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BBenenune

CoBpeMeHHBI ypOBEeHb OOIIECTBEHHOTO MPOU3BOJCTBA M €ro JalibHeiniee
pa3BUTHE HEPA3PHIBHO CBA3aHBI C MHTEHCU(UKAIMEl padounX MPOLECCOB MAIIUH U
arperaToB, BHEJJpEHUEM aBTOMATHU3UPOBAHHBIX KOMIUIEKCOB TEXHOJIOTHYECKOTO 000-
PYZIOBaHUSI CO MHOTMMH MCIOJIHUTENBHBIMU ABWKEHUSIMU. B 3TUX yCIIOBHSIX BO3HHU-
KaeT HEOOXOJUMOCTh CO3JaHUSl HOBBIX M COBEPILIECHCTBOBAHUS JEHCTBYIOIIUX aBTO-
MaTU3UPOBAHHBIX MMPUBOOB, OTBEYAIOUIMX BCE BO3pACTAIONIMM TPEeOOBAaHUSAM IOBBI-
IeHUs! OBICTPOEHCTBUSA, TOYHOCTH, HAJCKHOCTH U IKOHOMUYHOCTH TE€XHUKH [3].

OnHUM W3 NEpPCHEKTUBHBIX HANPaBICHUW PELIEHUS 3a/aud SIBJIAETCS HAChI-
[IEHUE TEXHOJIOTHYECKOTO O000pYy/IOBaHUSA CHUCTEMaMu THAPONPUBOJA U THUAPO-
nHeBMoaBToMaTuku [18]. Tak, mpumeHeHUe TUAPONPUBOAOB B METALI000padaThI-
BaoIlleM OOOpPYIOBaHWU TO3BOJISIET YIPOCTUTh KUHEMATHKy CTAaHKOB, YIYYIIHUTbH
MaccorabapuTHbIE  XapaKTEpPUCTUKH,  TMOBBICUTh  yYPOBEHb  aBTOMAaTHU3ALMU
VCIIOJTHUTENBHBIX MEXAHU3MOB, YJIYUIIUTh X JTUHAMUYECKOE KAYECTBO.

[Tupokoe KUCIONIB30BaHUE THAPOIPUBOJA OO0YCIOBIEHO €ro CYIIECTBEHHBIMU
MIPEUMYLIECTBAMU B CPaBHEHUM C JAPYTMMHU TUIIAMH NPHUBOJIOB W, MPEKIE BCETO,
BO3MOXHOCTBIO MOJYYEeHUsI OOJIBIIUX YCUIIUH, KPYTALUIUX MOMEHTOB M MOLIHOCTEM
IpyU OrpaHUYECHHbIX TrabapuTax ruapoaBUrareneil. Jlpyrue mnpeumyiecTna
TUAPONPUBOJA — TMPOCTOTAa MpeoOpa3oBaHUs U TMepelayd HSHEPruM, BBICOKHE
ylelibHasi HaIpsSKEHHOCTh CHJIOBOIO IMOTOKAa M JTUHAMUYECKHE XapaKTEPUCTUKHU B
MEPEXOJHBIX peXHMax, OeccTylmeH4YaToe peryjaupoBaHHEe CKOPOCTU JIBHIKECHHS,
aBTOMAaTH4YECKas 3allluTa OT IMEpPEerpy30K, BBICOKAs JKECTKOCTh KMHEMATHUYECKUX U
Harpy304YHbIX XapaKTEPHUCTHK, M0KapoOe30MacHOCTh — HauOOJee MOJIHO OTBEYAIOT
TEHJEHIUSAM Pa3BUTHs TEXHUKHU U CIIOCOOCTBYIOT MOBBILIEHUIO €€ 3D PEKTUBHOCTH.

KoMmnakTHble 3HEpProeMKHME THUIPOABUTATENM JIETKO BCTPAMBAIOTCA B
pa3IUYHbIE UCIHOJHUTEIbHBIE MEXaHU3MbI, COEAUHSIOTCA TPyOONpOBOAAMHU C
TUApPOAIapaTaMd M HACOCHOW YCTaHOBKOW, HWMEIOIIEH OJMH WA HECKOJIBKO
HacoOCOB. DTO OTKPBIBAET IIUPOKHE BO3ZMOKHOCTH JJIsI aBTOMATH3aLUH, KOHTPOJIA U

OIITUMH3aAll N pa60‘II/IX MMponecCcoB, NPUMCHCHUS IIPOTPAMMHBLIX, aAJAlITUBHBIX U
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MEXaTPOHHBIX CUCTEM YyIpaBieHus. KOMIIOHOBKAa TUAPONPUBOJIOB JIETKO MOAAACTCA
MOJIEPHU3AIIMH, COCTOUT TJIABHBIM 00pa30M W3 CTaHJAPTHBIX, YHU(DHUITUMPOBAHHBIX
TUAPOAIapaToB, CEPUMHO BBIMTYCKAEMBIX OTCYECTBCHHBIMH M 3apyOCKHBIMU
MIPOU3BOIUTEIISAMH 110 €IMHOMY MEXIyHapoaHoMy kiaccudukaropy [13, 14].

B 3TuX ycnoBusx BaxxHOE 3HaUCHHE MPUOOPETAIOT METO/IbI NOMCKA, pacueTa u
HCCIIEIOBAHUS AJIEMEHTHON 0a3bl M pallMOHATIBHBIX CXEMOTEXHHUYECKHX PEIICHUM
rugponpuBogoB [9, 10], ocHOBaHHBIE Ha 3HAHUSAX CBOMCTB M TEXHUYECKHUX
XapakTEPUCTUK MKUJIKOCTEM M Ta30B, 3aKOHOB HMX IMOBEICHUS B THAPOCUCTEMAX,
E€MKOCTSIX U pe3epByapax. [loHnmanue Qu3n4ecKod CyINIHOCTH THAPOMEXaHUUECKUX
MPOLECCOB, TPAMOTHOE HMX MOJCIMPOBAHUE B HMHKECHEPHBIX 3aJauyax IO3BOJSIOT
co3/1aBaTh BBICOKOA(P(EKTHBHBIE MEXaHU3Mbl M MAIIMHBI HA OCHOBE TEXHUUYECKUX
CpPEACTB TMAPONPUBOAA U TUPOABTOMATUKHU MPU MUHUMAIIBHBIX 3aTpaTaX BPEMEHU U
cpeacTB. [IpakTudeckue HaBBIKH, TOJYYEHHBIE B XOJE BBITIOJIHEHHUS JIa0OPATOPHOTO
MPAaKTUKyMa, TMO3BOJSAT 3aKpPENuTh 3HAHUA MO AucuuiuimHaM «['mapompuBon wu
TUJPABINYECKUE CPEACTBA aBTOMATUKNY, «I[HEBMaTUUEeCKHE CPEICTBA ABTOMATUKH,
M0 aHaJIM3y M CHUHTE3y CXEMOTEXHUYECKUX PEUICHUH TUIPONHEBMONPUBOAA H
WCIIOJIb30BaTh TOJYUYCHHbIC YMEHHS W HaBBIKA MPHU pa3padboTke TUAPOPUITUPOBAH-
HBIX TEXHOJIOTHYECKMX MAaIllUH (CTAaHOYHBIE CHCTEMBI, KYy3HEUHO-IIPECCOBOE,
JTUTEHHOE U CBapOYHOE 000pYyA0BaHKE, TEXHOJIOTHYECKAash OCHACTKA, TPOMBIIIJICHHbBIC
pOOOTHI, TUIIIEBOE 00OPYIOBAHUE U JIP.), & TAKKE MOOWIBHON TEXHUKH, B YACTHOCTH,

CEJIbCKOXO03IHMCTBECHHBIX U TPAHCIIOPTHBIX MAlllWH.



METOJIUYECKUE PEKOMEHJIALIUU
K JIABOPATOPHOMY MMPAKTUKYMY

N3yyeHue TeopeTHuyecKkoro Kypca JuCUUIUIMHbl «[ MIponpuBOI U CpeCcTBa aB-
TOMATUKW» 00513aTEJIbHO COMPOBOXK/IA€TCS BHIMIOJHEHUEM JIa0OpaTOpHBIX padoT. s
K01 1abopaTopHON pabOThI MpeAsiaraloTcsi METOJUYECKUE PEKOMEHAIuu, B KO-
TOPBIX NPUBEACHBI 1I€]Ib, 33/1a4l, OCHOBHBIE TEOPETUUYECKUE MOJIOKEHUS, ONMHCAHUE
1a60paTOPHON YCTaHOBKHM, METOJIMKA MpPOBENCHUsS padOThl U O(QOPMIICHHS OTYETa.
[Ipy mOArOTOBKE M BBHIMOIHEHUH J1a00OPATOPHBIX padOT, a TaKXKe MPHU UX 3alUTe Cle-
IOyeT YIeIUTh BHUMAaHHE CYIIHOCTH MPOTEKAIOIIUX MPOIECCOB, PYKOBOJICTBOBATHCS
METOIMYECKUMH YKa3aHUSIMHU U PEKOMEHIOBaHHOM JINTEepaTypoil.

KoHkpeTHbIe YKClIeHHbIE 3HaY€HUs UCXOAHBIX TAHHBIX JJIs1 BHITOJHEHHS pado-
ThI J1a€T pyKoBoaUTENb 3aHATUN. [Ipu 00paboTke pe3yabTaToOB SKCIIEPUMEHTA EAMHU-
bl pu3nyeckux BenuynH npusoasates B CU [17].

CopepxaHue OT4ETa O BBHIMIOJIHEHHOW JabopaTopHOI paboTe BKIIIOYAET clrie-
IYIOIIHE MyHKTHI:

1) Llenb u 3agaum paboTHI.

2) OCHOBHBIE TEOPETUYECKUE MOJOKEHUS U MOSICHEHUS! CYIIHOCTH UCCIeaye-
MBIX MTPOLIECCOB U 3aKOHOMEPHOCTEHN MOBEICHUS )KUJIKOCTEN U Ta30B.

3) TexHuueckue cpeicTBa OOECHEUEeHMs] MPOTpaMMBbl HUCCIEIOBaHUS, ONMHUCA-
HUE HKCIIEPUMEHTAIBHOTO CTEH]1a, U3MEPUTEIbHBIX YCTPOICTB.

4) Mertoaunka npoBeeHUs HKCIIEPUMEHTA, 3JIEMEHTHI €r0 IUIAHUPOBaHUs, Ta0-
JUIA UCXOJHBIX TaHHBIX U PE3YyIbTaTOB U3MEPEHUH.

5) OOpaboTKa pe3ynbTaTOB IKCIEPUMEHTA, PacyeThl XapaKTEPUCTHUK IO aHa-
JUTUYECKUM M SMIIUPUYECKUM (opMysiaM JOJIKHBI OBbITh 3aHECEHBI B COOTBETCT-
BYIOLIUE TaOIUIIbI.

6) [locTpoenue rpadmkoB UcciaeayeMbIX 3aBUCUMOCTEN M aHAJIW3 WX BHUJA UC-
X051 U3 (PU3MKH HCCIIETyEMbIX POLECCOB.

7) @opMynHpoOBKa OCHOBHBIX BBIBOJOB, MOSCHSAIOMIMX CTENEHb JOCTHIKEHUS

MOCTABJICHHBIX ILICJICH U 3aad.



8) O1rleHKa KaueCTBEHHOTO M KOJWYECTBEHHOTO COBMAJCHUS PE3YJIbTATOB HC-
CJIeIOBaHUs, PEKOMEHIAIMK JJIsl TIOBBIIICHUS TOYUHOCTU HKCIIEPUMEHTA, COBEPIICH-
CTBOBaHHS METOJUKH MPOBEACHUS PaOOTHI.

Ipumeuanue. OpopmieHue oT4eTa JOMYyCKAeTCsl KaK B PYKONMCHOM BUJE, TaK
U B CIICIMAIBHBIX MEUaTHBIX (hOpMax, MOATOTOBICHHBIX Kadeapoi.

JlaGopaTopHBIil MPAaKTUKYM BBIMOJHACTCS B CIEHHUAIU3UPOBAHHONW y4eOHO-
WHXXeHepHOU s1abopaTtopun  «[IpOMBINIICHHBIH THAPONPUBO U THAPOITHEBMOABTO-
MaTHKa» Ha YHHBEpCalbHBIX cTeHaax npousBojactBa 3A0 «3KOMHBEHT», ocHa-
IIIEHHBIX COBPEMEHHOM 3JIEMEHTHOM 0a30¥ THUAPABIMYECKUX YCTPOUCTB U IJIEKTPO-
TUAPOABTOMATHKHU (CM. Tpui. 3).

YuuteiBass MHOTO0Opa3ne U OCOOCHHOCTU (YHKIIMOHMPOBAHUS TEXHUUYECKUX
CPEACTB THIAPONPHUBOJIA M THUIPOABTOMATUKHU (BCE YCTPOWMCTBA, THAPOMATHCTPAIH
CKPBITBI OT BU3YaJbHOTO HAOJIOJICHMS MPOIECCOB JBMKECHUS MOTOKA U cpabaThiBa-
HUS YCTPOUCTRB), U3YUYCHHE TUIOBBIX YCTPOUCTB, OCHOB X (DYHKIIMOHUPOBAHUS OCY-
niecTBisieTcsl Ha cnenuaibHoM ctenae «lIpo3paunas moxpenb». CTeHI YKOMIUIEKTO-
BaH MPO3pPAaYHBIMU MOJCISIMHA THUIOBBIX THIPOANNApaTOB, MOJKIIOYAEMBIX K KOM-
MaKTHOM HACOCHOW YCTaHOBKE THAPOOJIOKOM YIPABICHHUS W OBICTPOpPa3beMHBIMU
nutaHramMu. biaromapst HCIOJIb30BaHUIO TIAHIIETHOTO MPOEKTOPa JOCTUTACTCS MaK-
CUMaJIbHasl BU3YyaJIU3allys THIPOMEXaHUYECKUX MPOIECCOB BHYTPH almnapaToB.

B cBs3u co crienudukoit GyHKIIMOHUPOBAHUS THAPOCUCTEM, TIPU BHITIOJHEHUHU
HKCIIEPUMEHTATBLHOM YacTH JabopaTOpHBIX PaboT cleayeT ynensiTb oco0oe BHUMa-
HUE TeXHUKE 0€30MaCHOCTH, MIPUBEICHHON B TIPHIIL. 7.

BaxxHoli cocTaBisitoiiei oTuera sBISIETCS aHAJIN3 PE3YIbTATOB U KOHKPETHHIE
BBIBOJIBI. 3aluTa Ja00paTOpHBIX PadOT MPOBOJIUTCS MO MEpPEe UX BBHITIOJHEHUS B TO-
psAKe, TMpeaycCMOTpeHHOM B mnpui. 6. I[lpm MOT0XKUTEILHONH OILIEHKE BCEX
BBITIOJTHEHHBIX pa0OT CTYACHT ToyiydaeT KadeapaiabHbIN 3a4eT Mo Ja0opaTopHOMY

MIPAaKTHKYMY.



JlabopaTtopHasi pabora Ne 1
N3YYEHUE 3JEMEHTHOM BA3BI THJIPABJIUYECKOI'O
INPUBOJA U CPEACTB I'NHIPOABTOMATHUKH

Lenv pabomoi

1. 3yuuTh OCHOBBI (YHKIIMOHUPOBAHUS, KOHCTPYKIIHIO, TCXHUYCCKHUE XapaK-
TEPUCTHKHN HAIIPABJISIONIEH, PETYIUPYIOIICH ¥ CHIIOBOM THIpOaIiiapaTyphl.

2. llpuoOpecT mpakTUYECKHWE HABBIKM IO pPa3paboTKe, cOOpKe U ompee-
JICHUIO KOHCTPYKTHBHBIX ITapaMETPOB OCHOBHBIX 3JIEMEHTOB MPOMBIIIICHHOTO TH/I-
POIIPHUBO/IA.

3. 3aKkpenuTh TEOPETUUYECKUE 3HAHUS MO pa3ieny «YCTpPOWCTBa U DIIEMEHTHI

IruapoIpuBoOaa».
1.1. KpaTkue TeopeTudeckue CBeJIeHUs

I'unpaBmuueckuii npuBox (I'T1) U cucTeMbl THAPOABTOMATUKH SIBIISIOTCS TIEP-
CIIEKTUBHBIM CPEJICTBOM aBTOMAaTH3allui MPOU3BOJCTBEHHBIX MpoIieccoB. Takue cuc-
TeMbl UMEIOT PsJ mpeuMyniecTB [1, 3] U OTKpBIBAIOT OOJIBIIME BO3MOXKHOCTH JIJIsI
CO3/IaHUSI MAIITUH C YJIYYIICHHBIMU XapaKTePUCTUKAMU.

— IIpu nepenave UACHTUIHON MOIITHOCTH TUAPOMOTOPHI O00JIee KOMIAKTHBI (MX
rabapuTtsl cocTaBisaOT 12-20 % oT raGapuToB rHAPOABUTATENS), MEHEE METAIIJIOCM-
KM, UMEIOT 00Jiee BRICOKOE OBICTPOCHCTBHE CpabaThIBaHUS.

— IIpocToTa BhIMOTHEHHS] OECCTYNEHYATOTO PETYIUPOBAHUS CKOPOCTH JBHKE-
HUS ¥ PEBEPCUPOBAHHOTO MPSMOJUHEHHOTO JBHXKEHHUS C IJIABHBIM Pa3rOHOM U TOP-
MO>KEHHUEM.

— ABTOMaTHuecKas 3aluTa MpUBOJa OT Meperpy3ku, MpocToTa CMa3Ku, MOH-

Ta)ka, 00CITyKUBaHHUS.



— CnocoOGHOCTh pa3BHBaTh OOJIBIIME CTATHUYECKUE YCWIMS W KpYTSIIUE
MOMEHTBHI.

W3 HenoCcTaTKOB TUAPaBIMYECKUX CUCTEM CIEAYeT OTMETUTh HapyIIEHUE CTa-
OWJIBHOTO pekrMa paboThl M3-3a HarpeBa paboyeil KUAKOCTH B Ipoliecce padoThl,
HaJIM4Me yTeuyku pabodeil KUAKOCTH, HEBO3MOKHOCTh COOIOICHHS TOUHBIX Mepeaa-
TOYHBIX COOTHOUIEHUH, HampuMep B pe3bOOHAPE3HBIX LENAX CTaHKOB. TpedyroT
CEPbE3HOT0 M3YYEHHUsI BOMPOCHI HAIECKHOCTU 3JIEMEHTOB THAPONPUBOJA U THIPOAB-
TOMaTHKHU.

Ha puc.l npencraBieHa CTpyKTypHasi M NpUHIUIHUAIbHAS CXEMbl THUIIOBOTO
ruaponpuBoja [26] mogayu CBEpIMIbHON TOJOBKHU, MOSICHAIONIAS IPUHLIUIT JEHCTBUS
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Puc.1. CrpykrypHas cxema 00bEMHOI0 I'MIPaBIMYECKOTO MPUBOJA

[Ipu n300pakeHUH TUIIPABIMYECKUX CXEM MPUHATO UCIOJIb30BATh ONpeIeeH-
HbI€ YCIIOBHbIE 00O3HAY€HUs ISl KAKIOTO M3 BJIEMEHTOB, OHM OMNPENESIOT UX
(GyHKUMOHANBHOE W KOHCTPYKTHBHOE Ha3zHaueHue. Haubonee pacmpocTpaHeHHbIE
yCIIOBHBIE 0003HAa4YEHUsI OOJIBIIMHCTBA 3JIEMEHTOB NPEACTABIECHbI B NpUI.3, ¢ OC-

TaJIbHBIMU MOKHO O3HAKOMHUTBCSI B COOTBETCTBYIOIIEM rocTe [4—6].



T'uoponpusod — COBOKYITHOCTHh HAIPABIIAIOINICH, PETYIUPYIOIIEH M BCIIOMOTa-
TENBHOM anmapaTyphbl, MPeAHa3HAUCHHON IJIsl TPeoOpa30BaHus IJICKTPUUECKON 1 Me-
XaHUYECKOW SHEPTUU B THIPABIMUYECKYIO YHEPTHIO CHIIOBOTO MOTOKA (C Mapamerpa-
mu P, Q) u 3aTeM AallbHEHIIero mpeoOpa3oBaHusl €€ B MEXaHUUYECKYIO SHEPTUIO BbI-
XO/HOTO 3BCHA.

3HaHue ATHX 0003HAYCHHH MO3BOJSET COCTABIATH MPUHIUIHAIBHBIE W THJ-
paBIMYECKHE CXEMBI, a TIIABHOE, HCIIOJIB3YETCs AJIsi OOIIET0 03HAKOMJICHHS C pa3pa-
0aTbIBaEMBIM THIPOIIPHUBOJIOM.

[Ipumenenue qonoaHUTENbHBIX TporpaMMHbIX nakeToB (FluidSim, GydroCad
U JIp.) TO3BOJISIET CYIIECTBEHHO COKPATUTH 3aTpaThl BPEMEHH M CPEJICTB Ha pas3pa-
OO0TKY M MPOEKTUPOBAHHWE CHUCTEM THUAPONPHUBOAOB. B mampHeWmmx 1abopaTOpHBIX
pabotax Oynet ucnoiabszoBathes mporpamma FluidSim Hydraulics [9], B koTopoii He-
00XOAMMO TPOU3BECTH NPEIBAPUTEIHFHOE MAKETUPOBAHUE CXEM M3 HMMEIOIIUXCS B
0a3e 2JIeMEHTOB (CM. TIPUIL. 2).

B oOmem crmydae THApaBIMYECKUE CHUCTEMBl OOBEMHOTO PETYIWPOBAaHUS CO-
CTOSIT U3 CJIETYIOIINX THIIOBBIX YCTPOUCTB:

— 00BEMHBIE THAPABINICCKUE MAITUHBI

a) UCTIOJIHUTEIbHBIC YCTPONCTBA: THIPOMOTOPBI — YCTPOMCTBA ISl MPeoOpa3o-
BaHUS THIPABIMYECKON DHEPTHH KUIKOCTH B MEXaHHYECKYIO DHEPIHIO JBMKCHUS
BBIXOJIHOTO 3BEHa (BPAIAOLIETOCs — TUAPOMOTOPHI, BO3BPATHO-MTOCTYNATEIBHOTO —
CHJIOBBIC IIWJIMH]IPHI);

0) UCTOYHUKH SHEPTUU: HACOCH — YCTPOWCTBA ISl IPeoOpa3OBaHUS MEXaHH-
YEeCKOW PHEPTHMH BXOJHOTO 3BEHA (JIEKTPOJBUTATENh — HACOCHI, PYYHOH MPUBOI —
MIOMITBI) B THAPABIMYECKYIO SHEPTHUIO )KUIKOCTH;

— TUpoanmaparypa

a) peryJupyIoIre yCTPOWCTBa sl N3MEHEHHS M KOHTPOJIS TapaMeTpoB pado-
Yeil JKUAKOCTH (JaBICHHUS M pacxojia), K HIM OTHOCSITCS: HAllOPHBIC 30JI0THUKH, TIpe-
JIOXpaHUTENbHBIC KIIANlaHbl, PEIYKIIMOHHBIC KIAMaHbl, TOAMOPHBIC KJAlaHbl, pele

HaBJICHUA, OIPOCCCIIN, PETYJLATOPHI pacxoa,



0) ympaBJsIoUMe YCTPONUCTBA Il U3MEHEHHUSI HANPABIICHUS IBXKEHUS TOTOKA
paboueit )KUAKOCTU (pa3IudHbIE PACTIPEICTUTENHN);

— KOHTPOJIBHO-U3MEPUTENbHBIE TPUOOPHI — YCTPOMUCTBA JJIsl KOHTPOJIS Mapa-
METPOB MOTOKA pabouel KUIAKOCTU (MAaHOMETpPbI, TEPMOMETPHI, PACXOJOMEPHI, AaT-
YUKW TEMIEPATYypPhl, JaTYUKHU JaBICHUS);

— €MKOCTH, THJIPOAKKYMYJISITOPBI — PE3E€PBHBIC HAKOUTENU SHEPTUH;

— TUAPOJIMHUM — TPYOOIIPOBOIbI (3KECTKUE U THOKHUE), 00eCIeynBaloIue nepe-
Jady SHEpruu MOTOKa;

— KOHAMIIMOHEPHl — YCTPOMCTBA g CTaOWIM3allUd TeMIlepaTypbl paboueit
KUJIKOCTH (TEIJIO0OOMEHHBIC anmapaThl, 0aku U T. 1.);

— BCIIOMOTaTeNIbHbIE YCTPOWCTBa ((DUTUHTH, YIUNIOTHEHUS, PUIBTPHI, pe3epBya-

pBI U T. 11.).

1.2. O0bemMHBbIC THAPABIUYECKHE ABUTATEH (THAPOLUMIMHIAPBI)

IMunpormnunapst (I'L) — 310 mpocteiime no KOHCTPYKIMH 00bEMHBIE THAPO-
MAallVHbI, IPEAHA3HAYEHHBIC [IJISI BBIIIOJHECHUS JIMHEWHBIX IBUKCHUM, 4 B COYETAHUU
C TOpeoOpasyIMMU MEXaHWYECKUMHU TepejadaMy THUTla «IIeCTepHsSI-PeiKay WIn
«BUHT-TAWKa» U JJIS1 YIJIOBBIX MEPEMEIICHU M.

Ha puc. 2 npencraBineH ruipaBIUudeCKUil UIUHIP ABYXCTOPOHHETO JECUCTBUS
B JIBYX NOJIOKEHUAX, KOTJ|a JABJIICHUE MTOJAETCA B IITOKOBYIO MOJIOCTh U MOPIIEHB CO
IIITOKOM JIBHDXKETCSI BJICBO M KOTJIa JIaBJICHUE TMOJAETCS B OCCIITOKOBYIO MOJOCTh U
MOPILIEHBb CO IITOKOM JIBHXKETCS BIIPABO, @ U3 APYrOM MOJOCTH IIPU 3TOM MACJIO CJH-
BaeTcs B TUAPOOAK.

Konctpykuus I'l] 3aBUCUT B OCHOBHOM OT 1IeJiel ero nmpuMeHeHus. HepaxHo,
rae 'Ll HaxoAsAT cBO€ MPUMEHEHUE — B CTAHKAX, Pa3JMYHbIX MEXaHHU3Max, THAPO-
TEXHUYECKOM CTPOUTEIBCTBE C UCIOJB30BAHUEM CTAJIBHBIX KOHCTPYKIHM, B CTalle-
JUTEHHOM TMPOU3BOJICTBE WM JPYTUX CIydasiXx — JJIsl BCEX MOJOOHBIX 3a7a4 co3/1a-

HBI ITOAXO AN C KOHCTPYKIIUU.
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Puc. 2. 'uapaBnnyeckuil WIMHAP JBYXCTOPOHHETO JIEHCTBUS:

a — KOHCTPYKTUBHAsI CXeMa; 6 — YCIOBHOE 0003HAYCHUE

OCHOBOM KOHCTPYKIIMU SIBIIETCS TWiIb3a [, TIpeACTaBisolNias coboil TpyOy ¢
THIATEILHO 00pa00TaHHON BHYTPEHHEHW MOBEPXHOCTHIO. BHYTpU Tmib3bl nepemMeria-
eTCs MOpUIECHb 2, UMEIOUIUN PE3NHOBBIE MAHXKETHBIC YIJIOTHEHUSA 3, KOTOpPHIC Ipe-
JOTBpAIAIOT MEPETEKAHUE KUAKOCTUA M3 MOoJocTed nuwinHapa 4 u b, pa3aeneHHbIX
MOpIIHEM. YCWIME OT MOPIIHSA MEpPeNaceT IITOK 6, MMEIOIIMI MOJUPOBAHHYIO IO-
BEPXHOCTh. [[7151 €ro HampaByieHuUs CIYKUT TPyHAOYKCa 4, 3aKpeIUIeHHas: Ha pe3b0e C
yiioTHeHreM 5. C IByX CTOPOH B THJIb3€ BBINOJHEHBI OTBEPCTHUS JJIsl MOABOAA U OT-
BOJIa paboueii )KUJIKOCTH.

VYIUIOTHEHUE MEXIY IITOKOM U KPBIIIKOW COCTOUT U3 JIByX MAHXKET, OJHA U3
KOTOPBIX MPEIOTBPAIIAET YTCUKH JKUAKOCTH U3 UWJIUHAPA, a JApyras CIyXKUT rps-
3echeMHUKOM. Ha pe3p00ByI0 YacTh MITOKA KPEMUTCS MPOYIIMHA WU JeTajlb, COSIu-
Hatomas ['1] ¢ moaBr>xXHBIM MeXaHu3MoM [ 15].

Paccmotpum noprrueBoii 'L ¢ ogqnocToponanM 1mtokom (puc. 3). OCHOBHBIMHU
napamerpamu nopurHeBoro I'l] siBisitores: quameTpsl opiHs D u mtoka d, pabodee

napiieHue P u xoa mopiHs S.
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Puc. 3. PacueTHas cxema OJHOIITOKOBOTO THAPOIMINHIPA

ITo OCHOBHBIM MapamMeTpaM MOKHO OMPEAECTUTD CICIYIONIUE 3aBUCUMOCTH:
1) Ilnomanp nopirHs S, B MOPITHEBOM MOJOCTH | ¥ B IITOKOBOK S, MOJOCTH

2 COOTBETCTBEHHO COCTaBJISAIOT:

nD?
Sl _Ta (1)
B Tt(D2 —dz)
Sy == 2)

2) VYcunue, pasBuBaemoe mrtokoMm ['1] mpu ero BbIABHMKEHUM U BTATUBAHUHU

COOTBCTCTBCHHO.

F

BHI

= S,Pk,, 3)
F

B2 S2P2kTp H (4)
rae ky, = 0,9-0,98 — x0addunreHT, y4uThIBaIOIUI IOTEPH HA TPEHHE.

3) CxopocTh nepeMenieHus MOPITHS:

_ 49
V] - TCDZ ’ (5)

__ 40
T D - (©)

BLINOJIHUTHL CAMOCTOATEJIBHO 3aJaHHE

1. Paccuntate ['l] OBYXCTOpPOHHETO AECHCTBHUS MO CIEAYIOUIMM HCXOJHBIM
JIAaHHBIM:

— HOMUHaNbHBIN pacxon 'L QH0M=5,3-104 M/c (31,7 n/mun);

— HOMUHaNbHOE napieHue 6,3 Mlla.
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OcranpHble JaHHBIE OEpyT M3 PE3yJIbTAaTOB aHAJIM3a 3aMEPOB OCHOBHBIX
3JIEMEHTOB MAKETa OJHOIITOKOBOTO nopmHeBoro 'L,

2. PaccunTath ClIeAYIOUIME XapAKTEPUCTUKHU:

— IUIOUIAIA MOPIIHS B MOPIIHEBOM S| W B IITOKOBOM MOJIOCTAX S5;

— yCWJIne, pa3BuBacMOC MITOKOM FH IIpHu €ro BBIABUKCHHUH F;?.H] 1 BTATI'MBaAHUU

BH2

— CKOpPOCTb NICPCMCIICHMA ITOPIIHA B IIPAMOM Vi U O6paTHOM Vo HAIIPaBJICHUMAX.

1.3 Perynupyrommue ycrpoiicrea I'Il — npoccenn

Perynupytomue yctpoiictBa (PY) mnpennasHaueHbl A W3MEHEHUS WU
nojJiep KaHusl Ha 3aJaHHOM YpOBHE JIaBJICHUs WM pacxoaa pabodeil cpenbl U, Kak
CIEACTBUE, PAa3BUBAEMOM CHJIBI W CKOPOCTM JBHXKEHHUS HCIIOJHUTEIBHBIX
MexaHu3MoB. OCHOBOW 00O0OIIEHHON KOHCTPYKTUBHOM cxeMbl PY u ympamistonmx
ycTpoUcTB (YY) SBIAETCS 3alOPHO-PETYIUPYIOMIMN AJIEMEHT, MPU TEePEMEIICHUU
KOTOPOTO YacTHYHO WJIM TMOJHOCTBIO MEPEKPBHIBAETCA MPOXOJHOE CEUYCHHUE,
MpoIlycKaromiee NoTok padboueit cpenbl. [1o KOHCTPYKTUBHOMY HCIIOJHEHHIO HTOTO
anementa (I'OCT 17752-81) [6, 20] Bce ycTpoiicTBa pa3AeisitoT Ha 30JI0THUKOBEHIE,
KpaHOBBIC, KJIAllaHHbIE, HE30JOTHUKOBBIE (COIJIO-3aCiIOHKa, CTpyHHas TpyOKa,
CTpYHHBIE SJIEMEHTHI).

/lpoccenb — DTO TUAPABIMYECKOE CONPOTUBJIIEHUE, YCTAHABIMBAEMOE Ha
3aIaHHOM Y4YacTKE TUAPO- WU ITHEBMOJIMHUM, ISl YMEHBLIEHHUS] MOIIIHOCTH MOTOKA
paboueit cpenbl (CHUXKAETCs AaBICHUE 3a JPOCCENIeM) WU ISl U3MEHEHHs pacxojaa
paboueit cpelibl B LENSIX PEryJIMpOBaHUs CKOPOCTH UCTIOTHUTEIBHOTO MEXaHU3Ma.

[IpoxogHoe ceuyeHne HApoccensi CYHIECTBEHHO MEHBIIE JKUBOTO CEUYCHMS
rUApOAuHUN. ECIM OHO HE M3MEHSETCs, NPOCCENb Ha3bIBAIOT ITOCTOSHHBIM WU
HEPETYJINPYEMBIM, €CIIM U3MEHAETCS — APOCCeNb peryaupyemblil. [lo koHCTpykumu

pPas3iindaroT APpOCCCIbHBIC Iaii0bI MU BTYJIKH, APOCCCIIN.
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[TockonbKy Hanboliee MUPOKOE PACIPOCTPAHEHHUE MONTYUMIM TaK Ha3bIBaeMble
KBaJpaTUYHbIE JPOCCENIH, PACCMOTPUM €T0 HNPHUHIUI JIECUCTBUS U OCHOBHBIE AJIEMEH-
ThI KOHCTPYKLIHH.

[IpencraBiieHHbId Ha puc. 4 Ipoccellb — PETYIUPYEMBI, OOBEAMHEH B MOIYIb
c oOpatHbiM kinanmaHoMm 3. Pacxon maciia B JIaHHOM KOHCTPYKIMHU PEryIupyeTcs
OCEBBIM CMEIIIEHHEM MPOOKU 2 TOCPECTBOM PYKOSTKH 4 B Kopmyce npoccens /. B
pe3yabpTaTe 4ero M3MEHseTCs IPOXOJHOE cedeHue Ha Bxoae 4 u BbIXoge b u3
ycTpoiicTBa. B Takux apoccensx, Kak MpaBWIO, MOTOK JKUJIKOCTU — TYpOYJIEHTHBIH

(Re>Re,p).

a)
Puc. 4. Perynupyemslii gpocceinb ¢ 0OpaTHBIM KJIallaHOM:

a — KOHCTPYKTUBHAsI CXeMa; 6 — YCIOBHOE 0003HAYCHUE

Pacxon depe3 KBaJpaTHUHBIA Jpoccenb omnpeaensioT no ¢opmyie bep-

2 2
0, =18, /; Ap =S, /7g Ap, (7

raie W — koadduiuueHt pacxoga MpoxoaHoro ceudenus apoccens (0,6 — 0,72);

vy [1, 11]:

S — mIomaas NTpoXoaHOTO CEUCHHUS, Mz; Ap = p| — p, — nepenay napinenus, Mlla;
p p = Pp1—p p

. 3
p — IUIOTHOCTh paboyeil )KUIKOCTH, KI/M”.
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Hepenan HaBJICHUA HAa OPOCCCIIC OIIPCACIIACTCA 110 q)OpMy.He MMOTCPHU HTABJICHUA

Ha MECTHOM COINPOTHUBIICHUH — ypaBHeHHEM bopaa [12]:

Y
Ap=gp7, (8)

rae  — K03 (HUIMEHT MECTHOTO COTIPOTUBIICHHUS 3aITOPHOTO 3JIEMEHTAa MHEPIIMOHHO-
T'O APOCCEIIS; V — CKOPOCTH KUAKOCTH B MPOXOTHOM CEUSHHUH JIPOCCEISI, M/C.

OOpatHbIe KIIalaHbl — YCTPOWCTBA, MPEIHA3HAYCHHBIC JIJIS MTPOIYCKaHUS JKU/I-
KOCTH B OJTHOM HampaBJIecHHH (cM. puc. 4, 1o3. 5). B 3aBucuMOCcTH OT GOPMBI U KOH-
CTPYKIIMM 3aIllAparoiero 3JEMEHTa KJIallaHbl OBIBAIOT IAPOBBIC, ¢ KOHUYCCKUM
3aTBOPOM WJIM 30JIOTHHKOBOTO THNa [8]. Bo Bcex KOHCTPYKIHMSX 3aTBOP 5 MOXKAT
K CeJUTy MPYKUHOH 3, paCCUYMTAHHON HA MPEOOJICHUE CHJI TPEHHUS U €r0 COOCTBEH-
HOTO Beca.

BbINoJHUTH CAMOCTOSITEILHO 3aaHHE

Paccuutanb M TOCTPOUTH PaCXOTHO-TICPENATHYI0 XapaKTEPUCTHKY PeEryJIu-
pyemoro apoccens o Gopmynam (7) u (8) 1o 3aJJaHHBIM IMapaMeTpam:

— Ap — nepenan AaBJICHUA 40 U ITOCJIC APOCCCIIA, 3a0aCTCA IIPCIIOAaBATCIICM

— W —koadduimeHT pacxoaa Apoccens, OepeTcs U3 ClipaBOYHUKA;

— § — momanbk MPOXOJHOTO CEYEHHUs Jpocceis, BbIYUCIsAETCS 1o ¢op-
myze [7]:
h*t
2sin” o

Tac h — BeauuMHa OTKPBITUA APOCCEiId, M; O, B — TCOMCTPHUYCCKHUC I1apaMCTPhI

ICJIn.
1.4. Perynupyrommue ycrpoiictsa I'll — kiranansl

B ycTpoiicTBax KjanmaHHOrO THIMA BEJIMYMHA OTKPBITHS MPOXOJHOTO CEUCHHS
M3MEHSIETCS OT BO3JIEUCTBUS paboueil cpeibl, MPOXOoAIlel Yepe3 YCTPOMCTRBO.
YCeTpoiicTBO  KJIamaHHOTO THUMA WJIM TPOCTO  KJIalaH, MOXKET HMETh,

30JI0THUKOBBIH [ 16, 26] wnu kinananHblii (puc. 5) 3aOpHO-PETyIUPYIONINI 3JIEMEHT.
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Puc. 5. O6paTHblii KJ1anaH ¢ KJIallaHHBIM 3alI0PHO-PETYIUPYIOIIUM 3JIEMEHTOM:

a — KOHCTPYKTHUBHAsI CXeMa; 6 — YCIIOBHOE 0003HAUYCHHE

VYcerpoiicTBa, yrpaBiisieMble U3MEHSEMbIM BHEIIHUM CUJIOBBIM BO3AECHCTBHEM
Ha 3allOpHO-PETYJIUPYIOIIMNA 3JEMEHT B LENAX IOJYYEHHs 3aJaHHOrO 3HAYCHHS
JaBJIeHUS WIK pacxoja pabodeil cpejpl, Ha3bIBAIOT peryiaupyeMbiMu. Eciu npoxon-
HOE CEYEHUE U CHUJIOBOE BO3JICWCTBUE HA 3AMOPHO-PETYJIHUPYIOIIHAN 3JIEMEHT MOTYT
OBITH U3MEHEHBI U3BHE TOJBKO B HEPAOOUYEM COCTOSTHUM T'Hapoanmnapara, ycTpoucTBO
Ha3bIBalOT HACTPANBAEMBIM.

Bo Bcex KOHCTpyKIMSAX, KpOME KJIalaHa TapesibuyaToro THIA, 3aTBOP 2 B KOp-
nyce / momxar K cefuty 4 (OH e KOpIyc 3/1eCh) NPY>KHUHOU 3, pacCUMTaHHOMN Ha Tpe-
OJI0JICHHE CHUJI TPEHMSI K1 COOCTBEHHOT'O Beca 3aTBOpa.

Ecnm nHampaBneHMe NOTOKa UM3MEHSETCS, TO, IOMHMO TPYXHUHBI, B
KOHCTPYKIMSX IIapOBBIX KIANAaHOB C KOHWYECKUM 3aTBOPOM 3aTBOpP IUIOTHO
NPWKUMAETCsl K CeMJly JIaBIEHUEM IKUJKOCTH, TMpeJoTBpaias oOpaTHBIM TOK
KUAKOCTH. Hamnydiryro TrepMeTMYHOCTh TPU  3aKpBITOM  3aTBOPE  CO3AAET
COMpsKEHNE KOHYCHOE WU cephl U KOHYCa.

VYcnoxkuenHass MoauduUKaus TaKUX YCTPOHMCTB — OOpaTHBIM KilamaH
OUCTAaHLIIMOHHBIM  YIIPaBJIIEHHMEM — TuUApo3aMOoK [13], mnpenHa3sHayeHHBId IS
MPOIMYCKaHUS S>KUJKOCTH B TMPSIMOM M OOpaTHOM HaIlpaBiICHUSX B MOMEHT

BOSIICﬁCTBHSI YIPaBIAIOMUM CUTHAJIIOM 110 JAaBJICHUIO.

16



1.5. Perynupyrommue ycrpoiictsa I'll — kiiananbl

Takue ycTpoiicTBa SBISAIOTCS XapakTEpPHbIM NPUMEPOM KIamaHa MpsIMOTO
NEUCTBUSL  IUIYHXKEPHOIO  THUHA. ODTO  MHOTO(YHKIMOHAIBHOE  YCTPOMCTBO,
MO3BOJISIONIEE MPEAOXPAHITh CUCTEMY OT MEpPErpy3Ku, MOAJIEPKUBATh MOCTOSHHOE,
OTpaHUYECHHOE MO MaKCUMaJIbHOM BEJIMYMHE JlaBlieHHWe, o0ecreunuBaTh Tpedyemoe
HOJIOPHOE [JABJIEHUE, HAIpUMEpP, HCKIOYaTh CaMOIPOU3BOJIBHOE OIyCKAaHUE
MOPILIHS IPU BEPTUKAIIBHOM pacnojiokeHuu nuiusapa [13, 19].

[TpuHIMn paboThl MEPENMBHOTO KJlalaHa MOSICHAETCS KOHCTPYKTUBHOM CXe-
MO, 1300paxxeHHOM Ha puc. 6.

Kpome 3T0ro, nepenmBHON KianaH MOXKET TakXKe U3MEHATh JaBJICHUE B Maru-
CTpajiy MOCTYIUICHUS MPU MOMOLIU PEryIupoBoyHoro BuHTta 5. [loBopaunBas BUHT 5
Ha CXKaThe MPYXKUHBI 4, MOXHO TakK€ YMEHBIIMTH IUJIOMIAJb KOJIBLIEBOTO 3a30pa
MEXIy KOHMYECKUM MOsICKOM 30JI0THHKA 3 U KOPIycOM [, YTO MPUBENET K BO3pacTa-
HUIO AaBjeHust B nojioctd P. Eciu ocnabuth mpykuHy, JaBlieHHWE B MOJOCTH P
CHU3UTCA.

P (&)

o~
|
L]

Ny Trel

0)

L

[

A/ T@\E L
a)

Puc. 6. [lepenuBHOI Ki1amaH 1aBJICHUS:

a — KOHCTPYKTUBHAsI CXeMa; 6 — YCIOBHOE 0003HaYCHUE
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PaGoraet xnanan ciengyromuM odpasoM. XKuakocTs, nocrynaromas U3 ruapo-
CTaHUMH MO MAruCTpajiy P moJ BBICOKMM JABIECHHUEM, MOMAaas B JEBYIO MOJIOCTh A
KJIAIlaHa, I10 LIEJIEBOMY KOJIBLIEBOMY 3a30PYy MEKy KOPIIyCOM KJIamaHa / ¥ KOHHYe-
CKHMM MOSICKOM 30JI0THUKA 3 BBITEKAET B MOJOCTh b, COEAMHEHHYIO CO CIMBHON Ma-
ructpasibto 7. Ilpu 3TOM 4acTh BBICOKOI'O JABJICHUS TEPSAETCA 32 CYET APOCCEIHUPO-
BaHMS KUAKOCTH B KOJBLEBOM 3a30p€, CJIMUBAs YaCTh OCHOBHOI'O MOTOKA KUIAKOCTHU B
0ak. CuioBoe paBHOBeCHE 30JIOTHMKA KJlallaHa OOECHEeYMBAETCS 3a CUET YCHIIUS
MPY>XUHBI 4 C OJTHON CTOPOHBI U CHJION AAaBICHUS >KMIIKOCTU B TOpel nuddepeHiu-
aJIBHOT'O 30JIOTHHKA B II0JIOCTH 4. B 0011eM cinydyae ypaBHEHNE paBHOBECHUS 30JI0THH-

ka 3 (puc. 6) umeer Bun [13]:

2
P,“Zg —cx+G+T, (10)

rjae P; — moaABoIMMOE K 30JI0THUKY NaBieHue, [la; d;, G — nuameTp u Bec IUTyHXKepa,
M U H, COOTBETCTBEHHO; ¢, X — XECTKOCTb M IIPEIBAPUTEIBHOE CXKATHUE
NpYXUHbI, M; T — cula TPEHUS TIPU NEPEMEIICHUH 30J10THUKA, H.

N3 ypaBaenust (10) scHO, 4TO ecliU yCWJIHME, CO3JaBaeMoe JaBjicHuUEM P,
MEHBIIIC YCUJIUS MPYXKUHBI 4, TO TUIYHXep OyIeT MpUKaT K JEeBON 4acTu Kopiyca /, a
nosnioctu P u T pazoOuiensl. [Ipu noBeieHun 1apieHuss P B onpeaeaeHHbI MOMEHT
IUIYH)KEP TMEpEMENIAETC BIPaBO W coeauHser nonoctu P u 7. llpm sTOM
YMEHBIIAIOTCA OTEPU JABJIEHUS B 3a30p€, YBEIMUYMBACTCS PACXOM KUIKOCTH YEpe3
KJallaH © JAaBJIEHHUE B IIOJIOCTH P BOCCTaHABIMBACTCA JO IEPBOHAYAIBHOTO
3HaueHus. [Ipu yMeHbIIEHUM JaBlEHUs B MarucTpaid P NpoucxoauT oOpaTHBIN
nporecc. Takum 00pa3oM, MEpPeTWBHOM KJIalmaH BBHIMOJHIET POJib CTAOMIM3aTOpa

HaBJICHUA, IMIOAACPKUBAA €T0 IIOCTOAHHBIM B HaHOpHOﬁ MarucCTpajin.

1.6. Hanmpagasiromue ycTpoiicTsa (pacnpeaemre/id) THAPONPUBOA0OB

YcTrpoicTBa, NOpeaHA3HAYEHHbIE UIS  [OJABOAA, OTBOJA, W3MEHEHMS
HaIpaBJICHUs IBVKCHHS WJIU TIEPEKPBITHUS MOTOKa pabouei KUJIKOCTH, OTHOCSITCS K

TaK HA3bIBACMBIM PACIIPCACIIUTCIIAM.
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[Io KOHCTPYKTMBHOIO MNPHU3HAKY pa3IMYalOT YCTPOMCTBA 30JIOTHUKOBOTO M
HE30J0THUKOBOro THUna. llepByro rpynmy MOXKHO Kilaccu(UIMpPOBaTh  Kak
30JIOTHUKOBBIE, KPAaHOBBIE W KJAMaHHble pacnpenenurenu. K pacnpeaenurensm
HE30J0THUKOBOTO THUIIA OTHOCST YCTPOMCTBA CO CTPYHHOU TpYyOKO# M THIIAa «COILIO-
3aciioHKa» [16, 22].

HauGonpiiee npumMeHeHUEe MOIYUYMIM paclpeaesuTead 30J0THUKOBOTO THUIA
[16, 23, 24]. Pacnpenenurenyn MHUPOKO NPUMEHSIOT B KAyeCTBE YIPABIIAIOLINX
YCTPOWCTB U B CAEASALIEM TUAPONPUBO/IE.

Knaccuduuupytot ruapaBindeckue pacpeieauTeNH CleayomuM 00pa3oMm:

— M0 croco0y yNnpaBieHUs: C PyYHBIM, THAPABINYECKUM, THEBMATUYECKUM U
ANEKTPUUYECKUM;

— KOJMYECTBY MO3ULIMNA: JBYX-, TPEX- UETHIPEXMO3UIMOHHBIN ((PUKCUPOBAH-
HBIX MOJIOKEHUH pacTIpeIeIUTENLHOTO AJIEMEHTA);

— KOJMYECTBY TUAPABINYECKHX JIMHUM CBA3U: OJHO-, JBYX- TPEXJIMHEMU-

HBIE U JP.

Mﬁwu ¥ _:- XW

Pl T

Puc. 7. l'uppaBnuueckuit pactipenenautens 4/3 ¢ pydHbIM YIPaBJI€HUEM U MPYKUHHBIM BO3BPATOM:

a — KOHCTPYKTUBHAsI CXe€Ma; 6 — YCIOBHOE 0003HaYCHUE

Ha puc. 7 npencraBieH TUApaBIUYECKAN YETHIPEXIMHEUHBIN TPEXMO3UIIMOH-
HBIW pacnpeaenuTelb ¢ pyYHbIM yIIpaBlieHuEM. B HEUTpaabHOM IMOJI0KEHUH €r0 BbI-

XOOHBIC MATruCTpaIn AuB 3dKPbITHI, 4 HAIIOpHAsA Marucrpajib P COCAMNHCHA CO CJINB-
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HOM Maructpayibto 7. PacnipenenuTenbHblid AJ1EMEHT — IUTYHXKEp 2 — UMEET BHYTPEH-
HIOIO MPOTOYKY, MO3BOJISIIONIYIO COCIUHIAThL B Kopmyce / paboune okHa T u P s
MOJIBOAA U OTBOJA KUIKOCTH.

N3MeHeHrneM MOJI0KEHUS PYKOSITKM 3 BO3MOXKHO MEPEKIIIOYEHUE paCTIPENeII-
Tels B KPaWHIOIO TPaBYIO M JIEBYIO TMO3UIIMH, KOTOPbBIE YyJEp)KUBAIOTCS (PuKcato-
poM 5. IIpyxuHbI 4 HEHTPUPYIOT 30JOTHUK paClpenesuTeseM 2 B HEUTPAIILHOM TIO-
JIO)KeHUU. B mepBoM cilydae — JIMHUAS HAIlOPHOM Maructpaiu P COeNUHSIETCS C BbI-
XOJIHBIM KaHajioM B. Bo BTOpoM ciiydae — obecrieduBaeTcsi COeAMHEHNE HANOPHOU
Maructpaiu P ¢ BbIXOAHBIM KaHaioM A. Takoil pacnpenenutesb MO3BOJSET
YIOPaBJIATh ABYMS MOJIOCTSMHU YEPE3 HEUTPAIBbHOE IOJOXKEHHUE, KOTAA 3THU MOJIOCTH
3aKPBITHI.

BbINOJTHUTH CAMOCTOATEIBHO 32 JaHHE

JIa KaxI0ro u3 pacCMaTpuBaeMbIX TUIIOB THIPOANIIAPATOB: HWIUHAPA, IPOC-
cesl, KJallaHa JaBJICHUS U paclpeaeauTers 0 pe3yabTaTaM X U3yYEHHUs 3all0JIHUTh

TpeOyeMbIMU TaHHBIMU (HOPMBI (CM. TipuIL. 1).

KouTpoJibHBIE BONIPOCHI

1. JlaiiTe onpeneneHue ruipaBiInueckoMy IPUBOAY.

2. HazoBUTE THUIIBI YCTPOICTB CUCTEM THAPOITHEBMOABTOMATHKH.

3. KakoB npuHIMI AEHCTBUS U KOHCTPYKIUSA TUAPOLMINH]pA?

4. OObsiCHUTE TPUHIIUI JEHCTBUA U KOHCTPYKIUIO PETYIUPYIOUINX YCTPOICTB
TUAPOIPUBOAA.

5. KakoB npuHUUN JEUCTBUS U KOHCTPYKIMS HAINPABISAIOMIMX YCTPOMCTB TU-

pornpuBoaa?
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JlabopaTtopHasi pabora Ne 2
NCCJIEJOBAHUE I'HPABJINYECKOM
MUTAIOIIENA YCTAHOBKHA

Lenv pabomoi
1. O3HaKOMUTBCA ¢ pabOTOM MUTAIOIIEH YCTAHOBKHU Ja00OpaTOPHOTO CTEH/IA.
2. CHATh XapaKTEPUCTUKH MUTAIOIIEH YCTAHOBKHU.

3. I/ISYIII/ITB MCTOAHUKH NU3MCPCHUA 00BEMHOTO pacxoga KUIAKOCTH.
2.1. KpaTkue TeopeTniecKkue CBeleHUA

Hacoc, npuMmeHsieMblii B Ka4eCTBE THAPABINYECKON MAIIMHBI TTUTAIOIICH yCTa-
HOBKHU, 0OecrieunBaeT nojayy padouel »UJIKOCTH, Yallle BCEr0 MUHEPAIbHOIO Mac-
Ja, B ruApaBinyeckyto cucremy [23]. JleicTBuTenbHas mojaya o0bEMHOr0 Hacoca
HECKOJIbKO MEHbIIIE €r0 TeOMETPUUECKON Moaauu, onpeaensieMon pabouuM 00beMoM
Hacoca U CKOPOCThIO BpallleHHs] IPUBOJIHOIO BaJla, HA BEJIMYMHY NEPETEUEK U yTeUEK
’KUJIKOCTH BHYTPH HACOCa, a TAK)KE YMEHBIICHHS 00beMa CKUMAEMON KHUIKOCTH:

QH= QF_Q(p) —q(l’l), (11)

rae Op — reOMETpUYECcKas 1oja4a Hacoca, M'/c; ¢(p) — CyMMAapHbIil pacxoj mepere-

YeK, YyTEUCK U CHKATHSI )KUJKOCTH, ONPEIeIeMbIN MEepPera oM TaBlIeHUs B Maru-

CTpalsix Hacoca, M/c; g(n) — yMEHbIICHHE TeOMETPHYCCKON ITO[aun H3-33 He-
TOJTHOTO 3aIIONHEHNs PaboUnX KaMep Hacoca KUIKOCThIO, M /C.

B nemnsix orpaHudeHus JaBICHHS B HAIOPHOM MAarucTpaid HAcoca €ro BHIXOJ
COEUHSETCS ¢ 0aKOM NMUTAIOUIEH YCTAaHOBKM IOCPEJCTBOM IEPEIIMBHOIO KIAlaHa,
perjlaMeHTUPYIOIero nepeTeuku gy(p). Toraa ypaBHeHHE MOJayu MUTAIOIIEH ycTa-

HOBKU IIPUHUMACT BUJIL:

Ony = Or — q(p) — qp) — q(n). (12)
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3aBUCUMOCTh ¢ (p) OmMpeneNseT Iojadyy MUTAIOMIe YCTaHOBKH B THUIPO-
CUCTEMY.

B uccienyemoil nmutaronieid yCTaHOBKE HCHOJIB3YETCS HACOC IUIACTUHYATOTO
tuna [1, 26]. B Takux Hacocax BBITECHUTEIEM XHUJKOCTH SIBIAIOTCS IUIACTUHBI 3
(puc. 8, a). BHyTpeHHsIs1 TOBEpXHOCTh cTaTOopa / Hacoca UMEET CHeIUaIbHbIN Mpo-
¢bunb, 00pa3oBaHHBIN AyraMu OKPY>KHOCTEH, ONMMCAaHHBIX paaunycamMu R; u R, u3 of-
HOTO IIeHTpa. [{yru compsiratoTcst Mexay coOoi oTpe3kaMu KpUBOH (crupain Apxu-
Mena), o0ecreunBaroleid paBHOMEPHOE HapacTaHUE YCKOPEHHs MPU BBIJIBUKCHUU
IJIACTUH 3.

B kopnyce Hacoca CUMMETPUYHO PaCMOJIOKEHBI JBE MOJIOCTH BCAChIBaHUS B u
JIBE TOJIOCTH HarHeTaHusi H, mosTomy 3a oJuH 00OpOoT poTopa 2 C IuUlacTUHaMu 3

ABAKIBI MIPOUCXOOUT IMMPOLCCC BCAChIBAHUA U HAIHCTAHUA.

B 1 >

a)
Puc. 8. [InactuH4arast o0beMHas THAPOMAITHHA!

a — KOHCTPYKTHUBHAsI CXeMa; 6 — CIIOCOOBI KPETUICHHUS TUIACTHH B POTOPE

bnarogapss nuameTpaibHO MPOTUBOIMOJIOKHOMY Pa3MEIICHUIO TONoCTed 4
JaBJIEHUE Ha POTOp 2 ypaBHOBEIIMBAETCS, a MOJIIUIHUKKA POTOPA MOJHOCTHIO pa3-

I'PYKCHBI OT THAPABINYCCKUX CHIIL. H(I/II[KOCTB u3 nuaun H ImoaABCACHA 11O IIOJIOCTH
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5 (w3 nuHUK B B MOJIOCTh 6 COOTBETCTBEHHO) TOPIIOB IUIACTUH 3, TIO3TOMY pajuaib-
HOC TICPEMEIICHNUE TUIACTUH W MPWKUM UX K CTaTOpy / OCYIIECTBISICTCS HE TOJIBKO
IEHTPOOEIKHOM CHIION, HO U CUJION THIpaBInydeckoi (puc. 8, 0).

[Tpu BpamieHUn poTopa B yKa3aHHOM HANPABJICHUH IUIACTHHBI, PACIIOI0KEH-
HbIC B 30HaX B (Ha yyacTKaX NMEPEXOAHBIX KPUBBIX), OTXOMIST OT IIEHTpa poTopa, B pe-
3yJIbTaTe YETO 00BEM J MEXKIY IUIACTUHAMH 3 YBEIMYHUBACTCS — MPOUCXOIUT IPO-
necc BcachiBaHus. OOpaTHBIN MpoIleCcC — HarHETaHUE — OyAET UMETh MECTO B 30HAX
H, rne macTuHbl 3 OTXKHMAIOTCSA K IIEHTPY pOTOpa U 00beM 6 MEXIY IJIaCTUHAMU
yMeHbIaeTcs. J[BI)KCHHE IUTACTHMH B PaJHaIbHOM HaIpaBJICHUW OTCYTCTBYET Ha
ydacTKax cTaTopa, 00pa30BaHHBIX JyraMH paanycoB R, u R,.

O06neM paboueli KUIKOCTH, 1MOJJaBaEMbIii HACOCOM 3a OJIMH ITUKJI BCACBIBAaHUS
W HarHETaHWs, TPUOIMKEHHO MPUHUMAIOT PAaBHBIM 00bEMY MACJISTHOTO KOJIbIIA C pa-
IUYCaMHU 7'} U 7', U BBICOTOM, paBHOM mupuHe riactusbl [13]. Tak kak 3a onuH 060poT
poTOpa TaKo 00BEM MOJAETCsI ABAXKIBI, TO

q,=2n(r] —17")b, (13)

rje ¢, — ooumii 00beM mMacia, M b — ITUPUHA TUTACTUHBI, M.

N3 obmero oobeMa maciia HEOOXOJIHMMO BBIYECTH O00OBEM, 3aHMMAacMBIM IIIa-
CTUHAMH.

Ecnm z — xonuuecTtBo miacTuH, S — MX TOJIIIMHA, 00 — YroJ HAKJIOHA Ta30B

(mo 13°), To UICKOMBIN 00BEM:

_20S(r, 1)’z

q, (14)
cosal
Pabounii 00beM Hacoca:
.S(r —
%=%—%=2bnw“ﬁﬂ—i—ﬁllg- (15)
COSOL
Ilomaua Hacoca:
.S(r —
Q.=qn,=2b-n, 7t(r12—r22)—M . (16)
cosal

B TuAPONPUBOAC MIMPOKO IMPUMCHAIOTCA IIJIACTUHYATBIC HACOCHI OGprCZmHOZO

oeticmeuss tuna bI'12-4... [1, 15]. KoHCcTpyKums Takoro IUlaCTUHYATOTO Hacoca
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IpUBElIeHa Ha puc. 9. B xopnyce 7 ¢ kpplikamu / U 8 HAXOIUTCs cTaTop /5 ¢ mpo-
(buIbHOM BHYTPEHHEN MOBEPXHOCTHIO.
Porop 5, B mazax KOTOpOro yCTAHOBJICHBI JBEHALATh MJIACTUH /6, MTOMEIICH

Ha INIMnax Baja 1[, Bpalaromerocs B IIOAIUITHUKAX.

A
s Ls —

>

~ il o
3
2\ -~
= -
‘ \:/ ) \”
2 W,

5 % 73 12

I

A

Puc. 9. [InactunHyaThiit Hacoc AByKpaTHOro aeiictBus tuna bI'12-4...

K Topuam craropa mpuatbl IJIOCKUN JUCK 4, UMEIONIMIA OKHA BCAaCchIBaHUS A
u HarHeTaHus b, u auck /4 c meikoil. luck /4 B Hauane paboThl Hacoca MPKUMa-
€TCsl K CTaTopy npykuHamu /3, a B mporecce paboThl — JIaBJICHUEM paboueit Kui-
KOCTU B TIOJIOCTH HarHeTtaHus. [ ABYXCTOpOHHEro MmojBojia paboyelt KUIKOCTU B
pabouune Kamepbl Hacoca B CTaTOPE UMEIOTCS OTBepCTUd /7, yepe3 KOTopbie padoyast
AKUJIKOCTh MOCTYNAET B IIyXUE€ OKHA BCAChIBAHUS B B 1uCcKe /4. YIIIOTHEHUE KOPIY-
Ca OCYIIECTBIAETCS YIUIOTHUTEIbHBIMU KOJbLAMU 6, 12, MaHxeToil /() U mpoKIa-
Koi 9. Jlns oTBOJa yTeueK yCTaHOBJIEHBI KoJiblo 2 u mtyuep 3. B Tabn. 1 npexacras-
JICHbl XapaKTEPUCTUKU M TEXHUYECKHE IMapaMeTpbl OJTHOMOTOYHBIX HACOCOB JBYX-

KpaTtHoro aeiictus tuna bI'12, BI12 [14].
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TexHuueckue MMapaMCTphl INIACTUHYATHIX HACOCOB THUIIA bI'12

Tabnua 1

[Tapamerp

bI'12-41b

bII2-41A | BI' 12-41

bI' 12-42

PaGoumnii 06beM, cM°

3,2

5 8

12,5

HomunansHas mmojgada, J1/MUH

HE MCHEC

3,3

6 10,4

16,7

JlaBiieHue Ha BBIXOJE M3 Hacoca, MIla:
HOMHUHAJILHOE

MAaKCHUMAJIbHOC

10

12,5

AoOcomoTHoe JaBieHue Ha Bxonae, Mlla

0,08-0,12

8
YacroTa BpaleHus, MUH :
HOMUHAaJIbHAS
MaKCHUMaJlbHas

MHUHHUMAJIbHas

1500

1600

600

MomHocTs, KBT:
HOMHWHAJIbHAS

3aTpadyruBacMasd Ipu JaBJICHUHA

1,34

1,86 2,58

3,84

0,15

0,15 0,2

0,25

KIIl mpy HOMUHAIBEHOM PEKHUME:
00BEMHBIH

HOJHBIN

0,7

0,8 0,88

0,9

0,4

0,53 0,65

0,71

Cpennuii ypoBeHb myma, 1bA, He 6osee

72

TunoBast KoHCTpyKuusi HacocHOM craHuuu Bosh-Rexroth

MNpUBCACHA HaA

puc. 10. HacocHas cTanums npeacraBisieT co00i equHyI0 KOHCTPYKIUIO, B KOTOPOil

PaCIIOJIOKCHBI Oak B, W3TOTOBJICHHBIM U3 JIETKOI'O CIl)iaBa, C pe6paMH, KOTOpPbIC

NpuaAar0T KOHCTPYKIIUU Oaka 6OJIBH_IYIO KECTKOCTDb, KPBIIIKH Oaka IJIA KPCILJICHUA

Hacoca H, anekrpoasurarens 9/1, mydTsl Hacoca, cnuBHOro puiastpa @, ycrpoiicTsa

IUIsl KOHTpOJIsL AaBieHuss M, unaukaropa ypoBHsa Macna MJI, pe3p0OoBOii 3ariayuiku

CJIMBa Maclia, Bo3AymHoro Guibtpa [26].
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a) 0)
Puc.10. ManorabaputHas HacocHasi ctanuus Bosh-Rexroth:
d — KOHCTPYKTHBHAaid CXeMa, 0 — IIpUHOUIIMAJIbHAA CXEMa

2.2. JKCNIEpUMEHTAJIbHASl YCTAHOBKA

HccnenyeMble 00bEeMHBIM HACOC U AIEKTPUUECKUI JTaTYUMK pacxoja BKIIOYa-
IOTCSI B TUAPABIMYECKYH0 CHUCTEMY B COOTBETCTBUHM CO CXEMOW, NOKAa3aHHOM Ha
puc. 11. Hacoc paboraet B cocTaBe MUTAIONIEH YCTAHOBKU [, BKIIIOYAIOIIEH — DIIEK-
TPOIPUBOJ, NMPEJOXPAHUTENbHBIA KJIallaH U €MKOCTh ISl paboueil kuakoctu. Ha-
CTpauBaeMbli NMPEJOXPAHUTENIBHBIN KIalaH OTPAaHUYUBAET MAKCUMAJIbHOE JABIICHHE
B rugpocucreMe. [Iuraromas ycranoBka pupmbsl «PekcpoT» nMeeT, KpoMe Toro, Ha
Ka)XJIOM M3 YETBIPEX BBIXOJIOB PETYIATOP pacxona. Perynupyemslil nepenrBHOM Kia-
naH 2 peajusyeT 3aBUCUMOCTh ¢x(p) B ypaBHeHuu (12). Perynmupyemoe rua-
PaBIMYECKOE CONPOTUBIICHUE 3 SIBISETCS Harpy3Koi Hacoca U OINpEIENseT NaBICHUE
Po B IMHUM HarHeTaHus. Pacripenenutens 4 HanmpapiseT MOJady HAcoca B MEPHYIO
eMKkocTh 5 unu B Oak /0. Temmeparypa pabodeil KUIKOCTH KOHTPOJUPYETCS DIICK-
TpuueckuM tepmomeTpoM 9. TypOunHbIN pacxonomep 6 tuna T/P-8, ycraHoBieH-
HBIM B JIMHUW HarHeTaHWs, OOCIYKUBAETCS KOMIUIEKTOM almapaTypbl, Ipeodpasyro-

H_Ieﬁ CHUT'HAJI B YNCJICHHBIC ITOKa3aHU:.
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Puc. 11. I'mgpaBnuyeckas cxema CTeHAA IJI UCCIEAOBAHUS HACOCHOW CTaHIIMU

2.3. [lTopsaOK BBINOJHEHUSA PA0OTHI

1) BkI1oUnTh HACOCHYIO CTAHLIMIO MPU MOMOIIM MAarHUTHOTO TyCKaTENs.

2) IlepBblii OIBIT MPOBECTHU MPH MOJHOCTHIO OTKPBITOM Jipoccene 3. Jlanee, Ha-
CTpauBasi peryjaupyeMsblil apoccensb 3, co3/aTh Harpy3ky Ha MUTAloLIEed YCTaHOBKE,
OPUEHTHUPYACH IO MAHOMETPY 7. 3HaueHUs MPOTUBOJABICHUS B HANOPHOW JIMHUU
Hacoca 3aJal0TCs MPEnoiaBaTelieM.

3) [y KaXIOoro M3 OIBITOB, YCTAHOBUB JIPOCCEIIb, BBINOJHUTH 3aMEpPbl MPHU
MOMOIIU pacxojomepa 6 ¥ MEpHOro pesepByapa 5 (st OOJBIINX U MaJbIX PACXOA0B
COOTBETCTBEHHO). 3aMucaTh pe3yabTaThl U3MEPEHUI B Ta0. 2.

4) BritouuTh pacupenenuTenb 4, 3aMepuTb 00bEMHBIM CIIOCOOOM pacxXoj Mpu
6omee 75%-M nepexkpuiTun aApoccenieM 3. 3aduKCUpPOBATh BPeMs MOIbEMA KUJIKOCTH,
UCIIOJIb3Ys CEKYHJIOMEp M MEpHbIil pe3epByap 5. Pacnpenenurens § noimkeH OBITH

MCPCKPBIT JO OKOHYAHUS OIIbITA.

5) Tlo 3aBepuieHUN OMBITOB OTKPBITH ApOcceib 3 U KpaH &, BBIKIIOUUTH IH-

TAIOU[YI0 YCTAaHOBKY /.
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Tabnuua 2

PeBy.IIBTaTBI OKCIICPUMCHTA

JlaBnenue 3amepsl pacxoja Yacrorta [Tokaza-
Homep | B HarHeTaTeIbHOU Toxasarin BpalleHUsI | HHA aM-
OIILITA II0JIOCTH HAcoca Bpemss | OGbem | Bana Hacoca | HmepMeET-
p, Ila paconL03Mepa t, ¢ v, M n, MEH | paly A
W, m/c ’ ’
1
2
3
4
5

2.4. O0padoTKa pe3yIbTATOB IKCIIEPUMEHTA

B nanHo# pabore mapaMeTpbl MHUTAIONMIEH YCTAHOBKHU OINPEIESIOTCS MO Clie-
IYIOLIUM 3aBUCUMOCTAM [25].
1) [Tone3Hast MOIITHOCTH OMPEIEACTCS COOTHOIICHUEM::
N,=pQ, (17)
rae p — naeieHue HarHetanws, [la; O — nmomava, onmpenenseTcss Mo >XKUAKOCTHOMY
CUYETUYUKY U CEKYHJIOMEDY, M/c.
2) MoIiHOCTh Ha BaJly Hacoca:

NB.H = N;[nalm (18)

5

rae N,; — MOIIHOCTh, MOTpediisieMasl JIeKTPOABUTraTeIeM OT ceTH, KBT; m,; — KIIJ
ANEKTPOABUTATENS, TPUHUMAEMBIN paBHBIM (,78.

3) Honusit KIIJI Hacoca, KOTOpBIM YYUTHIBAET BCE IOTEPH, OMpPEIEISIeTCS

bhopmyIou:

n=—". (19)

n =2 (20)
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5) Tlo 3aBepiieHun J1a6OPaTOPHOM PabOTHI TPEOYETCS CHITH CEMEMCTBO Xapak-
TEPUCTUK NUTAIOMEN ycTaHOBKU Oy y = Opy(p) 1A TpEX PEKMMOB HACTPOUKH IEpe-
JIMBHOTO KJIallaHa U MOCTPOUTH TAPUPOBOUHBIN rpaduK pacxoaomepa:

On = k(Q) O, 21)

rae (O, — ACUCTBUTEIbHOE 3HAYEHUE PacXo/ia B JUHUU, U3MEPEHHOE OOBEMHBIM CIIO-

cobom; (Q, — nmpubOpHOE 3HAYEHHE pacxoja, CHUMaeMoe ¢ HUu(POBOro pacxo-

nomepa; k(Q) — QpyHKUMS YyBCTBUTEIBHOCTH, KOTOpas MPU TIHIATEIHLHON Ha-
CTpOMKE armapaTypbl MOXKET MPUHUMATh 3HaUeHue k(Q)=1.

Pe3ynbTaThl HMCHOBITAHUN 3aHOCSIT B MPOTOKOJ M TIOCJIE MaTeMaTHYEeCKOM
00pabOTKHU TIPEACTaBIAIOT B BUJE TpadukoB. [l TOCTPOCHHS XapaKTEPUCTUK
JOCTAaTOYHO 6—8 HSKCINEPUMEHTAIBHBIX TOYEK B JHMANa30HE W3MEHEHUS JaBJICHHS
Apo= 0-5 MI1a.

B 30He Hauana pa®oOThl MEPETUBHOTO KJIAMaHA YMCIO TOYEK JOJIKHO ObITh HE
MeHee TpeX. PexXxuMbl HACTPONKH NIEPETMBHOIO KJlalaHa JOJIKHBI UCKITIOYaTh MOJHO-

CTbIO OCIa0JEHHYIO U MOJHOCTHIO MOKATYIO IPYKUHY.

KouTpoJibHBIE BONIPOCHI

1. Ykaxure Ha rpadpuke O,y = On(p) TOUKy Hadana pabOTHl MEPEITUBHOTO
KJIalaHa.

2. Yem 00yc0BIEHBI HAKIOHBI XapakTepucTuk Oy = Oy (p) cnesa u crpasa
OT TOYKH Hayvasia pabOThI MEPETUBHOTO KilamnaHa?

3. Uto onpenensier JaBJICHUE B TUAPOCUCTEME?

4. Kak Bnusier nepenuBHo knamad Ha KII/] runpocucremMbr?

5. KakoBbl MOTYT OBITH TIOCIIEJCTBUSA 3aCOPEHUS (PUIIBTPA, YCTAHOBIEHHOTO BO

BcachIBaroNcH MarucTpajin Hacoca?
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JlabopaTtopHasi pabora Ne 3
NCCIEJOBAHUE KOOOPUIIUEHTA PACXOOA
PET'YJIUPYEMOI'O JPOCCEJIA

Lenv pabomoi

1. DKCnepuMEHTaIbHO OMpeAeInuTh KOd((HUIMEHT pacxolia PeryIHupyeMOro
JPOCCEIIS.

2. BBISBUTH CTENCHBb BIWSHHUS NApaMETPOB HACTPOWKH JPOCCENS Ha €ro TH]I-
paBIMYECKUE XapaKTCPUCTHUKH.

3. 3akpenuTh 3HaHUA MO pazaeny «l uapoarmapaTypa» THCHHILUIAHBI «[ uapo-

MMpUBOI U CPCACTBA ABTOMATUKN).
3.1. KpaTrkue TeopeTniecKue CBeleHUsA

Hpoccens npeacTaBiseT coO0H MECTHOE TUAPABINYECKOE COMTPOTUBIICHHE, YC-
TAHABIIMBAEMOE Ha MYTU TEUYEHUS XUIAKOCTH JJI1 PEryJupOBaHHs €€ pacxoia WIH
co37aHusl CONMpPOTUBJIEHUS. B ruaponpuBogax apocceid NPUMEHSIOTCS JUIsl PEeryJiu-
pPOBaHMUS CKOPOCTHU BBIXOJHOIO 3BeHa rujapojasurareneil. [Ipoxonnoe ceuenue apoc-
CeJisl CyLIECTBEHHO MEHBIIE KUBOT'O CEYEHUS TUIPOJIUHUY, U €CIIU OHO HE U3MEHSCT-
csl, Ipoccelib Ha3bIBAIOT MOCTOSIHHBIM (HEPETYIUPYEMBIM), €CIIM U3MEHSIETCS — IPOC-
cenb perynupyeMbiid. [1o KOHCTpyKIMM pa3inyaroT ApoccebHble Mai0bl UK BTYI-
ku, agpoccenu [20].

Hpoccenmu tumna III'77-1 (puc.12) cocTosT u3 cieayronux sjaeMeHToB [14]:
Koprnyca [, BTYJIKH 2, BTYJKU-Apoccens 3, BUHTa 4, Banuka 6, aumba &, KOHTp-
raiiku 7, npoOku /1, npyxunsl /0, ykazatens obopotoB 5 u mrudra 9. Macno u3
TUAPOCUCTEMBI TOJABOAUTCS K oTBepcTuio «llogBom» ammaparta, MpoXoauT 4epes
JIPOCCEIUPYIOLIYIO 1IeNb, 00pa30BaHHYIO (haCOHHBIM OTBEPCTHEM BO BTYJKE 2 U
TOPLIOM BTYJIKH-ApOccens 3, U OTBOAUTCS yepe3 oTBepctue «OTBOI». Pacxon pery-
JUPYETCSl MyTEM OCEBOT0 MEepeMEIleHUs BTYJIKHU-JIpocceliss 3 ¢ TOMOUIbI0 BUHTA 4 B
OJIHy CTOPOHY M MpYXHUHBI /() — B MPOTHUBOMNOJOXKHYIO. BUHT MmoBOpauuBaeTcsi OT

aumba § uepes BaJuK 6.
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a) 0)
Puc. 12. Ipoccens Ttum. I1I'77-11:

d — KOHCTPYKTHBHAad CXeMa, 0 — pacxogHO-NICPEriagHas XapaKTCPUCTHUKaA

OceBoMy MepeMeIlIeHUI0 BTYIKHU-APOCCENs COOTBETCTBYIOT HYEThIpe 00O0poTa
auM0Oa, 9TO TO3BOJIACT IJIABHO PEryarpoBaTh pacxona Macia. Ilocie kaxmoro moyHo-
ro obopora nuMO ¢ momoiplo MmMTHGTa 9 MOBOpayMBaeT Ha yroja obopoTa ykKa-
3arenb 5, Ha Toplue KOTOporo mmerorcs nudpsl 1—4; caMonpou3BOJIbHBIA TOBOPOT
yKa3aTes MPeI0TBPAIACT MAaPUKOBBIA MIPYKUHHBIN (PUKCATOP.

OcTpbie KPOMKH IO BCEMY MEPUMETPY APOCCETUPYIOMICH e MPAKTUICCKU
UCKJTIOYAIOT 3aBUCUMOCTh YCTaHOBJICHHOTO pacxoja OT TeMIlepaTyphl Macia, a Tpe-
yroipHas (GopmMa MPOXOAHOTO CEUEHHUS MPH MalbIX OTKPBITUAX YMEHBIIAET Orac-
HOCTb 3aCOpPEHHUSI.

Pacxon >KMIKOCTH dYepe3 IpOocCellbh TaKOTO THIA OMpENeseTcsl COOTHOIIe-

Huem [11]:

(22)

. 2

rae | — ko3pduuueHT pacxoja Apocceis; ® — MIIONIaAb APOCCEIbHON MIETH, M;
2 .

g — ycKopeHue ¢cBoOoiHOTrO0 najaeHus; g = 9,81 m/c”; y — ynenpHbIN BEC KHUJIKO-

ctu, y=9000 H/m’;
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Ap =D~ P> (23)
3ACCh p; — AABJICHUC JXUAKOCTH IICpCa APOCCCIICM, Ha, P2 — AAaBJICHUC XUIKOCTHU IIO-

cie npoccens, [la.

Koaddumment pacxona apoccens u3 cootTHoueHus (22):

_ 0,
O)O\/zg(pla _p23)/y

B 24)

ITpn sKcriepuMEHTaIbHOM OIpeieleHnu Ko (puIUeHTa |1, 3Ha4eHUe IUIOIa-
oM o, 0epyT u3 Tabn. 3 i yucaa aeneHui K Ha nmumOe npoccelis, 3alaHHOro Ipe-
nojasareneM. 3HayeHHs pacxoxa ()., NABICHUA pPi, U P), ONPENCIAIOTCS JKCIEPH-

MEHTAJIbHO.
Tabnuua 3

[TapameTpsl HacTpoliku apoccens ['77-11

K 7 8 9 10 11 12 13 14 15 16

o, mm> | 2,15 2.9 3,6 42 48 5,3 5,8 6,3 6,8 7.3

Jlns onpeienieHus: 1rana3oHa Iionaaend o, Ipu KOTOPhIX MOXKHO MOJb30BaTh-

Csl 3aBUCHUMOCTBIO (22) ¢ Ko3pPUUMEeHTOM W= , CTpOUTCA IpaUK KCIEPUMEH-
TaJIbHOM 3aBUCUMOCTH Ap(m) M PaCYCTHOM BENMYUHBI IlepenanaAp . . (oo) JaBJICHUS

P1 Y pr C HCTIOIB30BAHUEM COOTHOLICHUIA:

2 2
1 0 v
Mpacq ((D) = 2 2 y - = (P3y2_9 (25)
gH, \ O g
1
rac (p3 = = OKCIICPUMCHTAJIbHOC 3HAYUCHUC KOB(I)(I)I/II_II/IeHTa MCECTHOI'O COIIPpOTUB-
H,
JICHUA OPOCCLIIA, V = % — Cpeansas CKOPOCTb ABUIKCHUA KUIKOCTHU B APOCCCIIb-
o

HOM IIIeJIH, M/C.
3HaueHue (J, Takoe K€, KaKk U IpU OIpeeseHuu kodpduuuenta |, mno ¢op-

Mysie (24). 3Hauenue mwiomaau  6epyt u3 Tabiu. 3 aist yucna genenuii K =7 — 16.
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3.2. DKcnepuMEHTAJIbHAA YCTAHOBKA

[IpuHIIMTIMANBHAS THAPABIMYECKAS CXEMa UCIBITATEIBHOTO CTEH 1A, IPECTAB-
JeHHast Ha puc.l3, cocTouT U3 Hacoca — H; kjamnaHa nepeauBHoOro — K//; 1aTunukoB
nasnenus — JJ/[1, /[/[2; ucueityeMoro npoccens — /[PI; npoccens noanopa — JP2;

pacripefienuTeseil ¢ pydyHsIM yrpasieHueM — P1, P2; mepHoro 6aka — Mb; BeHTUIs

copoca u3 mepHoro 6aka — P3.

,,\#ﬁPZ
7 P2
| 472 ‘Vj)
| T T\J
7}1]&7
Vil
( ] b PX
w (O
= P37
A TS
® "
| w

—x
T
AN
S

P
1 |

Puc. 13. IIpuHununuaneHas rugpaBidecKas CXeMa UCIBITATEIbHOIO CTEH1a

[Tpu 3amycke snekTpoaBuraresns Hacoca apoccenu /[P1 w /[P2 nOIXHbI ObITh

OTKpBITHL. [lepenaa naBiaeHus Ha UCOBITYEMOM Jpoccene /[Pl 3agaercsa ¢ MOMOIIBIO

noanopHoro apoccens JP2. Jlapnenue nepen apoccenem /[P1 KOHTpoJIupyeTcs: aart-

YUKOM JaBjenus /[/{1, nocie — gataukoMm /{/[2.
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Pacxon npoccenst //PI MOXHO U3MEPUTH ABYMS CIIOCOOAMHU: C UCIIOIB30BaHU-
eM MepHoro 0aka Mb, Kyna ®KUAKOCTh MOJIAETCA MPU HaKMME Ha PYKOATKY pacrpe-
nenurenst P2. Ilpu oTKpbITUM BEeHTWUIs P3 JKUIKOCTh CIMBAETCS M3 MEPHOro Oaka
MF. Jlpyroii cmoco0 — ¢ UCIMOJIb30BaHUEM pacxojgoMepa PX, 4To mpuemiaeMo s
OOJIBIIIUX PACXOJI0B MPU OTKPBITUU Apocceis 6omee 1/3.

Cuna toka, nmorpebdssiemasi 3JIeKTPOIBUTraTesIeM Hacoca U3 AIIEKTPOCETH, U3Me-
psieTcsl aMIepMETPOM Ha MPUOOPHOI MAaHENH PSAOM C IycKaTelleM 3JIeKTPOoBUraTe-
JI1 HACOCHOM CTAaHIUU.

TemmepaTypa 10 ¥ TOCIE OPOCCENUPOBAHUS KOHTPOIUPYETCS U3MEPUTEIIEM-
perynsitopom TPM138-T u patunmkom temneparypsl (tepmorapa JATIILO11-0,5 u3
MaTtepHalia XpoMeib-Karelb ¢ ToKa3aTesieM TeIJI0BOM HHepIuu 3 ¢).

[TpuGop TPM138-T (cM. npui. 4) MO3BOISIET PETUCTPUPOBATH MTOKA3AHUS J1AT-
YUKOB OJHOBPEMEHHO C 8 KaHAJOB U3MEPEHHS U JA€T BO3MOKHOCTD JBYXIIO3UIMOH-
HOTO perynupoBanus. B nannoit mabopatopHoit pabote 3To naTyuku aaBiaeHus /{1,
/12 v temueparypwl JT1, JAT2. YctpoiictBo umeer untepdeiic RS-485 mns mox-
xiroueHus [IK um aBpromatuzanuu npouecca U3MEPEHUN U YIIPABIECHUS MOCPEICTBOM

SCADA cucrem.

3.3. Ilopsaa0K BBINOJTHEHUSA PA0OTHI

J11s1 BBITIOJTHEHMS JTaOOpaTOPHOU pabOThl HEOOXOJUMBI CIIEYIONIUE ACHCTBUS.
OtkpeiTh apoccenu /[Pl w /J{P2 (ycTaHOBUTh MaKCHUMAaJIbHOE JABJICHUE Ha IIIKaJe
Apoccenis), IIIyHXep pacnpeaenuTens P2 BbIABUHYT 10 0TKa3a, aMIEpPMETpP € IOMO-
LIBIO BBIKJIFOYATEINSI OTKIOYUTH OT CETH. VCIonb3yss KHONMOYHYIO CTAHLHUIO, BKIIIO-

YUTh JIEKTPOJABUIATEIIb HACOCA.
Ha mxane ucmbITyeMoro apoccens [P ycranosuts nenenne K, 3amannoe

npenoaasareneM. Jpoccenem /[P2 mo moKa3zaHHsM aMIepMeTpa YCTAaHOBUTH CHITY

TOKa, 3HAYCHU A KOTOpOﬁ 3aJal0TCA IIPCIIOAABATCIICM. 3anucaTh IMOKa3aHus JaTYUKOB

JUTI v J[/]2 B Tabm. 4.
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Tabnuua 4
PC3y.]'[BTaTBI 3KCHepI/IMeHTa

KonunuecTBo nenenuii
3amepenHast Ha IIKaje ucneiryemoro /[Pl

BeJIMYMHA K, | K |K, |K |K |K

HaBnenue p; mo ucneityemoro apoccens JIP1 (mokasa-
nue manometpa JIJ11), Tla

HaBnenue p, mocne apoccens [IP3 (mokaszanwe maHo-
metpa [1J12), I1a

[Tokazanue amnepmerpa, A

BricoTa mogbeMa JXUIKOCTH B MEPHOM Oake 0, MM

Bpewms norbema ypoBHsI B MEpHOM Oake ¢, ¢

Jl1s onpenenieHus pacxoaa UCHBITYEMOI0 ApOCCeIs 3aKpbITh BEHTUIb B. Pac-
npeaenuTeneM P HanpaBUTh MOTOK XUAKOCTH B MepHbI O0ak MbB. CekyHIomepom
3aMepUTh BpeMs IMOAbEMa YPOBHS JKMJKOCTM B MEpHOM Oake  Ha BBICOTY

hs =40+ 80 mM. Ciaenutsh, 4TOOBl YPOBEHDb )KUIKOCTH B MEPHOM Oake HE IPEBBICHI

OTMETKY, CACNaHHYI0 Ha mKajie. OTKPBITh BEHTWIb P3 W BBITYCTUTh KUAKOCTH U3
MepHoro 0aka.

OTkpbITH Ipoccenb /[P2 (ycTaHOBUTh MAKCUMAJIbHOE 10 BEJIMUMHE JIeJIeHUE Ha

IJ_IKaJIe). Ha mkane HCIBITYCMOTI'O OpOoCCCiid YCTAHOBHUTH OJHO U3 IleJ'IeHI/Iﬁ K 3a-

1o
JAaHHBIX HpeHOHaBaTeHeM. I[pOCCCHeM ﬂp2 CcO31aThb COHpOTI/IBHeHI/Ie B FI/II[pOHI/IHI/II/I,
TEM CaMbIM O6CCHqu/IB OHpeI[eHeHHOC 3HAYCHUC CHUJIBI TOKA HA HpI/IBOI[HOM JABUT'ATC-

ne Hacoca. IIpu sToM pacxonm uepe3 napoccenb /[Pl Oyner Takoi ke, Kak IpH
YCTaHOBKE IIKaJbl IPOCCENA HA AEJICHUE Ko- ITokazanus gataukoB /{1 n /[/]2 3aHe-

CcTH B Ta0I. 4.

3.4. O0padoTKa pe3yabTATOB IKCIIEPUMEHTA

1) Pacxon HCHOBITYEMOTrO ApocCeNs MPH 3aJaHHOM IIOKa3aHHU aMIlepMeTpa
IOJICUNTBIBAETCS 110 POpMYyIIE:
O

0= T (26)

2
rae oz =450 cM” — miomanabs MepHoro 0aka; ¢ — BpeMs MoJbEMa YPOBHS KHUIKOCTH B

MepHOM Gake Ha BbIcOTY /i, C.
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2) Koapumuent pacxona npoccesniss pacCUUTHIBAETCS U3 BhIpakeHUs (24).

3) Yucno PeitHonbaca npu apocceaupoBaHuu [7]

2
Re(t)=%, (27)

. 3
rae Oy, — pacxo[] )KUAKOCTH, IPOXOAAILIEH Yepe3 Apoccelb, M™/c; v, — K03()UIMEHT
KHHEMAaTHYECKOM BA3KOCTH paboueil »KUIKOCTH IIpu Temmneparype I, (onpeze-

JISIeTCSl U3 HAHOTPaMMBbI B IpUIIL. 5) , M?/c.

4) KoappuueHT ruipaBIm4eckoro COnpoTHUBICHUS:

2APS?
== 28
C Q,fpp (28)

Koaddumuent pacxoma apoccenss ompeneauTb, MOJB3YSICh COOTHOUIEHUEM
(24). 3nauenue ®, p, ¥ p, B3ATH U3 Ta0I. 3 U 4 st KouuecTsa JaencHus K.

Jlis onpeneneHus: 1yMana3oHa AaBiCHHUS C MOJYyYEHHBIM 3HaueHUEeM Kod(hu-
LMEHTA PAacXo/ia IIOCTPOUTS, IIOJIB3YSICh COOTHOIICHUEM (25), 3aBUCUMOCTE Ap . (©)
(cM. puc. 12, 6).

[ToCTpOUTh IKCIEPUMEHTATIBHYIO 3aBUCUMOCTh Ap(®), e Ap=p, —p,; BOC-
MOJIb30BaThCSl JaHHBIMU TabJ. 4. J[aHHbIE, HEOOXOAMMBIE ISl MIOCTPOEHUSI 3aBUCH-

mocte Ap,,. () u Ap(®), cectn B TabI. 5.

Tabauma 5
Pe3ynbTaThl 00pabOTKHU IKCIIEPUMEHTATBHBIX TAHHBIX
No KonmuaectBo nmenennii
- ITapameTpsl
. PaMetp K, K, K, K, K, K,

2
1 | o Mm

2 | Appacs, MIla

Ap, MIla

Ha ocHOBaHMU BBINOJHEHHBIX I/ICCJICI[OBaHI/Iﬁ CPaBHUTDH KOC—)(l)(l)I/ILII/ICHT pacxonga

apoccens W, HalaeHHsl ans apoccens ['77-11 skcnepuMeHTalbHO, ¢ KO3 PUIneH-

TOM pacxoja A OTBEPCTUS B TOHKOU cTeHke (u, ., =0,62). YcTaHOBUTH, KaK 3aBU-
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CUT PCXKUM IABWKCHHUA KUIKOCTH OT HaCTpOﬁKH APOCCLIIA. OT™METHTH COBIIaACHUA

HJIM  HECOBIAJCHUsS. pacuyeTHON Ap . (®) H DKCICPUMEHTAIBHONW 3aBHCHMOCTH

Ap(®), ykaszate ananaszoH, B KOTOPOM PAcXoj, PACCUMTAHHBIN 1o dopmyie (22)

COBIIAacCT C pacxoaomM I[pOCCCJ'ICfI.

KouTpoJibHBIE BONIPOCHI

1. Ot kakux napameTpoB 3aBUCUT KOA(PUIIMEHT pacxoia apoccens?
2. Kakum MeToIOM OMpenesstoTCs PacXoIHO-TIepernaHble XapaKTEPUCTUKHU

npoccens?
3. TlosiCHUTD HAMACHHYIO SKCIIEPUMEHTaIbHO 3aBucuMocts Ap (®) .

4. N3 xakux dJIEMEHTOB COCTOUT I/ICCJ'ICI[yeMBII\/JI APOCCCIIb U CTCIICHb UX BJIHA-

HHA HA THUAPABIINYCCKHUC XapaKTepI/ICTI/IKI/I?
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JlabopaTopHnasi padora Ne 4
NCCIEJOBAHUE XAPAKTEPUCTUK I'NMAPOITIPUBOJA
PN MOCJIEAOBATEJBHOM JPOCCEJIMPOBAHUN

Lenv pabomoi

1. O3HaKOMHUTBCS C TPHUHIMIIAMH PETYJIMPOBAHUSA CKOPOCTH pabodero opraHa
JUHEHHOTO THIPOIIPUBO/IA.

2. TlpuoOpecT HaBBIKM pacueTa THAPOIPHBOJOB JPOCCEIBLHOTO PETYIHPO-
BaHUHI.

3. MByuuTh JUHAMUYECKHE XapaKTEPUCTHUKUA THUAPOIPHBOJA IMPHU IOCIEI0BA-

TCJIBbHOM APOCCCIbHOM PETYJINPOBAHUU.
4.1. KpaTkue TeopeTniecKkue CBeleHUA

OCHOBHBIE KUHEMATHUYECKHE XAPAKTEPUCTUKU MCIIOTHUTEIIBHBIX JBUXEHHI
aBTOMATU3UPOBAHHOI'O TEXHOJOrM4Yeckoro obopynoBanus [21] — mepemerieHue,
CKOPOCTb, TIOJIOKEHUE, HATIPABJICHUE — 00ECTICYMBAIOT OO BEMHBIC THIPOMAIITUHBI WITH
CIIEHUAJIBHBIE YCTPOMCTBA TMAPOABTOMATUKHU: TPOCCENH, HAIMPABIAIOUIME U Jpocce-
JUPYIOIIUE PACIIPEAETUTENH, PETYIAATOPBI NOTOKA, TOPLIMOHEPHI, JEIUTENHN, CyMMa-

TOPBI IIOTOKA U OP.

[l M

LPT L4P2 APT P2
D D D D
BXOJ BBIXO/[] BXOJ BBIXO/[]

a) 0)

Puc. 14. TlocnenoBatenbHOE IPOCCETHLHOE PETYIUPOBAHUE:

a — JUIsl TPUBOJIA C THAPOIMIMHAPOM; O — JJIs IPUBOJA C THIPOMOTOPOM;

1 — perynupoBaHue HAOPHOM TUAPOJIMHUN; 2 — PETYIMPOBAHUE CIMBHOW T'UAPOITMHUN
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OO0s3aTeIbHBIM YCIIOBUEM SIBJIICTCS PETyJIMpOBaHUE 00beMa pabouel KUIKO-
CTH B PCIbHOM BPEMCHH. DTy 3a7ady peniaroT, IPUMEHsIs MalmnHHOE (00BEMHOE),
JPOCCEIbHOE M CTYIEHYATOe PEryJMpOBaHHUE pacxoaa padodeit kuakocTu. MHorma
UCITIOJIB3YIOT KOMOWHHMPOBAaHHBIE CIOCOOBI: MAaITUHHO-IPOCCEIBHOE, CTYIEHYaTO-
JIPOCCETBHOE U JIP.

B nannoii naGopaTopHoil paboTe paccMOTpeH CHocoO MOCiIeI0BaTeIbHOTO
JIPOCCEIIBHOTO PETYIUPOBaHUs 00BEMHOIO THIPONPUBOAA: Ha BXoje (puc.14, nos. 1)
B THJPOJIBUTATEIIb M Ha BbIXoJe (puc.14, mos. 2).

Cnoco6 perynupoBanus ['TI Ha exooe [1-3] obnagaer cienyomuMu 0coOCH-
HOCTSIMU:

— Beicokuit KITJ] B cpaBHEHUH ¢ APYTHMH JPOCCEIBHBIMH CIIOCOOAMH PETYIIH-
pOBaHMUS;

— 00bEMHBIC TIOTEPH B TUAPOCUCTEME HE BIUSAIOT HA CKOPOCTh, TaK KaK UMEECT-
st U30BITOYHBINA pacxo] Oyss, KOMIICHCUPYIOITUH YTCUKH,

— MpuBOA paboTaeT ¢ MaKCUMaJIbLHOW MOTPEOIIEMON HACOCOM MOIIHOCTBIO H
HE 3aBUCHUT OT Harpy3ku Fy;

— palMoHAJILHO MCIOIL30BaTh IMPU MOIIHOCTAX He Oonee N= 2—3 kBT;

— He o0ecreYrBaeT paBHOMEPHOE JBIKCHHME THIIPOJBHUIaTeIs, OCOOCHHO IPH
MaJIbIX CKOPOCTAX V<I M/MUH.

Hpyroit crioco6 perynupoBanusi ['Il Ha 6vixode [1-3] umeer cBOM OTIWYH-
TeJIbHBIC 0COOCHHOCTH:

— obecrnieynBaeTcsl 0ojiee paBHOMEPHOE JIBM)KCHHE THIPOJIBUTATENs, OCOOCHHO
IIPU MaJbIX CKOPOCTSIX v<I M/MHH, HO TpH 3ToM 3ameTHO cHuxkaetcs KIIJ rumpo-
CUCTEMBI;

— BO3MOJKHOCTh MCKJIIOUCHUS KjIalaHa MPOTHUBOJABICHHUS W OTBOJ| BBIJICIIAIO-
IIETOCS TeIIa MPU IPOCCETUPOBAHUHA B 0aK;

— HACTpOWKa MPEAOXPAHUTEIIBHOTO KjlalaHa Ha MaKCHMaJlbHOE JTaBJICHUE Ha-
IPY3KH, YTO COITPOBOKIACTCS MHTCHCUBHBIM TEIUIOBBIICIICHHEM;

— 3JIEMEHTHI THIPOJIBUTATEIIS HAXOATCS TOJ TIOCTOSHHBIM Pab04YuM JIaBJICHH-

€M, JaXKC IIPpU XOJIOCTOM XOIC.
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4.2. JKCNIEepUMEHTAJbHAS YCTAHOBKA

OKCHepUMEHTAJIbHBIN CTEH]I BXOJUT B COCTaB Y4EOHOro KOMILJIEKCA AUCIIUII-
JUHBI « 'UIPONPUBOA U CPEACTBA ABTOMATHUKN», TO3BOJISIET OCYLIECTBIIATh HE TOIBKO
MAaKETUPOBAHUE THIPOCUCTEM, HO U IPOBOJAUTH UCIBITAHUE TUAPOANIAPATOB, UCCIIE-
JOBaTh UX CTATUYECKHE U JUHAMHYECKUE XapakTtepuctuku [7, 11, 22]. [Ipumenenune
TUAPABINYECKUX, DJIEKTPOTUIPABINYECKUX DIIEKTPUYECKUX YCTPOMCTB, PACIHOJIO-
KEHHBIX HA MEPEXOAHBIX MOHTAXKHBIX IUIMTAaX, MO3BOJISIET OCYHIECTBUThH OIEPATHB-
HYI0 COOpKY—pa300pKy rUAPOCXeM Ha HAOOPHOM I0JI€ CTeHAa IPU MOMOIIU OBICTPO-
Pa3bEMHBIX MEXaHUYECKUX, TUAPABINYECKUX U AIEKTPUUECKUX COCTUHEHUM.

OOmuit BUJ CTeHJA NPHUBEJAEH Ha pHUC. 15 U TpeAcTaBiseT COOOM €IUHYIO
KOHCTPYKIIMIO, BKJIIOYAIONIYIO: MOHTQXKHYIO TaHEdb 2, PACHOJOXKEHHYIO MO o00e
CTOPOHBI Kapkaca [, 3JEKTPOMarHUTHBIN myckaTenb 3, TymMObl C 3JIEMEHTaMH
TUAPOCUCTEM 4, MEpHBbI pe3epByap 7, OJIOK 0Opa3lOBBIX MaHOMETPOB &,

TUAPOIHEBMOAKKyMyJaTop 20.

1600 500

Puc. 15. OOmuit BU SKCIIEPUMEHTAIBLHOTO CTEHA JIJIsl MAKETHPOBAHMS THAPOIIPUBOIA

(npouzBoactBo 3A0 « 9KOUHBEHTY)
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Banna 5 ocHamieHa cTalMOHapHbIM TEpMOMETPOM 6. KOMIUIEKTBI CMEHHOTO
ANEKTPOTUIPABINYECKOTO O0OpYAOBaHMs, PyKaBa BBHICOKOTO JABJICHUS, NAaTYUKU U
AJIEKTpUYECKHE KabeIu pa3MelaloTcs B AIMKaX TyMOBI 4.

IIpocTpaHCTBO MKy MNaHeIAMU 2 HUCHOJB3YeTCs Uil pa3MElIeHUs
CTAallMOHAPHBIX JJEKTPO- W THUAPOArPETaTOB: IPUBOJIHBIX 3JIEKTPOJBUIATENICH
HacocoB 2/, Harpy304HbIX MOPOUIKOBBIX TOPMO30B THUIPOMOTOPOB U OJIOKOB
CWJIOBOM aBTOMATHKU 22, oOpa3yoIlUX JIB€ JMHEMKHM CHJIOBBIX THJIPOArperatos,
Ka)KJasi U3 KOTOPBIX MpeAHa3HayeHa JJIsl 00CIyKMBaHUs OJTHONM MOHTaXXHOUW MaHENH.
CHsATHE  Harpy3o4HbIX  XapaKTEpPUCTHUK  OCYWIECTBISETCA  NOpU  IOMOILIH
YCTAaHOBJIEHHBIX TATYUKOB YTJIOBOM CKOPOCTU KU MOMEHTA CUJIBI 23.

Hag MOHTaXHBIMM TaHeNsIMH pa3MelleHbl OJIOKM 00pabOTKHM CHUTHAJIOB,
BKJIIOUAIOIIME MOJYyJIu: TpaHcpopmaTopoB 9, crabwinsaropa [0, reHeparopa H
KOMMyTaropa [/, aHajmoroBoro BbIXOoHa /2, TMTaHWs  JAaT4YUKOB /3,
MacmTabMpoBaHusl JaTYUKOB [4, WHIUKAMM JAaTYUKOB [5, ONEPALIMOHHBIX
yeunureneit 16, Taitmepa /7, renepatopa /8, ynpasinenus snektponssie /9 (bY1100

u BY2100).

DYC

A2

W oM

Puc. 16. IlpunnunuanbHas ruipaBityeckas cXxema SKCIepUMEHTAIBHOTO CTeH A

Ha puc. 16 npencraBinena cxema ruapaBidyecKkas TPUHUUIIMAIBHAS CTalUO-
HAapHOW YaCTU CTEHJa, BKJIIOYAIOLIAsl JABE HACOCHBIE CTAaHLMH, KaXKAas U3 KOTOPBIX
MMEET JJIEKTPOJABUTaTeNlb M, OCHAIlEHHBIM NAaTYUKOM YTIOBBIX ckopocted JYC u

JaTYNKOM MOMEHTA /[M, NByXIOTOYHBIA HacocC /1, [Ba NMpenoXpaHUTEIbHbBIX KalaHa
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KIIl, KII2, nBa maHoMeTpa KOHTpOJIA ucxomHoro nasienuss MHI, MH?2, ¢unbtp
3anuBHOM @, MepHbI O0ak MB, ¢ Tpemsi NEpeMEHHbIMH IITYLIEpAMU U CIMBHBIM
KJIAIIAaHOM.

CunoByo NMHEWKY 00pa3yloT JABa CHApPEHHBIX arperara, KakJIbli U3 KOTOPHIX
MMEET TUAPOMOTOP M, MOpOIMIKOBbIA TopMo3 [/7, naTuuk yrioBbix ckopocrent /JVC,

JaTYuK MoMeHTa /(M.

4.3. [TopsAAOK BBINOJTHEHUSA PA0OTHI

1) Ilo 6nok-cxeme ruaponpuBoaa (puc.17) cocTaBUTh €ro MPUHIUIHAIBHYIO

TUAPABIMYECKYIO CXEMY, UCIIOIB3YS dJIEMEHTHYI0 0a3y (cM. mpui. 3).

AP AP

Y Y

a) 0)
Puc.17. bnok-cxema CTpyKTypbl THAPOIIPUBO/IA C MTOCIEI0BATEIIbHBIM

JPOCCENIbHBIM PEryIMPOBAHUEM: a — Ha BXOJI€; O — HA BBIXOJE

2) C nomoipto nporpammbl  «FluidSIM Hydraulics V 3.6 English» cmonenu-
pOBaTh CXEMY PETryJUPOBKHA CKOPOCTH TOPIIHS, THIPOIMIMHIPA JIBYXCTOPOHHETO

HeﬁCTBHH B COOTBETCTBUM C COCTaBJIICHHOM CXEMOIM. y6eI[I/ITBCSI B IIPAaBUJIBHOCTHU
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CMOJIEJIMPOBAHHOW CXEMBI,

«FluidSIM Hydrraulics».

HUCIIOJIB3Yyd COOTBCTCTBYIOIIUC 3HAYKH IIPOrpaMMbl

3) Bgectu B nporpamMmy pCaJIbHBIC IApaMCTPbl IIPHUBOA4d, COOTBCTCTBYIOIIHC

QJICMCHTAM 3KCIICPUMCHTAJIBHOT'O CTCH/IA.

3.1) 'mapocTanus:

— nasnenwue — 2-10° I1a;

— pacxox — 6,3-10* m’/c (38 1/mun).

3.2) Pacnpenenutens 4/3 — 4eTbIpEXJIMHEUHBIN TPEXIO3ULIMOHHBIN C PYYHBIM

YIPABICHUEM.

3.3) M'uapouuauHIp ABYXCTOPOHHETO JICUCTBUS:

— xoa nopiHs — 200 Mm;

— no3utus nopiHs (Piston position) — 0;

— mwiomaab nopurHs (Piston area) 6ecIITOKOBON MOJIOCTU ¢ BHYTPEHHUM JIHa-

MCTPOM MUIIMHAPA d=16 MM, IITOKOBOM TIOJIOCTU C ANaAMCTPOM IITOKaA

dyr = 10 MM;

— none3Has Harpyska (Force) — 0.

4) BoimoaHuTh MAaKCTUPOBAHHUC COCTABJICHHOM CXEMbl Ha OKCIICPUMCHTAJIb-

HOM CTCHAC, UCIIOJIB3YyA TY KC JJICMCHTHYIO 633}7, 4qTO " IIpU BHUPTYAJIbHOM MOICIIN-

POBaHUHU.

PeBy.IIBTaTBI OKCIICPUMCHTA

Taobmuna 6

Ne | Hacrpoiika Bpewms Cropocts, Hapnenne B I'T]
MEepEeMEIEHUs, C epeMenieHust
ILI. | JIpoccens Py, 11a
0.1
1 1.1
2.1
5.1
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5) OTperynupoBaTh HEOOXOAUMOE JIaBIICHUE TUAPOCTAHIINU — 40-10° Ia pery-
JUPOBOYHBIM BUHTOM PEAYKIITMOHHOTO KjlallaHa THAPOCTAHIMU. YOeauThcss B pabdo-
TOCTIOCOOHOCTH CXEMBI, IEPEKOMMYTHPOBAB PACIIPEACIIUTEIb MIPU MTOMOIIH PYKOST-
Kd pacnpeaenutens. [lopieHs rTuAPONMINHIPA JOHKEH JIBUTAThCS CBOOOTHO B 00€
CTOPOHBI.

6) [TomHOCTBIO 3aKPBITH JPOCCENb PETYIHMPOBOYHBIM MaXOBHKOM. Y OCIUTHCA,
YTO MOPIIEHBb HE TIEPEMEIIacTCs.

7) Cnerka mpUOTKPBITH Jpocceiab MaxoBukoM (mopsinka 0,1 obopota), ybe-
JTUTBCS, YTO TOPIICHBb ABUKETCSA B 00¢ CTOpPOHBI. [Ipr moMoru cexyHaoMepa 3aMe-
PHUTH BpeMs IMepEMEIICHHUS IMOPIITHS. 3aMep MPOU3BECTH 3 pa3a M BBHIYHUCINUTH CPETHE-
apuQMETHIECKOEC 3HAYCHUE BPEMCHH IepeMeleHus. Ecaum oIHO W3 M3MEpEeHHBIX
3HAUYCHUH 3HAYUTEIHHO OTJIUYACTCS OT OCTAIBHBIX, €r0 HEOOXOJIUMO OTOPOCHTH W
MOBTOPUTH M3MepeHue. M3aMeputs naBiieHne Ha MmaHoMmeTpe M. Pe3ynbrathl 3aduk-
CUpPOBATh U 3aHECTH B Ta0I. 6.

8) 3aperucTpupoBaTh HACTPOHKY Ipoccessi, OPUCHTUPYSCH Ha KAy JIpocce-
ns1. [loBepHYTh Ha OIMH 00OPOT MaXOBUK JIPOCCENS] OTHOCUTEITHHO PUCKU MIPOTHUB Ya-
COBOH CTpENKH, MPUOTKPHIBAsI TIPH STOM MPOXOJHOE ceueHue apoccens. [loBToputh
3aMepbl BPEMEHH | JIaBJICHUS 110 T1. 7.

9) 3amepsATh BpeMsl IepeMeIIeHUs TIOPITHS 110 1. 7 0 TeX MOp, MoKa Peryiu-
pPOBKa HE MEPECTaHeT BIUATH HA YBEIIMYCHUE CKOPOCTU MEpPEMEIeHHUs MOpITHs. 3a-
(UKCUPOBATH BCE PE3YIIbTATHI N3MEPECHHIA, B TOM YHCIIC U TTOCIICTHUH.

10) IToctpouts rpaduku 3aBUCUMOCTEH CKOPOCTH, pacxoja, 3aTpaueHHOU
morrHocTd U KIIJ[ oT cTenenn oTKpBITHS Apoccens (B 000poTax OTKPBITHS) M TPO-
BECTH Tpaduyeckuii anaim3 ¢ nomoinbio nporpammel «Advanced Grapher». Cnenathb
BBIBOJIBI.

11) Cobpath cxeMy peryJIMpOBKH CKOPOCTH MEPEMEIICHUS MTOPIIHS ¢ YCTaHOB-
KOH Jpoccenist Ha BBIXO/E THAPOIMINHAPA B COOTBETCTBUU C puc. 14, a, mo3. 2.

12) [ToBTOpUTH NEHUCTBUS B MOCIEI0BATEIBHOCTH MO M. 6—10 11711 cXeMBI ¢ pe-

FYJII/IpOBKOﬁ CKOPOCTH C APOCCCIICM Ha BbIXOAC TMAPOIUINHIPA.
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13) CpaBHUTH C€NOCOOBI PEryIMPOBAaHUS CKOPOCTH IMEpPEMEIIEHUs THUAPOIH-
JMHJpa AJI BapUaHTOB MOCIEA0BATEIbHON YCTAHOBKH IPOCCENS Ha BXO/E U BBIXOJIE.

Cnenatb BbIBOJIbI 00 3()(PEKTUBHOCTH CIIOCOOOB.

4.4. O0padoTKa pe3yIbTATOB IKCIIEPUMEHTA

CKOpOCTB IIEpEMEILEHHS TOPIIHS BEIYUCISAETCA 110 BEIPAKEHHIO:
v, =LJt, (29)
rae L —XoJ MITOKa IWIMHAPA, M; { — BPEMS €ro HePEMENIEHHS, C.

Pacxon KUIKOCTH B pa60qeﬁ MMOJOCTU THUAPOHUINHIAPA  BBIYHUCIIACTCA I10

bopmyie:

0, =V/t, (30)
rjae V' — o6bem paboueit MonoCcTU THAPOLINHAPA, M°,

V=S.,L, (31)

. 2
311eCh Sy — IJIOIIAIb CeYeHUS padoyeil MOI0CTH HUIHHAPA, M”.

3aTpadeHHasi MOIIHOCTh THAPOIPUBO/IA JIJIS BHITIOJIHEHUSI HE0OX0AUMOMN pabo-
Thl [22] BBIUMCISETCS KaK MPOU3BEACHUE JABJICHUS, PAa3BUBAEMOI0 HACOCHOHM ycCTa-

HOBKOM, U €€ MAKCUMAJIbHOT'O pacxoga:
N3 = pH.yQH.y 2 (32)

Ile puy — JAaBIEHHE HACOCHOM ycrtaHoBku, MIla; Q,, — pacxon HacocHOW ycTa-
HOBKH, M°/C.
OHepretuueckas 3QPEKTUBHOCTh THAPOCUCTEM, C YUETOM BCEX €ro 3JeMEH-

ToB, onpeaesieTcss KITJI, koTopbiit MOXeT ObITh HalJIEH U3 COOTHOIIICHUN:

_ N, _ Fv,, _ J2Nom
N3 pHyQHy pHyQHy

Tac Nn — IMOJIC3HAad MOIIHOCTD, CO3aBacMadaA r’MAPOIUINHIPOM, BT; F — none3nas Ha-

nrn 1,]H.yn i ? (3 3)

rpy3Ka Ha IITOKe ruapounanaapa, H; p., — laBjieHue )KUIKOCTH B paboueil 1mo-
nocty ruapoumnaueapa, Mlla; n,, = 0,92 — KIIJI HacocHON YCTaHOBKH;

Nen = 0,9 — KII I ruapounnuuapa.
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I[JISI pacdcTra IOJIHOI'O HOAaBJICHUA, CO31aBACMOI'0O B HarHeTaTelbHON IMOJOCTH
rmaponuianHApa, BOCIIOJIb3YCMCA YPABHCHUCM I[ BepHYJIJII/I JJIs1 IIOTOKa BSI3KOM

KUIAKOCTHU:

2
PV
pFH:pCT+pHHH:pH36+ 2“) (34)

TJI€ per — TUIpPOCTaTHYECKOE aAaBieHue, [la; p,, — TUApOIUHAMHYECKOE JIaBJICHHE,
I1a; pyuss — MaBiIeHUE B HAMTOPHOM MOJOCTU TUApPOIMINHApPa, [1a; p — MIOTHOCTH
paboueil )KUIKOCTH, MPUHUMAEM JIJIsi UHIAYCTpUaIbHOTO Macia p = 900 kr/m>.

[TockonbKy M3MEpPUThH AaBJICHHE HEMOCPEJICTBEHHO B MOJIOCTH IMJIMHJpA 3a-

TPYAHUTEIHLHO, OCOOEHHO BO BpEMSI €ro JIBUKEHUS, 32 CTATUYECKOE JaBJICHUE MOYKHO

MIPUHATH JABJICHUE HEMOCPEJCTBEHHO TEepeJ]] BXOJIOM B THUAPOLMIUHJIAP, JOIYyCKas,

YTO OHU HECYLIECTBEHHO OTINYAIOTCS.
KoHnTpoJibHBIE BONIPOCHI

1. O6bsicHUTh MoBeAieHNEe (GYHKIIMI MOJIE3HOW U 3aTpauyeHHON MOITHOCTH B 3a-
BUCHMOCTH OT JABJICHUS HA BXOJE.

2. O0BsicHUTDh (UBUYECKHUI CMBICT 00BEMHOTO, THUIPABIUYECKOTO U MEXaHH-
yeckoro KIIJ[ ¢ Touku 3peHust SHEPTETUYECKON XapaKTEpUCTUKHU TuIponpuBoaa. Ye-
My paBen oomumii KIIJ[ Heperynupyemoro rugponpuBoia?

3. O0bsicHuTh Xapaktep rpaduka ¢pyukiuu 3aBucumoctu KIIJ runponpuBoaa
OT JABJIEHHS HA BXOJIE€ U BBIXOJIE.

4. Yem o0mwsicusetcs 3Hauenne KIIJ[ ruapornpuBoga mpu ApoccebHOM CIIOCO-

0e peryJaupoBKU CKOPOCTH Ha BXOJI€ U BbIXoje?
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JlabopaTopHnasi padora Ne 5
NCCIEJOBAHUE SQHEPTETHYECKUX XAPAKTEPUCTHUK
I'MIPOITPUBO/JIA ITPU ITAPAJJVIEJIBHOM
JAPOCCEJINPOBAHUN

Lenv pabomoi

1. O3HaKOMHUTBCS C TPHUHIMIIAMHU PETYJIMPOBAHUS CKOPOCTH pabodvero opraHa
JUHEHHOTO THIPOIIPUBO/IA.

2. TlpuoOpecT HaBBIKM pacueTa THAPOIPHBOJOB JPOCCEIBLHOTO PETYIHPO-
BaHUHI.

3. MByuuTh TUHAMHUYECKHE XapPaKTEPUCTUKH THUAPOIPHUBOAA TIPU Tapajlieib-

HOM JIPOCCEJIbHOM PETYJIUPOBAHUU.

5.1. KpaTkue TeopeTnyecKkue CBeleHUA

I'mpapaBnuueckuil MPUBOJ €CTh COBOKYIHOCTH TMIPABIMYECKUX YCTPOMCTB U
MaIlliH, TpeAHa3HAUYCHHBIX JI1 MpeoOpa3oBaHus W MEpeaadyd dHEPTHH Ha PaccTos-
HUE TIOCPEACTBOM XUAKOCTH [1, 3].

OCHOBHBIM OKCILTYAaTaAllUOHHBIM ITApaMCTPOM TUAPOIIPUBOAA ABJIACTCA €TI0 I10-

nesHas MomHocTh IV, KOTOPYI0 MOXKHO ONpPEIeIUTh 0 GOPMyIIaMm:
JUTSI TUIPOUMIUHAPOB
N, =F v, (35)
JUISI THPOMOTOPOB ¥ IOBOPOTHBIX TUAPOLMIUHIPOB:
N =F v, (36)
rae F, — ycuiue, IpeoJojieBaeMoe MOpIIHEM ruaponuausapa, H; v — ckopocts ne-

pPEMCHIICHU MOPHIIHA T'MAPOIUIINHAPA, M/C, MM — MOMCHT COIIPOTHBJICHHA Ha

-1
BaJly THAPOMOTOpPA H/M; ®_ — yrioBasg ckopocTh Bajia rnapomMoTopa, ¢ .
’ 9 M ’
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CKOpOCTB BBIXOIHOI'O 3BCHA I'MAPOIIPHUBOIA (VH u COM) OoNIpCACIIACTCA BCINYN-

HOM TTOJBOIMMOTO pacxojia paboueid >KUJIKOCTH:

0
y ==, 37
s (37)
2
mW:nQM%, (38)
q

rae O, — pacxol, MOJBOAMMBIA K I'MAPOIBHUIATEIIIO, M/c; S, — 3¢dexTuBHas 1UI0-
Ia1b THAPOLIIHHADPA, M, ¢ — pabounii 06beM THIPOMOTOPa, M'; n, — 00beM-
ubiii KII/] rugpomoTtopa.
Taxkum oGpa3zoM, U3MEHssI pacxXoid, MOJBOJAUMBIM K TUIPOJABUTATEII0, MOMXKHO
PEryJIMPOBaTh MOIIHOCTh, PA3BUBAEMYIO TMIPOIIPHUBOJIOM.
JIpoccenbHOE PETyaupOBaHUE THAPONPUBOJIOM OCYLIECTBIIETCS 3a CUET Yac-
TUYHOTO cOpoca XKHAKOCTH OT Hacoca B 0ak, MUHYSI THIPOJABUTATENb.
['MaBHBIM HEIOCTATKOM JPOCCEIBHOTO Croco0a PeryaupoBaHUs THAPOIPUBO-

JIOB ABJISIETCS €ro HU3Kuil ruapomexanndeckuii KIT/I:

Ny =, (39)

IS — KIIJI rugponipuBoaa; N_ . — MOIIHOCTb Ha Bajly Hacoca, BT.
Nin poIp . y

B.

Huzkuit KIIJI npoccenbHOro croco6a peryaupoBaHusi OOBSICHACTCS TEM, UYTO
Y4acTh KUJKOCTH, NTepeKauyMBaeMO HacOCOM, cOpachIBaeTCs Ha CIIMB MOMHMO THAPO-
JIBUTATENISl TIPU BBHICOKOM JABJICHUH, MPU ITOM IMPOUCXOJIUT Pa3orpeB pabouei xKu-
koctu [8]. Kpome TOro, Kk CyIlecCTBEHHOMY HEAOCTATKY JPOCCEIbHOTO pEryJu-
POBaHUS OTHOCHUTCS HEPABHOMEPHOCTH JBMIKEHUSI BBIXOJHOTO 3BEHA THPOIPHUBOJIA
MpU TIEPEMEHHONM Harpy3ke Ha HEM, €CJIM B KaueCTBE PEryJsTopa HCIOJIb3yeTCs
OOBIYHBIN IPOCCETb.

JIst ycTpaHeHHUsl 3TOTO HEJIOCTaTKa B THUAPONPUBOJIE C IPOCCETBHBIM PETYJIIH-
POBaHUEM HCIIONB3YIOTCS CIEHUATbHBIE YCTPONUCTBA — PETYIATOPHI pacxonoB (Oonee

noApoOHO cM. 1ab. padoty Ne 4) .
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Puc. 18. IlpuHnunuanbHas ruipaBIndeCcKUe cXema

MapajuIesIbHOTO JAPOCCEIBHOTO PETYINPOBAHMS CKOPOCTH I'MAPONIPUBOIA

HpI/I PETYINPOBAHHUHN IMAPAJIICIIBHBIM APOCCCINPOBAHNUCM, B COOTBCTCTBUU CO

CXCMOI71 Ha pI/IC.18, BCChH pacxoz[ OT HacocCa ACIINTCA Ha ABC 4aCTHU:
0,=0,+0,,, (40)
rae ¢, — mojaya Hacoca, M3/C; 0., —pacxoj, cOpacbIBacMbIil Ha CIIUB 4epe3 Peryiu-
PYIOLIMIA APOCCEID, M/c.
B 9TOM CJIyqae ITOJIC3HAaA MOIITHOCTHh HACOCA MOXECT 6BITB onpez[eneHa 10 (1)Op-
MyJI€:
N,=p,0,=p,0,+0.,), (41)
rac pH — JAaBJICHHC, paSBI/IBaeMOC HaCoOCOM, Ha.

N3 Boipaxkenust (41) oueBUAHO, UTO TepsieMasi MOUTHOCTb MPHU PEryJIMPOBaHUU

mapaJuICJIbHBIM APOCCCINPOBAHUCM MOKCT OBIThH OoIpcaciicHa 110 q)OpMYJIel

Nper = pHQCJ'I . (42)
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KO3(1)(1)I/II_II/ICHT IIOJIE3HOT'O HCﬁCTBHH JaHHOTI'O croco0a PETYJIUpPOBaHUA HaXxO-

JT I10 BBIPAKCHUIO!

N, _ (9, -9.)P, _ 0, -9, ‘ (43)
N, 9,p, 0,

N3 Beipaxkenus (43) BUIIHO, UTO YeM B OOJIBIIMX MpeJeaax MpOU3BOIUTCS pe-

T]per =

T'YIUPOBAHHUC CKOPOCTH IMapaJlJICIIbHBIM APOCCCIINPOBAaHUCM, TCM MCHBIIIC CT'O KII/I.
2

5.2. DkcnepuMeHTAJIbHAS YCTAHOBKA

JlaGopaTopHBIi CTEHJ, TPHUHIMIHAIBHAS THAPABIAYECKAs CXeMa KOTOPOTO
Mpe/ICTaBlIcHa Ha pHC. 18, MO3BOISIET OCYIIECTBUTH SKCIICPUMCHTAIBHBIC HCCIIE0BA-
HUS TTapaJLIeIBbHOTO IPOCCEIBHOTO PETYIIMPOBAHHS.

CreH BKJIIOYAEeT B ce0s: HACOCHYIO CTaHIMIO C HACOCOM 3 W TMpeaoXpaHu-
TEJIBHBIM KJIanlaHoM 2, ¢uiasTpoM 5 U ruapodakoMm /. IlapamienbHo Hacocy ycra-
HOBJICH JIPOCCEITb 4, MCIIOIB3YEMBIN MPU PETYIMPOBAHUN CKOPOCTH BBIXOJHOTO 3BE-
Ha. Pacripepenurens 6 npenHa3HayCH IS YIIPABICHUS HAMPABICHUEM JIBH)KCHUS HC-
MOJIHUTEIBHBIM THIPOJBUTATEIIEM — THAPOIMIIHHIAPOM 8. KOHTpOIb TapaMeTpoB 110
BEJIMYMHE JIaBJICHUS OCYIIECTBIISIETCS 10 MaHoMmeTpaMm — 7(1), 7(2) u 7(3), yCcTaHOB-
JICHHBIX TI0CJIC HACOCa, B HATIOPHOM M CIIMBHOW JTMHUSAX THIPOLMINHIPA COOTBETCT-
BEHHO.

Bo3Bpar B mepBoHaYaJIbHOE TOJIOKCHHE THIPOLMMIUHApPA & BBIMOTHSACTCSA C
MTOMOIIbI0 KOHEYHOTO BBIKTIOUaTeNsl /() Mpy €ro NMoJHOM BBIIBMOKCHHH. McciaenoBa-
HUS MOTYT TIPOBOJUTHCS TIPH PA3IMYHBIX HATPYKEHHUSAX BBIXOJHOTO 3BEHA C HUCITONb-
30BaHHEM TPy30B Maccoi m. OIeHKa MEPEMEIICHHS IIITOKA THAPOIMINHAPA BEICTCS
C UCMOJIb30BAHUEM JIMHEWKH 9.

B HavyalbHOM ITOJIOKEHUHU HA 3JICKTPOMATHUTHI PaCIpeIeIUuTeNsl 6 HE TOJDKHO

MMOAaBaATBCA HAIIPAKCHUC — OH HAXOJAHUTCA B LICHTpaJIBHOﬁ IIO3NIIHH.
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5.3. [TopsAAOK BBINOJHEHUSA PA0OTHI

1) 3anmycTuTh HACOCHYIO CTaHIIUIO CTEH/IA.

2) PacnpenenuteneM 6 nepeBecTH MOPIIEHb TUAPOUMIMHAPA B UCXOAHOE TO-
JIO’KE€HUE BBEPX (€c/Id OH HAaXOAUTCS B IPOMEKYTOUHOM TOJIOKEHHH ).

3) [IpukpseiBas npoccenb 4, o MaHOMETPY 7(1) yCTaHOBUTH JaBIICHHE, 3a/1aH-
Hoe mpenoaasateseM (1o 9 MIIa). [TopieHs pu TOM A0JKEH ObITh HEMOABUKHBIM.

4) Ilokazanus Bcex MaHoMeTpoB 7(1), 7(2), 7(3) u amnepMmeTpa Ha MpUOOPHOI
MaHeIu CTeH 1a 3anucaTh B Ta0. 7.

5) [IpuoTkpbIBast Apoccenb 4, yCTAHOBUTH IO MAaHOMETPY 7(3) HOBOE 3HAUCHHE
naBiaeHus (3amaerca mpenojasareneM). [lepeximounTts pacnpenenauTenb § B J€BOeE
noJjiokeHrue. B MOMEHT Korja mopiieHb HWIMHIpPA HAYHET BBIJBUIaThCS, OJHOBpE-
MEHHO BKJIIOUUTh OTCUET BPEMEHU CEKYHIOMEPOM.

6) Ilpu qOCTM>KEHUHU MOPITHEM ITMIHMHIPA KPaHETO BEPXHETO MOJ0KECHUS BbI-
KIIFOYUTh CEKYHJIOMEDP U BEPHYTh MOPIIEHB IIMJIMH]IPA B UCXOIHOE MOJIOKEHHUE.

7) 3anucaTh NOKa3aHUs CEKyHJIOMEPa, MAHOMETPOB M aMIepMeTpa B Tad. 7.

8) BepHyTh nopuieHb HWIMHAPA B UCXOJHOE TOJoKeHue. /s sToro ycraHo-
BUTH pacIpeiesuTesb 6 B MpaBylO MO3UIIMIO, MOCIE YEro YCTaHOBUTH €ro B IIEH-
TpaJIbHOE TMOJIOKEHHE.

9) BeIMOAHUTH OEUCTBUS IO NI 5—7 MPH pa3IUYHBIX MOKAa3aHUSIX MaHOMETpPa
7(3), BIJIOTH 10 TTOJTHOTO OTKPBITHS JPOCCeis 4.

10) BBIKJIFOYUTh HACOCHYIO CTaHIIMIO, 00€CTOYUTH MYJIBT YIPABJICHUS CTEH/IA.

Tabnuua 7
PesynbTaTel 3xciepumenTa
Howmep Xon Bpems [Tokazanusa amnep- | Iloxasanus manomerpos, [la
3amepa MOPUIHS, M Xo0Ja, C MeTpa, A MH1 MH2 MH3

1

| B~ WD
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5.4. O0padoTKa pe3yibTATOB IKCIIEPUMEHTA

I/ICHOHBSYH IMOJTYUYCHHBIC 3KCIICPUMCHTAJIbHBIC TAHHBIC, PACCUYUTATh SHCPICTHU-
YCCKHC ITapaMCTpPhI THAPOIIPUBOAA.

1) CxopocTh ABMKEHUS TIOPIIHS

V= é , (44)
rae L — mmHa xoxa, M; ¢ — BpeMs Xo/a, C.
2) Harpy3ka Ha MopIiHe Ipy BBIIBUKEHUH IITOKA
F=E,S, (45)

rae P, —TpoTuBojaBieHue Ha mopiuHe (mokasanus MaHomerpa 7(3); S, — sbdek-

THUBHAS IUIONIAb MOPIIHS CO CTOPOHBI MPOTUBOAABICHUS (TJIOIIAIh TTOPIIIHS CO
CTOPOHBI IITOKOBOM TTOJIOCTH)

_nd,
4

B ndi”
4

S, , 9, , (46)

snech d, u d, — muamerp MOPILIHS M IITOKA THAPOLMINHIpA, paBHbie 50 1 20 MM
COOTBETCTBEHHO.
3) Ilome3Has MOIIHOCTH, pa3BUBaeMas THIPOIPHUBOIOM
N,=Fyv,,
4) 3aTrpayeHHas MOIHOCTh (MOIITHOCTh Ha BaJly Hacoca)
N,,=N,-n,., (47)

Tac NBH — 3aTpadCHHAsA MOIIHOCTh T'MApPOIIPpUBOAA, KBT, Naz[ — HOTpe6JIHCMaSI MOII-

HOCTb dyekTpoasurarens, kBr; 1M, — KIIJ snekrpogsurarens (IpUHATH pas-
HBIM 1),,= 0,98).

N,, =31,Ucosq, (48)

rae I, — nokasanus amnepmetpa; U — HalpspkeHHE NUTAONEH ceTu (IPUHSTH paB-

HeiM U= 380 B); cosp=0,75 — xo3dPuIMenT, yduThIBAIOMNN IYHTUPYIOIIEE

COIIPOTHUBJICHUC.
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5) KIIJ runponpuBoja:

NH
Noep = N (49)
6) Ilo pe3ynpTaTam pacdyeToB 3aMoJHUTH Tabm. 8.
Tabnuua 8

Pe3ynbTaThl 00pabOTKU IKCIIEPUMEHTATBHBIX TAHHBIX

[Tone3nas 3aTpaueHHas

Howmep (i;oﬁnli? Harpyska F, MOIIIHOCTh M(?HIHOCTB KIIA FI/I)IpOI'IopI/I-
OIIBITA v, e H N, xBr NBH Bt BOJMA M., > %

1

2

3

4

5

[lo pe3ynbratam NpoBeIEHHON pabOThl AaTh KPATKYIO XapaKTePUCTUKY CIIOCO-
0a perynupoBaHus NMapajiedbHbIM ApoccenupoBanueM. [loctpouts rpaduxu GyHk-

i v= f(F),n= f(F),n= f(v), ucnons3ys naHHbie Ta0. 8.

KouTpoJsibHBIE BONPOCHI

1. B yem ocobGeHHOCTH clocoOa peryJupoBaHMs BBIXOJHOTO 3BEHA T'MIPO-
IPUBOJA NMAPAJJIEIBHBIM IPOCCETUPOBAHUEM ?

2. Kakue mepbl mMpuHUMAIOTCS BO M30€XKaHHE HEPABHOMEPHOCTH JBMXKCHUS
BBIXOJHOTO 3B€Ha TUJPONPHUBOJA MIPU NEPEMEHHON HArpy3Kke Mpu JpPOCCEIbHOM pe-
T'yJIUPOBAHUN?

3. OObsicHuTh xapakrep rpaduxoB 3aBucumoctet v=f(F), n=f(F),

N= f(v) npu napamieabHOM APOCCETUPOBAHUMU.

4. B yem oTianuue PETYIUPOBAHUA CKOPOCTHU BBIXOJHOT'O 3BCHA IIPU pa3JIni-

HBIX CIIOco0ax JpoccenupoBaHus?
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JlabopaTopHnasi pabotra Ne 6
NCCIEJOBAHUE PABOTBI 'NIPOITPUBO/JIA
INPU PASJIMYHBIX PEXKUMAX
PET'YJIMPOBAHUSA I'NIPOMOTOPA

Lenv pabomoi

1. I3yunTh KOHCTPYKTUBHYIO CXEMY aKCHAJIbHO-TIOPIITHEBOTO THAPOMOTOpA U
€r0 OCHOBHBIE XapaKTCPUCTUKH.

2. O3HAaKOMHUTBCS ¢ TMPHUHITUIIAMU PETYJIUPOBAHUS M CTAOWIM3AIMU CKOPOCTH
BBIXOTHOT'O 3B€HA POTAIIMOHHOTO THAPOIPHUBOIA.

3. DKCIIEpUMEHTAIBHO ONPEICITUTh OCHOBHBIC XapaKTEPUCTHKU THIPOIIPUBOIA

B 3aBUCHUMOCTHU OT PCIKUMOB €CT'O HAT'PYKCHUA.

6.1. Kparkue TeopeTnyecKkue cBeleHUA

Haubonbiee pacnpocTpaHeHUE B TUIPONPUBOJOCTPOCHUU MOTYYMIN 00BEM-
HbI€ POTAIMOHHBIE THUIPOJBUTATENIH, OCOOCHHO MAIIMHBI AKCHAIBHO-IOPIIHEBOrO
TAMA C HAKIOHHBIM JUCKOM. PaccMOTpUM KOHCTPYKIIMIO TaKOW aKCHAJIbHO-
nopuIHeBo# rujipomaitiunsl [ 14, 15] va npumepe runpomoropa I' 15-2 (puc.19).

OTnMYUTENEHON 0COOEHHOCTHIO THAPOMOTOPA C HAKIIOHHBIM JHCKOM SIBJISIETCS
JIBOMHOW pOTOp, COCTOSIIMKM M3 OJI0Ka MUIMHAPOB 2 W Hampasisiioned 4. B Gioke
LHUJIMHIPOB PACIIONOKEHBI MOPIIHA 3, @ B HANPABIISIOIEH — TOJIKATENU J, HAXOIs-
[IMecss B TOUEYHOM KOHTAKTe CO CIELUUAJIbHBIM YHOPHBIM IIAPUKOBBIM MOAIIMITHU-
KOM &, 3aKpEIUICHHBIM B INEpeJHEld Kpblllke 6. Bpamaromuii MOMEHT, 3aTpadyuBac-
MBIM Ha TIPEOJIOJIEHUE CUJI TPEHHS B TOPLIEBOM PACHPENEIUTENE U CHUJI UHEPLIUH 11U~
JMHIPOBOIO OJI0Ka, MEPEAAETCS C HANPABIISIONIEH Ha OJOK HWINHIPOB IIOCPEICTBOM
mtudTa /0 npu nogave >KUIKOCTH B KaHAIbI /2.

bnaromaps sToMy 0JIOK LMIMHAPOB pPasrpykeH OT paAHalIbHBIX COCTaBIISIO-

IUX CUJI OJaBJICHUA  KUAKOCTHU CO CTOPOHBI HOpIIIHCfI. Ha BbBIXOIHOM Bally 7 OJIOK ou-
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JUHJPOB LEHTPUPYETCSA TOJBKO Y3KUM TMOSICKOM, YTO MO3BOJISIET €My CaMOyCTaHaB-
JIUBATHCS MO TJIOCKOCTH pacnpenesenus. [lepBoHadanbHbIN MOMHKUM OJI0KA 1TUITHUH]I-
POB K pacIpeIeIuTeN0 OCYIIECTBIACTCS TpeMsl Ipy>KUHaMu 9, a BO BpeMsi pabOThl —
CUJIaMU JaBJICHUS KHUJIKOCTH Ha TOPIIEBBIC MMOBEPXHOCTH MIJIMHAPOB Osioka. Hapyx-
HbIE yT€UYKU M3 Koprmyca [/ OTBOIATCS uepe3 ApEeHa)kHOe OTBepcThe. BhIxoaHoi
BaJl YCTAaHOBJIEH Ha IIAPUKOIOJUIUIIHUKAX, 3aJHUA M3 KOTOPBIX PACIOJIOKEH B
KpBIIIKE /, BBIMOJHAIONIECH POJb pacrpeaeIuTeIbHOTO JAUCKa y3Jia TOPIIEBOTO pac-
npeaeneHust /4. Bpicokoe yaenbHOE JaBiIeHHE B MECT€ KOHTaKTa C(hepuyecKux Io-
BEPXHOCTEH TOJIKaTeJIeH M YIOPHOTO IMIAPUKOMOIIUITHIKA OTrPaHUYUBACT JOMYCTH-

MO€ HOMUHAJIBHOE JIaBJICHHE B TAKUX FHJPOMOTOpax 10 p = 6,3 Mlla.
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Puc.19. KoHCcTpyKIHMS aKCHaIbHO-TIOPIIHEBOTO

rugpomMoTopa tun. 1'15-2
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Korpa uakocts depe3 OTBEpPCTHsA B 3aJHEN KpbIIKE /3 U y3€1 TOPLEBOTO
pacrpeneneHus MOABOAUTCS MOJ BBICOKHM JIaBICHUEM M3 HAIIOPHOW T'MAPOMATUCT-
panu B paboune KaMmepbl, Ha TOJKATEISX 5 BO3HUKAIOT PaJMalIbHbIE CHIIbI, KOTOPBIE
CO3JA0T BPAIIAOIMI MOMEHT Ha HAIIPABJISIOLIEH 4 U BpallatOT BBIXOJAHOM Baj 7.

I'mapomortopsr I'15-2...P oTnuyarorcs npumeHeHueM O0oJiee 10JITOBEUHBIX
MOJIIMITHAKOB U YJIy4YlIEeHHBIX MaTepuanioB [13, 15], obecneuynBaromux MOBbIIICHHE
pecypca. I'unpomotopsl tumna I'15-2...M coaepkat B KOHCTPYKIUU PETYIATOP AaB-
JIEHUS, Pa3MENIEHHBIN HEMOCPEACTBEHHO B KOPILyCE€ TMAPOMOTOPA U aBTOMATHYECKU
MOAAEPKUBAIOIINN MOCTOSAHHBIN Mepenaj AaBJIEHUS HAa JAPOCCENE MPU APOCCEIbHOM
PErYIUPOBAHUM CKOPOCTH, a CJIEJA0BATENBHO, U PACXOJ MACia, NOCTYNAOINNA B TH]I-
pomotop. [lpu 3ToM obGecnieunBaeTcsi Majasi 3aBUCUMOCTh YaCTOThI BpAILlEHUs OT Ha-
IPY3KH.

OO0beMHasi MallIMHA MOXKET OBITh MCIOJIb30BaHA B TEHEPATOPHOM (HACOCHOM)
pPEXKUME U PEKUME THIPOJABUTATENS.

XapakTepuUCTUKU POTOPHBIX (0OOBEMHBIX) MAIIMH B MX CTAIIMOHAPHBIX PEKU-
Max paboTbl HEOOXOIUMBI JIJIsi ONpEENICHUs] MapaMeTpoB COBMECTHOW JHOO pas-
JeNbHON pabOThl THIAPOMAILIMH MPU PATUYHBIX KUHEMATUYECKUX U CUJIOBBIX MOKa3a-
tensx. [IpuBeieM OCHOBHBIE U3 HUX.

PaGounii 06beM — U3MeHeHne o0beMa paboyux KaMep THAPOMOTOpa 3a OJUH
o0opoT poTopa:

q, =Vzim, (50)

rie V, z — o0beM padodeii KaMephl, M H UX KOJHYECTBO COOTBETCTBEHHO; i — KOJIH-

YEeCTBO PSAOB pabouyux Kamep; m — KOJUYECTBO pabOYMX IUKIIOB, BBIMOJIHSE-
MBIX KaMepo# 3a 000poT poTopa.

[ToTpebiisieMblil THIPOMOTOPOM PACXO/I:

n ®
0, =Ll - 42 (51)
n, 27mn,

CKOpOCTHaH XAPAKTCPUCTHKA THAPOMOTOpPA OIIPCACIIACTCA 4acTOTOM Bpalic-

HHsA €T0 BaJia:

nM = nO . (52)
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BaXHbIM KMHEMaTUUYECKUM MapaMETPOM SIBIIIETCS KECTKOCTh CKOPOCTHOM Xa-
PAKTEPUCTUKUA TMPU MOCTOSIHHOM MOABOAUMOM pacxone (O, [21]. M3 BeipakeHus
(52) cnenyet, 4To TIpU MOCTOSHHOM ;. )KECTKOCTh CKOPOCTHOM XapaKTEPUCTUKU 3a-
BHUCHUT OT BEJIMYMHBI U XapaKTepa U3MEHEHHUSI 00bEMHBIX TIOTEPh THAPOMOTOpPA, YUH-

ThIBaeMbIX 00beMHBIM KIT/I:

0,
W=y (53)
Mexannueckuit KII/] npu pabote ruapomoTopa
M
=1 54
=" (54)

rae M — 1one3Hslld MOMEHT Ha Bajly rujgpomoropa, H-Mm.
B urtore, notpebinsemast rTHAPOMOTOPOM MOIIIHOCTD

ApQ
== 55
™ 60 ( )

rae Ap —nepenaj naBieHUs Ha ruapomorope, Mlla.

OTIIaBaCMaSI rmapoMoOTOpOM MOIITHOCTDb

N, = (56)
9552,2

FI/IIIpaBJII/ILIeCKI/Ie N MCXaHUYCCKHUC MOTCPHU SHCPTUHN XAPAKTCPUIYIOTCS IMOJIHBIM

win 3@ dexruBabiM KIIJI. Ero paccuutsiBator o gopmyiie:

N M

I

N 152,2-Ap0

n= =My Ny Mys (57)

6.2. DxcniepuMeHTAJIbHAS YCTAHOBKA

DKCHEpUMEHTAIbHBIN CTEH/ COCTOMT M3 HACOCHON YCTaHOBKH, MCCIICIyeMOTO
THIPOMOTOpPA, PETYIHMPYIONIEH M YHPABISIIONICH TUApoanmapaTrypbl, KOHTPOILHO-
HU3MEPUTEIBHOTO KoMIuiekca (puc.20).

ITpu 3amycke HACOCHOW YCTaHOBKM palOouast )KUIKOCTb U3 Oaka / mojaeTcs Ha-

cocoM 2 uepe3 GuibTp 3, MyCKOBOM pacrpeAenuTens 6 B HAOPHYIO MOJOCTh THAPO-
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MoTopa 7. JlaBiaeHue pabodeid Moja0CTU B HAMOPHOW THAPOIMHUM OINpeAeseTcs Ha-

CTPOUKOHN TPeIOXpaHUTEIBLHOTO KiIanaHa 4 U KOHTpoJupyeTcs maHomeTpom J (1).

‘ 0
MELY » :

u 511 PP L;’(J
9 N
N\
~ YAT
LS T
3l S 2
7 4 G_F g 1

Puc. 20. I'mapaBinueckast cxeMa dKCIEPUMEHTAIBHOTO CTEHAA

CnuB paboueil KUAKOCTH U3 THIPOMOTOPA OCYUIECTBISETCS Yepe3 MepemMeH-
HbIit apoccenb 8§ (I'77-11) wnm perynsitop pacxoxa /0 (I'55-21) (B 3aBUCUMOCTH OT
3aJIaHHOTO BapHaHTa CXEMbI C IPOCCETUPOBAHUEM «HA BBIXOJIE»), paclpeaenuTeb 9
B Oak /. [Ipu 3amepe pacxoja THAPOMOTOPA BKIIOUCHHEM d3JIeKTpoMarauTa Y Al
pactpenenuTens 9 )KUIKOCTh MOCTYNAaeT B MEPHYIO KOJIoHKY / /. Pacnpenenurens 12
oOecreunBaeTr cOpoc pabouei KUIKOCTH U3 MEPHOU KOJOHKU. BritoueHuem pacmnpe-
aenutens /3 yTeuku TuIpoOMOTOpa HAIMPaBIISAIOTCS BO BTOPYIO MEPHYIO KOJIOHKY /4.

JlaBieHue Ha BBIXOJI€ TUAPOMOTOPA KOHTpOIUpyeTcss MaHoMeTpoM 5 (2). Kpy-
TALIMHA MOMEHT Harpy3Ku THJIPOMOTOpPA CO3JAETCsl TOPMO30M /5 3a cueT U3MEHEHHUS

YCUIIUSA HATAKCHUA JICHTBI PCTYJIMPOBOYHBIM BUHTOM.
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Yacrora BpalieHus Baja rHApOMOTOpa A, U3MEHSETCS HaCTPOMKOMl apoccens 8
WM perynaropa pacxoaa /(), KOHTPOIUPYETCs AAaTYUKOM CKOPOCTH /6, COCTOSIIMM
U3 TaxoreHepaTopa, JJIEKTPOCXEMbl U MPUOOpa CO MIKAION AJI U3MEPEHHS YaCTOTHI
BpalleHUs Baja r’upoOMOTOpa.

Pacxon kuaKoCcTH M 00BEMHBIE MOTEPHU THAPOMOTOPA OMPENEAIOTCS 00BEM-
HBIM CIIOCOOOM C MCTIOIB30BAaHUEM MEPHBIX KOJIOHOK [/, /4 1 ceKkyHioMepa:

60V
Qi = t— ’ (5 8)
3
rie V; — oObeM KUAKOCTH, 3alojHsomer MepHbld Oak (mis Oaka 11 —
v, =210° CM3, st 6aka V> = 50-100 CM3); t3, — BpeMsl 3aroJIHeHHs] o0bema Oa-
Ka V, unu bs.

Perynsarop moroka — 3TO CIIOKHBIA PETYIUPYIOMIUNA THApOAIapar, mpeIHa-
3HAUEHHBIN IS TIOJJCP)KaHUS ITOCTOSTHHOTO pacxojia pabodeit KUIKOCTH HE3aBHCH-
MO OT Tiepenaja JaBJICHUs Ha HeM [24].

KoHcTpykTHBHAsI cxeMa perynsaropa MoToka IpejacTaBieHa Ha puc. 21 u co-
CTOUT M3 Kopryca /, B KOTOPBIA BCTPOEHBI PETYJIUPYEMBIN IPOCCeb 2 U KIIalaH pas-

HOCTHU JaBJICHUS 3, MOJJICPKUBAIOIINI MOCTOSIHHBIN MEpenajl IaBJICHUs Ha APOCCEE,

a CJIe0BaTeNIbHO, U TIOCTOSIHHBINA PACXO/I.

l\ ﬂ\ t" 2 //A - ’,
;J/ Y
/ 7. ] , /, - P:N

azs
] /
/ l Pi=const B b

a) 0)

Puc. 21. Perynsatop pacxona:

NN
N
A&
-

a — KOHCTPYKTUBHAsI CXeMa; 6 — YCIOBHOE 0003HAYCHUE
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HpI/I ITIOBBIIICHUHN OAaBJICHUA P3 nepenan AaBJICHHA Ap YMCHBIIACTC:A, a CICIO-

BaTEJIbHO, p, YBENUYUBaeTcs, 30710THUK PII nepemeraercs Bieso.

nD? T 5 nd’
p3T+ﬁlp:p22(D _d )+plTa (59)
4
Ap=p,—p;= Prg, = const, (60)
D

rae D,d — BHEIIHUN W BHYTPEHHUN TUAMETPhl 30JOTHHKA PETYIATOpa pacxoja co-
OTBETCTBEHHO, M.
Ecnu nponcxoaut yMeHbIIEHUE p3, TO Ap OBBIIAETCS U 30JJ0THUK CMELIACTCS

BIIpaBoO, a CJICAOBATCIIBHO, paCX0q 6YI[CT MOAACPIKUBATHCA HA ITOCTOAHHOM YPOBHC!

2A
0 =1/, Tp = const 61)

rae | — KO3(pGHUUMEHT pacxoja KPUTUYHOW YacTH PErynsropa pacxoma; f. —

2
IIOLIAAb IPOCCEIMPYEMOro KaHaua, M”; #,  — BEJIMYUHA OTKPBITUS, M; P — IJIOT-

ap

3
HOCTbB, KI'/M".

6.3. [lopsAIOK BBINOJTHEHUS PA0OTHI

B xone skcriepuMeHTaIBHBIX UCCIEAOBAaHUN TpeOyeTcs OmpelesiuTh XapaKTe-
PUCTUKHU TUAPOMOTOPA MPHU Pa3HBIX PEKUMAX HATPYKEHUS, IPU 3a1aBAEMBIX ITPEIO-
JaBaTelieM 3HAUYCHHSX TepernajoB NaBieHus Ap,;, Ha TUAPOMOTOpe | (UKCUPOBAH-
HOW YaCTOTE BPALLCHUS Hy,.

Jl71st mpoBeieHUsT SKCIIEPUMEHTa HEOOXOIUMO:

1) Cuarp nokazanusi MaHoMeTpoB 5(/) u 5(2), BBIYMCIMB JIaHHbIE 3HAYEHUUN

nepenagoB JaBICHUSA Ap,, ... Ap,s U HACTOTHI BPALLICHUS 1,y,.
Tabmuma 9
Jlanubie skcniepumMenTa ¢ apocceneM (P)
Homep | [daBnenue na | JlaBieHue Mirvs O6beM O6beM Bpewms
OIIbITA HarHetTaHnuu Ha CJINBC MUH KUIOIKOCTHU YTCUCK fy, C

p1, MIla P2, MIla V, em’ V,, eM’

DN B W —
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Tao6muma 10

JlanHble SKciepUMeHTa ¢ perynstopom pacxona (PP)

JNlaBnenue Ha | [laBnenue O6bem O0BeM

Howep e, Bpewmst

onpira | FATHETaHHH Ha CJINBE ! KUIKOCTH yTe4eK ' e
p1, Mlla p2, Mlla V,em v, o yo

DN |WIN| =

2) Harpyxas ruiJpoMoTOp 7 JEHTOYHBIM TOpMO30M /5 (cm. puc. 20), nocneno-
BaTEJIbHO YCTAHABIMBATH Iepenaabl AaBlieHUust Apy MO0 UCXOAHBIM JaHHBIM Tali. 9
n 10, onpenenuTe U3MEHEHUE CKOPOCTHOM XapaKTEPUCTHKU My, 3aMEPUTh YTEUKY
ruapoMoropa Qy; IJIA IByX BapuaHTOB ruaponpusona (¢ I'77-11 u I'55-21).

3) BeimonauTh pacyet Oy, Nos Grms My B COOTBETCTBUU C METOJUKOM, 3aHECTH
pe3yabTaThl pacyeToB B Ta0m. 11 u 12.

4) Tloctpouth coBMmelleHHble rpaduku 3aBucumoctet Qn=AAp), n=f(M,),
gr=f(My), No=AMy) I IBYyX BaApUAHTOB CXEM.

5) Ilpoananu3upoBaTh pe3yabTaThl SKCIEPUMEHTA, CPABHUTD IMOJYYEHHBIEC Xa-
PAKTEpPUCTUKUA TUIPOMOTOpPA C TEXHUUYECKHMMHM (MacmOpTHBIMHM) AaHHbIMU [14, 15],
ONPENENIUTh €Er0 TUIIOPA3MED.

6) ChopmynupoBaTh BBIBOJIbI, PEKOMEHAAIIUHU TI0 YIYUYIIEHUIO XapaKTEePUCTUK
TUAPOMOTOPA B UCCIEAYEMOM MPUBOJIE.

7) OpopMHUTH U TIPEACTABUTH K 3aIUTE OTUET O BHITIOJIHEHHOH pabdoTe.

6.4. O0padoTKa pe3yibTATOB IKCIIEPUMEHTA

Paccuurath XAPAKTCPUCTUKH THAPOABUTATCIIA.
1) Ilepenax naBieHUs B HAIIOPHOW U CAMBHOM JIMHUSX THAPOMOTOPA:
Ap = b1~ P> (62)
rac py , pp — HAABJICHHC B HaHOpHOﬁ U CJIMBHOUW JIMHUU rmapomMoTopa COOTBCTCT-

BeHHO, MIIa.
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2) Pacxon akcuanbHO-MOPUIHEBOIO THAPOMOTOPA

e

QFM ="
t

(63)

3
Tac V — 00beM KHUIOKOCTU B MCPHOM PE3CPBYApPEC, M t— BpCMs 3allOJIHCHHA MCPHOT'O

pe3epByapa, c.
3) Pacxon, 3aTpaunBaeMblii Ha yTEUKU THAPOMOTOPA

V

0,-—
y

b

(64)

3
rae Vy — o0beM JKUIKOCTH B MEPHOM pE3epByape yTedeK, M ; fy — BpPeMsl 3all0JTHEHUS

MEpHOT0 pe3epByapa yTeyek, C.

4) O6wvemusiit KIIJI rugpomoTopa

T]o = 1 - & ° (65)
QFM
5) lna akcuanbHO-TIOPUTHEBOTO THAPOMOTOpa pabounii 00beM
QFM
4w = - (66)
nm,
6) KpyTsimuii MOMEHT Ha Bally THIPOMOTOPA
A
M =P (67)
2n
Tabnuua 11
Pe3ynpTaThl 00paboTKK JaHHBIX SKcniepuMenta (P)
Howmep [Tepenan Pacxon OObemMHBII Paboumit MomeHT
OIIbITa JABJICHUS yTe4yeK KITI no obvem I'M Ha Bairy ['M
AprM, MIla an CM3/MI/IH drm, CM3 MrMa H-m
1
2
3
4
5
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Tabnuua 12

Pe3ynbTaThl 00pab0TKH JaHHBIX 3KcriepuMeHTa (PP)

Howmep [Tepenan Pacxon OObemMHBII Paboumit MomeHT
OIIbITa JABJICHUSA yTe4yeK KITI no obvem I'M Ha Bairy ['M
Apry, MIla Oy, cM’/MuH Grus oM M., HMm
1
2
3
4
5

[To pe3ynbpTaTaM pabOTHI, HA OCHOBAHWM BBHITIOJIHEHHBIX pacdeToB (Taby.11 u
12) cnenaTh BBIBOJBI O KAYECTBE U 11€71€CO00PA3HOCTH PETYJIMPOBAHUS JAPOCCENIEM U
perymsiaTopoM pacxoga B ruapornpuBojge. IlocTtpouts rpaduku 3aBHCUMOCTEH
Oni=f(AP), nen=AMy), gru=AMy), Ne=f(My) 111 ABYX pacCMOTPEHHBIX CIIOCOOOB pe-

T'YJIUPOBAHUS.

KouTpoJsibHBIE BONPOCHI

1. OObsicHUTE YCTPOMCTBO U MPUHIUI JEHCTBUS POTALIMOHHBIX TUIAPOBUTA-
Teneil 00bEMHOT0 THIIA.

2. HazoBure OTIMYUTENbHBIE OCOOCHHOCTH KOHCTPYKIMH aKCHAJIbHO-
MOPIIHEBOT0 THAPOMOTOPA.

3. Jlna xakux ueneil mpuMmensieTcs: perynsatop pacxona? O0bsicHUTE 0cOOEH-
HOCTH KOHCTPYKILIUU U MIPUHITUI €TI0 PabOTHI.

4. Hackonapko 3((PEeKTUBHO PEryIMpOBAHUE TUIPOJBUTATENSI MPHU MOMOUIU
IPOCCENs U perysaropa pacxona’?

5. Cpenaiite cpaBHUTENbHBIN aHATU3 MO pe3yibTaTaM pabOThl O MperuMyIlie-

CTBax CIOCOOOB PEryaupOBaHUs THIPOJIBUTATES.
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JlabopaTtopHasi pabora Ne 7
NCCIEJOBAHUE YIIPABJIEHUS PABOYUM HUKJIOM
I'mPOITPUBOJA C IPUMEHEHHUEM CPE/ICTB
QJIEKTPOABTOMATHUKH

Lenv pabomoi

1. I3yunuTh pas3IuyHbIC CXEMBl YCTAHOBKH peJjic JABJICHHS W KJallaHa JaBjie-
HUS Y UX BIIMSHKUE HA padOTy MPSIMOT0 M 0OPATHOTO X0/1a IMITOKA IMJIMHIPA.

2. IlprobpecTr MpaKTHYECKUE HABBIKU 10 pa3pabOTKe, COOpKEe M MaKeTHPOBa-
HUIO CXEM C MPUMEHECHHUEM THIPABIMYCCKUX M DJICKTPOTHIPABIMYCCKUX DJICMCHTOB
TUIPOTIPUBO/IA.

3. 3aKkpenuTh TEOPETUUYECKUE 3HAHUS MO paszieny «YCTpPOWCTBa M DJIEMEHTHI

IruapoIrnpuBoaa».

7.1. KpaTkue TeopeTn4ecKkue CBeleHUSA

B ruapaBnuueckux cuUcTeMax B KAa4eCTBE AJIEMEHTOB ABTOMATHUKH IIUPOKO
MIPUMEHSIIOTCA AIEKTPOTHAPABINYECKUEe ycTporcTBa [19, 22], npenHa3HauyeHHbIE AJIS
€e peryJiIupoBaHus, HACTPOMKH U npeaoxpaHeHus. Hanbonee pacnpocTpaHeHbl 3JeK-
TPOTUJIPABIUUECKUE KJIAMaHbl, MO3BOJAIONINE OBICTPO M A(DPEKTHUBHO BO3JCHCTBO-
BaTh Ha MOTOK paboyYeil KUJIKOCTH M OCYIIECTBIISTh pabouyue IMKIBI mpuBoaa. Ha
puc. 22 mpeacTaBieH THUIOBOW AJIEKTPOTUIPABINYECKUN paCTIpeeInUTeNlb YEThIPEX-
MOTOYHBIN, ABYXJIUMHEWHBIN [9, 26], KOTOpBIH HMMEET B JIEBOM YacCTU BCTPOCHHBIN
AJIEKTPOMArHUT MOCTOSSHHOTO TOKa [, MPECTaBISIONIUNA CO00N «MarHut, padboraro-
IUA B MacJIsTHOM cpelie», TaK Ha3bIBa€MbIH «MOKpBIM MarHut». SIkopp paboraeT B
Maclie, 4eM JIOCTUTAeTCs YMEHBIICHUE W3HOCA, XOPOIINM TEIIOOTBO U JAeMII(UpO-
BaHUE yAapoOB SIKOPA MPU MEPEKIIOUYCHUU. SIKOPHOE MTPOCTPAHCTBO CBA3AHO CO CIIMB-
HOM MarucTpayibio. B LIEeHTpanbHOM YacTH pacnpeaenurelis 2 pacioiaoKeH YeThIpeX-

KpOMO‘IHBIﬁ 30JI0THHK 3 C ABYMS ITPOTOYKAMMU.
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Pacnpenenurens uMmeeT aBa pabounx Beixoja A U B, KaHAT COCAUHEHUS JIUHUT
NUTaHus P ¥ KaHall TPUCOEIUHEHUS JIMHUU clinBa 1. SIKOpHOE MPOCTPAHCTBO U MPO-
CTPAHCTBO C BO3BPATHOM MPYKUHOU 4 depe3 KaHall L MOCTOSSHHO CBSI3aHBI CO CJIMB-

HOW MarucTpajblo.

1 | / /
o | | / / A) |B

< e ’

Puc. 22. Pacnpenenurens 4/2 ¢ 31eKTpOMarHuTHBIM YIIPaBICHUEM:
a — KOHCTPYKTHUBHAsI CXeMa; 6 — YCIOBHOE 0003HaYCHUE

JIOBOJIbHO 4YacTO B TUAPONPHUBOJAE NPUMEHSIOTCS pejie NaBJICHHs A YCT-
pOMCTB HAOMIOACHUS UM KOHTPOJI. OHU MO3BOJISIOT Pa3MbIKAaTh, 3aMbIKaTh WM Tie-
pPEKITIoYaTh 1eMb (KOHTAKThI), KOr/la B TOUYKE YCTAaHOBKH JOCTUTaeTCs JaBJICHUE Ha-
cTpoiiku. JlaBiieHHe B TMIPOCUCTEME NEHCTBYET Ha IUIOIIAAb IIIyHXKEpa pejie JaBiie-
Hus (puc. 23). Bo3Hukaromas Ha IIyHKepe cuiia IeUCTBYEeT NPOTUB CUJIbl YIPYTOCTH
HACTpauBaeMOU MPYKUHBI, TUTYH)KEp HAaYMHAET JIBUTaThCA M MEPEABUTAET KOHTAKT-
HyIO rpynmny. B pene gaBiaeHus ¢ MEXaHMYECKUM MPHUBOJOM KOHTAKTHOM TPYMIIbI
BMECTO CHHPAJIbHON MPYKUHBI MOTYT OBITh MCIOJB30BaHbl Auadparma, cuib(OoHbI
uiu Tpyoka bypnona [1, 20].

Pene naBneHus mo3BojsieT HAaCTpauBaTh JIABJIEHUE, IPU JOCTUKEHUU KOTOPOTO
MOJIAETCS ANEKTPUUECKUI CUTHAM 32 CYET HOPMAJIbHO PAa30MKHYTBIX UM HOPMAJIbHO

3aMKHYTBIX KOHTAaKTOB [9, 22].
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Puc. 23. DnexTpuueckoe pene JaBieHUs

OTU 3JEMEHTHI JICKTPOYINpaBIeHUsT 0003HAYAIOTCSI HA MPUHIUIIUATBHBIX CXe-
Max B cootBercTBuu ¢ ['OCT 2.702-2011 ECKIH. Hexotopsie U3 HUX MpeacTaBlie-

HbI Ha puc. 24.

4

HOPMAaJIbHO HOPMAaJIbHO MIEPEKITIOYAOIIAN rpymnna HopMajabHO
Pa30MKHYTBIN 3aMKHYTBII KOHTAaKT Pa30OMKHYTBIX
KOHTAKT KOHTAKT KOHTAaKTOB

| |

) )
HOPMaJIBHO PAa30MKHYTBII HOPMaJIBHO PA30MKHYTBII HOPMAaJIBHO Pa30MKHYTBII
KOHTAKT KOHTAKT Y HOPMaJIBHO 3aMKHYTBIN

C PY4YHBIM YIPaBICHUEM C PYYHBIM YIPABJICHUEM KOHTAKT KOHIIEBOTO
Ha)KaTueM IIOBOPOTOM BBIKJIFOYATEIS

Puc. 24. YcnoBHble 0003HAYEHUSI AIEKTPUUECKUX FIEMEHTOB YIIPaBJICHUS

DNEeMEHThl DJICKTPOABTOMATHUKH TO3BOJISIIOT  aBTOMATH3UPOBAaTh pabouunii
IUKJI TUIPONPUBOAA W BMECTE C TEeM OOJIETYalOT HACTPOMKY W OIKCIUTyaTaIlUIo
npuBoja [24].
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Ha puc. 25 u 26 cOOTBETCTBEHHO MPEACTABICHBI TUAPABINYECKAS] U DIIEKTPU-
YEeCKasi CXEMbI MIPUBOJA, NMPEJHA3HAYEHHOTO [JI MEPEMENIEHUS YacTH XOJla IITOKa
TUAPOUMIIMHIPA C OAHUM YCUJIMEM, a APYTYIO YacTh NEPEMELIEHUS — C IPYTUM yCH-
nueM. llepemernieHne mepBoM M BTOPOMl YAacTH 3aJAa€TCS YCTAHOBKOM KOHEYHOTO
nepekiirodarens 1S. YnpaBiaeHrne IBHKEHUEM INTOKA THAPOLMIMHAPA MPOUCXOIUT

¢ nomompio 4/2 — pacnpeaenurens 1Y1 ¢ OAHOCTOPOHHUM 3JEKTPOMArHUTHBIM

YIIPaBJIICHUCM.
M 2 | 1|s
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Puc. 25. I'mapaBinueckas npUHIMIHAIbHAS CXEMa IIPUBOJIA
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CkopocTh WITOKa LUIMHIpPA PETYIUPYETCS IPOCCEIEM, YCTAHOBIECHHBIM HAa
BXoj€. IIepBbIil OTPE30K MyTH LITOKA C ONPEIEIEHHBIM YCUIIEM 3aJ1a€TCsl pacupeae-
nuteneM 4/2 — ¢ OJHOCTOPOHHUM 3JIEKTPOMArHUTHBIM yrpasieHueM 2Y 1. Ycumiue
ONpENEIAECTCS HACTPOMKOW TaBIEHUS MEPEIMBHOrO KilanaHa, CTOAILIET0 3a pacupee-
nuteneM. Pacnpenenurens ¢ ynpabieHueM 2Y 1 paboTaeT Ha CIMBHOW Maructpaiv
«OTKPBITO» UJIU «3aKPBITO». [[ns ynpaBlieHHs yCUJIMEM B KOHLE XOJa IITOKA ycTa-
HOBJIEHO pene nasiicHus 1B. Pene HacTpanBaercs Ha NaBIEHUE U yCHIHE, KOTOPOE

Pa3BUBACT IITOK TMAPOIMUINHAPA B KOHIC CBOCTO XO4a.

+24V 1 2 3 4 5 6 7
O \ 4 \ 4 4 4 4
13 |11 1 [11 31 21
SIE\  Ki 1\ K\ 1B K1 K2/
14 |14 4 14 34 22
41
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KIL_] ke[ ] K31 1] }—X 2Y1 Z}—X
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e 7l KN
3 3
6
7

Puc. 26. DnexTpudeckas IpUHIMIIHATIBHAS CXeMa IPUBOIA

DneMeHThl aBTOMATUKH AJIEKTPUUECKON CXeMbl paboTaloT B TaKOW MOCIe10Ba-
tenpHOCTU. [Ipn Haxatnn kHOomkM S1 muTtaHue nmomaeTcs Ha Karywky pene Kl, npu
ATOM 3aMBIKAIOTCSI TPU KOHTAKTHBIE TpymIibl pesne. OQHU KOHTAKThl 3aMBIKAIOT KOH-
Typ KHONKHM S1, obecrneurBas TeM CaMbIM CaMOyJep:KaHUe KHOMKHU, a JIBa JPYTUX
oOecrieynBaloT nutanue katymek 1Y1, 2Y1 cooTBeTCTBYyIOMMX pacnpeaeaInuTeNe.
Pacnipenenurens ¢ katymkoi 1Y 1 nepexntogaercs, Maciao MO JaBJICHUEM I101aeTCs

B 6CCH_ITOKOBYIO IMOJOCTh NUJIMHAPA, IITOK IIPHU 3TOM HAYHCT BBIABUT'ATBCA. BTOpaSI
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karymka 2Y 1 nepekintoyaeT pacrupeeinnTeib, COeANH KaHaiubel 4 U P Ha cliuB yepes
NEPEJIMBHON KitanaH. Tak Kak NepeIMBHOW KJIAllaH HACTPOEH Ha ONPEACIICHHOE J1aB-
JIEHUE, TO ATO XKe JaBjleHHe OyAeT B CeTU MUTaHusA. B monocts uuauHApa mnpu ABU-
KEHUU IITOKA OYJEeT MOoJaBaThCA TO K€ JABJICHHE W Ha IITOKE OyJeT 3aJaHHOE yCH-
nue npuBoga. Kak TONBKO IITOK HWJIMHAPA JOCTUTHET KOHEYHOTO NMEPEKII0YaTeNs
IS, ero KOHTaKThl 3aMKHYTCS, TUTAHUE MOCTYIUT Ha KaTywKy pene K2, HopmanbHO
3aMKHYTBI KOHTAKT KOTOPOro pa3oMKHEeTcs M obectount KaTymky 2Y1 pacrnpene-
JIUTEJIS.

Pacnpenenurens nox AeiCTBUEM MPYKUHBI BEPHETCS B CBOE HAa4aJbHOE MOJIO-
KEHUE, IPU ITOM 3aKPOET CIMB B HAIOPHOW MAarucTpaiy 4epe3 NEPEIMBHOM KIIalaH.
B HanopHoll maructpanu OyzneT JaBieHHE, pa3BUBAEMOE HACOCOM TMAPABINYECKON
craniuu. [Itox nunuHapa Oyner MpoJOJKaTh BBIABUTaThCSA, HO C ApyruMm (00Jib-
IMM) YCWJIMEM 3a CYeT APYroro JapiieHus nutaHus. Kak TOJNBKO MITOK JOCTUTHET
CBOETO KOHEYHOI'O IOJIOKEHHUS, JaBJICHUE B MOJIOCTH LMIUHApA OyAeT pacTH (CTpe-
MUTCS 1O 1aBJICHUS MUTAHMS), IPU STOM CpalaThIBalOT KOHTAKTHI pelie naBienus 1B,
HAaCTPOEHHOI'O Ha TEXHOJOTMYECKYIO 3a/auy (HEOOXOAUMOE yCHINE IPECCOBaHUS).
OTH KOHTaKTHI peJie NaBICHUS MOAAIOT MUTaHUE Ha Kartywky pene K3, npu sTom ee
HOPMAaJIbHO 3aMKHYTBIE KOHTAKThl Pa3MbIKAIOTCSA, U CHUMAETCA MUTAHUE C KATYyIIEK
pene K1, K2. Konrakrsl pene K1 pa3mbIkaroTcsi, TMTaHUE C KaTYLIKU paclpeaeanuTe-
a1 1Y1 cHumaercs, oH noj AEWCTBUEM MPYKUHBI MEPEKIIOYAETCS, IPH ITOM IITOK

MUJIMHAPA BTATUBACTCA.

7.2. [1opsAOK BBINOJTHEHUSA PA0OTHI

1) CobpaTh Ha SKCIIEPUMEHTAIBEHOM CTEHJIE (CM. pHcC.15) U3 THIPOITEMEHTOB
(cm. mpwit. 3) THAPABIUYECKYIO cxXemy (puc. 25).
2) CoOpath Ha CTEHJIE U3 DICKTPUUECKUX DIIEMEHTOB JJICKTPHUECKYIO CXEMY

(puc. 26) yrpaBieHHs THAPABIMUYESCKAM IPUBOJIOM.
3) BkiIroYuTh THAPOCTAHIIMIO M HACTPOUTH €€ Ha 4-10° Ila, HACTPOUTH IMEpE-

o 6
JuBHOM KJ1anad Ha 2-10° Ila.
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4) 3akpbITh IpOCCENb, MOTHOCTHIO HaXXaTh KHOMKY 1S, MITOK NWIUHIApPA HE
TOJDKEeH nBUTaThes. OTKpBIBas Ipocceib, JOOUTHCS MEIJIEHHOTO0, HO YCTOWYHUBOIO
MepeMENICHHS ITOKA [UIUHIPA.

5) Ilocne BbIlIeyKa3aHHBIX HACTPOCK, HAXKaTHEM KHOMKH 1S obecneyuTh aB-
TOMATUYECKUH UK paOOThl M 3aUKCUPOBATh BpeMsl HapacTaHUs JIaBJICHUS U cpa-
OaThIBaHMs pEJIC NABICHUS IIPH Ppere = 2-106, 2,5-106, 3-10° Ia. JlaHHBIE 3amKcaTh B

Tab1.13. Bpems HapacTaHus naBieHUsI U3MEPSATh TPHU pasa.

Tabnuma 13
PesynbTaThel 3kciepumenTa
Ne Ppene, 11a 1, C b, C 3, C Tep,
IL.II.
1
2
3

6) Pa3obpartp nannywo cxemy. [lo 3amanHO# rumpaBiuueckoit cxeme (puc. 27)
U TOCTAHOBKE 3a/7aud pa3paboTaTh JIEKTPUUECKYIO CXEMY YIIPaBJICHUS MPUBOJOM,
MPOMOJIENIMPOBaTh €€ C TMOMONIbI0 mporpaMmHoro mnpoaykra «Fluid SIM

Hydraulics» u coOpaTh Ha cTeHe.

S2

E— F=0 |

Y1|7>< I

50%
4
7\

A

Puc. 27. Cxema ruapaBiandeckas ¢ GUKCUPOBAHHBIM YCHUIHEM
B KOHIIE XOJ[a ITOKa LIWJINHApA
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7) PaccuuTaTh HeOOX0IMMOE JaBJiIeHUE Ha peJie JaBJICHUS U HACTPOUTD €TO0.

[TocTpouTh 3KCIEPUMEHTATBHYIO XapaKTEPUCTUKY PEaTbHO MOJYyUYHUBIIETOCS
BPEMEHU 3a/IEPKKU OT HApaCTaHUs JaBJICHUS B MOJOCTU LUMIMHAPA B KOHIE X0Ja €ro
mToKa [26].

8) PemnTh nmocTaBlieHHYIO 3a/1a4y.

[IpuBona NoOKEH O0OecneYnTh aBTOMAaTUYECKUN LUK paboThl MPU KpaTKOBpe-
MEHHOM Ha)KaTUMU KHOMKHU 1S, T. €. JoymkHa OBbITh 3amuTaHa KaTymka Y 1 pacrpene-
auTend. B koHIE XoJla mITOKa yCTAaHOBUTH KOHEUHBIM BBIKIIOUYATENb S2, KOTOPHI
JOJKEH MOJaBaTh CUTHANI Ha OTKIIOYEHWE MUTAHUS KaTywkd Y1 pacnpenenurtens
TOJIbKO TIpH cpabaThIBaHUU pejie JaBieHusA. B KoHIle Xojga He0oOX0AMMO, 4TOOBl Ha
IITOKE IWIMHApa ObUI0 rapanTupoBano ycuiue 402 H, Heobxoammoe ajisi mpecco-

BaHus. Jluamerp nopuHs munueapa D = 0,016 m.

KouTpoJsibHBIE BONPOCHI

1. Jlnist pemenus Kakux 3a1ad B TUAPOIPUBOJIE UCIIOIB3YETCS peiie TaBIeHUS?

2. IosicHuTe YyCTPOMCTBO M pabOTy THAPABIMYECKOTO pPeie TaBICHUS.

3. Ilosicuute (yHKIIMOHATBLHOE Ha3HAUCHHME B DJICKTPUUYECKOM CXeMe pacmpe-
nexurend 2Y 1.

4. Kak peanuzoBaHa (QpyHKIUS YIIPABICHHS ITUKIOM THAPONPHUBOIA MPU TTOMO-
1M penie TaBieHUs?

5. OOBACHUTH 3aJIEPKKY BpEeMEHH, HEOOXOIUMYI0O Ha HAIOJHEHHE MOJOCTH

OUJINHAPA B KOHIC XOd4a.
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HPUJIOKEHUSA

[Tpunoxenue 1

®opmbl 1J141 1a0opaTopHOil padoTsl Ne 1

1. OOBeMHBII TUIPOIBUTATEI

Twum, 3aBoa-N3rOTOBUTEIIH

Ha3nauenue, npuHIMN 1eHCTBUS

JlnameTrp nopuiss, MM

Jlnamerp mroka, MM

JlnuHa xo4a mToka, MM

HomuuansHOe masienue, Mlla

Homunansnas Tonkaromas cuna, H

HomunHaneHas tarymas cuia, H

CKOpOCTb BBIIABM)KEHHUSI, M/C

CKOpOCTh 3aIBIXKCHUS M/C

YpaBHeHue

PacxonHo-nepenaiHas XxapakTepucTUKa

Haznauenue u 065acTh NpuMeHEHUs ycTponcTBa (

[TpuHumn neicTBus ycTponcTna (
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[Iponomxenue npui. 1

®opmbl 1J11 1a0opaTopHOil padoTsl Ne 1

2. Perynupyroliee yCTpOMCTBO:

Twum, 3aBo-N3TrOTOBUTEIIH

Haznauenue, o65macth npuMeHeHuUs

Tu MoHTaxa ycTponcTBa

Ha3nauenue npyxuH B KJ1arane

Haznauenme ITapuKOBOT'O U MOPIIHECBOT'O Kiialla-
HOB

JnameTp 30J10THUKA, MM

Junana3ons! perynupoBanus, MIla

HoMHHAIBHBI Pacxo, M°/c

HomuuansHoe masienue, Mlla

YpaBHeHue

PacxonHo-nepenaiHas XxapakTepucTUKa

Haznauenue u 065acTh NprMeHEHUs ycTponcTBa (

[TpunHuun neicTBus ycTponcTsa (
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[Iponomxenue npui. 1

®opmbl 1J141 1a0opaTopHOil padoTsl Ne 1

3. Hamnpaistoiiee yCTpoiCTBO:

Twum, 3aBoa-N3rOTOBUTEIIH

Haznauenue, 0651acTh IpUMEHEHUs

VcnonHeHue ruipopacipeieuTes o cxeme

Tum MoHTaxa ycTponcTBa

Tur 377€eMEeHTOB yIIpaBiIEeHUs

Ha3naduenue 30710 THUKOBOM Mapbl

JnameTp 30J10THUKA, MM

Y CIOBHBIN IPOXOJ, MM

HoMHHANBHBI pacxo, M /c

HomuuansHOe masienue, Mlla

YpaBHeHue

PacxonHo-nepenaiHas xapakTepucTUKa

Haznauenue u 001acTh mpuMeHEHUsT yCTPOHCTBA ( ):

[TpuHumn neicTBus ycTponcTna (
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®opmbl 1J141 1a0opaTopHOil padoTsl Ne 1

OkoHuanue npui. 1

Ne KoHCTpyKTUBHBII 3CKH3 AJIeMEHTa N3o6paxenue no ECK/]
TLI1.

1 2 3

1

2

3
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IIpunoxenue 2

Crpykrypa u 2jieMmenThl HHTep(eiica FluidSim Hydraulics

Ilanens ynpasnenus macuimadoom

Ilanenv ynpasnenus nyckom euoponpugooa

{55 FluidSIM-H (Demo-Version;

File Edit Execute Library Insert Didactics Project View Options Window ?
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[Tpunoxenue 3

YcioBHbIe 0003HAYeHUd dJieMeHnToB I'T1

No YcnoBHoe n300paxeHue Onucanue
ILII.
1 2 3
Jlaboparopnas padota Ne 4
1 Iappormmuuap (') naByxctoponHero nelctBus, 03
I
NeMI(pUPOBAHUS B KOHIIE XOAa
T
2 A I'unpopacnpenenurens (P) derbipexiiMHENHBIN, TPEeXMo3u-
| o
fE , T LIMOHHBIN C PYYHBIM (MYCKYJIbHBIM) YIPaBIECHUEM U OTKpbI-
¥l TBIM CIIMBOM
T
Fl
3 HacocHo-aHepreruueckass cTaHIUs, BKJIIOYANONIAs: IMpeao-
XpaHUTEIBHBIN KJalaH; MAaHOMETP; HACOC; IPUBOJAHON JBU-
rareib
4 Perynupyemslii qpocceinb ¢ 0OpaTHBIM KJIaliaHOM
5 Manowmetp
JlaGoparopnas padota Ne 5
6 P .
i Iuppounnmuuap (I'Ll) aByxcTopoHHEro AeWCTBUSA, C JBYX-
1L CTOPOHHUM LITOKOM U JIeMII(pUpoBaHUEM B KOHIIE XOJa
7 1P ['mppaBiueckuii KnanaH AaBJICHUS, IPEIOXPAHUTEIbHBIN
TT W
8 5 I'unpopacnpenenurens (P) deTbipexiiMHENHBIN, TPEXMo3u-
IR LIMOHHBIN C 3JEKTPOMArHUTHBIM YIIPABICHUEM U MEPEKpbI-
9 I >{ THIM LIEGHTPOM
n
9 w; Perynupyemsiii npoccenb
10 ® Manometp
11 % Knanan oOpatHslii ¢ Ipy>KMHHBIM BO3BPaTOM
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OkoHuaHue npu. 3

1 2 3
12 HacocHo-3Heprerudeckasl CTaHLMS BKJIIOYAOUIas: MNPEAo-
XpaHUTEIbHBINA KIIallaH; MAaHOMETP; HAcOC; IPUBOJHON JABU-
rareib
Jlaboparopnas padota Ne 7
13 « .
I Iuppounmuuap (I'Ll) nByXcTopoHHEro AEWCTBHS, C JIEeMII-
Il ¢bupoBaHUEM B KOHILIE X0/1a
I I
14 I'mapaBnuyeckoe pele naBieHus
15 j Pacxonmomep
16 I'unpopacnpenenurens (P) yeTblpexiavHEHHbIN, ABYXIO3H-
A B o
i | LMOHHBIN C 3JEKTPOMAarHUTHBIM YIIPABICHUEM U IMEPEKpbI-
5 r >< THIM LIEGHTPOM
Pl
17 ['mppaBiueckuii KnanaH AaBJICHUS, IPEIOXPAHUTEIbHBIN
18 Manometp
19 HacocHo-3Heprerryeckasi CTaHLMs, BKJIIOYAONIAs: MPEIo-

XpaHUTEIbHBINA KIIallaH; MAaHOMETP; HAcOC; IPUBOJHON JBU-
raTeib
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[Tpunoxenue 4

Onucanue u ynpasijieHHe YHUBEPCAJIbHOI0 U3MePHUTeJIs-PeryasTopa

OBEH TPM138

Ha nuneBoif manenu npubdopa pacrnoiaokeHbl HUPPOBbIE U €AMHUYHBIE CBETO-
JUOJIHbIE UHIUKATOPBI, CIYyXKalllhe A1 OTOOpaskeHus Tekyliedl mHdopmauuu o na-
pameTpax u pekuMax paboTel Mpubopa, a TakKe MIECTh KHOMOK, MpeJIHa3HAYEHHbBIX
JUISL yIIpaBJIeHUsS] TPUOOPOM.

1 — Yerbipexpa3psanblii uupposoii naaukarop LHINU-1 orobpaxaer u3zme-
PEHHOE WJIM BBIYMCIEHHOE 3HA4Y€HHME NapameTpa B BHIOpAaHHOM KaHajleé KOHTPOJIS;
IpU aBapuu HMHJUKATOpP OTOOpakaeT MOPSAKOBBIM HOMEpP HEUCHPABHOIO JATYHKA.
Bo3MO0XHBI 1Ba pekrMa UHIUKALUU:

e cmamuyeckuil pedcum — BBIOOp KaHaa MHAMKALUN IPOU3BOAUTCS OIEpaTo-
POM MpHU MOMOIIM KHONOK YIIPABIICHUS, PACIIOIOKEHHBIX HA JMIEBOW MaHEIU IMpHU-
00pa, 1 KOHTPOJIUPYETCs MO 3aCBETKE COOTBETCTBYIOLIEr0 cBeToanona «KAHAJD»;

® YuKIUYEeCKUuli pedcum — MHPopMaIus 0 KaKJI0M KaHalle KOHTPOJISI BBIBOJIUT-
Csl 110 3aMKHYTOMY LIHKJIY Ha 3aJJaHHOE I10JIb30BaTEIIEM BpEMSI.

2 — Yernipexpa3psaaubiii uugposoii nunaukatop LHHIU-2 otoOpakaer ycTaBky
BBIBOJIMMOIO Ha MHAMKAIMIO KaHajla KOHTPOJIS; IPU aBapuM MHAMKATOP OTOOpakaet
IIPUYMHY HEUCIIPABHOCTU JAaTYMKA B CUMBOJIBHOM BUJIE.

3 — JAByxpaspsaaubiii uupposoii maaukarop LU-3 orobpaxaer undop-
MalMKl O MOJKIYEHHOM K [aHHOMY KaHally BXOJHOM IapameTpe (Hampumep,
natauk «d1y»).

4 — JIByxpaspsiaubiii nudposoii maaukarop IIU-4 nudposoit mHaMKa-
Top Ne 4 oroOpaxaet B pexkume PABOTA HOMEp MOAKITIOUEHHOTO K JaHHOMY KaHa-
JIy BBIXOJTHOT'O YCTPOWCTBA; MUT'AIOIIEH 3aCBETKOM CUTHAJIM3UPYET O IepesBoae BY B
pexum PYUHOE VIIPABJIEHHUE.

5 — Cseromnoapt «KAHAJI 1...8» HIOCTOSIHHOM 3aCBETKOIl ITOKA3bIBAIOT
Homep JIY, mapamerpbl KOTOPOTrO B JaHHBIM MOMEHT BBIBOIATCS HA HWHIUKALIUIO,
MUTAOMIEd 3aCBETKOM CUTHAIM3UPYIOT O BO3HMKHOBEHHWM AaBApPUMHOW CHUTyallMU
B JJTAHHOM KaHaJle KOHTPOJIs WIM CpabaThIBAHUM B HEM NPEAYyNpEIUTEIbHON CUTHA-
JIM3aIMu.

6 — CBeroauon «K1» («K2») 3acBeunBaeTcsa npu BkiItoueHuu BY kanana KoH-
TPOJIsi, BBIBOAMMOTO Ha HWHAUKAIMIO (TOJbKO s KiaoueBbix BY). CBeroauon
«CTOII» cBetuTcs mipu paboTe B CTATUYECKOM PEIKUME MHIUKAIINH.
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W\

Oxonuanue npuiu. 4

|

e o R

N

8
7
6
5
4
3
2
1

TPM138

Al, ¥
7 — KHONIKH u CIIyXXatT IJIAd BBI60pa KaHaJla MTHAUWKAIlu1u B CTaTHU4YC-

CKOM PCIKUMC pa6OTBI, a TAKKC IOJIA YIIPAaBJICHHA BY B PYYHOM PCIKUMC.

Knonka

NnPOr,

MUPOBAHMUE.

CEPOC

Knonka

¥

npeaHa3HavyeHa il nepeBojaa npubdopa B pexxum [IPOT'PAM-

npeHa3HavYeHa JiJIsi OCTAaHOBKM paboThl aBapuiiHoro BY, a Tak-

KE IJIs1 cABUT'a I/IH(I)OpMa]_II/II/I Ha BCPXHCM MHAUKATOPC IIPpU €Tro ICPCIIOJITHCHUU.

PY4H.

Knonka

BBIXOL

npeaHasHauCHa AJI1 IIepPEBOaA BBI6paHHOFO oricpaTopom JIY B

pexum «PYUHOE VIIPABJIEHUE», a Ttakxe ajisi Bo3Bpata mpubopa M3 pexuma
I[TPOIT'PAMMUMPOBAHUE B pexum PABOTA.

cTon

Knonka

LMK

NpcaHa3sHa4YCHa JJIA MCPCKIITOYUCHUA PCKUMA NHAWKAITUU HpI/I60-

pa €O CTATUYCCKOTO Ha HHKHHHCCKHﬁ, u 06paTHO.
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6 2
Kunemarnueckas BI3KOCTh V-10° M~/c

IIpunoxenue 5

3aBHCHMOCTh KHHEMATHUYECKOH BA3ZKOCTH

Pa0d0YHUX KUAKOCTEH OT TeMIEPaATyPbI

M3 VG-15  COM-15 VG-22

VG-46

MIE-46B

60 50 —40 —30 20 —10 0 10 20 3040 5060 70 80 90 100 120 130

Temneparypa pabouux xxunkocrei,’C
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[Tpunoxenue 6
PEKOMEH/JAIIUU
17151 BHITIOJIHEHHS J1a00PATOPHOI0 MPAKTUKYMA

o AMCIMIIJINHE ((FH[[pOHpI/IBOJI H CpeaACTBA AaBTOMATUKHW»

K 3anatusiM pomyckaroTcsi CTYJeHThI, UMEIoIIe 0(pOpMIIEHHBIA TPOTOKOJI OT-
gyeTa J1abopaTOpHBIX PadOT W MPOMIEIAIINE WHCTPYKTAXK MO TEXHUKE O0€30MacHOCTH
(CM. MHCTPYKIIMIO B MpUJL.7) pabOThl B J1a0OpAaTOPHUSAX HA IKCIIEPUMEHTAIBHBIX yCTa-
HOBKaXx.

JI71s1 yCrienmHoro BBITIOTHEHUS U JIOMYCKa K 3alUTe J1a0opaTOPHOTO MPAKTUKY-
Ma HEOOXOAUMO:

1. O3HaKOMUTBCS C IESIMU U 3aJa4aMy BBITIOTHAEMON JJa00paTOpHOM padoTHI.

2. 3anucaTh OCHOBHBIE TECOPETHUECKUE IOJOKEHHUS B BHUJE KJIIOUEBBIX BhIpa-
KEHUU W OTPEeNIeNICHUI, MPeIBApUTEIIBHO 03HAKOMUBIIHNCH C HUIMU B COOTBETCTBYIO-
IIEM MyHKTE JaHHOTO MPaKTUKyMa.

3. MBy4yuTh cxemy J1a00paTOpHON YCTAaHOBKH M BBIMOJHUTH €€ ICKU3 B MPOTO-
KOJIE€ C TIOSICHEHUEM COCTaBa M MPUHILIMIA JECUCTBUS 3JIEMEHTOB.

4. YCTaHOBUTHh KaKH€ BXOJHBIC M BBIXOJHBIC JaHHBIE TPEOyeTCs MOJYYUTH B
XO/1€ BBITTOJTHEHUS JITA0OpaTOPHOU PabOTHI.

5. Iloxg pyKOBOACTBOM MPENOIABATENS U B COMPOBOKICHUN aCCUCTUPYIOIIETO
WHXXEHEpa, TPOBECTU CEPHUIO0 IKCTIIEPUMEHTOB, 3aHECS B TaOJIMIy MOJTyYeHHbIC JaH-
HBIE UCCJICOBAHMS.

6. BBIMOJHUTE pacyeTHYIO YacTh pabOThI COTJIACHO METOJUKE, MPUBEICHHON B
JTAHHOM TPaKTHUKyME.

7. Tlo 3aBepiieHuU pacyeTa, 3aHECTH TMOJYyYEHHBIC NaHHBIC B TaOJuUIly, IO-
CTpOUB rpauKu 3aBUCUMOCTEH, €CIIU ATO HEOOXOUMO.

8. Caenath BBIBOJ 110 pe3yJbTaTaM pabOThI, COTVIACHO MOCTABJICHHBIM LIEJISIM U

3aJJadaM.
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IIpunoxenue 7

NHCTPYKIUA
110 TEXHUKe 0€30MaCHOCTH /ISl IPenojaBaTe/e, aCCUCTEHTOB 1

CTYJ€HTOB NPH BBINOJIHEHUH J1A00PATOPHBIX padoT

1. K pabore Ha 1abopaTopHOW YCTAaHOBKE IOMYCKAIOTCS JIMIA, MPOIIEIIINE
MHCTPYKTQX IO TEXHHKE O€30MacHOCTH M O3HAKOMHUBIIMECS C €€ YCTPOHCTBOM HU
0COOEHHOCTSIMH.

2. Bce HeoOxonumble orepanuu Ha Ja0OpaTOPHOM YCTAHOBKE CTYJIEHTHI
BBITIOJIHAIOT 1OJ] KOHTPOJIEM IIPErnojaBaTess Uil 1adbopaHTa.

3. [locne BKIIOYEHHUS YCTAaHOBKH HEOOXOAUMO YOEIUTHCS B MPABUIILHOCTH €€
paboTHI.

4. Bo Bpemsi mpoBeAeHHUs JaOOpaTOpPHBIX pabOT BO H30EkKaHHE HECYACTHBIX
CJIy4aeB U TPaBMHUPOBAHMUS 3aIPEIACTC:

— KacaTbCs pyKaMU TOKOBEIYIIUX IPOBOJOB, KJIEMM, AeTalleH;

— mepenopy4yaTrh HaOoieHHe 3a padOTONW YCTAaHOBKHU JUIAM, HE MPOIIEAIINM
MHCTPYKTAX;

— CaMOCTOSITEJIbHO TMepeMeniaTh HW3MEpPUTENbHbIE TPUOOPBL, YTO MOMKET
BBI3BATh UX MOJIOMKY.

5. Ilpu oOHapyXeHUH OMACHOCTH WM HEUCIPABHOCTU 00OPYyI0BaHUS
71a60paTOPHON YCTAaHOBKH HEOOXOJMMO HEMEJIEHHO €€ OTKIIIOUUTH OT CETH.

6. Ilocne BbIMoOIHEHUS J1abOpaTOpHONM pPAOOTHI WM Ha BpEMs IepepbiBa
nabopaTopHasi YCTAaHOBKA OTKJIIOYAeTCS M BBIKIIOYAETCS PYOUJIBHUK CHIIOBOTO
mkada.

7. Ilpu HecyacTHOM ciydyae HEOOXOJMMO OKa3aTh IMOCTPAJaBIIEMYy IEPBYIO

MCIUIHWHCKYIO ITIOMOIIb.
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YuyeOHoe u3Ianue

Cunopenko Banentun Cepreesuy,
Hounemxkun Makcum Cepreesud,
I'puenko Bsuecnas ropesuy
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