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OO0ume mo10KeHust
B kypce «l'mmpomexanuka» g crnenuanbHOocTA 130400, cry-
JICHTHI BBIMIOIHSIOT JIAOOpATOpPHBIE PalOTHI, 1I€JIb KOTOPBIX O3HAKO-
MUTh CTYJIEHTa C OCHOBHBIMHM 3aKOHAMH TE€YEHUS >KUJKOCTU U Hay-
YUTH BBIMOJHATh HECIOKHBIE SKCIIEPUMEHTAJIbHBIE MCCICIOBAHUS U
pacueThl TUAPABINUYECKUX CUCTEM.

TpeOoBaHusl K BHINOJHEHUIO JIA0OOPATOPHBIX PadoT

JlaGopaTtopHbIe pabOThI JOJKHBI OBITH PE3YIBTATOM CaMOCTOS-
TEIHHOW M TBOPYECKOW pabOTHI CTyJeHTa. Bce peskumbl paboOThI IKC-
MEPUMEHTAIBHBIX YCTAHOBOK 3a/Iaf0TCS, a TpeOyemble 3aMephbl BbI-
TIOJTHSFOTCS CTYJICHTOM.

Texanueckoe opopmireHHe 1a00OPaTOPHBIX padOT JOHKHO COOT-
BeTcTBOBaTh ECK/I.

OtyeT mo mabopaTopHO paboTe MOKEH OBITh HAMMCaH Ha OJ-
HOM CTOpOHE JUCTOB (popmaTa A4 M OTIIMIATHCS KPATKOCTHIO M SICHO-
CTBIO M3JIOKEHHUsI, 0e3 CokpaiieHus ppa3 U HEHYKHBIX TOsICHEHUH. B
HayaJile OTYeTa JIOJDKEH OBITh TUTYJBHBIN JINCT YCTAHOBJICHHOTO 00-
pasna. [lo cormacoBanuto ¢ mpernojaBaresneM JI0myckaeTcs: ohopmiie-
HUE OTYCTOB B YUCHHUYECCKUX TETPAISX.

Llocne sawumul aabopamopubix pabom omyem XpaHumcs Ha

Kagedpe.

Coaepxanue oT4yera 1Mo JJa00paTOpHbLIM padoram

Otuert 1o J1a60opaTOpHOM padoTe TOHKEH COASPKATh:

1) 11e716 PaboTHI;

2) CXeMy H KpaTKO€ OIMCAHHE KOHCTPYKIHH SKCIICPUMCHTAIb-
HOI 1a00paTOPHOM YCTaHOBKH;

3) HOPSJIOK BBIIOJHEHHMS SKCIIEPUMEHTOB;

4) pacueTHbIE (POpMYIIBI IO 00PAaOOTKE PE3YIBTATOB 3aMEPOB;

5) TaONHITy 3aMEPOB U PE3YIHTATOB PACUETOB, a TaKKe HEOOXO-
IUMBIC TpaQUKH U THarpaMMEL.

[IpuBeneHHbIC B HAYajIe KaXa0W J1a00paTOpHOl pabOThl TEOPETH-
YECKHE TIOJIOKEHHUS HEOOXOIMMO HM3YYHUTh TIEPE]l BHIMTOTHEHUEM JKC-
NIEPUMEHTOB. B 0TUET OHM HE BKITFOYAFOTCSI.



Mepsbl 0€30I1aCHOCTH NPH BBINOJHEHUH JIA00PATOPHBIX PadoT

[Ipu BhIMOSHEHUM JAOOPATOPHBIX PAOOT CTYIEHTHI OO0S3aHBI
CTPOTO BBITIOJIHATH MHCTPYKIIMIO MO TEXHUKE OE30MacHOCTH, YTBEp-
KIACHHYIO JJIs1 JTaOOpaTOpUM TUIAPABIUKH. Bce BKIIOUEHUS] M BBIKIIIO-
YeHUs Ja0OpPaTOPHBIX YCTAHOBOK OCYIIECTBIISIOTCS IMPEroiaBaTeieM
WJTM OTBETCTBEHHBIM JIAOOPAHTOM.

K pabGore Ha mabopaTopHOIl YCTaHOBKE CTYJCHT IIPHUCTYMacT
TOJIBKO TOCJIE€ TIIATEIBHOTO U TIOJIHOTO U3YYEHUSI METOJIMYECKUX YKa-
3aHUH 110 BBITIOJIHEHUIO KOHKPETHOW pabOThl U MPOBEPKU WX 3HAHUI
MPENOAABATENEM.

MeToauueckue YKa3aHHs 10 BHINOJTHEHUIO JJAa00OPATOPHBIX padoT
JlaGopatopHnas pabora Ne 1
HccaenoBanne pe;kUMOB JABHKEHHS JKHIKOCTH

[lens paOoThI: BU3yadbHOE HAOJIOICHHE XapaKTepa M CTPYKTY-
pPBI TIOTOKA KUJAKOCTU MPHU PA3HBIX CKOPOCTAX IABUKCHUSA, OINpEICIIC-
Hue uncia PeliHonmbaca u koaddunuenta Kopuonmca.

1.1. TeopeTnueckue MOJI0KEHUS

[Ipu ABUMKEHUU MOTOKA PEATbHOM KUJKOCTH B HEM JIEUCTBYIOT
Pa3JIMYHBIE CUJIbI: CUJIbI JIABJICHUSI, BS3KOCTH (TPEHUS), TSKECTH U
uHepuuu. B mepoii monopuHe XIX Beka MHOTHE uCCaeA0BaTEIN 00-
paTWId BHUMAHHME Ha TO, YTO B PA3JIUYHBIX YCIOBUSIX XapakTep U
CTPYKTypa MOTOKA >KUJIKOCTH MOTYT ObITh pa3ubie. B 1883 r. anrnmii-
ckuil puzux OcOopH PeliHombAC 000CHOBAT TEOPETHUECKH M MTOKa3ajl
Ha OMNbITaX CYIIECTBOBAHUE JBYX MPUHIMIUAIBHO PA3IUYHBIX PEXKU-
MOB JABWKEHUS XUAKOCTH. OHHM TONYYWUSIA HA3BAHUE JAMUHADHBILL
(cioucThIil) U mypoyaeHmubli (BUXPEOOPa3HBIN) pEKUMBI.

PeitHONBAC YCTAaHOBWJI, UTO KPUTEPUEM PEKHUMA JIBUKCHHUS
KUJAKOCTH SIBISIETCS Oe3pa3MepHasi BeIW4YMHA, MPEACTaBIsAIomas co-
OOl OTHOIIIEHHWE MPOM3BEACHUS CpeHel CKOPOCTH MOTOKa V Ha Xxa-
pPaKTEpHBIN JUHEWHBIN pa3Mep | monepeyHoro ceyeHus noToka K Ku-
HEMATUYECKOM BSI3KOCTH KUIAKOCTH L, KOTOpasl BIIOCIEACTBUU ObLIa
Ha3BaHa yuciaom Peunonvoca. JIjis TOTOKA KUAKOCTU B TPyOE KpPyTJIO-



ro cedyeHus (XapakTepHbId pa3mep | paBeH BHYTpEHHEMY IUaMETPY
d) uucio PeitHoNmbaCa BEIYUCIAETCS IO hOpPMYIIE
= E (1.1)
v

dusnueckul cMbIca uywuciia PeliHojblica 3akirodyaeTcs B cClle-
ayromeM. M3 Teopun ruapoJIMHAMMYECKOTO IOoJ00Ms M3BeCcTHO [1],
YTO CWJIbI MHEPLIUU ITPONOPLMOHAIBHBI INIOTHOCTH JKUAKOCTH P, CKO-
POCTH KUAKOCTA V BO BTOPOM CTEIEHU M XapPAKTEPHOMY JIMHEUHOMY
pa3mepy | Bo BTOpOH CTEIECHU:
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B cBowo ouepenp, CHIbl BI3KOCTH MPOHOPIIMOHAIBHBI IIOTHO-
CTH, CKOPOCTU TIOTOKA, XapaKTEPHOMY JIMHEHHOMY pa3Mepy U Kod(d-
(GUIMEHTY KHHEMATHISCKOM BSI3KOCTH:

Ry ~pVlv. (1.3)
Bo3bpmem oTHomienue Beipakenuit (1.2) u (1.3).
242
Ryu :pV 1 :Vl _Re
R, pVlv v

Takum oOpa3oM, uuciio PeitHonbca €CTh BEIMYMHA, MPONOP-
[IUOHAJIbHAS OTHOLIECHHUIO CUJIBI MHEPIIUU K CUJIaM BSI3KOCTH.

B 3aBUCUMOCTH OT TOrO, Kakve CUJIbI (BSI3KOCTH WJIM UHEPIUU)
OymyT mpeodnagaTh, U YCTAHOBUTCS PEKUM JBMOKCHUS JKHUIKOCTH —
JJAMUHAPHBIN WU TypOYyJICHTHBIM.

OneiTHas ycTaHOBKa PeliHonbica npeacTaBieHa Ha puc. 1.1.
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Puc. 1.1. Pexxumsl IBMOKEHUS KUJIKOCTHA




JlaHHasi yCTaHOBKA TO3BOJIIET HAOII0JAaTh 3TU PEKHUMBI TIPU
JBH>KEHUHU TIOJKPAIICHHOMN XKUIKOCTH, M0JJaBaeMOM 4yepe3 TpyOKy 2 B
MOTOK MPO3PAYHOUN JKHIAKOCTH, MPOTEKAIONIEH MO CTEKISTHHOMY TpPY-
oompooy 1.

[Tpu HEOONBIIONW CKOPOCTH JBUKEHUS KUJIKOCTH KpacKa, MOIaB
B MOTOK >XUJKOCTH B BHUJI€ TOHKOW CTPYWKH, MPOJOTAKAECT HA BCEM
MPOTSKEHUU MOTOKA JBUTaThCs CTpyukou (puc. 1.1, a). 910 3HAUMT,
YTO YaCTHUIBl HUCOBITYEMOW >XUIKOCTH TaKXe JBHXKYTCS CTPyH4aTo
(ciIoMCTO). DTO JIAMUHAPHBINA PEKUM.

[Ipu yBeNMYEHUN CKOPOCTH NBUKEHUS KUJIKOCTH OKpalllCHHAS
CTpyiika MmpuoOpeTaeT BOJHUCTOE OYepTaHue (IepexojHas 30Ha), a
3aT€M BHE3AITHO Pa3pyIIaeTcsl Ha OTACJbHBIE YAaCTUIIbI, KOTOPHIE Ja-
Jiee IBUTAIOTCA MO CIy4alHBIM HEOMPEICIEHHO UCKPUBJIEHHBIM Tpa-
EKTOpHUSIM, OKpaIlIMBasi BeChb MOTOK ujakoctu (puc. 1.1, ). 3to Typ-
OymneHTHbIN pexxuM. [Ipu TakoMm pexuMe 4acTh SHEPTUH 3aTpadyrBacT-
Cs Ha IMOIMEPEYHOE MEPEMEIICHUE U TIEPEMEIINBAHUE YACTHI] KUJIKO-
CTH, BCIIEJCTBHE YEro TYpPOYJCHTHBIM pEXKUM TpeOyeT OOIbIINX
YAEIbHBIX 3aTpaT HA IEPEMEIIICHUE KUJIKOCTH, YEM JTAMUHAPHBII.

Ha ocHoBe skcnieprMeHTa MOXKET ObITh TOCTPOCH rpadvK 3aBH-
CUMOCTH 4Hcia PelHonbaca OT CKOPOCTH IIOTOKA KUAKOCTHU
(puc. 1.2), Ha KOTOPOM OTMEUYE€HBbl MOMEHTHI II€pexojia PEKUMOB
JBU>KEHUS KUJAKOCTU OJIMH B IPYTOl U HA00OPOT.
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Puc. 1.2. 3aBucumocTs Re 0T CKOpOCTH TTOTOKA KUJKOCTH



PeitHoNbIC ompenen ABa KPUTHYECKUX YWCIAa — BEpXHEE U
HIDKHEE.

Bepxnee kputndeckoe 4duciao PerHoibaca COOTBETCTBYET MO-
MEHTy TIepexoJa OT JaMHUHApHOTO peXuMa K TypOyJIEeHTHOMY:
Re,; =12000. HmwkHee xpuTHueckoe yuciio PelHOIIbca COOTBETCT-
ByET MOMEHTY Iepexo0/ia OT TYpOYJEHTHOTO PeXHMa K JJAMUHAPHOMY:
Re,, =998. Ha y4yacTke MeXIy STUMHU JBYMS KPUTHYSCKUMHU YHCIIa-

MU PerHOmb/ICa BO3MOKHO CYIIECTBOBAHHUE KaK JAMHUHAPHOTO, TAK U
TypOYJICHTHOTO peXXUMa JABUKEHUS KUJKOCTU. ITO 3aBUCUT OT YCJIO-
BUM BX0JIa )KHIKOCTH B TPyOY, IEPOXOBATOCTH CTEHOK U JAPYTHX CIIy-
JaiiHbIX (hakTOopoB. B mpakTudeckux pacyerax 4ucio PeitHonbaca mc-
MOJIB3YETCS TPU OMPEJEICHUNU COMPOTHBJICHUS TPYyOOIPOBOIOB.
OOBIYHO 1711 KECTKUX TPYyOOINPOBOAOB KPUTHUUECKOE 4YHCIO Peii-
HOJB/ICA NPUHUMAIOT Rey, =2320. IIpu Re; < Reyp JTAMHHApHOE

JBU>KEHUE SIBJISIETCS BIIOJIHE YCTOMYMBBIM: BCSIKOIO POJIa UCKYCCTBEH-
Hasg TypOyJau3aiys MOTOKa M €ro BO3MYIIECHHS (COTpsceHue TpyOsl,
BBEJICHUE B NOTOK KOJICOIIOIIErOCs Tela U Ap.) MOTallarTCs BIUSIHU-
€M BSI3KOCTH, U JIAMUHAPHBIA PEXKUM TEUEHUS KUJKOCTH CHOBA BOC-
cranaBiuBaetcs. [Ipu Re; > Rey,, HA000pOT, TYPOYICHTHBIA PEKUM

YCTOWYMB, 4 JIAMAHAPHBIA HE YCTONYNB.

Ecnmn kuBoe cedeHue IMOTOKA OTIMYAECTCS OT KPYIVIOTO WX B
TpyOOIPOBOI€ UMEETCS OOJIBIIIOE YHCTIO OJIM3KO PACTIONOKEHHBIX Me-
CTHBIX COINPOTHUBIICHUH, KPUTUYECKOE YUCIO PEerHONBICA MOKET OT-
JIMYATHbCA OT IIPUBEICHHOIO BBILIEC 3HAYE€HUsS. Tak, Hampumep, s
T'HOKHX IIIJJAHTOB B CHCTEME THAPOIIPHUBOIA Reyp =1600.

OT pexxuMa JBUKEHUS KUJIKOCTH 3aBUCAT HE TOJIBKO MOTEPU HA
MIPEOI0JICHUE COMPOTHUBIICHUS TPYOONPOBOJA, HO M IHEPTreTUUECKHUE
rmapameTpsl notoka. Ha puc. 1.3 mokaszaHbl 3IIOpPBI CKOPOCTENU B KH-
BOM CEUECHUU MOTOKA KUJKOCTH B KPyIJIOW TpyOe.

Dmropa CKopocTel B cllydae JaMUHApHOTO PeKUMa B TPyOOIpo-
BOJIC KPYIJIOTO CEYEHUS MPEACTABISAET COO0M mapadoion ] BpalleHus,
OCh KOTOPOT'O COBIAJIAET C TEOMETPUUECKON OChI0 TPyObl. CONpOTHB-
JieHHue TPyOONpoOBOJia B 3TOM CiIydae MPsSMO MPOIMOPIIMOHATBHO BSI3-
KOCTH XHUJKOCTH U 00OpaTHO NMPOMNOPIMOHAIBHO 4YUCIy PeliHombica.
PacueTaMu MOXKHO OKa3aTh, 4TO Vep =0,5Vipmay .
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Puc.1.3. Dmropsl ckopocTel mpu JaMUHApHOM (a) U
TypOyaeHTHOM (0) pekuMax JABUKEHUS KUJIKOCTH

Onropa CKOpocTeil TypOyJIEHTHOIO peKUMa UMEET SPKO BbIpa-
KEHHOE TYpOyJIM3UPOBAHHOE SAJIPO TIOTOKA C IPUMEPHO OJTMHAKOBBIMHU
CPEIHUMHU CKOPOCTSAMU. JIUIIh YaCcTUIIBI KUIKOCTH, OJIM3KO PacIoio-
KCHHBIE K CTCHKE, MCIIBITBIBAIOT OT HEE TOPMO3SAIICE JECUCTBHUE CHII
TpeHHUs U 00pa3yloT TaK Ha3bIBAEMBINM JaMUHAPHBIN Mojcioil. B aToM
Clly4dae CONPOTHUBIICHHE TPYOOIpOBOAa B HAUOOJBIIEH CTENIEHU OIpe-
JENSIeTCSl 1IEPOXOBATOCTHI0 CTEHOK TPYObl M MMEET KBaJPaTUUYHYIO
3aBUCUMOCTB OT CKOPOCTH XHUJKOCTH W yucia Petnonbaca. CpenHsis
CKOPOCTh ITOTOKA V¢p HECKOIBKO MEHBIIE Vipay, @ IPU  a0COJFOTHO
TypOYJICHTHOM peXuMe (YTO BO3MOXXHO TOJIBKO TEOPETUYECKHU ISt

uaeanbHoi KUIKOCTH) Vep = Viax.

Kunetnueckas sHeprusi MOTOKa, IOJACYATAHHAS II0 CPEIHEU
CKOPOCTH TEYEHHS, OTHECEHHAs] K €AUHUIIE MACChl KUJIKOCTH, PaBHA

2 o o o
ch /2. OtHolIEeHNEe NEHCTBUTEILHON KHHETHYECKOM DHEPIUH K TIOJI-

CUMTAHHOM IO CpeaHEN CKOPOCTH Ha3bIBaETCA KOA(PDUITMEHTOM KIHE-
THYECKOU sHepruu win ko3¢ dunuentom Kopuonuca a. OH xapakrte-
pU3yeT HEPaAaBHOMEPHOCTh PaCHpeIeNICHUs] CKOPOCTEH B MOMEPEUYHOM
cedeHuu notoka. Ero MuHHMalibHOE 3HAYeHHE paBHO | B ciydae Te-
YEeHUs  UJCANbHOM  KUAKOCTU. [  peanbHBIX  KUAKOCTEU
a = 1,05...1,13 npu TypOyJIEHTHOM peKHME U O = 2 MpH JIaAMUHAp-
HOM pexuMe. B HEKOTOpBIX clydasx, HallpuMep, B MecTax H3ruda
TpyOOIIpOBOAa, MIOPAa CKOPOCTEH MOKET MMEThH ellle OOJNBIIyI0 He-
PaBHOMEPHOCTh CKOPOCTEN U TOTIa O MOXKET OBITH OOJIBIIIE 2.



Koadpdunment Kopromnuca rnpu JaMHUHApHOM PEXKUME MOKHO
BBIYHCITHTH 1O popmyste & = Vi, /Vep .

1.2. DxcriepuMeHTAIbHAS YaCTh
A. JlabopaTopHas ycTaHOBKA

JlaGopaTopHasi yCTaHOBKA, TIO3BOJISIONIAS UCCIIEIOBATh PEKUMBI
TEUEHUS KUAKOCTH, cOoCcTOUT (puc. 1.4) u3 HamopHoro 6aka 1 c mbe-
3oMeTpoM. HamopHbIii 0ak HAMOMHSAETCS BOJOW MPU OTKPHITUUA BEHTHU-
71 IPUCOEMHEHHOTO0 K BOAONpPOBOAHON ceTu. IlepenonHenue Oaka
MIPEAOTBPAIIACTCS 32 CYET BOPOHKH YCTAHOBJICHHON B HAITIOPHOM Oake
1. K otBOgHOMY TpyOOIIpOBOAY MPHCOETUHEHA CTEKJIsSHHAs TpyoOa 4
C BEHTHWJIEM 5 U COCY[I 2 C MOJKPAIICHHOW )XUJKOCThI), COCIUHEHHBIN
TpyOKOM M JipocceneM 3 ¢ HHBEKTOPOM , BBEJICHHBIM B TpyOy 4. Jlms

OTIPEJICJICHHsI CEKYHTHOTO Pacxo/ia BOAbI Yepe3 CTEKIISIHHYIO TpyOy 4
CIIY>KUT MEpHBIN 0ak 6 ypOBHEMEPOM.

=

n

=

d=57cm

Puc. 1.4. Cxema nabopaTopHON yCTaHOBKH



b. ITopsinok mmpoBeIeHUS OTIBITOB

Jl71s1 TIpoBeICHHST OIBITOB HAIOPHBIN Oak 1 3amomHseTcs BOIOM,
CIIMBHOM BEHTHIIP MEPHOTO 0aKa HY>KHO 3aKPHITh.

I1eBblii ONBIT (JITAMUHAPHBINA PEKUM )

IIpu momomu apoccens 3 nmoaaTh MNOAKPAIICHHYIO KHUJIKOCTh B
CTEeKJISTHHYIO TpyOy 4. OTpBITh BEHTHIH 5 HAa HE3HAUNTEIBHYIO BEJIH-
YUHY U PETYJHMPYS APOCCENEM 3 W BEHTWIEM 5 TMOJYYUTH MPSAMOJIHU-
HEWHOE JIBUKECHUE MOJIKPAICHHON CTPYUKH B TIOTOKE BO/IBL.

[Ipu momotu HAOOPHOM U MEPHON €MKOCTEH OMpEeACIUTh 00h-
€M BOJIbl, BeITeKIIEH 3a 15-30c.

OJIHOBPEMEHHO C IPOBEACHUEM JIaHHBIX 3aMEPOB HEOOXOIMMO
OINPEICIUTh TIPU TIOMOIIA CEKYHJIOMEPA BPEeMs MPOXOKICHUS XapakK-
TEPHOW TOYKU MOJKPAIICHHON CTPYHKHU (B LIEHPE OTTOKA) MEPHOIO
y4acTKa, OTMEUYEHHOI'0 PUCKaMHU Ha MOBEPXHOCTH CTEKJISTHHOU TPYOBI.
Takux 3amepoB JTOKHO OBITH caenaHo 6-10 pa3. Pesymbrarsl 3ame-
poB 3aHecTH B Taod. 1.1.

Bo Bpems mpoBeieHHs 3TOTO OMNbITa HEOOXOJIUMO YOEIUTHCS B
HEPAaBHOMEPHOCTH PACIPEICIICHHUS CKOPOCTEN B MONIEPEYHOM CEUYCHUHU
TpyOBI. J[JI1 3TOro HEOOXOAMMO ITyTEM PE3KOTO HaKaTHsS Ha PE3UHO-
BYIO TPYOKY 7 BBIITYCTUTh M3 HHBEKTOPA OOJIBIIYIO TOPIIUIO KPACKH U
MIPOCJICAUTH 3a ee MepeMerieHrneM. MakcuManbHas CKOPOCTh HaOIIo-
Ja€TCs B IIEHTPE MOTOKA.

[Tocnemyromye OnbITHI MPOBOAITCS MyTEM YBEIMYECHUS pacxoaa
KUJIKOCTHU TIPY MOMOINM BEHTHIIA 5. 3aMepsAeTcs TOIBKO 00BEeM KHUI-
KOCTH, BeITekIIeH 3a 10-20 c.

Bo BTOpOM oOmbITe HEOOXOAUMO ITOIYIUTh BOJHOOOPA3HOE JIBH-
YKEHUE MOJKPAIICHHON CTPYUKH.

B TpeTheM ombITe NMpH ABMKEHUM Y IOJKPAIICHHON CTPYMKH
JOJKHBI TTOSIBUTHCS pa3pbIBbl U BUXPH.

B deTBepTOM ONBITE MOJKpaIlICHHAs CTPyWKa JOJKHA pa3py-
IIATHCS MOJHOCTHIO.

ITo oKOHYaHMU OIBITOB U3MEPSETCS TEMIIEpaTypa BOJbl B Mep-
HOM Oake MpH IMOMOIIH CIIEIHAILHOI0 N3MEPUTEIIFHOTO KOMILIEKCA C
TepMOJdaTUYHKaAMM.

Bce pe3ynbTarsl 3aMepoB 3aHecTd B Tao. 1.1.




B. O6paboTka sKCriepruMEHTaIbHBIX JaHHBIX

[1o pe3ynbraram 3aMepoB MPOU3BOAUTCS pacyeT TpeOyeMbIX Be-
JUYUH 10 opMyiaMm.
1. O6beM BOIbI, BHITEKIIICH 3a BPEMSI OIIbITA, cM:

W = SgAH,
rae Sy — IIomaas CeUeHHst MepHOro 0aka S| =4250 CM2;

AH — npupaiienne ypoBHs BOABI B 0aKe 3a BPEMs OIIBITA, CM.
2. Pacxon BOJEL, cM/c:

Q=W/x,,
rae Ty — BpeMs OIbITa.
3. CpeaHssi CKOPOCTh IBHKEHHUS BOIBI, M/C:

V=Q/S,,
Trac Sl] — IJ1omaab JKUBOI'O CCUCHUS II0TOKA BOJbI, OIIPCACIIACTCA KaK

IJIOMIAAb IONIEPEYHOT0 CEUCHHS KPYTIIOi TpyOs! muamerpoM d = 5,7 cwm.
4. Kunematudeckuit K03pOUIIMEHT BA3KOCTH BOIbI, CT
2
(1 Ctokc =1 cm7/c):

0,0178
v =

1+0,0337 t + 0,000221 t2

rjae t — TemrepaTypa BoJbl B riepuoy omnbita, °C.
5. Hucno Perinonpaca
_dav
5
6. MakcumainbHasi CKOpOCTh BOJbI B TPYOOIPOBO/IE (TOIBKO ISt
JaMHHAPHOTO PEKHUMa), CM/C:

Re

L
Vmax = ’
rae L — 1irHa KOHTPOJIBHOTO y4acTKa, CM;

Tcp — CPpCaAHEC BPCM: IIPOXOKACHUA HaCTHUIIaMHU BOAbI KOHTPOJIb-

HOT'O y4acTKa, C.
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7. Koaddunment Kopromuca
oa=V,.'V.

Pe3ynbpTaTel pacueroB BHOcATCA B Tabmuimy. Ilo pesyiapraram
pacueToB B MacmrTabde crpoutcs rpaduk 3aBucumoctd Re = f (V) , Ha
KOTOPOM HY)KHO TOKAa3aTh 30HBI Pa3IMYHBIX PEKUMOB IBIDKCHUS H
TOYKH TIEPEX0/1a OT OTHOTO PEKHUMaA K IPYTOMY.

Tabnuua 1.1
O A, w c:s
S QO o 0 3 A Q
5 = 2 & RE| oa
m Bpewms © |Pacxoa| £ 2| B B
- 5 %C olle Y& 88
= Pexum S 2 2 |ombiTa 25 | Bomel | 8 5 :E =
= = 8 v O = 3)
O | T€4eHHsI BOJIBI l% S = o A
> Q
3 A\
AH,cm | 1,¢c |W,cm Qg’ ’ Re
cM’/c | cm/c
1 | JlamuHapHbIi
5 Hayamo
IIePEXO0IHOTO
3 Hayamo
TypOYJICHTHOTO
4 TypOyneHt-
HBIN
Temneparypa ¢ oC Maxkcumaib- | Vi,
BOJIBI ’ Hasi CKOPOCTh | CM/C
Kunematnueckunit Koadpdumment
KO3 dhHIeHT v, Ct Kopwnomuca o
BSI3KOCTH
Bpewms npoxox-
JICHUS YaCTULIEH
o Ti, C Teps €
CTPYHMKHU MEPHOIO
ydyacTka
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JlaGopatopnas padota Ne 2
HccaenoBanne ypapaeHuss bepHyuiu

[lens paboOTHI: 3HAKOMCTBO C ypaBHeHHUEM bepHYyJ U, BBIACHE-
HUE €ro T€OMETPUYECKOTO M IHEPreTUYECKOr0 CMBICIA U OmNpenaese-
HUE MOTEPH HAIIOpPa B TPYOOIIPOBO/IC IEPEMEHHOTO CEUEHHS.

2.1. TeopeTnueckue MOT0KECHUS

IIpy ycTaHOBMBIIEMCS T€UYEHUM >KUJIKOCTH Ha HEE JCUCTBYIOT
CHJIBI TSKECTH, BA3KOCTH U napieHuss. B 1738 romy unen Ilerep-
oyprckoii Axagemum Hayk Jlanunn beprymmm omyOanKoBal Kalm-
TAJIBHBIM TPYJ IO BOINPOCAM JBHKEHUS KUIKOCTH, ITOJIOKUB HAYAJIO
TUJIPOJIMHAMUKE. YpaBHEHHE BEepHYIJUIM yCTaHABIWBAET 3aBUCUMOCTD
MEXIYy CPEIHEH CKOPOCTHbIO TEYEHMS W CHJIAMH, JCUCTBYIOIIMMH B
ITOTOKE XKUJAKOCTU. JIJIsi 00JerdeHuss yCBOSHHS JTaHHOTO MaTepHania
CHaYaja pacCMOTPHUM CJIy4all TE€UYEHHUsS AJIEMEHTAPHOW CTPYHUKH HIE-
aJIbHOM >KUJIKOCTH, a 3aTE€M IMEPENIEM K IMOTOKY peaTbHOMN KUJIKOCTH.

A. YpaBHeHnue bepryum 1ist 31€MEHTApHOU CTPYHKHU
UJICATbHOU )KUJKOCTH

[Tox maeanbHOM >KUIKOCTHIO TIOHMMAETCSl Takas BooOpaxkaemas
(yclioBHAsI) )KUAKOCTh, KOTOpasi COBEPIIECHHO JIMIIIEHA BSI3KOCTU. B Ta-
KOW HEBS3KOM KHUJKOCTH, TAK K€ KAK M B HEMOJBH)KHBIX PEATbHBIX
KHUJAKOCTAX, BO3MOKEH JIWIIb OJWH BUJ HANIPSHKEHUH — HOPMAJIbHBIC
HANPSDKEHUS CXKATHS, T. €. TUIPOMEXAHUUECKOE TABIICHUE WU ITPOCTO
JIABJICHUE.

JlaBiieHUE B ABMXKYLIEHCS UJICATHHOM KUIKOCTU 00JIAIA€T TEMHU
K€ CBOMCTBAMH, YTO U B HEIMOJBW)KHOMW JKUJKOCTH, T. €. HAa BHEIIHEU
MTOBEPXHOCTH KUJAKOCTH OHO HAIPABJIECHO MO BHYTPEHHEW HOPMAJIH, a
B JIFOOOU TOYKE BHYTPH KUJKOCTH — IO BCEM HANPaBICHUSIM OJIMHA-
KOBO.

Bo3bMeM OfHY W3 3JIEMEHTApHBIX CTPYEK, COCTABJISIONIUX IO-
TOK, ¥ BBIJICJIUM CEYEHHUSIMU | U 2 y4aCTOK 3TOW CTPYWKH MPOU3BOJIb-
HOM JyuHBI (puc. 2.1).
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Puc. 2.1. Cxema cuii, IEMCTBYIOIMMUX HA 3JIEMEHTAPHYIO CTPYUKY
UJICAUTBHOU )KUJKOCTH

Ha cTpyiiky neuCTBYIOT CWIIBI JABJIEHHS P1S; U P2S; U CHIIBI
Tsoxect G u G,.

[IpuMeHNB K Macce JKHAKOCTH B O0BEME paccMaTpUBAEMOIO
y4acTKa CTPYUKH TEOPEMY MEXaHHKH O TOM, YTO paboTa CHJI, MPUJIO-
KCHHBIX K TEIly, paBHA IMPUPAMICHUK) KUHETUYECKOW SHEPTHU 3TOTO
T€JIa, MOJIyYM YPAaBHECHHUE BUA

2 2
Zl+p_1+V_lzzz+p_2+V_2, (21)
pg  2g pg 2g

IJI€ Z; U Z; — BBICOTA PACIIOJIOKEHUS IIEHTPOB TSIKECTH COOTBETCT-
BYIOIIIUX CEYEHUMN CTPYUKH OT IUIOCKOCTH CpaBHEHUS; V1, YV, — CKOpPO-
CTU CTPYUKH B COOTBETCTBYIOIUX CEYEHUAX; P — ILUIOTHOCTh KUIKO-
CTH; g — YCKOPEHHE CBOOOHOTO MA/ICHUS TeJIa.

[TonydeHHOE BBIpAXKEHUE U €CTh ypasHeHue bepHynnu 0ns dne-
MEHMAPHOU CMPYUKU UOEANbHOU HCUOKOCTIU.

JI71s1 BBISICHEHUSI T€OMETPUUECKOI0 CMbICTA ypaBHeHUsI bepHy-
JI1 PaCCMOTPHUM Pa3MEPHOCTHU WIECHOB, COCTABJISIONINX €TO.

l'uopocmamuueckuti Hanop

p H-m ¢ KI-M-M° - ¢ :[M].

Pg M2°KF°M c2-M2-Kr-M

['mapocTaTryecKkuii Harop YacTo HA3bIBAIOT Nbe30MempuUiecKum
BCIICJICTBHE TOT'O, YTO OH MOJKET OBITh M3MEPEH IPHU MOMOIIH IIHE30-
MeTpu4ecKor TpyOku (rbe3omeTpa) (puc. 2.2, a).



13

Mbe3oMeTpuYeckas V2 A —| TpyCka

Tpybka 20 ¥ || ~ Muto
A HI A F |-
P I P[] F

P9 7] P9 I
Y . . \L) A | y

Puc. 2.2. Cxembl u3MepeHusa ruipoCTaTUIECKOrO U
CKOpPOCTHOI'O HaIropoB

['eomempuueckuit nanop
2=[m].

CxopocmHou Hanop
v2 [y2.c2
= ) = [M].
2g c“-M
CKOpOCTHOI HAIlOp MOXKHO HM3MEPHUTh, JOOABHUB K MbE30METPH-
geckoil TpyOke TpyOky Iluto (puc. 2.2, 6). Pa3HOoCTh MoKa3aHuii 3THX

ABYX TPYOOK U JacT 3HAU€HHE CKOPOCTHOI'O HAaIopa.

TakuM 00pa3oM, Mbl UMEEM B KaXXJIOM CEUCHUU CTPYUKHU KUJI-
KOCTH CYMMY TPE€X HAIlOPOB: TUAPOCTATUYECKOTO, TEOMETPUUECKOTO U
CKOPOCTHOTO, T.€. IOJIHBIM HAIOP, a YpaBHEHUE bepHYIUIH TOKa3bIBa-
€T, YTO MNOJHbIU HANOp 8 JI0OOM CedeHUU SNeMEeHMApHOU CMPYUKU
ecmv GeIUdUHA NOCMOAHHAA.

ODHEPreTUYECKUN CMBICII YPAaBHEHUSI BEpHYIUIM MOXKHO YCTaHO-
BUTh, MPEJICTAaBUB BhIpakeHue (2.1) B aApyrom BuUAE, YMHOXKHB BCE

YJICHBI YPABHCHUS HA C:

PaccmoTpuM pa3sMepHOCTD YIEHOB 3TOTO YPAaBHEHUS:
p H-m> H-m Jx

p | m?-kr KT KT
B umcnuTene uMeeM pasMEpPHOCTh PabOTHI, 4 B 3HAMEHATENE —
Maccel. TakuM 00pa3soM, TEpBBIM YiIE€H ypaBHEHHs BepHyIuIM ecTb
yJenbHas (OTHECEHHAs K ¢IUHMIIE MACChl) SHEPTUS CHJI JaBJICHUS.
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Z g — TIPEJICTaBIIACT COOOM YIeTBHYIO SHEPTHUIO MOJ0KEHUS, TaK
KaK 4yacTHIla MacCOi m, HaXxOJsACh Ha BBICOTE Z , 00JIa/IacT SHEprueit

MTOJIOKEHUS, PABHOU:
K[ -M- M
mgz=|——_—|= [H-M]: [I[)K]
C
v2
5 yAEIbHAasE KHHETUYECKAs YJHEPTUS )KUIAKOCTH, TaK KaK JJIS

TOM K€ YaCTHUIbl MACCOM M KMHETUYECKASA SHEPTUSA paBHA:

mV2 KT - M> H°M2°Cz
- el ol R RS

TakuM oOpa3om, JJisl JIEMEHTAPHOU CTPYHKHU HUJICTHHON KHJI-
KOCTH yJIeTIbHAsA SHEPTUS JKUIKOCTHU ITOCTOSTHHAS.

I'padudeckas wumrocTpanys ypaBHeHUST bepHYIIN 11 2JeMeH-
TAPHOM CTPYMKHU HJICATBHOW KUJKOCTH MPEACTABIEHA HA pUC. 2.3,

Ha puc. 2.3 HeoO6xoauMo oOpaTuTh BHUMAHUE HA TO, YTO JTUHUS
MIOJIHOTO Haropa pacroiaraeéTcs TOPU30HTAIBHO, T. €. 3TO MOCTOSTHHAA
BEJIMYMHA.

V12 Y MOMHLIA Hanop ]
20 A————) A V2 h——1-
29
V2 /
P1 ==
Pg 29 /
Mbe30MeTpu- l
YecKkuii Hanop l
4 Ps
-y
'
Z1
¥ \

\-'- — — — /
Puc. 2.3. I3MeHeHne The30METPUYECKOTO U CKOPOCTHOTO HAIIOPOB

BJIOJIb CTPYWKH HJI€ATTbHON KUJKOCTH

b. YpaBHenue bepryiinu Ay nOTOKA peaIbHOM KUJIKOCTH

IIpu niepexojie OT 3JIEMEHTAPHOU CTPYMKHU HUICATbHOWN KUJKOCTH
K MOTOKY pE€aIbHOUN (BSI3KOM) KUIAKOCTU, UMEIOIIEMY KOHEYHBIE pas-
MEphl M OTPaHUYCHHOMY CTCHKaMH, HEOOXOJIMMO y4eCTh HEpaBHO-
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MEpPHOCTh PACIPEICICHUSI CKOPOCTEN MO CEUYCHUIO MOTOKA, & TaKXKe
noTepu dHeprun (Haropa). To u Apyroe SBISIOTCS CIASACTBUEM BS3KO-
CTH KHUIKOCTH.

HepaBHOMEpHOCTH pacrpeieNieHHs] CKOPOCTEN MO CEUYECHUIO TO0-
TOKa yuuThIBaeTcsa ko3 dumnuentom Kopuomnuca:
oL = 2 — JIJIsl TaMUHAPHOTO PEeKUMa TEUSHUS KUIKOCTH;
o =1,0...1,13 — 1115t TypOyJIEHTHOTO peKHMMa TEUCHUS KUIKOCTH.

[ToTepn Hamopa Ha y4acTKe MEXIy pacCMaTpHUBAEMbIMH Cede-
HUSMHU TIOTOKAa OMPENEIISIOTCS B 3aBUCHMOCTH OT XapakTepa COIpo-
THBJICHUM HA 3TOM ydYacTKe W MoJApoOHee OyayT pacCMOTPEHHI B Jja-
oopatopHbIx padotax Ne 3 u Ne 4,

Hcxons u3 onvcaHHbIX YCI0BUHM, YpaBHEHUE bepHyIun 11 1o-
TOKA peaJbHON KUJIKOCTU UMEET BUJT

V2 \'%
p—1+z1 + 0, lep _ p—2+22 +a, 2cp +%h,_,, 2.2)
pg 2g  pg 2g

e O ¥ oy — Koadumments Kopromanca as ceaenuii 1 u 2;
>h, ,— cymMMapHas TMOTeps MOJHOTO HAmopa Ha Y4acTKE MEXIY
paccMaTpruBaeMbIMU CEYCHHUSIMH.
['padrueckas wutrocTpalys BeipakeHust (2.2) mpuBeeHa Ha puc. 2.4.

2
i
Y a1_29 h1-2 J( NOMHbLIA Hanop
e el
f \ h1-3
Aﬁ\
JEeNCTBUTENb-
HblA Hano
Pt Vi i
Pg A35g
Mbe30METPK-
1 5 P3 YeCcKUn Hanop
Pg
i3
4 5 ‘§
Zile 112
19%- Z3 Z5 B

Puc. 2.4. I3aMmeHeHnE Mbe30METPHUUECKOTO U MOJHOTO HAIOPOB
BJIOJIb ITOTOKA PEATbHOMN KUJIKOCTH
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N3 pucyHka BUIHO, YTO JEUCTBUTEIbHBIN HAMIOP B KAXKIOM I1O-
CJICYIOIIEM CEYEHUU YMEHBIIIAETCS Ha BETUYMHY TTOTEPh h;, 3aTpayu-
BAEMBbIX HA TPEHHUE KUJIKOCTH.

2.2. DKCIIEpUMEHTAILHAS YaCTh
A. JlabopatopHasi yCTaHOBKa

JlaGopatopHass yCTaHOBKA, IO3BOJISIONIAS HM3YyYUTh W3MEHEHHE
MEE30METPUYECKOTO U CKOPOCTHOTO HAMOPOB MPHU TEYCHHH BOJBI I10
TPYOOIPOBOTY TIEPEMEHHOTO CEYCHHSI, COCTOUT (pHC. 2.5) U3 HAITOPHOTO
Oaka 1 ¢ mpe3oMeTpoM 3 1 MEpHOTO OaKa S5, OCHAIIEHHBIX N3MEPUTEIh-
HBIMH YCTPOMCTBaMH, OITMCAHHBIMU B JlabopaTopHoit padoTe No 1.

PerynupoBanue pacxomaa KUIKOCTH MO TPyOOTpoBoay 3 ocyiiie-
cTBIIsieTca BeHTWIsAMU 2 U 4. TpyOomnpoBog 3 yCTaHOBJIEH TOPU30H-
TaJbHO U UMEET TPU Yy4YacTKa C Pa3IuYHBIMU BHYTPEHHHMH THAMET-
pamu (dy, d; 1 d3), COETMHEHHBIX IJIABHBIMU KOHUYECKHUMH IEPEXO-
namu. Ha kaaoM y4acTke yCTaHOBJICHBI ITOTIAPHO MTEE30METPUUECKUE
TpyOKu 6 u rupomeTpudeckue Tpyoku ITurto 7.

di =5,0 cm g Eﬁ:

dz=2.5 cm TN | O P i N -

d3=3,6 cm
f1=34 cm; £2= 9 cm;
F3=12 cm: £4=34 cm: 1
5= 8 cm: '6=32 cm;

S5=5000 cm2 (4 B 1] = ———

P

e

Puc. 2.5. Cxema nabopatopHOil yCTaHOBKU
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b. ITopsinok mmpoBeIeHUS OTIBITOB

JI1s1 ipoBesieHUsI OTIBITOB HAIMOPHBIM Oak 3armojHSAETCS BOJOM,
CIIMBHOM BEHTWUJIb MEPHOro 0aka HYXHO 3aKpbITh. DKCIEPUMEHTHI
MPOBOJIST MPH TYPOYJIEHTHOM PEXUME JBUKCHUS KUIKOCTH.

Bhavasne HyHO TOJTHOCTBIO OTKPBITh BEHTWIb 2 U, HE OTKPbIBAs
BEHTWIb 4, CHATHh IOKa3aHWE H3MEPUTEIIbHBIX TPYOOK, COOTBETCT-
BYIOIIEE BEIIMYMHE MOJHOTO HAIMOpa. 3aTEM OTKPBITh BEHTWIb 4 TaK,
YTOOBI TIOKa3aHHUS W3MEPHUTEIBHBIX TPYOOK HAXOAWJIUCH MPHUMEPHO
nocepenHe WM HEMHOTO BhIIe. [1o moka3zanusimM TpyOOK yOeauThes,
YTO HAaUMEHBIIUN MbE30METPUUYECKUM Hamop (JaBlieHHWE) U HAHOOJIb-
T CKOPOCTHOM HAIlOp HAOIIOAAIOTCSA B Y4acTKe TPyOOIpoBOAa C
MEHBIIUM cedeHueM. CHATh MOCIE0BATEIBHO MOKA3aHUSI MTbE30MET-
poB u TpyoOokK Iluto (¢ TouHOCTBIO M0 0,5 caHTHMMETpa) Ha KaXIaoM
yyacTke. OJHOBPEMEHHO MpPU MOMOIIM CEKyHIOMEpa OIpPEICIUTh
BpEeMsI, 32 KOTOPOE TMpHUpaIleHue YPOBHS BOJbI B MEPHOM Oake coCTa-
BUT 3—5 cM. Bce pe3ynbTarhl BHECTH B TaOJIMILY (TIEPBBINA OMBIT). J{Jis
MPOBEJICHUSI CJICAYIOIIErO OMNbITa HYXHO OTKPBITh BEHTWIb 4 Tak,
9TOOBI TIOKa3aHUs TPyOOK yMeHbIImiauch Ha 15-20 cm. Ilociemumii
OMBIT TPOBOJAMUTCS TMPU MAKCUMAJIBHOM pacxojie, o0ecrneunBaroiemM
MMOKa3aHUE MbE30METPOB B IIPeIeax IIKabl.

B. O6paboTka sKCriepruMEHTaIbHBIX JaHHBIX

1. Onpenenuth CEKyHIHBIN PAcXod BOJIbI

Q- AHS g ,
T
rie Sg — IIomas MepHoro 6aka (Sg = 5000 cm?);
AH— TIpupallieHue YpOBHS B MEPHOM Oake, CM;
T — BpEMs OIIBITA, C.

2. OnpenenuTh CPEIHIO CKOPOCTh TEYCHUS BOJIbI B KX I0M
CeYeHHH TPyOOIpoBOaa, CM/C:
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2
rae S; = 0,25nd; - miomank )KUBOrO ceYCHUS TPYOOIpOBOIa, cM”.
3nech d; — BHyTpEHHUI AUaMETp ceYeHUs TPYyObI, CM.

3. OnpenenuTbs CKOPOCTHOM HAMop B KaXK10M CEYEHHUH, CM.

H = Hui —Hy;i,

v2
qH. -Pi i .
rae Hy =—+0 — mnokazaHus Tpyoku Iluto B 1-M cedeHuu
Pg
(IeMCTBUTENBHBIN HAIOP);
H. - Pi . :
ni = g — TIOKa3aHUs MbE30METPUUECKON TPYOKU B 1-M cede-

HUM (IbE30METPUUYECKUI HAIOpP).

4. OnpenenuTs CPEHIOI CKOPOCTh BOJBI B CEYCHUSIX IO CKOPO-
CTHOMY Haropy, CM/c:

V= 2gH ci ,
o
rie o — kodddumment Kopmommca. g TypOyJIeHTHOTO pexXHMa
IPUHSATH
a=1,1.

5. OnpeaenuTs NOTEpU HAOPA MO Y4aCTKaM TPYOBI, CM:

ho—i - Ho - Hui )

rne H, — monHbIi Hamop, cMm.

Pe3ynbpTarhl pacueToB BHECTH B TaOMILy 2.1.

[lo pesynbraram 3aMepoOB MOCTPOUTH T'padUKH HAMOPOB IS
MIEPBOTO U TOCIEIHETO ONBITOB, HILTFOCTPUPYIOIINE TEOMETPUUECKUN
cMmbic ypaBHeHus: bepaymiu. ['paduku B oT4eTe pa3MecTUTh MOCIE
TaOJIUIBI 3aMEPOB Ha IEJI0N CTpaHUIlE MO0 Ha MUJUTUMETPOBOM OY-
Mare, 4To npeanouturenbaee. Kax sl rpaduk cTpouTCs OTAEIBHO.
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Tabnuua 2.1
xR = 1 o o
2cls| 5 | 8138 EE|gs ol 5|8 & =¢
Qhﬂbc@ E | > & X ,_qa WHEHO a =
S E | Al & s |&l 90| kB % | EE oclg o &
=l 7S |El S| E|B| 228|228 =] 28| 8
2 =S FE|=E|ls|l A2 29l El 2| EE
=D S EQ| B|E|Se|lERRISE E|SE =
OQ)_QE:(@EEOE CSQE"%LQQOH S}E
= =X | 8| = El 2 &z 8 & =2 2] &3 a T
0 o = ) 1) L ol 2| o X L
S 2 | M () :(ME Bl B =
z e |28 228 AEEIE
= O O 8= o|“ = °©
NO AH, T, Qa HO, NO Via H cM H,E[ia Hcia Vla hO-i’
- cM clevlec | em || emlc e cM | cM | cMm/c cM
1
1 2
3
1
2 2
3
1
3 2
3
1
4 2
3

JlaGopatopnas pabota Ne 3

IKCIePUMEHTAIbHOE ONpejiesieHne MoTeph Hamopa
HA MECTHBIX COMPOTHBJIEHUSIX

[{esb paOOTHI: 03HAKOMJIEHHUE C BUJAMH MOTEPh SHEPTUH, MOITY-
YEHHE HABBIKOB pAacyeTa MOTEPh HAIIOPAa OT MECTHBIX COMPOTUBIICHUN
U OCBOCHHE METOAMKH SKCIEPUMEHTAIILHOTO OmpeAeieHus: Kodddu-
[IHEHTOB MECTHBIX COIPOTHUBIICHUM.

3.1. TeopeTnueckue MoJ0KEHUS
IIpu ABMOKEHHMM KUJKOCTH B TPYOOIPOBOJIE€ BO3HUKAKOT MOTEPH

Haropa (oHeprun) h. PaznuuaroT nmotepu AByX BUIOB: nO OAUHE MPY-
bonposooa, KoTopble 0003HavarT hy, U nomepu nanopa na mecmmolx
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COnpomueieHusx, KOTopbele MpuHATO 0003Ha4dath h,,. Ilpyn Hammunm
HECKOJILKHX MECTHBIX COIPOTHUBJICHUN M JIUHEHHBIX YYAaCTKOB Y TPY-
OompoBo1a O0IIHE MOTEPH HAIIOpa OMPEAEIIIIOT Mo popmyIie

h=2Xh, +Xh,,.

MecTHBIMHA CONPOTUBJICHUSAMH HAa3bIBAIOT KOPOTKHE YYaCTKH
TpyOOIPOBOIa, HA KOTOPHIX MPOHMCXOIIT M3MEHEHUS BEIUYUHBI WU
HaIpaBJICHHUS CKOPOCTEH MOTOKA M3-3a N3MEHEHHUS KOH(PUTYpaIuu ero
TBEPABIX TPAHUII, MPUBOAAIIME K JAchOpMaIlK ITOTOKA.

B 00macTi MECTHBIX CONPOTHBIICHUN BO3HUKAIOT SBJICHHS yaap-
HOT'O XapakTepa W 00pa3yrTCs «MEPTBBIE» HJIH BOJOBOPOTHBIC 30HBI
C MHTEHCHBHBIM OOMEHOM YaCTHII KHUJIKOCTH 3THX 30H U OCHOBHOTO
IIOTOKA, YTO SBIISICTCS OCHOBHBIM MCTOYHHKOM JOMOJHHUTEIHHBIX I10-
Tepb SHEPTHH.

Hamnbonee THOHWYHBIE MECTHBIC COMPOTHUBJICHUS W XapakTep
JBUKEHUS )KUJAKOCTH B HUX ITOKa3aHbl Ha puc. 3.1.

BHE3AITHOE BHE3AITHOE PE3KMIT TIOBOPOT N
pacIipeHne CYyKEHHE (KoaeHo) TLIABHLIM IIOBOPOT
— == N
ﬁ &
=
— ﬁ —— T\ —
S — |
IUIABHOS pacIIipeHUe IUIABHOC CYXKCHHC
anapparma (auddysop) (koHby30p)
——— —
7@ h\/—___—
e e ————
= —— _)ﬁ

Puc. 3.1. Cxema TUIIMYHBIX MECTHBIX TUAPABINYECCKUX
COIPOTHUBJICHUM

B 0o06mieM ciydae notepu 3HEprud B MECTHBIX COMPOTUBIICHUSIX,
OTHECEHHBIC K EJIMHUIIE BeCa IOTOKA MXUIKOCTH, OMNPEHEISIOT II0

dbopmye
2

\%
h, =g,
M§2g

rae & — Oe3pasMepHBIN Ko duyueHm mecmHo2o COnpomueieHus,
3aBUCAIINN OT TreOMETPUUYECKOr (OPMBI MECTHOTO CONIPOTUBIICHUS U
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oT uncia Re, a B HEKOTOPBIX CIydasX TaKKe OT IIEPOXOBATOCTH CTe-
HOK TpyOOMpOBOJia U CTPYKTYpPhl NMOTOKA Ha MECTHOM COIPOTHUBIIE-
HUU; V — CPENIHSIS CKOPOCTH JKUJIKOCTH 32 MECTHBIM COMPOTUBIICHUEM
(B HEKOTOPBIX CIy4asX MPUHUMAETCS CKOPOCTh MEpPel MECTHBIM CO-
IIPOTUBIICHUEM, YTO OTOBAPUBAETCS 0C000).
[Ipn wHXEHEpPHBIX pacueTax KOIPOHUIIMEHT MECTHOTO COIpPO-
TUBJICHUS ompejaensercs mo dopmyiaM, TabIulaM WK Tpadukam,
KOTOPBIE IPUBOJATCS B CIIPABOYHOM JIATEpATYypE [2, 3, 5, 6].

JIi1s1 GOJBIIMHCTBA MECTHBIX COIPOTHBICHUH IIpH Re >10° MMe-
€T MecTO TypOyJeHTHasi aBTOMOJIEIbHOCTD, T. €. IOTEPH HAIropa Mpo-
MOPIIMOHAIBHBI CKOPOCTH BO BTOPOW CTeNeHM (KBajapaTU4Has 30HA
conpoTtuByieHus). [Ipu 3TOM BS3KOCTh >KHAKOCTH HE3HAYUTEIHHO
BIUSCT Ha MOTEpPU HAmopa, a Kod(POUIIMEHT MECTHOTO COMPOTHUBIIE-
HUS & UMEeT MPAKTUYECKHU MOCTOSIHHYIO BEJIMUUHY, HE 3aBUCSIIYIO OT

Re (puc. 3.2).

ABTOMOJCTLHAA
, 00JaCTL

-
-

-
Re Kp Re

Puc. 3.2. 3aBucuMocTh KO3 PHUITHEHTAa MECTHOTO COITPOTUBIICHUS
ot uncna PeriHonbACA

[Ipn MeHbIIMX 3HAYEHUAX YKCIa PEHHOMbBICA BUXPEBOE COIPO-
THUBJICHHE CHWKAETCsl, HO BO3pACTaeT BSI3KOCTHOE COMPOTHUBIICHUE
xuakoctd. [Ipu s3ToM KOd(PHHUIIUEHT MECTHOTO THAPABINYECKOTO CO-
MIPOTHUBJICHUS C y4eTOM uncia PeitHonbaca onpeaenstor mo gopmyre
A. J1. AnbTuryJs:

A
§:R_e+§KB9

rie &,z — 3HaYeHHWE KOd(P(UIIMEHTA MECTHOTO CONPOTUBICHUS B

KBaJ[paTUYHOU 30HE; A — IIOCTOSHHAS BEIIMYMHA, 3aBUCAIIAS OT (op-
MbI MECTHOT'O COTIPOTHBJICHUA.
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B psne cnydaeB (mas TpyO MallbIX JUAMETPOB U JKUJIKOCTEH
OOJIBIIION BSI3KOCTH) BUXPEBOE COMPOTUBICHUE OTCYTCTBYET M CYIIIe-
CTBYET 30Ha JIAMMHAPHOM aBTOMOZAEenbHOCTH, Korma Re<10. Torma

IIOTEPH MPSMO MPOIOPIIHOHAIBHBI CKOPOCTH MOTOKA U KO3 PHUITeHT
A

MECTHOT'O COIPOTUBIIEHHS BhIpaxkaeTcs Gopmyoit & = Re’

3.2. DKciepuMeHTaJIbHAs YaCTh
A. JlabopatopHasi ycTaHOBKa

JlaboparopHast yctaHoBka (puc. 3.3) MMeeT CTaJbHOM TpyOO-
MPOBOJI, HA KOTOPOM IOCJEA0BATEIHLHO PACIIOJIOKEHBI BOCEMb TH/I-
pPaBIWYECKUX COMPOTUBIICHUN: BHE3AMHOE paclidpeHue, auadparma,
BHE3aIHOE CYy)XCHHE, MUIABHOE KOHYCHoe pacmupenue (auddysop),
MJIaBHOE KOHYCHOE CyKeHue (KOH(]Y30p), TOBOPOT «KOJECHOY, TIaB-
HBI TOBOPOT Y BEHTWIIb 12.

e |
Em{\, 123456786
: piasdah iy

A0

g[__
3

di =2 5 cm; de=5 cm; =25 cm
d:=5 cm; ds=1.5 cm
Ss=4250 cm?

b S —
|_|.-' LI bl G B Rl A B B | I
1

Puc. 3.3. Cxema 1abopatopHOi yCTaHOBKU
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TpyGonpoBos moacoeanHeH K HaropHoMmy 0aky 10, ypoBeHb BO-
Ikl B KOTOPOM KOHTPOJUPYETCA Mbe3oMeTpoM. Pacxor Boabl, mpoTe-
KaroIen mo TpyoonpoBroay, peryiaupyercs BeHtuneM 11, a konuyect-
BO BBITEKIIIECH BOJBI OMPENEIACTCS M0 MOKa3aHUsAM ypOBHEMEpa Mep-
Horo Oaka 13. Ha mute ycTaHOBJIEHBI Tbe30METPHI 1...9, Hymeparus
KOTOPBIX COOTBETCTBYET HOMEpaM Ce4YeHHil TpyOompoBoaa. CedyeHus
COOTBETCTBYIOT HAyaJly U KOHI[y YYacTKOB, COJICpKAINX HCCIEIye-
MO€ MECTHOE CONPOTUBIICHUE.

VYyacTku TpeaHa3zHaueHbl I ompeaesieHus KodhPUIMeHTOB
MECTHOT'O COITPOTHUBIICHUS THUMIA!

1-2 — «BHe3amHOe pacumperue» (Spup = 0,90);
2-3 — «amadparmar (&, = 20,48)

3—4 — «BHe3anHoe cy)eHne» (Egy.e = 1,01);

4-5 — «auddysop» (Syp = 2,24);

5-6 — «xoHDy30p» (Sxgp = 1,07);

6—7 — pe3kuii moBopoT Ha 90° (Ep.n = 1,07);

7—8 — mnaBHbIi moBopot Ha 90° (& n = 0,82);

8—9 — tunoBoit Bentmib (&, =4,71).
[TpuBencHHBIC 3HAUYCHUS KOA(D(OUITUCHTOB SBJISIOTCS TaOJTUUHBIMH.

b. Ilopsanok mmpoBencHUs OIBITOB

[lepen HauamoM OMBITOB HAMOpHBIM Oak 10 momkeH OBITH 3a-
ITOJTHEH BOJIOM, a BEHTWJIb 19 cimBa W3 MepHOro 0aka 3aKpbIT. 3aTeM
OCYHIECTBIISICTCS MOJMHOE OTKpbITHE BeHTWEH 11 u 12. D10 mepBbIn
OMBIT, MPU KOTOPOM IMPOU3BOJAT CHSITHE TOKA3aHUSI NbE30METPOB
1...9 u onpenenenne CEKyHIHOrO pacxoja BOJIBI IIPU MOMOIIH MEp-
HOro Oaka 13 ¢ ypoBHeMepoM U cekyHaomepa. J[aHHbIe 3aMepoB 3a-
HOCsITCA B Taou. 3.1.

Crnenyromuii OMBIT TPOBOJAT IyTeM HEOOJBIIIOT0 3aKPBITHS
BeHTWIA 11 u 1. A. Takux OMBITOB B JaHHOM pabOTe JTOKHO OBITH HE
MEHEE JECATH.

B. O6paboTka sKCriepruMEHTaIbHBIX JaHHBIX
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ITo maHHBIM 3aMEPOB OCYILECTBIISIIOTCS. BEIYMCICHUS TpeOye-
MBIX BEJIMYHH 0 HIKECICAYIOMNUM (OpPMYIaM.
Ll 3
1. CexyHaHBIN pacxoa, cM™/c:
Q- AHS g
- b
T
2

rae Sg — miomaas MepHoro 6aka (Sg = 4250 cm”); AH — nmpupaiieHue
YPOBHS B MEpHOM 0OaKe 3a BpeMsl OIIbITa, CM; T — BPEMsI OIIBITA, C.

2. CKOpOCTh JBUKEHHS BOJIBI B COOTBETCTBYIOIIEM CEYCHUH, CM/C:

_Q

ndi2

V.

1

3. CKOpPOCTHOM HAIOp B i-M CEUEHUH, CM:

\%3 _
i -56-107%V72,

2g

rae o = 1,1 — koadduruent Kopuonuca; g =981 cM/c® — YCKOpeHHe

CBOOOIHOTO ITaICHUS.

h

ci — O

4. JIeUCTBUTENBHBIN HAIOP B i-M CEYEHUH, CM:

h;=hg+hy,
rae hyj — Nbe30METPUUYECKU HAMop B i-M CEUCHUH IO MOKA3aHUSIM
MbE30METPA, CM.

5. Ilorepu Hamopa Ha MECTHOM COINPOTUBIICHUH, CM:

hyi =hyi —hp(iv),
rae hgi,hyii1) — nelictBurensHble HAaOPHI COOTBETCTBEHHO 10 U

MIOCJIE TAHHOTO MECTHOTO COITPOTUBJICHHS.
Ecnu hy; B pe3ynbrare pacuera MoOJy4YUIUCh OTPULIATEIIBHBIMU,
TO B JAJIBHEUIINX pacyeTax MPUHUMATh UX PABHBIMU HYIJIIO.

6. KoappuumeHT MeCTHOTO COMPOTUBIICHUS U3 OTBITA:
g _ hMi 2g
1 2
V.

1
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JITTst KaXI0ro THIa MECTHOTO COTPOTHUBICHUS KOdpPurment &;
OyJeT UMETh HECKOJBKO 3HAUYCHHUH (110 KOJMYECTBY OMBITOB), U MOSB-
JII€TCS HEOOXOIMMOCTh OTPEIEICHUS €0 CPETHEr0 3HAYCHUS.

Ha npakTuke nmpu 70CTaTOYHO OOJIBIIIOM YKCJI€ OTIBITOB CTPOUT-
cs rpaduk 3aBucumoctH § = f(Re), nmeromuii Buj (puc. 3.2).

N3 rpaduka BUIHO, YTO TPU 3HAYCHUSIX 4ucia PeitHonbiaca
Re>Re,, K09QGHUINEHT MECTHOIO CONPOTHUBIIECHHS NEPECTACT 3aBU-
CETh OT HEro. JTO TaK Ha3bIBaeMas aBTOMOJIeNIbHAs 00JacTh, B KOTO-
pOil TOTepH HAMOpa 3a CYET BA3KOT0 TPEHUS BechMa Masibl. Mcxons u3
ATOTO, JJISl ONIPEJIIICHUS CPEIHETO 3HaYeHUs Kod(DPUIMeHTa MeCTHO-
TO COMPOTUBIIEHUS OEpyT TOJIBKO 3HAYCHHS & M3 OMBITOB, KOTOPHIE
nonanu B 3Ty obsacte (npasee Rey, Ha rpaduke). CTaTHCTHYECKOM
00pabOTKOM 3THX 3HAYEHUH &; ONpPEnEAOT HCKOMBIH &Ep.

B naGopatoproii paboTe ¢ HEOOJIBIIMM YHCIOM OIIBITOB IIO-
CTPOUTH Tako¥l rpaduk 3aTpyaHutenbHO. Kpome Toro, m auama3oH
M3MEHEeHUs yuciia PeiiHolbaca He00bIIoN (B OCHOBHOM TYypOYJICHT-
HBIN peXUM TedeHUs KuakocTH). [loaTomy cpennee 3HaueHue Kod¢-
¢uIMeHTa MECTHOTO COINPOTHUBIICHUS OIpEACsieM KaKk CpeaHee
apudmeTnIeckoe Ko3(pOHUIIMEHTOB MECTHOTO COIMPOTHUBJICHUS U3 OIIbI-
TOB.

N3mepsiemble mapaMeTpsl 3aHOCAT B Tabi. 3.1, a paccuuThiBae-
MbIe — B Tabu1. 3.2 u 3.3.

Tabsmma 3.1
= | Msmenenue ypoBHs | Bpems |Cexynnnsiii|  IlokasaHus mbe30MeTpOB
5 BOJIbI B MEPHOM 0ake | ombITa | pacxol 110 CEYEHUSIM TPYOBI

3 hy; , oM
Neo AH ,cm T,C Q, m/c TT2T3 T2 sTeT7T8T9
1
2
3
4
5
6
7
8
9
10
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Tabnuma 3.2
PacueTHrle CeucHue, No ombiTa
MapaMeTpsl ygactok |1 |2 |34 |56 | 7 |8 |9 |10
1
2
3
CkopocTh 1oToKa 4
BOJIBI B 1-M 5
CCUCHHUH 6
V;, cMm/c ;
9
10
1
2
CxopocTHOM 3
HAIop ‘5‘
B 1-M CCUCHUU 5
hci , CM 7
8
9
1
2
JleCTBUTEIbHBIN 3
HAmop ‘5‘
B 1-M CCUCHUU 5
hﬂi , CM 7
8
9
1-2
2-3
ITorepu Hamopa Ha 34
MECTHOM COIIPO- 4-5
TUBJICHUHU (Ha -6
y4acTke) hy;, cMm 2:;
8-9
1-2
Koaddurment 2-3
MECTHOT'O 3-4
COIIPOTUBIICHUSA 2:2
13 OIlbITa 6-7
Si 7-8
8-9
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Tabnuna 3.3
[Tomy- Tabmmy-
MecTHOE COPOTUBIICHUE
YECHHOE HOE
Cpennee Bueszannoe pacmmpenue
3HAYCHHE Huadparma
ko3¢ duImenTa BuezanHoe cyxeHue
MECTHOI'O Huddyzop
COTNPOTUBJICHUS Kondyzop
Eep Kosieno
IInaBHBI MOBOPOT
Bentunb

JlaGopaTopnas padota Ne 4

Onpenesienne NoTepb HAMOPA M0 JAJUHE TPYOONPoOBOAa
U XapaKkTepPUCTHUK Marucrpaei

Ilenp paboTel: ompeaencHue Kod(pdUIMEHTAa COMPOTHUBICHHS
TpyOomnpoBoaa (korddunmenta lapcu), onpeaeiacHre SKBUBAICHTHOM
Y pacUeTHOM JIJIMHBI TPYOOIIPOBOAA, IOCTPOSCHNE XapaKTCPUCTUK TH/I-
PaBINYECKOM CETH, COCTOAIICH U3 MapaUICIbHBIX U IOCIICI0BATEIIb-
HBIX BETBEH.

4.1. TeopeTndecKre MOTOKECHUS

OnHO# M3 OCHOBHBIX 3aJlay THUAPABIMKUA SBISETCS pacyeT Io-
Tepb Hamopa B TpyOompoBojae. 3aBUCUMOCTh TOTepu Hamopa h ot
pacxojia »KuJIKoCTr () Ha3bIBACTCS TUIPABINYECKON XAPAKTEPUCTUKOU
TpyOorpoBoaa. B obmiem ciiydae moTepu CKIAIABIBAIOTCS U3 MOTEPh
Haropa 1o JjuHe TpyoonpoBoja hy u morepp B MECTHBIX CONPOTHB-
JeHusax hy,:

h=2Xh, +Xh,,. 4.1)

[Totepu mo mgmHE TPYOOIIPOBOJA OMPEACISIIOTCS MO (hOopMyIIe

Jlapcu-Beiicbaxa:
1V?

h=A———,
1 d 2g 4.2)
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rae A — KO3 (QHUIMEHT CONPOTUBIICHHS TpyOompoBoaa (koddduiim-
eHT Jlapcu), 3aBUCSIIUI OT PEKUMOB JABIKCHUS KUAKOCTH M OTHOCH-
TEIIbHOM IMIEPOXOBATOCTH €ro BHYTpeHHel nmoBepxHocTH; | 1 d — mym-
Ha W BHYTPESHHHH auameTp TpyOompoBoma, V — cpeaHssi CKOPOCTb;
g — YCKOpPEHUE CBOOOIHOTO MaICHHUSI.

HOTepI/I B MCCTHBIX COIIPOTHUBJIICHUAX
2

—QX— 4.3
2g (4.3)
rie € — cyMMapHbIi K03 PHUITMEHT MECTHBIX COIIPOTHUBIICHH.
Tornma
1 V2
h=(O—+§8)—.
( q é)zg (4.4)

4Q

VuwnteBas, uro V = —d2 , TIOJTyYHUM XapaKTePUCTHUKY TPyOo-
T

IIpoBOJAd B aHAJIMTHUYCCKOM BHIC:

h =

8 1
g (o £)Q°. 4.5)

2
Koapdunment npu Q° Ha3pIBa€TCS COMPOTUBICHHEM TPYOO-
poBoJia

A= gd4 (x +E&)

Torz[a I'MAPABINYCCKYIO XapaKTCPUCTHUKY MOKHO 3aIIMCaThb B
BHUJIC

h=AQ>. (4.6)

XapakTepucTuka TpyoonpoBoja B Bujie rpadrka moka3aHa Ha
puc. 4.1.
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hiiy =1(Q)

hys =f(Q)

\

L
h

1
Y

-

Q
>

Puc. 4.1. Xapakrepuctuka TpyOoIpoBoia

JI71s1 yrIpoIeHus: BEIYUCICHUH B (POpMyIiax 4acTo MCIOIb3YeTCs
HKBUBAJICHTHAS JJIMHA TPyOONpoBOAA ly. ITO Takas mivHa TpyOo-
MIPOBOJIA, KOTOPAsi 0 CBOEMY CONPOTHUBIICHUIO PaBHO3HA4YHA (PKBUBA-
JIEHTHA) CYMM€ BCE€X MECTHBIX CONMPOTHUBJICHUM, T. €. MOXKET OBIThH OII-
peneneHa u3 yCiuoBus

2
;\’ 13KB V — éVz
d 2g 2g
Otcrona
d
Ly = éz 4.7)

[TonHas (pacdeTHas) JIMHA TPyOOIpoBOAa OyIeT paBHa:

L=I+1,. (4.8)
B sTom ciiydae ¢opmyna (4.5) npuHUMAET B

SAL
h = 2 45
n ed
Jlns onpeeneHys XapakTEPUCTHK CUCTEM C IIOCIIEN0BATENLHLIM
U NapajuleNbHLIM COEAMHEHHEM TPYOOIPOBOIOB HEOOXOAUMO 3HATH

Q. (4.9)
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COINPOTHUBJICHUE JUHUUA A KaXA0HM BeTBU. OYEBUIHO, YTO MPH I10-
TOBTERBFEING KO TOSCIHEH U
A = ZAi . (4.10)

mocJ1
Jlis AByX mapasuieNbHBIX TPYyOONPOBOJOB HX COMPOTUBIICHUE
MOKHO OTPEIETUTh 10 hopmyJie
AA,
map . (4.11)
A +A,+2/AA,
XapakTepUCTUKHU TapaJIeIbHO U TOCIEA0BATEIHbHO COCIUHEH-
HBIX TpyOOMNpPOBOJIOB yJ00HEE ONMpenesiaTh TpauuecKu MmyTeM CJIo-
KEHUA TTOTeph Hamopa h mpu mocnenoBaTeTbHOM COCAMHEHUN U CJIO-
KEHUU pacxoA0B Q mpu mapayieIbHOM COSIUHEHUH, TIPUMEPHI TTOKa-
3aHbI Ha puc. 4.1.

4.2. DKCIIepUMEHTAIbLHAS YaCTh
A. JlabopatopHasi yCTaHOBKa

JlaGopaTropHasi ycTaHOBKa COCTOMT M3 HamopHoro Oaka 1
(puc. 4.2), ot kotoporo 4yepe3 BeHTWJIb 10 Boia MOCTyMaeT B KOJJICK-
TOp 2 U jmajee mo rudkuM Tpyborpooaam 3, 4 u 11 B KosuiekTop 5,
CHAOXEHHBI BEHTWIEM 6, 4epe3 KOTOPBIA KUIKOCTh BIMBACTCS B
MepHBIH Oak 9.

e =
xopoTkui TpyBonposas d=tom; =130em; 8 || 1T o v]
AnvrHER TYOoNposag -d=1cm; =1300 cm; '

TpyBonpopog Soneworo guanetpa -d=15 cm seniratacl (| otk
£ =5000 cmi

= | 1
Ah==6.5 cm i 'h1 l

hz| 2= | - 11

oYl 3 2

5
F 6\ . : el
W= =
i el i R —
'..‘ !éui 4:’ i
1

_jL__ (;ﬁw *
=iMi= S

Puc. 4.2. Cxema 1abopaTOpHON yCTAaHOBKHU

H:‘.‘::;'r.:'.::::‘:;:

e |
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K xomnekropam 2 u 5 mpucoeanHeHsl mbe3oMeTpel 7 u 8. Tpy-
O0ompoBobI 3 ¥ 4 UMEIOT CYIMIECTBEHHO Pa3HyIO JJIMHY, HO OJMHAKO-
BBl JUaMeTp. B KOMIUIEKT 71a00paTOpHOro OOOpPYJOBAHUSI BXOJAT
TaK)XKe BEHTHWJIH ISl IEPEKPBITUS TPpyOomnpoBoioB 3, 4 u 11, mepHas u
HaOoOpHas eMKocTH 12 M CEKYHJIOMED.

b. ITopsinok mmpoBeIeHUS OTIBITOB

Ilepen HagaI0M OIBITOB HAIIOPHBIN OaK JTOHKEH OBITH 3alIOJTHEH
BOJIOM, BEHTWJIb 10 OTKPBIT MOJHOCTBIO, @ BEHTUJIb O 3aKPHIT.

IlepBas rpynmna OnbITOB MPOBOJUTCS C IEIBIO ONPEICIICHUS CO-
MPOTHUBJIEHUS TPpyOOoTnpoBo10B 3 1 4 u kodpdunuenta Jlapcu rudbkoro
nuianra. J{jas 3Toro Hy»KHO BHaudalie 3aKPbITh BEHTUJIM Ha TPpyOOIpo-
Bojax 11 u 4, a BeHTWIb Ha TPYyOONPOBOJIE 3 OTKPHITh MOJHOCTHIO U
OTKPBITh BEHTWJIb 6 TaK, 4TOOBI MMOKa3aHHUE Mbe3oMeTpa 8 Obuto 5—10
CM. DTOT PEXUM COOTBETCTBYET IMEPBOMY OIIBITY MO HCCIEIOBAHUIO
KOpPOTKOTO TpyOompoBoaa. [Ipu momoly AOMOITHUTEIRHON HAaOOpHOM
Y MEPHOUM €MKOCTEeU omnpeaenuTe o0beM Bojibl, BeITeKIIeH 3a 15-30 c.
Pe3ynbTarel BHECTH B TaOII. 4.1.

BTopoii u TpeTuil onbIThl MPOBOJATCS aHAJOTUYHO MPH MOKa3a-
HUSX nbe3oMeTpa 8, paBHbIX 25-30 cM u 45-50 cm. 3ateM HYX HO OT-
KpPbITh BEHTWJIb Ha TPYyOOINpoBOJie 4, 3aKPHITh BEHTUJIb Ha TPyOOIpo-
BOJIE 3 ¥ IPOBECTH TAKHE K€ OMBITHI HA JJIMHHOM TPYOOIpPOBO/IE.

Bropas rpynma onbeITOB MPOBOAUTCS JJISI OMPEICIICHUS COMpPO-
TUBJICHUS TOJHOCTBIO OTKPBITOrO BEHTUIA 6. [ 3TOro Hy»KHO OT-
KPBITh BEHTUJIb Ha TpyOomnpoBoze 11, a BeHTunu Ha TpyObomnpoBoaax 3
1 4 3aKpBITh, HOJHOCTHIO OTKPBITh BEHTUJIb 6 U MPHU OMOIIHA U3MEPHU-
TEIBHOTO MhE30METpa MEpHOro 0Oaka 9 ompeAenuTh MNpuUpalleHue
ypoBHS BOAbI B HeM 3a 60—120 c. CHATh MOKa3aHUs ¢ MbEe30METpa 8.
Pe3ynbTarel 3aHectu B Tadn. 4.2. 3arem, MIaBHO 3aKpbIBask BEHTUJIb
10, u3MeHUTH pacxo1 BOABI U TOBTOPUTH 3aMEPBL.

TpeTpio rpynmy OnbITOB NPOBOASAT C IEIBIO MOJYYUTh XapaKTe-
PUCTUKU CIIOKHOTO TPYyOOIpPOBOJA, COCTOSIIIETO U3 JIBYX Hapaljieiib-
HBIX THOKUX TPYyOOMPOBOAOB (KOPOTKOTO M JJIMHHOTO) U TOAKIIOUCH-
HOT'0 K HUM MOCJIEN0BATEIBLHO HA BBIXOJE BEHTHIIS.
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B Hayasie onpITOB HEOOXOIUMO 3aKPhITh BEHTUJIb Ha TPYOOIIpPO-
Boje 11, OTKpBITH BEHTWIN Ha TpyOOIpoBoaax 3 u 4, OTKPBITh MOJIHO-
CTBIO BEHTWJIb O U TIpU ITOMOIY BeHTWIS 10 yCTaHOBUTh MUHUMAIBLHO
BO3MOKHBIN PACX0JI JKMIKOCTH TaK, 4TOOBI TTOKa3aHUE Mbhe3oMeTpa 7
OBLIIO OJIM3KO K HYJIEBOM OTMETKe miKkajbl. [Ipu momoru HabopHOH U
MEpHOH €MKOCTel OmpeaeluTh 00beM BOJBI, BbITeKkIel 3a 10-30 c.
PesynbpTatel BHecTH B TabOi. 4.3. 3atem BeHTHieM 10 yBeIWduTh pac-
XOJl BOJIbI TaK, 4TOOBI MOKa3aHUE IMbe30MeTpa 7 YBEIMYMWIOCH IMPHU-
MepHO Ha 10 cM, U mpoBecTH BTOpOU OmbIT. [locneayromme OnbIThI
(Bcero 8—12) mpoBOSITCS aHAJIOTUYHO JIO ITOJIHOIO OTKPBITHS BEHTHIIS
10.

[Tocne oxkOHYaHUWSI PKCHIEPUMEHTOB 3aKPBHITh BEHTHJIM Ha BCEX
TpyOOIpOBOAaX U BEHTHUIIH O.

B. O6paboTka sKCriepruMEeHTaIbHBIX JaHHBIX

1. BeraucauTh pacxof sKUIKOCTH BO BCEX OIBITax 110 (hopMyaam

W 3
Q= oM /c (B Tabm. 4.1 u Tabm. 4. 3);

Ss;AH ;
= T oM /c (B Tabm. 4.2);

rie Sg — mIomas MepHoro 6aka (Sg = 5000 cM?).

2. OnpenenuTh NOTEpH HaIIopa Mo GopMyIam:
h=h;-h,, cm (B Tabx1. 4.1);
h, =h, + Ah, cM (B Tabm1. 4.2);
h =h; + Ah, cM (B Tabm. 4.3).

3. OnpenenuTs COMPOTURIICHUE TPYOOIIPOBOIa Aj IO KXKIOMY

onsITy (Tabur. 4.1), cX/em’:

h
A =—

i 2
Q
U CpellHee 3HaueHUe A 11 KOPOTKOTO (Ag) U IJIMHHOTO (A ;) TpyOoO-
MIPOBO/IOB.
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4. Onpenenuth ko3 dumueHT Jlapcu A, UCXOIS U3 TOrO, YTO
Pa3HOCTh COIPOTHUBIICHHH TPYyOOIPOBOAOB OOYCJIOBJICHA MX Pa3JIMU-
HOM JUIMHOM, T. €.

h; =(A,, - A)Q°.
Ucnone3ys popmyny (4.9), 3anumiem

8n(l,, —1.)
| = ;2[.11 51« on
n-gd

Orcroma

_ 8hy, -1,

A - —A
n2gd’

Jid) | K

(A -A gn’d’
81y —1k)

A

5. Tonwb3ysce popmymnamu (4.5) u (4.6), BBIYUCIUTH CYMMY KO-
() PUITMEHTOB MECTHBIX COMPOTHUBJICHUN JJIMHHOTO U KOPOTKOTO TPY-
6onpoBoioB (€, &)

6. Omnpenenuth SKBUBAJICHTHYIO U pacdyeTHYO JIHHY (lygp, L)
TpyOoImpoBo10B 110 hopmynam (4.7) u (4.8).

7. OnpenenuTb COMPOTHUBIICHUE TTOJTHOCTHIO OTKPHITOTO BEHTHIIS
(Ap) u ero kodpdurueHT conpotuBieHus (&), MONMB3ysICh Gopmyma-

MMU.
h
Ay =—"2
Q
1 244
Cp = ABgn dB’

"8

rae dg — TpOXOIHON JUaMETP BEHTUIIS, CM.
8. 1lomy4unTh aHATUTHUYECKOE BBIPAKCHUE THAPABINYECKOU Xa-
PAKTEPUCTUKN CUCTEMBI, COCTOSIIEH U3 MapaJJIEIbHBIX TPYOOIPOBO-

IOB M IIOCIACAOBATEILHO IPHUCOSIUHCHHOIO BEHTHIISA, IIOJb3YSCh
dbopmynamu (4.6), (4.10) m (4.11).
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Koneunas ¢popmya uMeeT B

ALA
h, = Ko +A, Q?

PlAFA L 2 A A,

a MOCJI€ NOACTAHOBKY YUCIICHHBIX 3HAYCHUN Ay, Ay, Ag:
h, = ApQ2
rjae Ap — IIOJHOE CONPOTHUBIIEHUE THAPABIMYECKON CETH.

[Ipn monydeHHOU (opMyJie BBIUUCIUTH PACUECTHBIC 3HAYCHUS
noreps Hanopa ( hp ) mpu pacxonax, IMoJy4eHHBIX B ONIBITaX, U pe-
3yJIbTaThl BHECTH B Ta0. 4.3.

9. IlocTpouTh COBMEIICHHBIE TPAPUKH THAPABINYECKUX XapaK-
TEPUCTUK KOPOTKOTO U JUTMHHOTO TPyOorpoBoaoB ( hy = AKQ2 uhy =
AMQ2 ), XapaKTEPUCTUKY BEHTHUIISA ( h —ABQZ) XapPaKTEPUCTUKU T10-
CHCI{OB&TCHBHOFO ( hpoen = IIOcJIQ ) 1 napamnenbHoro ( hp,y =

ImpQ ) COeIMHEHUHN UCCIEAOBAaHHBIX TPYOONPOBOJOB U MyTEM rpa—
(bUIECKOTO CIOKEHHUS XapaKTEPUCTHK hmlp = AuapQ” 1 hy —ABQ o-
ayuuTh Xxapakrtepuctuky cetu (h,=A.Q ) HOCTpOI/ITI) XapaKkTepu-
CTHKY CETH II0 pe3ynbraTaM pacueros (h, = A,Q ). Pe3ynbTathl MOX-
HO CYMTAaTh yJIOBJIETBOPUTENILHBIMU, €CIM OTKIOHeHHE he or h, He
npesbimaet 15%.

Tabnuma 4.1
O6wem
Bpewms . Pacxon [[Tokazanus | [Totepsa | ConpoTuBieHue
OneIT BBITEKIIIEH
OTBITa BOJIBI KUJKOCTHU |[Ibe30MeTpal Hamopa| TpyOormpoBoaa
T \\Y Q h1 h2 h
NQ ) 9 9 9 ) 9 A A . A
C oM’ cM/e CM | cM cM ' oo
KopoTtkuit tpy6onposon I, = ,cM; d= cM
2
JlnunanbI TpyO6onpoBon L, = ,eM;  d= cM
1
2
3
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Tabnuua 4.2
[Ipupamenue [Torepsa | CompoTus-
Bpewms puparil Pacxon |Ilokazanus P P
OmnbIT YPOBHS B Haropa Ha JICHUE
OTbITa BOJbI | ME30METpa
MEpHOM Oake BEHTHUJIE BEHTHJIS
3
Ne | 1,¢ AH, cm Q,cm/c hy, cm h,, cMm A
1
2
3
CpenHee cONpOTHUBIEHUE BEHTUIIS As
KoadduuneHT conpoTuBieHus: BeH- Ex
TUJIS
Tabnuna 4.3
[Torepu
O6beM P Pacuetnoe
Bpems . | Pacxon |lloka3zanus| Hamopa B
OnbIT BBITEKIIIEH 3HaYCHUE
OmbITa BOJBI |IbE30METpa| TPyOOIpO-
BOJIBI MOTEPh HAIMoOpa
BOJIE
T, C 3 3 h
Ne ’ W,em™ | Q,em/c h;, cm h, cMm ci’/}
1
2
3
10

JlaGopatopHuas pabora Ne 5
HcTeueHne ;KUAKOCTH Yepe3 OTBEPCTHS H HACAKH

[lens pabOTHI: PKCTIEpUMEHTATBHOE OmpeeneHrne Ko PpuimeH-
TOB MCTEUYEHHUS BOJABI YE€pPE3 OTBEPCTUS PA3TUYHON (POPMBI B TOHKOU
CTEHKE W 4Yepe3 HacaJKH, Bu3yanbHoe HaOmogeHue ddpdexra Koanma

Y MPOLIECCA UHBEPCUU CTPYH U3 HEKPYTIIBIX OTBEPCTHUM.

5.1. TeopeTndueckue MoJ0KEHUS

HcTedyeHne KUIKOCTH Y€PE3 MAI0€ HE3aTOMIICHHOE OTBEPCTHUE B

TOHKOW CTE€HKE. Manbim HA3bIBACTCS OTBEPCTUE, BEPTUKAIBHBIA pa3-
Mep KoToporo coctaBisieT He 6osnee 10 % riyOuHBI €ro MOrpyKeHHS.
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B »3TOM cilydae CKOpPOCTh BXOJIa YACTHI] KHUJIKOCTH HAa BEPXHEH U
HUKHEH KPOMKAaX MOXHO CUMTaTh OJWHaKoBOW. Ilpum ucteuenun
KUJKOCTH B Ta30BYIO CpeIy, HallpuMep B aTMocdepy, OTBEpPCTHE Ha-
3BIBAKOT He3amonaeHubiM. TOHKOU CUATAETCS CTEHKA, €CJIM BBITEKAIO-
masi KUAKOCTh KacaeTcsl JMIIb KPOMKH OTBEPCTHS, OOpallieHHOU
BHYTPb PE3EPBYapa.

K OCHOBHBIM pacCUMTHIBAEMBIM IMapaMeTpaM OTBEPCTUM OTHO-
CAT CKOpOCMb WUCTEUEHUS M pacxod XUAKOCTH. Ha uX BenuyuHy
BIIMSIFOT JEUCTBYIOIIMN HANIOP WJIM SKBUBAJICHTHBIN €My TIepernaj JaB-
JIHUS Ha OTBEPCTHH, pa3Mephl U (hopMa OTBEPCTHS, €r0 PacIoiokKe-
HHUE OTHOCUTEIBHO CTEHOK, JHAa pe3epByapa U CBOOOJHON MOBEPXHO-
CTH, CBOMCTBA KUJIKOCTU U PEKUM €€ UCTCUCHUS.

Hcteuenue compoBoxaaercs 3hdeKTom cocamus CTpyd, Mexa-
HHU3M KOTOpPOrO MOsICHAETCS puc. 5.1

——— Ha MpUMEpEe KPYIJIOro OTBEPCTHUS B
- T — — TOHKOM CTEHKE.

| A do TpaekTopun dYacTHIl TPU TIPH-

H de OMMKEHUH K OTBEPCTHIO MCKPHUBIIA-

Kg:\\., \L_V 0TCs. BO3HUKarwmas mnpu KpUBOJIU-

\\égf £ HEWHOM JBWKCHHH YaCTHUII KUIKOCTU

Y 3 — HEeHTpoOeXKHasi CWiIa  HalpaBjieHa

/(" = BHYTPb dbopMupyromieiics CcTpyH,

UBOG fa;l\ BCJIEJICTBUE M€r0  yMEHbILUACTCS  ee

ceUeHne ~050do MONEPeyHbId pa3mep, T.C. MPOHMCXO-
Ha BxoAe _);| < IUT coicamue CTPYyH.

Puc. 5.1.Cxema ncreuenus Ha Bxone B oTBEepcTHE IBUMKE-

KUIKOCTH Yepe3 OTBepCcTHe  Hue, yctaHnoBuBIeecs npu H = const,

B TOHKOU CTEHKE HEPAaBHOMEpPHOE, a JKHWBOE CEYECHUE

CYILIECTBEHHO KPUBOJIMHEWHOE U IIO-
CTEIEHHO YMEHBIIAIOIIEEC O TUIONIA X 10 HauboJiee CKaToro ceue-
Hus. [lo mMepe yznaneHuss OT CTEHKM KPUBU3HA JIMHUM TOKA YMEHbBIIA-
ercs u Ha pacctossHuM = 0,5d, OT CTEHKM JUHUU TOKA MPAKTUYECKHU
rnapasieibHbl. B cuiny MaaoCcTi OTBEPCTUSA MECTHBIE CKOPOCTHU YaCTHII
MOXHO CUUTATh OJMHAKOBBIMHU, a KOI(POUIIMEHT HEPAaBHOMEPHOCTH
ckopoctei (korddunment Kopromanca) a—>1.
JlanpHeNIee IBUKEHNE HE3ATOIUICHHON CTPYH SIBJISIETCS TIABHO
M3MEHSIOIUMCS IO AECUCTBUEM CHUJI TSXKECTH, UHEPLUH, ITOBEPXHO-
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CTHOTO HaTsDKeHUs U TpeHus. Ha 3HaunTensHOM yJajieHuu OT OTBEp-
CTHS B CBSI3U C HACBIIICHUEM BO3yXOM (a’paius) CTpysd HauWMHAET
IPOOUTHCS U TEPSIET KOMIAKTHOCTb.

Paznuuaror nonnoe u Henonnoe, cosepuieHHOe U HECOBEPUIEHHOE
cxatue cTpyu. Henonnoe cxatue HaOMIOAAeTCS B T€X CIydasx, Koraa
CTpys TIOJABEpraeTcsl CXKaTUIO0 HE MO BceMy nepumetpy. Hampumep,
KOTJla OTBEPCTHE MPUMBIKAET K JHY (OTCYTCTBYET CXKaTHE C HIDKHEH
CTOPOHBI) WJIM KOTJ]a OTBEPCTHE MPUMBIKAET K JTHY U PACIIOIOXKEHO Y
CTEHKHM pe3epByapa (OTCYTCTBYET CKaTHE C JBYX CTOPOH).

CosepuienHbim HA3BIBACTCSA CXKaTHE, KOTJa OTCYTCTBYET BIIHS-
HUE CBOOOIHON MOBEPXHOCTH KUIAKOCTH WIJIM TBEPJBIX TPAHUI] Pe3ep-
Byapa Ha MoJjie CKOpOCTeH YacTHI] Ha BXOJIe B OTBepcTHe. [ BBIMOJ-
HEHMS 3TOTO YCIOBHS PACCTOSHHE OT 000 CTEHKH (JHA) pe3epByapa
WM OT CBOOOJHOM MOBEPXHOCTH A0 ONMKaWIed KPOMKUA OTBEPCTHS
JIOJDKHO OBITH HEe MeHee 3d,.

KonnuecTBeHHO 3 (heKT cxKaTHS OLICHUBACTCA KO3 PuyueHmom

CorcamuAl.

fe
SZE, (51)

rae fc n fo — Iomaan COOTBCTCTBCHHO CTPYH B CKATOM CCUCHHHU U

otreepcrud. [ kpyriioro orseperus € = (d, /d, )2.

Pacxo0 srcuokocmu yepe3 oTBEpCTUE PABEH MPOU3BEICHUIO CKO-
poctu cTpyH V Ha €€ IUIOIA/Ib:

Q=VfI, =Vf e (5.2)

Teopernueckas BEIWYMHA CKOPOCMU CMPYU ONPEACHSAETCS 10

dopmyne Toppudemin, KOTopas CpaBeIInBa I WIeaIbHOMN KUIKO-

CTH:
V. =+/2gH. (5.3)

dakTHUecKas BEIMYMHA CKOPOCTH BCET1a MEHBIIIE BCEACTBUE
COIIPOTUBIIEHUS OTBEPCTHS (KOA(h(HUIIMEHT COpOTUBICHUS & ) 1 He-
PaBHOMEPHOTI'O pacIpeieieH!s] CKOPOCTEH, orleHuBaeMoro ko3 du-
nuentomM Kopuonuca o.

Ha ocHoBe ypaBHeHUs1 bepHyum MOXKHO TMOKa3aTh, 4TO MOMpa-
BOYHBIN KOY(P(UIIMEHT HA CKOPOCTh HUCTEeUCHHS (KOIPDUIIMEHT CKO-
pOCTH) paBeH
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1

(P:ﬁ, (5.4)

V=V, -¢0=02gH. (5.5)

[IpousBenenne K03hPUITMEHTOB CKATUS M CKOPOCTH HA3bIBAIOT
Kod(ppuImeHToM pacxoa:

n Torjaa

L=0-&, (5.6)
1 ¢ yuetoM (5.2) u (5.5) noaydaem:
Q =pf,./2gH. (5.7)

[To ’kcTiepUMEHTAIBHBIM JaHHBIM TPU TYpOYJICHTHOM HCTEUe-
HUU BOJBI U3 KPYTJIIOTO OTBEPCTUSI TIPU COBEPIICHHOM CKaTHU MOKHO
canrath: o = 1,01..1,13 (Re = 10°..10°); &~ 0,06; & ~ 0,64;
¢ ~0,92..0,97; p=0,59...0,62.

Pacxon ®KuUIKOCTH M COOTBETCTBYIOIIME KOA(DPHUIIMEHTHI HCTE-
YeHUs JUIsl HEKPYTJIBIX OTBEPCTUM MPH TAKOM K€ IUIOMIAIN BCETIa
MEHBIIIE W3-32 HECOBEPIIICHCTBA UX (POPMBI.

HcredyeHue KUIKOCTU Yepe3 Hacaiaku. Hacaoxom Ha3bIBaeTcs
KOPOTKUM maTpyOoK JiauHOWM 0O0bIYHO (3...5)d,, MpUCOCAMHEHHBIN K
OTBEPCTHUIO C BHeuwlHel WA @HympeHHeu CTOpPOHBI. [IpuMeHsroT Ha-
CaKi C IEJbI0 YyBEIWYUTh PACXOoJl WJIU HU3MEHUTH (yBEITUYUTH,
YMEHBIIINTh) KUHETUYECKYIO SHEPruto CTpyH. s yBenumdeHus mpo-
ITyCKHOM CIIOCOOHOCTH BOAOCOPOCOB Ha AJaM0Oax, MNIOTHHAX U YCKOpe-
HUS OTOPAKHUBAHUS €MKOCTEeH OOBIYHO HCIOJIB3YIOT YUIUHOpUUEe-
ckue Hacanku. Kownuueckue cxoosiwuecsi u KOHOUOATbHble HACAIKU
(koH(Y30pBI) MPUMEHSIOT C LEIbI0 YBEIUYCHUS CKOPOCTH, NaJbHO-
OOMHOCTU W CWIBI yjaapa CTpyH (THAPOMOHHUTOPHI, OpaHICIIONTHI,
BXOJIHBIC 3JIEMEHTHI HACOCOB, BEHTUJISITOPOB, CTPYWHBIE YCUIUTEINIb-
HBIE PJIEMEHTBI, paCX0JIOMEPHI U T.11.). Konuueckue pacxoosiwuecs Ha-
canku (auddy30pbl) TO3BOJAIOT MPEe0OPa30BaATh YACTh KHHETHUECKOMN
SHEPTHHM TIOTOKAa B MOTEHIMAIBbHYIO, T.C. TOBBIIIAIOT JABICHUE U
YMEHBIIIAIOT CKOPOCTh, YTO MCIOJB3yeTCs, HAPUMEP, B BBIXOIHBIX
AJIEMEHTAaX HACOCOB W BEHTWISITOPOB, B TOIUIMBOIOJIAIOIIUX 3JIEMEH-
Tax JIsl JTY4Ilero paclblICHUs] TOPIOYEH CMECH.

J71s1 pacdeTa HacaJKOB MPUTOJHBI T€ K€ 3aKOHOMEPHOCTH, YTO U
JUTSI MAJIOTO OTBEPCTHUSI, HO YHCIEHHBIE 3HAYCHUS KO3(PUITMECHTOB HC-
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TeYeHUS &, W, &, @ UMEIT Apyrue 3HadeHus (Ttabm. 5.1) u ompene-
JISTFOTCS AKCIIEPUMEHTAIBHO.

Cy1iecTBeHHas pa3HUIA BEIUYUH
K03 HHUITMEeHTOB 00yCIOBIEHA pa3iu-
YuEeM YCJIOBHI BXOJid, MPOTEKAHUS U
HCTEUECHUS KUJIKOCTH.

Ha npumepe BHEUIHETO UWJIUH]-
pUYECKOT0 Hacajka pacCMOTPUM OCO-
OCHHOCTH TPOTEKAHUS >KUJIKOCTH B
HEM I10 puc. 5.2.

YcinoBUs U XapakTep TEUECHUS
KUJIKOCTH Ha BXOJI€ B IaTpyOOK C OCT
POM BXOJTHOM KPOMKOM TaKHUE K€, KaK
u g oreepctus. B ceduenunm 1-1
CTpyS MAKCUMAJIBHO CXaTa, a Ha y4YacTke 1—2 OHa IUIaBHO paculiu-
psieTcs, 3a0JIHSS BCE CEUCHHE MaTpyoKa.

pBaK

Puc. 5.2. Cxema ucreuenus
yepe3 BHEITHUM HACa10K

Tabnuma 5.1

*

Bun Hacanka Cxema € S ¢ H
v I
I,L[I/IJII/IHI[pI/I‘-IfCKI/H/I — 1 0,5 0,82 | 0,82
BHELIHUN —
N |
2 IIunMHAPUYECKUH | = . 1 1 0,71 | 0,71

BHYTPEHHU I

B=134°
4.K0anevzc1<1/m paco— 1 3 4 0,45 | 0,45
Xosmuics 3 =7

5. KoHoumaapHBIM | — 1 0,04 0,98 | 0,98

6.Kpyrmnoe | 0,62...
OTBEPCTHE | 0,64

*
KO3 (PUIIMEHTHI € U P OTHOCSTCS K BBIXOJHOMY CEUEHHUIO MaTpyoKa.

1
3 Konnueckuit _ 4
CXOJISIIIHMCS 0,98 |0,06...0,09| 0,96 | 0,94

LA

N—
—

o

_.ﬁ

0,06 0,97 | 0,61

Mexay cxkaToil cTpyeil M CTEHKOM HacaJika 00pa3yeTcsi BOJOBO-
pOTHas (BUXpeBasi) 30HA C MIOHMKEHHBIM JIABJICHUEM Pgax. ITO MOKHO
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JI0Ka3aTh, MCHIOJIB3YSl ypaBHeHUE bepHymnu aa ceyenun 1-1 n 2-2.

ITockonbky B cedeHHH 1—1 CKOpOCTHOM HAIop OoJbIle, YeM B cede-
HUU 2—2, TO JUIsl BBINOJHEHUS MOCTOSIHCTBA CYMMBI CKOPOCTHOTO H
MbE30METPUUECKOI0 HAmopoB (CMbICT ypaBHeHUs] bepHyiun) Hamop
(w1 naBiieHue) B cedeHuu 1—1 mosmkeH ObITh MeHbIe. [Ipu ucrede-
HUU B aTMOCHEPY P2 = Parm U, CICAOBATEIHHO, P1<Parm, T.€. B CCUCHUHU
1-1 co3naercs BakyyM.

C yBenmuueHueM paencTByromiero Hamopa H u, ciieqoBaTenbHO,
CKOPOCTH UCTEUCHUSI BAKYyM BO3pPACTAET, U B KPUTHUUECKOW CUTyallUH
MOXET HA4yaTbCsl UCHNAPEHUE W KUIEHUE XUJIKOCTH — KaAsUmayus B
BUXPEBOU 30HE.

Biusinue Bakyyma Ha pacxo[l »KUAKOCTH JBosikoe. C OJHOU CTO-
POHBI, MOHWXEHHOE JABJICHUE TOPMO3UT TPAH3UTHYIO CTPYIO, T.E.
BO3pacTaeT KO3PGUIMEHT CONPOTUBICHUS &, HO, C IPyroil CTOPOHHI,
co3naercsa dpdekT “noacaceiBaHUA” KUIKOCTH U3 PE3epByapa, 4To B
UTOT€ BEJIET K 3HAYUTEIbHOMY YBEJIMUYECHUIO PACXO/Ia.

N3 onucaHHOW CXEMBI MCTEYEHHUS CIEAYET, YTO Pacxoj uepes
OTBepCTHE B ToJCTOM cTeHke npu /= (3...5)dy Oyaer nmpumepHoO Ha

35% Oomblne, 4eM uepe3 TaKoe K€ OTBEPCTHE B TOHKOM CTEHKE.

Oddekr KoaHnma 3akimodaeTcss B OTKIOHEHUHM CTPYH OT HOP-
MaJIbHOM TPaeKTOPHH B HaNpaBJICHUH OJIM3JICKaIIeH TBEPAOi I'paHH-
Il IPOCTPAHCTBA U MOSICHSAETCS pucC.S.3.

Ecou x crtpye npubmmkarh

nnactina TBEPAYIO CTEHKY (Hampumep Iiia-

Pa6c=Parm ~Psax CTHHY), TO UMEIOIIUICSI MEXKIy HH-
A MH BO3QyX YaCTUYHO YHOCHUTCS
__>%E:\ _______ CTPYA  crpyeit xuaxoctd, T.e. B 3a30pe A
AA A YBEIMUUBAETCA CKOPOCTHOM HAIop,
Pacc=Parm a CIIeIOBaTEIBHO, MOHMKACTCS aB-

nenne. BcneacTBume pazHocTH  a0-

Puc. 5.3. CxeMa, MosiIcHAt0-  COJIOTHBIX JIABJIEHHUH CTPYs OTKJIO-
mas >¢pdext Koanma HAETCSA B CTOPOHY CTEHKH.

OT10T 3h(PEeKT YacTo UCTIONIB3YETCSl B CTPYHHOM TEXHUKE.
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WHBepcuel CTpyH Ha3bIBAETCSA TPOIECC TUIABHOW TpaHCQOp-
1A 110 [NOFMEDITOICPEOHOT OCCN HI1 £ TITYN 1 BBEICER ARSI B3 OTBEP-
CTUM MOJUTOHAJIBHOM (MHOTOYTOJBbHOM) popmel. Ha puc. 5.4 3To mo-
Ka3aHO Ha IIPUMEPE CTPYH U3 TPEYTOJIBHOTO OTBEPCTHSL.

— 1 1T T 1 T ™~
Puc. 5.4. UuBepcus CTpyr U3 TPEYTOIBHOTO OTBEPCTHS
110 €€ pa3pyLICHUs

Tpanchopmariis GOpMbI CTPyH OOBICHIETCS Pa3TUIHON CKOPO-
CTBIO BXOJIa CTPYEK KUJKOCTH II0 yIJIaM U TPaHsIM OTBEPCTHS, IEUCT-
BUEM CHUJI TOBEPXHOCTHOI'O HATSIKEHUSI, CTPEMSIIMNXCS MPUIATH CTPYE
KpyTriyio (opMy, ¥ MPOTUBOACHCTBYIONIAX ATOMY HHEPIIMOHHBIX CHIL.

IIpakTHUeckoe MpUMEHEHHUE MPOLECCY MHBEPCUU CTPYH MOKa HE
HAWJICHO, OJHAKO BCJIEJICTBUE CBOECH 3PEJIMIIHOCTH 3TO SIBJICHUE WHO-
ra IpuMeHsIeTCs B (DOHTAaHHBIX YCTPOUCTBAX.

5.2. DKkcnepuMeHTalIbHAs YaCTh
A. JlabopaTopHas ycTaHOBKA

KoHcTpykimsi ycTaHOBKHU (pHC. 5.5) BKIIIOYAET HAMOPHBINA KOJ-
JeKTop 1 ¢ KOMIUIEKTOM CTPye(pOpMHPYIOMHUX TOJOBOK 2, UMHUTHU-
PYIOIIUX HCTEUEHUE Yepe3 OTBEPCTUS pa3audHOu (opmbl (Kpyrioe,
MPU3MATHYECKOE, TPEYTOJIBHOE U JIp.) U HACaJAKHU (LIMJIMHAPUYECKHE,
KOHHUYECKHE, KOHOMAAIbHBIC U JP.).

[TonepeunsIii pa3mMep KOJUIEKTOpa Ha MOPSAOK OOJbIe pazMepa
OTBEPCTHUM, YTO TO3BOJISICT MOJYYUTh COBEPIICHHOE CXKATHUE CTPYH.
Heo6xoaumpiii Harop H B KoJieKTOpe peryiupyercss BEeHTUIeM 3 U
peructpupyercs nbe3oMeTpoM 4. TpaeKToOpuro U HaNbHOCTH MOJIETA
CTPYH MOXHO PETYJIMPOBATH YIJIOM O HAKJIOHA KOJUIEKTOpPAa OTHOCH-
TEJIbHO TOPU30HTAIBHOW TIOCKOCTH, KOTOPBIM ONPEAEHSACTCS IO yI-
aomepy 5. Boxa cnuBaetcs 1o kenody 6 B 6a4ok 7, MIapHUPHO MPH-
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KpEIUICHHBIM K OCHOBHOMY Oaky 8. Ilpupariienue ypoBHs B Oauke

OTIPEICIISICTCSI TIEPEHOCHBIM ITHE30METPOM 9.
YA

NwH

"'I""I"'ﬂ'l"'l"'m‘Tﬁ"'Ff"T"'I"'T"I‘JTTTl"l

CTRYR

S‘I f
n Ll B
X,
|r||r||r||r||r||1||1||1r|1||1r||r|1r|1rl é

HENDPHOTD
Daxa

Puc. 5.5. KoHCTpyKTUBHAs U pacyeTHAs CXxeMa
71a00paTOPHOUN YCTAaHOBKU

b. ITopsAnok BBITTOJIHEHUS OIIBITOB

[Ipu 3aKkpbITOM BEHTHJIE 3 CIUTh BOAY M3 Oadka 7, BBEpHYTh B
pe3b00BOE OTBEPCTHE KOJUIEKTOpPA HACAAKy (THUIl Hacajka 3aJaeTcs
MPENOJAaBaTeIeM) U 3aKPENUTh MO/ JKEJIAEMbIM yTJIOM HAaKJIOHA O B
npeaenax 10...70". N3meputs BbLIET TOJOBKU /. OTKPBITH BEHTUIH 3
TakK, YTOOBbI JaJbHOCTH IMOJIeTa CTPYH BOdL ocu X Oblna 30...40 cwm.
[Ipy moMOIIM TMEPEHOCHOrO MhEe30METpa OMPEACIUTh IMpHUpPALICHHE
ypoBHS Bojibl B Oauke 7 3a BpeMms 30...120 c¢. Bo3aMoxHO n3mMepeHue
o0beMa BBITEKIIIEH BOJBI HEMOCPEACTBEHHBIM HM3MEpPEHHUEM IIPH IIO-
MOIITA OTACIHLHON HAOOPHOM M MEpHOM emKocTeil. OgHOBPEMEHHO C
BBITIOJTHEHUEM ATHX 3aMEpOB 3a(PUKCUPOBATH MOKa3aHUE MHE30METpa
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4 u onpenenuTh AATBHOCTH mojeTa cTpyu (X) Mo ropu30oHTaIbLHON
mkane Ha 6ake 8. [ToBroputh onbiThl pu X ~50...60 cm u X =70...80
CM. U3MEHSS JTaJTbHOCTB T0JIeTa CTPYH MPHU TMTOMOIIM BEHTHIIS 3.

[Tony4yeHHble pe3ysbTaThl CPABHUBAIOTCA MOC]e 00pabOTKHU JKC-
MePUMEHTAIIbHBIX JaHHBIX.

Oddext Koanga neMOHCTpUpPYETCS C ydyacTHeM IperojaBaTelis.
[Ipu uccrnenoBaHUM CTPYH BBIXOJAIIEH U3 OTBEPCTUS C TOJTUTOHAIb-
HOM (popMOI HaIO BU3YyaJbHO YOSAUTHCSA B CYIIECTBOBAHUH IPOIECcca
WHBEPCHUH CTPYH.

B. O6paboTka sKCriepruMEHTaIbHBIX JaHHBIX

1. Onpenenuth PaKTUUECKYI0 CKOPOCTh MCTEUEHUSI CTPYH IO €€
Ha4yaJIbHBIM (X,,Yo) U KOHEUHBIM KOOpAUHATaM (X,y) 1o ¢opmyJie

2
V= 5 0,5g(x ~x, ) ,cM/cC.

cos” aly, —y +(x—x, Jtga]

B cooTBeTcTBUU cO cxemoit (puc. 5.5):

X, = (a + f)cos o; Yo =h;+ (a + f)sin o,
IZIe X — PErucTpupyeMast JalnbHOCTb Iojera cTpyu; y = 0.
2. BpUMCIUTh ACUCTBYIONIUN HATIOP:

H=h, +Ah, -y,, cM.

3. OnpeaeauTh TEOPETUUECKYI0 CKOPOCTh HCTEUSHHS 10 (hOpMYIIe

(5.3) 1 k03 (PphHUIUEHT CKOPOCTH:
¢0=V/Vy.

4. Beraucnuth ko3 uIMeHT comnpotuBieHus § 1o ¢dopMmyie
(5.4), mpunss o ~1,05.

5. Onpenenutb 00bEM BBITEKITIEH BOJIbI W 110 H3MEPEHHOMY TPH-
PALICHHIO YPOBHS B Oauke (Iumomans 6auka pasaa 500 cM”) 1 paccum-
TaTh CEKYHIHBIN PACXOJ:

Q,=W/t, e’ /c.
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6. 3 dhopmynel (5.2) onpenenuTs MI0MAAb CTPYH B CKATOM Ce-
yeHnd f. u Ko3DPUIHEHT CXKATHSA €, BRIUUCIUTL KO3DPHUIIUEHT pac-
xoma o ¢opmyie (5.6).

7. PaccumtaTh TeopeTmueckuii pacxonm mo dopmyne (5.7) u co-
MMOCTaBUTh €T0 ¢ (DAKTUYECKHUM TIO 1. 5.

8. B oTdere kpaTko onucath pe3yabTaThl BU3YaILHOTO HAOIIOIe-
HUS UHBepCcuu cTpyu u 3¢ dekrta Koanna.

Tabnuma 5.2
Kpyrnoe 3aJlaHHBIA HACAIO0K
OTBEPCTHE =
CxeMa 1 reOMeTpUYECKHUE -
HapaMeTpbl OTBEPCTHS U i |_>—d\i =
3aJJaHHOTO HacaJiKa ! ) x CXEMA
_>|_<_
d= =
No onbiTa 1 2 3 1 2 3
YT0JI uCTEUECHUSA
BOJIbI <,
K TOPU3OHTAIU rhai
ITokazaHus hy,
IbE30MEeTpa CM
OObeM BeITEkIIeH | W,
BO/IbI oM’
Bpewms
UCTEYCHUS L e
J1anbHOCTB X,
1oJjieTa CTpyu CM
JIelCTBY IO H,
HaIop CM
DaKTUYECKUN Q,
pacxo BOIBI cM/c
dakTHyeCcKas CKo- | V,
POCTb HCTCUCHUS | CM/C
Teopernueckas | Vi,
CKOPOCTH cM/cC
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UCTCUCHUS
[Tponomxenue Tabm. 5.2
No ombiTa 1 2 3 1 2 3
Koapdunment i
CKOPOCTH
p Ocp
Koapdunment Gi
COIPOTHUBJICHUS
OTIPOTHUBJIE Cop
Koapdunment &
COKaTHS e
cp
Koapdunment i
pacxoza Mep

JlaGopatopras padota Ne 6
HUccnenoBanue pe:kxumMoB pad0Thl HACOCHOM YCTAHOBKH

[lens pabOTHI — U3yUYE€HUE KOHCTPYKIIUHU, IPUHITUIIA JCHCTBUS U
ONPENECIICHUE HAIIOPHBIX XAPAKTEPUCTUK HACOCHOM YCTAHOBKHU IIO ITIE-
PEKAUKe KUIKOCTEN.

6.1. TeopeTnueckue MoJOKEHUS

HacocHble yCTaHOBKM IIMPOKO MPUMEHSIOTCS B HAPOJHOM XO-
3sTCTBE. ITO BOJOOTIMBHBIC YCTAHOBKHU IIAXT PYJAHUKOB, BOJOCHA0-
KEHUE TPEANPUATUN U KWIBbIX 3JaHUM, NEPEMEIICHUE XUMHYECKUX
PEAareHTOB B XMMHUYECKOM IPOU3BOJCTBE, CUCTEMBI OXJIAKICHUS JBU-
raTejieli BHyTPEHHETO CTOpPaHUsi U MHOTHE Japyrue. TumoBas cxema
HACOCHOM YCTaHOBKH IPEACTaBJICHA Ha pucC. 6.1.

OCHOBHBIM 3JIEMEHTOM HACOCHOW YCTAHOBKH SIBJISIETCSI Hacoc 1.
B GonpIMHCTBE YCTAaHOBOK 3TO IEHTPOOESKHBIM HACOC, KOTOPHIA OT-
JaudaeTcs OOJBITUMU MPOU3BOAUTEIHLHOCTRIO M HammopoM. Mcmomn3y-
I0TCSL 1 00bEMHBIE TUIpoHacockl. HanmpuMep, B cuctemax cMa3ku pas-
JINYHBIX MAIIAH YaCTO UCTOJIb3YIOTCS IIECTEPEHHBIE HACOCHL.
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Hacoc u3 6aka 2 mepekauyumBaeT KHUJIKOCTh B 0aK 4 IO BCAChI-
BafoIeMy 3 W HarHeTawmemMy 5 TpyOoImpoBo1aM, KOTOPbIe CHA0KEHBI
BEHTHWISIMH 6 M 7 COOTBETCTBEHHO, ITO3BOJISIONIMMHU PETyIMPOBATh
MIPOM3BOAUTEIBHOCTh M HAIIOP YCTAaHOBKH.

- pEbIX

/H: Hw

Puc. 6.1. Hacocnas ycrtaHoBKa

OCHOBHBIMU XapaKTCPpUCTHUKAMU HacoOCHOM YCTAHOBKH SABJISAIOTCA

xapaktepuctuka cetn H.,, =f(Q) u xapaxrepucruka Hacoca

H,,. =(Q).

XapakTepUCTUKOU CETHU SIBJISIETCA YpaBHEHHUE, M0 KOTOPOMY OIl-
penensieTcss Hanop, HEOOXOIUMBINA JJIsI IEPEMEIICHUS KUIAKOCTH IO
TpyOOIIpOBOAaM HACOCHOM yCTaHOBKM (TIOJbEMa €€ Ha HYXKHYIO BbI-
COTY, PEOJIOJICHHS TPOTUBOIABJICHUS U COMPOTUBJIEHUS B TPyOOIIpO-
BOJI€) C 3aJITaHHOM MPOU3BOAUTEIBHOCTHIO [1].

JI1s HacOCHOM yCTaHOBKH, M300pakeHHOH Ha puc. 6.1, ypaBHe-
HUE XapaKTEPUCTUKHU CETH UMEET BU]T

Hce“I :pBbIX ~Pex +HB +HH +kTpQ29
P8
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I7I€ Pex Peex — A0COJMIOTHBIE ABJICHUSI COOTBETCTBEHHO Ha BXOJIE U
BBIXO/IE HACOCHOM YCTAHOBKH; P — IIOTHOCTh MEPEKAYNBAEMOMN HKH/]I-
koctu; Hy u H, — reomeTprueckue BhICOTHI COOTBETCTBEHHO BCACHI-
BaHMA U HarHeTaHus; K.,,Q” — morepn Hanopa B TpyOOIIPOBOJAX CETH,
0OyCJIOBJICHHBIE TTOTEPSIMU IO JJIMHE TPYOONPOBOJOB U HA MECTHBIX
COTIPOTUBJICHUSX.

2 o
Vpasaenne Buma h =KQ* naseBaerca xapaxrepuctuxoii Tpy-
OomnpoBoa U NI HACOCHOM YCTAaHOBKHU CKJIAJIBIBACTCS U3 XapaKTepH-
CTUKH BCACHIBAIOIIETO U HATHETAIOIIETO TPYOOTPOBOIOB:

th = th + hHar
nn kTpQ2 = (ch + kﬂar )Q2

Koaddunment k Ha3pIBarOT yJeIbHBIM CONTPOTUBICHUEM TPYOO-
MPOBO/A, KOTOPOE MOXKET OBITh OMPEIECTCHO PACUYETHBIM TyTeM [2, 3]
WA 3KCTIEPUMEHTAIBHO.

['padukn xapakTepuCTUK TPyOONPOBOJOB HMEIOT BHA, Tpea-
CTaBJICHHBIN Ha puc. 6.2.

HA H cerur
hip

o

]

o s

e

+ hwar
B
n =T3]
|

[N hse
k

| Qe Q

=

[

Puc. 6.2. XapakTepucTuku TpyOOnpoOBOJIOB U
CETH HaCOCHOM YCTAaHOBKU

XapaKkTepUCTUKA CETH SIBIISIETCSI OCHOBHOM NIl BBIOOpa Hacoca.
3amaya BbIOOpa CBOJMTCS K HAXOXKJIEHUIO B KaTaJore Takoro Hacoca,
KOTOPBIN MpU TpeOYyEeMOM Harnope 00eCeurBacT 3aJaHHYI0 MPOU3BO-
TUTEIBHOCTD (TOYKAa A XapaKTepUCTUKHU ceTu Ha puc. 6.2). Obpare-
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HUE K KaTajoraMm HacOCOB OOYCIIOBJICHO TE€M, YTO TEOPETUUYECKHUI
pacyeT Hacoca CJIOKEH W He JaeT TpeOyeMou ISl MPaKTUKH TOYHO-
ctu. [loaToMy XapaKTepHCTUKU HACOCOB OMPEIECISAIOT IKCHEPUMEH-
TaJIbHO M MPEJACTABIISIOT B KaTajiorax.

TunuyHas xapakrepuctuka Hacoca Hy,e mMeeT Bua, nmpeacras-
JICHHBIA Ha pHuC. 6.3.

[Ipu BrIOOpEe Hacoca HEOOXOAMMO, YTOOBI €r0 XapaKTEPHUCTHKA
POXoariIa Yepe3 Touky A (puc. 6.2 u 6.3), COOTBETCTBYIOIIYIO pado-
geMy PEKUMY HaCOCHOM yCTaHOBKH.

HA

HTpeG

: Qm36 Q

-

Puc. 6.3. [lonydyeHne pe)KMMHOM TOYKH HACOCHOW YCTAaHOBKH

[IpakTU4ecKn 3TO YCIIOBUE BBINIOJHUTH YAACTCS OYEHBb PEOKO.
OOBIYHO XapaKTEPUCTHMKA HAcOCa IMEPECEKACT XapaKTEPUCTUKY CETU
BOJMM3U TOUKH A. O4EBHUIHO, UTO 3TA TOUKA IIEpECEUCHMs pacliojiara-
eTcs npasee Touku A (puc. 6.3, Touka b).

B HacocHBIX yCTaHOBKaX, B KOTOPBIX HE TpeOyeTcs peryiaupo-

BAaTh MOJAYY (QTp = const), HEOOXOUMBIN PEKUM MOTYHAIOT 32 CUET

W3MEHEHUs XapaKTepUCTHUKU Hacoca. st 3Toro nubo o0TaymBarOT
pabouee KoJieco Hacoca, MO0 U3MEHSIIOT YacTOTy BpallleHUs Bajia Ha-
coca J0 BEJIMYMHBI, 00ECTICYMBAIOIICH NIEpeceUeHUE XapaKTePUCTUKHU
CETH M U3MEHUBIIEKCS XapaKTEPUCTUKU HACOCA B PEKUMHOM TOUYKE A.
B perynupyembIx 10 NpOU3BOAUTEIBHOCTH HACOCHBIX YCTAaHOBKAX 3a-
NaHHylo nojpady Qpp MOIy4arOT W3MEHEHHEM XaPAKTEPUCTHKH CETH.
DTO MPOU3BOJUTCS TIPU TTOMOIIM BEHTUJIEH (ITPEUMYIIICCTBEHHO BEH-
TWJIEM B HamopHo# Maructpainu). Ha rpaduke (puc. 6.3) HoBas Xa-
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PAKTEpUCTHKA CETH TMMOKAa3aHA IMMyHKTUPHOM JIMHKUEW. OHa MoIydaeTcs
IIyTE€M OTKPBITUS BEHTUJISL U TIEPECEKAETCS ¢ XapPAKTEPUCTUKOM HACOCA
B TOYKE, COOTBETCTBYIOIIEH TpeOyemoi nmomade. OMHAKO BUIHO, YTO
BO3pOC TPeOyEMBbIN HAIOp, TaK KaK BBEJICHO JOMOJHUTEIHLHOE COMPO-
TUBJICHUE TPOXOAY KHUJIKOCTH NPUKPBIBAEMBIM BeHTWIIeM. Kak pe-
3yJbTaT 3TOr0, BO3PACTET MOTPeOJIsieMass MOIIHOCTh YCTAaHOBKH H
cansurca ee KIIJI. [ToaTtomy amama3oH peryiampoBaHUsS HE PEKOMEH-
IyeTCs JIellaTh OOJBINMM, YTOOBI CymecTBeHHO He cHu3uTh KIIJI yc-
TaHOBKH. PeryimpoBaHue BEHTHJIEM Ha BCACHIBAIOLIEM TPyOOIpPOBO-
JI€ BO3MOXKHO €II€ B MCHBIIEM JUAIa30HE,

T. K. B 3TOM CJIy4a€ CHWXKAKOTCS BCACBHIBAIOIIME CBOWCTBA Hacoca. B
YaCTHOCTH BO3PacCTaeT OMACHOCTh BO3HWKHOBEHHUSI KaBUTAIIMHU U OBbI-
CTPOTO BBIXOJA U3 CTPOS HACOCA.

N3 paccmotpernust rpadukoB puc. 6.3 BHACH CIIOCOO IKCIEPH-
MEHTAIBHOTO OIPENEICHUs XapakKTepucTuku Hacoca. Touku b u B
MIPUHAJJIE!KAT XAPAKTEPUCTUKE HACOCA. JTO 3HAYUT, YTO MOXKHO IO-
JYYUTh U IPYTUE TOYKU XaPAKTEPUCTUKUA HACOCA, U3MEHS BEJIUYNHY
3aKpBITHS BEeHTWIS U pukcupys 3HadeHus Q u H mis kaxmoro ciy-
qas.

6.2. DKCiepuMeHTaJIbHAS YaCTh
A. JlabopaTopHas ycTaHOBKa

JlaGoparopHasi ycTaHOBKa, IpeIHA3HAYCHHAS I U3yUYCHHS pe-
KHMOB PabOTHI HACOCHON YCTAaHOBKH, COCTOMT (pHC. 6.4) U3 IIEHTPO-
OEXXHOTO BHUXPEBOTO Hacoca 6, KOTOPBIM OCYIIECTBIISIET NepeKaunBa-
HHE BOABI M3 HIDKHETO 0aka 3 B BepXHHii Oak 1.

Hacoc cBsizan ¢ MepHbIM 0akoM 3 BCacChIBAIOIIMM TPYOOIPOBO-
oM, a ¢ 6akoMm 1 — HarHeraronuM TpyoornpoBoaoM. M3meHenue pe-
KUMa pabOThl HACOCHOW YCTAaHOBKH OCYIIIECTBIISCTCS BEHTUISAMUA 4 U
7. JlaBieHne Ha BXOJI€ B HACOC U3MEPSETCA BAaKyyMMETPOM S, a Ha
BBIXO0JIC€ M3 HETO — MaHOMETpoM 8. MepHbIi 0ak 3 OCHAIllEH YpOBHE-
MEpOM, MPH MOMOIIKN KOTOPOTO U3MEPSAETCS] MPOU3BOIUTEIILHOCTh Ha-
cocHOM ycTaHOBKHM. HamomHeHnue 06aka 3 MPOU3BOIUTCS OTKPBITHEM
BeHTWIIA 11.
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2
e i
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1]
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8
Sg= 4250 car’

Puc. 6.4. Cxema 1abopaTopHOi YCTaHOBKU

b. Ilopsanok mmpoBencHUs OIBITOB

IlepBas cepust ONBITOB.

Ilepen myckom Hacoca IpU MOMOIIMA BEHTHIS 2 HEOO0XOIUMO
HaIlOJIHUTh MEPHBIN 0aKk 3 BOJ0M Ha 2-3 CM BBIIIE 3aJaHHOTO MPETO-
nasareneM ypoBHs HB. IIpousBectu myck Hacoca. [Ipu goctuxeHun
3aJIaHHOTO YPOBHS B MEPHOM Oake MyCTUTh cekyHaomep. [lo ucreue-
HUM BpeMeHH t = 20 ¢ CHATh KOHEUHOE MOKa3aHue ypoBHeMepa (Tibe-
30MeTpa) MepHOro 0aka. OJHOBPEMEHHO CHSThH IMOKa3aHUS BaKyyM-
METpa U MAaHOMETpPA. BBIKIIFOUNTH HACOC U PE3yNIbTATHI 3AMEPOB 3aHE-
CTHU B TaOII. 6.1.

CHOBa TpH MOMOIITY BEHTHIS 2 HAIMOJHUTh MEPHBIN Oak 3 Ha 2-
3 CcM BBIIIE 33JaHHOTO mpernojasaresieM ypoBHs HB. IlpousBectu
IyCK HAcoCa W, NMPUKPHIBas BEHTUJb / W3MEHUTh MOKA3aHUE MAaHO-
MeTpa 8 Ha OJHO- JIBa JAeJeHUs mKanbl. [Ipu qocTrkeHun 3aJaHHOTO
YPOBHSI B MEpHOM Oake IMyCTUTh CEKYHJIOMEp U MPOU3BECTH 3aMEpPbI
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aQHAJIOTUYHO TMPEIBIAYIIEMY OIbBITYy. Takux 3aMepoB JIOKHO OBITH
MPOU3BEAECHO 6-8 pas.

Bropas cepus onbITOB.

Btopas cepusi onbITOB OTJIMYAETCA OT MEPBOM CEPUU TOJBKO
TE€M, YTO U3MEHEHHUE PEeXUMa pabOThl HACOCHOM YCTAHOBKHU MPOU3BO-
IUTCS BeHTUIIEM 4. Pe3ybTaThl 3aMepoB 3aHECTH B Ta0J. 6.2

BHUMAHHUE! Iloanoe 3akpvimue eenmuiei (0co0eHHO
eenmunn 4) ne oonyckaemcsa! Henvza makoce cHumamo 3amepol 6
OOHOUl cepuu mo OmMKpbIMmuem, mo 3aKpvimuem eeHmunn. Pe3ynn-
TaThl 3aME€POB MEPBOM CEPUHU OIBITOB 3aHOCSITCA B Ta0. 6.1, a BTOpoit
— B Tabm. 6.2.

Tabnuua 6.1
No OIEITA 1] 2]3[4]5]6]7]S8
ITokazanus Ps
BaKyyMMeTpa Kre/em”
ITokazanus Pus
MaHOMETpa JIE1. IIKAJTbI
IToxazanus hyaq, MM
ypOBHEMEpA hyon ,MM
Tabnuua 6.2
No ombiTa 11234 |5|6]|7]|8
ITokazanus Ps
BaKyyMMeTpa Kre/em”
ITokazanus Pus
MaHOMETpa JIE1. IIKAJTbI
IToxazanus hyaq, MM
ypOBHEMEpA hyon , MM

B. O6paboTka sKCrieprMEHTaIbHBIX JaHHBIX

Ha nepBom sTane o0pabOTKH pe3yJbTaTOB 3aMEPOB BCE CHSATHIC
rmapaMeTphl HEOOXOAUMO MIPHUBECTH K TPEOYEMBIM Pa3MEPHOCTSIM II0
BBIpAKEHHUSAM

h, =10p,, m, p,/xec/cr’] — Hanop Bo Bcace Hacoca;

h, =10p,, v, p,/0enr. wkansi] — HaMOp B HATHETAHNH HACOCA;
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— Sﬁ
Q - Ah s JI/MUH — MNPpOU3BOAUTCIIBHOCTb YCTAHOBKH,
T

Ah=h_, —h_  — usmenenue yposns Bosbl B HuKHEM Gake, 1M;

2
Sg =4250cM” — mnomans HIKHETO 6aKa; T — BPeMs OIBITA, MHH.

[lepecuriTaHHbIE 3HAYEHUS] TAPAMETPOB 3aHOCATCS B COOTBETCT-
Bytoiue rpadsl Tabmui: as 1 cepunt onbITOB B TadM. 6.3 , a /1l BTO-
poii — B Ta0. 6.4.

ITo nanHbIM TabJI. 6.3 pacCUNUTHIBAKOTCS XapaKTEPUCTUKH Hacoca
1 BCAChIBAIOIIETO TPYOOIIpOBO/IA.

Hamop nHacoca paccuntsiBaeTcs 1o ¢hopmyrie

HHac = hB + hH’ M.
XapaKTepUCTUKA HACOCa OIMMCHIBACTCS C JOCTATOYHON TOYHO-
CThIO YpaBHEHHEM MMapaOOoJIb:

H . =a+bQ>

Jlns onpeneneHns Kod3(pGUIIMEHTOB anmpoKcuMalnuu a u b He-
00xoauMo mpeoOpa3oBaTh MapadOINISCKYI0 3aBUCHMOCTh B JIMHEH-

HYIO, TIPOU3BE/IS 3aMEHY X = QZ. Torma ko3 PuIMEeHTH anmpOKCH-

MaIli{ PaCCUYUTHIBAIOTCS 110 (hopMysIaM

x:H: —nxH — -
b = 2XitinxH > a=H -bx,

inz—nx

rae E:%; H-=2Hi

, 1 —YHCJIO 3aMCPOB.

[IpaBUIIBHOCTh PAcCUYETOB MOJATBEPKIAETCS 3HAKOM «-» y KOd(]-
¢unmenta b.

Tabnuna 6.3
No onbIThI 1 1234 |5|6|7]|8

Harmop Bo Bcace Hacoca h;, M

Hanop B HarHetanuu Hacoca| hy, M

[Tpon3BOUTEIBLHOCTD Q,

YCTaHOBKHU J/MUH

Hamnop Hacoca Hyae, M

Hamop Bo BcackiBaroiem ho M

TpyOOIPOBO/E e

XapakTepucTuKa BcachIBaromiero Tpyoomposonaa hy. crpoutcs
o gaHHeM hy, 1 Q Tab6ma. 3 ¢ yueTom ypoBHS Boabl B Oake 3, T. €. Hy:
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h,.=h,+H,_.
3HaK «+» B3AT 37IeCh BCJIEIACTBHE TOTO, YTO YPOBEHH BOJIBI B
HIDKHEM Oake 3 BBIIIE BCachIBAIOMIETO MaTpyOKa Hacoca 1 (puc. 6.4).

XapaKkTepUCTUKAa BCACHIBAIOIIETO TPYOOMPOBOJA AMMPOKCHUMHU-
pyeTcs ypaBHEHHEM MapaloJibl BUAA

h, =cQ’.

BC
KoaddurmenT anmpokcumanum ¢ mo cioco0y HanMEHbBIITNX
KBaJpaTOB OMpeeseTcs no Gopmyiie
_ 2x;h
C= >,
2X;
02
rae Xi — Qi .
XapakTepuCcTHUKa HarHETaromero Tpyoonpooaa hy,, ompenens-
ercs 1o JaHHbIM h, m Q Tabn. 4 (BTopas cepus OIBITOB) C YUETOM
BBICOTHI HarHeTaHus, T. €. Hy:

hHar - hH _HH9 M.
3HaK «-» B34T 34€CHh BCIIECACTBHUC TOI'O, UTO HAI'HETAHUEC OcyHIe—

CTBJISICTCSI HA YPOBEHHb BBINIE HATHETAIONIEro0 MaTpyOka Hacoca
(puc. 6.4).

Tabnuua 6.4
No onbiTa I |23 |[4|5]6]|7]|8

Harmop Bo Bcace Hacoca h,, M
Hanop B Harneranuu Hacoca | h,, M
[Tpon3BOUTEIBLHOCTD Q,

YCTaHOBKHU J/MUH
Hamop B Harneraromem h
TPyOOIPOBOEC Har

XapaKTepUCTUKA HArHETAIOIIEro TPYOOIPOBOAA AIIPOKCHUMHU-
pyeTcs ypaBHCHHEM I1apa0oJibl aHAJIOTUYHO XapaKTEPHCTHKE BCACHI-
BafoIIEro TPyOOIpoBoa:

_ 2
hHar _ dQ .
XapakTepucTUKa CeTH JJis JabopaTOPHON HACOCHOM yCTaHOBKHU
ompeaensieTcs mo Gopmyiie
HceTn = th + hHar +H,; —H;.
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3ametnm, 4To BbICOTHI BcachiBanusa (Hy) m narneranus (Hy)
MOTYT OBITh KaK cO 3HakoM "+", Tak u co 3HaKOM "-". DTO 3aBUCHUT OT
r€OMETPUUYECKOTO PACIIOIOKEHUS IJIEMEHTOB HACOCHOUW yCTaHOBKH. B
HameM ciaydae H, Oyner oTpunaTeabHOM, T.K. YPOBEHb BOJIBI B HUK-
HeM 0Oake BBIIIEe, HEeXKEIM BCACHIBAIOIIMN MaTpyOOK HAacoca M IMOoIyda-
€TCs, UTO KUJIKOCTh HE MPEMSITCTBYET, @ «IIOMOTaeT» HACOCY 3a CUEeT
CBOETO HaIopa Mnojay4aTh KUJIKOCTb.

ITo mpoBenenasIM pacaetaM cTposTcs rpaduku Hyae, Heern, Dge,
hyar (cM. Tpaduku Ha puc. 5.4). [IpaBUIBHOCTH pacueTa MoATBEPKIa-
eTcsa TeM, 4To Touka nepecedeHus] TpapukoB Hyae, Heerw (TOUKA Ha
puc. 5.4) umeet napamerpsl Q u H, cooTBeTCTBYIOIIME 3aMepaM, TO-
JYYEHHBIM MPU MOJTHOM OTKPBITUM BeHTHIIEH 4 1 7.

7. BonmpocChl 111 KOHTPOJIA

1. CxoJIBKO CyIIECTBYET PEKUMOB JIBUKECHUS KUIAKOCTH

Y TI0YEMY.

2. IlocTpouTs 3MOPBI pacupeeICHUs CKOPOCTEN TPH JIAMUHAP-
HOM PEXUME.

3. IlocTtpouTts >mIOpHI pachpeneneHus: CKOpoCcTel mpu TypOy-
JICHTHOM PEXKHUME.

4. Iloctpouth rpaduk 3aBucumoctd Re oT ckopocTw moToka
KHUJIKOCTH.

5. Haniucats BbIBOJ yncia Re.

6. Hanmucath 1 00BbACHUTH YpaBHEHUE bepHyIIn 711 MOTOKA pe-
aJbHOU KUJIKOCTH.

7. Hanucath M OOBSICHUTH ypaBHEHHE bepHyuM ajisi OTOKa
UJICAUTbHOU KUJKOCTH.

8. Hamncath U 0OBSCHUTH SHEPTreTUUYECKHUI CMBICII ypPaBHEHUS
bepuyiu.

9. OOBSICHUTHL M3MEHEHHE HANOPOB BJOJIb TMOTOKA pPEabHOU
KUJIKOCTH.

10. OOBsICHUTH U3MEHEHHE HAMOPOB BJIOJh MOTOKA HJICATILHOU
KUJIKOCTH.

11. IToka3aTte pa3MepHOCTH HAIIOPOB.

12. JIaTp onpeneieHue MECTHBIM COMPOTHUBIICHUSIM.

13. Kak ompenenstorcss noTepr 3HEPTUUA B MECTHBIX COIPOTHB-
JICHUSIX.
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14. Kak ompenenstorcs KodDPUIIMEHT MECTHOTO COMPOTHBIIC-

HUSL.

15. Kak onpenensitoTcst moTepH 110 JIHHE TPyOOIpoBo/Ia.

16. IlocTponuTh XapakKTEPUCTHUKY TPYOOIPOBOJA IS MOCIIEI0BA-
TEJILHOTO COEUHEHHUS.

17. IlocTpouTth XapakTepUCTUKY TPYyOONPOBOJA JJIs Mapajlieib-
HOTO COEJIMHEHUS.

18. Onpenenenne SKBUBAJICHTHOM JUIMHBI TPYOOIIPOBO/IA.

19. Onpenenenune Hacajka.

20. Kak mpouCXOIUT UCTEUCHUE KUIKOCTU Yepe3 HUINHIpUYC-
CKUU HACaJIOK.

21. O6wsacauth 3¢ dext Koanna.

22. OOBICHUTH UHBEPCUIO CTPYH.

23. JlaTh OnpeAeaeHrue COBEPIICHHOMY CKaTHIO.

24, OOBACHUTH KOHCTPYKIIUIO HACOCHOM YCTaHOBKH.

25. Kaxk ompepensieTcst XapakTepuCTHKa CETH U pabodasi TOUKa.
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