio. Hampumep, npu
Temnepatype Ha 3a6oe 80 °C MOXHO MPHMEHSTb PacTBOp Ha HedTs-
HOIl OCHOBE ¢ aHHMJIHMHOBOM TOukol He Bbiute 75 °C.

9. OmHUM W3 CYHIECTBEHHBIX TEXHOJOIMYECKUX IIPEHMYILECTB
B3]l sBisieTc BO3MOXHOCTb MCIOJb30BaHNs B KayecTBe padovero
areHTa BO3JyXa M a3pMPOBAHHDBIX XUAKOCTeH, 4TO ocobeHHO adek-

TUBHO IIPH BCKPBITHH MOIJIOIAIOIIUX M NMPOAYKTHBHBIX TOPH3OHTOB
[119, 168, 170, 174, 177].
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Ilpu Mcnonb3oBaHuM BO3AYXa U TA30XKHAKOCTHBIX cMeceil BBHAy
MX CXHMMAEMOCTH B KOJIOHHE 6ypPUJIbHBIX TPY6 IJIOTHOCTb M PACXOA
I0TOKAa 3aBUCAT OT JaB/JeHUs Ha Bxoje 3a6oHHOTO ABUTaTeNnsS u
M3MEHSIOTCS [IPU YIIy6/ieHuH 32604 M HarpyxeHuu fosoTa. [loatomy
ABHratesb 6o/iee YyBCTBUTENEH K U3MEHEHHIO HArpy3KM Ha J0JOTO U
o6aaeT IOHMKEHHOH HArpy304YHOHl CHOCOGHOCTBIO, B CBSI3M C yeM
PEKOMEHIYETCA HUCIOJb30BaTh J0JI0TA MeHbIlell MOMEHTOEMKOCTH.
Jnsi cHIDKEHUMS. 1aBJIEHHS KOMIIPECCOPA MJIM CHJIOBOTO arperata pe-
KOMEHZYeTCs [IPUMEHATD 0J0Ta 6€3 THAPOMOHMTOPHBIX HACAI0K.

IIpu 6ypenny Ha BO3IyXe BecbMa OTBETCTBEHEH MOMEHT IyCcKa 3a-
6oiiHoro ABHraTess.

Hycx B3]l npousBoxutcs mpu HeGoAbIIOH HArpysKe Ha 0JIOTO.
Hu B KoeM ciryuae BBUAY 4pe3BblYaiiHO 60IBLION 4ACTOTHI BpallleHus
He jomyckaercsi pabora B3] na xosoctom pesxnme. Takxe Hemomyc-
THMO pe3Koe HarpyxeHue B3/l u3-3a omacHOCTH ITOJOMOK 3/IeMEHTOB
xoHcTpykimn (wapHupsl, Myt u ap.). JlIs CMaské M oXJaxe-
HUs noBepxHocted PO B Bo3nyx H06aB/SIOTCS OBEPXHOCTHO-aKTHB-
Hble BEILECTBA, a TaKkxke rpaduT U HedTs.

Pacuer Tpe6yemoro pacxoaa Bosgyxa Q, (M3,/MHH) MOXHO BecTu
o Meroauke ¢upmst “Halliburton” [174]:

Qs = 20y,

rae Q, — HoMuHa/bHbLH (MacnopTHblil) pacxon xuakoctd (i1,/c).
IIpuMeHUTEPHO K OTEYeCTBEHHBIM ABMraTensM, Hanpumep JIT-
95 u /IT-108, TpeGyemblii pacxofl BO3AYXa COCTABASET COOTBETCT-

BeHHO 12-20 u 12-24 M3 /MuH, a JaBJjeHue KoMmIpeccopa 9-12 u
7—11 MIla.

9.3. AKCMNAYATAUUSA ABUTATENEN
OBLLUEr0 HASHAYEHURA

Hocne MHOro/€THUX HMCHBITAHUE M MOXKOHTPOIBHOM 3KcILTyara-
LuH, MOKa3aBUIMX CYLIECTBEHHBIA DOCT MPOXOAKM M peicoBoil CKo-
poctn, B Hactosmnee Bpemst B3/l mpumensiorcs B Maccosom 6ype-
HHM BO MHOTHUX PpETrHOHAX CTpaHbl KaK COCTABJISIONIHM KOMITOHEHT
KOMOMHMpOBaHHOTO crocoba Gypenus [73, 74, 81, 83, 105, 116].
Tak, nanpumep, B TaTHedTu ucXoas u3 obecneuenus MHHUMyMa
cTouMocTH 1 M MpOXOAKH BepxHuit untepBan (no 600-700 M) 6y-
pAT ¢ ucnoJip3oBaHHeM Typ6o6ypoB 3TCIII1-195, mocme yero mo
ray6unst 1600-1650 m ucnossayror B3/l ¢ HapyxHbIM AHaMeTpoM
172 wmm 195 mM. Tocnemnne 80—100 M cKBaXKHHBI IIpH TIPOXOXK.e-
HUH TIPOAYKTHBHOIO TOPU3OHTA Pa36ypUBAIOT POTOPHBIM CIIOCOGOM.
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Mogo6Hast TEXHOJIOTHA IPUMEHSIETCS ¥ B IPYTUX GYypPOBbIX OpPTaHU3a-
unsix Y pasno-IToBomkbs [94].

O6o6niaoiue cpaBHKTE/IbHbIE Pe3ybTaThl 6ypEHHs Pa3JMYHbIMU
TeXHHYECKHMH CPeACTBAMU B YKa3aHHbIX MHTepBajax Y paiuo-llo-
BOJIKCKOTO PErMoHa NpuBeleHbl B Tabi. 9.2.

KaJIbHOM, TaK H B HAKJIOHHO HANpPaBJIEHHOM GypeHIH C HCHO.Ib30Ba-
HieM tenemerpuyeckux cucreM (TC). Eme B 80-x romax, genas
cBoM mepBble luark, ¢pupma “Drilex” B Ceseprom mope, HCIIOJIb3YsI
coseTckue nsuratenu [13-172 u monmora “Stratopax” Ha riy6unax
3500~4000 M, nonyyuna yBeaMdYeHHe MeXaHUYECKOI CKODOCTH B
2,54 pasa 1o cpaBHeHHIO ¢ poTopHbIM GypenueM [160, 165].

Ta6auya 9.2
e T
B3/ 18-20 170-190
Potop 2-2,5 60-75

Tabauya 9.3
3aboitnblit aBura- TIpoxoaka Ha ao- Mexaunyeckas
Teb n0TO, M CKOpOCTh, M,/ 4
O-195 130-140 8-9
Typ6o6yp A7II3 60-70 12-13

JanHble npuBegeHbl s O6ypeHus 3a0GOHHBIMM [IBUraTe/SIMU Ha
BOZlE C TIpHMEHEHWEM OTedeCTBEHHBIX HOJIOT AumaMeTpoM 215,9 mm.
Bypenue poTopHbIM coco6oM BeJOCh C UCMOIb30BAHHEM FJIMHUCTOIO
pacTBopa.

Ipu 6ypenun B3]] 3¢dexTHBHBIM OKa3ajsoch IpHMEHEHHE B
KHBK HagfonoTHbIX ruapaBauyeckux jemncdepos (Bubporacute-
neit).

Tak, npu 6ypennu cxkBaxun Ha Vabkuxckoit mmomamu (Tyiima-
auHckoe YBP “Bammedrts”) u apyrux paifoHax HCIoJib3oBajach
crepyiomas komnonoska: gosoro (213,9TK3-THY wm 215,9T3-
THY), Bubporacutenn, asuratens [1-195, YBT 178 MM amunoit 24 M,
6ypunbhbie Tpy6or TBIIB127x9. BypeHue Besoch Kak Ha BOJe, Tak
M Ha TJMHHUCTOM PacTBODE.

Cpenusisi mpoxojxa B untepBasax 541—1103 M cocraBuma 297 M,
a MexaHudeckas ckopocth 12,8 M/4. ITH NoKasaTe/JH [PEBHIIAIOT
cpennecratuyeckne (6e3 BuGporacureseii) cooTBeTCTBEHHO Ha 28 u
17 %.

VBenudeHne MNPOXOJKM HA [JOJOTO U MEXPEMOHTHOIO IepHoja
B3]l of6bscHseTcs yMeHBIIEHWEM AaMILIMTYABl KoJeGaHHsi oceBoil
HArPY3KM NP HECHMMETPHYHOM LMK/ HArpy>XeHus JO/0Ta, a pocT
MEeXaHHYeCKOH CKOpPOCTH ~ MNPHUJIOKEeHHeM ROMOJIHHUTEIbHOH oceBoil
HATPY3KM 33 CYeT CHIDKEHMA ee [HHAMMYECKOH cocTapiasomeit
[137].

IIpu wucrnons3opanun B3/l B 3anmagHoi#t Cubupu ycTaHOBJIEHO,
yto ux addekTusHas pabora obecreynBaercst nNpu 6ypeHUH HHTEpBa-
J0B Ha ruy6une 6osnee 1800—-2000 M. Tunuunbie moxasatenu Gype-
uua B3/] B ckBaxkunax CypryTcKOro pervoHa B MHTepBaJe OypeHus
1700—-2800 M npusenens! B Taba. 9.3.

B sapy6exuoii npaxtuke B3/l ¢ MomenTa cBoero nosieieHus 3¢-
(beKTHBHO HCMOMB30BajguCh B GypeHHM ¢ Mopckmx ocHobanuit. Ha
MOPCKMX ycTaHOoBKax B3J] mHpoKo NpHUMEHSIOTCS Kak B BepTH-
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Boicokne nokasatenu Takxe 6bLIM NOMyYeHBI IPH POBOKE
CKBXMH Ha MecTOpoxAeHMH DByina-mope (Kacmmiickoe Mope,
Asep6ait/kan) [BUraTensiMu guametpoM 172 MM Ha riy6bune 4028~
4965 M. IlotHoCTD pacTBOpa cocTaBisia 1,9-2,7 r /cM3, BaskocTs —
79-90 ¢ no CIIB-5. Cpeanss Npoxomka Ha AOJOTO ANAMETPOM
269 MM ysenuumnacs B 1,6-2,3 pasa no cpasmenmio c Ty pPOHHHBIM
bypetneM u oKasajach Ha ypoBHe poTopHOro 6ypenus [34).

Kax noxasana orevectBeHHast u 3apy6excHas IPaKTHKa, JBHraTe-
¢ 06IIero HA3HAYEHUS! SIBJSIOTCH 3PDEKTHBHBIM TeXHIYECKUM cpen-
CTBOM B KOMIIOHOBKaX /i/IsT 0T60pa KepHa, B TOM YHCJIE CO CHAPSIOM
‘Hengpa”.

B sanmagnoit mpaktuke oTpa6oTaHa TEXHOMOTMS 6ypeHust ¢ 0160~
POM KepHa C MCHOJ/Ib30BAHUEM [/IMHHOMEPHbIX CHAPSIOB, YCTAHABIIU-
BacMbIX MOA ABUraTejeM M obecnevuBawomux 98—100%-HbIit BBIHOC
KepHa MpPOTsXeHHOCTho 0 34 M [160].

Cpeay MHOTOYHCIEHHBIX IPEMEPOB PEKOPAHBIX MOKaszaTesel sKc-
IiyaTanuu oreyectBeHHblx B3]/l o6wmiero HasHaueHHMS OTMETHM cJie-
AYIOLIHE.

1. Ha cksaxune “Bopaanp-2" (6mu3 r. Ceresa, Benrpusa) asura-
TeneM [[3-172 ¢ ponorom HP-12 dupmer “Reed” npo6ypeHo 3a OxHO
Roabnenue 536 M 3a 78,5 u. Cpenusisi MexaHUYecKas CKODOCTb B HH-
tepBaie 1747-2283 M coctasuia 6,8 M/ v, Harpyska Ha JOJIOTO
17 1, pacxon 6ypoBoro pacteopa 32-36 i,/ c, wacToTa BpallleHHsI KO-
JIOHHB! 12 06/ MUH, NaB/ieHNe Ha cTosike 11,512 MIla [72, 158].

2. Ha Konnckoii cepxriy6okoit ckpaxune CI-3 apuratesem
A13-172 6bum poGypeHbl OTAE/NBHBIE MHTEPBAIDLI C OT6OpOM KepHa
Ha riay6unax 10 9040 m. Temnepatypa B ckBaxcuie xocturasa 130 °C.
Hnst obecnevenus npsMOMHERHOCTH CTBONA GypeHUe BeIOCh C orpa-
HuyeHueM Harpysku o 5-10 kH. Ckopoctb npoxomku kosonko-

BBIM [I0JIOTOM nuaMeTpoM 214 MM B TBEpABIX MOPOZAX COCTaBJIsAIA
1 Mm/4[73].
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9.4. AKCNNYATALUA ABUTATENENA ANA BYPEHUSA
HAKJIOHHO HANPABJIEHHbIX U TOPU3OHTAJIbHbIX
CKBAXXWH

TupokomacurTabHoe GypeHne HaK/IOHHO HAMPABJICHHDBIX CKBAXHH
06yCIOBJIEHO yCJIOBUAMHI PaspadoTKu HedTAHbIX M Ta30BBIX MECTO-
poxaennit Cubupy u mwesbga Mopeif, a TaKKe KOJOTHYECKHMHU CO-
obpaxennsmu. Hambosee pacnpocTpaHeHHble TEXHOJOTMHM HANpas-
JIeHHOTO 6ypeHHsi OCHOBAHbI HAa HMCMOJIb3OBAHWM yCTAHOBJIEHHDBIX Ha
KOHIle 6ypH/IbHON KOJIOHHBI 3a60HHBIX IBUTaTeslel — OTKJIOHHUTeNeR
K ONOPHO-LEHTPUPYIOIIUX 3IE€MEHTOB.

Bo Bcex He(pTera3oBbIX PErHOHAX CTPAHbl OTPAGOTAHA TEXHOJO-
T'Msl CTPOHUTE/IbCTBA HAK/JIOHHO HAMPaBJIEHHBIX CKBAXHH Pa3IHIHOrO
npoduas [109]. Vnreppanbi Habopa KPUBU3HDBI BBIMOMHAKTCS C HC-
[10/ib30BaHMeM 3a60HHBIX IBHTaTe/elf, KaK IPaBHIO, TypPOUHHBIX OT-
KJIOHUTeNell. B HEKOTOpbIX GypOBbIX NPEANPHATHAX [ STHX leel
npumensiorcss B3/l ofuiero HasHayeHHs C KPUBBIM NEPEBOAHMKOM.
MHTepBasibl cTa6UIN3ALNN MPOGUIS MPEUMYIIECTBEHHO NMPOBOAATCA
B3/.

B mocsennMe rogbl MPUOPHTETHBIM HAINPABJIEHHEM SIBJSETCA TO-
pH3OHTaJbHOE GypeHue, BHEIPEHHE KOTOPOrO CBA3aHO C JOCTHKE-
HHSIMH B TeXHUKe M TEXHOJOTMH OypeHuss U NMpHMEHEHUEM TeJeMET-
puyeckux cucreM (MWD, LWD, PWD), 3aboitubix asurateseil,
BBICOKOIIPOU3BOJIMTEIBHBIX JIOJOT, BbICOKOKAYECTBEHHBIX IMOJUMEP-
HBIX PACTBOPOB, BEPXHETo NMpHBoJa 6ypPUJIbHOI KOJOHHBL.

OnKH U3 OCHOBHBIX 5/IEMEHTOB KOMILIEKCA TEXHUYECKHX CPENCTB
1151 GypeHnsi TOpPU30OHTAMbHBIX CKBaXHUH (I'C) — B3/1, xoTopbnlil sAB-
JISIETCS He TOJIbKO [IPHBOJIOM JI0JIOTa, HO H yCTPOHCTBOM A pOpPMH-
POBaHUS 331aHHON TPAEKTOPHH CTBOJIA CKBAXXHHDI [45, 109].

HecmoTpst Ha TO, 4TO B Halleil cTpaHe mepBble T'C 6buin poby-
penbl B 50-X rogax, IMPOKOe Pa3BUTHE 3TOTO METOLA B Poccun na-
wasoch B 90-e Toabl 1 GHLIO CBS3aHO C BOBJEYCHHEM B PaspaboTKy
HU3KOTPOAYKTHBHBIX MECTOPOXAEHHH M POCTOM KAalHTaJbHBIX BJIO-
JEHNMH Ha Co3faHhHe HOBBIX HedpTeno6bIBAIOIMX MOUIHOCTER. 3a
npouemmue roxst npodypero Gonee 800 TC. IloscemecTHo ocBoeHa
texHosorust nposoakud I'C B Kap6OHATHBIX M TEPPUIEHHBIX OTJIOXKe-
HUSIX.

Ipu crpoutenbctBe ['C HCIOMB3YIOTCS MPEMMYLIECTBEHHO B3,
Npes/e BCero cepuiibie ABUraTeNH THIIOB N3-172, 15-172, OUI-
172, a B mocaennue roabl u asurarean JAI-172, JT-155 ¢ BcTpoOeH-
upiMu MU

Ha npeanpusaruax OAO “Tasmpom” npu O6ypeHud HHTepBaja
I'C nox TeXHHYECKYl0 KOJMOHHY Auamerpa 246 MM ncronbayiorcs
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B3/l 111-240. WnTeHcuBHOCTb HaGopa 3eHUTHOrO yraa I coctaBJset
B cpeaneM 2—2°30 Ha 10 M. Pexum 6ypeHMs: Harpyaka Ha [0/I0TO
50-60 kH, pacxon xunkoctu 42 1/ c.

Tlpu 6ypenun I'C Ha HedTAHBIX H Ta30BBIX MECTOPOMAECHHSIX
Poccuu MpUMeEHSIETCsE TPALHIIHOHHAS TEXHOJIOIHS HallpaB/ieHHoro 6y-
PEHUsI, XapaKTePU3YIOMAsCs TeM, YTO [ KaXZOro ydacTka npodu-
JISI CKBa)XXMHBl MCHOJIb3YETCSI COOTBETCTBYIOHIasi KOMIIOHOBKA HM3a
6ypHIBHOM KOJOHHBI MJIH OTKJIoHUTe b [109].

I'C ¢ 60oabmMM PAHyCOM HCKPMBJIEHHS PEAJM3YIOTCS PH KyCTO-
BOM GypeHHMH Ha CYIIe U Mope, a Takxe IpU OYPEeHHH OTAeIbHbBIX
CKBRKMH C OOJIBUIMM OTKJIOHEHHEM OT BepTMKA/IM IpPU AJMHE TOpH-
3oHTaJpHOro yyactka 600—1500 m. Ilpu mpoBogke TaKHMX CKBaXKHH
[IPUMEHSIETCS CIIELUAIbHAST TEXHOJOTHS M TeXHHKAa HAKJOHHO Ha-
npasjieHHoro 6ypeHus, noasoJsiomue noiaydats [ = 0,7-2° /10 M. B
KadecTBe 3a6OHHBIX ABUraresieif HCMOAb3YIOTCS TypOUHHbBIE OTKJIOHU-
Tesu u cepuitnpie B3/l [15-172, J13-172 u J12-195 (puc. 9.1).

['C co cpegunM pagHycoM [PUMEHSIIOTCA TaKXe IIPH KyCTOBOM
6ypeHHN HA Cyllle U MOpe M [JIS BOCCTAHOBJIEHHS! IPOAYKTHBHOCTH
SKCILTYaTalMOHHBIX CKBAXHH. VIHTEHCHBHOCTb HCKPUBJICHHS JOJKHA
coctaBiaarb 2—10° /10 M. I'C no cpegnemy paauycy 6osee 3KOHOMHU-
YeH, TaK KaK MMeeT 3HAYMTETbHO MEHBIUIYIO [JIMHY CTBOJA, a TaKXe
obecrieynBaer GoJiee TOYHOe MOMAJAHUE B 33JaHHYIO TOYKY MPOAYK-
THUBHOTO ILJIACTA, YTO OCOGEHHO BaXKHO IS MAJIOMOILIHBIX HedTAHBIX
U Ta30BBIX CKBAXKUH.

Jlnst 6ypeHusi CKBaXKMH [0 cpefiHeMy W KOPOTKOMY pajuycaM pe-
KOMEHIYEeTCsI MCI0JIb30BaTh OTKJIOHUTEH C MAKCHMAJIbHONH pasHuueit
mexay auaMerpom B3/l u posora. /g MpOBOAKH TaKUX CKBaXKUH
ncrmosnbaytores apurateau OUI-172, AT-155 w ATI-172. [{uratenn
OIlI-172 wau AT-155 ¢ HMCKPUBJEHHBIM MEPEBOAHUKOM MEXIY CEK-
IMSIMM M MIADHUDHBIM COEJMHEHUEeM HaJ JBUraTejieM IpUMEHseTCs B
KHBK nas va6opa senuTHOro yria mo paauycy 50—-60 m.

I'C ¢ maasm PajMyCOM UCKDUBJICHUS HMCTIOIb3YETCS MPH pasby-
PUBAHMU MECTOPOXAEHUN, HAXOISIIMXCS HA IO3[HEH CTaguM 3Kc-
IIyaTaluMd, a TAKXe I8 GypeHHs! JOIOJHMTENBHOTO CTBOJIA U3 BBI-
Pe3aHHOTO OKHAa 3KCILIyaTalMOHHOH KoJioHHbL. Ilpoduaum Takux
CKB)KMH 06ecrieyHBaOT HAMOOJBUIYIO TOYHOCTD MMOMAJAHUSA B ILIACT,
I'C ¢ ManbIM paguycoM II03BOJISIIOT PAacIiOJOXHUTh HOTPYKHOH Hacoc
B BePTHKAJIBHOM y4YacTKe.

[ns gocTibKeHUs paAMyca MCKpHBJeHus crBojia 10-30 M Tpeby-
erca I = 1,1-2,5° /M. Takie nokasaTenu JOCTUIAIOTCA IPUMEHEHHEM
cnenuasbublx B3/l uau KOMIIOHOBKAMHU C MOTIOTHUTEIBHBIMH OIOP-
HeiMu aiementamu (puc. 9.1, 2). B aroit koMIoHOBKEe ¢ LEabIO
YMeHbIIIEHUsI pafuyca KPUBU3HBI CKBA)XKUHBI 6e3 M3MeHeHHs JHHeil-
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— JIONIOJHUTE/IbHbIU

HBIX M AWAMETPAJbHBIX Pa3MepOB MCIOJb3YIOTCS. NOJHOPA3MEpPHbIe
MCKPHBJICHHbIE NEPEBOAHIKY C JUaMeTpoM, GOMbIIMM JAHAMETpa Kop-
nyca JBUrate.Is.

Ilpu npoBonke ropusontajsbibix UHTepBaioB ['C npumeHsioTcs
ykopouennnle B3/l 6e3 MU ¢ uenrpatopoM Ha Kopmyce.

[InameTpaJbHble U OCeBble rabapuThl ABUTATeNEd JOJKHbI obec-
lieunTh npH ciy4vae BnucbiBanne KHBK B npoduis ckpaxkunpr. Kak
NIPaBUJIO, Ha/l ABWraTeJeM yCTaHaBJIMBAEICS IIAPHUD C ABYMS cTerle-
HAMHI CBOGOHI.

Hanpumep, Ha npakTxe NpoBoAKA rOpM3OHTAJIBHOTO YYacTKa Ha cKB. 815 (me-
cropox/erue “Beapiit Turp” Ha weande Boernama) ocymectsasnace KHBK, sxio-
yaiouleit no0t0 aHametpoM 215,9 MM, kaau6patop C-215, B3 AT-172 (c npsa-
MbIM MEPEBOINMKOM), MepeuBHON Kaamad, 6ypusabHble Tpy6er CBT-127. Tax kak
6ypenue I'C Besioch no GosbiioMy paauycy, uiaphup Haa B3J] He ycranasausaics.
Ocepas narpysxa coctasisana 10 kH, cpeanssa I — 8,5°,/100 M [12].

Ipu npopo,1e ropuszonTanbtoro yuactka cke. 59 Mpunosckas (ITO “Capatos-
nedTerasz”) npuMeHsIach KOMIIOHOBKA: 40J10To 213,9 MM, ABuratenb AT-155 ¢ nps-
MBIM KODIyCOM M LUECHTPAaTOpoM Ha xopnyce, 6ypuabHble Tpy6bi JIBT-127 (250 M) u
CBT-127. Bypenne Taxoit KHEK npoussoansu B unteppasie 660-800 m. IIpu atom
3€HUTHbIA yroa ysennuucs or 92 g0 109° u 6blia noayyeHa NOCTOSIHHAS WHTEHCHB-
HOCTb HCKpUBAeHus 11,5°,/100 M.

Ilpu 6ypeHny HMCKPHMBIEHHBIX YYAcTKOB MpOQUIS CKBAKHHDBI C
ucronb3opanveM B3]/l ¢ KpHUBbIM NepeBOIHUKOM OTBETCTBEHHBIMM
MEPOIPUSATUAMU SIBJISAIOTCSA IIEPBOHAYAIbHASL YCTAHOBKA YIJa OTKJIO-
HHTEJIS B 33aHHOM a3UMyTe M HOJAEep)KAHUE JTOro IIOJIOKEHUS] B
nporecce yrayG/eHHst ¢ YHETOM BO3MOXKHOTO M3MEHEHHsl yT.ia 3aKpy-
uypBaHUSA OypIHJbHBIX TPY6

Ml

Gy,

rae [ = aauva OyprabHOl KonoHhbl, Gy — MOAY/b CiABHIa; I, — NOASADPHBIH MOMeHT

pazanunbiMn MU, npuMeHsieMbie B 0TEYECTBEHHOI NpPaKTHKe:
— € ABYMSl KPUBbIMH (IEPCBOJMUKAMU; @ — ¢ KPUBBIM 11EPEBOJAHHKOM U IIAPHHUPHBIM YCTPOHCT-

PEBOAHUKOM U AONOJHUTEIbHBIMH OMOPHbLIMU 3JIEMEHTAMH, 1 - J10JI0TO; 2 - Ka.nu()paTop; 3 - wmnuHaeaAbHAs

Q= 9.1

unepuny cevennst py6 I, = nd:(l —at 32).
[Ipu 6{_11)9}1”11 asuratenem J12-195 B pexume Mexamuueckolf moutnocty (M
5...7 xH-

M) Ha ray6uHe [ = 2000 M C HCIO/Jb30BAHMEM CTATbHBIX (G, =
0,8105 MITa) tpy6 127x9 pacueTHslii yron sakpyuupannus kopnyca B3 cocraBas-
er ¢ = 613...858°.

Han6osbuiee pacrnpoctparelne 1oJy4us crnocob OpHEHTALNM IO
TIOKA3aHUAM TeJIEeMETPHYECKOH cucTeMbl (THAPABINYECKOH MM Ka-
6e1bHOIT) MyTeM MOBOPOTA POTOpPOM 6YpHIbHOIN KoJIOHHBI. HegocTa-
TOK 3TOr0 croco6a COCTOHT B HEOGXOAMMOCTH KOPPEKIHH MOJIOKEHUS
OTK/IOHHTE/Is1 IPH MepeXole OT XOJNOCTOTO peXXnMa K paboueMy, a
TaKxe INpH U3MEHEHHH KPYTHAUIET0O MOMEHTa Ha [0JI0TE B IpolLecce
6ypeHnus, 4To TpefyeT MOCTOSHHOIO TEKYIIEro KOHTPOJS 3a YoM
YCTAHOBKI.

Crioco6 anM30QUYeCKOr0 KOHTPO.Is 3a II0JIOKEHHEM OTKIOHHTE/S
B ckBaxuHe, npemioxenupid HIIK “TOBYC” [132], npeaycmat-
puBaeT Hcro/b3oBaHHe KommoHoBkH (puc. 9.2), B koTopoit ynmep-
XKAHHE MIOCKOCTH AeHCTBHS OTKJIOHHTENS He 3aBHCHT OT M3MEHEHIs
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Puc. 9.1. OrxaonsonHe KOMIOHOBKM C
@ — ¢ O[IHUM KDWBbIM MepeBofHUKOM; 6
1

BOM; ¢ — C KpPHBbIM 1€

cexknus B3J1

; 4 — KpuBOIt nepeBoAHMK; 5 — cekuus PO; 6 — TeneMeTpudeckas cuctema; 7 — KoplycHoi wapHup; 8
ONOPHBIH 3/1eMCHT
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Puc. 9.2. OTKIOHAIONIas% KOMIOHOBKA “'[OBYC":
{ — gonoTto;, 2 — AEUEHTPATOp, 3 — 3a60iiHbI} ABWraTe b

pEaKTUBHOIO MOMEHTA 3a6oiiHoro gBHraress. IJTO AOCTH-
raeTcsl MpUMEHEHHeM JelleHTparopa ¢ IIaBaloUMM Kap-
KACOM M YHPYTMMH JyrooOpasHbIMU OTOPHBIMH ILIaHKA-
MH, YCTAHOBJIEHHOTO HA KOPIyce MIMHHIETbHOM CEKIMM.
TIpuMelteHue KOMIOHOBOK C JEUEHTPAaTOPOM CHIDKAET 3a-
Tpathl Ha HHGOPMALNOHHOE obecrieyenue npoiecca 6ype-
HUS.

B 3apy6exHoii npaKTHKe TIPOBOJKA I'C Benetcst B oc-
HOBHOM 110 TEXHOJIOTHM yTpabiseMoro OypeHus (Steev-
rable drilling), Bnepsbie pa3paboTaHHOH KOMIAHUEN
“Eastman Christensen” [160]. 5

Peanu3alus Takoil TeXHOJIOTHH CTajIa BO3MOXHOH IO-
cie co3faHusl BbICOKO(@EKTUBHBIX NOPONOPa3pyIIalo-
uiero uHcrpyMenta u B3/l, BBICOKONPOUHBIX 6y pUJIBHBIX
Tpy6 1 HAJEKHDBIX TEJIEMETPHYECKUX CHCTEM, TO3BOJIAIOX
HIKX POM3BOIMTD 3aMepbl B TIpolecce 6ypenust (M wD)
B peajJbHOM MacuTabe BpeMEHH. pu 6ypenuu T'C mpe-
umytecTBerHo npumensiores TC ¢ ruApaBIMyecKuM Ka-
HAJIOM CBSI3H.

TexHosorus ympasJsieMoro GypeHusi MpeaycMarpuBa-
erT 6ypeHue Bcell CKBAXKHHDBI M HECKOJTbKUX COMPSKEH-
HBIX YYACTKOB ee CTBOJKA 6e3 H3MEHEHHS KHBK, uro

F}
J

. 9.3. IIpoduau CKBaXHHBI, [OCTHTAEMbIE OTKJlf')HmOm}{MH KOM-
Pue P cbrlouomﬁwm dupmur "Baker Hughes™: )
{-DTU (I=4/30mM);2-AKO (U=13"/ 0 M); 3 - AKO/ABS

(I =24730m); 4 - SP (4,8 /M)

[03BOJISIET 3KOHOMHUTb BpEMS. M OCYIIECTBJISITb IPOBOJKY CTBOJa
CKBa)KMHBI C MHHHUMAJBHBIMH OTKJOHEHUSIMH OT I[IPOEKTHOIO IIpPO-
dus.

IlpoBoAKy HCKPHBJIEHHBIX YYACTKOB OCYIIECTBJSIOT B DEXHME
OPHEHTHPOBAaHHOTO GYpPEHUsI ¢ YCTAHOBKOI JBUTATEJNS-OTKIOHUTENS B
NPOEKTHOM a3uMmyTe. lIpH IpoBOAKe MPSIMOJHMHEHHBIX YYacTKOB HH-
CTPYMEHT BpaIAIOT poTOpoM. B psige ciyyaeB HCMOJb3YIOTCS CIELH-
aJbHblE OTKJIOHSIIOIHE CHCTEMBI C peryJupyeMbiM Ha 3a6oe M.
Opanako IIMPOKOTO pacIpOCTpaHeHUs TaKHe CHUCTEMbI He MOJIyYu/In
M3-32 CBOEH CJIOXKHOCTH M JIOPOTOBU3HBI.

B Hacrosniee Bpemsa ympasJsieMble CHCTEMBI BBITYCKAIOTCSI PSIAOM
BEIYIUX KOMIIAHUii.

Cuctemnr komnanuu “Baker Hughes” [171] Ha 6ase asurareneit
“Navi-Drill” obecrieunBaloT HHTEHCHBHOCTb Ha6opa 3eHHTHOTO YT.JIa
Ior1° nHa30 M mo 4,8 Ha 1 M (puc. 9.3), yTo MO3BOJSET HCIO/D-
30BaTh WX [JIsI pelleHHs LIMPOKOro Kpyra IMPaKTHYECKUX 3a4ad ro-
PH30HTaJbHOrO OypeHHsl. ITO [OCTUTaeTcs 3a CYeT IPUMEHEHMUs
B3/l ¢ pa3nnyHbIMH BapHaHTaM{ MCKPUBJIEHHBIX KODPIYCOB M LEH-
TPaTOpOB.

Cuctema DT U BKJIIOYaeT KPUBOIl MEPEBOHUK C ABYMS lIE€PEKOCa-
MU oceif, pa3MeIleHHBIH MeXIy UINUH/IEeNeM W CHUJIOBOH cekiueit
(puc. 9.4, a).

Komnonosku gsurareseil ¢ ABOHHBIM MCKPUBJIEHHEM KOpPIyca cy-
ecTBeHHo yMeHbInalT akcueHTpucuter KHBK, uto mossoaster Bpa-
maTth 6ypPHJIBHYIO KOJOHHY DOTOPOM B TeYeHHEe MIPOJOJIKHUTEIbHOTO
BpeMeHHU.

Cucrema AKO comep>xuT peryJupyeMslil Ha 6ypoBoil KpUBOH Ie-
peBonuk (puc. 9.4, 6).

B cocrase cucremprt AKO/ABS uMeercss JONOJHHUTE/bHBI pery-
JupyeMblit mepeBoaHuk Han agsuratesem (puc. 9.4, 6). B kawecte
B3/l ucnoab3yioTest gBuratenn ¢ Muoromwaroppimu PO (“Mach 17).

Cucrema SP npeanasHaveHa misi nposoiaku I'C no mastomy pa-
mycy (puc. 9.4, z). B ee coctaB BXoAST yKOpO4eHHblit MOAUGHIIN-
poBaHHbIi aBuratenb “Mach 1”, peryanpyempiii HCKpUBIEHHBIH Ie- -
PEBOLHUK H KOPIYCHble INAPHUDBI, COEJUHSIIONIME CEKIMU JBUraTe-
JS.

YupasisieMoe 6ypeHHe C NpPHMEHEHHEM YKA3aHHBIX CHCTEM I10-
JYYHJIIO HIMpOKOe pacmpoctpaHeHue. [lo jgaHHBIM  KOMIaHMH
“Baker Hughes” [169] 3a nepuox 1986-1993 rr. noctpoeno 14 000
HaK.JIOHHO HaIlpaBJEHHbIX U TOPHM3OHTATbHBIX CKBAKUH, IIPH 3TOM
cymMMapHoe BpeMsi pabotbl asurateseit “Navi-Drill” coctasuiao oxo-
a0 1 500 000 4.

Bexymie xoMIIaHHM BBeIM B COCTaB 060pYZOBaHUS AJISL YIPAaB-
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Puc. 9.4. OTKIOHAIONHAE KOMIIOHOBKH /s yHpaBageMoro 6y CHHS JBHTATEIEM
"Navi-Drill", npumensiembie ¢pupmoii "Baker Hughes":
a-DTU:; 6 - AKO; ¢ - AKO/ABS; 2 — SP

AseMoro Gypenusi asyxcekiuoHnble B3/, kotopbie 3apeKOMeH/I0Ba-
a1 cebsi 3pdEKTUBHBIM CPEICTBOM IS HOBBILEHUS MOABOJMMOI
MOIHOCTH K [OJIOTY. B pe3yabTaTe MOSIBHIACh BO3MOXHOCTb HC-
N0JIb30BATh BBICOKONPOU3BOJUTE/IbHblE MOMEHTOCMKNE JOJIOTA THIA
PDC [154, 159].

ITokasatean 6Gypenusi aByxcekumonHoix B3/l B cpaBHeHHMH cO
CTAHAAPTHBIMH JIBHTATE/AMU 3HAYMTETBHO YAYHUIUAUCH: B PEXHME
“BpalteHue” JOCTHTHYTO IIOBbIIIEHME MEXaHWYECKOH CKOpDOCTH Ha
88 %, a B pexxuMe “ckosbxenne” — Ha 146 %.
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Wpentnynsie cucteMbr ynpasssiemoro 6ypenus I'C UCIIO/Ib3YIOT
xommanuu “Schlumberger” u “Halliburton”

B obnactn 6ypenus I'C BmeyaT/sIOT ONy6IMKOBAHHBIE PeKOPI-
HbIe NTOKA3aTe/IH, KOTOPble [TOCTOSIHHO OGHOBJISIOTCS:

no npoxoxake — 2713 M (aBurareav “Anadrill” 3a oxun peiic go-
nota, Benuko6puranus, 1994 r.) [175];

no Mexanwyeckoit ckopoctn — 100 My (aBuratenp “Dyna-
Drill”, Hopsesxckuit Cektop Ceseporo mops, miargopma B-42)
[163];

110 OTXOMY OT BePTHKaAH — 7290 M Iipu AJIMHE CTBOJIA CKBAXKMHDI
8761 M (asuratens “Dyna-Drill”, Hopsexckuit CekTop CesepHroro
mops1) [161] u 10 585 M mpu aumue ctBona 11 184 M (aBuraress
“Anadrill”, Aprentuna, cks. CN-1, 1999 r.)

Bmecte ¢ Tem MHorostetHuit onbit nposoaxu I'C ¢ ucnonbaoBaHu-
eM B3]l BbIABHA, YTO B STHX IKCTPEMATbHBIX YCIOBHAX CYLIECTBEH-
HO CHIXXAIOTCS HAJIeXXHOCTb U AOJATOBEYHOCTb ABUTATENE!N.

CornacHo amepukanckum ny6iukaumsm [166], 42 % peiicos
B3/l ounamerpoM 120 MM H MeHee 3aKaHUYMBAIOTCS OTKA3AMH. Hna
asurateneit auamerpom 127-240 MM 3TOT mNoOKasaTeob COCTABH.I
28 %.

He pacronaras mofo6Ho# CTaTHCTUKON TIPUMEHEHHS OTeYeCcTBEH-
upix B3]l npu 6ypennn I'C, oTMeTUM CylecTBEHHOE CHYDKEHMe pe-
cypca mnmuHaens apurartesnst. CHIKeHHe HAZeXXHOCTH U JOJIrOBEYHO-
ctu B3/l npn 6ypennn I'C obbsicHsieTcs: M3MeHeHMeM XapakTepa
AefiCTBYIOWNX HA JOJIOTO M POTOPHYIO IPYIMILy ABHTATeNsA HATPY3OK,
B YAaCTHOCTH NOSIBJIEHHEM oTK.JIoHstowel (paauanbhoit) cuibl, cormoc-
TaBUMOH ¢ oceBoll HArpy3Koll Ha 40JIOTO.

Hcnombsosanne B3/ me orpanmumeaercs medrerasosoii or-
pacsblo. VI3BeCTHBI ycremHbple pe3yJbTaThl HMCHOJIb30BaHHS B3]
npn 6YpeHUH HAKJOHHO HAIpABJEHHBIX CKBaXHH B IDAHUTE IO IpO-
IpaMMe HCCIEAOBAHUS IeOTepMasIbHBIX CKBaXXUH B Besnuko6putanuu,
O6ecrieIMBIINE POCT MEXAHHYECKOH CKOPOCTH M TOMHOE MONafaHue B
OJIHY NJIOCKOCTb JABYX CKBaxKuH [165].

B oreyecTBeHHOll MPaKTHKe MepPCIEKTUBHbIE Pe3yJbTaThl MOKA3a-
mn orkaonutean 3a6HWM — BHUUBT, paspa6otanubie na 6ase
AsyxcekuuonHoro asuratess J11-54. OTKIoHHTENMH HCIIONB30BAJIMCDH
pH NPOBOJAKE HAKJIOHHO HAIPaBJEHHBIX F€OJIOTOPA3BEOYHBIX CKBA-
xuH B noponax VIII-IX kateropuit 6ypumoctu. [28]

Bosburoit mpakTuyecKuit MHTEpEC NPEACTABISET OIBIT NPOBOJIKH
TOPH3OHTA/IBHBIX CKBaXXUH-TyHHEJIeit Io1 BOJAHBIMU ITperpagaMH.

3a py6exoM mojio6Hpie paGOTHI BBIMOMHAITCA PAXOM (BHPM, B
YACTHOCTH CHELHaIM3UPOBAHHON KaHaAckoi kommanmeit “Zeeland
Horizontal”.
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Ar-155 500m
§90m

Puc. 9.5. l'opH3oHTaIbHAA CKBaXKHHA-TYHHETb HOA p. O6b, npoGypennas xBHrare-
xem 1AI-135

B Poccun B 1998 r. ¢ ucnonpsoBaHueM BHHTOBOTO ABHTATEJS AT-
155 cayx6a 6ypenns “PocremexoM” mpoBena TyHHENb NPH CTPOM-
TeJbCTBe KabeJbHOro mepexona 4epe3 p. O6p B HoBocubupckoii o6-
aactu (puc. 9.5).

BypeHue ocyuiecTsasioch KOMIOHOBKOI, cocToslelf #3 LIAPOLIEYHOTO Aonota
anametpom 190 mm, asurarens AI-155, HemaruuTHOH 6ypuibHoi Tp5y6b1 AJMHHON
9,5 M ¢ 3oxaom. O61nas A1MHA CKBaXKMHbI cocTaBuaa 890 M, U3 HHUX 275 M cocTaBuI
HAKJOHHBIA YYACTOK NMOA yroM 12°, Jajee TOPH3OHTAABHBIA YYacCTOK M YHacTOK
noavema nog yraom 10°. [Buratens [JI-155 ucno/b3osajics npH npoxonke nocaed-
Hux 500 M (220 M no caanny u 280 M no necky). Pacxog RHIKOCTM COCTABHA
6-7 n/c, RaBieHue HarHeTanus 3,5-5,0 MIla, Cpe/HsAA MeXaHH4YecKas CKOPOCTb
npoxoaky no caaniy 8 M/4. O6iiee BpeMs paboTsl ABuratess okoao 60 y. 3ameua-
HUH 1o paoTe ABUrarTessi He OTMEYEHO.

9.5. YNPABJNIEHUE PEXXMMOM BYPEHUS B3A4

3a6oifHbIll ABMraTe/lb BXOOUT B COCTAB CJIOMKHOL AAHAMHYECKOH
CHCTEMBI, COCTOSIILEH M3 MeXaHH4eCKOH M THAPaBIMYECKOH MOICHC-
tem (cM. § 6.8). Ilo kaHanaM IHIPaBIHYECKOll MOACHCTEMBI K B3/
TIOABOAUTCA MOTOK JKHAKOCTH C 3a/l@HHBIM DPACXOJOM, OIpeeIsio-
MM CKOPOCTb THAPOJABHTATE/s, YEPE3 MEXaHHYECKYI0 MOACHCTEMY
OCYINECTBJIAETCA INepefada HArpysku Ha potoro G, onpegensoweit
KpyTAWui MoMeHT M.

O dexTHBHOCTD Nponecca 6YPeHHs] CKBAXKHH 3aBUCHT He TOJIDKO
OT BbIGOpa ONTHMANbHBIX MApaMETPOB peXuMa GYpPeHHS, HO H BO
MHOTOM OINPELEAETCS BO3MOMKHOCTBIO MX MOANEP)KAHUA HJIM pery-
JHIPOBAHUSL BO BpeMs JoabieHus. YnpabieHHe 3a60HHBIM ruapo-
ABUTaTeNEM 3aTPYJHEHO HENPEPbIBHO IPOMCXOIAIIMMU BO3MYII(e-
nusamu (M. § 6.8), HapymaronmmMi ycraHoBHBIIiCS pexxuM 6ype-
HUSI.
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B npaktuxe 6ypenms pacmpocTpaHeHB ABa OCHOBHBIX CIIOCOGa
ynpasJieHnst 3a6oitnbiMu Auratensmu [18]:

MpaduyuorHbLEl, BeAyIUH cCBOe HAYAZO OT portopHoro 6ypeHus, —

ylpaBJieHUEe Yepe3 OCEBYIO Harpy3ky Ha JOJIOTO [0 MOKAa3aHUAM HH-
AWKaTOpa Beca;

COBpeMErHbil, OCHOBAHHDIH HA YNPAB/IEHHH PEXMMOM paboTbl 3a-
GOHHOrO ABHraTels HElOCPEACTBEHHO Hepes YTJIOBYIO CKOpPOCTb MJIH
KpYTAuMit MOMEHT ero BaJa.

O6a atux cnoco6a He MUIIEHBI HEOCTATKOB, U36ABUTHCS OT KOTO-
PBIX He NPEeACTABJSIETCS BO3MOXKHDIM.

IIpn TpaguuMOHHOM ympaB/eHMH HelocpeicTBEeHHOE H3MepeHHe
Harpysku Ha JOJIOTO He IPOU3BOJMTCS, BCJIEACTBHE YETO MPHXOAUT-
Cs1 OIEpUPOBATh KOCBEHHDBIM 3aMePsEMBIM Ha MOBEPXHOCTH MOKa3aTe-
JIEM — BECOM Ha KpIOKe 6YPOBOIl yCTaHOBKH.

IIpyn npoBoake e HAKMOHHBIX H FOPHSOHTANBHBIX CKBAXHUH C HC-
nosb3oBanueM B3]l ynpaeienne pexumom paGoTbl THAPOABHIATE.IS!
110 TIOKA3aHMAM HMHAMKATOpa Beca MPUBOMMT K CYIIECTBEHHBIM II0-
TPEIIHOCTSM M3-3a:

BJIHAHUSL CUJl TPEHUSA KOJOHHBI TPY6 O CTEHKH CKBAXKHHbI, TOYHO
paccyuTaTbh KOTOpbIE NPaKTHYECKH HEBO3MOXKHO!

MSMCHEHUsA OCEBBIX TMApPaB.IMYeckux cul B PO asurateas mpu
IEPEXO/Ie OT XOJOCTOTO PEeXHMa K PabovyeMy, YTO He YUUTHIBAETCS
NpH OGbIYHOI Npoueaype “B3BelnBaHus” HHCTPYMEHTA.

Kpome Toro, cama mo ce6e ocesas HArpy3Ka 6e3 W3BecTHOH WH-
¢opMaluK o CBOHCTBAX TOPHBIX ITOPOA M COCTOSHHN noJora ¢akTu-
1€CKH HE XapaKTepU3yeT PeKUM paboThl 3a60HHOTO ABUTATE .

Ilpn npsmoM yrpaB/eHHH TMAPOXBHIATENEM HELOCTATKH Tpaau-
QMOHHOTC cmoco6a, CBSI3aHHBIE ¢ KOCBEHHBIM HEJOCTOBEpPHBIM Xa-
PakTepoM MoJydaemoil HHOPMAIMH, OTCYTCTBYIOT, B CBA3M ¢ ueM
CHCTEMDI, B KOHTYDbl yNPAaBJICHHS KOTOPHIX BKJIOHAIOTC CKOPOCTb
HJIH MOMCHT 3a60HHOTO [ABHTATe/s, SIBAAIOTCA HauGolee nepcrex-
TuBHbIMU [120]. OnHako ana peaausauuum Takux cucrem yIIpaBJie-
HUS HEOOXOJMMO OCHACTHTb THAPOABHTATEND JATIHKOM CKOPOCTH
(taxorenepartop) uu mMomeHTa (tenzomerp); uMerb 3aboitHble yeT-
POHCTBA NpHEMA, KOAMPOBaHUS H IlepefauH CHTHRJIOB, HCTOYHHKH
MX NHTAHUS, O6eCHevynTb HANEXHBbIH KaHAl CBA3M ¢ 3a6oeM (rua-
PaBIHYECKUH, B3IeKTpHYeCKHIl WiIH MeXaHHYeCKuii); MMeTh MoBepX-
HOCTHYIO CHCTEMy pacKOAMPOBAaHHS M 06pabotku uHbopMALMH.
MHuoronetnue pa6otbl Nokasams, 4YTO 3T0 gBASETCS TeXHHYECKH
CJIOXKHOH W Jloporocrosuleii 3agadeit, 3aTpyAHAIOmEH NpOMbILLIEH-
Hoe BHelpenue criocoba. Kak mpasmio, B sapy6exmoii u orevect-
BEeHHOI! NpaKTHKE MOJOGHBIE CHCTEMbI BcTpauBatotca B TC ynpasae-
HHS TpaeKTopued ckBaxHHbl (Ha 3amafe MX HA3BIBAIOT CHCTEMAMMU
MWD (Measurement While Drilling) — H3MepeHue B npouecce 6y-
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PEHHs), YTO pACIIMPSET ee BO3MOXKHOCTH, IO3BOJIASL TOYHO Pacro-
3HaBaTh (JMArHOCTHPOBATH) Mpolecchl Ha 3a6oe CKBAXKUHBI M MOX-
[lep>XUBaTh ONTUMA/IbHble pexuMbl 6ypenus [169].

B cucremax MWD ucnosb3yioTcsl pasjudHble CXeMbl ¢ IPOBOA-
HbIMH M 6eCTIpOBOIHBIMHI KAHAJIAMH CBA3K ¢ 3a60eM CKBaKHHBI.

Ilpu 6ypeHuu c HCHOJb30BaHMeM 3a60HHBIX TUAPOABMraTeell
Hanbospiiee pacnpoctpadenye noayuunad TC ¢ ruapas/audecKHM Ka-
HajsoM cBsa3u. OpHoit u3 cucreM MWD, npouefAlNX HCIBITAHHE B
Poccuy, ABAsieTc THAPOMMIyJsbcHas cucrema “Anadrill” cbupmbr
“Shlumberger” {175]. ITonzemnas wacty ganxoit TC, pasmeuiennas
B HeMarHuTHo# Tpy6e Hag B3/, Brurouaer 650K 3a60HHBIX AaT4H-
KOB M CPEACTBA /ISl XPAHEHUs, KOAUPOBAHUS U Iepefadn uxdopma-
UMM HA MOBEPXHOCTH. OJIEKTPONUTAHHE CHUCTeMBl ABTOHOMHOE H
OCYIECTBJsETCSE OT 3a6oiiHoro Typ6oreHeparopa.

WudopmManus ¢ 3abos nepegaercsi 6e3 ocTaHOBKM GypeHHS TpH
NOMOIM TEeHEPHPOBAHUS B THAPOKAHANE HU3KOYACTOTHBIX CHIHA-
JIOB, CO3[ABaeMbIX IIpUM BpallleHHMH MOAyJsTopa. [ugpaBiauyeckue
CHTHAJIbI TIPUHMMAIOTCS HA IIOBEPXHOCTH Mbe30JaTYMKaMH, obpaba-
THIBAIOTCS M BBOAATCA B KOMIBIOTEPHYI0 MH(POPMAUMOHHYIO CHCTe-
My CTaHLUUM omnepaTuBHOro KoutpoJs. OcHoBHble mapameTpn! xy6-
JUPYIOTCST Ha MonuTope Gypmubitnka. IlomMumo uHpopmanun c 3a-
6o B peajibHoM Macluitabe BpeMeHHU oO6pabaTbIBAIOTCS JAHHbIE OT
HaseMHbIX AaTYMKoB (HaTs)KeHHe KaHaTa, 4YacToTa XOJOB Hacoca,
MeXaHMyecKass CKOpPOCTh TPOXOAKH) M BBUIAETCS OLEHKA TPAeKTO-
punr cKkBakuHbl, 3¢GPEKTUBHOCTH OYpeHHs, TeOJIOTHH, IJIACTOBOTO
JABJIEHUSI.

H3Mepsemble 3a60iiHble NapaMeTpbl MOXKHO Pas/ieIiThb Ha TPH TPYIlIbl TPAaeKTo-
DMHM CTBOJIA CKBAXKMHbBI, reojorudeckue, pexkuma 6ypenna (Q, M, G) u nasnenus
(BHYTpH 6ypHJIBHOH KOJIOMHBI M B 3aTpY6be).

Pacxoa 6yp080r0 pactBopa, nocTynamwuero 8 riApo/IBUrare.ib, 3aMepaeTcs ¢ no-
MolUbIO 3a6oiHoro TypboreHeparopa. Ilogaya 6ypoBoro Hacoca onpejensieTcsi pac-
YeTHbIM NYTEM IO 4acToTe XOJ0B Hacoca. ZIJ'IH U3MepeHHus OCEeBOH Harpy3kKH Ha J0Jio-
TO U KpyTdlllero MOMeHTa 'MADOJABHUraTe/s 610K 3a60HHbIX JAATYHKOB JONOJIHAETCA
ceKuueifl, COCTOSIILIEH M3 HEMArHUTHOTO Hany6Ka CO CBEpJICHUAMM, B KOTODbIX pa3Me-
lalTCcsl TEH30AaTYHKH.

BBezennte B 3a6oithbiit xomnaexc TC cexuuy uamepenuss G v M ycjloxHser cuc-
TEMY H TNosbIlIaeT Tpe6OBaHK$1 K €¢ O6Cﬂy)KHBaHl/HO ¥ TapHpOBKe, YTO B UTOre IpU-
BO/JMT K JONOJIHMTEJbHbIM 3aTpataM. B aToit cBsiau B Hekoropbix cayuasx TC no-
crapasiercst 6e3 CeKUMH M3MEpEHMsSI Harpy3kd, M TakMM oO6pasoM TeJeMeTpUuYecKHit
KOHTDPOJIb He BKJIIO4AeT OCHOBHblE MapaMeTpbl pexxuMa 6ypenuss G u M. Ilpu stom
yIpaBJjieHHe peXUMOM paGoThi 3a60HHOTO T'MAPOJABMraTe/Isi BEJETCs Ha OCHOBE MOKa-

3aHMI AaTYMKA HATSOKEHUS HEMOABHXKHOMN CTPYHbI TaJIEBOTO KaHaTa, YTO He obecnie-
YUBAET BBICOKOH TOYHOCTH.

Jlpyroii N3BecTHbIH TegeMETPHYECKUH crmoco6 KOHTPOJS 32 pexu-
MoM paboThl THAPOABHrarteseit — uU3MepeHHe YacTOThl BDAILIEHHS C
MoMOIbI0 3aboiiHoro Typ6otaxoMeTpa. Takue cHCcTeMbl, HECMOTPS HA
HeJOCTATOYHYIO HAJEXHOCTb IJMYOMHHOTO TaxXoJAT4MKA, JABHO HC-
IOJIb3YIOTCSI B OTEYeCTBEHHOM TYPOHHHOM Oypennn. OaHako npu 6y-
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penun B3]l npumeHeHue TUOBOro Typ6oraxoMerpa Maso3dpdeKTHs-
HO BCJIeJCTBHeE:

BDBICOKOH JKeCTKOCTH MexaHH4YecKol xapakTepuctuku B3]l B pa-
6oueM Juala3oHe HArpy3oK, YTO MOBBIMIAET TPEGOBAHUS K YyBCTBU-
TEJbHOCTH cHcTeMbl {CITOCOGHOCTH DEarHpoBaTh HA HE3HAYUTEJIBHOE
U3MeHeHHe CKOPOCTH);

HEeJOCTATOYHOI OIepaTHBHOCTU KOHTPOJIST 32 PEKHUMOM HHU3K0060-
POTHBIX THAPOABHUraTesel, MOCKOIbKY TYpOGOTAXOMETP SIBJSIETCA CHC-
TeMoit MpepbIBUCTOro AeiicTBUSL (CHIHAJDBI OT MEPEJATIUKA CJELYIOT
yepe3 Kaxaore 100 obopoToB Basa, ¥ MpPU HOMHHAJBHOH YacToTe
spantenuss B3/ n = 120 Mun~! nepuoj U3MepEHHs COCTABJASET OKO-
10 50 ¢).

Bmecte ¢ tem npu Gypenun B3]/l MoryT 6bIThb HCIOJIB30OBAHbBI
H GAbMEPHAMUSHbIE CTTOCOObl VIPABJIEHHS THAPOABHIATENEM, OCHO-
BaHHbIe Ha OCOOGEHHOCTAX paboyero Ipolecca ¥ XapakTepHCTHK
B3/1.

Haunbonee pacnpocTpaHeHHbI cnoco6 KOHTPOJAS M YIpaBJIEHHUS
B3/l no gaBieHHIO Ha CTOSIKE OCHOBAH HA HUCIOJb30BAHUH 3aBHCHMO-
CTH Mepenana AaBJIeHHS OT KPYTAIlero MoMeHTa: 3adHUKCHPOBAB IIO-
KasaHHE MAHOMETPa P, Ha CTOSIKE IIPU NPOMbIBKE CKBaXKWHbI (TIpH-
NOAHATOM HajJ 3a60eM [0s0Te), B mpouecce 6ypeHHs MOAAEPKUBAIOT
naBjeHue p = po + AP, COOTBETCTRYIOLIee 3aZaHHOMY KPYTSAILEMY
moMmenty B3/1.

Onnako peasM3anusi JaHHOTO crocoba MoXeT 6bITh 3aTpyAHeHa
IyJbCALMAMU MOTOKA B HANOPHOH JHHUU M HeoOXOAMMOCTBHIO HUH-
dopmau 06 HCTHHHBIX XapaktepucTuxax B3]l ¢ yueTom mM3Hoca
PO u csoiictB 6ypoBoro pacteopa.

Kpome Toro, nmpu 6ypeHUH HCKPHUBJEHHBIX YYACTKOB CKBAKMHBI
yIlpaBJeHue pexxuMoM pabotbl B3] mo pasHuile naB/ieHUsl Ha CTOS-
Ke NP HAarpy>KEeHHOM M pasrpy>KeHHOM [0/I0Te€ Ha OCHOBE NaclopT-
HOH cTeHgoBoift xapakTepucTuku B3] 6e3 yuera jeifcTBHS OTKIO-
HsIIoleff CHJIBI, TOYHO PACCYUTATH KOTOPYIO BECbMa CJIOGXKHO, MOXET
IPHBECTH K Teperpyske ruapojasurarens (cm. § 6.7).

Jpyroi#i cnoco6 ornepaTHBHOTO KOHTPOJIS 32 PEXUMOM paboTbl
B3/l npennoxen B Ilepmckom cdummane BHUMBT [99]. On 6azu-
pyeTcs Ha H3BECTHOM U3 TEODUM BHUHTOBBIX HACOCOB U JBHrareJeit
OJIOKEHHU O MPONOPIMOHAIBHOCTH YACTOTHI MYJIbCALUN AABACHHSA U
CKOpOCTH THApoMawuHbl. CjenoBaTesbHO, HMCHOJIb3Ysl THApaBIHYe-
CKHil KaHam cBA3H ¢ 3a60eM M PETUCTPHPYS Nbe30NIPHEMHHKOM Ha
II0BEPXHOCTH 9aCTOTy AyJIbCALM JaBJIEHHSI, MOKHO KOHTPOJHPOBATH
pexxum pabotor B3] 6e3 crennanpHbix 3a60MHBIX JATYHKOB H MOIY-
JISATOPOB. ’

W3BecTeH Taxxke croco6 KOHTPOJIS 3a OCEBOHi Harpy3koil Ha mo-

10TO TI0 BHOPOCOCTOSIHHIO BEDXHEr0 KOHIA 6YypH.IbHOIT KOJOHHBI,
21 - 2977
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OCHOBAHHDIA HAa 3aBUCHMOCTHM KOJie6aTebHbIX IIPOIEccOB B 6ypHJib-
HOM KOJIOHHE OT HATPY3KH M 4YacTOThl BPAllleHHs AO0JOTA: C HUCIOJb-
30BaHHEM MEXaHWYECKOTO KaHaJa CBSI3HM ¢ 3260eM MOXHO II0 YacTo-
Te W aMIUIUTYAe KoJeGaHMil Bepxa KOJOHHBI WIAEHTH(HUIMPOBATDH
pexxuM paboTbl THAPOABUTaTesIsl U AoJoTa. B naHHOM crocobe, Kax
W B IpeIplIylleM, OTHafaeT HeoO6XOOUMOCTb B 3a60MHBIX JATUUKAX
u ycrpoiicrBax. OCHOBHOHl HeJOCTAaTOK 3THX CIOCOGOB KOHTPOJISL —
TPYAHOCTb BBLAe/IeHHS] M3 oO6LIero creKTpa KoJebaHU$ IMOJIe3HOro
CHUTHAJIA, Hecyluero MHdopMmauuio o pexxume paborsl B3 u goJo-
Ta.

PaccMOTpeHHbIE CHCTEMBl  SIBJISIIOTCSI UH@POPMAUUOHHOIMU U HE
MMeIOT YIIPABJASIONIMX KAHAJIOB, MO3BOJISIIOIIAX aBTOMATUYECKU pea-
TUpOBaTh HA H3MeHeHMe TeKYUIUX YCJOBHil 6ypeHus.

B T0 e BpeMs MUPOBOIi OIBIT IIOKA3bIBAET, YTO BhICOKas addex-
THUBHOCTb ¥ KauecTBO GypoBLIX paboT Ha COBpEeMEHHOM 3Talle MOTYT
6bITb JOCTUTHYTHI TOJBKO HAa OCHOBE A6MOMAMuU3auuy npoyecca 6y-
penus [18, 120, 146].

ABTOMaTHYeCcKHe YCTPOHCTBA YIpaBJeHHs] IIpoleccoM Oyperus
[IpeAHa3HaveHbl JJIs Bbi6Opa M IOIEPIKAaHUS [apaMeTpoB peXHuMa
6ypenusi. B HacTosiillee BpeMsi cpeiu MHOroo6pasusi PasIuyHbIX KOH-
CTpyKuuil mpaxTuieckoe NPHUMeHeHMEe NOJYYMJIH TOJbKO Ha3eMHbIe
(maccuBHble ¥ AKTUBHblE) peryJsitopbl Topaum pojorta (PIIJ) c
yIpaBJeHHeM IO TOPMO3HOMY MOMeHTy Ha Gapabane jeGeiKu, UC-
NOJIb3YIOILIe B KAUeCTBe NApAMempa pezyauposanusl BeC Ha KpIOKe
1LTM MeXaHUYECKYI0 CKOPOCTh MPOXOAKH.

W3Becten 3apy6exHblit npombliieHHbtit o6pasen; PI1J past 6ype-
HUS HAKJIOHHO HampaBJieHHbIX ckBaxxun B3/, ucrnoapsyommii ne-
TPaAMUMOHHBIH MapaMeTp peryjuposatus (JlaBleHHe HATHETAHUS) —
peryastop “Wildcat” ¢dupmsl “Sperry-Sun”, Kotopbiifi ocHoBaH Ha
U3BeCTHON B3aHMMOCBSI3U NepeNafia JaBJACHHIl M KPYTSIUETO MOMEHTA
1 No3BOJIsteT YNPaBJsATh pexXuMoM paboTsl B3/l kak Io Harpyske Ha
KpIOKe, TaK U Mo Iepeiajgy AaBaeHus.

IpencraBieHubiit aHAIN3 CUCTEM KOHTPOJS M YIPABJIECHHS PEXKHU-
MOM paboTbl 3a60HHBIX FHAPOABHraTe/ICH MOKA3BIBAET, YTO BCE OHH
OCHOBAHbI Ha MCIOJb30BAHMM JATYMKOB (HA3eMHBIX M 3a60HHBIX)
npouecca, GYHKUUOHUPYIONIHX B TSIKEJIBIX YCJIOBHSAX, YTO YCJIOXKHS-
€T TpUMEHEHMEe CHCTEM U MOBbIIAET 3aTpaTbl HA WX pa3paboTKy u
o6c oty KUBaHIe.

B 1994 r. oTeuecTBEHHBIMH CHEIHAAHCTAMH ObLT NMPEAJOXEH HO-
Bblil crioco6 ynpasiaeHus pexumom pabotsi B3/l mo peaxkumn (ot-
KJUKY) NPHBOAHOTO ABUratesisi 6ypoBOro Hacoca Ha M3MEHEHHe JaB-
JIeHNs HarHeTaHUsl IIPU OTKJIOHEHNM HAaTpy3KH Ha JO0JIOTO OT 3ajaH-
Hoit [16]. B ofuem ciayvae mapaMeTpoM peryiMpOBaHHS SIBJSIETCS
YyIJI0BAS CKOPOCTb WJIH KPYTSIIHIE MOMEHT NPHBOAHOIO ABHIATEJs
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Hacoca, IIpH pUMEHEHHH 3/1eKTPONPHBOAHBIX HACOCHBIX ATPEraTos —
mox anexmpodsuzamens. Jlns peanusauuu crnocoba He Tpebyercs
ZOTIOJTHUTEIbHBIX JATYHKOB.

Crioco6 6asupyercss Ha XapaKTEPUCTHKAX CHUCTEMbI, BbIPaXEHHBIX
NEeTEPMUHUPOBAHHBIMU 32BHCHMOCTSIMH:

nepenaga AaejieHHs P M KPyTAIUEro MOMEHTAa HAPOIBUraTesIs

naBjeHusa P, u kpyTtduiero MomeHnta M, 6ypoBoro Hacoca |

YTJIOBO# CKOPOCTH M KDYTSIIETo MOMeHTa mpusoma My, (toka n
KPYTSAIIEro MOMEHTA 3JeKTPOIABUTATENs).

Ilpu u3MeHeHMH HArpy3Ku Ha Bajy 3a6OHHOTO T'HAPOXBHTATess,
BbI3BAHHOM M3MEHEHHeM HArpy3KH Ha H0JIOTO, Yepe3 (DYHKIHOHAJDb-
nyio uenoiky G = M -~ P — Py — M, — My, IPOUCXOJUT COOTBETCT-
ByIOllee U3MEHEHNE CKOPOCTH HMJIM TOKA [IPUBOLHOTO JBUIATE/IS.

Taxum o6pa3om, Mo M3MEHEHUIO CKOPOCTH WJHM TOKa NPHBOAHOTO
ABHTaTe/Isi HACOCA MOXHO KOCBEHHO OTCJIEXHBATb PEXHUM paGoThbl
THAPOIBUIaTe/Isl U HA OCHOBe 5TOH MHGOPMALMH YIPABAATH MPO-
lieccoM OypeHusi, He MCNOJb3Ys UHGOPMALHUIO ¢ 33608 M IOKA3AHHS
UHAMKaTopa Beca. B atoM ciyyae mpuBogHol aBuraTtesp Hacoca cTa-
HOBHUTCS CPEJICTBOM OUAzZHOCTMUKU pexuma Gypenus.

Ocobenroctbio cucteMsl (puc. 9.6) sBaseTcss To, YTo B HeH cuc-
TeMbl YIPaBJEHUsI JBUTaTejieM GYpOBOTO HACOCA M MEXaHH3MOM IIO-
AauM J0J10Ta o6beMHEeHbI IOCPEACTBOM MHKpoKoHTpo L1epa (MK) B
eanHbIH UHPOPMALMOHHO-YIIPABJISIIOIMH KOMILIEKC. Y TpaBJIsolLie
BO3LEHCTBASL OT KOHTpOJIIepa K GYPOBOMY HACOCHOMY arperaty
(BHA) y MexaHu3My NMOAAu¥ A0JOTAa OCYLIECTBJSIOTCS B 3aBHCHMO-
CTH OT CHUTHAJIOB, TOCTYMAIOIKX OT ABHTaTe/sl Hacoca.

CornacoBannoe ¢ynkumonuposaiue BHA u PIIJ] mnossimaer
YIIpaBJsieMOCTh KaK 6ypOBOrO KOMILIEKca, TaK M Ipouecca 6ypeHus
U [103BOJISIET PEAIM30BBIBATL PA3/IMYHbIE AJTOPUTMBI YIIPAB/IEHHUS.

OKkcnepuMenTanbblit ob6pasen ACY pexumom 6ypenns (ACY
PB) mo Texmuueckomy samanmio OAO “Tasnpom” 6bL1 paspaboran
PTY nedru u raza um. .M. T'y6kuna u HATU M3IU [18] s ye-
TaHoBOK BY 2500311 ¢ peryupyembiM 2/€KTPONPUBOIOM MOCTOSH-
Horo Toka M 3jextponopomkoBuM PIIJ[. Cucrema Bkamouaer (cMm.
puc. 9.6): MK c¢ ycrpoiictBoM BBOAa TeKyUIHMX napaMeTpos, 670K
perysuposanuss (BP) HampsokeHus TopMo3a M MyJIbT yIpaBsieHus
(ITY) ¢ npu6OpHBIMU IIUTKAMH.

B nanuoit cucreme ucnosbsyercsas npunuun I1W/1-perymupoa-
HHUSI. PEry/IHPYeMbIM TapaMeTpOM SBJSIETCS TOK 3JMEeKTDOLBUTaTe/Is
I, a ympasjsionlee Bo3JeHCTBUHE OCYIIECTB/IS€TCS H3MEHEHHMEM Ha-
IPSKEHNst TOPOLIKOBOro TopMo3a U, ONpefesiolero ero TOpMo3-
Hoif MomeHT. HampsxeHve Topmo3a aBTOMaTHYeCKH H3MEHSIETCS B
npouecce A0J161eHUs B 3aBUCHMOCTH OT CUTHAJAa, MOCTYNAIOWEro oT
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Puc. 9.6. ACY pexumom Gypenust B3/1:
IIY ~ nyssT ynpasaenust; BP — 6rox peryanposanns; PIIJL — peryaatop nojaun
Aonota; T3II - Topmos aexTponopouskosblil; TM — Tanesbi mexanusm; B — Bepr-
aior; BH ~ 6ypoBoit nacoc; 3/{ — snextpoasuratenn; TII - TupncTopnbiit npeotpa-
3oBatejb; BK — 6ypuabHas kosonda; TC — TenecucreMa; 31 —~ 3aboiiHbiii aBHra-
tenp; J| — aoaoto; MK — mukpokontpossep; ¥YB ~ ycrpoiictso BBoaa; I[IK — nepe-
nocHoit komnbioTep; CK — cTaumoHapHbi# KOMNbioTep; / — TOYKa ylpaBJeHUs

JATYHKA TOKA. AJITOPUTMBI YIIPABJEHHS 3aHOCSATCS B CHCTEMY C IIO-
MOILBIO NOPTAaTHBHOTO KoMmbioTepa Tuma “Notebook” (ITK) u Moryt
JIETKO M3MEHSThCS HA MPOTPaMMHOM YPOBHe B J1I060H MOMEHT BpeMe-
HH. AJITODHUTMBI YIIPABJIEHUS] MOIYT COTJIACOBBIBATHC M OGBEAUHATD-
csl ¢ JIPYTMMH a/ITOPUTMAMH, B YACTHOCTU OGECIIEYMBAIOIUMH OITH-
MaJbHble NoKa3aTeau GypeHUs M oTpabOTKH AOJIOT.

ACY PDB Moxer pyHKUHOHHPOBATb aBTOHOMHO HJIM ABJIATHCA 0-
nojsHeHHeM K cuctemaM tuna MWD. Tak, ecau 6ypeHue Bemercs C
icnonp3oBanueM 3a6oitHoif TC co cTanMoHapHBIM KOMIIBIOTEpPOM
(CK), 10 Bo3MOxHO O6beAHHEHHE ABYX CHCTEM, M TOTJA ONEparuy
BBOJA HCXOQHOH uHGOpPMaUUM ¥ AJTODUTMOB YIpaBJeHHS OyayT
ocyurecTBIsATbCsL yepe3 CK. A

ACY Pb cospana na 6a3e CymeCTBYIOUIMX KOHTPOJBHO-M3MepH-
TEJIbHBIX CPEACTB LITATHOH CHCTEMBI THPUCTOPHOIO 3JEKTPOIPUBOJA
TIOCTOSTHHOTO TOKa M He Tpe6yeT HOBBIX JAAaTYMKOB: B KayecTBe AATYH-
Ka TOKa MHCIOJb3YeTcsl UIYHT SKOPHOH IemM 3JeKTpOJBUraTels.
Ilomumo cBoeil ocHoBHOHM yuxumnn Takas ACY MoxeT HCHoab30-
BaThCsl TaK K€, KaK pacxojoMep, PeryJsaTop YacTOThl XO[OB Hacoca,
obecre4UBAOIMHN ONTUMA/IBHBIH THAPOAUHAMUYECKHH pEXUM MOAAYH
KHUAKOCTH B CKBaXXHHY, M JJIS1 IMATHOCTUKH 3JIEKTPOMEXAHUYECKOTO
xomMmmiekca u B3 /1.

B cayvae NOJAKAIOYEHUA K CUCTeMe JAaTUYMKOB HATSXKEHHMA KaHaTta GK H MéXaHH4e-
CKO# cKopocTH Uy (cM. puc. 9.4) oHa cTaHOBUTCH MHOTO(YHKUHOHATLHBIM ABTOMATH-
3UPOBAHHDIM KOMILIEKCOM, aJlalITHPOBaHHBLIM K U3MEHSIOWMMCH YCJIOBUAM 6_VpeHHH n
JAOIOJMHHUTEJIbHO NMO3BOJIAIOUINM .

NPOBOANTb AMHAMUYECKoe “B3BelIMBaHMe” OypHIBHOrO HWHCTPYMEHTA € YYETOM
BJIMSHHSA CHJl TPEHUS KOJIOHHbL;

CBOEBPEMEHHO OGHAPYXKHBATb M Mpe/lyNPeXK/1aTh BHEIUTATHbie 1 ABAPHitHblE CH-
TyallMy B npolecce 6ypeHHs, a TakxKe Onpe/essiTh BpeMsi cMeHbl joJiota 1 B3/;

KOPPEKTHPOBATh aJITOPUTMbl YIIPABJIEHHUSI NIPH U3MEHEHHH YCNOBUI GypeHus.

IIpn Heo6XOAUMOCTH B CAy4ae MOAKJIIOYEHWA JaTUMKA JaBJICHHS AC{’ PB moxer
(yHKIMOHMPOBaTh B paMKaX TUMOBOH CTPYKTYPbI C MCIIO/Ib30BAHMEM B Ka4YecTBe I1a-
paMeTpa pery/MpoBaHHA AaBJEHHA HA CTOSIKe MJIM Ha BbIxoAe GypoBoro Hacoca.

B rTeopeTnueckoM nJiaHe CJIOXHOCTb CO3/IaHHS AAHHON CHCTeMbl 3aKJIOHAeTCs B
ToM, uTO Boamyllaiomme (oT 3a6os) u ynpasasiowne (or PII/1) poaneiicteus nepe-
JIA10TCA C 3ana3jiblBAaHHEM Yepe3 BOJHOBOAbI C pacnpefieleHHbIMK mapaMeTpaMu (cM.
§ 6.8). ITo npenonpeaeseT HEOGXOAUMOCTb HCTIONb30BAHUA B AITOPUTMAX YIIpaB-
JIeHHs NPOTHO3MpYIoOLMX oleHok. KpoMe Toro, mnockoibky o6bekt ynpasjieHus —
CHCTEMA C HeM3BECTHOH, M3MEHsIOlleHcs BO BPEMEHM AMHAMMYECKONW XapaKTePHCTH-
KOM, MpH ynpaBJieHnH HeoGXOAUMO HCMOB30BATL METOAbI AfaNTAlNH.

Pa6otocnioco6HocTh aKcnepumenTtanbhoro obpasna ACY PB 6wi-
Ja TpOBEPEHA MpH [POBOAKE TOPU3OHTANBHON CKBakMHbl 20-2
“Openbyprckag” npu 3aboe 2067-2068 m [18]. PesyabraTsr Gype-
HUA npuBejeHbl B Tab1. 9.4. Beuin ucnosp3oBanbl 6ypuJibHBIE TPY-
6e1 TBIIB 127x9; nonoto M218 1,/2; B3] A-675M u TenecucreMa
“Anadrill” ¢ passuToil ceTblo 3260MHBIX M Ha3eMHBbIX AATYHKOB, KO-
TOpasi 1MO3BOJMHJA OODbEKTHBHO OLEHHUTb MPEIIOKEHHbIH Cocob
YIIpaBJIeHUS.
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Tabauya 9.4

Croco6 ynpassienus pexxumoM paGotel B3

Homep pyyHoii ABTOMAaTH3UPOBAKH bl
3amepa | Harpys- | Harpya- Cko- Hasne- | Harpys- | Harpya- Cko- asae-
Ka Ha [Kaua lo-| pocTb HHE Ha- Ka Ha | Ka Ha Jo-| poctb HHe Ha-
kpioke, [noro. kH | npoxoa- | rHera- | kpioke, |saoto, kH | npoxoa- | ruera-
kH KM, M/4 HUA, kH KU, M/ 4 HHsl,
MIla MIla
| 367 47 3.7 10,18 365 48 3,2 10,05
2 366 48 3,7 10,23 364 49 3,2 10,10
3 362 52 3,0 10,40 364 49 3,2 10,20
4 360 54 3,0 10,47 364 49 3,2 10,25
5 359 54 3.0 10,43 364 49 3,2 10,20
6 357 57 3.0 10,61 364 49 3.2 10,14
7

350 64 4,7 10,76 364 50 3,2 10,05

Mpumeuanune. [lnotHocTs GypoBoro pactsopa 1150 kr/M3; 3aj1aHHas Harpyska Ha J0-

s01o S0 KH; unTepsan Mexcy 3aMepaMu | MuH.

IKCIEPUMEHTBI MOATBEPANIH [IPUHIUIHAIBHYI0 BO3MOXXHOCTD
yTpaB/eHust pexxuMoM paboTs B3/l no toky npusogHoro mBuratessi
BHA. Ilo cpaBHeHHMIO € py4YHBIM CIMOCO6OM NOZAYH MHCTPYMEHTA
npumeneHne ACY PB B3/l nospoaser cTabuiIu3anpoBaTbh Harpysky
Ha JI0/I0TO, MEXAHWYECKYIO CKOPOCTb MPOXO/KH, AABJIEHUE B LIUPKY-
JsunonHol cucteMe (cM. Tabn. 9.4) M TOK DMEKTPOLBUTATENS, A TAK-
XK€ YMEeHbUINTh OTK/JIOHEHHE ABHIKEHHS J0JI0Ta OT 3aJaHHOH TpaeKTo-
puu. Ilpu ucnospzosanuu ACY PB chmxaoTcst yiapHble Harpysku
Ha TC n crabunusupyercs HanpshKeHHe 3a60HHOTO Typ6oreHepaTo-
pa, 4YTo yJay4dllaeT KadecTBO IepeJaBaeMbIX cHrHaaoB. CHMXAIOTCH
KPYTHJIbHbIE KOJMeOGaHUs THAPOABUTATENS, B Pe3yAbTaTe JOKEH yBe-
au4uthest pecype B3/l u nosora.

Takum o6pasoM, HCTOTb30BaHIe aBTOMaTH3MpoBanHbix PIIJ[ npn
nposoaxe ckBaxnd B3/l — Baxublif pesepB nosbliuenns 3¢ppexTHn-
HOCTH OYypeHMsl M KayecTBa CTPOMTEJIbCTBA CKBAXKHH, B TOM YHCJe
HAKJIOHHO HallpaBJEHHBIX M TOPU30HTAIBHBIX.

rNABA 10

onbIT SKCMNYATALIUU B34,
B KAMUTAJIbBHOM PEMOHTE CKBAXWH
N BYPEHUU JONONHUTENbHLIX CTBOJIOB

10.1. OCOBEHHOCTU TEXHO/IOMMU UCNOJIb30OBAHUSA
OBUTATENENA

llpn pemonTe neficTBylolmMx U BBOAE B KcILIyaTaumio Geazelict-
BYIOIHX CKBaXXHH IPOBOJATCS pa6oThl CIeAYIOMMX BUIOB: yCTpaHe-
HHE CJIOMOB, CMSTHS M HErepMETHYHOCTH B IKCIAYATALMOHHON Ko-
JIOHHE; Tlepexo/l Ha BBblllieJeXallle WM HUKeleXallde TOPH3OHTbI,
U30/IAIMST  SKCILIYATAMOHHOTO TOPH30HTA; JMKBUAALUMS aBapHil o
ap. Hambosubiume 3aTpaTsi BpEMEHH H CPEACTB CBA3aHBbI ¢ pasbypil-
BaHUEM LIEMEHTHbIX MOCTOB.

Ho cepenunpl 70-x roxoB Hambosee DACIPOCTPAHEHHBIM TEXHH-
YECKUM CPEACTBOM pa3bypHBaHHS LUEMEHTHBIX MOCTOB SIBJIAJICA pPO-
TOPHBIN croco6 Gypenusi, TPeGYyIONUIH MOCTABOK HA CKBAXWHY G6Y-
PUJIBHBIX TpPy6, pOTOpa, MAUIMHHBIX KJIOYeH U JONOJHHTEIBHOrO
HOAbeMHUKa [ NpUBoJa poTopa. PoTopHbIil crioco6 okasascs ao-
poruM ¥ HeapEKTHBHBIM, OCOGEHHO B CJIOXHBIX YCIOBUSIX MOP-
CKHUX IPOMBICJOB, 3260JI0YEHHBIX U OTAAJEHHBIX pAiOHOB. 3HAYH-
TeJbHbIe TPYAHOCTH BO3ZHHKAIOT IIPDH pa36yPHUBAHMM IIEMEHTa B HA-
COCHO-KOMIIPECCOPHBIX TPy6ax, a TakKe NpH JMKBHAALMHM ILIOTHBIX
TIECYAHBIX MPOGOK. [l BBINOTHEHUS 3THX paboT IPOMBICIOBUKIL
npuberand K JAJUTENbHOH ONepauuu THAPOPA3MBIBA, 2 B OTAEJIbHBIX
CJy4asix PeMOHTHble Opurafpl ObLIM BBIHYXK/EHbI NMPUMEHSTbH TPY-
HoeMKHe onepanuu (ppesepoBaHUSI H TIOC/TIEAYIONIEro MOgbeMa KO-
soun HKT.

Ilpumenenne poTopHOTO cIOcO6a pa3bypHBAHUS P KAMTATTb-
HOM pEMOHTE MHOTHX HAaKJOHHO HANpPaBJIEHHbIX CKBAXHH CTAHOBHTCS
TIOYTH HEBO3MOXKHBIM H3-32 MHOTOKDATHOTO YBEIWYEHHS KPYTAIIMX
MOMEHTOB, 3aTPayMBAEMbIX Ha XOJOCTOE BpallleHHe KOJOHHb!I 6y-
PHIbHBIX TPYO.

HeonTtnmanbnble xapakrtepuctnkn Typ6o6ypos TC4A-104,5 u
TC4A-127 (6ombumoit pacxos MPOMBIBOYHON KHAKOCTH, HEIOCTATOY-
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HbIH KPYTAUIUH MOMEHT IIPH BBICOKON 4YacToTe BpAILEHHS BBIXOJHO-
ro Baja) ¥ 3HAYMTEJbHBIE TMAPABIMYECKHE MOTEPH B LUPKY.ISLIHOH-
HOI cHcTeMe 3aTpyAHAIM BO3MOXHOCTb 3(p¢eKTHBHOro pasbypuba-
HUS LIEMEHTHBIX MOCTOB TYPOMHHBIM CIIOCOHOM.

ITossaenne B3/l o3HaMeHOBasO HOBbIM 3Tam pasBUTHS TEXHHYe-
CKHX CPeJCTB KalMTaJbHOTO DEMOHTA CKBAXXHMH, KOPEHHBIM 06pa3oM
H3MEHHB TEXHOJIOTHIO 3THX Pa6oT U cOCTaB 060pyNOBAHHUS.

Hns peanusanuu 3TUX TEXHOJOTHH OTeYeCTBEHHAS IPOMBIIITIEH-
HOCTb B HACTOsILee BPEMs BbIMycKaeT CJIeAyOlIHe ABUTATe/H:

H-155 — nns paboT BHYTPH 3KCIIYaTAUMOHHBIX KOJOHH JIMaMeT-
poMm 178-245 mum;

H-127 — pnst pa6oT BHYTPH 3KCHAyaTal[OHHBIX KOJOHH AMAMET-
poMm 168—194 mm;

AK-108, /1-108, 1-106, /I1-105 — npeamoutuTenpyo anst pabot
BHYTPH BKCILIyaTallMOHHDBIX KOJIOHH 168, a Takyke xojoHH 146 MM

H-95 — nmns pa6oT BHYTPH SKCILIyaTallMOHHBIX KOJIOHH 146
(140) u 114 MM

[-85 — ans pabor Buytpn HKT nuamerpom 114 MM u skcruryata-
UMOHHBIX KOJIOHH 146 (140) MMm;

A1-54 u [-60 — ana pabor suytpu HKT nuamerpom 73 u
89 MM;

I-48 — nns pabot Buytpit HKT puamerpom 73 M.

3a roabl MPOMBILIIEHHOH 3KCIIyaTalMl HAKOILIEH 3HAYHTe IbHbII
ONBIT HMCIOJIp30BAHUSL BUHTOBBIX ABUrateseil M orpaboTaHa paryo-
Ha/IbHas TEXHOJIOTHS UX NpuMeHenus [94].

TexHonorua pas6ypHBaHUsI HEMEHTHBIX MOCTOB ¢ IoMoubio B3/
OTJIMYAETCSl OT TEXHOJIOTMH DOTOPHOro 6ypeHHst KaK COCTABOM o6opy-
JOBaHUsA, TaK U PeXXUMaMH GypeHus.

OKCILTyaTalusl BUMHTOBBIX JBHUTaTe/elf INOJHOCTBIO HCKJIOYAET
CTpOUTeNbHbIE U TMOATOTOBMTENbHbIe paborbl. lleMeHTHblE MocTbl
pasbypuBaiotcsl 6e3 NPHMeHEHHs ClelualpHOro 6ypoBoro o6opyno-
BaHUsI U HHCTPYMEHTA.

MHOro/eTHH# ONBIT SKCIUIYaTAalMH [OATBEPULI, YTO JBHTATENM
BIIMCBIBAIOTCS B TEXHOJMOTMYECKYIO CXeMY KalHTa/JbHOTO peMOHTa
CKBaXXMH: IUUIs NpHBOJA 3a60MHOro ABUraTes;si OOBIYHO MPHMEHSIOT
HaXoJsIIHeCs HAa MPOMBIC/IAX LEMEHTHPOBOYHbIE MJIHM 3aJHBOYHBIE
arperarbl WJIH JIMHUIO 3aKOHTYPHOTO 3aBoAHeHHs. [[Ja ciiycka gBura-
TeJleil B CKBaXHHY MCNonmbayoT cranfaptieie HKT. B xauectse npo-
MBIBOYHON XHAKOCTH NPUMEHSIOT, KAK NPABUJIO, TEXHUYECKYIO, ILIa-
CTOBYIO BOJY, XOTSI M3BECTHBI YCHELIHbIe OIIBITHI 110 paboTe JBHraTe-
Jleif Ha [IMHMCTOM PacTBOpe NP OPTaHM3aUH OYHCTKH PAacTBOpa OT
KPYIHBIX MEeXaHWYeCKHX [pHMeceii.

s o6GecnieyeHus 6e30TKa3HOM SKCHIyaTallMu JBHUTraTesisi Heob-
XO[IMMO NpeXbsB/ATb BBICOKHE TPeGOBAHHMS K TePMETHYHOCTH KO-
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nouH HKT. Kpome toro, caemyer nposomuthb PO HIaKTHIECKYIO
IIpOMBIBKY H CMa3Ky [ABUrate/s B INepepbiBaX MeXAy paGoToii Ha
CKBaXXHHaX. JTO OTHOCHTCSI IpeXJe BCero K pabodeif mape gBuraTe-
JISL.

Boabune MouHocTH M moBbIIEHHBIE YACTOTHI Bpamenuss B3/]
TNO3BOJISIIOT pPa3bypUBATh HEMEHTHblE MOCTHI M IUIOTHbIE [I€CYaHBIE
IpO6KH NPH ONTHMabHBIX pexxumax. Harpyska Ha momorto mo cpas-
HEHHIO C POTOPHBIM GypeHuneM BospacTaeT 1,5-2 pasa. B peaysprare
B 1,5-2,5 pasa cokpautaercst BpeMs pa36ypuBaHUs MOCTa.

3aBHCHMOCTD M€epenajia JaBJIeHUsI B ABUTaTeJle OT KPYTAUIEro Mo-
MEHTa NPENCTaBJIAET ONEPATOPY BTOPOH HHAMKATOD HArpy3KH Ha JO-
JIOTO.

IKcuryatanuonHbie Kadectsa B3/l (Bbicokmit KpyTsimmii MomeHT,
MHUHUMAJIbHBIE OCEBBIE M /MaMeTpasibHble rabapuTbl, a Takxe Mpo-
cTora obciyskuBanus) npenonpefenund 3hbeKTHBHYIO 3KCILTyaTa-
UIO ABUTaTe/ledl B TPAANLMOHHBIX W COBPEMEHHBIX TEXHOIOTHSIX Ka-
ITUTAJbHOTO PEMOHTa He(PTAHBIX M TA30BbIX CKBAXKHH.

10.2. SKCIUTYATAUNSA ABUTATENEN
B KAMUTAJIbHOM PEMOHTE CKBAXXWUH

Ilpombiutiennoe BHeapenne B3/l mis xanurasbHoro peMOHTA
Havyagoch ¢ 1974 1. mocre OCBOEHMS TPOM3BOACTBA ABMTATElNEl
A-85.

Han6osbumit o6bvem pabor 6bu1 Bbimonnen neuratenem JI-85 u
ero Moguduxauusmu J11-85 u /1-88, BBINYCK KOTOPBIX 3a BCE 3TH TO-

"zt mpeBbicua 3000 KOMIIEKTOB.

3HayuTe bHBIH OMBIT 9KCILIyaTauuu pgsuratesneit /-85 6bin1 Hako-
TUieH NPEeINpUATHSIMH KaluTalbHOro pemoHta Y paso-IloBokbs u
Asep6aitmkana. BoabumHeTBo onepaunit mo pa30ypUBaHUIO leMeHT-
HBIX MOCTOB ILIOTHBIX NeCYaHbIX NPOGOK B 5THX pailoHaX MPOU3BO-
Aunocs ¢ ucnonbioBannem B3/1. Cpennss mexaHudeckas cKopocTb
cocraBisiia 15-22 M/4 npm Harpyske Ha gosoro 10-30 xH. Ilo
CPaBHEHHIO C POTOPHDBIM CrocoGoM 6blIo MosyyeHo Gosee yeM ABYX-
KpaTHOe yBeJHieHHEe MEXaHHYECKOH CKODOCTH IPH OJHOBpPEMEHHOM
YBeJMYEHUH MPOXOAKM Ha JOJOTO Ko 50 %.

B nanbheiiimeM B 3KCIUyaTaUMIo MOCTYMH/IH ABUTATENH A1-127 u
[1-54. [Meuraremn /11-127 ucnosbsoBamuch npu pasbypuBaHuu we-
MEHTHBIX MOCTOB BHYTDH KOJIOHH AuaMerpamu ot 168 xo 273 mMMm. B
80-e roapt msuratenn [[1-127, Kak u [1-85, snusoanvecku ycremso
HCIIO/b30BAMMCh A1 OYyPEHHS! HAK/JIOHHBIX CTBOJIOB Yepe3 OKHA B
9KCTLIYyaTAllHOHHON KOJIOHHE.
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Boamoxxnoct B3/l B KanmuTajJbHOM DEMOHTE CYIIECTBEHHO pac-
mupuaMch nocite cosfnanus B 1977 r. manorabaputHbix ABHratesieit
J1-54. Dtu psuraresu nospojunu 3¢gdeKTHBHO pas3bypuBatb Ie-
MEeHTHBIE MOCTbI ¥ ILIOTHbIE ecuyanble mpobku BHyTpn HKT auamer-
pamu 89 u 73 MM, a Takxe BHYTPU OGCAIHDBIX KOJOHH JAHAMETPOM
114 MM, Irle BCJIEACTBUE CMATUS KOJOHH HE MOTJIH OBITh MCIIOJIb30Ba-
Hbl gBuratean [1-85.

YeroiuuBas paota obecriednBajiach P OCEBOH Harpy3ke Ha Jo-
jgoto 2-12 kH u pacxome xuaxocta 1,5-2,5 1/c.

Bceero IlapioBckuii MansaBoj BBITycT cBbiile 400 KOMMIEKTOB
asurarteaeit J[1-54.

Toxazareau otpaborku B3/l [[1-54 B kamuTanbHOM pEMOHTE B
OJIHOM M3 PETMOHOB Ha HedTemnpoMbiciax Asep6aiifKaHa NMPUBEJEHBI
B Tabu. 10.1.

Tabauya 10.1

CpeaHHe nokasaten Ha
Bpewms OJHO J0JI0TO
Yuc- Bypenue Wnrepsan | O6uian Mexa- Yue- Mexa- BpeMsi
J0 Gypenus, npo- Huyec- no . HHye- Mexa-
cKBa- M X01Ka, Koro zo- fipo ckas HUHe-
HKUH M Gype- Jot XOA- CKO- cKoro
HUS, 9 K&, M 1§ poctb, Gype-
M/4 HHA, Y
22 [lBura- 255- 1935 226,5 23 84 8,54 9,75
TeaeM 2218
J1-54
36 Potopom 205- 780 166,0 13 60 4,71 12,75
1981

O noTeHUUAIBHBIX BO3MOXHOCTSX asuratens [[1-54 MoxHO cy-
auth o cks. 88 HI/IY um. HapumaHoBa. B pesysbpTare ocTasJe-
Husa Hementa BHyTpd 73-MM HKT ata ckBakuHa 6blia JTUKBHIMPOBA-
Ha. C nomomsro B3/l mosorom nmaMerpomM 59 MM B MHTepBate
2725-3045 M 611 pa3bypeH ueMeHTHbIH MocT BbicoToM 290 M, mocJe
Yyero CKBa)XMHa GbLIa BO3BpAlleHa B YUCIO AeHCTBYIONINX.

B mocneaume roapl mapk B3/l, mpuMeHsieMblX B KaIlMTaJIbHOM
PEMOHTE CKBaXKHH, CYLIeCTBEHHO OGHOBHJCS M pacmupuicsa. Boiee
90 % Bcex omepauuii pas6ypuBaHHs BBITIOJHIETCS C HUCIOJb30BAHH-
em B3/.

Cy1iecTBeHHO pacIHpsieT TEXHOJIOTHYECKHe BO3MOXKHOCTH MHOTO-
¢yuxuuonanbuptii geuratesb [AK-108 co cmennsmu PO. [IBuratesn
OCHALIEH TPEMS BUHTOBbIMHM MApPaMHU € PA3JHYHbIM KHHEMaTUIECKUM
OTHOIEHHeM H pabodyuM o6beMoM, YTo obecleyrBaeT MIHPOKUN gua-
nason xapaktepuctuk (or 20 o6/mun mpu 2100 H-m go 230
06 ,/mun nipu 800 H-m). Takas KOHCTPYKUHs [103BOJHMT 3PEKTHBHO
UCIOJIb30BaTh OJUH ABHraTe)ib IIPU BBIMOJHEHHHM PA3JIMYHBIX Ollepa-
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wuit: ot ¢pesepoBanus Meraina g0 pa3bypHBaHHUs HEMJIOTHBIX Iiec-
4yaHbIX npobok [27].

Pecypc B3/l, mpuMensieMbix B KAaruTaJbHOM pEMOHTE, HMeeT
6oapiuoit paz6poc (75-150 4) u B 3HAUMTENIBHOI CTENMEHH 3ABHCHT OT
yCJIOBHH 3KCILIyaTauHH, B IIEpBYI0 OYepeAb OT CBOHCTB 6ypoBoro
pacTBOpa M COAEpNKAHUA B HEM IecKa.

10.3. 9KCMIYATALUS ABUTATENEN
APV BYPEHUU AONONTHUTEJIbHbBIX CTBOJIOB

PasBuTtie TeXHUKH U TeXHOJIOrMH GYypeHHs] HAKJIOHHO HampaBJeH-
HBIX M TOPH3OHTAJbHBIX CKBRXKHH MpeNONpefeano pa3paboTKy Me-
TOAa BOCCTaHOBJIEHHst Ge3feiicTBYOETO HPOHAA HEPTIAHBIX, TAa30BbIX
M TA30KOHAEHCATHBIX CKBA)KMH ITyTeM BTODHYHOIO BCKPBITHS TIPO-
JOYKTHBHBIX IJIACTOB HAaKJOHHO HAIpaBJEeHHBIMM M TOPH3OHTAIbHBIMH
CKBa)XMHAMM, NPOBOJVMBIMU U3 BBIPE32EMOH YacTH 3KCILJIYATALMOH-
HOH KOJIOHHBI.

Omevecmsgennviti onoim. B HIIO "Byposas Ttexuuka" -
BHHWUWBT B nauane 90-x rogoB paspaboTaHbl TEXHOJOTMS W TEXHH-
YecKHe cpelcTBa A1 GypeHus BTopbiX (ZOMOJIHHTENbHBIX) CTBOJIOB
13 o6cagHbIX KOJIOHH. Ilo3qHee B 9TOM e HANpaBJeHUH HAYAJIM pa-
6orel MHorHe HedTsiHble kommanuu, OAO «Tasnpom», a Takxe
HIIK "TOBYC" n "Kypc" [109, 122].

B cocras xommnekca BHUMBT ana 6ypenus HomoJHUTEIbHBIX
CTBOJIOB BXOJAT Bblpe3aiollue ycTpoiictBa Tuna YBY, monora, B3/[
(cepuitabie /1-85, /11-105 u cneunampuste AT-95, ZIT-105, JT-108)
u TeieMerpudeckue cucremsr [10, 18, 45, 109, 112, 134].

Ilpu 6ypenny NOMOJHUTEJbHBIX CTBOJIOB, KaK TPABUJIO, HCHOJb-
sytotest TC ¢ a/1eKTponpoBOAHBIM KaHAJOM CBsi3u. V3Mepsemble ma-
paMeTpbl: 3¢HUTHBIN YToJI, a3UMYT U YTOJ YCTAHOBKH OTKJIOHHUTES.

TexHuyeckast XapaKTepHCTHKA TEXHOJOTHYECKOTO KOMILJIEKCA
TIpUBE/EHA HIDKE!

Tun npodu/a JONOTHHUTEIBHOTO CTBOMA ..ooeeierveirierrerninneenn Haxnonnbii,
TOPU3OHTA/IbHbLI

JnKHa TOPH3OHTANBHOTO YHACTKA, M ... .oiiieeiiiiiiiiiiiiiieneennnnns Jo 400

O61as 11MHa CTBOJIA CKBAXKMHBI, M ....... Jo 3000

MuHHMANBHBIA PAAHYC HCKPHBJCHHS, M 30

TounocTs npoBOJKH, rpaayc:
TI0 BEHMTHOMY YIJIY «ooottiiii ittt ce et e e, 1,5
IO ABHUMYTY weevevnninnniriiiinnnne + 8,0
[lnaMeTp o6caZHON KOJIOHHBI, MM 140, 146, 168, 178
MaxkcuManbHas TOAIUUHA CTEHKU OOGCATHON KOJIOHHDI, MM........ 12
Jl1uHa uHTEepBaja Bbipe3aHus o6CalHOM KOJIOHHbI 3a OJHH
PEIIC, M.ttt e
Cpe/isis CKOPOCTDb BbIPE3aHHusi, M /4
3aboitnas temnepatypa, ‘C
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