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I'ocynapcrBennslii opaena Tpynosoro Kpacuoro 3uamenn
NMPOEKTHBIN MHCTUTYT
«(IITPOEKTMOHTAXKXABTOMATUKA)>

PYKOBOJISAIWMIH MATEPHAJ
CHUCTEMBI ABTOMATH3ALIMY TEXHOJIOTMYECKHAX ITPOLIECCOB

PACYET 3JIEKTPUYECKHUX NCITOJTHUTEJIBHbBIX
MEXAHMW3MOB IIPU TPOEKTUPOBAHUU

PM 4-173-79
Cpok BBeneHUA
1 nexabpst 1979 r.
I'maBHbIil UHXKEHED AHTOHOB
Havanbauxk otnena XakuMoB
I'n. cnermmanmct AOpocuMoB
1979

Hacrosimuit  pyxoBonmsmuii marepuan (PM) mpenHasHadeH Ui OPHUEHTUPOBOYHOTO OMNpEACTICHUS
HEOOXOOUMBIX KPYTAIIUX MOMEHTOB (YCHJIMH) M BpeMEH IIOJHOIO XO0Ja 3IEKTPUYECKUX HCIOIHUTEIbHBIX
MexaHu3MoB (OVIM) MOCTOSIHHOM CKOPOCTH, TOCTaBISIEMBIX OTACIHHO OT PEryJIUPYIOIIUX OPTaHOB, C
KOTOPBIMH OHM COWIEHSIOTCS MO0 uepTexam cowleHeHuil. Pacuer OUM sdBnsercss JOrHYeCKUM
NPOIOJDKEHHEM pacdeTa PeryIupyIOLIero oprala, ¢ KOTOPBIM OH 00pa3yeT HCHOJIHUTENbHOE yCTpoiicTBO. B
pacyere OMIM uCHIONB3yIOTCA T€ K€ MCXOTHBIC AAHHBIE, YTO M IPU pacdeTe PEryIHPYIOLIMX OPIaHOB II0
I'OCT 16443-70 «YcrtpoiicTBa HCIOMHHUTENbHBIE. MeToAbl pacdera MPOMYCKHOW CIIOCOOHOCTH, BhIOOpa
YCIIOBHOTO MPOX0/1a U MPOIyCKHONW XapaKTEpUCTHKI». Pe3ynbTaThl pacdyera peryMpyomero oprana TaKkxke
HeoOxomuMbl it pacuera OMM. BcenmemerBme Takol B3amMocBs3M  pacdera OVIM ¢ pacueTom
pETyIUPYIONUIETro oprana B JaHHOM PM UCIob30BaHbI T€ K€ €IUHUIIA U3BMEPEHUH, YTO U B ACHCTBYIOIEM B
Hactosee Bpemst ['OCT 16443-70.

Hacrosmmuit PM He 3ameHseT co0O# KaTaloroB, HOPMATHBHBIX M HHGOPMAIMOHHBIX MAaTEPHAJIOB,
coJiepKalyx ykazaHus no npumeHenuto OVIM. [loatomy mpu BBIOMHEHHH pacyeToB M BbIOOpe DVIM B
KaXJIOM KOHKPETHOM CiIydae HEOOXOIMMO BBIICHATH IO YKa3aHHBIM JIOKYMEHTaM BO3MOYHOCTb
MIpUMEHEHHs BBIOMpaeMoro B mporecce pacuera DMM.
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6.2. Ilopsimok pacyeta
7. Ilpumep pacuera u cowteHeHUs1 DM ¢ 3aCIOHOYHBIM PEryJIUPYIOLIUM OPraHOM
8. Ilpumep pacueta u cowieHeHHs OVMM ¢ OTHOCENETHHBIM PETYJIHUPYIOIIAM OPTaHOM,
HUMEIOIINM PHIYaKHBINA PHUBOJ
[Ipunoxenue.
OpueHTUpOBOYHbIE 3HaueHHA KodGdHIMEHTa TUAPOAMHAMMYECKOIO MOMEHTa m Uit
3aCJIOHOYHOTO PETYIHPYIOLIETO OpraHa ¢ MIOCKUM 3aTBOPOM.
[lepeueHp MCIIOB30BaHHBIX TOKYMEHTOB U JIUTEPATypPhI

1. HABHAYEHHE

Hacroammuit pykoBonsmmii Marepuain SBISETCS PYKOBOJCTBOM IO  pacyeTy 3JIEKTPUUYECKHX
UCIIOJTHUTEIBHBIX MeXxaHu3MOB (OVIM) mocTOSHHON CKOpOCTH Ha 3Tale YMCIEHHBIX OLIEHOK MapaMeTpoB
3BEHBEB CHUCTEMBI PETYJIUPOBAHMS, SJIEKTPUUECKAs CXeMa KOTOPOH MPHHATA Ha MPEANIECTBYIOLNIMX dTamax
MIPOEKTUPOBAHUS.

Beibop HyxHOro DWM mo Harpy3ke © OBICTPOJCHCTBHE MPOM3BOJUTCS B TIpollecce pacyera
HEOOXOJMMOT0 KpyTAIIEro MOMeHTa (yCHiMs) W BpEMEHHM IIOJHOTO XOAa U3 psila CEepHiiHO
U3roTaBMMBaecMbeix OMM, COBMECTHMBIX (CONPSATAEMBIX) C TPHHIATOW  DJICKTPUIECKOH  CXEeMOM
perynupoBanusi. BeiOupaeTcss KOHKPETHBIH TUIIOHOMEHAJ, UMEIOIINA HEOOXOMUMBIN KPYTSIIUA MOMEHT B
IIpUEMJIEMOE BpeMs IIOJTHOTO XO0Ja BEIXOJAHOTO OpraHa.

Teopernueckn, ompeneneHne 5THX napamerpoB OMM sBnsercs 4acThi0 MOJHOIO JUHAMHYECKOTO
pacdyera WIM MOJAEIMPOBAaHHMA CHUCTEMbl aBTOMartuueckoro perynupoBanus (CAP). BrimonneHume Taxkux
NOJHBIX PacyeToB, KaK MpPaBWIIO, LEJIecO00pasHo JHIIbL AN O0BEKTOB, IO KOTOPBIM OTCYTCTBYET OIBIT
JKCIUTyaTauud. Tak Kak MpH BHIIOJHEHWH TMIOJHBIX JAuHaMudeckux pacuetoB CAP  HeoOxomnmo
IPEABAPUTENBHO NPUHUMATh KOHKPETHBIC 3Ha4deHUs mnapamerpoB OMM, To MeToauKa onpeneneHus 3THUX
nmapaMeTpoB HeoO0XoArMa He3aBHUCHMO OT TOro, OyJeT JM B JalbHEHIIeM MPOU3BOAUTHCS TOJIHBIN
(YyTOuHSIOUIMIT) pacyeT WM HET.

IIpuromaocts npuHEMaeMoro MM 1o apyruM XapaKTepucTukaM (BBIOET M JTIO(T BBIXOJHOTO OpraHa,
BO3MOYKHOCTh U HEO0XOAMMOCTHh paboTsl DVMIM B CTONMOPHOM peXHMe U T..) JODKHBI BBISBISTHCS B
nporecce NpopabOTKH OCHOBHBIX MPOCKTHBIX PELICHHWH MO KaTajoram, MpaBWjiaM M HH(QOPMAIHOHHBIM
MmarepuanaM. OmnpeneieHHbIE MO AaHHOMY Marepuany napamerpsl OMIM Moryt OBITH YTOYHEHBI NPH
MOJEJIMPOBAHUY WJIN BBIIOJHEHUH O0Jiee IONHBIX JUHAMHYECKHX PAcueTOB CHUCTEMBbI aBTOMATHYECKOTO
peryIMpoBaHus.

JaHHBIl MaTepual HE paclpoCTpPaHSETCs Ha pacyeT CIEUUalJbHBIX M YHUKalbHbIX OVIM u OUM
0O0JIBIION MOIIHOCTH, AJs pacyeTa KOTOPBHIX HEOOXOIUMO M SKOHOMUYECKU OIIPAaBJaHO NpHMEHEeHue Oosee
TOYHBIX M TPYAOEMKHX METOJOB, TPEOYIOUINX MOTOJIHUTENBHBIX 3aTpaT Ha MOJy4YeHHe OOJbIIero
KOJINYECTBA YTOYHEHHBIX JKCIEPUMEHTAJIbHBIM IIyTEM HMCXOIHBIX JAaHHBIX. OTOT MaTepHual TaKXkKe He
periameHTupyer o0beM B ()OPMBI MCIOIHEHUS] PacdeToOB, TaK KaK OHU OMNPEHEISIIOTCS OCOOCHHOCTSMH
MIPOEKTUPYEMBIX CHCTEM aBTOMATH3allMH, JOCTOBEPHOCTHIO M TOJTHOTOW HMCXOIHBIX JAHHBIX, JHOCTYITHBIX
MPOEKTUPOBIIHKY.

B pykoBozsimemM MaTepuaie NpUHATHI CIEAYIONINE YCIOBHbIC 0003HAUCHHUS

HaunmeHoBaHME BEITMYUHBI VYcnoBHOE 0003HAUEHHE

Koaddurmenr, 3aBucsiuii ot yria noBopoTa 3aTBopa

IIne4o cumbl

BryTtpennuii quamerp TpyoomnpoBoga

IIpucoenuuuTeNbHEIN (YCIOBHBIH) THAMETpP PETYIHPYIOLIEro Oprana
Jlmamerp npoxona cemna

JlnameTp mornepevHoro Ce4eHus MToKa

OcHOBaHHE HATypaJbHBIX JIOTAPU(PMOB

IInomans

Koaddurmenr tpenus

VYckopenne cBOOOIHOTO MaJeHUs

Koaddumment nepenaun oovpexra

KoaddumuenT nepenaun perymnsropa

KoaddumnuenT nepenayn crucremMbr

OTHOIIICHHE ITyCKOBOTO KPYTSIIIEr0 MOMEHTA K HOMHHAIBHOMY
Jliuna tpy6ornpoBoaa

JlnuHa TSrY COUICHEHHS

KpyTsaummii MomeHT (ob1iee o603HaueHue)

E~madFddinsme f2abos
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HanMeHOBaHME BEIMYUHBI YcnoBHOE 0003HaUECHHE

T'uppoaunaMuyeckuii MOMEHT Mg
MomeHT TpeHus M,,
Koa¢pdurpeHT ruipoiMHaMU4ECKOro MOMEHTa m
Cuna (oOuiee 0603HaUYCHUE) N
Cuna faBieHHs cpefibl Ha 3aTBOP N,
IlepecTanoBOYHOE yCHIIME Ha IITOKE PETYJIUPYIOIIEr0 OpraHa Nye
Cuita TpeHus MTOKA B CaJIbHUKE Nop
Cuita 1aBieHHs cpebl Ha IITOK Ny
Cuita yIIOTHUTENIBHOTO KOHTAaKTa Ny
Koaddumuent 3amaca n
Koaddumuent ocnadiaenus n,
JaBnenue (o0mee 0003HaYCHKE) P
JlaBieHue nepes peryaupyromuM OpranomMm P,
JlaBieHue nocne peryaupyromero oprasa P,
Ilepenan naBnenust AP
Pacnonaraemslii Hanop rUApPaBIUYECKON LIEITU AP,
Pacxon (oOmiee o603HauCHHE) (0]
JlniHa Bexymiero perdara COwICHEHHs R
JlmHa BeIOMOro phluara CO4JIeHEeHUs r
Panmyc meiiku Bana (narngsr) 3aTBOpa T
[Tnomane (obmee o6o3HaYCHKE) S
KommekcHas nepemenHas nmpeodpa3zosanus Jlamaca s
IlocrosnHas BpeMeHH 00bEKTa T
Bpewms uzonpoma T,
Bpewms (obuiee o6o3naueHue) t
Bpewms nonnoro xona UM T,
CkopocTh (0011ee 0003HaYCHHUE) Vv
Tlepenarounas GpyHKIHs 00bEKTa W,s(s)
[Mepenarounast GyHKIHMS peryisTopa Wy(s)
Brixonnas BennuuHa 00beKTa (B 3aMKHYTOH CHCTEME - peryjupyeMas epeMeHHas) X
Bxonnas BenmuunHa 00beKTa (B 3aMKHYTOH CHCTEME - pETYIHPYIOIIee BO3ACHCTBHE) y
Bosmymaromiee BozaeiicTaue Ve
3anarouiee Bo3aeiicTeue Vs
Koa¢dumment 3aryxanus z
OTKIJIOHEHHE €
TTapametp A
[TnoTHOCTH (001ICE 0003HAUCHNE) p
Bpewmst 3anazapiBaHus 00BEKTa PETyTHPOBAHUS T
Ilepememenue 3aTBOpa peryIHpyIONIEro OPraHa, CINTast OT TOJI0KEHHS «3aKPBITO» [0)
Ilepememnenne BerxomHoro oprana MM, cunTast OT HONOKEHHS «3aKPBITO» @
VYrioBas gacrora (obmmee 0603HaUCHHE) ®
CoOcTBeHHas 9acToTa O,
YacroTa He3aTyXaloluX KojeOaHui @,

2. 3AJAYA PACUYETA 3JIEKTPUYECKOI'O UCTTIOJIHUTEJIBHOI'O MEXAHU3MA (QUM)

ONeKTpUYeCKUl UCTIOTHUTENbHBIII MEXaHU3M SIBJIAETCS CHUJIOBBIM 3BEHOM CHCTEMBI PETYJIHPOBAHHS U
JOJDKEH OBITh COBMECTHMBIM KaK C PETyJIATOPOM, TaK M C PETyJIUpYyIOIIUM OpraHoM. B cucremax
ABTOMATU3ALMH TEXHOJOIMYECKHX IPOLIECCOB, KaK IPaBHIO, HMPUMEHSIOTCS CEPUUHO H3rOTaBIIMBacMbIC
OUM. CootBeTcTBHE BBIOMpacMoro DVIM peryisaTopy BBISABISCTCS IPH pa3paboTKe DIEKTPUUECKON CXEMBI
peryJMpoBaHUs M YTOUHSETCS MO KaTajoraM M JpYTrMM MH(OpMalMOHHBIM MarepuanaMm. Beibop Hambosee
noaxonsmero tunoHomuHana OUM u3z cepun OVIM, CONpsSOKUMBIX C PErYyJISATOPOM, HCIOJIb3YyEeMbIM B
HPUHATON NMEKTPUIECKON cXeMe, MPOM3BOJUTCSA 110 HEOOXOAMMOMY KPYTAINEMY MOMEHTY, WIH YCHIIHIO,
HEOO0XOAMMOMY IS TIEpEMELIEHHS 3aTBOpa PEryIMPYIOIIEro oprana B pabounx yCIOBUSAX U C HEOOXOAUMOM
ckopocTbio. Iloatomy OVIM nmomkeH ¢ HEKOTOPHIM 3allacoM pa3BUBaTh KPYTALIMM MOMEHT (yCHIIHUE),
HEOOXOOUMBIH AJIsl MPEOdOJICHNUs MOMEHTa (YCHIus) Ha 3aTBOPE PEryJIMpYyIOIero opraHa B pabodmx
ycnoBusix. CKOpPOCTh ABMKEHHS BBIXOAHOTO opraHa OVM, ompexpensiemas BpeMEHEM €ro IMOJHOTO XOAa,
JOJDKHA OBITh JOCTaTOYHOW JAJsl TOro, YTOOBI 3aTBOP PETYJIHPYIOIIErO OpraHa CBOEBPEMEHHO, 0e3
CYLIECTBEHHOTO OTCTABaHMS, NPUHUMal OBl TOJIOKEHHS, COOTBETCTBYIOIIWE YIPABIIOIIEMY CHUTHATY
perymsTopa.

W3 BbIIEN3IOKEHHOTO cieayeT, 4To DM sBnseTcss TUHAMUYECKUM 3BE€HOM, BBIOMpAaEeMbIM B Ipoliecce
pacdera CHUCTEMBbI DETYJIHPOBAaHHA C YYETOM CTaTWYeCKUX M OUHAMHUYECKHX CBOMCTB, Kak OOBEKTa
PETyJIMPOBaHUs, TaK U APYTHX 3BEHBEB CHCTEMBI PETYJIUPOBAHUS.
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TeopeTnuecku MpAMOW W JOTHYHBIM MyTh ONpeneNeHHs HeoOXOOMMBIX mapameTpoB DMM cucteMsl
PETYJIMPOBAaHUsI COCTOMT B COCTABICHUHM CHCTEMbl IU(QepeHIUaTbHbIX YPaBHEHUH, OMHMCHIBAIOLINX
IIOBEZICHUE CHCTEMBI «OOBEKT - CHCTEMa PEryJIMpOBaHUA», U3 PELICHUs] KOTOPOH MOXKHO ObLIO Obl HAaWTH
HEOOXOMUMBIN KPYTSIIUNA MOMEHT M BpeMs moiHoro xoma DVM. CloXHOCTh U TPYIHOCTH COCTABJICHHS
9TUX YpPaBHEHUH, HEAOCTaTOYHAs M3YyYEHHOCTh JUHAMHMKM MHOTHX TEXHOJOTHYECKHX IPOLECCOB U
OTCYTCTBHE JOCTAaTOYHO AOCTOBEPHBIX MCXOMHBIX NAHHBIX MPENSATCTBYIOT MIMPOKOMY IMPUMEHEHHIO TaKOTO
nosixofa mpu pacuete DVIM cucteM aBTOMaTH3aLMU TEXHOJIOTHUECKHX MPOLIECCOB.

Bonee mpocroii 1 MeHee TPyAOeMKUil cioco0 ompeiencHuss HeOOX0IMMOTo KpyTsiero Momenra UM
COCTOUT B COCTaBICHUM M PEIICHUH CHCTEMBI CTAaTHUECKUX YPABHEHUH pPaBHOBECHS CHI M MOMEHTOB,
neiicTByronux B nojcucteMe « VM - perynupyronuii opran», U onpeeneHne U3 3TUX ypaBHEHUH BeTUYUH
KpPYTALINX MOMEHTOB Ha BEIXOAHOM oprane DVIM nist KpallHUX M HECKOJIBKMX MPOMEKYTOUYHBIX MTOJIOKEHUH
perynupytomiero oprana. HeoOxommmeprii kpytsammii mMoMeHT OWM  onpenenutcss HauOoNbIIed U3
HAlICHHBIX BEJMYMH KpYTSIIEr0 MOMEHTa, B3ATOTO C HEKOTOPBIM 3allacoM, M KOMIICHCAalluu
MOTPEIIHOCTEN MCXOAHBIX JaHHBIX JUIS pacdyeTa U HeydeTa INPUMEHSIEMbIMH YPaBHEHMSIMH JUHAMUYECKUX
cBOMCTB nojicucteMsl « VM - perynupyrouuii oprany.

B GonpmMHCTBE MPAaKTUYECKUX CIy4YaeB M 3TOT YIPOIICHHBIM CIOCOO MPUMEHHMTh BO3MOKHO JIMIIL B
PEAKHX ciydasX, BCIEIACTBUE OTCYTCTBUS BO3MOXHOCTH IIOJIYYUTb PACUETHBIM IIyTEM JOCTOBEPHBIE
3aBUCUMOCTH MEXJY pacxoJoM, IEpenajoM HAaBICHUS U IIOJO0XKEHUEM 3aTBOPA PErYJIUPYIOLIErO0 OpraHa B
pabounx ycnoBusx. IloaToMy B OOJBIIMHCTBE CIyyaeB HpU ONPEACICHHH HEOOXOOUMOTO KPYTSILETo
MoMeHTa DVIM npuxomuTcs OTPaHUYUTHCS OLEHKOH TOJNBKO OJHOTO 3HAYEHHs Iepenana NaBJIeHUs ULl
CaMoro HeOJIarOMPHITHOTO U HE BCErla PEalbHOrO yCJOBUS pabOTHl perynupylomero oprana. [lockombky
Takas OLCHKa MPOM3BOAMTCS HAa OCHOBAaHWU OPHUEHTHPOBOYHBIX HCXOIHBIX IAHHBIX, TO €€ NPUXOAHUTHCS
IPUHUMATh C HEKOTOPBIM CTPaxyHIIUM K03 GHUIUEHTOM 3amaca.

Tak kak BpeMs monHoro xona MM sBnseTcss TMHAMHYECKUM IMapaMeTpoM, TO Ui ONpeAeseHHs 3TOi
BEJIMYMHBI BCE PaBHO HEOOXOAMMO XOTs ObI MpocTeiilliee MaTeMaTHYECKOEe ONMKCaHWE TUHAMUKU OOBEKTa
PETYJINPOBaHUSA U PETYIATOPA.

B naHHOM pyKOBOZSIEM Marepualle UCIOJB3YETCS METOJ CTaTUYECKUX YPABHEHUU NI ONpPEACIICHUS
KpyTsmero Momenta DVM u ympolieHHas JUHaMHYecKash MOJENb O0BbEeKTa PErylIHpOBaHMs AJS OLEHKH
BEJIMYMHBI BPEMEHH IIOJTHOIO X0a BEIXOAHOTO oprana O1M.

3. OIPEJAEJEHUE HEOBXOANMOI'O KPYTAIIEI'O MOMEHTA DUM
3.1. O0mue NOTOXKEHUSI

s mepeMmelnieHus 3aTBOpa PEryIHPYIOIIEro opraHa B padoumx ycioBusix VM moimkeH mpeononeTh
CWJIy MHEpLWH U WHBIE CHJIBI, JIEHCTBYIOIIUE HA 3aTBOP U IPOYHE MOJBIKHBIC 3JIEMEHTHI PETyJIUPYIOIIETO
oprasa.

B 3aBucMMOCTH OT BHIa pEryJHPYIOLIETO OpraHa, €ro KOHCTPYKTHBHBIX OCOOCHHOCTEH W yCIOBUH
paboThl Ha 3aTBOP, IITOK MJIM Bajl PETYJUPYIOIIETO OpraHa MOT'YT BO3JCHCTBOBAThH CIICAYIOIIUE CHUJIBI MU
KPYTAILINE MOMEHTHI:

CWJIa WJIM MOMEHT Ha 3aTBOPE OT BO3JEICTBUA Nepenaja JaBlIeHus;

THIPOANHAMUYECKas CHJIa WX MOMEHT Ha 3aTBOPE;

CHJIBI TPEHHS B OIIOpax 3aTBOPA U YIJIOTHEHUSIX BaJla WJIM LITOKA;

BEC 3aTBOpA U APYTUX IMOABIKHBIX 3JIEMEHTOB PETYIHPYIOIIET0 OPraHa;

CHJIa MHEPIIUU MACCHI 3aTBOPA U APYTUX MOJBUKHBIX JIEMEHTOB PETYJIUPYIOLIET0 OpraHa 1 T.1I.

Jnis TOCTOBEPHOM OLICHKH 3THUX CHJI M MOMEHTOB PACUYETHBIM IIyT€M HEOOXOJMMBbI HKCIIEPUMEHTAIBHO
MOJITBEPKACHHBIE TEXHUYECKHE XapaKTepUCTHKH WU TapaMeTpbl KOHKPETHBIX THUIIOHOMHHAJIOB CEPHIHO
M3rOTaBIMBAEMBIX PETYIUPYIOMUX OpPraHoB. [y OONBIIMHCTBA CEPUIHBIX PEryIHUPYIOMINX OPraHOB TaKUe
JaHHBIC MU3BECTHBI JIUIIL OPUCHTUPOBOYHO. [109TOMY BBIOIHEHHE YTOYHEHHBIX PACUETOB CHJI U KPYTALIMX
MOMEHTOB, [JEWCTBYIOLUIMX B PETYJIMPYIOLUIMX OpraHax B pabo4uMx yCIOBUAX, Kak IIPaBWIO, HE
NpeACTaBIseTCS BO3MOXKHBIM. B JTaHHOM pYKOBOISIEM MaTepuane MpOM3BOOUTCSA OlleHKa Haubomee
CYLIECTBEHHBIX CHJI 1 MOMEHTOB, a OCTaJIbHbIC YUUTHIBAIOTCS HEKOTOPHIM K03 duimenTom 3anaca. st cun
U MOMEHTOB, M3MEHSIOIIMXCA IO BEJIMYMHE U HAIPABICHUIO, NPUXOJUTCS OLEHHWBATh UX MaKCHUMAaJIbHbIC
3Ha4YeHMA U HanOoJiee HeOMaronpHUsITHbIE HAallpaBieHUs. 3HaAUYECHUS

ko3 dunrenTa 3anaca n MOXHO NPUHUMATh MO Taba. 1, ecny HET BaKHBIX MPUYHMH MPHUHATH HHBIC
3HAYCHUS.
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Tabnuna 1
PexxuM paboThl perynupyromero oprasa Koaddurment 3anaca n
IInaBHOE yIpaBieHUE PacXo10M Cpeibl, IPOTEKAIOLICH Yepe3 peryIupyrolmuil opran 2
BrIcTpoe 1 npenr3uoHHOe yIpaBIeHHE NON0KEHUEM 3aTBOpa PEryIHPYIOLIEro Oprasa 3

32.Harpy3ka Ha 3aCJIOHOYHOM pEeryjJupylolleM OpraHe

KpyTsmuii MOMEHT Ha Bady 3acIOHOYHOTO pPETyJHPYIOLIEro opraHa (ITOBOPOTHOM 3aCIOHKH)
MIPEJICTABIISIET COOOH anreOpandecKyr0 CyMMY CIEIYFOIINX OCHOBHBIX KPYTSAIIMX MOMEHTOB:

- TUAPOJUHAMUYECKUI MOMEHT, BCETa CTPEMSLIUICS 3aKPhITh PETYJIHUPYIOIIMA OpraH;

- MOMEHT CHJI TPEHHsS B OIOpax Baja, NEHCTBYIOUIMM NpH IBWKEHHM 3aTBOpA W HANpaBICHHBIN B
CTOPOHY, IPOTHUBOIIOJIOKHYIO HANIPaBJIEHUIO ABMXKEHUSI.

Kpome ykazaHHBIX MOMEHTOB K Bally 3aCIOHOYHOTO OpraHa MOTYT OBITh NPHUIIOKEHBI CJeXyIoIIne
MOMEHTBI:

- MOMEHT CHJI TPEHHUS B YIJIOTHEHUX U OMOpax Baja;

- MOMEHT CWJI TPEHUS B CelIE;

- THAPOCTATUICCKUH MOMEHT, MEHCTBYIONTHI Ha 3aKPBITHIH PETYIHUPYIONINA OpraH, Korna TpyOoompoBoa
3aMOHEH CPEeNON TOJNBKO C OJHOW CTOPOHBI PEryIUPYIONMIEro opraHa (MpeamyCKOBOE IMOJIOKECHHE). DTH
MOMEHTHI CHJI TPEHHS 3aBUCAT OT KOHCTPYKIIMHU, MaTepHaja M COCTOSHHUS yIUIOTHEHWH M cellel u OOBIYHO
YUHATHIBAIOTCS KOA(PHUIIMEHTOM 3armaca K MOMEHTY CHJI TPEHHUS B OTIOPax.

luapocraTnyecknii MOMEHT JCHCTBYET TOJIBKO B TOJIOKEHUU «3aKPBITO», KOTJa TPyOOIPOBOA C OJHOMN
CTOPOHBI PETYJUPYIOIIETO OpraHa OMOpoXKHEH. Tak Kak, Kak MpaBWJIO, PETYJIUPYIOIIHE OpraHbl He
MpeIHa3HAuYEHbI AJIs1 SKCIUTyaTalud B KAYECTBE 3alOPHBIX, TO ATOT PEKUM HCIOJIb30BAHUS PErYIUPYIOIIUX
OpraHoB B IaHHOM MaTepuale He pacCMaTpUBACTCH.

[loTpeOHbI KpYTAIMIT MOMEHT Ha Bajly 3aCIOHOYHOTO PETYJHPYIOLIETO OpraHa, pa3BuBaeMbii DM,
Oyner paBeH

Mo=a(M, +12M ), 1m0 M )
rzae n - K03 (UIMEHT 3anaca, yYUTHIBAIOIIUI YCIOBUS U PEKUM pabOThl PErYIHUPYIOIIEro OpraHa, 3aTsKKY
CAITLHUKOB M T.II. ITOT KO3 PHUIHUEHT MOXKHO IIPHHAMATD 1O TadI. 1;

M, - TUIPOIMHAMMYECKUI MOMEHT Ha Bajly PETYJIHUPYIOLIEr0 OpraHa, KIrc * M;

M,,,, - MOMEHT TPEHHS B OIIOPAX PETyJIUPYIOIEro OpraHa, Krc * M.

l'unpoguHaMuyeckuii MOMEHT  ABISETCS  CIEACTBHEM  HECMMMETPUYHOCTH CHJI  BO3AEHUCTBUSA
MIPOTEKAIOIIEH Cpebl OTHOCUTEIBHO OCH BpallleHUsI (Baia) 3aTBOpa.

Bennunnaa ruaApoJMHaAMHUYECKOTO0 MOMEHTA MOXKET OBITh BBIPaXKEHA CIIEIYIOIUM 00pa3oM

M, = Nb, )

rae N - paBHOAEHCTBYOIIAs TUAPOJMHAMUYECKUX CUJI, IEMCTBYIOIINX Ha 3aTBOD;

b - mneyo cuasl N.

Beanuuna cuwisl N 3aBUCHT OT yIia IOBOpOTa 3aTBOpa ¢, IUIOMIAJAM MpPOXojJa WM KBajapara
MPUCOCTUHUTEIBHOTO (YCIOBHOTO) IHAMETpa pPETYIHpPYIONIEro opraHa d, mepemaga aBiICHUS Ha
perynupymoieM opraie AP 1 MoxeT OBITh BBIpaXKeHa clieaAyromiei Gpopmynoit

N=ad*AP, (3)

riae a - k03 duireHT, 3aBUCAIINI OT yriia IOBOPOTA 3aTBOPA.
Benuunna muteda b cunsl N 1J1s JAHHOTO MOJIOKEHUS 3aTBOpPA 3aBUCUT OT uamerpa d

b=a'd, “4)

rzae a’ - KoapQUIUeHT, 3aBUCALIMN OT yIjla IOBOPOTAa 3aTBOPA (), CUUTAS OT IIOJIOKEHHS «3aKPBITO».
IloxncraBuB Beipaxkenus (3) u (4) B (2), momyuum

M, = md AP, xrc - M (5)

rae m = aa’' - K03QPUIUEHT THAPOINHAMUICCKOTO MOMEHTA (BETMYMHA Oe3pa3MepHast);
d - IpuCOoeTMHUTENbHBIHN (YCIOBHBIN) IHAaMETP 3aCIIOHOYHOT'O PETYIUPYIOIIETO OpraHa, M;
AP - iepenaj JaBICHHS Ha PEryIHPYIOIIEM OpraHe, Kre/m”.
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Koaddumuent m onpenenseTcs SKCIEPUMEHTAIEHO M 3aBUCHT OT ()OPMBI U KOHCTPYKIIMU 3aTBOpa. B
NPUJIOKEHWH  JaHHOTO  MaTepuana  II0Ka3aHa  OCpeNHEHHas  3aBHUCHMOCTh KO3 QHIMEeHTa
THAPOIMHAMHYECKOTO MOMEHTA /1 OT YIJIa TIOBOPOTa 3aTBOPA (0 ISl 3aCIIOHOYHBIX PETYIUPYIONINX OPTaHOB
C TIUIOCKAM 3aTBOPOM. OTHUM TPWIOKCHHEM MOXHO TOJh30BaThCA NIPH OTCYTCTBUM JAHHBIX 10
KO3 PUIIHEHTaM m ISl KOHKPETHBIX TPUMEHAEMBIX THITOB 3aCIIOHOYHBIX PETYIUPYIONINX OPTaHOB.

W3 rpadumka mpmiIoKeHHWs] BHIHO, YTO KOX(MGUIIMEHT m HMMeeT MakcuMmyM npu ¢ = 73°. Tak kak B
OONBITMHCTBE CIIyYacB PETYJHMPYIONINA OpraH paboTaeT MpH TNEPEeMEHHOM Iiepemnaae naBieHus AP, To
MaKCHMaJlbHO€e 3HaueHue M, He COOTBETCTBYET MaKCUMyMY KO3(QQUIIMEHTa m, TO €CTh NPH MOJIb30BaHUH
hopmyoit (5) s BRIABIECHUS MaKCUMAIBHOTO THIPOJMHAMHYECKOTO MOMEHTa HEOOXOAMMO ONpEACIUTh
BeIMUMHY M, nis paja 3HaueHuii AP 1 ¢ B pacCMaTpHBacMOM JIMaNa3’oOHe M3MEHEHMs pacxoja B pabodmx
YCJIOBHUSIX.

Takoii coco0® ompezneneHyus MaKCUMaabHOW BEIUYMHBI 'MIPOAMHAMUYECKOIO MOMEHTa M, CIHUIIKOM
TPYMOEMOK, YTO JeJaeT €ro MPHUMEHEHHE IeJecOo00pa3HbIM JHUIIb Npu pacdete DOUM nHa OBM mus
CICIMATBHBIX M YHUKAJIbHBIX PEryJIMPYIOIIUX OPraHOB M B Ciydae wHcmosib3oBanuss DVM  Gombiinoi
MOII[HOCTH, KOT/Ia OOJbINKE JOMOJHHUTEIBHBIC TPYM03aTPaThl YKOHOMHUYECKH OMpaBIaHbl. B OCTalbHBIX
ClTy4asiX, Kak IpaBHJIo, IIPH OLIEHKE MAKCHMAJIbHOTO 3Ha4eHHsA M, B popmyiy (5) NpUXOJUTCS MMOJICTABIATH
MaKCHUMaJIbHOE 3HAdeHHE TMepenaza [aBJICHUS Ha peryiaupyiomeM opraie AP, COOTBETCTBYIOIIEE
TIOJIOKEHUIO PETYJIMPYIOLIET0 OpraHa «3akpbiTo». [lpu 3tom B Qopmyny (5) Takke NOICTABISETCS
MaKCHUMaJbHOE 3HaueHNe KO3 (HUITUeHTa THIPOAMHAMUYECKOTO MOMEHTA 1.

W3 mpunoxxeHuss K AAaHHOMY MaTepHally CleoyeT, YTO MAaKCHMaJbHOE OPHEHTHPOBOYHOE 3HAYCHHE
KOA(pPUIMEHTAa TUAPOJAUHAMUYECCKOTO MOMEHTAa 71 3aCJIOHOYHOTO PETyJIUPYIONIEr0 OpraHa ¢ IUIOCKUM
3atBopoM m = 0,0654. Ilo3ToMy OIICHKY MaKCUMaJIbHOIO 3HAYCHUS TUAPOAMHAMHUYECKOTO MOMEHTa
3aCIIOHOYHOTO PETYJIHPYIOIMIET0 OpraHa ¢ IJIOCKHM 3aTBOPOM MOJYKHO TONYYHTbH, mpumaaB dopmyne (5)
CIeAyoUui BUT

M, = 0,0654d’AP,, xrc - M (6)

rae d - TPUCOSOMHHUTENbHBIN (yCIOBHBIN) OUAMETP 3aCIIOHOYHOTO PEryJIHPYIOIEro OpraHa C IUIOCKAM
3aTBOPOM, M;

AP, - mepeman JaBiCHHS Ha  PETYJUPYIOIIEM OpraHe IMpH MaKCUMajlbHOM  3HAUCHHUH
THIPOIMHAMUYECKOTO MOMEHTA, KI'C/M”.

B kauectBe nmpmemiieMoro 3HadeHus AP, IIpu OPHEHTHPOBOYHOM ONpPENEIeHUN M, MOKHO IPHHMMATh
BEJIMYMHY Tlepenaja AaBleHHs Ha peryJupyIolleM opraHe MpH CpeJHEM pacxoje, PaBHOM IOJIOBHHE
MaKCHMAJBHOTO pacxojla 4epe3 peryiupyromuii oprad. llepemam naBineHHs, COOTBETCTBYIOIIUN 3TOMY
pacxomy, MO>KET OBITH BRIYHCIICH IO hopMyIIaM pasfiena 4 pykoBozsmiero Marepuaina PM 4-163-77.

BenuunHa MOMEHTa CHJI TpeHHMS B ONOpax Bajla 3aCIOHOYHOTO PETYJIMPYIOLIEr0 OpraHa OIpeenseTcs
CJIEIYIOIIUM BBIpaKEHUEM

Tz
M, =—dr fOF
e Y

Tak kak Hac HHTEpecyeT OLEHKa MaKCHMallbHOM BeIW4YMHBI M, UMEIOIIeHd MeCTO B IOJI0KEHUU
«3aKpBITO», TO B ypaBHeHume (7) ciemyeT MOACTaBIATE AP, paBHOEe W30BITOYHOMY IaBIIEHUIO Mepen
PEryIUPYIOIIKUM OPTaHOM

AP =P;. (8)
Taxum 00pa3oM, MaKCHMAaITbHBIIT MOMEHT TPEHHS OYIET paBeH
M,,, = 0,785d’r,fP,, xrc * M )

rze d - NpucoeANHUTEIbHBIN (YCIOBHBIN) IUaMETpP PEeryIMpYIOIIero oprata, M;
. - PaIAycC TIeHKH Bana (11anda) 3aTBopa, M;
f- koo urmeHT TpeHns B onopax (BenuunHa Oe3pasMepHasi, mpuHuMaercs pasaoii 0,15 - 0,25);
P, - M3GBITOYHOE JABICHHE MEPE]] 3aKPhITHIM PEryTHPYIOIIMM OPraHoM, Krc/ M.

3.3. Harpy3ka Ha oOHOCEOENbHOM PEryJHpYyIOIIEeM OpraHe

[epecTaHOBOYHOE yCHIIHE HA IITOKE OJJHOCENEIIEHOTO PEryJINPYIOIIET0 OpraHa paBHO
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Nue ==%N, £ Ny + Ny + Ny, KrC/OM (10)

rae N, - cuia IaBjeHus Cpelbl Ha 3aTBOP, KIC;
N,, - ciJia JaBJICHUsI Cpelibl Ha IITOK, KI'C;
N, - cuna TpeHHs ITOKA B CAJIbLHUKE, KI'C;
N,,, - cuna, HeoOXoIUMas JUIsl CO31aHMs YIUIOTHUTEILHOTO KOHTAKTa 3aTBOPA C CEIUIOM, KIC.
Cuita gaBieHusI cpesl Ha 3aTBOP paBHA

N,=F,AP = F(P, - P,), krc (11)

rae F, - mIomas npoxosa B ceiuie, M’

AP - iepenaj 1aBIeHas HA PEryIMPYIOMIEM OpraHe, KIc/cM’;

P, - aBJIeHHE Tepes] PeryIHpPYIOIEM OPraHOM, Krc/cM’;

P, - naBjeHue MOCIe PEryIHPYIOIIEro Oprana, Kre/cm”,

[Ipu pasrpyxeHHOM 3aTBOpE MPH ONpEeNICHUN F, MPUHUMAETCS B PaciyeT pa3HOCTb IUIOIIAACH TOPLIHS U
cema.

Cuna naBieHus Cpelipl Ha IITOK paBHA

N, = 0,785d",,P,, xrc/cm” (12)

rae d,, - IMaMeTp MOIEPEeYHOro CEYECHUs ITOKA B CAbHUKE, CM;

P, - NaBJIeHHE CPeJIBl TIOCITE PETYIUPYIONIEro OpraHa, KIrc/cM’.

3naku nepen N; u N, B ypaBHenuu (10) mpuHUMArOTCS B 3aBUCHMOCTH OT HaIlpaBJieHUs 3THX cuil. Eciu
HalpaBJICHHE COOTBETCTBYIOLIEH CHJIBI IPOTUBOIOJIOKHO HampamieHHio ycwimsi or OUM, To oHa
IPUHUMAETCS CO 3HAKOM IUTIOC, B MHOM CIIydae - CO 3HAaKOM MHHYC.

Cuna TpeHus MITOKa B CAIbHUKE C acOOrpaduTOBON HAOWBKOM MOXKET OBITH ONpeAesieHa MO CIIeIyFOIIeH

hopmyite
Nyp=1,1d,,+ 0,02d,,P, xrc (13)

rae d,, - AMaMeTp IITOKa, MM;

P - naBneHue cpenpl 1o CAIbHUKOBOW KaMepoi, Kre/em’.

B oaHOcenenbHBIX PETYIUPYIOUIMX OpraHax C pas3rpyKEHHBIMH 3aTBOPAMH CJEAYET OMOJHHUTEIHHO
YVUHUTBHIBATh TPEHHE, CO3JaBacMOE YIUIOTHCHHUEM B HAIPABJIAIONICH BTYyJIKE. DTa CHJa TPEHUS MOXKET OBbITh
OPUEHTHPOBOYHO MOJICUUTaHA MO popmyie

Nmp = O,4dm + O,OldHAP, KIC (14)

rze d, - TuaMeTp HanpasJIsIoIlel YacTu 3aTBOPa, MM;

AP - MaKkcHMaNbHbIi Mepe/a AaBIeHHs IPH 3aKPhITOM IPOXOJE, Krc/cM’,

Cuna, HeoOXoauMas Uil CO3AaHMsl YIUIOTHUTEIIBHOTO KOHTaKTa B KECTKOW 3allOpHON mape, MOXeT ObITh
OPHEHTUPOBOYHO ITOJICUUTAHA 10 CIELYIOUINM (HopMyIaM:

IIpH yCJI0BHOM AaBienun P, < 100 Kre/cm’

N,, = 0,75-d,, xrc; (15)
IIPU YCJIOBHOM JaBiieHun P, > 100 Kre/em’
N,, = 0,75-d.P,/100, krc; (16)

rie d, - iuaMeTp mpoxoja ceiia, MM;

P, - ycIOBHOE J1aBIIEHUE, Kre/em’.

34.Harpy3ka Ha ABYXCe€JE€IbHOM PEryJUpPYyIOINIEM OpraHe

[lepecranoBo4HOE ycWIME Ha INTOKE JABYXCENENBHOTO PETYJIMpPYIOIIEro OpraHa, padoTaromero 0e3
IUIOTHOM TMOCAaJIKH 3aTBOpa HA CEJI0, TO €CTh 03 ydera CWibl, HEOOXOAMMON JUIs CO3IaHUS
YIUIOTHHTEIHHOTO KOHTAKTa 3aTBOPA C CEIJIOM, PABHO

Nnc:N3iNm+Nm

P>

KTC (17)

rae N, - cua naBiieHus cpefbl Ha 3aTBOP, KIC;
N, - cuna IaBieHUs cpeapl Ha MITOK, KIC;
N,y - cuna TpeHus ITOKA B CaJIbHUKE, KIC.
Cuna naBieHus cpesl Ha 3aTBOp NV, paBHa
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N, = AP(P; - P;) = AP.AP, xrc (18)

rae AF, - pa3HOCTh IUTOMAIeH TPOXOA0B OONBIIOTO F o5 U MANOTO £, Ceen, CM2;
P; - naBnenune nepen peryIupyOIIAM OPTaHoM, Kre/em?;
P, - naBneHue mnocie peryjMpyrolero opraia, Kre/ oM’
AP - iepenaji JaBJI€HUS Ha PETYJIHUPYIONIEM OpraHe, Kre/em’.
Cwuiia gaBJIeHHsI Cpebl Ha MITOK paBHA

N, = 0,785d",P,, krc/em” (19)

rie d,, - IMaMeTp CeUeHHs TOKA B CATbHUKE, CM’;

P, - TaBIIGHHE CPeIbl IOCTIE PEryINPYIOMEro Oprana, Krc/cM’,

3nak mepen N, B ypaBHeHuu (17) mpuHUMAaETCS B 3aBUCMMOCTH OT HANpaBIICHUS 3TOU cuiibl. Ecim
HanpasicHue N,, COBIANACT C HAMPABICHUEM CHIIBI N;, TO N, IPUHUMAETCS CO 3HAKOM ILIIOC, B IPOTUBHOM
ciIy4ae - co 3HaKOM MHUHYC.

Cwuiia TpeHHsI MTOKA B CATBHUKE MOXKET OBITH OTIPE/IeIICHA 10 CICTYIONTIM (hOpMYIIaMm:

JUISL CaJbHUKOB C (DTOPOIUTACTOBEIMH KOJBIIAMH H INTOKa, oOpaboranHoro mo 1l-my xiaccy
IEPOXOBATOCTH

Ny =0,6d,, + 0,01d,,P, xrc (20)
JUTS CATBHUKOB C APYTUMH HAOMBOYHBIMU MaTepUaIaMu
N,y =1,1d, +0,02d,,P, xrc 2n

rae d, - [uaMeTp MTOKa B CATbHUKE, MM;
P - 1aBieHne Cpesl 0] CATHUKOBOI KaMepoii, Kre/cm™.

3.5. KpyTsumii MOMEHT Ha ppluare peryJupyolero opraa

[ToBOpoTHOE TEepeMenieHre Bajla 3aTBOpPA 3aCIIOHOYHOTO PETyIUPYIOUIET0 OopraHa yJ00HO codeTaeTcs C
MTOBOPOTHBIM JIBIYKEHUEM BBIXOAHOTO phrdara MM mpu uX COWICHSHUN MapHUPHBIM YETHIPEX3BEHHUKOM.

Perynupyromniuie opraHsl ¢ MOCTyHaTeNbHBIM NIBIDKCHHEM 3aTBOpa Takke yHOOHO cowieHsaTh ¢ OUM
MOCPEJICTBOM IIAPHUPHOIO YETHIPEX3BEHHUKA, OJHAKO B 3TOM CIydae OHHM JOJDKHBI HUMETh PhIYaKHBIM
MPUBOJI, KaK 3TO MOKa3zaHO Ha puc. 1. Tsara mapHUPHOTO YETHIPEX3BEHHUKA COWICHCHUS, COCIMHSIOIIAS
Beyuuii peraar OMIM ¢ Toukoii B pbldara peryJupyromiero opraia, nepefaer ycunue N, ¢ koropsim VM
yaepkuBaeT peraar B0, = r. Cuja Ha IITOKE PeryJupyrolero oprana N, CTpeMHUTCs MOBEPHYThH phryar BO,
M0 4acoBO# cTpenke okoso ocu O,. O6o3HaunB anuHy wieda CO, = b, HaiiileM HEOOXOIUMBIA KpYTSIIUI
MOMEHT Ha phluare peryJupyroIero oprana

M = nbN,., kre (22)

rae n - ko3 PunreHT 3amaca, yYUTHIBAIONIUIN YCIOBHS U PEXKUM paOOTHI PEryIHPYIOIIEro OpraHa, 3aTsHKKY
CAJIbHUKOB M T.II., IPAHUMAETCS 10 TadI. 1;

b - TIe"o cUITbI Ha MTOKE PEryIUPYIONIEro OpraHa, M;

N,. - HEOOXOJMMOE YCWJIME Ha IITOKE PETryJHPYIOIIEro opraHa, ompeaeisemoe mo dopmyne (10) wim
(17), krc.

Ne

BT < O
N ;

L

P Hanpo &nemue
{P/f nomosc

Puc. 1. OnHocenenbHbIN peryIupyOLIUid OpraH ¢ pbluaKHBIM IPUBOIOM:

BO, = r - peruar perynupytoriero oprana; CO, = b - m1e4o CHIBI Ha MTOKE; N, - CHJIa Ha MTOKE PEryIUPYIOMIero
oprasa; N - cuia Ha pblyare peryJmpyoIiero oprasa; P; - JaBjieHue nepe] peryJIupyroLnM opranoM; P, - naBiieHue
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3.6. Harpyska Ha BbeIxogHOM oprane UM

s Toro, 9ToOBI BRIOpaTh KOHKPETHBIN THMoHOMUHAN DM HeoOxomumo 3HaTh HArpy3Ky HE Ha Baiy
WM IITOKE PETYJHPYIOMIETO OPTaHa, a Ha BRIXOJIHOM oprane DVM.

g nmpuBeneHuss Harpy3kd Ha Bally MJIM LITOKE PEryJIHPYIOIIEro OpraHa K BBIXOAHOMY oprany OUM
HEOOXOAMM yUYeT BIMSHUS KHHEMATHYECKOW CXeMbI COWJICHEHU Ha Tepe/iaBaeMyto eif Harpy3ky. [lockombky
BEIOOp THHOHOMHHama OWM mpemmecTByeT pa3paboTKe dYepTekKed COUICHEHHS, TO BO3HHKACT
HEOOXOAMMOCTH B IPEIBAPUTEIHHON OLIEHKE BIMSHHS COUWICHEHHUS Ha MepelaBaeMblii UM KPYTAIIUNA MOMEHT
WIIN yCUJTHE.

[TocraBnsiembie 6e3 DVIM perynupytomniie OpraHbl, Kak MPaBUIO, COWICHSIIOTCS ¢ HUMHU IOCPEICTBOM
LIAPHUPHOI'O YETBHIPEX3BEHHUKA. Takoe COUleHEHUE U3MEHSIET IEPEIaBAEMbIN KPYTAIUIA MOMEHT, KOTOPBII
CTaHOBUTCS 3aBHUCHMBIM OT IOJIOKEHHs phIYaroB cousieHeHus. [Ipn 3ToM BO3MOXHO BeChbMa CYLIECTBEHHOE
YMEHbBIIIEHHE KPYTSIEr0 MOMEHTa, OCOOCHHO B OJHOM WM OOOMX KpaHWX IIOJIOKEHUSX 3aTBOpa
pETyIHPYIONIETO OpraHa. YMEHBIICHHE KpPYTSIIEro MOMEHTa COWIeHEHHeM yHOOHO YYHTHIBAThH
k03 pureHTOM OCcNabNeHHs KPYTSAILETO MOMEHTA 7.

[Ipu onpenenenun HEOOXOAUMOTO KPYTSIIET0 MOMEHTA Ha BEIXOIHOM oprane DVIM HeoOXoauMo Takke
VUATHIBATh BENMYMHY OTHOIIEHHUS ITyCKOBOTO KPYTSIIETO MOMEHTa BblOupaemoro OWM Kk ero
HOMMHAJIBHOMY KpPYTSIIEMY MOMEHTY K.

Heo0xonumelii kpyTsamuit MoMeHT DM, cowIeHsAeMOro ¢ peryIupyIouM OpranoM, OyAeT paBeH

ke

M, =M,
k KIC * M (23)
rae M - HeoOXOAUMBIN KPYTSIIHA MOMEHT Ha Bay WM PblUare peryJupyroliero oprana, Krc * M;
n, - KodhUIHMEHT ochablleHus KPYTSMIEr0o MOMEHTa MEXaHH3MOM COWICHCHHs (BeMMYMHA
Oe3paszMepHas);

k - oTHOLIEHUE MTyCKOBOTO KpyTswero MoMmeHTa OVIM kK HOMUHaNIBbHOMY (BEeTHMYMHA Oe3pa3MepHas).
[loncraBuB B ypaBHenue (23), 3Hauenne M w3 ypaBHeHus (1) moxapasgena 3.2, momyuum Qopmyiry
HEo0X0IMMOT0 KpyTAIiero Momenta VM, couwIeHsIeMoro ¢ 3acJI0HOYHBIM PEryJIHUPYIOIINM OpraHOM

7 A,

M =

R

(Mg ’ 1,23’{”1 KIC * M (24)

rae n - ko3ddunuenT 3anaca (BennyrHa Oe3pa3MepHasi, IPUHUMAETCS 1Mo Tao. 1);

1, - K03 (QUIUEHT OCNa0IEHUS KPYTSAIIEr0 MOMEHTA COWICHeHHEM (BeIMYMHA Oe3pa3MepHasi);

k - OTHOIIIEHHE TTyCKOBOTO KpyTsIero MomMeHTa DM K HOMHUHATBHOMY KPYTSIIEMy MOMEHTY (BeITHYHWHA
Oe3paszMepHas);

M, - ruApOIMHAMUYECKUI MOMEHT Ha BaJly PETYJIUPYIOIIETO OpraHa, KIrc * M;

M,,, - MOMEHT TPEHUS B OIIOPAX PETryIUPYIOLIEro OpraHa, Krc * M.

Mowmentsl M, u M,,, onpenensatorcs no Gopmynam (5), (6) u (9) noapasnena 3.2.

IToncraBuB B ypaBHeHue (23) 3Hauenue M, ompenensieMoe ypaBHeHueM (22), momyduM (opmyiy
HEOOXOAMMOTO KpyTsmero MomeHTa OWM, coOwIeHSeMOro ¢ pEeryJUpyIOIIUM OPraHoM, HMEHIUM
PBIYKHBIA PUBOJT

M?!J = . bNHJ’
k KIC ' M (25)

rae n - ko3ddunuenT 3amnaca (BennunHa Oe3pa3MepHasi, IpuHUMaeMasi 1o Taom. 1);

1, - K03 (QUIUEHT OCNIa0IEHUS KPYTSAIIEr0 MOMEHTA COWICHeHHEM (BeIMYMHA Oe3pa3MepHasi);

k - OTHOIIICHUE MyCKOBOTO KPYTsAIIero MoMeHTa DMIM K HOMHHAIBHOMY KPYTAIIEMY MOMEHTY (BETUYHHA
Oe3paszMepHas);

b - €Yo CUITBI Ha MITOKE PETYJIMPYIOLIETO OpraHa, M;

N, - HEOOXOAMMOE YCUIIME Ha IITOKE PEryJIHPYIOIIEro opraHa, ompenensemoe mno ¢opmyne (10) wim
(17), krc.

Benuunba ko3dduimenTa ociabiieHus: KpyTSIIEro MOMEHTa MEXaHH3MOM COWICHEHHS 3aBHCHUT OT
KHMHEMATUUYECKOHM CXeMbl cowieHeHHs. Tak Kak B OOJBIIMHCTBE CIy4YaeB BCETJa UMEETCS BEPOSTHOCTH TOTO,
YTO B MPOIECCE HANAJIKU CHCTEMBI PEr'yJIMPOBAHUS MOXET BO3HUKHYTh HEOOXOAMMOCTh KOPPEKTHPOBKHU

JIOKyMEHT ckayaH C nmopTajia HOpMaTUBHBIX JOKyMeHTOB www.OpenGost.ru
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PacXoJHOM XapaKTEPUCTHKH PETyIHPYIOIIEro OpraHa 3a CYeT COWICHEHHUs, TO BEMUYMHY Kod(hduimeHTa
ocnabyeHusl 1esieco00pa3Ho MPUHUMATE C HEKOTOPBIM 3aIIacoM, 4TO 00ECIICUnBACTCS TIPH 11 = 4.
HeoOxoaumerii KpyTsimuid MOMEHT M., HalieHHbBIH Mo ¢opmynam (24) u (25), He JODKEH OBITH OOJIbIIIE
MAaKCUMAJIbHOTO OOIIyCKacMOro KpyTdalero MOMCHTa Mg,,, onpeacIaeMoro ycCiaoBUsIMHU IMPOYHOCTHU
perynupyromiero opraHa. Eciu B HMHGOPMANMOHHBIX MaTepHaiax Ha MNPUHAMACMbIH 3aCIOHOYHBIN
pEryIUpYIONIMHA OpTraH HEeT yKa3aHWi O BEJIMYMHE MAaKCUMAIBLHOTO JIOMYCKAeMOro KpPYTSIIero MOMEHTa Ha
Baly PETyJIHPYIONIEr0 OpraHa, TO 3Ta BEIMYMHA MOXKET OBITh BBIYHCICHA MO W3BecTHOW (opmyne

CONpPOTHUBIIEHHUS MaTEPUAIIOB
Mg, = 1, W, XTC " €M (26)

TJIE T, - IOMyCKAEMOE KacaTebHOe HaTpsKeHHUe IS MaTepuaa Baja, Kre/cm’;

W, - MOMEHT CONPOTHBIIEHUs HanboJee c1aboro ceyeHus Baja IpU KPydyeHUH, e’

HomunansHbIN KpyTAmmi MoMeHT M, BbiOpanHOTO OVIM nomkeH OBITH paBeH WM OOJbIIE BETHYHUHBI
M., naiinerrol o Gpopmynam (24) u (25).

4. COYJIEHEHME UM C PEI'YJUPYIOIIIUM OPTAHOM
4.1. O01He MOJIOKEHUS

ONEeKTPUICECKUN  HMCIIOMHUTEIBHBI  MEXaHW3M, BO3JACHCTBYIOIIMNA HAa PETYJHPYIOIMHWA  OpraH,
pa3Merniaercss Ha HEKOTOPOM PAacCTOSIHMM OT 3TOTO OpraHa W COUWIEHSETCS C HUM IMOCPEICTBOM MEXaHH3Ma
COUJICHEHUSI.

Pabora MexaHM3Ma COYJIEHEHHs OIMCBHIBACTCS XapaKTEPHCTUKON COUYICHEHUS, UMEIOIIeH CIely o
BUJ

¢ = kel(@)P, 27)

TJIe ¢ - XOJI 3aTBOPa PEryJIHPYIOIIEro OpraHa;

kes(®) - KOdhHUIHEHT TIepenadn CoOUwICHEHUS (CBI3H);

¢ - xon BeIXOAHOTO OopraHa DVM.

Kak mpaBumiio, Bo m30exaHUE MEPEHACTPOUWKH PETYJsATOpa MPH CYIIECTBEHHOM W3MEHEHUM Harpy3Kd
00BEKTa  IEeNnecoo0pa3Ho  MPHUOIM3UTEIBHO  COOMIONATh  TOCTOSHCTBO KO3 QUIMEHTA Tepenadn
Pa30MKHYTOT'O KOHTYpa CUCTEMBI k.. DTOT K03 PUIIMEHT paBeH

kc = kpkc@kp.o.kotﬁ (28)

rae k, - ko3 puimeHT nepenayun perynstopa Bmecte ¢ D1IM;

kes - KO OUIUEHT TIepenayu CBs3M (cowieHeHns) Mexxy SVIM U peryImpyronmM OpraHoM;

k.. - KO3 OUIMEHT Nepesjadn PEryIUpYIOIIETo OpraHa;

ko5 - KO3 duIMEeHT TIepenayn 00BEKTa PEryIMPOBAHUS.

Kosddunuent nepemaun perymnaropa k, sBIsfeTcs HACTPOEUHBIM IapaMeTPOM, KOTOPHIH B IIpolecce
IKCIUTyaTallid CHCTEMBI PEryJMPOBaHUS IKEJAaTelIbHO HMETh Heu3MeHHbIM. KoadduimeHnT mnepenaun
o0bekta k,;, B OOIIEM ciydae, €CTh BelUYMHA I[EpPEMEHHAas, 3aBHCAIIAs OT Harpy3kd OObBeKTa,
XapaKTepr3yeMOoi MOJIOKEHUEM 3aTBOPa PEryJIMpPYIOIIero oprana ¢. CrnenoBaTeNbHo, k,; €CTh GYHKIUSI

koo = koo(P). (29)

Kospdunuent nepenaun peryaupyromero opraHa k,, 4YHCIEHHO DPaBEH YIJIIOBOMY KO3((HIHUEHTY
KacaTeJIbHOHW B pabodell TOUKE pacXOOHOM XapaKTepUCTHKU () = Y(@) peryiupyomero oprana. Tak Kak B
o0meM ciyyae, IIpH IEPEMEHHOM II€pENaje [aBJICHUS Ha pPETYJIUPYIOLIEM OpraHe, pacxolHas
XapaKTEePUCTHKA HEeJIMHEHHa, ToO KOdQQUIUEHT k,, Takke HENOCTOSHEH U 3aBHCUT OT MOJIOKEHMs 3aTBOpPa
PeryIMpyIOLIEro opraia, To €CTh

kp4o4 = kp<o<((p)- (30)
C ydeToM BBIIIEU3TIOKEHHOTO YpaBHeHHE (28) mpuMeT BUA
ke = kykeoky o (@)kod(@), G

IJIc BEMUUMHY K03 (DHUIMEHTA epeaul COWICHEHHUS 1eJIecO00pa3Ho CIenaTh MepeMeHHOM, 3aBUCSINEH OT ¢
TakuM 00pa3oMm, 9ToOFHI k. = const.

JIOKyMEHT ckayaH C nmopTajia HOpMaTUBHBIX JOKyMeHTOB www.OpenGost.ru
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Koadduuuent nepenaun oobekTa k,; YMCICHHO paBeH yriIoBoMY K03 (QUIIMEHTY KacaTenbHO B paboueit
TOYKE CTaTHYECKOW XapaKTePUCTUKU OOBEKTA.
W3 ypaBuenns (31) ko3 huimeHT nepenayn cCowICHeHNs OyneT paBeH

i = .
) k}.p.(@jkﬁ(@) (32)

W3 ypaBHenmst (32) ciemyer, 4TO Ui BBISBICHHS] TOTPEOHOW XapaKTEPUCTUKH cowieHeHus (27)
HEOOXOJUMBbI CTaTUYECKasi XapaKTePUCTHKA O0BEKTA U pacXOJHAs XapaKTEPUCTUKA PETYIUPYIOIIETO OpraHa.
CraTHueckyio XapakTepUCTHKY OOBEKTa IMOJyYHUTh PAacHyeTHBIM MYTEM HA CTaJWU NMPOEKTHPOBAHUS OYCHBb
CI0XHO. Heckonpko MpoIle MONy4YUTh PacueTHBIM IyTEM PACXOIHYIO XapaKTEPUCTUKY PEryIHPYIOLIETO
opraHa. OnHaKo HEOOXOAMMBIN [UIS ONPEAETICHUS] PACXOAHOM XapaKTEPUCTHKH PEryJIMpYyIOIEro OpraHa
00BEM BBIYUCIIEHHH, KaK MPABUJIO, CIIMIIIKOM BEJIMK, a MoJlydyaeMasi TOYHOCTh pPe3yIbTaTOB MaJla BCIEICTBUE
HEIOCTAaTOYHOW JOCTOBEPHOCTH HCXOIHBIX NAHHBIX M METOAMYECKUX MOTPEHIHOCTEH GOopMyI THAPABIUKH.
[losToMy Ha cTaguM HOPOCKTHPOBAHHUS NPHUXOJUTCS YCIOBHO MojaraTth Kk,; =~ const M OTPaHUIUTHCS
NpUOIMKEHHBIM IOCTOSHCTBOM NPOU3BENEHUS Kook)y o (9) = comst.

Ha puc. 2a nokazana pacxojiHasi XapaKTEpPUCTHKA PETYIUPYIOIIETO OpraHa B pabouux yCIOBHSX, TO €CTh
IpU HENOCTOSHHOM Iiepemnajie AaBjieHus Ha HeM. PacxomHas XapakTepHUCTHKa, B OTIMYHME OT MPOITyCKHOM
XapaKTepUCTUKH, pu AP # const Bceraa 6oee BBITyKJIa.

U3 puc. 26 BHAHO, YTO IJIsi KOMIICHCAIIMU BBIMYKIOCTH PAacXOJHOW XapaKTEPUCTUKH, XapaKTepHUCTHUKA
COWJICHEHHUS TOJDKHA OBITH BOTHYTOH, B pe3yJibTaTe Yero XapakTepUCTHUKA HCIOIHUTENBFHOTO YCTPOWCTBa
MOJKET CTaTh JIMHEHHOH (puC. 2B).

Bo u3bexxanue BHECEHHS BpEAHBIX HEIMHEHHOCTEH B KOHTYp PETyJIHpOBaHuUs, IpU pa3paboTKe depTexen
COWJICHEHHUSI He0OX0ANMO 00ECTIeYNTh JOCTATOYHYIO JKECTKOCTh 3BEHBEB COUJICHEHHSI U CBECTH K MUHUMYMY
Mo TH B KHHEMaTHYECKUX TMapax (MapHUpax).

IIpn mocTpoeHMHM KMHEMATHYECKOW CXEMBI cowieHeHus mis DVM ¢ opraHoM pydHOTO YHIpPaBIICHUS
(py4HBIM yOsIepoM) HEOOXOAMMO 0OECTIeYUTh 0XHIaeMOe COOTBETCTBHE MEXIY HaIlpaBlIeHHEM BpallleHUs
nyOnepa u pe3yibpTaToM 3TOTo Bo3neiicTBus. Ecnu pesynbpTar Bpamenus ny0nepa OyneT KOHTPOIUPOBATHCS
IO MOJIOXKEHUIO 3aTBOPA PETYIMPYIOLIEr0 OpraHa, TO IIPHU NOCTPOCHUN KHHEMAaTHYECKOH CXeMbl COUICHEHUS
1esecoo0pa3Ho 00ecneunTh TPATUIIMOHHOE COOTBETCTBHE «BpAIIEHHE MO YaCOBOW CTPENKE 3aKPHIBACT).
Ecnu e ODVIM pasmemaercsi TakuM 00pa3oM, 4TO 0OecreuyrBaeTcs Mojab30BaHNEe TPUOOPOM, OTpasKaroIIUM
pe3ysibTaT PY4YHOro BO3ICHCTBUS (PErylupyeMylo NMEpPEeMEHHYI0), TO COWICHEHHEM CIIEAyeT O0ecHeduTh
COOTBETCTBHE «BPALICHUE 110 YACOBON CTPEJIKE YBEINYNUBACT PErYIUPYEMYIO IIEPEMEHHYIO».

JIOKyMEHT ckayaH C nmopTajia HOpMaTUBHBIX JOKyMeHTOB www.OpenGost.ru
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Puc. 2. XapakTepuCTUKH UCTIOJIHUTEIBHOTO YCTPOHUCTBA U €T0 YacTeM:

a - pacxoAaHad XapaKTCPUCTHUKA PETYJIIMPYIOUICTO OpraHa, 0 - XapaKTCpUCTUKA COYICHCHUSA,; B - XapaKTCPUCTHKA
HCIIOJIHUTCIIBHOI'O ycrpoﬁcha B pa60q1/1x YCIOBUAX.

4.2. Boibop XapaKkTepUCTUKN COWIICHEHUS

U3 mznoxenHoro B moapaszene 4.1 cienyer, yro HeoOxoanmasi GopmMa XapaKTEpUCTUKU COWICHEHUS
3aBUCHT OT PACXOJHOW XapaKTEPUCTHKH PETYJIUPYIOIIET0 OpraHa, KoTopas ompenensercs QopMoit
MIPONYCKHOM XapaKTepUCTUKHM pPETYJIHPYIOLIET0 OpraHa M OTHOIIEHHEM IIepenaja JaBiIeHHA Ha
perymupytomiemM opraHe AP k obmemy pacrionaraeMoMy Harmopy AP. THIpaBIW4eCcKOH IenH, B KOTOPOU
YCTaHOBJICH perynupytomnuii opran (PM 4-163-77).

3acIIOHOYHBIE PETYJIUPYIOIINE OpraHbl HMMEIOT MNPHONMU3UTENHFHO PABHOMPOLIEHTHYIO TPOIMYCKHYIO
XapaKTEePUCTUKY, KoTopast pu AP # const CTpeMHUTCS CTaTh BBITYKJIOH U MOXKET CO31aTh NPUOIU3UTEIBHO
JVHEHHYI0 WIN BBIIYKIYIO PAcXOAHYIO XapaKTEepUCTHUKY. [IpMMEHHTENbHO K 3aCIOHOYHBIM OpraHaM M
IPYTUM PETyJUpPYIOIINM OpraHaM C PaBHONPOIIEHTHOM XapaKTEpHCTHUKOM Tabnuile BbIOOpa XapaKTEpUCTHK
UCTIOJIHUTEIBHBIX YCTpoUcTB (pazaen 13 PM 4-163-77) uenecooOpa3Ho NpUAATh CIEAYIOMINN BU:

Tabnuua 2
KoHTYp perymMposasms Xapakrepucruka cowieHeHuss VM c 3acnoHkoi
AP/AP.>0,25 0,06 < AP/AP.<0,25

PerynupoBanme pacxoma Trasa WIM OJKHAKOCTH; pAacXox HU3MepseTcs N .

yamp p A A - P A p JIMHEHHAas JIMHEHHas
Cy’KaIOI[IM YCTPOHCTBOM,

acxXoll M3MepseTCs poTaMeTpoM (WJIM CY)KalOI[UMM YCTPOMCTBOM U N

P 9 P P P ( Y yerp JHHEHHas BOTHYTast
YCTPOHCTBOM HM3BJIEUEHHS KBaJPaTHOTO KOPHS)
PerynupoBaHue ypoBHS B eMKOCTH JIMHEHHast BOTHYTasl

W3 Tabn. 2 crmemyer, 4TO MOYTH BO BCEX CIydasX Ha CTaguu mpoektupoBaHus mpu AP/AP. < 0,25
MpEeaNoYTeHHe CIeAyeT OTAaBaTh BOTHYTOM XapakTepUCTHKe couieHeHns OWM ¢ 3acliOHOYHBIM
PeryIMpyIOIUM OPTaHOM.

Perynupytomue opraHel Ipyrux THIIOB, IOCTaBiIsieMble O€3 HCHOJIHUTEIBHBIX MEXaHHW3MOB, HMEIOT
pasJindHble IPOIYCKHbIE XAapaKTEPUCTHKM, IEpPecYeT KOTOPBIX B PACXOJHbIE XapaKTEPUCTHKH HE
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1enecoo0paseH BCIEACTBUE HU3KOW TOYHOCTH HMCXOIHBIX JAHHBIX U OONBLIOro o0beMa BhIYHCICHWH. J[is
TaKUX OPraHOB Ha CTaJUH IPOECKTUPOBAHMUS LI€JIECO00pa3HO MperyCcMaTpUBaTh JIUHEHHYIO XapaKTepUCTUKY
COWICHEHUS, KOTOpas MOXET ObITh CKOPPEKTHPOBaHAa IIPM HAIAJAKE CUCTEMBl DErYJIMPOBAaHHS II0
(akTHUECKNM JaHHBIM Ha 0OBEKTE.

4.3. Counenenne DVIM ¢ 3aCIOHOYHBIM PETYIUPYIOIIKUM OPTaHOM

ITapHUPHBIN YETBIPEX3BEHHUK, COWICHIONII DM ¢ 3aCII0OHOYHBIM PETYIUPYIONIAM OPTaHOM, JOKECH
CTPOUTHCS C COOTIOICHUEM CIETYIONTNX OTPAHUIMBAIONTUX YCIIOBHIA:

a) BeIyIUil perdar R u Tara [ MOTYT pacrojiarathCs Ha OJHOW MPSIMON JIMHUKM TOJIBKO B IMOJIOKESHUU
«3aKPBITOY;

0) BemOMBIN phIYar » M TAra / HE JOJDKHBI PAcIojlaraTbCs Ha OAHOM MPSIMOM BO BCEX JOIMYCTUMBIX
MOJIOKCHUSIX, BKJIFOUASI TIOJIOKEHUS «OTKPBITO» U «3aKPBITOY;

B) B KpallHUX TMOJOKEHUIX MEXaHU3Ma COYJICHEHHS IIJIeUO CHIIBI, TIPIIIOKEHHONW K BEIOMOMY phIUary 7,
HE JOJKHO ObITH MeHbIe 0,257

r) paccTossHue Mexay ocsiMu OVIM u perynupyroniero opraHa, Kak MpaBHJIO, TOJKHO OBITh HE MEHee
2,5R;

I) BO wm30eXaHWE TIOJOMKH pETyJIHPYIOIEro OpraHa W COWISHEHHWS M I IpeIOTBpAIIeHUs
MEepPEeMEICHNST 3aTBOpa BHE MPEAYCMOTPEHHBIX TPENETIOB Yrojl moBopoTa perdara OVM nomwkeH OBITh
OTPaHUYCH MEXAaHUYECKUMU YIIOPaMU B MIOJIOKEHUIX «3aKPBITO» U «OTKPBITOY.

;5‘ c® 525—‘45" ;35 Ry~ i
{ffﬁffﬁfﬂ?ﬁj fﬂmﬂp&/mﬁ

&
T

b

Fu'A7

Puc. 3. Counenernrie DVIM ¢ 3aCIIOHOYHBIM PETYJIUPYIOIIMM OPTaHOM (BOTHYTAsI XapaKTEPUCTHKA):

O;A =R - poruar ODUM; AB = - tsra counenenus; BO, = r - ppl4yar peryJiMpyouiero oprata; ¢) - yroj moBopoTa
peraara OMIM, cunTast OT MOJIOKEHHSI «3aKPBITO»; @ - YTOJI IOBOPOTA Phlyara peryJnupyromero Oprasa, CauTas ot
TIOJIOXKEHHS «3aKPBITO».

Ha puc. 3 moxazaHo couneHeHne OMM ¢ 3acIOHOYHBIM pPETYIUPYIOLIMM OPraHOM IOCPEICTBOM
IIAPHUPHOTO YETHIPEX3BEHHUKA. 13 3TOr0 prucyHKa cleayeT, 4To A HOIyUYeHHUsI BOTHYTOH XapaKTepHUCTHKU
HEOOXOOMMO, YTOObI B Hadajie OTKpPBITUS Touka 4 mepemeniagach Obl B MOMNEPEYHOM HAIPABICHUH
OTHOCUTENIBHO NpsiMoil O;0,, a B KOHLIE OTKPBITUS - TPOJOJIBHO 3TOH MPSIMOH.

OTH COOOpaKEHUS PEATH3YIOTCS TIPH COBITAICHUH CIICTYIOIINX TPeOOBaAHMIA:

- B TIOJOXKEHHMH «3aKpbITO» TsAra / W BeXylui peldar R pacrojoKeHbl Ha OJHOW MPSMOW M SABISIOTCS
NPONOJDKEHHEM APYT ApyTa, & BEIOMBIH pblUar » MepIeHANKYIApeH Tsre /;

- IJIl yCTAHOBKU B IOJIOXKEHUE «OTKPBHITO» BENOMBIN pblYar moBepThiBaeTcst Ha 90° mpu cobmroneHuH
YCIIOBHS

JIOKyMEHT ckayaH C nmopTajia HOpMaTUBHBIX JOKyMeHTOB www.OpenGost.ru
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o0 2

»

L= | =

(33)
rae O,C - nepueHauKyJsp K tare /.

s Toro, yToOBI TIpH MOBOpOTE BeAymiero peryara R Ha 90°, BeIOMBIN phIYar 7 TakKe MMOBEPHYIICS Ha
90°, HeoOXoaMMa oTpeieNicHHas JJIMHA dTOTO phlyara.

Ha puc. 4 noka3aHo coujeHEeHHE B HEKOTOPOM IPOMEKYTOYHOM ITOJIOKEHUH, U3 KOTOPOTO BHIHO, YTO
3TOMY MOJIOKEHHIO COOTBETCTBYET NMPSAMOYTONBHBIN TPEYrOJIbHUK, BEICOTAa KOTOPOTO paBHA

Rsing + r(1 - coso),
a OCHOBaHHE
Rcosg + (I - R) + rsing.

l'umoTeny3a 3TOro TpeyrodbHUKA paBHA JTHHE TATH /.
KBanmpar rumoTteHy3sl IpsSMOYTOIBHOTO TPEYTOIBHIKA PAaBEH CyMMeE KBaJpaTOB KaTEeTOB

PP =[Rsing + (1 - cos@)]* + [R(cos¢ - 1) + [ + rsing]*. (34)
Bripaxkenue (34) cipaBeIMBO TaKXkKe U IS TOJTOKEHUSI OTKPBITOY, KOT/Ia
¢ =90% ¢ =90%
sing = 1; sing = 1; (35)
cosg = 0; cosp = 0.

Reind

7- £0d,

Reosd. - €-k L e P sinyg

Puc. 4. IllapHupHBIi YeTHIPEX3BEHHUK COWICHEHHUSI B MPOMEKYTOUHOM MOJIOKEHUU
a - CXeMa CO4YJICHCHHUA, 0 - HpﬂMOYI‘OHBHHﬁ TPEYTOJIbHUK.

IToncraBuB B BEIpakeHue (34) 3HAYCHHS TPUTOHOMETpPHUYECKMX QYHKIUH (35) W BHITOJIHUB
HEOOXOAMMBIC TPEOOPA30BAHUS, ITOJTYUUM

P +1Ir-R(I-R)=0. (36)
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Pemenune ypaBHeHus (36) 1aeT HCKOMYIO JUIMHY BEIOMOIO pblyara

Z
i !
F=-—t [—] +R{{ - &)
2 2 (37)
B dbopmyne (37) Benmuuunsl /, R 1  TOIHKHBI UMETh OJJMHAKOBYIO Pa3MEPHOCTh, HAIIPUMED, MM.

W3 puc. 3 BugHO, 4T0 HauMeHblIas anuHa miueda O,C cuiibl, ieperaBaeMoi Taroi 4B, UMeeT MecTo B
MOJIOKEHUH «OTKPBHITO». 13 0001 MPSMOYTONBHEIX TPpeyrolbHUKOB ABD n CBO, cnenyet

04 _ Bl
AD 457
wm, nipudsB CO, = b, momyynm

b _r

R+r 1 (38)

W3 Beipaxenus (38) miedo b paBHO
b="(R+n)
i (39)

[puasie xkodddunmeHT ocmabieHus KPYTAIIETO MOMEHTA /i, PAaBHBIM OTHOIICHHIO UIMHBI BEIOMOTO
ppluara r K HaWMMEHBIICH JUIMHE IUieya b, u3 BbipakeHus (39) momyuum dopmyny kodddunmeHTa
ocnabneHust KpyTsamero MoMmeHta OWM MIapHUPHBIM YETHIPEX3BEHHUKOM COWICHEHHS, PEaTH3yOIIEro
BOTHYTYIO XapaKTEPUCTUKY

!
M, = .
R+r (40)

Kak mpaBuino, mpu ompenereHUN HEOOXOAWMOTO KpPYTSIIET0O MOMEHTa Ha BBIXOJAHOM oprane OUM
CIIeyeT 3aJaBaThCs

Ny =4. (41)

Bennunna n, cipoeKTHPOBAHHOTO COWICHEHUS, onpenensiemas popmyoii (40), He JoKHA OBITH OOJIBILE
YeThIpex.

UznoxeHnHsle B Hayajle [OaHHOTO pas3lena OrpaHMYHMBAIONINE YCIOBUS SIBISAIOTCS OOLIMMHU IS
IIAPHUPHBIX YETHIPEX3BEHHUKOB C JI000H (OpMON XapaKTEpUCTHKU. 3ajada IMOCTPOCHHS COUIICHEHHS
IIAPHUPHBIM YETHIPEX3BEHHUKOM C JIMHEHHON XapaKTepUCTUKON 3HAYMTENBHO YIPOIIAETCS TEM, UTO B ATOM
cilyuae

r=Rul=0,0, (42)

W, CJIeIOBAaTeIbHO, YETHIPEX3BEHHUK 00paszyeT mapasuienorpamMm. [lpwm TpoekTHpoBaHWM COYIICHEHHS C
JTUHEWHOM XapaKTePUCTUKON B KAY€CTBE MCXOMAHOTO TOJIOKECHUS MOCTPOCHUS YI00HO MPUHSTH HE h = @ = 0,
a ¢ = @ = 45°, Tak KaK B 3TOM IOJIOKECHUH YETBIPEX3BCHHUK 00pa3yeT MPSIMOYTOJbHUK M phluaru R u r
OyIyT nepreHAuKyIsIpHBL Tsre [ (puc. 4).

W3 puc. 5 BUOHO, YTO HAaWMEHBINAS BEIMYMHA IUIEYa CHIIBI, TEpeaaBacMOM TATOU [, ©UMEET MeCTO B
KpalHUX TOJOKEHUAX «OTKPBITO» U «3aKPHITOY.

Ot0 medo b paBHO

b =rrosdd® = %R.

(43)

[punsB ko3 duEeHT ocnadieHus KPyTAIIEro MOMEHTa PaBHBIM OTHOIICHHIO JUTMHBI BEAYILIETO phluara
R x HauMeHbLIeH ANMHE Tieda b HaliaeM 3TOT K03)HUIIHEHT
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Tak kak nOpu HaJlagKe CHCTEMbI PCTYJIUPOBAHUSA MOKET BO3HUKHYTH HGO6XOZ[I/IMOCTI: HU3MCHCHUA
KHHEMaTHYECKOM CXEMBI COYWICHCHHA, TO, KaK IIPaBUIIO, KOB(I)(l)I/II_[I/IeHT ocabIeHHs CICAYyCT IPUHUMATDh

n, =4. 41)
pope0°  pepads
) B g\ 0z
90

Oy

FHM

Puc. 5. Counenenne VM c 3acI0HOYHBIM PETYIUPYIONIMM OPTaHOM (JMHEWHAS XapaKTePUCTHKA):

0,4 =R - poraar DUM; AB = - Tara couwnenenust; BO, = r - ppl4ar peryJIupyromero opraia; ¢ - yroi nmoBopora
peraara DVIM, cumuTas OT HOJO0KEHHUS «3aKPBITOY»; ( - YTOJl IOBOPOTA phlYara peryupyroIiero opraHa, CuuTasi OT
MIOJIOKCHHUS «3aKPBITOY.

4.4. Counenenue OHWM ¢ peryrupymomuMU OpraHaMu, HUMEHIIHUMHU
PBIUAaXHBIH MPHUBOJ

Perynupytomue opransl (Ki1amnaHbl) ¢ pelYaKHBIM IPUBOZOM 0OBIUHO counieHsroTes ¢ DMIM Tak xe, Kak U
3aCIIOHOYHBIE PETYJIUPYIOIIME OpPraHbl, TO €CTh C NMOMOLIBI0 IIAPHUPHOIO YETBIPEX3BEHHUKA. B KkadecTBe
BEJOMOI'0 pblHara COWJICHEHHs HCIIOJIb3YeTCsl phldar MPHUBOJA PETYJIUPYIOLIEro opraHa, pabodas uimHa
KOTOPOTro (paccTOSHUE OT OCH BpAIllEHHsI pplyara J0 OCH TSTH) ONpeaenseTcs Ipy pacyere couwleHeHus. [lpu
pacdere cowreHeHHss DVIM ¢ phIYaKHBIM PETYIHPYIOUIMM OPraHOM HEOOXOOMMO YUYHUTHIBATH, YTO YTOJ
MIOJTHOTO X0Jja BEIOMOTO pblUara COWIEHEHUs B JaHHOM ClIydae, Kak IPaBuiIo, MeHsbIe 90°.

B ornuune OT 3aCIOHOYHBIX PErYIHPYIOIIUX OPraHOB, MPOIYCKHBIE XapaKTEPHUCTUKH KOTOPHIX BCeraa
NpUOTM3UTEIBHO PABHOMIPOLECHTHBI, PETYIUPYIOLINE KJIAIaHbl U3TOTABIMBAIOTCS C PA3HBIMH MPOITYCKHBIMH
XapakTePUCTUKaMM, 4YTO JOCTUIraeTcsl NPUMEHEHHEM 3aTBOpOB paziuyHoro mnpoduis. Ilostomy
perynupyiomuie KiamaHbl, KaK IpaBWiIo, IIeecoo0pa3HO 3aKa3blBaTh C HY)KHOM IPOITyCKHOM
xapakTepuctukoil (paznen 13 PM 4-163-77), uTo mo3BoJsieT COWwIeHITh 3TH Kiamnansl ¢ DVIM mocpencrBom
KHHEMaTHUYECKUX CXEM C JTMHEHHOW XapaKTEPUCTUKOM.

B nmaHHOM pykoBOIAIIEM MaTepuane MBI H3JI0KHM IIOCTPOEHHE CXEM COYICHEHHs C JIMHEHHOU
XapaKTEPUCTUKOM.

[TocTpoeHne KMHEMaTHYECKUX CXEM COUYJICHEHHN C HEMTMHEHHON XapaKTepUCTHKOW I PEeryIupYyIOLINX
OpraHoB € YIJIOM IOBOpPOTa BeAOMOro priuara ¢ # 90° BechbMa CIOXHO M Tpyaoemko. ITo 3Toil mpuuuHe
NPOCKTUPOBAHHE TaKWX COWICHEHUH I1eJIeco00pa3Ho JIMIIp TPH HAIWYHU JIOCTATOYHO JOCTOBEPHBIX
UCXOTHBIX JaHHBIX (PAcXOJHOW XapaKTEPUCTHKH PETYJIMPYIOLIETO OpTaHa, MOJYYEHHON OIMBITHBIM IyTEM),
TO €CTh, KaK IPAaBUJIO, pEalH3alldsd COUIEHEHUH C HEIMHEWHOW XapaKTEpHCTUKOH IUIsl pEryNIHpYOLIUX
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KJIallaHOB JTOJKHA OCYILECTBIIATHCSA HA dTale HaJlaJKUd CUCTEMbI PETYJIHMPOBAHUS, €CIM BO3HUKHET B 3TOM
HEO0OXOOUMOCTb.

Meroauka TIOCTPOSHUS KHHEMAaTHYCCKUX CXEM COWICHEHHH ¢ 3agaHHod ¢GopMOH HeTWHEHHON
XapaKTepUCTUKU U3J0XKeHa B KHure «Hamanka mpoMBIIIEHHBIX CUCTEM aBTOMATHYECKOTO PEryJIHpOBaHMS.
PykosoactBo. HUBTU Munmonrtaxcnenctposs CCCP, 1966».

Ha puc. 6 nokaszaHo cowieHeHne, peaau3yoliee JMHEHHYIO XapaKTePUCTUKY, B HAYAJIbHOM («3aKpBITO»),
cpenteM (@ = @ = 45°) 1 KOHEYHOM («OTKPBITO») MONIOKeHUAX. C y4eTOM KOHCTPYKTHUBHBIX COOOpaKEHHH
OUM pasMeraercss OTHOCHTENILHO PETyTUPYIOIIET0 OpraHa TakuM 00pa3oM, 4TOOBI B CPEIHEM TOI0KEHUH
peryaroB AO; u BO, oHM ObUM OBl TapalenbHBI, a Tira AB B KpallHUX IONIOKEHUSX Oblma OBl
MEPIIEHANKYIISIPHA 3TUM CPETHUM IOJIOKEHUAM pbraaroB AO; u BO..

Tak kak Bemyumii peraar AQ; oOblYHO MocTaBisieTcs B Komiiekre OVM, To ero mmmHa R sBisieTcs
3alaHHON BenmW4uHOM. JlnmnHa Tru AB = [ mpuHUMAaeTCsT U3 KOHCTPYKTUBHBIX COOOpa)XeHHUW MPH BEIOOpE
noJiokeHusT DVIM OTHOCHTENBHO peryIupyIoNmero oprafa. TakuM o0pa3oM, HEOOXOTUMBIM yTOJI TOJTHOTO
X0J1a ©y,4; BEIOMOTO phIvara BO, yno0HO 00eCTIeunTh 3a CUET €T0 IITUHEI 7.

OmnpenenuM 1JIMHY BeaoMoro peraara BO = r, HEOOXOOUMYIO AJISI €ro MOBOPOTA HA YTOM Qpuy, NPH
MOBOPOTE Beaymiero perdara AO; = R Ha yrox ¢ = 90°.

W3 puc. 68 cnexyet, 4T0

A]AZZB]BQZb. (45)
U3 paBHOOenpeHHOTO TpeyronbHuKa A ;4,0; nMeeM
H=A4,4;="2Rsin(¢h/2). (46)
AHaNOTMYHO, U3 PaBHOOEAPEHHOTO TpeyroibHuKa B;B,0; moryuum
H = BB, ="2rsin(@,/2). 47
IIpupasusB BeipaskeHus (46) u (47), moIyIuM
Rin @
r= 2
sipy Pmwe
2 (43)
B 0, G
Begrer” & =gis - s (ke TS

g = &
\ g ‘
) S Serr
Puc. 6. Counenenne 1M c pbIYaKHBIM PETYIUPYIOIINUM KIaaHoM (IIpsIMOTo THIIA, JIUHEHHas
XapaKTePUCTUKA COWICHEHHNS):

¥

0;4 =R - poruar DUM; AB = - Tara cowienenust; BO, = r - pplyar peryJiMpyoliero kiamnasa; ¢ - yroy noBopora
peruara DVIM, cunTtas OT MOJOKEHHSI «3aKPBITO»; (P - YTOJI IOBOPOTA phlyara peryirupyroiero Kianata, Cauras ot
TTIOJIOXKCHUA «3aKPLITO»
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Hckomoe BbIpaskeHHe AJIS 7 TOTYYUM, TPUHSB ¢h = 90°,

25—
(49)

Ha puc. 7 noka3ana knHeMaTH4YecKasi cXeMa COWIEHEHHS 00paTHOTO TUIIA, KOTJa PEeTyIUPYIONIHA OpTraH
OTKpPBIBAaeTCSA TPH BPAIICHWH BEIYIIETO phluara MpOTHUB YacoBoi ctpenku. Dopmyna (49) mpuromna st
ONPEACIICHUS ¥ U JIJISl ITOU CXEMBI.

CxeMmbl, TIOKa3aHHBIE HA pHUC. 6 U 7, MOTYT OBITh HMCIIOJ30BAHBI U JUISI COWICHCHUsS PETYJIHUPYIOMIETO
opraHa ¢ BBIXOJHBIM INTOKOM mpsMoxomaHoro DMM tuma MOII mo I'OCT 7192-74. B stom ciyuae
HOMHUHAJIBHBINA TOJTHBIA XOJ] BRIXOMHOTO mTOoKa OVIM nomkeH ObITh paBeH oTpe3kaMm A;A> = BB, = b'n
pacdeT KHHEMaTHYECKOW CXeMBI BelleTcs 1o Gopmyde (47), U3 KOTOPOii onpeienseTcs BeIuIrHa 7.

s @ <45° B <50,° & = S
(Fctmosie) ¥ = 5‘ e, {Crrcoes )
Er
C [ d
¥ .
= ’ffll — =

& & Ve
a)&rf/’ o, Jeprase

ST
FhAT

FEA

Puc. 7. Counenenne DVIM ¢ ppIYaXHBIM PETYIUPYIOLIMM KiIanaHoM (00paTHOTO TUTIA, JIMHEHHAs
XapaKTepUCTUKA COWICHEHUS):

0,4 =R - peraar DUIM; AB = [ - Tsra counenenus; BO, = r - ppIyar peryJIupyromnero KiamnaHa; ¢) - yroi IoBopoTa
pbraara OUM, cunTas OT MOJOKEHHUS «3aKPBITO»; @ - YTOJI IIOBOPOTA PhIYara peryJipyromero KiamnaHa, CauTas OT
HOJIOKEHHS «3aKPBITO»

5. OEHKA HEOBXOJIMMOI'O BPEMEHMU INOJIHOI'O XOJIA BBIXO/JHOI'O OPTAHA UM

5.1. O0mue NOTOXKEHUSI

DNeKTpUYeCKUi UCTIOHUTENBHBI MEXaHU3M SIBIISIETCS CHIIOBBIM DIIEMEHTOM CHCTEMBI PETYJTUPOBAHUS U
OT pa3BUBACMOro0 MM KpPYTALIETO MOMEHTa M YTJIOBOH CKOPOCTH 3aBHCAT pabOTOCIIOCOOHOCTH U KaueCTBO
paboThl cHCTeMBI peryiupoBanusi. UpesmepHO Oonblioe BpeMs MOJIHOTO XojAa (Majasl yIioBas CKOPOCTB)
BBIXOMHOTO opraHa OWM mnpu 3HAUMTENBHBIX BO3MYIIAOIINX BO3ACHCTBUSAX Ha 00beKT Oyxaer
COTIPOBOXKIATHCS JUIUTENBHBIM U OOJBIIMM HECOOTBETCTBHEM MEXKIY BBIXOJHBIM CHTHAJIOM DPETYJSATOpa U
COOTBETCTBYIOIIUM 3TOMY CHTHAaJIy, OJOKEHHEM 3aTBOpa PEryJIMPYIOIIETro Oprana, T.e. OyAeT UMETh MECTO
OTCTaBaHHUE Pacxo/ia PETyIUPYIOMIETO areHTa OT BEJIMYNHEI, TPeOyeMOoi perysTopom.

[Ipn ATUTENTPHO MPUIOKEHHBIX BO3MYIIAIOUINX BO3AEHCTBHIX 3TO OyIET COMPOBOXKIATHCS HACHIIIICHUEM
perynsitopa. Perynstop Oyner pabotaTs npH npeneibHOM 3HaYeHUH MPOXOASAIIETO Yepe3 Hero CUrHana, T.e.
B HenuHeHON oOnactu. [Ipu Hammumm B 3akoHE perynupoBaHusl VI-KOMIOHEHTHI yKa3aHHOE HACHIIIEHUE
MOJKET OBITh YCTPaHEHO JIMIIb ITPH W3MEHEHUH 3HaKa PasHOCTH MEXIY 3alaHHBIM M TEKYIIUM 3HAUYCHUSIMHU
perynupyeMoil TepeMEeHHOW, Ha 4TO MOTpPeOyeTcsi HEKOTOpOe IOBOJBLHO OOJBIIOE BpeMs W 4YTO Oyxaer
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COIPOBOXKAATHCA OONBLUIMMHU OTKJIOHEHUSIMH PETYTUPYEMOH BETUYMHBI OT 3aJaHHOTO 3HAUYEHHUS, T.€. HU3KUM
Ka4eCTBOM PeryJIMpPOBaHUS.

Ilpu cnwmkoM MajoM BpPEeMEHH TOJHOTO Xozia (OOJIBIION YTIIOBOH CKOPOCTH) BO3pacTeT dacToTa
BKItoueHst DVIM, yMEHBIINTCS JIIMTENEHOCTh KaXKIOTO BKIIIOYCHUS U, CIIE0BATEIBHO, BO3PACTET BPEAHOE
BJIMSIHUE BbIOETa HCIIOJHUTEIBHOTO MEXaHU3MA.

W3 BBIIEN3TI0KEHHOIO CIENyeT, YTO 3ajada OIpEeAETICHUs] MOTpeOHOro BpeMeHHu mosHoro xoxa OMM
SBISICTCS. MHAMHYECKON 3a/javedl, aHaJOTWYHOW 3ajade OIpelelieHHs HACTPOSYHBIX I1apaMeTpOB
perynsTopa, Tak Kak Bpemsl MmoiHoro xoxa OMM B coderaHMHM C AWHAMHYECKUMH XapaKTEPUCTHKaMHU
00bEKTa W HACTPOCUHBIMH IapaMeTpaMH pEryjiiropa ONpeAessieT KadecTBO peryiaupoBaHust. s
KOHKPETHOTO OOBEKTa pEryJIMpOBaHUsl BEJIMYMHA HEOOXOAMMOTO BpeMeHH TonHoro xoia OUM, Tt.e.
CKOpOCTb IEpEeMELICHHUS] 3aTBOpa PETYIHPYIOIIEr0 OpraHa, B KOHEYHOM CYeTe, ONpelelsieTcss BETMYUHOM,
(dhopMoOH, MECTOM NPHIOKEHHUS M AJUTEIbHOCTHIO BO3MYIIAIOLIETO0 BO3ACHCTBHUS, MPUKIIAIBIBAEMOIO K
00BEKTY pPeryJIMpOBAHUS.

OTH XapaKTepPUCTHKH BO3MYILAIOIIETO BO3ACHCTBHSA, KaK TPaBUIIO, SIBISIOTCS CIyYalHBIMH W,
CJIeIOBATEIbHO, OHU IPOCKTUPOBIIUKY HEM3BECTHBEI.

Takum oOpazoM, ocHOBHOW (QyHKIHEer OKWMM BMecTe ¢ pEryIHUPYIONIMM OpPTaHOM  SBIIICTCS
CBOEBPEMEHHOE U3MEHEHHUE KOJIMYECTBA BEIIECTBA WIIM DHEPTHH, BBOIUMON B OOBEKT WIIM OTBOAWMOU W3
0o0beKkTa TakuM 00pa3oM, YTOOBI 3TUM KOMIICHCHPOBATh BO3MYIIAIOIIUE BO3JACHCTBHS Ha OOBEKT, YTO H
ompeienseT HeOOXOAUMBIN KPYTAIMA MOMEHT (ycuiue) u (YTJIOBYHO) CKOPOCTh (BpeMs IMOJIHOTO XOHa)
BBIXOZHOTO oprana VM. B cooTBeTCTBUM C BBIIEN3I0KEHHBIM CIEAYET NPU3HATh, YTO TEOPETUUECKH IS
BBIOOpa BpeMeHH MoJHOro xoxa DMM HeoOXoauM MOJHBIA JUHAMUYECKHH pacdeT WM MOAEIHPOBaHHE
BCe cucTeMbl perynupoBaHus. OOHAKO W TpU BBHIIOJHEHWH IONHOrO (IAETAJBHOIO) pacueTa WM
MOJIETTUPOBAHUSI CHCTEMbl DPEryJNpOBaHMUS HEOOXOOUMO IPEABAPUTENIBHO BBHIOMPATh KOHKPETHOE BpEMs
nojgHoro xoxa OVIM ¢ mocneAyromuM YTOYHEHHEM €ro IO pPe3ysibTaraM pacdera WM MOJCITHUPOBAHUS.
[losToMy MeToAWKa OPHEHTHPOBOYHOTO ONpeAeieHUs] BpeMeHH moiHoro xona OWM Heobxommma
HE3aBHCUMO OT TOro, OyzeT JIu B JaJbHEWIIEeM NPOU3BOIUTHCS YTOUHEHHBIH pacueT WM MOIEIMPOBAaHHUE
WK HET.

5.2. Bpems nmonnoro xoxa UM

Ha puc. 8 mokazana ympolieHHasi CTpyKTypHasi CXeMa OJHOKOHTYPHOTO PETyJIHPOBaHUSA, KOTOPYIO MBI
UCTIONIb3yEeM TIPH BBIBOJAE (POPMYIIBI OLEHKH HEOOXOAWMOIro BpeMeHH mmoiHoro xoxa OUM. Msl Oynem
nonaraTh, 4ro AuHamuueckue cpoiictBa DOMIM yuTeHsl B nepenaTouHod (yHKIMU peryisTopa W(s), a
pacxojiHasi XapaKTepUCTHKA PETYJUPYIOIIEr0 OpraHa - B MepeaaTouHo ¢GyHKIMU 00bekTa Wos(s). Takum
o0pa3oM pas3men MeXIy PperysiTopoM M OO0BeKTOM OyAeT MNpOXOAWTh Mo cowieHeHno OUM ¢
PETYIHPYIOUIIM OPTaHOM, XapaKTEPUCTHKY KOTOPOTO Pay MPOCTOTHI OyIeM CUNTATh JTUHEHHOM.

BriBog HEOOXOIUMOTO BRIPAKECHHS I BPEMEHH MOTHOTO Xo1a DVIM OyneM BBIMOTHATEH B CIEAYIOIMICH
MOCTIeI0BaTENbHOCTH:

- B Ka4eCTBE YIPOIICHHOW MOAETH 00BhEKTa IPUMEM TIepeAaTOuHy 0 (DyHKIIHIO 3BeHA MIEPBOTO MOPSAKA C
3ana3bIBaHUEM;

- anmpokcuMmupyeM u3oOpakeHue Jlaruaca 3amasgpiBaHds oObekTa mpuOmmkeHuem I[lamd mepBoro
MOpsKa,;

- B KauecTBe perynaropa npumeM [IU-perynsarop;

- B KayecTBE KpUTEpUs KaydecTBa pEryJUpOBaHHS NPUMEM MPOLEHT MEPEepPEeryIupoBaHus NpH
CTYIIEHYaTOM BO3MYIIAIOIIEM BO3JICHCTBHH;

- ompenenuM K03 PHUIIMEHT epeadsl CUCTEMBI k. JIJISl IPUHATOTO TPOIICHTA TIepeperyITUpOBaHHS;

- OIPEeIeNINM JacTOTy He3aTyXaloliX KoJIeOaHn CUCTEMBI ®, U K03(h(pHUIIMeHT 3aTyXaHus z;

- sl HAWJAeHHBIX k., ®, ¥ z HalileM BBIpa)KEHHUE AJIS CKOpocTH nepemerienus OVIM npu cTyneH4aTom
BO3MYIAIOIIEM BO3EHCTBUN;

- U3 TIOJTy9E€HHOTO BEIPAKEHUS U1 ckopocTr DM HaiineM MakCUMaJIbHYI0 CKOpocTh DUM;

- TI0 HaHJEHHOW MaKCUMaJIbHOH ckopocT DM HaiifieM OlleHKY BpeMEHH MOJIHOTO Xoaa JVM.
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ds

Wos(s)

=
SO W (9

Puc. 8. YHPOH_ICHHa}l CTPYKTYpHas cXe€Ma OJHOKOHTYPHOI'O pCTyJIUPOBAHUS:

W,(s) - nepenarodnas GyHKUUs PETYIATOPa; W,5(s) - mepenaTounas GyHKIMs 00BEKTA; X - PEryIMpyeMas IepeMeHHas;
Ve - BO3MYLIAIOIIEE BO3ACHCTBHE; V; - 331al01IIee BO3/ICHCTBHUE; € - OTKIIOHCHHE.

Ilepenarounas dbynknus [IN-perymsiTopa mMeeT BUI

+ Su
]i FI:S:I k}' = N

rae k, - KodhQUIMEHT nepeadn perynsTopa;

T, - BpeMs u30Jpoma;

S - KOMIUIEKCHasl lepeMeHHast mpeobpazoBanus Jlarmnaca.

U3 Bepaxkenus (50) ciemyer, uto Ans ompeaeneHUs ckopoctu mnepememieHus DM HeoOxoammo
OLIEHUTH HacTpoeuHsle napameTpsl [1M-perynstopa. M3 Gomipmoro pasHooOpasusi ONMCaHHBIX B JTUTEPAType
METOJUK OIpeneNeHNs] HacTpoeuHbIx napamerpoB [IM-perynstopa Ham 1enaecooOpa3sHO HPUHSTH TaKylo,
UCIIOJIb30BAHME KOTOPOI CYIIECTBEHHO YIMPOCTWIIO OBl BBIBOJA HCKOMOH (opmynsl u camy ¢opmyny. B
JAaHHOM cly4ae YAOOHO BOCIOJB30BAaTHCS METONOM ONPEAEICHUS HACTPOCUHBIX MapaMeTpoB,
npemtoxkeHHbit MaptuaoMm, Koppumno n CvuroM. CoritacHO 3TOMYy METOAY HacTpoedHble mapameTpsl T14-
peryisTopa s 00beKTa EPBOro MOPSAKA C 3ara3IbIBAHUEM OTPEAEISIOTCS CIEAYIOIIMMHU BbIPaKEHUIMU

T,=T, (51)
"':"-»:JE f}\‘? + 1:| (52)

rae T, - Bpems u30JIpoma;
T - nocrosiHHas BpEMEHU 00BEKTa,
k, - K03 OHULIUEHT Nepeaun peryiaropa;
ko5 - K03 duIueHT nepenaun 00beKTa;
T - BpeMs 3ara3/IbIBaHus 00 BEKTa;
A - IapamMeTp, ONPEeeNSIONINN BEINYHHY TIepeperyIHpOBaHHS.
BennunHa mapameTpa A onpenessieTcs CIeIyOInM BRpaKeHUEM

(53)

rae ¢ = 0,78 npu 1 %-oM nepeperyaupoBaHuy;

c=1,1 mpu 5 %-oM nepeperyapoBaHHH.

3aMeTHM, 4YTO 3HAuY€HMs MapaMeTpoB k, u 7, no gopmynam (51) u (52) OpUHATH IHIIb A BBIBOJA
(hopMynbl OLIEHKH BpeMeHH HOonHOro xoxa OVIM u He IOIKHBI paccMaTpUBAThHCS Kak O0s3aTENbHBIC UL
HACTPOHKH MPOEKTUPYEMON CHCTEMBI PETYIUPOBAHUSL.

[Toxcrasus BeIpaxkenue (53) B (52), noaydum

et

ik =?’—.
Epmie+1) (54)

¥

C yuerom BeipakeHHs (54), KO3 PUIMEHT NIepeiayn CHCTEMBI OyIeT paBeH
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T
k.= r’cp K = .
e +1) (55)
Iepenarounas (GyHKIHA 00bEKTa, 3BEHA IIEPBOTO MOPSIKA C 3aIa3IIBaHNEM, OyIET UMETh BU]I
ik e ¥
Wolsy=-"2—
e+ (56)
ATIIPOKCHMHUPOBAB 3ama3bsIBaHne 00bekTa npubmmkenneM Iaas mepBoro mopsaka
T
1 - E =
. =
1+ s
(57)

U TOJICTaBUB BhIpaxkeHue (57) B (56), MOMy4YnM NpUOIIDKEHHOE BBIPAXKECHUE ISl TIEpeaTOYHON (DYHKIIUH
00BbeKTa

£ (1-Ls)
W (s) = =

(75 + N1+ =5)

g (58)
Ilepenatounas GhyHKINS TOKA3aHHON Ha PHUC. 8 CTPYKTYPHOH CXEMBI peryJIMpOBaHus OyaeT paBHa
yisl _ -1

.J"?s (S:I 1 + 1

Wp (5) W, (5) (59)

rae y(s) - u300pakeHre peryInpyroniero Bo3aciicteus (nmpeodpasopanue Jlamaca);
Vs(8) - n300parkeHue BO3MYIIAIOIIETO BO3ACHCTBUS (TIpeobpazoBanue Jlamnaca);
W,(s) - nepenaroyHast QyHKLUS PeryisTopa;
W,s(s) - mepenatounas GyHKIHSI 00BEKTA.

[epenarounas (yHKIMS pa3OMKHYTOTO KOHTypa ¢ ydetoM Beipaxkenuit (50), (51), (52) u (55) Oyzer
UMETh BUJ

. T
ill-—s

Ts[l + Es].
2 (60)

W (@) (e) =
N3 Beipaxenus (60), uMeeM

L.
%@%@‘4P

%
e,
—
+
[ BT S
o

(61)
IToacraBus Beipaxkenue (61) B (59), momyunm
i-ls
rigl | 2%, 2
'}I‘{S} TT SE-I- E—E S‘]'%
r 7 T (62)
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IIpunss
2k
wl= £,
il (63)
#
ZJzo, = 2 - i
¥ T (64)
MoJry4ynum
;
1-=
yish _ I 2"
¥, (8 "+ 2z, s vl (65)

TZIe ®, - 9aCTOTa HE3aTYXaOMUX KOJIeOaHuii;
z - K03QHUIHMEHT 3aTyXaHHS.
[Ipumem 1 CTYHEHYaTOr0 BO3MYIIAIOIIETO BO3ACHCTBUS

_®
Ye(g) ==,

& (66)

e ¢ - CTYNEeHYaTOe U3MEHECHHUE MOJIOKEHHS BBIXOAHOTO oprana DVM.

3 Beipaxkenus (65) HalimeM nzoopaxxenue Jlammaca peryInpyromero Bo3aeHCTBH
T
1-=s
_ o
,}’(-5':' - B a3 -

§ & +ZzuwE tw 67)

YMHOXHUB BeIpaxkeHue (67) Ha s, Haiigem wu3o0Opakenue Jlammaca CKOPOCTH PEryJIHUPYIOIIETO
BO3JIEUCTBUS

7 dosir
V(s) = gp(s) = —wl - ) E |
(5) = av(s) e 2+ 22«&0334‘&)3 JEan 22&),!3"'@3 2 270 .5 +mi (68)

Jus Toro 4roObl mo w300paxeHHr0 (68) HAWTH CKOPOCTh perynupyromero Bozneictsus V(f),
HE0OXOIMMO OIICHHUTH BETMINHY Kod(duruenTa nemMndupoBaHus z.
U3 Beipakenus (64) Hatinem k03D UIMEHT 3aTyXaHHs

R i]

Wk T 2T (69)
IToacraBus BEIpakenue (55) B (69) u (63), moxydnm
z= : 1- £ \
Tor, i 2ec+]) (70)
2e
ol =

e+ (71)

ITo dopmymnam (70) u (71) onpenenum koapdummeHT 3atyxanust npu 1 %-oM nepeperyIupoBaHu, ¢ =
0,78

. 2078 0BT 1937
W1 oy = ;

e I e 72)
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1 0,78
z, = - = 033
0937 2078 +1) (73)
BrinonHUB aHamorMuHBIA pacuet 1uid 5 %-ro nepeperyaupoBanus, ¢ = 1,1 nomydnm
L0

L - i (7 4)
z;=0,72. (75)

W3 Beipakennii (73) u (75) cnexyer, uTo B MaHHOM ciiydae z < 1. BemmomHuB oOpaTHOE mmpeoOpa3oBaHue
Jlanmaca BeIpaxkeHus (68) 11t z < 1 HaliIeM CKOPOCTh PeryIHPYIONIEro BO3AEHCTBUS

2 37 =z
Pur, —e 2 oy J—
Vi) = 2—,.—Siﬂ(w,,w'1 -2ty rimLsirn[u:.i:,!w"l -2y,
By 1-z* Gy S1-27 (76)
1
B -zt i,
W= arcdg = aretg —*—
rue TE Ty, (77)
IIpunss
= ¥
w, =a,y1-27, (78)

MOJIy4YUM CJIICAYIOIICC BBIPAKCHUC

2
V(-ij' = "P w—"g':a"r[m;_xsm(mc; +wr ) —an w{;‘l_
o

¢ (79)
IToacTaBUB TOXKAECTBO
sinfo £+ w) = sinwfcosy +ocosw dam w
B BeIpaxkeHue (79), noaydum
2 —mw
e ¥ : : :
Vg = Doy [ L ees iy sm o d F —25m W Cosw d - SN mgjl.
< L2 (80)
[TpumeHHB NOACTaHOBKY
sin w = +1-27,
COsy = -z,
HOCJIC IPUBEICHUS MOJOOHBIX YWICHOB, OIYYUM
2 _—mad
W T 70,7 | .
ity = gue —Lcoswt -[l+ - ]sm w.t|

B monydeHHOM BBIpa)XEHWHW 4WiIEH Teped KBaApaTHOW CKOOKOW MOHOTOHHO YOBIBaeT, MPUOIMKASICh K
HYJIIO NPU ¢ — 0 U, CJIEA0BATEIbHO, UMEET eIMHCTBEHHBIN MakcuMyM nipu ¢ = 0. [TocTosiHHAA BpeMeHU 3TOH
OKCIIOHCHTBI paBHA

oy, (82)
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Bripazum T depes Bpems 3anasabiBaHusi oObekTa T. [logcraBus B Gopmyny (82) 3HaueHHS z U ®, U3
BeIpakeHuH (72) + (75), momyunm 1iist 1 %-ro nepeperyaupoBaHust

T5;= 1,291, (83)
a s 5 %-oro nepeperyaupoBaHus
Tss = 1,361. (84)
W3 Beipaxkenus (81) cmemyer, 9To IEpHO ] TapMOHHYECKUX KoeOanuit 7, paBeH
_ am
@e (85)

Bripazum nepuon 7, uepe3 BpeMs 3ama3ibiBaHus o0bekTa T. [logcTaBuB B BeIpaxkeHue (85) 3HaueHue @,
BbIUMcIeHHoe 1o Gopmye (78), Haitnem aist 1 %-oro nepeperyinpoBaHus

T. =121, (86)

7,

Z

a s 5 %-oro nepeperyaupoBaHus
T25 = 8781- (87)

CrnenoBaTenbHO, UINTENIBHOCTh IIEPBOM YETBEPTU INEPHUOJA TapMOHHYECKHX Kojebanuil mpu 1 %-om
nepeperyiupoBannu Oyzaer paBHa 3t1. Takum oOpazom, mpu 1 %-HOM mepeperyiupoBaHHU, TO KpalHeH
Mepe, Ha HHTepBane BpeMeHH 0 < ¢ < 3T CKOpPOCTb PEryIHPYIOLIET0 BO3ACHCTBHSA OyAeT MOHOTOHHO
yOBIBaTh. BBIpa3uB 3T0 BpeMs B OJIAX 15;, TTOIYIHAM

ﬁ 37

T, 129

3a Bpems, paBHoe 2,375, skcrnoHeHTa yMeHbmaeTcss no 0,1 mepBoHadanbHOTrO 3HaueHus npu ¢ = 0.
[Homoxue B Beipakenuu (81) ¢ = 0, HaiimeM BbIpaXeHHE IS OIEHKH MaKCHMAIBHON CKOPOCTH JBM)KECHUS
BBIXOJHOTO oprana DM

2.

2
T
.. =—=¢.
o2 (88)
[oacTaBuB 3HaueHHs ,” U3 BhpaxeHuil (72) u (74) B Bolpaxenue (88), momyunm mis 1 %-oro
nepeperyInpoBaHus

s
Vo =044 =,
s 1 - ( 8 9)
a s 5 %-oro nepeperyaupoBaHus
@
Ve s = 002 =
wit ¥ - (90)
Haumensiiee Bpems nonnoro xona UM pasHO
T = ému
o M ?
2 (91)

T€ (D yuar - BEIMYMHA TIOJHOTO XOJIa BRIXOAHOTO oprana DM,
[oncraBuB B BeIpaxkenue (91) BenuuuHy V., u3 Beipakenuid (89) u (90), momyunm s 1 %-oro
nepeperynpoBaHus
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T T

—_— e,
0.44 & [i
.

T =
“emm 1

mas

(92)

U 17 5 %-ro nepeperyiaupoBaHus

Lopms = — - 1,9;_
0.52{ 2 @
i)

(93)
Ecnu npuHATE MakcHMaIbHOE BO3MYIIAIOLIEE BO3ACHCTBHE PaBHBIM MOJIOBHHE MTOJIHOTO X0o1a DM
i = (5,
B
T0 opmyisl (92) u (93) npumyT BUA:
s 1 %-ro nepeperyanpoBaHus
T.=4,6r, (94)
a s 5 %-0oro mepeperyaupoBaHus
T.~= 3,87 95)

BriBog popmyn (94) u (95) mocTpoeH Ha OlleHKEe MaKCUMaJIbHOWH CKOPOCTH PETYJIHPYIOIIEro BO3ACHCTBUS
HETPEPHIBHOW (HEMMITYJIbCHOW) CHICTEMBI PETyJIMPOBAHUS.

B cucreme perymupoBanus BTHU (MOTA) HCHOTHUTEIBHBIE MEXaHHU3MBI ITOCTOSHHONH CKOPOCTH
paboTaT B MyJIbCcHUpYIOIIEM pexume. Tak Kak B Takux cucTemax padbora DVIM B pexuMe MOCTOSHHON
CKOPOCTH Hellenecoo0pa3Ha, TO B HUX cieayeT npuMeHsaTh DVIM ¢ 0onbpiiell CKOpOCTBI0 PeryIHpYOIIEro
Bo3nelcTBUA (MeHBIIMMH 71,.), 9eM O3TO HEOOXOIWMO B CHCTeMaX, HCIoib3yommux OUM B pexmme
IIOCTOSIHHOM CKOPOCTH.

B kuure Credanu E.I1. «OCHOBBI pacueTa HACTPONKHU PETyISITOPOB TEILNIOTEXHHUYSCKUX MPOIECCOB, M.,
1972» peKOMEHIYIOTCS CIEOYIOIIME 3aBUCUMOCTU MJI1 OINpeAeNieHHs BpeMeHU MonHoro xoma UM,
paboTaromyX B MyJIbCUPYIOLIEM peKUME:

qust 11- u [T -perynstopos

T.=21, (96)
C IOIyCTUMBIM OTKJIOHEHHEM B IpeAeIax
T,~(1+4)r, 97
st [T J{-perynstopos
T. =, (98)
C JOIyCTUMBIM OTKJIOHEHHEM B IpEJeNax
T.= (0,75 + 2)t. (99)

W3 cpaBrenus dopmyn (94) u (95) cremyer, 4To BpeMs MOJTHOTO XoAa 7. YMEHBIIAETCS C POCTOM
MIPOIICHTA TIepePETryIUPOBAHMSI B IPUOJIMKAETCS K 3HaUCHUAM 1., maBaeMbIM dopmynamu (96) u (98).

W3 BBILIEU3NOKEHHOTO CIEAyeT, 4YTO BpeMsl HOoiHOro xoga OWM mMOCTOSIHHOW CKOPOCTH MOXHO
OpPUEHTHPOBOYHO MPUHUMATH 110 popmymnam (97) u (99).

IIpu 3TOM MeHbIHE 3HA4YCHUS 1, CIEAYeT NMPUHUMATh IJIS CHCTEM PETYJIHUpOBaHUA, B KOTOphix OUM
paboTaT B MyJILCUPYIONMIEM PEXUME, a OoNbIHMe 3HAUYCHUS - mpu pabore DVIM B pexuMe MOCTOSHHON
CKOPOCTH.

5.3. IllpoBepka Ha TUApPaBIAUYECKUN ynap

B Tex ciywasx, Koraa peryiupyroliudid OpraH YHpaBiIsieT MOTOKOM J>KUAKOCTH M cowieHeH ¢ DUM,

IO LY MAIIQEC BNCM] [IQITHQTO XQJI14 BRBO3IMQXKHO RQRIHUKHQRBRCHUC 4 A0G0Y% KOT" 14 ] cMa
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peryIupoBaHus OBICTPO 3aKPOET PETYIUPYIOLINA OpraH, YTO MOKET COMPOBOKIAATHCS PE3KUM MOBBIILICHUEM
JaBJICHHUA B TPYOOIPOBOJE.

OTo sABIEHHE, HMEHYeMOE€ THUAPABIMYECKUM YIApOM, MOXKET CTaThb NPUYUHON pa3pylIeHHs
TpyOOIIpOBO/A, PEryIHMPYIOLIET0 OpraHa W APYTHX DJEMEHTOB 00beKTa peryiaupoBaHus. Bo nzbexanue
BO3HMKHOBEHHS THMIPABIMYECKUX YAApOB BpeMs 3aKPBITHA PETYJIMPYIOLIETO0 Opra€Ha  OOBIYHO
OTPaHNYUBACTCS YCIOBHEM

T3min = 0,2d, C (100)

1€ Timin - HAUMEHBIIIEE BpeMs NEpEMELLEHHSI 3aTBOpA PETYJIUPYIOIIET0 OpraHa U3 MOJ0KEHUS «OTKPBITO» B
MOJIOKEHHUE «3aKPBITOY, C;

d - mpUCcoeTMHUTENBHBIN (YCIOBHBIN) IHaMETP PEryIUPYIOIIEro OPraHa, MM.

Ecnu nonHbeI X071 3aTBOpa pETyJIUpYIOIIET0 OpraHa ¢ MOCTYMAaTeNbHBIM IBM)KEHHEM 3aTBOpa MEHbIE
BEJINYMHBI TPUCOEAWHUTENBHOr0 auamerpa d, To B Qopmyry (100) Bmecto d cienyeT MOACTaBISATH
BEJINYMHY 3TOrO IOJHOIO X0na, B MM. /Il peryaupyrommx OpraHoB ¢ Tapelb4yaThiM 3aTBOPOM BEIHUMHY
MOJTHOTO XOJIa CIIeyeT MpuHUMaTh paBHOM 0,25d.

Bo n30exxanue rugpaBIndeckoro yaapa HeoOXoauMo coOMoaaTh yCIOBUE

TCZTj‘min, (101)

rae 7T, - BpeMs MOJIHOTO X0Ja TIPUHATOTO TUIToHOMuHana SUM;

T';min - BpeMsi, BeIuucIeHHoe no ¢popmye (100).

W3 mapymenus ycmoBus (101) crmemyer HeEOOXOOUMOCTh  BBINOJIHEHHS IMPOEKTHPOBIIUKAMU
TEXHOJOTUYECKOM 4YacTh IPOEKTa CIENUATbHBIX pPacueTOB THAPABIMYECKOrOo yaapa Uil YTOYHEHHUSA
peXUMOB pabOTHl TEXHOJIOTUYECKOTO OOBEKTa M NMPOBEPKH COBIAJCHUS YCJIOBUN MPOYHOCTH OOBEKTA H
PEryJIupyIOLIEro oprasa.

6. PEKOMEHIYEMBII IMOPSIIOK PACYETA

6.1. UcxogHbple MaHHEIE

Tak kak omnpenelieHHE pacYeTHBIM ITyTEM KpPYTAIIEr0 MOMEHTa W BpPEMEHHM TOJHOro Xoma WM
MPEJICTABIICT COOOM JIOTMYECKOE MPOJOJDKCHHE pacueTa Perylupyroliero oprana, To mais pacuera DM
HEOOXOAMMEI BCe HCXOHBIE JaHHBIC, TIPEyCMOTpeHHbIE B pasnene 14 PM 4-163-77 «Pacuer u npuMeHeHue
PETYIUPYIOMNX OPTaHOB B CHCTEMAaX aBTOMAaTH3allMH TEXHOJOTHYECKUX IPOIIECCOB», a TAKKE PE3yIbTaThl
pacdera peryJaupyoliero opraia, ¢ Kotopbeim cowiensercss DM, Kpome atoro takke HEOOXOAUMO 3HATh
YCpEIHEHHOE 3HAYCHUE BPEMEHH 3alla3/[bIBaHUsl 00bEKTa T (CpeaHee T IS HECKOJIBKUX HArpy30K OOBEKTa).
BenuunHa 3ama3gpiBaHUS MOXKET OBITh TONy4YeHa, HAampUMep, MO0 METOIWKE, H3JI0KEHHOW B KHHTE:
Konenosuu A.Il. MHxeHepHbIe METOBI paciyeTa Ipy BEIOOpE aBTOMAaTHUECKUX PETrysITopoB, M., 1960.

6.2. [lopsngok pacueTa

OmnpeneneHue HYXKHOTO HOMHHAJIBHOTO KpPYTSIIEr0O MOMEHTAa M BpeMeHH monHoro xonxa OWM
11€J1eCO00pa3HO BBIMOJIHATH B CIEAYIOIIEM MOPSAIKE:

- ONpENENUTh HEIOCTAIONINe NaHHBIE, HeOOXOIUMbIE IJIS BBIMIOJHEHHs pacueTa (IJuaMeTp Bajla WU
IITOKa PEryJINPYIOIIEro OpraHa, IuaMeTp cejia U T.11.);

- OMNpENECIUTh MAKCUMANbHBIA Tepenaj AaBlICHUS Ha PEryJUpYIOIIEM OpraHe M CHibl (KpyTsIiue
MOMEHTHI), IEHCTBYIOIINE HA IITOK (BaJl) pEeryIHPYOIIEro OpraHa;

- OTIPEIENINTh HEOOXOMUMBINA KPYTAIINA MOMEHT Ha phlYare peryInupyromero oprana;

- OIPEeAETUTh HEOOXOMUMEIN KPYTAIIUA MOMEHT Ha BBIXOJMHOM oprane DM u BRIOpaTh HOMUHATHHBINA
KpyTaumii Moment OUM;

- OTIIPENeNnTh He0OX0auMoe BpeMsi MOTHOTO Xona OVIM u BEIOpaTh €ro HOMUHAIBHYIO BETHUNHY;

- paccuuTaTh KHHEMAaTUYECKYH CXEMY COUIICHEHMUS.

7. IPUMEP PACUETA U COYJIEHEHUMSA UM C 3ACJIOHOYHBIM PEI'YJIMPYIOLIIUM
OPI'AHOM

B stom npumepe npomsBomutTcs pacuer OMM K perymupyromeMy OpraHy, pacdeT IPOIYCKHOM
CIOCOOHOCTH KOTOPOTO MpUBEIEH B pasjeiie 22 pykoBozsero marepuana PM 4-163-77.

JlanHble 1st pacueTa

1. AGCONTIOTHOE JaBJICHHE Ta3a Mepe PEryIupyIoNuM OpraHOoM P;=2,1 krc/em’
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2. AOCOmOTHOE [aBleHUE ra3a [Ocle  peryJupylolero opraHa INpd  MaKCUMalbHOM
pacxojie P;=1.2 Krc/cm>
3. IlpucoenMHATEILHBIN (YCIIOBHBIN) TUaMETp peryiaupytomero oprana  d = 0,4 M
4. Paamyc ek Baja 3aCJIOHOYHOTO PETYIUPYIOIIETO OpTraHa 7. =0,035M
5. KoaddummeHT TpeHus B onopax f=0,15
6. Bpewmst 3anazapiBaHus 00BEKTA t=36¢C
7. 3aKOH peryIupOBaHUS 514!

8. OTHOWIeHUE ITycKOBOTO KpyTsmero MoMeHTa OVUM k HoMuHanbHOMY k= 1,7
9. Heobxoanmas XxapakTepUCTHKA COUJICHEHHS - BOTHYTast

Pacuer

1. Jlansblii perynupytomuii opran paboTaeT Ipu KPUTHYECKOM MCTEUCHUH Ta3a depe3 Hero mpu Bcex
3HAYEHUSIX MPOTEKAIOIIEro uepe3 Hero pacxoaa. [Ipy MakcuManbHOM pacxoze nepenaz JaBlieHus PaBeH

AP',=P,-P,=2,1-12=0,9 krc/cm’.
B monoxeHWW «3akphITO» Iepenan JAaBieHUs OyneT paBeH W30BITOYHOMY JABJICHHUIO Tepe]
Peryjmpyromnum opranomM
AP, =P; - Py =2,1-1,0=1,1 krc/em® = 1,1 - 10* kre/m>.
ITockonbKky nepenaja JaBi€HHUS HA PETYJIHPYIOLIEM OpraHe M3MEHSETCS CPaBHUTEIBHO HEMHOIO, TO HE
6yz[eT qpe3MepH01‘/'1 0HII/I6KOI\/'I, CCJIM B KaycCCTBC nepena;[a JaBJICHUA, COOTBCTCTBYIOLLICFO MaKCI/IMYMy

TUAPOAMHAMUYECKOIO MOMEHTA, OIPUHATH AP’,.
2. OnleHMM MaKCUMAaTBHBIA THAPOIMHAMHYSCKHA MOMEHT Ha BAy PETYJHPYIOIIETO OpraHa

M, =0,654d°AP, = 0,0654 - 0,4’ - 1,1 - 10* = 46 xrc * m.
3. OnpenenuM MakCUMaJIbHBIE MOMEHT TPEHUS B OIOpax Bajla PeryJUpYIOIIEro Opraia
M,,, =0,785d°r,fAP = 0,785 - 0,4° - 0,035 - 0,15 - 1,1 - 10* = 6,6 krc * m.
4. OmpenenuM HEOOXOANMBIE KPY TSN MOMEHT Ha BTy PEryJIMPYIONIEro opraHa
M=n(M,+ 1,2M,,)) = 2(46 +1,2 - 6,6) = 108 krc " ™,

rae n = 2, ko3hdUureHT 3amaca, yYUTHIBAIOIIUI yCIOBUS M PEXHUM pabOThl PEryIMPYIOIIEro Oprasa,
3aTSDKKY CaTbHUKOB U T.10. (CM. Tabm. 1).
5. Ompenenum HeOOXOIUMBII KPYTSAIIMHA MOMEHT Ha BBIXOZHOM oprane DM

4-103
17

ar = e pr -
&

i

=254 kT M

ITo 'OCT 7192-74 nmpuMeM HOMUHATBHBIM MOMEHT UCTIOTHUTEIHPHOTO MEXaHU3Ma
M, =400 krc - M.
6. OnpenennM HEOOXOAUMOE BpeMs TOTHOTO Xoaa DUM
T.=(1+4)=36+144c.

ITo 'OCT 7192-74 npumewm 7. = 63 c.

JnrHa BBIXOHOTO pblYyara 3TOro UCIONMHUTENLHOTO Mexanu3Ma R = 360 Mm.

7. VI3 KOHCTPYKTHUBHBIX (KOMIIOHOBOYHBIX) COOOpaKCHUN MPUMEM PACCTOSHHE IO BEPTHUKATH MEXTY
YPOBHEM OCH 3aCIIOHOYHOTO PETYJHMPYIOIIET0 OpraHa M YPOBHEM, HAa KOTOPOM HaXoIuTcs och Baima DUM,
paBHbIM H =2 M.

Torna u3 puc. 3 crmeayer, 4to AyMHA TATH [ OyaeT paBHa

[=H+R=2+0,36=2,36 m.

8. OHpeZ[eJ'II/IM HeO6XO,E[I/IMy}O JJIMHY pbldara 3aCJIOHOYHOI'O PEryJIMPpYIOMICro opraHa

2
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Cxema cousieHeHHs aHAJIOTWYHA [TOKa3aHHOW Ha puc. 3.

Jnuny peruara r nenecoodpa3Ho okpyriuTh 10 » = 280 M. OKpyTiieHHE [Ie/laeM B CTOPOHY YBEIUYCHUS
JUIMHBI pblYyara, Tak Kak 3TOMy COOTBETCTBYET yMEHBIIIEHHE YIJIa IIOJIHOTO XO0/1a PETyIUPYIOLIET0 OpraHa.

OrtoT yrom OyaeT HemHOro MeHbpme 90°49To mpuemiIeMo, TaK Kak HeoOXoauMmash MaKCHMallbHas
MIPOIYCKHAsA CIIOCOOHOCTh PEryJIHPYIOIIEro opraHa odecredena ero pacuerom npu ¢ =~ 60° (pazmen 22 PM
4-163-77).

9. OmnpenenuMm moNy4MBIIeecsS 3HaueHHEe Koddduienta ociabiaeHus KpyTrsamiero Momenra OVM
COUJICHEHUEM

{ 2,36

CR+r 036+0274

’ 2l
YTO MEHBIIIE UCXOTHOTO 3HAUCHHUSI 11, = 4 U, CIIEIOBATEIIBHO, IOy CTHMO.

W3 atoro mpumMepa BUIHO, YTO OPHEHTUPOBOYHOE 3HAUYCHUE 71, = 4 HE SBISAETCS YPe3MEPHO 3aBhINICHHON
BeTMYMHONW. MOXHO yOemuThes pacderoMm, 9to mpu [ = 3 M n, = 4,6, 9TO BBIHYAWT yYMCHBIIHUTH [ M,
npubnauzue DVIM K peryiupyionemMy opraty.

8. IPUMEP PACUETA U COYJIEHEHUSA UM C OJHOCEJAEJIbHBIM PEI'YJIMPYIOIIIUM
OPI'AHOM, UMEIOIIUM PBIYAKHBIU ITPUBO /|

OmnpenenuTs HOMHUHAIBHBIA KPYTANIAH MOMEHT W BpeMs mojHoro xoma OWMM wu paccuurath
KHHEMATHYECKYI0 CXEMYy COWICHEHHSI €ro C OJHOCEIEIbHBIM PEryJUPYIOIMIUM OPraHOM C PhIYa:KHBIM
MIPUBOIOM, YIIPABIISIONINM ITOTOKOM BOJIBI.

JlaHHble 17151 pacueTa

1. aBieHue BOJBI epe] peryIUPYIOIMIUM OPTaHOM P; = 60 krc/em’
2. [lpucoeanHUTENbHBIH (YCIOBHBIN) AUAMETp peryiaupytouiero oprana  d =20 Mm

3. Inametp cemma d.= 18 Mm

4. JluaMeTp mToka d,, =20 MM

5. Xox mToka h, =22 MM

6. Ilnevo cuiabl Ha IITOKE b=45wmm

7. InuHa peiuara peryjaupyromero opraia r; =440 mm

8. Bpewms 3ana3npiBanus 00beKTa t=36¢c

9. HeoOxoammas XxapakTepHCTHUKA COWICHEHHS - TMHEHHAs

10. OTHOIIEHNE TTyCKOBOTO KPYTAIIero MomeHnTa DVIM k HoMuHaIBHOMY k= 1,7
Pacuer

1. OnpenenuM MaKCHMAaldbHYIO CWIY JaBJICHUS Cpelbl HAa 3aTBOp M WTOK. Tak kak d, > d., TO
HauOOJIbIIasl CHIa JaBIIEHUS CPeIbl Ha INTOK OyNIEeT B IMOJIOKEHHH «OTKPBITO», KOT/IAa Tepenaja AaBlIeHUS
MHUHUMAJIEH.

[IpeneOperas BeNMMYMHOI 3TOTO MIepenaja, HaliaeM

(N, + Nymax = 0,785 - 22 - 60 = 189 kre.
2. OmnpenenuM CUTy TPEHUS IMTOKA B CATbHUKE
M, = 1,1d,,+ 0,02d,,P; = 1,1 - 20+ 0,02 * 20 - 60 = 46 krc.

3. Tak kak OJHOCEHNENBHBIA PETYTUPYIOLIMA OpPraH MOXKET OBITh 3alOpHBIM, TO OLEHHM CHIY,
HEOOXOJUMYIO JUI CO3JaHMs YIUIOTHUTEIPHOIO KOHTAKTa B KECTKOM 3alIOpPHON Mape «CeIJIo-ILTyHKEP)

N,,=0,75nd,. = 0,75 - 3,14 - 18 = 42 krc.
5. OnpenenuM MakCHMaIbHOE TIEPECTAHOBOYHOE yCHIIHE Ha MITOKE
Nue = (N; + Nymax T Nyp + Ny, = 189 + 46 + 42 = 277 kre.

6. IlpunsB no Tabm. 1 xoddduuumenT 3amaca n = 2, ompeAenuM HEOOXOAWMBI MOMEHT Ha pbhIYare
PEryJIHMpPYIOLIEro OpraHa

M=nb N, =2"0,045 277 =25 xrc * M.
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7. OnpenenuM HEOOXOAUMBIN KPYTALIMHA MOMEHT Ha BRIXOAHOM oprane DM
2 4,25
M ="LM=—""=5¥wcun

2

rae 1, = 4 Ko3QpPUIMEHT 0caa0ICHUS KPYTAIIErO MOMEHTA COUJICHCHUEM.
[To TTOCT 7192-74 npuMeM HOMUHAJIBHBIA KpyTSLUil MOMEHT M, = 63 Krc * M.
8. OmpenenuM HOMUHAIIBHOE BpeMsl MOJAHOro xoaa DM

T.=(1+4)r=36+ 144 c.

IIpumem HomuHanbHOE BpeMs o 'OCT 7192-74 paBueiM 7, = 63 c.

Tak xak 7T, > 0,2d = 4 c, TO THAPABINYECKOr0 yAapa NPH BHE3AITHOM 3aKPHITUH PErYJIUPYIOIIEr0 OpraHa
He Oyner.

9. 13 mokazaHHBIX Ha puC. 6 U 7 KMHEMaTHYECKUX CXEM COWIEHEHHS CJeIyeT, YTO B JJaHHOM CIydae
pacyeToM OIpenensieTcs TOJIBKO [UIMHA pbluara peryJiupyromero oprada ». Beiopanusiii Hamu UM umeet
JUTUHY pbiyara » = 250 mm.

OnpenenuM CHHYC TOJOBHHBI YIJIa TOBOPOTa phlyara » M3 TOJOXKEHHS «3aKpBITO» B IOJIOKEHUE
«OTKpPBITO»

22 1
2 2h 2045 45
10. Onpenenum JUIHHY phlyara, 00SCIIEUUBAIONIYIO X0 MTOKA A, = 22 MM

Jer 20250045
Yo 211
2

Poee _ T _

=724 mm

o=

2sm

CxeMa cousIcHEeHHsI aHAJIOTHYHA [TOKa3aHHOW Ha pHc. 6 WiH 7.

Jinst peanm3anyy MOJTyYSHHOTO COWICHEHMS HEOOXOIMMO YIIMHEHHE MMEIOIIETOCS Ha PEryIHpYIoleM
oprane peraara mmuHOW 440 MM g0 mamuHbl 724 MM. Takoe yUIMHEHHE CIeNaeT COUWICHCHHE OYCHBb
TPOMO3AKHM U 3aTPYAHUT 0OecTieYeHre JKECTKOCTH phbluara.

[TosTomMy menecooOpa3HO paccMOTPETh BO3MOKHOCTH NpuMeHeHHss DVIM mpsIMOXOIHOTO THIA, THIA
MOII o 'OCT 7192-74.

11. Onpenenum HeOOXOAMMOE yCHINE Ha KOHLE peryara 7; = 440 MM

M 25
=—=——="57uc.
o 044
12. Ompenenum HeoOXomuMoe yeuiue Ha mroke VM
4,57
wo=le =220 43450c
e .
13. Ilpumem Ommkaitmee o 'OCT 7192-74 nomuHansHOe ycumue DM
N, =250 krc.

14. Onpenenum NMosiHEIA X0  KOHIa ppluara peryJupyroliero opraa npu ero anuse r; = 440 mm

H o opn
— == ==
2n 2
H = e Pas _ 28A00T o0
5 43

IIpumem Hambosiee Onm3koe K H 3HAYCHWE HOMHHAJIBLHOTO Xona BBIXomHOTO mToka OVMM mo I'OCT
7192-74, pasuoe H,, = 160 mm.
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15. OnpepenuM HEOOXOAWMYIO AJMHY pblUara peryJiMpyrolmero opraHa 7 HpU COWICHEHHH €ro C

npsMoxoausiM OUM, umeronuM HOMUHaiIbHOE ycuinue 250 Krc ¥ HOMUHANBbHBIA XOJ BBIXOJHOIO ILITOKA
160 Mmm

Y
2 211

H 160045
= =327 nm,

2sin
49TO MeHbIIE ¥; = 440 MM U BIIOJHE PUEMIIEMO.

16. Onpenenm HEOOXOUMOE YCHIIHE Ha phluare peryJIupyroiero oprafa JUImHou » = 327 MM

w64
roo 0327
17. Onpenenum HeoOxoauMoe ycuine Ha mroke DM
4-76.4
b, =180 eTc,

Fa
N o=ZN-
X ’ YTO MpUEMIIEMO, TaK KaK MeHble N, = 250 krc.
OkonuatenbHo npuMeM npsaMoxoausiii UM mo 'OCT 7192-74 tuna MOII, umeronuii HOMUHAIBHOE
yCWJIME Ha BBIXOJHOM mITOKe 250 kre, xon mroka 160 MM u Bpems nojHoro xona 63 c. Ilpu stom anuny
pbldyara peryiupyloiiero oprada » okpyriuM jo 330 mm. XapakTepucTHKa COYJIEHCHMs JIMHEHas,

aHAJIOTHUYHAsI TOKa3aHHOW Ha puc. 6, rae BB, = A;4; = 160 MM u BeixomgHod mTok DVM mapHHpHO
coequHeH B Touke A ¢ tarou AB, a BO, =330 MMm.

IIpunoxenne

OpueHTHPOBOYHBIE 3HAYEHHUA KOI(PPUIHEHTAa THIPOIMHAMUYECKOT0 MOMEHTAa M /I 32CJIOHOYHOT 0
PeryJupyoumero oprana ¢ IjioCK1uM 3aTBOPOM.

go?

AR

. /|
m / \

403 X
A \
qof =
o .-—-""#/

70° 2aq° 30° “4g°  50° &0° % &0° 9o
Keon amkpormas Ja?

HEPEYEHb UCIIOJBb30OBAHHBIX TOKYMEHTOB U JINTEPATYPbI
1. TexHuueckne TOKYMEHTHI

I'OCT 7192-74. Mexanu3Mbl UCTIOIHUTENbHbIE 3eKTpUUecKre moctossHHoM ckopoctu I'CII.

T'OCT 14691-69. VcrpoiicTBa HCHOTHUTENbHBIE [UIsI CHUCTEM aBTOMAaTHYECKOIO PpEryJHpPOBaHMUS.
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M0 KypcOBOMY MpOeKTHpoBaHHIO. Brimyck 2. M., 1959.
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