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B kuure 0600uiens ¥ pasBUTH BOMPOCH TEOPHH
THAPOMETPHH, UTO HeoOXOLHMO [AAA JajbHeiero
COBEPILEHCTBOBAHHA €e MeTONOB H npubopoB. Boib-
Ioe BHUMAHUE YAeASeTCs THAPaBAHYECKOMY OBGOCHO-
BAaHHMIO CHOCOGOB MPOM3BOJACTBA TCHAPOMETPHUUECKHX

'pa6OT Ha pPEKax, a TakxXe KaHaJjax. Han rupapome-

XaH{YECKUH. aHa/U3 noxasaHufl upubopos [Aas u3Mme-
peHUst CKOpOCTell TedeHHs BOAbLI, -B TOM UHCJAE H B-
YCAOBUAX HECTALHMOHAPHBIX TeueHHit IRHUZKOCTH.

Paccuurana Ha crenuasucToB B 06JacTH FHAPO-
JIOTHY, THAPAB/JHKH, THIADOTEXHUKH, CTPOHTeJbCTSa
MOCTOB M TOHHe/eH, a TAaKXKe Ha aclUPaHTOB W CTy-
JIeHTOB CTapHINX KypcOB BBICHIMX Yy4YeOHBIX 3aBeje-
HUH.

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-
lysis 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 to 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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MPERUCIIOBUE

[MpoGaema npecHol BOALI Ha 3€MHOM Iape HUMEET CaMoe HENo-
CpPeJCTBEHHOE OTHOIIEHHE K HACTOAIlEMY U OyAYILEMY 4Ye/oBeuYecTBa.
Bce Bospacrawiee NPOMBIIIJIEHHOE H CEIbCKOXO3SHCTBEHHOE NPOH3- *
BOJACTBO IMOCTABU/X Iepel CIelHaJdcTaMy B obsacTu THXPOJIOTHH H
TUIPOTEXHUKY CJOXKHBIE 3a1aYH.

KoMITeKCHOE  HCTIOb30BAHAE BOMHLIX DECYDCOB M YIpaBieHHe
BOJAHBIM PEXHMOM OOJBIIHX TEPPHTOPHH — BaxKHelinass npobsaema.
U B paspelieHny ee MHUPOKO HCIOAB3YETCS] THAPOMETPHS, C HOMOIIBIO
KOTOpOH YCTaHABJWBAIOTCH KOJMYECTBO BOILI M ee pacmpeleseHHe 0o
TEPPUTOPHH, H3MEHEHHE CTOKa BOAbI BO BpPEMEHH — BHYTPHTOJOBOE
¥ B MHOTOJIETHEH IepCleKTHBE.

PasBurHe THAPOTEXHHUYECKOTO CTPOHTENbCTBA, THAPABJIMKH H HH- -
JKEeHEPHOH THAPOJIOTHH 00YCI0BU/IO HEOOXOAUMOCTL CO3AAHHUS TECOPUH
THIPOMETDHH. K coxaqenuo, 10 CHX IIOp HH B Hallelf, HM B-3apy6ex-
HOH JuTEpaType He CHCTeMATU3HPOBAHBI TEOPETHUECKHE CBEAESHHS IO
ruapoMerpur. DTo OOBICHSIETCS TEM, YTO paccMaTpuBaeMmasi o6jacTb
TUJPOJOTHH HauboJee TPyLHa AJAS HCCAENOBAHUS. :

OnBiT H3JAO0KEHHWS HEKOTOPHIX BONPOCOB PEUYHON MMADOMETPHM HA
TEOPETHYECKOH OCHOBE INPelJIOXKEeH aBTopoM B MoHorpadusx [l, 2],
ony6aukoBauueix B 50-x romax. B Hacrosiieli kuwre gesaercs mo-
NbITKa 06OOIHTL HOBLIE NAHHLIC 11O TEOPHH THIPOMETPHH, CHCTEMA-
TH3HPOBATb HMX H H3J/OXKHTb B QOpMe, JOCTYIHON 151 HHKEHEDOB U
CTYJIEHTOB BBICIIMX YUeOHBIX 3aBefeHui. B oTnenbHBIX cayuasx upu-
BeZIeHO ONHCaHHe METOJAMKUA PabOT HEKOTODHIMH HOBBIMH THJIPOMET-
pHUECKHAME NpHbOpaMu.

I'naBHOe conep:KaHWe KHHTH — THAPABANYECKOe OGOCHOBAHHE Me-
ToNOB rugpoMerpun. He MeHee MpakTHUeCKH Ba>KHBIM PEACTABJAETCS
aBTOPY THAPOMEXaHHUYECKHH aHANU3 PaGOThl MHAPOMETPHUCCKHX TMpPH-
60pOoB.

[TocraBsenubie B MOHOrpad¥y BONPOCH HYXKAAIOTCS B AaJbHel-
IIeM WX Pa3BUTHH, U IOITOMY aBTOP C 6JIarOJapPHOCTBIO NPHMET BCE
KOHKpeTHBIe TIPeIJIOKEHHS] U 3aMeYaHus MO COAePIKAHUIO KHHUTH.

[Tpy mOATOTOBKE KHUTH aBTOP CTPEMMJICA PACIOJNOKHTh MaTepuall
B TPAAUUUOHHOH I/5 THAPOMETPHHM IMOCAeJOBATENBbHOCTH, T. €. CHa-
yajia U3J0XKHTh BONPOCHL OINpPeJeeHUs] TeOMeTPHUECKUX 3JIEMEHTOB
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notoka (ypoBHeH U riyOHH), 3aTeM KHHEMATHYECKHX, [ajiee pPacxo-
10B Boaul ¥ T. M. OKasanoch, YTO NPH HU3JIOXKEHHH TEOPHH CHAPOMET-
puul BbLIEpPKATh 3Ty CXeMy B IOJHOH Mepe He ynajock. Tak, Hanpu-
Mep, TEOPHIO H3MepeHHsi rJIyOHH ¢ NOMOIIBIO [HOKOrO Tpoca MpH-
mioch OTHecTH K raase IV (oTHOC THIPOMETPHUECKHX NPUGOPOB |
B OTKDBITOM IIOTOKe), 4TOOBl yueCTb BJMSIHHE HEePaBHOMEPHOCTH pac-
npeneneHus CKOPOCTe! MO BEPTHKAMH HA OTHOC THIPOMETPHUECKOFO
rpysa. [lapamerpy ¢ opMbl KHUBOTO CeYeHHs, YUUTEIBAIOIIEMY [IEPEXO
OT "MJOCKOH 3ajauu kK [POCTPAHCTBEHHOH, INOCBSLleHA OTHe/bHas
rjaBa, TaK Kak 3TOT napaMerp HeoOXOAUM He TOJBKO B pacuerax pac-
X071a BOJBI, HO ¥ B pacuerax AOHHBIX CKOpOCTell, MPHd 3KCTPANOJ/ALAHN
CBSI3K PACXOLOB BOIbI ¢ YPOBHSIMH, a TaKie OPH pacyeTax CONMPOTHB-
JIEHUS W YCTOMUYHBOCTH HalJaBHLIX MOCTOB. [Ipobsemy — B3aumone#-
CTBHE PYCJIOBOTO H MOHMEHHOIO INOTOKOB (KHHeMaTtHuecKu# sddekr
6e3HaNOPHOTO MOTOKA), — XOTA U COXEPIKAILyI0 MHOTO NAHHBIX 0O
KHHEMATHKE [OTOKAa, OKAa3ajJoch Gojiee LeJecoobpasHo H3JNOKHTD
B npeanocaenteil riape X. D10 0OBACHACTCH TEM, UTO OAHH H3 BaXK-
HBIX NPUKJAATHBIX ACHEKTOB ITOr0 BONDPOCA COCTOUT B OLEHKE MPO-
NYCKHOH  CIOCOOHOCTH PYCJa NOpH BbIXOAE MOTOKA Ha mofimMy. A 3T0
TECHO CBA3AHO C AHA/IN30M 3aBHCHMOCTH MEXIy PACXOLAMH W yPOB-
HSIMH BOJEL

Ilo-BUIHMOMY, B HEZAJEKOM 6y11yLueM NosIBATCA BO3MOXKHOCTH
U 1751, pa3paGoTKH BONPOCOB TEOPUM METOJOB ONpENeseHHs] PACXOLOB
" HaHOCOB. B Hacrosliee Bpemsi OHH He JOCTHIVIH TaKOH CTelleHH pas-
BUTHs, YTOOBI MOXKHO OBIIO NPHCTYNHTb K HX CHCTEMATH3aLHH Ha
THIPOMEXAHHYECKOH OCHOBe. ITO. OBDBSCHAETCH CJAOKHOCTBIO MpPO-
OJeMbl ABUXKEHUS! IBYX(PA3HBIX TOTOKOB.

Agrop 6aaromapur B. V. Caseawnesa u H. B. BaprLHHHKOBa 3a
HEHHBIE TIOXKEJAHHs TIO COAEPIKAHHIO KHHUTY,



lnaga /

PENbEd CBOGOJHOH MOBEPXHOCTH BOJbI
W rjiaybkibl HEPABHOMEPHOI0 NMOTOKA

[Tpn u3yueHWW NBUKEHWUS BOALI NI XapaKTEPUCTUKH - HOPMHE
cBOOOJHOH NOBEPXHOCTH HOTOKA HCCAEAOBATENH 4acTO OrpaHHYH-
BAIOTCSl H3MEDPEHHEM TOJIbKO IIPOJOJBLHOTO YKJOHA, -la U TO Yy OX-
Horo Gepera noroka. B neficTBUTEIBHOCTH YKJIOHBI y NPaBoOro H Je-
BOTo 6eperoB M Ha CTPeXHe PeKH MOTYT CYLIeCTBEHHO OTJIHYaTbCS.
Ha maru6ax nmoToka nonepeyHbie YKJIOHB MOTYT ObLITb COH3MEPHMbI
C NIPOJOJBHBEIMH.

Ilpu HepaBHOMEpPHOM [BHKEHHH H B OCOOEHHOCTH an obTeka-
HUM TUAPOTEXHUYECKHX COOPYMKEHUH M COOPYXKEHHH MOCTOBLIX IIe-
PexXoJOB W HAMJIABHBIX MOCTOB ¢opma MOBEPXHOCTH BOABI CTaHO-
BUTCS BeCbMa CJO0XKHOH. B 9THX ciaydasXx H3MepeHHe TOJIbKO OJHHX
VKJOHOB B KaKHX-TO OrpPaHMYEHHHX HAIpaBJeHUSX [OTOKA fBHO
HepocTtaTouHo. OueBUIHO, 4YTO TPH H3YYEHUH, BO BCAKOM cCJjydae,
NJIAHOBBIX 3a7au FUAPABJAUKHM ONpefesieHHe penabeda NOBEPXHOCTH
NOTOKA [OJKHO BCEeraa HJH B OOJBIIMHCTBE CJy4Yaes HaXOJII/lTbCSI
B MoJie 3peHUus Hccael0BaHus. ’

Haubosee coBeprueHHBIM CIIOCOO0M onpeaeneHHﬂ penbeda co-
GOAHON MOBEPXHOCTH BOABI fIBJAfETCS cTepeothoTOrpaMMeTpuyecKad
cheMKa. B aTol ryaBe maercss KpaTKOe U3JI0XKEHHe MPUHIHUNA 3TOTO:
cnocofa . cheMKd M MeTOAMKA €ro NPHUMEHeHus NpH H3YyUEHWH [BHU-
JKEHHsl BOIBl Ha PYCJAOBBIX MOJeNsX. 3aTeM Ha KOHKDETHOM HpH-
Mepe MOoKa3aHo, YTO H3yueHHe pesibeda MOBEPXHOCTH BOJBI MMeeT
caMoe MpsMOe OTHOLIEHHE K KMHeMAaTHKe MOTOKa H ONpefeNeHHI0
pacmpefeeHns] COOTHOINEHHS MeXHAy YAeNbHbIMM KHHETHYECKOH H
HOTEHIIHANbHOH 2Hepruedl B MJaHe.

Hanee paccMaTpuBaercs BONPOC .0 CHCTeMax pacuera rJyOMH
HepaBHOMEPHOTO TMOTOKA.

CoBpeMeHHAas TexHHKa cTepeo(pOTOrpaMMeTpUUecKux paloT mo-
3BOJIIeT MPUMEHATb € C YCIeXOM H B HATYPHHIX YyC/JI0OBHAX (HA
pekax). [losToMy OTKpHIBaeTCs MNepPCNEKTHBA MOCTAHOBKU BeCbMa
VMHTEPECHBIX paboT [0 NHMHAMHKE DPYCJHOBBIX MOTOKOB — H3YUEHHIO
cBsi3H pesbeda MOBEPXHOCTH BOAb H Pa3MbIBAEMOro jiHa, HO IJIf
sToro Tpefyerca RajbHeHllee pasBUTHE METOLOB OMNpEAeNEHUs
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penbedha IHA TOTOKA. B M3BECTHON Mepe 3TOT BONPOC PEIIAETCH
NpuMeHeHHeM THIPOMETPHYECKHX NPOpHIOrpadoB, B YaCTHOCTH aKy-
CTHYECKHUX M FHIpPOCTaTHYeCKHX. AKycTHUeCKHM Ipoduaorpadam mo-
CBsillEHA CPaBHHTENbHO OoJblias JHTepaTypd, HO THApOCTATHYe-
ckHe npoduigorpadsl 0KasaquCh 3aBBITHIMH, XOTS THAPOCTATHUECKHH
NDUHLEUN H3MepeHUs I[MIYOHH C HCIOJb30BAHHEM COBpEMeHHOH pe-
THCTpUpYIOLIeH  annapaTypsl, 6€3ycJOBHO, 3aC/IyKHBAeT BHUMAaHUS,
4TO M NOKAa3aHO B NocieAHeM Naparpade 5TOH I/aBLL.

§ 1. CrepeodioTorpammerpu4eckuil cnocod onpepeneHun
peasetha cBobogHo# MOBEPXHOCTH BOAbI ‘

DTOT BUJ CBEMKH OCHOBAH Ha HCIOJIb30BAHHU (OTOrpadHuecKuX
CHMMKOB, INpEICTaBJAIOINX COGOA MepCIeKTHBHOE H306pakenne
cHumMaeMoro o6wbekra. Ilosbp3yach H3BECTHBHIMU FeOMETPHUECKHMH
COOTHOILEHHSIMH, YCTAHABJANBACTCA CBSI3b MEXKIY KOODJHHATAMH TO-
yeK Ha (OTOCHMMKEe M Ha u3yuaemMoM ob6bekTe. CheMKa MPOH3BO-
ouTcs IByMA G OTOTEONOMHTaAaMH C KOHHOB OGasuca OO0
(puc. 1-1), mpussAsanHOro K omopHeIM nyHkraMm. Touka N, pacmoso-
’KEHHasd Ha CHEMaeMOM o00bekTe, H300pasuTCs Ha JIEBOM. CHHMKE
B TOUKE 1, C KOODJIMHATOH X;; HAa NIpPaBOM CHHMKe OHa wu3o6pa-
3UTCA B TOUKe 1y C KOOPAMHATOH Xy (cumrast ot Touku O;). Ilpo-

3 / .
BOJST BeoMmoraTenpHyto aunuio N'Oyng mapasnenbHo Jjuauu NOn,
3alUIIeM CAEYIONIHE MNPOMQPIUUH:

Y X
I - (-1
Y zZ
T2 (1-2)
Y B . B
iy EERGS)

rae X, Y, Z — KoopauHATH TOUKH N Ha CHUMaeMOM OOBEKTe, Xj, X,
2 — KOOpAMHATH TOH Ke TOUKM Ha CHHMKAaX; [ — raaBHoe (QoKyCHOe
paccrosnue obbekrusa; B — pinsa 6asuca; P — Bequunna Gasuca
IpH H300pa’KeHMHM ero Ha CHHUMKe, HasplBaeMas FOPH3OHTA/IBHLIM
napasjaakcoMm (yK/JIOHEHHEM).

Uz stux ¢opmyn Buaso, uro Ajs onpemedeHns X, ¥ u Z upu
crepeooTOrpaMMeTpHUECKON CheMKe HeoOXOANMO TPOU3BOAUTH H3-
MepeHre KOOPAMHAT X, X3 W 2 Ha (DOTOCHHMKAX, UTO BBIIOJHSAETCH
C TIOMOILBIO cTepeokomnaparopa. IIpu sToM JieBHl W TpaBvIl ie-
FaTUBBl PACCMATPHBAITCA B OHHOKYJSAPHBIY MUKDPOCKON, Ojaronaps
yeMy MOJNy4Yaercss CTEPEOCKONHYecKoe H300paKeHne H3yuaeMoro
o6bexTa. [lociae 06paGoTKh Ha CTEPEOKOMIIAPATOPE KaXKAO# Iaphl
(QOTOCHHMKOB MO HafJIeHHBIM KOOpAMHATAM COCTABJAAETCH IJaH B
ropusoHTalsx.  Dojee coBeplIeHHLIM HPUOOPOM “SBJISETCH CTepeo-
aprorpad, ¢ NOMOHIbI0 KOTOPOrO aBTOMATHYECKH BbluepUYHBAETCs
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njgad B TrOPU3OHTAJsAX. MeTOAMKa NpUMEHEHHs1 cTepeodoTorpam-
MeTpHH B JaGOpPATOPHBIX THIPABJNYECKHX HCCJAENOBAHHAX Oblaa
BHepBhie paspaborana B 1938 r. [I. M. OpnoBeim B MoCKOBCKOM

z

——

™~ - :

\

Puc. 1-1. Cxema ctepeodoTOrpaMMeTPHIECKOH CHEMKHU.

FHAPOMENHOPATHBHOM HHCTHTyTe. ['OpH30HTANK NOBEPXHOCTH BOIBI
U peabeda pa3mMbiBaeMoOro AHa OblJiM NOCTPOEHB! dYepe3 & MM.

Huxe wanaraercs MeTOANKA BBICOKOTOUHOMH C1epeodoTOrpaMmer-
pHYECKOH CbeMKH [10TOKa, paspaboranHags M. H. lOraHosbiM,
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MO3BOJIAIONIAST [IPOBOIUTL [OPU3OHTANN CBOOONHOM NOBEPXHOCTH BO-
bl uepe3 1 MM.

Has q)OTorpaQ)HpOBaHI/m TOBEPXHOCTH  MOTOKA HpI/IMeHHeTCﬂ
CABOEHHHIM amnnapart, npejHasHaueHHLIH JJI5 CKYJIbITYPHBIX CHEMOK.

B xommjekt anmapata BXOZAT ABe horokamepsl, OA3MCHBIA MO-
CTHK M TpeHoTa. KaMepr umeroT npuk/aanayo pamky (115150 sm)
u o6wextuB (F=180 MM) ¢ upucoBoi nuadparMofi @ CHHXPOHHO
paboraomumMu 3atBopaMu. POKYCHOE pacCTOSHHE KaMep JIeXKHT B
npenenax ot 180 mo 236 MM, yTO NO3BOJAET NPOU3BOAUTL (OTOrpa-
¢upopanve naunnas ¢ paccrostHus 0,85 wm.

Kamepnl Ha 6a3ucHOM MOCTHKe MOTYT yCTAHABJAHBATBLCH Ha pac-
CTOSTHMM JIPYT OT Apyra, paBHoMm 250, 375 u 500 mm.

Hapymenne CHHXPOHHOCTH pPaBOTH 3aTBOPOB MOHHMIKAET TOU-
HOCTh (YOTOrpaMMETPHYECKHX HM3MepeHull moToka. . Jlomycrumas
ACHHXPOHHOCTb PaGOTHI 3aTBOPOB W; MOXKeT OHITh MOACYHTAHA 110
thopmyJie
uB ,
2ollg

= (1-4)
rhe W, — ZOMycTHMas omHOKa onpelesNeHus BLICOTH TOUEK MOBEpX-
HOCTH BOgH; B — nnauHa Hasuca doTorpadupoBaHus; z,-— BHCOTA
dhoTorpadupoBanus; s — CKOPOCTb ABHXKEHHMA KUIKOCTH B Halpas-
JIEHUH, MapaJjiieJbHOM. JHHUYN Gasmuca.

dakruueckasi aCHHXPOHHOCTb paboThl 3aTBOPOB OOLIYHO COCTAB-
asier 1/700 cex. Hampasienne ChEMKH HOMKHO N0 BO3MOMKHOCTH
COBNAJMATh C HANpaBJACHHEM HAMOOJbIIHX CKOPOCTEH B MOTOKE.

dotorpadupoBaHue KeaaTeJbHO IPCH3BOIUTD 112 opTonaHxpoMa-

. 20
THYECKHE MJIaCTHHKH CBETOYYBCTBHTEJLHOCTBIO —5- AMH (~65 exn-

nun FOCT) npu Beizepkke 1/75 cek.
: HaunGomabirass npogoKUTENbHOCTb BHIIEPXKKY { 3aBUCHT OT CKO-
POCTH NIBUXKEHHS TOTOKa, BEIMUMHBI AONYCTHMOTO CIBHra H3006pa-
KeHns A ¥ MacmTaba CheMKH, 4TO BhIpamaercs ¢dopMyJol

A .
t=m", | (1-5)

rie /m — 3HaMeHaTeJab MaciTaba u300parkeHns.

Hois onpeneneHus 3/7eMeHTOB BHeIIHEero OPHEHTHPOBAHHSI CHHUM-
KOB CO3/laeTcsl BHICOKOTOUHBIMH T€OJe3MUeCKMMH CMoCo6aMH MHKPO-
nosuron. OTMOPHBIMA TOUKAMH SBJSIOTCA MeTaJJHYECKHe perepa,
3alleMEeHTHPOBaHHbIe Ha pycnoson naowanke (1015 B 3aBucumo-
CTH OT pPasMepoB PYC/IOBOA Mozesn). PacCTosHus MEKAY penepami
HamepaAoTcs 6as3uCHON cranbHOH JaeHToH. CpeaHas KBaapaTHuyecKas
omubOKa 3THX H3MepeHH# coctaBaser +0,2 MM,
© " Noig HuBeNUPOBAHUS peNepoB NPUMeHSeTCst HUBENUD C peBep-
CHOHHEIM ypoBHeM. B kxadectBe RuBeqnpHoil pefixkn HeoGXx0auMO
NPUMEHUTH JIMHEHKY, TMO3BOJNAIOULYI0 ONpeAe/IfiTb BbiCOTH OMOPHLIX
TOUEK ¢ norpemuocteio 0,05 MM.
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IToBepxHOCTh MOTOKA AeMacKupyercs: GyMaXKHBIMH IOIJIaBKAMH,
KOTOpBIE OCBEUIAIOTCA S/IEKTPONAMIIAMH, HCXONS U3 pacUeTa 4000 BT
Ha | M2 B KoHHe pYC/OBOH IJIOIAIKH YCTaHABJIUBAIOTCS UYepHBIE
BEPTHKAJbHEIE SKPaHbl, 3alIMIIAIONINE TOBEPXHOCTb BOMLI OT BpEL-
HBEIX OTpaKeHHi.

[Tpu sroM crnocofe HEBO3MOKHO onpeJ:LeJIHTb OTMETKH TeX TOUEK
HOBEPXHOCTH BOAB], B KOTOPHIX HE NPOXOAAT MOMJIaBKaMy, UTO §B-
JIeTCA .€T0 HeJOCTATKOM. JaroJiHeHHe »Ke BOJHOH NOBEPXHOCTH
GOJbUIAM YHCJIOM IIONJIABKOB MOKET BBI3BATh Le(@OpMalHI0 NOBEPX-
HOCTH BOJIbl 34 CUET M3MEHEHWS HOBEPXHOCTHOIO HATSXKEHHH, a Tak-
¥Ke HArpOMOJKIEHHS [OMJIABKOB, B OCOOEHHOCTH BOJH3M MOJesel
COODYXKEHHH O CTOPOHBI BepxHero Oneda.

dororpadupoBaHre NPOM3BOAUTCS IPH CPELHEM pAaCCTOSHUH
ob6bexra cheMKH OT (oroammapara okono 3 M. ITpu sTom mpuxo-
IUTCA OTHEJbHO CHUMATb OJIMKHUH M JaJbHUH I[JIAHBIL

O6pabGoTka CHMMKOB TIPOU3BOIMTCS Ha cTepeoaBTorpade B Mac-
mrabe 1:10 uap npyrom, ynob6HOM B 3aBHCHMOCTH OT H3yJyaeMoro
o6bekra. g mpoBeleHHs Topu3OHTalell Habupaercs ot 150 1o
200 NUKeTHHIX BHLICOTHHIX .TOUeK. CedeHHe TOpH3OHTAJeH, NPOBOJH-
MBIX cnoco6oM wuHTeprnoaupoBaHus, cocrasaser | mMm. TounocTb
cbeMKu Kogebaercs ot 0,3 MM Ha cpensem mJjasHe no 0,5 MM Ha .
LaJbHeM IIJIaHe, 4TO BHITOJHO OTJHMYaeT METOLHKY cTepeodoTorpam-
MeTpuH,penaoxennyio OTaHOBEIM, OT APYTHX aHAJOTHYHBIX METO-

" MK, TIOCKOJBKY Npexjae He Ohlla NOCTHTHYTa TakKas BLICOKas TOY-
HOCTb u306pakeHus pesbeda MOBEPXHOCTH BOJIEL

3a HyJeBYyI OTMETKY MOKeT OBITb NMPHHATA HAHHMU3INAS TOYKA
Ha OCH NOTOKA B KOHIIE PYCJ0BO# mioumankd. Beicora dotorpadu-
pOBaHUS OTHOCHTENbHO 3TOH TOYKH MOKeT ObITb 0KoJo, 0,8 M. :

CrepeodoTorpaMMeTpus SIBJASETCS €IMHCTBEHHBIM CHOCOGOM, MiO-
SBOJISIIOIUM OTpENeNUTh B OLUH MOMeHT BpeMeHH (opMy cBoGOm-
HOH TOBEPXHOCTH BOAM. LIeHHOCTHL ero oYeHb -BeJHKA NPH H3yUeHHH

- HeyCTAHOBHBIIErocsl ABHXKeHHS BOABL. ITpuxoZuTCs KOHCTAaTHPOBATS,
4TO B HACTOSIHIEe BpeMst cTepeadOoTOTpaMMETPHsT BCe ellle Heg0CTa-
TOUHO TNPHMEHSETCH B J1a6OPAaTOPHEIX H MOJEBBIX THAPABIHYECKHX
HCCJIeIOBAHMAX.

Huxe NpHUBOLUTCSA ONBIT IpUMeHeHHs1 crepeodoTorpaMmerpuu K
H3YYeHWIO ABHKEHHA BOABI B pycie M. noime (puc. 1-2 u 1-3) B
YCAOBHAX MORNOpA OT IJIOTHHBI, COODYXKAeMofl B pycje. DKCHOEpPH-

“MeHTHl Oniin mocrasgennl I'. B. JKenesuaxoesiM [4, 5] u M. H. IOra-

HOBBHIM Ha pYyCJ0OBOH mJjollazke pasMmepamu 5,26X7,20 m. Pycao
uMeso TmapaboNHyecKoe ouepTaHHe ¢ IVIYOHHOH Ha OCH fp max=
=0,06 M n wupunolt By=0,60 M; mofima — mIocKas CHMMeTpHUHAsI
C HYJEBHIM NONepeyHBHIM YyKJIOHOM. ITpomoabHHIl yKIOH mHa mo-
‘toka Io=0,001. IloBepxHocTh pycna B TOHMEl GblJIA MOKpHITA I(E-
MEHTHOH 1Tykatypkod. [Ha pHcyHKax 1[0KasaHbl TOJOXKEHHS
penepoB Ne 1 u 12, OnbiThl NpOBOAHJMCH NPH Pa3NHYHOA LIMPHHE
noiiMul By
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Muoruna 1 (puc. 1-2 u 1-3) mpeacrasiser cobolft Ha Mot
MJOCKYI0 CTEHKY ToJiiuHoi 0,5 CM M [JIMHOH, PaBHOW LIHPHHE pyC-
na. Ha sTMxX puCyHKax ODpHBeAeHbLI TODH3CHTAJIU TOBEPXHOCTH BOJBL
BujHo, 4TO [aHHBIA NPHMEp NOCTPOEHUS TOPHU3OHTAJEH MOBEPXHO-
CTM BOJbl HMHTEpeCeH YeTKOCTbIO H3MeHeHHs pejbeda BOAHOHA IO-
BePXHOCTH. ’

Y 0roJioBKOB NJOTHHBI NPH ee OOTEKAaHMH 3aMETHO CHHXKAIOTCS
OTMETKY TOBepXHOCTH Boawl. Huxke 6yaer mokasaHo, 4T0 y Or0JIOB-
KOB IJIOTHHBI CKOPOCTH yBEJHUHBAIOTCS, 03TOMY YMCHbIIEHHE OT-
METOK MOBEPXHOCTH BOJBI MOXKeT JaTb KOCBEHHOE  [pelcTaBjeHHe
O TOBLIMIEHHH B 3TOi 00/1aCTH CKOPOCTell TeUeHUS BOMLL

ITo nianaM MOBEPXHOCTU BOABI B TOPH3OHTA/NX OTUETIHBO BHA-
HBl [Ba OCHOBHBIX pexuMa oOTeKaHud IVIOTHHBLI: 1) pycso B HHXK-.
nem Obede paGoraeT HemoJHBIM ceueHHeM (puc. 1-2), B aToM ciy-
yae rOPH3OHTAJH MOBEPXHOCTH BOJALI B pycCjae y OPOBOK pacmoJo- -
JKeHbl apajJienbHo; 2) pycsno B HUXKHeM Obede paboTaeT MOMHBIM
ceuennem (puc. 1-3).

[Mo penbedy NOBEPXHOCTH BOMbI MPEICTABJIFETCS BO3MOMKHBIM
NPOCAENNTh M3MEHEeHHE OTMETKHM NOBEPXHOCTH BOABI B J06OM Ha-
npasJeHun. B uacTHOCTH, B CTBOpE IJIOTHHBEI OTMETKA yMeHbLIaeTcs
B HampaBJIeHHH OT OrOJIOBKA IJIOTHHBI M Ha HeOOJbIIOM OT Hee pac-
€TOSIHHY .JIOCTUTAeT HaMMEeHBbIIero 3HadeHMs, a 3aTeM HJaBHO BO3-
pacTaeT W CTAHOBUTCS TMOUTH OJMHAKOBOH IO IMHPHHE HOTOKA.

B o6nactsx ¢ NOHUMKEHHBIMH rJIy6HHaMH a CJeIOBaTEJbHO, C
MOBLIIIEHHLIMA CKODOCTSMH CJAEAYeT OXUAATH HaHOOJbIIMX pas-
MBIBOB JIHA.

§ 2. Onpepenenre B3aWMOCBA3H penvefla NOBEPXHOCTH BOAbI
C KKHEeMaTHKOA NOTOKA

[TocranoBka Takoli 3afaud MMeeT H TEOPETHUECKOE U NpaKTHue-
CKoe 3HAaueHHe, TaK Kak, 3Has, Hampumep, Gopmy cpoboIHOH mHO-
"BEPXHOCTH BOJEBL, . MOXKHO MNOJYYHTb KOCBCHHOC MpeICTaBJeHHe O
pacipejesieHun ckopoctell - B notoke. [lpemmyinectso omnucanHo#
METOAUKH CTepeo(OTOrpaMMETPHH COCTOUT H B TOM, UTO OHa yn006-
Ha B COYETAHHM ¢ (POTOrpaMMeTPHUECKIMH H3MEPEHHAMH [OJ - CKO-
pocreft Ha cBOGOAHOH NOBEpXHOCTH (HaNpaBJieHHH M BEJHUYHH CKO-
pocrelt).

[LIaHOBOE NOJOKEHHE TPACKTOPHI ABHIKCHHS BOXBI H noBepx-
HOCTHBIE CKOPOCTH OIPEeNeJA0TCH MHOTOKPATHBIM BepPTHKAJIbHLIM
doTorpadupoBanueM ABUKYIIUXCA GyMaKHBIX IOIIABKOB, KOTOpbHlE
"HCTIOJIB3YIOTCS U [J151 LeMacKHPOBAaHHS BOJHOH MoBepXHOCTH. MoK-
HO peKOMeHI0BaTb ¢oroannapar . (HOKyCHBIM paccTOsHHeM [=
=194 MM W OTHOCHTeJbHBIM OTBepcTHeM 00TLekTHBa 1:6,3. ®oro-
anmapaTt yCTaHaBJAHBaercsl Haj LEHTPOM NJOIAAKH B DPacCTOSHHY
OT Hee [0 BepTHKaJH okojo 3 M. K 0OBeKTUBY KaMephl IpUKper-
JISIETCS1 CaMOBO3BOASALLIUNACA 3aTBOP M COJICHOMA AJs CIycka 3a-
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tBopa. CoJieHofin HpuBOAUTCES B NefiCTBHE HMIyJbCaMu MOCTOSH-
HOTO TOKa (HanpsikeHHeM 0koJo 40 B), MOCHIJIaeMbIMH KOHTAKTHLIM
CEeKyHIOMepoM. 3aTBOp - annapatra MOMKeT OTKPBIBATbCSH U -3aKphl-
BaThes uepes | cek. ¢ sxkcnosuuuedt 1/70 cek. @ororpaduposanue
HpOM3BOAUTCS Ha OAHY QoTorpadUyecKylo MIACTHHKY 0e3 3aTeMHe-
HHSl pyC/JOBOH MNJOLI@AKH, YTO co3LaeT GoqbliHe ypo0cTBa B pa-
6ote. OCBelleHHOCTb IJIOILAAKA MOXKHO HNpUBSITE U3 pacdera 600—
700 Bt Ha | M? naomany.

[TpeumyulecTBo 3TOro cmoco6a 3akJOUaeTCss B TOM, UTO IIPH
o4eHb MaJblX TMyOWHAX BOAbl B IOHMe BO3MOXKHO H3MepATh AeH-
CTBHUTe/bHEIE TOBEPXHOCTHEIE CKOPOCTH, YTO TPYAHO CHLEJIATb CKOJMb-
KO-HUOYAb TOUHO, MPHUMEHsA CBETAILINECs MOIN/JIaBKH, KOTOpble OOLIU-
HO MOTPYXKAIOTCS B BOAY HA HEKOTOPYIO ray6uHy W pPEerHCTPUPYIOT
OCpelHEeHHYI0 CKOPOCTb B mpelenax 3Tofl 1/yOGHHBL

[TnpiBymine nmomsaBKM Ha CHMUMKax jaioT ToukH. Ilo paccma-
HHSIM MeXIy NOIJIABKAMH ONpPeAeJAITCH CKOPOCTH IOTOKA; pac-
CTOSITHHE MeXKIy IOIJIABKAMHU ONpefelsercs H3MepHTeJeM H yMHO-
)KaeTcs Ha MacwitTab CHMMKA, B pesyjbraTe NOJAYyYaeTcs CKOPOCTb
MOTOKa B M/CEK., TaK KakK BpeMs 3lech f=1 cek. [/ onpenelieHns
mMacmtaba CHHMKOB Ha pPyCJOBOH IJIOMIAJKe OIPENE/ISIOTCH KOOp-
IMHATH HeCKOJbKHX (4—06) onopueix Touek. OTHoWeHWe paccTos-
HUE MeXKJy ONODHBIMH TOYKAMH Ha [JOWMAJKe, H3MEpeHHLIX M0
CHHUMKY, onpefedaser macwita6 nocaegnux. [lonpaBouHele uieHB K
3HaMeHaTeN0 MacmTaba onpelesnsioTCs, YUMTHIBast TMIyOUHY BOJHI
¥ IOKasaTeJb NpesaoMJeHHs BOXHOH cpenn. CiepoBartenbHo, ‘Gop-
MyJaa AJsi OTNpefeleHHs CKOPOCTH (Ha KOPOTKOM OTpe3Ke TPaeKTo-
pUH) HUMeeT BUL

u=m17=(—§——71’27)’t— | (1-6)

riae Iy — paccTossHHe MeXIY ABYMS CMEXHBIMR H300pameHHIME I10-
NJaBKa Ha CHUMKe; {— WHTEPBaJ MeXAY 3KCIO3UIHAMH, M — 3Ha-
MeHaTe/b MacwTaba CHHMKA; L — paccTosiHie MeXIy OIOPHBIMH
TOUKaM# Ha PYCJIOBOH NJoWlafike; [ — paccTosHie Mexjay H306pa-
KEHHSMM 3THX TOYEK HA CHUMKE, /i — riy6uHa NOTOKA; 7 — MOKa-
3aTesib APeJOMJIEHHs] BOIHOH Cpelsl; f— (OKyCHOe paccrosHue.

ﬂonpaBKa quHTbIBaeT Pa3HOCTh OTMETOK IOBEPXHOCTH BOJMIBI

U JIHa.

~Tlpn TakoM cnocoGe H3MepeHHS CKOpOCTeH MOXKHO TOCTpPOHTD
3MIOPY CKOpOCTel B JI0GOM MO JJIMHE MOTOKAa CTBOpE C BecbMa Ma-
JIbIM OCPeZHEHHeM CKOPOCTH MO JJMHe TpaeKTOpuH. TouHocTh paGot
no sromy cnocofy cocrasaser 0,5%. Has obnervennss o6paboTku
(OTOCHUMKOB HOIJIaBKH BBEIIIYCKAIOTCS pa3HblX GOpM: KPYTJble, KBa-
patHele u np. Ha puc. 1-2 u 1-3 moxasanbl TpaeKTOPHH NBUMIKEHHS
KHAKOCTH, HA KOTOPBIX TOYKAMH OTMeEUYeHEl OTPe3KH TPAeKTOPHH 3a’
CeKYHIHHII MHTEpPBaJ BpeMeHH JBHXKEHHS NOIJaBKa. '
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O6enpuHsTOe HCCACAOBAHHE MECTHBLIX XapPAKTEPHBIX CKOPOCTEH
u npoduneil cxopocrel, XOTsl ¥ NO3BOJAET [AaTh OTBETbl HAa PAL
BaXKHBIX BOHPOCOB TUAPABJAMKH, BCe e He JaeT IOJHOH KapTHHHI
‘0 IBUXKEHHH TOTOKAa B LesoM. [T03ToMy Heo6XOAMMO BBECTHU B IIpaK-
THKY THAPABJAHYeCKHX Ja0opaTOpHi TaKo# crnocol ucc/aegoBaBud
MOTOKA, NPU KOTOPOM MOKHO IIPOM3BOAHTDL aHAJH3 ABHXKEHHA BOJBI
C y4eTOM [POCTPAHCTBEHHOI'O paclpejesieHus 3JeMeHTOB IBUKEHHS,

Crepeodororpammerpust ¥ (GOTOrpaMMeTpUS pEIIalT 3Ty -3a-
. Jauy, TO3BOJISisT ONpPEAENNTb B3aMMOCBSI3b pesbeda, NOBEPXHOCTH
BOJIbI, TOJIST CKOPOCTEH M TpaeKTOpHH ABHXKeHHs. Bpeas B paccmor-
PeHHe TJIAHOBLIE W30TaXHW W CpaBHHUBAA HX HOJOMXKEHHe C TpaekTo-
PUSIMH JBHKEHHST U TOPU3OHTA/ISIME HOBEPXHOCTH BOJBI, MOXKHO CY-
JIUTh O CTeleHH HEepaBHOMEPHOCTH IBHMKEHHS BOJABL ITOT IpHEM
UCCTeIOBAHUSI COCTOUT B cjefyoolleM. TpaekTopuu OBHIKEHHS BOAMI
HAKJIAIHBAITCH HA TJaHB B TOPU30HTaAsAX CBOGOAHOH NOBEPXHO-
cru (puc. 1-2 u 1-3). B Bepxsem Obede Ha HEKOTOPOM DPACCTOSHHH
OT TIMOTHHBI HabaogaeTcs NpUOJH3UTENPHO OpPTOrOHAJIbHOE pACHo-
JIOXKeHMe TOpU3oHTaj el W Tpaexkropuil. [lo Mepe mnpubamxenus X
CTBOPY M OTOJIOBKAM MJIOTHHBI OPTOTOHAJNBHOCTb HMX HapyLIaercs.
PacnpeneneHue ckopocTell B TaKHX o06JacTax OoJee cjioxuoe. Or-
" cloja cJelyer, UTO OTKJAOHEHHE OT OPTOrOHA/JNBHOCTH B PACIIONOXKE-
HHH TOPH30HTAJjell M TPACKTOPHH IOMKHO YKa3biBaTh HA CJOKHBIH
XapakTep TOJsi CKOpPOCTel; CIYIIeHHe TOPH30HTajell COOTBETCTBYET
YBEJHYEHHUIO CKOPOCTEH.

Ha ocHOBaHHE TOBEPXHOCTHLIX CKOPOCTEH TeueHHs] BOJB, OTHE-
CeHHBIX K CepelHHE OTpe3Ka MexKJy TOUKAMH Ha TPaeKTOpWH, Ci0-
co60M HHTEPHOJSIUHHU CTPOSITCS IJIaHOBhle u3oraxu. Ha puc. 1-2 u
1-3 ceuenue u3oTax cocrasaser b cm/cek. OTMETHM HEKOTOpBIE OCO-
GEeHHOCTH IIOCTPOEHUS: IIAHOBLIX H30TaX, C KOTOPBHIMH B MOTOGHBIX
clydyaax - MPUXOJMTCS BCTpeuaTbes. Ha HEKOTOPHIX ydacTkax Mo-
TOKa nepe] NJOTHHOH H3MeHEeHHe CKOPOCTH MPOHCXOIHNJIO HACTOJILKGC
He3HAUNTENbHO, YTO NPAKTHYeCKH MOJAYYaJ]0Ch IoJde TOUeK C OfMHA-
KOBBIMH CKODOCTIMH. B '3TOM caydyae mJjaHOBbIe H30TaXM MOXKHO
NPOBECTH 4epe3 cepeluHy nojsd Todek. Ilo W3oraxam Jerko mpocie-
KUBaeTCsl TEMII HapacTaHus CKOpocTefl motoka. Hekoropole u3s
TpaexTOpPUH JBHXKEHHs IIONJIABKOB CJeLyeT pPacCMaTPHBATL WHIH-
BHAyaJbHO, TaK, HapuMep, TPaeKTOpHIO Ha pHuc. 1-3 mepsyw ciopa-
Ba IO TEYCHHIO OT OPOBKH pycaa B HuxkHeM Gbede. CKopocTH, mOf-
CUHMTAHHBIE IJIS 3TOH TPAeKTOPHH, TIOJNYYAIOTCs] MPUMepPHO B 3 pasa
MeHbIIE, YeM Ha CMEXHOH TpaeKTOpHH. DTO OGLSICHSETCS TeM, UTO
nepBasl TPAGKTOPUS OTUACTH 0Ka3ajach B BHUXPeBO#l 30He NOTOKA.

PaccmaTpiBasd COBMECTHO H30TAXM M TPAEKTOPUH JBHIKEHMS
BOZbI, MOXKHO NOAMETHTb IPHOJH3UTE/ILHO OPTOTOHAJIbHOE HX pac-
DOJIOXKEHHe BJajJd OT IUIOTHHBL. [Ipu OBUXKeHHMH BOXB BO6JIU3H
IJIOTHHBI . PACIIOJOKEHHE TOPH3OHTA/eH, H30TaX U TPAEKTOPHUIl 3HA-
YUTEJbHO OTKJOHSAETCH OT OPTOroHaJbHOTO. CTereHb 3TOTO OTKJIO-
HEHHS M ero 0COGEHHOCTH MOLYT CJAYKHTh XapaKTePHCTHKOH JBHMKe-
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HHug BoAnl. Tak, Hanpumep, B HikHeM Obede, BOJIH3Y  IJIOTHHEI
TPAeKTOPHH M TOPHU30HTAJNHM UMEIOT TEHIEHUHIO K NEPECeUeHUro Mox
MaJBIMH yrjaaMu. i

IOns comocraBjeHusi HEPABHOMEDHOTO INOTOKA C PAaBHOMEDHLIM
Ha puc. 1-2 n 1-3 noctpoenn 2miophl 2 pacnpeieseHns: OBEPXHOCT-
HBIX CKOPOCTeH (moJiydeHBl (OTOrpaMMeTpPHUECKHM CnocoGoM) 1o
WMPHUHE PABHOMEDHOrO MOTOKA (O YCTPOHCTBA IMJIOTHHBI) NIPH ypPOB-
HE BOJIbl, DPABHOM YpOBHIO HepaBHOMepHOro mnortoka. HaspaHHble
SMIOPBl H300paXeHbl CIJOLIHOA YTOJILIEHHOH JMHHUeH; [Kajda CKOpo-
CTell MoKa3aHa cjeBa Ha yeprexax. Ha puc, 1-2 u 1-3 MoxkHO BH-
IeTb, 4TO:. ) CKODOCTH TeueHHs BOJbl [0 Mepe NPUOJIHKEHHS K 11/10-
THHe (B BepxHeM Obede) HECKOJIbKO CHHXKAIOTCA MO CPABHEHMIO C
pPaBHOMEDHBIM [IBHIKEHHEM, YeMY COOTBETCTBYET MOBBLIIIEHHE OTMETOK
MOBEPXHOCTH BOJBl Nepefl NJIOTHHOH; 6) BOGJIM3H CTBOpA ILIOTHHBI
(B BepxHeM Obede) CKOPOCTH TeueHHs] BOABI B NOMME BOCCTAHABJH-
BaIOTCSl, JeJasch NpHOJIM3UTENBHO PABHBIMU CKOPOCTSIM DaBHOMEp-
HOTO NOTOKA; B) B CTBOpE IJIOTHHBI, B OCOGEHHOCTH BOJIH3U ee OTo-
JIOBKOB, NPOKUCXOAHT 3HAUHTENbHOE HapacTaHMe CKOPOCTEH M CHH-
’KEeHHe OTMEeTOK MOBEPXHOCTH BOXBI; 3JeCh CKOPOCTH TEeUeHHS BOMIbI
B IofiMe NpPH HepaBHOMEPHOM JABH)KEHHMH 3HAUNUTEJBHO TPEBHIIAIT-
CKOPOCTH B TOHMe IIpH DPaBHOMEDPHOM JABMIKEHHH.

C moMoulblo TOpH30HTAaJeH, TPaeKTOPUH M H30Tax MOXKHO GoJee
0060CHOBAaHHO yKa3aTb ONACHbie B OTHOLIEHHH pa3MblBAEMOCTH
yuacTKM [Ha notoka. [lid onmpenesNeHHs KWMHEMAaTHUECKHX Xapakre-
PHCTHK I0TOK2 MOXHO TaKiKe MPHMEHHTH crepecdoTorpaMMeTpuye-
CKYI0 CbeMKy 10 MeToiMKe, passutoit H. H. ®enoposbim [6].

§ 3. Cuctemnt oTeyera rny6HH HepaBHOMEPHbLIX NOTOKOB

Ina omnpeneseHnss pacxoja KHUAKOCTH TpeGyeTcss 8HATH MNJIO-
LWaab KUBOTO CEUYeHHSs, T. €. IJIOLLAIb [OBEPXHOCTH, MPOBENEHHON
B Ipefeax IIOTOKa JKHAKOCTH, HOPMAJbHON B KaXI0H CBOell TouKe
K BEKTOPY COOTBETCTBYIOLIeH MecTHOH cKOpocTH B 3To# Touke. [lpn
MJIaBHOU3MEHSIOMEMCS] JBHKEHUH XKHAKOCTH JXHUBOE CeYeHHEe MPH-
HUMaeTcsl [JOCKHM, HOPMaJ/JbHbIM K HalpaBJeHHI0 IBWKeHus. [Ipu. .
pPacCMOTPEHHH CHCTEMbl OTCUeTa TJIyOuH OyleM HCXOIHTb H3 3TOTrO
nonymerys. [I1pd HepaBHOMEDPHOM - IBHXKEHHH XKHUIKOCTH YKJOH IIO-
BEPXHOCTH BOIBl [=sin oo He paBeH YKJOHY AHa Noroka [o=sin g
(puc. 1-4). B cBs3u C 3THM MOTYT OBITb TPH CHCTEMEl' OTCUETA TJIY-
6un: 1) no Beprukamu (h), 2) nepuHeHAUKYJAdpHO AHY moToKa ()
# 3) nepneHAUKYJ/SIPHO CBOGOLHON NMOBEPXHOCTH BOJEL B 3aJaHHOM
cevenny. Tlocneansas riay6uHa Ha pUCyHKe He NoKasaHa. [iy6uHa A
2CThb OCHOBHasl MMyOHHA, KOTOpas B DPEYHOH THADOMETPHH H3Me-
PSAETC W HCIOJMb3YeTCs BO BCEX pACUETaX, B TOM UYHCJIE IUIOIAMH
JKHBOT'O CeueHHS:

. ITo H. H. TlaBaosckomy [7], BMecTo ray6umnsl, nepneﬂﬂnxymp-
HOM HOBEPXHOCTH BOJbI, BBEMCM raybuny A, nepneH,u,HKynﬂpHyro
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Tabauya 1-2

3naueHHs Tg—

o
Q
0

(og — a)°
0 1 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
) 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 { 099 1,007 1,026 1,005
20 0,985 0,985 0,988 1,000 1,020 1,048
25 0976 | 0,976 0,980 | 0,991 1,017 1,039
30 0,966 | 0,966 | 0970 | 0,981 1,000 1,128

§ 4. Onpepenectue penbepa pgHa ¢ NOMOWDLIS FHOTAHUHOHHOIOD
rappocTaTnyeckoro npothunorpapa

OcofBeHHOCTBIO paccMaTprBaemoro npodunorpada ssiaserca Au-
CTAHIIMOHHAS CXeMa pacloJIOXKeHHs ero y3J/0B, BLIMOJNHAIIINX pas-
auunele  yuxknun. Tlpu  uamepenuw npoduas perucTpupymoiiee
YCTpOHCTBO pacnosiaraetcs Ha 60pTy KaTtepa, a AaTYHK IIy6un 6yx-
cupyercsa no aHy. VsmepeBue ryOHH OCHOBAHO Ha THApPOCTATHYE-
CKOM TmpHHIUNE. K3MepeHUe pacCTOAHHUN NPOU3BOAUTCH MOPH MO-
MOWY NpoyHo# HUTH. [Tpodunp nHA 3aUHUCHIBAETCA B PETHCTPUPYIO-
IWEeM yeTpoiicTBe Ha GymaxkHo# JeHTe. B paspaGorTke KOHCTPYKUHH
MPUHUMAJ yuacTHe KOJAJEKTHB aBTOpos npu Korcynbramuu B. . Ca-
BeJbeBa. ‘ : ‘

Komnaexr npodunorpada COCTOUT U3 ClelfALIEr0 JOTa C TPOC-
kabeseM, perucTparopa, y3la U3MepeHHs TOPH30HTAJbHBIX PACCTOs-
Hul, GOPTOBOrO aMOpTH3aTOpa C KATYIKOH .1aa Tpoc-kabeas H
YKIaJ049HOTO AlINKA.

Caensimuiit ot (puc. 1-5) meukercs -no puy. OH npencrasJjsier
coGoli oBTexkaeMoe TeJO C OllepeHyeM, KOTOpoe ofecrneuwBaer IMo-
CTOSIHHBIE KOHTAKT ¢ AHOM. BRyrpu J10Ta pacmojioxKeH HaTYHK IJy-
6un. Chemdamuil JOT coefiMHEH TPEXKMAbHBIM TpoOC-KabeseM ¢ pe-
THCTPATOPOM. v

Perucrparop (puc. 1-6) sanmuceiBaer Ha OyMaykHYIO JEHTY Opo-
¢uap nua. CxeMa perucrpatopa ob6ofmaer uHGOpPMALHH, TOJdydae-
Mble OT JAaTuKMKa TJIYGHH U HaTYHKA FOPU30HTAJNBHBIX PAaCCTOAHMH,
¥ BLIJAET 3aNUCAHHBIA HA JEHTY NPOodHJb.

V3en maMepeHwus rOPU3OHTANBHBIX DACCTOAHUH CAYXKHUT IAs He-
[OCPELCTBEHHOTO H3MEPEHHA TFOPH3OHTAJbHLIX PACCTOAHME M s
Nojaun Ha PErHCTPATOp MMILYJbCHbIX CHLHAJIOB uepes Kaxible 0,5 M
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Puc. 1-5. Cnepsuuit 0T AHCTAHLMOHHOTO TI'MAPOCTATHUECKOrO
npodurorpada.

Puc. 1-6. Perucrparop AUCTaHUMOHHOIO MHAPOCTATMUYECKOrO mpoduaorpada
(C OTKPHITON KpBHIUKOH).
1— nepexmoyaTelb IMANAS0HOB, 2 — DEryAdTOp CKOPOCTH (peie BPeMEHH); 3— mepex.ioda-
Teab pOAa pabOTH; 4— KOHTPOIbL MUTANHA; & — BKAIOYATENb NUTAHUS, 6 — BOABTMETD;
7 — nexra; § — KPBIUiKa.

o



npofinernoro mytn. [ usmepenus pacctosHnfl mpHMeHEHA Kanpo-
HOBAsl HUTb;, HaTsizKeHHe KOTOPOH PEryJHPYEeTCsT B 3aBHUCHMOCTH OT
CKOPOCTH TeueHus.

bBopropolfi amopTH3aTOp CMsSryaer yAapsl CJAEAAILETO JOTa O
MOJABOAHEIE NIPENATCTBUA W MPeJoXpaHseT Tpoc-KaGenb 0T 06PLIBOB.

Texuuueckue nauHbie npuGopa npusefeHs B Taba. 1-3. [Tpun-
uunuafdbHas cxeMa npubopa nokasaxa Ha puc. 1-7. Mamenenue nap-
JeHusi (TJIyOHH) BOCIDHHMMAETCS YYBCTBUTENbHLIM 3JIeMEHTOM CJle--
OALIero joTa I, 4TO BbI3LIBAET H3MEHEHHE CONPOTHBJCHHS I[IOTEH-
nuoMerpa 2 M -COOTBETCTBYIOLlee H3MEHCHHE CONPOTHBJEHHS B
MOTEHLNOMETPE perucrparopa 3.

Tabruya 1-3
TexnHyecKne maHHble AMCTAHUHOHHOTO THAPOCTATHYECKOro npo@uicrpada

n'}\f,;l' HaHMEHOBaHHe HNAHHBIX U pa3MepHOCTb BeJIPIqHHa
1| Ilpemea peructpaniu CAyGHH, M . . . o 15
2 | pexen perucTpaiMu TOPUIOHTAMBHBIX pacerostui npn paGoTe

¢ HHTBIO, M . . . e 1200

3 | To xe mpu pabore ¢ peJIe Bpemeﬂn Moo e 5000

4 | TounocTs mamepenua rayéun, % . . . . . Coa e 3—5

5 | TounocTs u3MepeHHs TOPU3OHTAMBHBIX paccmﬂmm % L. 3—6

6 | Bec KOMIAGKTA, KT . . .« .« « .« oo 56

Bec' caegsiuiero nota )

7 OCHOBHOH BAPHAHT, K[ . . . . " w & w v o o . 12,8

8 OGJIerveHHBI BapHaHT, K& . . v . « o « o W o+ . 6,2

9 | Bec perucTpatopa, KL . - .« e e e e e e e e e 11,2
Macmra6 sanucu npoduas

10 TOPU3OHTAMBHBIA . . . . . . + « v « « « « v .| 1:500
11 BepPTHKAJbHBLIE Ha | gmanasome . . . . . . . . .| 1:100
12 wa Il guanmasome . . . . .- . . . .| 1:200

[Turanue, &

13 ABTOHOMHO® . . v v o' e et e o e o e o v e 12

14 OT GOPTOBOH CETH . « v v v’ v o e e e e v 24

[1seun moTeHUHOMETPOB 06pas3yioT MOCT, B JHArOHaJb KOTOPOTO
BRAOUEH ycuautesb 4. Ilutanune Mocra ocyliecTsiisieTcs OT reHepa-
topa § ¢ uacroro#t 500 ru. Ycuautenb W reHeparop coGpaHbl Ha
MOJyIPOBONHUKOBBIX - TPHOAAKX. DBeIXomHON curHan ycuiauTtess HO-
MlaeTCst HA yupasJasiomye oOMOTKU asuratens 6 cucrems [LH]1-0,5,
KOTOpBIH MeXaHHYeCKH  CBf3aH CO UIeTKOA NOTEHIMOMeTpa 'perucr-
patopa. JlBuraTeqp BpalllaeTcsa T4k, 4To0bl MleTKa OPHINIA B MOJO-
JKeHHe, TIPH KOTOpoM MocT .Oyzer ypaBHosewneH. Co IIeTKOH Kect-
KO CBf3aHa uraa [2, npoussoasilasi 3anuchb npoduas Ha JeHTe 7,
Korja MoCT ypaBHoBeliteH. losoxkenue uraml Ha JeHTe MPONOPLHO-
HaNbHO TIyOGHHE NOrpyzKeHust ciefsiero Jjota. [Ipu pasmaTeBaHuH
H3MepuTeNbHON HUTH I3 BpamaeTcs KaJiuOPOBAaHHBIN WIKHB U3MEpH-
Te/ld PAacCTOSHUH, KOTOPLIH 3aMblKaeT KOHTAKThl &, B COOTBETCTBHH
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¢ stuM cpabarbiBaer sjeKTpoMarHuT 9 u TpH MOMOIM XPanoBoro
MeXaHu3Ma BpAILaeT JeHTONpoTAxHblli Gapaban /0. Takum ofpa-
30M, CKOPOCTb IepeMelileHHs JIeHThl NPONOPUHOHAMbHA YaCTOTE N0~
CTYNAIOLIHX CHTHAJOB, T. €. CKopoctTH Oykcuposku. Yacrtory cur-
HAJ0B MOJKHO YCTAaHABJNMBATb TakiKe NPH HOMOIM peje Bpemenu [/
Tak, YTO6Ll OHA COOTBETCTBOBasa CKOPOCTH OGYKCHPOBKH. B .3ToM
cjiyuae M3MepHUTeIb PacCTOSHHE He HCMOJb3YeTcs.

W3mepument 20pU3oHMansHex pacCmosHUL
-~

N =12V 12 P 7
I T 707
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Puc. 1-7. [lpuHuvnuanbHas cXeMa JQHCTAHUHOHHOTO T'MIPOCTAaTHYECKOTO
npoguiorpada. ’

] —4yBCTBHTENbHbIH 9/MEMEHT RaTydka TJAYOHH; 2 — IOTEHLHOMETD JaTuuKka riayOus;

3 — NOTeHIUOMETP  PEerHCTPHPYIOILero ycTpolcTBa; 4 — yCHAUTeAb; & — PeHepaTop;

6 — aaexrpoapuratenb JHWI-0,5; 7 —O6ymawuasn JeHTa; &-— KOHTaKTHas CHCTEMa ys3iaa

HM3MepeHHS FOPUSOHTANBHBIX PACCTOSIHHH; 9 — 9JAeKTPOMATHHT C XPANOBEIM MEXAHM3MOM, -

10— bapabaH JEHTONPOTSXKHOTO MeXaHuama; I/ — pesne BpeMeny; [2-— OMMIymas Hrja;
13— ¥3MepUTeNbHAS HHATH. :

Ilpn usMepeHuu Npou/sf HUTBIO OJUH €€ KOHeIl 3axpellsercs
Ha Gepery. Katep aBukeTcd 1O BOJe B HYKHOM HaNpaBJaeHHH, OyK-
cupya caensiuui got (puc. 1-8). Ilpu paborte c pese BpeMeHu H3-
MepHUTe/MIbHAS HHTb He HY)KHa, OJHAKO 3ITOT CHOCOB MeHee TOYeH,
TaK KaK CKOPOCTb JIBHXKEHHsI KaTepa ONpejessieTcsi NpHOJIHKEeHHO,
a B 3aBHCHMOCTH OT 3TOTO YCTAHABJIMBAETCH CKOPOCTb MepeMelle-
HUsT OYMa>KHOH! JIEHTHL.

- Ilpodunorpad Moxker HmpPUMEHATbCA B OGJETYEHHOM BapHAaHTe.
[Ipn sToM W3 ciensllero JoTa BbHWMaercs rpys. Boprosoi amop-
“TU3aTOp M H3MepHUTeJb DACCTOSHHH He HCHOJb3yloTcs. PaBora o6-
JICTYEHHBIM BAPHAHTOM BO3MOXHA NPH CKOPOCTHM ABHIKEHMs KaTepa
He 6oaee 4—D5 KM/ dac.
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Hcnbitanus npodunorpada NpOU3BOAKWINCE HA PA3JHUYHBIX pe-
Kax H Ha BOJOXpaHWJHILE NpH TaybuHax Xo 22 M, IIUPHHAX [0
1050 M, ckopocTax TeueHHsi BOAB 10 1,5 M/CeK. U pa3HBIX IPyHTaX
JHA (OecYaHhlX, WJIHCTHIX cjoeM 10 0,6 M, TVIMHHCTHIX ¥ KaMeH¥-
cToix). Ha Hekoropeix cTBOpax, KpoMe TOrO, nMejdach BoJHAsi U
OCTaTKH EDPEBECHOH pacTuTenbHOCTH. IIpoduip usMepsiics npu cxo-
pocTax Oykcuposku 3—12 xm/gac.

CkopocTb GyKCHPOBKH CJICHAIIETO JIOTA ONpPENesieTcs xapakre-
pom nua. [Ipy poBHOM IJIOTHOM [He (NeCOK, TaJe4YHHK, IJIHHA, MeJl-
KUl KameHb), mo manueiM [. B. JKenesusxosa u A. B. Bacuiwesa

P 23 4 5

Puc. 1-8. Cxema maMepeHusi mpodusis IHa NOTOKA IMCTAHLHOHHLIM
ruapocrarnyeckuM npoduaorpadom.

1— pemnparop, 2 —coenuuatenbuble Kabeau; 3--yseq U3MEDEHHS TOPHBOHTAMBHEIX . pac-
crosuuit; 4 — 60PTOBOH aMOPTHBATOP; § — H3MEPHUTEIbHAS HUTb; 6 — ClIeAdHHi JO0T; 7 — TpOoC~
kabenb.

[8], Bo3MokHA GyKcupoBKa co ckopocTbio 10—12 km/uac. [pu wnau-
CTOM WK TMeCUaHOM, HO HepPOBHOM [iHe, a TaKXKe Npd HaJAUUYHUM BOM-
HOH PaCTUTEJNBHOCTA HJIM KPYIHBIX ‘BAJYHOB CKODOCTh HE 0/KHA
npeBbiiath 6 KM/4ac, 4ToOH C/IeAAIMA JIOT HE 3aCTperal.

Konerpykuust npodunorpada XOopowo INepeHOCHT TPSACKY: nat-
ygK TAyOuH CJACAsIero JoTa PACCUHTaH Ha yckopenus jgo 10g.

MyTHOCTb M aspalys NOTOKa IPaKTHUECKH He OKasbiBAlOT BJIUS-
HHS HA TOYHOCTb uaMepenus upoduisa. Hasuuue BoAHOH TpaBAHOH
PACTHTEJBHOCTH He NpenaTcTByeT paboTe, Ho TpeGyeT NOHUMKEHHs
CKOpocTH GYKCHPOBKH 10 3—4 xM/uac.

HNucranuuonnnit npoduaorpad yuroben B padore. Cucrema 3a-
nucH npoduis moszponser OLICTPO NPOU3BOAUTL 3aMEHY JIGHTH B
peructparope. Ksmepenus npoduas AHCTAHIHOHHBIM nponnorpa-
oM HalexHEl, TaK KakK TPOC 3[eCh 3AMEHEH H3MepHTEIbHON HUTBHIO
W ‘MMEeTCsl pesje BpeMeHH. BaXXHbIM HOCTOMHCTBOM SIBJSIETCA BO3-
MOKHOCTb HaO/l0IeHHs 3a 3anucbio npoduas. Haauwume B peru-
cTpaTope pesie BpeMEHH N03BOJifeT paboraTh Ges CBA3M ¢ Geperom,
NpuYeM CKOPOCTb TIPOTSKKYU JIEHTHI - IJIABHO PEry/aUpyeTcst B COOT-
BETC1BHU CO CKUPOCTbIO JBHKEHHA KaTepa.



[ nasa 11

PACTIPEJIENIEHHE CKOPOCTEN
B OTKPbITbIX TYPBYJIEHTHbIX MOTOKAX

B runpoMexaHHKe BOMpOC O KMHEMaTHKe TYpOyJEHTHOTO MOTOKa
[PH3HAETCA OJHMM W3 BaXKHBIX; OH HENOCPEACTBEHHO CBSI3aH C TPO-
6/ieMOH THApPaABJAWUECKHX compoTuBJeHuil. B Hacrosiiee Bpems cy-
IECTBYET HECKONBKO TeOPHH TYpOYJEHTHOCTH, MO3BOJAOLINX MOy~
yuTh npodUIN OCPEIHEHHbIX CKOPOCTEH TeyeHHA BOJLHI, T. €. paclpe-
JejleHHe cKopocrell Ha BepTHkaaax. Heo6xoaumo OTMeTHTh, UTO
3HAYUTE/NbHAA ‘YACTh SKCIIEPUMEHTOB, Ha KOTOPLIX 6a3MpOBaUCh H
NpPOBEPS/INCL TEOPHH, Oblla NpPOBefeHa B KPYTJIbLIX HANOPHBIX TPY-
Gonpesogax. [lepeHecenne MOJYYEHHBIX B TAKHX YCJAOBHSIX Pe3YJb-
TATOB Ha pEYHble [OTOKM OCJOXKHSETCs HaJduuneM CBOOOXHOMN
HNOBEPXHOCTH W [JiaBHBIM 00pasoM CJa0XKHO# (OPMOH. CMOUYEHHOTO
nepuMeTpa H medopMalUsiMi JHA MOTOka. Bompoc Ke O BO3MOX-
HOCTH DPHMEHEHHS Pe3yJbTATOB MCCHENOBAHUA ABUKEHHA XKUAKOCTH
B KPyraslx TpyBax K HepasMbIBaeMbiM KaHajgam yXKe pemeH noJo-

®KuTeNbHo. ['padukn GyHKUHM 7»=?M(Re, %) LS KPYLJIBIX TPYG H

NPSIMOYTOJBbHEIX JOTKOB (KAaHAJ/JIO0B) YAOBJETBOPUTEIbHO COBIMAJH
He TOJBbKO KAYeCTBEHHO, HO W KOJHYECTBEHHO; A — KO3(DOHUHEHT

uR u
Hapen, Re == —— —uncao PefinospAca, v — CpeaHsisi CKOPOCTb M10-

TOKa, R — rHApaBAHYeCcKU#l pajgHycC, v -— KHUHEMAaTHUYeCKHH Koa(bu-
LHEHT BSI3KOCTH. ' '

CienoBaTenbHO, MBI HMEEeM BO3MOXKHOCTB HCIOJb30BAaTh ypaB-
Henus mnpoduieli cxopocreft (mojyuaembie H3 TeopuUil TypOYJeHT-
HOCTH), HO C 06A34Te/bHBIM ONpeleeHieM NapaMeTpoB ypaBHEHMH
Ha OCHOBe O0OOILEHHS THAPOMETPHUYECKHX AaHHBIX.

B 3Tofi KHuMre MB He MMeeM B BULY H3JaraTb TeopHu TypGy-
JIGHTHOCTH. DTO OTHOCHUTCH K T'HJIPOMEXaHWKe. 3/eCh paclpeyieseHue
ckopocTell B TypOyJeHTHOM NOTOKE pacCMaTpHBaeTCs JHIIL Kak
TeopeTHyeckas OCHOBa MeToioB ruapomerpuy. O6OCHOBLIBAETCS BhI-
G6op HauboJee mHenecoobpas3HbIX C MO3HMUMEA THAPOMETPHH (opMy
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npodunell CKOpocTell U AeNal0TCs YKa3aHHs O MeTOJAHKEe Ompenene-
HHSl NapaMeTpoB Takux GopMmy/]. 3aTeM H3JararwTcs BONPOCH aHa-
JIH3a TOJs CKOpOCTeHl pedyHOro MOTOKa B LEJAX ONpeNeJeHHd He-
KOTOPHIX BaXKHBIX NapaMeTpoB IOTOKA, WIHPOKO HCHOJb3YEMBIX B
rYipaBauKe U runpoMeTpun (koadduuuenta Kopuosauca, orHocu-
TEJbHOr0 JedUuUTA- CpeHeH CKOPOCTH HOTOKa-u Ap.). K atomy xe
pasgeny Mor ObITh OTHeCeH H BONPOC O MOOHHBIX CKOPOCTSIX, HO
BBHUJY €r0 CaMOCTOATEJNbLHOrO 3HAUCHMs OH M3Jjlaraerc OTAENbHO B -
raase 11

§ 5. Mpothunb ocpefHEHHBIX CKOPOGTEH TEYEHHA MCHEKOCTH

[TockosbKy MeTOHHKa ONpefesNeHHs PacXoA0B BOJBl MOKET OBITh
BLIBEJIEHA M3 pachpeseneHusa ckopocreit [1], HeoGxomzumo oGocHo-
BaTh BeIGOp (opMysiel npodHas ckopocTelt TypOYJAeHTHOrO MOTOKa
IJIS pelleHusi 3ajad pPeyHol THAPOMETpPHH.

~‘Bompoc o npodune OCpelHEHHBIX CKOPOCTEH. HMeeT 60JbLIYI0
MCTOPHIO, HA KOTOPOH B HACTOAIIEH KHHTe MBI OCTaHAB/JIMBATbCA He
moxeM, OTMETHM JHUIb, YTO C CAMOTO BO3HUKHOBEHHs THUIpPOMET-
pPUYECKHX TPHOOPOB ObLIO NPENJOXKEHO MHOTO SMIHPHUYECKHX (op-
Mya: napaboNMyecKWX, BKJKOYAf ¥ BBHICIUHX NOPSAAKOB, SJJIHITHYE:
CKHX, Jiorapudmuvyeckux u Ap. Ha ocHoBe Teopuli TypGyJeHTHOCTH
NpeiIoKeHbl TeopeTHyeckue (opMyabl (KOTOpHIe NpaBH/IbHEE Ha-
3HBaTh ToJysMOupHueckKuMz). K 4mcay nocnemHux - OTHOCATCS
opMyJibl, OCHOBaHHBIE Ha TEOPHHU NepeHoca KOJIHYeCTBa ABHKEHUS H
TeopuH MepeHoca BHXpell. BoabliuHCTBO (POPMYJ OTAHUAETCS TeM
HeJOCTATKOM, 4TO OHM BGJIM3H CaMOTO JAHa He BCerZa MaloT NpUEeM-
JIEMblEe Pe3yJbTaTH, 4YTO OOBACHAETCS HEYUeTOM BSSKOTO TpeHI/Iﬂ
IIPH UX BHIBOJE. :
®opmyna npoduns CKOPOCTeHd AAst THAPOMETPHUECCKHX 3a11au
OMKHA XOPOILIO ONHCHIBATh paCIpe/encHHe CKOpOCTell B eCTECTBeH-
HBIX OTKPBITBIX ITOTOKaX, JAO/KHA OLITh 1O BO3MOXHOCTH INPOCTOH
H COfepKaTh He GoJsiblle ONHOTO MapaMerpa, KOTOPHIH MOXKeT OLITh
HafileH N0 HAPOMETPHYECKHM TaHHEIM (IO peKaM).
3anumeM GopMy/ab B Ge3pasMepHbIX KOODIHHATAX:

Y Umax — U

N= =y
3JleCh 1) — OTHOCHTE/bHAs IIyOHHA; @ — OTHOCHTEJIbHBI - HefoCTa-
TOK MECTHOH CKOpOCTH; h — PIyGHHA IOTOKa HAa BepTHKAJIH; U —
CKOpOCTb Ha pacCTOAHHUU Y OT [AHA IOTOKA, umax—MaKCI/IMaJIbHaH
CKOpOCT Ha BepTHKaNM; #, = )/ ghl — muHamMmuecKas CKOpoCTb Ha
BEPTHKAJH, TIe G——yCKopeHne CHJIBl TAXKECTH, [ — YKJIOH [OBEpX-
HOCTH BOJEbIL.
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[pusenem ¢opMyJibl, OCHOBAHHEIE Ha TEOPHH nepeHoca KOJIH-
YeCTBA. IBUKEHHUS:

' (p=——E—1n'n, -1
q;.—_——kl[ln(l—‘lfl——ﬂ)-i—vl—ﬂ]’ (2-2)
o=t (VL oyT). ey

®opmyna, ocHOBAHHAs Ha TEOPHH NepeHoCa BHXpel, MMeeT Bun‘
/2 s ST e )
cp:%—(arc sinYT—m—VYny1—n) (2-4)

rie ky, ks, ks u k,,—napameprI KOTOpBIE [0 CBOEMY CMbICJ'Iy -LOJI-
¥KHB ObITH MOCTOSTHHBIMH.
W3 uxcna sMnupuyeckux (opMyJa OCTAHOBHMCS Ha cne,uyloumx.
®opmyaa tuna Gopmydasl (2-1), HO yuyHTBIBalOmlast OTHOCUTE/b-
HYIO HIEpOXOBATOCTh JHA TOTOKA, UMeEeT BHJ

1 14-¢ - ‘
=—In , 2-5)
@ ks n-+t¢ . ( )
31eChb k5—r1apaMeTp, KOTOprﬁ no cBoeMy ‘II/ICJIOBOMy 3Ha4YeHulo
6/Mu30K K Ry u Ry, & — OTHOCHTE/NbHAA JHMHEHHAs xapaKTepHcha
epoxoBaTOCTH, paBHasd
A

8_30;1 .

(2-6)
rae A — a6comoTHad MEPOXOBATOCTD.
[TapaGosiuueckass ¢opMysa ¢ HepeMeHHEIM [IOKa3aTeaeM M uMeeT
BHI :
u

. Umax =n1/m' N (2-7)
Oo6wmwuit Bug dopmyn (2-1)—(2-4) crenyiowmmnii:
=59 (2-8)

rie ¢(n) — OYHKIHA OTHOCHTeNbHON INyGHHBI, BHE KOTOPOH moJy-
YaeTcs H3 CONOCTABJEHHS Bbipa)KeHus (2-8) ¢ OAHHM U3 BblpaiKe-
auin (2-1)—(2-4).

Paccmartpusas rpacdukn (byHKqu @(n) (puc. 2-1), Bumum, 4TO
napaMeTphl 2 B Da3HbiX (opmynax NpoQuis CKOpOCTeli HONKHEL
HMeTh CYILECTBEHHO OTJIMUHble 3HaueHus. [IpuMem ycroBHO 3Haue-
HHe napameTpa ks, B Gopmyne (2-2) 3a emgunully W MOACUHTAEM
- HOBble 3HaueHHs QyHKuMH @(n) npu k;=1,25; k=0, 80 k,=0,70,
noJlyyeHHble nyTeM nopbopa.
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Ha puc. 2-2 noctpoenbl kpusbie ¢(n)/k, KOTOpble pacnoJaraior-
€A JOBOMBbHO OJH3KO OZHA K APYrol. ITO 06CTOATENLCTBO 03BO-

il
10

::\\i\ /2'
04/ \<\§\

ar \% 7
0,2 3

\ -
- \

1 1 I 1

1 {
0 04 08 12 16 20 24 28 32¢(7)

Puc. 2-1. Fpaq)uxn GespasMepHblx GyHKUMH rayOun @ (1)
no ¢opmynam (mpu k== 1).
{=(21); 2—(22); $—(23); 4= (24

JIeT OTAATb IpeiNoUTeHue Gosee npoctoit popmyne (2-1). [Mocren-

HHUH BbIBOJ HYKA3€TCsl B AONOJHUTEJbHOM 0060CHOBAaHUMU. (DOpMyJ'IbI

1
1,0

0.8 R

!
-
0,6 N ]
NS
N

0.4 §

0.2

/[/ /)b

i ) I I ] E32%ﬂ)

0 04 08 12 16 20 24 28

Puc. 2-2. T'paduxu 6eapasMepHBIR (pym(ﬁuﬁ E%)—

no
opmy aam. .
1221y 2= (2:2); S—(2-3); 1—(2-4).

(2-1)—(2-3), ocHOBaHHBIE HA TEOPHHU (1€peHOCAa KOJMMYECTBA ABMIKE-
HHfl, JAKOT HepeasibHble 3HAaYEeHHs HeAoCTaTKa CKOPOCTH.y AHa (npu
n=0, p=o00) ¥ Julib TONbKO (opmyaa (2-4) AaeT KOHEYHOE 3HA-
venue ¢ upu =0, ‘ :
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OTMeueHHOe CBOHCTBO (YHKIHH (1]) TOBOPHUT B HOJB3Y (HOp-
© MyJbl (2-4), ogHaKO Mbl BCce e OyleMm yallle IPHMEHATbh QOPMYJIy
(2-1) Ha ocHoBaHuM ClelnyIOIIKNX coobpaykenuil. [lpunnmaem B dop-

myne (2-4) aHaueHue CP_;Q npu =0 # TOICYHTHIBAEM, KAKOE 3Ha-

yeHue OymeT HMeTh 1 no dopmyte (2-1) mpm ToMm Ke 3HaAYEHUH
o () '
R

» B pe3yJ/bTaTe IIO0JYyYUM

Qs (M) __ @ m - Innm
T—3’2_T—' 125"

OTKy1a , :
Inn=—4 u n‘:-’fh-zo,ms.

310 paBHOCUJIBHO TOMY, YTO MOXKHO NMPHHATb OTHOCHTENbHBIH He-
JIOCTATOK CKOPOCTH Y CAaMOrO JAHA 3a OTHOCHTEJIbHBIH HEZOCTATOK
CKOpDOCTH B IPHAOHHOM CJO€ Ha pAacCTOfAHUHM OT HHa y=0,018h;

- 100 S
yh = 1,89% upencrap/ser co60il TOUHOCTH H3MEPEHHs TIYOHHEI

Ha BepTHKaJH. FI3BeCTHO, 4TO H3MepeHHe TJyGHHBl PEK C TOYHOCTHIO
10 2% cuuraercst BooGiie mocraTodyHo xopomuM. CiemnoBaTesbHO,
npumensisi dopMmynay (2-1), Mbpl He PHUCKYeM B -TEOPETHYECKMX BHI-
KJaJgKaX [ONyCTHTh OMKMOKY, NPEBHIIAINIYI0 TOYHOCTh THIDPABJH-
YeCKMX pACUETOB; 3TO M JaeT HaM NpPaBO OCTaHOBHTBbCA Ha JIora-
pudmuueckoil popmyne (2-1). -

OTMmeTHM, 9TO TepBad TONBITKA BHIPA3UTb. ONBLITHOE pacuperne-
JIeHHe CKOpOCTeli ¢ IOMOULbIo JiorapudMuUKu Oblia caenana B. Kocer-
kKepuuyeMm B 1906 r., a HauGonee MoJHO JorapudMuyecKuil npodusb
ckopocre#t BrmepBbie Obl1 o6ocHoBan C. M. Mouceenxo B 1914 1.
®opmyna (2-1) ABaAETCA COBPEMEHHBIM BBIPAXKEHMEM 3TOH 3aBH-
CHMOCTH. ,

ConocraBum ¢popmyay (2-1) c dopmynosr (2-5). Ilopcunraem &
no ¢opmyne (2-6), a saTem sHauenue @s(n) 1o dopmy.e

T
@5 (M) = In e (2-9)

[Tpu »TOM pacCMOTPHM cJiyuaH, TPH KOTOPOM MHOJIKHO MOJY-
gpThea GoJibllioe pacxokieHue B (QYHKUUAX ¢(n), TOACYMTAHHBIX
no gopmyaam (2-1) u (2-5), a uMeHHO, IpUMeM BeJHYHHY aBco-
moTHoR mepoxosatoctd A=0,06 M u h=1,0 M. Tako#i sunefigniii
pasMep BBICTYNOB mepoxoBatocTu, mo B. H. T'oHuapoBy, B cpennem
COOTBETCTBYET CJAEAYIOLIeMY XapakTepy pycnaa: «IpaBefqucThle W ra-
JleuHble pyc/aa B IJIOXOM COCTOSTHMH. 3eMJISIHLIE Pyc/ia HelpaBHJb-
Hele ¢ pasmbiBamu». Conoctasass ¢;(n) u ¢s(n) (puc. 2-3), mpu-
XOLMM K BBIBOLY: OTHOCHTENbHbBI!I HEIOCTATOK MECTHOH CKOpOCTH
IOYTH He 3aBHUCHUT OT IIEPOXOBATOCTH pycCJa.

TakuM 06pasom, NPeiCTaBJAsIeTCs] BO3MOXKHLIM MOCTPOHTb HeKO-
TOpHle THApOMeTpUYecKHe ¢GOpMyJnl (HmepBOro NpUOAHIKEHHs), He
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cogepkamye KoapdUUUEHTa HIePOXOBATOCTH, OJHAKO Takue ¢op-
MyJbpl OYAyT 06s5i3aTebHO COJEPKATb YKJIOH IOBEPXHOCTH BOALI M
HEKOTODHIE XaDaKTePHble CKOPOCTH, HANPUME]D [IOBEPXHOCTHbIE; STHM,
KOHEUHO, He OTPHIAeTCS POJIb mepOXOBaTOCTI/I B (OpMHPOBAHUH NPO-
" uasa ckopocTeil.

Ha ocHoBanuu BbIIIEN3/10:KEHHOTO MOXKHO NPHATH K BBIBOLY O
TOM, 4TO MpHeMJaeMOH (OpMysofl NPodHIsS CKOPOCTEH A pPeLIeHHs
THADOMETPHYECKHX 3ajay, a TaKXKe H THAPABINUECKHX sIBJSETCS

N
1,0
08 v\
0,6

L x -]

o-2
04 \1
0,2 -\P
] I I\Ck\r-Ou—rh -

0 10 20 30 40 50 60 709M)

Puc. 2-3. I'papuku GespaamepHo#l QyHKIHH
riyOuHE 0 QOpPMYaam.

1—(2-1); 2—(2-5).

dopmyaa (2-1). Huxe Gyner nokazana NpUEMJIEMOCTb, C TOUKH 3pe-
HHS THAPOMETpPUH, obobuienHoll dopMyab (2-8), HacCTHLIM Cjayuaem
KOTOpOi ABadercss gopmyna (2-1). @opmyan tuma (2-8) comepxar
ONIMH HEU3BECTHHII MapaMeTp & U Bce IIaBHEHILIHE JeMeHThl IBH-
’KEeHHSl BOJAbl. JTO BLITOJHO OTJIHUYAET NMOJYIMIHpHUECKHe GOpMYJibi
OT -SMIHPUYECKUX, KOTODHIE 4aCTO BKJ/IIOYAIOT 1BAa HJIM TPH mapa-
MeTpa M JMUIb HEKOTOPbIE 3JIEMEHTH JBHKeHUA BOAbL Mckiouenue
‘B 5TOM OTHOIIEHHH COCTaBJsieT napabojundeckas dopmysaa npoduis
ckopocTelt basena, xoropas B KOHeYHOM HTOre NPUBOAUT K OMH-
HAaKOBBIM ‘IO CpaBHeHHIO ¢ Qopmyaoit (2-1) pesynbratam, 0 ueMm
noppobHee Oyner YIOMSIHYTO HHIKE.

Kpome paccMOTpeHHBIX ypaBHEeHHH Tnpodusell ckopocTed, B He- -
NaBHee BPEeMs NMpeloXeHbl u Apyrde ¢opmyan [10], nampumep:

dopmyna Xanra.

(pt»-a,:—s[]/i——-—_n—{—.cln(—c;l—/c—?i)]- (2-10)

. ‘the ¢ — napamerp, 6/u3KHH K eaunHLe (ot 1 zo 1,06);
H8




dopmya SMHCOHa

1 (e2—1, 641 . 14VT—m , 1 b+V
(p——( =11 2t lnl_VlTnJr b—V_) (2-11)

kq
rie napamerp b=145.

[osiBaenne B 3THX (OPMy/Iax MapaMeTpos, Kpome & ¥ no Beedt
BEPOSITHOCTH TICPEMCHHBIX, CO3MAeT PAA AOMOJHHUTE/IbLHBIX TPYIHO-
CTell HpU pellleHHH TeOPeTHYeCKHX 3a1ay T'HAPOMETPUH.

W3 uncna dopmyJ, cojepxalllux TPH YUCJIOBBIX MapaMmerpa, NpHu-
segem ¢Qopmyany M. K. Hukntuna [11] nas Ge3HanopHOro mnotoka,
" OTJIMYHYIO 1O CBOCH CTPYKType OT HPeAbIAYILHX GOopMyd,

o =645lg % +56+28(1——) C(2-19)

raie 8§ — ToJluMHa NPHAOHHOTO C10s1 (NaMUHAPHON IJEHKH).
‘Hasa nanophoro mnoroxa B cratbe [l12] nmpenjoxena Ttakas ke
¢opmysa, HO C APYTHMU UHUC/IOBHIMH 3HAYEHHSIMH TapaMeTpPOB

uo__ Yy . s :
G =3/81g 5 +7.36+ 1,64(1 -—-y-). | (2-12a)

TosmuuEa NpUIOHHOFO CJIos § ompexessiiach Tak Ke, Kak ¥ NPH
cocraBjenuu dopmyan (2-12), T. e. Kak u3/10xkKeHo B pabore [11].
O6pawmaer Ha ceGsi BHHMaHHE CYIIECTBEHHOE pa3J/iAuMe B 3HA-
ueHusX BCcex napamerpoB dopmyn (2-12) u (2-12a). Ha sepxueit
rpaHuue NPUAOHHOro cjos (¥=0; u=1us) COOTBETCTBEHHO U3 (Op-
Myan (2-12) u (2-12a) umeem:

= 5,6,
u:k
I 7,36.
u, )
C ] o o (1.36 —56) - 100 __
JIeJOBATEJbHO, paCXoxKaAeHHe COCTaBJdAeT m =]

=27%.
Ha GosblueM paccTostHMH OT IpaBWubl (AHA) MOTOKA MOXHO

IpUHATh | —%: 1, mostomy ¢opmyan (2-12) u (2-12a) coor-
BETCTBEHHO IIPUHHMAIOT BHJ: '

u o Y

u——-—-6,45 lg-s—+8,4,

u
u

*

=3,781g % +9,0.

# .
CnenoBatenbHo, B 3TOM C/ydae OCHOBHOE pasfiuuve B (OpMYy-
Jax o0yCJOBJAEHO NapaMeTpaMU MpH lg% W COCTaBJSIET .

(6,45 — 3,78) - 100
0.5 (6,45 1+ 3.78)
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Ocraercsi OOOYCTHTb, YTO TAKOE HECOBNAJEHHE YHUC/IOBBIX -3Ha-
ueHuH napametpoB dopmya (2-12) u (2-12a) obGwAcHseTcs ocobeH-
HOCTSIMH Ge3HaNOpHOTO W HANOPHOTO JBHIKEHHS KHWIKOCTH HJIH He-
NOCTOSIHCTBOM mapameTpoB Gopmyasl tama (2-12). Koneuno, pas-
JuY¥s B mapamerpax (opMyJa HamopHOro u GesHaNopHOro NOTOKOB
MOTYT OBITh, HO He CTOJb 3HauuTeJpHBIMU. [lo-BUAMMOMY, BCe neJtio
B. TOM, UTO CaMU IapaMeTpsl (HOPMYJ SABJASIOTCA NepeMeHHBIMH Be-
auuuHamd. OTMETHM, UTO H3YUEHHIO paclpefiesleHusi CKopocTedl B
NOTOKe yaensieTcs 6oJblioe BHUMaHne. [IpM 3TOM HCXOIHBIE TOJO-
JKeHHs, KOTOpble MCHOJb3YIOTCH [ BbBoa GopMysa npodunei
ckopocTell, oTAMYarTCes GOoJBIIKM pa3zHoobGpasueM. Hampumep,
I. C. Bamkupos [13] ucronb3oBasn NMPUHOWI HANMEHBIIETO PaCCeH-
BaHMsl SHEPTUM, NONYCTHB IIPH STOM CyLIeCTBOBAHHE Ha YDOBHE BHI-
CTYIOB LIEPOXOBATOCTH KOHEUHOH OCpefHEHHO# cKopocTu. [Ipu aToM
cleaHa TONbITKA BBeCTH B GOPMYJNy HHTEHCHBHOCTb TypGyJ/eHT-
HOCTH. '

PaccmoTpeHHOe pacnpefiefieHHE CKOPOCTEH Ha BepTHKa M Ha-
6aLaeTcs B YCAOBHAX DPABHOMEPHOIO ABHXKeHHS (B KaHajaX C He-
pasMbiBAEMBIM JHOM M CTEHKaMH) HJIH GJHSKOro K HeMy (B pexax
Ha CPAaBHUTENBHO KOPOTKHX IpPSIMBIX yuacTKax). PakTuueckun Opo-
Gbunn ckopocTell B psige cJaydae IPHHUMAKT OYEHb CJOKHOE
ouepraHue. B uacTHoCTH, HaHOOMbIIAs CKOPOCTb Umax MOXKET Ha-
OJII0LaThCs  HHXKe CBOOOJHON TIOBEPXHOCTH BOABl, 4TO OGyC/NOB-
JHBAeTCd BCTPEUYHBIM BETPOM, IIONEPEeuHOH NUPKYJ/sALHeH, eciu
BepTUKAJb OBlIA pacHojoxKeHa Ha 3aKPYIJIEHHH DEeKH, W IDYTHMH
IpHUYHHAMH.

®opma KpuBOH u=u(y) MOKET CYIICCTBEHHO H3MEHHTHCA H
B6JIM3Y AHA IOTOKA, UTO OODBACHSETCS TJaBHBIM 00pa30M BIUAHHUEM
penveda (HepoBHOCTel) aHa. Hampumep, eciiu BepTHKaNb Pacnoso-
XeHa HEmOCPeJCTBEHHO 3a I1eCUaHOH BOJHON 3HAauMTesbHBIX pasme-
POB, M3MEpHUTEJbHBIMH NpHOOpaMH (QUKCHDPYIOTCA BOAM3A AHA 06-
paTHbIe TEYeHHsl, T. €. NOABUTCA HEOOXONUMOCTb CUAUTATHCS C OTPH-
HaTebHBIMHU abcuccaMy u. - _ '

BecbMa ci0kKHOe paciipejie/ieHue CKOPOCTEN HMEET MeCTO B HUXK-
HuX Gbedax THAPOTEXHHUECKHX coopyxenui [14]. OueBnpno, uem
cloXHee NPOPUIL CKOpPOCTeH, TeM B OOJbIIeM YMCJIe TOYEK Tpe-
gyercs croeaaTb H3MEPEHHS CKOPOCTEH # J/Ia TMOCTPOEHHS SIIOPHI
u=u(y). :

Jlenosble ABJEHUs CYLIECTBEHHO BJUAIOT Ha OPoQUIN CKOPOCTeH.
ToJioKeHye MaKCUMaJbHOH CKOPOCTH Umax 32BHCHUT OT. COOTHOIHEHUS
1epoXoBaTOCTel JHA M HUXKHEHl MOBEPXHOCTH JbIa, KOTOpas B 3a-
BHCHMOCTH OT YCJOBUHN 00pa30oBaHHS Jbka MOXeT OHTb IJalKof,
TOPOCHCTOH, MOKPHITOH CJI0EM MIYTH. Bce 310 06ycnoBJAMBaeT 3HAYU-
TejbHLI gMANAsOH mapaMeTpoB B QopMyJaax npoduaei ckopocrei
NPy [PHMEHEHHH HX K YKa3aHHBIM CJOXKHBIM YCJIOBHSM JABHMKEHUS
BOJLBL
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; v /
§ 6. Cpeguan cHOpOCTL Te4eHXA BOAL HA BEPpTHHANM

Ilmowans, orpaHuueHHas KpuBofi ~#4=u(y), AHOM I[OTOKa, MO-
BEDXHOCTBIO BOABl W JuHHEH ray6uubl A (puc. 2-4), npeacrasjser
coGoli Mo pa3MEPHOCTH PACXOJ] BOALI ¢ HA €AMHHLY LIMPHHBI OTOKA |
H Ha3bIBa€TCsd pacxonaoMm BOAblI Ha BEepTHKaJH, T, €.

h 1
qsf ua’y:jua‘n.
0 0

OTHowlenue pacxona ¢ K ray6uhe h, T. €. —Z—sus, Ha3bIBaeTCA

CpenHedl CKOPOCTbIO Ha BepTHKaau. YHMCIeHHO CKOpPOCTb Uy paBHA
IOPH30HTANbHOH OpAMHATE APSIMOYTOJAbHHKA (puc. 2-4) miomajbio g,

y

Umaz

Puc. 2-4. Tlpoduae cxopocreit GesHanoproro
HOTOKa.

Dopmyny (2-8) npencrasum B dopme
N _ . .
u=umax""‘_ki"cp(n)w '
NO3TOMY BBIpAXKEHHE ISl CPellHell CKOPOCTH Ha BEPTHKAJHN Uy B 06-
IEM BHje 3aMHLIETCA CAeLYIOUHM 00pasoMm:
i .
u, .
Up==Upmax — - f ¢ (n) an. (2-13)
Q
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Ecmm fe3paszMepHYIO q)yiﬁxumo @(n) npuHATb MO dopmyde (2-1),
NOJNYUUM CJeLyIollee BhlpayKeHue IJs Ug!

i
anzumax‘*’%’;’ f lﬂﬂdT]:llmax—z—T» (2'14)
0 .

-

no gopmyde (2-2) noayunm

1
bty =ty 5= [ [In(1— VT=m)+ VT—n] dn
0

[Tocne unTerpupoBauusa OyAeM HMETb v
. , 5 :
| ﬂa=ﬂmax—g%- (2-15)
o dopmyne (2-3) moayduM \

1
Uy ==Ugyay — u, f (h—l_!i__.m - 2 Vl—__n> d'n_
0

hy 1—VT=n
[Tocne unTerpupoBanus GyAEeM HUMETh
2u

uazumax-’g,_k:' : (2'16)

Ilo dopmyne (2-4)
1

. | B
A Vk4”* f (arcsinYT—n— VYY1 —n)dn.

0

[Tocae HHTErpHpOBaAHUA MOJYUYHM

u3=umax——‘/§,~e~f“* - @I
CpaBuuBas ¢Gopmyan (2-14), (2-15), (2-16) wu (2-17), nerxo
BUJETb, YTO BCE OHHU HMEIOT OJHHAKOBYIO CTPYKTYPY, 8 HMEHHO:

ly == Uiax — 7= - R (2-18)

Ha 3TOM OCHOBaHMM NPUXOIHM K CJAEAYIONIEMY BEIBOAY: CTPYK-
Typa GopMyaBsl cpelHel CKOPOCTH TeUEHHS BOAb Ha BepTHKAJH He
3aBHCHT OT BHIa Ge3pasmepnoli QyHKRUnHE TAyOMubl @(y), YTO MO-
*KHO BHJETb HeNOCPEICTBEHHO H H3 ¢Gopmyael (2-13). dtor BBIBOA
CIpaBeNIuB, ecay 6e3pazMepHan QYyHKLUUA TaAyOunbl @ (n) =k, T. €.
eciu npoduab CKOPOCTell BBIpaxaeTcss B KOOPAMHATAX 1 M ¢, D10
JLAeT BO3MOXHOCTb NOJb30BaTbes J0Bo# ¢opmynofl npodpuas cko- -
pocrefl u3 4ymcaa U3BeCTHHIX (GopMys tuna (2-8).. Koneuno, B Kax-
JlOM OTJAEJIbHOM CJIy4ae mpUMEHeHue TOH WM HHOH (DOPMYABL HOJ-
JKHO ObITb O0OCHOBAHO (Pu3HuecKumu cooOpaxkenuamu. Hanpumep,
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IS pacuera I[OHHI)IX CKOpOCTeH caenyer BOCIIOJIb30BATHCA q)opMy-
Jon (2-4). ;

CrenaHHOe UHTEIPHPOBAHHE [IJIS1 NOJYYEHHUs] BEJUYHMHEL Uy [IO3BO-
JUIO BHIABUTH CTPYKTYypy MapaMeTpoB B (opMyJax mepej uje-
u .

HOM —k-"i .
OTtMeTuM, uTo U dopMyaa Basena, xoTopyio 3alHilieM B 0603Ha-

YeHUAX @ U M
= (1—1n)?, : 2-19
¢ Vz ( ) v | ( )

IPHBOJHT K CTPYKType (bopMyJIbI (2- 18), a HMEHHO:

Ug==Hpax —

UTO TIOCJe HHTErpHpOBaHUS JAaeT
Mu,
3Ve'
roe M — pasmepHblit KosdduireHT, sHayeHne kotoporo mo baseny
cocrasasier oKomo 20—24 M%5/cek.; mo ucenenoBanusaM A. B. Kapa-
yuiera, M 3aBucut ot kosdpduumenta lesn.

BEIBOZ 0 HE3aBUCHMOCTH CTPYKTYpPLL (POPMYJIB CPeHER CKOPOCTH
Ha BepTHKAaNIH OT BHAa (1) IO3BOJSAET yKasaTh Ha CJELyIOllee:
B ‘TeX CJydasiX, KOTAa AJs HCCIeNOBAHHS [ABHIKEHHS BOAH GyneT
ucronb3oBana dopmyna. (2-19) uan dopmyaw (2-1) u (2-2), xo-
HeYHBle Pe3yJIbTAThl HCCJAeNOBAHMS OKAaXKXyTCs ONH3KUMHU (HCKJI0Yas
BOIMPOC O MECTHON JOHHOI CKOPOCTH Ui MOTOKA, TaK KakK B 3TOM CJY--
yae A/isl MOJNYYEHHs Uy WHTETPUPOBAHHE TO N HE Tpe6yeTcsx npons-
BOIMTD).
. UncrneHHble 3HAUYEHUS NAPAMETPOB ks, k3 U k, MONCUHTAHBI CJe-
aywomum ob6pasoM. IlpuHuMas ycjoBHO 3HAYeHHMS NapaMeTpPoOB pab-
mpiMa: Ry=1,25, k;=1,00, k3=0,80, £,=0,70, monyueno nammyumee
coBmajfcHUe B rpaukax 6e3pasMepHBIX cpyHKuHH ray6unbl @(n) no
BceM yeThipeM QopMyJaaM (§ 5), mosTomy mpH H3BECTHOM CpelHEM
3HaueHMH k;=0,54, yCTaHOBJEHHOM OIBITHEIM MYTEM, MOXHO TNpH-
HSITb MapaMeTpel paBHEIMU: ky=0,43, k3=0,35, 2,=0,30. Takum 06-
pasoM, 3a OJHY U3 OCHOBHBHIX (bopMyJI CpellHelt CKOPOCTH HA BEpTH-
Kaau npuHuMaeM dopmyny (2-18).

Hapsany c dopmyson (2-1) B rugpaBinke u ruAPOMETPHH IIH-
poko wucnonbayercss Qopmyna (2-7). Ilocne HHTerpupoBaHus sTolt
tdopMmyJIbl

Uy == Hpax — (2'20)

1

max | i

0 )
NOJYUHM u, =( _’;_l )umar ’ (2-21)

3. I, B. JKenesusxos . 33



Beenem B GopMynsl npoduneii CKOpOCTeH cpennne CKOPOCTH Ha
BepTHKAMAX. . o

IMpeo6pasya ¢opmyas (2-1) u (2-18), noayuum opmyay,
cogepmamyfo napamerpa &,

lL _ umax =+ (umax B) In M. - (2'22)

- Pemas Bripaxenust (2-7) u (2-21), vahigem
1 —_—
=(1 o) (2-23)

- Uro6bl HCKMOUNTL B opmyae (2-7) napamerp m, HaliieM mpea-
BApATEJbHO H3 GopMyJbl (2-21)

1 Umax ' i
—— ——;‘B —1, (2-24)
U TOTZIa cpoplvly.né (2-7) mpumer BUJ

u
max,

“—=n % . (2-25)

Umax

Takum oGpasom, 31a PopMyna Tak ke, Kak u (2-22), BKjAlOUaeT
CKOpOCTH umax H—uB. :

§ 7. MapameTpbi npodMned cKopocTel

ITpu u3/MoKeHUU TEOPHU THIPOMETPHH Mbl GYAeM MNOJb30BATHCA

JiorapuMUYecKUM HJAU TNapaboJHyecKUM NpPoPHUIAMH CKOPOCTEH,
TaK KakK:OHH B THAPAaB/IHMKE B HACTOsllee BpeMsl NMOJb3YIOTC HaH-
00JIbIINM IpH3HaHMEM. B ¢Bs3M ¢ 3THM BO3HMKAeT BayKHBLIH BOIPOC
0 UHCJOBBIX 3HAUeHHAX TNapamerpoB R U M. MoxHO cuuTaTh, UTO
NepHON, KOTHA 3TH. NapaMeTphi CUMTAJUCh YHHBEPCATbLHBIMEH KOH-
CTAaHTAMHU B THJpaBJMKe, yKe npoiaed. Henocrosauerso u HeyHUuBep-
CaAbHOCTh MAPaMeTpoB k2 M m, KaK H3BECTHO, Oblid OBOCHOBAHEI
B Monorpaduu [1}; 370 B AanbHeillIeM HEOZHOKPATHO nomsep;xaa-
JIGCh U B IPYTHUX paboTax.

OcraHoBHMCS . CHayajJa Ha HCTOJKOBaHMH napaMeTpOB Euom.

[lpn atom ynoGHee BHauaJe CKasaTb O BEJHYHHAX, HM OOpAaTHHIX, -
1 , b

T.€ 0 5 H —.
Y3 dopmyan (2-18) caexyer

u k

#

UpncauTeab JeBol YACTH 9TOTO yPaBHEHHS €CTh HELOCTATOK CKO-
POCTH Uz, T. €. TAKOe H3MEHEeHHe CKOPOCTH, KOTOPOTO He XBATAET A4
TOTO, 4TOGbI CKOPOCTh Up AOCTUTJIA CKOPOCTH Umay. [lOJHOCTBIO Jle-

Bast 4aCTb ypaBHEHHUS [PEACTaBJAACT ICO6OI/I pasHOCTb Umax — Up, BbI-

34 ' .
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paXKeHHYI0O B JOJAX IMHAMHUYECKOH CKOPOCTH 4y CJlefoBaTeNbHO,

1 o ' o
% €CTb OTHOCHTEJbHBIH HEeAOCTATOK CpPpegHEH CKO-

DOCTH Ha BepTHKaJH Uy O6pamascs kK ¢opmyie (2-24),
1 o o
'BHJMM, UTO H —— TaKXKe eCTb OTHOCHTEJBHBIH HEJIOCTATOK CpeHed

CKODOCTH Uy, HO TOJBKO BHIDAKEHHBIH yie HE B IOJAX AMHAMUTE-
CKOH CKOPOCTH, @ NIPOCTO B BHJE CKOPOCTH Us.
-3anumen BbipaxeHue I/ CPefHell CKOPOCTH HA BEPTHKAIM MO
dopmyne Hlesn
u,=Cy Vi, (2-27)

rae Cy — xoaddunuent Ilesn Ha BepTHKAJHU.
BBeILﬂ MOHATHsI Ge3pa3MepHOro Koa(quuneHTa Mlesn

- Cc
Co=—2,
T Ve
dopmyay (2-27) nepennmeM .
n, = C* Vgh] = C*u ' (2-28)
nosroMy (2-24) nmpuHuMaer BHJ ‘
' 1 Umax — Usp . )
—= __C—:u*— . _ (2 '29)

Orcrona sicHO, 4TO pasHulia Memny% §t % COCTOHT B TOM, 4TO -
B 3HaMeHaTesle Bblpaxenus (2-29), kpoMe ILI/IHaMH'-IECKOI/I CKOpPOCTH,
crouT ele GeapasMepHbIl ko3 dunuent IHeésu Ch-
» IMapamerp - —- MoXeT OBHITH ellle HCTONKOBAH caenyoumum oépa-
30M. [TepeMHOXXHB M pa3fesiuB MPaBy0 4aCTh (OPMYJIbl (2 24) Ha
ray6uny A, MOJYYHM -

L Balt —uh _ 99—4

mo ugh - g

rie gg-— QUKTUBHBIE pPacxXoi Ha BepTHKAJH. .

PasHocth ¢p — ¢ Ha pHC. 2-Ba noKaszaHa WITPHXOBKOH W Hpen- -
crasgsier co6oll HeIOCTAaTOK pacxona BoAbl Ha BepTHkauu. [Toctpons
GespasMepHbiil npoduas ckopoctel (puc. 2-56), yBUIUM, YTO OTHO-
CUTENbHBIR HEJOCTATOK pacxona, T. €. PasHOCTb ¢y — ¢, BHIPaXKeH- -
HasA B JONSIX ¢, HA PUCYHKE BBIPA3UTCH TaKiKe 3alITPUXOBAHHON HJIO-
I aAabIo. : :

‘MeTon¥iKa BEIYHC/IEHUS TIAPaMeTPOB B U M 10 FHAPOMETPUYECKHM
IAaHHBIM MOYeT OBITb Pa3JIHUHOM. -
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quncneﬂne B Hmno MeCTHHM CKOpOCTHM 3
dopmyanr (2-1) monyunm ‘ :
o Inn]/m (o,

k= Umax— 8 } (2 30)

HanpnMep, npu lnn—ln MNox=In0,4 (cuurasg OT JAHA NOTOKA)

U=y, 1 . :

Inno_AVghl ‘

Umax — Wo,4

he=—

[MomcuuTaB Takum. o6pas3oM. JIOKAJbHLIE MapaMeTpbl R MPH Tgwmo,
No2, Mo Mos H MNmos, MOKHO OTPENENHTb UX PACIpesesieHue Mo Tiry-
OuHe IOTOKA ¥ 3aTeM IIOCTPOHTb H3OJHWHHH K B MKUBOM CeUEeHMH, a

G)‘y 6)q » )

Wmax 1,0

1,0

U
Umaz

Puc. 2-5. Pasmepnnlit (a) u 6espasmepnniit (6) nmpoduian ckopocTed aas
TIOSICHEHNSA CMbICAA IAPAMeTpa —- B napaGoauueckoit Qopmyne (2-7).

TaKXe MOJCUUTATDL CPeHUE 3HAUEHNs & HAa BePTUKaMAX U /s BCEro
noToka. BripajkeHue gnis mapamerpa m HOAy4YMM u3 opmydtel (2-7)

me——_1nn__

( )
Umax

Buunciiednnekc HCNOJNDb30OBAHUEM CPEIHHUX CKO-
pocTtefiHa BepTHuKaau Mz dopmyas (2-26). nomyqum

u*
k= Umax — Up "
a us gopmyan {(2-21)
m = ! .
Umax 1
Ug
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-HMmes  mocTpoennbii  GespasMepHBIA  OpOQuab - CKOpOCTEil
(puc. 2-506), mocTaTOYHO ONPEAEJNHUTb IJIAHMMETPUDOBAHHEM 3a-

IITPHXOBAHHYIO TUIOMAAb, YHCIEHHO PABHYIO ——, OTKyAd HaXo0-

JUTCA M.

Bruucnenue B c HCNOJAL3OBaHUEM cpen'ﬁeﬁ/cxo-
pocTH NOTOKa. B aTom cayuae HeOoGXOOUMO TepeHTH OT NJIOCKOH
3ajauu K IPOCTPAHCTBEHHOH, YTO noxpoéﬂo paCCManI/IBaeTCH B
raase VIII.

3HaueHus k, BLIYMCJEHHBE MO PA3JHUHBIM METOAMKAM, HeoBXo-
JUMO CPABHHBATH W AHAJMM3UPOBATH, UTO MOXKET AATb B JaJbHeH-
meM BaXKHble NAHHbE O-3HAYEHHSAX R JJs IVIOCKOH M MPOCTpaH-
CTBEHHOMH 3ajad.

OcHoBHble (DaKTOpBI, BJAHAIONIME Ha H3MeHeHHe napamerpa &,
usyuenbl B MoHorpaduu [1]. B psame paGoT, BHIIOJHEHHBIX MO3JHEE,
BKJIIOUAsl MCCJAEJOBAHHS ~B3BECEHECYIIHX IIOTOKOB, IDHBENEHO He-
MaJo YacTHBEIX SHaueHHH mapaMerpa k. Mel He -6yneM 31ech uaJja-
raTb Pes3yJbTaThl BCeX TakKux pabor. Bosee BaxHO 0000IUTbL HaH-
Hble O BeJIHYHHAX B ¢ TeM, yToOhl nepefiTH OT CpeIHMX 3HAUeHHH &,
HCIIOAb3yeMbIX Ha NMpPAKTHKE, K NepeMeHHbIM 2. OmblT Takoro 06o6-
menns upuHagaexut B. ©. Taamasy [15], KOTOpHI HCHOJB30BA
npaunpe I'. B. JKesesHakosa, co6CTBEHHBIE H APyTHE A5 Ge3Hamop-
HOro notoxa u gauunie ®. A. llesenena [16] o9 HanopHOro noToxa.

3HayuresbHAsT 4acTh [AHHBIX OTHOCUTCS K PABHHHHBIM M IOp-
HBIM pekaM. VMeercsi Tak:Ke dyacTb 3HaueHumlt &k 1719 KaHaA/IOB H
PYCJIOBHIX MOJeJel. ‘MOKHO CYMTATh, UTO OXBAaueHH BecbMa pas-
HOOOpa3Hbie YCJOBUs IABHIKEHHs BOABL. B pesysnbrare Obln cocras-

C
JeH rpaduK 3aBUCHMOCTH B OT Ve rae C — xosdpduuuent 1esn.

Ha rpaduxe Tanmaswl umeercsa okoao 130 Touex, namomux usMeHe-
uus k or 0,3 no 1,4 (c oxpyraenuem xo 0,1),

Ha puc. 2-6 noctpoena cpennsis aunus k=£k(C*) u oruGarnomye,
B IIpelesax KOTOPLIX DAacCHOJaraloTcf ONbITHHIE TOUKH. Ilo ropn-
30HTAJBHON OcH oTJoxkeH Ge3pasMepHblil kKosddunuent Illesu Cy:
YuuteiBasi Belpaxenue (2-28) u rpaduxu (puc. 2-6), moxHO ctop-
MyJIHPOBATH -CIENYIOMMA BaXKHEI BBIBOA: YeM 6oJbllle ' OTHOLIEHWE
cpegHefi CKOPOCTH NOTOKA K [IHHAMUUYECKOH, TeM ' MeHbIle napa-
MeTp A

Jnsa Toro 4ToGBHl COCTaBUTBL YypaBHEHHE k=k(C*), “Heo6xoquMO
YUUTBIBATb, 4TO IpH C*=0 u C* =00 HOJXKHDI N0NYUATHCS KOHEUHbIE
3HayeHUsd B, a UMEHHO Rmayx (B KayecTBe mapamerpa ypaBHEHHs) H
kmim (B KauecTBe HauMeHbLIEro ykasauus k), Taxoe -TpeGoBanue
CTAHOBHTCS OUEBHIHLIM, €CJU IPOAHAJU3NPOBATH ypaBHeHUe (2-18).
[Tycts k=0, Torna uz=-—oo, 4T0 He HUMeeT cMbicaad. ITycTh k= oo,
TOAA Up=1Umax, C/EAOBATEIBHO, JOJIKHO OTCYTCTBOBATH Pacilpese-
JIEHHEe CKOPOCTEH, 4TO XOTA U HMeeT onpeneneHHbm CMEICJ, HO He-
peasbHO.

&



Ve/10BHIO CYUIECTBOBAHUS KOHEYHBIX 3HAUEHUH R OTBEYaeT YpaB-
nemue, Hpe,lLJlO}KeHHoe YenesuakosnuiM [17; 18] B caenyiomem Buge:

: kmax"’kmln . 231 ‘
b e (2-31)

CpelHeMy TOMOMKEHHIO KDHBOH Ha puc. 2-6 COOTBETCTBYET
kmln=0,3 H kmax=2,3.. .

k
2,0
\
\\
15
S B
\
\ AN
\\
- . ~
\\\ Ny
~
05 T —]
b e — _.....___\_h.::.:’:-‘:== ==
0 5 10 5 20 CL(CY

Pnc 2-6. saBHCI/IMOCTb napaMeTpa % ot Gespasmep-
HOTO Koa(quunema Llesm.

Ha ‘Hactosfme#l cTajuu HCCAEROBaHMsS HE NPEACTaBJAETCS] BO3-
MOKHBIM HYeTKO Pa3rPaHHYHTH ONLITHEE 3HAUEHHS HapaMeTpoB k
IJIOCKOTO M IPOCTPaHCTBEHHOIrO IOTOKOB, TeM GoJjee, 4TO 06Hapy
KUBAIOTCS H3MeHeHus B mo riybuHe ¥ INMpuHe notoka. Ilo asToi
NpUYHHE B AaJbHEHIIEM H3JOXKEHHH B KaueCTBE OIHOrO M3 BO3MOMK-
HBIX peme}mn 6yneM B GopMysay Ans k BBOAHTb MJIS IJIOCKOH 3a-
TAaun CB, KaKk 210 cpenano B Qopmyne (2-31), a mas mpocrpan-
cTBeHHOH 3afaun C*, T. e. GespasMepHblii kKosdhduuuenr Llesn mias
Bcero noroka. C yuerowm TaKOTO TPEIJIONEHHS] Ha [OPH3OHTATLHOM
ocu puc. 2-6 nokasans Cp 1 C - : '

®opmyia (2-31) ¢ UHCAOBHIMH 3HAUCHUAMH Emin ¥ Amax OPHUHHA-
MaeT BUA

. _2,3]/7—}—0,3]/‘?}; :
k= 1+c*+03 ViV - (2-392)
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[TepefinemM k BHIBORY qnopmynbl AAs napaMerpa m. Peuras BHI-
‘paxkenus (2-26) u-(2-29), naiinem

m=kCs - ' ' (2-33)
o807 . v
kC ‘
=B, : 2-34
m=e (2-39)
I'IOﬂ,CTaBJm;{ cloza, 1o H ‘H. HaBJIOBCKOMy,
C,=-— /z R (2-35)

rae #— koahPuuueHT 1LIEPOXOBATOCTH; Y — TTOKA3ATENb, 3aBUCSH-
i oT # W ray6uHE Ha BEPTHKAJMH h, TONYYHM cpopmyny, npejJo-
}KeHHyIO B 1947 r. T'. B. }Keﬂesﬂﬂxosbm [3], .

—_— kh? ' )
== | (2-36)

OGpaTHyio 3aBUCHMOCTb f11 U 11, MO ONBLITHBIM NAHHBIM, BrEpBble
nogmerusn C. Y. Koaynaiino [19].
YuHThIBas CBSI3b MeXKAY Koadumuentamu Japcu u lesn

c=1/ %, | (2-37)

dopmyay (2-34) mMoxHO 3anHucaTh B JPYTOM BHOe

1 1 L/ I
= VE e

IMoacrasasa cioga yactHhle sHauenus B~ 0,40 u k£=0,35, no-
JYUUM YOpOILeHHBle 3anucu - Qopmyan JKesesHsKOBa: COOTBET-

1 = 1 . ‘
CTBEHHO 7————0,9 VA u —= VL. B Takom Buie HHOrLA STH

GopMyJaBl TPHMEHUTEJNbHO K HAMNOPHOMY JIBUXKEHHIO XHIKOCTH B
Tpy6ax NPUBOAATCA B yueOHOH JuUTEpaType MO IUApaBJIHKE.
ITockombKy Tenepb HMeeTcss BO3MOXKHOCTb TI0JIB30BATbCA Iepe-
MeHHBIMH 3HAUeHHSIMH NapaMeTrpa kR, OTmajzaer HeO6XOJUMOCTb B
YIpOLIeHHBIX (opmysaax, TeM GoJee, uto dopMmyna (2-32) crpaBes-
JUBA U JJIs HallODHOTO JIBHIKEHHS B TpyOax.
IMoxcrasnss B ¢opmyay (2-33) sHauenune R mo opmyJe (2-32),

HaHﬂeM
me= c( —* 1o, ) (2-39)

1+c
Ecau BBecTH ciofia pasMepHBIR Koaq)(bnunem Ile3u Cg, nosy-
yum {9]

_Cs [_2Ve (©-
meé(Vg+ca+03) (2-40)
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Tak Kak B pacuerax HalOPHOTO HABHIKEHHs XHAKOCTH Yallle HC-
noJpsyercss Koadpuuuenr [apcu A, nocnenniono GopMysy ¢ yuerom
(2-37) zanumem B BUIE

= ]/8 (V;gx +03) - (2-41)

[Tpu uamenenuu Cy ot 10 1o 70 mM%5/cex. m COOTBETCTBEHHO BO3-
pacraer or 2,5 go 8,6, caepoBarespHO, NpuHEMAaTh m=7, 9t0 Xe-
JIaJIoCh HA MPOTSIKEHUH IJIMTEJBbHOTO BpeMeHH, HeT ocHoBaHu#. Jlis
aToro guamnasona Cp GJHKe yucJI0 M =6, a He m=7.

§ 8. Monoxenue cpepHedl CKOPOCTH HA BepTHKANW W B MOTOKE

‘BoaMoKHOCTE omnpefeseHnsl IOJOXKEHHs CpelHef .CKOPOCTH II0-
TOK4 Ha BEPTHKAJIH, a 3aTeM MOJNOKEHHS CpelJHeH CKOPOCTH BCEro
HOTOKa ' BCerAa INpuBJeKajda BHHMAaHHE CIeLHaJHcTOB B 00./acTH
ruppoMerpun. VHTepec K aTOMy BoOmpocy oOBACHSEeTCA TeM, 4TO
HPH U3BECTHBIX KOOPAMHATAX TOUKH B KMBOM CEYEHHH CO cpejHel
CKOPOCTBIO mporece H3MepPeHHH PacXolNoB BOIH CyH.[eCTBeHHO ynpo-
LraeTrcs.

B nacrosiiee BpeMH cyLueCTByeT BO3MOXHOCTb [IOCTATOYHO TOU-
HO PeLIMTb 3Ty 3aJayy TEOPETHUYECKH MNPHMEHHTEJbHO K IJOCKOMY
' OTKpPBITOMY NOTOKY W HAaMOpHOMY IOTOKY B Kpyrao#t Tpy6e. Has
peyHoro INOTOKa 3Ta’ 3afaya MOxeT OBITb TOJNBKO IOCTaBJaeHA H
CAe/IaHEl HEKOTOpBIE IPeIBapHTENbHBIE NPeIONKEeH s .

. TlonoxeHue cpelHEH CKOPOCTH Ha BEPTHKAAH

OTKpHTOro noroka. Onpefesenye KOOPAMHATH TOYKH HA CKO-
POCTHOH BEPTHKAJNY, B KOTOPOH MeCTHasi CKOPOCTb ¢ paBHa cpeaHel
CKOPOCTH HA BEPTHKAJH Uz, HMeeT NPAKTHUECKOe 3HaueHHe IpH
Manablx pabounx rayGuHAX CKOPOCTHBIX BepTHKaneH, NMPHMepPHO OT
0,10 go 0,35.M, H B caydae HeOOXOQMMOCTH YCKODEHHs NMPOU3BOA-
CTBa THAPOMETpHUYECKHX paboT, HampuMep, HpH HeyCTaHOBHBIIEMCS
HBAXKEHHH XKHJKOCTH.

Dynem HCXOIWTb H3 CTeNeHHOH (bOpMyJIbI pacnpeﬂeﬂem/m CKO-
pocrefi Ha BepruKkann [20]

1

U= maxn 3z

v

‘ OGosﬂaan OTHOCHTE/LHOE pPACCTOSIHKE B TOYKe OT [HA noroxa
B KOTOPOii cpeiHsisi CKOPOCTb HA BEPTHKAJIH DABHA U, UEPE3 1.
OueBUHO, IPU U=1Ug N =1}z, JxenosaTeJIbHo

(L) =1,
OTKyZLa 7 ,
| = (T4 )”’-‘ : (2-42)
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IloacraBass B a1y dhopmyay m no (2-33), neayuum

#CY MG
TIB:(M). . : (2-43)
C yuerom dopmyas (2-32) mas k nocae npeoGpasoBauii HaAxeM
' _ ‘ . 2,3cB+o,3c:2
[ o2scitoset 7w (@244
b [ 1+33CE+03C, :l C |

Uccnenosanne GopMynbl NOKa3bIBAET, YTO YeM Godblue Cp, TeM
MeHbWE 15, OAHAKO Ipu Cy>25 MO%5/ceK. BeqMuHHA 1), OAH3Ka K

0,4 (raba. 2-1). Tabiuya 2.1

3nauenud vy no dopmyne (2-44)

* -
C, u00cex. Cy s C, u0d/eex. G Mg

1 0,319 0,557 16 5,10 0,418

2 0638 " |- 0502 18 5,73 0,416

3 0,955 0,480 20 6,38 0,410

4 1,27 0,465 30 9,55 0,405

-5 1,59 0,455 40 12,7 0,400

6 o191 0,450 -850 15,9 0,394

7 - 223 0,445 60 19,1 0,392

8 2,54 0,440 70 223 0,390

9 2,87 0,435 80 25,4 0,389

10 3,18 0,431 90 28,7 0,388

12 3,82 0,425 100 318 0,388
14 4,48 0,421

Takum 06pasoM, WHPOKO pPacIpOCTPaHEHHOE BO BCEX CTPaHax
npaBuno o6 U3MepeHHH CpefHell CKOPOCTH. HA BepTHKAaJM € Io-
MOILBI0 TaK Ha3blBAEMOTro OJHOTOYEYHOro cmocofa .IpH pacnoJo-
JKEeHHH TOYKH Ha paccrosgHud oT AHa 1s=0,4 (0,6 oT noBepXHOCTH)
CIpaBelJIMBO JJIsi OIpefejeHHOro AuanasoHa Koshduiumentos C*.
CTporo roBops, BeJHUHHA g BJAAETCS HePEeMeHHON U JOJKHA OHTb
onpenenera no gopmysne - (2-44). HauGosiee 3aMeTHO BENHYHHB “1}s
orkaonsoresa or 0,4 npu C<25 m%5/cexk.

Bosnukamoumye OWMOKA NpU HCIOJb30OBAHHH [OCTOSHHOTO 3Ha-
yenns Ns=0,4 paccMoTpenn B patdore [9].

[TlonmoXeHne cpeflHEH CKOPOCTH B HANOPHOM [I0O-
Toke. [Tonb3ysacs Gopmysol pacnpenenenus ckopocreht (2-7), 3anu-
caHHOH NMPUMEHHTEJbHO K ABUIKEHUIO B HanopHoll tpybe (puc. 2-7)

. .

e =(E)" (2-45)

Umax Ty
41



. NMOJYYHM cneny}omy}o dopmyay. aas OHpEﬂeJIEHI/IH cpefiHe#l CKopo-

CTU IIOTOKa:

Ty o 1

f ;err ':_?2_ j umax(ri')ﬁ rdr,

' 0

rie y="ro— r — PaCCTOSIHHE OT CTEHKH pr6b1 umax — CKOpOCTh Ha

ocH TpYOHL

ITocse unTErpHpOBaHUS HalieM

v__ 2 : (2-46)

T

TloacTasiss v | Yy B Gopmyay (2-45), IiOJIymM

r

=)
Umax ro ’
oTKyna

. | v \™
my =2z — (L),

*o Upmax

u"lud.

2701918
2

=[]

(2-47)

C apyro#i CTOPOHEL, U3 JI0-
rapudMuuecKon bopMyJbL
pacnpefesneHus CKOpOCTei
MOKHO TIOJYYUTh '

Puc. 2-7. Tlpodman cxopocTe#f HamOPHOTO U= amax _ ik:k_ Inle
Y

IIOTOKa-

Pacxon }KI/IILKOCTI/I qepes 3JeMEeHTapHylo IJIOHIaAKY KOJIbIIEBOH

(hopMEl paBeH

Q=2n [ u(ro—y)dy.

[loacraBasia clofa u, NOJYYHM

Q--:an(umax *ln )(ro —y)dy.

42



[Mocne unTerpnpoBaHust

3
Q=m‘g(u —ﬁu)

max

O3TOMY CpeﬁHHﬂ CKOpOCTh fIOTOKa paBHa

OTKYyRA . ' ‘

TAg Uy — AHHaAMH4Y€CKasg CKOPOCTh, paBHAaA

(2-48)

(2-49)

(2-50)

u, = %— v%
TTostomy
u 3 Ve
N =143 5
HJIH '
. v . C
Umax . . 3 VE )
- Gt
Comnocrasnss Bpra}KEHHﬁ (2-46) u (2-50), monyuum ypaBHeHHE
1 !
(1+50) 2+0) _143.Y%
2 - 2 kC

PeluenneM aTOro ypaBHeHHs SBJSIETCH:

| —3x ]/9+ IQVg

m

1 .
3naueHne —- BCeria MONOKATEIBHO, O3TOMY [21]

~:]/2,25+% 15,

(2-51)

Pemwas ypasuenne (2-51) nyrem nomGopa, HaﬁneM m=6. [Tog-
CTaBJsAs 3TO 3HayeHue #m B dopmyay (2-47), moayumMm Teoperrue-
CKH 1,=0,25, uto OuYeHb G6/M3KO K ONBITHOMY 3HAa4eHHIO 1),=0,24,

noayueHHoMy skcnepumentanbno @. A. lleseneswim [16].

Tlosiyuennoe 3nech 3HaueHne m=6 He MOXKeT GbiTb HCIOJB3O-
BaHO KaK YHHMBepCaJbHOE NpPH NOCTPOSHHH Npoduiell cKopocTell B
HanoOpHOM IIOTOKe. B 3ToM ciyuae Haj0 NPHHHMATh M B 3aBHCH-
mocti ot C no dopmyJse (2-39). F'mapasautieckn 310 03HAYaeT, UTO
tdhopma npodumnels ckopocteli Moxer ObITb 00/ee BblpaBHEHHOM, HO
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[epeceyeHue ux NMMPONCXOAHUT B TOYKe, MNOJIOKEHHE KOTOpOﬁ IIOYTH

He MeHseTcd, T. e. S =1, =0,25. It0oT PaKT KaK YHCTO ONBITHBIH
7o ,

B THAPOMETDPHH GHlI H3BECTEH I4BHO, HO TEOPETHUECKOE ero J0Ka-
3aTeNbCTBO CJEJaHO CPABHUTENbHO HELABHO.

Ilonoxenue cpenHneill CKOpPOCTH B PEYHOM HOTOKE,
B x¥uBOoM CeueHHH pEYHOTO HOTOKAa TI0 TOCTPOEHHBIM H30TaXaM
MOXKHO YKa3aTb HEMAaJO TOYEK, B KOTOPHIX MeCTHBIe CKOPOCTH Gy-
AyT paBHBl CpefHEedl CKOPOCTH BCEro MNoToxa v, Jlyulle Bcero mis
HarJISIHOCTH NMPOBECTH H30T2XY €O CKOpPOCThiO v. B maHHOM cayuae
MBI XOTMM»BBEICKA3aTE HEKOTOpble MpPeNBapHTEJbHLIE COOGpPAKEHUS
0 pelleHHH TAKOH 3aJayl NPH OTCYTCTBUH H3MEpPEHHBIX CKOpocTed
TeyeHHs: BOJAE. Urtobnl mpuaarh eii-6osee onpeneNeHHOE IpaKTHYe-
CKOE COJleprKaHue, MOCTAaBUM 3ajayy 06 ONpeleJeHHH HOJIOXKEeHHs
CKOPOCTHBIX BepTHKaJjelf, Ha KOTOpPHX up=v. HasoseM Takyio Bep-
THKajb penpeseHTaTuBHOH. ONBIT pelleHUs Takol 3afaud H HEKO-
TOpBie moBepounsie pacuernl npoussena Jle Txak-Kan [21] opu koH--
cynbranuu I'. B. Xesnesnakosa. B ocHOBY mpepjioxenHoro crnocoGa
HOJIOKEHBl CJAEAYIOIIMe THApaBanueckune coobpaxenus. Has cpen-
Hell CKODOCTH Ha BEPTHKAJNH Ug, pPacxoja Ha BepTHKaJU ¢ H BCEro
pacxona @ Nmpu paBHOMepPHOM NBMKEHHH HMeeM (HOPMYJEI:

. — 1 .
s :anL nt, o (2-59)
3 _
g=YL 2", (2-53)
B — 3 b
Q= j ‘{1—’ BT db. (2-54)
0

OUeBHIHO, TONOKEHHE penpeseHTaTUBHOA BepTHKAJIH Olpe/e-
JINTCSL ypaBHEHHEM ’
5 :
/T .+ : 2y
yr /z?”:%f@h? db. - (2-55)
0

n

Ero pemenue npOH3BOAUTCH rpaqauqecxn [To (bopMleaM (2-52)
(2-53) crpositcs smiopbl Beanvud #y u g (puc. 2-8). Ilaomians,
orpanHuyeHHas smwopoll g, maer Q. IpoBoAs Ha pHCYHKe TOPH3OH-

TaJbHYIO JIHHUIO Ha paCCTOHHHH-’U—':-E' OT 3€pKaJia BOJbI, B Ile-

peceueHuy C KPUBOH Uy MOJIYUHM JBE TOYKH, KOTOPBIE H OBPEACATIOT
NOJIOKEHHE Pelpe3seHTaTHBHBIX BepTHKastelt / u 2. Ha stux Bepru-
KaJsiX U ¢JIelyerT CAefaTh U3MePeHUs CKOpocTefi M MPUHATb. B pac-
yer u#p=0,5(Us,+ us,). [lonoxkenne Taxux BepTuKanell B 00IUeM
cayuae 3aBUCHT OT ypoBHA. Ecyu npHHATH | HEM3MCHAWUMCH MO
LINpHHE MOTOK&, TO JJsi ONpeJeseHHsl NONOKEHHS Pelpe3eHTaTHB-
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HBIX BepTukajed Ttpebyercs TOJBKO NPOGHUNL KHBOIO CEUEHHS U
JaHHBle 00 M3MeHeHHM K03(QQUIHeHTa 7 10 UWHUPHHE IIOTOKA, YTO
BHAHO U3 ypaBHeHus (2-55). Ilpu Hemamennom n 3amaua emle 60Jb-
e ynpowmaercs. (Pemtenne aToft 3agauy Ajas NOTOKa C.PE3KO BBHI-
pajKeHHHIM HEYCTAHOBHBLIMMCA [ABUKEHHEM CYLIeCTBEHHO OCJ0X-
HsIeTcs.) :

"lns OPOBEPKH 3TOro crnocoba OmpefesieHHs MOJOXKeHUsi penpe-
8EHTATHBHLIX BepTHKaJeH HCIOAb30BAHHEl [AHHbIe H3MepeHHi pac-
XOIOB BOAKW B 25 pasauuHbiX THApPOCTBOpax pek. HaspaHus pex u
TUJPaBIHYECKHE XapaKTEPHUCTHKH NPUBEIEHB B cTathbe. [22].

q

. Us

q /ua\

L

I v }

~ 4 - b
™ ~~ 27
8

h

Puc. 2-8. K ompeneaenuro monoxeHus -cpenueit
CKOpOCTU B PEYHOM IIOTOKE.

Ha puc. 2-9a nokasana cBA3b MeXAY OTHOCHTEJNLHBIMH PaccTosi-
: l l
HHSIMH OT yPe30B BBIUHCIEHHBIX & U (aKTHUECKHX 5+ TRe [ — pac-

CTOsIHHE ‘DENpe3eHTaTHBHON BepTHKalIH o ypesa. Ha puc. 2-96
HaHa CBA3b MeXAYy (AKTHUECKHMH CKODOCTSIMH U H CKOPOCTAMH
Up==Uy, D€ Ug— CPE[Hss TeOpPeTHYeCcKas CKOPOCTb MOTOKA, IPHHHU-
MaeMan 3a CKODOCThb Up, YTO HENOCPENCTBEHHO CJEfyeT M3 CaMol
METOAMKH pacueToB. MOXKHO OTMETHTb