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B knure oGo6LIeHBl M PA3BUTH BOIPOCH TEOPHH
THAPOMETPHH, 4TO HEOOXOAUMO AN JajbHEHNIero co-
BEPUICHCTBOBAHMS €€ MEeTOL0B H npHGopoB. Boabiioe
BHUMAaHHe ylesseTcs THIPaBJIHIecKOMY 000CHOBAHHIO
Croco60B IPOH3BOACTBA THIDOMETPHUECKHX — padoT
Ha peKax, a TakXke KaHanaX. llan rugpoMexaHuye-
CKHH aHaJgHu3 TIOKa3aHH# TPHOOPOB JAJs H3MepeHHs
CKOpOCTEH Te4eHHsI BOIBI, B TOM YHCJIe H B YCJO-
BHfIX HECTAllHOHADHBEIX TEUECHHH JKUAKOCTHU.

Paccuurana Ha cneuHaJHCTOB B 00JaCTH THAPO-
JIOTHH, THADABJHKH, THADOTEXHHKW, CTPOUTENBCTBA
MOCTOB M TOHHEJCH, a TakKe Ha acHHpaHTOB H CTy-
IEHTOB .CTAPIIHX KYpPCOB BHICIIHX Y4YeOHBIX 3aBejle-
Huil.

Some problems in the theory of hydrometry
are discussed, which contribute much to further |
improvement of the technique and apparatus in this
field. Much attention is paid to the hydraulic bases .
of the way the hydrometric work is carried out
- in the rivers-and-canals. The hydromechanic ana-

Aysis is given- of instruments for measuring the
velocities of water motion, the case of non-statio-
nary fluid motion is included.

The book will be of interest o specialists in
hydrology, hydraulic engineering, building of
bridges and tunnels, and also to' post-graduates
and students of the hydrological higher schools.
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Ilocsauaercs

ceet0il namary Opara

Anaroaus Bacusvesisa XEJTE3HAKOBA,
oTdasuiezo JCU3HL 30 Poauny ‘

8 Beauxoil Oreuecreennoll soiine

[TpeaucioBue

KomnekcHOe HCIONB30BaHHE BOLHBIX PECYPCOB M yIpaBJeHHe
BOJAHBIM DeXKHUMOM OOJBIIMX TEPPHTOPHH — BakHelinas mpobJaema:
1 B paspelienuyn ee MHPOKO HCIOJNB3YETCS THAPOMETPHS, C TOMO-
LIBI0 KOTOPOH YCTAHABJHBAIOTCS CTOK BOIBl H- €T0 pacnpefenenye
110 TEPPUTOPHH U U3MeHEHHE BO BPEMEHH.

PasBuTHe THAPOTEXHHYECKOTO CTPOHTENbCTBA, THIPABJIHKH U HH-
»KEHEPHOH THAPOJIOTrHH OO0YCIOBHIIO Heo6xonnMOCTb CO3IaHHUS TeOo-
pHH THAPOMETDHH.

OnBIT H3/I0KEHHST HEKOTOPHIX BOIPOCOB PEYHON THAPOMETDHH Ha
TEOpeTHYeCKOH OCHOBe IpUHAIJEXKHT aBTOpPy Momorpaduit [5l, b2,
76]. B Hacrosimlefi kHHre oO0OOIIEHH HOBble [JaHHBE MO TEOPUH
FUJPOMETPUH, CHCTEMATH3HPOBAHB M H3JIOXKEHH B ¢dopMe, KOCTYI-
HOH AJIS MHIKEHEPOB H CTYAEHTOB BEICIUMX y4eGHBIX 3aBefleHHI.

I'saBHOE comepXaHue KHHUTH — THAPAaBIHYecKoe 0GOCHOBAHHE Me-
TOJOB ruApoMeTpuH. He MeHee NpaKTHYeCKH BaXKHBIM TPEACTaBJS-
eTcsl aBTOPY THAPOMEXAHHYECKHH aHaju3 paGoThl THAPOMETpHYE-
CKHMX NpHOOPOB.

MarteprnaJ B KHHIe PAcHOJNOXKeH B TPaJHIMOHHON AJS THAPOMET-
PHH TIOC/TeJOBaTEJbHOCTH, T. €. CHauasja H3JOXKEHB BOIPOCH Ompe-
Je/leHHss TeOMETPHUYECKHX 3/JEMEHTOB IOTOKA (ypOBHeH W riIyOuH),
3aTeM KHHeMaTHYeCKHX, Jajiee PacXoLoB BOAH H T. 4. Ilpu usnoxe-
HHH TEOpPHM THAPOMETPHH BEIAEPIKATh 3TY CXeMy B IOJHOH Mepe He
ynaercs. Tak, HalpuMep, TeOpHs H3MepeHHst TIYOHH C TOMOIUBIO
ru6KOro Tpoca OTHeCeHa K IJaBe 4, YTOOBl YUecTb BJIHSIHHE HEpaB-
HOMEPHOCTH pacrpe/ieJIeHHst CKOPOCTe! 10 BEPTHKAJNH HA OTHOC THA-
POMETpPHUeCKOTO Ipy3a. HapaMepr (OpMBI XKHBOrO CeUeHHs, YUH-
THIBAOLEMY MepPexof OT IJIOCKOH 3aJaud K IPOCTPaHCTBEHHO, MO-
CBsllleHa OTAENbHAsA IM1aBa, TAaK KakK 3TOT IapaMeTp HCHOJb3yeTcs
BO MHOTHX THJPaBJUYECKHX ¥ THJPOJOTHUECKHX pacyeTax.
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ITpo61eMmy — B3aUMOJAEHCTBHE PYCAOBOTO H TNOHNMEHHOTO INIOTO-
KOB, — XOTSI ¥ COEEPIKALLYI0 MHOIO JAHHBIX N0 KHHEMATHKe I0TOKa,
OKasaJjioch OoJiee 1LeaecO00Pa3HO H3JIOKHTb B MOCIEAYIONHX IJia-
Bax. JT0 OOBACHAETCS TeM, UTO OJXHMH H3 BaXKHBIX NPUKJIAAHBIX aC-
IIeKTOB 3TOH HPOGJIEeMbl COCTOUT B OLEHKE MPOMYCKHOH CrOCOGHOCTH
pycia npy BbIXOLe MOTOKA Ha MOHMY. A 3TO TE€CHO CBS3aHO C aHa-
JII30M 3aBHCHMOCTH MeKJy PACXOLaMU 4 YPOBHSIMH BOJIBI.

Ilepsoe m3maHue 3TOfl KHHUTH IIoJ Ha3BaHHeM <«Teoperuueckue
OCHOBBI THAPOMETPHM» BHLLIO B 1968 r. BTopoe m3paHue mepepa-
6OTaHO M JOTOJHEHO B COOTBETCTBHH C pasBHTHEM THIPOMETDHH,
a TakKe THAPABJUKH, HIMPOKO HCIOJAL3YEMOH NpH pa3paboTke Teo-
pHHM THIDPOMETDPHUH.

BaxHOCTb NpPOILOJIKEHHSI TEOPETHUECKHX HCCAeZOBAaHUE B 06-
JIaCTH TUJPOMETPHH OTMedeHa B pemeHusx [V BcecowsHoro ruj-
podqoruueckoro cbezga (1973 r.). CTpyXrypa KHHTH B OCHOBHOM OC-
taJjach npexHell. Ee o6beM yBeJHUNICT HE3HAYHTENBHO.

CymeCTBeHHo nepepaboraHa riaaBa «BsaumonelicTBHe pyCaOBOro
U MOUMEHHOTO NOTOKOB» W BBeJeHa HoBas ryaBa «KuHematuueckuil
ahdeKT B pasMbIBAEMBIX PycjaX H PacXOAbl HaHOCOB». JomosHeHs!
HOBBIM CcoJepxaHueM riaBa «I'mipasimieckoe OGOCHOBaHME 3aBH-
CHMOCTH YpPOBHEH OT pacxonos BOIBl PEUHOTO IIOTOKAa» M JApyrue
TJLaBEL.

B KHure, *KpOMe TOTO, M3JI0KEHBE! BOIPOCHL. O TOUHOCTH -OIIpete-
JIEHHs] PacXOJOB BOJEI, KaK HMeIOIINe HenocpeACcTBeHHOe OTHOome-
HHEe K TEOPHH I'MIPOMETPHH.

~Astop 6naromapen H. b. BaprIHHI/IKOBy 32 IleHHBIE NOXKesaa-
HHSI 4 3aMeYaHHs 10 PYKONHCH MOHOTpaduu.




['naBa 1

Pesbed CcBOOOIHOM MOBEPXHOCTH
BOAbl M TJyOHHBI
HEpPaBHOMEPHOI'O II0TOKA

Ilpu wusyueHHW [BHKEHHS BOJABI IJIS XapaKTeDUCTHKH (DOPMEI
CBOOOZHON TOBEPXHOCTH IIOTOKA HCCJAELOBATE]NH YacTO OrpaHHYU-
BAlOTCs] H3MepEHHeM TOJbKO MPOXOJBHOTO YKJIOHA CBOGOJNHOH mO-
BEPXHOCTH, L& W TO y OJZHOro Oepera moroxa. B JelcTBHTENBHOCTH
VKJIOHEI y TIPaBOrO 4 JIEBOro OEperop M Ha CTPEXKHE PeKH MOTYT
cylecTBeHHO oraudaTbed. Ha usrufax moToxa NONEpedHbie YKIOHHI
MOTYT OBITb COH3MEPUMBI C IPOAOJBHBIMH.

Ilpn nepaBHOMEDHOM IBHUXKEHHH H B OCOOEHHOCTH IIpH OOTeKa-
HUH THADOTEXHHYECKHX COOPYXKEHHH M COODYXKEHHH MOCTOBHIX Ile-
pPexX0J0B ¥ HANJIABHBIX MOCTOB (OpMa TOBEPXHOCTH BOJH CTaHO-
BUTCH BecbMa CJIOXKHOH. B aTuX cayuasix uaMepeHHe TOJBKO ONHHX
VKJIOHOB B KAKHX-TO OFPAHHYEHHBIX HAIpPABJEHHAX NOTOKA $BHO
HefoctaToyHo. QueBUAHO, YTO INIPH H3YUEHHUH, BO BCSAKOM CJAYyUae,
IJIAHOBHIX 3aJad THADABJIHKH OLpefeieHHe pelbeda IOBEPXHOCTH
IOTOKAa JHOJXKHO BCerja UM B 6OJIbLLII/IHCTBe cIydaeB HaXOJIUThCA
B IIOJI€ 3pEHHSA HCCJIeLOBAHHUS.

Hau6osee cosepiieHHEIM cnoco60M ONpefiesieHNs penabeda CBO-
0JHON NOBEPXHOCTH BOABI fIBJASETCS cTepeodOTOrpaMMeTpHyYecKas
cbeMKa. B 3TOll ryaBe gaeTcs XKpaTKoe H3JI0XKEHHe NIPHHLIMIIA 3TOro
cnocofa CbeMKH H MeTOAWKa ero NPUMEHEeHHs! NDH H3YYEeHWH JBU-
JKEeHHSI BOABI Ha PYCJHOBBIX MOJEIsiX. 3aTeM Ha KOHKPETHOM IIpH-
Mepe MOKa3aHO, UYTO H3yueHHEe pedbeda IOBEPXHOCTH BOJBl HMeEeT
camoe NpsiMOe OTHOIICHHE K KHHEMATHKE NOTOKA H ONpeAesCHHIO
pacnpele/leHusl COOTHOMIEHHS MEeXNy YAeJIbHHMH KHHETHYECKOH H
MOTeHINaJbHON 9Hepruedl B IJaHe.

JaJsiee paccmMaTpHBaeTcs BONPOC O CHCTEMAax OTCUeTa IJIYyOHH
HEePaBHOMEPHOTO TIOTOKA, 4 3aTeM II0TOKa- C IOBHIIECHHOH IIepoxoBa- -
TocThio. ‘TIpuBOASiTCS HEKOTODHlEe HaHHEE O cnocobax onpeneseHus
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OTMETKH TaK Ha3blBaeMOro THIApaB/JHYeckoro nHa. ['mapasiu-
yecKoe OOOCHOBAHHE OIpEHENICHHSI pAacueTHOH TIJyOHMHBI NMOTOKA U
pacueTHOA abCOJIOTHOH LIEPOXOBATOCTH JHA IO3BOJHUT BHECTH sC-
HOCTb B MeTOJb 0600LIeHHA Pe3y/bTaTOB HCCJACJOBAHUH THApPAB-
JHYECKUX CONPOTUBJIEHHH.

CoBpemMeHHAs TeXHHKA CTepeoq)OTorpaMMeTqueCKHx pabot mo-
3BOJISIET IPUMEHSITh e€e € YCIOeXOM H B HATYPHBIX YCJAOBHAX (Ha
pekax). IlostoMy OTKprIBaeTcs -HepCIeKTHBA INOCTAHOBKH BeChbMa
HHTEePeCHBX paboT 1o AMHAMHKE DYCJHOBHX IOTOKOB — H3YUYEHHIO
CBSI3H pesbe(pa MOBEPXHOCTH BOAB M DA3MBIBAEGMOTO NHA, HO MJA
sToro Tpefyercs JaipHeflliee pasBHTHE. METONOB ONpeNeJeHHs
penbedha gHA 1OTOKA. B M3BECTHON Mepe 3TOT BONIPOC pellaercs
IpEMeHeHHeM THAPOMeTpuuecKux npoduaorpad)os, B YaCTHOCTH aKy-
CTHYECKHUX W THAPOCTATHUECKHX. AKycTHUECKHM npoduaorpadpam mo-
CBfileHa CPaBHUTEJbHO Oo0JblUAst JuTepaTrypa, HO THApOCTATHYe-
ckue npoduaorpads 0Kasaauch 3a0bITEIMH, XOTS THAPOCTAaTHUECKUR
OpUHIKI H3MEpPeHHs TJYyOHH C HCNOJNb30BAHHEM COBPEMEHHOH pe-
THCTPUpYIOLIEH anmapartyphl, 6€3ycjJOBHO, 3ac/yXXKHBaeT BHHMAaHHS,
YTO M NOKa3aHO B NocJexHeM naparpacde atoil TJaaswHl.

Omnpenenenre MPOAOJbHBIX YKJIOHOB
BOJIHOH MOBEPXHOCTH PEK M KaHajoB

YKJIOHBI' IOBEPXHOCTH BOJBI HCIHOJB3YIOTCA NOYTH BO BCeX THI-
pPaBIHYECKHX M THAPOJOrMuYeckux pacderax. [IpoJoJbHBIE YKJIOH
CBOGOJHOH MNOBEPXHOCTH BOJBI €CTh BaXKHelmasi THAPaBJIHYECKas
XxapakTepucTuka BojoToka. I[lo ykiaony, koadpumuenty Ilesu u
OJIOUIAH MXHBOTO CeueHHs pPacCYHTHIBAIOT pacxond BoAnl. Coxpa-
HIEHHO 3TOT Cnoco6 OmpeleieHus pacxoja MOXKHO Ha3BaTb CIOCO-
60M <«YKJIOH—IUIOIaZb», B OTJAHYME OT CIoco6a «CKOPOCTb—ILIO-
1iafib», COTIaCHO KOTOPOMY CKOPOCTH TeYeHHsS H3MEPAIOTCA THAPO-
MeTpHUECKHMH IpUGOpaMH.

3amuuiem ypasHenue [I. BepHynam pias Ge3HamopHOTO Hepas-
HOMEDHOTO IOTOKa, CUHTAasl, Y4TO MECTHBIMH THIPABJIHYECKHUMH CO-
NPOTHBJIEHUSIMH MOXKHO IIpeHeOpeun,

a, v? 02 ' :
S ft—gg =2t g, (1.1)

Te 21, 22— OTMETKH NOBEPXHOCTH BOIB (YPOBHH); 04, 0tz — KO3(-
¢unuents . Kopuoduca; vy, vz — cpeflHHe CKODOCTH NIOTOKA, COOTBET-
CTBEHHO B-NEPBOM- (BBILIE IO TEYEHUIO) H BO BTOPOM. (HHIKE TIO Te-
YeHHIO) CeueHusiX; h;— DOTepPH Hamopa 0o AJauHe (HA TpeHHe),
pPaBHOH paccTOSIHUIO L MeXJAy CeueHHAMH; g — yCKOopeHHEe CBOOO.-

By -
HOTO najgeHud. OrtHowmenue ——l—:—=]p Ha3bIBa€TCsA THAPABAUYCCKHM
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VKJAOHOM (OCpEJHEHHbIM Ha AuHe L). Us ypaBHeHm (1. 1) To-

JTyIuM :
2 2
v U5 .
(21 + aglgl ) . (22 + a22g2 )

A '

=~
~

(1.2)

CJeI0BaTeNbHO, FHAPABIHIECKHN YKIOH €CTh U3MeHEHHE YHelb-
HOH 3SHEprdyM NOTOKAa (TMAPOAMHAMHYECKOTO Hanopa) OTHEeCEeHHOe
K €ro JUINHE.

PasHoctb ypOBHePl BOIB 21— 22=Az (mageHue Bonoroxa) 0T~

: Az
HeCeHHasi K JJIHHe yqacma L, t e T_I’ npezLCTaBJIﬂeT
coboit TIPONOMLHEL YKJIOH CBO60I[HOPI TIOBEPXHOCTH BOILBI (ocpeﬂ,—
HEHHBIH Ha AJuHe L).
BhipaKeHus I THAPABIHUECKOrO YKJAOHA H YKJIOHA CBOBOAHOM
TIOBEPXHOCTH BOJAHI B JAHHOM XKVMBOM CEYEHHH HMEIOT CJeIYIOUWHH

BHN: o
2
afz +5)
[,r— dL ’

dz

I=—=r-

Ilns mpocTOTH 3amuceli 3HaK ocpeiHenus GyAem omyckatb. O603-
2

a
2g

HAYHB CKOPOCTHOH Hamnop =hy, ypaBrenue (l.2) nepennuiem

B’BI’I-'}Ie""
h, —*h,
L=t (1.3)

Eciu B ceueHnsix 1 ¥ 2 u3MepeHO MOJe CKOPOCTeH, TO ho, H
ho, MOXHO DacCYHTaTh HOCTATOUHO TOYHO. OCHOBHBIM HCTOYHHKOM

omuO0K NpH onpefeieHHn [p SIBJAAIOTCS. MOTPEIIHOCTH TPH OMpese-
JieHnH nafieHuss Az, Kak 310 moxasaHo B pabore [67]. Ognako Hano
HMETb B BHAY, YTO METOAMKY H3MepeHHS: YKJIOHA NMOBEPXHOCTH BOJIBI
HeJIb3d CBECTH TOJMBKO K Ieofe3nyYecKod 3ajmaue. YK/IOH HNOBEpPXHO-
CTH BOJBl HOJXKEH OBITh H3MEPeH He TOJBKO C HeoOXOHUMOM TOY-
HOCTBIO, HO, UTO He MeHee BaXKHO, JOJIKeH -OHTb penpe3eHTATHB-
HBIM JJIS. JAHHOT'O XKHBOTO CEUeHHS] HEPaBHOMEPHOrO IIOTOKA C MH-
JMBHAYyaJbHEIM IOJeM ero cKopocrefi u MopdoJorueli - py-
caa [67]. ' :

Ecau 6Bl cymecTBOBaja TeXHUUeCKass BO3MOMKHOCTbL H3MEpHUTH
€ BBICOKOH TOYHOCThIO mnajgeHue Az (o06o3HauaeMoe YacTo depes
AH), To paccrosune L mMorso Ob OBITb HeGOJBIIHM, BIOJHE
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ofecrneunBalOIHM peNnpe3eHTaTHBHOCTL VKJOHA. YUHTHIBAs HeoBxo-
AMMOCTb M3MeDeHHsi YKJIOHA / ¢ 3aJaHHOH TOYHOCTBIO, MPUXOJHTCH
yBeNUUMBaTL paccrosinue L (Anuny Gasuca), B CBA3M C UeM MOJY-
4aroTCsA OCPeNHEeHHble Ha MIHHe L YKIOHH /. Y4acTKH, B npejenax
KOTODBIX OCPeAHEHHe YKJOHa AONYCTHMO, MOXKHO HAa3BaTh pelpe-
‘3€HTATHBHBIMH. [TpOIONIBHBIE YKJIOH CJI0XKHO. H3MEHSeTCA 10 JJIHHE
PEKH B 3aBHCHMOCTH OT MODP(OJOrHH pyc/aa, THUIA PYCAOBOrO Ipo-
mecca ¥ ypoBHS BoAbl M. YKJIOH MOKeT BO3pacTaThb HJIH YGHBaTH
¢ ypenuueHHeM H. EcTb M Takuwe CTBOPH, B KOTOPHIX OTCYTCTBYET
CB$I3b YKJIOHA C YPOBHEM.

Orgenom ruapomerpHH I'ocyfapcTBEHHOro.. HIPOJOTHYECKOTO
uacturyta (I'TH) npozenama coorsercTBypomias pa6ora B IeIsX
YCOBEPIIEHCTBOBAHNS METOJIHKH OIpEJeNeH s IPOAOIBHBIX yKJIO-
HOB NOBEPXHOCTH BoAb. Ee MocTomncTsa B TOM, YTO B Hell y4HTHI-
BaeTCs HEPABHOMEPHOCTb ABHKEHHs BOAH B pexax [112] u chopmy-
MHPOBAHBL MPHHIUIbL BBI6OpPA y4yacTKa PeKH AJS OPraHM3aAUMU H3-
MepeHu# NPOMOJIbHBIX YKJIOHOB BOJHOH IoBepXHOCTH. OCHOBHBLIMH
U3 HHX SBJAOTCS caenylomue. Ha yyacrke PeKH WK Kanana Ajs
H3MepeHHs. YKJIOHA MJIOMIANH KHBHIX CEYEHHI MOJMKHBl M3MEHSThCS
OJHO3HAYHO IO JJIHHE IIOTOKA, T. €. YMEHBIIATHCS HJIH YBeJIHYU-
BaThCs. ¥UacTOK BOLOTOKA HOJKEH GLITh NIIPSMOJNMHEHHBIM B NJaHe.
Ha meauppupymomux pekax rHEPOMETPHUECKHE CTBOPBI OGBIYHO Ha-
3HAvalOTCs B Npefleiax NPSMOJHHEHHLIX y4acTKOB MEXAY H3JydH-
HamMi. Ecin OTCYTCTBYIOT TaKHe y4acCTKH, TO CTBOPHl PacnoJiaraioT
Ha meperu6e ocH pycaa.

BaxneiimumM yciaoBueM A5 Ha3HayeHHs yyactka (6asuca) siB-
Jsercs ero AnuHa L, ompelenswoomas majaeHue yposHs Az c TeM,
uTOGH YKJIOH ./ GbLI Onpefeses ¢ 3aJaHHOH TOYHOCTHIO.

Qopmyaa pas onpexeneHus L Opuia mpemaoxeHa E. B. Buua-
usikoMm [27], a 3atem B. A. Tpounkum. Corsacao Pykosozctey [112],
InauHa L onpenesnsiercs no GopmyJie

/ cg + l/cﬁ—[— 8000’11265_1 14
. 200726 P ()

rae L — paccTosiHHe MeXAy VYKJIOHHBIMH - BOXOMEPHBIMH IOCTaMH,
KM; Op— CpeIHsifd KBAAPATHUHAS NOTPEHMIHOCTh HHUBEAHDOBAHHSI Me-
TOAAMH Te0fe3uu (mJasi HupeanpoBaHusa IV kjacca op==x10 mm
Ha 1 KM ABOHHOrO X0md); Oy — OTHOCHTE/JbHAS CPEAHSAA KBaApaTHU-
Has TOTPEUIHOCTh W3MepeHHs YKJOHA, Y%; Om — cpenHAs KBaApaTu-
yecKas MOTPElIHOCTh M3MEPeHHs YPOBHS BOABI, MM;. [ — BeJHUHHA
u3MepseMoro ykJaoHa, %o (magenwme B 1,0 M Ha yvyacTke AJMHON
1,0 xm paBHsercs 1%).

Snavenns L unsMmengrorcd opneHTHpOBquo or 0,1 no 10 ®M
(ta6a. 1.1) mpu uaMeneHuu napamerpoB dopmyant (1.4) B npene-
J1ax, MpeACTaBASIOMUX TpakTudeckuil uHTepec. Tabmauna 1.1 cocras-
JeHa npuMeHHTeabHO k IV Kiraccy HEBEIHPOBAHHUS.
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Ta6/m;;a 1.1

Paccrostue MeXAY YKJIOHHBIMH BOXOMEDHBIMH nmocTamu L KM
NpH M3MEePEHHH NPOJOJbHBIX YKJIOHOB BOJFHOH IOBEPXHOCTH

or==1% » oy =10% oy =15%
e
Sp=5 MM op=10 MM | opy=5 MM | og=10 MM | oy=5 MM | op==10 MM
0,05 8.7 9,8 4,5 5,5 2,2 3,0
0,06 6,1 7,2 3,2 4,1 1.6 2,3
0,08 3,6 4,6 2,0 2,7 1,0 1.6
0,10 2,5 3,3 1,4 2,0 0,7 1,2
0,20 0,8 1,3 0,5 0,9 0,3 0,5
0,30 0,4 0,8 0,3 0,5 0,2 0,3
0,40 0,3 0,5 0,2 0,4 0,1 0,3
0,50 0,2 0,4 0,2 0,3 0,1 0,2
0,60 0,2 0,4 0,2 0,3 0,1 0,2
0,80 0,1 0,3 0,1 0,2 0,1 0,1
1,00 0,1 0,2 0,1 0,2 0,1 0,1
1,80 0.1 0.1 0,1 0.1 0,1 0,1

Ha ropsblx pexax ¢ ykJIoHamu 6osabue 1,5%, HesaBucumo OT Be-
JHMYMHBLL TIafleHHs YPOBHS pekKH [AJAuMHA L moJkHa OBITh He MeHee
30 M Ha mandpix pekax (¢ mmpuHOi mo 10 M) u He meHnee 100 m
Ha GoJbIIUX peKaX. YKJIOH [ onpefensieTcs NpelBapuUTe]pHO B pe-
3yJpTare PeKOPHOCHHMPOBOYHBIX o6cjemoBaHuil, IlorpemHocTs H3Me-
penus: ypoBHsl cocrapisier 2—10 MM (B 3aBHCHMOCTH OT KOHCTDPYK-
LMK BOJOMEPHOH peliku).

W3 panseix tab6a. 1.1 BHAHO, 4TO NpH MAaJBIX 3HAUEHHAX YKJIO-
HOB jAJuHa 6asuca O4eHb Benuka (NOpPSAKA O KM) M BhHIOpAHHBIX
Y4aCTOK DeKH MOXKeT CTaTh Hepenpe3eHTaTuBHBIM. IloaTomMy nis
yMeHbUIeHHs L Heo0XOAMMO NPHUMeHSITh HHBeJHpOBaHHEe (oJiee BEI-
COKHX KJACCOB. l3MepeHMs MNpOXOJBHBIX VKJIOHOB IIOBEPXHOCTH
BOZAbl HeoOXONMMO OPraHH30BaTh TAKUM 00pa3oM, uTOGL 3aBUCH-
mocTh /=1 (H) MOXHO OBLIO HCCJIeJOBATh BO BCEH aMIIUTYAe H3Me-
HEHHd YPOBHEH BOJHI.

B pykosoacree [112] paccMmoTpeH Bompoc 06 OnpeeneHnH YKIO-
HOB / Ha pekax ¢ nolimamu. OOpalleHO BHHMaHHe Ha HeoOXOIH-
MOCTb y4yeTa B3aHMOAEHCTBHUS PYCAOBOTO (OCHOBHOrO) ¥ NOHMEH-
HOTO MOTOKOB. PeKOMEHAOBAHO HAa3HAYaTh OTHENbHO Oasuchl Ljid
H3MepeHHsI YKJIQHOB TJIABHOT'O PyCJia, OCHOBHBIX IPOTOKOB U Xapax-
TEepPHBEIX YYaCTKOB HOHMHI.

3HaueHLe ONpeJeseHus C Heo6x01mM0H TOUHOCTBIO TIPOLOJIBHEIX
YKJIOHOB BOJHOH [OBEPXHOCTH PEK M KaHAJOB TPYAHO TeDPEOLEHHTD.
YKIOH SIBJISIETCS ONHUM H3 BaXKHEHIIHX THIPaBAHYECKHX 3JEMEHTOB
NOTOKa,; OOYC/IOBAUBAIOIMX NPONYCKHYIO CHOCOGHOCTL pycha. lanb-
Hellllee pa3BUTHe CIOCOOOB HM3MepeHMs YypoBHell Boxml [44] Oyner
croco6CTBOBATh INOBBILIEHHIO TOYHOCTH ONpeHeNeHHS YKJIOHOB IIO-
BEDXHOCTH BOJBL



1.2. CrepeogororpaMMeTpriecKuil crnoco6
onpejenenus peabeda |
CBOOOJIHON ITOBEPXHOCTH BOJbI

STOT BUJ CHEMKH OCHOBAH Ha HCIOJNb30BaHUM (GOTOrpaduueckux
CHHMKOB, TIPEACTABJAKIUX COO0H MEePCHeKTHBHOE H300pakeHHe
cHuMaeMoro obbekTa. Ilonb3ysick H3BECTHBHIMH TeOMeTpPHUYECKHMHU
COOTHOINEHHUSIMH, YCTaHABIMBAETCA CBA3b MEXKIY KOOPIHHATAMH TO-
yeK Ha (orocHUMKe M Ha H3yuyaeMoM oObekre. CheMKa IIPOH3BO-
aarest AByMs (QOTOTeEOJOJHTAaMH ¢ KOHIOB 6Gasuca OO0
(puc. 1.1), npuBA3aHHOrO K ONOPHBIM IyHKTaM. Touka N, pacmono-
JKeHHasd Ha CHHMaeMOM o0BeKTe, u300pasuTCs Ha JIEBOM CHHMKE
B TOUKe 71 C KOODAWHATOH Xi; Ha NpPaBOoM CHUMKe OHa Hu3006pa-
3UTCH B TOUYKE Mg, C KOOPAMHATOH Xp (cumras ot Touku O;). IIpo-
BOJSl. BCIIOMOT'aTeJbHYIO JHHHIO N’Om,’1 napaJnanaenpHo aunuu NOny,

3anUIIeM CAefyIONINe NPOHOPIIHN:

Y B B

T wm TP

rae X, Y, Z— xoopauHatel TOUkH N Ha CHHMaeMOM OOBEKTe; X1, Xz,
2 — KOOPJIHMHATHI TOH K€ TOUKH Ha CHUMKaX; f—rvaBHOe (OKyCHOe
paccrosiune o6hexkTHBa;, B — gnuna 6asuca; P — BeauuuHa 6asuca
IIp1 U3006DaKEeHHH €r0 Ha CHUMKe, Ha3blBaeMas TOPHU3OHTAJIbHBIM
napasniakcoM (yYKIOHEHHEM).

Us sTux Qopmya BURHO, uTOo AJs oupeneesus X, ¥ u Z npu
crepeodoTorpaMMeTpuiYecKoll cheMKe HEOOXOJHMO INPOU3BOIHUTH H3-
MepeHHe KOOpIWHAT X1, Xz H 2 Ha (DOTOCHHMKAX, UTO BLIINOJHSIETCS
¢ TIOMOLIBIO crepeokoMnaparopa. IIpu 3ToM .JIeBHIH M IpaBHIH He-
FaTHBBl PACCMATPUBAIOTCS B GHHOKYJ/ISIPHBIN MHKPOCKOMN, OGjaropaps
UeMy MOJy4aeTcsi CTepeocKonuyeckoe H300pakKeHHE H3YyIaeMOoro
o6bexra. [Tocse 06paGoOTKH Ha CTEPEOKOMIIApAaTOPe KaxKIOW Maphl
()OTOCHHMKOB IO HAHJEHHBIM. KOODIHHATAM COCTABJSAETCS ILIAH
B TOpH30HTAJNAX. DoJjiee cOBepIIEHHBIM HPHOOPOM fABJAETCH CTEpeo-
aBrorpa¢), ¢ IOMOUIbIO KOTOPOrO aBTOMATHYECKH BHIUEPUHBALTCHA
nJan B TOPH3OHTAJsIX. MeToiuKa IpuUMEHeHHs CTepeodoTorpam-
MeTpUH B J1aGOpaTOPHBIX THIPABIHYECKHX HCCICHOBAHUAX - OblIa
BrepBElie paspaborana B 1938 r. II. M. OpmnoBbiM B MOCKOBCKOM
THAPOMEIMOPATHBHOM HMHCTHTYTe. ['OpH3OHTa/Nn [OBEPXHOCTH BOABI
u peibeda pasMbIBAEMOro AHA GLLIK MOCTPOEHH Yepes 5 MM.
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Huxe uanaraercs meroAyuka BEICOKOTOYHOH cTepeodOTOrpaMMer-
pHUECKOB CBheMKH TOTOKa, paspaGoramnags M. H. IOtanoswiM,
HO3BOJIAIOLIAS POBOAUTEL I'OPU3OHTAIH CBOGOJIHOM NOBEPXHOCTH BO-
el uepes | M.
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Puc. 1.1. CxeMa cTepeodOTOrpaMMETPHUECKOl CHEMKH.

Hasa (bororpacbnpOBaHnﬂ NOBEPXHOCTH IIOTOKA IPHUMEHSIETCS
CBOEHHBIH ammapar, npeJHasHaueHHbIH AJ1s CKYJBITYPHEIX CHEMOK.
B xommniexkr ammapara BXOZAT ABe (HOTOKaMephi, 6A3MCHHIE MO-
cTdK M TpeHora. Kameprl umeroT mpuxaagnyio pamky.(115X 150 mm)
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u obwekTHB (F =180 MM) c upucoBoii amadparMoil ¥ CHHXPOHHO
paboralomuMu 3arBopamMu. POKyCcHOe paccTosiHve KaMmep JIEXKHUT B
npenenax oT 180 mo 236 MM, 4TO MO3BOJAET HPOH3BOIUTH (bOTorpa-
(pripoBaHue HauuHad ¢ paccrosiHus 0,85 M.

Kameprr Ha 6a3HCHOM MOCTHKE MOFYT YCTAHAB/JIHBATBCS Ha pac-
CTOAHMHU APYT OT Apyra, paBrHoMm 250, 375 u 500 mm:

Hapywenne cuuxpoHHOoCcTH paGOTH 3aTBOPOB MOHHMKAET TOY-
HOCTh (poTOrpaMMeTpuuecKux H3MepeHuil mnoroxa. J[Homyctumas
ACUHXPOHHOCTL pPabGOTHl 3aTBOPOB [; MOXKeT OBITh TOACUHTAHA IO
dopmyme
v2B
2oUg

’

Y=

rie W,— JonycruMas OmmOKa OmpelefeHHs BEICOTH TOYEK NOBEpX-
HOCTH BOZABI, B — gnuHa 6asuca QoTorpadHpoBaHHUs; 2o — BHICOTA
(dororpadupoBaHus; Ue— CKOPOCTb ABHXKEHUS XKHUAKOCTH B HANPAaB-
JICHNH, NapaljepHOM JHHHK Oasuca.
dakTHYeCcKasi aCHHXPOHHOCTb PaGoThl 3aTBOPOB OGLIYHO COCTAB-
aser 1/700 c. HanpasieHne cbeMKH JOJKHO IO BO3MOXKHOCTH CO-
BIafaTh C HalpaB/JeHHeM HauOOJbIINX CKOPOCTell B IIOTOKE.
PdororpadupoBaHne KENATENbHO NPOH3BOJIUTL Ha OPTONAHXPO-
. . Q

MaTI/I‘{eCKI/Ie NNJIaCTUHKH CBETOUYBCTBUTEJIbHOCTBIO JANH

10
(~ 65 exuuut TOCT) npu Bezepxkke 1/75 c.
Haunb6ospimas npogoskKuTeNbHOCTh BHAEPKKH f 3aBUCUT OT CKO-
'POCTH J(BHIKEHHs IOTOKA, BEJHYMHBI HONMYCTHMOrO CIBHMra usobpa-
KeHust A u Macmraba CbeMKH, UTO BbIpakaeTcs (GopMyJon

A - .

rie m — 3HaMeHaTeJb MaciiTaba n300paKeHus.

Jlast onpefesieHusl 5JeMEeHTOB BHEIIHETO OPHEHTHPOBAHHS CHHM-
KOB CO37Ia€TCsT BBICOKOTOUHBEIMH Te0/e3UYeCKHMHU ¢Nocob6aMu MHKPO-
noaurod. OMOpHBIMH TOUKAMHU SBJASIOTCS MeTaJJHyecKue perepd,
34UeMEHTHPOBaHHbIEe Ha pycaoBoil miomanke (10—15 B 3aBucuMoO-
CTH OT pasMepoB pPYycJOBOH Mofenu). PaccTosHus MexXAy pemnepamu
H3MepAoTess 6a3UCHO CTadbHOH JeHTOH. CpelHast KBaJpaTHUecKas
omubKa 3TUX u3MepeHuit cocrapader =0,2 Mum.

JIJisi HUBEJHPOBAHKS PEIEPOB NMPUMEHSETCS HHUBEJHDP C peBep-
CHOHHLIM YDOBHEM. B xauecTBe HuBeNHpPHOI pedKH HeOO6XOAUMO
NPUMEHUTh JHHEHKY, NO3BOJAIONIYIO ONPENENsiTh BBLICOTHL OMOPHBLIX
ToYeK ¢ norpemuoctbio 0,05 Mm.

[ToBepxHOCTb MOTOKA AeMacKupyercd OyMakKHBIMH NOMIABKAMH,
KOTOpHIE OCBEIIAIOTCsS 3JAEKTpodaMnaMH, Hucxols u3 pacdera 4000 B
Ha | m2 B koHile pyC/J0BOH IJIOIIaAKH YCTAHABAHBAIOTCH UYEPHBIE
BEPTHKAJbHBIE 9KPAHBI, 3alMINAIONINe ITOBEPXHOCTL BOALL OT BPEX-
HBIX OTPazKeHHH. : o
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.Ilpu sToM cnocoGe HEBO3MOKHO OIpEAEJHTb OTMETKH TeX TOYeK
TIOBEPXHOCTH BOJHI,. B, KOTODLIX HE INPOXOJAT INOILIABKH, YTO $B-
JISeTCS. ero HEIOCTATKOM, 3aloJIHEHHe Ke BOAHOH IIOBEPXHOCTH
GOMBbIIMM YHCJAOM TONJIABKOB MOXKET BHI3BATb Ae(GOPMAaUHIO JIOBEPX-
HOCTH BOJBI 32 CYUET M3MEHEHHs NMOBEPXHOCTHOrO HATHKeHHs, a TakK-
e HArPOMOXKICHHS IOIIABKOB, B 0COBEHHOCTH BO/IH3M MOJeJel
COOPYKEHHUI CO CTOPOHBI BePXHEro Oneda.

QororpadupoBaHne TIPOU3BOAUTCS IIPH CpeJlHEM PAaCCTOSHHH
0o6bekTa CbeMKH OT ¢oroannapara okoio 3 M. [Ipum atom npuxo-
OUTCS OTHEJBHO CHUMATb ONHXKHHH U NaJbHuM TJIaHbl.

O6paborka CHHMKOB NDOH3BOJUTCS Ha crepeoaBTorpade B Mac-
mitabe 1:10 wau npyrom, yooOHOM B 3aBHCHMOCTH OT H3y4aeMOI'O
o6bexra. Jlas npoBedeHus TopusoHTasteli Habupaercs ot 190 no
200 nHKeTHBIX BBICOTHBEIX ToueK. CeueHne ropusoHTaJjeH, NPOBOAH-
MBIX crocofoM ‘HHTEPIONUPOBAHMUS, COCTABAAET 1 wmwm. TouHOCTB
cpeMkn Kosebaerca or 0,3 MM Ha cpenHeM naane po 0,5 MM Ha
NajbHeM ILIaHe, YTO BHICOJHO OTJIHYaeT METOAHKY CTepeodoTorpaM-
MeTpuH, npeanoxkenuyio M. H. IOtanoBeIM; OT APYrUuX aHaJOrHUYHBIX
METOIMK, MOCKOJbKY mnpexie He OblIa AOCTUTHYTA TaKasi BBHICOKAA
TOYHOCTb H3006paxKeHus penbeda NOBePXHOCTH BOJLI.

3a HyJeBYIO OTMETKYy MOXKeT ObITh IIPHHSITA HAHHHU3LIAsi TOYKA
Ha oCH TOTOKA B KOHIle PYCJOBOH miomajku. Bricota ¢ororpadu-
POBaHHSl OTHOCHTENbHO -3TOH TOUKH MOXKET OvITh Okoso 0,8 M.

CrepeodororpaMMeTpust ABJISETCA €LUHCTBEHHLIM CIIOCOO0M, 1O~
3BOJIFIOIIHAM OINPEAeNUTL B OJHH MOMEHT BpeMeHH (opMy cBOGOX-
HOXl TIOBEPXHOCTH BOJH. LIeHHOCTE €ro oueHb BeJWKa TpPU H3YYECHHU
HEYCTAHOBUBIIErOCS IBUKeHHS BOIB. [IpHXOAUTCS KOHCTATHPOBATD,
4YTO B HacTosiliee BpeMmst cTepeoOoTOrpamMmeTpusi BCe ellle HeXoCcTa-
TOYHO TIPHMEHSIETCS B J1a6opaTopr1x U TOJEBBIX THIpPaBJHYECKUX
uccaefoBanusx. B atoit cBAsM oTMeTuM, uTO (opMa peabeda mo-
BEDXHOCTH BOLBl THAPABJIHYECKOTO INPBIKKA METOLOM CTepeoddoTo-
rpaMMeTpHH BIePBbLle NOJyYeHa aBTopoM MoHorpadmm [53] (B na-
6OpaTOPHLIX YCAOBHSAX HA PYCJOBOH IIOMANKE).

Huxe nNPHUBOAMTCS OUBIT NPHUMEHEHHSI CTepeodOTOrpaMMETPUH
K H3yUEHHIO ABHMKEHHS BOJBLl B pycie W mnoime (puc. 1.2) B ycio-
BHSIX NOANOPA OT IVIOTHHBI, COOPYXkKAaeMOi B pyc/ie. DKCIePHMEHTHI
Oultn moctasieHsl . B. JKemesnsikowiM [653, 59] u M. H. IOra-
HOBLIM Ha pYCJIOBOH momajxe pasmepamu 5,26X7,20 m. Pycio
UMeJo napaboJHyYecKoe ouepTaHHe ¢ IVIYOMHOK Ha OCH fp, maxe =
=0,06 M u mupHuHOi Bp=0,60 M; noiiMa — NJI0CKAsi CAMMeTpUYHASN
C HYJIeBLIM NONEPeYHHIM YKJIOHOM. ITpomONBbHBIN YKIOH ZHA IOTOKA
1o=0,001. HOBerHOC’I‘b pycia B moifiMe Obla IOKpPHITA ueMeHTHoﬁ
wrykatypko#. Ha pucyHkax moKa3aHBl [OJOMKEHHS pernepos Ne
12, 13 u 14. OuBITHl NPOBOAMUNKCHL TpPH  PABJHUHOM umane
noiimel By.

[Tnoruna I (puc. 1.2) npencrasaser coGoli HA MOAENH IJIOCKYIO
cTeHKy ToamuHol 0,5 cM ¥ niauHOM, paBHOM mupuHe pycaa. Ha atux
PHCYHKAaX NPHBELEHB! FOPH3OHTAJH TOBEPXHOCTH BOIEL. BHAHO, uTO
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DAHHBIE NPUMEP HOCTPOEHHS TOPH3OHTAJEN TOBEPXHOCTH BOALI HH-
TEPeCeH YeTKOCTbIO H3MEHEHHS pesbeda BOLHOH NOBEPXHOCTH.

Puc. 1.2, l'opusonranu nosepxunocTy Boxsl (1), Tpaekropuu (2) u niaHo-
By 1

Boie H3oraxu (3) moroxa npm Q=152 a/c u B, =78

VY ‘OroJIOBKOB ILJIOTHHBI npu ee 00TeKaHHH 3aMETHO CHHXKATCH
OTMETKH IIOBEPXHOCTH. BOJELI. Huxe 6y1[eT MoxasaHno, YTO y OTrOJIOB-
KOB IIJIOTHHBI CKOPOCTH YBEJHYHBAIOTCA, IMO3TOMY YMCHBUIEHHE OT-
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METOK IOBEPXHOCTH BOLBI MOXKeT IaTb KOCBEHHOE. IIpelCTaBJ/cHHE
O MOBLINIEHHH B ATOH 06JACTH CKOPOCTEH TeUeHHS BOBL.

Ilo penbedy TMOBEPXHOCTH BOAB IPEACTABJSETCSA -BO3MOXKHBIM
NPOCAeATh HU3MEHEeHHe OTMETKH NOBEPXHOCTH BOJEl B- JIIOOOM Ha-
npaBjieHud. B uacTHOCTH, B CTBOpPE IVIOTHHH OTMETKA YMEHbLIAETCA
B HampaBJeHHH OT OrOJNIOBKA IVIOTHHBl H Ha HeOOJBIIOM OT Hee pac-
CTOSIHHM [OCTHIaeT HaHMEHbIIEro 3HaueHHsd, a 3aTeM IJIaBHO BO3-
pacraerT W CTAHOBHTCS INOYTH OJHWHAKOBOH IO IN¥pHHE MOTOKA..

B ob6nacTax ¢ TOHHXKEHHBIMH. IIyOMHAMY, a4 CJAEeN0BATEIbHO,  C
MOBHIIIEHHBIMH CKOPOCTAMH CJeAyeT OXHAATH HAuOOJbIIUX pas-
MbIBOB JIHA. ‘

1.3. Onpenenenrie B3aUMOCBSI3H
penbeda NOBEPXHOCTH BOAbI
C KMHEMATHKOH MOTOKa

ITocranoBka Tako# 3aJaud HMEET U Teopemqecxoe U TpaxTuye-
CKOe 3HaueHHe, TaK Kak, 3Has, HanpuMep, (popMy CBOOOIHON -HO-
BEPXHOCTH BOIb!, MOXKHO IOJYYHTb KOCBEHHO€ IpeACTaBJeHHE O
pacnpefesieHMH CKOPOCTeH B MOTOKe. IIpeuMyIiecTBO ONHCAHHOH
METOAMKH CTepec(OTOrpaMMeTPHH COCTOMT M B TOM, YTO OHa yH0O-
Ha B cOUeTaHUH ¢ (GOTOrpaMMETPHYECKHMHU H3MEpEHHSMHU NOJs CKO-
pocTteil Ha CBO6OILHOI/I HOBEPXHOCTH (HANpaBJCHHI, U Bennan CKO-
pocreit).

IlnanoBoe moJjiOKeHHe TPAaeKTOPHWH IBHKEHHS BOXAHL U rioBepx-
HOCTHBlE CKOPOCTH OIPENENISIOTCS MHOTOKPATHBIM BePTHKAJbHBEIM
doTorpadupoBaHueM ABHKYIHHXCS OYMaXKHBIX [OIJIaBKOB, KOTOpDHIE
UCNOJB3YIOTCS H IS JeMacKupOBaHWA BOAHOH moBepxHOocTH. Mo~
JKHO peKOMeHIoBaTh (horoamnapar ¢ (OKYCHEIM paccTosiHHeM [=.
=194 MM ¥ OTHOCHTeJbHHIM OTBepcTHeM oOBerTHBa 1 :6,3. Poro-
anmnapat yCTaHaBJAHBAE€TCs Hajl LEHTPOM IVIOIaJH B PaCCTOSHHL
OT Hee MO BepTHKANU OkoJO 3 M. K 0O6LexTHBY KaMepsl MpHKpPEN-
JSIeTCSL CaMOBO3BOASNIMHACS 3aTBOP M COJNEHOHN [Js CrycKa 3a-
tBopa. CoJleHOA] NDHBOAHTCA B AEHCTBHE HMMY/JILCAMH MOCTOSH-
HOTO TOKa (HampsikeHHeM okoJio 40 B), moceliaeMbiMH KOHTAKTHEIM
CEeKyHJIOMePOM. 3aTBOp anmnapara -MOMXKeT OTKPHIBATHCA H 3aKPHi-
Batbcs yepe3 | ¢ c akcmosuumedn 1/70. ¢. ®dotorpaduposBaHue
HNPOUSBOAMTCS Ha OAHY (oTorpaduuecKyro INIACTHHKY 0e3 3aTeMHe-
HYSl PYCHAOBOH IUIOMAJKH, 4TO CO3HaeT OojbluHe yJpoGCTBA B pa-
6oTe. OCBEIEHHOCTh MJIOU[AAKA MOMKHO HpI/IHHTb U3 pacqua 600—
700 Bt ma 1 ™2 muonagy.

IIpeumymectBo 3TOTO cmoco6a. 3aKMI04aeTCs B TOM, HUTO npH
OYeHp MaJblX TMyOHHAX BOABI B IOHMe BO3MOXKHO H3MepsTh HeH-
CTBUTEJIbHEIC TIOBEPXHOCTHEIE CKOPOCTH, YTO TPYAHO CHEJIATh CKOJb-
KO-HHOYIb TOYHO, MPHMEHssl CBeTSIHecs TONJIaBKH, KOTODHIe
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OGbIYHO MOTPYXKAIOTCSI B BOAY Ha HEKOTOPYIO TJIYGHHY H PErdcTpH-
PYIOT OCPENHEHHYIO CKOPOCTb B IIpeJesaXx 5Toi TayOHHbL.

[InpiBymue NOMIABKH Ha CHHMKAax HamT Toukd. [lo paccros-
HHSIM MeXJy MOIJIaBKaMU ONPEeAeNISIOTCS CKOPOCTH NOTOKa; pac-
CTOSHHE MeX]y IOIJIaBKaMH OLpEAesIsieTcs U3MEPHUTEIeM H yMHO-
KaeTcqg Ha Macmra® CHHMKA, B pe3yJbTaTe MNOJYYaeTCs CKOPOCTh
noTOKa B M/C, TaK Kak BpeMs 3Jech f==1 c. Ilas omupemenenus
macmraba CHEMKOB Ha DYCJOBOI IJIOLIAZKE ONPENENSIOTCs KOOp-
JUHATHL HECKOJbKHX (4—6) omnopHBIX Touek. OTHOIIEHHE PACCTOSI-
HHH MeXJy OIODHBIMH TOYKaMH Ha ILIOLIaJKe, H3MEDPEHHBIX 10
CHHMKY, OlpeJejseT Macwmta® mocienHux. 1lompaBouHble uieHH K
3HaMeHaTea0 Macmrada Onpene]sioTCs, YUHTHIBAs INIYGHHY BOIBI
¥ TOKa3aTeJb IpeJoMJeHHS BOXHOU cpempl. CremoBaTenbHo, ¢lop-
MyJa AJI OnpeneJeHusl CKOPOCTH (Ha KOPOTKOM OTDPE3Ke TPAEeKTO-
pHU) HMeeT BHI

In L h Iy
___.m__(_[__n_f)T, (1.6)

rae Iy — paccrosHue MeXAy ABYMS CMEXHBIMH H300paKeHUsSMH IO-
IJIaBKa Ha CHHMKE; {-— HHTepPBAJ MEXIY SKCIO3HMIHUAME; M — 3Ha-
MeHaTeJb Macmraba CHHUMKA; L —— pacCTOAHHE MeXIY OTOPHBIMH
TOYKAMH Ha DYCJIOBOH IVIOIIaJKe; [— PacCTOAHHE MeEXJAy H3o6pa-
JKEHHSIMH 3THX TOUE€K Ha CHUMKe; A — Tyy0HHA NIOTOKA; K — IOKa-
3aTeJib NPeJOMJIEHUS BOAHOH cpefipl; f— (oxycHoe paccTosiHue.

h
. H‘onpaBKa ~—— YUHTBIBAET Pa3HOCTb OTMETOK IMOBEPXHOCTH BOJLI

nf
H JHA.

[Ipn TakoMm crocobe M3MepeHHS CKOPOCTEH MOMKHO -MOCTPOHTH
3MIOPY CKOpOCTeH B JIO0OM IO IJIMHE TI0TOKa CTBOpE C BechMa Ma-
JIBIM OCpeJHeHHEeM CKOPOCTH IO AJHHE TPaeKTOPHHU. TO4HOCTH paboT
no atoMy cnocofy cocrasiser 0,5%. Has obaeruenuss o6paGoTku
(DOTOCHUMKOB NOMJIaBKH BBINYCKAIOTCSH PA3HBIX (POPM: KPYTJIbIE, KB~
patHple u gap. Ha puc. 1.2 1nokasaHbl TPaeKTOPHUH IBHIKEHHS
JKHJKOCTH, HAd KOTOPBIX TOYKaMH OTMeEUYEHEl OTPE3KH TPAeKTOPHH 3a
CEeKyHIHLIH HHTePBaJ BPEeMEeHH JBHIKEHHS IOIJIaBKa.

OO6menpuusaToe UccJIeROBAHNE MECTHLIX XapaKTepHBIX CKOPOCTel
u npoduied cKopocTed, XOTS U TO3BOJsSeT AaTb OTBETH Ha PAl
BajKHLIX BOIPOCOB THAPABJIHKH, BCE K€ HE JAET IONHOH KAPTHHBI
0. IBUXXEHUHN TIOTOKA B LeJoM. IToaToMy HeoGXOZMMO BBECTH B IIpak-
THKY THAPaBJHYECKHX JabopaTopuii TaKol Crnocob Hccief0BaHHs
HOTOKA, MIPH KOTOPOM MOKHO NPOH3BOAUTH AHAJNM3 ABHUKEHHS BOALI
C YYeToM . -HNPOCTPAHCTBEHHOrOo pacupefeleHHs 3JEeMEHTOB JBH-
JKEHHUS.

CrepeoororpamMmMerpus H (HOTOrpaMMETPHs pellaloT 3Ty 3a-
Jauy, TNO3BOJSAS ONPEeNeNuTb B3aWMOCBSI3b pebeda, NOBEPXHOCTH
BOJIbl, IO CKOPOCTe#l M TpaeKTOpUHU ABUXKeHUs. BBend B paccMoT-
peHye IIaHOBble M30TaXW W CPaBHUBAS HX MHOJOMXKEHHEe C TPaeKTo-
pUAMH JABMKEHUSI U TOPU3OHTAJSMH [OBEPXHOCTH BOJABI, MOXKHO CY-
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RoJaoll

JUTb O CTENeHH HePABHOMEPHOCTH IBHXKEHHsS BOAH. DTOT NPUEM
HCCJIeI0BaHUS COCTOUT B CJIeAyloleM. TpaeKTOpHH NBUKEHHs BOIBI
HAKNaJpIBAIOTCS Ha IJIAHL B TOPH3OHTAJAX CBOOOIHOHM NOBEPXHO-
ctu  (puc. 1.2). B Bepxnem Obede Ha HEKOTOPOM DacCCTOSHUH
OT IJIOTHHBEL HaGawopaercs UPUONMSHTENLHO OPTOTOHAJBHOE PACIO-
JIOKeHHe TOpH30OHTasJell U Tpaekropuil. [lo mepe npuOAHKEHHS
K CTBOPY M OroJOBKaM IJIOTHHBI OPTOIOH&JBHOCTh HX HapyllaeTcs.
Pacnpenenenne ckopocrefi B Takux obgactsax Gosee cioxuoe. OT-
CIOfla clelyeT, UTO OTKJOHEHHE OT OPTOrOHAJBHOCTH B Pacnojoxe-
HHUY TODH30HTaJEN ¥ TPACKTOPUM INOJIKHO YKa3bIBATb HA CJIOMHBIH
Xapakrep NOJS CKOPOCTeH; CTyllleHHe TOPH30HTaNleH COOTBETCTBYET
YBEJHUEHHIO CKOPOCTeH.

Ha ocHOBaHHH MOBEPXHOCTHBIX CKOPOCTel TeUeHHsSI BOIEBI, OTHE-
CEeHHBIX K CepeluHe OTpe3Ka MeXKAY TOYKaMH Ha TPaeKTOpHH, CIO-
CcO60M HHTEpPNOJSALUH CTPOSATCS ILIAHOBHe H3oraxu. Ha pume. 1.2
ceyeHue u30Tax cocraBaser 5 cm/c. OTMeruM HEKOTOpLIE OCO-
GeHHOCTH TIOCTPOEHUS TJIAHOBBIX M30TAX, C KOTOPBIMH B IOJOOHEIX
clydasix MPUXOIUTCS BCTpeyaThes. Ha HeKOTOpHIX yuacTkax mmo-
TOK4 nepej NMJIOTHHOH H3MEHEHHe CKOPOCTH IPOHCXOJHIO HACTOJIBKO
HE3HAYHUTEJNbHO, YTO IIPAKTHUECKH TNOJY4Yajoch ToJe TOUYeK ¢ OLMHA-
KOBBIMH CKOPOCTSIMH. B 3TOM ciiydae NiIaHOBBEIE H30TAXH MOIKHO
npoBecTH yepes cepefuHy nojs Touek. Ilo usoraxam Jerko mpocie-
KUBAeTC TEeMI HapacTaHus ckopocreil mnoroka. HexoTopeie us3
TPaeKTOpHi JBHKEHHS INONJAaBKOB CJAeNYyeT paccMaTpHBaTh HHIM-

BUAYAJBHO, HAIpUMED, TPAEKTOPHH BOJU3M BHUXPEBOU 30HBI MOTOKA.

PaccmarpuBas coBMECTHO HM30TaXH M TPAEKTODHH JBHXKEHHS
BOZBI, MOMKHO IOAMETHTb HPUOJH3NTEJPHO OPTOTOHANLHOE HX pac-
NOJIOKEHHe BAAJHM OT TJIOTHHBL. IIpH JBHXKeHHHM BOJEl BOJH3M
IVIOTHHEL PACIOJIOKEHHe TOPU3OHTaNel, U30TaX ¥ TPAeKTOPHH 3Ha-
YUTENbHO OTKJOHSETCS OT OPTOTOHaJbHOro. CTeleHb 3TOT0 OTKJIO-
HEHHSI U ero OCOGEHHOCTH MOTYT CJYKHTb XapaKTEPHCTHKOH IBHKe-
Hus BOXBI. Tak, HampuMep, B HHUXKHeM Obede, BOJM3H  MJIOTHHEL
TPAEKTOPHH H TOPHU30OHTAJNH HMEIOT TEHJEHUHIO K NEPECEUEHHIO MOJ
MaJBbIMH YIVIaMH.

[as comocraBiieHHsI HEPAaBHOMEPHOTO MOTOKAa C PaBHOMEPHBIM
Ha puc. 1.2 mocrpoeHa smopa 2 pacnpemeseHHs NOBEPXHOCT-
HBEIX CKOpOCTe#l (noJyueHa. (oTorpaMMeTPHUEeCKHM CIIOCOGOM) 1O
IIMPHHE paBHOMEPHOrO NOTOKA (A0 YCTPOHETBA IVIOTHHBI) MPH YPOB-
He BOJAB, PaBHOM YDOBHIO HepaBHOMEpHOro mnoToka. Haseauuas
3MIOpa M300paKeHa CIJIOIIHON YTOJNIIEHHON JUHHEH; 1IKajaa CKOpO-
CTell ToKasaHa cjaeBa Ha ueprexe. Ha puc. 1.2 MOXKHO BHIETH,
YTO: a) CKOPOCTH TEeYeHHs! BOABI NO Mepe NPUOIHNKEHHs K IJIo-
THHE (B BepXHeM Obede) HECKOJbKO CHHXKAIOTCS MO CPABHEHHIO C
PaBHOMEDPHBIM JIBHXKEHHEM, YeMy COOTBETCTBYET NOBbILICHHE OTMETOK
[OBEDXHOCTH BOABI Niepej NJAOTHHON; ©) BOAM3M CTBOPA WJIOTHHBI
(B BepxHeMm Obede) CKOPOCTH TeUeHHs BOJAbl B NOHME BOCCTAHABJIH-
BaIOTCH, AeNaschb NPHOJH3HTENbHO PaBHEIMH CKOPOCTSIM PaBHOMEP-
HOTO IIOTOKA; B) B CTBOpE - IJIOTHHBI, B O0COOEHHOCTH BOJH3H e€
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OTOJIOBKOB, IIPOMCXOAUT 3HAUHTE/ILHOE HapacTaHHe CKOPOCTeH U CHH-
JKeHue OTMETOK NOBEPXHOCTH BOJBI; 3/1eCh CKOPOCTH TEUEHHS BOJBI
B MOHMe IIPH HepaBHOMEDHOM IBHXKEHHMH 3HAUYHUTEJNbHO TMpPEBHIINAIT
CKOPOCTH B TO¥Me TP PABHOMEPHOM JIBHIKEHUH.

C moMmouIblo TOpU30HTANEH, TPAEKTOPUE M W30TaX MOXKHO GoJee
000CHOBAHHO yKa3aTb OIracHbl€é B OTHOIICHHH pa3sMpIiBaeMOCTH
yuacTky AHA notoxa. /s ompeneseHus KHHEMAaTHYeCKHX Xapakre-
PHCTHK MTOTOKA MOMKHO TaKXKe NPUMEHHUTb CTepeodoToTpamMMeTpude-
CKyI0 CBheMKy 1o mertojuke, passutoii H. H. ®emoposeim [176].

1.4. CucreMbl oTcyera riyGHH
HEpaBHOMEPHBIX MOTOKOB

Hns onpeneneHus pacxofa KHAKOCTE TpeGyercss 3HATH MJIO-
lajfb XHUBOTO -CeueHHd, T. €. IJIOHIajAb NOBEPXHOCTH, NPOBEAEHHOH
B Npefenax IIOTOKa KUIAKOCTH, HODMAJ/JbHOH B KaxKAOH CBOEH TOUKe
K BEKTOPY COOTBETCTBYIOIIEH MECTHON CKOPOCTH B 3TOH Touke. IIpu
[JIABHOM3MEHSIONIEMCA JBHIKEHHN KUJAKOCTH KHBOE CedYeHHe IpH-
o=t

Puc. 1.3. CxeMa x oTcuery. TiayGHH HEPaBHOMEPHOTO
_ TIOTOKA.

HAMAeTcs IJIOCKHM, HOPMAaJbHBIM K HamnpapjeHuio ABuKeHusA. lpn
PACCMOTPEHHH CHCTeMBI OTCUeTa IVIyOuH OyleM HCXOZUTb H3 3TOTo
nonymenus. Ilpy HepaBHOMEPHOM MABHXKEHUM XKHAKOCTH YKJIOH I0-
BEPXHOCTH BOXK [==sili He paBeH YKJOHy AHa NOTOKa [¢==sin o
(puc. 1.3). B cBa3n ¢ 3THM MOTYT OBITb TPH CHCTEMBI OTCUETA TJIY-
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Oun: 1) mo Beptukanu (h), 2) nepneHIuKyJIsipHO AHY moToka (o)
¥ 3) nepuneHAMKYJASPHO CBOGOAHON NOBEPXHOCTH BOALI B 3aJZaHHOM
ceyennn. Ilocnennss rnyOuHa Ha PHCYHKe He nokasaHa. [y1yOuna A
eCTh OCHOBHasi IM1yOHHA, KOTOpasi B DEYHOH THADOMETPHH H3Me-
psieTcsi M MCHOJb3yeTcsl BO BCeX PacyeTax, B TOM uHC/e IJIOMatH -
JKHMBOTO CEUEHHSI.

ITo H.H. HaBJIOBCKOMy [138], BMecTO rIyGHHEI, NEepHEHAUKYSIP-
HOH TIOBEPXHOCTH BOXbI, BBeJeM IAyOuHY £’, mepneHIuUKYAsSPHYIO
CpenHeH JIMHHUM TOKa 5—6. DTa JHHHA COCTaBJfeT C TOPH3OHTANb-
HOHl moBepxHOCTbIO yroa 0,5(ag--a). OueBnnHo, riaybuna A’ Haubo-
Jlee OTBEUAET MCTHHHOMY XKHBOMY ceueHH0. I'yiy6uHbl A W A9 COOT-
BETCTBYIOT YIPOIEHHEIM XKHBBIM CEUEHHAM.

Tak Kak @y, & ¥ 09— 0O MOrYT NPHHEMAaTh Pa3iHYyHLIe 3HAUe-
HHSI, B OCOOEHHOCTH TpH [BHXKEHHHM BOAbL B TOPHBEIX peKax, Ha
GBICTPOTOKAX M B IPYTHUX COOPYKEHHSIX, BOBHHKAET BONPOC O BeJH-

YyHe OTHOUIEHHH —— U OquHILHO, 9TH OTHOIIEHHS NOJIXKHEI

0

I h’

XapakKTepU30BaTh OMHOKH OT 3aMeHbl KHBOTO CEUeHHS C IIyOHHOH

h’ ceuennem c rayGuHo#l A u ho. VI3 Tpeyroavuuka I 3 4 (puc. 1.3)
CJIeYeT, YTO

ho="h' cos (ao——-—oﬂ)—{—h’ sin (ao———"+—) tg (ao —a),
HIH

ho=h' cos 05— 1A' sin 225" tg (ag— a).
. IlepemHOXHB ¥ moJeNHB 3TO BhIpaxKeHHE Ha cOS (0 — @), MOJIY-
YUM
—ao—;—a sin (ag — a)]
€os (ag— a) ’

dg— a
h' [cos —09—cos (g — a) + sin

hy=

qTO JaeT

cos [ 20—~ — (ag—a) cos [~ 0
Z(’) = [( c<2)s (a())—~a)0 : ] = COS((aoia)) * (1'7_)

Us Tpeyroashuxa I 2 4 cienyer, 4to

hy="h cos ag-}-A sin agtg (ap—a),

HJIH .
o f T [cos a9 cos (49— @) + sin agsin (29— a)]
o cos (ag—a) -
OTKyZa
hg _ coslag—(apg—a)] COS &
“h T cos (ag— a) cos (ag—a) ° (1.8)
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Pemas Bripaxenue (1.7) ¢ (1.8), naiinem

‘ fl—-ao
, s(259)
R cos a (1'9)
 ho
W3 ¢opmyan (1.7} BbITEKaET, 4TO' - >1 Tlo artoii opmye

cocTasJyeHa tab6a. 1.2. o .
Tabauya 1.2.

3Havenus —g‘,)—-
(gg—a)° .+ .. . 0 1 5 10 15 - 20 25
. —Z?—- ...... 1,000 1,000 1,003 1‘,012 1‘.‘,026 1,048 1', 047

Buauo, uro mpu o —a<<15° hyp oTymuaercs or h’ B mpejemax
OGBIUHON TOUHOCTH WaMepeHUs rayoun [67]. Vs dopmyasr (L.9) cae-

Iyet, ut0 ——==1, T. e. riyOuHa NoTOKa /4 B camom pacmpocTpaHeH-

h/
HOM ee IOHMMAHHH MOMKeT OLIThb M GOublile H MeHbHIe n. Tlo ¢dop-
myne (1.9) cocrassaena 1aba. 1.3. dra Tabiula, ¢ TOYKH 3PEHHS
THAPOMETPHH, NPEACTABJsIET ONpPELEJeHHBIl MHTEpeC, TaK KaK OHa
II03BOJISIET B KaXXAOM KOHKPETHOM: CJaydae, T. €..B 3aBHCUMOCTH OT
.yrJla G U PA3HOCTH YIVIOB Og— O, ONPEXEJUTb BO3MOMKHBIE OTKJIO-
‘Herus h oT h’. O ray6uHax mOTOKa GyleT elle €kasaHO NP -pac-
CMOTPEHHH OTHOCA THAPOMETPHUECKHX IHIpHOOpPOB B IOTOKe (rja-
Ba 4), HO IJd 3TOro cHayajga HeOGXOZUMO OCBETHTH Bonpoc 0 K-
HEMATHKE IIOTOKA. : : . -

-Tabauya 1.3 7

3Hauenus 'hhT

@
(ot — a)° -
0 1 l 5 10 15 20
0 1,000 1,000 1,004 1,015 1,035 1,064 .
2 1,000 1,000 1,004 1,015 1,035 1,064 -
5 0,999 0,999 1,003 1,014 1,034 1,063
10 0,996 0,996 1,000 1,012 1,031 1,060 -
15 0,991 0,992 0,995 1,007 1,026 [ 1,005
20 0,985 0,985 0,988 1,000 1,020 1,048 |
25 0,976 0,976 0,980 0,991 1,017 1,039 ~
30 0,966 0,966 0,970 - 0,981 | 1,000 1,128
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1.5. Cuerema oTcueTa INIyOMH MOTOKa
TIPU MOBBIIIEHHOH IIEPOXOBATOCTH €ro JHa

IToBBILIEHHAS 1IEPOXOBATOCTD. JHA IIOTOKA HMEET MEeCTO BO MHO-
THX cAydasx:

— [py ABWXKEHHH BOJB B pekax ¢ o0pasoBaHMeM  IIECYaHBIX

BOJH (rpsf);
°  — NpH JBUMKEHHWH FOPHBIX BOAOTOKOB M B OCOGEHHOCTH Ha TIopo-
rax, rae aGCcoJMIOTHAs IEPOXOBATOCTb HHA B BHJE BAJIYHOB U KaM-
HeH OuYeHb BEJHKA; Ha MHOTMX IOPOTax B NEPHOJ MeXKeHH Kpyu-
Hble KaMHH 9acTO BO3BBILIAIOTCS HAJ CBOOOJHOH IIOBEPXHOCTHIO
BOJLbI;

— TpH JBUIKEHHU BOJABI B JIOTKaX H KaHaJax C YCHJICHHOH mIe-
POXOBATOCTBIO, B OCHOBHOM Ha OBICTPOTOKaX B ILieJsX NOBHIIUEHHS
rTyGHHBL TIOTOKA; STHM JOCTUIAeTCsl [ePEBOJ, OTOTHAHHOTO NPBIKKA
BOAHl B 34TOMJEHHBIH 0e3 ycTpoHcTBa BOLOOOHHOrO KOJIOLNA HIH
BOIOBGONHHON CTEHKH:

Bo BCeX Nepeurc/]eHHbIX CJAy4asix BHICOTA BHICTYIIOB mepoxosa-
TOCTH COH3MepuMa ¢ ray6uHo#i motoxa. [lostomy, cTporo rosops,
PABHOMepHOe [BHIKEHHE B 3THX CIydyasX HAaA0 CUHTATh KBa3HpaB-
HOMEpHBIM.

Bosnukaer Bompoc, OT KaKOH IIOCKOCTH OTCYUTBIBATH TVIyOUHY
IOTOKA — OT OCHOBHOTO [HA, COBN&AaiOLUero ¢ OCHOBAHHMEM BLICTY-
[IOB HIEPOXOBATOCTH, OT BEPLIMH BEICTYNOB WJIH OT APYLO# IJIOCKO-
CTH, PAaCNOJIOXKEHHOH MeXJy OCHOBaHHEM W BepIIMHAMH BBICTYIIOB:
wepoxoBarocTd. Ecim cKOpoOCTh MOTOKa paBHa HYJIO, €CTECTBEHHO,.
OPHHSTH 338 IVIOCKOCTH OTCYETA TVIYOHH Ty IVIOCKOCTh; KOTOpas CO-
BIajaeT ¢ OTMETKOH cpeiHero gua. OmpefefsioT 3Ty OTMETKY cJe-
dyomuMm obpasoM. Brolancisiercss o6beM. BHICTYNOB IIEPOXOBATOCTH,,.
pPacnoJIOXKeHHBIX HaJl OCHOBHBIM JHOM, M AEJHTCH Ha IVIOMafb ro-
PH30HTAJALHOH NIOBEPXHOCTH 3THX JKe BBLICTYINOB. B pesy’aprare mo-
JydaeTcsl CpelHss BLICOTA BBLICTYNa MHIEPOXOBATOCTH, T. €. Cpen-
Hsisl TOJHIIMHA IIEPOXOBATOrO. CJOS, NPHUBENEHHOTO K MOHOJMHTY. LIpH-
0aBUB ee K 'OTMETKE OCHOBHOrO. IHA, IONYYHUM OTMETKY CpPEILHErq
nHa. B sroMm 3akmouaercs o6beMHEBIY CHOCOO: ONpeNeeHtsl MI0CKO-
CTH oTcuera rayOuH. Takoe OHO Ha3bIBAIOT T€OMETDHYECKHU M.

ITpu nBUXKeHMU XHUAKOCTH HMEET MEeCTO sIBJeHHe OOTeKaHHus . Io-
TOKOM IIEPOXOBATOrO JHA. MeXIy BBICTYNaMY [IEPOXOBATOCTH BO3-
HHKAI0T BHXpeBble 00J1acTH, B KOTOPBIX BOAA, HaXOMsCh BO Bpalla-
TeJbHOM [BUXKEHHH, JHIIb YaCTUUHO (3aMeIJEeHHO) YydYacTBYeT
B [IOCTYIATEJbHOM IBHXKEHHH, T. €.-B 00Pa30BAHUH TPaH3UTHOIO pac-:
xona Boxbl. CieoBaTelbHO, MOXKHO HAaWTH NOJIOXKeH¥We TaKof. miIo--
CKOCTH, HHXKe KOTOPOH TPAaH3UTHHIN PacXoi BOLBI CTAHOBHUTCSH NPaK-
THYECKH PaBHBIM HYJIO. Takyio IJIOCKOCTb HAa3bIBAIOT TMAPaBJH-
YeCKHUM AHOM, B OTJHUHE OT. reoMeTpuieckoro mHa. limenno
OT TaKO! IJIOCKOCTH M ClleAyeT OTCUMTHIBATH IVIyOHMHBI IIOTOKA.
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Onpenenutsh OTMETKY THADABIHYECKOTO JHA MOXKHO CJIeLYIOWHMH
€1oco6aMu:

1) myremM Bu3yanu3alUM NOTOKA B COYETAHHH C-(HOTOMETpPHYE-
«CKHM CIIOCOGOM; 3TO IIO3BOJISIET BBISIBUTH TPAH3UTHYIO U BHXpEBLIE
(MexX Ay BBHICTyNIAMH 11€POXOBATOCTH) OBJACTH MOTOKA;

2) ruAPOMETPHUECKMM CIOCOOGOM, B KOTOPOM pPACXOILl BOJXH,
paccunTaHHBIE II0 U3MEPEHHOMY NOJIO CKOPOCTeH M TyiyOuHaM, cpas-
HHBAIOTCS C PACXOAOM, M3MEpEeHHBIM OGBEMHBIM CIOCOOOM HJH C IIO-
:MOHU:IO BOJOC/IHBA;

%MM | t=1s
80 |— ho % R . o /// -
&0 /N\‘ / § < iy
z i /// et

40 / // /4 / —— 25
20 Aé; L j 30

/ 4/:—————‘/ 50

e —

0 20 40 60 80 100° 120 domm

Pnc 14 I'paduk nas onpefieneHHs] NOJNOXKEHHs THAPABJHYECKOTO AHA
II0TOKa.

3) ruppasamueckuMm cnocoboM. CieayeT MOCTPOUTH KPHBYIO 3a-
IBUCYIMOCTH TJIyOMHBI TIOTOKA, OTCYHUTAHHOH OT OCHOBHOrO IHA, OT
pacxona BoAbl Q (WM DAacXOHHON XaPAKTEDHCTHKH, €CIH OIBITHI
JIeJaJIACh NMPU PA3JHUHBIX YKJOHAaX NOBEPXHOCTH BOABI), T. €. KPH-
BYI0 PacXofi0OB BOJAbBI, KCTPAmoJHPYys KPUBYIO L0 3HaueHHsa Q=0,
Ha ocH TIYOHH OTCUMTHIBaeTCs IMyOMHa Ao, KOTOpas COOTBETCTBYET
rufpaBandeckoMy mHy {(puc. 1.4). Bompocy meroaumku pacuera Ho
HIOCBAILEHO HeckoJbKo pabor. Hanpumep, M. M. OBUHHHHKOB IIpH-
mesa K BbIBOLY, 9TO B cjydae OJHOPOAHOH ILIEDPOXOBATOCTH C JLOCTa-
“TOYHO TIJIOTHBHIM PasMellleHHEM BBLICTYIIOB IIE€POXOBATOCTH IVIOCKOCTh
THAPABJUYECKOIO [HA CJELyeT pacnoJiaraTh HHXKe BBHICTYNOB MIepo-
xosartoctu Ha (0,20+0,25)A.

OcranoBumcd Ha paborax [142, 150], B KOTOpPEIX pacCMOTpPEHO
'BAHSHHE PAa3IHYHBIX (AKTOPOB Ha IOJOMKEHHe T'HJPaBJHYECKOro
JHa. -y
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B pesynbraTe BHIIONHEHHS H OOOOLIEHHS HECKOJIbKHX cepuit 3Kc-
NepUMEHTOB B ruipasiauyeckoM- jJotke B. A. CokonoBa mnpemuso-
Kuaa caenyiomue GopMyJabl:

— JIJIsl BBICTYIIOB LIEPOXOBATOCTH OKPYIJIOH M OKaTaHHOH (opm
IpH UX PAaBHOMEDHOM Pa3MelileHHH IO IJIOILafU

) h o P '
. . —=0,99—0,61 Ig 7> (1.10)

rie ho— BO3BBLIIIEHHE THAPABJAWUECKOTO JHA HAJ, OCHOBHBIM JHOM,
d — cpefHASA BHICOTA IIEPOXOBATOr0 ¢J0s; F — IJOIMAajAb NOBEPX-
HOCTH; Fu— IJIOWIAJb INPOEKIHE BLICTYIOB - IHIEPOXOBATOCTH Ha
IJIOCKOCTh F; .

— IS BBICTYTIOB IEPOXOBATOCTH B BHJAE UETHIPEXYIOJALHBIX ITH-
paMuz IpU UX PABHOMEDHOM DasMelleHUH [0 IJIOMIA K

—0,60—0,37 Ig . , (1.11)
m .

Tlpun F/Fyx=1 BHICTYIB NIepOXOBATOCTH pPAa3MeEIleHBl BIJIOTHYIO:
cBouM ocHoBauueM. OTkynaa nonyuaeMm u3 dopmya (1.10) u (1.11)
COOTBETCTBEHHO HauGOJbLIME 3HAYEHHS] OTHOCHTEJILHOI'O MOJOXKEHHT
ruapaBinueckoro nua: ho/d=0,99 u ho/d =0,60. OTciona BuAHO, UTO:
rUpaBJAHYIECKOe JHO TNPH BBHICTYNAX IIEPOXOBATOCTH H3 YETHIPEX-
YTOMBHBIX MMPaMHJ PACIOJAraeTcsi 3aMETHO HHIKE, YeM IIPH BBICTY-
Iax INepoXoBaTOCTH OKDYIJION M OKaTaHHOH GopM.

HpeILHO}KeHbI elle CAeAylonue ase (popMy.an

— AJisl BHICTYNOB LIEPOXOBATOCTH OKPYINION M OKATaHHOM q)opM

o 0,95(4)7, (1.12)

rfie [— paccrosiHHe MeXAy LEHTPaMH [BYX COCEJHHX BBICTYIIOB-
(pHC 1.4); lm—CPEILHI/IH PasMep BHICTYHOB, B AaHHOM CHyJae pas-
HBIH cpeflHeH BHICOTE IIEPOXOBATOTO CJIOS;

— AJis BBEICTYIIOB II€POXOBATOCTH B BHJE UYETHIPEXYTOJNbHBIX IH-

pamun
hy . l —0,66 :
o —0,67 (—l;u ) , (1.13).

rie [’ — pasMep MHPaMHJ Y OCHOBAHHS.

®opmyant (1.10) u (1.12) u coorserctBenso (1.11) u (1.13) mo-
HNOJIHSIOT APYT Apyra, HO OblIO Gbl Jaydine, eciau 6wl BMecto (1.10)
u (1.12) 6pra 6el oxHa ¢opmyaa, comepxamas napamerp F/Fux
1 Il To xKe camoe MOXKHO cKasath # 0 popMyaax (1.11) u (1.13)..
Haub6omnee HH3KOE OTHOCHTENBbHOE IOJOMKEHHE THApPaBJIHYECKOe THO-
(ho/d=0,2) 3apumaer npu F/Fy=18 u [/lm=8.

PesynbraTel cBoux skcnepuMenToB A. A. Pamoxk npencraBui
B rpaduueckoit ¢opme (puc. 1.4), rxe d— KPYIHOCTH BEICTYINOB
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l. g
mepoxoBatocTd. [loayueno, uro mnpu 7210 oTcuer IIyGUH CJie-

JyeT HPOU3BOJAUTDL OT OCHOBHOFO [IHA, T. €. fig=10.

Has npumenenns puc. 1.4 pekoMeHAyeTcss NPeABAPUTENBHO
OIpeJeasATh BHICOTY BBICTYIIOB ILIEPOXOBATOCTH do CJAEAYIOUIUM OO-
‘P43OM: HPH YKJIajKe OKaTaHHOH raabku do=0,65, rie d — cpeguui
JHaMeTp 3ePeH TajbKH; TIpH yKaAanke mebus do=0,71, rae d — cpen-
HUI JuaMeTp 3epeH; NPH yKJIallke WapoB do=d, Tae d — AunaMmerp
1apoB; IpH yKJAanke moaycdep do=r, Tae r — paguyc noaychepsi.

MsnoxenHble paGoTsl cO3MAI0T TPEANOCHUIKH MJSE. OUPENEIeHHs
TJYyOHUH NOTOKA C YCUIEHHOH IePOXOBATOCTLIO JHA.

B paGore B. U. IToaraBuesa u B. A. CoxosoBoit [142] noka-.
3aHO, HaCKOJbKO CYIIECTBEHHOE 3HAUeHHe WMeeT INIPABUJIBHOE Ha-
3HaueHHe OTMETKHM THAPABJWYECKOTO JHA MOTOKA C YCHUJEHHOH Iue-
pPOX0OBaTOCTBIO B pacyerax rUAPaBJIHYECKHX CONPOTHBJAEHHH W TIPO-
TYCKHO crnocofHocTH pyces. Bosee Toro, o6oCHOBaHHOe penieHUE
JaHHOH THIPOMETPHUECKOl 3aJaUH B H3JIOXKEHHOH IIOCTAHOBKE MO-
2KEeT CHSTb NPOTHBOPEUHS B Pe3yJbTaTaX aHA/MH3a SKCHEPUMEHTAaNb-
HBIX HCCIEeJOBAHHH THUAPABJAUYECKMX CONPOTHBIEHHH y pPAa3HBIX aB-
TOpoB. MoKeT 0Ka3arbcs, UTO cnenuduueckue (aHOMaabHble) obJa-
‘CTH Ha KPUBBIX H3MEHeHHS Ko3(PGhUIHEHTa MMAPABIHYECKOrO TPEHUS
OT yucsaa PefiHOMBACA U ecTh pe3yJabTaT HENpPaBUIbHOTO BLIGOpa OT-
METKH THAPAaBJINYECKOTO JHa. He HCKIOueHO, 4TO 3TUM K€ MOKET
ObITb OOBACHEHO OTMeuaeMoe HHOTJa OTKJOHEHHe OT KBajpaTHi-
'HOPO 3aKOHAa CONPOTHBJIEHHs NTPH uucaax PefiHogablca, IJie OH O0J-
2KeH coBAI0AaThCS.

Ilpu ucnonb30BaHUU NOHATHS THAPABJIMYECKOro JHA TOTOKa pac-
YyeTHAas BeJHYMHA aGCOIOTHOH HIEPOXOBATOCTH MOXKET Ha3HAUYaThCH
6o1ee o6ocHOBaHHO. IlpeijoxKeHne ONpeAeasaTb BLICOTY BLICTYIOB
LIePOXOBATOCTH TIO OTHOHIEHHIO K THAPABJINYECKOMY JHY TpPeACTaB-
JigeT omnpefeseHHBIH HHTepec. B 3TOi CBf3M OTMETHM HeNOCTATOU-
HVI0O OGOCHOBAHHOCTb OIpeNes]eHus pAaCUYEeTHOrO KOHTYpa KHBOrO
«CeYeHUs] B HEKOTOPHIX criocofax THApPaBIHYEcKOro pacueTa OLICTPO-
"TOKOB C YCHJICHHOH II€POXOBATOCTBIO.

Oco6ulll BOIPOC — onpejie/ieHue OTMeTKM THIPaBJAHYECKOTO AHA
TMOTOKOB C. PA3MBIBAEMBIM DYCJOM IpH 00Pa30BaHUM IIeCUaHBIX BOJH
(rpsiL), BBICOTEI KOTOPBLIX COM3MEPHMEI C rayOuHOH motoka. K co-
2KaJIeHHIO, B 3KCIEPHMEHTANbHBIX HCCAENOBAHHSX IHECUaHBIX BOJH
STOT BOIPOC B UeTKON (opMe He CTaBUTCS; WacTO TPYAHO CKA3aTh,
Kakas riiy0uHa BBeleHa B mpefanosaraeMble GOPMYJAB AJS BBICOTHL
M CKOPOCTH JBUXKEHUS TeCUYaHBIX BOMH. YUHTHIBAas, 4TO BBICOTA IIec-
UYAHBEIX BOJH 3aBHCHT OT [JIyGHHBI [OTOKA M APYTUX IapaMeTpoB
JBUKEHHs, 11eecoo0pa3Ho NPHHEMATh B KayecTBE DacUeTHOH IJIy-
OUHBl OCPeJHEHHYIO TMIYOHHY 11O AJHHE IIOTOKa (BO BCAKOM CJydae
JLIS MJIOCKUX TIECYaHLIX BOJIH), T. €. IO OTHOILIEHHIO K TeoMeTpHue-
'CKOMY IHY TIOTOKa.

[Ipu uccienoBaHHM JIBUKEHHS BOJAH B Oe3HANOPHBEIX IO pHpO-
'BAHABIX TPyOax, IPUMEHSIOIHUXCS B KauecTBe BOAOIPONYCKHLIX CO-
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Opy#KeHui#l Ha KeJe3HBIX M aBTOMOOMJIBHBLIX JoOporax, ro®psl pac-
CMATPHBAIOTCH, KaK BBICTYIEl [IEPOXOBATOCTH. -UTOOBL npeasapu-
TeJBHO HM3yYHTh .TEUEHHEe MKHJIKOCTH IPUMEHUTEJIbHO K IIJIOCKOH
3ajaye, OIPEeNENslOTCS JKCHepUMEHTAbHO NapaMeTphl ABHKEHHST
BOZbl HaJ BOAOCJHMBOM C LIMPOKHM IIOPOTOM, HMEIOIIUM roQpHUpOBaH-
HYIO TIOBEPXHOCTb.

B paGorax [142, 150] BausHHe TAKOTO THIA IIEPOXOBATOCTH HA
BLIGOD OTMETKH THAPABJIMYECKOTO AHa He paccmorpeno. Tlosromy
C Y4€TOM H3/JIOXKEHHBIX paboT B KayecTBe BO3MOXKHOrO pElIeHHS
JAaHHOTO BONPOCA MOXKHO pacCyuraTh KOos(QdUIMEHTH pacxoja mr
HEe3aTOIVIEHHOTO BOJOCTHMBA TPU PAa3JHUHLIX IIOJNOXKEHHAX JHA HO-
TOKA: y OCHOBAHUH BBICTYIOB 1UepoxoBatocTu (ho/A=0); y BepuH
(ho/A=1) u upu Tpex IpoMexyTouHBIX 3HaueHusX ho/A (0,2; 0,6:
0,8), rme A —Bricota rodp. 3areM caenyeT HOCTPOUThL TI'pPaduKK
m=m(ho/A) W TPHUHSATH 32 OCHOBY TOT, TJe LOJyJamwTcs 6oJeecTa-
OuJipHble 3HAUYEHHUS M.

Wrak, ¢ mo3unuil THAPOMETPUH ¥ THAPABIHKH HEOOGXOAMMO pas-
JIHYaTh OCHOBHOE JHO IIOTOKAa, F€OMETPHUYECKOe M THIPaBJIHYecKoe.

1.6. Onpenenenue penbeda aHA
C IOMOIIBIO AUCTAHIIMOHHOTO
TUAPOCTATHYECKOTO Tpodunorpada

Oco6eHHOCTBIO paccMaTpuBaeMoro npoduiorpada siBasercs Lu-
CTAHLIHOHHAA CXeMa PacCHOJOXEeHHS €r0 Y3J0B, BHIIOJHSIOIINX pas-
nuuHble GyHKuud. Ilpu u3smepenun npodusas perucTpuUpyOllee
YCTPOHCTBO pacmoJsiaraercs Ha 60pTy Katepa, a HaTUYUK rayOud GyK- -
cupyercsi no AHy. VismMepeHue rayOMH OCHOBAHO Ha THAPOCTATHYE-
ckoM npuHUune. lsmepenmne paccTosHuiI NIPOH3BOLUTCS MPH IIO-
Moy IpoyHo#t HUTH. IIpoduar [Ha 3anuceIBaeTcss B PETHCTPUPYIO-
wemM ycrpoiictBe Ha GymaxkHOH JeHTe. B paspaGoTke KOHCTPYKUHH
NPHHUMAJ yYyacTHe KOJJIEKTUB aBTOPOB npn koHcynpranuu B. M. Ca-
BeJIbeBa.

Komnzekt npodmuiorpada coCTOUT M3 CAEISUIEr0 JIOTA C TPOC-
KabeJ/leM, PeTHCTPATOPA, Y3Ja H3MEDEHHS rOPU3OHTANbHBIX PACCTOSI-
Hul, OOpPTOBOrO aMOpTH3aTOpa ¢ KAaTywkoil mis Tpoc-Kabenas H
YKJI&LOYHOTO SAIHKA.

Caepsamuit 1ot npuxkercs no Axy. On npeicrasasger co6oii o6Te-
KaeMoe TeJIO C ONEePEeHHEM, KOTOpoe 06ecneunBaeT NOCTOSHHEIN KOH-
TaKT ¢ AHOM. BHyTpH J0Ta pacnosioxkeH gatyux riayGun. Ciemsguiai
JIOT COEIHHEH TPeXXKHJIbHLIM TPOC-KabesJeM C Per’HcTpaTopOM.

Perucrparop sanuceiBaer Ha GyMaxHYyHO JEHTY TpOdHIbL AHA.
CxeMa perrcrpatopa o6oliaer uHGOpPMALKK, MONAyIaeMble OT AAT-
YuKa TMIYOHH H [JaTYHKA TOPH3OHTAJBHBIX DPACCTOSHHH, W BHILAET
3aNUCAHHBLIA Ha JEHTY IpoQuIsb..
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Y3es u3MepeHHs TOPH3OHTANbHHIX PACCTOSHMN CHYXKHUT JJIs He-
HMOCPELCTBEHHOTO H3MepEHHSI TODU3OHTAJBHBIX PACCTOSHHE H A4
NOJauu Ha PerucTPaTop HMIYJIbCHBIX CUTHAJOB depes Kamabie 0,50 M
HNpoRJeHHOro nyTH. JJisi u3MepeHus pacCTOSHUH NMpUMeHeHa Kampo-
HOBAs HHUTh, HATAXKEHHe KOTOPOH peryiupyercs B 3aBHCHMOCTH OT
CKOPOCTH T€UEHHSI.

BoproBoit aMOPTH3aTOP CMATYAET yAapHl CAeAAIIEro JoTa O MOoJ-
‘BOJHbIE NPENATCTBUS H NPeXOXPaHSAET TPOC-Kabeldb OT OOPHIBOB.

Texunueckue maHHBIE npubGopa npuBefeHsl B Tada. 1.4. [Ipun-
IUInHasbHas-cXeMa npubopa nokasaHa Ha puc. 1.b. Vsmenenue mas-
Jgenust - (ray6HH) BOCHPMHUMAaeTCd ~UyBCTBHTEJbHLIM 3JEMEHTOM
CJIEISINEro JioTa I,-4TO BBHI3EIBAET H3MeHEHHe CONPOTHUBJIEHHUS HOTEH-
nuoMeTpa 2 M COOTBETCTBYIOIlee H3MEeHeHHe CONPOTHBJEHHS B 1IO-
TEHUHOMETPE PETHCTPaTOpa 3.

Tab6aruya 1.4
- TexHHYeCKHE JaHHbIE AUCTAHLMOHHOTO FMAPOCTATHYECKOrO npoduaorpada
N n/n HauMeHopaHue JaHHBLIX U PasMepHOCTH Beanuuna
1 Tpenen perHCTpau;m ray6ad, M . . . . 15
2 Tperen ' perucTpanuu I‘OpHBOHTaJIbeIX paccmﬂﬂnn
npun paboTe ¢ HUTBIO, M . . . Coe e oy 1200
3 To ke upu padore ¢ peae Bpemeﬂu ML 5000
4 TounocTs u3Mepenns ry6un, % . . . . . 3—5
5 TouyHOCTb M3MepeHHsST FOPH3OHTAJIbHBIX paCCTos{HHH, 3
o T —
6 BeCKOMHJIeKTa,KI‘ 56
Bec caepsinero. oTa ' '
7 OCHOBHOW™ BAPHAHT, KT "'« & . . . . . . . s 12,8
8 oOJerdeHHbI BAPHAHT, KI' ... & o o « o o . 6.2
9 Bec DerucTpaTopa, K& . v o v v wv w0 0 . 11,2
Macmta6 -3amucu npodeIa :
10 TOPH3OHTAJBHEI} . e 1:300
11 BEPTHKAMBHEIH Ha I mHamasome . . . . . . 1:100
12 na Il nguanasode . . . . . . . 1:200
ITuranue, B
13 ABTOHOMHOE 12
14 OT GOPTOBOM CETH . & - « < v v v o o o o . 24

[Tieun moTeHOIMOMETPOB O0Pa3yiOT MOCT, B LHArOHA/JAb KOTOPOrO
BKJIOUEH ycuauredb 4. [IuTanue MoCTa OCylLIecTBJsIeTCs OT reHepa-
Topa 5§ ¢ uacroroft 500 ['m. Ycunurenar u reHepartop coGpaHbl Ha
HOJYTIPOBOJHHKOBBEIX TPHOAAX. BEIXOZHOH CHTHAJ yCHJIHTES IO-
LaeTCst HA YNPaBIsiOLlHe OOMOTKH ABHraTessi 6 CHCTEMbI JNI-0,5,
KOTOPHIH MEXaHHUECKH CBf3aH CO LIEeTKOH IOTEHLHOMETPa DPETHCT-
paropa. Jlurarenb Bpamaercs Tak, 4TOOH! II€TKa NpPHHLIA B IOJO-
JKeHHe, IPH KOTOpOM MocT Gyner ypasHosemreH. CO meTKO# KecT-
KO cBsizaHa uria 12, HpOI/ISBOlIﬂIH.aSi sanuch npoduas Ha JeHTe 7,
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KOrZia MOCT ypaBHOBeleH. IToJsloxXeHne Urabl Ha JEHTEe NpONOPIHO-
HaJIbHO ITyOHHEe IOrpyKeHHs chaelsmero Jorta. [Ipu pasmarbiBaHumw
H3MepHuTeNbHOI HuTH I3 Bpamaercs KaJHODOBaHHEIH MIKMB H3MEPH-
TeJIsi PacCTOSIHHH, KOTOPHIH 3aMbIKaeT KOHTAKThl 8; B COOTBETCTBHU
¢ 3TuM cpabaThiBaeT JEKTPOMArHWT 9 M TpH IOMOIIH XPamnoBOTO
MeXaHH3Ma BpallaeT JeHTONpOTSKHbHA GapabGan /0. Takum obpa-
30M, CKOPOCTh IepeMelleHHs JEHTH NPONOPIHOHANbHA HACTOTE N0~

Mamepumens 20pu3gHMAnsHeIX paccmosHul
——— I- ———————— 1 . i
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Puc. 1.5, TIpunanunuanbHasg cxema AHCTAHIHOHHONO THAPOCTATHYECKOI'O
npodumnorpada.

!/ — 4yBCTBHUTEJbHBIl 3JIeMEHT JaTIHKa TAYGHH; 2 — DOTEHUHOMETD AATYHKA TJIY-

6HH; 3 — NOTEHIHOMETp Der’HCTPUPYIOIlEero ycrpolicTBa; 4 — yCHAUTENL; 5 — reHepa-

TOp; 6 — axekTpoppuratear HHMJL-0,5; 7 — 6ymaxkHast JeHra; 8 — KOHTaKTHasd CH-

cTeMa Y3Jja M3MepeHHs! OPH3OHTAJbHBIX PAacCTOAHHH; 9 — 3JAEKTPOMArHuT C Xpamno-

BHIM MeXaHH3MoM; /0 — GapaCan NEHTONPOTSKHOIO MeXaHusMa; !! — pese BpeMeHH;
12 — nuwymas uraa; I3 — U3MepHTeNbHAS HHUTh.

CTYNAIOUHX CHCHAJIOB, T. €. CKOPOCTH OYKCHpOBKH. YacroTy cur-
HAJIOB MOXHO YCTAHABJHBATH TAKXKe IIPH IIOMOILH peJje BpeMeHH I f
TaK, 4ToOB OHa COOTBETCTBOBAJia CKOPOCTH OGYKCHPOBKM. B sToM
cjlyuae H3MePHTeb PACCTOAHMN HE UCIOIb3YeT .

ITpu wusmepeHun mnpoduIsT OZMH KOHEl HHTH 3aKpeJIsiercs
Ha Oepery. Karep ABuXKercs B HYKHOM HanpaBJeHHH, OYKCHUDYs
cnepauuit gor (pue. 1.6). Ilpu paGore ¢ pene BpeMeHH H3MEDH-
TeJbHAs HUTb He HYXHa, OXHAKO 3TOT CIOCOO MeHee TOUueH, TaK KakK
CKOPOCTh ABHIKEHHA 'KaTepa oIpelesseTcs NpHOIMKEHHO, a B 3a-
BHCHMOCTH OT 3TOrO YCTaHAaBJHBAETCSI CKOPOCTh IepeMelnenust Gy-
Max}HOH MEHTHL. v '

IIpoduaorpad Moxer NmpHMEHATBCA B OOJErYeHHOM BapHAaHTe.
IIpu sTO0M H3 cioexpsimero JoTa BbHIHHMAaeTcss rpys. Boprosoit
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AMOPTH34TOD M M3MEPUTENb PACCTOSHHN He HCIOJb3yioTcH. PaGora
06JIETYeHHEIM BApHAHTOM BO3MOXKHA NPU CKOPOCTH NBHKEHHS Ka-
Tepa He Gosee 4—5 Km/u. :

HcnmTanns npoduiorpada NPOMSBOAMIHCL HA Pas3IUYHHIX pe-
KdxX ‘M ‘Ha BONOXDAHUMAMILE IpH -TIyOGHHAX N0 22 M, WHpHHAX [0
1050 M, ckopocTfiXx TeueHHs BOAbI 4O 1,5 M/c u pasHbIX rpyHTax
IHa (HecyaHbX, WJIUCTHIX cjoeM A0 0,6 M, TVIMHHCTBIX W KaMeHH-
creix). Ha HEKOTOPHIX CTBOpaX, KpOMe TOro, MMeNach BOJHAS H
OCTATKH JPEBECHOH PaCTHUTENLHOCTH. Hpocpmlb H3MEPAJICS IIPH CKO-
pocTax GYKCHpPOBKH 3—12 km/y.

CropocTb GYKCHPOBKH CJEsIIero JOTa ONpeAesieTcs XapaKTe-
poMm pHa. IIpu poBHOM mJIOTHOM JHe (IIECOK, raJeyHHK, IJiuHa, MeJ-

12 3 4 5

Puc. 1.6. Cxema usMepenus Npoduas IHA MOTOKA NUCTAHIHOHHBEIM THIPO-
_craTHdYeckuM npodusorpadom.

1 — perucrparop; 2 — cOeARHATEJbHEIE KaGenu; 3 — y3eJl H3MEepeHHs| TOPH3OHTAJbHBIX
paccTosuni; 4 — 6OpPTOBOI  aMOPTH3ATOP; § — H3MEPHTENLHAST HHTD; 6 — CIeAsuuit JoT;
7 — Tpoc-KaGesb.

KHMH KaMeHb) BO3MOXKHAa OYKCHPOBKA €O CKOpocTbio 10—12 kM/u
[61]. TIpyu mamCTOM HWJIM MeCYaHOM, HO HEPOBHOM JHE, a TaKxke NIPH
HAJAYMKY BOLHON DACTHUTEJBHOCTH WJIH KPYNHEIX BAJYHOB CKODOCTb
He JOJIXKHA NpeBHIIATL 6 KM/4, 4TOOH CJAeMsINUI JIOT He 3acT-
peBad. '

Koncrpykumus npoduiorpada XOpoIilo IepeHOCUT TPACKY: HAT-
UMK IJyGHH CIedsulero JJOTa paccCiuTaH Ha yckopeHus go 10g.

MyTHOCTb ¥ aspanusi NOTOKA NPAKTHUCCKH He OKA3LIBAIOT BJIUSI-
HHUS Ha TOYHOCThL M3MepeHusi npoduasi. Hannune BOgHOH TpaBAHOM
pPaCTHTEJNBHOCTH He NpPensATCTBYyeT padoTe, HO TpeCyeT NOHHIKEHHS
CKOPOCTH GYKCHPOBKH 10 3—4 KM/d:

Hucranunonusii npodumorpad ymoben B pabore. Cucrema
samucy mpoGHJIA TMO3BOJSET OLICTPO TPOHSBOAMTL 3aMEHY JEHTHI
B perucrparope. M3mepenus npoduas AHCTAHIHOHHLIM IIpodHUIorpa-
(oM HaJeXKHH, TaK KaK TPOC 3AeCb 3aMeHEeH H3MEePUTEeNbHOH HUTHIO
¥ HMeeTcs pesie BpeMeHH. BaXHBIM JOCTOMHCTBOM "SIBJSIETCH BOS3-
MOXKHOCTh HabJiofeHus 3a sanucbio npopuinda. Hamwugue B pern-
CTpaTope pesie BpeMeHH NO3BOJseT paborarh Ges cBssu ¢ Geperom,
NpHYEM CKOPOCTH' MPOTAKKU JICHTH TUIABHO' PETYAHPYETCS B COOT-
BETCTBHH CO CKOPOCTLIO IBUIKEHHA KaTrepa.




[naBa 2

Pacnpenenenne ckopocrei
B TypOyJIEHTHBIX TIOTOKaX

B rmmpoMexaHuKe BONPOC O KHHEMATHKE TYypOYJIEHTHOro MOTOKA
IIPH3HAETCS OJHHM H3. BAXKHBIX; OH HENOCPEIACTBEHHO CBf3aH C.IIpO-
OJieMOHl T'MApAaBJIMYECKHX CONpPOTHBJeHHH. B Hacrosmee Bpems cy-
IIeCTBYET HECKOJBKO THIOTE3 TypOYJAEHTHOCTH, MO3BOJSIONMX IIOJY-
YHTb NPOQHUIN OCPEJHEHHBIX CKOPOCTEH TeUeHHs BOIBI, T. €. pacipe-
IéjleHHe CKopocrelf Ha. BeprukanasX. Heob6XoauMo OTMeTHTb, 4TO
3HAUUTENbHAS YaCTh KCIEPUMEHTOB, Ha KOTOPHLIX 0asHpOBaJHCH H
IIPOBEPANUCh TEOPHH, OBlJIa NpOBefeHa B KPYIVIBIX HANOPHBIX TPY-
6onpososnax. IlepeHecenne IONYUYEHHBIX B TAaKHX YC/OBHSX Pe3yJib-
TATOB Ha peyHBle TNOTOKHU OCJOXKHSETCA HaJjauuneM CBOOGOXHOH IO-
BEPXHOCTH ‘M IVIaBHBIM 00pa3oM CJOXKHOH (opMOfi CMOYEHHOTO
nepuMerpa M AedopManusMu AHA TOTOKa. Bompoc ke 0 BO3MOXK-
HOCTH TPHMEHEHHS . Pe3YJbTaTOB -UCCASNOBAHUS - JBUXKEHHS IKHUIKO-
CTH B KPyrablX Tpybax K HepasMblBaeMBIM KaHajam pelleH IoJo-

KuTenbHo. I'paduku GyHKIMA A =.7»(R.e, %) ﬁnsi prfnmx TpyO B

NpSIMOYTOJAbHBIX JIOTKOB (KaHAJOB) YAOBJETBOPUTEILHO COBIAJH
He TOJIbKO 'KaUeCTBEHHO, HO H KOJHYECTBEHHO; A — KO3(pOHLHEHT

vR .
Hapcu, R=-———uncno Pelinoabaca, U~—CPelHss CKOPOCTD TO-
v

TOKa, R-— rHApaBAMYECKHH PaJMyc, vV — KHHEMaTHYeCKHH Koacb(bn-
LHEHT BSI3KOCTH, A — aGCOJMIOTHAS LIEPOXOBATOCTb TPaHUUHON ITO-
‘BEPXHOCTH.

CrenoBaTe/]bHO, MBI MMeeM BO3MOXKHOCTb HCIIOJH30BATh yPaB-
HeHusl npodumneli ckopocTell (NoJydaeMble M3 THIOTE3 TYPOYJEHT-
HOCTH), HO C 0053aTeJbHEIM OINpejiefIeHHeM NapaMeTPOB YpaBHEHHH
Ha OCHOBe 0000IEHHS FHAPOMETPUIECKHX JaHHbIX.

B sTOl KHHre MBI HEe HMEET B BHAY H3JaraTb TeOpHH TYypOy-
JIEHTHOCTH.: DTO OTHOCHTCSI K THJPOMeXaHHKe. 3JleCb pacipesieseHue
cKopocTell B TYpPOYJEHTHOM TOTOKE pPacCMaTPUBAETCH .JIHIIb @ KaK
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TeopeTHyecKas OCHOB2 MeTOX0B ruiapoMeTpui. O6G0CHOBBIBAETCS BHI-
6op Haubosee IeqecOOOpasHbLIX C MO3HLIUI THAPOMETPHH (HOPMY.JI
npoduiell CKOPOCTeH U HeNaloTCsA YKa3aHHs O METONUKE Ompejee-
HHs NapaMeTpoB TakKuX (opMyJa. 3aTeM.H3/1araioTcsi BONPOCH aHa-
J¥3a T0JSI CKOPOCTeH pPEYHOro NOTOKA B LeagX ONpelesNeHHs He-
KOTOPHIX BAaXKHBIX I1apaMeTPOB IOTOKA, IIHPOKO  HCIOMb3YeMbIX
B THIpaBJduKe U rufpomerpun (kosadhduuuenra Kopuosuca, oTHOCH-
TeJbHOTO HedunuTta cpeXHedl CKOpPOCTH moToka u Ap.). K aromy xe
paszeny Mor ObITh OTHECEH H BOIPOC O AOHHBIX CKOPOCTAX, HO BBHAY
€r0 CaMOCTOSITeJNBHOTO 3HAUEHHS OH H3Jaraerci OTHEJbHO
B IJiaBe 3. : '

2.1. Tlpoduab ocpeJHEHHBIX CKOPOCTEH
T€YEHUsI KUIAKOCTH

ITockOIbKY B METOIMKE. ONpefeseHus PacXOJA0B BOJAbl YUMTHIBA-
eTcs .pacnpejesenne ckopocreit [51], Heo6XoA¥MO 06OCHOBATHL BHI-
Gop ¢dopmysel npoduas CKOpOCTeldl TypOYJEHTHOro MOTOKAa IS pe-
HIEeHHUS 3aJla4 PeYHOH TMAPOMETPHH.

Bomnpoc o npoguie ocpeJHEHHLIX CKOPOCTel umMeeT GOJBIIYIO HC-
TOPHIO, HA KOTOPOH B HACTOSIIEH KHHTe MBI OCTAHABJHBATLCA He
moxkeM. OTMETHM JIHIIb, YTO C CAMOTO BO3HUKHOBEHHS THAPOMETDPH-
YeCcKuX NpubopoB G0 NPeNJoXKeHO MHOI'0 SMIHPHYECKUX GOpMYJI:
napaboNMyYecKux, BKJIUYAaA U BLICUIHX IOPAAKOB, 3JJIHNTHYECKHX,
Jorapudmudeckux u Ap. Ha ocHoBe rumores TypOyJIEHTHOCTH Ipej-
JIOXKEHB TeopeTHueckue (GopMynbl (KOTOPblE NpaBUJbHee HA3LIBAThL
noJaysMnupudeckumu). K 4uCIy NOCHeJHHX OTHOCATCA (POPMYJIBL,
OCHOBAHHBIE HA THOOTE3e flepeHoca KOJMHYECTBA ABHKEHHS U TEOPHH
nepeHoca Buxpell. BosibIIHHCTBO GOPMYJT OTAHYAETCHS TeM HemoCTaT-
KOM, 49TO OHH BOJIM3H CaMoro [Ha He BCerja AalT NpHeMJeMble
pe3yJsbTaThl, 4TO OODBACHAETCA HEydeTOM BSI3KOrO TPEHMs NP HX
BEIBOJIE.

Qopmyna npoduas ckopocTell AAs THADOMETPHYECKHX 3alag
JOJIZKHA XOpPOIIO ONUCHIBATH pacupefiesieHne CKOPOCTEH B eCTecT-
BEHHBIX OTKDHITHIX MOTOKAaX, HOJXKHA OBITh IO BO3MOXKHOCTH HPO-
‘CTOA ¥ COIEp¥KaTh OrpaHUYEHHOE UHCJAO NapaMmeTpoB, KOTODLIe MO-
FKHO HAHWTH 110 THAPOMETPHUYECKHM JaHHBIM (IO PeKaMm).

3anumem GopMyael B 6€3pa3MepHEIX KOOPAHHATAX:

y
=%

Upaxe — U
Uy

(F:‘

IJe 1) — OTHOCHTEIbHAS TJIyOHHA; € — OTHOCHTEJbHBIA HEJOCTATOK
MeCTHOH cKOpocTH; A — rayGuHa TOTOKA Ha BepTHKANH; 4 — (Oc-
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pefHEHHAsh BO BPEMEHH) CKOPOCTb Ha' DAacCTOSHHH y OT JHA IIO-
TOKAa, Unawe — MaKCHMaJbHada CKOPOCTb Ha BEpPTHKAAH;, U,=

=7 ghl — nuHaMuuecKkasi CKOPOCTb Ha BEPTHUKAaJH, TIe g — ycKo-
PEeHUE CHJIB TSXKECTH, [ — YKJIOH HOBEPXHOCTH BOIHL.
IlpuBenem Qopmy/an, OCHOBAHHBIE Ha THIIOTE3e IlepeHoca KOJMH-
gecTBa JBHUIKEHHUA: '
1

9#_71—1&1 n o | @.1)
: .
o=———[n (1 —-V1 7], @2
1 1+ VT—y o —) .
dopmyaa, OCHOBaHHAs Ha TEODHH NepeHoca Bﬁiﬁeﬁ, HMeeT BH]I
———— (arcsm V1=y T—m), (24)

the ki, ko, ks U k4—napaMepr1 KOTOpBHIE ‘Tio CBOEMY CMBICTY HOJI-
KHBI GBITH TOCTOSTHHBIMH.
U3 yncna smnupuueckux (bopMyJI OCTaHOBI/IVICH Ha CJeAYIOLIHX.
®opmyaa Tana GopmyJsr- (2.1); HO YYHTHIBAIOWAST OTHOCHTENb-
HYIO IIIepOXOBaTOCTb IHa TIOTOKA, ¥IMeeT BHJ ,
: 1. 1+4c. '
== ksl EE (2.5)
3Iech ks— mapaMerp, KOTODHIl 1O CBOEMY UHCIOBOMY SHAYCHHIO
OJMH30K K R1 W kp; & — OTHOCHTeJbHAad JHHEHHAs XapaKTepHCTHKA
LIEPOXOBATOCTH, paBHAas -
. A .
=30 " ‘ | (2~6)

rae A — aGconoTHAS 1LEPOXOBATOCTD.

[TapaGonuueckas Gopmysa ¢ nepeMeHHbIM NOKA3aTeIeM #1 HMeeT

BHL,
Tk 27)
O6wui Bua dpopmya (2.1)—(2.4) caexpyomui:
—e(n), (2.8)

Tae ¢ (n) — QYHKUHS OTHOCHTEJNbHON TJIyOHHEI, BHA KOTOPOH NOJY-
HAeTCA M3 COMOCTAB/EHHS BbIpaKeHHS 2.8) ¢ O,I[HI/IM us Bpra}Ke-
Huit (2.1)—(2.4). :

PaccmarpuBast TpadukH QyHKUHHM ¢ (1) (pnc. 2.1), BuauM, uTO
napamMeTrpsl 2 B pasHbX (GopMyJax NPOMHIS CKOPOCTEH IOJIKHBL

_MMeTh CYILeCTBEHHO OTJIHMYHbE 3Ha4eHHs. Ilpumem ycloBHO 3Have-
‘HHe napameTpa ks B ¢dopMmyrae (2.2) 3a eIMHMIY M TOACYHTAEM
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HOBble 3HaueHust QyHKUuiE @(n) npu ki=1,25; k3=0,80; k.=0,70,
IoJTyYeHHble yTeM noadopa..

B pesysibpraTe moayduM, 4To KpHBHE @(n)/k pacnosaraiorcs Ko-
BOJIBbHO 6JIM3KO OJHA K APYroit. DT0 06CTOATENbCTBO HO3BOJSET OT-
naTh npeanouTenre Gosee mpoctoit gopmyde (2.1). Tlocaenuuit BH-
BOJl HYX[a€eTCsl B [JOTOJHATENbHOM 060cHOBaHuU. Popmyasr (2.1)—
(2.3), ocHoBaHHbIe Ha TEODHH -TIEPEHOCA KOJHUECTBA  JBUKEHUS,
JAaI0T HepeaJbHbIe 3HAUeHHWA HeJOCTaTKa CKOPOCTH V' JAHA. (mpH
=0, p=o00) u auUmL TONABKO ¢opMysaa (2.4) Hmaer KOHEUHOe 3HA-
yeHue ¢ npu N =0.

N
1,0

08
AN

2
AN
N
0.2 AN
0 05 08 12 16 20 24 28 329

Puc. 2.1. Tpadukn Geapa3mepHbx GYHKUHH Tay6uH @(7)
. no ¢dopmynam (mpu ke=1).
1—(2.1); 2 —(2.2); 3—(23); 4— (24).

OTMeueHHOe CBOHCTBO (QYHKLIHH (1) FOBOPHT B INOJB3Y (Hop-
MyJn (2.4), ogHaKo MBI Bce Xe OyleMm dalle NPUMEHSTb QOpMyJy
(2.1) Ha ocHOBaHMH CJleAyomuXx coobpaxenui. IlpunuMaem B Gop-

cp(n)

MyJde (2.4) sHauenne ——= npu N=0n MOJCUNTHIBAEM, KaKOe 3Ha-

ueHue Gymer mMeth 1 mo Qopumyie (2.1) npu TOM Xe 3HAUEHWH
(P(l:]) ;, B pesyanaTe HOJIy‘II/IM

Pa(n) e1(n) _ Inq
2= = T T a5

. OTKyJza
Inn=—4 u 7=--=0,018.

DTO PaBHOCHIBHO TOMY, YTO MOXKHO NPHHSATH OTHOCHUTEJbHBIH He-
LIOCTaTOK CKOPOCTH Yy C€aMOro JAHa 3a OTHOCHTENBHBIH HeXOCTaTOK
CKODOCTH B UPHAOHHOM CJoe Ha paccrosHun oT aHa y=0,0184;
y - 100

h
32
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Ha BepTHKaJd. 13BeCTHO, YTO H3MepeHHe I'NFYOHHBI PeK ¢ TOUHOCTbIO
00 2% cumraercs BooOuie HOCTAaTOYHO .XopowuM. CieoBaTesbHO,
npuMensis gopmyany (2.1), MBl He pPHCKYeM B TEODETHUECKHX Bbl-
KJaJKax OONYyCTHTb OWIMOKY, IPEBBIIAIOMYI0O TOYHOCTb THAPaBJH-
YeCKHX PACueToB; TO M [T HAM NPABO OCTAHOBMTHCA HA JIOra-
pubmuueckoit popmyae (2.1).

OTMeTHM, 4TO TepBas IONBITKA BHIPA3HTh ONLITHOE pacIpefe-
JeHye cxopOCTeﬁ ¢ TOMOIIBIO JorapupMuky 6ulsa chenana B. Kocr-
kesuueMm B 1906 r., a HauGosee NOJHO JorapudMuUecKHH MPOPHIDL
ckopocrelr Brnepsoie Obll obocuoBan C. M. Mouceenko B 1914 r.
®opmyna (2.1) gaasercs COBpeMeHHbIM Bpra}KeHHeM 5TOH 3aBUCH-
MOCTH.

Conocrasum ¢opmyay (2.1) ¢ q)opMerou (2.5). Tlopcunraem €
no gopmyne (2.6}, a 3arem 3HaueHue ¢s(1) 1o popmyne

l+e_ .
695((])———-111 M y -

Tlpu sTOM .paccMOTpPHM CJIyual, NP KOTOPOM JOJKHO MOJIY-
quThCcsl GOMBLIOE pAacXoXKAeHHe B (QYHKIMAX ¢(N), NOACYMTAHHBIX
no cpopMyJIaM (2.1) u (2.5), a uUMeHHO, MpUMeM BeJUYHMHY aGco-
JIOTHOH epoxoBaTocTH A =10,06 M 1 h—l 0 m. Tako#i nuHefiHBI}
pasmep BRICTYIOB luepoxosatoctH, no B. H. I'oHuapoBy, B cpeinem
COOTBETCTBYET CHEAYIOeMy XapakTepy pycja: «TpaBeluCTHe H ra-
JeyHble pycaa B IVIOXOM' COCTOSIHMH. 3eMJISHBIE pycaa HelpaBHJlb-
Hble ¢ pa3MbiBamu». ComocraBasis @i(n) U @s(M), IPAXOLUM K’ Bbi-
BOJAY: OTHOCHTE/NbHBIH HENOCTATOK MECTHOH CKOPOCTH TIOUTH He 3a-
BHCHUT OT HIEPOXOBATOCTH pycja. ‘

Takum o6pasom, NIpeACcTaABASETCS BO3MOXKHBIM HOCTpOHTb HEeKOo-
TOpble THApPOMETpUYecKue (POPMynLl (NEPBOro NPUOIMIKEHHS), He
cofiepxKallie Koa(duIMeHTa LIEPOXOBATOCTH, ONHAKO B TaKHe ¢op-
MYJBbl JOJKHBEl BXOJUTb YVKJIOH MOBEPXHOCTH BOJALI H HEKOTOPHIE Xa-
PaxTepHble CKOPOCTH, HAaNpHMep NOBEPXHOCTHBLIE; 3THM, KOHEUHO,
HE OTPHIAeTCSH PONb INEPOXOBATOCTH B bopMUPOBaHUH npocbmm
‘CKOpOCTeH.

Ha ocHOBaHMH BBHINIEH3JIOKEHHOTO MOXHO NPHHTH K BEIBOAY
O TOM, YTO npHemJ/eMol dopMyJaol npoduas ckopocrTel AJs pelie-
HHSA THAPOMETPHYECKHX 3a/1ad, a TAKKe U THAPABJIHYECKHX SIBJsIETCA
tdopmyaa (2.1).

Haun6omnee npocToii BLBOX JlorapH(pMqucxon tdhopmyabl pacmpe-
Le/eHHst OCPeHeHHBIX ckopocTelt u mpuHajgmexut JI. JI. Jlannay.
IIpu sTOM NpPUHATO, UTO TPAiMEHT CKOPOCTH BHOJL OCH y BHIIIE
BSI3KOTO MOACIOS 3aBHCHT TONBKO OT HANPHKEHHS TPEHHH T, TWIOT-
HOCTH JKHAKOCTH O, ¥ PACCTOSHHS OT AHA NOTOKA Y. OCHOBbIBaHCb
Ha nanane pa3MepHOCTH, NOJIYYEeHO

1/—»
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YuuTeBasg, uTo VT?u*, nocjefHee YypaBHeHHe 3alulIeM

B BH]JE

i
du— klﬂ:’ dy.

[Ipu HHTerHpOBaHHI/I oT y 10 h m COOTBETCTBEHHO OT 4 JIO

Umaxe

MaKc h
5 A =-1x lsl——dy
’ R y '
nMmeeM
Upake — U — 1 In—L
iy Ry h’

T. e. moJydaeM ypaBHenue (2.1).

B cratee [115] upenoxkeH BBIBOJ, JOrapudMHUECKOr0 NPOPHIA
CKODOCTH, TIPH 3TOM pasBHUBILeecs TypOyJeHTHOe TeYeHHe paccMar-
puBaercst B BuJe CyNepPIO3HIHUH KaTSIHUXCA BUXPeH IO NOBEPXHOCTH
JIAMUHADHOTO NOAC/OS; BBOAUTDH IOHATHe TYpPOyJEeHTHOH BSISKOCTH
¥ NIYTH CMEeUIeHHs He MOHaAoOuI0Ch.

Huxe OGymeT mokasaHa IPHUEMJEMOCTb, C TOYKH 3DeHHs rml,po-
MeTpuH, 0000meHHo! GopMyJabl (2.8), WacTHRIM cJydaeM KOTOpOH
apasercd ¢opmyna (2.1). Popmyan Ttuma (2.8) comepxar . OJHH
HEHM3BECTHHI napaMerp 2 W BCe IVaBHefllxe 3JeMEeHTHl IBUKeHHS
BOAH. DTO BHITOLHO OTJHYaeT-HONYIMINPUIECKHE (DOPMYJIbL - OT M-
NHPUYECKHX, KOTOPble 9acTO BKJKYAIOT [Ba MJIH TPH IapaMerpa H
JHUIb HEKOTODEIE 3JeMEHTHl JBMKeHHs BOAbl. Hck/ioueHHe B 3TOM
OTHOLIEHHH COCTaBasAeT mapabonudeckas GopMmyJsaa NpoQuis CKOpo-
crefr Basena, KoTopasi B KOHEYHOM HTOre NPHUBOAHMT K OJHHAKOBLIM
o cpaBHenuio ¢ Qopmysoir (2.1) pesyapbraraM, 0 deM MOJApoOHee
6yneT YIIOMAHYTO HUXKE.

. Kpome paccMoTpeHHBIX ypaBHeHHI npodHaed CKOpocTed, npei-
JIOMKEHB! # ApYTHe GOpMyJbl, TpuBefenHse B padorax [10, 119, 206
u ap.].

[losiBenue B popmyaax napaMeTpOB KpoMe k2 u mo Bceil Bepo-
SITHOCTH NePEMEHHBIX, CO3JaeT AONOJHHTEJAbHble TPYAHOCTH HPH pe-
IIEHHH TEOPeTHYeCKHX 3a4ad IHAPOMETPHH.

W3 uncaa ¢opMyJ, cogepkKallux TPU YHCJIOBHIX lapaMmerpa, Npu-
senem ¢opmyny M. K. Hukutuna [129] ana GesmamopHOro notoka,
OTJHYHYI0 1O CBOEl CTPYKTYpe OT MpPEeAblAyluX (opmyJ. Pop-
MyJasl HHKHTHHA OCHOBaHBI Ha IPEJJIOKEHHOH HM JABYXCJIOHHOH
MOJZeau TypOyJeHTHOro ABH2KeHusA. IIpuHMMaercs, YTO B HPHCTEH-
Holt o6uacTy TypOyJeHTHOro NOTOKA 'BCerga MMeercs NPHULOH-
Hb I cJOl ToamuHOH & ¢ GAH3KHM K JHHEHHOMY B HeM pacmnpe-
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_;‘l;/__<
0< 5 <l
@ y .
I =95,6 5. _ (2.9)
y_h |
Ipu 1<_6<_(—§ npefyoxeHa popmyna
u y ) .
=645 g3 +5,6+2,8(1—7). (2.10)

Bunno, uto dopmysna (2.1) comep:KMT OZHH YHCIOBOH mapaMmerp,
a ¢popmysaa (2.10) Tpu YHCAOBHIX mapaMerpa.

s HamopHoro noToka (B pycaax NOA JeNsSHLIM HOKPOBOM)
B crtatbe [162] mpemsoxena Takaa ke (opMmynaa, HO C APYTHEMH
YHCJIOBLIMH 3HAYEHUSIMH NApPaMeTpPOB '

] |
——=3,781g -L--7,364-1,64 (1 — ). @.11)

Tonmuna npuloHHOTO cJosl § ompeneasiach Tak XKe, KaK U MpH
cocraBiennn opmyan (2.12), T. e. kak usnoxeno B pabore [129].
O6pamaer Ha ceGs BHHUMAaHHe CYIIECTBEHHOE pasfindue B 3Ha-
YeHHAX Bcex mnapameTpoB ¢opmyn (2.10) u (2.11). Ha sepxuei
rpaHuIle NPUAOHHOTO cJjod (Y= 0; u=us) COOTBETCTBEHHO H3 (op-
mya (2.10) u (2.11) umeem:

“s —35.6,
Uy

? —7,36.
u* » .

(7,36 —5,6) - 