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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

20



¢ 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.
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[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, UTO XOT pasbpoc TOYeK
3HAYHTENbHBIH, HO OHM TPYNIHPYIOTCS OKOJO NPSMBIX, HAKJOHEH-
HBIX K OCAM KoopiuHAaT moj yraom 45° Ortcioga caenyer, 4To
IOCTaB/IeHHasi 3ajaya MOxkeT ObITh peieHa. IlosoxeHue penpe-
8eHTATHUBHBIX BepTUKajed B oOlleM cJyyae 3aBHCHT OT YPOBHS
Boanl H, MoxHo sapanee mocrpouts rpadur [=I[(H). Orcrona
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TOSIB/ISIETCS MAES CO3/laHHMAl MeXaHH3Ma, YCTaHOBJEHHOTO Ha 6epery,
¢ TIOMOILBIO KOTOPOTO H3MEPUTENb CKOPOCTH MOT Gbl ABTOMATHYECKH
PUBONMTECS HA HYXHYIO BEPTHKAJb MPH H3MEHEHWH YPOBHS. Ta-
KOH MeXaHHM3M MOr Gbl BOHTH B cOCTaB 0OOPYAOBAaHHA THAPOMETpPH-
YEeCKHX JIIOJIEUHBIX TEpenpas, yI‘IpaBJ‘IHeMbIX ¢ Gepera.

§09. Taxurpatbuqeckue KPUBbIE H nx nprMeHeHUe K pacueiy
koagpthuunentor Byccunecka M KopHonuca

Cunposornueckre CTaHIMH YacTO — PacCloJaraloT MNOAPOOHBIMH
IAHHBIMH O KMHEeMaTHKe NOTOKA B. CJOXHBIX YCIOBHAX €ro JBHKe-
Hus. K coxasieHuio, MOYTH KaK NMPABHJIO, OHH HCTOMb3YIOTCS TOMBKO
JUIsl BEIYMCIEHHS DAcXofla BOMABI, B TO BPeMs Kak TyTeM CpaBHH-
TeJbHO HECJOXKHBIX JONOJHHUTENbHBIX BBIYMC/ACHHH U TOCTPOEHHH K
OGLIUHO# CcTaHHapTHOH 06paboTKe PACXOIOB BOLBI MOTYT OLITH IO--
JIYUeHB! OuYeHb Ba)KHBle JAHHBIE C HAaydyHOH M NpPaKTHYECKOH TOUek
3penus., B. aToM oTHOmeHuMHM aHaJ M3 TaXUrpaduyecKUX KPUBBIX U
UX TpHMeHeHHe MPeNCTaBJSIOT OCOGHIH WHTEpec, B YaCTHOCTH s
pacyera koapdunuentos Byccuuecka u Kopuosuca. Taxurpaduue-
cKne KpHBbIE B NPAKTHKY THIDOJIOTHYECKHX DACYCTOB, B YaCTHOCTH
JIs neNeli KpaTKOCPOUHBIX NMPOTHO30B ypOBHEH BOILI:I BIIEpBbIE BBE-
nensl B. I. TaymkoseiM [23].

Kax M3BeCTHO, HaTJsLHOE TpEeACTaBJIeHHE O paClpefe/eHnH
MEeCTHHIX CKOPOCTeN 4 B IOTOKE AAI0T JMHHUH DaBHBLIX MECTHBIX CKO-
pocrell, HA3LIBaeMble H30Ta X a M H. ¥IMes CKOPOCTH, H3MEDEHHbIE B
PasHBIX TOUKAX YKHBOTO CEUYEHHs IIOTOKA, H30TAXH CTPOATCH MO CHO-
cobamM, manaraeMbIM B Kypcax ruapomerpuu [24 momp.). Ouepranve
H30TaX TECHO CBA3aHO ¢ (GOopMoll MOMepEeuHoro CeyeHus pyciaa u pac-
npejeseHreM 1IePOXOBATOCTH TIO €ro LIMpHHE, a TaKxke C peabetom
IHAa B IJiaHe HA pacCMaTpHBaeMOM ydacrtke. '

Pas3HoCTb Uj—Uy=Uy—Ug=U; 1—U;=Aly, Ha3bIBaeTCA CEUYCHHEM
~.usorax. OueBHIHO, UTO

ui - un. min < Auns U Upax — U < Auns’

rhe Uy min — HAMMEHBIIAS NOHHAS CKOPOCTb; Umax — HaMGOJbBLIAS .
CKOPOCTb B JKUBOM CeueHHH NOTOKa. [Ipu Hamuunmy. HeONIHHAKOBEHIX
0 MUPHUHE MTOTOKA JOHHEIX CKOPOCTEH H30TAXH MEPECEeKalOT JIHHHIO
naa. Ecmu crkopoctd uy=0, CMOUEHHHI!l MEPHUMETp MOXKET paccMa-
TPHBATBCSI B KauecTBe HyJeBoll nsoraxu. [lo mepe npubiHKeHHs KO
JHY TOTOKA DACCTOSHHE MeXKy CMEKHBIMH H30TaXaMH yMeHBIIAeTCH,
UTO TOHATHO M3 paccMOTpeHHs npoduiell ckopocTed. :

Jns moToka  MON JeNSHBIM HOKPOBOM H30TAXH HMEIOT (bopmy
3aMKHYTHIX H/IM DA3OMKHYTHIX KDHBBIX H nepecekamTcs ¢ JHOM H
HUJKHEH IOBEPXHOCTHIO Jabaa. M3oraxn HATOPHOTO TIOTOKA B Tpybe
uMeT (HOPMY KOHIEHTPHUYECKHX OKPYKHOCTell (NPH OAHHAKOBBIX
npoduIAX CKOPOCTeH B pajuafbHbIX HaNpaBJIEHUsX).

N
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B nesom mote ckopoctefi B NONEPEUHOM CEUEHHH XapaKTepu--
gyercs Taxurpaduyeckol KpUBOH U=U(wy), TAE 0, — IJIOLIAb,
orpaHuYeHHass M30TaXOH C COOTBETCTBYIOUIeH efi ckopocthio 4. Ha -

u G) -
T e———— s — — — — — — — —
. ——— '
\“DQ, ———'
;g Q
| dwy
("U, Wy
Tu
;é,
Ug ‘ o .
X A ERRRRE RS RENASAER RS RRERGO OO O
w |

Puc. 2-10. Taxurpaduueckue KpuBbIe.
a—1pu unzo; 6—np u, 0.

puc. 2-10a- usobpaxkeHa raxurpaduyeckas Kpupas, Mojaras, 4ro
uy=0. Tlpy u=0vmax ©0.=0; 0pu u=u;=0 wy=0, rae o — wio-
IaJp IONEePeuHOro CeYeHHs MNOTOKAa. TakoMy - yCJIOBHIO OTBeYaeT

. SMIHpPHYECKOE ypaBHeHHe Taxurpaduyeckod XpuBOH BUMA

u#,vmax( _w_u)K;. o (2-56)

)
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[ToxasaTensb cTenenu K> umeer onpeleNeHHbH KUHEMaTHISCKHI
CMBICJI, YTO [OKasbiBaercd cJjaenyomuMm o6paszoM. Boimenum Ha
puc. 2-10 @ sneMenTapHyio miomanxy. Ee miomaab YucaieHHO paBHA
5JieMEHTAPHOMY pPacxony Boibl dQ=udw,, TaK Kak dw, ecTb 3Jje-
'MeHTapHasi IJIOLAfb KHBOTO CeUeHHs, HMeKllero (opMy H30TAXH
- ¢o cKopocthio 4. ClenoBaTesNbHO, Pacxof BOAH Q paBeH

Q= [ udo, @)

0

um ¢ yuetoM dopmysbl (2-56)
o] *

Q= Vs [ (1 — 2) a0,

0

[IpousBoas uHTerpruposBaHue, HaligeM
Q= ——— OV » (2-38)
Q

YuuTbiBas, uto v = —- W pelas ypasHenue (2-58) OTHOCHTEJIBHO

£l
K3, nonyunm

Kom=Tmes .1, (2-59)
Beons 0603H’aqeﬂne Ky= vvx ., Gopmyay (2-59) nepenuiuiem

B BHIe
K= 1_;7’@_ (2-60)

Caenosatennho, K AiBNsiercs KuHeMaTHUECKUM MapaMeTpoM, 3a-
BUCSILIMM OT COOTHOIIEHHSI CKOPOCTEH ¥ WM Upax. DoJee IeTasbHO
Bonpoc o Koapduuuentax K, u K3 nsnaraetcst B raase IX.

Ecnu 6ol B KHBOM CeYeHHH ® BCE YACTHIB XKXMJAKOCTH IBUTAJHCDH
CO CKOPOCTBIO U=7Umax, TO PACXOJ BOJIHI, KaK BHAHO Ha puc. 2-10a,
Obl1 Gbl paBeH NMPOU3BENECHHI0 WUpax. D ACHCTBUTEIBHOCTH 3a CYET
HEPAaBHOMEPHOTO pacHpe/iefieHysi CKopocTel, 0GYCJOBJIEHHOTO THJ-
pABJIMUECKUMH CONPOTHUBJIEHHSIMH, DACXOA BOABl TO CPABHEHHIO €
pPACXOJOM ®Umax MEHblIe Ha BeJMYHHY, KOTOpasd YHCJIEHHO paBHA
samTpuxosanHol maowanu. O BemuunHax D u Qy us;daraercs
B § 10. »

PaccMoTpuM BaMsiHME JOHHBIX CKOPOCTEH, a B CBASH C 9THM H
IepoXoBaTocTH AHa Ha (opmy Ttaxurpaduueckolr xpusoh. I[lycrb
kpuBas I (puc. 2-106) cooTBeTCTBYeT Ciy4ar OGOJBILOH LIEPOXOBA-
TOCTM JHa TOTOKa, a B CBS3H C 3THM H OUCHb MaJibiM HJH HYJEBBIM
3HAUGHHSIM [JOHHBIX cKopocteil. IIpm NOPOUHMX DaABHBIX YCJOBHSX

4  T. B. JKeneausos ‘ 49



IBUKEHWS, HO NPH MEHbIUEH IIepOXOBATOCTH AHA JOHHBIE CKOPOCTH
MOLYyT CTaTb CYUIeCTBEHHLIMH, [IOTOMY Taxurpadmrueckas KpUBag
MOXKET IepeMecTUThCcsl B moJgoxkenue 2. Ilpu 3ToM;, mo-BHANMOMY,
Gymer cobuonatbcs HepaBeHCTBO AQ<<AQs, Tak Kak npu HaJAIAHU
LOHHBIX CKODOCTeH H30TaXu CMewaoTcd. OJyKe KO JHY, UTO LAeT
VBEJIHYEHUE @y. -

Ha puc. 2-10 6 xpuBas 2 npoeenena c¢ yueroM, uTo AOHHAs CKO-
poCTb B nOpejesax BCero CMOUYEHHOrO NepHUMETpa ) ONHHAKOBA.
B neficTBUTeNbHOCTH HOHHASl CKOPOCTb MOXKET H3MEHSATBbCS MO MJIH-
pe y. B 3TOM cayuae cuuTaeM BO3MOKHBIM 34 HCXOMHYIO JOHHYIO
CKODPOCTb NIPH NMOCTPOEHHU KpHUBOH U=1u(®,) IPUHATH CPEANION LOH-
HyIo cKopocTh. [loHsThHe o0 cpelHel JOHHOH CKOPOCTH OYIeT pac-
¢moTpero B raape 111 '

COBOKYNHOCTE MHTETrpaoB

. f undo =, (2-61) -
o - ‘
[ wdo=a'v%, . (2-62)
( wdo = a1’ (2-63)

[0}

H. H. IlaBnoBckuil HasBasm jeMMOf ¢ Tpex uuTerpasnax [25].
[TepBriil MHTErpaJ ‘cBsi3al C BBELEHHEM B [UAPABJMKY TNOHSTHS
cpenHel CKOpPOCTH moToKa. BTOpo#l uHTerpas BO3HHKAET IpH TOJ-
cuetTe KOJHYECTBA [ABHIKEHNS, HAPUMER, B TEOPHU THAPABIUYECKOTO
npeikka. BespasmepHas BennuuHa of, paBHAs OTHOLIEHHIO KOJHUE-
CTBA JBMIJKEHHS MacChl XKHAKOCTH, NPOTEKaIoOIell B eIHHHIY Bpe-
MEHH 4epe3 JaHHOC JKHUBOE CeYeHMe, K KOJHUYECTBY [BHKEHHS XKH/I-
KOCTH, BBIYMCJECHHOMY B HPEANOJIOXKEHHH, UTO CKOPOCTH BO BCEX TOU-
Kax JKUBOTO CEYeHHs paBHBI Cpefnell CKOPOCTH MOTOKA, Ha3hbIBaeTcs
ko> dunvenTom byccunecka. Tperuft HHTerpaJ NoOsBAAETCS B CBA3H
¢ onpeleneHreM KHHETHYECKON 3Hepruu motoka. DBespasmepnas pe-
JVYUHA ¢, PABHAs] OTHOWIEHHIO KHHETHUECKOH SHEPTHHM Macchl KHI-
KOCTH, MpOTEeKalollell B eTHHUHY BpPEMEHM depe3 JaHHOe KHBOE ce-
yeHue, K KUHETHYEeCKOH 3HepPTHU MACChl JKUIKOCTH, BLIYHCJIEHHOH B
NpENIONOKEHNH, YTO CKODOCTH BO BCeX TOYKAX JKHMBOTO CEUYEHHS
paBHBI CpefHell CKOPOCTH IIOTOKA, HaskiBaeTca Kod(duuuentom Ko-
puosca. DToT Ko3(pPUUNEHT BXOAUT B ypaBHenue [[. BepnyJnu.
IoscHUM TepeUrCJIeHHbe HHTETPanbl ¢ MOMOLLbI0 TaXuUrpaguye-
CKHX KDHBBIX. /3 NpenbIAyIIero H3JO0XKeHHsl fCHO, UTO TIOLLaib,
orpannueHHas taxurpaduueckoil kpupol (puc. 2-10 @), paBna unre-
rpany (2-61). Ecan temepb mMOCTPOUTH TPAHCHOPMHPOBAHHBIE TaXU-
rpaduueckue KpUBLIE, OTKJIAIbIBAs MO BepTHKaAbHON ocm u? m ub,
a TI0 TOPHM30HTAJBHOMH, KaK H NPEXK/E, Oy, TO IJIOMA/H, OrpaHuYeH-

50



Hble COOTBETCTBEHHO TaKHMHU KpHBbIMI/I LajfyT uHTerpajel (2-62) u
- (2-63). ’ '

KosdpduuuenTsl o n o, NoJyueHHBle B OCHOBHOM [JIs1 HANODHBIX
TypOyJIeHTHEIX NOTOKOB, 4acTo 0e3 NOCTATOYHBIX OCHOBaHHH Iepe-
HOCATCA Ha peuHBle noToKW. Hanmpumep, BO MHOTHX Kypcax CHApaB-
JIUKH K03 (hPHINEHT oo PeKOMEHAYeTCSl IPpHHUMAaTh paBHbIM 1,1 u pas
pek. QakTHUECKN XKe 3HAYEHHs o B peKax MOIYT HOCTHUraTh, MO AaH-
BeM JI. A. Mopososa [26], 2,4. B cpendem AJsf paBHUHHBIX peK
0~ 1,2, npns ropuniXx a~ 1,6, FIMeer HeManoBaKHOE 3HAUCHHE METO-
IMKa BeumcaeHus o’ U o. Huke usnaraercs HauGosee TOUHBIH CIO-
cob ompeneneHusi o’ M o, NpelNoXkeHHBIH B pabore [18]. Mwmes B
BHAY, UTO €ro INpHMeHeHHe NpeAcTaBageT HaubOAbIIHH HHTEpeC AJd
pPeuUHBIX OTOKOB, NMPOMJJIIOCTPUDYEM €ro Ha KOHKPETHOM NpHMEpe,
HauboJiee GJIM3KOM CIEHMHANUCTAM THAPOJOTHYECKHX CTAHLHH.

ITycTe MMeIOTCA pacXoinl BOJH, U3MEPeHHbIE THAPOMETPHIECKOH
BepTyuIkoi. [To H3BeCTHLIM B TUAPOMETPHH CHOCOBAM CTPOSITCS M30-
traxu (puc. 2-11). as paccMaTpuBaeMoro rCHAPOMETPHYECKOrO
* CTBOpA OCHOBHBIE THJApAaBJANUYECKHE 3j1eMeHTHl paBHbl: Q =4350 m%/cex.,
©=6390 M2 ©0=0,68 ' M/ceK.,, Umax=1,03 wMm/cek.,, B=1020 wu,
hep=6,20 M, hmax=11,3 m. Ilpodunu <cxopocrefi nokasaHw Ha
puc. 2-12. TlnasvMeTpHPOBAHUEM ONpPEIeJsIIOTC IJIOMANM, OTpaHH-
yeHHbIe W30TaxaMH, H BHOcsATCA B tabia. 2-2. -

Tabauya 2-2

K ﬁacquy ko3 unnentos Byccunecka " Kopuoauca
(p. Boura, rugpomerpuyeckuii creop Ne 1, llonsna um. Ppysse,
12/VIII 1967 r.)

o ® Dy u u\? A%
w/cex. b S 7 ) )
1,0 79,1 0,0124 1,47 2,16 3,17
0,9 880 0,138 - 1,32 1,75 2,32
0,8 2130 0,334 1,18 1,39 1,63
0,7 3510 0,550 1,03 1,06 1,09
0,6 4350 0,681 0,88 0,78 0,69
0.5 5010 0,783 0,74 0,54 0,40
04 3635 0,882 0,59 0,35 0,20
03 6180 0,968 0,44 0,19 0,085
02 6350 0,994 0,29 0,09 0,030
0,1 6380 0,998 0,15 0,02 0,003
0,0 6390 100 0 0 0 .
3anumieM BhipaxkeHue (2-61) B Buue
1
u do,
[+ =1, - (2-64)
§ .

‘e ®y — MAOLLA/b, orpaHquHHaﬂ H30TaxoH.
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(/]

A o ® i} o
OTrnanriBas Mo rOpU30HTAILHOK OCH — ' @ 70 BepTHKAJbHOH

u i .
—. TOMy4HM Ge3pasMepHyio taxurpaduyeckyio kpusywo (puc. 2-13 a).
[nomanb, orpaHHYeHHAasi TOH KPHBOH, JAO/xKHA ObITb paBHa elH-

HHIlE, UTO SIBJISIETCH KOHTpPOJIEM BBIUHC/EHHH M IOCTPOEHHH.

1

2

3

L/

0

0,12 014 0,[6 08 10 mfcex.
. - l 1

0%

Puac. 2-12. Tlpoduau cxopocreit
[oasna um. Ppynse.

p.

3anuuem Tenepb BhIpaKeHHe (2-62) B Bume

1

(_u_‘? d(,)u
J‘ v) ®
0 .

=aq'.

Boaru B ctBope Ne 1,

(2-65)

' . u\? ,
OTk/IanbiBas MO BePTHKAJIbHOH OCH (;) , @ MO TOPU30OHTAJbHOMN
[}
Takke —’-, NONYYHM 0Ge3pasMepHYio TpaHChOPMUPOBAHHYIO TaXH-
rpadudeckyo Kpusyio (puc. 2-136). Ilromanb, orpannyennas sTol
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KpPIBOI/I uuC/eHHO paBHa Kosdpdunuenty Byccusecka o’. HauGosb-
mas BepTHKajbHasd OpAMHATA paBHa = B nannom npnmepek

2
o’ =1,07. '
I/IHTerpaJI (2-63) mpencTaBUM B BHAE

J (2] 2~ @60
0

v ®

o u\3
OtrknaablBasi IO BEPTHUKAJbHOU OCH (;) , TIOJyYUM TaKkKe Oes-
pasMepHyl0 TpaHChOpMHDPOBaHHYIO Taxurpauyeckyio KpHBYIO
' u 2, u 3
&7 . (%)

b4 4

a) | 6) , 6)

LSS

. @« =1,068 =126
N A J
0 04 08 0 04 08 0 04 08 g

Puc. 2-13. BeapasmepHrie Taxurpaduueckue KpuBbIC.

a— nad KOHTpOJlH BBIYUC/ACHHH; 6 — IAg BHIYUCIeHus KOdduinenTa ByCCHHeCKa 8 — 141 BLIMHACJISHUT
koagpunuenta Kopuoanca.

(pI/IC. 2-13 8), HO ¢ HaMGOMBIINM 3HAUEHHeM BEpPTUKAJBbHOH OpjH-
HaTH R [l10manp, orpannyenHHas 3TOH KPHBOH, YHCJCHHO pPaBHA
: 2 - . ,
kospduinenty Kopuonuca a. B nannom npumepe a=1,26. OGpaba-
ThIBASI TAKHM 00Da30M THAPOMETpPHUECKHe JaHHLIE, MOXKHO 0006-
T o’ U o B QopMe 3aBUCHMOCTH uX OT yucsaa Ppyna
2
Fr= .
&hep
st kosddunmenta o paBHHHHbIX u TOPHBIX pek JKemesHskos
npepgoxua dopmyay [9] ‘ \
I
14 ]/'Fr_

23+03)/ r%—r

a=1+ 0,88 0,34+ (2-67)
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HanbHefimasg o6paGoTka THAPOMETPHUECKHX NAHHBIX IO MH3J0-
JKEHHOH MEeTOJMKe NO3BOJHT yTOUHHTH (opmyay. Tlpu BeIBoge 3TOH
Gopmyabr [18] B KauecTBe OCHOBHOTO KMHEMAaTHUECKOro Hapamerpa

v
6bl1 npHHAT mapamerp Ky = . B C/I0XHBIX YCIOBHAX ABHIKEHUSI
X

BOAH (B peKax) OH He BIOJIHE xapaKTepHU3yeT rnoJje ckopocref. [lo-
3TOMY B JajbHefillleM 32 OCHOBY CJaeLyeT NPHHATL GoJiee YHHBep-
CasibHBIH KHHEMAaTHYeCKHH mapamerp, NPelJoXKeHHbH B MOHOrpa-

$un [1],
. =-—ng§;: T . (2-68).
rne

7 (UHOB f humax db

— cpeaHsA NMOBEPXHOCTHAS CKOPOCTb. IOTOKA, ONpeselseMas H3BeCT-
HBIMH croco0aMy rHIPOMeTPHH.

HanokeHHy0 MeTOIUKY 00paGOTKH MECTHBIX CKOPOCTefl 4 B JKH-
BOM Ce4YeHHH MOZXKHO C YCIeXOM pacOopoCTpaHWTb Ha APYyrue 3Je-

. ~ ]
MeHTHl NOTOKa, HANPHMEP HA HHTEHCHBHOCTb TypGYJEHTHOCTH

e 0y — CPelHee KBaJPaTHYHOE OTKJIOHEHHEe CKOPOCTH, 8 U — OCpell-
HEHHas CKOPOCTb BO BPEMEHH B TOUKe. OTMETHM, YTO B IHAPOMETpHH
9T0 HOHSATHE HUCHONb30BANOCH sanonro IO nosiB/IeHHs Teopufl TypOy-
JIEHTHOCTH:

[
O6o3HaunM 7“ uepe3s Be u nasosem umnciom BenukaHosa B

yecTb yueHoro M. A. BesnukasoBa, BHeculero Gosblio#l BKJIaA B pas-
paGoTKy npo6/eMel TypOyNIeHTHOCTH C MO3HIMH DPEYHON THAPOJOTHH.
JIuHMH PaBHON HMHTEHCHBHOCTU TypOy/eHTHOCTH Be B >xXuBOM ceue-
HEH DACMOJIAraloTCsl 3aKOHOMEPHO: IO Mepe NPHO/IHKEHHs KO AHY
Be ysenuunBaercs. llpumep pacnpefenenus uucen Be pus peusoro
NOTOKa NpHBeIeH B pabote [27].

§ 10. FOTHocuTeanuﬁ pethuuMT cpephed CKOpPOGTH NOTOKA

OtHocutenbHbIH nedunur D cpenHell cKopocTd NMOTOKA U mpen-
cTaBJsier co6ofi Ge3pa3MepHLI napaMeTp BHIA

— F
D= ”mﬂ;* ° =1/ rimex (2-69)

rae v,=V gRI =V ghe,l — nuHaMuueckas CKOpOCTh NMOTOKA; R—

TUAPABIHYECKHH PafnyC, Al MHPOKUX PEK NMPUHUMACMBIH PaBHEIM
cpepnefl ray6une notoxa HAep; [ — IHAPABJMYECKHE YKIOH AJst
yuacTKOB DeK ¢ 663HaHOprIM N71aBHOM3MEHSIOWHUMCS IBUXKEHHEM,
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2
Yy max

&hep
yncao Ppyna, B KOTOPOM 32 XapakTepHYI CKOPOCTb MPHHAT abco-
JIOTHBIE JeUIUT cpelHell CKOPOCTH NOTOKa

NPHHMMaeMblll DaBHBIM TEOMETPHUYECKOMY YKIOHY; Fry, =

Umax — U= Uy max’

I'mapasanuecku#l cMbIcH .apamerpa D Jydine BCeTo MOSICHsETCS
C IOMOUIbI0 Taxurpaduueckoli Kpupoh- U=u(w,) (puc. 2-10a).
QueBuano,
vmax

Umax @ — J. o, du

. 0
D= —

rie Qs=0:0 — IUHAMUYECKHH PaCXOL. STo noHsTHE Q. BBELEHO B

JuTeparypy no runpasauke B 1950 r. [1].

Hceneposanne napamerpa D npenacrasaser HHTepec, BO-TIEPBHIX,
B CBASH C H3YUEHHEM I'HIPABIHYECKHX CONIPOTHUBJIEHHUH, BO-BTODHIX,
D B CBSI3H C ONpejejeHHeM pac-

e : XOZLOB BOLBI B peKax TUAPaB-
JIUKO-FHPOMETPHUECKHM CIIO-
co060M NpH NPOU3BOJCTBE M-
POTeXHHUECKUX W3BICKAHHH , #
U3BICKaHUI MOCTOBHIX Tepexo-
IOB, UTO paccMaTpHBaeTcs B
taaBe [X.

IMapamerp D, xax ussecr-
HO, HEe SIBJSETCS IMOCTOSTHHOHN
BEJNHYMHON, 4TO OBLIO JOKa-
3aHO B MoHorpagru [l1], on
A3MEHsIleTCs TOJ  BJAUSIHHEM
Puc. 214, 3asmcmmocts D = D (C¥) Pa3THYHBIX ¢akTopoB. B pa-

) B 06HIEM BHJE. 6ore [l] paccmoTpeHo Baus-

HHe 'Ha D wu3MeHeHH# ypoB-
Hs1 BOIBI, uncja PefiHoabzaca, uncaa @pyna, xkosdounuenra llesn,

C*

. . ep
MOP(OMETPHUECKUX NAPAMETPOB &) == ——, Op=-—p— H Ap. Bruio
max

TaKIKe OTMEYeHO, YTO ¢ yBeJHYeHHeM pa3MepoB moToxa [ Bo3pa-
craer. HOCJIE,ZIHI/II/I BHIBOJI. OBl OATBep K/eH no3jHee B paGorte [16]
NPUMEHHTEJNbHO K HalOPHOMY MOTOKY.

31ecb MBl pacCMOTPUM TOJBKO Te CBfI3U D ¢ snemenTamu JIBU-
YKeHHs, KOTOpble MOYKHO HCIOJB30BAaThb B IPaKTUKe THApOMeTpuue-
CKHX pa60T B wmonorpacuu [I] 6p1a HcclefoBaHa 3aBHCHMOCTB
D=D(C) B cpaBHHTeNbHO WWHMDPOKOM JAHamnaszoHe 3HaueHufi D u C:
B pesysabrare Gbisio 0OHApYKeHO Bodpactanue D ¢ yBenuuenuem C,
" Takad 3aBUCHMOCTH B o6meM BHJE TOKasaHa Ha puc. 2-14, npuuem

%6 . -



110 TOPU3OHTAJBHON OCH OTJOXKeH Ge3pasMepHblli Kod(duuHeHT
Mlesn C* notoka, uro yno6Hee, Tak xak D Oe3pa3MepHas BeJH--
yyHa. ONEITHBIE TOYKYM pacceMBaloTCss B QopMe KJIHHA, 0003HaUEH-
HOro Ha puc. 2-14 mITPHUXOBBIMH JIHHHSIMH. XapakTep TaKOi 3aBUCH-
MOCTH OBLI B fafibHedIlleM MOATBEPXKJEH W MO APYTHM Marepuasiam,
[Bg]aCTHOCTH no npauueiM B. @. Tanmasw pns pexk Kuprusckonr CCP
15].

J0oBOJbHO UETKO. IIPOSBJISIETCS JIMHEHHAs CBf3b IJIs1 OrHGaloNyX
D=D(C*) gak mno OGojee paHHHM pAaHHBIM [l1], Tak u mo GoJee
no3guum [15]. Drto pmano ocHoBanue KenesHsKOBY npe}mommb
ypaBHEHHE B BHJE

D:l+c—:. o (2-70)

OrtMmeTHM, 4TO aHajgorHunasa cBf3b D=D(C%*) HOILTBep].'(HJIaCb
" IJsi KapaKyMCKoro KaHasa [28).

CJI03KHOCTh- pEHIeHHs 3ajaul COCTOMT B TOM, YTO, KaK yxkKe Io-
kKaszano. B § 7, napamerp k sBAseTCA NepEeMEHHOH BeJIHYHHON, a 3TO
3HAYHT, YTO KJMHOOGpa3HOe NOJe ONEITHBIX TOouek (puc. 2-14) mo-

KeT cMmewlaTbest MO BepTHKamn. OKaszanoch, uto Kosdpdumment Cp,
_MpeAcTaBJsoNul coG0H HeKoTOpoe HuXKHee 3HayeHue C¥, Takxke
noABepXKeH H3MEHEHUAM, T. €. BCE yxasaHHoe I10Ji¢ ONBITHBIX TOUYEK
MOXKeT II0BOpauYnBaThCA.

Ha OCHOBAHWH M3NOKEHHOTO B § 7 ¥ yUMTBHIBaf,-4TO 3gech pac-
cMaTpHBaeTCsi BeChb MOTOK, (opMyaa nJs napamerpa k (npOCTpaH-
CTBeHHas 3ajlaya) NpuUHHMaer BHI

,k=—1—m+0,3, @71)

rae C* — Gespasmepunlit koaddunuent llesu s noroxa.
Ecaun B dopmyant (2-70) u (2-71); BBecT pasmepHbie K03ddu-
uuentsl lesn, nosmyunm:

- +C% : (2-79)
__2Ve )
=03 2-73)

Kospdunuenr Cb uccnenoBaH B MeHbuwed creneny. OmbIT onpe-
mesenust YAKTOPOB, BIHSIOWHUX HA Co, M3NOKEH B paborte [1]. O6ua-

pykeHo, uTo Co 3aBHCHT OT MODP(HOMETPHUECKOTO - napameTpa (.
B kauectBe mepBoro mpHOJHMKEHHsi MOXKeT GbiTh NPUHATA caeayio-
mast JuHefiHas 3aBUCHMOCTD:

CO - 3 1 (a max_ ah) ’ N (2-74)

rae o, — BEpxHee 3HA4YCHHUE liapaMmeTrpa Qpe
: “max R
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Ecan ucxoauTb U3 TOro, 4TO aHAJONOM JKHUBOTO CEUEHHs PEKH
AIBJAETCA napabosimieckoe cedenue, T0 op=~0,67. Anamus ruppomer-
PHYECKHX JIAHHBIX IOKa3biBdeT, UTO B KaYecTBE BEPXHEr0 3HAUEHHUS

a, ¢ ocpennenneM MOxHO mpuHaATh 0,78. TTosTomy CpellHee SHa-
max

venue ¢, —a, =0,11 u cpenuee snauenue C;j=2,9, CJIeOBATeb-
. max

Ho, C,= 2,9]/g =9,1 m%/cex. [ToayueHHoe cpenHee 3Hauenue Co
HCHOJb3Yyercs] - B HACTOslllee BpeMsi Ha NpakTukKe. B panbmefimem
KeJaTebHO MCCAef0BaTb C. IPUBJICUCHHEM OOIIMPHEIX MaTepHaJIoB
3aBUCUMOCTb Cy=Cy(an, ap). OTMETHM, YTO HUMEIOIIHECS] MONBITKH
H3YUHTb POJIb MapamerTpa op NOKa He Jaji pesyJbTaTOB, MOTYILHX
GBITH HCTIOJIB30BAHHBIMU Ha TPaKTHKE. pr)IHOCTb B U3YUEHHH BJIHS-
HUSl ApaMeTpPoB. ¢ ¥ op)HA OTHOCHTENbHBIA Hebuuut D, no-sunu-
MOMY, 3aKJ/IIQYaercss B TOM, YTO B DeKaxX HOJOXEHHe BePTHKaIH C
HaubosbuIeli CKOPOCTBIO Upmax YACTO HE COBHNANAET C IOJOKEHHEM
BEPTHKAJH. C HauOOJbIIeH -TNyOUHOH Amax. B 3TOH cBasu moxer
TIPEeJICTABJSATL MHTEpeC HCIOAb30BAHHE, KPOMe INpelJIOXKEHHOro pa-
‘Hee B paGote [1] Mopdomerpuueckoro KospdUIHEHTa AaCHMMETPUH

Bnpf—Bn
Po=—p —

(rme Bpp — paccrosiHue oT npaBoro Gepera IO BepTHKAJNH C TAyGH-
"HOM Amax, By —To Xe oT JeBoro Gepera), KuHeMaTHKO-MOp(hoMeT-
pHYECKOro nmapaMerpa :

ba
Ba. x4~ B

(rne b, —— paccTosiHue MexKAY NMOJOKEHHsIMH BepTHKaseH ¢ HauGoJb-
meft CKOpPOCThIO M HaubodbIuell rIyGHHON).

®opmMysia (2-70) -mocse BBeAcHHS B Hee BMeCTO KoadduineHTa
Illesn xoaddunuenta Jlapcu NpuHUMAaeT BHI

L, V8 _ )
D_k+C§V7T’ - (2-75)
Mpu Co=2,9 nmosnyunm popmyay, npeinoxennyio B pabore [22],
1 1 )
_ —_—— . 2'76
D % +97 (2-76)

- Takasa sanuck GopMyJaEl MOXKET NpPeACTaBJsITL HHTepeC AJId Ha-
nopHoro noroka. IIpy HepaBHOMEpHOM H HEYCTaHOBHBIIEMCS [BH-
WeHnH BOAB 3aBucuMoctb D =D (C*) ocaoxusiercs. I[lpuBogum
HEKOTODHIE PE3YJIbTATh! H3YUCHHUS OTHOCHTEJbHOTO HEAOCTATKA Cpe-
Hell CKOPOCTH IOTOKa NpU HEYCTaHOBUBLIEMCs ABHXKeHuH [29].
‘ Suauenus D nagas HeyCTaHOBI/IBLLIEI‘OCH NIOTOKA MOACYUTAHBE MO
pesyJabTaTaM HCCIe[OBaHUH IONMYCKOBLIX BOJMH Ha p. TBepue B HUXK-
Hem Obede Hosorsepeukoin I'9C, nposesennbix I'ocypapcTBeHHBIM
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rugposoruyeckum uncTutyToM [30]. IMoncuerst Benuuun D cpenanbl
JJ1s1 HeCKOJIbKI/IX rHApOMEeTpHYECKHX CTBOPOB, PACIOJOZKEHHBIX HUXE
I'DC. HauGombumii pacxon soawl B crBope 'DC pocturasn 130 m/cek.
YXJ/IOHBI TIOBEPXHOCTH BOJB HA HCC/ELyeMOM ydacTKe PeKH ObliH
XapaKTepHLIMU AJsi paBHHHHBIX pek (B cpeamem 0,00025, no ne Go-
aee 0,001). Tlpu HauGoJbileM MONYCKe yPOBEHb BOABl HEMNOCpPEN:
creenno Huxke ['DC noswimanca ua 1,7 M. Bouto nopcuntano 6oib-
II0e ‘YMCJI0 3HaueHWH [ M CTOJBKO 2Ke 3HaueHHH K03 PHuHeHTOB

. . v
HIGSI/I C-— m

ypaBHEHHsl HEYCTAHOBHBINETOCS JBHKEHUS; TPH 3TOM [; BHIYUUCIA-

H MHEPUHOHHHIX 4neHoB [; muddepeHnynansHoro

At .
5—10 muH. u pexe 15—30 MuH. 3Hauenns [; OTHOCHJIHCh K CepeiH-

I; «
. Ham uHTepsanos 2Af. OTHOLIEHYE. — H3MEHSAJOCH B OCHOBHOM OT 0

1 Av
JOCh Kak - A IpH OYeHb MAaJbBIX 3HadeHHsx Af, valle BCero

" mo-0,25, nocruras B page caydaer 0,60. Kosdduunent Illesn nsme-
Hascs ot 20 1o 45 MOS/cek., CHUXKaACh B psijle cydaes 10 5 MO5/cek.
¥ yBeauduBasch 1o 60 mO%5/cek.

IMocrpoennsie 3aBucumoctu D=D (H) (H — ypoBeHb BoAHI) He
NAI0T OCHOBAHUH YTBEPXKOaTh O BaKOHOMEPHOM mH3MeHeHMW D ¢
YPOBHEM, OXHAKO BO BCeX CJIyvyasx obHapy}eHo HecoBnajgenue D
Ha moabeMe ¥ cnage yposHel. Ilpu aToM oTMeuwaercs pasguuHOe
pacnosoxenue kpusbix D=D (H) mo oTHomeHMIO IPyr K ApPYTY,
COOTBETCTBYIOLIEe Pa3/IHYHBIM TOMYCKaM M ruapocTBopaM. Jlas toro
yTOGLl OMNenenuTh BO3MOXKHOE BJAMAHHe [y Ha D, GBIH NMOCTPOEHH
rpadukn D=D (C), Ha KOTOPHIX BEINENEHBl TOYKH, COOTBETCTBYIO-
e YyCTAHOBMBIIEMYCS ~IBMIKEHHIO M HeyCTaHOBHUBIIeMyCs (HA
noxreMe u cnane). 3asucuMmocts D=D (C) oxrazanace Gau3Koll K
JUHEHHOH, T. €. TaKkas e, KaK WM IJs pPeK INpPH YCTAHOBHBUIEMCH
IBIKEHHH B YCJIOBHSIX ‘06pasOBaHHUA €CTECTBEHHBIX NM&BOXKOB, T. ©.

¢ ManapiMyu 3Hauenmsamu ;. Jlanmee GulId MOCTPOEHH 32aBHCHMOCTH

AD I, , . .
~5~ OT 7 rae AD —orkionenne D OT CPENHEro NONOKEHHS NP5~

LY

o I
mo#t D=D (C). Yerkoro BAMSHHSA Tt Ha YKa3aHHOe OTKJIOHEHHe He:

obHapyKHUBaeTCs.

Takum o6pasom, MOXKHO KOHCTATHPOBaTb, UTO YCTAHOBJEHHAS
gasHcumocth D=D (C) B dopme (2-70) coxpaHsier cuay IJs peu-
" HBIX IOTOKOB B €CTECTBEHHBIX YCJIOBHAX W B YCJIOBUAX 0Opas3oBaHHA
NoMycKoBHIX BOJH. OHAKO 3TOT BRIBOJ HYXKIAETCS B CYIIECTBEHHOM
[OTIOJHEHHH. B Xome BHIUMC/IEHHI GblIM OGHADYKEHLI OUEHb MaJible
u Gonpliue 3HaUeHUs D, CUABHO VKJIOHSIONIMECH OT OCPEAHEHHON
MpPsIMO¥ 3aBHCHMOCTH tuna (2-72). Ha puc. 2-15 npusenen mpumep
TaKOH 3aBMCHUMOCTH MJas p. TeepIEl.

OueHp HH3KWe M OuUeHb BLICOKHe 3Hadenus D, a rTakxe u C
BCTPEYAIOTCS . CPABHUTENBHO PENKO, MPHMepHO 1—2 pasa Ha Kax-
" mylo BoqHy momycka. Ammautyaa D cumxaercs, ecau NPUHATE BO
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BHMMaHue D 3a npejenaMu XoTsi Gbl HeGOMBIIOH cTabUNU3AUMH He-
yCTaHOBMBIIETOCS JABHKeHus. B KagectBe Takoro mepuoia crabuuau-
3alUH MOXKHO TpPUHATb Af=15+20 MHH., OCKOJNBKY OYeHb pe3KHe
KosefaHus pacxXofoB BOAB YKJAIBLIBAIOTCA Yallie B 9TOM HHTEpPBaJe

D : s
10 - - -
9
X
8
f x~]
0 -2
°-3
7
6 2
X l‘/
° ° /’/ /
5 A //
[ 2 ;//”. /‘6( .//
x o o/xx % /
4 v ;°3"ég/r€% 4
o /3 * ? )
i @ﬁ“’%fb/r/
K e
J oo &1/
3 X [0 LB
Z Ao | ¥
7 s 7
L e
, e :/ |1
O/ of X
A ,/
A v
R ) 20 0 40 50 60 70 CM™cex.

. Puc. 2-15. 3asucumocts D or C B ycnoBufx 06pa3soBaHus IOMYCKO-
BBIX BoaH (p. TBepua). .
1 - os0xHTe bHbIE BOJHB;, 2 — OTPHULLATEAbHbIE BOJHB; J-— yCTAHOBUBILEECH IBHXKeHUe,

BpeMeHH. DBbliu nopcuurtansl 3HaueHusi D u C OTAeqabHO JJIs1 MOJO-
JKUTEABHBEIX M OTPULATENbHBIX BOJIH MONYCKOB. ‘
OTMeueHo, YTO MOJOMKHUTEAbHbE BOJHBI XapaKTepH3YIOTCs BO3-
pacranuem C, a oTpunarenpHble yObiBaHMeM. Takas KOHCTaTallud B
ornomenun ' C, HAaCKOJbKO M3BEeCTHO, He Oblia cAenaHa paHee Ha
OCHOBE ONBITHBIX AauHBIX. C 9THM HeOGXOAMMO .CUHTATHCS TPH H3-
MepeHHH PACXOJO0B BOAbI MMAPABJIMKO-THAPOMETPHUECKHM CIOCOGOM
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U TOpH HCNOJBb30BaHUU Kodbduuuentos Ilesn B TUAPABAMYECKHX
pacuerax.

Amnautyna D 3aMeTHO CHHXKaeTcs NpPH yque meprHoaa crabuan-
3alluH, OJHAKO B H3MeHeHHH D He oGHApPYKHBaeTCS SBHOH 3aBHCH-

MOCTH OT XapaKTepa BOJHBI — MOJOXKHUTENbHON HAH OTPHLATEIbHOH.

OtmertuM, yto mas p. Teepusl Ha HauaJbHOM ydacTke HHxKe Hoso-
tBepenkoli I'2C B nejoM 3HaueHus D oxasainck. 6o/ee HHSKHMH,
4eM OGBIYHO /Il PEUHOro IOTOKa.

Hapymienne cesazuw D ¢ C yame naGaiofaercs B Ipefenax or-
peska BpeMeHH Af. 3HaunTeNbHBIN pasbpoc TOUEK Ha 3aBUCHMOCTSX
D ¢ C (puc. 2- 15) COOTBETCTBYET PE3KHM KOJIEOaHHSM PacxojoB
BOIH Q, cKopocTed v, riyOWH, UYTO CBHIETENLCTBYET O HecTabu/b-

HOCTH HEYCTAaHOBUBIIETOCA IBHXKEHUA BOAbLI B II€PHOJ BpEMEHH, KO-

TOpHIH 3lech Ha3BaH mepuogom crabumimsamun Af. Ha puc. 2-15
TOYKH, BRIXOJISIIHE 328 MpPEeJIbl, T0Ka3aHHbIe IITPUXOBbIMH JHHHSIMH,
COOTBETCTBYIOT NMepuoLy Af mau Menbuie ero.’B usmenenun D u o
BO BpeMeHH HaGJ'IIOJlaeTCH elle U ACHHXPOHHOCTb, YTO TAK¥KE §B-
Jsetcss mpuuuHO# pasbpoca Touek. OTMeueHHas AaCHMHXPOHHOCTb B
xone D u C, no-BugumMomy, oOBbSICHSETCA PasHON aKKyMYJHpPYHOMIeH
CIIOCOGHOCTBIO Pycyia NPH Pa3HHIX CTENEHAX ero HalOJHEHHMS.

TIpencraBasier uuTepec usyuenue sapucumoctd D=D (Fr;), rne
Fr.— vire al = E— nossossiomel 06

r=—g = ) sollleft 06GHApyKHBaTh CHEnUbH-
UecKHe 30HH SHa‘{EHHH D 06yC/IOBIEHHBIE BEJHYHHON KPHTEPHS NO-
no6us Fr [29].




T nasa 11
.U.UHHbIE GKUPGGTH OTKPbLITbIX NOTOKOB

JloHHBIE CKODOCTH OTKPHITHIX NOTOKOB SIBJASIIOTCS BayKHOM KuHe-
MaTHUeCKOH XapaKTepUCTHKOH; WX ofnpelefeHre OGLIYHBIMH . METO-
AaMu THIPOMETDHHM BCTpeydeT SHAUHTeNbHEE TPyAHOCTH. Bompoc
0 pacyeTe JOHHBIX CKOpOCTel TocraBiaed B pa6ore [l rme, B wact-
HOCTH, ofpalieHo BHHMaHNe Ha BaXXHOCTb e€r0 TpH THDABIHYCCKHX
pacuerax GOJBIIHNX MOCTOB, @ TaKKe TPaHCIOPTHPYIOLIel Crocod-
HOCTH TOTOKA.

B monorpaduu [31] MB HaXoZUM KOHCTATAIMIO HeCOBepHIeH(‘TBa

METOAHKH H3Y4eHus NBHUMKEHUS NOHHBIX HAHOCOB HMEHHO B CBH3H
C TeM, UTQ SKCIHepHMEHTATOPB MaJjo YIeasH BHUMaHHS HpPULOH-
HBIM CKOPOCTSIM. V3yueHHIO NOHHBIX CKOPOCTEH IMOCBAIIEHO CpaBHHU-
TEJBHO HeBOJIbIN0e UHCJIO UCCAEHOBAHNH, T03TOMY BOIPOC 3TOT NOKA
He HMeeT OKOHUATeNpHOro pemleHusi. Hoctatoyno ykasaTb, 4To O
HACTOSILIEr0 BpeMeHH HeT IOJIHOH SICHOCTY B TOM, Ha KaKoH royOuHe
CJIelyeT U3MEPATh IMPUAOHHYIO CKOPOCTh, HAMAYIIHM o0pa3oM xa-
pakTepusyouyn fedopmanmio AHa -M0ToKa. [1o-BUAMMOMY, MOMKHO
CYHTATb, UTO OHA COOTBETCTBYET CKODOCTH Ha HHXKHeH rpaHuue Typ-
GyJeHTHOTO sApa IOTOKA.
" Eme GOJblIyid SCHOCTb B NMOCTAHOBKY 3a1aidl MOMKHO BHECTH,.
eciv 3a NPHAOHHYIO CKOPOCTb NPHHATH CKOPOCTb Ha ray6uHe, e
IIPOJOMIbHAST COCTABJMIOIAS NYNbCALMOHHON CKOPOCTH HMeeT MaKCH-
mym. HMcenenosamusamu K. K. Huxuruna [11] ycranosgeHo, 4To
HMEHHO Ha 3TOoH rayOrHe HaOMOIaeTCs MaKCHUMaJbHOE 3HaueHHe
K03 HHUHEHTa KOPPEIAIHH MEKAY NPOJLONBLHBIMU U BePTHKAJIbHBIMH -
COCTABJSIIOUUMY CKOPOCTH, U, CJICAOBATENLHO, MOXKHO IIPeAN0/araTh,
YTO CKOPOCTh, COOTBETCTBYIOLIAA 3TOH IMyOHHe, OyLeT yIOBJICTBODH-
TEJbHO XapaKTepu3oBaTb B3aHMOAEHCTBHE HOTOKA C MOJBHIKHBLIM
auom. Pasymeercsa, ckopocTb Ha rpanune Typ6yﬂeHTHOI‘O aapa He
siBJIsleTcl aGCOMIOTHON XapaKTePUCTHKON: YCHIINHA, BOSHHKAIOUMX HA
rpaHuile NOTOKA W AHA; HO OHA fABJASETCH HOCTATOYHO OOBLEKTHBHOH
MX KOCBEHHOH XapaKTePHCTHKOI. OueBugHO, 3TOT Bonpoc TpebyeT
KONOJHUTEIBHOH paspa60TKn
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B 3T0#i riaBe u3saraetcs pacueT MeCTHBIX JAOHHBIX CKOPOCTel,
T. €. IOHHBIX CKODOCTeH HAa BepTHKAJfX, PacyerT paclpeneseHust
CKopocTeli IO IHPHHE NOTOKA M CPeJHEl MOHHON CKOpocTH. 3ajzaua
pelraercss NPHMEHHTEIbHO K OTKPBITBIM IIOTOKaM, UMesi B BHAY
IJIaBHHIM 00pa30oM peKH Ha yuacTKax TI'HAPOMETPUYECKHX CTBOPOB,
rie ABMJKEHHe BOABl GJH3KO K PaBHOMEPHOMY.

. B KauecTse TeOpeTHUECKOH OCHOBB HPHHHMaeTcs TPOQUIL MeCT-
HBIX CKOPOCTEH ¢ KOHEYHLIM 3HaueHHeM CKOPOCTH Y JHA, HO3TOMY
BMECTO TepMHHA «IPHAOHHAs CKOPOCTb» B JAajbHEHIIeM HCIOJbL-
3yeTCsl yCIOBHO TEPMHH «JIOHHAS CKOPOCTb». 32 ONBITHbIE 3HAUECHUS
AOHHBIX CKOPOCTeH TPUHHMAIOTCSH CKOPOCTH, MOJYYeHHbIE IKCTpa-
nomuneu npoguen CKOpOCTet 110 1Ha [1].

§11s MecTHaﬂ OHHAA CKOPOCTL

' 3Hanue MECTHbIX JOHHBIX CKOpOCTeH MOTOKa Uy nprobpeTaeT Bce
Oonbillee 3HaYeHUe B CBA3H C H3yuyeHHeM AedopMalMH JHA M TPaHC-
nopTa JOHHBIX HAHOCOB, pacueTOM KpelvieHus pycesa u mpou. Tpya-
HOCTH HENOCPEACTBEHHOTO H3MepPeHHs MNOHHBIX - MECTHBIX CKOpoOCTeH
06yC/IOBJIEHE CPAaBHUTEJbHO OOJBIIMMH pasMepaMy JONACTHHIX
BHHTOB T'MAPOMETPHYECKHX BepTyHIeK, BCAEICTBHE 4ero, npubauxas
npubop GJH3KO KO AHY HJH CTeHKe NOTOKA, HapyllaeTcs HoJe CKO-
pocreil. B moroxax xe ¢ nedoOpMuUpyeMBIM AHOM .IPH OYeHb OJHU3-
KOM pacloJIOKeHHH NpHGopa KO IHY BO3HHKAET MECTHbIfl pPasMbIB
U ellle B 0oJibliell CTENEeHH HCKaXKaloTCs AOHHBIE CKOPOCTH IOTOKA.
[TosTOMy BO3HHKaeT BOIpPOC O pacueTe TOHHBIX CKOpOCTeH IO Apy-
TUM H3MEpeHHHIM 3JIEMEHTaM IIOTOKA. B 3aBHCHMOCTH OT HAJHYHSA
HCXOAHBIX FHﬂpOMeTpH‘IeCKHX MaTtepHaJiOB MeTOAHUKa paC‘IETOB Ug
Gyner pasnoil. [TycTb H3BECTHB CKOPOCTH i, M3MEPEHHLIE B TPeX TOU-
Kax H Gojiee.Ha BePTHKA/JIHM. B 3ToM caydae u; MOMXKHO ONpPEIENHUTH
sKcTpanossiuuell GespasmepHoro mnpoduis cxkopocteft. [Tocnemumii’

CTPOUTCA TéKZ no BEPTUKANAU OTKJAAABIBAIOTCA 7] :‘% » & II0 ropu-
B OJIUHAKOBBIX MacuiTabax. s CKODOCTHBIX TO-

30HTaNH O =

‘max

ek B 0,2; 0,6 u 7. 4. ot ray6GHHBE £ ¥ cOOTBéTCTBEHHO paBHo 0,8;
0,4 ¥ T. 1., TaK KaKk y OTCUMTBIBAeTCA OT AHA; AJS TOUYKH y JHA He-
00XOAHMO NMOACUHTATH Mpmo ACJAEHHEM DACCTOSAHHS OT HH3a IPysa 10
ocu BepTywKH Ha /. CKOPOCTb Umax ONPEAEISETCS SKCTpaNoJsinei
pasMepHOTO HpodHuAs CKOpocTel; 3Ta CKOPOCTh OJH3Ka K Ugs. [lo-
ctpouB rpadux n=n(0) rpaduyeckon skcTpanogsoueii npu =0,
HaxomuM Oy, OTKYAA Ug=On Uyax. DKCTpaONANAS Ge3pa3MEPHOrO
npoduisl CKOPOCTeH AJd OIpele/eHHs Uy HCK/IIUAeT BJMUsHHE He-
1306eXHBIX pasaudyuil B Macmtabax # ¥ A pasHbIX MOTOKOB.

[Tpy OTCYyTCTBHM H3MepeHHLIX Ha BePTHKAJAX CKOpOCTeHd wJH
TpU U3MEPEHHbIX TOJbKO HOBEPXHOCTHBIX CKOPOCTAX Umax, WJH IPH
M3BECTHON CpelHeHl CKOPOCTH Ha BEPTHKAJH Uy CKOPOCTb Uy MOXKHO
paccuuTaTh TEOPeTHUYECKH.
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IIpu n=0 oTHoCHTe/bHBII HEJOCTAaTOK MECTHOH J[ACHHOH CKOpO-
CTH paBeH ’

Umax — Up .
Uy

P =

[MoxcraBasa n=0 B dopmyay (2-4), moayuum
:rcV2

Uy =Umax — 2k4 u,.

(3-1)

VuursBas, uto ks=0,56/ (§ 5), nocaenniow qupMyJIy nepenu-
[eM B BUIE

Uy = gy — (3-2)
‘ ~ Pemas ypasuenus (3-1) u (2-18), momyuum
un=u3—<§ '0%37{“?)“*‘ (3-3)
Ylocsie BBIYMCAEHHST MHOMKHTENs nepen u, Hafimem

3u,,

=3 | (3-4)

Uy == Uy —

[Tapamerp % onpegmeasierca no dopmynae (2-32).

§ 12. Pacyer pacnpegenenns BOHHbLIX GKOPOGTEH Mo LIMpPHHE MOTOKA

Ha ocuoBanun nomyuennsx B § 11 Gopmyn npeacrasasercs Bos-
MOKHBIM [PEANOKHTb METOAHKY pacueTa pacrnpeje]enHs IOHHBIX
CKOpocTell o HIHPHHE PEYHOrO IIOTOKA. B 3aBHCUMOCTH OT HaJH4HMS
HCXOJHBIX TMADOMETPHYECCKMX MATePHa/OB METOXHKa pacqua IOH-
HBIX CKOpOCTell 6yJeT pasHoil.
© Ilpn W3BeCTHBIX Umax WJIH Uy MOXKHO HEIOCPEINCTBEHHO BOCMOJb-
3oBatbest opMyaamu (3-2) u. (3-4) W MOCTPOHTH 3MIOPY pacmpene-
JIEHHA Uy TI0 MIMPHUHE NOTOKa. [IpeacraBiser HHTepeC pacueT Uy NpH
OTCYTCTBUM H3MepDeHHBIX CKOPOCTelt B KHUBOM ceyeHHH. IlycThb u3-
BeCTeH Pacxoj BOJBI, NPO(UJIb XKUBOTO CEUEHHs [OTOKA W YKJIOH [,
Pacxon Boxbl ompexpenen no kpusoii H=H(Q) niu mnepenecen c
THIPOMETPUYECKOTO CTBOPA B pacuefHblfi CTBOP.

Pacxon Q npexacraBuM; Boipaxkas Koadduuuent Cy o bopmyJae
H. H [TaBJI0BCKOTO, CEAYIOMEM o6pa30M

B

Q=!qdb=fh7y/z1/h—ldb.
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[ E
O6Goznauas —-—==1m,, U3 NPEIbIAYLICIo BbIpAKEHHs HaleM

moe—— (3-5)

£ B

f R ap
Y

Wmes B Buiy, 9TO CPeHIOI0 CKOPOCTb Ha BEPTUKANH Uy MOMKHO
BBEIUHCTUTD YIKe mpu M3BECTHOM M, 10 (hopMyse

Ug=m *ho 5+y’ ‘ (3'6)

BLIpaKeHHe A/ AOHHOH CKOPOCTM HA BEPTHKAJH H3 (3-4) MOy THM
B BHJE o
| 3

= mh" — = u,. _ (3-7)
Tar Kax AJ eCTeCTBEHHHIX IIOTOKOB HeJb3sl YCTAHOBUTh aHaJIH-
THYeCKH BHEL GyHKumm hLSHY (D), sanaqa pemaercst rpadHIecKHM

crnoco6om.
Crauaaa HaxomuM y no ¢opmyne H. H. [TaBaoBckoro

y=2,6Yn—0,13— 0751/h(1/n—010) (3-8)

Koaqx;munem HIePOXOBATOCTH 1 anHHMaeTCﬁ ‘B COOTBETCTBHHM C
ONMHCAHHEM YUYaCTK2 PEKH, 3aTeM crpoutest rpadux h15+y(b), anado-
THYHBIA NPOQUII0 KHBOI'G CEUEHHs, C TOH pasHMIEeH, uTO BMeCTo /i
oTkIafbiBaeM hl5HY. Murerpan B popmyie (3-5) ompenensiercs mia-
HUMETPUPOBAHNEM, NOCJe uero no (opmyne (3-5) Bruucasercs M.
Junamuueckas CKOPOCTb BBIYHCISIETCS 1O BHIPAKEHHUIO u*——l/.ghI
B pesy.abTaTe MOJNYyYHM Uy B Pa3HBIX TOYKAaX AHA JKHUBOTO CEUEHHs
[IOTOKA; 3aTe€M CTPOHMTCS IJIaH AOHHHIX cKopocreldl. Ecnm npusate

1 : .
Y= =, TO HHTerpaj B (opMylne (3-5) omnpenensercs no rpaduxy
K"(b), a dopmyaa (3-7) npuHEMAeT BHJ

n,=mh" — —2— u,. : (3-9)

[Tpu oTCyTCTBMM H3MEPEHHBIX YKJIOHOB NOBEPXHOCTH BOJBI AWHA-
MHUYeCKasi CKOPOCTh MOXKeT GHITh onpeneneHa 1o qoopmyne

_Ye, V_m WSy q
=y, = (3-10)
puy=g |
— 2/3
4= VERAT I BT
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Bxogsmuii B dopmyast (3-7) u (3-9) mapamerp k ma ocHoBe
Gopmyipl (2-32) MOXKHO NPEJCTABHTH B BHAE

b= ‘ég : (3-19)

) rue
C., =—‘i‘fi—ci—. (3-13)

Vg

JL19 mpOBEpKM W CONOCTABJEHHMA Pa3/JMYHBIX METOJHK pacuyeToB
un_un(b) BBINTOJIHEHO HCCAeZOBAHHE paclpelcyieHnsa JHOHHBIX CKO-
pocTell O BOCbMH THIPOMeTpUYECKHM cTBopam [32], ocHOBHBEIE CBe-
HeHdsi O KOTOpbIX IHpusefensl- B taba. 3-1. T'uapomerpuueckue

. Tab6ruya 3-1
Fuppasnuueckue a7MeMeHTHl PEeYHBIX NOTOHOB
nJﬁl. Pexa Crsop Ma/(thl(. (1:1)? M/fel(. B M hﬁp | on
1 Boara | Ioasna my. Ci’pyﬂ-
e, Ne 1. .. .| 8970 -9760! 0,92 |1210 8,1 (0,024
2 » Toxe. . . . .. 4350| 6390{ 0,68 | 1020 6,2 0,024
3 » [oasna um. CI>pyH-
~3e, Ne 2. .. .13520021700] 1,62 |1400 | 15,5|0,024
4 » Towxe. ..... 20200] 16 200 1,24 | 1300 | '12,5]0,024
5 Oka Mypom . . . .. 5580| 6182 0,90 [ 860 7,210,024
6 - » P 434 798| 0,54 | 435 1,831 0,024
7 Yerse | Hy6poso . . . . 152 155 0,95 | = 47.4| 3,27|0,027
8 » » ... .| 348 244| 014 | 16,3} 1,50]0,062

CTBOPHl OblIM MofoGpanbl TakuM 06pasoM, 4ToObl uMeTh 6OJIBLIOH
IMaNas3oH H3MeHeHH§ pacXoJoB BOJbBl. 3HaueHHA Ko3)PHIHEHTOB
LIepOX0BATOCTH 7 JJIl BCEeX CTBOPOB, 34 HCKJIOYEHHEM CTBOPOB
p. Boaru, rae He OblIM H3MepeHBl YKJIOHBI BOAHOH IOBEPXHOCTH,
MOACUMTAHBl O THAPABIHYECKHM SJ1€MEHTaM IIOTOKA, HCXOMsl H3

dopmyasl [TaBnoseroro npu iy = . [lasa creopos p. Boaru n onpe-

IeJeHO B COOTBETCTBHH C ONHCaHHeM ydacTka peku. [locsaemosa-
TEJLHOCTD BBIUKCJIEHHs B BUJe NpHMepa NpuBefeHa B Tabi. 3-2 mia
CTBOPA, NOKa3aHHOTO Ha puc. 3-1.

Kpome ToOro, AJas KaXKAOTO THIPOMETPHYECKOTO CTBOpA CTPOH-
JUCh TIPOGHIN CKOPOCTEH, O KOTOPHIM C IOMOIIbIO SKCTPAIOJSIIUY -
ONpEAEJISINCD Uy, TPUHUMAaBIIKecs 3a paktayeckye. s TOro yro-
6bl UMEThb IOJNHOE TpeAcTaBaeHHe 06 O0COGEHHOCTAX ABHKEHHA I[10-
'TOKA, CTPOUJIUCH M30TAXH, SMIOPH pacCHpeNeeRUst Uy, Ug, Umax U §
(puc. 3-1), rie Umax — HauOosbUIasi (NOBEPXHOCTHAS) CKOPOCTH,

66



! 2 3 4 5 6 7 8 9 10
< RE EE B E KX <
u mjcex
qu'feex.
. 1 | —

! T [T

\'\

, Sl N s

.
NN
X

)

N
Ao
R

=
NV

R
164
(e A}
204 \1 . 1 —/209
. 5/3,.3/2
\ , AN
hm
[ -] [\e) Q =+ T w0 e ) el o~ (=3
=2 R =2 ~ = = 15
b & s ¥ 83 = 3 = & =
22 2 S e oz oS0u o N S
< 2 & ¥ & ¢ € By N <
o
e 8Y XN R Y 58 8 B 2 g 8
Mleer. & & T2 2> > = S = =
[=) —
J 88 & =2 & 88 g 8 g 2 8
micer. S R 8 8 8 85 & & N = s

Puc. 3-1. Xusoe ceuenue p. Boaru B creope M 2, Iloasna um. Ppyuse, npu
Q = 35200 M3/cex. ¢ M30TaxaMM M PA3JHUHBIMH XaPAKTEPUCTUKAMH TOTOKA.
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Tabauya 3-2

Mpumep pacuera pacnpejelNeHus JOHHBIX cKopocTell 1O WIHPHHE MOTOKA
Pexa Boara, rugpoctBop Iloasna am. ¢'plyH3e, Ne 2, Q ==35200 m3/cexk.,
' m, = 0244 u'"*/cex.

Ne
CKODO- s B month | Cy - C*B u ) 3 i, u,
g:g’?g- hw |2y, A M/T)EK' u03/cex.| m®0/cex. M/Cgk. k nf/ce): M/cex.
|- wamn .
1 13,0 | 5,76 79,6( 1,40 [ 64,5 7,97 10,0680 0,393 0,52 | 0,88
2 20,9 | 7,59 | 158,5| 1,85 69,1 8,10 10,0838} 0,387 0,65 | 1,20
3 224 | 7,93 | 178,0] 1,94 70,0 8,12 |0,0869| 0,386| 0,68 | 1,26
4 |1 216 7,76 | 166,0| 1,89 69,5 8,10 |0,0851| 0,387} 0,66 | 1,23
5 19,11 7,12 | 1380} 1,74 | 68,1 808 |0,0800| 0,388 | 0,62 1,12
6 18,1 | 6,89 | 126,0] 1,68 67,5 8,07 10,0780| 0,388 0,60 | 1,08
-7 164 | 647 | 1048 1,58 | 66,4 8,03 10,0746| 0,390| 0,57 | 1,01
8 15,2 | 6,14 933] 1,50 | 66,4 8,03 [0,0708] 0,390| 0,54 | 0,96
9 145 | 593 858 1,45 64,9 8,00 |[0,0700; 0,392 .0,54 | 0,91
10 1221 529 646] 129 631 7,94 10,0640| 0,394} 0,49 | 0,80

g=1uyh — pacxon Boabl Ha BepTHKaau. Ha sToM pHCYHKe by x— pac-
CTOSIHME OT NOCTOSIHHOTO HauaJa.

s 5 6 7 8 9 10

= KK K K K <

! 2

upmer. [ < <

L\Jm

S e | T T

800 1000 i200 BM

Puc.- 3-2. Pacnpejiefiende JOHHBIX CKODOCTEl mo mmpuHe. p. Boarm
B ctBope Ne 2, Monsna um. Ppynse, npu Q = 35200 m3/cex.
1—mo usmepennam; 2-—muo popmyre (3-9); 3—mo dopmyae (3-9) npu £=0,54; 4—mno. dop-
‘Myae (3-14).

IOna pcex THAPOMETPHUYECKHX CTBOPOB OLUIX TOCTPOEHB COBMeE-
UieHHble IIaHbl Pacrpe/leJieHtsl JOHHBIX CKOPOCTeH IO IIMpHHE 1o-
- TOKa, (aKTHUECKHX H PACCUYMTAHHBIX 1o-opmy.e (3-9), a rakxke no
sTOl ke Gopmynae, Ho mpu k=0,54. Ha puc. 3-2 B BHAe npHMepa
NpUBeLeHB! MJIaHB (GAKTHYECKHX ¥ PACCUHTAHHBIX JAOHHBIX CKOPOCTeH
IJs cTBOpa, MoKasaHHoOro Ha puc. 3-1. PaccMorpeHue ux mokasaso
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yto dopmynaa (3-9), a cremoBaTenbHO, H dopmyna (3-7) mator Go-
Jee TOYHBIE Pe3yJbTaTel, YeM npH 2=0,54, mo3TOMY BBeJeHHe B pac-
yeTHl MepeMeHHOro nmapamerpa k uenecoo6pasno. OgHako ata ¢op-
MyJa Tak ke, Kak u npu k=054, B GOJbUIHHCTBE CJydYaeB AaeTr
3aBblIIeHHble 3HAYeHHs] JOHHONH CKOPOCTH Ha BePTHKA/AX, PacroJo-
JKeHHBIX B MECTaX Pe3KOro MOHMKEHHA JHA WM Ha KPYyTOM OTKOCe
Gepera.

HecoorseTcrBie paccunTaHHON B H3MepeHHOH OHHBIX cKopocTel
Ha TIONOOHBIX yuyacTKax cedeHHs oObAcHAeTcs TeM, 4To dopmynaa
(3-9).He yunTHIBaeT BAUSHHA GEPeroB H Pe3KUX H3MeHeHHH Npoduas
IHa, TPUBOASUIMX K nepedOpMHPOBAHMIO SIIOD CKOPOCTeH Ha Bep-
THKaJAX,

[Ipunonnaq 4acTh 3MIOPHI CKOPOCTH HA TAKHX YyyacTKax, IO-BH-
IHMOMY, Gsarofapsl BJHSHUIO BHXpel, 06pasyomuxcs Ha HAKJOH-
HOI NOBEPXHOCTH AHA, 6yneT MMeTh GOJbIIKE TpafHeHThl CKOPOCTH,
YeM NpH IJIOCKOM TOPHSOHTAJLHOM nHe. IlosTomy dopmyast (3-7)
u (3-9), Kak cocraB/ieHHbIE [Jif CyYasl MJIOCKOIO NBUXKEHWS, MOTYT
IaBaTh 3aBbIIIeHHble 3HAUEHUA MOHHBEIX CKOpOCTef.

Ha puc. 3-2 npuBefeHa TakKke 3MOpa pacHpele]eHHsT TOHHBIX

cKopocTell, oJyueHHasa Ha OCHOBe (HOPMYJIbI

X 3
iy =mh™* — | (3-14)
rpe . ;
M=l (3-15)

NpeACTaBAseT co60k mapamMeTp My Ha BEPTHKAJN.

Ha pwuc. 3-2 BHAHO, Y4TO [IOHHBIE CKOPOCTH, DaCCUHTaHHBIE [0
dopmyae (3-14), ayuie, yeM pacCUHTaHHBIE IO JAPYTuUM (dopmyJaM,
corJiacyiorcs ¢ HabJI0JeHHBIMH.

ITpu npaxTudeckoMm TpuMeHeHuu dopmyaw (3-14) ans onpene-
JeHHs MapaMeTpa fMyy; HeOOXOAMMO 3HATh paclpefiesieHHe dJeMeH-
TapHbIX PAaCXOLOB MO WIMPHHE MOTOKA. 3/1eCh MOTYT BCTPETHTHCS ABA
cayuasi: 1) msBecTHa sIopa pacnpeneseHMs pDacxoloB ¢, 2) us-
BecTeH ToMbKO pacxon Q. B mepBom caydae npumersercs popmysa
(3-14), Bo-BTOpOM — dhopmyaa (3-7) wau (3-9).

Manvuefimee yaydnienne ¢opmynast Buga (3-9) Bo3MOXKHO Ha
OCHOBE YTOUHEHHSA-NlapameTpa my. OueBHIHO, mapaMeTp My, Omnpe-
HeJeHHBIE [/ BCEro JKUBOFO CEUEHHs, He MOXKeT B IOJHOX Mepe
XapakTepusoBaTh BAHsAHHe BceX (aKTOpoB Ha (OPMHPOBAHHE CKO-
poctHoro moJis. Bo3moxkHo, 4T0 napaMeTp .y KOJKEH OTBICKHBATBCS
JJIS HEKOTOPOU ONTHMAaJbHON YacCTH JKHBOTO CEUCHHS, TATOTEIOllel
K pacueTHOW .BepTHKAJHM, INHDHHA KOTOPOH OyIeT OnperelaThCs
npodueM JHa U ero mepoxoBaTocThlo. B manbpHefimeM He0GX0LMMO
BBLITIOJTHUTh HCCAENOBAaHUS B 3TOM HalpabieHuM. B HacToslee Xe
BpeMsi MOKHO DEKOMEHJO0BaTb pacyeT Iapamerpa My s OTA&/b-
HEIX XapakKTepHHIX YacTeli XXUBOTO CeYeHHS,
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§ 13. cpenﬂnnmmnan CKOPOCTL NoOTOKa

Bripamenue /s cpelHed JOHHOH CKOPOCTH NOTOKA ¥y B o6mem
BHJle 3aMHUCBIBAETCST (COIMIACHO ONpele/eHHI0 TOro MOHSATHS) cJe-
OYIOIIHM 06pasoM:

z_fqndb__ j u.h db, (3-16)

r1e §y— pacxoid BOJB Ha BepTHKAJH, MOJCUUTAHHBLIE TO JOHHOH.
CKOpOCTH Uy. OUeBHIHO, UTO gn<<q<{q.

Bynem ucxomuts u3 GOpMyJH- IOHHOM CKOPOCTH HA BEPTHKAJM
(3-4). IlepeMHOXKHB BCe WJieHBI 3TOro YPaBHeHHS Ha TIyOHHY h n
5/IEMEHTAPHYIO IHPUHY db, a saTeM Ilepefiis K ypaBHEHHIO B HHTE-
rpajbHol (popme ¥ MONEJHUB €T0 HA ®, NOJIyIHM

1 1 1 3 ;
-(;j un/za’b——-—BJ.‘uBlzdb——E-Tfhu*db.
0 0 0

JleBast 4acTb 3TOro ypaBHeHMsS eCTb CpelHAs JOHHAs CKOPOCTh
NIOTOKAa Uy, @ NEepBLIH WieH IPaBoH YacTH — CpelHsiss CKOPOCTb MO-
TOKa v, MO3TOMY ‘

V.__ B .
\ v, =o—2LEL [ ap.
0

[lepeMHOXXHUB W TOAEJHB BTOPOH UJ€H INPAaBOH 4YacTH 3TOrO
ypaBHEHHsl Ha thp, HOJTYIHM

e _ B
hc] 3
3 Vol [ #*ab,

HOQTOMyb : »
| vpmo— Bl (8-17)

rae fs— KoapduuuenT GOopMbI JKUBOTO CeYeHHs NOTOKA, YUUTHIBAIO--
myé  HepaBHOMEPHOCTD pacnpesenenys riyGuH [0 €ro IIHMPHHE,
_paBHbIH

b=y f 1" db. (3-18)

cp0

YuuTBIBAS, UTO R = Vg (npoctpancTBeHHas 3ajayda), rae

c*z _Vgﬁ:c_ (3-19)
23403 —
* Vg
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TOJY4HM

o 0 — 313*6 U,
P V‘g 4
HJTH
3p,Cov, )
v,=v(1—
8 ( Veo
Tax xax =1/C, To [33 )
V = /C, 10 [33] " |
v=o(1 — L), - (3-20)
Tabruya 3-8
PacueT cpefHHMX HOHHBIX CKOpOcTeft
C e Py
Pexa‘ Crsop M/‘;”e"' M0’57CeK- M0’5/zel(. By »xhld(fc;e):: (Ih)da/li'el‘llfl-
) CYETY | YecKad |
Boara Moxasa . ¢'pyH- ‘
3¢, Ne 1. .1 09271 590 7,82 1,06 | 0,53 | 0,49
s | Towme. .. ... 0,68 55,0 7,69 1,01 | 0,39} 0,41
» | Hoasna PIM <I>pyu- » '
3e, Ne 2 1,62 66,0 8,02. ; 1,00 | 1,03 1,03
o> Toxe. .. ...[ 1,24 63.0 7,92 1,06 | 0,76 | 0,82
Oxa MypOM e e . .| 090 58,0 7,78 1,06 | 0,52 | 0,53
» e e e o) 054 47,0 7,36 1,20 | 023 | 0,23
Yerbe lly6p030 ..... 0,95 45,1 7.30 1,25 | 0,37 | 0,57
» » ... .. 014 17,7 5,20 1,00 | 0,02 | 0,07

B rta6s. 3-3 npexcraBieHbl pacyeThl CPeJHHX JOHHBIX CKopocTefi .

no dopmyne
puc. 3-3—rpaduueckoe co-
nocTaB/eHe MOHHBIX CKO-
pocTeldl, paccYHTaHHBEIX IO
aToll opmyse, cO cpeluMu-
M{ JAOHHBIME (paKTHYECKH-
MH cKopocTsiMu. Ilocnen-
Hie NOJYueHBl IO KCTpa-
NOJIHPOBAHHEIM KPUBBLIM
CKOpocTell Ha BepTHKaJIAX
C ONpeleseHHEM Uy, & 3a-

Uz
1,0

08
06
04

02

tem uno Qopmyae (3-16)

cocoBoM  rpaduuecKoro
unrerpuposanus. Ha puc.
3-3 BugHo, uto dQopmyaa

(3-20) nmaer ynomJaerBopH-

TeJbHbIE Pe3yJAbTaThl.

0

Puc. 3-3. ComocraBaeHue  (HOPMYbi

(3-20) u qyaKTqucxue JIOHHBIE  CKOPOCTH Uy, @ HA

02 04 06 08 10 v(-2ly

(3-20)
C OHHTHBIMH JIaHHblMPI

Ilpn pacuere cpenneli JOHHOR cxopocm ko3 duunent [lleau onpe-
_pensiercs -u3 GopMyJs PAaBHOMEPHOIO ABHXKEHHS, a IPHU OTCYTCTBHA
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H3MepeHHbIX YKJIOHOB MOBEPXHOCTH BOAb — Ko ¢opMmyJe H. H. Ias-
JIOBCKOTO IIPH NPHHATOM KO3((HIMEHTe LIEPOXOBATOCTH.

Benuuuna C, paccunteiBaercs no opmyae (3-19) (raba. 3-4),
B KoTopyio B omiauyde oT Cp Bxogutr C BCero MOTOKA, Mapamerp
Ppx-—mno ¢opmyae (3-18). Hurerpad, onmmun B 3Ty ¢opMyJsy,
paBeH MJOMIAJH, OTPAHUUEHHOH SMIOPOH XA (puc. 3-1).

. TaGruya 3-4
3navenua C, no dopmyne (3-19)
C v%cex. . .| 10 | 50 | 75 | 10 15 20 30
C, w™fcex.. .| 172 | 293 | 356 | 403 | 48 | 549 6,40
¢ wfcex. . .| 40 50 (60 {70 |80 90 100
C,m™fcex.. .| 703 | 749 | 784 | 812 | 834 | 853 8,68

O napamerpe Bx Gosee ‘mogpoGHO uaMoxkeHo B raase VIIIL
®opmyna- (3-20) mMeeT ompelesNeHHBII Npeles IPHMEHHMOCTH.
UToObl pelIuTh TOT BOIPOC, NEpeNulleM ee B CAEAVIOLleM BHIE:

K3=L;a= _Efii o (3-21)

Uy
Tak kaK ——— BeJHYMHA CYLIECTBEHHO HOJIOXKUTEIbHAS, TO pop-
MyJia (3 21) npnmeﬂnma npy yCJIOBI/II/I

"Tak xak Cy=C4(C), ToO B KOHEUHOM HTOrE IIpelles] TPUMEHH-
mMoctu Qopmynn (3-21) onpenenserca koddouunentom lesn C u
- mapamerpoM B.. Ha puc. 3-4 nan rpaduk K3=K;3(C, Bs), cocras-
JeHHBI# mo Qopmynae (3-21). Bo-nepBriX, Ha TpaduKe OTIETJIHBO
'BHIHO, 4TO 4eM OGoJibllle HepaBHOMEPHOCTb pacHpefeseHus FIyOuH -
110 KUBOMY CEUeHMIO, T. €, ueM GoJblue Py, TeM MeHbIue Kz, a cie-
IOBaTeJbHO, H CKOPOCTb Uy. DTO BIOJIHE COOTBeTCTByeT IpefcTaBe-
HHIO O IBHJKEGHHH NOTOKa B pycaax caoxHo# copumbl [Ipexen npu-
MeHHMOCTH (opmyasr (3-21) BRpakaercs TOPH3OHTAJbHBLIMH OT-
pesramu Ha ocu C=Cy npu K3=0. Uem Goube B, TeM Goasme Cp.
[TosiBnenne mpenena npuMeHuMocTH Qopmynant (3-21) sBasiercs ee
HELOCTaTKOM, OIHAKO STOT- HEJOCTATOK HpOHB.HHeTCH IpU CpaBHU-
TefipHO Manbix C [33].

-“Bonpoc 0’ JOHHBIX CKOPOCTSIX NOTOKA OJHH M3 CJAOKHEIX U MaJjio
H3yUEHHBIX. DTO MPEXKJE BCEro OTHOCHTCS K NMOTOKAM ¢ XeopMHDY-

. €MBIM_JHOM, T. €. K pekaM. Ecau ydecTh, 4TO TPaHCHOPT LOHHBIX
HAHOCOB 3ABHCHT B NEPBYIO OUepelb OT NOHHBIX CKOPOCTel, TO CTa-
| HOBHTCH HOHATHBIM, HAaCKOJIbKO aKTyaJibHa l'IpO6JIeMa JOHHEIX CKO-
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pocrteit. [Ipn HepaBHOMEPHOM JABHIKEHHM BOAH B pa3MbIBAEMBLIX pyc-
Jax (B HHXXHHX Gbedax MJIOTHH, a8 TaKke NOPOXKHBIX BOZONPOIYCK-
HBIX COOPYXXEHHH, B NOAMOCTOBEIX PYCJAX H Ap.) BOIPOC O pacuere
JIOHHBIX CKOpocTelt elle Goublue ocnoxusAerca [34]. Jdnas toro urolmni

w7z
/77748
W74

) 1
0 0 40 60 80 100 C

Puc. 3-4. 3aBucHMOCTD Ks—Ks (C, B
i no q)opmyne (3-21).

CYIIECTBEHHO YNYYIIHTH (GOPMYJIB JOHHBIX CKOpOCTel, HEO6XOIMMO
BBECTH B HHMX B KauyeCTBe [I€PEMEHHEIX NapaMeTPOB XapaKTEepUCTHKH
TypOy/IeHTHOCTH - (AHTEHCHBHOCTb TypOYJIEHTHOCTH, T. €. 4HCJ0 Be,
aokasabHoe uncao Crpyxaas St u ap.).



r /)aea v

OTHOC THAPOMETPUHECKHX HPHBOPOB
" B OTKPbITOM MOTOKE

~

Ilpn GoabiHX TIy6MHAX MOTOKAa TUAPOMETpHUEeCcKHe NpHGopH
onyckawoTcs ‘Ha Tpoce. B peaysabraTe BO3AEHCTBHS TEUCHHS KUIKO-
CTH Ha TPOC M npubop TraIyOuHA ero NOTPYKEHHS OKa3BIBAGTCS
MeHbIlle JJUHB BHITpaBJeHHOro Tpoca. Kpome toro, mpubop cme-
IlaeTcsi BHU3 110 TEUEHHWI0 OT BEPTHKAJH, NMPOXOAsiliel uepes TOU-
Ky noaseca npubopa. [Tox rugpomerpruyeckuM npubopoM 3mech No-
HUMaeTcsi THAPOMETPUYECKUH rpy3 (JIOT) WJH I'pys BMecTe ¢ THAPO-
MEeTPHUECKOH! BepTYIUKOH UM APYFUM NpUOOPOM.

Kak uspectHo, Bec rpysa M AMaMeTp TPOCa Ha3HaualTCs C yue-
TOM CKOPOCTH TEUeHMs! BOABI U MiyOUHEI moToKa. yKemartenbHo, uTo-
6Bl OTHOC TpOCa M rpy3a Obll MHHUMAJbHEBIM, OJHaKO I[IPH 3TOM
HEOOXONHMO CTPEMHTBCS K YMeEHbIUEHHIO Beca rpysa. OcoOnit
HHTEPEC . IPEACTABJASeT BONPOC O BLIXOHe NPHOOPOB Ha 3aJaHHYIO
ray6ury. BosmoxHa Taxke [IOCTaHOBKa 3alayd O BhIHOPE TAKOro
I@aMeTrpa Tpoca M Beca rpysa, NpPH KOTOPLIX B COOTBETCTBUH C 3a-
LaHHON TOYHOCTBIO -M3MepeHH#t TJyOuH He norpefyercss BBOIHUTH
[ONPAaBOK Ha OTHOC NPHGOPOB. DTO MOIVIO GBI CO3LATh TEOPETHUECKYIO
OCHOBY JJIsl TIPOU3BOJCTBA H3MepPEHUH 1O XOLV TH/POMETPHUECKOro
CyaHa.

[Ipu paGore ¢ BBICOKO NOABELIEHHBIX THAPOMETPHUECKHX MOCTOB
U JIIOJeK CKasbiBaeTcss MPOBHCAHHE HAABOAHOR 4acTH Tpoca MOJ,
JneictBueM coberBeHHOro Beca. COBOKYNHOCTb MEPEYHCJEHHBEIX 3a- -
Jad OTHOCHUTCSH K TpobjeMe OTHOcA THAPOMETPHYECKUX NPuGOpPOB
TeueHHeM, KOTopasi B T'MAPOMETPUH [OCTaBJeHa CPABHHUTENLHO 1aB-
HO. DrLio npensiokeHo HEMAJO PA3JUUHBIX pelleHMH, OJHAKO OCHO-
pomoJaratomas paGora B stoél obnactn A. H. Kprwutosa [35] ne
GBlia B NOJIKHOH Mepe HCIOJAb30BaHa B TuApoMeTpuy. OCHOBHIBA-
dach ua upesx A. 11, Kpeuroea, B nHenaBHee BpeMst [I. SI. PatkoBuu
[36]. paspaboran Teopuio OTHOCA THADPOMETPHUYECKHX NPHOOPOB B
OTKpBITHIX TOTOKaX (mpH KoHcyapranuu . B. JKenesuaxosa).

B orofl ranaBe ykasaHuas TeOpHS H3/IOXKeHa NPHMEHHTENLHO
TOJMIBKO K PEYHOH THAPOMeTpHH. Psj BONPOCOB 3TOH TEOpHH, HPEX-
CTABJAIONINX HHTEpeC MAJid MOPCKOH THAPOMETpPHH, onyileH. Cug-
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TdeM HYXKHBIM I[DHBECTH HEKOTOpbLle HpPUMEpPHl PacueTOB TIay6GHHbL
IOTPYXeHUs THAPOMETPHUECKHUX NPHOOPOB, TAK KaK NpenJOKeHHas
PaTtkoBuuem cucrema BBeJeHHS MONPABOK K JJIHHE BBEITPABJIEHHOTO
Tpoca m ApPyrue ero MNpPenjoKeHHs OTAMYAIOTCA OUEeBHJIHLIMH Ipe-
UMYLIecTBaMH.

§ 14. O6uiee ypaBHeHHe rubioro fpoca B OTKPLITOM NOTOKE

[TomectiM B TOTOK TIpys3, NOABEIIEHHBIH Ha THOGKOM Tpoce
(puc. 4-1). ®opMa rubkoro Tpoca 3aBUCHT OT CHJI, AEHCTBYIOIIHX
KaK Ha caM TPOc, TaK W Ha THAPOMETpHUecKuH Tpys. Yroa OTKIO-
HeHMs1 TPOCa OT BEPTHKAIH ¢ SIBJSETCS IepPeMeHHOH BeJHUMHOH,

1

Yo
h
2

§=C3

Pz

By
2\ RS 7

Puc. 4-1. Cxema cua, feficTBylOMmUX Ha HOJ-
BOIHYI0 9acThb TPOCa H Ipys.

T. e. p=¢(x, y). Havano RoopAHHAT [OMEIIEHO B TOYKE IIPHCOEIH-
" HeHHs Tpoca K rpysy. Ock y HanpasJena BeanKaJleo BBepX, a
OCh X — IIPOTHB TEUEHHS BOIHL :

CorsacHo onpegneseHu0 NOHATHS THGKOH HUTH .(Tpoca), paBHO-
JeficTByIomasn CHJ, NPUJIOKEHHBIX HHXKE KaKOTo-HUOYAbL ee ceue-
HYSl, HapaBJeHa N0 KacaTeJbHOH K NMPOJOMBHOH OCH TpPOca B JaH-

d
HOM CeYeHHH. C.neﬂoaaTe.ano HpOI/ISBOﬂ.Hdﬂ —6% OHpe,lleJII/ITCH o
ypaBHEHHIO
dx ., ZX P, —F, .
o =8Y=3y="p,—q+r &1
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rae X — cyMMa ropH3OHTa/bHBIX NpoeKuu#l cua; XY —cyMma Bep-
TUKAJBHBIX [poeKuufl cui, P, — n1060BOe CONPOTHBJCHUHE IPY3a;
F, ~— mpoekuusi J0OOBOrO CONPOTUBJEHHS TpOca Ha 0Ch X; Py—
Bec rpysa B BoAe; Gy — Bec Tpoca; Fy— mpoekiHs 1060BOro co-
IPOTHUBJIEHHS TPOCA. ‘ .
Ypasuenue (4-1) MepeuyiieM B BHAE
‘;_x _PetFe (4-2)
Yy~ Py-G,—F,

PaceMorpuM 6osiee MOAPOGHO CHabI, BXOASIIHE B 5T0 ypaBHe-

Hue,
JloGoBoe conportusienne rpysa P, pasHo

2 . .
Py=CyQ 5, (4-3)

rae C,— kKo3ddunueHT A0G0BOro CONPOTHRJEHUA IPy3a; P — IJIOT-
HOCTb BONBI; £ — IIOLIAfb MHAENEeBa CeUeHHS Tpy3a; u — MeCTHas
CKOPOCTh B TOUKE PaCHOJOXKEHHS Ipy3a.

Bec rpysa B Bozme P, paseH ,

—pl1 X
P,=P(1—2),

rae P —Bec rpy3a B BO3IYXE; 'y — YAeJbHBIH BEC BOJLL; Yp — YAEJb~
HHIf Bec rpysa.

Bec Tpoca G, B BOfle paBeH

G—pf]/1+ d/,r (4

I7le. p — BeC eIMHHIBl JJUHEL TPOCa B BOJE.
HpoeKuHﬂ JioGosoro COHpOTHBJIeHHH Tpoca F. paBHa

dx
+( dy)
rae k, — n1060B0e CONpPOTHBJEHNHE €NUHULH ‘JJANHBI TPOCa, pacmo-

JIOXKEHHOTO HOPMaJbHO K TEYEHHIO.
Hpoexum{ COl'IpOTI/IBJIeHI/IH Tpoca Fy paBHa

F——de _kmfwcosﬂmdy_k fmp - (4-5)

dx

F _j dF, __k J«pcoscpsm(pdy ko Jtl)~—————2 dy. (4-6)
| +(3)

B ¢opmynax (4-5) u (4-6), BHIBeIeHHHIX NPHMEHUTEIBHO K GYK-

CHPOBOUHOMY COTPOTHBJIEHHIO TPocoB [37], W =(—£; )2 YVUUTLIBAET

COOTHOIIeHHe MeCTHOH CKOPOCTH K CpefiHell B Npellesiax TOH 44CTH
riy6GUHBEL BOAKL, T/le paclojiaraercs TPoc.

76



ITopcrasass B Gopmyny (4-2) BEIpazKeHHA CHJ, NMOJYYHM ypaB:-
HeHye THOKOH HUTH B IIOTOKe

= ‘ii T )
dy
PHJ]/JF B a“w(.‘i—ﬁ)?dy

EcJi DpeinooKUTh, YTO CKOPOCTH MO IMyGuHe moTokKa pacmpe-
npensiiotesi pasHomepso- (Pp=1), ypasuenue (4-7) COOTBETCTBEHHO
ynpomaercs. IIpy TOHKOM Tpoce ero Bec MOXKET 6bLITh He3HAUH-
TEJBHEIM 10 CPABHEHHIO C BECOM rpysa Py, u TOrA2 dopmyaa (4-7)
IPUHUMAET YaCTHHIH BHI

by
Peh [0
14+ |-
L - _d(ﬁdy) N O
P—kfw W ay |
T ()

W3 npeanosokeHns 0 HEBECOMOCTH TPOCA, KOHEYHO, He CJeAyeT,
YTO W JJOGOBBIM COIPOTHBJEHHEM TPOCA MOXKHO IpeHeOpeub.

[Ipu ucciaeposanuu GOPMBI HAABOZHOH 4YacTH Tpoca B ypaBHe-
Hua (4-7) u (4-8) noxpcTaBAAIOTCS COOTBETCTBYIOIIME 3HAUeHHsS Py
u P, nojyvamlllgecs Ha TPaHule ¢ BOAHOH NOBEPXHOCTHIO; BMECTO
p NPHHHEMAaeTcs Bec €IMHHLEBI JJUHBE TPOCa B BO3AyXe Do.

§ 15. dopma nogsBopHOH YacTH Tpoca NpHd paBHOMEPHOM
pacnpegeneHdd cCKOpOCcTeld TEYEeHHA BOAbI MO BepTHKANM

PaceMoTpeHre 3TOrO CIyyas OTHOCA THAPOMETPHIECKHX Mpuo-
pos TeuenneM ({p=1) OpencraB/sier HHTEPEC B TOM CMBICJAE, YTO
N03BOJISIET CPABHHTENbHO HECJOXKHO, HO H JOCTaTOUYHO CTPOro
OTpEeleNuTh TEOPeTHYeCKH BO3MOIKHEE HOJIOKEHHd rHOKOro TpocaB
notoke. BMecTe ¢ TeM cayyal npu ¢=1 MOXKeT MNPELCTABJIATH H
NpakTHYeCcKoe 3HayeHHe, HANPHUMEpP, NPU H3MepPeHHH MIyOHH IO Xo-
Ly CyAHa B BOJOXPaHHJMILAX U BOOOIIe NPX MaJsbIX CKOPOCTSX Te-
YeHUs1 BOALL

B’ pesysbTare HHTETPHPOBAHUS ﬂmbcbepeHunaJIbHoro ypaBHEHU

- (4-7) npu Y=1 mosnyyeno ouepranue rHGKOro TPoca, ONUCHIBAEMOE
JBYMS$ napaMeTqueCKHMH ypaBHeHUAMH,' npn HaNMCaHAH KOTOPHIX -
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fpuHaATE o603HAueHHA sin@=2, sin go=2y, A& (g— YTOJ OTKJO-
HEHHSl TPOCa OT BepPTHKAaJIH B TOUKe II0JBECA TPY3a, PABHLIN aI’Cth’ﬁ

(B ruppomerpuueckoil mpakTuke uyaimie. Py<<0,1P,):

by — 2
y—- Lyt s g (4-9)
" ¢ m 4"20 ! i
1
=1
5
Sy [ 16— 2] T () L_2dz (4.10)
AT Ry | Ll Vi=z’
B T (6, —2)%

L2
rae SO——:VPX—{- Py —cuna HaTsXKeHHs TPOca B TOYKe '[OgBeCa
rpysa, a ———k——OTHomeHHe Beca Tpoca K ero JoOGOBOMY COIpO-
m .

TUBJIEHHIO HPH DPAaClONOXKEHUH TPoca IEPIeHAHKYISIPHO HampabJe-
HUIO TEYEHHS. '

Beauuunm b, u by aBasorcs (I)yHKuHHMH Ge3pasMepHOro napa-
MmeTpa a:

by — V4—}—a2——a
1=

b Vit a?
2——_——'.
a

W3 ypasuenusi (4-9). m (4-10) BuaHo, uto (opMa Tpoca B IIO-
TOKe 06YC/IOBAMBAETCA CHJION HATSIKEHUs. Tpoca Sp, NAPaMETPOM 4
¥ BEJHYHHOHA yTaa g B pesyabraTe NpHOAHIKEHHOIO peHleHHs HH-
TerpaJia, BXoasiiero B BepaxeHnue (4-10), MOXKHO paccuuTaTh 1O
ypashenusM (4-9) u (4-10) upu 3amaHHBEIX @ H (p Oeapa3MepHble

Ry kmx

KOODAMHATHI S, u 5 Ha puc. 4-2 npuBeneHnl KpHUBble B Ta-
KHX KOODJHMHATaX TP PA3JUUHBIX 3HAUEHHSX o U a=1,5. Dromy
SHAYEHHIO @ COOTBETCTBYET by=0,5. Kpusble Ha puc. 4-2 sinaoTcs
HATJASIHOR HJIIOCTpaildell K TOMY, KakKHe IOJOMXKEHUS MOXKeT 3a-
HUMAaTh THOKUH TPOC B IOTOKE.

SaHHmeM BhIpaXKeHHe AJIs Sin ¢ u3 ypaBHeHHH (4- 9)

by +— |
sing=8, — I i
om0, v (4-1)
T (e )

¥ PACCMOTPHM €ro NpH Pas3jHYHbIX COOTHOLICHHSX Sin@o M by.
Tpu singe<b; rubkufi Tpoc uMeer (GopMy KpHUBOH, ofpallieH-
" HOH BBINYKJIOCTBIO B NPOTHBOINOJOMKHYIO OT TEUEHHS CTOPOHY (KpH-
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Brle mpH @o=0° u @o=20°). Ilpm sin po==b; Tpoc pacmojaraercs no
npsiMoii JuHuM (Ha puc. 4-2 MOKasaHa HMITPHXaMH) HOX YIVIOM K
BEPTHKA/IBbHON OCH, PaBHBIM @e=arcsinb;. B nanHom mnpumepe
po=30°. Tlpu sin@o>b, Tpoc oOpalleH BLUTYKJOCTbIO K HampasJe-
uuio TeueHHsa (@po=40" u @o=060°). Takué nomoxkeHusa Tpoca B IIOTO-
K€ B NPakKkTHKe TFHAPOMETPHUYECKHX ‘PAGOT GBbLIM M3BECTHBI, HO 3[€Ch

0 05 Y 15 z,okg’ﬂx
] 9
05
10 N
] °X
(. A b\=30 \\
‘q;o:urcs\“’ LR
N
RN
1.5 S
\
u
W
\\ \\ N
2,0 X
N\
NN
5 on N2, B
0y =N = o
PHERRR
25 | Lo IN
Z5
: m
. Ty

Puc. 4-2. Popma nopsonHo#i wactu rubroro Tpoca
B Ge3pasMepHLIX KOOpIHHATaX iipyu @ = 1,5 (b;=0,5).

OHM 0GOCHOBBIBAIOTCH TeopeTHyeckKd. OTMETHM, YTO PacloJIOKeHHe
TpOCa, - KAKOE IOJYyYaercs B IOCJAEAHEeM cJydae, MOKET CO3/1aTh
yCJIOBHMS, HPH KOTOPHIX TPHGOp, YKPEmJeHHE Ha KOHIE Tpoca,
BT Ha NOBEPXHOCTH BOJML. Takue cjyuawm MMEJH MeCTO Ha HC-
NBITaHUAX FuApocTatyueckux upoduiaorpados [8] npu Goapmnx
CKOPOCTSX HX OYKCHDOBKH.

Jnnua noiBORHON yacTH Tpoca pasHa

1 -1
1 (L 2
1 So [1bi—217% (b1+z) | dz
1 ]/1——2’

(4-12)

km : _1_ 1—+
bl, —l_zO 2 (l bl___zl)bg
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roe 2,=sin@s, @z — yros OTKJIOHEHWS TPOCa OT BEPTHKANH MNpPH
BEIXOJle €r0 H3 BOAB, T. €. y CBOOONHOH NOBEPXHOCTH.

80 i ! ; /

SNy Vv . / /
0r = /
70 , /
| / /

60 : / / /) 1/
AN
50 / : é’ S
) /%\' G/
. %;Zé“ ¢
30 7 7 —
" Vaiba
SN Po ¢ 55—
20
ol
&/ &
A
0 10 20 30 40 50 60 70 80 9009,

A ‘ :
Puc. 4-3. 3aBucumocTtsb —ll OT @, IIPU PA3AUYHBIX 4.

OTHocuTe/NbHAsT NONpaBKa K MJIHHE norpymeHHon 4acTH TpoCca
pasua (puc. 4-1) ‘
A I—Yo _ 1 Yo :
T="T1 =l=7 (4-13)

rie Al — a6comoTHas monpaska. ‘
. O6pamasice kK popmyaam (4-9) u (4-12), MOKHO- BHAETb, 4YTO
—~ 3aBHCHT OT G, 2; H 2o, € - ' ‘
_Pe
2 3
VP + P

20::
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AL - ‘
Jlnst BBIMMCHEHUS] —~ HCNOMAB3YIOTCS ypasrenus (4-9) u (4-12).
Cnoco6om mnpuGAHIKEHHOTO WHTETPHPOBAHHA pELLAETCs| MoJaydato-
i Al
. IIeecsl YPABHEHUE, B MTOre HErO HAXOAATCS 3HAUEHHS —- B 3aBU-
CHMOCTH OT &, Qo U (y. DJIMSHHME 3THX NapaMeTpOB Ha OTHOCHUTE]B-
HyIO IIONpaBKy HJAMIOCTPHpyeTcsa Ha puc. 4-3. I'padux cocrabied
s pasJauyHBIX 3HaueHuit &. Tunel Kpuebix npu sing, < b=

a2+4 —a o
=—+2—-— noctpoensl npu go=0. Cayuaii sin o> b, sBaseT-
Cf OCHOBHLIM NIPH NPOU3BOACTBE THAPOMETPUUECKHX paGoT Ha pe-

Va4 — .
"kax. Tunbl KpuBHX mpH sin cp0>——-—— IOCTPOEHH IIPH
(p0==90°.

§' 16. dopma NofBOAHOA YACTH TPOCA NPH HepaBHOMEPHOM
pacnpepencHHWH CKOPOCTEH Te4YeHHA BOJbI MO BePTHKANH

Ha ocHoBe aHanu3a NOJYyYEHHBIX ypaBHEHHH rubkoro Tpoca B
OTKDEITOM MOTOKE B CJYYae PABHOMEPHOrO DACNpENCeHHs CKOPO-
creii JI. . PaTkoBuu mnokasaJj, 4rto NpH NPOM3BOACTBE pPaBoT Ha
pekax, Koria Bec Tpoca He nmpesbimaer 3—5% or Beca rpysa, mo- -

Al
_ TIPaBKH ——~ MOXKHO-IIPHHMMATb JJIA HEBECOMOro Tpoca, T. e. p=0

# a=0. [TosToMy B mOCAEAYIOIIEM H3JOXKEHUN HCIONL3YETCs Aud-
tdepenunanpHoe ypaBHeHue (4-8). Iasa ero peillends Ttpe6yercs
BHIPASUTH ) B 3aBHCHMOCTH OT Y. ;

" Bocnoneayemcs dopmyaoit (2-23), umea B BHLY, YTO T'HAPO-
METpPHUECKHE . Irpy3s B 0OIleM ciayyae MOXKET HaXOOUTbCS Ha pac-
CTOSIHHH OT JHa motoka h—y, (puc. 4-1). CpenHsia CKOpOCTb 10O-
TOKa Ha 3TOH YacTH BEPTHKaJH, T. e THe pacrosaraercs Tpoc, 6y-
‘IeT OTJIMYAThCH OT Uz O6o3nauum ee uepes #,. OueBmmuo, u, > u,
unpu h—y,;=0 u =u_. Dopmyay (2- 23) NPHUMEHUTENRHO K
0003HaueHNAM pHuC. 4-1 3anuweM B BHIE

:(1+%)(1*?7°+%)""17.

\ Z
[TpousBenss uHTerpnpoBaHue 3TOH (OPMYJH OT ¥ 10 Yo, IOCHE
npeo6pasoBaHui NOJyUUM

2 2

v = 0+=) (_yf AL

6 T.B. JKenearsxos » 81
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Tak Kak J060BOe CONPOTHBJEHHE Tpys3a y JOHA [OTOKA ONpele-
JsieTcss IOHHOE CKOpPOCTBIO TOTOKa, TO, Kpome dopmysn (4-14),
HCMO/Ib3YETCS COOTHOMIEHHE MMy NOHHO CKOPOCTIO H HanG0J b~
el B Buge (3-2) «

Un 1 du,
Umax ugk

C yuerom (I)OvayJI.bI {2-33)

“a gt . (4-15)

Umax : m

u . '
%2 moxer GBITH

3aMeTnM, 4TO CTPYKTypa (GOPMyaE AJs

npenjioXxkeHa HECKOJbKO OTquHaﬂ oT (HOpMYJIBl (4 15). Ecau uc-
XOJUTDb U3 cpopMyJIbI (3-4), 1

1y 3
W=l
TaK KakK
u, = uma);~ ,
: 4o
TO
u, _ m—3
Umaxy ~ m+41

Pasunna mexay atolt dopmyaolr u dopmynosi (4-15) B umcio-
BOM BHIDAKeHMH TOJyYaeTcsi He OYeHb GOJBIIOH.

B pesysabraTe HHTETPHPOBaHHs AMDOepeHIUATBPHOIO ypasHe-
uus (4-8) npu Pp=~1 mosyueHo ouepraHHe THOKOrO TpPOCa, OIHCHI-
BaeMoe JBYMs NapaMeTPHUECKHMH. YpaBHEHUAMH (IS COKpalleHus

o !
3amucH ypaBHeHHH o603HayeHo tg ¢=z2"u tg pp==z0):

1
2

; 271+
arsh 2’ —arsh 2, Yo "t "
P L ] — (), (4-16)

. 1+ 2 ’
x=1,ch [A(l —yi)+m—arshz(')J—

. 1 _2_ :
_125-11[,4( __ﬂ) +”‘—~arshzd,~ (4-17)
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rae

. 12 T Yo 2
A (5] I
= 5 S, -
| 4= I—(1—f)
L h |
Yo 1 i ’

Yo

2
12=~0f shA(l ~il—">'+%)”'” dy.

PasyioxuB MOABHTErpaJbHble QYHKIUK B CTeleHHOH Psl B BbI-
paxenusix fas {4 u [, 0 NPOUHTErpHPOBAB, MOJYUHM: ’

—pl b 42 IPRFARC
Ilnh{h+2[2<1+—%)+l][l' (1 h) ]+

S IS

o o [1 ——(l —y—,;’)ﬂ (”':T)“]}’ (4-18)

o T(Qi)l[?i(l-]—%)+l] |
. A NS (1+—m2-)f1
’2“”{(1:%)-5 (=gt

S(142)+
0w) ]]Jr-

A :
e e
A?i—l

+ @ — 1 [(Qi—'1)(1+%)+1] ><
< [1 _ (1 —%)(2i—1)(1+%)+1:| }_,, 19)

rle [ — NMOPSAKOBBIA HOMep 4YjeHa psija.
JJiHa NOTpyKeHHOTO Tpoca paBHa

142 - : 142
1=11ch[A( ~%) ”‘—B]—12sh[A( —ﬂ) ”’—B\],

6% ‘ ) : - ' 83



rie . v
1,65
B=arsh| (2’ ERIANT B
[( O)rxos( h ) }

4 =
3necs (2g) =tg ((pO)HOB
BepTI/IKaJII/I Ipy OIYyCKaHHM Trpysa IIoOL MOBEPXHOCTb BOIbI. CBs3b
MEXRYy 2, 1 (zé)HOB OTpeAeNseTCsl CeAYIOUM 00pasoM.

I[To onbitHbeiM manHeiM H. H. Coicoea [38], Mmoxno npunsTs [36]
) 4185

(cpo) ,— yroa OTKJIOHEHHS Tpoca OT

tg g, = 0, 15— U ©(4-21)
rie P— Bec rpysa B BO3AyXe. -
CaenosatesbHo, ' _
r 65
Coduon . 18 (00)s :<”“°B )16 . 4.22)
2 tg o, u

rae tpos — CKOPOCTh HA MOBEPXHOCTH BOABI (TOYHee, OcpeaHeHHAs
B IpeJenax DasMepoB Irpysa NPH NOTPYKEHHH ero noj CBOGOIHYIO
[OBEPXHOCTh BOABI). B IOJeBBIX yCJOBHSIX 3HaueHHe yraa (@o)mos,
COOTBETCTBYIOILEE CKOPOCTH Uyos, MOKHO ONPENETUTH, H3MEPUB YTOJI
_OTKJIOHEHHUs TPOCa OT BEPTHUKAJH. JHaUeHUE YIJa (g TPH ONYCKaHUU
rpysa) A0 IHA TIOTOKA, T. €, YrOM (Qo)yg, ONPEAENAETCA M3 q)opmynbl
(4-22 '

' u 1,62
tg (00 =18 (Pouon () - - (-23)

u

i3
Cunras, UTO Umax=Unos, ¥ NIPUHAMAS no ¢popmyae I'. B. JKe-
B

Jesnskosa (4-15), Halizem » 7
p , 4 1,65
€= —7) - e

M3noxeHHBE OCHOBHBIE MOJIOXKEHH TEOPHH OTHOCA THAPOMET-
pHYeCKUX OpuGOpPOB B OTKDPBITOM HOTOKE MO3BOJIMIHN J. 5. Parko-
BUYY CHEJNaThb DR npe/momeﬂpm Hpe,ELCTaBJIHIOHlHX IIPAKTHUECKHU
HHTEpEC.

§ 17. OcHoBHbIE THRLI 3aja4 HA pacyeT OTHOCA FUEPOMETPHYECKMX
npnGopoB TevueHHem

Ha ocHoBe npuBefeHHBIX Bhille (OPMYJ, XapaKTePU3YIOMIUX OT-
‘HOC THApOMeTpHYecKHX HPUOOPOB B NOTOKE, COCTABJIEHB TabJHLBL,
No3BOJSAIOLIKE peuarh pasJnunble 3afauyd. VX ocHOBHBIE THIOLL pac-
cMOTpeHbl HuzXke. TalGJaulibl cOCTaBJIeHbl IpH m=7,
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Onpenenenue rAyGUHL NOTPYXeHHSA rpysa. DroT
CTHIT 38J1a4i SIBJASIETCA. CaAMBIM paCHpOCTpaHeHHbIM NpH TPOH3BOJ-
CTBe H3MepeHHul TyOHH Ha peKax. -

B ra6a. 4-1 NPUBE/IeHb OTHOCHTE/bHEIE TIONPABKH B npoueHTax
K IMHHE MOABOMHOH wacTH THOKOTO Tpoca. SICHO, 4TC HPHBOASIIHE-
cA B 5TOH Tabmule HONPaBKH MOXKHO HCTOJNKOBATBH KaK MONPABKH
B CAHTHMETPax Ha | M AJMHBI TPOCA. I'Ipon.nmoCTppreM OpUMeHe-
HHe JaHHLIX TabJ. 4-1 npnmepaMH

Tabauya 4-1

Al .
3HAaYeHHS OTHOCHTENBHBIX MOINIPABOK ~l—-100 K nJHHe MOABOJHON 4YacTH -

Tpoca (cO 3HAKOM MHHYC)

" ((90):103 o ((po)noa
Q - ®
* ® B B

0 I 10 I 20 - Q ' 10 l 20
10 1 1 — 26- 3 4 5
12 1 1 _— 28 4 4 5
14 1 1 — 30 4 5 6
16 1 2 — 32 5 6 7
18 1 2 — 34 5 6 7
20 2 2 3 36 6 - 7 8
22 2 3 4 38 7 8 9
24 2 "3 4 40 8 9 10

Hpunmep I ¥ros oTk/OHEHHs TPOCa OT BEPTHKANM IPH ONyCKa-
HHM Tpy3a NO0J HOBEPXHOCTb BOABL (Po)mos=10° yroa OTK/IOHEHHS
TpOca OT BEPTHKAaJNH 'y CRBOGOJHOHN TOBEPXHOCTH BOAH (rpys Haxo-
OUTCSH Y JHA MM B APYroft TOUKe HOTOKA HUIKE CBOGONHON NOBEpPX-

HOCTH BOAbI) @y=24° [auHa BBHITPABJEHHOTO CMOUEHHOTO TPOCA
[=10,0 m. ' .

M3 Tta6a. 4-1 saxomum ﬁll_. 100 = —3, CJIeJI0BATEJbHO, Al=

=-—0,3 M, nosToMy ¢agruueckas raybuHa n?)rpy}i(eauﬂ rpysa pas-
Ha yo=10,0—0,3=9,7 m.

ITpumep 2. Tpys Ha Tpoce onyleH A0 JHa noroka. JljguHa cMo-
yeHHoro tpoca [=18,2 M, a yroa @,=38°. Ilpu omyckanuu rpysa
TOJIBKO IOJl CBOOOIHYIO .NIOBEPXHOCTE BOIB (Po) mos =5". :

U3z Ttaba. 4-1 waxogum AT. 100= —7,5, otkyma Al= — EXTOI(?#Q- =
= —1,36 m. [TosToMy (akruueckas ray6usa notokah=18,2 —1,4=
=16,8 m.

Onpenesenne BHCOTH NOJBeCarpysaHaaBoOLOM
[Ipy BBIMONHEHHH FPXILpOMeTpI/I‘{eCKI/IX paboTr Ha COPHBIX peKax c
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JIIOJIEK ¥ MOCTOB, BBICOTA IOJIBeCa KOTOPBIX HAJ BOLHON MOBEPX-
HOCTBIO MOXKET 3HAUMTEJNBHO NPEBOCXOANThH IJyOHHY TOTOKA, CJe-
AyeT yuuTbiBATH NPOBUCAHWE HAABOLHOH yacTh Tpoca.
- YpasHeHue [/ HaJBOAHOH HaCTH TPOCA MMEET BUJ(

= ( h1+p§~Z L
A=—->z_ \arch—2——arch—/, -
Py * \ Z* Z* ( )
rae y’ — BepTHKaJbHAs KOOPAMHATA,
z,=sing,.
Jlaa peuHBIX yCJAOBHH
- P,
07 cosg, "

IIpoBucanue Tpoca onpenessieTcss COOTHOLIEHHEM

sin @, = —2% (4-26)
1+ Po)’o

Ifle -3 — YTOJ OTKJIOHEHHs Tpoca OT BEPTHKAJM B TOUKE ero 3a-
KpenJieHus Haj Bo;LHoi’i noBepxHocTeio. IlpeneGperats nposucanuem

' TPOCAa MOXKHO NPH {)— < 0,08.

Has OﬂpeﬂeJIEHI/IH IJIMHBl HaABOAHON YACTH Tpoca 0 H3BeCt-
HBIM 3HAUeHHAM YIJa @, M BBICOTH IOABECA Yy DPEKOMEHAYIOTCS
naHHble Tabda. 4-2, cocTaBjeHHOA ¢ yyeroM (4-26) M0 COOTHOINEHHUIO

Al I —y' sin (¢ — @
0 0 0 . . .
By @) g, (4-27)

14 4 s .
Yo ¥ sin ¢_— sin ¢,

rne [p— IJiMHA HAABOAHOM YacTh Tpoca.

Tabnuna 4-2 copep:KUT TakXKe 3HaUeHUs YIVIOB @z, KOTOpHE He-
OOXORMMBL [J151 ONpeleJeHHs IONPaBOK K AJHHE CMOUYEHHOTO TPOCa
Ipy NPOBHCAHUH HAJBOLHON YacTu TPOCa.

[pumep. TlycTs ¢ rUAPOMETPHUYECKON JIIOJIBKH U3MEPSIOTCS CKO-
pOCTH TeUeHHs [JIsi OIpeJeJIeHHs PacXoma BOMBL

Bricora noapeca y;=8,0 m. Bec rpysa P=15 kr. Bec eau-
HHMIBL JUIMHBI TPOCa B BO3AyXe po=0,08 xr/m.

Onpenensiem ;

’
PoYo 0,08-8

7 =1 =005

IIpn onyckanuu rpysa no nna o6ulas LJHHA BHTPABJAEHHOIO
Tpoca coctaBuia L=1[+Il=14,0 M, a yroJ oTHOCA TPOCA Y JIIOJIBKH
Qs =36°. »
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Tabruya 4-2

Al ‘
OrHOCHTENbHbIE NONPABKH —t—~100 K NAHHE HANBOIHOH YacTH Tpoca

I4 I ’ ’ ’ ’
Po¥o Py¥y PyYq PgYo : L0%0 BoYo
R 2 =0,00 = 0,05 2 =0,10 5 =0,15 ] =0,20 = 0,25
o T A | o] B | o] Ak | | Ab | .| Ak | . | AL
QJ* y6 (P* )’6 (IJ* yé ((7* y(/) (P* y(/) lp* )’(/)
0 0 00 O 00| 0 00| O 0,0 0 0,0 0 0,0
2 2 011 2 011 2 01 2 0,1 2 0,1 3 0,1
4 4 02| 4 03] 4 03] 5 0,3 5 0,3 5 0,3
6 6 061 6 06| 7 06} 7 0,6 7 0,7 8 0,7
8 8 1,0.] 8 1,01 9 L] 9 12 |10 121 10 1,3
10 | 10 15|11 6] 11 17112 1,81 12 1,9 13 2,0
12} 12 22 13| 24113 25| 14 26| 16 |. 28] 16 29
14 |14 31115 33|16 34| 16 36| 17 381 18 3,9
16 |16 40|17 43118 451} 19 48] 20 50| 21 5,1
18 | 18 52|19 55|20 58 [ 21 6,1 22 64 | 23 6,6
20 | 20 64 | 21 6,8 | 22 72 ] 24 7,91 25 79| 26 8,3
22 |22 79| 23 84|25 88 |-26| 93 27 96| 29 | 10,2
24 ) 24 95125y 10027 | 10628 11,1} 30 | 11,71 32 | 123
26 26 11,3281 12,0129 | 126 31 13,21 33 140 | 34 | 146
28 1281 133130 141132 149133 ].157| 35 | 165 37 | 174
30 |30 155132 164 |34} 174136 | 183 | 38 | 193 | 40 | 202
32 1327 179 34] 189136 20,1138 213 | 41 | 224 | 43 | 235
34 134 206136 21,9139 232|141 246 | 43 | 258 46 | 272
36 |36 236|381 251141 ] 266 |44 282 | 46 | 297 | 49 | 31,1
38 (381 269 |41 | 286 |43 304 |46 | 321 | 49 | 339 | — —
40 |40 ] 295143 | 326 | 46| 346 | 49| 366 | — — — —
42 |42 346 (45| 369148 | 392 — | — — — — —
44 |44 39047 ) 416 | — ] — | —] — — — — —
46 |46 44050} 471 —| — | —| — — — — —
48 |48 | 494 | — el - | =] - — — — —
50 [ 50 | 856 | — — =] — | =] = — — — —
: . o Alo
W3 Taba. 4-2 naxogum ¢,=38°, — =0,251.

0

Huna wapsogmoit wactu tpoca l;=8,0+0,261X8,0=10,0 M, a
JJiMHAa cMOueHHoro tpoca [=L —[j=14,0—10,0=4,0 m. TayGuua
Ha BepTHKaJM onpenensercsds M3 Tabja. 4-1 no HalileHHBIM Bblle
3HaUYeHUsIM @, =38° [=4,0 M u (@) ros.

[Ipn onyckauum rpysa moz ypoBeHb BOJEl YroJ OTHOCA TPOCA B
MeCcTe H3MepeHHst Ha JIoAbKe COCTABHM (= 14°

I/IS Ta6JI. 4'2 ((PO)HOB=15°'

Ma tabi. 4-1 Al=S32-2 —0,34 v 1 h=4,00—0,34—=3,66 u.
Onpenenenue AAMHLH HOLBOAHON uYacTH Tpoca
ANA TNOCPYXEHHST THAPOMETpPHYCCKHX HNPHOGOPOB

Ha 3aflaHHy!0 rAy6HHY. DTOT THI 3aJaUl SBJISETCH OCHOBHBIM
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NpH W3MEepPEHUM MECTHBIX CKOPOCTeH TeueHMf BOIHL, T. €. cropoctelt
B TOUKAX, NOJIOMKEHHe KOTOphIX 3aaaHo. Jlns STOH UesH CJHYKHT
Ttaba. 4-3. ) o 4
Hasi Toro uTo6b YCTaHOBATH mpubop Ha 3ajaHHON TayOuHE Yo,
npe/iBAPUTENBHO TPOC BEITPABAUBAETCA Ha MJIMHY ['=yo, T. €. IpH-
Gop He MOBOAMTCS B TOYKY Ha BenHuumHy Ayo. Ilpu stom ompene-
asieTcsi yroa @s. Ompenenus yrod (@o)mos, T. €. TIPU ONYCKaHHH
ruApoMeTpHueckoro mpuGopa (BMecTe ¢ rpysom) nox YpOBeHb, TIO
ta6y. 4-3 HaxOoOMTCH OTHOCHTEJbHAs NMONPAaBKa, a 3daTeM abCoJoT-
Had ¥ HeoOXOomMMas AJIMHa TOABOAHOM YacTH Tpoca, 4TOOH BBHIATH
Ha sajaunyio raybuny yo. TaGmuna 4-3 cocraBjeHa ¢ y4eToM TOro,
uTO MecTHhle CKOPOCTH H3MepSIOTCH B TOUKAX CO CTAHAAPTHHIM OT-
HOCHMTE/ABHBIM HX TOJOXKEHHEM Ha BEPTHKA/AX, ‘

Ta6ruya 4-3
-t Al : '
Mlonpasxn —l--IOO K TMOJBOXHOH YAaCTH TpOcCa JJsl fOTPyMXeHHs

. rEApOMETpPHYECKHX NMPHOGOPOB Ha 3aJaHHBIE CIyOHHBI

sgi (‘PO)HOB

Emg 10l@{ulw]|18| 20| 2] 24|26 2| 30)32)34)26) 8|4

(-3

02| o [t|t|t1]1]2|2]|3|3|45; 6|7 8 9|10/12
5 111({2|2]|2)38|4|4|5|6]| 7] 8| 9;10;12]14
10 [2({22|3l3|4l4(56(6|7{8(9|10}]12]13[15
5 |—|—|—|4|4| 57676 78| 9101213 15|17
20 |—l—|—{—]—16{ 7| 8] 91011 |12 14]15] 17119

0,6 o [t]1y1t1|2|2)3]3|[445(61 7| 810{11
s l1|1]1]12(28]|3]4|4|5616]| 7| 8 1011112
10 (1(1]212!3{3|4|5|5{6|7]8!9|10{12(13
5 |—|—|—|38]4] 4| 56| 6|7 8| 910121315
20 l—l—|—|—l—| 81617781 911012} 131 15]16

08 o |tft1]ryr|2l2l2|34i4|56(6( 7| 8 9(10
5 |111]1]2(2|212|3|4|5])6]6] 7 8 10111
o {tjt1t2(2{213|4{4{5|6(6|7}| 8 10]11}12
15 |—|—|—13]3|4|4]l5]|6]|6|7[8] 9/10/12/13
20 === 4151 6)6)7] 8] 9} 10)11]13)14

09 o [tjtfr]1y212]{2[34l4]56y6¢ 7{ 8 9110
s [t|1f1}1(212,3[3|4(5|56]|6]| 7| 8 9l
o trjtrjtiaef21 31304458617 8 8]10112
5 |—|—]—|2|8]3|4}4|5]6]|6]|7]| 8 9l11]12
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punep. [lycth uaMepenHaa riay0HHa HA BEPTHUKANH COCTABJISALT
h=16,0 M. Yron oTHOca Tpoca NPH ONYCKAHHM THIAPOMETPUYECKOIO
npu6opa ¢ TPy3oM MOA YPOBeHb BOIBI (@Po)mos=10°%. "

[Tpu BRITPABJWBAHUE CMOYEHHOrO TPOCA HA AJNMHY, PABHYIO CTaH-
NAPTHBHIM TJIyOHHAM [JIs U3MEDEHHs CKODOCTed TEYeHHd, YIJbl OT-
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HOCA TpOCa Ha IpaHHulie cO CBOGOIHOH MOBEPXHOCTBIO BOALI COOT-
BETCTBEHHO COCTaBIJIHA:

%:0,2; Yo=232 M; ¢, ,=16%
20 =0,6; yo=96 M; @, =25
2 =0,8; yo=12.8 u; ¢, =32".

[lonpaBku K AJMHe CMOUYEHHOTO TPOCA ONpEAENAIOTCs [0 Tabi. |
4-3, caepoBaTesbHO,

Yo 02 M=003X32=010u [=32-40,10=330 u;
Bo 0,6, A=0,05%9,6=048 u; [=9,6 - 0,48==10,08 u:
Yo 0,8 Al=0,07X12,8=0,90 ; = 12,8+ 0,90 — 18,70 .

OnpeXZeseHHe MHHHMAaJbHOIO Beca TIpysa. Ipu
'H3MepEeHHH ray6HH U CKOPOCTell TeueHus BOABI HIPOMETPHUUECKOH
BEPTYIIKOA B peKaX TPOCH M IPY3bl PEKOMEHIyeTcs BHIOHpATh Ta-
KuM 06pasoM, 4TOCHl yroa OTHOCA y TOBEPXHOCTH @i HE MpeBslmal
40°, noCKOMbKY NpH GOJBLIMX YraX OTHOCA CTAHOBHTCS 3aTPyAHH-
TEJbHEIM OIIPele]sATh MOMEHT KacaHus rpysom nHa. C yueroM us-
JIOKEHHOro cocTaBjaeHa Taba. 4-4 ass mog6opa TPOCOB H IPY30B
U3 YCJIOBHSA ¢y <K 40°.

B wmemom AJas TruApoMeTpHuYecKHX paboT Ha peKax pekoMeH-
LyIOTCA TPOCH He ToJile 3—4 MM. IIpuMeHeHue TOHKHX TPOCOB IO~
" 3BOJISIET CYLIECTBEHHO CHH3UThL BEC THAPOMETPHYECKHX TPY30B,.UTO
oGJiertaeT NPOU3BOACTBO pPabor.

lIpumep. Hanbonvuias rayChHa Boasl B peke 8,0 M, HaHOOb-
mas CKOpocTb TeueHns Bomnl 2,0 M/cex. Ilpm mumamerpe Tpoca
d=2 wmm TpeGyeTcs THIPOMETDHUECKHH TIpy3 BecoM 10 KI; I0pH
d=6 MM — rpy3 Becom 20 Kr.

OnpemeneHune MUHHMaJbHOTOBECAaTrpy3anpuus-
MepeHun rayOun 6e3 BBeAeHHuda NOonpasoK Has obec-
neyeHHs HeOOGXOAMMON TOYHOCTH H3MepeHUs rayOuH ¢ Karepa (J104-
KH) NOCHeAHUH JOJXKeH OCTaHABJAMBATBHCS, 4TO, B YaCTHOCTH, CBS-
3aHO ¢ HEOOXOAMMOCTBIO M3MePEHHsi YIJIOB OTKJOHEHHS TPOCa OT
BepTuKaad. TeMn usMepeHuss TpyGHH CYILeCTBEHHO BO3pacTaer,
ecau paboTel NPom3BOAATCS Ge3 OCTAHOBKH CYyAHA. TOYHOCTH NpO-
MepoB Ha XOAY KaTepa MOMKeT OHITb MOBBHIUIEHA, €CJH HCHO/Ib30- -
BATb TPOCH Y TPy3H, OOecneyvBalOMMe NPOH3BOACTBO HU3MepeHHi
ray6uH Ge3 BBeJeHHS NONPaBOK. 3afaBasCh YCIOBHEM —A— 100=

=l; -100<1%, cocraBiaena Taba. 4-5 aad onpegenemm
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Ta6auya 4-4

MuHHManbHBIA BeC TMAPOMETPHUECKOro rpysa mpu paboTe Ha pexax, Kr

S Cropocts JNuametp Tpoca d MM
M TEUeHHs -
u M/cex. 2 3 4 5 6 . 7 8
2 2,5 10 10 10 10 10 10 10
3,0 - 10 10 10 10 15 15 15
35 10 10 10 15 20 20 20
4,0 10 15 15 20 25 25 30
4 1.5 10 10 10 10 10 10 10
2,0 10 10 10 10 10 10 15
2,5 10 10 10 15 15 15 20
3.0 10 15 15 20 25 25 30
3,5 10 20 25 30 35 35 40
4,0 15 25 35 40 45 50 55
6 15 10 10 10 10 10 10 10
2,0 10 10 10 10 15 15 20
2,5 10 15 15 20 25 25 30
3,0 15 20 25 30 35 35 40
3.5 20 25 35 40 30 55 60
4,0 30 35 45 55 65 75 80
8 1,5 10 10 10 10 10 10 10
2,0 10 10 15 15 20 20 25
2,5 10 15 20 25 30 30 35
3.0. 20 25 30 35 45 50 55
3,5 25 35 45 50 60 70 80
4,0 30 45 60 75 85 95 105
10 1,0 10 10 10 10 10 10 10
1,5 10 10 10 10 10 15 15
2,0 10 15 15 20 25 25 30
2,5 15 20 25 30 35 40 45
3,0 20 30 40 45, 55 60 70
3,5 30 45 55 65 75 85 95
4,0 40 60 75 90 100 115 —
15 1,0 10 10 10 10 10 10 10
1,5 10 10 15 15 20 20 25
2,0 15 20 25 30 35 40 40
2,5 20 30 35 45 50 60 65
3,0 30 40 55 65 80 90 100
3,5 40 55 75 90 105 — —
4,0 55 75 100 — — —_ —
20 1,0 10 10 10 10 10 10 10
15 10 15 15 20 25 25 30
2,0 15 25 30 40 45 50 55
2,5 25 40 50 60 70 80 90
3,0 40 55 70 90 105 120 —
3,5 55 75 100 — — —_ —
4,0 70 100 — — — — —_
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Tabauga 4-5

Bec ruapoMeTpHuecKOro rpysa (Kr) AJs H3MEpPEHHs TIyOHH
oes BBEJEHHNA TONPABOK Ha OTHOC Tpoca

HuameTtp 'fboca d MM
Cay6una | Cxopoctb
h M w M/CeK.
2 3 4 5 .6 7 8
2 1,0 10 10 10 - 10 10 10 10
15 10 10. 10 10 10 15. 15
2,0 10 15 15 20 20 25 25
2,5 20 25 30 35 | . 40 40 45
3,0 30 35 45 50 . 55 65 70
3,5 45 55 65 70 80 90 95
4,0 65 75 90 100 | 110 120 —
4 1,0 10 10 10 10 - 10 | 10 10
1,5 10 10 15 20 20 25 25
2,0 15 25 30 35 40 " 45. 45
2,5 30 35 45 55 65 70 80
30 45 55 70 80 95 105 115
35 | 65 80 100 115 —_ — P—
6 .10 10 10 [. 10 10 10 15 15
15 10 15 20 25 30 | 30 35
2,0 25 30 40 45 55 60 65
2,5 35 50 65 75 85 100 110
3,0 55 75 95 110 — — T —
3,5 80 105 — — _ — —
8 1,0 10 10 |10 15 15 20 20
1,5 15 20 25 30 35 40 45
2,0 30 40 50 60 70 80 85
2,5 45 65 80 95 110 — —
3,0 70 95 115 — — — —
10 1,0 10 10 15 15 20 25 25
15 15 25 30 40 45 50 60
2,0 35 45 60 70 | 85 95 105
2,5 55 75 95 | 115 |. — — —
3,0 80 1o | — — - | = —
15 .10 10 15 20 25 30 30 35
1,5 25 35 45 55 65 75 85
2,0 45 65 85 100 120 — —
2,5 75 105 — — — — —
20 1,0 15 20 25 30 35 40 45
15 30 15 60 70 85 95 | 110
2,0 60 85 110 — — — —
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Beca TMADOMETPHYECKOTO rpysa H jAuaMmeTpa tpoca d. 31ech w=-
=Vur+u® u® -+ u?, rae u;— cpelHss CKOPOCTb TeYeHHs BOIB Ha Bep-
THKAAU € ryyOHHOH kA, te — CKOPOCTh ABHIKEHHS CYAHA.

Hpunep. uz=1,5 m/cek.,, u,=12 m/cex.,w="1V2,25+ 1,44 =
=1,93 wm/cek., rmybuna k£=8,0 M. B sToM caydae npu -AHAMETpe
rpoca“d=3 MM notpebyercad rpy3 Becom 40 kr; npu d=6 MM —
rpy3 Becom 70 xr. Ilpu Bece rpysa Gojbmie 40—50 Kr kenarenabHo
npuMeHeHHe Je6Gel0K C ABHraTedsMu. IHeoOXomuMo uMeTh B BHLY,
YTO Ha TOYHOCTH M3MEPEHHs INMyOHMH CKa3blBAeTCS ONpejeseHHe MO-
MeHTa KacaHusl JIOTOM JHa IO0ToKa. TouHOCTh NPOMEPOB NOBLILALTCS,
~ecJidl JIOT CHa6IU/ITb 5/IeKTPOKOHTAKTOM. ‘



Trasa V

FMIAPOMEXAHHYECKHI AHAIUS PABOTAI
[HAPOMETPHYECKHX BEPTYLUEK

CuapoMeTpHyecKue BEPTYIIKH — OCHOBHOH NpHOOp IJs H3Mepe-
HHA CKOPOCTEH - TeUeHHs KHIKOCTH — IIMPOKO HCIOAB3YIOTCS Ha
- THAPOJIOTHYECKUX CcTaHUHUNX. [IpHMeHHTeNbHO K HANOPHOMY MOTO-
Ky - FUIpOMETPHYECKHe BepTYIIKH . SBJAIOTCS H pacxojoMepamu.
B 1a6opaTOpHBIX YCJOBHSAX IPUMEHAIOTCH MUKPOBepTYIKH., [Toka-
3aHHA TPUGOPOB B KOHEWHOM HTOTE — De3y/bTaT B3aMMOJEHCTBHS
IePBHYHOTO JaTyuka mpubopa ¢ IIOTOKOM, IO3TOMY TJIaBHBIM
COJlep:KaHHEM H3yJeHHs paGoTh BepTyIIeK, KaK H BCeX NPHOOPOB A
H3MEpEeHUs CKOPOCTell TeueHHusl, IOJKeH OBITb T'HAPOMeXaHHYeCKHH
apajaus ux nokasaHuil. Cioga OTHOCHUTCA DHJA BONPOCOB, HO TIJIaB-
HBIM M3 HHX SIBJSIETCS BJAHsSHHE TypOYJEHTHOCTH IIOTOKAa Ha . pabory
BepTyllek. V3J0KeHHIO 5TOr0 BONpOCa TPEAINIeCTBYET KpaTkad
CBOJIKA XapaKTEPHCTHK BepTYIIeK, U3 UHCaa KOTOPHIX 6oJee MHox-
po6HO paccMaTpuBaercst NyThb U BPeMs CHHXPOHH3ALHH BEPTYILUEK —
roHdaTus, 6€3 KOTOPHIX HeJb3A OXapaKTepu3oBaTk paéoTy BepTylIex
‘B HeCTaHHOHaprIx NIOTOKAX. .

§ 18. XapaKTepHCTHKH rﬁnpomeTpuqecxux Bepryuex

Pa6ora ruipoMeTpHUYecKOR BEePTYIIKH XapaKTEePU3YETCH IpeKie
BCETO :3aBUCHMOCTBIO #=1u(n), TAe U — CKOPOCTb TEUYEHHUS BOJIHI,
f —— YHCJ0 0GOpPOTOB JIOMACTHOTO BHHTA. PacCMOTpUM BHAauaje 3Ty
3aBUCHMOCTh 0e3 yuera CHJB TpPeHHs B MeXaHH3Me npubopa H
TUpAaBJANYECKHX COIPOTHBJEHUH Npu ero o6TeKaHUU MOTOKOM. Beu-
Iy CYUIeCTBeHHBIX pasauuuii B dopme pabouero Kojeca BepTYIIeK
C FOPH30HTANbHOH H BepTHKaJbHOH OCbio BpauleHus (puc. 5-1)
HalileM CBSI3b MEXJY A H 4 OTIAEJBbHO JJs 3THX BepTymleK:. 31ech
MBl OCpaHHYUBAEMCH IIPUBEJEHHEM TOJBKO CXeMBl yCTPOHCTBA: Bep-
TyIIEK, oJ1aras, 4TO YUTATeNlb 3HAKOM C HX KOHCTPYKLHMSIMH.

3a Bpewms dt YaCTHIA JKHJKOCTH, ABHXKYLIASCH NapajleNbHO
FOpPHU3OHTANBHON ocu BepTywKH (pHc. 5-1a), mepeMecTuTcs Ha. Be-
auuuny di=udf. DT1a Xe uacTUIA KMAKOCTH, BCTPETHB Ha CBOEM
OyTH JIONAacTb POTOpA,,llepeMecTHTCA MO OKPYKHOCTH Ha BEJIHYHHY
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dly=tg o dl=tg au dt, rne o — yroa HaK/JOHA JIONACTH K MJIOCKOCTH,
NeprneHAMKYAsipHON -OCH BpallleHHs. YUUTbIBAs, YTO OKPYXKHas CKO-
pocTh pOTOpa paBHA 2mrr, BeIpaxKeHue JJis dly MOXKHO 3amucarth B
apyrom Bue: dlp=2mrn df, TAe ¥ — pacCTOAHME OT IEHTPa JONaCTH
no ocu Bpamenns. Clel0BaTeNbHO,

tgan dt =2arn dt,

OTKyZa 5
n="p.
tga
Bsomsa o6o3nauenne krzt—gng—, HafigeM
u= ke, (B

rae kp— reoMerpuueckufl mar JOINAcTHOTO BHHTA; DaBHBIH NyTH,
OPOXOJHMOMY KMIKOCTBIO 32 BpeMs OAHOoro o6opoTa. poTopa.

n
»”» ~
n 2 _Pz‘.

N ) '

{ u » /3\ u
i 2

\J ‘ \,/f
u

Puc. 5-1. Cxema ycTpoiicTBa rHEPOMETPHYECKUX BEPTY IIEK.

@—C ropH3OHTAILHON OCbIO' BpamleHua; §—C BEPTHKANBHOI OCbI0 Bpa-
: IHeHus.

MosKHO HHaye MNOSCHUTH CMbICA R [lyeTh B crodueli Boje Bep-
TyLIKa [epeMellaeTcss PABHOMEPHO U HPAMOJHHeHO ¢ J106of cKo-
pocthio u. Bennunna ky Gyner mpencTasaaTh cofofl OTPe3oK MyTH,
NPOHAIEHHOTO BEPTYLIKOH B TO BpeMsl, KaK €€ POTOP COBEPILHT OJHH
o6opor. ‘

PaGora uamieynoro poropa (puc. 5-16) obycjoBsieHa pasanuu-
em B koa(duunentax conporusieHus ero yamek. Cuia, AeficTBylo-
lmias Ha yallky, ofpallieHHble CBOeH BHellHef NMOBEPXHOCTBIO K Te-
YeHUIO BOJHL, paBHA

PR
a Ha 4Yallky, oOpaiuleHHple BHYTPeHHefl IIOBEDXHOCTBIO K TEUEHMIO,
paBHa o
P2=Z;QPF(Z‘—_2-LL—rX.
rae & B Gg— KoaddUUUeHTH - CONPOTUBACHUA Yallek, npHueM ;<

<y F—naomanp NOpOoeKUHH YallKH; U, — CKOPOCTb JBHKEHHs
LEeHTpa YallKu. :
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[Tpu ycraHoBuBlIeMcsi BpalleHHH pOTOpa BepTYWKH Pi=P,,
CJIEIOBATEJBHO,

Ga—+u)f=05(n—u),

OTKYy A2
14
o= h@’_ “,.
1/ &
&

YuutbiBas, uto u,=2nrn, TAE r — PacCTOAHHE OT LEHTPA YalllKH
JI0 BEPTHKaJbHOH OCH BpallleHHsl, NOCAEIHION GOPMYJy Nepenuiem

B BHJE
1+1/c,2
1“1/@

OGozunauast uepes kp Bbipa)keHue, CTOsIEe OEPEN 7, MONYUHM,
KaK W [IJs BePTYIUKH ¢ TOPH3OHTAMBHOHN ocbio, hopMyny Buga (5-1)
(puc. 5-2, aunusa I). Tlox BiAMSIHMEM THADABJHYECKHX M MeXaHHYe-
CKHX COTNPOTHBAEHHE rpaduK QYHKUHU #=u(n) TpHHHMaeT GopMy
kpueoll 2 (puc. 5-2). Haubosiee 3aMeTHO OTK/JIOHEHHe KpHBOH 2 OT
JauHud I, ABAAIOIIEHACs ee acUMITOTOH, NPH MaJjbiX CKOPOCTAX uU.
O6mero TeopeTHUECKOTO ypaBHeHHS, OXBAaTHIBAIOIIEro Bce obJacTu
paGoTEl THAPOMETPHYECKHX BepTyllek, moka He HaipeHo. [loay-
SMIUPUUECKOe ypaBHeHue B (hopme runepGosl

u=an+ Yboniitc | (5-2)

BIIOJIHE VIOBJETBOPUTENBHO OTpPa)KaeT 3Ty 3aBHCUMOCTb, e a, b,
¢ — mapamerpsl. [lpu n=0 u=Y} ¢ == u,— oTpesok Ha ocu u, om-
penesliouni TOUKy, B KOTOPOH HauuHaeTcs Kpusasd 2 Ha puc. 5-2.
Ilpn 60JsbIIMX 3HAUEHUSX U, T. €. KOTAa Uo CYLIeCTBEHHO MEeHBIHe i,
dopmyay (5-2) MOXKHO 3anucaTh B BHAE

u=(@—+b)n=kn, o (5-3)

T. €. OoJlyyaercss ypaBHeHue Bupa (5-1), HO KAUECTBEHHO € APYTUM
3HayeHHeM £, YUHTHIBAIOUIUM He TOJBKO T'EOMETPHIO JONACTHOrO
BUHTA, HO M CONPOTHBJIEHUs €ro ABHXKeHmio. Takol mrar poropa
NPUHATO HA3BIBATBH - rujpaBaudeckum maroM. OOGHIUHO OH ompeje-
JIEeTCS ONMLITHBIM MyTeM. ['eoMeTpHyecKud nmiar by HECKOJIBKO MeHbIIe

2nrn.

u : . .
THAPABIUYECKOTO R :7,_ TaK Kak IPH OZHOH U TOH Ke CKOPOCTH

.U POTOP B peaybHBIX YCJOBHAX JeJaerT MeHbllee 4HCI0 060pPOTOB
1O CPABHEHHIO C TEM, KOTOPOE IOJIyYaeTcs MO TEOPETHIECKOMY pac-
yery Ge3 yuera conpoTuBienuit. [Tapamerpsl ¢ u b ypaBHeHus (5-2)
OIpeeAITCA N0 Tab/ule NPHIOKEHHU,
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- Pasauuns B nJOTHOCTAX (HANPHUMED, BOALI ¥ BO3AyXa) M BA3-
KOCTSIX Cpefbl CPAaBHUTEJBbHO MAJO CKAashIBAIOTCH Ha THAPABJIHUE-
CKOM Hiare (OpHEHTHPOBOYHO B npefenax no 2—3%), B To Bpemsd
KaK Uy CYIeCTBEHHO 3aBHCHT OT p. [Ipu mepexose ¢ BOXZHOH Cpeibl
Ha BO3JYIIHYIO Uy yBeJuuuBaercs B 28 pas,

u

Ugg

L
|

= .
t

— N}

ny

v

Puc. 5-2. 3aBucuMoctb MeXIy 4YMCAOM OGOPOTOB JOMACTHOTO BHHTA BEPTYLIKY 7
¥ CKOPOCTBIO TEHEHHd XUAKOCTU L.

I—06e3 yueTa CONPOTUBJEHHHA; 2.--C yYETOM CONPOTHUBIEHHH; S —IIPH BHICOKHX CKOPOCTSIX TEUEHHs
JKUAKOCTH (B BO3AYXe).

‘OCHOBHBIME  XapaKTepUCTUKAMU rmpOMeTpnqecxux BEpTYMER
SIBASIFOTCS CJEAYIOLIYE.

HagansHasg cKOPOCTH Ug— HaHMeHbIIAS CKOPOCTL Habe-
rapliero Ha BepTYWIKY NOTOKA, [PH KOTOPOH HAYHHACT HEPaBHO-
MEpHO BpallaThCs ee pPOTOp [39] Teopernuecku u=uy Opu n=0
(puc. 5-2). Ilpu yBeanyeHHH. CKOPOCTH 4 TIO CPaBHEHHUIO C Ug POTOP
HauuHdeT BpalllaTbcs GoJlee paBHOMEPHO, # IIPU JaJbHEHIIeM yBeJH-
YEHHH CKODOCTH, €CIIH €e Be/IHYMHA HE M3MEHAETCS BO BPEMEHH, po-
TOp BpallaeTcs paBHOMEPHO.

ITo ucenenosanusam I'. B. JKenesHsikoBa, CyuweCTBYET ONTHMAJ/BHOE
SHAYCHHE THAPABJIHUYCCKOTO uara, KOTOPOMY COOTBETCTBYRT Hau-
MeHbliee. 3Hauenue wo. [lo uccnenosanusam I1. H. Bypuesa, na 4
BJMSIET M AuaMeTp poropa d. B pesysbrare yCTAaHOBIEHO, UTO MH-

174

: . R
Huxuufi- npelen UpPHMEHHMOCTHM BEPTylleK—

CKOPOCTD Uz, 1, TP KOTOPOH H BHILIE KOTOPOH PEKOMEHAYETCS HCIIOJb-
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30BaHHe BepTyileK Ha npakThke (puc. 5-2). Ilpu cxopoctax oF o
IO Ug g MOKA3aHUA BEPTYLIEK HEYCTONYHMBLI, BBHAY 4Yero MOrpellHo-
CTH B U3MepsAEMBIX MaJblxX cxopocmx’ MoryT OBITb 3HAUHTEJbHBIMH,
mopstaka 10% u Gosblie,

Kputnueckasa CKOpOCTh t — TaKasg CKOPOCTb [BHIKE-
‘HHsl KMIKOCTH, IIDH KOTOPOH W BHIIe KOTOPOH BJAWsIHHE MeXaHHUe-
CKHX COUPOTHBJIEHHH Ha YHCJIO o6op0TOB poTOpa CTAaHOBHTCH CTa-

du
GUAbHEIM H HE3HAUWTEJbHBIM, T. €. MDH WUy T—const Ecan

npAMas, BHPAXKAoIasA 3aBHCHMOCTb /A OT i, MPOXOAUT Uepes Haua-
u N - ’
0 KOOPJHHAT —- == CONSt=4&, TO 9TO OTHOLIEHHE PABHO THAPABIH-

: u
ueckoMy wary poropa. Ilpu u <t OTHOlIEHHE —- HPEACTABISET CO-

60l H3MEHAILYIOCA BEeJMYMHY H TaKXKe MOXKeT pacCMaTpHBaThCs
KaK TyApaBJHYecKull Imar, Ho nepeMeHHbH. B nanbHefiiieM TepMuH
«THApaBJAMYECKHil mars Oygem ynorpebadaTbh N0 OTHOIIEHHIO K
k=const (npu uz>uy), yuuTbiBas ero GJH3KOE YHCJIOBOE COBIALEHHE
¢ reoMeTpHYeCKHM maroM. TOUKa C KOOpPAHHATAMH Uy W fx M THUIHY-
Hble 00J1aCTH KpPUBOH u=u(n) mayuille BCEro BHISIBJASAIOTCS NyTeM MO-
cTpoeHust rpaduka M—M(u) unu GespasmepHoro rpaduka M*=

- =M*(u*). 3nece M=— —tmc.no 060pOTOB poTOpa NpH €LUHHYHON
M .
IJMHe moToKa (1 M), mpoxomsmiero uepes pOTop;M*=M—, My—
K
: 1 uw—1u
3Hauenne M nupum uZuy, CeLOBaTeabHO, MK=E; u*=—u£-

[Ipumep rpacdukor ¢yHxuui u=u(n), M=M(u) n M*=M*(u*)
MOKa3aH Ha pHC. 5-3 Ans onHON 1 TOH Ke BepTYHIKH C FOPH30HTAJb-
HOH OCbIO BpallleHHsI.

Kpusas M=M(u) (puc. 5-3 6) yaoGua Ajs XapaKTepHCTHKH
paboThl BEPTYIIKH, TaK KaK ‘Ha Hell BecbMa - UeTKO BHISBIETCH
MUHEHHOCT 7 OT u (TOPH3OHTAJBHHIA -YU4acCTOK KPHBOH), B TO
BpeMsi Kak Ha pHC. 5-3 @ 3TO OOHapyKHBaerTcs HEIOCTATOYHO
YeTKO.

- pu u=uo u*=0 n M*=0, 1. e. xpuBas Ha puc. 5-38 JORHE
NPOXOJAUTL uepe3 Hauajlo koopaunat. [lpu uzu, M*=1,0, a u*
CTPEMUTCS K €IMHHIE, ClefoBaTes]bHO, Ge3pasMepHas kpuas M* =
=M*(u*) ponxna 6biTb OGpalleHa BHIIYKJIOCTbIO K ocu M*. C mo-
MOLIbIO 3TOH KPUBOH OTYETJHBO BbISIBJSIETCS CBSI3b 7 C 4 [PH Ma-
JIBIX CKOPOCTAIX TEUeHUs BOABL, TaK Kak rpaduk u=u(n) npu u<iy,
Oyayun TpaHcopMHpPOBaHHBIM B rpadurk M*=M*(u), Dponos-
KaeTcs BONOThL [0 NpelesbHbIXx 3HadeHm#t M*=1,0 u u*=1,0.

B noxpuruuecko#l o6aacTu CYLIECTBEHHO BJIMSIOT HA HNOKA3AHUS
BepTylleK H3HOC NOJIIHIIHHKOB, NONAJaHHe TBepABIX YacTHL (Ha-
HOCOB) B MeXaHW3M Npudopa u npod., & B caydae IPUMeHEHHs Mmac-
JSIHBIX KaMep XOJOBOH 4YacTH ¥ KOHTAaKTHOTO MeXaHH3Ma U TemIe-
parypa Boawel. I[lom BausSiHMeM HM3MEHEHHs TeMIepaTyphl Cpejbl,
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B KOTOpO#i paboTaer BepTYIKa, U3MeHAeTCst BA3SKOCTh CMA3KH, a TaK-
XKe pasMepbl JeTaneil U 3a30pbl B ux comnpsikeHusix. C NOHHKeHHEM
TEMIEPATYPh BOAB YBEJIMUHMBAETCS BA3KOCTb CMa3KH, B pesyibraTe
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Puc. 5-3. PasnuuHele cnocoGel H306pa}XEHUsT TAPHPOBOU-
HBIX KPHBBHIX THAPOMETPHUECKOH BEepPTYLIKH. |
@—B KOODAMHATAX ¥ W p; 0~ B KOOpiuHaTax M M ¥; 8—B KOOPAH-

HaTax M* u u*.

4ero €O03JaeTcs AONOJHHUTENbHBIA MOMEHT CONPOTHBIEHHs Bpalie-
auto. Mccnenosanuamu™ I'. B. JKesnesnsxosa, a B nanecHeiiniem o
1. H. Bypuesa noxasaHo, 4TO BJIHSIHHE BSISKOCTH Mac/a CylleCTBeH-

HO npu ckopoctax #<0,20+ 0,35 m/cek.
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KpHurnueckas CKOpOCTb 4 CBSI3aHa (PYHKIMOHAJBHO C Havalb-
HOH €KOPOCTBIO Ug, YTO BBIpaXKaeTcs Cpopmynom I. B. }Kenesﬁﬁxosa

,uK=7,1& (5-4)

rme

B = 6,912, — 0,06+ /2,34, — 0,065) 1 0,0058. (5-5)-

[Mpn HauGosee pacmpocTpaHeHHoM 3HauyeHMH u,=0,03 m/cek.
CKopoCTh Uy~ 0,50 Mm/cek.

BepxHu#t npepmes HOPHMEHHMOCTH BEPTYyIMeK—
CKODOCTb Up, j, BBHILIE KOTOpOH He BCerja MOXHO DEeKOMEeHIOBAaTb
IpYMEHEHHe BepTyIUeK. IJTOT Npefes Uz p H3yYeH HEJZOCTATOYHO,
XOTsl B PsIfie CAYUYAEB NMPUXOTUTCS HMETh JeJO C H3MEPEHHEM BeChb-
Ma GOJIBIIMX CKOPOCTeHl TeueHHsl KHUIAKOCTH, HATPUMEDP, HAa TOPHBLIX
peKax, Ha BOJAOCAHBAX, B TPy6GONMpOBOLAX, B JOHHBIX BOAOCIYCKax
COBMEIEHHBIX THAPOZJEKTPOCTARIMH Ha GelcTpoToKax. MHorna cko-
POCTb U ; HA3HAUAETCS N0 COOOpaKeHHAM MPOYHOCTH mpubopa, pa-
60oTH MORIIMMHMKOB (WX HM3HOCA), YCJAOBUSAM NpuMeHeHus (ycra-
HOBKH B NOTOKe) u Ap. ORHAKO Heab3d YOyCKaThb U3 BHAA THAPO-,
MeXaHHUeCKHe SIBJEHHS, TaKue, Kak o6pasoBaHHe 3a BepPTYIIKOH
KaBUTAllW{, BecbMa HHTEHCHUBHBIX BuUXpeifl u np. VcmombsoBasue B
TaKHX YCJIOBHSX ypaBHeHHS (5-1) B KayecTBe 3KCTPaNOJALHOHHOIO
cTaHOBUTCA MajooBocHoBaHHBIM. Colnsiemcst Ha onbiThl [24] no uay-

yeHHo ¥=1u(n) B BO3LYIIHOM NOTOKE (B aspOJHHAMHUECKOH TDybe
nuamerpom 1,5 m). Okasajnoch, 4TO NpH OOJBIIMX CKOPOCTAX BO3-
IYIIHOTO IIOTOKa HapyllaeTcs 3aBHcuMOCTb (5-1). Ilocse Hekoro-
poii ckopocTH, B ofIxeM ciayyae HEOJHMHAKOBOH IJs1 PasHBIX BepTy-
K, Pe3KO CHHXKAercs YHcao O06OpOTOB pOTOpa BEPTYWIKH #. Xa-
pakrep Takoro yOHIBAHHS 7 CXeMaTHUeCKH IOKa3aH Ha pHC. 5-2
(xpuBas 3). Ilig BepTYIIEK C JIONACTHHIMH BHHTaMH B BO3AYIIHOM
NOTOKe Uy n~ 1520 Mm/cek. OGHapyxuBaercsi yOBBaHHE UHMCJIaA
06OPOTOB Mg 1, COOTBETCTBYIOIlEE CKOPOCTH Ug p, C YBeJHUCHHEM
JuaMerpa poTopa.

M3 paccMoTpeHHsi xapaKTepHEIX CKOpOCTell Ha KpHBOH u=u{n)
caeqyeT, uToO THIPOMeTpPHYecKass BepTyllka pabotaer HauboJee Ha-
JIEKHO U TOYHO B Ipefesnax CKOPOCTEH OT Uy A0 Us, .

NuepunoHHOCTh BepTywek. I[Ipu uaMepeHHH BepTyw-
KaMH CKOpOCTeHl TypOyJeHTHOro NOTOKa H BOOOIIe HecTalHOHap-
HHIX (HEYCTAHOBMBILHXCSI) TeYeHHWH BO3HHKAET ‘BONPOC O CIOCOGHO-
CTH poTOpa BEPTYIUKM H3MEHATh CBOI CKOPOCTb BpallleHHs COOT-
BETCTBEHHO H3MEHEHHIO CKopocTH Inoroka . OdeBuaHoO, 3Ta
criocofHOCThL 0GYC/IOBJANBAETCS BeJHYHHON MOMEHTa HMHepumu I po-
topa. Uem Gosbure I, TeM Mel/eHHee NpUCHOcabiuBaeTcs poTop K
HOBOMY M3MEHEHHIO CKOPOCTH «.- Ec/lM Xe MOMeHT uHepuuu / oyeHb
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BOJIMK, TO HE3HAUYHTE/JbHOE H3MEHEHHE CKOPOCTH 4 MOXeT OHITh BO-
o61lle HEMOCTATOYHO, YTOOB H3MEHHTh CKOPOCTHh BpalleHHs poTopa.
Tpenue B NMONUNITHAKAX I KOHTAKTHOM MeXaHH3Me BePTYIUKH TaKxKe
yBEJIUUHBAET ee HHePIHOHHOCTE,

t ‘TIpOH3BOAA. neMnbupyoonee gef-

CTBHE. .
: Takum obpasom, IpH Hecra-
. ' LOMOHADHOM TeUEHHH MXHIKOCTHU

H3MeHeHHe uucia 0GOpOTOB 7
poTopa No OTHOIUEHHIO K H3Me-
HEHHIO CKOPOCTH TEYEHHWS U [PO-
'HCXOJHT . ACHHXPOHHO (HEONHO-
t ppemenno). [ToHATHS acHHXPOH-
HOCTH H HHEpPIHOHHOCTH BEpTY-
n IeK WAEHTUYHBL. [Ipennojioxum,
: ©  CKOPOCTh # MTHOBEHHO HM3MEHS-
J1achb BO BpPEMEHH OT 4; M0 U
(puc. 5-4). BeaencTBue wnepuu-
OHHOCTH BEPTYIUKH [JIsl H3MeHe-
HUsS 4uc/Ia OBOpPOTOB OT £ [0
N3, COOTBETCTBYIOUIETO  CKOPO-

ra—Uy-ly
Uz

U =

B
=]

PUIPAS S

bt 1= Ty ——rd

Ty CTH Uy, HOTpebyercs BpeMs fo_j.
i ¢ OTO BpeMs 3aTpayMBaeTcs Ha

to pasroH poropa IPH MTHOBEH-

Puc. 5-4. Cxema usmemcHua Bo ppe- HOM HSMEHEHHH CKOpOCTH Te-

MEHH CKODOCTH TeueHms 4 H uncaa  UEHHST JKHAKOCTH. Jlist  oueH-

060pPOTOB 7. POTOPa BEPTY LIKH. KH HHEeDUHOHHOCTH BEepTYIIeK

. X. Cabunun NpeNJoKHI Xa-

PAKTEPUCTHKH, HAa3BaHHbIE HM «NyTb H BPEMS CHHXpOHH3auuus. Teo-
pHSL 2TOTO BOIpOCA H3JOXKEHa B cJaeyllleM naparpade.

1 —1=4An

§ 19, NiyTe M BpemMAa CHHXPOHH3ALWUM THAPOMETPHYECKHX BepTyumeK

YpaBHeHHe ABHXKEHHS B HECTANHOHAPHOM IMOTOKE JIOMACTHOIO
BUHTA THIPOMETPUYECKOH BEPTYIUKM MOXKHO 3alicaTh B CJIELYIO-
IeM BHEE:

do
1d~—t——M=O, .‘(5-6)

rge [ — MOMEHT HMHEpLWH JOMACTHOTO BHHTA; @ -— YIJIOBAS CKO-
pOCTb €ro BpalieHus; ¢ — BpeMsi; M — MOMEHT THIPOJAHHAMHYECKHAX
CHJI OTHOCHTEJbHO OCH BpalleHus..

Hue H3naraercsi TEOPETHUECKHH BBIBOL YPABHEHHsS NYTH CHH-
xponnsanun, no I'. X. Cabununy [40]. Cornacio 3TOMy BhIBOZY,

NPHHUMAETCH, 4TO ) . : .
M= u?f,(s) R G
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3aech fi1(S) — QYHKUUS CKOJIBLKEHUS BEpPTYLIKH,

O—@ ko ] (5-8)

§= 0, 2nu

roe k-— ruapasauueckdil Iar JomacTHOrO BHHTA;, (o — YIJOBAs

CKOPOCTb €ro BPallleHHs NIPH YCTAHOBHBLIEMCSl ABHUXKEHHH YKHIKOCTH.
o ()]

Hanee -pyuxuus fi(s) samensiercs GyHKUUeh f(—u—) 4YTO JOTy-

CTHMO B cOOTBeTcTBUE ¢ (opmymoii (5-8). ITonemus BEIpaeHue
(5-6) ua I, nomyuum :

o .
F—riF)=0 (5-9)
~ ' da. o
TMoxcrasue B ypaBHeHHe (5-9) 0)=7?— U [OJeJHB Ha u2?, 1O-
JYUHM ;
R
W W“Tf e =0

rie OL—y'I‘OJI opopoTra JlOHaCTHOl"O BHHTA OT HayaJibHOT'O ero 1o-
JIOZKEeHU 1.
HocnenHee Bpra)KeHI/Ie nepenuuemM B BHAEL
d2o da
Tatr— 7 Haas) =0
d@t)r, I d (uf)
rfie ut=1I— QJMHA TOTOKA, MPOMIEANIEr0 Yepes BepPTYIIKY, MO3TOMY
d%a

nolifE= s

W3 nocienHero ypaBHEHHMS BHIHO, YTO O 3aBUCHT TOJBKO OT
IJMHH TI0TOKA, [POXOJAILEro depe3 BepPTYHIKY.

o
Beens oGosHauenue oy = 7 YpaBHeHue (5-10) MoxHO npe-
_ CTaBUTHL B BUJIE

d 1
a1 [ (0 =0

QTkyna

1
Wy = 4~ f f(md)‘—;— const.
‘T. X. CaGUHHH CYHUTAET BO3MOMKHBIM HpHHHTb npu s, 6J1H3KHX K
HYJIIO,
fi(s)==as, (5 11)

rjae a—Be.HH‘JHHa, XapaKTepnsy}omaﬂ yBEJIquHHe MOMeEHTa M B
 (YHKUUM CKOJbXEHHs §, paBHad

- M
@="3m g5
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C yuerom BelpaxkeHuit (5-7), (5-8) u (5-11) dopmyna (5-6)
MoxeT GBITb 3allHCaHa B BHIE '
h de u? ko
| | d—t=7a(\1——ﬁ-7)=0. 61
Ecu Teneph MoicTaBuTL B hopmyay (5-12) '
do _de g, dlda
dt T di2’ T u dl

Halimem

dwg a koo
E—T1 (1 =5 ) =0.
Hurerpuposatne gaer ,
ak :

—_ 2 5-13
COot—(OOOL_((‘)Ooz_(’)loc)e i ( )

rjie e — OCHOBAaHHE HATYypaJbHBEIX JorapudmoB. 31ech wp, COOTBET-
'CTByeT YCTAHOBHBLIEMYCSI IBHIKEHHUIO, & ., — HEKOTOPOMY HauaJb-
HOMY MOMeHTY Bpemenu. Ecan B dopmyse (5-13) nokasarenp cre-
neHu HpI/IpaBHHTb eluHULEe ¥ 0603HAUUTH UPU TOM [=I;, Halinem

2nl
o= - (5-14)

torna ¢opmyaa (5-13) npunumMaer BUA ' ;
0y = 0y ¢ — (@ ¢ — @1 o) €71 (5-15)

Bennunny [, CaGunHuH HA3BajJ <«IOyTh CHHXPOHH3AUHH». K3i0-
JKEHHOE N03BOJISIET - 9TO -BaXKHOE INOHATHE ONPELENUTh CJHEAYIOUIHM
06pa30M IlyTs CHHXDOHH3AIMH €CTh TaKas [UIMHA TOTOKA, KOTO-
"pEIfi IOJKeH MpOWTH Yepes BEPTYIUKY, YTOCH Pa3HOCTDb ®0 g — O
yMeHBIINIach B @ pas.

3amnuiieM Tenepb CJeAyIollee OUeBHIHOE PaBEHCTBO:

do - dt ® -

O =Y EGE T w
[loxcraBuB 1OCJAeNHee BLIpa)KeHHe 1A ®, H . l ut B (op-
myay (5-13) u cokpaTHB Ha u, TONYUHM

ut

. I
0=, — (0 —w)e ©°. (5-16)
Ecau nmpupaBHsSTbL MOKasaTeJab eAHHUIE W O0O3HAUUTH IPH 3TOM
- t=t,, monyunm
‘ be=—"» (5-17)
rae {c—BpeMs CHprOHnsauHH

Us Boipaxenus (5-16) BumHO, uTO BpeMs CHHXPOHH3AUUH ecThb
NPOMEXYTOK BPEMEHH, 33 KOTODbIH DAcXOkKJEeHHE B CKOPOCTAX'
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1 . o
@ — ® YMEHbBHIUTCA A0 *e———HepBOHa‘laJIbHOI/I BEJAUUYHHEL. qu

6osiblile CKOPOCTL MOTOKA, TEM MeEHbllle BpeMsl CHHXPOHH3aUMU fo.

AnajioruyHas xapakTEPHCTHKA HCHOJb3YETCs [/ OLEHKH pa-
60ThHl POTOPHBIX: PACXOLOMEDPOB.- B HEeCTALMOHAPHBIX MOTOKAX, FJE
el NpPUCBOEHO HAWMeHOBAHHe NOCTOSHHOH BpeMmeHH. OHa onpere-
JseTcs KakK HMHTEpBaJ BPeMEHH OT MOMEHTAa H3MEHEeHHsT CKODOCTH
TEUeHHsl KHMAKOCTH [0 TOUKH IepecedeHHs KacaTelbHOH ab (pHc.
5-4) ¢ JguHued, OTBevarolleldl yCTAHOBUBIIEACH CKOPOCTH BpallEHHS
poTopa. Usmetenue 80 BPEMEHH CKOPOCTH BpallleHHsl poTopa MOJI-
JHHSIETCS [0KasaTeNbHOH - GYHKUMHU; 32 Bpemsi f, UMCJIO 00OpOTOB

poTopa BO3pacTaeT Ha BEJHUHHY An’=(1-——;)(n2——n1), T. €

: 1
PAa3HOCTb fg — f; YMEHBLIHTCS [0 BeNUUHHBl An” = r (ny — my).

CKopocTh BpalleHHs poTopa, xapakrtepHsyoascsa qucaIoM 060-
POTOB 7y, ABJAETCS] CHHXPOHHOM CKOPOCTBIO, T. €. BIOJIHE COOTBeT-
CTBYIOIlE CKOPOCTH HOTOKA Us.

Uz ¢opmyam (5-14) BHIHO, YTO NyTb CHHXPOHM3ALHH BO3pa-
CTAEeT ¢ YyBeJHYCHUEM MOMEHTa HHEPLHH.POTOPa, a CJeJ0BATENBHO,
M ero QHaMeTpa M yMEHbILAeTCs C YBeJHUeHUeM- MHADPABIHUECKOTO
mara k. CreJoBaTesbHO, HHEPIHOHHOCTL BepTyIleK YyMeHbIIaercs
¢ yMeHbLIEHHEM Beca POTOpPa W ero pasMepoB U yBeJHUYEHHEM TH[-
paeamueckoro mara k. [lo-BEAUMOMY, HHEpPIMOHHOCTL TpHGOpA
YMEHbINAeTCs C YBeJHUeHUEM NJIOTHOCTU CPelbl, TO3TOMY, HanpuMep,
YCJIOBUSI HECTAIMOHAPHBIX a5PUPOBAHHBIX IIOTOKOB SIBJASIOTCH XYI-
MK 45 paboTel BepTyilleK, ueM OOBLIYHEIE BOJAHBIE MOTOKH.

[Tpu orcytcTBMM nyJbcaluu CKODOCTH MOMEHT WHepLuH Jona-
CTH He BJMSET Ha paboTy BEPTYUIKH.

YyuTHBas H3J0KEHHOE, MOXKHO TENEPb CJAELYIOLIHM o6pa30M
cOpMYJHPOBATL YC/IOBHS IPHMEHHMOCTH THAPOMETPUYECKUX Bep-
TYIWIeK [J15 M3MEeDeHHs NyJbCalMOHHBIX CKOPOCTEH: BPeMsl CHHXPO-
HH3aUHH fo BEPTYLIKH LOJKHO ObITb MEHbUIe epHOAA NyJIbCalHK

(D—i“ CKOpOCTH u, T. e. » o
L1 :

rfie @; — 4acToTa MyJAbCallid CKOPOCTH. , ,

B TypGy/eHTHOM MOTOKE HMEIT MECTO" BO3MYIIEHAS Pa3/IHYHBIX
Macuita6oB. Kaxpoe Bo3MyllleHHe BBI3BIBAET NYJbCALMH CKOPOCTH
COOTBETCTBYIOIIMX 4acToT. Takum '06pa3oM, B NOTOKE CYLIECTBYIOT
MyJbCalHU- Pa3/UUHBIX YaCTOT, T. €. HMEeT MeCTO CIIeKTP 4YacToT.
Tlostomy npu 3amaHHBIX [¢ H ¢ BepTyIIKa ynaBJmBaeT KoneGanus,
Y4CTOTHl KOTOPbIX MeHblUe HEKOTOPOro Mpejesa. Besencraye sToro
MPOUCXOMHUT CTJIaKUBAHHE MTHOBEHHBLIX CKOPOCTEH. 910 MOKET ObITh
_OSICHEHO- PHC. 5-5, rle cXemMaTHyecKH MOKasaHbl: ~AeHCTBUTENb-
Has“ KPUBasi MIHOBEHHBIX CKOpOCTeil I u Kpnsaﬂ ‘(crynenydras))
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MTHOBEHHBIX CKOpOcTefi 2, perucrpupyeMas BepTYWIKOR NpH Heco-
omonennn yeaosusi (5-18). HeofxoanmMo Takxke HMeTb B BHAY, UTO
BepTylIKa He YJIaBJIMBAeT BO3MYIIeHHH, pasMephl KOTOPBHIX OYeHb
MaJsbl 0 CPAaBHEHHIO C €& pa3MepaMy. BepTymku ¢ GOJBLIMMH pas-
MepaMH POTOpa OCPefHSAIOT CKOPOCTH B IPOCTPAHCTBEHHOM OTHOIIIE-
HMH, YTO TaK:Ke NPHUBOJAUT K CIVIAXKHBaHUIO KpuBo# [ (puc. 5-5).
[To onbithbiM mauabiM M. A. BesaukanoBa u H. M. Boukosa,
OTHOCSIIMMEs K BepTyuike Tmna l[lpafica, [;=2,5 cM. Hanpumep,

VVA/\J w

.

Puc. 5-5. CxeMbl KDUBBHIX MIHOBEHHBIX CKOpOCTEH u==1 (f).
* 1— peiicTBUTE/IbHAS; 2 — 3aperUCTPUPOBAHHAS.

mpu #=1,0 M/cex. u3 Bolpaxernus (5-18) moayunm ©; < }2050 _

. 1 . .
=40~ T. e NpH THX YCJOBHAX BEPTyLIKAMH MOTYT perucr-

pupoBaTbcs MyJabcalliM cKopocTu u npu gacrorax o 40 ru. C yse-
JUYeHUEeM cKOpocTel « 06J1aCTh NPUMEHEHHs BepTYILIEK pPacluupsiercs,
uyro BHAHO H3 (opmyan (5-18). Ormerum; uto B paborax mo H3y-
YEHHIO HeCTALlHOHAPHBIX TEIJIOBBIX TPOLUECCOB YKA3LIBAGTCS Ha BO3-
MOXKHOCTb TPHMEHEHHs DOTODHBIX DACXOJOMEDOB AJIS M3MEpPeHHs
NyJbCcalluii CKOPOCTH, UaCTOTHBIH cneKTp KOTOprX jpocruraer 60—
100 ru.

B peunom moToxe Hanbosblliee 3HAUEHHE HUMEIOT NYJbCALNH Ma-
JION 4aCTOTHl, MO-BUAMMOMY, Hopsaaka 2-—10 ri, COOTBETCTBYIOLIME
KpYTMHOMACITAGHLIM BO3MYIIEHHSM pPa3MepOB, CPaBHHMEIX C  Bep-
THKAJbHBIMH pasMepaMu MOTOKa. K3J0XeHHOe MO3BOJIET KOHCTa-
THPOBATH, UTO THAPOMETPHUECKAs BepTYIIKa fBJSETCS HaIeKHBIM
opubopoM JJisi H3MepeHHs HeCTAlMOHAPHBIX TeueHHH KUIKOCTH.
Ilpu 5TOM, KOHEUHO, PErHCTPALHs YHCHa ODOPOTOB JOJIKHA MPOU3-
BOJAMTLCA uepes Aoau o6opoTa poTOpa WM B KpaliHem cayuae B
'YCHIOBHUSIX PEK M KaHAJOB Uepes oAuH 0GOpOT.

B paGote [40] ormeyaeTcs1, 9TO TyTh CHHXPOHHM3ALUU HE 3aBHCHT
OT CKOPOCTH NOTOKa. B HenaBHee BpeMs 3TO fl0JI0KEHHE MOJBEpr-
J0Ch. 9KcmepumenTanbHoft nposepke B. 10. Topoukoseim [41]. Onwi-
THl IPOM3BOJAHMJIMCE B, aspojMHaMuueckoii TpyGe. Pabouee ceuenune
104
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Tpy6n cocraBasao 1,5 M2 CKOpOCTH BO3AYLIHOTO MOTOKA H3Meps-
JIUCh CIHPTOBHIM MHKPOMAHOMETPOM, CBSI3AHHBIM C THEBMaTHYECKUM
HacazxoM Tuna Tpy6kw Iluto. Becero Gbwro -mcmbiTaHo 5 aHeMOMET-
POB- ¢ 4HallEYHLIM POTOPOM M OXHH ¢ BUHTOBLIM POTOpPOM B jAMama:
30HE CKOpOCTeH BO3AYHIHOrO notoxa oT- 7 jgo 35 m/cex. Metonuka
3KCNepHUMEHTOB H uX oOpaborku Onlia-caenymoieh.-B paboueit ua-
CTH a3pOJHHAMHUYECKOH TPYyOBl yCcTaHABJAUBAJ/CSH aHEMOMETD B 3aTOp-
MOXKEHHOM COCTOsHUH. [Jlajee cosmaBajach IOCTOSIHHAS! CKOPOCTb
BO3AYIUHOTO MNOTOKA U, 3aT€M MTHOBEHHO OTHYCKaJcs TOpMO3 H
perucTpupoBasacs paboTa aHeMOMeTpa ¢ MNOMOIBIO IielihoBoro
ocuuyiorpada. OO6paboTKa OCHUNIOTPAMMEL, XapaKTepU3YIOIEH
3TOT INepeXOAHbIH NpoHece, 3ax/adanach B NoAGope NOCTOAHHOM
BpeMeHH 3KCIOHEHTHl [g, OTKylda INy®h CHHXpPOHH3aUuu [;=0l.
B pesyanrraTe o6Hapy:KeHO, YTO NyTb CMHXPOHM3allMH BO3pacTaeT
¢ yBeNWUYEHHEM CKODOCTH HOTOKA. B IesoM JJis BCeX HCIBITaHHBIX
aneMoMeTpoB [,=1,2+6,2 M npu v=6-+36 M/cek.

IanbHefilee H3y4YeHHe IYTH CHHXPOHU3AUMH aHEeMOMETPOB, a
TakXe W THAPOMeTPHYECKHX BepTYIUeK MOXeT CO3[aTh OCHOBY AJif
yrourenust Teopun I'. X. Cabununa. -

§ 20. Bnuanue TYypOyneHTHOCTH NOTOKA HA NOKa3aHHA
FMAPOMETPHYECKHX BepTylueK

Kak™ u3BeCTHO, BepTYIIKH B MORABJAIOILEM -GOJbIIHHCTBE CIy-
YaeB NPUMEHAOTCH LJif H3MepeHHs cKopocTell TypOyJaeHTHOro mno-
tToka. OueBHIHO, BepTyIIKa B TypOyJeHTHOM IOTOKe OyAeT IojBep-
JKeHa JefCTBHIO Pa3/IMUHBEIX CKOPOCTel N0 BeJHYHHE Y HaNpaBJeHHIo.
IlenecooGpasHo pacCMOTPETb OTHENbHO BJHSHHE NYJbCALHH CKO-
POCTH MOTOKA Ha DEe3yJIbTAT M3MEPEHHsd CPelHed CKOPOCTH MOTOKA
BEPTYIIKOIl M BJIHSHHE OTKJOHEHHS HampaBJeHHs CTPYH OT HopMaJm'
K TIONepeyHOMY CEYEHHIO NOTOKA.

Wsyuasi ameMoMeTphl — IPHOOPE], pafoTaloliHe [0 TAKOMY XKe
npuHIMNy, Kak u BepTyliky, I'. X. CaOMHHH TeopeTHUeCKH HOKaszaJ,
4TO OCpeJHEHHAs MeCTHasl CKOpPOCTb IOTOKA, perucrpupyemas aue-
MOMeTpOM, Bcerja OoJsblie [IedCTBUTE/NbHOH - CpelHell CKOPOCTH
BeTpa. Pa3HHIla B YKa3aHHBIX CKOPOCTSIX TeM GoJbine, YeM GoJblle
NyTh CUHXPOHH3AUMH [c, 4aCTOTA ®; M aMIVIMTYyAa MyJbCaUUB CKO-
pocTH; 3Ta pasHuna gocturaer ~ 10% Kak MakCHMyM.

DKkcnepuMeHTAbHbIE PaBOTHl AN ONpeleseHHs] BIHSHHS MNyJib-
Callid CKOPOCTH Ha NOKAa3aHHs BepTYLIeK NIPOHU3BOLATCA IBYM$ CIO-
cobamu: 1) npubop mnepeiaBHUralOT B CTOsAYell BOJe C NepeMeHHOH
CKOpOCTbIO (3THM MOJEJHpYeTCs NyJbCallHsi), 3aTeM MOJYYEHHOE
4uCa0 0GOPOTOB POTOPA CPABHHUBAIT C YHUC/JIOM ODOPOTOB IPH Mepe-
MelIeHHH BEPTYLWIKH C TOH XKe CpeAHEH CKOPOCTbIO, HO PaBHOMEPHO;
2) npubopy cooOIAT rapMOHMYeCKHe KoJebaHus B paBHOMEpHO
TEKyllleM IOTOKe, 4eM JOCTHraercs H3MeHeHHWe OeHCTBYIOIlEH Ha
nprGop CKOPOCTH. BLINOMIHEHHBIMH TAKHM 00pa3oM HCC/IeJ0BaHHAMH
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JOKa3aHo, 4To B IIYJIbCHPYIOIEM I[OTOKE BEPTYLIKH PErHCTPHPYIOT
OCpefIHEHHYIO CKOPOCTb, NPeBHIIIAIOILYI0 [efCTBHTENbHYI0 CPEAHION
CKOpOCTh. DTOT (haKT, NO-BHANMOMY, cJleiyeT OODBACHUTb GOJbliel
HHEPLHOHHOCTBIO BEPTYUIEK NPH YMEHBIIEHHH CKOPOCTH TIOTOKA U,
‘YeM NIpH ee. yBeNWYeHWH, a TNJIaBHBIM O0OpPa3oM TeM, UTO 3SHEPTHUs
OyJIbCUPYIOIIEro NOTOKa (oJiblile HepruM TOTOKa ¢ u=const [42].

PaccmarpuBas BAMAHME OTKJIOHEHHS HAIpaBJEHHS CTPYH OT HOP-
MaJu Ha MNOKa3aHWs BepTylIeK, Heo6XOAMMO HMeThb B BHAY CyLie-
CTBEHHDBIC Pa3/jHiusl B X paboTe NPy YCTAHOBKE Ha LITAHTe U TPOCE.
Bepryliky, onmyckaemble Ha TpOCe, CAMOYCTAaHABAHBAIOTCH HOA BJH-
AHHEM XBOCTOBOTO OIICPEHHS] N0 HanpaB/eHHI0 TeyeHHdA. [IpoeKmus
CKOPOCTH Uy Ha HOpPMaJb K IIONEPEYHOMY CeYeHHI0 paBHa

Uy =ucosp, - : o (5-19)

rie §— yrod, o6pasyeMbiii BEKTOPOM CKOPOCTH X H HOPMAJIBIO K MO-
NEepeYHOMYy CeYEeHHI0 MOTOKaA.

31ech He YYHTLIBAETCA HEKOTOPOE HE3HAUHTEJbHOE HEeCOOTBETCT-
BHEe CKOPOCTH U yray f, oO6YCIOBJIEHHOE HHEPIHOHHOCTHI) XBOCTO-
'BOTO, OHepeHHsT M KOpIyca BepTyWIKH Ha uaMeHeHus yria fB. Oce
BepTyIIeK, ONyCKaeMBIX Ha IITaHre, 3aHUMaeT B MOTOKe BIIOJHE
onpejeneHHoe 3a)UKCHPOBAHHOE MOJOXKEHHe — OCb BepPTyUIeK C po-
TOpPOM B BUJE JOMNACTHOTO BHHTA [OJIKHA COBIAJAaThb C HOPMAJBIO
K TIOMepevHOMY CEUeHHIO MOTOKA; OCh BepTYyLIEK C YaIleYHBIM POTO-
pOM H APYTHM aHaJOTHUYHLIM POTOPOM DPacloJaraeTcsl BEpTHKAJbHO,
a XoMyTooGpasHas pama— B BEpPTHKAJbHOM IUIOCKOCTH, NepIeH -
KyJISIpHO NONEPEeuHOMY CEUeHHIO NOTOKa.
' JleiicTBHe KOMIOHEHTHBIX BEPTYLIEK, YCTAHABINBACMEIX Ha IITaH-
re, noauvHseTcd ypaBHeHHIO (b-19). B stoMm 3akniouaercsa Hx Bax-
Hasi 0COOEHHOCTb, TAK KaK TakKHe BePTYIMKH aBTOMATHUECKH peru-
CTPHUPYIOT IPOEKUMIO CKOPOCTH 4 Ha HOpMaib, T. € CKOPOCTb Ug.
C yuetoM GOpMYJIBl (5 3) ypasHenue (5-19) MOKHO 3amKcaTh B cJje-
uylomeM BUJE:

% = cosp, (5-20)

rae ko — ruapasaudeckuit mar npu B=0; kg — 710 XKe mpu P +0.

PaGora 6oabIuMHCTBA BepTYyIIEK HE NOAYHHAETCA B MOJHOH Mepe
saBucuMocTsiM (5-19) u (5-20), T. e. OHH He SABJASIOTCS KOMIIOHEHT-
HBIMH. - PaccMOTpUM paboTy HEKOMIOHEHTHBIX BepTyLIeK HpH YyCTa-
HOBKEe KX Ha wrTaure. [Ipu ycTaHoBKe BepTylIeK Ha TpOCe 3TOT BO-
Ipoc, Kak $iCHO M3 H3JI0’KEeHHOTo, He BO3HHKAeT.

OmnbIThi [0 M3YYEHHIO BIHMSHHMS yria B Ha NMOKa3aHHs BepTYIUeK
NPOU3BOASATCA IyTeM MepeBHXEeHHs BepPTYWIKH B CTosiuedl Boje
Ipu ee YCTAHOBKe MOJ DASHBIMM YIIaMu (B TOPH3OHTA/JbHOA u
BEPTHKaJbHOH IJIOCKOCTAX) MO OTHOLIEHHMIO K HANpPAaBJEHHIO ABH-
XKeHWs HJU B NOTOKe MPH YCTAHOBKE BEPTYIIKHW NMOJ PAasHBIMH yT-
JlaMy. B IO OTHOIIEHHIO K HaNpPaBJEHHIO CKOPOCTH TEYEHHS KHIKO-
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cru. Ha puc. 5-6 mpuBeieHEl XapakTepHCTHKH pPaGOTH!  BEPTYUIKH
C TOPH3OHTAJbHOM OCHI0 BpaIlEeHUd, SBJISOINECS TUIMYHBIMH JJIs
BCeX, HEKOMINOHEHTHBIX BEPTYIUEK C JONACTHBIMH BHHTAMH. OnbITH
JJs TIOJYyYEHMs TaKHX XapaKTEPHCTHK IPOBOAATCA dYalle nyTeMm
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Puc. 5-6. Tunuunmdi npuMep BJaHsAHUS OTKJIOHEHHsS HANPABJIEHHA
TEYCHHs] OT HOPMaJdM Ha IIOKa3aHus BEPTYIIKH € FOPH30HTANbHOH
OCbI0 BpAUIEHHS! U POTOPOM B BuJE JOMACTHOTO BHHTA.

[epe/iBHKEHHs] BePTYUICK B CTOsTuell BOJAE NPH OTKJOHEHHH OCH Bep-
TYIWIKH OT HOpMaJu BBepX (Pz)u BHU3 (Pu). Ha puc. 5-6 a xpusasa 1
nocTpoeHa no ypasHeHHIO (5-20), T. €. SABJsIETCS ~ XapaKTepUCTH- -
KOl - KOMIOOHEHTHOH BepTYIIKU. KpuBas 2 BEIpaxKaer 3aBUCHMOCTB

k : '
—k"g OT yria {§ B pajuaHax, HOJYYEHHYIO 0O OINBITHHIM JaHHBIM;
KpuBag 3 paer pacxoXK/eHHe B NDOLEHTAX MEXIYy KpHUBBIMH [ u 2,
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T. €. Ak-—IOO( Cos[i——l)-Beana Ak noKa3bIBaeT, HaCKOJbKO

3aHUKAIOTCA H3MepﬁeMbIe TIPOEKIHN CKOpOcTell Ha HOPMaJb HEKOM-
NOHEHTHBIMH BEPTYUIKAMH 110’ CPABHEHHIO C KOMIOHEHTHBIMH. Han-
Goabiuee 3Havenne Ak~ 35% mosayuaercs npu f~ 45°. OrmeuaeTcs
HeKOTopoe pasnuuue B AR mpu yriax By u Py JlomactHolt BUHT
BepTYLIKH IpH Goapmux yraax (P ~60°) Moxer mepecraTb Bpa-
iwatsca. PacemarpuBast puc. 5-6, MOXKHO clie/aTh BaXKHBIH BBIBOZL:
npu Maablx yraax f (npumepuo po 10°) MOKHO CYUHTaTh, 4TO Bep-
TYIIKH B [pejefax TOYHOCTH H3MepeHUH cxopocrelt (2—3%)
PErHCTPHPYIOT MPOEKUHI0 CKOPOCTH # HA HOpMaJb; NPH OOJbIIHX
yraax B tpefyercsi BBelJeHHe HONPABOK B CKOPOCTb 4y HA HEKOM-
NIOHEHTHOCTb BepTYIIKH. CrelleHb HEKOMIOHEHTHOCTH BepTYIIeK
Han6oJiee HATJALHO HJIIOCTPUPYETCST OTHOCHTEJBHBIM I0JI0KEHHEM
auuuit I'n 2 ma puc. 5-6 6, aBasomuxcs aHaMopdo3aMH KPHBBIX
I w 2 ga puc. 5-6 a. Jlunum 2 Ha puc. 5-6 6 paccMmarpuBawTcs B
npepesax yriaos < 50°. BoaMoKHEIE OTK/IOHEHHS BEKTOPA CKOPO-
CTH ¢ OT HODMaJH B peKaX M KaHajaX B PeIKHX CJydasX BBIXOLST
3a npeﬂiﬂm ym? p>50°. Jlunuu I/ na puc. 5-6 6.oTsevaloT ypas-

HEHUI0 7~ =5rg > T. € YPaBHeHHIO (5-20), nuHEM 2 — ypaBHe-
. ;

- Huto, npeanoxennomy I'. B. JKesnesnskosbim, ‘
k 1 '
—é — T T (5-21)

| ¥ osp 1)+

VUM TIPH U2 Uk ~
u 1
2= - —, 5-22)
u 1 (

» 11!( T _1)+1 v

rie W — napamMeTp HEKOMIIOHEHTHOCTH THAPOMETPHUYECKOfl BepTyli-
Ky, B O0llleM clyyae 3aBHCAUIMH OT KOHCTPYKLHH JIOMACTHOTO BHH-
T4 W €ro urara, MoxeTr OBITh DPaBHBIM NPHMEPHO ABYM H GOJblle.
Komnonentnaa sepTymka umeer W=1,0, a o¢opmyas (5-21) u
(5-22) - mepexoasAT COOTBETCTBEHHO B cpopMyJIbI (5-20) u (5-19).

[lepenumem dopmyay (5-22), yMHOXKuB U pasjiesuB mpenBa-
pUTE/IBbHO ee MpaByio YacTh Ha cOs f, B Bue

-‘fui[\P‘(l — cos B) + cos B] = cos B,

OTKyZa. BUAHO, 4TO IONpaBKa B BUJAE NPOH3BEJEHHS K- H3MEPEHHOH
HEKOMIIOHEHTHOH BEepTYIIKOH - CKOPOCTH 4y paBHA BEIPAKEHHIO,
CTOALIEMY B KBaJApAaTHOH CKOOKe, YUCJEHHO OGOJbLIEMY eIHHUUBL
~ TIpw u<ux KOMIOHEHTHOCTb BePTYLIKH HapYIIAeTCsl HE TOJABKO
34 cYeT KOHCTPYKLMHM JIONACTHOIO BHHT& W €ro Iiara, HO U BCJeN-
CTBHE BJHSHHUS HA Uy MeXaHHUecKux -conporusienuil. Ilo stolt mpu-
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U : .
UHHEe 3aBHCHMOCTH% or yrja f§ Ha puc. Tuna 5-6 a npu u<uy pac-

nosiaraloTcsl HH:ke KpuBoil 2. [losToMy Ans KOMIOHCHTHOH Bep-
TYWKH CBSA3b MEXKAY # W 1 J0JXKHa ObTb JuHeidHOHA. M3 ruapome-
XaHHYECKOTO aHaJu3a NOKA3aHW{ BEPTYIeK CTAHOBUTCS OYEBHI-
HBIM, YTO KOMHOOHEHTHasl BePTYMIKa C KOMIEHCalueH CHJbl TPeHHS
sBJsierca HanGojee paumoHaspHofi. II. H. Bypues noxasas, urto-
JIIST KOMIOHEHTHBIX BepTYHIeK JOJXKHO HMEThb MECTO H ONTHMaJb-
HOe OTHOILIEHHe AHAMETPa POTOpPA K €ro THAPABJIMYECKOMY IIary

%, KOTOpOe ofecreunBaeT MHHMMA/JbHYIO HAUaJbHYIO CKODOCTb Hg.
Kpome »aTOrOo, IQUCKOBOE OTHOLIEHME BHHTa JOJMKHO COCTABJAATDH
~0,95. Tlog nociaepuuM MOApasyMeBaercsi OTHOLIEHHME [JIOINAAH
OpOEKUHH BUHTA (HA IIGCKOCTb, NEPHEHAHUKYJISAPHYIO €ro OCH Bpa-
IeHns1) K MJOMIaAn Kpyra, o6pasyeMoro BMHTOM, 0e3 ydera IJIO-

“Imamy cTynuUbt [lpu BBIUHCAEHWM MJIOIIAAM NDOEKIMM BHHTA Y4H-
THIBAETCH CyMMa IJIOIIajell NPOeKUHMH Bcex Jonacred BHHTA.

Porop BeprylleK ¢ BEPTHKaJbHOR OChIO HMHAYe pearupyer Ha
OTKJIOHEHHe CTPY# OT HOPMaJdM K MNOMNEePeuyHOMY CEUeHHIO IOTOKa.

. QueBHjIHO, B 5TOM CJyuae HpEJCTaBJdeT HHTEpeC pPacCMOTpeHHe
BeJHUYMH CKOPOCTEH uy IIPU yraax BB TOPH3OHTANBHON INJIOCKOCTH OT
0 mo 180° BmpaBo u BJIEBO M B BEPTHKAJIbHOH miockocTd ot 0 go
90° Bum3 u BBepX. Buay 6osblIOro guamasoHa yrjiosB 3 B FOPH3OH-
TaJbHOH TJIOCKOCTH, & TaKxKe B LeJNsX HarisagHOCTH KDHBEHIE, Xa-
paxrepusyiomue paboTy BepTylleK ¢ BepTUKaJbHOH OChbIO, H300pa-
awTca B IOJSPHBIX KoopaumHaTtax. Ha puc. 5-7 mpuBemeHw! pe-
3yJbTaThl MCnbTaHu# BepTyIKH [Ipafica (OCHOBHOH THI BEPTYLIKH
s CIIIA), Boimoanennsix M. Bpaynom u @. Harnepowm [43] B Boz-
HOM [OTOKE IIPH CKOPOCTH TeueHHs #==1,2 M/ceK. DTH ONHITHl He
YTPaTHAM CBOEro 3HAUEHMs, TAK KaK KOHCTPYKIMS YalleyHoro po-
TOpAa BEPTYIIEK C BEPTHKAJBbHOM OCBIO, MO CYLIECTBY, He H3MEHH-
gack. Ha ropusonrtanbHoll ocu (puc. 5-7) ofo3HaueHa miKajaa OT-

S - .
,HOCHTENBHBIX NOKasanu#l Beprywku —= - 100 (uudprl BEIMHCAHDI

or 30 mo 110%). Yucno oGOpOTOB £ COOTBETCTBYET CKOPOCTH U,
a YucJ0 OBOPOTOB fy: COOTBETCTBYET CKOPOCTH, HANPaBJEHHOH HOp-
MaJbHO K IONEPEYHOMY CEUEHHI0 MOTOKAa, O0O3HAUEHHOMY Ha pHC.
5-7 quHuell aa. Ilpn =0 oTHOCHTeJbHOE MOKA3aHUE BEPTYIUKH CO-
craBasier 100%. Ilpunumas »Ty BequuuHy 3a paguyc, INOCTpPOEHa
BCIIOMOTaTeJbHast okpyxkHocte C. KpuBas, xapakrepusyolas KOM-
TOHEHTHYIO BepTYIIKY, Kak #Ha puc. 5-6 a (xpusasa [), 3zech B no-
JAPHBIX KOOPAMHATAX u300pasuTcsi B BUAE OKpPYXHOocTH D rmpu
usMeHeHnd f or O no 90° BIpaBO W BJEBO WJIM BBEPX W BHH3 H B
Buje xpunol D’ npu uamenenum P ot 90 mo 180° BnpaBo M BJERO.
KpuBas B xapaKrepusyeT [OKa3aHHMS BePTYINKH NPH H3MeHeHuu [
B TOPH30HTAMbHON n/iocKocTH, KpuBas A — B BepruRaJbHOH. Cpab-
HUBas KpuByW D ¢ KpuBoH B BHAMM, YTO BEpPTyUIKA C YalleYHLIM
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poTOpOM JaeT BechMa 3aBhIIEHHbLIE NOKA3aHHs -CKOPOCTEH I10 cpaB-

HEHHIO C NPOeKIHell CKOPOCTH Ha HOPMaJb, UTO. O0bACHAETCS KOH-
CTPyKuLMEH 3TOoro portopa.  Kpome TOro, mokasanus BepTyLIKH He-
OJMHAKOBBI TPH TOPU3OHTANBHBIX YIJax B BOPABO H BJEBO, YTO
00BSCHAETCS - PASHBIMU YCJIOBHSIMM OOTEKaHHs MOTOKOM Yallek po-
TOPa NpPHU TMOAXOAE HX K XOMyT0o0OpasHOH paMe. CpaBHeHHe KPUBBIX
A n D 1no3BosisieT KOHCTATHPOBATb, YTO BEPTYIUKA NPH H3MEHEHUH

'

S
> o% Q
N

N
\
)
\
{4
s>
P P
=

10
% NN 8/ A7 ) \‘ " 20
! Y AN, 10

=
‘e

Puc. 5-7. BuamsaHue OTKIOHEHHA HAaIpPaBJICHHS TeYeHUs OT HOPManu Ha
IIOKa3aHus BEPTYIKH € BEPTHKAAbHOR OCbI0 BPALIEHHS M YalIEYHBIM
’ poropoM.

BEPTHKAJbHLIX "yrJoB P no 40° maer 3aHMIKeHHBIE [OKa3aHUS, a
Aapu p>40° — 3aBHINIEHHbIE,

. Takum 06pa3oM, BePTYIUKH C YalUeYHbIM DPOTOPOM BecbMa CJIOXK-
HO pearupymoT Ha OTKJOHEeHHe BEeKTOpPa CKOPOCTH OT HopMaJm K

[oNepeyHoMy ceueHUI0 motoka. Ecam o6o6mHTb OpILI/IHaTbI — - 100

KpuBBIX A M B 1npu yriax B BOpPaBO W BJACBO, BBEPX H BHI/IS
Ny

PELIUB TpeJBapUTEJbHO YpaBHEHHe, BHIpaXKamllee CBA3b T - 100

u B, mo cnocofy HauMeHbIINX KBaJpaToB, NOJAyUYAM KpHByK E. Jrta
kpuBasi npu B<<30--35° Guusko cosnagaer c¢ kKpupoi D. Orciona .
MOXKHO CJeJlaTh BBIBOJ: NPH- PABHOBEPOSITHOM H3MEHEHHH YIJIOB P
BO BCeX HANpaBJEHHMAX BEPTYINKa C YalleYHbIM POTOPOM, YCTAHOB-
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JEeHHAas Ha ILUTaHre, MOXeT paccMaTpPHBATHLCA KaK KOMMOHEHTHAS
npu yraax p<30° O,ElHaKO TakHe ycJ/0Bus paboTul BEPTYILEK B pe-
Kax W KaHajJax (akruyecku He COG/IIOAAIOTCS.

napomexaHHyecKHHl aHa/lM3 MNOKa3aHWH BepTyulek B TypOy-
JEHTHOM IIOTOKe [pH YCTaHOBKe HX HA MITAHI'E TO3BOJISAET. KOHCTA-
THPOBATh CJelyloliee: BePTYLIIKH C TOPH3OHTANBHOH . OChbIO Bpalile- .
HHs 0oJiee COBEpLIEHHB!, yeM BEPTYIIKH C YalleyHBIM pOTOPOM Ha
BepruKaasHoOl ocu [44]. Tlpu mpuMeHeHHH pasJMYHLIX THIOB BEPTY--
IIeK ¢ TPOCa PAacXOXKJEHHS B NOKa3aHMSAX HX CTAHOBATCH MeHee
CYUIECTBEHHBIMH. )

[lpuBenem Temepb HEKOTOPHIE COOGpaXKeHHsi O HAMpPAaBJEHHU
LaNbHEHIINX UCCAeJOBAaHUHA BJANSHUS TypOyJeHTHOCTH Ha mOKasa-
HUS_TMADOMETPHYECKHX BepTYIIEK.

[TocKOJBKY MOKA3aHHS BEpTYIIEK, a TAKKE M APYTHX PUAPOMET-
pHYECKHX INpHBOPOB MpeACTaBJIAIOT COGOH pe3yJbTaT B3auMoOneH-
CTBHSI MEPBHYHOrO [aT4HKA MPHGOPA H MOTOKA, TO AOJNKHBI ydyH-
TBIBATHCH MAPAMETPHl, XapaKTepusylollye CTPYKTYpPY NOTOKa W IpH-
6op.

B kayecTse mapaMeTpoB CTPYKTYDH INOTOKA2 MOXKHO MPHUHATH YHC-

o Q0 (1Y)
no Benukanosa Be u sokanbHoe yncao Crpyxans St=——==, rue

1 — MeCTHas CKOpOC’i‘b Ha pacCToAHHM OT MNOBEPXHOCTH [IOTOKA

h—y. .
Jns XapaKTepHCTHKM CaMOil BEpPTYIIKH B pa60Te [2] npeﬂno-

KeHo 6e3pa3MepHoe _uhaceno B BHIE » Tle T-—Tepuoa

u T
OCpefHEHHs! CKOPOCTH (HpOILOJI}KI/ITeJIbHOCTb BRIEPXKKH npubopa B
tToyke moToka). O603HAaUNB OTHOIUEHHe CKOPOCTH, U3MepEeHHOH Bep-
TYWKOHN, K OeHCTBUTENBHON Uepe3 Oz U YUHMTHIBAA, YTO TOUHOCTb
perucrpanuu cKopocreil mpu 32/1aHHOM T 3aBHCHT OT JIOKa/bHOTO
uucaa ®pyna [9, 24]

. u2
r=2a=»"

MOXKHO KOHCTaTHpOBaTb uto oz=0p (Be, St, W;, fr). OTbICKaHHe
BHIa 3TOH. (byHKU,HPI H JOJI)KHO, I10-BHAHMOMY, onpeﬂenmb OJLHO H3
HanpaB.HeHl/IH JansHeRIInx I/ICCJIeD;OBaHHI/I



Traea VI

O50CHOBAHHE METOAHKH HSMEPEHUA
MANbIX CKGPOCTEH TEYEHWA BOZbI

[IpoGiema co3paHus METOIMKH W almapatypsl AJs onpejese-
HHMSt MajbiX CKOpPOCTEH TeueHMs BOJAB TIOCTaBJeHa B cTaTbe [45].
IIpoekTHpoBanne M 3KCIIyaTalHsi BOJOXPAHHJIULI HA peKax, HO-
BHIX THIOB OTCTOHMHHKOB, NPOMBIULIEHHBIX OXJaIHTesJeH, cOoopyKe-
HUH KaHAJH3aIHOHHBIX CHCTEM, I'HAPABJIHYECKHX KJIaCCHYUKATOPOB
necka cjesnanu 3Ty npobaeMmy BecbMa akryanpHOH. Ha nytn ee pe-
LIEHHs1 BCTPETHJIOCH HEMaJio TPYZHOCTEH, NMOSTOMY M B HACTOAHEe
BpeMs CHeLHaJHCThl Pa0OTAIOT Hal 3THM BOIPOCOM.

[Ton MaJbBIMH CKOPOCTSIMH YAaCTO IOHHMAIOTCS CKOPOCTH, MEHB-
mue opHeHTHpoBouHo 15—20 cm/cek. B nuanasode ckopocre#fl OT
HauaJBHOH CKODOCTH [Jif JaHHOTO mpubopa Q0 3TOTO Npejesna M
THAPOMETPUUECKHE BEPTYIIKH M THIPOMETPHYECKHE TPYOKH peru-
CTPHPYIOT CKOPOCTH C NMOHHIKEHHOH ToyHOoCThlo. Ho make He B 3TOM
rjaBHas TPyHaHocTb. Jleso B TOM, 4TO B HacTOslllee BpeMsi HEOO-
XOIAIMO YMEeTh H3MEPATh CKOPOCTH TEUEHHsd, JeXallWe HUXKe Ha-
YAJBHLIX CKOpPOCTEHl TPagWIMOHHBIX Upudopos, ManabiMu CKoOpo-
CTAMH TEYEHHs! BOJBI TENEPb MPHXOAMTCS CUATATH CKOPOCTH, MEHb-
_ mue 2—3 cM/cex.

‘Herko onpenenunnch ABa NyTUH PELICHHS 3afadd. ,

Bo-nepBrix, MOZepHH3alUHs JABHO H3BECTHLIX NMpHOODPOB, TaKHX,
Kak THAPOMETpPUYECKHE BEPTYIIKH H préxu Wnorpa Monepuuaa-
1#si GLIBAET HACTOJABKO CYIIECTBEHHOH, 4TO caM NpPUHIUI H3Mepe-
HHSl, XOTS U Ha OCHOBE CYIIECTBYIOLIET0 HNePBHYHOTO AATYMKA, CTd-
HOBHTCSl B H3BeCTHOH cTemeHH HOBHIM. Tak OBLIO ¢ THApPOMETpHuE-
ckofl TpyOkofi B pesy/ibTare JUKBHLALIMM MEHHCKOB B €€ BTOPHUHOM
JaTunke (perucrparope).

BO-BTOPHIX, HCIOJB3YIOTCS PasiHuHble DUBHUECKHE SBJACHHS /5
co3/laHus NPHHIMOHAJIBHO HOBBIX THIOB HEPBHUYHBIX T'HIPOMETPH-
YeCKHX MATYMKOB. 3AeCh HEOOGXOAMMO IpexkJe BCEero yIOMAHYThb
HCTIOIb30BAHHE SIBJIEHMH Telsioo6MeHa IJIs CO3LAHUS THIPOMETpPH-
‘geckux npubopos. [IpaBna, u 3TOT cnOCO6 yKe mepecTan GHITb HO-
BbHIM, Tak Kak, HampuMep, ¢ MomeHTa cosnanus B CCCP mepsoro
taxkoro crnocoba [46] npoiujio HeMaao BpeMeHH.
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B aro#i rnaBe paccMaTpuBAIOTCA TEOpeTHUYecKHe [pelIIOChIIKH
HEKOTOpbIX CIIOCOOOB HU3MEPEHHd MaJblX CKOPOCTeH TEeueHHMS BOJBL
- [Ipexae BCero BBIICHAIOTCS BO3MOKHOCTH JaJfibHeHINero COBepLIEH- .
CTBOBaHHUSI T'HAPOMETpHUECKOH TPYyOKH W OOnacTu ee NpHMEHEHHS,
BKJIOuasi HecTallHOHapHble MOTOKU. B 3TOH cBA3W. MpencTasiseT
HHTepec MPHMEHEHHE He TOJBKO TPYyOKH, HO M AarTdunKa MeMmOpaH-
HOrO THIla B COIIOCTABJEHHH €r0 MOKa3aHW#l ¢ [IOKasaHUsAMH TPYyOKH
¢ Tem, 4To6b OGOCHOBATH BO3MOXKHOCTb HHTErpalHOHHOTO CIocoba
M3MEPEHHS! CKOPOCTEH TCUEHHS BOJIBI. :

TennoBble HaTYHKH OTJIHYAIOTCSA Ype3BEIYaiizo GOMBIINM pas-
HooOpasuemM. IlosiBJeHUe HOBBIX KOHCTPYKIHUH ¢ PasjUudbIMH 3JieK-
TPUYECKHMH CcXeMaMH OODBACHAETCH IJIaBHBIM 00pasoM KeJdaHHeM
YCTPaHHTh HEYCTOHUHBOCTb PAGOTHI TENJIOBBIX JAaTUHKOB.

MH TpojosiKaeM CuHTaTh HanboJjiee NEePCIEKTUBHLIM CO3LaHHUE
TEMJIOBHIX H3MEpUTeNell CKOPOCTH Ha OCHOBE TEOPUH PeryJspHOro
pexkuma oxJa’KIeHHsl, yeMy IOCBsiLllaeTcs OTAeNbHBIH maparpad B
9TOH rJaBe.

§ 21. GeameHHcKoBbIe THApOMETpUYECKHE TPYGKM

UsBecTHO, 4TO HauajbHasd CKOPOCTb THIPOMETPUYECKON TPyOKH
06YCIOBANBAETCS MIABHBIM 00pa30oM CONPOTHBJICHHAMH MEHHCKOB BO
BTOPUYHOM €€ JaTuHKe, T. €. B CTATHUECKOM U AHHAMHUECKOM €ero
Kananax. Jlpu masbix CKOPOCTSX TeUeHMsi BOJBI & CKOPOCTHOH Harmop

u .
5o OKasbiBaeTcss HEJOCTAaTOUHBIM IJis NPEOLOJECHN CONMPOTHBJAEHHS
g .

MeHHCKOB, OTcioma NOsBHJAAaCh HIesd MNOJHOTO YCTpPaHeHHS MeHH-
ckoB. Ona MOxer OBITh peajM30BaHA PA3HBIMH CrOCOGaMH.
A. WM. Jlocuesckuil [47] mpemsioXuj 3amoNHHTb KUIKOCTbIO HHHA-
MHUecKu#l M craTuueckuil kaHajgbkl (puc. 6-1). B Takom cayuae
CKODOCTHOH Hamop OyneT OeHCTBOBATbL Ha BCIO MacCCy 3aKJIOUeHHOMH
B TpyOKe XXUAKOCTH U IPUBEJET €€ B LBHXKEHHE CO CKOPOCTBHIO W,
3apucAefi oT ckopoctu. . ClefoBaTeNbHO, Y3MEpsisl CKOPOCTb W
Ha MepHOM- yyacTke [’, MOXHO OMPENeTHTD U, 3HAA CBA3H MEXIY
w u u. Hafigem 3ty cBA3b.

- Ilpu ABUKEHWH >XUIKOCTH B pr6Ke usobpaxkeHHOH Ha puc.6-1,
CKODOCTHO! Hallop paBeH

(2 —w)?
.
P28 _
T. €. ONpejeJseTcss He MOJHOH CKOpPOCTBIO U, a PAa3HOCTHIO i — W..
DTOT HANoOp 3aTPAuMBAETCs HA IPEONOJNEHHE CONPOTHBIICHHH, BO3-
HHKaIOIUX NPH IBHXKEHHH XHMAKOCTH B TPybKe co cpeane# mo ce-
YEHHIO CKOpoCcThIo w. Ecjn BHYTDEHHHM}I nuamerp TpyO6ku d moxo-
6patb TakuM 06pasoM, uToGH B Hell GBLIO JAMHHADHOe IBHIKEHIHE,
noAyIuM
(u—w)? 32w
2 - 2
Vm28 gd
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rie v-— KHHeMaTuyeckufl Kos((PUUHEHT BA3KOCTH; [— IJMHA BCeX
KaHanoB TPyOKH; @, — KO3(h(UILHEHT CKOPOCTH TPYOKH.

IlpaBas wacTe TOr0 ypaBHEHHs INpeicTaB/seT co0od MoTepro’
Hanopa Mo AJHHe JJAMHHApPHOrO mOTOKa B TPYyOKe [48]. Pemas ero
OTHOCHTEJILHO. U, HalleM

w=w+ 2y, o (6-2)

[TockosbKy v 3aBUCHT OT TeMIepaTypbl BORHI f, 1JA onpesene-
HUS u ¢ momoulbio TpyGku JlocmeBckoro tpebyerca H3MepATb

9 A - 6) ()
|
|

1

|

|

|

|

|

L

=—1]
|
|

TJ

Puc. 6-1. Cxema paGoTH 6e3MEHHCKOBOH IuAPO-
merprueckoll TpyOku A. W. Jlocuesckoro.

a—cxema JABHieHMS BOAbH B pabouefi uactu TPyOKu,

6 —cxema paboTl BoasHON pyOamky; A —kpaH, ] —moxaga

Kpackh, 2—OTBOX Kpackd, J-— OTCaChIBaHHE BO3AYXa,
4 —0TBOL BOABI, §—I0KaYa BOXHL.

cKopocTh @ M TeMmiepatypy f. CxeMma KOHCTPYKHHM TPYOKH TOKa-
3aHa Ha puc. 6-1. Mamepenne ckopocTH @ NPOM3BOAMTCH IO ABH-
JKEHHIO  BBEJeHHOH BHYTPb TPYOKH Kaljin pAacTBopa aHHJIHHOBOH
kpacku. [Ipu 3TOM perucTpupyercs IO CeKyHAOMepy MPOMAAeHHbIH
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Kamaell nyth [/ (puc. 6-1). YnoGHee BecTs OTCYET MO OCTPHIO Kam-
an Kpacku. B stoM cayuae @w=0,5@Wpax, A€ @Wmax — CKOPOCTb- Ha
ocu TpyOKH TpU JaMUHApHOM JABHXKeHHH. Toria ypabHeHue (6-1)
IPUHUMAET BHL ‘ :

5 7(Pm

u=0 5wmax+ VVlwmax' ) (6'3)

Ecau tpyOka cobpana u3 OT/JebHBIX 3BEHbEB pasHoro AuamMer-
pa, Gopmyinl (6-2) u (6-3) BuEOH3MEHAIOTCH, NPUHHMAs GoJee 06-
Iu# BUA. :

, . , lw
B ¢opmyne " (6-1) nepemenHOH BeJH4YHHOH Oyler —;—ZL', ceno-
BaTeJIBHO, ' "

(u—.w0)2 4 <llw1'

28 & \ 4

+

llw2 lﬂwﬂ ) (6"4‘)

R

n

Tlle Wo— CPELHSS CKOPOCTb B CEUEHUM BXOAHOTO y4acTkKa TPyOKH,
Iy, 1y, ..., ln; wy, W, ..., Wy; dy, ds, ..., Ay — COOTBETCTBEHHO JJIMHEI,
CKOPOCTH W AMAMETPHl Ha OTAeNbHBIX y4acTKaX TPYyOKH.

YuuTeiBas, 4To

d? d? d?
1] d% * 1 d% ] ? n dzl *

rje d U @ — COOTBETCTBEHHO AHMAMETP H CPeIHssl CKOPOCTb Ha BbI-
6paHHOM MepHOM ydYacTKe TpyOkH, u3 chpmyJIbI (6-4) nomyuum

u=j—§w+8¢mdl/ ( gt +i"—). (6-5)
(¢}

4
dn

[Tpu usMepeHMMm CKOPOCTH MNOIAKpAIUEHHOH XHIKOCTH Ha ocH
MepHOro yyactka TpyGKH dopmyJsa (6-5) npuHuMaeT BUL

4= 0,500z 5+ 5,7 ‘/ Vo5t o ) 60
0 n ‘

M3 wu3joxeHHONH TeOpHM FHIPOMETPHUECKON TPYOKH CJleLyeT,
49TO MOKAa3aHHA TPYOKH MOryt OBITh cTaGU/JIbHBIMH, €CJAH TeMIepa-
Typa BOJIEl NMOTOKA W TeMIepaTypa BOAB Ha Bcedl JuHe paboumMX
Tpy6ox Oyner opuHakosod. B cBasm c atuM B ee KOHCTPYKIHH
NpexycMOTpeHa BOAsiHAs py6aiuka (puc. 6-1 6) c quKmeuHeH
BOJBl, 3a6HpaeMoli HemocpeACTBEHHO U3 NOTOKA.

CymiecrByer Moaudukanus tpybku A. M. JlocueBckoro co cra-
LHOHAPHEIM [OMJIAaBKOM-HHAWKATOPOM, npentoxendas A. C. 3en-
ruunase [49], B kKotopoll He mpepycMaTpuBaeTcsa BOAstHas pyOamika,
yro B 06meM co3faer Gosbiuine ynobersa B pabore. Ilpyroft myTh
yCTpaHEeHHSt MEHHCKOB COCTOMT B. HCIOJb30BAHHM B KauyecTse
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BTOPUYHOTO JaTunka guadparmbt (MemMOGpaHbl), pasfednstouledl 1uHa-
MUYECKYIO M CTaTHUECKYIO TpyOKU. OTMeTUM, UTO JHKBUAALHUS MEHH-
CKOB [103BOJIMJIA  JOBECTH HAYAJbHYI0O CKOPOCTb THADOMETPHUYECKHX
TPyGOK K0 3 CM/ceK., UTO CAeJSAJNO UX NPUTOMHBIMH JAJIS H3MEpeHHd
MAJIBIX CKOpPOCTell TEUeHHs1 BOJABI B OMpeJIesieHHOM Juarasone [52).

['naBuoe JOCTOMHCTBO B HCNOJAB30BaHHH AHADPArMbl COCTOHT B
TOM, YTO INOKa3aHHs THIPOMETPHYECKOH TpyGKH NPeACTaBUIOCh BO3-
MOZKHBIM PErHCTPHPOBATE ¢ IIOMOIIbIO COBPEMEHHBIX MEXaHOTPOHOB
H ocuuagorpados. ITO B CBOIO OYepEelh MO3BOJHAO HNEPEHTH K HH-
TerpalMOHHBEIM H3MEPEHHSM CKODOCTell TeueHHs BOABI B Jabopa-
TOPHBIX YCJOBHSIX.

.§ 22. MHTerpauHoOHHbIA 3A6KTPOHHO-MEXaHHYECKHA cnocoe
USMEPEHHA CKOPOCTEH TEMEHMA BOAbI

Meronnka u3MepeHHs KHHEMATHUYeCKHX 3JEMEHTOB [OTOKa
(monst cxopocreft) RyxxAaeTcsl B CYLIECTBEHHOM pAa3BUTHH I[IpHMe-
HATEJbHO HE TOJbKO K INOTOKAM C MaJBIMH CKOPOCTSMH, HO H K
HECTAI[MOHAPHBIM TEYEHHUSIM KUIKOCTH.

Kaxk usBecTHO, CYUIECTBYIOT /Ba cnocoba H3MepEHHS] CKOpOCTeI/I
TeueHHs KHAKOCTH: TOUEUHBIH I/II/IHTeI‘paHI/IOHHbII/I Pasanune mexny
HEMH 3aKJHUYaeTcss B TOM, YTO INIEepPBBI HAWJAYYILHM 00pasoM Io-
3BOJISIET IPOM3BECTH OCPEAHEHHE CKOPOCTEH BO BPEeMEHU B (DHUKCH-
POBAHHBIX TOYKAX IOTOKA, a BTOPOH — B NpPOCTpPaHCTBe (B MKHBBHIX
ceueHnsnx noToka). OnHAaKO OcpefHeHUe KHHEMATHUYECKUX MapaMET-
pOB IOTOKa BO BPEeMEHH He BCErga BO3MOXKHO [0 YCIOBHAM IpPO-
BeJleHAs] THAPABIMYECKHX SKCMepuMeHToB. HanpuMep, mpu uccre-
JOBAHMH NBUZKEHHS IECUAHLIX BOJIH, B OCOOEHHOCTH CMOJEJHPOBAH-
HBIX H3 JETKOMNOJIBHYKHBIX MaTepHAaJOB, BpeMsi u3MeHeHus pedwseda
IHa MeHbIIe BpPeMeHH, HeOOXOAMMOro IJsi MOJYyUYeHHd SMIOPB CKO-
pocrefi TOUEUHBIM CIIOCOGOM. fIcHO, UTO B 3TOM cJayuae OH HE Jaer
NeHUCTBUTENbHOI KapTHUHBL Daclpe/lesIeHus KHHEMaTHYECKUX 3JeMeH-
''OB MOTOKAa B ero }XuBoM ceueHun. He rosops yxe o TOM, 4TO HpH
TOUEYHOM CIocobe H3MepeHwus - CKOpocTeH BCErfa OCTAIOTCsl HEH3Y-
yenHble 06/71aCTH TMOTOKAa. MeXIy TeM BO MHOTHX CAydYasix Tpe-
Gyercsi 3HaTh JAETajbHOE pacHpeleseHHe CKOPOCTell TeYeHHs BOJBL,
HanpuMep [PU U3YUEHUH PaCTpe/esieHUsT KOHIEHTPALUH B3BEIIEH:
HBIX ‘HACOCOB HO ryiyOHHe ¥ INHPHHE NOTOKA.

[Ipgr HeycTaHOBMBIIHXCst Ipoleccax, H3Mepsas CKOPOCTH TOYey-
HBIM ~ crocofom, HpHUXOAUTCS Hpuberatb K HCHONbB30OBAHHIO CpPasy
HECKOJIbKHX OZHOTHIHEIX NPHOOPOB ¢ pasMelleHHeM HX HA OMHOM
CKOPOCTHOH BepTHKAaJM HAM ropusoHrtanau. Ogmako B JjaGopartop-
HBIX YCJHOBHSIX, e pasMephl JKHBOTO CCUeHHsi MaJshbl, He BCerza
MOXKHO NPUMEHHTH YCTAHOBKY CEPHH THAPOMETPHUYECKHX HpubOpoB.
Kpowme - Toro, npu Taxofi MeTOHMKe H3MEDEHHH o00llasg KOHCTPYK-
LS anmapaTypbl CTAHOBHUTCSI CJAOXKHOH, 4 H3MEepeHHs CBs3aHBI C He-
yao6cTBaMu B perucTpanuu orcueros. Hampumep, npu rpynmosoit
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CHCTEME BJEKTPHUYECKMX INPHGOPOB BechbMa OCJOKHSETCS HaMe-
puTe/]bHAs 1enb, OCOGEHHO NPH HAJdUUHH YCHAUTENbHBIX H APYrux
YCTPOHCTB.

Takum o6pasom, npu H3YYEHWH [HAPABJHUKH HEYCTaHOBUBIIETO-
¢l MOTOKa M PYCJOBHIX HPOLECCOB, OCOGEHHO ¢ NPUMEHEHHEM pas-
JUYHBIX JIETKOMOJBHMXKHEIX MaTepuaJoB (MOJUCTHPOJA, GaKeauTa),
BO3HMKJA HEOOXOIMMOCTb B pa3paboTKe M H3yueHWW MHTErpaulu-
OHHOTO cnocofa U3MepeHHsT CKOPOCTeH, YTO GBbLIO BBINOJHEHO aBTO-
pamu crateu [50]. B. s3TOM ciyuae MOryT ObiTh HPHMEHEHBI TOJIbLKO
Takie NOpPUGOPH, KOTOphie CNOCOOHB MPOM3BOAMTbL HENPEPBIBHYIO
perucTpanyio cKopocrtell MPH IBHIKEHHH NATYHKA CKOPOCTH IIO Bep-
THKaNsIM M TOPU3OHTANSAM B moToKe. OTMETHM, YTO B HATYPHHIX
yCJOBHAX HHTEIPALUOHHBIA CIOCOO HM3MEpeHUsl CKOPOCTeH TeYeHHA
BOZBI C HCIOONb30BAHHEM THAPOMETPHYECKHX BepTYIUEK INpUMeHseT-
¢ CpABHHUTEJNBHO AaBHO. Ero TOYHOCTb OKasajach BIOJIHE YIOBJe-
tBopuTenprHof [9]. Murerpauuonsblil cnoco® NPUMEHHTENBHO K. THA-
PaBJMUECKHM MCCJEMOBAHUAM B 1ab0pPaTOPHLIX YCJIOBUAX panee He
6bL1 paspaGoTaH.

HOasa peulenus srofi 3ajzayu aBropaMu Ghuia paspa60TaHa Me-
. TOIMKA HENpepLIBHOH perucTpalud MOJAA CKOPOCTEdl TOTOKA MNpH
PABHOMEDHOM NepeMeIleHH: JaTuuKa CKOPOCTH B KHBOM CEUEHHH
C 3amUChI0 BBIXOJZHBIX 3JEKTPHYECKHX CHIHAJ0B Ha ¢ororpaduye-
cKkyio 6ymary maefipoBoro ocumanorpada. B kayectBe mepBUYHBIX .
IaTuuKOB OBIIM HMCHOJb30BAHBI THAPOMETpHUYecKas TPyOKa U Kpyr-
Jiasl IJacTMHKa AnamerpoM d=4-5 MM. B Kauectse npeo6pasoBa-
rTeJell KHHeMaTHUeCKUX M JUHAMHUYECKHX XapPaKTEPHCTHK BOJIHOIO
IIOTOKAa B -9JeKTPHUECKUE CHTHa/lbl KCIOJAb30BAaHBl 3JEKTPOHHO-ME-
XaHHYeCcKHe INpeoOpazoBaTe]H C BHELIHMM yIPaBJEHHEM, COKpa-
UIEHHO HasblBaeMble MexaHOTpoHamu. Pafora MeXaHOTPOHOB OCHO-
BaHa Ha H3MeHEHWH pAacCTOSHHS MeXAy 3JeKTPONaMH JaMIIHL,
B ornnune ot Apyrux mpeo6pasobaTesieli, MEXaHOTPOHB NO3BOJSIOT
TIONYUHTb HA BLIXOJAE CHIHAJABL 3HAYMTEJbHOH BEJHUHHBI, YTO HaeT
BO3MOXHOCTb TPOH3BOJUTE 3aMUCh HA MAarHUTO3JEKTPHUECKHH oc-
uuagorpad 6e3 ycuseHus BbIXOAHOTO curhaJja [51].

TlppHumMnuankHass cXeMa amiapaTypel, Te B KauecTBe nepBHq-
HOro JaTu¥Ka HMCIOJb30BaHa TIHIpPOMEeTpHYecKas TpyOka, mpuse-
IneHa Ha puc. 6-2. Tlpu nepemelleHHH THADPOMETPHYECKOH TpPyOBKH
.8 pasHOCTb IHHAMHUYECKOTO W CTATHYECKOro JIaBJEHHH B TOUKAX
JKHUBOTO CEUeHHs NIOTOKa BOCUpHHMMaeTes MeMmOpanoil 4, mnocaen-
HAS COeJMHSIETCS 4Yepe3 TOJKATeJb C MOJBMIKHBIM CTEPKEHLKOM
mexaHoTpoHa 5. Ilox peficTBueM pasHOCTH JaBJeHHN MemGpaHa,
nporu6asch, NPOU3BOAUT CMeIeHHEe NOJBHMKHBIX aHOJLOB 3JEKTPOH-
HOTO TIpeofpasoBaressi, BKJIOUEHHOTO B CHUMMETPHUHYIO MOCTOBYIO
cxeMy. B pesyabrare H3MeHeHHs CONPOTHBJEHHS MeXaHOTPOHA B
JuaroHajgy MocTa o0pas3yercss 9JEeKTPHYECKHH CHIHaJ, KOTOpPHIH
3amUCHIBAETCs  LIEi(POBBIM ocuminorpadom. . Kaonka I cayxur
LJsi TOAAuyH 3JEKTPHUECKOTo cHMrHajna OT 0OaTapen 2 Ha BTOpOMH
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HepaGounii maeidp ocuuanorpada B MOMEHT Hayana A KOHUA mepe-
JBUZKEHWA NaTuuKa CKOPOCTH. .
C DoMOWIbIO CHTHAJOB MOXKHO (DPUKCHDOBATH.TaKkKe MOPOMENY-
- TOYHDbIE KOHTPOJIBHBEIE OTMETKH Ha CKOpOCTHOf/'I BEPTHKAJAU HJAU TO-
pusoHTaJJ . OHyCKaHI/Ie U I0AbEM MAaT4HKa HpOI/I3BOILI/ITCH C  Io-
MOLILb}O 2JEKTPHYECKOTO MOTODPUHKA 6
TIOCTOSIHHOT'O TOKa ¢ YEePBAYHBIM peAYyK-
TOPOM, IPHCOCIHHEHHOTO K IIOABEMHOMY

MEeXaHu3My MepHOH urasl 7. Peryaupos-
_ Kd CKOPOCTH JBHXKEHHA FaTyuKa Ocyle- ———— - —_
CTBJsIeTCS BeJUUMHOH MOJABaeMOro 3JieK-
TPHUYECKOTO -HANPAXKEHUA HA MOTOPUHK.

g [E I

T 7 Iy /7, v, VIR,
4 .

2 <

@5

Puc. 6-2. Cxema anmapatypsl Jjas uHTerpa- Puc. 6-3. Cxema MasiTHUKOBOrQ
HHOHHOTO cHocoba ~H3MepeHuH cxopocrefi  (MeMOpaHHOrO) FaTyMKa CKOPOCTU
(c mpuMeHeHHEeM THAPOMETPHYECKOH TPyOKH). C KPYrioH INaCTHHKOH.

Ha puc. 6-3 nana cxeMa uaMepuTess CKOPOCTH ¢ KPYIJo# mia-
cruuxoit / puamerpom 4—5 mM. OHa coeluHeHa cTepxKHeM 2 H
MeTaJIHIecKofi MeMGpaHo# & (BBAPEHHOH B CTEKJASHHBIH GajjoH
JaMIBl) ¢ MOABUKHBIMU aHojaMu 4. IIpu cMmelneHHH IJTACTHHKH O],
oeficTBHEM TIOTOKA TIPOUCXOJHT OTKJOHEHHE IMOJBHXKHBIX aHOHOB IO
OTHOUIEHHIO HENOABHIKHOTO KaToja. B pesysnbraTe B aHOAHOH Hemn
2JIEKTPOHHOH JlaMnbl ofpasyeTrcd 3JeKTPHYECKHH CHrHAJ, COOTBET-
CTBYIOIIMH OIpeNeJeHHOMY 3HAUEHWUI0 CKOPOCTH [BHIKEHHS BOMBL
Koapllo 5 ¢IyKuT AJsi Orpa{jleHHss OT MeXaHHYeCKHX MOBpexje-
Hui kpyraoft maactuHku . IlpuGop' npukpenssercs K IUTaHre 6
BHYTPH KOTOPOI NMPOXOASAT 3JeKTPHUECKHe IPOBOAA.
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Pesyabrarhl IpafiyHpOBOK ONHCAHHBIX NMPUOOPOB MOKAa3ajH, yTo
OTKJIOHEHHE CBETOBOTO CHUTHaJa Ha ororpaduueckoil 6yMmare mar-
HHUTO3JIEKTPHUYECKOTO ocuuiorpada cBg3aHO JHHEHHO C THAPOIH-
HaMUYSCKHM [aBJeHHEM NOTOKa XKHAKOCTH.

Hccnenosanusi HHTErPALMOHHOTO criocofa H3MepeHus CKopocTed
[IPOM3BOAMJMCL B CTEKJSHHOM THAPABAMYECKOM JOTKE AJUHOHN
12 M, mupunoii 0,34 M u BBHICO-

To#t 0,6 M. A R : 7
B pesyabrate NpOBeNEHHHIX T, 4

* SKCIIEPHMEHTOB C YKA3aHHBLIMM ¢ .

Bhillle MPUGOpPAMH B PasJHYHBLIX

BApPHAHTAX WX HUCIOJHEHHA yCTa-

HOBJIEHH ~ MeTOIMKA  MHTerpa- 9 :

UMOHHOTO H3MepeHHs HMH CKO- /\'

pocrefl u ero. Tounocts. Okxasa- ‘ )

JIOCh, YTO IOTPELIHOCTb CYIIe- _

CTBEHHO 38BHCHT OT CKOPOCTH /
nepeMelleH s 10 BePTHKAJU AaT- 3 :
YHKa. : - .

Ha puc. 6-4 pmana 3aBucH- , /
MOCTb OTHOCHTEJIBHON morpemno- 2 - TR
Aug  uy—Ugy .

et —E- = e B ompene-

JIGHHH CpPelHed CKOPOCTH Ha Bep-

THKaJ¥ MHTErPallEOHHBIM CIOCO- »————"""{
GOM OT BEPTHKAJBLHOH CKOPOCTH ,

nogbeMa npaTqm(a Ws, rnepug— 0 025 . 050 075 100

Wy CM/cex .

CpelHsiss CKOpOCTh Ha BepTHKa- .
JAM, W3MEpEeHHasi TOUYEYHBIM cno- Puc. 6-4 335“2"”‘00“ OTHOCHTENLHOH
co6oM M TOACYUTAHHA’S TPA-  yorpemmoctn uis onpeseleHus Cpea-
hOMEXaHUIECKUM, Up. y—CPEAHIT - CKOpOCTH Ha BEPTHKAIH iy HHTErDa-
CKOPOCTb Ha BEPTHKAJH, H3ME- ., 0 cniocofOM OT BENMYMHBI CKO-
peHHAas HMHTErPANHOHHBIM CHO-  pocru moibeMa @y AATUHKA CKOPOCTH.
co6oM. Ha puc. 6-4 BHAHO, 4TO ;..o (uioowerpuocckol pybun o numamu-
mpn Ws £0 I cwcer. runpower o wmerener, =008 50 T
pHuecKoll TpyGKOH ¢ AuaMeTpoM 3= Rpyraad MAACTHHKA: :
JHUHAMHYECKOTO . 0TBepcTHa d=
=2 MM (KpuBas 2) W KpYIVIOH mjacTuHKoH (KpuBas &) MOKHO C
[OCTATOYHOH TOYHOCTBIO OIpEeNeNATb CpPefHHEe CKOPOCTH MO Bep-
tixaaun (2o 2,5%). Tlpu 3ToM naTYMK B BHIE WJIACTHHKH AaeT
MeHbIHe OMUOKU. ['Hapomerpuueckas Tpy6Ka ¢ AMHAMHYECKHM OT-
Bepctuem d=0,85 MM (KpuBasi /) BCaencTBHe ee GOJBIIOH HHep-
IHOHHOCTH Jaey OOgiblilyio OTHOCHMTEJbHYIO NOTPelIHOCTb HPH HH-
TerpanuoHHoM cnocobe uamepenuii (no 7% npu wz=0,7 cm/cex.).
Ha puc. 6-5 n 6-6 nso6pakeHnl 3MIOPH cKOpocTefi 10 TayGune
[OTOKA, NOJyYeHHble TOUEYHBIM €noco60OM M HHTErpalUOHHBIM TIpH
PAa3IHYHON CKOPOCTH MOJbeMa THAPOMETPHYECKHX TPYOOK. DHIOpH
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1, 2, 3, 4 OGbuty TIONYUeHB! TMyTeM 3aNMHCH BBIXOJHOTO CHIHAJAa Ha
¢dororpaduueckyro 6ymary ocumianorpada H-700 ¢ nawanom naBu-
JKeHUsl JaTurka CKOPOCTH M3 ONHOH (PMKCHPOBAHHON TOUKH y JHA,

yem
14

10
: - ' g 5

—— e — e e o ——— —_—

L t 1 1
0 20 40 60 80 100 u cujcex.

Puc. 6-5. Omopw ckOpOcTeH, H3MEPEHHbIC HHTErpaIiOH-
HEM (/, 2, 3, 4) u toueunmM (§) cnocoGamMu C MOMOLIBIO
THIPOMETPUYECKOH TPyOKy ¢ IUHAMHYECKHM OTBEPCTHEM
d =085 mm, )
1-—'wB=0,27 cM/ceK.; 2—w5=0,31 cM/ceK.; 3—-wB=0,51 cM/ceK.;
4—w8=0,68 cM/cex.

Bunuo, uyro HaunboJsblllee OTKJIOHEHHE pPErUCTPHPYEMBIX CKOpOCTEH
HHTeI‘paL[HOHHbIM CHOCO6OM oT Ilef/'ICTBI/ITeJIbeIX Haﬁ.HXO,lIHETCﬂ B
NpUJOHHOH 00jacTy, T. €. TPH 3HAYNTEJbHLIX TPANHEHTAX CKOPO-
cred. :

u~—1y

o 5 Au
Pacnpeﬂe.neHI/Ie OTHOCHUTEJBHOU HOFPEIIIHOC’TI/I T:T no

BEPTUKAJN HpH HHTETpalOHHOM CcIocobe H3MepeHMH CKOpocTel
nmpeAcTaBleHo Ha puc. 6-7 u 6-8, MOCTPOEHHBIX C HCMOAb30BAHHEM
puc. 6-5 u 6-6. 3mech u — MecTHAs CKODPOCTb, H3MepeHHAas Touey-
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 HBIM CIOCOGOM, Uy — MECTHas CKOPOCTb, H3MEPeHHas WHTerpalu-
OHHBIM CNOCOGOM, Yy — pacCTOsiHHe OT JHa - NMOToKa, A — riay6HHa

:___*________._;_r__'_._._—--—cr o

10

] 20 40 60 80 100 u cmjcen..

Puc. 6-6. Jdmiopnl ckopocTeil, M3MEepEHHBIE HHTErpPaLlOH-
HoiM (7, 2, 3, 4) u rtoueuHnM (§) cmocoGaMu € MOMOUIBIO
rEIpOMEeTpHUYEecKOH TPYOKH € AMHAMHYECKHM OTBEPCTHEM
d=20 mMm.
1—wy =031 cmjcex,; 2—w,;=0,55 cm/cex.; 3--'wB=0,77 CM/CeK.;
- 4w, =0,93 cm/cex. ’

BepTHKanu, DT Kpusble (puc. 6-7 u 6-8) npoBeneHb U3 OfHOH Ha-
YaJIbHOH TOUKH Yy AHA, TaK KaK H3MepeHHBle B HeHl CKOPOCTH HHTe-
rpalyoOHHBIM H TOUeYyHbIM crocobamu conanaioT. HymeBrle pacxox-
JeHUs B CKOPOCTSIX U H Uy, H3MePeHHbIX TPyOKOH ¢ AHHAMUYECKHM
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Puc. 6-7. Miamenenue OTHOCUTEJNbHOM HOrpeUIHOCTH

Ay

OIpEneneHUa MECTHBIX CKOPOCTEA Ha BepTHKAJX WHTE- -
FPalMOHHBIM CHOCOBOM NPH PasJuYHON CKOPOCTH mepe-
MEUIGHHS TUIPOMETPUUECKON TPYOKH ¢ IMHAMHYECKUM

orsepcrueM d == 0,85 MM.
Yea. obosmaueHns cM. puc. 6-5.

\
" T

>

L 2 : T |

L=>3
o

10 12

45

. o A ! .
Prc. '6-8. l3aMeHeHHe OTHOCHTEALHOH IOrPEHIHOCTH —, oupereaenus

MECTHBIX CKODPOCTEH Ha  Beprukaiil HHTerpallMOHHBIM CrocOOOM mpH pas-
JUUHON CKOPOCTH mepeMelleHusl TUIPOMETPHUECKOR TPyOkH ¢. AUHAMHE-

_ ygeckuM oteepcrueM d = 2,0 MM.
Yen. obosnauenus cm: puc. 6-0



orBepctieM d=0,85 MM, OKasajuch y MOBEPXHOCTH BOAHI,
[pu yBeanueHuu puamerpa TpyO6kn 1o d=2 mwM

npu- ylh=1."

T. €

NIOTPEIUHOCTH YMEHPUWIHIUCh W AOCTHTJIN HYJAEBbiX 3HavyeHui npu

y/h=0,45+0,75. ITpu d=0,85 MM HauGoJb-
lIHe NOrpEemHocTH HaboRanTes npu y/h=~
~0,1, npu d=2 mm— npu y/h=0,05.
Takum 06pasoM, Ha OCHOBE 3THX Trpa-
(DHKOB "MOXKHO IpPelJOXKHTh ABE METOAUKH
MHTErpalHOHHBIX M3MepeHHi ckopoctefi: 1)
WCXOAS W3 3aJaHHOH TOYHOCTH HU3MepeHul
ckopocTell HasHayaercss Haubosblias Jo-
mycTUMasi CKOPOCTb INoabeMa mnpubopa;
yno6HO B 3TOM cjayyae MOCTPOUTL rpadux

Au
3aBHCHMOCTH |— oT ws, 2) nepeme-
v 8 /max

mas NpuGop NpH OrPAHHYEHHH Wy TOJbKO
H3 TeXHHYECKHX cooOpaxeHHH, B MOJYYeH-
Hble 3MOPBI CKOPOCTEH BBOASATCS MOINDPAaBKH,
NpH 3TOM HCIOJNL3YIOTCA pHC. 6-7 1 6-8.
B ckopocTn, H3MepEHHbIE WHTEIDALHOHHEIM
crioco0OM, BBOLSITCH HONPABKM CO SHAKOM
IJ0C, 4YTO ACHO U3 METOAUKH HOCTPOEHHUS
rpadukos. lns paGoT MOBHIIEHHOH TOYHO-
CTH aHAJOTHYHBIE IPapUKH JOJKHEI COCTa-
BJATBCS 51 Kamnon TPYOKH B NOpSAKE ee
TapHPOBKH.

VHTerpanMoOHHBIN CIOCOO TIPU OITyCKa-
HUH JATYMKOB, K&K ITOKa3a/JH OIBITHI, OTJIH-

yaeTcss OT TAKOBOTO IIPH NOABbEME NATUHKOB

TEM, YTO OTHOCHTE/bHAs NOTI'PEUIHOCTh IIpH
5TOM HEIpephBHO BO3pacTaeT IO BCel
ray6uHe TOTOKA, OCOOEHHO MHTEHCHBHO B

NpUIOHHON 30He. Hamnpumep,  ecan mnpu
nogbeMe THAPOMeTPHYECKOH TpyGKu co
ckopocThio wp=0,93 cMm/cek. (puc. 6-8)

An \
MakCuMaJabHaa IIOTPEIIHOCTDh (T) CO-
max

crapasna 13%, To npu omyckaumm HaTum-
ka ~30%. CienoBatenbHo, NPOU3BOAMTD
M3MEPEHUs] ~ MHTErPallHOHHLIM - CIIOCOGOM
3MIOP CKOPOCTell 10 BepTHKANU MyTeM OIly-
CKaHHS NaTUHKOB Helle1eco06pasHo,

Puc. 6-9. Ocuuanorpamma
3amHCH  BBIXOJHOLO CHT:
Halla NpH HHTErpanyoH-
HOM cmoco6e M3MEpeHHs
£KopocTel ‘¢ TIOMOILbIO
KPYFJOH ~ MeTalJH4YecKoHn
TLIACTHHKH C COOCTBEHHOH
yactorofi 80 ri mpu cko-
POCTH e€ NOAbeMa W ==
= 0,76 cM/cck.

. B SaKJIlO'-IeHI/Ie [IPpUBOANM OCHI/IJTJIOFpaMMy 3aMNHCH BBIXOLHOTC
cnrﬁana HMELIero KBaapaTHUHYK 3aBHCUMOCTb OT CKOpOCTH Io-
TOKa Ha BEPTHKAJH. Bruinucanunie yncia II0 BEPTHKAJH HA OCU,H.H-
.norpaMMax COOTBeTCTBYIOT OTMETKaM I‘JIy6HHbI IoTOKa, HOJIylleHHbIM

-
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C NOMOUIbI0 MEPHOH HIJB, K KOTOPOH MPUKpPen/sercs NaTUHK CKO-
poctu. ITo 3TuUM OTMeTKaM M TapUPOBOYHBIM Trpadukam 3aBHCHMO-
CTH BEJUYHHBl BEIXOJHOIO -CHTHaJa OT CKODOCTH CTPOSATCS 3II0-
pPBl MeCTHBIX CKOpocTedlr mo BepTHKadu.  OcuuasorpaMma 3amucH
¢ HOMOHMIBIO TJNACTHHKH (puc. 6-9) TmoKasbiBaeT, YTO JATYHKOM
3TOTO THNA NPH HHTETPALMOHHOM crocofe H3MepeHHH: MOXKHO Ha-
GaofaTh KapTHHY MNYyJAbCAllHil CKOPOCTH IO TIJIyOuHe MoToKa. Ha
5TOM DHCYHKe II0OKAa32HO CpellHee I0OJIOKEHHe KPUBOH M OTHGAOUIHE,
Japliie NpefcTaBdeHHe O pa3Maxe Iynbcauuid. JJoBoAbHO YeTKO
IPOCJAEXUBAIOTCH Makponyabcalun. OTMETHM, YTO MJIACTHHKA MPH-
MEHSJIACh ‘M pAaHbIIe B KauecTBe AaTUMKa CKOPOCTH, HO C IPYroH
3JIEKTPHUECKON cxemoll [53]. :

Tlpumenenne B runpaB/iudecKoll 1a00paTOpUH HHTErPalHOHHOTO
cnocofa W3MepeHHs CKOPOCTeH TeYeHWS BOABI C HCIOJNB30BAHHEM
9JeKTPOHHO-MEXaHAUECKUX JATUUKOB II03BOJIMJIO KOHCTATHPOBATH
5((HeKTHBHOCTD 3TOTO crocoba.

§ 23. Usmepenne manbix CKGpOCTEH TevyeHud Boghl cmocobom
PerynApHOTO pexkMa oXnaxpeHHa

Tensnosoe B3amMoOxeHCTBHE Teja M Cpelbl BhIpajkaercs ypas-
HEHHEM
G=0a(®—1%)ST, (6-7)

rie G — KONHMYECTBO TelJa, TepseMoe C IOBEPXHOCTH S OXJaxK-
pawouerocss Tena, © — remneparypa Tena, f{— TeMIeparypa Cpejn,
T— BpPEeMsi, o — KO3((MHIMEHT TEIN00TAauH, ABJAIOIHMICS MoKasa-
TEJIEM - TEILJIOBOTO BO3AeHCTBHS Cpelbl Ha TeJa.
V6niBanne pasHOCTH TemnepaTyp ©®—fi=7 BeIpaXkaercs IoKasa-
TeJbHOU (yHKIHeH _
O = Ge-m(1-"), ‘ (6-8)

rie ¥¢-— pasHOCTb TeMnepaTyp & B HayaJbHBIH MOMEHT BpEMEHH
I'padur ¢ysguum (6-8) B obliem BHAe NOKazaH Ha puc. 6-10.
OueByjiHO, yBeJHUYeHHe CKODOCTH I[I0TOKA IOBBLIIIAET HHTEHCHB-
HOCTh TEIJIOOOMeEHa, 4TO HPHUBOJAUT K yBeJHUeHHI0 Kos(dduivenra
renaoo6Mena, T. €. oo=ca(u). ECIH Teno NOLOrpeBaeTcsl 3JeKTPH-

G
YECKM TOKOM, TO BeIHYHHA TZO 24°R, rpe I—cuna Ttoka,
npoxolmmero yepes Teno, R — conporusienne. C yueToMm. CKasaH-
Horo dopmyay (6-7) mepenuieM B BHIE

0,24°R = [0.()] @ — £) S. (6-9)
B nacrosilliee BpeMs CYIIECTBYeT HeMaJo TUIOB NPUGOPOB’ IS

H3MEepEeHUsi CKOPOCTeHl TEUeHHs! MKMAKOCTH, B KOTOPBIX HCIOJb3YeT-
¢s1 siBeHue TenjooO6mena. OHH OTJIHYAIOTCS 3JEKTPUUECKOH cXeMOo#H
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¥ KOHCTDYKUHeH MepBHYHBIX AaTYMKOB cKOpocTu (3ouma). OcHOB-
HBIMH cnocoGamu (NpUHUMIIAMH) TEIJIOBHIX H3MEPEHHU CKopocTeH
TEYEHHUs] HKHIKOCTH SIBJSIOTCS CJAeLyIOmHe:

1) cnoco6 moCTOSHHOTO CONPOTHBJIEHHS,

2) cnoco6 NMOCTOSHHOH CHJIBI TOKA,

3) crocof peryjasipHOTO pexXuMa OXJaxKIeHUs.

Cuppomerpuyeckie HpubGOPH, B KOTOPBIX HCIOJL3YIOTCH sIBJE-
HHs Teloo6MeHa, NPHHATO Ha3kIBaTh TEPMOTHIPOMETPAMH HJIH

I"PI}lpOKaTaBOHlIaMI/I

¥
| md
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I lnﬁ.‘lnﬁg
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| P |
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Puc. 6-10. 'padux ¢yrxuun ¢ =70 (1) B OOBIUHBIX H HOJYJIO-
rapiu@MHUECKUX KOODZUHATAX.

Bosee ofuiuM TEMJIOBHIM CIOCOOGOM M3MEPEHHS CKOpocTefl Te-
YenHa KHAKOCTH SIBJISIETCH CIOCOO DEryJSPHOTO pPexHuMa OXJaxK-
HEHHs, B KOTODOM HeT OTpaHWYeHUH B OTHOIIEHMH O, { U O —{,
T. €. 3TH BeJHYUHBl MOTYT ObITh NepeMeHHbIMU. OctaHoBaMcsi GoJee
HoApoGHO HMEHHO Ha 3TOM cnocofe. B ero ocHoOBe JIeKUT TeOpUs
" PeTyJspHOrO pexuMa oxJaaxkpenusi, paspaGoranHas . M. Kou-
IpaTheBHM. K. H3MepeHHI0 CKOpDOCTEH TeueHHsl aTa TeOpUs IpHMe-
neHa I'. B. JKese3HsKOBEIM.

st peryngpHOTO pEXHMa OXJMaXkIeHUs xapaKTepHo YIOPSLO-
YyeHHOe TOoJie TeMmepaTyp. BiusHMe HauaJbHOTO M KOHEYHOTO Tell-
JIOBOTO - COCTOSIHHSI IIOJOTPETOTO B IIOTOKE 30HJd He CKAa3BIBAETCsl
Ha TMpolecce OXJaxJIeHHs. B KauecTBe XapaKTEPHCTHKH - pery-
JAFPHOTO TEIUIOBOrO peXUMa NPHHATA BEeJUYMHA M, BXOAALLAS
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B Qopmyay (6-8). Ecau np0ﬂn¢(pepeHquOBaTb q)opMyny (6-8)
T,. MOXKHO BBISICHHTH (DH3HYEeCKHH CMBICJH M

At =—Ge-"-Wmdt = -—m? dr,
OTKy11a

f

: 1 db :

CJIeJIOBATENBHO, /M €CTh CKOPOCTh OTHOCHTEJBHOTO H3MEHEHHS Daa-
HOCTH TeMIeparyp O 30HZA u cpenw. (notoka). Benuuuna m Haswb-
BaeTcsl TeMmoM OXJaxieHus. [lepennceiBas Bnipaxenue (6-10) B
BHIE L
d(ln®)
a
3aMeuaeM, YTO # €cThb YIJIOBOHU KOE)(I)(bI/IU.I/IeHT npamo#t (B mouayio-
rapH(bMHLIeCKHX KOOpAMHATAX)

In ¢ = —mr, (6-11)

HaKJOHEHHOH K ocu T mof yraom f. OTcrofa scHO, YTO reoMeTpHue-
CKYI0O MHTEPIPETALMIO /M MOKHO NOJYYHTb, CTPOSI NMOJyJIOrapudmMu-
yeckyro aHaMopdosy ¢ynkuun 9=9(t) (puc. 6-10). Peryaspromy
peKUMy OXJaKJEeHHs COOTBETCTBYeT WHTEPBAJ BPEeMEHH Tp. CBA3b
Mexkny In® u v B HHTEpBase T, nuHeliHast. OTHOCH ypaBHewue (6-10)
K IBYM TIEDHOLAM OXJAXKAEHUST T U Te, TOIIyuHM BLIpaKeHue s
NPAKTHYECKOTO ONPEAEEHHs 1M

__In®,—Ind,
T t,—Ty

. (6-12)

rae O 0 Oy COOTBETCTBYIOT MOMEHTamM BpeMeHH T{ H Te; #1 HMEeT -
. 1 ' i
pa3sMepHOCTh Sac. Uem Goablile /1, TeM HHTEHCHBHEe oXJaxapaeT-

cst 30HA. Tak Kak yBenauveHHe CKOPOCTH IOTOKA MOBHILIAET MHTEH-
CHBHOCTH TENJIOOOMeHa, To m=rm(u). 3Has BHA 3TOH (QYHKUMH H
u3Mepss M, MOXHO 3aTeM HafiTu 4. B sToM 3akawuaerca uues
M3MepPEeHHsT CKOPOCTH TEUEHHS XKHJKOCTH N0 CHOCOBY peryJspHOro
pexRuMa OXJaXKIeHus. A '

T'1aBHBIM  KOHCTPYKTHBHHIM SIEMEHTOM TAKOrO TNpubopa siB-
JAS€eTCs TePBUYHBIH NaTUHK CKOPOCTH, MJHU 30HJ, BOCIPHHUMAIOIMMH
oxJaxpamouiee NefcTBHe NOTOKA, TeMI OXJaxXKIEHUS M MOXKET
OHITE ONpPENe/eH TEPMOJEKTPHUECKNM Au(GdepeHnanbHEIM CIOCO-
6om. Onun cnait TepMonmaper (TeNJblHi) HAXOAUTCA B JNATYHKE CKO-
) pocm rZe TeMmeparypa papHa O, npyro#l — B NOTOKE C TeMOepa-
Typo# 1.

Jas ompejeseHusi TeMIa OXJaxKIeHHs I‘ M. Kounpatees mo-._
Jyuua JgBe (QOpPMYJBl, KOTOPBHE H NOJOXKEeHbL B OCHOBY 3KCIEPH-
MEHTAJALHON METOAUKH DPEryJIspHOIO PEeXHMa OXJaKJeHHS.
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[Tepas dopmyaa (reopeMa) BHIBOAUTCA M3 PACCMOTPEHHS NPO-
[ecca OXJAa)K/JeHHsl OJHOPOJHOTO H30TPONHOrO Tejta BHYTPH M Ha
rpanune ero co cpenoil. OxonyarenbHbll BUL HOPMYJbl TaKOB:

m=op 3. | (6-13)

3pech o — cpeanufl kKo3bQHUIMEHT TENJIOOTAAYM HA MOBEPXHO-
cth; C — nonHas TenjoeMKoCTh, paBHaA

C=cyW,

Tle ¢— yaeibHas TelJOeMKOCTb; y— yAeabHbll Bec; W — obnem
TeJja. ' '

BespasMepHas BequduHa 1 XapakTepu3yeT HepaBHOMEDHOCTb
pacnupefiesieHdss TeMOepaTyp BHYTPH TeJa, uaMeHsieres or 0 po 1
P=0-— BecbMa HHTEHCHBHOE OXJa)XjeHue, T. e. g—>o00, Pp=1— pas-
HOMEPHOE pachpefeieHde TeMmmeparyp, T. €. TeMOepaTyphl BHYTPH
TeJa U Ha MOBEPXHOCTH PaBHbL.

B obumem cayuae

P=1p (NU),
Lo, . '
roe Nu= —~ — KPHTEpHH TemJIOBOTro nogo6us Hycceabra; | — xa-

 pakTepHbI# pasmep Ttesa; A-— KO3(P(HUUUEAT TEeNJONPOBOLHOCTH.
Bropas ¢opmyna KougparbeBa BHBOAHUTCS H3 BBIpaXKeHMSs
(6-13) npu ycaoBHH a—oc0, TOTAA (Meo=1im m)
a

m, = -, " - (6-14)

rge. @ — Ko3(p(uuMeHT TeMnepaTyponpOBOLHOCTH, PaBHBIH a=%
(aBnsteTcsi Mepofl cnocoGHOCTH K BHIPABHHBAHHI) TEMIEPaTyphl B
-Tene); ky— Ko3phuLHeHT POPMBI Tejga, MMeeT Pa3MEPHOCTb MJO-
mafy u XapakTepusyer cIocOOHOCTh Tesa K TemnocHeperkeHuUIo,
MOXKeT CJYXKHUTb Kak Obl Mepofl TepmuyecKko#l wHepuuu. MHTeHcHB-
HOCTb OTHZa4y Telja ¥ H3MeHeHHe TeMINepaTyphl HaXoAATCS B 006-
- paTHON 3aBHCHMOCTM OT kRgy. Ero 3Hauenuwe nas wapa HamboJbluee.

Hrag, Temn oxnaxkieHHs m 3aBUCUT OT (OpMH Teja, pasme-
POB, TeM/IONPOBOAHOCTH A, TeMIEPATYPONPOBONXHOCTH & H TemJo-
OTLAYH o

®opmyarr (6-13) u (6-14) nossoastior momofiTh K r1_0116opy Ma-
Tepuaja [Js NPHEeMHHKa H3MepHTesas CKOPOCTH BOJHOTO IOTOKA, a
TaKke [JaloT BO3MOXKHOCTb Ka4yeCTBEHHO YCTAaHOBHTb BHJ 3aBHCH-
MOCTH TeMIla OXJaXKJIeHHs OT CKOpPOCTH U, T. €. YCTaHOBHTE xapak-~
Tep TaPHPOBOUHOH KPHBOH THApPOKATa30HJA.

ITycts paccmartpuBaeTcs OXJaxkJeHue.Teqa 3alaHHOR (opMbl,
pa3MepoB W (usuueckux cpoictB. Torna S, C, a u k, BXoxsume B
tdopmyanl (6-13) u. (6-14), OyAyT uMeTb NOCTOSIHHBIE 3HAYEHUHA, H
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ypasHenue (6-13) moxuo sanucars B Buge m=m (o). ITockoabky

Pp=y(Nu), a [ ¥ A Takxke nocTosiuubl, 10 P="1P(a), cp=f(c).
Hccnenyem mocgension (QyHKIHIO MpH o, H3MeHsoumeMcs ot 0

1o oo. [Ipu o, 6JMSKOM K HYJIO, T. €. IPH MENJEHHOM OXJaXAeHUH,

m
a) ——=
M
tzsxs
g
| N
my
6)
u
‘mul
6) ||
an
_....UOI_._.
|
|
|
l
[
u

Puc. 6-11. 3aBucuMOCTh TeMma OXJMaXIEHUS M OT
xospdunyenta TemoorTnaun (@), CKOpocTH u (6) U
CKOPOCTH # C YYETOM Ha4aJbHOH CKOPOCTH Uy (6).

{=1 (BbHIpaBHHBaHHE TEMIIEPATYP B TeJe YCHEBAET HACTYMHUTb) —
f(a) =a, Torna npu o=0 u m=0. [lpn a->oco m cTpeMHTCA K
a ’ ) ,
BEJHYHHE e KaK 3T0 BhITekaer u3 dopmyawet (6-14). Caenona-
TeNbHO, OyHKUus m=m(a), a rTakXKe (QYHKUMA M=m(u) HMEIOT
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IBe aCHMITOTBHI: OCb op):mHaT U OCb, NapaJJebHylo ocu abcuuce
Ha PACCTOSIHMH OT Hee —— (pﬂc 6-11 a).

[IpennonoxuM, 4TO: npouecc TEIVIOOTA Y HAYajcs OpPH U= O
BOJHOIO NOTOKA, TOTAA M= "Mlg, COOTBETCTBYIOMIEE TAKUM YCIOBUSAM,
6yner MeHbmle, ueM m npu u>0. [paduuecku 270 oTparkaercs my-
TEM MepeHoca Hauaja KOODAMHAT B TOYKY M Ha paccTOsHuH Mo
.01 ocH abcumce. Ecnu mo BePTHKAJBHOH OCH OTJOKHTEL M, PABHOE -
m—my, & N0 TOPU3OHTANBHOH U, TO NPHIAEM K CJAeyIollell HHTepe-
cylollefl Hac 3aBHCHMOCTH, M306paxeHHON Ha puc. 6-11 6. Crenyer
OTMETHTb, UTO M, 3aBHCHT TOJbKO OT CKOPOCTH, TaK KaK U3 06-
IIETO M BBIUTEHO Mg, HaHAeHHOe npH u= 0.

Buj 3aBHCHMOCTH, TOKasaHHof Ha puc. 6-116, moxeT OHTb
yTouHeH H jaJblile. [Tporecc Tensoo6MeHa, 06yC/JAOBINBAEMbIH IBH-
KYLWeHCcs cpefod, HAUMHARTCA TOJbKO C. U=y, XaPaKTePH3YyIOUIEro
HA4aJbHYIO CKOPOCTb THAPOKATa30HAA. Il0STOMY KpuBas /y=
=my (%) He TMPORAET yepe3 Hayajo KoopauHat (puc. 6-118). Ito
HOHSAITHO W3 TOTO, YTO BJIHSHHE CKODOCTH Ha TEMJIOOOMEH MOXKET
CKa3aTbCsAd TOJBKO TOTAA, KOFJa HHTEHCHBHOCTb MOCTYNATe/IbHOTO
IBMKEHMsl UYaCTHIl XKUAKOCTH CTaHeT GOJblle HHTEHCHBHOCTH KOH-
BEKTHBHBIX TOKOB, BOSHHKAaIOLIMX BCJeEICTBHE TEMIIEpPaTypHOro me-
penaga. OgHako ecau NPHHATHL O4E€Hb Majble (O —{), TO uy Mo-
‘xeT OblTh U He O0HAPYKEHO. o

Ananus GYHKUMH M, =M, (1) TO3BOJSET BBISIBUTb OLHO BEChMa
CylIecTBeHHOE OGCTOATENBCTBO: UEM. MeHbIle CKOPOCThb NOTOK4, TeM
TOYHEE OHa MOET OBITH H3MepeHa,

9 I. B. XeneaHnkos



I'/laea VI/
I'HII,PUMETPHQEGKHE BDﬂOGﬂMBbI

Tunbr . BOZOCAUBOB - OTIHYAIOTCA GOMBILIEM. pasHooGpasueM. Mx
knaccudukanus gaHa B pabore [48]. Bogocansel ¢ TOHKOH CTEHKOH,
Ha3blBaeMble THAPOMETPHYECKHMH, NPeACTaB/sIoT. CO60f OueHb XO-
.pollge pacxoJOMepHbIe -YCTAHOBKM. [I0 TouHOCTH H3MepeHHs pac-
XOJOB BOJABl OHH YCTYIAIOT JIHIIbL 0G'BEMHOMY CIIOCO0Y.

B nactosmee BpeMs 15 ONpeNeNeHHs: PACXOL0B BOABL HCIOJb-
3YIOTCS M BOJOCJHMBBI C LUMPOKUM [OPOTOM M. NPAKTHYECKOTO INPO-
¢uns, wasplBaeMble I'MAPOTEXHHYECKMMH. AHAIM3HPYST SKCIEPUMEH-
TajbHble NaHHbE O KO3()(pUUHEHTaX Pacxola BOJOCAUBOB C IUMPO-
KHM TOPOroM, H. H. ®enopos [54] mpuules ¥ BRIBOAY, UTO HE3ATOI-
JEHHBI BOJOCHUB 3TOTO THIIA BIOJHE NPHUTOAEH [JIs H3MEPEeHH:
pPacxoll0B BOAHL

CylecTByeT MHOTO THIIOB BOJOCJHBOB ¢ TOHKO# CTEHKOH, Ha-
XOASIHX TIpUMEHeHHe B 3aBUCHMOCTH OT YCJIOBHH HX pa60Tbl u
“TpeGyeMoii TouyHOCTH onpefienenus pacxofa. Ha npakruke mcmoap- -
3YIOTCS BOAOCJHBH C TOHKOH CTEHKOH, TVIABHLIM 0GPasoM He3aTon-
JeHHBle. B 3aBucuMocTH OT (OpDMBI BHIpE3a B CTEHKE BOTOCJHBHI
HOApAasfensioTcsl Ha MOJHIOHAJbHBIE U -KpHBOJHHeHHEE. B cBow
ouepelb MOJHIOHAJBHBE IOAPA3AENTIOTCST Ha TPSMOYLOJBHELE,
TpeyroJibHEEe H TpaleleHJaJNbHEE Cy’KHBaIOIIHecss KHH3Y H KBep-
xy. KpuBoJwHefHble BOLOCTUBHE MOTYT OBITH Da3HBIX THUIIOB B 3a-
BHCHMOCTH OT TOTO, II0 KaKOMY YPAaBHEHHIO OUepHeH HX, rpebeHb.
O6mas knaccudukalus BOLOCIHBOB C TOHKOH CTEHKOH H3J0XKeHa
B pabBore [24]. Bogocnus, xapakrepusylomuiica JuuefiHON 3aBHCH-
MOCTBIO MeXAy HANoOpOM H PacXolOM BOJH, HasblBAeTCs MPOIop-
UNOHaJAbHEIM. K NmponopnyoHajbHEIM BOLOCAMBAM MOKeT GHITH OT-
HeceH TpaleleUAasNbHBE CyKHBAKIIUACA KBepXy BOmOcauB. Takue
BOZOCJUBBEl PaccMOTPuM 6ojiee NOAPOOHO BBUAY HMX BO3POCIIEro
3HAYEHUS TPH DKCIIYaTAUUU HPPUTALUMOHHBIX KaHAaJIOB, a TakXe H
[OTOMY, UTO B KypcaX THIPABJIHKH OHH OCBEILAIOTCH COBEPIIEHHO
HEJOCTaTOUHO.

Hacrosuias raasa ToCBALLeHA Teopvm TOJIMTOHAMBHBIX  BOAO-
CJIUBOB,
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Has Toro utoOH mpumaTh 5TOH TeOpUM NPHKJALHOR xapaxrep,
C TOUKH 3pEeHHs. THAPOMETPHH, MPHBOAMTCST O6OGLIEHHE ONBITHBIX
JaHHBIX 0 KO3 (DUHHEHTaX PAacX0Aa BOAOCIHBOB.

. Kak H3BecTHO, HCTeueHHe KHIKOCTH Yepe3 BOAOCIUEHI C LIHPO-
KHM INOPOTOM H BOJOCHHBH NPAaKTHYecKOro npopuas TmoApoGHO
paccmaTpuBaeTcs B Kypcax THApaBaukd. ONHAKO HAajo HMETh B
BHJIY, YTO B CBA3H C Pa3BHTHEM CNocoGoB yuera ctoka Ha I'DC, stH
' BOJOCJMBLI [OABEPIVINCh H3YYEHWIO B HATYPHBIX YCJOBHSX. B pe-
3yJibTare pacllHPUJINCh TpeAcTaBiaeHHsl O (PaKTOpax, BJAMSIONIAX HA
Koo uinenTs pacXxoga yKasaHHBIX BOAOCJHHBOB.

. § 24, NonwroxanbHbie Bonochusu C TOHKOH _cTeroﬁ-

HanGonee obuteit popmoit A5t STOI/I rpynnml BOJIOCJIHBOB AABJAET
csl Tpaneuennanbﬂaﬂ . :

6)

{ 8 S 5y

Puc. 7-1. TpaneuennanbHblil, CyXHBAOWHHACA KBEPXY BOLOCIHB € TOHKOH CTeH-
Koﬁ (a) u 3aBHCHMOCTb Pacxojfa BOAH OT Hamopa (0).

Pacxon Bonnl dQ qepes 9J1emeH'rapHy}o NJIOMAAKY BEICOTOH dh
(puc. 7-1) pasen

dQ = b dh V‘Q'g*h:

BenmmHa b onpenenﬁe'rcsl H3 CAEAYIOIIHX nByx OUuEBHIHEIX co-
OTHOLIEHHH (puc. 7-1):

B b, B
Aty ™~ 7y’ 20+W

=clg [3= f. .

Pemaﬂ WX U OcBOGOKAAACH OT Y, Hafimem
o=B—2(H—-h)n -
g ' v 131



» A
3JanuiueM BhipajKeHHe

| dQ=n|B —2n(H — ) dh\/2¢gk,
OTKya ' )

H : - H H
Q=uB V@f h"dh—2unH V2g J' K dh-+2unV2g j B db.
: , | J

TTpou3BoAs MHTErPHPOBAHHE H COOTBETCTBYIOIIHE NPeoGpa3opa-
HHS, opMysna TpamelUenJaNbHOrO CYyXKHBAIOUIErocs KBEpXy BOJO-
CIUBA HONYUYHT BHA

Q;_-mV%BH*’/z(p_o,Bn%), - B

. . . 2 o
rae B— pauna rpeGHA BONOCIHBA; M= 3 b — koadduuuent pac-

Xona BOLOCAHBaE; h= ctgﬁ—KoaQJ(bHuHeHT HaxjioHa GOKOBHIX CTO-
pPOH BOIOC/NHBA K €ro rpeCHio; H—Hanop Haj- BOAOCAUBOM (HA
paccTosinuu ot nopora ~4H).

<DopMyJ1a (7-1) aBasiercst obutefl AMAsT BCEX BOMOCAMBOB C TOJH-
rosanbHod ¢GopMoil Beipe3a B cTeHKe. M3 Hee nosyumM B BHIe
YaCTHBIX. Ciyyaes (OPMyJabl BOJLOCIHBOB: MPSMOYTONBHOTO, Tpe-
YTOJIBHOTO M Tpanelen1aJbHOro Cy}KI/IBa}OHleFOCH KHH3Y.

Ecau BBecTH 0Go3HaueHNE

o, =1—082 (7-2)

¥ Ha3BaThb Oy KoacpcpnuHeHTOM cboprI BOJAOCJNBA, nonquM u3 cbop-
myanl (7-1) o6o6uiennyio GopMysy BOLOCIHBA :

Q=o,mV2gBH". o (7-3:)

Jlna mpsMoyroJbHoro BojocauBa f=90° n#'O, oj=1, TOrzZa
dbopmyaa (7-3) npHHHMaeT BHJ

Q=mYV2gBH". : - | (7-4)

Hro6e mostyyuTh HaubOJee BBICOKYIO TOUHOCTh ONpPENeJeHHs
pacxonoB BOAbLI, HEOOXOAMMO TAapHPOBATb BOAOCJHBL, H3Mepsis pac-
XOAbl BOAB OOBEMHBIM WM BecoBBIM cliocoGamu. MMes Q u usme-
peHHble - [, no BHpaxkeHuio (7-4) MoAcYUTHIBaeTcs . .KO3PQUIHEHT
pacxozia BOAOCJHBA M U HCCAELYETCSt BO3MOXKHOCTb €ro H3MEeHEHHS
oT manopa u apyrux ¢axropos, [IpoTapHpOBaHHEIMH BOAOCJAHBAME
pacxojl MOXKHO H3MEPHTb C BBICOKOIH TOWHOCTEIO, 0 | %. Eciu ne-
CKOJIbKO CHH3MTb TOYHOCTb ONpeJeJeHHs PacXoloB, BMECTO TapH-
POBKH BOJOCJIHBA MOXHO NPHMEHHTbL dMOHPHUECKHe (DOPMYJBI s *
- m. Jlas He3aTOIVIEHHOTO NPSIMOYrOJNbLHOrO BOAOCaUBA §e3 GOKOBOro
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CXATHA M CBOGOAHBIM IOCTYNOM BO3AYXa [MOA CTPYIO m noncqum-
BaeTcs no Gopmyiie

m_(o 405+00027)[

140,55 (m?)z] @

rAe Ps.6— BhicOTa TIOpOora. BOAOC/JNBA CO CTOPOHLI BepxHero 6veda.
J1J1s1 OpHEHTHPOBOYHBIX NIOICUETOR MOXKHO IPUHATL m==0,42 +(,44.
. B cayyae tpeyrosbHOro- BOLOCAHBA :

n—_éctgﬁ=ctg(.9o+ S)=—tgg: B=0,

rie ¢ — BHYTPEHHHUI Yroj TPeyroJbHHKa, 06pa3s0BaHHbI GOKOBBIMH
CTOpPOHAMH BOAOC/IHBA, TIO3TOMY.

Q= 08mV2gtg H"\ . (18)

3zecy xoadh¢uuuent pacxona Gosee ycrofiums (m=0,40). Ilpy
o=90° ¢ yueTOM YHCJAEHHOTO 3HAYEHHS M1 INOAYUHM -

Q=14H" : (7-T)

Maunble pacxofibl BOJAL HM3MepSIOTC TPeyTONbHBIMU BOAOCJIHBA-
Mu ¢ GOJIBIIEH TOYHOCTBIO, YEM NPAMOYTOJNBHBIMH, TaK KaK y Tpe-
YyroAbHHIX mOaydaeTcss 6O6Jbllasi. BLICOTA TNepeHBAIOIIErocs CJOs,
" yeM y. TIPIMOYTOJbHBIX, IPH OLMHAKOBHIX pacxopax. M3 uucia Tpe-
YrOJMBHBEIX BOJOCJAMBOB BOROC/IHB ¢ 0.=90° ABJNAETCA OCHOBHBIM; O~

" . HAaKO TIPUMEHSIOTCS BOZOCHHBH U ¢ a<<90° ¢ TeM, UTOGHI [OBLICHTD

H, a cjenoBaTenbHO, NOHU3HTb OTHOCHTENbHYI OLIMCKY ero usme-
peHus.

Wiccnenosanus Bannafickoli HayyHO-UCC/IELOBATENBCKOH THAPO-
Jornyeckoli- tabopatopun I'TM noxasanau, 9To TpeyroabHble BOXNO-
cauBbl pu Hanopax H<50 MM JOJKHBI NOABEPraThCs HHAMBHIY-
anbHOM TapupoBKe ‘B NoseBbIX ycaoBusax [9]. B paBnoit Mepe sto
" IOMXKHO OTHOCHTBCS K JPYTHM BOMOC/IHBAM.

W3 uncaa Tpaneuennanbﬁmx CYXKHUBAKIIUXCA KHI/Isy BOIOOCJH-

‘BOB 3aCJIyXKHBaeT HAauGOJbIIEr0 BHUMAHHS BOZOCIHB NPH %—=—-14°
TaK KaK B TOM CJy4ae [0Jy4aercs ycrouqHBoe 3HAUCHHE M= 042
Moxncrasum B dopmyay (7-1) n=— tg y =—1g 14°=—-0,25 u
BBEJIEM, KpOMe TOrO, B BUAE NPOM3BE/IEHHS Kostbcbnunem; 60K0BOro
ckatus e=1—0,2 11_31 , nonyth :

Q=0.42V2% (1 — 09 %) (B+0.2H) H™,
| | -



" TpousBeneHye YJ€HOB B CKOOKax B MOCJAENHEH dopmyne Raer
H . i
B, ecsiu OTOPOCHTH KaK ‘MaJYIO BEJHYHHY 0,047 ; I03TOMY -

Q=1,86BH" R (7-8)

BopocauBbl ¢ TOHKOH CTEHKOH IPUMEHSIIOTCS B. BHAE CTalHO-
HfaprI'x YCTaHOBOK H.B BHJe MEPEHOCHEIX METAJIMYECKHX paM.

§ 25, Koaq)qmu.uem pacxopa Tpaneu,eup,anbﬂoro cymuaammerocn
KBepxy BOnOGHHBa :

®dopMyna pacxoia TpamnelenIa bHOTO cymusa}omeroc;x KBepxy
BOJIOC/IHBA MMeET BHJ

Q=nm I/Q—EBH% (1 0,8@), : (7;9)

rue @=-p— - GespasMepnslii napaMeTp BOAOCIHBA. ITOT Napamerp

NPHUBE/ICH B paGote [b5]. On xapaktepusyer GopMy BEIpe3a B TOH-
KOH CTeHKe, CYUIECTBEHHO obsierdaer pacCMOTPeHHEe TEOpPHH MpPO-
NOPIHOHAIBHOTO *BOLOCAMBA ¥ aHAJH3 Koacp(bnunemos m. 3aMe:
THM, 4TQ aHAJIOTHYHBI{ napamerp OBLT B JaJLHEHIIEM HCIOJNB30BAH

-TaGauya 7-1

: SHaqunﬁ H, @ no Tpaneuennanbﬂmx cyx(usaloumxcn KBepxy
BOAOCJHRBOB NpH B =0,50 m

, - =
' B45% n=1,00 C o p=63% A=0,50 p=T76% n=0,25
Heoi | e o | Hem | i e Hew | pee 8
2.8 5,0 0,056 3.3 6,0 0,033 2,9 4,5 0,014
32 6,0 0,064 47 |- 10,0 0,047 4,1 - 80 0,020 -
C4r| 85 |oos2 | 50| 1L0 | 0050 | 51 | 110- | 0026
46| -10,0 0,092 6,5 16,0 0065 6,0 14,0 0,030 .
./ 5,5 "~ 13,0 0,110 70 | 175 - | 0,070 7.1 17,5 0,036
581 140 |ous | 75| 190 | oo | 78 | 200 | 0039
6,1 15,0 0,122 78 20,0 .| 0, 078 8,5 23,0 0,042
65 | 16,0 0 130 83 22,0 0 083 | 89" 25,0 1 0,044
T 19,0 0,150 9,2 - 25,0 -0,092 |- 95 27,0-- | 0,048
.80 |- 200 | 0160 |.103 | 300 | 0103 | 100 | 290 | 0050
88 . 23,0 [ 0176 11,3 33,0 0,113 105 31,0 - 0,062
292 |- 25,0 ’_0184, 11,8° 350 | 0,118 11,5 36,0 0058
100 | 270 0,200 12,8 40,0 0 128 125 | 400 0,062
0 12,0 |F 34,0 0240 =+ 13,6 - 43,0 0,136 | 14,0 46,0 ,0,070, .
130 | 360 | 0260 | 142 | 450 | 0142 | 149 | 500 | 0074
140 40,0-- 0980 -+ 15,5 50,0 - |- 0, 155 16,5 - 57,0 | 0,082
15,8 46,0 0316 16,6 55,0 .| 0_166 -17,0. | . 60,0 0,085 -
17,0 |. 49,0 0,340 17,8 60,0 1 0,178 { 180 65,0 0,090 -
175 | 50,0 0,350 19,7 68,0 0,197 19,0 69,0 0,095
BN 21 0. - 73 0 0210 (- 195 | - 720 0098




N

A. V1. ArpocKHHBIM B T'HJDABAMYECKHX DacueTax TpalelengaibHbiX
KaHanoB. : ; , -

Hna  ananusa Kos(GOULUMEHTOB /M HCIONL3YIOTES  JaHHbIE
M. B. Byreipuna (pacxopsl Q u manopel H) mo TapupoBaHHIO Tpa-
HeleHaNbHBIX CYXHBAIOIIMXCA KBepPXy BoAocauBoB (raba. 7-1).
3nece ke BBIIHCAHDBI . BEIYHCJEHHble 3HAueHHs 6Ge3pasMepHOro ma-
paMerpa ©. : '

Kosduuunentn pacxoma m, BeluucaeHHEe 10 dopmyae (7-9),
npuseleHsl B Taba. 7-2. Lludpu no nopsiaky Ttaba. 7-1.coorBer-
CTBYIOT UH¢paM N0 Nopaaxy taba. 7-2.

Ha puc. 7-2 nocrpoen rpaduk m=m(0) npH pasinHuHbIX 3HA-
YeHHs X 1 (ABe TOUKH NPH MOCTPOEHHH 3TOr0 rpadHKa HCKIIOUEHHI
kKak oumbounnie). OOHapyxupaercss oGparTHas JHEeHHAs CBA3L M

une . v s
m= mfl _— (P@, ‘ (7-10)

‘TAe My, — Ko3¢duuuent m npu ©=0, 3aBucAWHUH Ot 1, ¢ — YII0BOM
Ko puuneHT ypasHenua (7-10), yGuniBamomiuii ¢ BO3pACTaHHEM I

‘ Tabruya 7-2

3uaveHHs m, MOACYHTaHHbIe H3 dopmyan (7-9), no dopmyre (7-12)
¥ © TpaneneHJAJbHBIX CYXHBAKUMXCH KBEPXY BOAOCIHBOB
- npu B=0,50 m ]

B=45° n=1,00 - 8=63° n=0,50 B=76% n=0,25
m R . i
u3 dop- m s m m m m
MyaBl [S] no hopMyae| us ¢op- 2] no gopmyne| us Gop- ) no dopmyJe
(7-9) (7-12) Myasl (7-9) (7-12) Myasl (7-9) (7-12)

0,505 | 0,056| 0,508 0464 | 0,033 0463 |. 0417 .| 0,014 0,444
- 0,499 | 0,064| 0,506 0,460 |0,047| 0459 | 0442 | 0,020| 0,442
0,494 | 0,082| 0,501 0,462 | 0,060] 0,458 0,440 | 0,026| 0,439
0,494 | 0,092| = 0,498 0,460 | 0,065 - 0,453 0,440 | 0,030| 0,438
0,497 | 0,110| - 0,493 0,451 { 0,070 0,451 1 0428 | 0036| 0435
0,499 | 0,116% 0491 .|~ 0,445 | 0075| 0,450 0,428 | 0,039 0,434
0,499 | 01221 0,490-{ 0,442 -| 0,078 -0,449 | - 0434 | 0,042] 0432
0,487 | 0,130 0,487 0,445 | 0,083| 0,447 0,428 | 0,044 0,431
0,475 | 0,150 - 0,482 0,437 | 0,092 0,444 0,434 | 0,048 0,430
| 0,458 | 0,160| - 0,479 0,446 .| 0,103| 0,440 0431 1 0,050| 0,429

04568 | 0,176 0,474 0434 | 0,113] 0437 |_ 043110052 0428
- 0,475 | 0,184 | 0,472 0,428 | 0,118 . 0,436 0,435 | 0,058 0,426
0460 | 0200 0468 | 0440 |0,128| 0432 | 0428 |0062] 0424
0,456 1 0,240| 0,456 0435 | 0,136 0,430 0,415 | 0,070| 0,421
0,440 | 0260| 0,451 0,426 | 0,142 0,428 0,420 | 0,074| 0419
0445 1 0,280| . 0,446 ‘. 0,422 10,155| 0,422 -7 0410 |0082| 0,416
0442 | 0316| 0435 | 0424 | 0,166 . 0420 |- 0412-1 0085 0,414
0,434 | 0,340| 0,429 0420 .1 0,178 0416 | 0412 | 0090 0412
0,434 | 0,350 0,425 0417 0,197 0410 0,408 1 0,095| 0,410
0,410 | 0210 0,406 0,408 | 0,098 0,409
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Puc. 7-2. 3aBucuMocTh Ko3(prlMeHTa Pacxofa TpPamneneHIalbHOTo
CYXMUBAIOLIETOCA KBEPXy BOXOCIMBA m OT N M IapaMerpa BOZO-
. cauBa O.

Py - 4

052

\
041050 _ ,

02" 0405 025 0s0 075 toon

Puc. 7-3. 3aBucuMocTh K03(hUIHEHTOB 7, U @
OT n TpanmeneHJalbHOrO  CYXHBAIOIIErocs
KBEpPXY BOJLOCJHBA.



Ha pue. 7-3 nocrpoenu rpaduku dynknuii m,= mn (n) up=0(n),
33BHCHMOCTb my OT I BbIpaxKaercsd ypaBHeHI/IeM )

om,= 0,425 + 0,099z, » (7-11)
clenoBaTeqbHo, dopmyna (7-10) mepenuiiercss B Buie _ h .
»  m=0,4254+0,0992—¢0. . (7-12).

s onpeneneHus ¢ MOXKHO BOCTIO/b30BATECH Ta6JI 7-3 uau
= ]‘pa(bHKOM Ha puc. 7-3.

Tabaruya 7-3
3HaueHus ¢
Roe v o . 025 |i 050 1,00
1 0,42 0,33 - 028
m
0,52
3 " L s (]
0,50 ‘ e
.9
048
LJ [ ]
» ) ’ N L ]
Ny
046 , + 5.
7 R
B +
044 - +oot e
. 4 + o —]
o + 'g
+ o -
042 o .
7
+ o)
0‘1'0040 647 04k 046 G4 050 052

0425+0,039n-98

Puc. 7-4. CBa3b (hakTHUECKHX K no,ucqmaHHblx no ¢op-
Myae (7-12) kosdduuueHIoB  pacxoia Tpamenenaaldb-
HOTO CYUBAIOIErocst KBEPXY .BOAOCIHBA.

I—n=1,00; 2—n=0,50; §— n.=0,25. '

Has npﬂMoyroanoro BOLOC/HUBA C TOHKOU cTeHKOU n=0 u @=
=(; u3 dopmyan (7-12) nonyuum m=0,425, 1. e. 3HaueHHe KO3 (-
¢dunHernTa pacXoia NPsSMOYFOJbHOTO BOLOC/NBA, €C/IM HE YYHTHBATD
'BJMSHHE Ha HEro Hanopa u Apyrux (QakTopos.
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ConocraBuMm Tenepb (axktHueckue ko3(pOHUHEHTH 1, T. .e.: BH-
ypc/aeHHble U3 GopMyasl (7-8), ¢ KO3 PUIMEHTaMH, PACCUHTAHHBI-
- My nmo ¢opmyne (7-12). 3naueHuss KO3(PODHUIMEHTOB M TMPHBEAEHDI
B Taba. 7-2, a rpaduk cBH3M HX — Ha puc. 7-4. Bupno, ¥T0 C no-
MOIBIo “GopMyssl (7-12) BHOJHe YHOBJETBOPHTENBHO 0606IIal0TCS
ONBITHEIE 3HAUCHHS ko3 puienToB m [56].

‘Tlpuaumas cpefiHee 3HAUEHHE ¢ W OKPYIJISIA Koacpq)HuHeHTbI B
¢popmyane (7-12), mepenuuiem ee (B KauecTBe NPHOJIAKEHHOTO BBI-
paxeHus) B BUIE , ,

: m=0, 4240 10n — 0,340. (7-13)

JKenartensHo. B AanbHelllleM npOBepyITb cpopMyJIy (7-12) npm
pasJUUYHBIX 3HAUEHUAX B. -

§ 26. Hponopuuouahbubm BOLOC)IHB ¢ TOHKOM CTEHKOI

OCHOBHBIMH ~ JIOCTOHHCTBAMH INPONOPIHUOHANBHBIX  BOZOCHBOB
ABJAAIOTCS: . BO3MOXKHOCTE HCHOJb30BAHUST CAMOIHCLEB YPOBHEH,
yCTaHABJAMBaeMbIX B BepxHeM Obede, B KauecTBe pacxonorpados HiH
pacXoJHBIX peeK C DPaBHOMEPHOH MiKajoi OJarojapst JHHeHHOH
CBSI3M MeXKAY HANOPOM H. PacXOAOM BOJH (PACXOZHBIMH pefKamu
Ha3LIBAIOTCA PeHKH ¢ HaHECEHHOH IIKaJoH PacXofoB); yJaydIieHd-
HBIH TPaHCIOPT Yepe3 BOLOC/]MB [OHHBIX HAHOCOB- BCJIENCTBHE Me-
pepacnpesieleHust MECTHBIX CKOPOCTel TedeHHsi Ha MOAXOLEe K BOJO-
cluBY (yBeJHYeHHe NPHAOHHBIX ckopocreii).

TTpenosnoKnM, UTO [J7 BOLOCHHBA BBIOJIHSETCS ycaoBre Q=
=Kh, roe K— xosdduunest npONOPUHOHAIBHOCTH, OTKyHa dQ=.
= Kdh. Pewas 370 ypaBHeHUEe COBMECTHO C ypaBHeHHEM

- dQ=nbV2¢ Vhan,
Haijgem
—_ K
wVog Vi

ITo sToMy ypaBHEHMIO W AOAXKeH Obl OLITb OUYepPUYEH BLIPE3 B
CTEHKEe BOJOCJAHBA, 4TOOB cBA3b H u Q Owbina JjubeirHofl. OnHaxo
npu A=0, b=o00, 4TO yKazLiBaeT Ha HEBO3MOKHOCTL 3aHPOEKTHPO-
BATh MPONOPLUHOHAJBHEI BOLOCAUB BO BCeM JAMAalNa3oHE HAMOPOB.
ITIpakTHuecKH TPHXOAMTCH AENaThb BOJOCAMBBHL C KOHEUHBIM 3Haye-
HueM b mpu A=0, 4TO NPUBONHT K HEKOTOPOMY HapyIUIEHHIO npﬂmou
nponopuroHansHoctd H u Q. BAM3KMM K TaKOMy KPHBOJHHeHHOMY
BOJIOCJMBY ABJSETCS Tpalelen aNbHEI cyKuBallnylicsa KBepXy Bo-
IOCJIMB, TaK XKe paboTalolmuil, Kak nponopuHOHaanmi’I B ompene-
JIEHHBIX Tpefenax HanopOB TIpU 3aAaHHON TOYHOCTH H3MEpEHHs pac-,
XOJIOB BOJIHL.

[TpuMeHeHHe TpalelenAabHbIX. CYKUBAIOLINXCA KBEPXY BO,ZIO-
CJIMBOB B KAaUeCTBe HPOHOpL[I/IOHaJIbeIX ObUIO PEKOMEHI0BAHO Cpeﬂ-
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HEa3uaTCKUM  HAYYHO-HCCIEL0BATENbCKUM: HHCTI/ITyTOM ‘UPPUraLUY
umenn JI. . Kypuna mo npeasnoxenuto M. B. Dyroipuna. Hixe
M3JlaraeTcs TEOpHsl TAKOTO BOJOCJAWBa Ha ocHose pabot [I, 55].

- OrcTynas OT CTPOroro TEOPETHHECKOro O4UEpPTAHHsS IPONOPLUO-
HaJBHOTO BOJOCJMBA, ONMMchiBaemoro Qopmysoi (7-14), T. e.sBoxs
B PACCMOTPEHHE KOHEuHYi0 HJuHy rpebGHsi, HeoGXOLUMO CUHTATLCS
¢ TeM, YTO JUHEeHHOCTb CBsi3u H ¥ @ MoOXKer HAaCTy[HTEH TOJBKO IIO-
csle Kakoro-1o Hanopa Ho, mostomy

H
Q=uV73g J bV'E dh. (7-15)

Hy. -

Yuutbipasi, uTO NPONOPUHUOHAJBHBIE BOAOCJIHB XapaKTepuayercs

nocrosiieteoM b V', uto BuIHO u3 GOPMYJBI (7 14) BEIpAXKeHUE
(7- 15) MOXKHO 3amMCATh B BHUJE S

Q=KH— G, (7-16)

rje’ Q=n VQg (6 VH,)H,— HEKOTOPBIH. Haua  bHbIH PaCXOA BOMBL

Hafinem K u Q, cuuras, 4To TpaneleuganbHBIH Cy)KI/IBaIOHLI/II/ICH
KBEPXY BOJOCJAHB paGoTaeT, Kak nponopuuoHanpHblil. Ilpun H>H,
(puc. 7-1) BOAOCIHB CTAHOBHTCS TPEYrOJbHEIM OTBepcTHeM. K3

PHCYHKA HeMmocpeACTBEHHO cienyer f1, = 0,5 R I'patuueckn (pyH_K-

wus (7-1) npu H < H, (upu KakoM-nubyan B) uMeer BuJ KPHBOH,
npusefenHON Ha puc. 7-1. Tlpu H=H; s1a KpuBas HMEET TOUKY |
neper#ba. OpmmaTa H, ompenensercs M3 ycJOBHA, YTO 3HaueHHe -
BTOPOH NpOM3BOAHOH B TOuKe meperu6a oGpallaeTcs B HYJIb.
Ilponugdepennuposas ABaxiae ypasueHue (7-1) u o0603HauuB -
mVQg =M, naiizem
| 29 —o, T5MBHY - 3MnH?’5= 0,
OTKyZa - :
] B ' .
IMockonsky H;=0,5H,, ecrecTBEHHO, CJELyeT NOCTABUTb YCJIO-
BHE, YTOOK pacxodbl Q, moicuntaHHbe no dopmyaam (7-1) wu (7-16Y,
TOYHO COBNAJHM H YTOOH 1ipamasn (7-16) Gbuia KacaTenbHOH K KpH-
Boi (7-1) B 3TOH TOuKe, NMOCKOJbKY yKasaHHasi mpsiMasi MPH TaKOM
NOJOKEHMH Jyullle BCETo annpokcumupyer Kpusyw (7-1). Ha ocuo-

Bal—mm 9TOr0 NPHPaBHUBAEM MepBble MPOU3BOAHBIE B TOUKE INPH
=H,; dyukunit (7-1) u (7-16), B pesy.anaTe HOJMYYHM

K= 1,5MH?® — 2MnH*
HO,LICTaBJIHH croza HI 1o q)opmyne (7 17), naiinem
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(DopMyna st Qo BbIBOILI/ITCH ‘cleayiomuM 06pasoM. HO,ELCTaB]/IB .
Hi 1o (bopmyne (7-17) B (7- ) u (7- 16) MOJTyduM:

Q1~0 1M | (7-19)
Q= 0,25KT— QO.
,,C'yquOM (7-18) vH»OCJIeI‘lHe'e BhIpdKeHKe NPYHHUMAET BHA
) : ‘ B25 . :
Q,=0,125M prr Qo ‘ (7-20)
YI/ICKHIOIIQH Q1 u3 Beipaxenuit (7-19) u (7-20), Haﬁ_neM
V 32,5 _ - . ’
‘Q0=0,025M—nl’?. S (T2 o

ogcrasasem K u Qo B bopmyny (7-16), "HOJYYHM DAaCUETHYIO
Popmyamy

Q= M (0 5H— 0,025 2 ) - (7-22)
i |
o Q mV 2g (0,500 —0 025)

YcaoBus, TpH  KOTOPHIX Tpaneuemanbﬁmﬁ CyRUBAOIWHUHACT
KBepxy BOXOCIHB paboTaer, KaK MNPONOPLHOHAJBHBIH, BHIBOLATCH,

HCXOIS U3 TOTO, YTOOH OLINOKa B‘HsMepeHHH pPacxonoB BOABI BOLO-

CMBOM Jlexaja B Hpefenax SaﬂaHHOI/I TOYHOCTH THAPOMETpHYE-
CKux-pabor.

[TocraBum ycaoBue, 4TOGH! PACXOJ. BOMHI, BHIYHCACHHBIH 110 hOp-
myqae (7-22), Gvu1 -paBeH PacxXoLy BOJH, ONpeneseHHOMY 1o ¢dop-
Mmyne (7-1): Iocane npeoGpasoBanuii ¢ yueTom Bpra}KeHI/IH (7-2).
HOJyYHM f

VT (0,50 0,025 L=t
o V nH . nH ‘

Beenem 6e3pasMepHBIH napaMeTp BOZOCAUBA O, Toma ata (Qop-
Myna 3anuIIeTcs Tak: ,

_ (0,50 — 0,025 — ) 1.
GfV ( .
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Penruym 570 ypaBHeHHe OTHOCHTENBbHO ©, JJIs1 UEro 3alMINEM €ro,
quTbIBaﬂ BLIpaXKeHue Koaqxbnuuema 0f, B BHJE

0,50—0,025=V8 (1—080), ~  (7-23)
R 0003HaYuUM o
| 0,50 —0,025 5 =F(©), - (7-24)
VO (1—0,80) =f,(6). - (7-25)

ITo stum QopMmynam. nocrpoensl rpadurn QyHkunit [1(0) n
f2(®) ( puc. 7-5). '

£,(8),f,10)
05 )
/"f = = —
04 ’
Y
V7
. - ‘/
g
03 4
Oy 4
/]
/ /]
02—
/ !l 0,3
7T
0.1 Jas
|
]
0 ol 0.2 9,3 04 05 . 060

Puc. 7-5. [paduxu pynxuuit f; (0) u [, (©).

Taxk kak MeXnay pacxofaMH BOAbl u QyHKmuAMH f1(8) u f(O)
CYLLeCTBYeT JMHelHHAass 3aBHCHMOCTb, TO- TOYHOCTb OTPeJeJeHHs
bynxuuit f;(0©) u [2(©) paBHA TOUHOCTU OmpeJeseHHs PacXoloB Q.
3anaBasich TOUHOCTBIO H3MeDEHUsI PacXofoB BoAbl 3%, MOXKHO IOMb-
30BaThCsl B ONpPEJeNeHHBIX Mpejesax H3MeHeHHs - Ge3pasMepHOro
napaMmerpa © "qa060f W3 KpPHBBIX, H306paKeHHBIX HA pHC. 7-5.
BaxHo He BHIITH 3a Ipefenbl, OTMEYeHHble Ha PHUC. 7-5 MpAMbIMY,
ypaBHeHus KOTOprX HMEIOT BHL ’

Oy = 1min — g, 15, - (7-26)
Oy = "mex 0 45. (7-27)

B .
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Briuntast w3 Beipamenus (7-27) soipaxenue (7-26), npuxomium K
BBIBOLY UTO TpanelUenAabHBIl CYKMBAIONIMUICT KBEPXY BOJLOCIUB
paoraet, KaK NpPONOPUHOHANBHbIH, €C/H aMIIUTYAA (Omax—Omin)
GespasmepHoro mapamerpa O. He Gosbuie 0,30. [Las pscueTa 130110-
cauBa GOpPMyJIBL MepenuLieM B BUAE:

mln =0, 15 — (7-28)
Hppe = 0,45 7 , ' (7-29).

rae Hym — Hanop, nocie KOTOPOTO TpaneuengaNbHbH BOLOCANB Pa-
6oTaeT, Kak NPONOPLUHOHAMBHEIN, Hyax — HATIOpP, 10 KOTOPOTO Tpa-
HeUeHAaNbHBIH BOLOCAHB pafoTraeT, KaK IpPONOpPILMOHAJBHDIH. .

§ 27. Kosthpuuuent pacxo.ua NpoNoPUUCHAALHOIO BOJOCNKBA

Koapduuuentel pacxofa MPONOPLHUOHANLHONG ([OJATOHANLHO-
ro) BOJOC/JMBA MO IKCIEPUMEHTAJNbHBIM JaHHEIM TOJCYHTHIBAIOTCS,
ucxons us dopmyan (7-22). BocrosrzoBaTbcs HENOCPEACTBEHHO
AAHHBIMH, MOMEILEHHBIMY B taba. 7-1, He MpeAcTaBAdgeTCs BO3MOXK-

HBIM, - TaK KaK IOHAaBJSION[As
Ta6auya 7-4 4ACThb H3 HHUX OTHOCHTCS K CJYy-

3navenuss K u Q, npu n = 0,50 yasim ©<0,15.
: TIpuGnuxennsle snaveHus M,

5 , R a cJeloBaTelbHO, M M MOXKHO
" K ek, Qo woek. paccuutath, ucxonas us Gopmy-
. ael (7-22), ecqu NpUHATH B Ka-

0,25 0,150 0,0020 YeCTBE HUCXOLHBIX JAHHEIX K03(h-
050 0,440 0,0150 duuuenTs B ypaBHeHHu (7-16),
‘1)(7)(5) (1){33 8:82% Mo ONMBITHHIM JHamHHEIM M. B. By-
195 1640 |- 01168 TeipuHa [56]. 3mauenuss K u Qo
' T o ' npuBeleHsl B Taba. 7-4 npn H

B ¢opmyae - (7-16), BbIpaxkeH-
: HOM B MeTpax.

MeToaHuKa pacueToB m 3akjaloyaercs B cielyiomeM. 3anaeMmcs

3HaueHHeM O B npenenax Omin ¥ Opax, 3aTeM HAXOIHMM IPH U3BECT-

HI:IX n u B nanop H=25 ,E[aJlee no gopmyiae (7-16) Brrumcasem

pacxon @, mpuHHMas K u Qo mo taba. 7-4. 3artem u3z opmynasl
(7-22) naxopurcs KOS(pOULHEHT m NPONOPLUHOHAJBHOTO MHOMHIO-
HaJbHOTO BOJOCJUBA ¢ TOHKOH cTeHKoi. Ha puc. 7-6 npuenen. rpa-
duk ¢yuxkunn m=m(0) Ttakoro Bomocausa. C yseauuenunem O
ko3 uunerT m yMmennliaercsa. OTmeuaercsi TeHAEHUMS YMeHbIIe~
HMsl M C yBeJHYeHUeM B, XOTs M He BIOJHe yeTko. Eciu He yuuTH-
‘BaTh BJAUSIHHS B Ha m, 3aBUCHMOCTb 7 OT @ MOKHO NpPEACTaBUTDH
B BHIE tdbopmyasl, npepnoxenHoll B pabore [56],

m= 055—117]/@ o (7-30)
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rae P — ko3 puunent onpeﬂeﬂaeMbm no TaOJI 75 B 3aBHCHMO-
CTH OT O..

v T adﬁuqa 7-5
3nauenns o
Q... .. 0,151 020 | 0,25 | 030 | 0,35 i 0,4_10 0,45
Y. .. 0.1 02310261 026 0251024 1023|022

8 cpexsen P=0,24. SHaquHe m mo Qopmyie (7- 30) MOXeT
GHITH TIOJCYUTAHO C TOYHOCTBIO npuMepHo 10 0,01.

m
0501 T
\\ ; Omog - Omin= 0.3 |:
048 \— ' 4
. \ 'I . -] |
\\l . | x =2 !
0.46 A - A~ 3 l—__
W iy |
{ x . ©- 5 '
P |
. 044 _ { PN v ' R
s |
| b ¢ x 0 x |-
042 — } A . |
: | ° .. x T x
A F‘N I\
: 0,1'0 || - 4 Y —4 o ° ‘_
. 1 |
3 ! | :
0'380.# : 02 - 0.3 _ 04 T 058

Puc. 7-6. SaBucuMOCTb kosddunuenta pacxoja IPONOPUAOHANBHOIO BOI(O-
cJHBa 0T mapaMerpa O.
I~B=0,25 u; 2— B=0,50 u; 3— B=0,75 M; 4—B="1,00 ; § — B=1,25 M.

[Tockoasky B Qopmyay (7-30) sxoaur H uepes napamerp O, .
TO 10 HEKOTOPOH CTeleHH HapyllaeTcs nuHeldHas cBaAsb Q u H 310-

: nH
ro BOAOCJHBA. HpH MaJIbIX @"—_-T 3Ta  CBA3b HapymaeTCH B

6OJIbLLIeH Mepe MO3TOMY caenyer OTILaBaTb npeﬂnhoeHne BO}.IOCJII/I-
BaM C 6OJ'IbLUI/IMH na MaJIbIMH B.. .

§ 28. llpumep pacvera nponopuHOHaNbLHOro BOROCAMBA

IMpeanonoxum, Tpebyercss 34lpPOEKTHPOBATH MPONOPUHOHAMb-
 HBIl BOJOCJMB [1Jisl M3MePeHHsi PacXOJOR BOABl B KaHase. Muuu-
Ma/IbHbI PAacXOA BOABL Qmin U MAKCHMANbHBIA Qumax U3BECTHBL
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OCHOBHBIMH ~ 3JIeMEHTaMH TNpPONOPUHOHANBHOIO BOAOC/MBA  sB-
aAsoTed  mupHHa B m o yros P ux w caeayer paccuutath. HeoG-
XOAMMO OTMETHTb, YTO BeauyuHa B ~He MoxeT ObiTb 3ajaHa
NIPOK3BO/ILHO, @ HA3HAUACTCS M3 KOHCTPYKTMBHBIX COOOpaxeHui B
3aBUCHMOCTA ~OT = WIMPHHBEI KaHana. Pacuer npomopuuoHaIbHOro
BOZOC/INBA PEKOMEHAYETCA MPOUSBOAHTH 1O caenyiolllefl MeTORHKe.

1.- Ilo mupuHe KaHaja Ha3HAYUTL IJIHHY I‘pe6Hﬂ BOJOCJINBA
(o6BlYHO MeHbIIEe LIMPHHBE KaHAsa). '

2. 3anate Ko3(hpUUUEHT HAKJIOHA N 60KOBIX CTOPOH BO,U,OCJII/IBa
K ero rpe6uio.

3. Tlposeputh nyreMm.pacuera IPaBUJIbHOCTE 321aHUs Ko du-
[MEHTAa N B CJEAYIOIIEM TOPSIAKE:

a) rio BeqMyHHaM B wu n, nOJb3YSCH dopmyanoi (7- 22) COCTaBUTD
- ypasuenue Buaa (7-16);

6) nmoacrasassa B dopMmyay (7-16) 3HadeHHs Qmm H Qmax, Hall-
TH COOTBETCTBEHHO Hmin ¥ Hmax:

Hmin len[j‘ Qo ,
Hmax Qmax + Qo .

4

B) M0 Huin, Hmax, B B n BHUHCIHTL Oe3pasMepHble napaMeprl
Omin 1 Omax U CONOCTABHTL UX ¢ opmynamu (7-26) u (7-27). Ilpu
9TOM JIOJKHBHI ObITh BBHIIOJHEHB YCJIOBUS: L

- 8,,.>0,15, ' (7-31)
Omax < 0,45.. (732

4. B ‘cayuae HeBBIIOMHEHHS YKa3aHHBIX YCJAOBHH CJeAyeT 3a-
JaThCs HOBLIM 3HAYCHHEM 7L H PacdeT MOBTODHT.

5. Tlo paccunTaHHOMY 3HAQYEHHMIO 1 HaliTH yron B=arcctg f.

[Tycrs wupuna Bomotoka B=2,00 M, Qmin=0,55 m3/cex.,

Qmax=1,90 m®/cex. [punumaem B=1,50" m, n=1,00 um=0,49.

‘ Ilpu -51uX 3HaveHuax B wu n, corsacHo dopmyaam (7-18) u
(7-21): K=1,8 m?/cek., Qo=0,14 M3/ceK H TOTHA3 (bopMyJIa (7- 16)
3allHLIeTcs B BHIE

Q=18H—0,14,
OTKy,U.a : . .
4 , .
Fipgg = Qoie £O14 084014 000 _ 05,
; 0,14, 1,904-0,14 204 .
Hmax———?“"“‘lfg =20 A =118
Bespas‘MepHHé napameTpsl Oupin U @Iﬁax paBHBL:
Opyp = Hmta . OB XLO 0,95 0,15,
®max = M 113 x 1.00 :-_/0375 > 0,45, :

B T 150
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Veaosue (7-32) oxasasnoch HeBbInodHeHHBIM. [IpuHHMaem. HO-
Boe sHauenue n=0,70. Ilomcuuraem © npunumas H=0,5(Hpm+

4 Hoag) =0,5 (0,38 +1,13) =0,75 m, - @:915’11;.9;7:0,35. o
dopmyae (7-30) momyuum m=0,41. '
ITo gopmynam (7-18) u (7-21) K= 202 M2/ce1< Qo=0,22 M3/ceK

CJleI0BaTEIBHO,
Q=2,02H— 0,22,

OTKYyZa
0554022 _ 077 _
Hingo == 2,40—2 =202 —0:38 m,
1904022 _ 212
Flonax = ;0—2 =302 = 104 M

BespasMeprre napaMeprl Oum 1. @max paBHEL

Ot = &ng-ﬂ —=0,18,

1,043 0,7 !
Oy = —12;— =0,48.

Ycaopue (7;31) BLIMOJHEHO, a (7-32) nouTu cobaiojaeHo, 103T0-
My npurumaeM n=0,70, otkyaa f=>55°

10 T. B. JKenesyskop



§ 29. Mapamétp hopmbl MHUBOre cedenwna B ofuwem Bupe

BOHpOC 0 BJHUSIHUH qﬁ)OprI KUBOTO CEueHHs1 He BO3HHUHKaer, ec-
Jid paccMarpuBaeTcd pacxol BOAbI uepes SJIEMEHTapHy!O IjIomasgb

’KUBOTO CceueHusi, T. e. dQ=gq db, rae g — pacxoi BOAB HA BepTH-
KaJjiu.

[Ipu paBHOMepHOM HABHXEHHH
dQ=C, Vil hadb, (8-
rjpe’ CB——Koa(pdpmmeHT Hlesu pas Bepmxéml, [pUHUMaeMbIH 1o
¢dopmyae H. H. TlaBnoBckoro paBHEIM ‘
L 1 p B . )
CB——-;;h . , 8-2)

Yuuteieas ¢popmyay (8-2), sbipaxenue (38-1) sanumem B BHIE

__J' VI 3/2+!/ db - ‘ (8_3)

Ecnu mpuHATE —— HesaBHcmLmM or b, us Belpaxenus (8-3)
NOJIY4UM '

B ‘ ,
Q=X {wvap (8-4)
: . 0 . o
Beenem nmapamerp
K=Y gb, (8-5)
thcp K, of -

VYUTBIBAOILUH HePaBHOMEPHOCTh pacnpesie/leHus rayOouH HO IHH-
puHe OTOKa, B JajbHefilieM HMeHyeMbIH mapameTpom (popMbl *H-
Boro ceuenusi [1, 57].

YuureiBast Beipaxcenue (8-5), dopmyay (8-4) sarmmeM B OOBIY-
HOM BHJe, HO C IapaMerpoM P, NOAJIeXKANmUM ONpeeNecHHIO,

Q="Lrnto Vil (8-6)

Ecmn an/lHHTb BhHIpaXKeHHe [Jsi Koacb(bnumema [lesn B neaom
A5 Bcero noroxa C, Kak 370 OGHIYHO W JejaeTcsi B rUApaBJidke U
THADPOJNOTUY, U cuuTaTh | Majo saBucsliuM ot b, ¢opmyay (8-3)
MOXKHO 3anucarb B BUAE ' '

Q=CyT j K" db. (8T
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[T aaea Vil

I'IAPAMETP $OPMbI YHBOr0 CEYEHHA
| OTKPblTle I'IOTOK(}B

®opma KHBOTO CeYeHHs] OTKPHITOTO (6e3HanopHoro) IIOTOKA, B

0COGEHHOCTH PEYHOr0, CYIIECTBEHHO BJIMsET HA [POLECC ABUMKEHHS
BOJBL. Yuer (OPMBI }KHBOTO CEYEHHsI M B THApPaBJUKE W B THIPO-

MeTPHH IpPENCTaBJsIeTCs ‘BeCbMa BaXKHBIM, TaK KaK BCTPeualoluecs
B NPHPOJE H TeXHHKe (DOPMBI KUBBIX CEUEHHH IIOTOKAa OTAMYANOTCA
GonblinM, pasHooOpasueM. -M3BecTHO,  4T0 ruppaBauuecKuit pamuyc
R n cpennsig ray6uHa NoTOKa hep HE BBIPAXKAIOT MOJIHOCTBIO MOp-
domerpuio KHBOrO ceueHus mnoroka. Hanpumep, onmomy u ToMy
Ke R Moxer cOOTBETCTBOBATHL GOJiBIIOE UHCIOC (OPM CMOYEHHOTO
nepumerpa. [1o OTHOIIEHWIO K PeKe BeNUUHHA MAcp [AAET  JaxKe. Jyd-
liee MpefCTaBJEHHE O PAacxole TOTOKa, ueM R, Ha uTO o6pamn
puuManne M. A. BenukaHos. .

OTMerHM, 4TO B THJPaBJUKe mupoxo ncnomsyrom;; paanqule
3JIeMeHTBbl IOTOKA, OCPelHeHHBle 110 TOH HJH HHOH cUCTeMe, YTO TO-
3BOJISIET pa3p36aTbIBaTI> OTHOCHTEJLHO MPOCTBIE PACYETHBIE CXEMBI.
KitaccuuecknM OpUMepOM SMBJISIETCS HCIONB30BaHHE CpefHedl CKo-
poctn notoka. OnHAKO BBeJeHHe B ypaBHEHHS CPEAHMHX BeJHYHH
He MoxeT OBITh ClejqaHo 6e3 COOTBETCTBYIOUIErO aHAJJH3a SBJEHUSA.

- Tax, sanpuMep, IpH NOACYeTe YAeJbHOH KHHETHUECKOH .SHepTuH #o-
TOKd4 N0 €ro cpeiaHell CKOpocTH motpefoBajioch BBECTH B ypaBHEHHe
Bepuyaau xoadpdunuent Kopuosnnca [48], yuurniBaomuii HepapHO-
MEDHOCTh pPacIpefeseHHs ckopocTell B KupoM ceueHuu. EcrecrBen-
HO, YTO H BBeleHHe B YypaBHEeHHA CpeiHed rayOuHE Tpebyer
HCIOJAb30BAHUS TTapaMeTPa, YUHTHIBAIONIEro HEPABHOMEpPHOCTh pac-
npefenseHus rayouH no mwupuHe noroka. C TOUKH 3peHHs THIpOMer-
. PHMH 3TOT BOIPOC MpeJcTaB/seT GOJBIIOH HHTEDEC B CBSISH C' TeM,
yTo TpeGyeTcss OT PacXoA0B BOJAH Ha BePTHKA/AX MEPeHTH K Pacxo-
Iy BOIHl BCETO NOTOKA, Iie, Kak npaBHno HMeeT MeCTO HepaBHO- -
MepHOe pacnpejesenue riayOun. B Gojee o0miell MOCTaHOBKE 5TO H
€CTh 331244 O Nepexofie OT IIOCKOro MOTOKa K NMPOCTPAHCTBEHHOMY.

B sT0ii raBe naHO TeOpeTHYECKOe OGOCHOBAHHE CTPYKTYpHI ma-
pameTpa, YUHTHIBAIOUIEI'0 HEPABHOMEDHOCTb PACHpeNeseHns rayOuH
_ IO WHpHHE MOTOKA, a 3aTeM NDHBOJUTCA €ro uccnergaHMe 165: 0
pasaHYHbIX (opm KHUBBIX CEYEHHH, b
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COOTBeTCTBeHHO BhIpaXKeHHe JIs NapaMerpa GopMbl KHBOrO ce-
YeHHs MOJyyaercs, Kak u no gopmysae (3-18). :

Takum oGpasoMm, npumensisi popmyay llesu ans seprurasu u
mepexojs 3aTeM K. PacXojy BCEro MOTOKA, MONYYHIH CTPYKTYPY
napaMerpa GopMbl B TAaKyIO XKe, KaK ¥ NpH pacuere cpenneft LOH-
HOH CKOpPOCTH.

3anuuleM Tenepb BhHIDAaXKEHHE IJIl Pacxojaa BOJABI BCEro MOTOKA,
HCXOJs H3 (POpMYJIb (2 18),

B

Q———fuslzdb‘=0j. h(qmax—%)db.

qubnaaﬂ 4To Allmax =G, nocJyefHee Bblpa}KeHI/Ie 3a0dieM B

BUIE
B

. B .
1
0
Tak kax «, ——Vghl, Haftnem

Q—q,— Y thhdb 39

rae Qg — QUKTHBHBEIA pPacxXoi BOIbI, BHIUUCJSEMBIH [0 H3MEPEHHBIM
_TOBEPXHOCTHHIM (HaHGOJBIIAM) CKOPOCTSIM TEUEHHS BOABl Umay H
raybunam h, paBeH TJIoUlaaH, orpaﬂnquHon AMIOPOH =g (b)
H.3€PKaJIOM BOJHI,

Qq): f qq,db..
0

I/I‘cnomsyﬂ MOHATHE NIUHAMUYECKOT0 pacxona Boxasl [1]
=0V ghyl =00,
ypaBHeHue (8-8) mpejcTaBuM B Bpme

Q=0Qp— Q. 89

rie Bz — MapaMeTp, YUHTHIBAIOUHH HepABHOMEPHOCTb pachpemese-
Hus TyOMH 10 IJMPHHE MOTOKA, ONpejessieMblit MO BHIPAXKEHHUIO
(3-18). CunenoBaTenpHo, XOTS B napamerp PBs BXOAAT TOJBKO [eO-
MeTpHYecKue 3JeMeHThl MOTOKa, ero NMpHpona FuApaBJuuecKasl.

§ 30. napaM'eTp. thopmbl npasunbuux CNOMHBIX JKHBLIX CEYeHHN

TIpasunbELIME KUBEIMH - CEYEHHSMH [OTOKA OyAeM Ha3biBaTh
‘TAKKE: CEUEHUsl, A5l KOTOPHIX BiA QYyHKuuH A=Hh(b) MoxerT GHITH
 BHIPAJKEH ¢ MOMOHILIO, ypaBHEHHSI. e
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[TpaBuMBHBIME CHOXHEIME KHBHIMH ceueHusMu. OyAeM Hasbl-
BaThb TaKHe, KOTOPHIE COCTOST M3 HECKOJILKHX OTJIHMUHBIX . 1O opme
npasu/ibHeX. ceueHnH. [Tpu 9TOM ceueHus MOTYT ObITh NONUIOHANb-
HBIMH, KPUBOJIHHEHHBIMH, 8 TAKXKe BKJAIOUAKIOIIMMHA U MIOJIMTOHAJNLHOR
M. KpHBOJIMHENHOe OYepTaHHe B OAHOM KHBOM ceueHud. TlociaenHuil
cnyuall siBjsieTcsi HapboJiee CJOKHBIM, HO BMecTe ¢ TeM HauGoJee
HHTEPECHBIM C TOUKHM 3PeHHsi DeyHOH THAPABIMKH M THADOMETPHH.
B kagecTBe OCHOBHOrO INPaBHJBHOTO CJIOMKHOTO JKHBOTO CEYEHHS
[pHHAMAeM COYeTaHWe KPHBOJHHEHHOTO M TpanenewgaJbHOro

= ————8 : : —~
L]
f= B B —B m,
l——n‘tn.nhrl-’i ) " ’ - o - l;ﬂ nf
[ < - g |
®nn | _ l f < ) } | A\Pn.n
' hpmax

A

Puc. 8-1. XKuBoe ceueHue MOTOKA ¢ KPUBOJUHEHHBIM PYCJIOM K HECUMMeETpu4-
HOH TpanenenfajibHOH HOHMOMH. ] : .

HeCHMMETPHUHOro ceueHuit (puc. 8-1). PaccmorpeHue TaKOro xu-

BOTO CEUEHHs NMPEACTaBAAET UHTEPEC NOTOMY, YTO OHO MOXKET CIYKHTD
’ HauGoJiee NPABLONOLOGHBIM AaHAJOrOM €CTECTBEHHOTrO (pPEeuyHOoro)

JKUBOTO CeYeHHsd, AJA KOTOPOTO. PYCJ0 MOXKHO CYHTATh KPHUBOJH-

HellHBIM, a MOMMY — ropH3oHTaNbHONH. MoXKHO 6510 Obl, KOHEYHO,

HCXOAHTb H3 PAsJMUHLIX IVyGHH IOTOKa CIpaBa M CJieBa OT KPHBO-
‘AvHelHOTO pycaa (puc. 8:1), Ho 3agmaua u 6e3 TOro B MaTeMaTHye-

CKOM OTHOIIEHWH .0Ka3aJach He OYeHb [IPOCTOH,

[o oTHOIIEHHIO K KuUBOMY cedeHuio (puc. 8-1) ¢opmyna (3-18)
HPUHHMAET .BH]

mJl. l'lhl'l

B.'l.l'l BP ‘ ’
b= | | «(mb')%db—{» [ Heav+ [ b+ 1) ao4
0 0 . :

e T
] hcsB .1 m

J. ﬂhﬂ

I, H.hl'[

Brf.n m . »
+ [ mraot [ (Z2)"ap|. -0
0 .

m
m m, I

. l'lh'l'l .

rie My, n=ctg Qu. n— KO3GPHUIMEHT OTKOCA 1€BOGEPEKHON MONMEL
My, p=Ctg @n, x — KOIQPUUMEHT OTKOCd NPaBOGePeIKHOM rIO.ﬁMbI~;
hy —rayGuHa 'BOAM B INOfMe (B Hpelenax FOPH3OHTANLHONO KHA
noToKa); hp— nepemenHast ry6HHa NOTOKa B pycJe, OTCYNTAHHASA.
or ero 6poBok; Bp—wmupuHa pycaa; By p— mupuna JaeBobepex-
HOH TOHMBI; By, p— LIMPHHA NPaBOGEpeKHOH MOAMBL. ' '

149



Tenepb HeOBXONHMO PelltTh BOTPOC 'O BbIﬁOpe OYepTaHus Kpn-
BOJIMHEHHON YacTH »KMBOIO CeUeHHus.. '

B kauectBe OcHOBHOTO OfIllero ciayuas HanboJee: umepecﬁo
paccMOTpeTh - NapafoNHuecKoe KHBOE CceueHKe, TaK Kak OHO Hau-
JyYWUM 00pABOM CXeMATHBUPYET pedHble NOTOKY, pycna KOTOPHIX -
CJIOKEHBl HEeCBA3HBIMH [ PYHTAMH.

ITapaGony npuHuMaeMm BTOpPO# creneHu O6mMero Buaa -

hy=ob?+pb+y. (811
Vuursisasi, uto npu b=0, h=0 (puc. 8-1, touka 1), npu b=B,
h=0 (touka 2), npu b z'—Qg h="hy max, HABZEM:

4hp. max 4hp max
o == 5 B [5 = ——, '\7 e O,
Bp ’ Bp

IMoxcrasnsia o, B, y B ypaBHeHue (8-11), mpuBemem ero x BHIY

4h .
/zp:———p e b (B, — b), (8-12)
B?
7p :
rae hp, max—Hauéobemaﬂ riy6uHa B pycJe, OTCUMTAHHAs OT €ro
6poBkH (puc, 8-1).
~ OrmMeTuM, 4TO (popmyJIa (8-12) sBasercs yﬂOﬁHOﬁ JJIs onHca-
 HHfl XKHUBBIX CEYEHHH MOTOKA N0 paxy npuumd. Ilepenncas ee B BHAE

By Momex iy b
B — B2 ’

o6HapyKuBaeM, 4TO LJs NPUBEAEHUS IKUBOTO CEUEHHsS MOTOKAa K
Ge3pasMepHOMY BHAY C/lelyeT M[O/Nb30BAThCA KOOPAMHATAMU —
, s ‘

B :
qubnsan YTO A/ NapabosyeckOro XKHBOTO CEUEHHS flp may ==
hcp, dopmyay (8-12) MOXKHO NPHUBECTH K BHUAY

h 6 b
B rB"% B
rae f—napaMeTp B. T'. I'nyuikosa. '

Tperu#i uHTerpas BblpaxkeHus (8-10) ¢ yuetrom (8-12) umeer
caenyiolliee pelllenne (BLIBOA onymeH)

Bp‘ _4hp. max . ’ o
[ [be<8p—b>4~hn] db = [(S/zp o 51) Vi +
0

R
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Pemas apyrue uHTerpaJsl B Bepaxenun (8-10) u caenas He-
06x0HMble MPeoOpPa30BAHUS, a4 TAKXKE YUHTBIBAS, 4YTO

2B — hy (my, g~ Mg, n) 2B, . 1
cp = 5B by —+ 3B hp. max? (8-13)
[OIYYHM OCHOBHYIO (hOPMYJIY [JI51 B B BHAE *
’ Bp 3 Iy
I4(@,—1) B 5B G Y

(8-14)

bo=r—T 7 2 B, |-
[l—j'f-(mn.n—{‘mn.n)‘f"g"g‘%] ‘

THE Gy U My — Ge3pasMepHble BEJIMUYMHEL, paBHble: _
' 1 3D 1/ . J 16

o =—|3 -5 4 ——L——arcsin —_— 8-15

' 8[n*+ T, I (8-15)

hp. max

N=—
n

Tlo dopmyse (8-15) cocrasier rpaguk (QYHKIHA ox=0x(Nx),
KOTOPHIM M ClIellyeT MOJb30BaTheA B pacuerax (puc. 8-2).- ‘

e
28

24 ‘ 7

20

2

- ;/ , |
v
-

0 2 4 6 8 10 127,
Puc. 8-2. Tpadur dynkuun a, = a, (1,).

Uz dopmya (8-9), (8-14) u (8-15) mosyuaem TeoperHyeckuii
BLIBOA: Ha PAacxXoi BOAB Q BJAHSAIOT, KpoMe Agp, | U 1, pasiauupbie

Mop(oMeTpHUECKHe XapaKTePHCTHKH pycha: —‘Bi, Tp u np. Baus-
Hye Ha @ HEKOTOPbIX MopcpomeTpuqecKux XapaKTepnch, HanpuMep

19]



C| _ . ) . k«
Tp, (6)3876] MOJMEYEHO paHee TOJLKO Ha OCHOBAHHH aHANH3A OMBIT-
HEIX [IAHHDIX.

Hast napa60quecKoro pyena ¢ npﬂMoyroanon TOAMOR /7Ly, g=

=0, My, x=0, 103TOMY U3 cbopmynbl (8- 14) nonyth .

2 B )f’/z"

B,= (1+ (8-16)

B ciyyae ONHOCTOPOHHe! MOMME, - HAIDHMED NPABOGEPEIKHON
(Ba. u=0, mgz ;=0), dopmyna. (8-14) npuHuMaeT BUA

B 3 my. ohy
14 (0, — 1) BP_‘S;._“_'_B“_H_

B, = 1Ty ohy . 2 B, 1%
l— o —m— ==,

(8-17)

B sTtoM cayuae mon wupuHofl B Hamo monumartb By+ By n Uz
tdopmyansl (8-17). BHOHO, 4TO Bi 3aBHCUT OT MHOrHX MoOpdoMeTpu-
YecKHX NapaMeTpoB pycsaa. 3aMeTHM, YTO BaKHbBIM HapamMerpoM
SIBJISICTCA 1)y, KOTOPHIA 3/l€Ch NOJYYeH U3 TEOPETHYECKHX coobpa-
Kenuid. B nanpHeliulem oH 6yﬂ6T HCIIOJI30BAH NPH PacCMOTPEHHH
B3aMMOJEUCTBUS PYCJOBOTO H IIONMEHHOIO NMOTOKOB.

§ 31. Mapamerp thopmbl NPaBHABHLIX HECNOMHLIX XHBbIX CEYEHHH

PaccMOTpHM TNOMUrOHaJibHBIE NPABUJIbHLIE HECTOXKHBIE JKHBHIE
CeueHHs, a 3aTeM KpHBOJMHelHble. SIcHO, YTo M Te H JApyrue sB-
"JISIOTCS YACTHBIMHM CJYy4YasiMH 2KHBOTO CEUEHHs, AJs KOTOPOro B
§ 30 BmBenena ¢opmyna ‘napamerpa Bx. IlomHroHanbHble GOpMEL
CeUEHHUS SBJAAIOTCA BeCbMa PAClpPOCTPAHEHHHIMH NPH NPOEKTHPOBa-
HMH KAaHajIOB, a KPHBOJUHENHBIE MOXKHO PAacCMAaTPHBATH B KauecTBe
CXeMaTH3UPOBAHHBIX JKMBBIX CEUeHH{i peyHOoro noToKa.

[TapamMerp Py NOJHIOHAABHBIX -2KHBB X Ce€YeHHH.
Haut6oseé obmumM B 3TOM ClAydyae SBJsSETCS TpalellenAaJbHOe ceye-
nue (puc. 8-3a). Tax kak 3nech Bp=0, fp max=0, T0 n:=0. B co-
OTBeTCTBUH ¢ PopMmyJsoit (8-15) mocse packpbiTHs HeolpeneseH-
HOCTH TIOMYUMM Ox==1,0, cJeLOBaTefbHO, U3 BHpaxeHus (8-14)
HMeeM

«

‘ 3 k
1——5 (Mg, 5~ My n) B

T f‘é (M 0t 1o, n)‘%]‘s/ :

(8-18)

3mech BMecTo. iy IPUHATO A, T. e. ray6una BOABI B KaHaJje, NO- °
CKONbKY B JAaHHOM cJyyae jBe NOAMbI 00pasyloT oChuHQE CeveHHe
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TpanenenAatbHOro KaHaga. IIpn cUMMeTpHYHOM TpameleuganbHOM
npodune XHUBOTO CEUEHHS My =My n=m U Qopmyna (8-18) mpu-
HUMaeT BUJ

l—=m h
75 B R : :
B. AR R0
ITocnensioio GopMyny TpeacTaBHM TaK:
L,
B — 1 5™
T ’1« R { h )“/2 '
- Vi-rg ( —"™F
; 8 :
9 S _ .
. ?n.‘h

)

h

Puc. 8-3. [MonuroHaibHble MPOQUIA KUBHX CeueHHH.
@ — TpaneueHiaIbHoe; 6 — TpPeyroabHoe.

‘BTOphIM Us€HOM KaK MaJ/blM [0 CPaBHEHHIO C HEPBHIM MOMKHO
~npene6peub, N03TOMY opmyay (8-19) sanuiiem B Gosee mpocrom

BHIE .
' ]/1 — m—h«
4 B
a npu @=45°

B, g2

o )
1/1'3
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Us s1ofi GOpMY/Ibl BHAHO, UTO TIPH %» 0 Bx—>1, T ,e_:."mupo:

KHe TPaNelenfaJbHOro CeueHns MOTOKH MOXKHO pPacCMaTPHBATH KakK
NOTOKH MPAMOYTOJBHOIO CEYeHHUS, ;
Kax cnenyer uz obuiero BblpaxeHus (3 18) nns mpAMOYrogib-
HOTO npo@mm Bx=1. IHockoabKY By mOJMyuaeTcs OJMHAKOBBHIM IJIs1
BCEX TPSIMOYTOJIBHEIX TIPO-

a)

-1' (unell XKUBEIX CeUeHHH, 1. €.
,  PESE
AL

8

% i IpH PasJuYHbIX -+ TO B
= pa6ote [1] ofpauieso BHHU-
MaHUe Ha Heo6XOHUMOCTb
MCMONb30OBAHUS, KPOME Py,
U JPYyrux Mopq)omeTque-
. CKHX napameTpOB ‘Hanpu-

6) - : S S : Mep g -
: e ~b Hasi Tpeyronbﬂoro KH-
Boro ceuenus (puc.8-36),
y— HCXORA U3 dbopMynl (8-18),
. B fionyuuM By. Ilpuuem B=
- : = =hmax (Mg q+Mu ), a NOL
BeJHYHHOH A HaJo IMOHH-
MaTh HAmax. llOCJE BBIUHC-
JIeHHA ToayuuM By=1,13.
Puc. 8-4. Kpmaonuﬂﬁnume npodiuiy  WUBHIX [Tapamerp B« Kpu;
ceueHuit. BOJNHHEAHBX 3KHUBH X
@ — napaonuueckoe; 6 — KpyToBoe. ceueHH B Jaga napa6o-
JIMUECKOTO = KHBOTO ceue-

h

B
nus (puc. 8-4a) mmeeMm: hu—-O Ny=00, 5 2 =10, CJIe0BATENBHO,
u3 (8-14) nmoayuuwm ’

Oz

~Tlocne packpbITHSI HEOHPELENEHHOCTH NOJYUHM '[5*="—W——j

T A

=1,082, T. e. mapamerp Px KaHaJOB ¢ napaboJHYECKUM IKHBHIM
ceueHHeM sIBJAETCHA NOCTOAHHON BeJHYUHOMN.

st KHBOTO CEUEHHs!, OYEPUEHHOr® M0 OKPYMKHOCTH C LeRTpOM,
COBNANAIOWKM ¢ NOBEPXHOCTHIO BOAB (puc. 8-46), - -

" nB? ,
=g, ‘_/z =
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anMeHI/ITE‘JIbHO K KDYTOBOMY npoqmmo lz_-]/b (B~—¥b), mo-
aromy dopmyaa (3-18) sanuiuercs B RELC

B , _
f[b"z(B—b)'/zla/? db
B, == ‘

=B
89/ 2

Bunomunaneubiéi quddepenunaln, CcTOANMA B YUCIHTENE TO-
CJIEJHETO BHIPaKeHUsl, He MOXKeT GhITh MPOMHTETPHPOBAH B KOHEY-

b
HOM BHIe. CIII/IT_aH, yTo —m| ===%, I'IOCJIelIHIO}O OpMVJI MNPpUBOIHM
; B pMy1y

K BUOY
87
3'-53/2 ’
rae
’ 1
I=[2"(1—2)"az

0

DTOT HHTErpas pellaeM npHu nomou Gpopmyns. CHMICOHA, B3SB
40 Toyex, YTO JMaeT OIUHOKY [AJs By TOJbKO B NATOM 3HAKE MOCJE
sangTofl. B pesynbrare mogsyyaem P.=1,032.-

Hrax, MoxHO 'KOHCTATHPOBATH, HTO  BO BCEX CAy4asax Pg>1.
B messix comocTaB/eHHs 3HAUEHHUH HHXKe NPHBOIUTCA Ta6Jmua

Ceqe}me HpHMOYFOJIbHOE f. =10,
» - TPEYrOJbHOe p.=1 13
»  TpaneueHia’ibHoe By ne{)eMeHHaﬂ BEIHUYHHa,
»  mapaboanueckoe :
»  .Kpyromoe _ ' [5 = 1,03,

»  PEYHOro MOTOKa 5* u3MeHsieTcss B GOJbUIMX Tpefetax

B cBsasu ¢ Tem uto B BhIpaxeHun (8-9) durypupyer cpenmusisa
rayGuHa NOTOKa (BXOAMT B AMHAMHYECKME pPacXofl), a He THIApaB-
JUUYEeCKMl pamuyc, BO3HHK2eT BONPOC, HE SBJSIETCH JH . TOXKAECT-

BeHHHIM BBelleHHe B pacuer B, ]/hcp emecto V' R. Ecau 65 oxka-
3a70Ch, 4TO P, thp =VR wum B*hcpr-—R, TO BCE PAaCCYXKIEHHS,
cBfiI3aHHbLIE C BBeIEHHEM [, BO BCAKOM cjayyae Ins chy'ccheHme
110TOKOB, Oblin - 6b1 u3jumHEMH. ITockoBKY runpasJjuyeckufi pa-
muyc R Bcerma membine cpenHedl raybuny hep, H Bx2>1, TO KOMXKHO
BLIMOMHATBCH  YCJIOBHE BQh > R, mostomy samena B dopmysax

ruppasaikn VR Bblpa)KEHI/IeM B thp He sBASETCS TO}KIleCTBeH-

Hofi. JIerko MOACYMTATh, MOABL3YSICH (OPMyJaMHu IJs cpefHell riy-
GHEB H ruﬂpasﬂmee}(oro paauyca, HacKompko Bh,, Gosbuwe R.
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MpuBoauM OKOHuaTe/bHBE PE3YAbTATH TAKHX BBIUMCIEHHH:
" IPAMOYTOJBHBIA IPOQHIE

Bh h h
T=rE=1t2g
TPeyroJibHEI npoduIb

ey ‘/ T
SRr=128 ]/ Lo

Tpaneneu anbublil (CHMMETPHYHEH) npoduab

ﬁ%— _th(1+1/1+—)

R - B—mh
napa6oauueckuii mpoGHIb
’ 2
Bhep _ OB
R Rinaxf” (0)

3necy F (o) — ¢yHRUuA, onpenenseMas B 3aBHCHMOCTH OT

G = 4hm“ (58], HanpnMep, npy B=50 M, Amax=5 M, o= 04
Botep

h
F(c)=6,5 Gynem uMeThb B”k“" = 1,21; xpyrosoii mpoduip ~H+ =
=1,67. .

2

, B
V3 npuBeleHHHIX BbIpaXKeHHH ’,’RCP npu R=1 M BuAHO, uTO%h

ABJSETCS BeJHUWHOH, XOpOIIO pearupyioulefi K H3MeHeHHI0 (OpMEI
ceueHHs, B TO BpeMsi Kak. R OpH caMbIX pasHooGpasHbX (opMmax
JKHBOTO CEUEHHsST MOXKET OCTABAThCS MOUTH OJMHAKOBHIM, YTO YKa-
3LIBAET HAa IeecooOpasHOCTh BBeASHHSI B YpaBHEHUS ABHIKEHUS P

H hgp.

§ 32.. napameTp (BOPMbl UBBIX GeYEHHH pe‘lelx NOTOKOB

[Tapamerp By eCTeCTBEHHHIX BOJOTOKOB (peK) He MOXKeT GHITh
Hafiled TeOpeTHYeCKUM INyTeM, NOITOMY P+ onpepensnscsa rpacdome-
XaHHYECKHM CMOCOOOM HJIH AHAJHTUYECKMM MO H3MEPEHHHIM . npo-
dbuasm.

B meppoM cayyae cTposTcs smopsl A%:(b) u UHTErpan B q)op-
‘myae (3-18) ompenensierca NJ4HUMETPUPOBAHMEM MJIOIMAAH 3TOH
sMIOpbl (B BHJAe NpuMepa Ha puc. 8- mpuBeleHa TaKas smiopa);
‘niocsie aroro no ¢opmyae (3-18) BrluHCAAICH napamerp Bs.

Bo BTOPOM Caryyae ﬂpI/IMeHFIETCH tdbopmyaa

ﬁ*szlfla 2[( d/\e)‘i+2(h/z)l+1]-li’%+l. e
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. Hau6osblilee 3Hauewne mapamerpa Pz, OnpefeneHHoro ajs 68
pex CCCP [1], mocturaer 1,3 u GoJblue, Ce0BaTe/bHO, HE y4H-
. ThBas Px B THAPABJMYECKMX M THAPOMETPUYECKHX pacyerax, MOXK- -

' HO JOMYCTUTH CyluecTBeHHble omubku. CpefHee 3HaueHHe mapaMeT-
pa peuHblx MOTOKOB OKasajock, paBHbiM 1,10, uTo oueHb G6JH3KO
NOAXONHT K TEOPETHUECKOMY 3HAUEHHIO IJIs Hapa6om1qec1<oro npo-
duas. OTciofa MOKHO cHelaTh BHBOA: MapaboanyecKuil mpoduib
JKUBOTO CEUEHHsl IIOTOKA ABJAETCH HAHJAYUYIUUM aHaJOrOM ecTecT-
BEHHOTO MPO(QHUAS KUBOMO CeueHHs. DTO MOJOKEHHE 4acTO HCIOJb-
3yercs B FHADPABJHKE, HO HE GBHIIO JOKA3aHO,

B — }
1] T T T T bm
2 $n¥dp-g46w**
4 | o : . R .
6 (T T 11/
. \ Be=1,09

12 \ V.
14 A7

16
7

Puc. 8-5. K onpeneaenutwo B* rpaQ)OMexax-m-
YecKHM crmocoboM.

Kak BUIHO H3 H3JI0XKEHHOTO [Js ONpeleseHHs Py PeuHbIX 1no-
TOKOB TpeGyeTcst NPOHM3BOAHTL CPABHUTENIBHO TPOMO3JKHE BHIYHC- -
aeupa. [TosTOMY chesaHa. TONBITKA ‘BHIPA3UThL Py DPEUHEIX NMOTOKOB
B 3aBHCHMOCTH OT NpOCTeHIIero MOP(pOMETPHUECKOr0 mNapamerpa

h .
pycaa o = /i:f; — C sroit nenbio Gelty Hafiens!, nas 30 rugpomer-
puyecknx cTBopoB paBHUHHEIX pek CCCP snauenus Bi, on u Apy-
rae Bejuyunbl. [lpw stom B« onpeﬂenﬂnom: rpadoMexaHH4IeCKHM
cnoco6oM. PesynbraThl BbUHCJAeHHH NpHBeeHb B Tabu. 8-1, rae
JaHbl U IpyTHe 3J€MEHTbl ABUMKEHUS, KOTOPhle 6YAYT HCIIOJBb30OBAHEL
¥ B caenylollel rmaBe. OueBUAHO, 4TO, YeM MEHBIIE O, T€M GOJIb-
‘Ile aMIVINTYZA U3MeHeHHs TyOUH B XKUBOM CEUEHHH, CJELOBATEb-
HO, napaMeTp Px, YIHTBIBAIOIHH HEPABHOMEDPHOCTb pAaCHpeie/eHHs
ray6uH, 6yZeT BO3pacTaTh ¢ yMeHbUIEHHEM O. SIBHOTO BJIMSIHUSA op
Ha Px He O0GHapyXUJOCh, OfiHAKO orubamllas ToYeK Ha rpaduxe
Bz=Px(op) YyKasbiBaeT Ha yBeJHYeHHe Py C YMEHbIUEHHEM qp.
OT0 MOXHO OG'BACHHTBL TEM, UTO NpU OOJBINNX IHPHHAX DEKH, T. €.
mpH MasblX ‘o, HEDaBHOMePHOe pacmpefeneHue raybun Gosee
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BeposiTHO. MexX Ay BesIMUMHON B, M oy cylllecTByeT Gosee yeTKas 3a-
BUCHMOCTb (puc. 8-6), uero M cJefoBaIO OXuUAATh. TOUKH, OTHOCH-
mgecs K OpoQUASAM XKHMBBIX CeueHu#l ¢ NofMaMH, OTKAOHSIOTCH B
Gosblliell cTENeHH OT OGIUEro HamnpaBjeHHst KPUBOH Pu=Px (o).

- aneneiiiee paccMoTpenne BeNHUHH fs OyleT OTHOCHTbCS B
OCHOBHOM K IOTOKaM 6e3 oM.

’,’ b k
\o
06 16 )
N e
05 15 A N

NENERE
. o-4
04l 14 :
C 1
031 13 XS \

0212 ] Q°

ol° N
0 o° No \
= 1 g [s]
T
o Lo L1 - ° 9 =
o 02 04 06 08 T 0o,

Puc. 8-6. 3aBucHMOCTb mapaMeTpa (GOPME KUBOTO CeueHus P, OT oy
PCUYHBIX ITOTOKOB.
1 —rpadux 3aBUCHMOCTH (3 oT @p; 2 —rpacux 3aBHCHMOCTH NOKasaTend p OT 0y
3 pycao; 4—pyciao ¢ moiMol.

Mpu op=1,0 mapamerp Pz=1,0, uTo cleayer U3 TeOPETHUECKHA
cooGpaKkeHuil ¥ paCHOJIOXKEHHS ONBITHHIX TOYeK Ha puc. 8-6 (kpu- -
Bas 1). HoaTOMy ypaBHeHue Bx=Px=(ctn) MOXKHO 3amucaTbh B BUJIE

Bo=@2— ). (8-23)

IToxkaszatens p oxasascd 3aBUCAIIMM OT o (puc. 8-1, xpusas 2).
Ipu ar=1,0 n=0. Oynxuuo pép(och) IPeNCTABUM B BHIE

p=1,1—1,3a,4-0,203. (8-24)

CyMmma uncnoBBX KO3(D(UUHEHTOB B 5TOM YpPABHEHUH NPH Qf=
=1,0 nosxHa ObITH paBHA HYJIO, 4TO H BHINOJHsETcs. [lapamerp
B+ mo ypaBHeHHIO (8-23) MOIKHO ompelesuTh ¢ TOYHOCTBHIO A0 0,05.
3HaueHus By no Qopmyse (8-23) mpusesens B Taba. 8-2.

Ta6ruya 8-2

Snavenua B, no dopmyne (8-23)
op . « - 030 0,35 0,40| 0451 0.50] 0,55 0,60 | 0,65} 0,70{°0,75| 0,80 1,00
Be - « .| 1,47) 1,391 1,32) 126 1,21 1,17| 1,13} 1,10| 1,07 | 1,04} 1,02| 1,00
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YunrbiBas, 4T0 B peuHbIX MOTOKOB MOKET NPHHUMATh 3HAUEHHUs
no 1,3 u naxe GoJblue, Gopmyna (8-23), npeasnoxennas B pabore
[69], yxe ma HacTosilefi CTAAHH H3y4YEHHs] BONPOCA MOXKET HUMETh
npaKTHUeCKoe 3HaueHue. -

Jns moJHOro onucaHus (opMBl CJOXKHBIX KHMBBIX CeueHHH, B
0COGEHHOCTH PEYHBIX IOTOKOB, TpeBylOTCs, KpoMe HapaMeTrpa Bi.
U JApyTHe napaMerphl, HanpuMep, MopdomMerpuuecKull KospureHr
4CHMMETPHH- f33, KHHEMATHKO-MOP(OMETPHUECKHH napaMeTp Pa. u—m
(§ 10) u mp. Ho B orsinune or ApYTHX NapaMerTpoB, B TOM UHCJIE

CO
H TAaKHX, KaK — =, NapaMerp [3* TIOJIYU€H H3 TEOPETHYECKHX 0006~
pa’keHui.



I' aa6a IX

I'HII.PABJIHKO I'H.U,POMETPH‘-IEGKHE GHOGOBBI
ONPERENEHUA PACX0J0B BOJMbI
B OTKPbITBIX PYGHAX ’

WajoKeHue -BONPOCOB pachpelesieHust cKopocTefi B TypOyJeHT-

HOM mOTOKe B ruase Il paHo B TakoMm BHAe, 4TOOBl BO BCE OCHOB-
Hble (opMyJbl BXOAWIH KHHEMaTHUeCKHe 3JeMeHTH TIOTOKa Ha ero
cBOGOJHON NOBEPXHOCTH. TaKOe H3J0XKeHHe GOoJbllle BCEr0 COOTBET-
CTBYeT 3ajayaM, CTOAINMM Tiepej PEYHOH TMApOMETpHell, a TaKxe
_epej 9KCIUYaTalMOHHOM THAPOMETpHEH. DTO OYEBHIHO H3 TOrO,
YTO H3MEPEHHEe TOJbKO NOBEPXHOCTHBIX CKOPOCTEH MOTOKA, HCIOJib-
3yeMBIX [JIA OIpeleseHHs. PacXofa BOJH, CO3LaeT pHAL HEeoCHopH-
MBIX NpPEHMYILIECTB B IIOCTAHOBKE paloT HA pekax M KaHajax.
JlocTaTouHO YNOMSIHYTH B 3TOH CBSI3W O OOJbIUMX BO3MOMKHOCTHX
A9POTHIPOMETPUUECKHX METOOB, OCHOBAHHBIX HA. U3MEPEHHH NOJS .
CKOpOCTEll NMOTOKa HAa ero CBOGOXHON MOBEPXHOCTH (B TOM UHCJE B
BeTpenyio noroay [66]).

ITepexoass or TOBEPXHOCTHAIX CKOpOCTeH Ha BepTHKame K
CPeIHHM, a 3aTeM K CDeJHed CKOPOCTH BCEr0 MOTOKA H UCIOJL3YS
napaMeTrp QopMbl Bz, MOXHO TeOpeTHYecKH OGOCHOBATH METOLHKY
T'HAPaBAKKO-THAPOMETPHUECKHX CHOCOOOE ONpelfe/eHHs pacxXoloB
Bozabl. M3 camoro HasBaHus cnocoba cleyeT, 4TO. B HEM HCIICJIb-
3YIOTCS' THJPaBJHYECKHE 3aBHCHUMOCTH, CBOHCTBEHHBIE IOTOKY, U IIpe-
LYyCMaTpUBAIOTCS M3MEpPEHHs, XapaKTepHble AJs T'HIPOMETPUH.

B msnaraemex muxe crnoco6ax, npeisoxersnx. I. B. JKenesus-
KOBBIM, YYHTBIBAIOTCS BakHefillne I'MIpaBJIuYecKHe 3/JeMeHTH NOTO-
Ka, a MOBEPXHOCTHASl CKOPOCTh PacCMATPHBAETCS KaK OLHH M3 3Je-
MEHTOB, BAHSKOLIHX Ha BEJHUHHY PacXofa BOJIBL _

B coBpemenuoil ruzppoMeTpyuu. (B CHHTe3e TEOPHMH. FHAPABJIHKH
.M KJIaCCHYECKHX MEeTOJO0B FMIPOMETPHH) CJI0XKHJIOCH TEOPETHUECKOoe
HanpaBJjieHHe HCCaefOBaHHMl; mepBOHAaYaIbHO cHOPMYJIHPOBAHHOE B
pabore [1], ono nosyuujo fanpHefillee pa3BuTHE B psifie paGoT H:
npusHano nepcnektuBHeIM Kak B CCCP [60], Tak u 3a py6exom[61].

ITosle nOBepXHOCTHBIX CKOpocTefl MozKeT OBITH H3MepeHO pas-
avdnbiME cnocoGamu [24]. Bosbinoe yckopeHie pa60T JpocTturaeres
nyTeM WHTErpaluH [OBEPXHOCTHEIX CKOPOCTEH. Y4UHTHIBas, uTO

11 T. B. JKeneanaxor 161



p

KHHTErpalys [MOBEPXHOCTHEIX CKOPOCTEeH MO KOCHIM rraJjcam IO CHoco-
6y B. I'. T'nymxoBa MoOXeT HaTh YAOBJETBOPHTENbHEIE PE3YIbTATHl
10 TOYHOCTH, NPENCTABJAET HHTEPEC COBMECTHOE IIPHMeHEHHe 3TOT0
cmocofa M THIPaBJHMKO-THApOMeTpuyeckoro. MxX coBMecTHOE HC-
HOJb30BAHNE TO3BOJISIET CHEJaThb HEKOTOPHIE HOBHIE NPeAJIoKeHMs,
OTHOCALIHECS] K TEXHUKE THAPOMETpHYEecKHX paboT Ha pPeKax.
Cirengyer oTMeruTh, 4TO B pesysabrarte ucciegosanuit [TH u apy-
X OpraHu3aluf a’porHAPOMETPHYECKHe MeTOAB [O0BeJeHHl 10
YDOBHSl NPAKTHYECKOTO NPHMEHEHHS M MOTYT OBITh IIMPOKO HC-
[I0/Ib30BAHBl TIPH IPOM3BOICTBE THAPOJOTHUECKHX paboT Ha pekax
BO BpeMs napojka. Bmecte ¢ Tem HeoOXOAHMO HMeTh B BHJIY, UTO
unTerpaiys (or Gepera K Gepery) IOBepXHOCTHBIX CKODOCTEH Teye-
HHsI BOJIBI OrpaHHUEeHA WJIM IIOYTH HCKJIOUAeTCs B HEPHOJ JeLOX0Ja.

§ 33. OcHoBHbIE YPaBHEHHA THAPaBAMKO-THAPOMETPHYECKOrO
cnocofa onpejesieHUA PacxofoB BOJbI

ITepBoe ypaBHeHHe TI'HIPaBJINKO-THIDPOMETPHUECKOTO cloco6a
BHIBOJUTCA TIPH MEPEeXOAe OT IUIOCKOH 3afauu K NPOCTPaHCTBEHHOH,
yTO M3J0KeHo B riaBe VIII.

B pesyanrate BhiBeseno ypapnenue (8-9). IToacramiass B Hero

k = V(-:g » NOJYUHM

0. _BC 9.1
[Tapamerp C. omnpenessiercst mo Qopmyie (3-19). Ilopenus ato
ypaBHeHHe Ha @ M 3aIIMCaB €ro B BHJE

Unop — U ___ B.C, (9_2)
v, V ;
3aMeyqyaeM, uToO OHO Bb]pa}KaET OTHOCHUTEJIBHBIH HEOOCTaTOK CpeﬂHEﬁ
CKOPOCTH © B COIIOCTAaBJIEHUU CO Cpe,U.HeI/I HOBerHOCTHOI/I CKOpO-
CTBIO Unnog.
BBem{ 06o3HaueHHe, HIHPOKO HCIOJNB3YEMOE B I‘I/I,leOMETpI/II/I

K=& =Y

Qo Vnos

noayunm u3 (9-1) -
“ Kyl — KBGO g KifCow,

_ Vg Q Vev

Pemasi 510 ypaBHeHHe OTHOCHTENbHO K; M YYHTHIBAS, 4TO

v v T YFr

HangeM

Ky = __KF_—L._;_, (9-3)
VFr -l- V_ 223 ‘
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\

rie Fr—uncao ®pyna, oTHeceHHOe K cpelHedl CKOPOCTH NOTOKA.
CaenoBarensno, K; 3aBucur ot uncaa Ppyza u ykJaoHa HOBerHO-
ctu Boanl /, a takxke C, mockonbky C, sasucur ot-C.

Kak ussectHo, uncao Fr Hpe,ZlCTaBJIHET co6ol yABOEHHOE OTHO-
LIeHre KMHETHUECKOH 3HEepPrud MOTOKa K NoTeHunManbHoi. Otciona
scey cMmblics GeapasMepHoro koadduuuenra Ky OH saBaserca GyHK-
Ipedl yKIOHA MOBEPXHOCTH BOJbl H COOTHOWIGHUS MEXIY KWHETHUe-
CKOH W MOTEHIUAaJbHOU SHEPTHAMH. v

OrtMeTuM, uTo K; nJs ABYX IOHHAMUYECKH NOLOOGHBIX HOTOKOB
6y11y'r paBHBL IDTO cjaenyeT U3 CTPYKTYphHl ¢dopmyast . (9-3) u Toro,
yro uyuciaa Ppyra Oynyus KpuTepueM AMHAMHYECKOTO 1'10/1061/151
HOJIXKHBL GBITb PaBHBI I/ ABYX AHHAMHYECKH MOJOOHBIX IOTOKOB.
PapencrBo e yKAOHOB | BhiTekaeT U3 TpeGOBaHUH TeOMETPHYECKOro
nono6usi. Dopmysaa (9-3) npu KPUTHUECKOM COCTOSTHHHM MOTOKA, T. €.
npu Fr—l OpPHHUMAET BHE :

Ky = 1

T Bl -4

[ | Tk V— V Te

rie Cyx COOTBETCTBYET Koacpcbnunemy Hlesu npyu KpHTHYECKOM CO-

crosganr Cy, Jx — KPUTUYECKUH YKJOH. .
Huorna HCTOMIB3YeTCs OTHOCHTE/IbHBIl HELOCTATOK CKOPOCTH -

Unos—7, BBHIPAXKEHHBIA B JOJSIX CKODOCTH U [1 62]. OueBujHO, 4TO

Unos —Y __ 1—K,
R 4 K1 _K L
_rae K1— OTHOCHTENbHBIH HENOCTATOK Koacpcpnunema K.
W3 dopmyasl (9-2) momyuum :
* +Ca
Ky =B | R
BropeiM ypaBHEHHEM TUAPABAUKO-THAPOMETPHUECKOro crocoba
ABJISIETCH YPaBHEHHWE OTHOCHUTENBHOTO HENOCTATKA CpemHed CKOpo-
CTH TOTOKa (B CONOCTABJEHHH CO CKOPOCTHIO Umax), BbIpazkaemoe
ypaBuenueMm (2-69) nau (2-70). _ : _
TlocnenHee ypaBHeHHe ¢ y4eTOM nepeMeHHOro K samuiiem B
BHIIE ‘

: C C
= Vpy® — [ ) Q,.. 9-6
Q=m0 — (o + o) (96)
[Tonp3ysick 0603HAUEHHEM
K2—_Q__‘\_ v

_ Umax® " Umax )
dopmyay (9-6) myTeMm HeCHOXKHBIX NpeoOpasoBaHUNl MOXKHO LpUBE-
CTH. K BULY
‘ VFT

e

11* ‘ ' 163
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. HaH

A1y dopMysy MOXKHO NPOaHAJIU3HPOBATH TaK XKe, Kak u ¢op-
mMyay (9-3), ¢ TOYKH 3peHHS THAPABIHYECKOro HOmolus.

IIpn KPUTHYECKOM COCTOSHHH TOToKa Qopmyaa (9-7) NPHHH-

MAaer BHJ

Kg'— 1

(9-8)

1+(
Vg G, =

OTHOCHTE/bHBIA HEZOCTATOK mapaMerpa Kz Gbul BBefeH npu
paccMoTpeHnn  Taxurpaduueckux KpuBblX [hopmyast (2-59) wm
(2-60)1.

Uz dopmya (9-3) u (9-7) BumHO, yTo mpH Fr—>c0 K; 1 Ko CTpe-
mATca K enuHuie. MHaue roBopsa, uem GoJbllle CKOPOCTb ¥ H UeM
MeHblie IIyGHHA NOTOKA, TeM B GOJbLIeH CTENeHH BbIPaBHHBAIOTCS

. CKOPOCTH B, JKHBOM CE€UeHHH,

~IIpu Fr—>0 Ky u K, crpemarca x HyJIo. CJ'Ie,ELOBaTeJIbHO ueM
MeHbIlle CKOPOCTb U H 4eM GoJiblue ITyGHHA MOTOKA, TEM KOHTDACT-
Hee BbiparkeHa HEPABHOMEPHOCTb pacnpelesieHHss cKopocTell B Ku-
BOM CEYEHHH.

Tperba cpopMy.na THPABIAKO-THADOMETDPHYECKOTO CIOCO6a BHI-
BOJIUTCH CAEAYIOMHM 06pasoM. :

Wa dopmyas (2-68) momyuum -

)w

0= Bt e, 99
Q- Lo Hmer, Q“;—_“’f miz, (9-10)
PeHIaH'COBMeCTHO Bpra}KeHI/IH .(9-1) u (9-6), naitnem
| P= (1-—{— Ve go) ‘(9-11)
HoﬂcréBnﬂﬂ Telnepb px B (popmyny (9-10), mosryunm
_ (1+ Ve ¢ )QQJ—ﬁ*vaax
o +m,g_m.- (9-12)

Ecan npunsite By no (8- 23) nocaeqHI© hopMyay 3aIHLEM B ;
Buje [63] : ] :

= C T
(1+£Cg“c—) Qtp__'(?,_'a_h)pvmax . C
QoS Dl L)
L @) -

IpHUEM p OTpefeasieTcs ;jo (i)opmyqie (8:24),
(164



§ 34. Meroauka npHmeHeHHA runpaanuuo-runpomerpuqe‘nkoro
_cnoco6a onpepencHHa pacxofoB BORLI

Ilpn nponssoﬂcme THAPOMETPHYECKHX DabOT Ha peKax H KaHa-;
JaX MOTYT BCTPETHTECS ‘PA3JIHYHEIE BOSMOXKHOCTH JIpDHUMEHEHHsT TPeX:
OCHOBHBIX YPABHEHWH ~I'HAPABJHKO-IHIAPOMETPHUECKOTO crmocoba.
Huxe paccMaTpHBAIOTCS OCHOBHEIE Clyuan pacdera Q, a clepoBa-
TeNbHO, H CpelHell ckopoctu noToKa. IIpu 3TOM - pacuerHble (bop-
MYJIBL npeo6pasyeM TakuM O6PasoM, UTOGH BOCTOMb3OBATHCS Tpa-
JHULHOHHON cXeMoii pacueTa pacXolOB BOJAH HA OCHOBE IOBEPXHOCT-
HBIX CKOPOCTeH, T. e. 6y[eM CUHTaTh, YTO, BO-NEPBHX, Q= K;covnoa—:%
== K1Qg, BO-BTOPHIX, Q= Ks0Umax. HpO(pHJIb KHMBOTO CEUEHHs IIOTO-
Ka BO BCEX paccMaTpHBAaeMEIX cnyqaﬂx npeﬂ,nonaraeTcﬂ HBMepeH-
HBIM.

1. UsBectna cpemuss HOBerHOCTHaH cxopocm Unos H yKﬂoHY
TOBEPXHOCTH BOJBI. Us (bopMme (9 1) myTeM Hecnox{Hbe npeo6pa-,
30BaHWi MOJTYYHM - :

ﬁ:;:C:f: ._ ‘f
K1=1—,--17-é—r_—— “F[Tl (9-14)

2
Vo

ghep
HOCTHOH CKOPOCTH.

2. UsBecrHa cpenuss HOBerHOCTHaH CKOpOCTb Unop' M: KO3 HuU-
UWEHT LIePOXOBATOCTH PYCJa, B. 3aBHCHMOCTH OT KOTOPOIO ompeze-
JsieTcs KoatquuHeHT [le3u no omHOll M3 PI3]B/_eCTHbIX GopMy.I.

_l/--—- )

rape Fri=

[oxcraBasia B (GpopMydy 9-_3) VFr = HaI/IJlEM

K= (9-15)

__C

! CFB.C "
Bansiane [3,r Ha K I/IJIJI}OCTppreTCH puc. 9-1. 3nadenus K; no

sTol opMyse npusefens B tabju. 9-1. ‘ :
[loncrasass ;8 popmyay (9- 15) C: mo ¢opmyne (3-19), nony-

YHM ' : '

“: (23V“+o3c)c S 9-_1'5
= [@3+8)VE +03CIC+Bg ™ | (9-152)
[Ipu Bx=1,0 nonyggM i } Sl e
' _ @3VE4030)C oL
= (83Ve+03C)C —I—-g' S 156)

3. HssectHa MaKCHMa.HbHaﬂ CKOpQCTb TIOTOKA Umay, YKJIOH I,
KoacpqmuueHT IIEPOXOBATOCTH, a CaeLoBaTesnbHO, u C.

165
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3Hauennsa K

Ta6ruga 9-1

1
Ba
CMO,S/ceK. : -
B 1,05 1,1 12 | 13 14 1,5 1,6 1,7 1,8 2,0
1 036 ] 035 033] 031 | 029 028 028 | 02 | 024 | 0,22
5 063 | 061 | 059|057 | 055 | 053] 052 | 050! 049 | 0,46
10 [ 071] 069 067 | 066|064 | 062 061 | 059 0,58 | 0,55
15 | 076 074 | 072 | 071 | 0,69 | 0,67 | 0,66 | 065 | 0,63 | 0,61
20 078|077 | 075 | 074 | 0,72 | 0,71 | 0,70 | 0,69 | 0,67 | 0,64
30 | 08|08 |08 078 077|076] 074 073| 072 0,70
40 085 | 084 | 083|081 080 079]| 078 | 0,77 | 0,76 | 0,74
50 [ 087 | 086|085 084 083| 082 0,82 080 | 079 | 0,77
60 | 088|087 | 087 08 | 084 | 084 | 083 | 0,82 | 0,81 | 0,79
70 1089|089 088 087 | 08| 0,85 084 084 | 083 | 081
80 | 090| 09 | 089 08| 087 | 086 | 086 | 085 | 0,84 | 0,83
9 | 0911091 09| 08| 08 088| 087 | 08 | 085 | 084
100 0,92 | 0,91 | 091 0,90 | 0,89 | 088 | 0.88 | 0,87 | 0,86 | 0:85
&
10
i
~ /’/il‘
e
08 _ // e
06
0
02
: N ) ! I
0 2 a0 60 & 100 € w*%cer.

quM
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Puc. 9-1. 3aBucumocts K; or xoapouuuenra Ulesu C

K2—1—(

C., +C

Vga

A

L
Fr,

" 4 napamMertpa (popMm MUBOro cedgeHus f.

Uz dopmyan (9-6) HOCJ/Ie HECAOXKHBIX NPEoOpasoBaHUi Moay-

(9-16)



2
v
- ax . . ')
rie Fro= g.‘;: — ynceqo Ppyna, oTHeceHHOoe K HaubGoOJbINefl CKO«
, o -
pPOCTH [OTOKA.

IlopcraBasas VF‘? B opmyay (9-7), nonydum

Ki= ( Vgc)c+c o

IIpu Co=9,1 M%/cek. dopmyna (9-17) npunuMaer BuHA
K, = ﬁ | (9-18)

ﬁoACTaBnﬂﬂ B (9-18) C: no dopmyne (3-19), noayuum
K, = (23Vg +03C)C (9-18a)

27 (@1Vg +04C) C g

4, VI3BecTHa CpenHsis NOBEPXHOCTHAs CKOPOCTb Unom, HAHOOJBA
mas CKOPOCTb Umay H K03 (HUIHEHT IIePOXOBATOCTH, a CJjefoBa-
Tenbho, H C.

“Tlopenus Bce BhpaxeHue (9-12) Ha Qg=0nop®, Halinem

Ve € Umax .
K_(l e 010y
1= .l/-— C . (- )
i- CO ﬁ$

5. VlaBecTHA CKOPOCTDh Unos M Umax.
Honyckas fx=10, Cx=6 MO5/cek., Co=9,1 MOS/cex. u IPHHHU-
Mas B cpennem C= 30+40 M S/cex., 3 (9- 12) TOJy4HM

Q=1,5Qp — 0:50Uynegs o (9-20)
HJIH ) v S
R Umax
Ky=1,5—0,5 Imex - (©9-21)

nos

Dopmyna (9-20), HecMOTPA Ha TO YTO NPH €€ BHIBOJAE CHe/NaH
psil NONYIIEHHH, MOXeT [aBaTh YJAOBJIETBOPHTENbHblE Pesy/bTaThHl,
ecau AJs JaHHOH TpyNnsl pek npuHathle snauenus C,, Co u C 6aus-
KM K- JefictBureabHbIM. Ha puc. 9-2 pana cBashb (conocmsneﬂne)
PACXOLOB, BBIYHC/EHHBIX 10 dopMyse (9-20), ¢ AEHACTBHTENLHBIMH
pacxogamu. Mcxonunle nndpossie jaHHble NpHBeJeHH B Taba. 8-1.
Beuay Goablioro Ananasosa pacxoos BOABL Ha pHC, 9-2 maHnl TpH
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WKaJbl W yKasaHbl YCJIOBHEIMHM 3HAKAMH Pacxopsl, yKnanta}omne-
¢ B oNmpejeNieHHbIX TIpefenax MX usMeHenus. [i1a Tpex ciyuaes
(moTox ¢ moHMO#) TouKH Ha pHC. 9-2 He moKasaHbl [22].

OTMeTHM, uTO HMEIOLIHECs ONbITHBE AaHHHe 0 mapaMerpax K,
u K, orHocaTes ryaBHBIM 06pasoM K cpeiHUM H OOJbLIAM peKaM.

Tl Qujcer.
12500 ~ 25001 500

2000F 400 — "

10000 -
)
ol ‘ e
7500 |- 1506 = 300
®
o
;5000 -1000>.200 "
e : o | o~
e —2
I . o A—3
2500 500 [ 100 =
oL ol 0 L : ‘
? 70'0 2|UO 3010 : 4(}70 50?
' BQo Jog 00 2000 2500
R 0 2500 5000 5, 7900 10000- - 12500
- : Qm M/cex.
PHC 9-2.. CBﬂSb PISMepeHHle pacxonoxs BOIH @Q C BBHIYUCACHHEIME Q, 1O
§00 . qopmyae (9-20).

U 1—Q < 500 weer; 2—Q > 500 weexs; S Q > 2500 m¥/cex.

JKenatenbHo Takue AaHHBIE OGOCHINTD s MaJblXx pek, pyuber [64]
U BPEMEHHBIX BOJLOTOKOB.

§ 35. Onpe.qenenue pacxofoB BoAbl G uu'rerpau.ueu nosepxuocrnmx
) cuopocreu N0 KOCbIM rajcam

I/IHTeraIlPIOHHbIH cnocob onpeﬂe.nemm pacxonos BOAH B pe-
Kax u-0OJblUEX KaHAJaxX 10 KOCHIM rajcaM, KaK H3BECTHO, 3aKJI0-
yaeTcad B M3MepeHHH TyOuH 110 KOCOMY. TajCy W ONpPeleNeHuH Be-
JUYMHLL CHOCA, CyJHa 3a BpeMs IepenpaBbl- ¢ OAHOFO Oepera. Ha
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npyrofi. 1ot cnocob npengoxen B. . Toymxkossim [23]. Ero npax-
THYeCKas HesecoobpasHocTh nokazaHa A. B. DBaphliHHKOBBIM, B
"~ 0COGEHHOCTH B 9KCIEIHLHOHHBIX YCJOBHAX. DTOT crocol nepcrek-
THBHBIH, TaK KaK MOXKeT OHIThb YCIEIIHO NPHMEHeH B COYETAHHH C
THADPABJVKO-THIPOMETPHYECKUM CHOCOGOM, YTO JOJMKHO HOBBICHTH
€ro TOYHOCTD.

Huxe usnaraercs Teopus cmocoba KOCHIX TaJiCOB H MEeTONHNKA
€ro npyMeHeHHS.

[IpennonoxuM, 4TC JOAKA, KOTOpas B HAaHHOM cCaydae HCTIOIb-
3yeTcsi B KayecTBe HHTETrpaTopa IOBEPXHOCTHOH CKOPOCTH MOTOKA,
HepenpaBasieTcs Uepe3 BOLOTOK
" (puc. 9-3).

Ananusupysa puc. 9-3, MoxHo
HAIHCATB:

dL = (455 — v, cosa,)dT, (9-22)
: db=v,sine,dT, (9-23)

rde Unop — NOBEPXHOCTHAS CKO-
pPOCTb TIOTOKAa B TOUKE, TOYHEE,
ocpefHeHHas B Npefenax ocaj-
KH JIOOXH; Uyg— CKOPOCTH JBH-
*KEeHHd JOAKU, IPHUHUMaeMast O H-
HAaKOBOH Ha JNaHHOM TaJICe; Ol;—
yroJ, o6pasyeMbil HPOIOJLHOH
OCBIO JIOAKM ¥ HaNpaBJcHUEM
TEYeHHs] BOJLI, HA3LIBAEMBIH yr-
JIOM IHepenpaBbl, IPUHUMAaeMHbIil : . :
~ OIMHAKOBBLIM A/ NAHHOTO raj-  pyc. 9-3. CxeMa K ompeie’eHul0 pac-
ca, 0UxgcCos ocn———npoeKU,I/IH CKO-~ Xxoma BOJABHI C I/IHTeraHI/Ieﬁ NOBEPX-~
pOCTH IBHXKEHMs JOAKM Ha Ha- HOCTHHX CKOPOCTEH 1O KOCOMy raicy.
npaB/ieHHe, NapaieNbHoe CKo- :
POCTH TEUEHMS BOJIDBI; Uy Sin 0z =wg — NPOEKIHs cxopocm IIBHXKe-
HHS JIOLKM HA HaNpaBJ/eHHe, MepneHIHKYAApHOe K HanpaBJeHo
CKOPOCTH T€YeHHA BOAB; T — BpeMs. .- ‘ )
Pewras ypasnenns (9-22) u (9-23), nafinem
‘ dl — Iur,OB—v,, Cos o, db.
© Uy sinog
OTKyZA ‘ R
. . . fB
LB-_—J L =—n——
0

\

f o @b — Belgo,.  (9-24)

v,, sin oy

I/IHTeraJI B MPaBOf 4acTH 3TOr0 Bbxpameﬂnﬁ Hpe,llCTaBJIS{eT co-

Goli pacxos BOABl Ha TOPU30OHTaMH, 0603HAYAEMBIH §p ¢, T. €.
‘ : B : .

. - j Unos @b =gy - ~(9-25)
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B cBOIO ouepeib OTHOLIEHHE ¢pg K B MOXKHO cuutath (npubau-
JKEHHO) CpeJHeli TOBEPXHOCTHOH CKOPOCTBIO NOTOKA, T. €. TUpos~

q
z—gi). Bosee crporo ‘Un05=—m(b—- YuureiBas - Bhlpaxenne (9-25),

no.nyth 3 (9-24) dopwmyny, kortopoil H BOCIIONb3YeMCS B JlaJib-
HeplnleM,
: L v —U COS O ‘

_B_____ 0B Ja & _

B U, Sin oy, - (9-26)
To stoft cbopmyne cocrasaeH rpaduk H3MEHEHUs OTHOCHTE/b-

HBIX CHOCOB JIOJAKH —Bq- B 3aBHCHUMOCTH OT Oq B COOTHOLICHHUA MZ2XK-

LY Unos 1 U (puc. 9-4).

Lg
8
14
12 ll
10_ Unos =15 /
8 Un I}
| Unos =10 /
6 o
Unos
—\ Un =0,5 /

|
\

0 i _____‘,/\
z_ ’/. |
q—n/ ¥ 1 -1‘ |>\ 1 1 ]

]
0 20 40 60 80 100 120 140 160 180 o

Puc. 9-4. '3aBHCMMOCTD OTHOCHTEJBHOTC ~CHOCA

vﬂ 0B

B
AOZKH —p— OT yria Nepemnpassl u
. a

Ha puc. 9-4 BHAHO, YTO yrosl oy B crmocofe H3MepeHHs pacxo-
ZOB BOABI MO KOCHIM TaJcaM JAOJKeH NPHHHMAThCH BO BHHMAaHHE B
npolecce NPOU3BOACTBA NMOJEBHIX pabor. )

BrisichuM cravaja BONPOC O Ieseco06pPa3HOCTH [IPHMEHeHHUs
cnoco6a KOCHIX IajiCOB IPH MHHHMAJbHBIX CHOCAX JIOAKH. Jas 3ToH

‘ : oL
lleju HeOGXOAMMO BOCHOJb30BATbCS YCJAOBHEM WB=O. Hude-
. - L
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pemmpy;r (9-26) no ¢, nonyuum
OLB:B( IIOBcosoc )—-:'0,

do. v, 8in? ay,

OTKyAa
Uy = Upop COS ¢, =0,
HJIH )

Uy : .
oS 0, =" , , (9-27)

mnoB
Hs dopmyas (9-27) caenyer, qTo'qayHKL_mﬂ (9-26) umeer momo-
JKHTEJbHBIA MUHUMYM Lp TOMBKO IpH % > 1 (puc. 9-4). Muuu-
Ja

ManbHOE 3HAUEHHE CHOca CYAHA Lpmyn OUpenessieTcs U3 ypaBHeHuH
(9-26) u (9-27) w cocraBaser

LBm,nz.—B]/(”g%)”—L )

PaccmarpuBas dopmyny (9-28) u puc. 9-4, BUAHO, YTO yroj
IepenpaBbl — BeJIMYHHA, 3aBHCALAS OT cKopocTH noroxa. Cuemo-
BATEJbHO, NIPH KaXXJOM HOBOM H3MEPEHHH pacxona Tpebyercs 3HATH
Unor {XOTSI GBI MPUOJHAKEHHO) /s onpeleseHus oy. VI3 atoro cie-
AYyer, 49TO HpHMeHeHHe cnoco6a KOCHIX TajicOB NPH MUHHMAJNbHBEIX

cHOCax CyAHa u — °*- Unos ~ 1 CONpSKEHO ¢ TEXHHYECKHMHU TPYAHOCTS-
‘MH, a [OTOMY He MO}KeT GBITb NPHSHAHO PAlUOHAJIbHEIM.
’Unos
IMpn =2 < 1 u MaJbIX @ BO3MOMNKEH HEGOJIBUIOH CHOC JIOOKH

(B TOM qHCJIe HYJEBOH W OTPHUATENBHBIH), OJHAKO HALO YYECTh,

YTO 3HAYHTeNbHBle U; TAKXKe He sIBJSIOTCH KeJaTedbHEIMH. Jlyule

B NPaKTHYeCKOM OTHOLIEHMU NPOM3BOAUTL NOJEBBle PaGOTH HpH IiO-

CTOSIHHOM YTJIe MepenpaBhl. OTOT yroJ OnpeleluM C MOMOUIbIO cie-

JIYIOUIETO TEOPETHUECKOTO pacueTd.. _ :
[Tepenumem BuipakeHnue (9-26) B BURe

Btyos
-LB_ m—B Ctg(lﬂ.

YuutbiBasi, 4T0 Bugos=(qp ¢, HalileM

UF:)
o LB’:'—"_.L
v, Sin oy

— Bctga,
TlepemMHOXKas Ha hcp (DO rancy), moayyuM

9B
cp
LthP = -;}-Tn:’-‘—“ hch Ctg e

[Tocaneansas ¢opmyna MoxKeT OBITH MepernucaHa Tak:

= %"— — o ctg ag, (9-29)

B N
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rae Qp— GUKTHBHEUI pacxol BOAM, paBHBE Qg=Fhspgs ¢; P=
=hepl g — NJ0OMaAs BOZHOrO CEUEHHH, OTHECEHHAas K CTBODY, Ia-
panejbHOMY - HanpaBJIeHmo TEUEHHS! (601{03014 npodamlb)

Uz dopmyanr (9-29) nalizem

Qo= wz(P+octgo,)=1v,sina,(P+octga,).  (9-30)

Hpu 0. =90° mostyuum opmyay B.T. F.nyuiKOBa
‘ ' Qp=Pws ' o (9-31)

yCTaHABAUBAOIIYIO, UTO pacxol Qg paBeH NPOH3BELEHHIO TJIOIIA-
i 60K0BOTO npodujsi CBOGOTHOrO CHOCA JIOAKH Ha MHOMEPEUHYIO
CKOPOCTH JIOJKH.

HeficTBuTe BB * pacxon BOILbI B ofuem cayuae 6y11eT paBés,

cyyTas, 4to 'ZQ)B—~T;“, E

Q K, Qq)—Kl (P+mctga) (9-325

rae Tp— BpemMs nepenpaBbI C.OILHOI‘O Gepera Ha ApYToi. \
, 3anuHieMm 3Ty cpopmyJIy ¢ Apyroi rpynanOBKon BXOJSIIHX B
Hee YJIeHOB .

BLph )
0= =K e (1 +—ctga> (9-33)
[TocraBum ycnoBue V
Ky (1 ctgetga,) = 1, 93
rue ctgﬁ=—B— — OTHOIIEHHe MMPHHB PeKH K JJIHHe croca J0/1-

L

B R _
KH, TpefcTaBJsollee co60i KOTAHreHC CPENHEro yraa i cHoca oA~
un (puc. 9-3). ®opmyay (9-34) moxkHO 3amucaTb B APYTOM BHIE,
eCJIM yuecTh BhipaxkeHue (9-26), :

Unon

K| —2 =1,

T
08 __ cos a,

Ja

OTKy/Ja NOJYUYHM HCKOMBIE yroJ mepenparsl

a, ——— arc cos [ 1108 (1 ——Kﬂ] | (9-'35)

'
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npy KOTOPOM JAEeHCTBUTENBHEIH PACXO BOMHI. MOMHO BBHIUMCIHTD 1o
(popMyJIe
. Lgh, B ‘
Q=—F1. | (9-36)
B ’ .

3anasasich Kosdgpuuuestom Ki, pasaum 0,80; 0,85; 0,90, u or-
HOLIEHHEM CKODOCTH NOTOKA K CKOPOCTH ABHXKEHHSH cynHa 0,5; 1,0;
1,5, naiiiensl 3HaUeHHs oy (Taba. 9-2).

Bosiee BepositHbIM 3HaueHHeM K. aBasercs 0,85 (mas 6OJIbLLIHX/
pex), C/IeloBaTeNbHO, TONBKO NPA YIile Nepenpasbl, PaBHOM B Cpel-
HeM 80°, MOKHO I0JIb30BATHCH (’pOpMyJ‘IOI/I (9-36) nna BHIUMCIEHHS
PacxoLoB BOJBI, H3MEPEHHEIX 110 - Ta6iuna 9-2
KOCHIM raJjicaM. ¥YroJ Hepenpa-
BBl JETKO co6JI01aTh, NOJb3Y-
fCb KOMIIACOM. 08

TakuM 06pasoM, TOT BEIBOJ, « . T,
BHOCHT CYILECTBEHHOE yTOYHe- o -

Yroa nepenpaBBl o

HHe B METOIUKY H3MepeHus pac- 05 | 10 I L5
XOIOB BOZLEI IIO KOCHIM TaJjcaM, N . .
eCIH  MCXOIUTb M3 (QOPMYJIBl g'gg g‘é_ g? ;?
(9-36). : L1090 87 .| 84 81

Tlpy npuMeHeHHH cmocoba
KOCHIX TajcoB TpeOyercs Npous-
BOJHMTb H3MEPEHHA IyOHH BO BpeMs JBHIKEHHUS JOJLKH H OGIHETO Bpe-
MEeHHM, 3aTpayeHHoro Ha nepenpaBy T's. Takne H3MepeHHS ¢ ycIieXoM
MOryT OBITb CHEJaHB aKyCcTHUecKHM mpoduaorpadoM Ha¥ THAPO-
CTaTHYECKHM, €CJIH T03BOJIACT JJTHHA H3MEPHTEIBHOr0 TPOCa Npo-
dunorpada, a Takxe JOTOM HIH T'HAPOMETPHYECKOH LITAHTOH B 3a-
BHCHMOCTH OT [JYOMHBI BOAOTOKA. B mocjefiHeM Cjayyae MeCTHbHIE
ryOHHBl XKeJjaTeJbHO M3MepATh, paclpelenuB HX MO BO3MOMXKHOCTH
paBHOMEpPHO IO BeJHYHHe CHOCA JIOAKH. Ec/M- HU3MepeHUs IIyOuH
JIeJIal0TCsl yepPe3 paBHble HHTEPBaJbl BPEMEHH, TO IUIONIaAb OOKO-
BOr0 NPOQUJIS OKA3LIBAETCS 3AHUMKEHHOH, TAK KaK OOJbIIME MECT-
HBIE CKOPOCTH U IVIyGHHEl Hallle COBHALAIOT, 4 3TO NPHUBENET K TOMY,
YTO Ha NPOQUIE OKAXKETCs MEHbIIe TOUEK B IMyGOKOH 30HE MOTOKA.

P ~ _
Cpenuioo rayObHHy MOTOKA lch—————L—- BBULY MNPUOJIHMKEHHOCTH CIIO-
. : B ot i .

-co6a MOXHO ONpPENeNUTh Kak Ao, = ~, » A€ 71— YHC/I0 M3MEePEHHbIX

ray6UH Ha raJce. :

Croco6 KOCHIX raJjicoB MOXKeT GHITh npnmeHeH Bcneny}omnx cny
qaax.

1. Kpome namepenus rayOun, Ha rajice U3MepsiOTCS YIVIBI oy C
NOMOMUIBIO GYCCOMH U NOACUNTHIBAETCSI €ro- CpefHee 3HaueHue, Pac-
XOJ BOXB BBIUMCHsieTcs. o Qopmynae (9- 33) KoacpqmuHeHT Kl, Kax
'H3JI0KEHO B § 34,

173



2. VHrerpuposanue NOBEPXHOCTHOM CKOPOCTH NPOM3BOJUTCS TPH
[OCTOSIHHOM yrJie HepempaBel o == 80°. Pacxom Bwluncasiercs IO
tdopmyse (9-36). Dra MerojauKa JaeT MeHee TOUYHOe 3HaueHue Q.

3. Ha puc. 9-3 Buapo, uro B=Lgctgf, nosromy dopmyia
(9-36) npunumaer BHA

LQthp ctgh
5

Q= (9-37)
CJIe0BATEJbHO, HET HEOOXOAMMOCTH B H3MEPEeHHH LIMDHHBI pPeKH,

,OIHAKO, Tpe6yeTC51 H3MEpUTh YroJ . YCTaHOBHB BeXH B TOUKax I,
2 n. 8 (puc. 9-3), ¢ mo-

T MOIIBI0 * TEOJONUTE - JIETKO
! onpenenuts f. Ilpu P~

!

|

' / : 7:45° HOJYYUM

) J/ 2 ,
¥ S Q~—B . (9-38)

1

4. Pacxon BOABEI MOXKHO
OLpefeJquTh 10 (opmyie
al (9-38), 1. e. He mepempa-
BJISISICE Ha MPOTHBOIIOJIOXK-
ubiil 6eper pexu. Coburonas

L Ly | yroa az ~80° caexyer
; ' JIONJIBITE IO, CEPEeNUHbl pe-
Puc. 9-5. Cxema K ompejenemuio pacxoza KM, @ 3aTeM BO3BDATHTbCH
BOJB ¢ WHTerpauueil MOBepXHOCTHHIX ckopo- K Gepery (puc. 9-5). Ha-
CT€H 110 H30THYTOMY KOCOMY ra.rlcy. X0XKOeHue JOAKH Ha Cepe_
IVHE PeKH KOHTPOJHPYETCs
HpOCTeHLHI/IM npanpHOMepoM. [Ipu aToM HeoOXOAMMO H3MEpUThL pac-
crosnue Lp OT Mecra OTYaJIHBAHHS MO MeCTa IIPHYAJHMBAHHs (HA
ofnHOM Oepery), BpeMs M rayGuHy mo rajcy. Tako#i cmoco6 Hasb-
BaeTcs CHocoOOM ONpenesieHHst PacXofia IO H30THYTHIM KOCHIM I'aj-
caM. UroGnl H36eXkaTh BJUSHHA AaCHMMETPHH TPOGHIS MO AJHHE
pPEKH MW HETOYHOCTH ONpelesieHHsl CePelUHBl pekH, H3MepeHus me-
J1aI0TCST HECKOJIbKO pa3 Ha DasHBIX yyacTKaXx PeKH U cpelgHuil pac-
XOJI BBIUHCJISIETCS U3 HECKOJBKUX ero OolpeleneHni.

§ 36. 0 nepcnekTHBaX NpHMEHEHHs FHAPaBAMKO-THIPOMETPHYECKOTO
- cnocoGa onpeneneHHa pacxofoB BOALI B PeKaX W KaHanax
C MHTerpausei NOBEPXHOCTHLIX CHOPOCTEH

 Pacxonsl BOAB B peKax M KaHa/Jax ONpPeAessioTCs Pas/UuHBIMA
crnoco6amMy B 3aBHCHMOCTH OT THIPABIMUECKMX YCJIOBH¥ IIOTOKA H
ero pasMepoB. HauGosee pacrnpocTpaHeH BO BCeX CTpPaHaX CIOCOG
onpejesieHHs Pacxoja  BOAH 110 U3MEPEHHOMY MOJII0 CKOpOCTEeH o .
rayGuHaM [OTOKa, HasblBaeMBIfl YCJIOBHO CIHOCOGOM ILIOMANM —
ckopocti. J{na npoussoicTBa pabor Ha cpelHUX M GOJbLIMX peKax
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TpeOyIoTCA CrelHaljbHble CyAa, 060pYyAOBaHHbIE THAPOMETPHYECKH-
MH HHCTPYMEHTaMH., B yCJOBHSIX T'OPHEIX DEK COOPYKAIOTCs JIIo-
JIeYHBIE TEepEnpaBhl.

TaBHBIA HEJOCTATOK COBpPeMEHHOH peuHof I‘PI,ELpOMETpPIH—-He-
BO3MOXXHOCTb OBICTPO ITPOM3BOAUTL H3MEPEHHS PACXONOB BOIHL
B pesynbrate KpUBas CBA3M ‘'ypoBHe#i H H pacXomoB BOJBL Q,. sB-
JSIOINASCT OCHOBOM THAPaBJIMYECKHX H THADOJOIHYECKHX DACUETOB,
OKa3blBAETCS IJIOXO OCBEIEHHOH H3MepeHUsMH, T. €. CTPOHTCS IO
MajaoMy yncay Toyer (H, Q). .

Ons toro urofbi foGUTBCS CYHIECTBEHHOTO mporpecca B obaacTd
IHAPOMETPUH, HEOOXOAUMO y¥Ke Telepb NPHCTYIHTb K HCCJeL0Ba-
HHSIM B IeJNdX CO3JaHHS TAKHX METOLOB THIPOMETPHH, KOTOpbIe
N03BOJAaN OBl ONpefessiTh PACXOAbl GOJBIIHX PEK 32 HECKOJbKO
MHHYT ¥ B OCHOBHOM .c Gepera 6e3 IpHMeHeHHs CHELHaJbHOTO (Jo-
Ta W TUIPOMETPHYECKHX Mepenpasn. PellleHWe TakKoH 3afay, XOTs
¥ OYeHb CJOXKHOH, Aano Obl GOJBIIOH 3KOHOMHUYeCKHH sdderr u
MO3BOJIMJIO MOAHATH HA HOBHIl 3Tal HM3yueHHe THIPAaBIHYECKOTO
¥ THIPOJIOTMYECKOTO DEeKHUMa PeK H B OCOGEHHOCTH B YCJIOBUAX
PE3KOr0 HEeyCTAaHOBUBIIErocs IBHKeHHs BoAb. OTMeTHM, 4YTO IO
cocrogHuo Ha 1958 r umca0 THAPOJIOTHYECKHX CTAHLUA H IOCTOB
s CCCP, rne ruppomerpuueckue paboThl NPOU3BOAATCS OOHIY-
HBIMH TPAJHIUOHHBIMK Croco6aMu, AOCTHIO 7 ThcAY. SICHO, uyTO
TeXHUKA PEYHOH THADOMETPHH HYXKIAeTCs B CEPbE3HOH PEKOHCTPYK-
nuy. YKenaTesbHOEe HanpaBJeHHE COOTBETCTBYIOLIUX 3TOH 3amaue
fccaenoBanuil 610 u3NoXKeHo B MoHorpadusax [1, 2], u nam npen:
CTaBJsIeTCs]; 4TO yiKe B HACTOsllee BpPeMsl CYIIECTBYIOT peajbHble
TeXHUUeCKHe BO3MOXKHOCTH AJs CO3JaHHsa crmocoGa GHCTPOTO OIl-
' peleJIeHHs PacXoA0B BOAbl CPeIHHX W OOJBIIAX BOLOTOKOB HEMNO-
' CPeNCTBRHHO C OfHOro Gepera.

B Hacrosimiem naparpade Huajgaraercss HAes W NPUHIHI OJHOrO
U3 TaKHX BO3MOKHBIX CIOCOGOB, OTBEYAMONIUX IOCTABJIEHHOH 3a-
nave. VsmepuTtenb pacxoia BOJBl [OMKEH MpPeLCTABAATh. co6ol
npubop, KOTOPHIH Hanpas/seTcss OT OJHOro 6epera peKH K APYro-
My 1O MOBEPXHOCTH BOJEI MJM Ha HEKOTOPOM €ro MOTPY:KEHHH MOJ
ee ypoBeHb. ocTHrHyB mnpoTHBONOJOXKHOro Oepera, Hpubop noJa-’
JKeH aBTOMAaTHYeCKH H3MEHHTb CBOH KYPC ¢ LieJbIO. BO3BpalleHHs K
ucxogHomy 6Gepery. CienosartenbHo, npubop, npoiias no asofiHOMY
KocoMmy rajcy (puc. 9-6), NpPOMHTErpHPYeT IOBEPXHOCTHYIO CKO-
pOCTb MOTOKA. B npouecce ero ABHXKEHHSA MO KOCHIM rajcaM JOJxK-
- Hbl aBTOMAaTHYeCKH PEerHCTPHPOBATBCS IJyOHHB NoToKa. [Jo usme-
peHHOH Ha OXHOM Oepery Be/HYHHe cHoca npnﬁopa H rayOuHaMm
MOXKHO PacCuuTaTh pPacxoj BOIHL

B ocHoBy Teopum mnpenjaraemoro crocoba [65] TIOJIOZKEHO CO-
BMECTHOE WCIIOJNL30BAHME HHTETPAalUH HOBEPXHOCTHBIX CKopocTel
no KocbiM rancam, no B. I'. TiymIKoBy, U rHAPaBJIRKO-THIPOMETPH-
yecKoro crnocofa onpejeneHus pacxo/0B BOJBL
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Yuursipas usnoxenHoe B § 34 u 35, obliee ypaBueHne pacxoaa,
onpe/essieMoro MHTErDalHOHHBIM  THIADPABJIMKO-THAPOMETPUUECKHM. -
crnoco60oM, MOXKHO 3alucaTh B BHIE '

B.C. "7\ BLhe, ’
Qz(l—VEl/Fn) - (1+—thgan),a (9-39)

rone L — paccTosiHHe OT MecTta  BhHIycka npubopa 1o MecTa ero
BO3BpalleHys (IpH OJMHAKOBHIX NMPAMOM M 00OpaTHOM rajcax L=
=2L3); T — Bpems ABUKeHHA npubopa.

i N
Lg ‘

Puc. 9-6. CxeMa K ONpefeNeHHI0 PacXofa BOAH THIAPOMETPHUECKHUM
HHTETPAaTOPOM. .

Ipu agz=90° H3 (pOpMYIIbl (9-39) noayuum

_(1 B:C. ]/‘ T’) BLh,, 9-40
Sy V ow ) (340

BBOlIﬂ cpenHHﬁ yron cuoca npubopa B (puc. 9-6), mumpuny
peku B MOXHO BpraSHTb KakK B—£ ctg B, u Torma dopmyaa

, (9 -40) opuMer Bun - \ , .
B* L°h, tgﬁ
Q= (1 —=1 / o ) 0 (9-41)

CaenoBaTenbHO, HET HeOﬁXOﬂI/IMOCTI/I B HsMeperm LIHPHHEL PeKH,
onxmako Tpebyercsa 3HaTh YroJ B, KOTOPHH MOXKeT OBITb OnpejesieH
reoe3nyeckKuM - yIJIOMEPHBIM - HHCTPYMeHTOM, Habawonas 3a THAPO- -
METpHYEcKuM ‘HpubopoM HaA BOJE A0 MOMEHTAa H3MEHEHMs ' ero
Kypca y IPOTHBOIOJOXKHOrO Gepera. ‘

IlpuGop, paboraowuii Ha OCHOBE H3JOXKEHHOIO NMPUHUMNE, HA-
30BEM IOJIEBHIM FUAPOMETPHUYECKHM HHTErpatropoM:. B cooTBeTCTBHM
C €ro. HasHAueHHEeM OCHOBHBIMH KOHCTDYKTHBHBLIMHM 3JeMEHTAMH
JDOJIKHBEl OBITH CJIEAYHOLIHE!
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1) mexanusam, obecrieydBalOMmMull ABUXKEHHE HHTErpatopa Io Ko-
COMY TaJCy BOAOTOKa IIpH 34aJaHHOM YIJe NepenpaBwl oy. Taxkoi
MEXaHHU3M JOJKEH COCTOSITh M3 ABHKHTesast (BHHTA), MOTOpA, Bpa-
IAIOIIETO BHUHT, H DPYJEBOr0o ynpasieHus. Tak Kak MO UIHpUHE
[OTOKA HMEET MECTO H3MeHEeHHe CKOpPOCTeH, TO 3TH CKOPOCTH, CKJa-
IOBIBASICh CO CKOPOCTSIMH HHTerpartopa, OYAyT HapyllaTh [epBOHA-
yaJbHBIA 3afaHHBIM yros mepenpasbl. [l0osTOMY B KOHCTPYKUIMH
pPyJeBOTO yHIpaBJjeHHsl AOJKHA OBITh HPELYCMOTPEHA BO3MOMKHOCTb
CaMOYCTAHOBKH €ro Ha 3aJaHHBIH yroj. Ecin He NpeaycMaTpHUBaTh
TaKOTO YCTPOHCTBA y PYyJEBOro yNnpaBJjieHHs, TO HeOOXOAUMO HMETb
aBTOMATHUECKHE PErvcTpaTop YIJIOB NepelnpaBH;

2) MexaHu3M, 00ecleUMBAKOIIMA [MOBOPOT HHTErpatopa Ha 06-
paTHBI}l KypC 1O JOCTHEHHH HM TPOTHBOTOJIOKHOTO fepera crem,
yTOGLl MHTErparop BO3BPATUJICS Ha HCXOAHBIN Geper. Takofi Me-
XaHHU3M MOKeT OBITh CIPOEKTHPOBAH B OJHOM H3 IBYX BapHaHTOB:
npy. cpaGaTbiBaHUM €0 OT CONPHKOCHOBEHMS ¢ GeperomM HJIM Ha -
oyenb GJH3KOM paccTosHUH oT Oepera. (C IOMOIIbIO (POTOIJIEMEH-
Ta); ' ’ -

3) yabTpas3BykoBoil npodujorpad, B KauecTse KOTOPOTO MOXKET
6LEITb HCIOJB30BAH ONMH M3 CYHIECTBYIOIIHX 3X0JOTOB, C COOTBET-
cTByIOLEeH MOJepHH3aluell B LEeNAX yMeHbIIEHHs ero Beca;

4) ygaoHorpad, HalpuMep, TAKOTO THIA, KOTOPHIH GBI npeasio-
ke A. Y. JlocueBuiM [24], HO ¢ HEOOXOAMUMOH ero MoOAepHH3ANHeH.
Ha nauanbHOH CTaAUM NPOEKTHPOBAHUSA H HCIBITAHHUSA THIPOMETPH-
YyecKOro HHTErpaTopa .yKJIOHOrpad He CJAEAYeT BBOAHUTb B €T0
KOHCTPYKIMIO, TaK KakK YKJOH [ MOMKHO ONpEeNeNUTh HHBEJHDPOBA-
HHEM TOBEPXHOCTH BOJIbL. '

B nanbHefiliem CJeiyeT HANPaBUTb YCHJIHS HAa CO3JAHME IOJe-
BOrO T'MIPOMETPHUYECKOrO MHTErparopa, ynpaBJmeMoro c 6epera
10 paiuo.

TouHOCTH M3MEpEHHs pacXofa ¢ HOMOLUBK) Takoro cmoco6a, mo-
ugumomy Gyner nopagka 10%. Mamepss pacxonw Boaw OGBIHEL-
My crocoGaMu, Ha KPUBOH Pacxo/i0B BOIEL BO BPEMs IPOXOXKIEHHS
NOJIOBOJBA, KaK TPABHJO, MOJYYAETCs HELOCTATOYHOR YHCIO TOYEK
ang nocrpoenust Q=Q(H).

Hameudembli A AanbHefimedi paspaBoTKu Crnoco6 M03BOJHT
Ha6paTth HeusMepuMO GoJiblllee UHMCJO TOYEK AJsA MOCTPOeHUs Q=
=Q(H). OueBnnro, 3aBucuMocTb Q=Q (H) MOXHO IOCTPOUTHL GO-
Jee ofocHOBaHHO npu Gosaswiom (20—30) umcae Touek (Q, H)
¢ MOHUIKEHHOH TOYHOCTBIO H3MepeHH: @, YeM O HeCKONBKHM TOY-
kaMm (5—8), Ho ¢ GoJiee BEICOKOH TOUHOCTBIO ONpedeseHus. Q.

Tuapomerpus - 6muzaiimero GyAyLlero A0MXKHA OPHEHTHPOBATb-
cq Ha CO3LaHHe MpUOOpPOR, PETHCTPUPYIOIINX 3JEMeHTh MOTOKa
fe3 HapyLUIEHHS €ro CTPYKTYPHl, M METOLOB, NO3BOJSIOILIUX Olpe-
IeJsiTb MTHOBEHHBIE 3HAYEHHUA mo61;1x XapaKTepuCTHK MOTOKa ¢
Gepera [24].
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Trasa X

B3AMMOJEFCTBHE PYC/IOBOFO
i NO/MEHHOr0 MOTOKOB

C TOYKM 3pEeHHs PeuYHOH THAPABIMKY W THIDOMETPHH B3aUMO-
HeHCTBHE IOTOKA OCHOBHOIQ pycna (COKpallleHHO Ha3BIBAEMOTO B
AaJibHefllleM PYCJIOBHIM) M IOHMEHHOTO HPENCTaBAsieT GOJbIIOH MH-
Tepec 10 MHOTMM Ipu4uHaM. J[oCTaTOYHO YIOMSIHYTH, YTO 3TO HaH-
Gosee TunmuuHas ¢opma ABHIKEHHS BOZBI B DEKax H BMeCTe C TEM
raunboJsiee CAOXKHAS.

Ha nporaxeHuu IJHUTeNBHOTO BPEMEHH B FI/IIIpaBJII/IKe JIBUIKe-
HHe BOABl B pycJaax ¢ MOMMaMH paccMaTPHBAJOCh Tak, Kak GyATO
JBH¥KEHHe B PYC/JIOBOH M IOHMEHHOH wacTsIX IPOUCXOAUT He3aBH-
CHMO, T. €. BLIXOJ, II0TOKA Ha IIOHMY He BJIUSIeT Ha PYCJAOBHIH IIOTOK.
Ora HeNpaBHJbHAS TOYKA SPEHUS [OBJHAJA M Ha HEKOTOPHIE Me-
TOJbI THAPOMETPHH. Hanpuwmep, mnpu pacuere BOAH B pycaax co
cJI0’KHOH (hOpPMOH CUHTAJOCh BIOJIHE AONYCTHMBIM YHCTO (POpMab-
HOe JleJIeHHe INOTOKAa BEePTHKAJBHBLIMU IPOAJIBHBIMH MJIOCKOCTAMHU
Ha yacTd. JIig KaXkpofl yacTH. B LeJsAX IMOJACUETa Pacxoga BOXBI
IpHMeHsAloTcA OOBbIUHBIE YpaBHEHHS ABMIKEHHs, a OOUIME pacxof
HOJyyaeTcss MyTeM l'IpOCTOI‘O CYMMHPOBAHHSl YaCTHBIX PacXooB:
BOJIBI.

CpaBHHTeJIbHo HegaBHo (1947 r.) T. B. KenesHskos npemyio-
JKHJ TIpY aHaJuse IBUKEHHS BOJBl B PYyCaax ¢ MOMMaMH HCXOIHThb
" M3 TOTO, YTO JBUIKEHHE BOJBI IPH BBIXOJE IOTOKA Ha MOHMY mpo-
HCXOZUT B YCJIOBHSX CJOXKHOTO B3aUMOAEHCTBHS OCHOBHOTO PYCJAOBO-
ro ¥ NOHMEHHOTo MOTOKOB. DTO fABJEHHE 00YCJIOBIUBAET CYLIECTBEH-
HOe H3MeHeHHE KHHEeMAaTHUYECKOH CTPYKTYPhI NOTOKAa B OCHOBHOM
pycie B IpefesaX BCEI'O €ro KHUBOTO CEeUeHNs, OKashiBas BJHSHUE
W Ha JBMXeHHe BOAbl B NofiMe BOausu pycna. Ilepectpodira moas
CKopocTell, conpopoxaamllasacs o6pa3oBaHueM BHXpel, 06bsicHSET-
Cs1 PAsIMYUSIMHU B THADPAB/JIHYECKHX CONPOTUBIEHUSIX PYCAd H MOHMBI
B pesyabrate B3auMopeifcTBMs PYCAOBOrO M HOAMEHHOTO IIOTOKOB
yMeHbIIaeTCcsl MPONycKHasg CNoco6HOCTh pycaa. MayueHne Bcex sTHX
SBJAEHHUI - CO3MaeT TEOPETHUECKYI0 OCHOBY AJISi PAa3BHUTHS METOLOB
IUJIPOMETPHH, B UYaCTHOCTH, OMPEAENEHHA CBASH MEXAY YPOBHAMY
U pacxoiaM BOJHL. '
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[Tepsoie 9KCHepHMeHTb1 ¢ Ledbio H3yueHua B3aHMOAEHCTBHS pyC-
JIOBOTO M NOMMEHHOT0 NOTOKOB Oblnu mocrasiens I'. B. JKeaesns-
KOBBIM Ha pyciosofl mjomanke B 1947—1948 rr. 3arem, cmycrs
Gonee 10 Jer, onn OblIM HOBTOPEHE! NPH APYIMX NapaMeTpax [OTO-
Ka M C paclIMPeHHeM NPOTPAMMbI SKCHEPHMEHTOB, UTO €CTECTBEHHO
BO BcecoiosHOM HayyHO-HCCIEZOBATENBCKOM HHCTHTYTE THAPOTEX-
HUKK H Meauopamuu (1958—1959 rr.) u B JleHMHrpajzckom runpo-
MereopoJioruueckoM uHCTHTYyTe (1959—1961 rr.) C 1961 r. Tocy-
JapCTBEHHBIM THAPOJIOTHUECKUM MHCTUTYTOM COBMECTHO C HEKOTO-
pBIMH MECTHBIMH yIpaBJeHusME [HuapomMercnyk6bl HAYATO H3YUYCHHE
IBUJKEHHA BOJBl B PEUYHBIX pycjax ¢ NoAMaMu, T. €. B HATYPHBIX
ycnoBusx. Takum ‘o6pasoM, BUIHO, YTO HHTEpec K IpobieMe B3anMO-
IeHCTBHS] PYCJOBOTO ¥ MOMMEHHOrO IOTOKOB BO3pacTaer.

ITepeas pabora 3a pybexkoM Ho 3THM. BOIpocam Owljia omnyGJau-
goBaHa Bo Dpaunuu B 1964 r. B 1965 r. JKesesHSIKOBHIM AaHO
KpaTkoe 060G6IIeHHE HTOTrOB H3YUeHUs STOrO ABJEHUS B CCCP na
XI KOHrpecce Mex{nyﬂapom{on acconyauuy THAPABAHYECKHX HC-
CJIeJ_IOBaHI/IPI [17].

- B 3Tofi riaBe paccMaTPUBAIOTCS Pe3yJabTaThl H3YYEHHS NOJA
CKOPOCTEl NpH BBIXOJE MOTOKAa Ha MOAMY, Ha OCHOBE Yero BEISiB-
JIAETCS XAPaKTep H3MEeHeHHd MPONYCKHOH CIOCOGHOCTH OCHOBHOTO
pycna. IIpuBOASTCS HEKOTOPLIE SKCHEPUMEHTAIbHEIE AAHHBIE O BIIHS-
HUH B3aNMOJEHCTBUS pyCJIOBOFO U TOMMEHHOTO NMOTOKOB Ha TPaHc-
HOPT JOHHEIX HAHOCOB.

Ecim 1mMpe MNOCTABHTH BONIPOC O DPOJH IIOI/IMbI TO Ciofa XKe
caejyer OTHECTH M Psifi APYTUX BOIPOCOB, U3 YHCJA KOTOPBIX pac-
CMOTPHM BJIHSIHHE IIOHMBI Ha CKODOCTb [BHXKEHMA MNaBOJOYHEIX
BOJIH H HCHOJb30BaHHE ee JJIA NPONYCKa NABOJKa NPU NEPEKPHITOM
pycJjie IIOTHHOH.

8§ 37. O6ume xapalﬂ'epucruku KHHEMaTHYeCKOro 3dubeu'ra
GesnanopHoro morToka

TnaBHOK 0COOEHHOCTLIO NBUMKEHHUS] OTOKA B PycCaax C NOHMaMH
ABJIeTCSl B3aHMOJAEHCTBHE PYCJOBOTO M NOHMEHHOr0 NOTOKOB, €O- .
- mpoBOXKJamuieecs, KakK yKasano Bhllle, o6pa3oBaHueM BUXpeil,
qame ¢. BEPTHKaJbHBIMM oOcsMH. Ha wux o6pasoBaHHe U .IepeHoc

3aTpPauMBAETCsl 3HAUNTEJbHAS YacThb KUHETHYECKOH 3HePTHH PYCJIo-
BOTO NIOTOKA. B pesynbraTe KHHeMaTHUYeCKasi CTPYKTypa HOTOKa B
OCHOBHOM pyCJI€ KODEHHBIM 00pasoM mepecTpanBaeTcs, Ipu stom
yMeHBINAIOTCST MECTHbIe H CPe/lHHe CKOPOCTH B OCHOBHOM pycJe, a
CKOpPOCTH B NOHMe Ha YuacCTKaX, HENOCPEACTBEHHO NPUMBIKAIOIIHX
K pycay, yBeauuuBaoTcd. Takoe sBjeHHe HabJIOfaeTcs TpH pes-
KOM yBeJHYeHMH IUMDHHBE IOTOKa, T. € MpPH BBIXOAE [OTOKA Ha

noimy.
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VpaBuenne GanaHca SHePTHM B 5TOM CJydae MOMer GHITh 3a-
NHCAHO B BUIE .
‘ AEP=AEH+AEB, (10-1)

rpe AEp, — nsMeHeHHe SHEpPTHH MOTOKA OCHOBHOTO pPYCJia ‘TPH BhI-
xome ero Ha nofimy, AE;— sHeprus, nepepaBaeMasd PYCJOBBIM [O-'
TOKOM HONMEHHOMY MNOTOKY, AEp — 3Hepruss pyc/ja0BOrO MOTOKA, 3a-
TpayuBaeMas Ha ofpasoBaHde ¥ TepeHOC BHXpell, BO3ZHUKAIOMIUX
BBHIY OOJBIUMX TPajMeHTOB CKOPOCTeH B HANMpaBJCHHM HWIHPHHBI |
notoka. OnucaHHOMY SBJIEHHIO, YCTAHOBAEHHOMY JKeJe3HSTKOBRIM,
MPHCBOEHO HAUMEHOBAHHE «KHHEMAaTHUeCKHH s(pdexrT Ge3HanopHoro
TIOTOKAa»,

OcranoBumMcs Gosiee nogPOOHO HA MNPHPOAE KWHEMATHYECKOTO
sthderra. IlpencraBuM cebe, UTO OCHOBHOE PYCJO, IMyGHHB B KO-
TopoM hp, M. DOHMa, I'yOHMHH B KOTOPOH Hp, HMEIOT OLHHAKOBYIO
abconmoTHyio 1epoxoBatocTh Ap=Ap=A. Tak kar hApy>hg, To or-

‘ v A
HOCHTEJbHAA LIEPOXOBATOCTb IIOUMBEI . Bcerga GoJablle OTHOCH-
o "

TeNbHOH IIEePOXOBATOCTH pycJa TAX," YTO M CO3[aeT pas/Huks B
THPaBJINYECKUX CONPOTUBJEHUSAX pycaa u moimbel. Ho ecan yuecrs,
YTO B €CTECTBEHHBIX YCJIOBHAX AH>Ap, TO PA3AHUYHS B CONPOTHB-
JIEHHUSIX [IBHKEHHIO BOJBl B PYCJ€E U MORME CTAHYT ellle GOMLIIHMU.
OueBUIHBIM SBJSETCA B TAKHX YCJOBHAX MOABJEHUE GOJIBIIHX Ipa-
JHEHTOB CKODOCTEH B MNOMEepeuHOM HAaNpaBJeHHH NOTOKa BOAM3H
OpOBOK pycia. DTo M ecTh . IPUYMHA . BUXpeOOpPA30BAHHS, H 4eM

ou .
60.)1131[16 —517—, T€éM HHTCHCHUBHEe anpeo6pa3OBaHHe. BCQ :3TO, Kak

H3BECTHO, CO3JaeT VCAOBUs [J5 IONEPEeyHOoro ‘MaccooGMmeHa.

O06mbacHenne (pu3HUECKOA TMPHPOMB KHHEMATHYECKOTO 5¢dekra
C TOYKM 3DEHHS Pa3JHYMi B THAPABIMYECKHX CONPOTHBJIEHUAX pyc-
jga u nofimul Broeperle naHo I'. B. JKesesusikoBeim [67], HO HCxox-
Hble ~SKCIIepDHMEHTAJbHble [aHHBIE, NOJyueHHblE MPU PasJHYHBIX
THADaBIHIECKHX COl'IpOTI/IB.HeHI/IHX TOHMBI, cOZep¥Karcs B MOHOrpa-
b 1]

HcTonKoBaHE KHHEMATHIECKOTO s dexra 6e3HanopHoro no-
ToKa, nasHoe nosanee B. H. Tonuaposeim [68], ‘B KOTOPOM Jies1aer-
Csl 8KUEHT Ha MONepeYHOM mMaccoobMeHe, MO CYIIECTBY COBnaﬂaeT‘
¢ Kouueniuel, H3J0XKeHHON B padore [67].

ITosoxuB B OCHOBY OObsSICHEHHE INPUPOAB KUHEMATHUECKOTO 3()-
dexTa pasnHUHA B COTNPOTUBJIEHHAX [0 IIMPHHE MNOTOKA, OTKPHI-
BaeTcss BO3MOMKHOCTb HMCTOJIKOBATb KHMHeMaTHUeCKHH a¢hdekrr B Go-
saee obuem Buie. CoBceM He 0053aTeNbHO, YTOOH HTO SIBJEHHE BO3-
HUKAJO BCAENCTBHE TONBLKO PE3KOTO H3MEHEHWS MIHPUHBI U TJIYOHUHBI
noroka. KunemaTtuueckuil sQpGdeRT MOMKET TMPOSBUTHCH U B NOTOKE
¢ HeH3MeHHOH WJM nNJAaBHOM3MeHswIefica rayOHHOH IO MIHPHHE -
MOTOKA. Ho 3TO MOXeT GbITh, €CJH. abCoJI0THAS LIEPOXOBATOCTD,
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IHa pe3ko H3MeHsercs mo Inupuue pyena. Orcioma sicgo, 410 00-
[IeNPHUHNTAsd METOAMKA BLIYUCJEHHS TaK HashiBaeMOH NPHBEJCHHON
H CPeZHEB3BEIIEHHO IepOXOBATOCTH PYyCJla CTAHOBHTCA YSA3BHMOHM.
OxasbiBaeTcss HeOGXOAUMBIM YYUTHIBATD NOTEPH 3HEPTHH Ha 06paso-
BaHMe KHHeMaTHueCKuX 3(P(eKToB Ha CONpsKEeHHAX y4acTKOB I10-
TOKa C HEOJHHAKOBOI IIePOXOBATOCTbIO AHA. [TosTOMY ZKCIEpHMeH-
TaJbHbIE HCC/EOBAHUS ABHIKEHUS BOMbL B PYCHAX C MOCTOSIKHOM 110
MUPUBE [OTOKA IMIyGHHOH, HO C HEOJAMHAKOBOH IIEpOXOBATOCTHIO
_ MOTYT NPeACTaBJATb CYIHECTBEHHBIH HHTepec. »

Puc. 10-1. - O6pa303a}me BUXped npH B3aUMOIEHCTBUH pyc.nosor‘o
.M TofiMeHoro notokos mnpu Rep = 6500 u Re, = 180

KauecTBenHOe npefcTaBieHHe O B3AUMOAEHCTBHH  PYCJIOBOTO U
NOHMEHHOr0 IOTOKOB MOXKHO MOJVYHTHL IIYTeM RH3YyaJH3alHUH IO-
TOKa, HampuMep, ¢ HOMOLIbIO 'AJIOMHHHEBOIO MOPOIIKE, MEJKHX
IPEBECHBIX OMMJIOK W Npodu. Takue S5KCIEPUMEHTH OBLIM MOCTaBJIe-
ul M. I1. Cropnwpiaeiv [69]. Ha puc. 10-1 npuBenmena ¢ororpadus
IOTOKa Ha MOJEJH ¢ NPAMOYTOJbHBIM pYycJOM LIupHHOH 20 cM M
OJHOCTOPOHHEH TOPU3OHTAJALHOH NPAMOYTONbHOR MOMMOH IIHPHHON
takke 20 cM. [IpomosbHbll ykiaon mopmenn [=0,002. disi ymeHb-
LIeHHs 3aTeHeHHs] BHXPeH, o0pasyloluxcs y OPOBKH pycaa, BHXpS-
MU, NOPOXKAaeMbIMH AHOM [IOTOKa, MOAeab Oblja HM3TOTOBJEHA HU3
nojguposanHoro crekna. Okaszasoch, YTO JJisl BH3yaju3aldH [IOTOKA
HauboJee ynobHa nmyjpa MapraHueBOKHC/IOr0 Kajlis, TaK KaK OHa
6oJsee yeTKO UKCUPYETCSl HA (DOTONJIEHKE. -

B pesyabrate CHHLBIH KOHCTaTHpOBaJd ciexywomiee. Uucio 06-
Pa30BABIINXCA BHUXPell Ha eAWHHUIY /MAJHHbB OPOBKH B eIHHHUIY
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. . ou .
BPEMEHM BO3pACTaer ¢ yBeJuueHHeM —-—. B mecre oGpasoBanus

BUXpb CYLIECTBYeT A0 MOMEHTa ero moJHOro ¢opMupoBadusd. Bux-
peBble IIHYDHl YAeDPKHBAKTCS HEKOTOPOe BpeMsi y OPOBKH, HAKJO-
HAIOTCA B CTOPOHY pycsia, a 3aTeM OTPHIBAKOTCS M PaspyllaroTcs.
OcBOGOIMBIIKMECS BAXPH IEPEMENIAIOTCS B CTOPOHY OOJBIIHX CKO-
pocreil (Kak M CJ€IOBAJO OXKWAATH), T. €. K HEHTPY OCHOBHOT'O
pycaa. B pnanprelilleM oHH MOT'YT He paspyLIaTbCsl B TeYeHHE CpaB-
HHUTEJBbHO NJUTEIBHOTO BpeMeHH, IepeMenlasich B pycje, HO MOryT
U Wcue3aTb BOJH3H MeCTa CBOEro 3apoiKJeHHH.

- CoenoBaTenibHO, HAPALY C TIPOJOJBHBIM TEUEHUEM HMEIOT MECTO
W MOIepeyHble TeUEHHS 0 BCEMY CEUEHHIO OCHOBHOI'O pycjia M Ha

N

=

_—

Puc. 10-2. Cxema uayHUH TOKa NPY B3AUMONEHCTBUH PYCJAOBOIO
M NMOHMEHHOro moTnKoB 110 oneiTaM CeJivHa.
N .

“yacTn mofMb (mpuMepHOo B 8 Ay OT GpOBKHM, 1O J1a6OpPaTOPHLEIM
ganpbeiM [69]). AHajorudHash KapTHHA BUXpeoOpasOBaHHs TO3JHEE
6riia noayuena CejinupiM [70] Ha MopesH, cOCTOSIIEH U3 MPSMO-
YrOJMIBHOTO pycja M NpsiMOyroapHoH mofimbl. YkiaoH [=0,00085. Ha
puc. 10-2, no onbiram CensuHa, MOKasaHa cXemMa JWHUH TOKd, MO-
JYUeHHBIX B pe3yJybrarte 06paboTKu (OTOCHHMKOB.

B cBfSM ¢ HW3JIOKEHHBLIM BO3HHKA€T BONPOC, YTO Ke CYHUTATh
[JIOIIAAbI0 FKUBOTO CEYEeHHS B OCHOBHOM pycJe BBIIIEe ero OpPOBOK.
OGBIYHO MPHHHEMAJOCh, YTO TaKas IJOIAAb NPENCTABJseT cO60H
IPSIMOYT'ONBHEK C LIMPUHOU By, PaBHOH PacCTOSHHIO MeXAy OpoB-
Kamu. OuyeBHIHO, B YCJOBHUSIX B3aUMOJEHCTBUS PYCJAOBOTO U HOH-
MEHHOIO MOTOKOB TAKOH YHCTO FeOMETPUYECCKHH IOAXOA yXKe Hejb-
39 NMpu3HaTh NPaBOMepHHIM. B Monorpaduu [1] npeanoxeso mio-
Ians JKUBOTO CeUeHHs OCHOBHOTO pyc/a ®p ONpPEeAesATb COIJIACHO
cxeme, usobpaxennoll Ha puc. 10-3. [Honxkua GEITH NOCTPOEHA 3IIO- -
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pa pacnpefesieHus N0 IIHPHEE [IOTOKA PACXOJOB Ha BepPTHKAJAX q.
3aTeM OpOBKHM pyc/ja COeIMHAIOTCA € TOYKaMH Heperuba Ha yKa-
3aHHOH 3MIOpe BCOOMOraTEJbHBIMH JMHHHUAMY, KOTOpHIE M OINpefe-
JAI0T TIOLLaAnL XKUBOTO ceueHus. Ha puc. 10-3 sra naomanpb noka-
3aga BePTHRAJBHON WTPUXOBKOH. [OPH30HTANBHO IITPUXOBKOH
[OKa3aHa IJIOW(aflb, BHIPAXKAKONIAS PAacXod BOALI B OCHOBHOM pyc-
e, Tlpu magnofi royGHHe BOAB! B NOHMe HafileHHOe TakKuM 06pasoM

3HAUEHHE (p MOXKET He3HAYHTeJbHO OTIHYAThCSl OT 3HAUCHHA Qp,
MOJCYNTAHHOTO 110 YIPOIIEHHOH cXeMe,

q
q
/ \
i / A
‘ -/ \
/ ) N,
’______J P I\
: : “ ]
i
(i .
‘ -
\ .
\ / o
h

\}vl Puc. 10-3. CxeMa . K onpejefeHuI0 INIOHIANU HHUBOTO CEUESHHS H
pacxona OCHOBHOTO pyCJa INPH B3auMONEHCTBHE PYCIOBOTO X
" MOAMEHHOTO ITOTOKOB. ’

OrMeTuM pasiuyue B MOHATHAX «KHHeMaTHuecKud spdert Ges-

HATIOPHOFO IIOTOKa» M «KHHEMaTHYeCKHii s(¢eKT B pycaax ¢ NO#-
MaMu». -
" TlepBoe mnoHATHE IO OTHOWIEHHIO KO BTOPOMY fBJsieTcs: Godiee
ofIHM, TaK KakK [Js BO3HHKHOBEHHs KuHeMaTuueckoro sddexra
Boobie TpeOyeTcs pasaHyue B THAPABJUYECKUX CONPOTHBJEHHUSX
OT/IeJBHBIX YacTell AHA MOTOK4, B TOM YHCJE TOPH30HTAJbHBIX.

Bo BTOpOM MNOHATHHM HMeeTCsl B BHAY KHHeMaTHuecKu#d sddexr,
~ 06yc/oBJEHHBIH BHIXOJOM TIOTOKa Ha HOHMY, TAe TaKXke pPasnyus
"B TUAPABJIWYECKHX COIPOTHUBJEHHUAX pycaa W NONME - HeM3OeXKHBHL.
MoXHO,  KOHEYHO, IPEACTaBHTh ceGe DycJo B MOHMY NPHMEpHO ¢
OJMHAKOBHIMH OTHOCHTCJAbHEIMH. IIEDOXOBATOCTSIMHU (HO pasHEIMHU ab-
COJIIOTHBEIMHY ), HATIDUMEP, PYCJI0 H3 OYJBIKHUKA, & MOHMY H3 raib-

Ku. B Takom cayuae KuHeMaTtuuecKuil addekr ociabieH HIH BOBce.
OTCYTCTBYET,
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BemeM B paccMOTpeHHe HEKOTOpHie - KOJAWYECTBEHHBIE Xapak-
TEPHCTHKH KuHeMaTHuyeckoro adderra. Ha puc: 10-4 cxemaruuecku
IIOKa32HO M3MEHeHHe CpejHell CKOPOCTH B PyCJe Up U CpeiHell CKo-

< pOCTH B TIOHMe ¥y B 3aBUCHMOCTH OT YPOBHS (rayGuuml). Pycno
- MoxeT OvITh JI000# (Gopmbl. Ecau, HanpuMep, pyciao KpHBOJHUHEH-
HOEe M OTCUeT YpOBHeH BeleTcs OT caMOd -Hu3WeHd ero TOYKY, TC
paccTosiHue MeXKJIy OCSMH Up M vy Ha puc. 10-4 ects Hambospuiasg
rnybuHa B pycae 1o ero 6poBok. Ecip 66l OTCYTCTBOBAJO B3aHMO-
JIefiCTBHE PYCAOBOTO M IOMMEHHOrO NOTOKOB, TO KPHBAs M3MeHeHHS

H Un Up U‘p’
- =1 Vs ~Vp.min

Vp.min-Un

=Y
(=4
<
] 1 "’
Up.min . \ )
H
f=1
E
b~
£

7
Up = Up.min —

Up

\N Puc. 10-4, CxeMa k NOACHEHWI0 XAPAKTEPUCTHK KHHEMATHUECKOTO
- a(pdexra GEIHAMOPHOTrO MOTOKA.

CPeaHUX cxopomen B pycJe Bbllle ero GpOBOK H306pax<a.nac1> 651
rpadukom fv =9 (H), noxasaHHelM Ha puc. 10-4 mWTpUXOBOH TH-
Hued. CDaKTqucxn BCJIC/ICTBHE B3aHMOJIEHCTBHS PYCAOBOTO H MOM-
MEHHOTO ITIOTOKOB CPEIHSs CKOPOCTh B pycjae yOblBaer OO0 MUHH-
MaJbHOTO 3HAYEHHUS Upmmp OPH my61/me B mofime Ay, OCTaBasch
GoJibllle CPeAHeH CKOpPOCTM B MOHME M MeHblUe CKOpPOCTH Ug. [log
CKOpOCTBIO' Ug MOHUMAETCS CPENHSS CKOPOCTh B pycje IPH 3aroJf-
HeHHH ero Jo OpoBok. Ilpu anannse sKXCHepPHMEHTAJbHBIX [JaHHBIX
3Ta CKOpocTh OygerT vacTto ucnogbi3opatbes. Hanee, mpu fig>hn,
CKOPOCTb B. pyC/le Up BO3PACTACT H IPH ryOuHe B -ofime Apg cTa- -
HOBHUTCSl PABHOH U, HO OCTAeTCA MEHble CKOPOCTH, KOTOpas MorJa
Gbl GBITH TIpH OTCYTCTBHH B3aUMOJEHCTBHA, HA BEJUUHHY 7) — Vg
OTHolenye )
U — Up, min

Us = (K mln)é
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XapakTepusyeT cTeleHb HaHOOJBLIErO OTHOCHTEJAbHOTO yMeHblle-
HUsI CKOPOCTH Up ([0 OTHOLIEHHIO K CKOPOCTH Ugs). TakKas xapak-
TEDUCTHKA KHWHeMaTHuecKoro sddexra sBJIsSeTCsT BecbMa HarJsl-
HOI W JIeTKO OmnpejnesuMol, HO He HcuepnbiBaomell. 3a GoJee cTpO-

Hu a o ' 6
A B )
= — /
— 1,
40 \
J4
‘o
o
3,0 °§
\
S N S I SR R I . - S
20 - -
7 / ] L7
1,8-— = -
0 10 20 Bwm 0 04 0.8 vp Mjcer.

o Puc. 10-3. 3apucumocth vp OT ypoBHA H p- Tapua
y Bepneaer (Beurpus), 1960 r.

@ — NPOQHIb KHBOTO CeueHHd; O — KpHBas CPEAHHX CKOPOCTEH
B pycie.

T'yI0 XapaKTepHCTHKY 3TOrO sBJEHHS CJelyeT NMPUHATH Ge3pasmep-
HYIO BeJHYHHY
. /
v

—_ .
p = . min. — (K:‘mn)*,
®

Tfie Uy -— JUHaMUYecKasi CKOPOCTh MOTOKa B OCHOBHOM pycije. Be-

JeHHas CIOJA PasHOCTb. CKOPOCTEH ¥, — D, ., €CTb a0COMOTHAs

mepa KI/IHeMaTI/I‘-IeCKOI‘O shdexra. HMmerores TPYAHOCTH onpeaeJe-
HUSA 'vp. B mepBom npuG/MKeHHH MOMKHO 'v ONpeeNuTh 9KCTpa-

noasuuel vp=uvy(H) 3a npeneas 6poBox pycna -
Eciy U6—0pmin=0, T0 210 ele He o3HavaeT OTcerTBue KHHe:

MaTHYeCKOTO - 3 PeKTa. Heo6X01mM0 uTo0HI T, 'vpmm_ - 0.. Or-

CIOfla SICHO, YTO OTKJIOHEHHE TOYeK BJEBO Ha KpuBomfop—@p(H) MO~
7KeT CBHJETeNbCTBOBATh O NPOSABJAEHHH KHHeMaTHueckoro adekra.
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‘OTMeTHM ellie pas, YTO PE3KOEe pacllMpeHHe NOTOKAa — He eIuH- -
CTBEHHAs HNPHMUMHA KUHeMaTuueckoro sgpdexra. Moxer 6bTh NIaB-
HOe pacIiHpeHue NOTOKa, HO ¢ OOJLUIMM BO3pACTaHHEM- THADPABJIH-
yeckux conporusiesnil. Tako# cayua#t witoctpupyer puc. 10-5, rue
yTonmeHHoﬁ JHHUEH Ha npoq)me JHUBOTO CeueHHsi [OKa3aH CMo-
YEHHBIA NepUMeTp C IOBBLIIEHHON LIEPOXOBATOCTBIO 32 CUET KycTap-
HUKOBOHl pacrurenbHocta [71].

XapakTepHbIMH TIyGHHAMH B TOfiMe TpH 0GpA3OBAHHM KHHEMa-
THYECKOro 3(h{eKTa MOKHO CUHTATb Ane, U Ane (puc. 10-4).

B nensx o8o0LIieHus SKCIepUMEHTAIbHBIX JaHHBIX (aadoparop-
HBIX W HATypHBIX) 10 Mepe WX HAaKOIUIeHUsT Kpusble Ha puc. 10-4

MOXKHO TpHBECTH K GespasmepHOMy BHIY (Kmm)5=;(Kmm)5(—,¥)

uan (Kun)s = (Kntn)s (L) Gosee ofmas ¢opma HX OGyger

(K;ﬂn)* = mm)* (h—‘;) HjII: ( ;nm)* = '(K;nm)* ('}Z_ng)

B ycaoBusx peuHoro noroka raybuHa B pycie X0 OGpoBOK HAg
MOXeT ObITh NPUHSITA KaK CpeiHAAs Agcp Wau Haubosbllas Agsmax,
npeinoyTuTeibHee Ag op. Jos KananoB MM 1a6OpPaTOPHBEIX MOJe-
Jieft, T/Ie CBA3b MeXKAY s, cp U N6, max LOBOJBHO ONpedesaeHHass, MOXK-
HO C OJMHAKOBBIM YCIIEXOM HPUHHUMATL H Mg, cp U H6.max. DBMecTo
cpepnell ryOHHHL B HOHMMe [esecoo6pasHO MPUHATL MIyOMHY BOIB -
BO6JH3H OpPOBOK HAa MNPOTAXKEHHH OpHEHTHPOoBOUHO 10-+15 Ay wanm.
npocro ray6uHy Han O6poBkofi. He cremyer 010X AeCTBAATbL KPUBLIE
vp=up(H) u U—U(H), rfile U — CpelHsAs CKOPOCTb BCEro IOTOKA,
BKJIIOYASA PYCAO M MOHMY. DTa CKOPOCTh MOXKET 3aMETHO CHHM3UTh-
ca TP BBIXOJE NOTOKA HA NMOHMY 3a cueT GOJBIIOIO HapaCTaHHS
IJIOIa/H JKHBOTO CEUeHHsl, @ CKOPOCT Up OCTAThCH CPABHHTENBHO
6nu3kol K (Up)s.

§ 38. Knuemarnueckuit sthdrext B pycne mpH ABYXCTOPOHHEH |
nonme

‘IlpoBesieHHble 3KCIEPHMEHTH € LEJbI0 H3YUeHHs KHHeMaTHye:

ckoro aQgdekTa B pycaax ¢ OoiiMaMu MOXKHO pasfeiuTb Ha JBe
rpynnbl: 1) 3KCIEepPHMEHTH B YCJAOBHAX IPOCTPAHCTBEHHOIO -TIOTOKA,
T. €. ¢ JBYXCTOpOHHefl INOHMOH, M 2) 3KCIEePUMEHTH B YCJOBHIK
NOJYNPOCTPAHCTBEHHOTO IOTOKA, ‘T. €. C OJHOCTOPOHHeH MOHMOIL.
B stoM maparpade paccMmarpuBaercs 0O0pasoBaHHe KHHeMaTHde-
cKoro s¢¢ekra TOJBKO NPH ABYXCTOPOHHEH MNOIMe.
- Kaxk usBecTHO, ABH2KEHHE BOABI B peKax c NofMaMH IpeactaB-
aser  coBGofi HamGosiee Ca0XKHYI0 (OpMYy MABHIKEHHS - ¥KHIKOCTH.
B cBfSH ¢ 3TUM BOIPOCH METOAMKH SKCIEPHMEHTAJNBHBIX HCCAeLO-
BaHMil (1a60PATOPHEIX H HaTyprIX) 3Jech npnoépeTaIOT ocoboe
3HAYeHHe.

OnbiTel B J1aGOPaTOPHLIX YCJOBHAX B mﬂpaBﬂquCKHx JIOTKaX
¥ Ha DYCJAOBBIX IJIOWAJKax AAlOT BaxKHbE CBELCHHA JAJfA NMOCTA:
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HOBKM HATYpPHBIX HCCJAELOBAHMH JBUIKEHHS BOJAH B pycjax ¢ moH-
mMaMy. Jlast npoBefeHHsi ONBITOB B J1aB0paTOpHH HEOGXOAUMO CXe-
MaTH3HPOBATb CJAOXKHOE SIBJIEHHE [BMKEHHs BOALI B pycie H NoiiMe
NyTEM CO3JaHHS HEKOTOPOH Monenu ABuKeHus. Takafg MOJeNb
npelcTasasieTcss Haubosee NPaBlONOAOGHOH W BMeCTe C TeM Mpo-
cTO# B BuAe mapaBoJHyYecKOro pycaa H CHMMETDPHYHON MOAMBI C
HyJeBbIM TOIEepeYHBIM YKJIOHOM. ViMeHHO Ha Tako#l Mome/au aBTO-
pom MoHorpaduu [1] mpoBefeHB 3KCIEPUMEHTH C 1IEJAbI0 H3YUEHHA
B3aMMOAEHCTBHA DPYCAOBOTO ¥ MNOHMEHHOrO0 HOTOKOB.” BoJbmiofi HH-
Tepec K MOCTAHOBKE TAaKHX 3KCIepHMeHTOB mnpossisa A. H. Axy-
tiH. ONBITH IPOBOJHJHCH B INMPOKOM JAHANa30HE DPacX0JOB BOJIBI
OpY Pa3IHUYHBIX COOTHOIUEHHAX WIHMPUHBEL PycJaa ¥ NOHMEI U pasJuu-
HEIX LIEPOXOBATOCTAX MOHMBLL. Bce 3TO MO3BOJNMJIO BHISIBHTH OCHOB-
HBIE OCOGEHHOCTH KHHEMATHKH DPYCJOBBIX HOTOKOB ¢ HOHMaMu M
XapaKTep H3MeHeHHs NPONYCKHOH cHOCOOHOCTH pyc/ia B 3aBHCHMO-
CTH OT H3MeHeHus ypoBHA Boabl. CdopmynupoBaHHEle B paboTax
[1, 67] BeBOAL B MOCJAEAYIOMIUX HCCAELOBAHUSX OBLLIH IOATBEpK-
JeHbH M PasBHTH JAaJjblile. BMecTe ¢ TeM Oblia BbIpaGOTaHa METO-.
IHKa aHaJH3a SKCIEPHMEHTAJbHLIX [JaHHBIX, KOTOpas H3jaraercs
B 9TOM U NOCJENYIOUIUX naparpadax.

B onetax u ob6paborke MaTepHaJsIoB anHHMana yqacme
T. C. Xyk.

OcoBGeHHOCTH KHHEMATHKH NOTOKA B pycaax c
noiMaMuy 0O 3KCHepHMEeHTaJbHBM JgaHHBM Ocra-
HOBUMCSl BHauaje Ha omnetax 1947 r. Meronuka saxiiouasach B
cHAegyIIeM. Boljia M3roToBJeHa MOJenb Pycha M MOHMH ¢ GeroH-
HBIM HNOKpHLITHEM (PYCJIO 4 mofiMa HMeNd OJMHAKOBYI0 aGCONIOTHYIO
LIEPOXOBATOCTL), PYCHAO napa6onmecxoro ceueHus wupuHo# 0,45 M
% rayOuso# Ha ocu 0,05 M, no#ima chmeTpanaﬂ ¢ HYJEBHIM TiO-
HepeYHLIM YKJIOHOM LIMPHHOH 3,75 M.

TpononbHbIf YKIOH pycaa u moiimMbl [=0,0005. Jauna Moxenn
(notoka) 7,20 m. IlpomonpHble ocu pycia # NOHMBI pPAaCIOJOKEHD
napaJJjeabHo. B cocTaB ONBITOB BXOAWJM clenyiomue paGoOTH: co-
37aHHE Ha MOJEJH PaBHOMEDHOI'O IBHIKEHHS BOJBI, H3MEpeHHE pac-
XOlla TOTOKA ¢ NOMOUIBIO BOJOCJAWBA, JETaNbHOEe H3MepeHHe [o-
BEPXHOCTHBIX CKOPOCTEH IOTOKA C IOMOIIBIO GYMAajkKHBEIX IOIJIABKOB
pasmepamMu 1X1 cM. Pacxoan Bogel BO BpeMs ONBITOB OLIIM OT.
0,12 no 51,4 a/cek.

PaBHOMEpHBIH peXUM HBHXKEHHs BOABl HA MOJENH YCTaHAB/IM-
BaJCs ¥ KOHTPOJHpPOBAaJCA caenymonuM obpasom. Ha pycaoBoi
nJaouagke OBLIO YCTAHOBJEHO [EBATH METAJJHUECKHX DENepoB: TPH
Ha OCH pycJa ¢ PACCTOAHHEM . MeXIy pernepaMu 3 M U IIECTh pene-
poB B molime. IlpeBnimeHne Mexzay CMeXHBIMH penepaMuH Ak (B
" HATIPABJIEHUN JBUKEHHS NMOTOKA) GBLIO ONpefiesleHO B COOTBETCTBHU
€ YKJIOHOM [Ha MOZeJu:. B Lensix ycTaHOBKY PenepoB MOJEJb Pyc-
Ja ¥ HOHMEI GBIjIa 3a/IMTa BOJOH; NPABUJIbHLIM TOJIOXKEHHEM pelle-
pPOB B TAKOM CJyyae CHUHTAJOCH TAKOE, KOTAa BHIIIOJHEHE! YCJIOBHA
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(TIpu OTCYTCTBHM ABMIKEHHS BOAM): Ao=h,+ Ak hg—h2+Ah hy4-
+2Ah, rae b — raybuna BOABL Haj, penepaMy.

PapHoMepHOE ABWIKEHHE BOZBI HA MoAeau OYyIeT UMETb MecCTo, -
€CJId BLITIOJIHEHO YCoBHe A==Hs=h,. [ay6unu hy, Ay A Ry BBIUHC- |
- JISVIECh M3 MOKa3aHWP MepHHIX urji. Kaxkiomy usMepeHMIO THAPAEB-

JUYECKHX 3JEMEHTOB IOTOKa TPEAIIECTBOBAJNO IIOJyueHHe paBHO-

MepHOro JABHZKEHHsI BOJBl Ha MOJEIH C TOMOIIBID PEryJasropos

_YPOBHsl, PACHOJIOXKEHHBIX B KOHLE PYC/JAOBOH ILIONIAXKH. ,

ITo m3amepeHHBIM [OIJIAaBKaMH CKOPOCTSIM, OTHECEHHBIM K cpej-

HEMY CTBUOPY, OBLIHM ITIOCTPOEHHl 3SMIOPH paclpefeNeHus 0 HIHPHHE

HOTOKa JIOBEPXHOCTHHIX CKOPOCTEH Upop ‘M (PUKTHBHEIX - PACXOLOB

BOAHl Ha BePTHKANAX ¢y, & 3aTeM IJAHHUMETDHPOBAHHEM SHIOP §g.

HalleHbl QUKTHBHBIE PacXojbl BOAK Qg.

OTMeTHM, 4TO IPH YPOBHE BOABI Ha Mogmenu f[1=50,2 MM morox

B IofiMe He HaOJogaercsl, TaK KaK ' IpPEeBHIIECHUS YPOBHA BOJIHI
Haj GpoBKoil pycna Ha 0,2 MM HeJOCTATOUHO JJ5 CO3LaHMA MOTOKA

B nofiMe. 3a Hawano orcuera [ mpuUHATO IHO IOTOKA HA €ro Ipo-
noanoﬁ ocd, n103ToMy He=Hhs max. VHIeKCOM «O% 0TMeuamTCs B

najibHelllleM SJEMEHTHl [IOTOKa I[pH ypOoBHe H = H5 Ha pHCYHKaX

Beslle OTMeTKa OPOBKH pycia ofo3naueHa 6—-06.

° B ygasannbx onmitax He= 0,05 m (puc. 10 6). Pacxon Bonm
Qs=2,70 a/cek., T. e, paBeH PacXoAy BOABI B pycJe HIPH 3aMOJHe-
HHH €ro 0 OTMeTKH OpoBkM. B manbrefimem Qg OyZeT NPHUHHMATH-
¢s1 KaK OJMH M3 BAXKHLIX 3JIEMEHTOB NBUIKEHHS BOJbI MIPH PACCMOT-

peunu kKuHeMmaTuueckoro sdderra GesHanmoproro noroka. Ilpu H>
>Hs (Q>Qs) moTok BHIXOAHT Ha NoiMYy. OTHOMIEHHE IIUPHUHBI
pycna bp x mpwHe TOHMBL By B ombitax 1947 r. cocraBasiio

bp __k 1 . : : .

x 106
Ha puc. 10-6 npuBeJeHrl KpPUBBIE CPeIHHX CKODOCTeH U, cpex-

HEX [OBEPXHOCTHBIX CKOPOCTEH BCETO MOTOKA Umos ¥ MAKCHMAJIBHBIX
Ha ocu. pycaa. CKOPOCTb Uyop IOACUHTHIBAJACH AeJeHHEM Qp Ha o
OTJeNbHO IJIsT [IPaBOH U JIeBOH MOHM, a 3aTe€M BBEIYHC/SAJIOCH CPen-

" Hee. apupMeTHUIECKOe 3HAUEHHE Upop. :

T7. YMeHbllleHHe cpejHe#l CKODOCTH BCEro MOTOKA B MOJOOHEIX CJIy-

'{ yasx, T. €. IPH HAJHYHH MORMBI, OOLIEH3BECTHO H3 IOJEBBIX THIPO-

MeTPUYECKHX HaHHBIX. B pasbHefilleM Ipu pacCMOTPEHHU B3aHMO-
IeHCTBHST PYCNOBOrO M .IIOAMEHHOrNO NOTOKOB IJ1aBHOEe BHHMaHUe 6y-
JeT 'COCPEeMOTOUEHO Ha aHa/lu3e H3MeHeHUs CKopocTefl B OCHOBHOM
pyciie B CONOCTABJEHHH CO CKODOCTAMM B NohMe. Msmenenue xe

| CKOpOCTeI/I v B Jla/ibHelllleM Ha rpapukax OyZeT AABaTbCA TOJMBKO
| B OTIeMBHBIX CAYYASX.

“7 Adanwsupya puc. 10-6, BHAMM, UTO YMEHbUIAETCH HE TOJBKO
CKOPOCTb U IIPU BHIXO[E NOTOKA Ha MOMMY, HO M MECTHasi CKOPOCTS
Umpx. [109TOMY JOJKHO TA4KXKe MPOUCXONHUTH CHUIKEHHE U cpenHef
NOBEPXHOCTHO. CKOPOCTH B OCHOBHOM DYCJE Up.nos, -4TO H TIOATBEp- -

\ muock  (puc. '10-6). ITa cKOpOCTb MOACYMTEIBANACH TO. METOJAHKE,
s
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uasoxenHolt 8 § 37 (puc. 3-4). Ha puc. 10-6 npuBenena n Kpusas
H3MEHEHHUS CPeJHeH MOBEPXHOCTHOH CKOPOCTH B MOHME Uppos, OT-
KyAa BUIHO, K&K H3MEHseTCs pasHOCTb Unpos — Up.mos
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W’ Puc. 10- 6 3asucuMOCTD cpenHel CKOPOCTH BCEro TOTOKA U, CPELHEH MoBEPX- -
HOCTHOH CKODOCTH BCETO MOTOKA Unop, MAKCWMAAbHOR CKOPOCTH ¥p. max (Ha

ocu pycaa) (@), cpemHes noxaepxnocmon CKOPOCTH, B.OCHOBHOM PyCJ€ Up, nos. -
u, cpeJmen HOBEPXHOCTHOH : CKOPOCTH - B NOHAME . Uy, ngs (6) OT- ypOBHH BOIBL-
S TIo_ombITaM 1947 r. , _ '

OTMeTHM 4TO TIPH HeHSMeHHOI/I B. HOHepeT-IHOM ceqemm myénﬂe

B IIHUPOKOH MOfME CKOPOCTb U, mos -OU€Hb OJIM3KA K MECTHOH. CKO- -
POCTH . Uiios, KOTOpAs, - COTJIACHO NPEeABILYIAM * 0603HaqumM 274
€CTb Umax. TaKPIM 06pa3oM, MOXKHO CUMTATh. U, nos~ Huos = Umax- I'Ioﬁ
JyueHHbIe KDHBLIE M3MEHEHHS Umay M. Upmos OBLIH nepBon KOHCTa-.
Taunen CJIOKHOTO - B3aHMO,LLeI/ICTBH9{ pYCJ]OBOFO 4l HOI/IMeHHOI‘O MOTO-
" KOB.. -Orciona - CTamu  COBEPUIEHHO O‘IGBI/I,ILHbIMH ,ABA TIOJIOMKEHHUS
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1) npomyckhas cnocoGHOCTb pycja NpH B32UMOXEHCTBHH €ro ¢
NOMMEHHBIM NOTOKOM (T. e. npu H>H;s) Moxer GhITb MeHble IIPO-
NMyCKHOH CMOCOGHOCTH pycia npu otMetke H=Hg, 2) KpuBas pac-
xon0B Boabl Q=Q(H) ‘nonXKHa CTPOUTBCSA C yYEeTOM YKa3aHHOTO
B3auMojelicTeusi. ['0BOps TOYHee, PH OTCYTCTBHH M3MEPEHHBLIX pac-
XOZ0B BOJBl KOOPAMHATHI /151 MOCTPOeHus KPHBOH Qp=Qp(H) nox-
JKHBEl PACCUMTBHIBATHCSI C YUETOM KHHeMaTuyeckoro sddexra GesHa-
IOPHOTO HOTOKA. Bce 3TO €031aJ0 TPEANOCBUIKH [J5i HOBOTO MO~
XOJla B THIPABJHUYECKUX pacueTax Pyces ¢ NOHMaMH.

B § 37 npuBeneHB! pasaHYHBE CIOCOOB KOJIHUIECTBEHHOM OLEHKH
KHHeMaTuyeckoro addekra. M3 puc. 10-6 MOKHO IOSYUHTD:

(Kmax)ﬁ — . (Umax)s — ('vmax)mln o 29,0 — 19,0 = 0,35,

: (Ymax)s _ 29,0
. ('vp. nos)6 — ('Up. nos)min 234-—171
(KHOB)é = ~(‘U ) == 534 == 0,27 )
p. noBl6 - ) .

T. €. HMeeM JOBOJBHO GOJbIIOE yMeHbIIeHHe CKOPOCTEH B pycie.

OupiTel 1948 T. IPOH3BOAMJNCL HA TON XK€ PYCJAOBOH IJIOIIAJAKE
npH JABYX Pa3JMYHBIX HIEDOXOBATOCTAX IMOAMB! ([BE CEPHH OIBITOB)
¥ TpeX PasJMYHBIX IMDHHAX cHMMeTpHuHOH noiMel. Iluprua pyc-
na Ovl1a BoJblle 1o cpaBHeHuio ¢ 1947 1., a umenHo, bp=0,60 wm;
~ray6uHa Ha ocu 0,06 M. Popma KuBOro ceuenus napaGonnqecxaﬂ
Cpenuutt l'IpOILO.HbeII/I ykiaoH Mofeau 0,001 ¢ HyseBHM nonepevy-
HBIM YKJIOHOM MHO¥MBI. OT_HombeHHﬂ %HI/Ip?HbI pycia K IIHPUHE WOH-
MBbl COCTAaBJISJIU: B, =78 B—izf" B—i=Z.~ B mepso#t cepumn
ONBITOB ITIOBEPXHOCTH pycJa H TOHMB Oblia IpHAaHA LIepOXOBa-
TOCTh B BHAe TIJIAJAKOH LEMEHTHOH WWTyKaTypkH, ofosHauaemas B
JlaJipHEMIIEM «IIEPBOM 1IEPOXOBATOCTBIO». Bo Bropoit cepuu omwl-
TOB NOBEPXHOCTH HOHMHL Oblla IpuiaHa WIepOXOBATOCT € IIO-
MOILbIO TOJYEHOrO IJaKa, YKPEIJIEHHOTOo HAa NEMEHTHOH IITyKa-
TypKe LEMEHTHBIM PaCTBOPOM («BTOpas IIEPOXO3ATOCTB»); PYCIO
HMeJIO ILIEPOXOBATOCTE TAKYIO e, KaK M B MePBOi CePHH ONBITOB.
Tomuexb#t Liak _Guii mpeBAapUTESBHO NPOCESH YepPes CHTO ¢ OT-
BEPCTHSAMH 3 MM,

UsMepenulo NOBEPXHOCTHHIX CKOpOCTeH 10 nmpm{e TNOTOKa
IpeJIIeCTBOBAJO NOJNYUeHHe PABHOMEPHOTO [BHXKEHHs BOJILI Ha MO-
neaun. [ToBepXHOCTHBIE CKOPOCTH H3MEPSJIHCh: IIPU TEPBOH LIEpo-
XO0BATOCTH (POTOrpaMMeTpPHYECKUM CHOCO60M ¢ HecBeTsIIHMHUCH 6Y-
MaXKHBIMM IIOTJIaBKaMH (MO METOJWKe, ONHCaHHOA B § 2), npu
BTOPOH HIEPOXOBATOCTH OOLIYHBIM CIOCOGOM.

[To u3amepeHHBIM CKOPOCTSIM OLUIA HOCTPOEHBI SMIOPHL pacmpe-
JeJleHNs] HOBerHOCTHbIX ckopoctefi no mupuue notoka. Jusg mnoi-
Mbl C TIepBOH IIEPOXOBATOCTbIO TaKWe 3IIOPH B CPEJHEM CTBOpPE
npusefens Ha puc. 10-7—10-9.

‘PacriosiokeHne ONBITHBIX TOYEK yKas3hlBaeT Ha 3aKonomeprm'
XapakTep pacnpeielieHus CKOpOCTedl HpH BBIXOJe IOTOKA Ha nofimy.
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Puc. 10-7. Pacmpeaeienue - mo-
BEPXHOCTHHX CKOpOCTel TeueHus -
BOAL IO IIHPMHE HNOTOKa IIPH

20 r

| b 1 .
10 /! \\ B_p= TE (ouniter 1948 r., mep-
] " - . Ja¢ s

b ool Basf IHIEPOXOBATOCTh MOHMBL).

C

0r0

5 {

10 1 1 1 { 1 | 1 | 1

hom 8 4 0 4 8 bom

ax L. OB ==27,3 cM/cek., Q=40,0 a/cek., FI=87,6 MmM; O — Vmax =
= 80,0 cm/cek., v, =15,2 cm/cex., Q =10,1 ajcex., ;=689 mm; 8 —vmax=30,5 cMm/ceK.,
[ =20,2 cM/cek., Q=19,8 n/cex,, H=76,1 Mmm.; 2— 'umax=29,6 CM/CeK., ¥
= 5,5 cM/cex., Q=8,7 a/cex.. H=065,1 mm; 0—'omax=31,6 cm/cex., v OB

Q=38,3 aj/cex., H=163,3.

\/ a—v, =33,2 cM/cek.,, U

0, IIQB =
=4,5 cM/cek.,
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4\ uc. 10-8. Pacnpepenenue no-
20 BEPXHOCTHHIX CKOPOCTeH TeueHus
\ BOAbl IO HMIMDUHE IOTOKA IPH
| ] by 1 :
10 / , B =7 (ombiTel 1948 r., nep-
1
o : ) ) Baf IIE€POXOBATOCTD MOHUMBLL).
-0r 0 ﬁ ‘
5.[ - \\/
10 | A AN N R N SR | =

!
hom 8 4 0 4 8 bom

=39,8 cMm/ceK., Yy HOB~=31‘,5 em/cex,, Q=40,0 a/cex., H =98,0 my; 6"'”max =

a-—-v

=424,§“é‘-§§/'<:ex., Yy nos™= 14,8 cM/cex., Q=10,0 afcex., H=18,1 mx; 6 — v, =810 em/cex.,

~ IIOB=24’0 cm/cex., @==20,1 afcex., H=86,‘4 MM.} 2—7 X=s30,6 cM/ceK., V4 fos =
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MoxHO mpocaenutb, Kak TpaHChOpMUpYeTcsl aIiopa MOBEPXHOCT-
HBIX CKopocTeli B pyc/ie W B NMoHMe NMPH yBeJHYEHHH PacXOAa BOIBI
(c yBennueHmeM pacxoza abCONIOTHOE pAa3jU4HEe B CKOPOCTSIX B
pycie u mofiMe yMeHbLIIaercs).
PaccmarpuBasi paclpefieieHHe NOBEPXHOCTHHIX CKOPOCTEH MO
“ LIHpHHE MOTOKAa b, 3aMeuaeM, YTO B3aMMOJEHCTBHE PYCJIOBOIO MO-
TOKa C TOHMEHHLIM pacnpocTpaHseTcss Ha WHPHHY b, GOJbIIyIO
WHPHHBL pycaa bp. Beauuuna <> Xapakrepusyer OTHOCHTENBHYIO
P
30HY B3aUMOJEHCTBHS DYCJOBOTO W moliMeHHoro noroxos. Paccros-
e 0,5 (bg—by) mpencrasasier co6oil IHPHUHY yuyacTKa MNOAMbL
B6JH3KW GPOBKH pycJa, IZle NPOUCXOAUT IEepPecTpPOiiKa MHOJsi CKOpo-
crefl. 3a Takoe pACCTOSIHHE MOXKHO NPUOJMIKEHHO TPUHATH pac-
cTosiHNe OT OPOBKH pycJa [0 TOUKH, e 3MI0pa CKOPOCTeH CTaHO-
BUTCSl TODH3OHTaJbHOH (B OIBITAX ¢ OAMHAKOBOH TIJyOHHO:A B
noime).
Tabauya 10-1
JaHHbple, XapaKTepHayioLHe BIAMSHHE PYCIOBOr0 MOTOKA Ha
nofiMeHHbIH (NepBas WEepPOX0oBaTOCTh) ‘

o Q b b 0,5 (b~ h 05 (bB"bp)_bB.n '
m¥cex. Qs o2 T‘;— ( B p) o3 —
b _ 1
B, 78

40,0 5,5 116 1,9 28 2,8 10,1
19,8 2,8 70 1,2 5 | 1,6 3,1
10,1 1,4 82 1,4 21 0,9 23,6
8,7 1,2 - 96 1,6 18 0,5 35,5
8,3 12 120 2,0 30 0,4 79,0
by 1 '

By 4
20,1 2,8 70 1,2 5 2,6 1,9
10,0 1,4 74 1,2 7 1,8 3,9
7.8 1,1 94 1,6 17 - 0,8 21,9
75 10 78 13 9 05 16,6

by 1)

By 2
20,0 2,8 124 21 32 3,2 9,9
9,9 1,4 76 1,3 8 2,2 3,7
7.7 1,1 88 1,5 14 0.4 34,2
7,6 1,1 104 1,7 22 0,7 32,2

B ta6a. 10-1 upuBefensl 3HAUeHHA bn, NMOJYyYEHHBle HA. OCHOBE
smiop ckopocTel, nsobpaxeHnblx Ha puc. 10-7—10-9. Benencraue
HeCUMMETPHUH B DACHPEAENCHUH CKOPOCTeH JuHMA by MOKET CMe-
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maTkes, T. €. yuactku aawHoi 0,5 (bz—bp) Ans npaBoGepexkHOR H

JeBoGepexxHo#l mofiM Moryr OwiTh pasuHeiMu. [Ipn Q=40 na/cex,

b 1

B—p= 7 ONpeNeNuTh by ¢ LOCTaTOUHOH TOWHOCTBIO HEe MpEACTABH-
o B

ben
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N Puc. 10-10. 3aBuCHMOCTL OTHOCHTENLHON IIMDHMHBI MONMEL,
Ha JBHXEHAM BONH B KOTOPOH CKAa3bIBAETCA BJAHSAHHE KUHE-

martuueckoro adexra, OT OTHOCHTENBHOTO pacxoja Qi
6

b 1
J0Ch Bo3MOXHBIM. [Ipr Q@=29,9 x/cek., B—p = & 30Ha B3auMoje-
n

CTBHS pPaCIpOCTPAHUIACH HA BCIO IIMPUHY IIOTOKA,

_Tlo mauneim Ta6a. 10-1 mocrpoen rpadux (puc. 10-10), xapak-
TEPHU3YIOINHH OTHOCHTEJIbHYIO IIMPHHY TMOAMBI, Ha KOTOPOH mpo-
HCXOOUT YBeJHYeHHe IOBEPXHOCTHBIX CKOPOCTEH [0J BJHMAHHEM
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B3aMMOMAEHCTBHS PYCJOBOTG ¥ NOHMEHHOTO IOTOKOB. [losydyeHHBIE
nauHele NpuGIMKEHHBIE, OJHAKO- MOMKHO 3a1\geTmb, YTO TPHMEPHO
B, I

[IOJIOBHMHA TOYEK COOTBETCTBYET OTHOUICHHUIO NpeaJOXKEeHHOMY

. . . I "
M. TI. Cnunuawim [72] (ua puc. 10-10 oBo3HadeHO COPH30HTANLHON
WITPUXOBOH JNuHMelt). Jipyras NOoJOBMHA TOUEK pacHoJOXKHAach Ta-

B. I

KHM 06pasoM, 4TO MOSIBUJHCH OCHOBAHHS CUMTATb, YTO — MO-
- I
TyT JOCTHTaTb jaxke 35, ecay HE CYMTATh OAHY TOYKY. IPH OUeHb
Hem | ] .
10 Unnos| | e T o1 Vpmaz
O a0
8 . Ly -
o o °
] manl A L ] |
6—-6 &. O [o] e - —-6
4 [NV M//v .
r //( o —1
2 LA T | s =2
0 10 R 20 . 30 - Up‘mazCM/Cel(.so
Vn.nos CM/CGK.

Puc. 10-11. 3asucumoctb ckopocreit v x H Uy pos OT YDOBHA BOXBI
p. ma no 4
(ombiter 1948 r., mepnags WEePOXOBATOCTh TOHMET).

Majiof rayGuHe Boab B mofimMe (okogo 0,4 cm). Bompoc stor mo-
CTATOYHO CJOXKEH MO cJAeAyrmuM npuunHaM. O6pasoBaHue BHX-
peil, UX nepeMelleHHe K pacnaj NIpPU BBIXOJe NMOTOKA Ha MOfMY, IO
CYLleCTBY, HeCTAlMOHAPHBIA Mpomece, OGYCAOBJIEHHHIH H TaKUMH
thakropamy, Kak.popMa pychaa, YKJIOH AHA IOTOKA, COOTHOIIEHHE
wepoxosarocrefl pycna u moiMel.  [lostomy TpynHO paccuuTHBATH
Ha BOSMOXHOCTD - MOJyYeHHS I[OCTOSHHOTO COOTHOLIEHHS Mex1y

‘b
ben U hy PacxoxieHne B 3HAYCHHSIX ;L" , TOJYYeHHBIX pas/uy-
; :

HBIMH HKCIEPHMEHTATOPAMHM, OOYC/OBJNEHO pas/jUuueM B AJHHEe MO-
Henu W YCJIOBUAX BXOAA BOAH Ha Moge/b. HeoGxoammo, 4ToGH 1o-
ClefyIOIue SKCIIEPHMEHTHE CTABHJHMCh HA . PYCJAOBBIX IIOMIAfKAX
GONBILON MJIMHBH C TeM, YToObl HCKJIIOYHTL BIHUSHAE MakKpoTypOy-
JICHTHOCTH, BBI3BAHHOH YCJOBHSIMH BXOAa BOAB Ha MOJENb, HA KH-
HeMaTHUeCKHH >(pdekT 6e3HanOpPHOro MOTOKA.

Ilo pesynbratam onbito 1948 r. wa puc. 10-11 n 10- 12 nocTpoe-
Hbl KDHBble 3aBHCHMOCTH MaKCHMa/bHBIX CKOPOCTEH B pycie o
TIOBEPXHOCTHBIX CKOpOCTeH B nonMe OT 'ypPOBHSI BOJBI IIPH HepBOH
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' bp
U BTOPOH IIEPOXOBATOCTSAX TMOWMElL H MpPH Pa3JHYHBIX F ‘Ha puc.
10-11 nocTpoeHa ofZHa KPHUBAS OJS Up max, IOCKOJbKY 3[€Chb HE BbIf-

BUJIOCH YeTKOI'O BJIUSHUSA ?p_ Ha XapakxkTep pPacuojiOXKeHHs OIbIT-
i

HBIX To4eK. 3jech B UeaoM (Kmax)5=0,49. Ilpn Bropoit mepoxo-
Batoctd MOHMBl (Kmax)s=0,39-+0,45. Pacnonoxenne SKCIePHMEH-
TaJbHBIX TOueK Ha puc. 10-11 m 10-12 HEe [aeT OCHOBaHWH IJs yC-

. )
TaHOBJICHHS SBHON 3aBHCHMOCTH (Kpax)s OT OTHOLIEHHS 5
. 28

Hem ) .
2 T
i - = Vp.maz
10 ( o Vomaz
8 Un.nos =l ?0 4
kd [¢
oo | A
6—6 . C e —6
v [/ perd
4 v
] ] o—1 ||
2 1 Lot A-2
A= -3 —
I
0 10 20 30 0 Vo maz cH/ce 50

/ Vn.nog CM/CeX.
UV Puc. 10-12. 3asucumocts CKOPOCTEH Up max ¥ ¥Un op OT YPOBHA BOJ(EI
(ombitel 1948 r., BTOpas IIEPOXOBATOCTb IOHMBE).
Yea. 0003nadenuda cm. puc. 10-11.

Jlpyras XapaKTepHCTHKa KHHEMaTHYeCKOTo 3¢hQexTa, a HMeH-
HO, TMIyOMHA BOAB B NOHMe /i vy TIPH KOTOPOH Umax NPUHHMAET

MUHHMAaJbHOE 3Ha4YeHHe (Umax)mm, BO3PACTAET C YBeJHUYEHHEM OT-

b
HOUIEHH §p~. Ha puc. 10-13 nano naMmeHenue /i »_ ., BbIpaeH-
14

HOe [0 OTHOLIEHMIO K IVIyOMHE Ha OCH pycaa Hgmax- Ha sTOM XKe
PHUCYHKE TpHBEAEH aHAJOTHYHEIH rpadWy AJs OTHOCHTEIbHOH TJay-

GuHBl BOAB B noﬁme—hg‘i, IPH KOTODOH cpefHfAsi CKOPOCTh BCEro
. max

IIOTOKd NPHHAMAET MHHMMaJ/bHOe 3HauYeHHe. DTO HHTEPECHO B TOM
OTHOILIEHHH, YTO IJisi OUEHKH DasMepoB KHHeMaTuueckoro sddexra
MOKHO OTYaCTH HCHOJL30BATH M OOBIYHBIE KpHBBe v=uv(H), nau-
Hble [JIsl [IOCTPOEHMSt KOTOPBIX HMEIOTCS B THIPOJIOTHYECKUX erKe:
rofgHukax. BinsiHHe IIepOXOBATOCTH NOHMBI Ha BeNUYHHB fg, M
By o, B HACTOMLINX ONBITaX HE OOHAPYKEHO.

Pacuer KOOpPAMHAT [Jis [OCTPOEHHUs I'padUKOB, H306pa}KeHHbIX
Ha puc. 10-13, npuBesen B Tada. 10-2.
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Tabruya - 10-2
OTHOCUTENbHbIE IYGHHBI B nofiMe, PH KOTOPLIX CKOPOCTH B OCHOBHOM

pyede IpHHMMAET HauMeHbllee 3HaueHue (10 ombitam 1948 r.)

TMepBas mepoOXoBaTOCTh nox‘»‘iMm BTopas mepoxoBaToCTh HOMME
, :
p -
By | tn g o 5, vmax . Ymax | "m0 o 0. Vpax h, Zmax
M| 25, max M ks max | ™ | 76.max cu 5 max
013 1,0 0,17 0,5 0,084 1,0 0,17 0,9 0,15
0251 16 0,27 18 0,30 11 0,18 1,5 0,25
050 | 2,0 0,33 2.1 0,35 2,0 0,33 28 0,47

Jasi uncaoBOH XapaKTEPHCTHKH MEPBOH IIEPOXOBATOCTH

(onm-

WaKoBOH I pycla H NOHMBI) M BTOPOH (MJs.HOHMBI), HMEBIIHX

hn.y
h6.max
04 |
G) I ey
92 -~ o —
//
o
Ngymax
_n.vmax T
ht’)vmaac o
0,4 /‘
6) ) -
0’2 ‘ 4/0/
// o-1
X X =2
bp
0 01 02 0,3 0.4 05 063,
i , ! - bp
~} Pac. 10-13. 3aBucamoctb rayOnHbl /oy o (@) u Ay, 4, (6) OT B

I —BTOpast WEPOXOBATOCTb HOHMEI; 2 - epBas LIEPOXOBATOCTh HOHAMBL.

MECTO B ONBITaX Ha pPYCJOBO# MNJOIMIAAKe, MOJACYUTAHE 3HAYEHHS
K03 GuuUeHTOB 11ePOXOBATOCTH. Oxkasajoch, 4T0 KO3P(UIHEHTH
LIEPOXOBATOCTH MOMMbl NPH BTOPOH ee LIEPOXOBATOCTH B cpenten
B 2 pasa GoJibille, 4YeM TpH HEPBOI NIEPOXOBATOCTH.

OnuncanHble 5KCHEPUMEHTH U .B HACTOsIIEe BpeMs CUHTAIOTCA
ACCTATOYHO JAETAJbHBIMH IO YHC/IY IEPeMEeHHBIX MapaMeTPOB OIlbi-
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10B. OJHAKO MX HEMOJHOTA, BIOJHE MOHSTHAS I/ NEPBHIX 3KCIE-
PHMEHTOB, COCTOHT B.TOM, YTO He OBLIO AeTalbHO HCCJAELOBAHO
mojie CKopocTell B mpemesiax BCEro JKHBOTO CEUEHHS B OCHOBHOM
pycae. He Gun Taxke chororpaduposan npolecc BuxpeoSpasosa-
HHsi IIpH B3aUMOJEHCTBHM PYCJIOBOTO M NOHMEHHOrO NOTOKOB, XOTf
TakWe BU3yaJbHble HaGJIONEHHs TPOH3BOAMIHCE IyTeM NOAKPALIH-
BaHus IOTOKA.

Hem
28

2 § e

20 - -

| /
\ .
; \\, /
o—12 1 —6
o L7

0 & 8 12 16 20 24 28 32 yp mjcex,

*J Pue. 10-14. 3asucumocts Cpe/Hell CKOPOCTH NOTOKa B pyCie Up
OT YPOBHBI BOAI (1959 r., oneitet BHUHT uM).
by 1 by 1 b 1 by

PR TP T u ——=—1-.
B, 31°'°TB "85’ 112 B, 15,0

P
— i =
B o

AnasnoruuHsle SKCOEPUMEHTH OBLIN MpOBeleHB Bo BcecomsHom
HAYYHO-UCCAEAOBATENbCKOM HHCTUTYTE FHAPOTEXHUKH ¥ MeJHOPalHH
(BHI/II/IFHM) C. Y. AracueBoit u A. 1. Bapeksanowm [73] Ha pycJo-
BOH mJomajke GonbUIMX pasMepos B r. Jlmurpose (nox MockBoii).
O6waga nauna Mopenu 140 m. HcciemoBanusi npoOH3BOAMJHCH Ha
IPSIMOJHHENHOM y4YacTKe IJHHOH 65 M. [Hupyna mMonxesu U3MeHS-
snack ot 4,84 no 20 m.

B onbitax 1958 r. mupuna pycaa by cocraBasias %1 M, raybuna
- Ha ocu pycaa 0,17 m. llofiMa ¢ HyJeBHIM NOMEPEUHBIM  YKJIOHOM.
CpenHuil IPOROJbHBIE YKJIOH pycna [=0,0001.

B omnpitax 1959 r. mupuHa napaéonnqecxoro pycaa bp=1,21 m,
ray6uHa Ha ocu 0,12 m. Pycso HepasmbiBaeMoe. IIponoJibHEIN VK-
aon [=0,0003. OnelThl 6BLIM NOCTABJEHBl NPYW CUMMETPHUHOH NHOH-
Mé ¢ HYJEBbIM MOMNEpeYHbIM YKJOHOM 0PH IIHPMHAX HOHMEI By,
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parHBIX 3,74; 8,28; 13,5; 18,1 M. Pacxonnl BOABE H3MEHAJHCH B IUH-
pokom muanasone (or 17 mo 190 a/cex.). Tamy6una B pycae 6blia
‘ot b mo 25 cm, Ha mofiMe ot 1,3 mo 13 cMm. :

ITo usMepeHHHEIM MECTHBIM CKOPOCTSIM THAPOMETpHUYECKOH TpyO-
KOl ObLIH NOACUMTAHBI PACKOABI BOALI, a 3aT€M CpPEAHUE CKOPOCTHU
B OCHOBHOM -pycie vp. Ha puc. 10-14 npuserenbl rpaduxu vp=

=vp(H) Tnpu pasIHUHBIX —Bi (onbITHBIE TOUKH He TIOKa3aHBI).dTu
T ,

SKCIEPHMEHTH IIOJHOCTBI0 MOATBEPAHJH CYLIECTBOBAHHE KUHEMa-
THYecKoro sddexra, ycranopaesnoro B pabore [1].
B ta6a. 10-3 npuBoiuM 3HaYeHUS
(K) o (vp)6_(vp)min'
» P/ (¥p)s
B 3aBHCHMOCTH.OT B—p. :
o .
~ Tabauya 10-3
3uavenus- (Kp)s, no oneiram BHHUATuM

by 1L ! L
By " 31 6.8 1.2 15,0
(Kp)s -« « -| 013 0,19 0,22 023

J0oBOJMbHO YeTKO OGHAPYKHBAETCH BJAMSHHE UHPHHBL OOHMEL HA
(Kp)s: uem Gosblie IIHpHUHA TOAMEL, TeM Gogbine (Kp)s, T. €. npu
IIHPOKHX NoHMax KHHeMAaTHUeCKHi sQdext npoABseTcs B 00JIb-
el CTeneHH. ,

3amersM, 4TO HPH MHPOKHX INOAMAX OIBITHI )KeJIeSHﬂKOBa u
onstet BHUUTEM nanu 6mausKoe coBnajeHne BeqauunH (Kp)g M
(1<n03) ’

Hs Gouee I103HUX J1a6OPATOPHEIX SKCIEPUMEHTOB [0 M3yYEHHIO
KUHEMAaTHYECKOTo 3¢ dekTa B pycaax ¢ CHMMETPHUYHBIMH JBYXCTO-
pOHHEMH nofimamu oTMeruM onbiTH Cesausa [70]. Ero paunbe
TakK Ke, KaK ¥ JaHHBIE aBTOPOB craTefl [73, 74], IOJHOCTHIO NOATBED-
JIWIM OCHOBHBIE KauUECTBEHHEIE XAPAKTEPUCTHKH KHHEMATHYECKOTO
st dekra, chopmyaupoBannse B pabore {1 :

O mono6uu KuHeMaTHueckux b PeKTOB B pyc
Jax ¢ nmofiMmamu. B mpenmaymux naparpadax paccmMaTpHBa-
JIUCH Pa3JHYHLle MapaMeTphl,: XapaKTepusymollne KHHEMATHUECKHE
‘addexT ¢ Uensl0 ONPEIeNUTbL TIJIABHBIM O6pPAasoM OTHOCHTENbHOE
yMeHblIeHre CKOpOCcTefi MOTOKAa B pyc/e NP B3aUMOJEHCTBHH €ro
¢ nOTOKOM B “moiiMe. OCHOBHBIE THIBL KPHBBIX, H300parKE€HHLIX Ha
puc. 10-11 u 10-12, gerko npuBomsTcs K 06e3pasMepHOMY BHIY.
3jech HUMEIOTCS pasJnyHble BO3MOXKHOCTH. Bce 3aBucut OT TOTO,
KaKhe OPHHATH INIyOHHBL W CKOPOCTH 32 XapaKTepHBIE, HA KOTOPBIE
cJeyer MOAeJUTh NepeMeHHBle IMyOHHB B CKOpOCTH. Ecan 3a xa-
pakTepHyl0 TIJayOuHy - INpPHHATL T[JAyOHHY B pycle, TO BEIXOJ
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NOTOKa Ha nonmy GyleT HaYMHATLCA TIPH OTHOCHTENBHOH TiyGHHe B
pycae, paBHOl elMHMIE. 32 XapaKTepHYIo ryOuHY MOXKHO IPHHATH
v rTyGuHYy BOAb B NOAME An o MIH Ag o, YTO cnoxmee B [OPakKTH-
YeCKOM OTHOIIEHHMH A/l HaTYPHBIX ycnosml

3a XapakTepHYI CKOPOCTb MOXHO IpPHHATH (Up)s, T. €. cpea—
B0 (MOXHO M Hau6OJbINYI0) CKOPOCTh NpPH 3allOJHEHHH pycaa

H : .+ H
Hlﬁ.mtn _ ‘ n;ima:c
] T k 4 T T
. a) ,/I“Ren \\ 6) i é Frp ‘ FT'[I]
12 Rep : s
, 12 T — 7
6- 16 6- S=eesio. N
08 08
D )|
04 ;,/ 04 )J
. N
* 0 4 8 12 Reld’O 01 02 . Fr
v/ Puc. 10-15. 3asucumocts umcha Pefimoabnca (@) u umcna ®pyma (6) or
GezpasmepHO# rayOHHBI mPH Fp-= 78 (omeiTet 1948 r., nepmas mepo-

XOBATOCTb NOHMEL).

Jno 6poBOK. B Takom cjayyae BHIXOJ HOTOKa Ha noiiMy Oyner Ha-
YHHATBCS TIPH OTHOCHTEJBHOH CKOPOCTH, paBHOH eauHuue. OmHako
HanGoJsee OOIMM BHAOM Ge3pasMepHOH CKOPOCTH CHE[yeT CUHTaTh
OTHOCHUTEJIbHbIE HelIOCTaTKH CKOpocTe#, cOCTaB/JCHHbIE CJIEAYIOLIHM
o6pasom:

(vp)s — Up Up—Up
u
v, U,

IToctpoenne Ge3pa3MepHBIX KPHUBEIX CO3LdeT OOJbIlIKE BO3MOXK-
HOCTH JJisl COIOCTABJIEHHS H o6o6meHHﬂ axcnepnMeHTOB BBLINOJ-
HEHHEBIX B Pas/HYHbIX YCJIOBHSIX.

3pech MBl XOTesNd Gbl O6DATHTH BHHMaHHE HA BO3MOXKHOCTHL Ta-
Koro crnocofa oGOOIIeHUs] SKCIEPUMeHTaJbHLIX JAHHBX, IPH KOTO-
poM pewaJicss OBl H BOINPOC O MOJOOGHH KHHeMaTHYecKHX 3(dekTos
B pyciax ¢ nofimamu. C 370fi HeJbI0 BOCHOJB3YyEMCH KPHTEPHUAMH
THAPABJMYECKOTO MOA00Hs, a HMEHHO UHCJIaMH PefiHospaca wu
@pyna.

[Tpusenem rpadukn usMeHenus uucen Peihnoabica u Ppyna B

3aBHCUMOCTH OT 6e3pasMepHOH IiyOuHBl NMpH 73%:—7—8 (puc. 10-15
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‘w 10-16), KoTOpBEle COCTABJEHH OTAENBHO OJsi IOTOKa B MOHME M
" pycae. Iloa 6e3pa3MepHOf TiIyOUHOA B JaHHOM CJydyae NOHHMAaeTcs

OTHOIIEHHE Uucora PefiHogbpaca u @pyra sgech UMeEIOT

L A6, max
VCJIeILYIOHlHI/I BUA:
Unfiy 'Uphp. cp
Re, = v’ Rep =y
2 2
v
Fr P

i
—_——— Fr —_ —_———,
" ghy’ P ghp. cp

rae hy—raybuHa BOABL B ITOfMe; fpcp— CpenHsa rayGuHa

BOAB B pycie, onpenensemMas npu H<{0,06 m k, Cp<=—3—hp.mx
-_H . H )
P,

4 . 4 J
a) /ﬁep 6) %FTP Frn
121/ Ren - R o =X
61— 6 b-fur Tl ol g
08 (’( 08 }
7 ’
A A

4 .

0 4 8 2Reil’ 0 B 02 Fr

\?\ Puc. 10-16. 3asucumocts uHCAa PefiHoapica (@) u gncaa Ppyzra (0) or

. b

6espa3mMepHOfl ryOMHEI LpY B—p=—7—8— (ombiTst 1948 1., Bropas mrepo-
' ;osaTc;CTb).
“p

(hp.max — FIyOMHA Ha OCH. HOTO'Ka.); npu H>0,06 M by op= +—=

by
=————2’4_g6h" (24 —naomanbr B KBaApaTHHX AeHHMeTpax napato-
JHYECKOTO TpOoduas Hpa Apmax=0,06 M, 6 —mupuHa pyciaa B me-
uumMerpax npu H=0,06 m).

Ckopoctd vy B vp npu H>0,06 M mofcuntansl mo ¢opMymnam:
Up=KUgnos ¥ _Up=KsUpmax, Tll€ Umnyos — INOBEPXHOCTHASI CKOPOCTh
B TOHAMe, Upmax — Hauboabllas CKOPOCTb IOTOKAa (Ha och); npu
H<0,06 M v, cHEUManoCh € KPUBOH CPeIHHX CKOPOCTeH, TOJyyeH-
HOM B pe3yJbTaTe TAPUPOBKH MOJE/IH C M3MEpEeHHEeM pacxoja ¢ Io-
MOUIBI0 BOAOCAMBA ¢ TOHKOH cTenkoil. Kosddunumentsl Ky u Ky noa-
cuntanbl no ¢dopmyram § 34. Onucansas 37ecb cxeMma pacyera
Up M Up B CBSI3U C NOCTPOEHHEM TIpaUKOB U3MEHEHHsa uyHucea Re n
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Fr B 3aBHCHMOCTH. OT YPOBHS MO3BOJISIET BMECTe C TEM pelIaTh 3a-
Aauy Ha OeJleHHe NMOTOKa MeXAy pycaom Hu moiimoil. [TonpoGuee 06
sTOoM OyleT ckasaHo B § 41.

Paccmatpusas puc. 10-15a u 10-16 a, ycranasauBaem, 4TO NpH
paRHOMEDHOM JBMIKEHHM BOJBI B ONLITAX Ha PYCJAOBON MJIOIIAJKE
uMeJ MecTo TypOyJeHTHBIH pexXuM; JaMHHAPHBII H NepeXOaHBIH
pPEXMMBl 37eCh TaKXKe BO3MOXKHH (B TOfiMe), KakK 3TO BHAHO U3
rpaduKOB, KCTPANOJMPOBAHHBIX B TOYKY NPH —h%%:l M  mpu
ray6uHax hyp mnopsiKa HeCKOJNBKHX MHJJHUMETPOB, IIPH KOTOPHIX
OCyILeCTBJIEHHE ONBITa YXK€ OKa3hiBajJoCh 3aTPyAHHTENbHBHIM. Ync-
aa Re, Goapwe unucem Rey, uero um caenosano oxuaatb. Kpome
TOrO, yCTAHABJAMBAaeM, uYTO yHcaa Frp MeHblle uncen Fry (mpm
H>0,06 M); npu BTOpO# LIepOXOBATOCTH HOAMH yucia Fr oxasa-
JHCh MEHBIIMMH, YeM IpPH NepBOfl MIEPOXOBATOCTH MOHMBL

C TOYKH 3peHHs1 THAPABJIHUECKOTO MOLEJHPOBAHMS BAKHO COIO-
CTaBUTL NOJYYeHHbIE KPHBEIE HA PYCJAOBOH . IJIOMIAAKE C TAKOBHIMH
nas pek. K coxajeHHio, rHIPOMETPHYECKHe H3MEpeHHs B NoHMax
BecbMa 6eHbl U Mbl [OKa He MMEeM BO3MOXKHOCTH IIPOBECTH aHa-
JIOTHYHOE DPACCMOTPEHHE BOIPOCa IO HATYDHHIM JaHHBIM.

§ 39. OnwIT onpeneneHHs CBASH MEXJY CKOPOCTAMH NOTOKa
B OCHOBHOM pycie M noiime

B § 38 paccmarpuBasuch IJaBHBIM 00pa3sOM KaueCTBEHHHIE Xa-
pAKTEPUCTUKH KuHeMaTuueckoro sddekra. Hafigem cBasp Mexny
MaKCHMaJbHOH CKOPOCTHIO B. OCHOBHOM DPYCJe Upmax X NOBEPXHOCT-
HOI CKOPOCTbIO B NOMME Unpos. C 3TOH IEJNbIO HOCTPOEHH Gespas-
MepHBle rpaduKku B KoopauHaTtax (puc. 10-17):

Up. max — Un. nos Q—0Qs
VUn. nos ’ Qs

PacyeT KOODOHHAT AJis NOCTPOCHHs YKA3AHHBIX KPUBBEIX HPHBO-
gutcs B Taba. 10-4. PycnoBoit pacxog Boawt B onbltax 1948 r,
okasaJca paBHBIM Qs=7,2 J/cex.

PaccmarpuBass kKpubBble puc. 10:17, MOXBHO OTMETHTb BJHSA-

b
HHE FP_ Ha BeJAYUHBLl OTHOCHUTEJNBHOr0 HeJocTaTKa CKOpOCTH
. .

Up, max ~— Yn.nos 6
_— IIpH OAHOM H TOM XKe 3HAUYEHUU T C yMEHbllIe-

Un. nos

b
HUEM B—p YBEJWUUBALTCS OTHOCHTEJbHLIH HEAOCTAaTOK CKOPOCTH,
14

yTO B OOIIEM MPHBOAHUT K YBEJHUEHHIO KOHTPACTa B PYCJAOBLIX H
NOAMEHHBIX CKOPOCTAX C YBe/JWUEHHeM IIHUPUHBI NOHMBL
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N

! - . .
SMnupuyeckoe ypaBHeHHe KPUBHIX, MOKA3aHHbIX Ha puc. 10-17,
MO2KHO IIPe/CTABUTb B BHJE ,

—_— 14} —_T : - m V
Q ] Qs /p. max 1. 0B —a, (10_2)
s VUn. nos ) i
rné m U o — napamerpsl ypaBHEHUS.
Up max ~ Un.nos Up.maz -Vn.nos
Un.nos %
6 . f.nes
(BE 6)
2
5 4
) g\\\
4 BN =y
=
g 1 2 3 4 5 i-%
3
[
2
o—1
: \ | | -
e —3
—— S
, ‘ Q-8p
0 1 2 3 4 5 _—06 .
' . Up. max — Yn, nos
Puc. 10-17. 3aBucuMocTh OTHOCUTEABHOH CKODOCTH ——— —— oror-
. I, OB
Q—Qs

HOCHUTEJBHOI0 pacxoga BOAbI Q5

. b 1
@ —TepBas (1EPOXOBATOCTb . HOMMEL; 6 — BTODAfl. WIEPOXOBATOCTb MOHMBY, [— ?’l ===
. s

v =

2— = .

R 3__bfl.=
By

':lml'Uw
] -

[Mpu m=1,5 napaMerp og AAeT MEHBIIYIO aMIJHTYIAy Kojeba- -
HMH, YeM 0Opu ApYyrux 3HaueHusax m. [lpu m=1,5 napamerpn os,
nojcuutanusie no ¢opmyae 10-2, mpusoasrcs B taba. 10-4. Cpen-
Hee 3HAYEHHME O OKa3ajoCh BO3MOMHBIM [MOACUHTATL B Ipeienax:
Up. max — V. nos - Q—Qs - C
STt T or 0 go 4,25 u Qs T 0 oo 4,75. Dtu cpenHue

Un, nos
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PesynpTaThl ONLITOB MO pacnpenenenqie ckopo:tefi (1948 r.)

B pyciie U nonme

Ta6ruya 10-4

[N

N H Q Q—Q% | Zp.max | 7y nop | . max ™ Zn. mos a
o/u MM M/cex QG cM/cex. cM/ceK. _—m 6
bp 1
[lepBas ‘1IEpPOXOBATOCTL MOHMBL, B =78 %. op =048 (Ges touex 4 u 5)

. a ’ :
1 87,6 40,0 4,60 33,2 21,2 0,22 0,47
2 76,1 19,8 1,75 30,5 20,2 051 - 0,62
3 68,9 10,1 0,40 30,0 15,2 0,98 0,39
4 65,1 8,7 0,21 29,6 5,5 4,40 1,94
5 63,8 83 0,15 31,6 45 6,00 221
, by ‘ _
[lepBas mIEPOXOBATOCTL MOHMMBI, B =1 %. cp =032 (Ges Touxu 5)
n
98,0 40,0 4,60 39,8 31,5 0,26 0,61
86,4 20,1 1,79, 31,0 24,0 0,29 0,28
78,1 10,0 0,39 24,5 14,8 0,66 0,21
67,8 78 -0,08 30,6 11,8 1,60 0,16
65,4 75 0,04 27,3 4,0 5,80 0,56
’ by 1
[lepBas mEpPOXOBATOCTb MOKMBI, B =75 %o =0,30
11
1| 922 20,0 1,78 34,5 27,0 0,28 0,26
2 81,6 9.9 0,38 26,0 16,8 0,54 0,15
3 64,1 7,7 0,07 41,0 8,2 4,00 0,56
4 66,8 7.6 006 | 370 11,0 2,40 0,22
C by 1 .
Bropas mepoxoBaTOCTb MOHME, B =7g" %. cp =043 (6e3 Touxm 4)
- 14 k)
1 926 40,0 4,55 29,0 24,8 0,17 0,32
2 89,4 35,0 3,86 28,0 24,2 0,15 0,23
3 87,0 30,2 3,20 28,3 22,8 0,24 0,38
4 83,9 25,2 2,50 27,0 20,5 0,32 0,45
5 80,4 20,9 1,90 27,4 18,8 0,46 0,59
6 76,6 15,2 1,11 86,0 15,8 0,65 0,58
7 70,3 10,1 0,40 26,7 13,0 1,05 0,43
8 68,0 "85 0,18 25,7 12,5 1,05 0,19
. bp 1
Bropas mepoxomaTocTs MOHMBL, —— = T %.cp= 0,38
11 . .
1) 1013 40,1 457 . 36,5 31,5 0,16 - 0,29
2 93,4 35,0 . 3,86 34,7 29,0 0,20 0,34
3 95,4 30,2 3,20 32,5 26,8 0,21 0,31
4 89,8 25,1 2,49 32,0 25,0 0,28 0,37
51 846 20,0 1,78 31,8 21,0 0,51 0,65
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1 podonrscenue maba. 10-4

N H Q Q—Q . p.max | Ymomop | P-max” “mmos |
n/n ’ MM ajcek. Qﬁ cM/cek. cMm/ceK. -—'vn on — 6
6 79,7 15,2 1,11 294 19,2 0,53 0,43
7 72,6 10,2 0,42 29,5 14,3 1,07 0,46
8 69,2 79 0,10 30,0 11,5 1,61 0 20
' . b 1
Bropas- mepoxoBaTocTh MOMMEI, —— = 55 O, cp= 0,32
1] 898 15,0 1,08 29,0 19,8 0,47 0,35
2 80,8 10,0 0,39 29,8 16,5 0,80 0,28
3 71,6 79 0,10 33,8 10,4 2,26 0,33

3HaueHUd o NpuBeleHbl B Talj. 10-4, B KOTOPOH yKa3aHbl TakKe

LaHHEE, HE HCIIOJb30BAHHBIE B PACUETE Og, cp- 1lapamMerp ag; cp 3aBH-
b
p
CHT OT OTHOIIEHHsS - H wmepoxoBaTocTH (tabu. 10-5). C yBennye-
I

HHEM WHPUHBI MOHMBI H IIE€POXOBATOCTH g, cp yBeNUunBaercs [4].

Ta6ruya 10-5
[MpuGanenHsle 3HAYCHAS O cp. ' :

bP
[TepoxoBaTOCTH B
TMOHMBI
0.1 0,2 I 0,3 04 ] 05 l 06
[lepBas . 0,52 0,38 0,32 0,29 0,28 0,28
Bropas . . . 0,58 0,43 0,37 0,34 0,32 0,31

W3 dopmyan (10-2) npu m=1,5 noayuum
*/s

"Up.max_ Yn. noB __ ®5. cp
Un, noe ( Q—Qs )2/9
Qs
Pewas nocnennee BbipaXeHue OTHOCHUTENIBHO Up. max, HOSYUIHM
06, cp % ’
Up. -max — [1 + ( ) On. nos* (10'3)
— —1
Qa

Tlpn Q=0Qs ckKopocTtb B mofiMe Uy pop=0. TIpu Q->co vg mep—>
~>Up. max, UTO BHIHO H3 CTDYKTYyphl ¢opmyas (10-3) u mousTeo ¢
THAPABJAMYECKOH TOUKH 3pEHHs: C yBe/JIMUEHHEM pacXoma MPOUCXO-
IUT BHIpaBHHBAHNE 3MIOPHl CKOPOCTEH MO HIMPHHE IIOTOKA.
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dopmyna (10-3) moxaswiBaer, kakue (GaKkTOPBEI BAMSIOT Ha pac-
IpeJejeHne CKOpoCTell B pycje H NOHMe PeKH, a CJeLOBATENbHO,
u (dakrophl, BJAHAIOLUIHE Ha [eJeHHe pacXofa MeXKAy pyeaoM H
no#imoir. Aty GopMy/ay HOKa HeJb3ss paccMaTpPUBaTh KaK OKOHUA-
TEJbHYIO, IOCKOJNbKY OHAa NoJyueHa Ha OCHOBAaHWH Ja60paTOPHOro uc-
CJIeOBAHUA IOTOKa. JHaueHHe 3T0H (DOpMYJBl 3aKIIOUAETCS B TOM,
UTO OHAa BCKDLIBAET OCHOBHBbIE (DAKTOPH!, BJAHAIONINE HA JeJeHHe pac-
Xola MeXIy PYCJOM U IONMOH H, CJef0BATE]bHO, METOAMKA AaJb-
HeHIINX HCCAENOBAHHEA B 3TOM HANpPaBJeHUH CTAHOBHTCH SICHOM.

Pesgyabrathl 3THX U INOMOOHBIX HCCAEAOBAHMII B JaibHeHIieM
nocayxKaTt HayyHOH OCHOBOH /il paspaboTKH IHAPaBJIHYECKHX pac-
YeTOB PEYHHIX pyceJ ¢ NOHMaMH.

®opmyay (10-3) nesecoobpasHo NpHBECTH K CHAeAYIOIEMY BHLY,

YUUThIBad, 4YTO
Uy Tp
v =, U =
ol. OB Kl ’ p max K2 '

rfe Up— cpefHsisi CKOPOCTb I[OTOKAa B MOHMe, Up— CPeNHss CKO-

.pOCTb MOTOKA B pycJe, paBHAs

K, 05.cp \'1T
‘Up = T] 1 —Jr- (_Q____T Uy E (10-4)
. Qs

OTHollleHUe % MOXKHO OIpeleauTs mo (GopMysaM, TpuUBeneH-
1

ueiM B § 34.

§ 40. KunemaTHueckHi apekT B pycne npe OAHOCTOPOHHEH
novme :

Msyyenne xuHeMaThHueckoro sddexra B pyciax NPH OFHOCTO-
pOHHell NOHMe IpEACTaBJSET HHTEPEC B CBSI3M C TEM, UTO MHOI'HE
peyHble pycJaa HMeloT NOHMY TOJBKO ¢ OLHOH CTOpOHH. I3yuenue
JKe KMHeMaTHyeckoro adgderra B paccMaTpHBaeMOM Cjayyde B THA-
PaBJMYECKHX JIOTKAX M HA pPYCAOBHX IJIOMAJKaX HPEACTABJAET
coBofi TONYIPOCTPAHCTBEHHYIO 3afaiy. B psfe cayuaeB MOXKHO
BOCIIOJIb30BATHCES TAKOH NMOCTAHOBKOH 3a1auyM ¢ TeM, uTOGHl HMeTh
BO3MOMKHOCTb CTaBHTh SKCIEPHMEHTHl ¢ GOJbIIeH IMMPHHON TOHMAI
(omHOCTOpOHHEH ). _

DKCTepUMeHTH B PycJax ¢ OJAHOCTOPOHHUMH IoHMaMu Gvliu
nocraBdeHsl Tox pykosoxctBoM B. H. T'onwaposa ero cotpymuu-
kamu Y. 1. CnounbiaeiM, H. B. BapbIHHKOBLEIM. U JPYTHMH B M-
paBau4ecKoi J1a60paTopHH JIEHHHTPALCKOTO TI'MIAPOMETEOPOJIOruye-
CKOro MHCTHTYTa. OCHOBHBIE ONBITHl ORLIM BHIIOJHEHH B PYCIGBOM
notke pjuHof 90 M m obmed wupunoi 2,06 m. Momens cocrosiia
H3 pycia pasnuuHoil GopMbl M mOUME wupuHOA 1,66 M [72]. Onwno
pyeso ObBUIO mpsiMoyrojbHOe mmupuHOR bp=40 cM m TayGuHOH
hp=6,3 cM, Apyroe — TpaneneHfanbHOe ¢ TAKOH e ruayGuHOl,
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mupuHOH nonusy 20 cM u Koabunuentom otxoca m=1,0. Ocu pyc-
Ja ¥ NMOHMBI Tak e, Kak H B ONBITax APYTHX aBTOPOB, OblIM pac-
NOJI0XKEeHH napaJjnenbro. Ilponoabuulfi YKAOH pycaa M DOHMB CO-
crapasia [=0,003 npu HyJeBOM OONEPEUHOM YKJOHE MOHMBI
Becsa Mojesrp 6niia BHIIOJNHEHA M3 3€PKAJNBHOIO CTEKJAa, OCHOB-
HOE PYCJ/IO M3 crekna, KoaQpHUUUeHT [MIEPOXOBATOCTH KOTOPOTO pa-
Bew hp=0,001. Ilolima Gpuia GoJsiee IHepOXOBATOH, YTO AOCTHIANOCH
Ug M/CGK.
her aj [

038F

0,4r .‘v |
0 B ‘ ! —}

[
. ‘P

- 7
Bp bp
ug Mfcex. , :
12 6) [, |
o—o—o 7 l
08
04— > 020

. < B

Puc. 10-18. Pacmpenesenue cpegHux Ha BEPTHKaJAX CKOpPO-
cTell [0 WmIupUHE [I0TOKA NPU W30MMPOBAHHOM (7) M HEH3OJH-
pOBaHHOM (2) OT MOHMHI. pyclax.

@ — [PSIMOYT 0JILHOE PYCJO (Q=63,3 J/ceK., Q =44,6 a/cex., h =4,69 cmM,
hy=11,0 CM); 6 — TpaneneunanbHOe (Q 475 afcek.,  @Q —260 nfcex.,
p P

h =4,5 cM, pr.._108 cu.).

3aKpelJieHHeM Ha IIOBEPXHOCTH CTeKJa TPaBusl C MOMOIIbLIO CIHPTO-
BOrO Jiaka. PacXoibl BOALI B ONLITaX, H3MepseMble BOJOCIHBOM,
6uiid B npenesax 2—100 g/cek. I'my6uHa BOABI B pycjae H3MeEHS-
aach or 1,6 no 13,0 cM, B nmoiime ot 1,2 mo 6,5 cm. CxopocTh Teue-
HHS BOIBI H3Mepsiiach THAPOMETpUYeckoll TpyOKofl B mpefpenax
BCEro KHMBOTO CEYeHHs.

- DKCIIEPUMERTH! OBUIN [OCTABJIEHB! HE TOJIbKO B YCIOBHAX B3AUMO-
HEACTBAs PYCNOBOrO M NMOAMEHHOTO MOTOKOB, HO TaK¥Ke.H NPH HX

nofaHO# . usoaAnuy. B 3TOM 3aKaouaercss JOCTOHHCTBO METOAHKH
U. 1. CriuiipiHa.
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Vsoqsiusi pycJaOBOro NMOTOKAa OT MOMMEHHOro OCYIIeCTBJAANACH
yCTaHOBKOH Ha OpOBKe pycsa IEperopojkud H3 TOJHUPOBAHHOTO
crexsa. Takofl sKcnepuMeHT BechMa yOeluTeNbHO NMOATBEPAMI CY-
I1eCTBOBAHHE KHHEMaTHUeCKOro sdgekra B pyciax ¢ NOAMaMmy,
ycranosaeHHoro B pabore [1].

/ PaccMOTpHM pesyabTaThl 3KcrnepuMeHToB ChnHUbIHA B COTIOCTAB-
JeHHy MX C pesysbTaTaMi J[Jif HEH30JHPOBAHHOTO M H30JHpPOBaH-
HOTO pYyced.

hpem

hpcm
hycm vhup Up  Vp 4 *;ECM _UpUaup  Vp

ST Tl A

Al o LA 5 .
7 I S .

8 8
4 // S R >
T A

7 - : ve

’0 02 04 06 08 Y 0 02 04 06 08 10 1{2mfcen.

] Puc. 10-19. 3asucuMocts CPeIHuX CKOPOCTeH OT yPOBHS BOXHI-

o o 14 7
v H 'Un———B YCA0BHAX B3aUMOXEHCTBUA PYCJOBOrO X IIOMMEHHOrO IIOTOKOB, ‘Z)p u Tln—B yciao-
BHfIX H30JAUUN pycJaa OT TMOHMEL; @ —NpAMOYroJbHOE PYCHO, 6—Tpaneueunanbﬁoe,pycno.

Ha puc. 10-18 npuBeneHsl 3MIOpPH pachpejefeHust CPelHUX Ha
BEPTHKAJAX CKOPOCTEH IO IUHDHHE HOTOKA, I'ie Mok Qp MOHHUMAeTcs
pacxof BOAbI B M30JMPOBAHHOM pYyCJe. Otuerneo BHIHO, YTO IPH
B3aMMOAEHCTBHH DPYCJOBOTO H NMOUMEHHOTO TOTOKOB, T. €. npu oT-
CYTCTBHH KX H30JSLHH, CKOPOCTH B OCHOBHOM pYCJe IO BCelf IIH-
pHHe MeHbllle, YeM IIPH H3OJSLHH PYCJOBOrO IOTOKa OT NOMMEH-
HOTo. BJIMSHME OCHOBHOTO NOTOKA Ha pyCJIOBOPI pacnpocTpassercs
Ha paccTosiHue b, KaK oTMeueHo B § 38. -

Ha ocuose smiop cxkopocreit Taxoro e THIA, KAK MOKA3AHO HA

_puc. 10-18, nDpy pasauyHBIX YPOBHAX BOAB NOACYUTAHBl CpenHHe

CKOPOCTH NIOTOKA B NIOHME Uy H B pycCjie Up, YTO JaJI0 BO3MOKHOCTb
noctpouts rpaduxu (pue. 10-19) Taxoro xe BuAa, KaKue paccmar-
puBagauch B § 38, ¢ To#i pasmuiefl, uro Ha puc. 10-19 uMelorcs Kpu-
Bhle M3MEHEHHSl U, M U OT yPOBHA BOAM H B YCJIOBHAX H30JsLUH
pycia ot moiimbl. Ha puc. 10-19 BHAHO, UTO CpeiHss CKOPOCTb Up
B YCJIOBHsIX B3aHMOJEHCTBHUS CYILECTBEHHO MEHbIIe CpefHeH CKOpo-
CTH U, B YCJOBUAX H3OJALME pycaa OT NOHMEI, 4TO HAaXOAHTCS

14 F B. JKenesusxop . 209



B NOJHOM KAauecTBEHHOM COOTBETCTBHHM C JNAHHBIMH SKCIePUMEHTOB,
paccMorpenHbix B § 38.

OTHOCHTENBHOR YMeHblIEHHE cpeJmeH CKOPOCTH B’ pycJe, Korma
3Ta CKOPOCTb [[OCTHTaeT HAHUMeHbIUero 3HAYeHHUS, COCTABJSET MO
OTHOIIEHHUIO K CKOPOCTH 7);: '

Add [IPAMOYTOJIBHOTO pycaa

4
— Uy i 083—066
LTt = = 0,21,

v, 0,83

v,

JJIs1 TpaneuenaaJpHoro pycha

/
vi—u, 0,78 — 0,60 -
b 2oL — = 0,23.

vy 0,78

CpelHsist CKOPOCTh MOHMEHHOTO NOTOKA Uy MEHbIIE CKOPOCTH Vn
B YCJOBHSIX H30JIALMH pycaa oT moimu (puc. 10-19). B cBsasu ¢
u3/oxeHHbM CHOUUBIH CIelal TMOJACUCTH NEPeiauyd KMHETHUECKOH
SHEPTHU DYCJIOBBIM IOTOKOM mHOfMeHHOMY [72], uTeo, GesycaoBHO,
IpeCcTaB/sieT HHTepec. :

YMeHbllIeHHEe KHHETHYECKON: SHEpPrHH NMOTOKA B EAMHHIY BpeMe-
HU B OCHOBHOM pycCJe 32 cueT KHHeMaTHueckoro s(dekTa MOXKHO
onpefeauTh 10 GopMyJie CJe/lyIONUEero Bn,ua

2
(1, ‘U o
Ny £ S0 90

, :
rie E,— KuHeTHYecKasi SHePTHs NOTOKA B. pycJe B. €AUHHIY Bpe-
MeHH TIPH H8OJSNUH pycsaa oT NOHMBI;, Ep — KuHeTHuecKas SHeprus
OTOKa B pycie B €AMHHIY BPEMEHH B YCJIOBHSX B3aHMOAEHCTBHSA

PYCJIOBOrO- H HOMMEHHOIO IOTOKOB; ap—Koaq)(bHuHeHT Kopuoauca

PYCAOBORO- IOTOKA [IPH OTCYTCTBHUH B3aUMOAEHCTBUS ero ¢ IMoitMeH-
HBIM; ocp—Koaq)(pmmeHT Kopuosuca: pycioBoro noroka HIpH B3au-
MOZEHCTBHY €ro ¢ NOAMEHHBIM; O — IIOTHOCTh KHMAKOCTH.

[pw OJIMHAKOBBIX I‘leénHax BONEL U THAPABJIHYECKUX YKJOHaX

Qp,__ mpsvp\ 1 Qp= wpVp, CACLOBATEILHO,
P 3 )
AE, === (% — 0 %p). (10-5)

HsmeHeHne KHHETHYECKOH sHEpTHH NMOTOKAa B €IHHHIY BPEMEHH
B OHMe 32 CYeT KHHEMAaTHYecKoro 3¢ @eKTa MOXKHO ONpPeNeNHTh 10
-caenytomelt dopmyae:
9 NN
aﬂpQHUH aHanvH
¥

o .'I—» J—
AE,=Eq— En=—— 5

rie Ep-— KHHeTHYecKas SHEPIUs MOTOKA B IOHMe B €IUHHULY Bpe:
MeHH B YCJOBHAX B3aUMOJIEHCTBHS PYCJOBOTO M HNOHMEHHOILO IIOTO-
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koB; Ey— KUHETHUEeCKasl SHEpTHsl [OTOKAa B MOMMe B eIHHUIY Bpe-
MEHH NPH HM30JIALHH Dycaa OT MOHMBL oy — Koadduunent Kopuo-
Jrca MOMMEHHOro NOTOKa TIPH B3aMMONEHCTBHH -€T0 C PYCJOBBIM;
o/ — xospduument Kopuosuca mnOHMEHHOro MOTOKA, H30JUPOBAH-
HOr'o OT PyCJAOBOTO. "

Tpu OJIUHAKOBBIX myéuﬂax BOJBl U TMAPABANIECKHX YKIOHAX

Qu=@nln ¥ Qn——con'vn, CJ1e[0BATEJBHO _
3 .
AE, = pm“ (an'vn e ) (10-6)

Ecau Bbipaxenue (10-6) HOLIeJIHT-b Ha (10-5), mony4yum OTHO-
CHTEIbHYIO [OJ1I0 KHHETHUYeCKOfl SHepTHH, MoJyyaeMylo NOHMOH oT

pycaa,

. 3 e
AE, o, (anvn-—-aﬂvn (10-7)
AE o (00" —a 03) ¢
P P 4 PP,

OueBMIHO, YTO 3TO OTHOIIEHHE JOJNKHO OhITh CYIIECTBEHHO
MEeHbIIe ‘eJUHULBI, TaK Kak, coraacHo (10-1), motepsanHas Heprus
B OCHOBHOM pYCJle HE TOJBKO Tepefaercsi NOMMEeHHOMY IMOTOKY, HO
¥ 3aTPauMBAETCs HA CONPOTHBJEHHS ABHIKEHUIO NOTOKA BCACACTBHE

" IIONEPEYHOro MaccoOGMeHa ¢ HHTEHCHBHBIM BHXDeOGpa3oBaHHEM.
IMpusenem HekoTOpble LH(POBHEe AaHHbIE. [IPH HCIOAB30BAHHH BHI-
paxenns - (10-7) BosHHKaer Bompoc o Koadduuuentax Kopuosanca,
a ux specb yerhipe. Ha ocuoBe pganubix M. I1. Crouusina [69, 75]
MOMHO C YBEPEHHOCTHIO YTBEPXKAATb, UTO @, AOJKHO OHITH 3aMeT-

HO GoJibllle ap, @ O HECKOJbKO MeHblle on. K coxanenuio, B pa-
6orax [69, 75] kospduuuentel Kopronuca He Obliu MOACYNTAHEL, H
HX ABTOpP (aKTHYeCKH cHesan AOUYILleHHe O PABEHCTBE BCEX UeTHI-
pex koabdunuentos Kopuosyca, npuHsis 3a OCHOBY (opmyay

3__ o° '
AE . mn(vn—vn)

b

AE, 28
P “’p(“’p ”p) .
KoTOpas sBJjsieTcsl 4actHbiM BuAoM dopmydaer (10-7). Coorser-
CTBYIOILIKE NOACUeTH NpuBefenbl B Taba. 10-6.

Fny6una Bogel B pycse Ha 6,3 cm Oosblie ray6uHb BOIH B

nofiMe. OTHolleHHus 7“— npHuBeLeHbl B Tol xe Taba. 10-6.
P

Ha puc. 10-20 gaHo H3MeHeHue

(10-8)

AE,
'ATH' 100 B saBmcHMOCTH OT
P
S h o
6e3pa3mepHOl TyOHHDBI 7“— Buano uto yacTh KMHETHYECKOH 3HEp-
p
I'MH, TepelaBdeMas OT pyclda K [OOHMe, MOXKeT gocTurath 26%.

ObnapyxuBaercs pasjuuue B XOLe HM3MEHEHHs]

S N \\

Eq
AE,
{ cTn oT hopMH pycJa. Hakion 60KOBbIX ‘CTOPOH pyc/la CIVIa’KHBAET

k:-)TOT nporecce,
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Ta6aruya 10-6

~OnuITHbIE NA6OPATOPHBIE HAHHBIE O KUHEMaTHueckOM sddexre
B pycjax ¢ OJHOCTOPOHHeH NOAMOR.

[TpamoyroasHoe pycao TpaneneunaabHoe pycao
h - -
n _n .
cM hp bB.l'l AEH % v bB.H AEH " _ZI_
oM - AE P v’ ] cM A'E o v’
020 | 003 | 6 010 | 097 8" 010 | 099
070 | 010 12 034 | 096 12 044 | 096
120 | 016 | 19 070 | 0% | 15 205 | 093
170 | 021 24 135 | 086 | 20 343 | 09
220 | 096 29 244 | 088 24 458 | 092
270 | 030 | 3 394 | o089 | 26 .| 735 | 093
320 | 0,34 35 531 | 090 29 933 | 093
370 | 037 38 646 | 090 | 31 118 0.93
120 | 04l 39 774 | 090 | 33 137 0,94
470 | 043 a1 955 | 001 34 162 0,94
520 | 045 42 116 0,92 36 . | 193 0,95
570 | 0.48 42 146 0.92 38 212 0.95
62 | 050 3 173 093 | 39 220 0.95
670 | 052 3 21’4 0,94 40 253 0.95
hy
R
ab
05 . /://o)" O/
/ °
04 /Q}/M/
A
o
02 -
s e -1
o-2
. O”
L : : ' AEq
0 5 0 s 20 25 30 AEL 100

\t Puc. 10-20.- MameHeHue KuHETHUESCKOH .9HEprux, mepeaaBaeMoi
PYCHOBBIM TIOTOKOM I[OHMEHHOMY; B 33BHCUMOCTH OT OTHOCHTEJb-
v ) S
HO# Fay6HHB BOZBL B nofiMe —h—“ : ‘
D

1 —npAMOYr0AbHOE PYCAD; 2 — TpaneuenAaIbaoe PyCao,
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B taba. 10-6 mpuBeleHEl TaKkKe 3HAUCHHs IIMPHUHEL oMbl OT
GpOBKH pyCs1a by n, HAa KOTOPHIX CKa3bIBACTCA B3aMMOJEHCTBUE pye-
JIOBOT'O U MOHMEHHOrO MOTOKOB. :

B cBeTe Bcero H3JOKEHHOTO O KMHeMAaTHUeckoM 3¢deKre B pyc-
‘Jlax ¢ NofMaMH CTaHOBUTCS OYEBHULHBIM, YTO CPeLHAS CKOPOCTh BCETO
NoTOKa, MOACUMTAHHAs, KaK 3TO [AeJajJoCh paHblle, T. €.

, QFQu
'v——mp_i_mny

6yaer GoJsbllle cpejHel cxopocm [OTOKa, MOACUATAHHON C yuerom
KHHeMaTHyecKoro sd¢dexra

Qp+Qn
= ‘Op“l"wn )

v
B ra6a. 10-6 mpuBelieHbl 3HAYEHHS - - DTH pesyJabTaTH Clhe-

LIyeT paccMaTpuBaTh, KaK MpeJBaPUTE/bHBIE.

Kpusrle na puc. 10-19 npeicTaBJsiioT UHTEpeC eule U B TOM OT-
HONIEHHH, YTO MOATBEPIKIAETCS BLICKA3aHHOE MPENNOJIOKEHNE O BO3-
MOXKHOCTH 3KCTPaIONSAINH 'v;.:fvr', (H) mo usmepenuam B pyclie Ha

o6GjacTb BHIXOZA NOTOKa Ha MOAMY, T. €. MHOJIyYeHHs rpaduuecKH

fc);:'v;(H) IJIsl pycsa, M30JHPOBaHHOro ot noiimul. Pasymeercs,

9TO MOXeT ObITh CHEJaHO B OrpaHMUEHHBIX Tpejenax raybun B
nofime. Ho cama nocraHOBKa Takofi 3ajaud 3ac/yXXUBaeT BHHMAa-
uus (§ 37).

SIB/IeHUe KHHeMaTHyecKoro s¢¢ekrta B OpPUPOLHBIX ycmmmx
BIepBbie Obl1o OTMeueHo JKenesnskoBelm {67] npu oanocTopoHmefi
nofiMe, [OITOMY 3TOT BONPOC PacCMaTpUBAaEeTCs B JAAHHOM Tapa-
rpade. Ilpopunss skuBoro ceuenus pekd # rpaduky H3MEHEHHS
cpelHell CKODOCTH NMOTOKA Up M HAUOHOJbIIEi CKOPOCTH INOTOKa B
pycile Upmax OpuBefeHb Ha puc. 10-21. YMeHbIIeHHe CKOPOCTH MO-
TOKa HAuaJgoch Npu upuHe ero 19 M U Upmax=1,56 M/cek. u mpo-
LOJIKanochk B Ipeflenax H3MepeHust ypoBHa 1,2 M, a 3arem cko-

pOCTb cCTaJa BO3pacTarTh. OTHocHTeNbHOE yMeHbUIeHue HauboJib-

o 1,56 — 1,15 :
me# CKOPOCTH COCTABHJIO TZO 26, 1. e OHO TPHMEPHO

Takoe Xe, KaK H 10 71a60paTOPHBIM NAHHBIM, NPHUBEJEHHBIM B pa-
oore[l]. A

TTonuepkuem eme pas, yto Aas KOHCTaTaluy KMHEMdTHIECKOT0
abdekra ¥ B 0COGEHHOCTH B HATYPHBIX YCJOBHAX COBEPIIEHHO He-
06X0AUMEl JaHHBle 00 M3MeHeHHM KUHEMAaTHKH IOTOKA B OCHOBHOM
pycJie Ipu BHIXOJE €70 Ha MoHMy.

C noMompio SBJEHHS KHHEMAaTHUecKoro s(hdeKTa, Mo-BHAUMO-
MYy, MOTyT ObITb OOBSICHEHEl HEKOTOPble OCOOEHHOCTH (OPMHpPOBaA-
HHSI pyces] DEeyHOro I0TOKa H TPaHCMOPTAa HAHOCOB. 3ac/yXKHBAET
BHHMaHUS MMOCTAHOBKA BONpOCca O NpHYMHAX o6pas3oBaHMs TpUpYC-
JIOBBIX BaJIOB Ha INOHMMe (BO3BbLIIIEHHH Yy OCHOBHOro- pycaa). He
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UCKJIIOYEHO, YTO OJHOH M3 NPHYMH, a GBITH MOXKET M TJaBHOH, Kak
pas u siBjsieTcst KUHeMaTHyecKnld spdekt. Ho BO3HUKHYB, npHpyc/o-
BHIf Ball MOXKET. 3aTeM B KakKOH-TO Mepe HelTpaJu30BaTh B3aHMO-
JIeHCTBHE PYCJOBOTO ¥ MOMMEHHOI'0 MOTOKOB, CIOCOGCTBYsl BOCCTa-
HOBJIEHHIO [POMYCKHOH CIOCOOHOCTH OCHOBHOTO PycCia.

H .
706(;4 r a)

6oor\

500 —-{\i‘ 73

400
300
200
100}

0
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e | / //o/
.500. - IAU g o
\ Up.mu\

\
\.

400

300 - 5 A’, R
)/4’/ % ° /
200 o1 ©

100

0 0,2 04 06 ~ 08 10 12 1.4 1,6 Mfcex

\‘ Puc. 10-21. Ilpoduns wusoro ceyenus p. Vabms (a} y Cnac-HMuapna (1948 r.)
H KpHBaf CPEIHHX H HauGONbIINX CKOPOCTe# B OCHOBHOM pycae (0).

B craTtbe [76] yRasbiBaercss Ha. BO3MOXKHOCTH HHTEHCHBHOI'O 00-
pa3oBaHHsi NMPUPYCJAOBLIX BaJOB NpH HeGoabuioh riayOune nofimen-
HOTO MOTOKA. A 3TO Kak pas U €CTh 30Ha HaHGOJBIIEr0 MPOSIBJICHUS
KHHEMAaTHuecKoro »¢¢eKra, MOTOMY H3y4aTb PYCHAOBOH mpomecc
B TaBOLOK, B TOM. YHCJE W HA H3JYYHHAX DEK, CleAyeT C YYeTOM
KHHEMaTHUeCKoro 3dQeKkra, KOTOPLIH, K COXKa/eHUIO, He OblI pac-

cMOTpeH B cTaThe [76].
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§ 41. 0 npUmMeHeHHN THLPABIKKO-rHEPOMETPHYECKOro ¢nocoba
onpejeneHna PacXonRoB BoAbl APH B3aHMOZEHCTBHH pycunoBoro
¥ NoHMEeHHOro NMOTOKOB

B cBfi3u C TeM, YTO NPH B3aUMOAEHCTBUM PYCJAOBOTO U IOHMEH-
HOIO MOTOKOB CYINECTBEHHO IMepecTpPanBaercs KHMHEMaTHKa IO0TOKa
B OCHOBHOM pyCJie, BO3HHKaeT BOINPOC, MOXKHO JIU B TaKUX YCJO-
BHSX [PHUMEHSITh T'HAPABIHKO- rnnpOMeTquecxnﬁ croco6 oupene:
JIeHHsl PACXOJ0B BOJbI, KOTOPHIH H3joxkeH B raase 1X.

Pacxo,u BOJIBl BCEr'O NOTOKA PaBeH

Q=Q,+ Qu . o (10-9)

rae Qp— pacxon BOAH B pycie; Qn— pacXoA BOAH B IOMMe.
Pacxoant Qp u Qn uMeloTCS B BHAY (PaKTHUECKHe, T. €. C YUETOM

B3aMMOJieficTBHA. EciaM H3MepeHO TOJBKO MOJe CKOPOCTed Ha ero

cBOOOAHON NOBEPXHOCTH U THJPAaBJHYeCKHe 3J€MEHTHl NOTOKa, TO

MOZKHOQ Hamnucarthb )
Q=K1 yQp. ¢+ KinQn ~ (10-10)

rae Kip— Ko3thobhunuenT nepexoga oT cpeiHel NOBepXHOCTHON CKoO-
pOCTH K cpefHell B pycie; Qp.o-— GUKTHBHLIE PACXOf BOIAH B pyc-
ae; Kiyp— KoappuuueHdT nepexoga oT cpefHell NMOBEPXHOCTHON CKO-
pocty K cpefueil B nofimMe; Qngp— QUKTHBHBIA PacXoj BOJH B IOHMe.

®opmyay (10-9) MoxHO 3ammcath B APYTOM BHIE, €CJIH HCXO-
JUTh U3 TOTO, 4TO B pycde Obljia M3MePeHa TOJBKO HauGOJbIIAs
CKOPOCTb NMOTOK& Upmax, TOTAA

Q=K2p(’)p7jp max+K1 ﬁQ(bi' (10'11)

Tae Kgp—Koaq)(buuHeHT nepexofa OT HauOOJbIIeH CKOPOCTH K
cpelHell B pycJe.

WUcnoabays ¢gopmyan ans K; u Ko, HpHBEIleHHbIe B TJiaBe IX
10 NaBHBIM SKCIEPHMEHTOB, COfepXkKaumuMcs B MoHorpadum [1],
Gblin paccyuTaHbl pacxoasl Boxel To ¢opmysne (10-11) u como-
CTaBJeHBl ¢ (baKTI/IIIeCKI/IMH TTocnennve 6bliW H3MepeHH C MO-
MOLIBIO BOJAOC/IHMBA C TOHKOH CTEHKOH. Pe3ysbTaThl pacyeTos mpu-
__BengeHH B Ta6j. 10-7..

U3 pauneix ta6a. 10-7 BU/LHO, YTO pacxoxkieHue B H3MEPEHHRIX
A PACCYMTAHHBIX PACXOAaxX MOMYUHJIOCH B OOHIEM JONYCTHMOE.

Tospnee amagmoruunyio- pabory npogenan Y. I1. Coumuw [75]u
TaKXKe NpHULIEJ K BBIBOAY O BO3MOMKHOCTH NDUMEHEHHs (GOpMYJbI
(10-9). Ilpu stoM emy yaajnoch YTOUHHTBL UYHC/IOBOE 3HAYEHHE KO-
sdpdunuenta Ky 3a cuer B3auUMOIEHCTBUS PYCAOBOTO H NOFIMEHHOTO
notokoB. OcTaHOBHMCS NTOApoGHee Ha pe3y/JbTaTax 3TOH paGoOTHL

W3 camoit mpupoasl KuHeMaTtuueckoro sddekra B pycsiax cof-
MaMK CJEYEeT, UTO B pycJe CKOPOCTH TEUEHHs NOJKHB! BHIPABHHU-
BaThca. Ilpm 3ToM ckopocTd BOJH3H CBOGOAHOA I[OBEPXHOCTH
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T abauya 10-7

ConocraslleHne BHIYHCIEHHBIX pacxonoB no ¢opmyne (10-11)
¢ U3MEpPEeHHBIMH N0 ONLITAM Ha PYCHOBOH nJOmAmKe

epoxopa- H Q - Q Q . Q.+ Q
Hofis MM a/cex Jl/ch njcek U+ —an—
by 1
' By 4
IMepsaa 98,0 40,0 - 12,1 25,6 37,7 0,94
86,4 | 201 8,4 13,5 21,9 1,09
781 | -100 5,6 5,4 11,0 1,09
Bropaa 101,3 40,1 11,6 91,5 39,1 0,98
98,4 35,0 10,6 23,4 34,0 097
95,4 30,2 9,6 19,8 29,4 0,98
89,8 25,1 8,8 15,6 24,4 0,97
84,6 20,0 8,1 107 18,8 0,94
79,7 15,2 6,9 7.9 14,8 0,98
72,6 10,2 6,1 3,7 9,8 0,96
69,2 7.9 5,8 2,2 8,0 1,01
b 1
Br 2
IMepsas 92,2 20,0 9,7 92 18,9 0,94
: 81,6 9.9 6,3 3.8 10,1 1,02
644 | 77 72 0,4 7,6 0,99
66,8 7,6 6,8 0,8 7,6 1,00
Bropas 89,8 15,0 7,5 59 13,4 0,89
80,8 10,0 7,1 35 10,6 1.06
71,6 79 6.9 12 8,1 1,02
by 1
By 18
Iepaas 87,6 40,0 9,2 31,8 40,4 1,01
76,1 198 6,8 13,2 20,0 1,01
, 69,9 10,1 58 - 56 114 1,12
Bropasa 92,6 40,0 8,2 32,6 40,8 1,02
89,4 | 350 76 | 289 36,5 1,04
870 | 302 7.4 249 1. 323 1,07
83,9 252 6,8 197 | 265 1,05
80,4 20,9 6,5 154 | 219 1,05
76,6 15,2 58 103 | 161 . 1,06
70,3 |, 10,1 5,3 5.4 10,7 1,05
68,0 8.5 4.8 4,0 88 1,03
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6yRyT yMeHblIaThes B GOJIbINEH CTENEHH, YeM Y AHA, a TaKXKe H Ha
Bcell riydune hg. B paGore [75] 2T0 NOATBEPMKACHO YOEAHTENbHO.
Ilo gaHHBLIM, 3aMMCTBOBAHHBIM M3 cTaTbu [75], Ha puc. 10-22 B

a)
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: J Puc. 10-22. Usoraxu u upoduan ckopoctell B IPIMOYTOAbHOM Pycae ¢ ORHO-
CTOPOHHEH (a) u JABYXCTOPOHHe# (0) moHMaMu.
‘ ;

BUJe npuMepa MpuBeleHbl H30Taxu u GeapasMepible - nPodUIH CKO-
pocTell B NPAMOYTOJBHOM pycJe ¢ ONHOCTOPOHHEH W ABYXCTOPOH-
Hell mofimaMu. Ha aroM e pHCyHKe NOKA3aHO paclpejeleHHe 1o
IIMPUHE [IOTOKA CPefHMX Ha BEPTHKA/AX CKODOCTEH Uy M TOBEpX-
HOCTHBIX Unos, BHAHO, YTO CKOPOCTH Ha BEPTHKAJAX, PACIOJOXKEH-
HBHIX B OCHOBHOM pycje, paclpejensioTcs JOBOJbHO CJOXKHO,
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C SIBHOJ TeHJEHUMEeH K BLIPABHMBAHMIO MECTHHIX ckopocrell. Touka
Ha BepTHKAJH, B KOTOpOﬁ U=1Uy, NepeMemiaeTCsls BHHU3, HHOI'Kad Ha
60oMBIIYIO BeIHUNHY. B ciyuae xe cj0XKHOTO pacnpeneseHus CKOpo-
CTH Ha BePTUKAJJH MOXKHO O6Hapy}KI/ITb 2—3 Takue TOUKH B pasauy-
HBIX MeCTax BepTI/IKaJIH Ha BepTukansix, pacrnosoxKeHHBX B I0HMe,
NpOQHUIN CKOPOCTEA HMMEIOT OOLIYHBIA BHIA. DHIOPBI CKOPOCTEH igH
LLHOB AJIs1 OCHOBHOTI'O pycia cOanxawTtcs. Muaue roBops, OTHOLICHHKE

——— JJIs pycaa Gojibllle 1O CPAaBHEHHIO C TAKOBBIM [Jis IOHAMBL
nOB

B xoneuysom urore mapamerp K; NMOX BJHAHHEM KHHeMaTHYeCKOTO
stpdexra Bo3pacraer. Urobnl -onperenuTh, KakoB pasMep Bo3pa-
crauua Kj, TpeGyloTcs, CTPOrO roBops, CONMOCTaBACHHUA K; B ycuo-
BHSIX B3aUMOJEHCTBHs PYCJOBOTO M NONMEHHOrO IIOTOKOB U B yC-
JOBHAX MX H3oaAuHHM. Ho MOXHO NOJMyuHTh HHTEDECHbe NaHHELE,
npocTo cpasHuBas K, Just pyc/ia v MOMMbI, CUMTAS, UTO H3MEHEHHe
K, nna pycna u nofMbl NOJAYHHSIETCS OLLHOI/I 3aBHCHMOCTH, HanpH-
mep, Ki=K(C) (§ 34).

Onbitel CHHLBIHA IPOH3BOAMJNCH OPH PasHOOOPA3HEIX dopMax
OCHOBHBIX pyceJ, B 4HCJe KOTOPHIX OBLLIN NPSMOYTOJBHOE C OLHO-
CTOPOHHell M JBYXCTODOHHEH MOfMaMu, Tpaneueniaibhble W napa-
Gonnyeckoe ¢ OJHOCTOPOHHeH mHoiiMo#i. B uucie TpanenenganbHbIX
pyced, KpoMe OOLIENPHHSATOIO CHMMETDHYHOIO, GBLIHM [Ba  KHBBIX
CeYeHHsi C HAKJOHHBIM JHOM B momepeuHom Hanpassenuu. Coot-
HOLIeHHe KO3(PQULIUEHTOB LIepOX0BATOCTH IOHMBL ng H pycaa np

Haxoaumaoch B npefenax 1,00—1,67. Bocemp cepHH ONBITOB C OJHO-
b
G e )
CTOpOHHel MOHMO# GBUIO NMPOAENAHO NPH p— =7z U JBE CEPHH

1
. o p
ONBITOB C JBYXCTOPOHHEH MOHMO# mpH - =55y
14
B pesyawsrate OBLIM NOACUUTAHBLI IApaMeTPHL:

Q Qu
Ko=g,5 K=y

3areM [OAA KaxXKAQOH CepHH ONBITOB MOJCYMTBIBAJNCH CPEIHHE
3HAYeHUs ITUX [apaMeTpPoB H CPefHHE 3HAUEHHs [JIs1 BCEX Cepuid
onbiToB. B pesyabraTte moJyueHbl BeJHUHHEI, PHBEAEHHBIE B TalJ.
10-8. Cpenuue sHauenus K; nosyuedbl U3 53 ONBITOB.

N Tabauya 10-8
Bnauenna K;p u Ky

[Tapamerp . . . . . . . Ky Kin
[Mpenen namenenns . . .| 091—0,99 | 0,80—0,88
Cpenuee snauenue . . .| - 094 0,84

TakuM o6pasom, K;p>K;n YBeanuenue K;, 10 CPABHEHHIO C
Kyn cymecrBersoe (Ha 0,1, uro Gausko k 10%). B cratee [75] or-
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meuaercsi, 4ro K;p BO3pacTraer ¢ yMeHbIIEHHEeM [MyGHHBI HanoJHe-
HUS MOMMBI, YTO SIBASETCS KOCBEHHBIM NONTBEPKIEHHEM (HOPMYJIbI
(10-4). | |
O6paruMcs  Temepb K
DACCMOTPEHHIO 3TOrO BO-  HM )
mpoca no HaTypHbIM [aH- ‘ /
HBIM.
C camoro Hagama MBI pet e
xotenu Gbl OTMETHTH GoJsib- - 700 ¥ Ly
IIYI0 I[EHHOCTh HATYPHBIX fe ol 3 | s
HCCHIEAOBAHNH KUHEMaTHYe- f1 0. /
ckoro sddexra B pycnax gpo ~ . >
~ ¢ no#imamu. Hexoroprie : I
NaHHble 10 9TOMY BOIpO- 60— F——F—F*ee—r2of——-—F6
cy comepmarcs B craTthe 6— - —f—b&le—— 1 —
[77]. Hcuo, uto npomecc 500 ,
IBHKEHHS BOAB B  peKax i AR
Mo CPAaBHEHHIO C TPOLec- ) /
COM IBHKEHHs TpPU J060H . 400 “ ve 7
1
|

cxeMartHzauuu B Jabopa-
TOPHBEIX YCJOBHSIX HEU3Me-
pumo caoxuee. Ecan 6wl g,
OTPaHUYUTBCS TOJNBKO H3Y- .
YyeHHEeM . JBUKEHMS BOJHI \
B pycae DeKH, TO H 31ech \
nerko  ofHapyxuth pap 200 X
cnenupyuueckux  ocobeH- | U P
HOCTEH, HanpuMmep, B U3- F
meHeunn mnapamerpa Ki, g i
mo cpaBHeHHI0O c Jjabopa- /° Cel.
TOPHLIMH ~JaHHBEIMH. " Tak, I { /
Crunn nosyunr, uto Kip N
MOUTH HE 3ABHCUT OT IMIy- 075 080 085 090 0% 100K,
OuHB. HaNOJHEHUs pycaa N .
(zo 6poBku). H. K. Cuby- N Puc. 10-23. 3asucumocts K, or yposha /7,
pAxoBa oOOHapyxujaa sB- p- Xonep —xyr. Becmiemsanobcku#i (raasnoe

HYI0 HeyCTOHUHBOCTL Kjp pycao), 1958—1963 rr.
R : - 6/ — 6/ — ypoBeHb, COOTBETCTBYIOIIUEH Hauany 3aTolule-
(pHC‘ 10 23) » 4TO OTHETJIH HUS MO#Mb; 6 — 0 — ypoBenb, co%rsercrsyxom};m Hayany

BO BHJHO, €CJH IPOBECTU v "paGoTHL MOGMHL.

orubaroIué ~ KpuUBHE Ha

sToM Tpadure. TouKky, COOTBETCTBYIOMME Pa3HBIM ropam, o603Ha-
yeHsl Ha puc. 10-23 oaHHAKOBHIMH 3HaKaMH, TAaK KaK HX TIDYIIH-
pOBKa TO rofaM He oOHapyxuBaeTcs. ¥Ysenuuenne Kip npu H=
=120 cM, BO3MOMKHO, CBSI3aHO C KHHeMaTHuYecKHM 3ddexToM, obye-
JOBJEHHLIM BO3pacTaHHEM THAPABJIHYECKHX CONPOTUBJ/CHHH . IPH
TOM YypOBHE. ‘ :

\
o0 o

pee o ot
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Xors Ha puc. 10-23 umeer MecTo 0OJBLIOH pasbpoc TOYEK, IO
OTHGAIOIUM - KPHBBIM, BCE K€ MOXKHO OOHAPYKUThH NPH YPOBHAX
H>Hg Bospacranne K;p, a He y6pIBaHWe, Kak M0 Ja00OPaTOPHBIM
naHHbIM [75]). 31ech Ha 3TO Mbl OOpaTHJH BHHMaHHE JJs1 TOI'O, YTO-
OBl B fafnbHefilleM NPH U3yyeHUH KuHeMaTHdeckoro stdekra B pyc-
JaX ¢ NOHMaMH MORENHPOBAJHCH HE TOJBKO CXeMaTH3HPOBAHHLIE
pycaa, a pealtbHble YYACTKH PeK.

[Tosyuennble npouan ckopocrtell nmo sna6opatopueM [75] u Ha-
TypHEIM [77] maHHBIM KayecTBeHHO cosnapator. Ha puc. 10-24 npu-
BelleHbl Gespasmepuble npoduin ckopocreil p. [Mesna npn H < Hs

u H>Hgs. Ocpeanentre KOOPAUHAT ns—%— M ——— CHENaHo C yde-
: 0B
TOM BCEX MMEIOIMXCS H3MepeHHuH, .
,’,na L
“la 6
o ) ,
i I
06 7 ]
0 ' / / ‘ - //
) 7Y .
. 2 2./
02 Y e
1 !/l 1 ,./ N
0 o 05 1,0 0 0,5 10—

'\§‘ Puc. 10-24. Bespasmepusie mpoduan ckopocteit p. ITbana —
¢. Kamkuno (rnapeoe pycno, HmKHUE CTBOP).

I—ro BmIXOEa BOAB HAa TOAMY, 2--7OCAe BHIXOAA BOABl HA IOHAMY;
a—90 M OT MOCTOSHHOTO Hawana, 6 —105 M 0T MOCTOSTHHOrO Havaia.

[TpoananusupoBas AaHHBIE NO 12 THAPOMETPHYECKHM CTBOpAM
7 per, CubupsikoBa IpPHILJIA K CJAEAYIOUIEMY BBIBOLY: TOJ BJIHSIHH-
eM KHHeMaTHUecKoro sddekra B pycaax c notimaMmu K, Bozpacra-
er B cpenHeM Ha 49%; npu stoMm Haubosbluee ypequdenue K, mo-
xer gocturath 8%. DBBlT TakiKe paccMOTpeH Bompoc O KOahQuuu-
edrax K; mias mpoTox (pyKaBoOB), IMIyGOKO BpEe3aHHBIX B MOHMe.
Brisicuuiiocs, yro K; 3feck MOXKeT mpuHuMaTh 3HaveHume ot 0,90 mo
1,1. Bonbune spauenust K, =5 1,1 cOOTBETCTBYIOT (CIyuasiM mepece-
YeHHsl Ocell pyKaBa W MOMBI NOA yrJiom Gosaee 60°.

OtmeTyM, YyTO B Na0OPaTOPHHIX YCJOBHUAX KHHEMAaTHUYeCKH{l 3d-
(heKT npy HenapajJensbHOCTH ocell pycia ¥ NOAMBI IIOYTH HE M3yYeH.

Ha ocunoBauuu pa6ot [75, 77] MOXKHO ce]aTh BLIBOJL O MpHMe-
HMMOCTH THAPABJANKO-THAPOMETPHYECKOTO Cnoco6a ONpPeneseHus
pPACXOMOB BOIH B PeKaX W KaHaJaX MPH B3aHMOIAEHCTBHH PYCJAOBO-
ro u rno#iMensHoro nortokoB. OnHaKo OCHOBHOe ypaBHenue ({10-10)
cieflyet mucath B Gosiee obuieM BUe, a WMEHHO,

Q=(Kip+ Kuo) Qpo T KinQug» " (10-12)
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rae Ky »,—momnpaBka K Kos(ouuuenty Kjp 3a CueT KMHEMATHUE-
ckoro s¢gekra .B pycaax.

Kenateneusl uccienoBauus Aast: onpenenenus Ky o, B 3aBucH-
hy b - o
MOCTH OT = Ep—, —— W JPYTruX napaMmerpos.
p " Bul o mp ‘ ,
Dopmyny (10-12) c yuerom opmyn § 34 MOXKHO 3amucaTth B
BHIE :

_ BioCop v /" To
’ Q - (1 - VE_ 1/- Fr1 . + KK. 9) Qp.q)“‘“
B inCs o I,

+1i- 2y ) 0w (1013

CrpykTypa 3108 (POPMYJB MOXKET GBITH M APYTOil B 3aBHCHMO-
CTH OT METOLUKH MPUMEHEHUS THAPABJIUKO-THAPOMETPHUECKOTO CTIo-
coéa (§ 34).

N

§ 42. Nponyckuan cnoco6HOCTL OCHOBHOTO PyCRa NpH BbiXone
. NoToKa Ha Noimy

Hsyuenue xunemaruueckoro s¢dekra Ge3HANOPHOrO IMOTOKA MO-
3BOJISIET NOLOWTH K DelleHHI0 OOHOTO 43 BAXKHBIX BOIPOCOB PEUHOMN
THUOPABJAUKH U THAPOMETPHM — ONPEJeJEHHI0 NPOMYCKHOH CHoco6-
HOCTH pyces ¢ mofiMaMH ¥ BooOuIe pycea C DPE3KHM H3MeHeHHeM
rHADaBJAHUECKHX CONPOTHBJEHHUH MO MHPHHE MOTOKA,

K Bompocy o ABHMIKEHHH BOABl B pPycJax M NMOHMax, €Cjld NOHH-
MaTh €ro B IIHPOKOM CMBbICJIE, OTHOCHTCSI JBHIKEHHWE BONHl B 06Ba-
JOBAHHBIX PEKax ¥ B pycjax cocrtaBHoro npoduas. [Ipomyckuoft
CIoco6GHOCTBI0 06BaTOBaHHBIX Y4acTKOB pex 0GYC/IOBJIEHB pasMephl
(BBlcOTa) NMPORONBHBIX COOPYKEHHII — OrpamuTeNbHBIX KaMG nJs
3aIIUTHl TEPPUTOPHH OT 3aTOIJIEHHs. 3aBHINIEHNE NPONYCKHOH crmo-
coGHoctd OOBa/IOBAHHBIX peK BBI3LIBAET MEPENHBH BOIE Yepes
rpefenb naMmb, YTO CO3JaeT YrpoKalllee NOJOXKEHHe NJs CaMHX
naM6 u npuneratoiefi teppuropun. Ha ocnose pabort [1, 67] 6bu10
orMmeueno, uto ¢opmyna Ulesw MoxKer maTh HeNpaBWJbHBIE 3Haue-
HUsl PacCXOHOB BOABI OOBAJNIOBAHHEIX pYCEJ COCTABHOTO mnpoduss,
BCJASLCTBHE ITOrO PaCUeTHBEIE PACXOJBl BOLBl MOIYT MPOXOMUTH IPH
60apIINX OTMETKAX nosepxnocm BOJLI [0 CPAaBHEHHIO ¢ MPOEKTHHI-
MH OTMETKaMH.

B umacTosiiee BpeMs yme HMEIOTCS] HEKOTOpHIe NaHHBIE, TTO3BO-
JSIOUIHEe COCTABHTL [PENCTaBJIEHHE O BJHFHWM KHHEMATHUECKOTO
s¢vbekTa Ha xapakrtep U3MeHEeHHs] TIPOMYCKHOHN CIIOCOGHOCTH pycen
¢ moiimamu. Croco6 aHanu3a MCXOMHBIX NAHHBIX C 3TOH IEAbI0 U
THOMYHAS KapTUHA HM3MEHEHHs NMPONYCKHOH CHOCOOHOCTH pyces c
noiMaMy janbl B ctathe [67]. Tlo nanHBIM ONBITOB Ha PYCJAOBOil
nnowanke [, 67] coienann cooTBeTCTBy}omHe pacqubI NPUBOLUMBbIE
8 ra6a. 10-9.
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Ta6ruya 10-9

MMpoityckHas crioco6HOCTb OCHOBHOIO PYCJIa NPH BHIXOJE MOTOKA Ha nodmy
(1o ombiTam Ha PycJOBOH ILIOWAJKe)

I].Ieéoxoaa- S kg ‘ Q Qy
nomun By M "5, max afeex. afcexk. Q5
Mepsas - % 66,8 ot | 76 6,8 0,95

% a1 | ooz 77 72 1,09

— | sus | o3 99 63 0.88

% ©9 05 20,0 97 1,35

Bropas _;_ 71,6 0.19 7.9 69 0,96
._;_ 08 | o3 | w0 | o8

% 89,8 0,50 15,0 s 1f04

I'IepBaa‘ _:11_ 78,1 0,30 100 | 56 0,78 _
—}f _8_6,4 044 20,1 84 . | L17

_}1_ 98,0 0,63 w01 | 121 1,68

- Bropas _}1_ 692 | 0,15 7.9 58 | 080
_‘11_ 72,6 0.21 w02 | 61 0.85

% 79,7 0,33 | 52 | 69 0,96

% 84,5 | 041 20,0 81| 112

% 89,8 0,50 95,1 88 | 122

% 95,4 0,59 302 | 96 | 134

—}1— 98,4 6,64 350 10,6 148

%‘ 1013 0,69 '40,1 e | 161
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Hpodoascenue

IlepoxoBa- 2 H hy ' 0 Q, Q
ngg;:dg By A 6. max jeex. Ai/ceK. “Q
[lepraa % 69,9 0,16 10,1 .58 0,81

' 1
75 761 | 027 19,8 68 | 095
% 87,6 0,46 40,0 9,2 1,28
Bropas 7% 68,0 0,13 85 4.8 0,67
1 ‘ | .
=3 70,3 0,17 10,1 53 0,74
1
1 0
75 76,6 0,28 152 58 81
% 804 | 0,34 209 6,5 0,90
% | s39 0,40 25.9 68 | 095
%8 87,0 045 | 302 74 1,03
AL 89,4 0,49 35,0 76 1,05
7.8
—71—8 92,6 054 | 400 | 82 1,14

Meronuka pasjesnenus o6uero pacxona Boib (H3MEPeHHOro BO-
NOCTHBOM) Ha pycioBofl Qp W moHMeHHBI Qp H3anoxeHa B § 41.
TTockonbKy OHa MNOATBEPAMJIACH ONBITHBIMH IaHHBIMH, TIOJAaraem,
YTO €€ MOXKHO HCNOJb30BATh.

. Q
BBememM NOHATHE OTHOCHUTEJNBLHOrO pacxofia BOABL B pycie vg— u
hn i

o o 1
OTHOCHTEJbHOHU I‘JIY6I/IHI>I B HOHME Tig = —'n » e Q6 — pacxon
. max =

"BOABI B pycJe NPU 3aNOJHEHHH €TI0 JI0 OTMETKH GpoBKH (B JaHHOM
caydae Q=72 a/cek.), An=H — he max — r1ybuna B noiime. Ilo
naHubiM Tadn. 10-9 noBosbHO YeTKO TpoC/exHBaerci (KpoMe Chy-

b 1 .
qasn ﬁp_ :7, nepBad mwepoxoBaToCTh HOﬁ-MbI) 30Ha OTHOCHTEJABHBIX
Jid

" rIy6uH B 1NOfiMe, IPH KOTOPHIX OTHOCHTEIbHBIE. PACXOAbl MEHbIUe
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o , 1 -
ennunisl. B cpennem npu T:O,3+O,4 BOCCTAaHABJIUBACTCS " MIPO-

@
nyckHas cnocOGHOCTD PyC/aa 0 HAYAMBHON BeJUYUHB @4, T. e.,—og/;l.

b 1 b 1
TIpH BTOPOH IEPOXOBATOCTH MOAMBI H —- == o M —i = o X0pOLIO
By 4" B, T 78 ‘

BBISIBJIAETCS POJIb MHPHHE HoAME (puc. 10-25). [Tpu Gosee mmpoxoi

()]

1 B
s v

"

”
2>/2//
0,4 /</n
/K/ !
s’///‘
02 Vo |/
[
\\ AN
006 0.8 10 12 14 16 TIPE

»; - Puc. 10-25. 3aBHCUMOCTb OTHOCHTEILHOTO PACXONA BOJABI <P & ocHos-

. Qs
HOM pycJe OT OTHOCHTEAbHOH Iy GUHbI 'n—, 1o 1a6opaTtopHHIM AaH-

Ed
HbIM (P BTOPOH HIEPOXOBATOCTH IHMOHUMBI).
e NI N
B, 4 B, 78

nofiMe [AJi BOCCTAHOBJIEHHs. NPOMYCKHON CMOCOBGHOCTH pycaa [0
BeqHuuHb (Jg TpeOyloTcs 6Goblline 3HAYEHHsi OTHOCHTEJNbHBIX [JIy-
3 ,

T
OuH 16, max

. by 1 .

OTMeTHM, YTO OTHOILUEHHE 73%:—7— COOTBETCTBYET, HampHuMep,
TakuM pekam: - [lHenpy Ha yuyacrke Uepkaccel — J{HenponeTpoBck,
Boare na yuactke Kamckoe Yerwe — Capartos. Ilpu yMeHbILeHHH
pasMepa pekH 3TO OTHOLIeHHe, Kak ycTaHOBJeHo B. B. [okyuae-
BBbIM, YMEHBINAETCs, T. €. MaJjble PeKH IO OTHOIIEHHIO K LIHPUHE
pycia uMeror 6osee NHPOKKUE TOHMBL : .
- Kpusbie / u 2 na puc. 10-25 npu u3Gpanno#i cucreme Geapas-
MEDHBIX KOOPAUHAT AOJIKHBI HAyMHATbCA B TOUKE ¢ KOOPAUHATAMH
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by Qp Qp ’
m—~0 H Z)_ﬁ =1. [lazee, Q¢ AOCTHraeT MMHUMAJBHOTO 3HA-
yenusl, NOCJE Yero HauMHAETCS BOCCTAHOBJAEHHE MPONYCKHOHA CIO-
Co6HOCTH pycja; BJAHsAHHe HoiMbl Ha p ocaabGeBaer. Boccranos-
JeHne pacxoja @Qp A0 NepBOHAYAJNBHOTO 3HAaueHHs Qs COOTBET-
CTBYeT IePECEeYeHHI0 KPHBBIX Ha puc. 10-25 ¢ BepTUKAABHOH OCBIO
npu %)_=1.T3KI/IM 06pa3oM, B3aMMOJCHCTBHE IOTOKA B pycJjde u.

P

NOTOKA B NOMMe M ero BJMsAHHE Ha TPONYCKHYIO CIOCOGHOCTL pyc-
Jla MoXeT OBbITb € KOJHYECTBEHHOH CTOPOHb 0XapaKTEPH30BAHO
fe3pa3MepHbLIMU KPHBBIMHM THIA KpHBHIX puc. 10-25.°

+ B H3JI0XKEHHBIX PacyeTax HUCMNOJAb30BAJUCL HAUGOJbILNE TayO6H-
HBI TIOTOKA B pycie g max, TAK KaK AJsl pyca NpaBUabHOH (GopMbl
CBAI3b MEXKAY h5. max ¥ A, cp 3apaHee U3BECTHA.

- OrMeTuM, YTO ¥MCNOJb3yeMOe 3Jech INOHsiTHE Ge3pasMepHOH TJy-

b

6uHBl B mOHMe BO3HHKJO B pe3yJbTaTe TEOPETHHYECKOI'O HC-

h . max
ceioBaHHsl (POPMBI KHBOTO CEUEHHUs], UTO PACCMOTPEHO B § 30. Cane-
JHOBaTenbHO, Ge3pasMepHYIO rJ1y614Hy BOJB B TOHME MOXHO 060-

1
3HUYUTD T dto NOHATHE HCIOJIb3YyeTCHd B Hacrosllee BpeMsa MHO-

L
rumu aBropaMu. Iaa peku, roe ¢opMa KUBOTO CeueHHS OUEHb
by, cp

CJ/A0XKHad, HpeJ_IHOIITHTeJH:HO NOPHHATD —— =" » [OHHMAasg HoxJ

Ne o hﬁ
hy ep CPemHIO rIyOuHY B mofiMe B mpejenaax UJHpPIHbI by, .

Tax xak nauubele O BeJUUMHAX by n B YCJIOBHSAX PeKH He Bcerzia
MOryT ObITb H3BECTHBI, TO BMECTO hn cp MOXHO MDHHSTD ray6uHy
BoIBl Han GpOBKOH. B c/yyae YEeTKO BbIDaXXeHHOH OpOBKH TaKas
rny6uHa MOXeT OKasaTbcs Jaske Gosiee XapaKTepHOH, 4eM Ay cp.

B cBere M3/I0KEHHOTO O MPONYCKHOH cnOCOBGHOCTH pycia ¢ NOH-.
moit B paborax [l, 67] 6Ll nocTaB/JeH BONPOC O €OOTBETCTBHH ¢Op-
myaul lesu cayuato Beixoga noroka Ha nofimy. C. M. AracueBa
u A. 1I1. BapeksiH pacCMOTPeH STOT BOIPOC O Pe3y/bTaTaM CBOHX -~
9KcrepuMenToB [73].

B pesyabTate uMu coctasieH rpadur (puc. 10-26) B koopau-.
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HaTax T:I;T 1 %' [lon Cp nonumaerca koaddnunenr llesu oc-

HOBHOTO pyc/la, PACCYHTAHHBIA MO caeaylomiel popmyde:
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.. Ilo .noBony- MeToauKH BHHCICHHS Ry BosﬂnxaeT caenyxoumu
sompoc. HysKHo Ju BKIIOYATh B AUIMHY CMOYEHHOTO NEPHMETPa AJIH-

CHY nepuMerpa Ha TpPaHule paspeda pPycjioBOro M NOWMEHBOI0 10~

Lo

TOKOB? Bo-mepsBIX, 3Ty rpaHuIy HaZ0 OGOCHOBAHHO -ONPENENHTD,
BO-BTOPHIX, B $BJACHUAX, NPOHCXOIAWIUX TpH OGTEKAaHHH IOTO-
KOM TBEPJbIX HOBerHOCTeI/I H Ha CONpSXKEHHUSX JBYX [OTOKOB

1 ‘ © ¢ DAasHBIMH CKOPOCTAMH,
7, HeMaso pasauuuil. -Bosee
06 _ - B ' 'yIOGHO npu 06paboTKe KC-
o NepUMEeHTaJAbHBIX  AaHHBIX
VUUTBIBATD TOJIBKO JJIHHY
05 CMOUYEHHOTO MEPUMETPA B
o npefesax GpoOBOK pycaa.
: Orcrona nosiBasieTcd BeJH-
04 A YMHA, 3aHUMAIOLIAs TpoMe-
————{ JKYTOUHOE NOJIOKEHHE MeXK-
| : oy cpenHefl riayGHHOH NO-
03 { AN - ; TOKa W THAPABIHYECKUM
: R N pajauycom. i
- ! \ . - Kosppuunenr  Ilesu
02 ] s \§ ‘ Cs BBIUHCJEH HO- (11)opMy11e"
: : : : 1 —~
? : \ : Cé:”ﬁ erg’
a1 ' - BN 3 ‘
rae ng. p — KO3 (UIHEHT
| LIEPOXOBATOCTH pPycia HpU
0 | 3anoiiHeHHH ero Ao Gpo-

05 0,6 0,7 0,8 09 logﬁ BOK; Rs—rnnpasnnf{ecxnﬁt
pajuyc pycia IpH 3anod-

HEHHH €ero A0 GPOBOK.
Koacb(pnunema Hest —& or ) Ha rpagux (puc.
Gs TF% 0.0 KH, 110~
10 AaHHBIM BHI/ll/Il“nM ’ ) HaHeceHBl TOUKH, [0

b 1 JIYUEHHBIE 10 onelram
1958 . mpu =775 ¥ fo.p bamubx 0,011 0,013; 0,016, u’
n )
L / - 1 1 1 1
p . . . .
no onsitam 1959 r. npu B PaBHBIX 37 68 112 150° B ng. p=0,011.
[ockonsKy Bce  TOURU  CTPYINMROBANUCE- TAKUM 00DAa3oM, 4TO He

Puc. 10 26. 3aBUCHMOCTb OTHOCI/ITeJIbHOl‘O
1

0ORHapyKUI0Ch ‘BJUSHUE —B—p- ‘M M5, (B MCCHIENOBAHHBIX Tpejesnax),
Ha puc. 10-26 Bce TOUKH 0603Haqub1 O,ZII/IHaKOBO Kak BugHo, xa-

paKTep H3MeHeHHs CI; TaKo# }Ke KaK U (pHc 10-25).

Tpu —— 1+ » uaMensioueMes ot 0 1o 036 Y yMenbmaercs, a

naJgee yBe.HI/I'{I/IBaeTCﬂ CrefeHb HanGOJBLIETO yMeHbmeHuﬂ Cp oxa-’

6.7 Lp. min.
3aJ1ach 3Ha‘{I/ITeJIbHOI/I a. UMeHHO; _—C_a_—"—z 0,40.

S
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B paGore [73] NpeJIOKeHHl cjeaylomue ypasHeHus aas Cp:

npu — 0,36

g+ hs. cp
Cr=Cef1—1 15m&;) (10-14)
npu 0,50 > W_{__’l&_@ >036
0,87y -+ 0425 ) » |
Cp = CG( hy - hs. cp (10-15)

Mocaenniolo GopMyay MOXKHO HepenucaTb B BHJE

C,= 05(0 4240, 45m—c-p)

Bsens B ¢opmynsl (10-14) u (10-15) u B mpesens X npHMeHe-
HYS TapaMeTp Nx, HOJYIUM:
npHu 1:->1,8

T4+,
045 )

cp—_—'cﬁ(l-—_l’i), (10-16)
npu 1,0<n:<1,8 ’

C, _06 (o 42+ S (10:17)

Urak, nabopatopuniMu skcnepuMentamu [. B. JKenesuaxosa, a
sarem C. WM. AracueBoil H ApPYTHX aBTOPOB CO BCeH YGERZHTENBHO-
CTBIO JOKa3aHO, UTO MOJ . BIUAHHEM KHHeMaTHYecKoro sddekra
IPONYCKHAS CHOCOGHOCTE pycJa CHIXKAETCS MO CPaBHEHWIO C Hpo-
nyCKHoﬁ CIOCOGHOCTHIO TIpH T'yOuHe Ag, op, T. €. OO BHXOHA NOTOKA '
Ha nofimy. CHUXeHHe NPOJOJIKAETCH JO KAKOro-TO 3HayeHnss m’, a
3aTeM ‘HAYMHAETCH BOCCTAHOBJIEHHE MPOMYCKHOH CIOCOGHOCTH pyc-
jga. Orcioga fcHo, uTQ SKCTPAMOJALHSA Cp 1O ypaBHEHHIO THIIA
(10-16) 3a mpenesst n najia Obl 3aHHKeHHBle 3Hauenusa Cp, 4To
Heponyctumo. Henbss HE/l0OLEHUBATD PONM KHHEMAaTHYECKOro 3(-
(hexTa B pycsiax ¢ NoOfiMamu, HO BMECTe C TeM IpEYBENHUMBATb €ro
3HaueHHe MPH OOJMbIIHX my6HHax BOJBI B MOIMe MO CPABHEHHIO C
riy0uHaMH B PYCJIe HE CJAeAyeT C TeM, YTOOHl . He JONYyCTHTh Heoboc-
HOBAHHOE 3aHMIKeHHEe DPACXOJMOB BOMBL IDTO MOXKeT ObITh, KaK YiKe
OTMEUeHO, eCJH CUHTATh, UTO KuHeMaTtuuecku#t sddekr BO BceM
JMAanasoHe 1), BJIMsEeT Ha ?gi OJUHAKOBO, T. €. MOMUHHSETCS ONHOH
saBucuMOCTH. P aKTHYECKH NPUXONHMTCS HMETh JeJ10 ¢ JABYMS 30-

) : ,

HAMH H3MEHEHHs -m- B 3aBHCHMOCTH OT 1/m«: mepBo#t 30HE COOT-
1

BeTCTBYeT yOBIBAHUE C C yBesMuenneM -, BTOpOH— BOBpaCTaHHe

OrmernM, UTO (popmynaMH (10-16) u (10-17) npuGIMIKEHHO OmMHU-
ChHIBaeTCA Xapakrep pacnoJoxenus Todek Ha puc. 10-26, tak xak
-IIepexof W3 OJHOH 30HBI B JAPYIYIO, HOJKEeH MPOHCXOAHTh IJIaBHO,
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uto W nogrBepxkpaercs, puc. 10-26. Crnenyer umetrh B Bumy, uTO,
COINTacHO SKCHepI/IMeHTaJIbeIM naHueiM, Gopmyna (10-17) umeer

cHy IpH 7~ —I—hs < 0,5 (puc. 10-26), 7. e. mpu 15>1,0.

VsnoskeHHOe cosﬂ,ano npennocmnxu Al mepexofa K H3YUeHHUIO
NPONYCKHONH CIOCOGHOCTH pYyCeld ¢ NOfMaM{ B eCTEeCTBEHHBIX YCJO-
BuSxX. Takue nonepple pabotsl 6oy nocrasiensl ['TU, o pesynbra-
Tax KOTOpHIX coobinaercs B crathix [77, 78].

[Tpunasas WMCK/IIOUHTENbHO GOJbINOE 3HAUEHHE HATYPHBIM Hc-
C/eJIOBAHUAM B3aUMOJEHACTBHSI PYCIOBOTO H MORMEHHOTO NOTOKOB
¥ BBICOKO OLIEHHBAst 3aCAYTH COTPYAHHKOB OTHENd THAPOMETPHHU
[T u wmectHbx ympaBaenuit I'mppomercay:xObl, OpOJEAaBIUHX
CJI0XHBIIl KOMIIJIEKC MOJEBBIX paBoT Ha peKax, Mbl C COKajeHHeM
KOHCTATHpYEM, YTO B cTaThe [78] oTcyTCcTBYeT HCXOmHBIN Lu(pPOBOIH
noseBofi Mmarepuan (xorsi 6bl OCHOBHO#). 3DTO JHIIAET BO3MOXK-
HOCTH @BTOPOB, HHTEPECYIOWUXCs NAHHHIM BONPOCOM, NpOaHaNn-
3UpoBaTh IOJYUEHHbIE THAPOMeTpHYecKHe MaTepuansl. Ilonesbie
HCC/AeI0BAHNS POH3BOAUINCE Ha 7 PeKax, OLHAKO NIPH COCTABJAEHHH
okonuareapHelx BelBoJoB M. E. CkopomyMoB HCIONB30BAT JaHHEE
TOJNBKO 1O 4 pekaM, HEKOTOPble XapaKTepPHCTHKH KOTOprX IPUBO-
mum B taba. 10-10.

Bce npuBeeHHBle JMAaHHbBIE OTHOCATCS K HAHBBICIHHM YPOBHSAM,
NpH KOTOPBIX NPOU3BOAMINCH THApPOMETpHdYeckue paborel. B crartbe
IMeIoTCsl rpadUKH H3MeHeHHs T'MADAaBJAHYECKUX 5/EMEHTOB I0TOKA, .
B oM uucae Cp u Up, B 3aBucumocTd 0r ypopHda. OGpamiaer Ha
ce6Gs BHUMaHHE BeCbMa CJOXKHBIl XapaxTep U3MEHEHHS THADABJH-
YyecKUX 3JIEMEHTOB IIOTOKa B 3aBHCHMOCTH OT /1, Uero u ciefoBaJo
oXumarb. MOKHO ¢ yBEPEHHOCTBIO CKa3aTh, YTO H MO  Gogee
OGIVPHBIM, CHENHAJbHO MNOCTABACHHBIM HATYPHLIM JAHHWIM TOA-
TBepKIAeTc KuHeMaTHyecku#l addexr GesnanopHoro noroka, B me-
JIOM '3TO siBJIeHHEe B HATYPHBIX YCJOBHAX Nporekaer caoxnee, Cka-
3HIBAETCSl BJHUSIHHE JOMOJHUTEJBHBIX (DaKTOPOB, KOTOPHIE B Ja60-
paTOPHBIX VCJHOBHAX TOKa ellle He pacCMaTPUBAIHCh, DTO mpexiae
'BCEr0 HEPaBHOMEPHOCTb ABHIKEHHs. BOIABl [PH OYEHB [ECTPOM - Pelb-
e(pe AHa moHMbl BOJMM3M pyC/aa, CO3[AIOMIAS YCJAOBHA [Jf Iepere-
KaHus BOJBI C TOHMEl B pycnao, H Haobopor. HenapasamenpHoCThb
oce#l pycsia U NOUMBI H. HX HCKpI/IBJleHHe OKa3biBaIOT 06OJIblIOE BJH-
HMe Ha XapakTep B3aUMOLEACTBUS PYCJOBOTO U MOMMEHHOrO TO-
TOKOB. A eClH yuecTb, YTO BHIXOJ MOTOKA Ha HOAMY TPOHCXOMUT
NpH HEYyCTAaHOBUBIIEMCA JBHIKEHHH BOJBI, CTAHET SICHBIM, KaKoOH He-
00XONMM OOMIMPHbIH MaTepHas, 4ToGbl MOXOHTH K Q)opmynnposaﬂmo
,npaxmqecmx PeKOMEHIAHA N0 pacyery ABHKEHUSA BOABL B pyc:
Jax ¢ NOHMaMHu.

OcraHoBuMCs Ha HdWGoJee CYILECTBEHHBIX CTOPOHAX paGoThl
[78]. Brlle y:ke ormMedasnoch, UTO -pacIIUPEHHe MOTOKA — HE eJUH-
CTBEHHAs NPHUYKMHA KHHEMATHUeCKOro s¢ekra, 4To W NOATBepIH-
nock. B pa6ore [78] npuBesens rpaduku vp=vp(H) u Cp=C, (H)

228



. (I ggp1) O19Ld
-OHI'OIISH IMHAToaudl , )
[82] s10ged = omHEEY | 060 3199 $1'0—21'0 923 - 08'9 292 ¢ ‘rifrey ‘eXQ
. ¢ ‘UHADEGOHBW
1 £OB] SMHHEY] 00 068 680°'0—.50°0 L¥S 9.6 606 081 -rioeg ‘deuoy
01910 880 116G . .
-OHI'OLOH - [HATogHdL 89°0 0¢.G $10—1200 — L9l S0°L ¥9¢ ¥ g
smHHEY [g7] o1oged g — 028% -HRE0Y ‘HOYY
xem I €961 .
g [ wdu oMHHEY [ JG0 b 02 - 88°T 0'G6
$6°0 - GGG - L11 9¢g'¢ 06l .
980 ¥0% . o - 011 €6'¢ €Y. v og
£6°0 (1744 6,0—1G0 - 0v6 ; og'e 016 -onewrol, ‘eifyr
Eﬁ:&@ mamo_.. .
, i d
' suHBhoWHA[] % zwmws m . 3} 9, m,.n mmmmwwmmﬁmm uk%hmmuu
. XeW,, ydn B

(U 1] MWBHTIHTO UDHE)

XBHEOLIA E.EPC«: 4 eiuodie 0JONIShNLEWOHHN HHHOhAeH ndu xedodld x:zoﬁ.:assoadf 0 JIHHEY -

01-01 vanvov]

229



Ha KOTOPLIX CO BCell OUEBHIHOCTbIO OOHapYyXHBAETCH yMEHbIICHHE
vp u Cp 10 BHIXOJA [IOTOKA Ha TNOiMY. 3aTeM MoxkeT OBITh BO3pa-
CTaHye 3THX BeJIHUYHH W HOBOE WX yMEHbIIEHNE, HO yKe INpH BbIXO,Ile
TIOTOKA Ha TOokMYy.

 3amernm, uTo KuHeMaTHuecKuil 3ddekT B pycaax. Jo Bblx0)1a«'
MOTOKA Ha mofiMy Mo Jn1a6opaTOpPHBIM JaHHBIM. He Obll KOHCTaTHPO-
.BaH. B aTOM s3akiioyaeTcs .0fHO H3 BO3MOXKHBIX Pas/iUuMi B KHHE-
MaTHYecKoM 3¢ dekre B 1a6OPATOPHBIX U HATYPHBIX KaHHBIX,

' n
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i CP
™~ Puc. 10- 27 3aBucUMOCTh —— OT

—-, IO Hatyp-

V .

HbIM gaHHbIM [TU (peKH 3¢ rnnpocmopm YyKa3aHbl
B Ttaba 10-10).

Yuenblienne Up IO BBIXOJa IOTOKA Ha noiimy mopmerus JI. To-
‘na [71] Ha ueThIpe roxa panblie aBTopa cTaTbu [78]. :
. Tenepp MBI O6paTHMCHa K IVIaBHOMY Bonpocy. Kak xKe usMmenser-

: C . .
cqd ?g- N0 JaHHBIM HaTypPHBIX HCCJAE€LOBAHHM TIPH BBIXOAE MOTOKA

Ha noiimy? [IpHBOAMM COOTBETCTBYIOUIMII IPadHK, 3aMMCTBOBAHHELA
u3 cratbu [78], HO ¢ Oosee yAOGHBIM pAaCIOJIOXKEHHEM OCEH KOOp-
auHar (puc. 10-27). ITo BepTuKaJabHOH oCH 3TOrQ rpaduKa BMeCTo
O6LIEeNPUHSTOrO OTHOLICHUS IMIYOHHBI BOAbl B IoiMe Ay K TiyGuHe

‘ . 1 1 p

he.cp, T. €. — HIM ——, OTJIOKEHO —==

: . I+, Vo :
ﬂapaMeTp — leqme XapaKTEPU3YeT B3aHUMOAEHCTBHE PYCJO0-

BOI‘O u HOI/IMEHHOI‘O [IOTOKOB, 4TO #CHO, HaIpuMmep, H3 OIbLITOB
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W. T1. Cnunbina. Ho yuuThBas, 4TO B peKax ¢ PasMbIBAEMBIM pyc-
JIOM MeXAy riayOunoH ¥ UIMPHHOH YCTAHABJIHBAETCH ONpeAeseHHOoe
COOTHOIIEHHE, MOXKHO CUHTATb, 4TO }/®, NPONOPUHOHAJBHO CpEl-

Hell riay6GiHE MOTOKA, HoaTOMy rpaduxu, IoCTPOeHHBIE B KOOPJH-
c 1 ) c Ay )
P (L :
HaTax (&= - » .BOOOLIE CONOCTABUMbI € OF -
(et 5) ® (h 7). vooom c orosop
KOH, UTO JJI HepasMbiBaeMbIX pyceJI BTOpO# rpa(an peKOMEHJ.'LO-
BaTh HE CJAELYET.

. .
Y napamerpa o €CTB ellle OJHO MPEHMYIIECTBO — OH KOCBEHHO
W

BBIPAXKaeT H pasiuuus B CKOPOCTAX pyc/ia M MORMEL, TaK KaK CKO-
POCTH TIPONOPLUHOHAJIbHEL IJ1yOHHAM.

Ha puc. 10-27 onbiTHble TOYKH OGO3HAYEHBI OJHHAKOBEIMH 3Ha-
KaMH, Tak Kak He ODHApPYXHUBAaIOTCS Kakue-HHOYIb OCOOEHHOCTH B
MX FPYNMHPOBKE, €CIH HE CYHTATb TOTO, YTO A CTBopa F'MC Ha

p. Jlyre noayyuaoch CpaBHATENbHO HH3KOE 3HAUCHHUE Ts 2= 0,44.

Ecan nposectn kpuByio (puc. 10-27) TaK, 4TOGHl ONEITHBE TOU-
KU TpPYINNHPOBAJUCL OKOJIO Hee, MOJYYHM IOJHOe [OATBEPKAEHHE
IO HaTyPHBEIM JaHHBLIM YCTAaHOBJEHHOro B paborax [67 u 73] xapax-
Tepa M3MEHEHHs] NPONYCKHON CTMOCOGHOCTH pycJa ¢ UOHMOM.

Crenenb HauGonbliero ymespllleHus Cp COCTaBAACT

Cﬁ—Cp. min _
—, =~ 0,30.

Hanomuuwm, uro, no onsiraMm BHMHWTI'uM (puc. 10-26), noayuu-
Jjoch uucao 0,40, T. e. CXOAHMOCTh na60paToprIx M HaTypHBLIX JaH-
HBIX YLOBJETBOPHUTEbHAA. (1o-25)

Paccmarpusas puc. 2- 2517 BUJUM, YTO Hau60m>u1aﬂ CTeNneHb
yMeHbIIeHHs1 pacxoloB, o onsitaM I'. B. JKesesusikosa, cocrapns-
er 0,32. CnenoBaTe/ibHO, N0 HaUOOJbLIEN CTENEHH YMEHbIIEHUS HPO-
HYCKHOH CNOCOGHOCTH pycJa ¢ NOHMOH NoJ BAMSIHHEM KHHEMaTHUE-
ckoro shderra ofHapyXuBaeTcsas YIOBJIETBOPHTENbHAA CXOAMMOCTD.
‘ Bce mn3noXeHHOe NO3BOMSET CAENaTh BLIBOJ O HEOOXOAHMOCTH
npu paspaboTke cnocofa pacdeéra pyces ¢ TOHMaMH KCXOAHTH U3

c
CYILECTBOBAHNS [BYX YKa3aHHBIX BhIllie 30H H3MEHEHHA C—ﬁ.vBosﬂm

KaeT BOMPOC, a MOXKeT JH BOOOIle B3aUMOJEHCTBHE PYCJAOBOTO H
NOMMEHHOTO MOTOKOB -NPOTEKAaTb TOJNBKO [0 3aBHCHMOCTH, Xapak-
TEPHON 1/ NepBOfi 30HB. JIeMEHTapHbie PACCYXKIEHHS U ONbITHL
OTBEYAIOT Ha 9STOT BONPOC YTBEPIHMTENBHO, T. €. MOXHO cebe npex-
CTaBHTb TaKo# Ciyuaki, KOria He Oyler NPOUCXONUTb BOCCTAHOBJIE-
HHe NMpPONYCKHOH cnocobHocTH pycaa. Irto Habawpaercs, Korlaa pyc:
. J10 HeGonbloe, a Tofima Gosibilas -u WX ocu mnepecekaiorcs. C Bos-
pacTaHueM yr/ia HX [epeceueHus HpOl‘lyCKHaﬂ cnoco6Hocrb pycna
yMeHbIIAeT s, -
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B pupe miniOCTpalyi DPHBOAHM pe3y/IbTaThl H3MepeHHi arTopa
cratbu [79] Ha p. Jlyre. Ocu pycia ¥ MofMBl, €CJAH CMOTPETH MO
TeUeHHIO, Nepecekanuch mog yrioMm or 20 go 80° B 3aBHCHMOCTH OT
ypoBHs Bofibl. Ha puc. 10-28 npusener rpaduk B OOLIUHEIX KOOD-
AuHaTax: HAg ¢ — CpefiHsSa rayOuHa Hajy OpoBKamM, hp,— cpenHsia
raybura B pycae. Ha sTomM puCyHKe BHAHO, 4YTO B JAHHOM cCJydae
IIPONMyCKHas CIOoCOGHOCTL pycJia He BOCCTAHABAUBAETCH.

g
TRy
08

N

04 \

N
02 N

0 02 04 06 , ‘—79-
i ’ ¢l 018 Qﬁ

o N
4 Puc. 10-28. 3aBucumoctnb &- 0T —— aas p. Jlyra —

Qﬁ hp
noc. ToamMaueBo NIpH mepecedenud ocedl MOHMbB H

pycaa, 1966 r.

3akaHuuBas Ha 9TOM aHAJU3 ONyGJMKOBAHHBIX JAHHBEIX [0 H3Y-
YeHHI0 KHHeMaTuueckKoro agdekra B pycaax ¢ [OAMaMH, OTMETHM
HeKOTOpble JKeJlaTelbHble Hanpas/eHus JadbHEHNX HCClen0BaHui:
HUsyueHue MyJabCaiuil CKOpoCcTell U LaBJeHHH; BJUsHHE AedopManuil
IJHA MOTOKAa Ha KHHeMaTHyecKHH 3(Q(pekT H BAUAHME KHHeMaTHue-
CKOTO sddeKra Ha TPAHCIOPT HAHOCOB; 00pa3oBaHHe KUHeMAaTHUe-
ckoro a¢hekra mpH HEPABHOMEDHOM UM HEYCTAHOBHBILIEMCSH [BHXKe-
HUH BOJBI; BJRSIHUE He-napame.anocm B HCKDHBJIEHHS oOcell pycja
U TOHMBIL.

Oco6blfi HHTepeC MOMKEeT NPEACTaB/sTh HsyquHe KHHeMaTHUe-
CKOro 3 (eKTa B YCJIOBHAX CKATUH TOTOKA COOPYXKEHUSMH MOCTO-
BOTO Ilepexofia, Ha uTo oOpalleHo BHHMaHHe B pabote [1]. TIpn atom
BO3HHKAIOT CJeAyloillde BONpochl. - Kak = H3MeHsierca NpolnyckHas
CIIOCOGHOCTE MOAMOCTOBOIO PYC/a1a MPH B3AHMONEHCTBHH PYCJAOBOIO
B CXKAaToro NOHMEHHOTO NOTOKOB? Ecay yMeHbileHue NPONYCKHOM
CITOCOOHOCTH Pycsa OKaXKeTCa CYULeCTBEHHbLIM, TO KAKOro CJIedyer
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OXHAATb AONOJNHUTEJNbHOIO YBEeJMWYEHHs [OANOpa . Mepels MOCTOM?
OueBHAHO, W3MEHHTCA U Xapakrep OOILEro, COCPEXOTOYEHHOTO U
MECTHOTO Pa3MbIBOB MOJMOCTOBLIX pyces B 30HE BIMSHHA KHHEMa-
THYeCKoro sddexra. :

§ 43. BnkAHKe KuHemaTHYeckoro adhexta GeaHanopHoro
NoToKa Ha TPaHCMOPT ROHHbIX HAHOCOB

IMockosbKy NpH B3aUMOXEHCTBHUH PYCJOBOTO M HOHMEHHOrO IIO-
TOKOB IPOHMCXOLUT NEPecTPOodKa HX KHHEMATHKH, 9TO He MOKET He
IIOBJAMATL HA ABUXKeHHe HaHocoB. Iloatomy eure B 1951 1., yYUTHL-
Basi pesyabTaThl paboth [1], na BcecotosnoM coBelnanun paGoTHH-
KOB PYCJOBBEIX NapTuii NPH3HAHO HEOOXOAUMBIM H3ydYaTh BJIHAHHE
KHHEMATHYECKOTO 3(dexra Ha peXHM HAHOCOB Ha rpebHfAX mepe-
KaToB, 4TO HAIlJIO OTpaxKeHHe B pyKoBoxctse [80].

Ins necnenoBaHus BJAHSHUS KHHEMATHUECKOTO 3(dexrra noToka
Ha TpaHcmopTt AOHHBIX HaHocoB [. B. JKenesusikoeeim u B. C. An-
TyHUHBIM B 1963—1965 .rr. OblM MOCTaBJEHBl Ha pPYCJOBO# MJIO-
IajiKe COOTBETCTBYIOLINE SKCHEPUMEHTE! NIPH DA3MbIBAEMOM pycie
[81]. C 210t neablo GLLIHR NOCTPOEHE! 1Be HpOCTpaHCTBeHHbIe Moze-
M YCTOHUMBBIX YHACTKOB PEKH.

Pasmepr Mogenedt ciemyomue: obmas Aauua 214 M, Jmpma
paboueit yactu 10,0 M, WHpHHA MOJeNbHOH peKH ¢ moiiMoll B=
=3,5 M, IIHpHHa OcHOBHOro pycaa by=0,3wm. Popma pycaa nps-
Moyroabhas., [my6uHa pyciaa-po 6posox (.12 m. YaOH jnHa pycna
n nofimbl /=0,0012. Ilofima HepasMblBacMas: feToHHAsT A/ TIEPBOH
MOJeJd W W3 3alleMEHTHPOBAHHOM TrafbKh CPEIHMM JHAMETPOM
dep=5,2 MM mJs BTOpOi Mogeau. Pycao us moéepeuxoro necka
(dep=0,24 mm). Iloyaya HaHOCOB B PycJ0 MOAENbHOH peKH  Opo-
U3BOMMJIACH C MOCTHKA B Hayaje pYCAOBOH MJIOMIANKH MEpPHHIM
IWJINHAPOM uepes Kaxjbie 30 MuH. onblta. B pesy/abrare npoBege-
HHS HECKOJIBKMX OIBITOB C OJMHAKOBBIM PacXOJOM BOAK YCTaHAaB-
JuBaJsics GHITOBOfl pacXo[ LOHHEIX HaHOCOB (HaGJI0Ja/M0Ch TOJNBKO
rpamoBoe asikeHue). Ilpu srom cobuiofalcsi OaJjaHc, T. €. KOJH--
YeCcTBO HAHOCOB, NOAaBaeMbIX B PYCJO, B Hauaje MOZAeH GBIO paB-
HO KOJMUECTBY VJABJIHBAEMbIX HAHOCOB B IECKOJNOBKe pYCJIOBOH
IUIOIANKH (CPeIHHe OTMETKH JHa pyciia He u3MeHAMuch). Mamepe-
HUA [YOMH W paclpejieleHnsi CKOPOCTed mokasany, 4To Ha pabouem
yuactke pauuHod 10 M Habmofganoch paBHOMepHOe [BHIKEeHHe BOJHL
Ha cepenvne 3TOro yyacTka M3yuasoch pacnpefesieHHe CKOpocTell
IIpH BHIXOJE NOTOKA Ha TOMMY.

B pesyabraTe mpoBeneHHS CEPUH SKCIEPHUMEHTOB OBLIM ycTa-
HOBJIEHB T[HADPABJHYECKHE XaPaKTEPHCTHKH Ja60opaTopHON: peKH.
B ra6a. 10-11 npuBeneHbl -OCHOBHBEIE HCXOAHBIE JLAHHBIE.

[Ipu BBIXOAe HOTOKa Ha NOHMY CpelHfs CKOPOCTh MOTOKA B
pycie yMeHbIIMJach, T. €. Ha6JOAAJCA KHHEMAaTHYeCKH# 3addexT,
XOTfl W CPABHHTEJNBHO C HEOOJBIIUM YMEHbIIEHHEM CKOPOCTH
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o, TaGauya 10-11

Pacxoipl BOAbI, FIYGHHBI, CPeJHHE CKOPOCTH H PACXOABI JIOHHBIX HAHOCOB
. B pycie MOAENbHOH PeKH . ‘

Pacxox Boaw, Cay6uuna notoka, CpenHas cKopocTh,
ajcex. oM cM/cex. Pacxon nom-
HBLIX HAHOCOB
obmuit | B pycde| 12 obuwast | B pycae| Ha obwas | 5 pycae| Ha G. .?o?ynﬁ‘f/ce,(
v noimax | n noiMax p v nofiMax [ p :
p Q | Tep | Tpeer | ny D v
[ToTok BOZBI B pyciae X0 6GpOBOK
3 3. — 4.8 48 — 21,2 1 212 — 0,56
) 5 — 6,6 6,6 — 256 | 256 — 0,83
1010 1 — 10,4.| 10,0 | — 325 | 325 - 1,67
12 | 12 — 12,2 | 12,2 — 352 | 352 ~— 2,50
Brixon nmotoka na GeroHHyIH0 HOfiMy (llepBasg MOAENb) .
20 1 13,0 7,0 1,9 | 131 0,9 297 1 343 | 243 | - 2,22
=30 144 | 156 28 [ 14,0 18 30,2 | 347 | 27,1 2,50
40 | 158 | 24,2 34 [ 14,6 2,4 335 | 36,8 |31 2,78
50 | 17,2 | 32,8 40| 152 | 3,0 355 | 382 | 34,2 . 361
60 | 186 | 414 44 1 156 3,4 389 [ 398 | 380 | . 4,17
701 °20,0-| 50,0 | .48 | 16,0 3,8 41,4 | 423 | 41,1 5,00
80 | 214 | 586 52 | 164 42 438 | 44,6 | 436 6,67
90 | 228 | 67,2 55 [ 16,7 45 46,5 | 46,5 | 466 10,00
100 242 | 75,8 | - 59 | 17,1 49 482 | 48,1 | 483 15,55
110 | 25,6 | 844 62 | 17,3 5,1 51,1 | 49,8 | 51,7 20,00
120 | 27,0 | 9301 64 1 175 1.53 54,0 | 52,0 | 54,7 23,86
"Brixox moToka Ha 3aueMEHTHPOBAHHYI0 € ralibKoH moiiMy (BTOpas Mojeis)
13 1281.027 14| 12871 06 25,7 | 339 1,0 2,22
20| 145 | 55 3,0 [ 14,2 2,0 19,0 | 346 8,6 2,22 .
230 | 1547 146 37 | 1491 27 232 | 351 16,9 2.50
40 | 16,3 | 237 44 | 156 3,4 26,0 | 354 | 218 2,78
50 |-17,3 | 327 5,1 16,3 41 28,1 | 359 | 251" 3,33
60 | 18,1 | 41,9 57 | 16,9 47 29,8 | 36,2 | 27,8 3,89
70 | 19,0 | 51,0 64 | 176 54 3L,1 | 365 | 295 472
80 | 19,9 | 60,1 7.1 18,3 6,1 32,1 4 369 | 30,8 | - 5,83
90 | 20,8 | 69,2 78 | 190 6,8 328 | 372 | 31,8 | = 7,22
100 | 217 | 783 84 | 196 74 33,9 | 374 | 33,0 8,33 -
110 | 226 |-874 92 | 203 8,1 345.| 376 | 33,7 10,90
120 | 235 | 96,5 | 99 | 210 8,8 349 | 379 | 341 13,88

(puc. 10-29). 3xech, Kak ¥ B APYTUX ONEITAX, TPH BHIXOJE IOTOKA
" Ha TIoMy ofpasyercsa XapaKTepHoe A5l KMHEMaTHUeCKoro sddex-
Ta HUCKDUBJIEHHE KPHBOH H3MeHEeHUsl cpeiHefi CKODOCTH TNOTOKA B
. pycJie B 3aBUCHUMOCTH OT OTMETKH NOBEPXHOCTH BOIH H.
Aunanornunas no ¢opme KpuBas INOJyuaeTrcs H OJs pacxoja
JOHHBEIX HAaHOCOB.B pa3MbiBaeMOM pyciae (puc. 10-29). Ilpu mpore-
KaHuM NOTOKa BOJHI-B pycje A0 OpOBOK, T. e. pu Q= Qs, pacxon
IOHHBIX HaHOcOB Gg-10*=2,5 am3/cex., a mpu BBIXOJE NOTOKAa Ha
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NepsByl0 H . BTOPYIO MOAeJIM TOHMBI COOTBETCTBEHHO MpU Q=
=13,0 a/cek. u Q=128 nfcex. Gyp-10*=2,22 nm®/cek. CnepoBa-
TeNbHO, NPOHCXOJUT YMEHbLIeHHe PAacXola. 10HHBIX HaHOCOB COOT-
BETCTBEHHO YMEHbILEHUIO CPefHEH CKOPOCTH IOTOKAa B pycJe.

Hurepecno orMernts, 4to Kpusas Gp=Gp(H) pas nepBoi Mo-

“neaun npu Gp-104>3,0 J:LM3/ceK CTAHOBHTCA Ilapallie]bHON KPUBOH
. pacxojia AOHHBIX HAaHOCOB (p, ecyd Obl NOTOK HE BLIXOAMJ Ha HOHMY.

[TocnenHsis xpuBasi noJyueHa HA OCHOBE OTHEJLHBIX ONBITOB B
THIPAaBJHYECKOM JoTKe wupuHodt 0,5 m u obuiell gaunof 10 M; pau-
Ha pa6ouefl yacty 6 M. JHo JoTKa O6bLIO cOpMUPOBAHO U3 JHOOe-
PELKOro TeCKa ¢ TakuM XKe YKJIOHOM, KaK H Ha pPYCJIOBOH IJIO-
manke, 7. e. [=0,0012. B peayjasraTte npoBe/eHHsI HECKOJbKUX OIbI-
TOB B JIOTKE ¢ IMyGHHAMH, NMPUMEPHO PABHBIMH TaybunaM hp op HA
NPOCTpAHCTBEHHON Mofenu (¢ mnoliMamu), n cobmwoferusa -6a-
JaHca HaHOCOB OMNpeleeHa 3aBHCHUMOCTb pacxoja LOHHBIX HaHO-
coB Gy, or oTmeTKH mnoBepxHOCcTH Boael A (puc. 10-29). Cae-
ILOBaTeJIbHO nonyuerpl Gp B pycse B. YCJAOBHAX H3OJSLHH €0
OT MOHMBI, Tipn 3ToM “(p NEPECUUTHIBAJICA C y4eTOM UMPHHBL JIOT-
ka 0,5 M Ha INMPUHY pycaa bp—OS M. OnbITel ¢ 430Js10KEH pyc-
JIOBOTO NOTOKa 6e3 HAuoCoB OT NofimelHoro onucaunl B §40, B KO-
TOpBIX Ha OpOBKax pycsa YCTaHABJUBAJACD CTEK/ASHHBIE MEPero-
pozk#. B akcmepuMeHTax ¢ yueroM TPaHCIOPTa HAHOCOB 0Ka3aJsioChk
YAOOHBIM 10 TEXHHYECKUM TNpPUYMHAM IOCTABUTb H3MepEeHHS Kak
H3JI0KEHO.

Il Mopesu ¢ MeHee LIepOXOBATOH NOHMOM TPaHCIOPTHPYIOILas
CTIOCOBGHOCTh TIOTOKA B pyche GoJablle, 4eM [Js MOAeaH ¢ Gosee
HIepoXoBaToH TofiMOH, uTo OOBsCHAeTcs Oogabuiell NepecTpoHKOi
oJist ckopoctell u GoJjiee HHTEHCHBHBIM BHXPEOOpa3oBaHUEM BO BTO-
pom cJayuae. '

Jas xapakTepuCTHKH KuHeMmaTuyeckoro sddexkra W ero BiHs-
HHsI Ha NPONYCKHYIO cNOCOGHOCTH MOTOKA B pycse B YCJAOBHAX €ro
B3aWMOJEHCTBHSA C IMOMMEHHBIM IIOTOKOM I10: AAHHLIM HACTOSLIUX

hry
onbiToB Ha puc. 10-30 moCTpoeHH! KpHBBiE B KOOPAMHATAX = 5 —
o L X
Yp
Us '

Wamenenne TpchnoanpymmeH CnocoGHOCTH TMOTOKA MOA BJIUS-
HHeM KuHeMaTuyeckoro sddekra xapaxrepusyerca 6Ge3pasMepHBI-
mu KpusbiMu - (puc. 10-31). CooTBeTCTBYyIOLIME AaHHbIE TNPUBEIEHb
B a6y 10-12. )

Ha ocHOBaHMM NPOBeNEeHHBLIX SKCNEpPHUMeHTaMbHBIX HCCAeN0BaHui
MOXHO clleJlaTh CJAeAYIoUlYe HOBble BBIBOJHL.

[Ipn BHIXOHe MOTOKA Ha MOHMYy MOXKeT HalbJIOAATbCs KUHeMa-
THUeCKUH 3¢ ¢peKT moToKa U B pasMblBaeMOM pycJe.

B peayabTaTe B3amMOZEHCTBUS IOTOKOB PYC/1a H IOHMB YMEHb-
.Iaercss TPAHCHOPTUPYIOLIAS CIOCOOHOCTH MOTOKA, YTO TaK¥kKe II0J-
TBepkaaeTcs uccaenosanusimu H. b. BaprlLIHHKOBa.
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Tabruya 10-12

" BespaamepHsie: ray6uHel B nofiMe, cpexHHe CKOPOCTH B pycie
M pacXonbl JOHHBIX HAHOCOB B pycJe

ITepsan Mozens Bropas Monean
hy '”p Gp hy vp Gp
ko, cp v G5 Mp.ep 3 Gg
0,07 0,98 0,89 0,05 0,96 0,89
0,13 0,98 1,00 0,14 - 0,98 0,89
0,16 1,04 1,11 0,18 - 0,99 1,00
0,20 1,08 1,44 0,22 1,00 1,11
0,22 1,13 1,67 0,26 - 1,02 1,33
0,24 1,20 2,00 0,28 1,03 1,56
0,26 1,27 2,67 0,31 1,04 1,89
0,27 1,32 4,00 0,33 1,05 2,33
0,28 1,36 6,22 0,36 1,06 2,89
0,29 1,42 8,00 . 0,38 1,06 3,33
0,30 1,48 9,55 0,40 1,07 4,00
0,42 1,08 5,56
.
Rpe _
04 e .
) ’/(
) 1 .
02
/
01 7/
N\ 1 i
09 A 11 12 1.3 14 1
v

N Puc. 10-30. Usmenenne cpemielt OTHOCHTEAbHOR' CKOPOCTH NOTOKa B pycae

B 3aBUCHMOCTH OT OTHOCHTEJbHOH rAyOMHEL B HOiiMe

1 —nepBas MOAeNb; 2— BTOpas MOAE/b.

o
p.cp
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[To manHbIM naﬁoparopﬂmx axcnepHMeHTOB 0Ka3a/10Ch, UTO NPH
Ry

=0,07 Aus MepBO¥ MOIENH U - =0,12 pasi BTOpOH MO-
pp : p-cp
« : : -G

- o ! p ’ .
JAequ OTHOCHTEJbHBIM PacXo[ HOHHBIX HaHOCOB -_G? HpHHHMaeT MHu-

h"
Rp.cp i
: e ©
04} -
03 -
: ’_—__’_____'__,___.—o—
02
01 }
G,
5 =2
0 1 2 3 4 5 6
i . : N Gp .
\J Puc. 10-31. Cpa3b OTHOCHTEJLHOrO PacxXofia JAOHHBIX HAHOCOB Xy € OTHOCH-

TeapHOR ray6uHoil B. HoHMe

. By, cp
1 —nepBas Mojenb; 2-— BTOpPas MOJEIb.

o ' h , .
HumasabHoe snavenue 0,9. Ilpm - =0,13 paa nepsofi moenu u
by, cp

hy

G .

o en =0, 18 s BTOpOPI MOJeaH Gi =1, 1 e nponsomJ‘Io’BOCCTa-
HOBJIEHME Pacxoza lIOHHbIX HAHOCOB JI0 €ro 3HAYEHHs! Tepes BBIXO-
JIOM IIOTOKA Ha MOHMY.

Va/i02KEHHBI!l ONEIT ONpeie/eH sl BIHSHHAS KMHEMATHUECKOTO sth-
(ekTa Ha TPAHCNIOPT [OHHBIX HAHOCOB JOJMKEH OBIThb MPOLOJIXKEH
¥ pa3BuT npu. Apyrux ¢Gopmax ABUKEHHs HAHOCOB (TV4LKHX (basax
o6pasoBaHuu GapxaHHOTO pesibeda AHa u Ap. [82]).
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§ 44. Bnusuue. Mo#MbI Ha CKOpOCTh naumeﬂnn naao.qoquux
BOJIH

B peunofi ruApaBAHKe CKOPOCTb ABUIKEHMS  MaBOJOYHEIX BOJH
- Cy HeoGXomMMa [JIs1 pacyeTa HeyCTAHOBHBIIErOCsl NBHIKEHHs BOJHL
B ruppomerpun Beauunsbl Cp MCHOJIB3YIOTCS NPH MOCTPOCHHH rpa-
(HUKOB COOTBETCTBEHHBIX YPOBHEH, 'TIPUMeHSeMBIX INpHU MepeHoce
KDHUBBIX pPacXOfOB BOABI B pacyeTHble CTBOPH, B THIPOJOTHUECKHX
IPOTHO3aX U NPOY.

B psane mureparypHBIX HCTOYHUKOB CHPABENJIABO KOHCTaTpreT-
_Csl BO3MOXKHOCTb YMEHBIIEHHS] CKODOCTH [BUIKEHHS NaBOLOYHBIX
BOJIH TIpH BBIXOJle MOTOKAa Ha no#My. CreleHb TAKOI'0 YMeHBILIEHHS
usydena B paGore [67]. Tlpu paccmMoTpeHHH 3TOrO BQUpoOca Mbl 6y-
IeM HCXOAHTb U3 (OPMYJH [AJsi CKOPOCTH pacnpOCTpaHeHuﬂ rpe6
Ha BOJHEI NaBoaKa [83, 84].

B cooTBeTcTBHE ¢ OnpeieseHHEM HEYCTaHOBUBLIErOCS JBHIKEHHS
Kunkoctu uMeeM Q=Q (L, t), OTKyLa

aQ=qr + D ar, (10-18)

roe L — pjvHa noToxa; f——-BpeMH.
dL -
BBongs o6osnaueHue W'Z.C“’ nocJiefiHee BbIpaKeHHe IEpelH-

IIEM B BHJE _
"Q L Cit 22 . (10419)

Ecau paCCManI/IB.aTb HaPIﬁOJIbLLIYIO opauHary rufporpada Q=
=Q(f) B JaHHOM CTBOpe, UeMy COGTBETCTBYeT HanOojbIlas BHI-
COTa BOJIHBI, HMEEM ~7~ it =0. YuuThiBas 370, U3 Buipaxkenus (10-19)

HaligeM - - - o
29 ]

Com O (10-20)

[Mocnennee ypaBHenue mpeoGpasyeMm, HCMOAb3ys auddepenuy-
aJbHOE ypaBHEHHE HePa3phIBHOCTH :

do , 0Q _
¢ Tor =0

. VI3 sTOr0 ypaBHeHus Hafizem

BoH 0 ; ‘ ' '\

BoH 99 (10-21)
Tak kag Q=Q(H), M0oKHO HamHCaTh
: d 0 oH

R (1022
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Yuurwisas dopmyast (10-21) u (10-22), éblpame}me (10-20)
NPUBOLUM K BHAY

0Q oH
~ T OH TH# __ 0Q __0Q
Cr= __BOH ~ BoH ~ do° (10-23)
ot

ITpoussonHasn a—g— HHOT/a Has3elBaercsi GHICTPOTOH pacxona BO-

LBl
YunrniBas, uto Q=v®, U3 Bepaxedua (10-23) moayuum

0
C#=v+mo—g. - (10-24)

Yno6unift dhopmol samucu BripaxkeHus (10-24). naa ero anamau-
3a fIBJIeTCH

ov
Cu __ BoH
[0]

W3 3TOTO YpaBHEHHUS BUAHO, YTO NPH ,
ou '
=0 Ka=1,
ov
’0_1_1‘ > O Kn > 1s
dv
> W < 0 Kn < 1.
TlocnenHuii ciyyafi COOTBETCTBYET BBIXOLY TNOTOKa Ha MOHMY,
yto Xopowo HTIocTpupyercss puc. 10-32. B coorBercTBUH ¢ 5THM,
A
a TakXe JONycKas —07”1—=A—;; , ypaBHeHue (10-25) samumiem B Buje
Lo ’
; v
K,,=1—-W, | (10-26)
. g, .

Av - . . AH ‘
rae o ~— OTHOCHTEJIbHOEC H3MEHEHUE .CKODOCTH U, -h——— OTHOCH-
cp

: ®
- Te;ibHO® W3MeHeHue ypoBHsa H;  fi,= 5 —cpenunas riayGuHa mpu

yposue H. )

Vimes KpHBHle H3MEHEHHS CPEIAHHX CKOPOCTEll OT YPOBHS, MOXK-
HO paccuuTaTb 3HaueHHs Ky npu pasHblX ypoBHsX. C mpaKTHuecKoil
TOUKY 3PeHHsi BajKHO 3HATh cpejHee 3HaueHue Ky A/ BCErO HHTEp-
‘Bajia ypoBHeH, OTBEYAIOUIMX BLIXOAY MOTOKa Ha moiMy. MeTonuka
pacuera K, mamocrpupyercs puc. 10-32. Tlpupamenus AH u Av
ompejesloTcs Mo ToukaM neperuba (mpu Knp=1) na XpuBo# cpen-
HHX CKOPOCTeH. \
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. . , Av
I[JIH BBIYUCJECHUS OTHOCHUTEJNLHOIO HU3MEHEHHUSA CKOPOCTH e BE-

JuYHHA v OTCUUTBIBAETCH N0 KPHBOH CPENHUX CKOpPOCTeH Ha cepe-
IuHe WHTepBana Av, T. €. B Touke nepern6Ga kpusofi (puc. 10-32).
Aunanornuynelm o6pasom Haxoaurcs H, a 3ateM o u B mpu yposHe
H wns npoduna xusoro ceuerusi. Pacyer rosad¢uuumentos Ky mo
HaTypHbHIM AaHHBIM npusefeH B Ttaba. 10-13. K coxanenuio, ne-
Ta/JbHble HAaTypHble THIAPOMETPUYECKHE NAHHbie NpH BhIXOfE MOTO-
Ka Ha TOHMY KpafiHe HEMHOTOUHCJEHHEBl, YTO OOBbACHAETCS prm{o-
CTAMU MPOU3BOJACTBA paboT B NMoHMax pex.

h P ’
x
By
%Q BB
5 - | B | v
A 1. _—‘ ______ _ :_—_—_
i
- A =
Uf—aq' IL B“
v

v Puc. 10-32. Cxema usmeneHusi K B 3aBHCHMOCTH OT YPOBHA f{ mpu
BBIXOJE MOTOKA Ha IOHMY.

Has XaPaKTEPUCTUKN CTEIEHH H3MCHEHHA MWHPHUHBI pycJaa B

npenenax - aMILINTYAbl YpOBHst Afl (OACYMTAHBI OTHOUIEHHSA Fﬂ

(rabn. 10-13). Illupurel By u By nokasawsl Ha puc. 10-32. Cpe,u
Hee 3HayeHHe Ky~ 0,6. Takum o6pa3oM, CKOPOCTH paclnpocTpaHe-
HHS BOJIHBI IIOJIOBOAbS TPH BBIXOIE NOTOKA HAa NMOUMY MOXKeT GBITh
CYILeCTBEHHO MeHblle CPeAHell CKOPOCTH TIOTOKA.

B nanpHeHIINX HCCAEMOBAHHAX KENATENbHO YCTAHOBUTb 3aBH-
cuMocTb Koadhduuuenra Ky ot (pakTopoB, Ha Hero Bausomux. Cpes-
HeMy 3HaueHuio Ky~ 0,5 coorBeTcTByeT NpHOJH3UTENBHO CpefpHee

B
3HAYEHHE —EH—ZO 3, 0JlHaKO 3TOT BONpPOC, a TaKXe W BOIPOC O KO-

Je0anunAx Kn HYXA2ETCA B M3YHEHHH Ha OCHOBE CHELHAJBHO IO-
CTABJIEHHBIX OJEBLIX UCCJEOBaHHH.
Tlpn paccMoTpeHHM HATYDPHEIX JNaHHBIX obpamiaer Ha ce6st BHH-
. v
MaHue (haxT HeCOBHALEeHUs OTMETKH, NPH KOTOpoit —z =0 (mpwu

BBIXOZe [IOTOKA Ha MOHMY),c OTMeTKOH OpPOBKHM pPyc/Ia, UTO B IEPBYIO
ouepeib 0ObsACHAETCS HEpaBHOMEPHOCTbIO IBHIKEHHS BOIH B peKax.
B cBsisu ¢ 3TUM CJIemyeT, NO-BUAMMOMY, PA3JHYATH F€OMETPHYECKYIO

16 I'. B. JKenesusxos . 241
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6poBKY pycla H THAPABJHYECKYIO, T. e. OTMETKY, NpH Koropon
av
— ==0.

Tlocrasaernbii B crathe [67] Bonpoc NOJMYYHJI HHTepeCHoe pas-
ButHe B ucciaenoBanuu H. H. ®emoposa [85]. ABTop BOCHONB30-
BaJICSl BeCbMa OOCTOSITeNbHBIMH HaTypHHIMH maHHbIME I'TU no usy-
YEHHIO NONMYCKHBIX BOMH Ha p. TBepue [30]. OTmeruM, yTo HZaHHEIE,
IpuBefieHHbIE B cTAThE [67], OTHOCATCS K €CTECTBEHHBIM MOJOBOABSM, a
JlaHHbIE, TIPUBEJEHHbIe B CTaThe [85], — K HCKYCCTBEHHBIM NMaBOAKaM.
Hcnons3opanusle ®elopoBEIM° MaTepyaJ/sl TpHBeAeHH B Taba. 10-14.

Ta6ruya 10-14

XapakTepHCTHKH NOMYCKOB Ha yqachax p. Teepust
C PasBHTHIMH NOHMAaMH

dH

Pacxox, TlporomxuTens- Janabie 0 3aTONMAeHUM NMOUMBI H OCOGEHHOCTAX
N nomyckal  yscex. HOCThL OTMyCKa, TMONYCKOB
yac.
4 110 7 Tlonyck mo onOpOXHEHHOH moiMe
5 120 3 [Tonyck mo MOYTH ONMOPOXKHEHHOH No¥Me

¢ mpeamectByomuM Q =20 M3/cek.
OpHu LAMTeAbHOCTH 6oJee CYTOK

8 120 6onee 2 cytox | ¥YBeauuenue Q Hadagoch ¢ 30 m3/cex.
) Tuaporpad crynenuathiii
9 110 7 Tlonyck mo -moiiMe, He ycmesiueit omo-
POXHHUTHCA

.Hymepaius nonyckop COOTBETCTBYET HX ONHCAHHUIO B pabore [30].
B pesyabrate 6bimu mopcuutansl Ky =—"% u OCpeiHEHHBIE MO

IJMHe yYacTKOB PEKH XapaKTePUCTUKH pycsaa U TMOHMEI, mpHUBEJICH-
Hple B Taba. 10-15.
Ta6auya 10-15

Buauednst K, U XapakTepHCTHKH yyacTxoB p. TBepupl BO Bpems
NONYCKOB Ha YYaCTKax € pasBUTBIMM MOAMaMH

. Yuacrox % ’ - C h hp. max B
A el e e I B e R R e
-1V 4 1,29 44 180 350 | 059 -5‘,9 1024

5 0,92 44 146 3,20 0,34 94 1030

8 2,15 44 332 4,20 1,20 3,5 0,13

9 1,90 44 278 3,80 0, 85 45 10,16

V-V 4 0,83 43 76 2,80 0,34 8,2 0,57
5 1,10 43 59 2,50 0,15 16,7 0,73

, 9 1,37 43 199 3,25 0,64 5,1 0 22
V—VI 4 0,76 425 88,5 3,10 0,26 11,9 048

5 1,04 425 65 5 2,80 0,12 23,3 0 65

9 0,84 42,5 | 169, 5 3,50 0, 64 5,5 0, 95
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[Tapamerper Ky mopcumTaHbl Tak ke, Kak B pa6oTe [83] T. e.
ckopocts Cp onpepnesisiiach 1o BpeMmeny npoGera rpeGus BOJHE 1
PacCTOSIHHIO  MEXKAY CTBOpaMHU. 3a' CpeHHE CKOPOCTH MOTOKa Ha
yYacTKax ¢ OPUHUMAJUCh NOJAYCYyMMbi CPeAHHX cxopomen B XKH-
BEIX CeYeHMAX, OTPaHUYUBAIOILUX YUYACTOK.

B
Obnapyxunock, uro Kpusas K=K, (~Bg> HMeeT $IBHO BEIpa-

XKEHHBI MHHHMYM TIpH ?p—————04+0 5. Xors paudbie JKesesus-

KOBa OTHOCATCHA. K peKaM C oueHb GOJIBIINM ANanasoHoM HX pasMme-
pOB H HHAa4e IOJCYHTAHBI Kn, OHH - KaYeCTBEHHO COBIMAjaloT ¢ HO-
CTATOYHO TOYHBIMH. JAaHHBIMH CDelIOpOBa 371ech MBI HMeeM B BHAY

xapaKTep usmeHerns Ky or —-. OGHapyXuUBaeTCsl Takke MMHUMYM

) o hp. max e hp. max

d Ha Kpusoit K=K (———hn—) HO MeHee BhIpaKeHHBI NpH —=—=
=4 7. B

H. H. ®egopos oTMeuaeT, 4TO HajHYHe MHUHHMYMa Ha YKa3aH-

HBbIX KDHBBIX, ¢ (PU3UYECKOH TOUKH 3peHUsi, NpeAcTaBagercs He BHOJI-
He sAcHbIM. Ho Temepb y»ke H3BeCTHO, HACKOJBKO CJOMKEH IpPOIece
B3aMMOLCHCTBHA pPYCJOBOIO. ¥ - NONMEHHOTO NOTOKOB NpW YCTaHO-
BHBLIeMCS IBHMKEHUHM BOJBI, yeMy ObLIM NOCBAmeHb § 37-—43. Mu
AyMaeM, UTO U3YUEHHEe KHHemaTuueckoro sddexra B pycaax ¢ moi-
MaMH IpH HeyCTAHOBMBIIEMCH ABUXKEHHH BOJbBlL MOXET AATh BaxK-
HBIA MaTepuan A _OTIpe/ieieHns NPUPOMNL U3MEHEHHUS Ky npu’ Bbl-
XOZle MOTOKA Ha NOUMY.

) 45. fiponycku#an cnocobHOCTL MOHMBI HaK ecTecTBEHHOro
BopocOpoca

B npenpiaymux naparpadax paccMaTpuBasoch B3aHMOJEHCTBHE
PYCNOBOTO UM MONMEHHOTO HOTOKOB TPH OTCYTCTBHH KaKuX-HUOYZb
COOpYXKeHufl, MOT'YIINX H3MEHHTb YyKa3aHHoe Baaumopgefictsue. Co-
OpYKeHHs] MOTYT OBITb PacClOJIOKEHEl B MONEPEYHOM, MPOAOJBHOM
WJIM KOCOM HalpaB/eHUsX 10 OTHOIUEHHIO K MOTOKY. THIHUHLIM Cay-
yaeM NPOJOJbHBEIX COOPYKEHHH ABJAIOTCS AaMObl 06BaJOBAHHIL.

; p
OHy KW3MEHSIIOT COOTHOIICHHE B an pacCMOTpEeHHHU KHHEeMaTH-
B I .

yeckoro a¢pdexTa BIAHSIHHE E‘-’— Ha HEro yuuThiBajoch. Ilonepeunble

COOpPYKEHH MOTyT OniTh PACHOJIOKEHE TaKuM o0pasoM, 4YTO BCA
WJH 3HAYUTEIbHAs YACTb NOHMBI NEepPeKphiBAE€TCA U BeCh NOTOK IIPO-
MyCKaeTCs uepe3 OCHOBHOE PYCIO WM PYC/O W 4aCTh MOHMEL ITO
THIHYHBIE CAyYal pacHoJIoKeHHA COOPYXKEHHH MOCTOBBIX IIepexo-
noe.. Bosnugaiollide TpU 3TOM SABJEHHA OTUACTH DPACCMOTPEHH B
craTtbsx [86, 87].

TlonepeyHsle COOPYMKEHHsi MOTYT IOJHOCTBIO NEPeKphiBaTh pycC-
g0. Torpa Bech MOTOK npoxonut mo noime. CaefoBaTe/1bHO, NOAMa
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B 5TOM ¢Jyuyae HMIpaer -pofib ecTecTBeHHOro BomocGpoca. Vimenno
3TOT caydyal u Gyner paccMOTpeH B HacToslleM maparpade 1o cue-
AYIOUIMM  mpuYuHaM. Fi3yuyass KuHemaTHueckuii 3ddekt B pycaax
C moiMaMM, Mbl BHEH, YTO HaJHYHe- OOJbLINX TPASHEHTOB CKOPO-
cTell B NONEpPeYHOM HANpaBJeHWM B-0OIUEM HPUBOAMT K YMeEHbIIe-
'HUIO ' IPOMYCKHO# crmocoGHOoCTH pycaa. [IpuuuHoil GoJbIINX rpa-
IHEHTOB CKOpOCTel OBl BBIXOJ TOTOKA Ha HOUMY M B OTLENbHLIX

l

=
’: .
L SN UN G WU UNUNEES UL NN LN U Y NUSUY S LSS
’ Unpp.max
[=3 O]N
S QN
m L
1
{
—_— o S
i T
!
Sy ol u

< Puc. 10-33. Cxema paboTh! mOHMB! KaK €CTECTBEHHOrO BopocGpoca.

cayyasx pe3Koe H3MeHeHHe [IepOXOBATOCTH JAHA TNOTOKa (Mpu OT-
HOCHTE/NbHO HeGOJIbIIOM YBeIHUeHHH MIHUPUHBL NOTOKA).

BosHukaeT Bompoc, a H3MeHsIeTCS JIM NPOMYCKHASl CHOCOGHOCTD
- JKUBOTO CeyYeHHs TIOTOKA, ecau GOsblile FpajueHThl CKOPOCTEll B Ha-
NPaBJEHUH €ro IUKPHHBI ObIIM BLI3BAHBI HCKYCCTBEHHBIM MYTEM.
OnuyMM M3 BO3MOMKHBIX NOCTATOYHO THUIHYHBIX CJAY4deB Kak pas u
SIBJSIETCS CJAy4Yal NPONycKa BCEro NOTOKA dYepes NOHMeHHOE PYCJo
(puc. 10-33). Ilpu 3TOM OCHOBHOE PYC/IO HEepPeKphITO TNIYXOH MJIOTH-
HOM, JJIHHA KOTOPOH Ipj 2 bp. 3a cueT cxkaTHa MOTOKA HapyliaeTcs
€CTECTBEHHOE pacmpejeseHue cKkopoctell B modiMe. BOausn mmoTnubl
CKOPOCTH LOCTUralQT HAWOOJBUINX 3HAYEHHUH Upy, max, YMEHbIIASCh
IOCTeNleHHO, KaK NOKa3ano cxemaruuecku na puc. 10-33. ['naBHRIM
LOMOJHHTENbHBIM (AaKTOPOM IBHXKEHHSI BOJBl B paccMaTpUBaeMOM
cIydae sBJsSETCA HaJWYMe MOANOpa.
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B ruppas/HKe yallle BCEFO MCCAEAYIOTCHA: HOTOKH, OMHCHLIBAEMBIE
ypaBHeHHeM PaBHOMEPHOTO WJIH HEePaBHOMEPHOIO WM HeyCTaHOBHB-
LIerocsl JNBHKEHHS, HalpHMep, NPH [BUKEHUH BOAB B OTKPBLITHIX
pyciax (pekax); IOTOKH, OMUCHIBA€Mble YpaBHEHHSMH THNA YpaB-
HeHHH BOJXOCAUBA, HATPUMED, NPH ABUKCHAW BOALL HAJ BOKOCIUBOM
¢ IUMPOKHM NOPOTOM. DTH KaK Obl IBa KpaHHHUX ciaydyasi, B OLHOM H3 -
KOTOPBIX YiUeT LIEPOXOBATOCTH QHA NMOTOKA COBEPLICHHO HEOOXOLHUM,
B JIPYroM K€ NpPH3HAETCS MAJOCYUIECTBEHHBIM, B UHCTOM BHIE K
€CTECTBEHHOMY BONOCOpOCY HE MOAXOJAT.

EcrecTBennniit BogocOpoc uMeeT B cebe NpU3HAKH I‘I/I}IpaBJII/IKI/l
OTKPLITOTO pyCJa M THADABJHKW BOLOCHAMBA, T. €. JBHKEHHE BOJBI
B €CTeCTBEHHOM BOLOCOpOCE fABJAACTCA CBOeOGPA3HOR NPOMERyTOU-
HOH (pOpMOH Mexk1y ABHKEHHEM BOJbl B OTKPLITOM pyc/e U JABHIKE-
HHEM BOJbI HaJ BOAOCAMBOM C.IMIHPOKUM mnoporom. O6pabGoTka ruj-
pOMeTqueCKHX JNAaHHBIX JJIs. peK ¢ (GOopMOH ceueHus1, OJU3KOH K 1K~
pOKOH npﬂMoyroanon TMO3BOJISET YCTAHOBHTD IIPONOPIHOHATbHOCTD
pacxojia BOJBI /ch, 3TO TaKxKe BbITeKaer U3 ypaBHeHus llleau.

3anucbiBas ypaBHEHMe: JId. pacXoma BOJAB, KaK B Cjayuae ABH-
JEHHS BOJALI HAX BOJOCAKBOM, JIETKO HOAMETHTb HPONOPIMOHANb-

3
HOCTH () BeJIMYHHE ki®. Uz storo cJelyeT, YTO OCHOBHBIM (akTo-
poM, BJMSIOIIMM Ha YAE/bHBIH pacXol BOAB ¢ ==~ B ABYX YKa-

SAHHBIX KpaHHMX CJAYYafXx, sIBJsETCS hel (h ). Oémee Bpra}KeHI/Ie
IJIS ¢ MOXKHO HallUCaTb B BHAE

g=MnE: 11

rjfie N0 OTHOIICHHIO K MEepPBOMY CJlIydYalo (paBHOMepHOe ABHKEHHe B
OTKPBHITOM pyCJe)

M=M(n, by, )=C VT,

KO BTOPOMY (IBHKEHHE BOLBI HAZ BOXOC/HHBOM C LIHPOKHM IOpO-
TOM NpU HyJeBOH BhiCOTE MOpOra)

M=V2g M(hy b, B)——mo]/Qg,

rie C—Koaq)(bnumem Hlesn; my— xosddunuedT pacxosa BOAO-
CJIVBA. »
B KauecTBe pacueTHOH (POpPMYJLI HpI/IHI/IMaeM

Q=mehV2g hi, ' ‘ (10-28)

B Hell KO3(QOHUIUEHT M, UMeeT CYIIECTBEHHbBIE OTIHUMs [0 CpaBHe-
HHIO ¢ aHaJOTMYHBIM K03((HUHEHTOM, BXOAAIUM B (opmynay pac-
X0fia yepes BOJOCJIHB C IIMPOKMM HOporoM. B naHHoM ciyvyae Ha
ero BeJII/I’{HHy BJUSAIOT MIEPOXOBATOCTDL NOAMEBI H yKJIOH 1. C yBeJH-
YeHUeM mepoxosaTocm My yMEHBIIARTCA; C POCTOM YKJIOHA I myg
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ysenuuuBaercd. [Toaromy koadduuuenty mo, B OT/IHYHE OT KO-
duiMenTa pacxofa BOLOCAUBA, GBIIO NPHCBOSHO HasBaHHe KO3(bu-
HUEHTa pPacXOofa eCcTeCTBeHHOro BomocOpoca [4].

C nensio H3yueHMs 3THX Ko3(pGuuueHTOB Keae3HAKOBHIM GBI
TOCTABJIEHB KCIEPHMEHTHl HA TOH XKe. PyC/NOoBOH mJOIUajfKe W TpH
TeX ke NMapaMeTpax NOTOKa, YTO M NPU H3YYeHHH KUHEMATHUECKOTO
sddekra B pyciax ¢ noiimamu (§ 38). OcHOBHOe pyclo mepeKphbl-
BaJIOCh NIOTHHAMH JABYX THIOB: INIVHTOBOH H C OTKOCaMH B JAEBSITH:
pasJUYHBEIX BapHaHTax MCmoJHedus. OTHOLleHWe AJHHBI NJIOTHHBI
lyn X mApHHE pycna by 6bl10 pasauuHbniM (ot 1,0 no 1,5).

m, .
03 — =" - =T
- 2 o
. o ® S—(/
0,2 ! = o - - - )
Va ' i o
o 1% _ ‘ - o-1
II -2

)

1 1 1 1 1 t 1
6 07 04 06 0F 10 12 14 16 18 2028 30 47 44 46%‘10’

Puc. 10-34. 3apucuMocTb Ko3(dduumeHTa DPacxoga eCTECTBEHHOTO BOJO-

é’ (UnoTHHA ¢ OTKOCAMH).
] —mnepBas I1HepOX0BATOCTh MOHME npu [=0,001; 2 — propas nIePOXOBATOCTL MOHME! fpH

==, .

B pesysabTare H3MepeHHBIX PACXOJOB BOAHBL C NOMOIIBIO BOJIO-
CJIUBA C TOHKOH CTEHKOH M BCEX npymx BCJUUUH, BXOISAILIUX B q)op-
Myay, OblI0 HafiieHo 67 3HauYeHHH M.

- AHanu3npysa 3aBUCUMOCTH My OT Da3JHUHBLIX (paKTopOB MOXKHO
cHesaTh CJAeAyIOIlHe BBIBOLEL :

1, BaxXapIM MOp(hOMeTpHuUeCKHM (PaKTOPOM, BJIHAKIIUM Ha mo,

Ay
ox_asana(:b 6e3pa3MepHaﬂ BeJII/I'-II/IHa‘——, T. €. OTHOUEHHE I"JIy6I/IHbI

B
BONBI B MOfME K lupuHe notoka B B epxuem Obede (puc. 10-33).

, h
Bnusiuwe storo mapamerpa Ha mo HauGoJee OMYTHMO IpH -5 <
: h
< 0,02. Tlpumep saBucumocTd gy OT - MpuBelen Ha puc. 10-34.
I h ’ . .
Mpu & < 0,02 my yvmeHbliaeTcs, IPUGAMKAACE K HYJEBOMY
. W by
3HAYEHHIO, CJIEJOBATEJIBHO, YIRNbHEI PAacXOl BOA g ipu 5 < 0,02

YMeHbIIAETCS ‘He TOMAbKO 3a CUET CHIIKEHHA MIYOWHH g, HO # moj
BIUSHHEM JAPYrHX (akKTOPOB, K YHCIY KOTOPHIX OTHOCHTCS OTHOCH-
TeJIbHAS mep0XOBaTOCTb YBE/UMBAIOMAACS C yMeHbIHeHHeM TJaIy-
6unnl Ay,
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O6pamaior Ha ce6s BHUMaHHEe CYINECTBEHHO MeHpllne (B cpen-

, b

Hem Ha 209%) 3sHauenusa m, (npn §P—>0,02) 10 CpaBHEHHIO C BO-
. i

JOCJAUBOM [J% HIMPOKOTO TOPOra.

2.-UeM GoJsiblile IIEPOXOBATOCTb MOMMBI, TEM MeHbIIe Mg, 4TO H

HNOHATHO. JTO BHIHO K3 PACHOJOXKeHHs rpadukos na puc. 10-34.
3. Uewm Goabuie ykjaoH [/, TeM GoJjblie Hi. .

‘ , ' )
Ilpunumas B KaueCTBe OCHOBHBIX 3aBHCHMOCTH 1, OT &~ [P

: By
BTOPOH MMIEPOXOBATOCTH MOUMBLL, MOJYUeHB! clefylowiue GOopMYJIbL:
JJI1s1 NOHMBI CO LINYHTOBOHU ILIOTHHOH B pycJe

, 1
~ . 00013 " (10-29)

388+ 5 ~ix
(%)

A MOHMBI C MJIOTHHOM (C OTKOCaMH) B pycie

1 : 1
0012\ T3 - (10-30)
h

my=

mo =
3504

i1

B

[IpakTHuecKH MOXKHO CUHTATh, UTO MpH —En—>0.03 my=0,28.

PaccMoTpuM Temepb HEKOTOPble OCOGEHHOCTH pacnpejeseHus
ckopocTel B mofiMe. C 9TOf LeJIbI0 NOICYMTAHBI OTHOCHTEJBLHBLIE

HauboabuIve CKOpocTH B moiime (pue. 10-33)

_ Upg, max
(.P o Up '
rae
Q
Vg =— .
B hyd .

AHann3 BeJMYHH ¢ MO3BOJIUJ YCTAHOBUTDH, UTO ¢ 3aBUCHT OT §e3-
v b
PasMEpHOro mapamerpa o g - B Buge npumepa Ha puc. 10-35 mpu-

BefeHa Takas CBf3b. Kak BMJHO, ¢ MOTYT AOCTHTaTb GOJBIINX 3HA-
yeHuH, T. e. UMeeT MecTo 6oJjbllasf HepaBHOMEPHOCTb B paclpese-
JeHuH ckopoctefi. B of6mem Buje paccMaTpuBaemasi 3aBHCHMOCTb
MOKeT ObiTb BbIpaKeHa B BHAE (GOPMYJIHI -

b2 \1,2
A+ 4 (55)

At ()

Ura, max ___
U

(10-31)

roe A;=1,63; Ay=100 g mnyHToBo# nuotunsl 1 A;=21 paq mio-
THHBI C OTKOCAaMH. ‘ -
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[TockosbKy BeNMUMHA ¢ XapaKTepU3yeT HepaBHOMEpPHOCTb pac-
IIpefiesIeHNsl CKOPOCTel B NofiMe (B CTBOpe MJOTHHHI), TIPEACTaBJSET
HHTEpeC pacCMOTpPeHHe BOIpOCa O BJUAHHH ¢ Ha KOI(MOUUHEHT .

Unp.maz
T
3 . T T .'[H |
2 Ql/,f o o : . .
Zd{ :
e =
- 2
0 1 2 3 4 00
hg8

) b2 . X )
J Puc. 10-35. 3asucuMocts ¢ OT ——% N4 TOHMH ¢ MIOTHHOH B pycae
n

(BTOpas IIEpPOXOBATOCTb MONMBI, INOTHHA C OTKOCAMI).

C s10t nebio Ha puc. 10-36. mocTpoen rpaduk GyHKILHH Moo=, ().
C yBequueHHeM ¢ My yMeHbmaercs. CJefoBaTelbHO, YeM OGoJblie

my

é
02
0.1 '
10 15 2,0 25 3.0

\‘ Puc. 10-36. l"pa(bm( cBAA3U My = my ().

CTENEHb HepaBHOMepHOCTI/l pacnpenenennn CKOpOCTeH B HOHMe, TEM
MEHbIIe ee HpOHyCKHaﬂ CHOCOOHOCT.

3aBHCHMOCTb Mo OT ¢ BhipasuMm B dopme sanunca. CooTser-
CTByIOLlee DACYETHOE ypaBHEHHe HMMeeT BHJ

- 0_031/1 L7 (10-32)
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" Tlapamerpnl 3TOro ypaBHeHHS NOLOOpPAaHBl TakuM 06pasoM,. uTo
kKpuBasi Ha puc. 10-36 sABastercs NPHOIU3UTENBHO OTHOANOIIEH IO
OTHOIUEHHIO K ONBLITHHIM TOUKaM. JTO. JaeT .BO3MOXKHOCTb HPOU3BO-
IATb pacdeT Ugm max ¥ MPONYCKHOH CIOCOOHOCTH TONMEI € HEKO-
TOPBHIM 3a1acoM.

UTak, Mbl MMeeM BO3MOXKHOCTb KOHCTATHDOBATh, UYTO MOSBJIE-
HHe GOJIBLIHX IPajiHeHTOB CKOPOCTEH B NOMEpevHOM HamnpaBleHuH
MOTOKA, BLI3BAHHBIX KaK BEIXOJIOM IOTOKa Ha TONMY, TaK H HCKa-
" JKEHMEM [0JIsi CKOPOCTell €OOpYXKEeHHSMH, MPUBOAMT K MOHHKEHHIO
TIPONYCKHOH CHOCOGHOCTH  JKHBOTO CEYEHHH IIOTOKa.



lTnaea X1

THAOPABAWYECKOE OBOCHOBAHHE
8ABUCHMOCTH YPOBHEA OT PACXO0H0B BOAbI
PE‘IHUI' 0 MOTOKA

Bomnpoc o rugpasinueckoM 0o60CHOBaHUH METOZIOB TUIPOMeTpUH,
KaK H3BeCTHO, WIHPOKO mocrapjeH-B pabore [1]. C momenra ony-
6/IMKOBaHUS pa6OTbI {1] npomno yxe Hemasno Bpemenu. Ilojes-
HOCTb TaKOro NOAXOAa HDH pelleHHH pasJiMYHbIX 3a7ay THAPOMET-
pUH Temepb cyuTaerca GecCHOpHOH.

B pacTosimuell riaBe paccMaTpUBAeTCs THAPaBIHYeCKoe O0GOCHO-
BaHHe METOJOB ONpEeAeJeHHS] CBSI3M MeXKJY YPOBHSIMH M pacxoxaMu
BOAB! peuHoro mnotoxa. IIpu 3ToM Mbl He OylJeM H3JaraTh pasfaund-
Hble npueMbl noctpoenus Q=Q(H), xopomo ocBelleHHbIE B JHTe-
paType mo rHAPOMETPHH. 3JeChb pPacCMaTPHBAETCS OCHOBHOE YpaB-
HeHUe JBHXKEHHs BOJABl B OTKDHITBIX pyc/aX, KOTOPOe MOMKeT OBbITh
HCIIOJb30BAHO BO BCEX METOAMKAX MOCTPOEHHA W 3SKCTPANOJALUH
Q=Q(H). 3arem npusonarca dopmynanl m1a xkosbduuuenta Ilesu
PeuHoro noToka. B KoHIe IyIaBel HaHO Pa3BUTHE CIOcoGOB JHHea-
pusauun Q=Q(H), yro Heo6XoanumMo A5 9KCTPANOJISUKH 3TON 3a-
BUCHMOCTH O BBHICOKHX H IIDOCKTHBIX YDOBHEH BOMHI

§ 46. OGoGweHnoe ypaBHeHWe pacxofa BOAGI

" Hau6onee cioxnas GopMa JIBHKEHHs BOZHI -(HEYCTaHOBHBIIEECS
IBUXKeHKe) HabJronaercs B pekax. YpaBHEHHE HeyCTaHOBUBILIETOCS
JBUXKEHUSA HMEET BH] '

av?

1= S+ 5 (o )+ (11-1)
rie 1 —-yKJIOH coGofroi MoBepxHOCTH BObl; K= Co VR—- pac-
" XojfiHAsl XapaKTepHCTHKA.

3amensd rujpasjuueckuil pamuyc R Ha cpenmoro FIyGHHY IIO-
T0Ka hop W BBOAS B ypaBHeHHE napaMeTp dopmbl Bx, U3 BhIpaxKe-
uusn (11-1) maimem

._ﬁCcol/hcp ff.‘;—jf%(g’;2)]. (11-2)
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dT0 u ecThb HauGoJjee ofllee ypaBHEHHE pacxoja BOAb. Beuay -

.\ . dv ¢
MaJIOCTH JIOKAJIbHOM MPOM3BOAHONR CKOPOCTH ~3~ ypaBHenne (11-2)
MOXKHO 3alHCaTb B BHIE '

——[SCco]/hcp[ (gz)] , (11-3).

Ecnin ne yunThIBaTh M KOHBEKTHBHYIO MPOM3BOJAHYIO CKOPOCTH
Jv ~ ‘
57 v YypasHenue (11-3) mpespaiiaercs B ypaBleHHe PaBHOMEPHOTO
IBUXKEHHS KHIKOCTH

Q=b.CoV Tl . a1y

OcoGeHHOCTbIO MPUBENEHHBIX YPABHEHHH pacxoga BOAH ABJSET-
Cf yUYeTr ¢ NOMOILbIO napamerpa P HEPAaBHOMEPHOCTH pacmpeaese-
HHS rIyOHH Mo mMupHHe ToToKa |1, .22, 28]

-IIpencrasasiercs mejecooGpasHEIM BBECTH B ypaBHeHHE pacxofa
AHAJIOTHYHBIA - TapaMeTp (POPMEBI, YUYHTHIBAIOMIMH HEPABHOMEPHOCTh
pacnpenenesuss ray6uH W o ajaumde notoka. C 3TOH Uelbio 3amu-
meM ypaBHeHHe YCTAHOBHBLIETOCH HEPABHOMEPHOro MJIaRHOH3Me-
HAIOLIETOCS ABHKEHHS BOJLBl B KOHEUHLIX. PA3HOCTAX

Az:Qﬁ[L(%w—“Tm)+£}, -y

rie Az — najeHue ypoBHS BOJL Ha JJIHHE MOTOKA L; Gntq H Gy —
koaddunuentsl Kopuoauca COOTBETCTBEHHO B (KHBBIX CEUEHHSIX
Omt (mee IO TEYEHHIO) U mm; K — OCpPelHEHHOe 3HAUYeHHe pac-
XOIHOH XapaKTepPUCTUKH B Ipelesax AaHHOTO yuyacTka.

Eciu npuHATE Omipr=0m=0o, ToJayd9uM u3 Qopmynast (11-5)

fe=@[ (ﬂ%—i)+ &

[TpeneOperass uneHaMH, YUHTHIBAIOIUMH CKOpOCTHOH Hanop, U3
BelpaxkeHus (11-6) moayuum

. |
he= Qi< - (11D

9To ynpolleHHOe ypaBHEHHe HEPaBHOMEPHOTO [BIXKEHHS IIH-
POKO HCHOJIb3YeTC B DEUHOH THADABJHKE, NO3TOMY MOMKHO [pHU-
HATb €0 W JJs PellIeHHs TMAPOMETPHUYECKHX 3aJad.

. B coorsercrBun ¢ mpegnoxkenneM H. H. [laBrosckoro
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WId HHaue - S -

. N
L= h_ - (118
e ZCZ(D?.R, ' 7 ( )

rne

N — uncno ceuenmit Ha y4yacTKe pekH. :

TTapameTrp ¢opMbl, YYHTHIBAIOWMH HepaBHOMEPHOCThH paclpese-
JIeHHst TAYGHH MO AJAMHE NOTOK2a (M3MEHYHMBOCTb [OTIEpPEUHBIX cewue-
Huil), 060o3HAUUM qepesﬁ

Dopmyna nas [5, no npennoxenuio C. ®. ApepbsiHOBa [89], -
MOKeT GHITh BbIBelIEHa crenywouuM o6pas3oM. 3anuiieMm ypabBHe-
“HHe JJIs1 Pacxopa BOABl C YYETOM OCpEeJHEHHEIX 3JE€MEHTOB IBHXKe-
HHSL H TIO JIJIUHE ' ’

Q=p.6Co Vil . (11-9)

C. ®. ABepbsHOB BBeJ B pacCMOTpeHHe CAeNylolue 6e3pa3mep-
HBlE 9JIEMEHTHl NOTOKA: ‘
5

© hep S /
MET m=g MR

N
[Tpu stom BbIIIOJ'IHf{eTCﬂ Z Ai=1.

Cunras, 4TO KOS@)(bHuHeHTbI mepoxosaTocm 1 UMeEI0T ONHHAaKo-
Bble 3HAUEHHs 19 JIIOOOIO HAa yYacTKe CEUEHHs W JJst OCpelHeH-.
HOTO cedyeHHs] M 4TO R~=hcp, MOAyUHM

Ct — hgp. i __1_
c kW
OTKYyZLa
9 cr
Ci— 2y
n;

@opmyny (11-8) Tenepr MOXKHO 3aMuCaTb B TAKOM BHE:
ad lm}-*?-"w?

1 -
) " 11_‘10
K2 2 C%?hcp ( )

Cpasuusas (popmynbl (10- 9) " (11 10), HaHlleM

VZ %m%”y%

(10-11)
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l"lpu y ¥% TONY UM

. (11-12)

l/ Ao

Eciu npuHATb OAVHAKOBBIE PAacCTOSHHUS MEXJIy CeYeHHSIMH, TO

l-—-%— v ¢popmyna (11-12) npunumaer BuUR

I— N »
B*—l/’v .. (11-13)
127][3(9[ ) .

Has npusmarudeckux pycen A;=1, @;=1,1m;=14u [3/——— 1. Ocpen-
- ‘HeHHas IJIOIIafb XKUBOTO CEYeHHs @, CTPOTO TOBOPS, €CTh OTHOIIE-
‘HAe 00beMa BOJABI HA yuacTKe K IJIOMAMH 3epKaja BOAbl, a hep—
OTHOLIEHHE ® K cpennedr wupune B, Tlocnenuss BenuuuHa npej-
CTaBleeT co60o#l OTHOQIIeHUE NJIOINALH sepKaja BOLBI K AJHNE yua-
CTKa

N
| : 1\ .
TIpu6uKeHHO MOKHO CYHTATH 2‘ 2‘ Bep. s
: o 1 1

§ 47. Dopmynsl gna onpejeneHun koatpqmu.ueura' Wesu
peyHoro NoToKa

- TpyzHo nepeuuciuTb BCe MHOTOUHCJEHHBle HCCAEJOBAHHS, CBSI-
3aHHBle ¢ paspaboTKoll Bompoca o QopMmyse mjas Kosppuiuenta
Mlesu. Mx ouenn muoro. OaHako momapfisiolias 4acTb GOPMYyJ CO-
CTaBJeHa Ha OCHOBe J1aGOpaTOPHLIX SKCHEPHUMEHTOB C HANOPHBIMH
OTOKaMH (UTO IpOLle B METOIMYEeCKOM OTHOmeHnu). mMeercsa He-
maJjio Gopmya mas kosbounnenta Japcu A, KOTOpLle SBHINCEH pe-
3y/NbTATOM pPasJH4yHOTO ajrebpandyeckoro oGopMieHHs GoOpMyJ, CO-
CTaBJEHHBIX HAa OCHOBE OJHHX M TeX K€ HCXOJAHBIX ONBITHBIX JaH-
peix. Hnas kospdunmenra Ilesu Haubosee nomynspHa QopmyJsia
H. H. ITapaoBcKoro. ¥Ke HaBHO ee CTa/JH NPUMEHATb B CAMBIX pas-
JUUHBIX CJIyYasiX, BHIXOAS 32 IpefeJbl 3JIEMEHTOB I10TOK3, KOTOPEIE
¥ He mnpeaycmarpusanuch ee apropoMm. Ctpykrtypa Qopmyan [las-
JIOBCKOTO yMOOGHA TPH pEIIEHHH NOAaBJSIONIero GOJBIIHHCTBA 3a-

nauy, roe Tpebyerca BBIPASHTL CKOPOCTb WM PACXOX B dynxumn |

ry6UHBL

Kak 310 He meBmeano HO BOT yx{e Ha TPOTSKEHHH OKOJIO
yeTBepTH BeKa NOUTH.HEe YAeNAeTCcs BHHMMaHHS pa3paboTKe IIKaJ
K03(HUHEHTOB I1epOXOBATOCTH 7. HeaoCcTaTouHo HCIOMB3YIOTCS
THAPOMETPHYECKHE JaHHbIE, OTHOCSIMECH K peKaM U KaHaJaM, /s
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paspaboTku ¢opmya kosdpouuuenta C. Ho ¢ Touku 3penus peuson
THAPABJMKY W THEPOMETPHH, 3TO OJUH H3 BaXHBIX BOIPOCOB.

B Hacrosimem naparpacde paccMaTpHBAIOTCA TOJABKO -Te Haubo-
Jiee HOBble PabOTHl, B. KOTOPBIX aBTOPBI IOJNB3YIOTCHA HATyPHBIMH
THAPOMETPUUECKIMH TaHHBIMH.

JorapupmMuueckne DopMyaH Aasi KosdPHuHen-
Ta Ilesu Kak u3BecTHo, NOJySMIHPHUECKHE TEODHH TYPOYJIEHT-
HOCTH I KBaZpaTHUHOH o6aractn COIPOTHBJEHUS TNO3BOJSIOT GOp-
MyJny And kos¢pduunenta HLapcu ?» npusectd K BULy [90]

1 m2R
Vi sz A
i 1 23 R
— ar : -
V& kVE lg A - (I 14)

. o a
Crienu¢rika IepoXOBaTOCTH CTEHOK YUHTHIBAETCS BEJHUUHON N
rlle ¢ MOMOIIBI0 A oTpaxkaercs aGCoOTHAs MIEPOXOBATOCTh, a Be-
JHYHHOI @ — QopMa IIepOXOBATOCTH.

VuuTHBas, YTO H3 dopmyaer (2-37) - le =—/(é?, dbopmyny
(11- 14) 3annmeM B BUAe : .
c=23V2 1gaR | (11-15)

Cunras HaJeXXHBIMH CYI_U,ECTByIOU_U/Ie mKaJsel Kosh punyenros me-
poxoBatoctu 7, M. VI. Arpockus npeajioRus BBeCTH B 3Ty (GopMyay
KO5()QUIMeHT MEePOXOBATOCTH A CAeAYIMHUM o6pasom. ,

Ecmu o6o3pauuth lg%:km (napamerp raamkoctn pycaa),
dopmyna (11-15) npunHHMaer BUI

c— 2’3V1§k” < 2,3}?/? lgR. - (11-16)-

Hanee nonmasn;m R=1 m B 31y dopmyny u B dopmyay [las-
n0BcKoro C = —Ry NOMydHM
23V g keg 1
Tk T n
C/1eJI0BATEILHO, MOXKHO Hanucarh
C=—l- +2§_V_g Ig R.
Cuuran k= 0,4 noctosinHo#l Bennumuoi, Y. Y, AI‘pOCKHH B-1949 r.
npeanoXxuia popmymay -
C=7—1—17,71gR, o (11-17y
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KoTopas Gbl1a UM DEKOMEHIOBaHa AJis pacuyeTa PaBHOMEPHOrO ABH-

’KeHHsl BOALI B KaHanaXx. Bompoc o npuMeHeHud 3TOH GOPMYJH K

peuHoMy NOTOKy He CTaBujicsa. B ceere Toro, 4to Temepb yxe ¥3-
BECTHO O MapaMmerpe Tpoduis ckopocted & (§ 7), uncio mnepen
lgR B q)opMyJIe (11-17) JOJIZKHO HMETb CMBICH MePeMeHHON BeJiH-
UHHLI.

HepBaﬂ [ONBITKA yJIqumb (bopmy.ny (11-17), ucxonst us nepe-

MEHHOTO 3HauycHMs k, npuHapsiexur B. @. Taamasy [91]. B peayib-
tate oH B 1964 r. npemioxua popmyday -
1 ; :
C = —}—7(21 — 100n) Igh,. (11-18)

[TockonbKy npu BHBOAE 3TOH (OPMYJbl HCNOJAL30BANUCh PE3YJb-
TaFpl ONpefefeHus R IVIaBHLIM ©6pa3oM [J1a pPeK M KaHuajgoB, TO
BIIOJIHE BO3MOXKHA NOCTaHOBKA BONMpOCa O pacCHpOCTPaHEHHU JioTa-
pubmuueckux dopmya aaa C U Ha peuyHble MOTOKH.

B 1965 r. cnesnana ewie ofHa monbiTka [92] yTounuTh Gopmyny
(11-17), npuBens ee K CJAeAYIOIIEMY BHLY:

C =+ (27,5 — 300m) IgR. (11-19)

CrpykTypa 3Tofi dOpMyJIH Takas ke, Kak # dopmyan (11-18),
OJHAKO TYThb ee MOJNyYeHUs Obll COBEPUIEHHO IPYTHM. ABTOPH
crateu [92] dopmyay (11-17) sanucanm B BHIE

C=A+BIgR

¥ mopcudTasu Kos(pounuenTs! A M B HCX0ZS HCKMIOUHTENbHO U3
nanHeix H. H. TlaBaosckoro.

Meronuka Belunc/IeHufl 6blna caenytouieli. B cooTsercTsuu ¢ yKa-
sanneM [TaBIOBCKOTO O TpaHHLAX, B Tpelenax KOTOPbIX OH o6pa-
GaTbiBa/l ONbITHBIE JaHuble, 3HaueHuss C j1a Kaxmoro Koadpdu-
uperra mepoxosatoctd (0,017 < n < 0,035) O6bu pasbutel Ha

CPYHIbL:
0,1 <R K03 ™
0,3 L RKLLO M
1,0 <R30 M

Bcero Takux rpynn 6nuio 18.

Cuwnrag, uto noJHast ¢popmynaa [laBnosckoro o6obinaer obmup-
Hble ONbLITHBIE AaHHbIE, NJS KaXXIOH FpyNNns NpHHUMACA PAA 3HA-
yenuti Kosdpouunenta C no popmyte Ilasnosckoro. [ajee, no-
mapHO peluas ‘Ha 5JEKTPOHHOM BHIYMC/AUTENBHON MalIKHE BCE BO3-
MOJKHBle CHCTeMbl YpaBHeHHil ¢ [BYMSl HEH3BECTHBHIMH, Hanﬂ,eﬁbl
napamerpel A u B ~(rabum. 11-1).

1 ) .
Bugno, uto A= . [laa B cocraBnedo ypaBHeHue B=
=27,5—300 n, smerunBocTb B 06bACHACTCA HENOCTOAHCTBOM &,
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Oxasajoch, YTO ONBITHEIM NaHHBIM [1aBJIOBCKOro COOTBETCTBYIOT
3Havenuns k, usMmenswomuecs ot 0,309 o 0,428. C

Takum 06pa30M Ha OCHOBAHUM aHa/JAH3a OAHHBIX HaBJIOBCKOFO
MOXHO CIeJaTbh CJAEeLYyIOollHe BEIBOJEL

KoCBeHHO NOATBEpsKIEHO HEMOCTOSTHCTBO TMapaMeTpa k, uTo, KaK
H3BECTHO, GBIJIO BHepBble OGHAPYXKEHO HENOCPEeNCTBEHHO aBTOPOM
MOHorpa(bI/m [1]. .

Ionnas ¢opmyna T1aB10BCKOTO (c nepeMeHHbIM [IoKasaTe/eM Y)
SIBJASIETCA M B HACTOsLlee BpeMs HpOPpeCCHBHOH TaK KaK ee CTPyK-

- Typo# IpeXyCMaTPUBAETCS TaGauga 11- y
MepeMeHHOCTh MapaMeTrpa k.

Ee HenocTaTKOM MOXKHO CHH- 3““‘“’“&," 4 A" +BBBI %p”‘y"e
TaTh TO, YTO OHA YYMTHIBAeT B saB"CHMOCT“gOT n
BechbMa  MajAblfl  AMAanazon

sHauenud k. Passuma B Be- : 1

anupEax B B dopmynax " ry A B
“(11-18) m (11-19) cymecr-

BeHHasl, B OCOGEHHOCTH Ipu | 0,017 588 | 595 23,1
GoJIbIINX 3HAUeHHsx n. Kak u 8,8gg ) 28,8 gg,(; ?g,g :
cienosano OXmuate, GOPMYy- | goo7s | ggy | 350 19,3
Jion (1 1-18) npenycMarpu- 0,030 333 33,1 18,3
-Baercs GOJBIIHE AHANIA30H 7 0.035 -98.4 28.3 17,1
(o 0,21), uem dopmynon

(11-19) (no 0,091).

. BruiBenem Temepn norapmpmnqecxyxo dopmyay ana C ¢ yuetom -
 dopmyan (2-73) u (3-19), npenycmaTpuBaOIUX H3MEHEHHe R, a Cje-

JOBATeJbHO, M 7 B IIMPOKHX Npeielax. HO,LLCTaBJIHH B Bpra)KeHI/Ie

(11-16) k—lé——, NOJIy UuM

*.

C —2,3C kpy - 2,3C, IgR. (nam
Tpu R=1 m C=2,3Ckyy. [TosTOMY
. ] 1
kep= 23C.n . . (11-21)

Tax kax C,=C4(C), 10, cTpOro rosops, Nepecuer MKaJjbl 1
Ha WKaNy kp; OCIOXHAETCA TeM, YTO CBASb MEXKAY 7 U Rpy OKasbl:
BaeTcs 3aBucamest or C.

YunreBast Bepaxenust (11-21) u (3-19), dopmyay (11-20) 3a-
IOHIIEM B BHJE '

C=14 23&%@3

34+ 03—
23+ Ve
HJIH . . .
c=ly YE+C R (11:22)
1+013V_ o

17 T. B. JKenesnaxos 9257



Tlocne npeo6pasoBaHuil 3TO ypaBHEHHE 3amUIIEM TaK:

%—FVg_lgR
= 0.13 "
1—1gR S (e _ L
+V ( n)

PemrnM ato KBajpaTHOe ypaBHeHHe (OTHOCHTEIBHO C, nns uero
3anullleM ero B BUJe

o (Ve _ Ve (Y& . 2.R)_
¢ +(0,13 0,13 lgR— ) (O,l3n + 0,13 =0.
Tak kax ko3¢dunuent C-— BeAUUYHHA CYIIECTBEHHO TOJOXKH-

TEJbHAasdA, TO IpH PEMIEHHN NOCJACAHEr0 ypaBHeHNa HeoHX0IUMO nepen
KBaJpaTHbIM KOpPHEM IIOCTABUTb 3HaAK IJIIOC. B pe3yJabTaTe noJqyunM

c=gt—YE0—1gR|+

2

—1—1/[ 013(1—IgR)] Kf’;(%J}VE!gR). (11-23)

Bpupny ciox#oro Buga 31o#l GopmMysas HeoOBGXOLHMO MOJb30BATH-
cst Tabu. 11-2 nns onpenenenua C B 3aBucumMocTH ot # u R. Jlocro-
HHCTBO Gopmyasl (11-23) cocTouT B TOM, YTO OHA MOXKET NpHMe-
HATbCH IpH JIOGBIX 3HadeHuax n u R. Cumraem, uto dopmysoi
(11-23) MOXKHO MOJB30BATLCS M IJIH PEUHBIX MOTOKOB, IPH 3TOM MO-
JKHO TPHHATH R=/f¢p.

O bdopmynax ansg kospduuuenrta lllesun paBHYHE-
HBX peK YXKe Ha NPOTANKEHUH IJUTENBHOTO BpeMeHH IOAHU-
MaeTCsi BONPOC O BO3MOMKHOCTH COCTABJEHWS A/ PEeUHBIX NMOTOKOB
dopmyast nas C, He copepxalledl kKo3(pduiHesTa LIEPOXOBATOCTH.
Taxkasi-moCTdHOBKa BOIpOCA BIIOJHE YMECTHd, TaK KaK IPH B3aHMO-
zeficTBuu HoToKa H gedopMupyemMoro pycia aGcofioTHas 1epoxoBa-
TOCTb JHA NepecTaer OLITH MapaMeTpoM, He SaBI/ICHLIlI/IM OT THIpAaB-
JIAYECKKX IJEMEHTOB 110TOKa.

P. A. Hlecrakosa [94] npoananmsupoBana I‘I/II[pOMeTpH‘{eCKI/Ie
JlaHHBIE JJIS PeK B IessX cocrasaenusa Gopmyrt ais C. Bo MHOrmx

palgrax No pedHoil FUApaBIHKE B KauecTpe a6COMOTHOR Luepoxo- -

BATOCTH MPUHMMAETCS CPEIHMN AHaMeTp AOHHBIX OTJOXKeHHH ((pax-
muit) d. 3amernm, uto [llectakoBo#l AJf PaBHUHHBIX PeK He yJaJoch
o6HapyxuTh BausHue d Ha C, 4TO, MO-BUJIMMOMY, OOGBLSCHAETCH ‘HE
TOJIBKO HeILOCTaTOTIHOI';I TOYHOCTBIO HCXOMHHBIX TaHHBIX. Ha ocHoBe ee
paGoTHl, MOXKaJyl, CKOpee MOXKHO CHEJaTb BHIBOL O BOSMOKHOCTH
cocTasjenus gopmyasl 11s C 6es KosdduiueHTa MmMepoXOBaTOCTH.
Srta 3aa4a, KOHEYHO, CJJOXKHA, H PACCMOTPETh e B OTPHIBE OT yYera
(OpMBI [BHIKEHHS JOHHBIX HAHOCOB Hesb3s. PakTHYECKH B PEYHOM
MOTOKE HAJ0 UMETb [eJo ¢ ABYMs THIAaMH LIepOX0oBaTOCTeH: 1) MUK-
pOIIEPOXOBATOCTHIO (xpynHOCTBIO (ppaknuit), 2) MakpomepoXosa-
TOCTbIO (HeC‘{aHbIMI/I BOJIHAMH).
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Ta6runa 11-2
Kos¢ duuuentst Mesu C no dopmyne . B. XKenesuarosa (11—23)

n

., ,
R (Bep)y 0,010 | 0,015 ] 0,020 | 0,025 | 0,030 | 0,040 | 0;050 | 0,080 | 010 | 0,20
0,1 80,71 492 | 345 26,0 20,5 | 141 105 5471 392] 1,01
0,2 86,31 54,3 | 38,71 29,7 | 2381 168 | 12,7 7,001 520 1,79
0,3 89,7 57,31 4141 32,1 | 26,0 | 186 | 143 8,091 6,13 2,37
0,4 92,1 59,5 | 434 | 339 | 276 | 200 | 155 8,98 6,891 2,86
0,5 9401 61,21 449 | 353 | 289 | 21,1 16,5 9,73 7,54 3,29
0,6 956| 626 | 462 | 365 | 30,0 22,7 17,4 | 104 8,121 3,68
0,7 96,91 638 | 474 | 376 | 31,0 229 | 18,1 | 11,0 8,651 4,04
0,8 98,01 64,9 | 483 | 384 31,8 | 237 | 188 11_,5 9,13] 4,38
0,9 99,1 65,8 | 492 | 393 | 326 | 244 | 194 | 12,0 9,58 | 4,69
1,0 100,0(-66,7 | 50,0 | 40,0 | 33,3} 25,0 [ 20,0 | 12,5 | 10,0 | 5,00
1,2 1016 682 | 514 | 41,31 345 26,1 | 21,0 | 13,3 | 108 5,56
1,4 103,0] 69,4 | 52,6 | 424 | 356 | 27,1 | 21,9 | 14,1 | 114 6,07
1,6 104,1] 70,5 | 53,6 | 434 365 | 2791 22,7 148 | 12,1 6,55
1,8 10521 71,5 | 545 | 443 374} 28,7 ] 234 154 | 126 7,00
2,0 106,1| 724 | 554 | 45,1 | 38,1 | 29,4 | 24,11 16,0 | 13,2 743
2,5 108,1| 743 | 57,1 | 46,8 | 3981 31,0| 256 | 17,2 | 144 8,41
3,0 109,7| 75,8 | 586 | 482 | 41,1 | 32,2 | 26,8 | 183 | 154 | 9,28
3,5 11,1} 77,1 | 599 | 494 | 423 1| 333 | 27,8 | 193 16,3 .| 10,1
4,0 112,31 783 | 61,0 50,5 | 43,3 | 34,3 | 28,8 [ 20,2 | 17,1 ]10,8
45 1134 793 | 619 | 814 | 44,21 352 { 296 | 20,9 179 |115
5,0 114,31 80,2 | 628 | 522 | 4511 3601 304 | 216 | 186 |12,1
5,5 1152 81,0 | 636 | 53,0 | 458 | 36,7 | 31,1 1 223 | 192 1277
6,0 116,04 81,8 | 64,4 | 53,7} 46,5 | 37,4 | 31,7 | 22,9 1 198 [13,2
6,5 116,7{ 825 | 65,0 | 544 | 47,2 38,0 | 323 | 23,5 | 204 {138
7.0 117,4| 83,1 ] 65,6 | 55,0 | 47,8 | 386 | 329 | 24,0 | 21,0 {142
75 .} 1180 837 | 662 | 55,6 | 48,3 39,1 | 334|245 | 214 1147
8,0 11861] 84,3 | 66,8 | 56,1 | 488 | 396 | 33,9 | 250 | 21,0 {152 .
85 119,21 84,8 | 67,3 | 56,6 | 49,4 | 40,1 | 344§ 254 | 223 |156 |
9,0 119,71 8,4 | 67,8 | 57,1 | 498 | 406 | 348 | 259 | 22,7 |16,0 -
95 12021 858 | 683 | 576 | 50,3 |-410 | 353 | 26,3 { 23,1 {164
10,0 120,71 86,3 | 68,7 | 58,0 | 50,7 | 41,4 | 357 { 26,7 | 235 |16,8
11 1216| 87,1 | 695 | 588 51,5 | 422 | 364 | 274 1242 |175
12 1224 879 | 703 ] 59,5 | 522 | 429 372 | 28,1 | 24,9 |18,1
13 123,17 886 | 71,01 60,2 529 436 | 37,8 | 28,7 | 255 |187
14 1238 89,3 | 716 | 60,9 | 535 | 44,2 | 38,4 | 29,3 | 26,1 193
15 1244 859 | 722 | 615 | 54,1 | 448 | 39,0 | 299 | 26,7 |198
16 12501 905 | 72,8 62,0 | 546 | 453 | 39,5 | 304 | 27,2 (204
17 12561 91,0 | 73,3 | 62,5 | 552 | 458 | 40,0 | 30,9 | 27,7 |20,8
18 126,11.91,6 | 738 | 630 | 55,7 | 46,3 | 405 | 314 | 28,2 {21,3
19 12621 92,01 743 | 635} 56,1 | 46,8 1 409 | 318 | 286 |218
20 127,11 92, 748 | 64,0 56,6 | 472 41,41 322 | 29,0 |22,2

P. A. IllecTakoBolt yaaJgoch NOATBEPAUTH A/ peK 3aBHCHMOCTb C
OT YKJIOHA IIOBEPXHOCTH BOAb I, mogMeuenHyio panee A. A. Tpyda-
HoBHIM [95]. ITpennoxkennele er0 QOpMyJB UMEIOT CAEAYIOLIME BUL
{(C m%5/cex.): mpu B>100 m

C=18,5/"% (11-24)
17* o . 25§



npn B<100 u o . ,
C =221, ' (11-25)
npu B<50 M ’

C=1720"". . (11-26)

‘CneposartenbHo, deM. Oojblie YKIOH I, Tem MeHbuie K03(du-
nuent C.

Qopmyna nas Kosdduuuenra IIfesu TOpHBIX pPeK.
CpaBHUTEJBHO AeTa bHOMA, OCHOBAaHHON Ha THAPOMETPHYECKHX IaH-
HBIX [0 TOPHBIM pekam, siBaseTcss padora JI. A. Mopososa [96], BbI-
noanensas npu koucynaeranun M. @. Bypaasa. Mcnonbsosaunbie UM
namnbie no pexam Kapkasza y Cpennelt Asun oxapaKTepnsoBaHm B
‘'Taba. 11-3.

Tabruya 11-3
Mpeneas M3MEHEHUS THAPABIHYECKHX DJNEMEHTOB TOPHLIX PeK,

JaHHBIE 0 KOTOPBIM HCMOJB3OBAHLI AJS COCTABJEHHS
(bopmym,l koappunuenta Lleau

Mpenex hcp M 1oy ¥ M/cek. Q m¥/cex.
Huxnui 0,17 1 2022 -y 232
Bepxiiuii 3,00 15 340 680

BupHo, 4TO TUApaBAHYECKHE 3JEMEHTHl IOTOKA . H3MEHAJIHCh B
‘Gompmux npenenax. [Ipu nepsBoHauasnbHOR 00paboTKe THAPOMETpH-
YeCKHX MaTepuaJoB Obliu mojacyutansl C U NOCTpoeHBl rpaduku
C=C(Q). OGuapyxuioch, 4T0 Ha 3THX rpadukax HMeeTCs TOUKA
meperu6a, - KOTOpo# CoOTBeTCTByeT = HauGogbiiee 3Hauennme Cy
(puc. 11-1) (a crenoBaTesbHO, HaAUMeHbINEe 3HAUeHHE KO3 (DHUIHEH-
'Ta IIEPOXOBATOCTH Myx) M pacxold Qx. Drta oyeHb BaxKkHasd OCOOEH-
'HOCTb H3MEHEHHUS Ny B 3aBUCUMOCTH OT { paHee OblJia' KOHCTATH-
.poBana no HaTypHeiM JaHEeIM M. C. Beisro m ap. [97].

Ha puc. 11-1 MOXHO BBAEJATb JIBE OGJIACTH THAPABIMUYECKHX
CONPOTHBIEHHH: '

1) mpu Q< Qx € Bospacraer ¢ yBeanuenuem Q; .

2) mpu Q>Qx C vy6uiBaer ¢ yBennuenuem Q.

- Ilepexon -u3 oxgHO¥ 06/aCTH B APYTYI0 CBA3BIBAETCS C HAUAJIOM
JIBHXKEHHst TOHHBIX HaHocos [97] LEcam 6B 3TO HOATBEPAHIOCH H
IPYTHMH HCCIIeJOBaHUSAMH, . TO 3T0 ObLIO Obl BeCbMa BaXKHBIM' HOCTY-
JIATOM, TIO3BOJIAIOLINM KOCBEHHO ONpELE/sTh HayaJo ABHUKEHHH Ha-
HOCOB TAKUM TPOCTEHIINM TI'HIPABAHYECKHM CHOCOGOM. v

Tlo pmammeim JI. A. MoposoBa, Qx Jsexur B mupegenax 80’-—
120 m3/cex., coorBercTByIOLIAst ckopocts — 1,8—2.4. Bo Bcsikom cay- -
yae mocrpoenHsle Kpupbie Qynkunn C=C(Q) manu BO3MOXKHOCTb
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KJTaCCPI(i)I/IHI/IpOBaTb HCXOMHbIE THADOMETPHYCCKHE JaHHble IO BeJaU-

upHe >-. B panpReliiieM paccMaTpuBaercd-06/aCTb CONPOTHBIEHHT .
K.
npu Q> Q. Mg stolt o6aacT GBIJIO MOJYYEHO ypaBHEHHE
C=25(1g-i———1), (11-27)

rie t=vyhepl — KacaTenbHOE HATIPSKEHHE.

[Tpyu aroM momylieHO PaBEHCTBO YHAENBHBIX BECOB YHCTOH BOABI H
BOABI ¢ HAHOCAMH, T. e. ruipocMecu. Kak BHANM, 3Ta MepBOHAYaJb-
Haa Qopmyna ‘He COHOEPKHUT XapaKTePHCTHK IEPOXOBATOCTH [HA
notoka. Cpennsas omwubka C no stoli popMmyJe oKasajach paBHou
10%, mamnboabuiee oTkaoHenne 409%.

Qx

Puc. 11-1. Cxemartuueckuii rpadux u3MeHeHus
koadduuuenta lllesu C B 3aBUCHMOCTH OT pac-
- XoZa BOIH Q.

Hanee asrop mombitascs yuecTb BausiHue Ha C cpemHero pas-
Mepa (mmamerpa d) dparuumil HOHHBIX OTJNOXKeHHi. He umes mocra-
TOYHBIX JAHHBEIX, 3a/laya. pellajach KOCBEHHEIM nyTeM Ha OCHOBE
u3BecTHOro ypasnenus no M. B. Eruasaposy,

=l —d,. (11-28)

fhe tx — KacaTtenbHoe Hanpsikenue npH Qy; fo— KodhdHUEeHT co-

NPOTHBJICHHS TIOABHKHOTO pycCJa (B YCJOBHSIX TPOTaHHA); yuy—

yIeJbHBIH BeC HAHOCOB. ;
Cunras fo=0,06 u vy= 2,65 1/M%, dopmyna (11-28) npunn-

MaeT BHJ . B ’

. ‘ 1, =0,10d. , (11-29)

Otkyna Ovlin Hafimenwl d, usmersomuecs or 0,018 mo 0,182 M,
T. €. KPYNHOCTb JOHHBIX OT/IOXKeHHH Obljia 3HauMTeJbHOH. CooTBer-

" 18 I'. B. JKesesusxon ‘ 261



. he
p
CTBEHHO OTHOCHTEJIbHAS IMIaJKOCTb —— H3MEHANACh OT 10 no 97.

B pesyJeTate npeajoxeHa cpopmyna

C=11lg °"+161g——2 (11-30)

cupaseanuBas npu 1 ot 0,0018 no 0,034 t/M2. Cpenasist omubra oka-
zafach papHoH 5%, Haubosbmasn omudra 16%.

Taxum o6pasoM, yueT IIEPOXOBATOCTH B YCJAOBHAX KPYIHBIX
Gpakuuil HOHHBIX OTJIOXKEHHH, HaXOMAAIIUXCS B COCTOSIHMH TpaHC-
nopra, oxkasajcs HeobxomumbiM. Ha pme. 11-2 npusenes rpadux,
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N
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Piuc. 11-2. 3aBucumocts kosddununenra lllesu C or v

Bep
W —= mo ¢opmyae (11-30).
cocrapiennsiii o . gopmysae (11-30). KpI/IBaﬂ a—b orpaHuunBaeT
o6JacTb ero NpUMeHeHHs. YpaBHEeHHe 3TOH KPHBOR HMeeT BUA

heg \ta
c—26( P) . (11-31)

®opmyna (11-30) oTHOCHTCH TOJMLKO K 0GJACTH, PACIIOI0KEHHOH
. mpaBee 5TOM KPHBOH. Henocratrom dopmysasr (11-30) aBasercs o,
YTO BXOISIUMHA B Hee CpelHUH NHAMETP AOHHBIX OTJOMKEHHUH HafigeH
" KOCBEHHBEIM nyTeM. JLoCTOMHCTBO (pOPMYJIEI B TOM, YTO B Hee He BXO-
AMT KO3(QHIHMEHT MepOoXOBAaTOCTH, ONpele/seMEl No Tabiuuam 8
H3BECTHOH Mepe CYGbeKTHBHO, MOCKO/IBKY MPHXOMHTCA UCTIONb3O:
BaTh YUCTO KAUeCTBEHHELIE XapAKTEPUCTHKH pycaa,
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Wsznoxennoe IoKasblBaer, 4YTO Ha pPEYHBIX THAPOJOIrdYECKHX
CTaHuuax CJIEﬂ,yeT OoJibIlle YHeﬂﬂTb BHUMAaHHUSI H3YYEHHIO JOHHBIX
OTJIO?KEHUH.

§ 48. 06 skcTpanonauuy 32 BHCHMOCTH ypoBHe# oT pacx'onoB
BOAbI'

OcHoBHBIE €NOCOOBI 3KCTPANONSNNN. 3aBHCHMOCTH YpPOBHEH OT
pacxo/oB BoJHl H3J0XKeHbl B pabore [24]. Kpartkuit 0630p uUX pasBu-
TUSI collepKuTcsl B craThbe [100].

Kaxk mnaBectHo, crnocobm skcrpanodasuun Q=Q (H) orauyaiorcs
IpYT OT Jipyra T/iaBHEIM 00pasoM BHAOM (PYHKUHH CHAPABIHYECKUX
3JE€MEHTOB [OTOKA, C NOMOIUbID KOTOPOH ynaercs JIHHeapH3HPOBAaTh
CBfI3b MEXAY YpOBHeM BOAbl (UH IyOWHOH) W -3TOH (yHKUHEH.
3acayxuBaeT GOJbLUIOrO BHUMAaHUs npepjoxkenne B. I'. I'myukosa,
OCHOBaHHOE Ha THApPAaBJAHYECKON auasoruu [24]. Ho pabot, mOCBA-
IEHHBIX 3TOMY crocolBy, Kpakine masno -[99]. :

B nocaennee Bpems mosiBuJoch Heckoabko crateii M. I1. Caco-
poBa [98], B KOTOPHIX pacCMaTpHBAETCsl BO3MOXKHOCTb HCIOJb30Ba-
HES JJIsl SKCTPANOJIAUMA CBA3H MEXIY "CpefiHell CKOPOCTDbIO noTo-
Ka v ¥ cpenHell TyOHHON Acp. Ilpu 3TOM menaeTcss akueHT Ha JH-
neiinocte QYHRUMK U="0 (hep) OJS1 PEUHOTO IIOTOKA:

Bosaeias pabora npogenana P. A. Illecraxosoii [94], B KoTOpoO#
oHa anKTquCKM NOATBEPAHIA TIPHMEHHMOCTD crniocofa 3KCTpamnoJs-
unn Q=Q (H) no uucny ®pyna, KOTOpbifi, Kak H3BECTHO, 6bIJI npexu-
aoxen . B. yKenesusigkoseim B 1950 r. [1].

B pa60Te [94], B orTauune ot paBotu [1], BMecTo umcaa Fr=

HCMOJb30BaJ0OCh UYHCJIO VFI', cunTass YyCJOBHO ycxopeHHe

ghcp
CHJTB TSXKECTH PABHBIM €IHHHIE, MOCKOMbKY 3TO PABHOCHJBHO H3Me-
neuno Ha rpaduke macmrtaba }/ Fr. Heckonbko pambire, uem |
P. A.llecrakosa [94], usyuenuem crnocoGa sxctpanoasunn Q= Q (H)
no uucay Fr sanumanace T. A. Herosckas [99].

MoXHO OTMETHTb, YTO B HacTofllee BpeMs Haubojee pacnpo-
cTpaHeHml . 3KcTpanossuny mo crnocoby k. CruseHca u Mo uHCaAy
VFr. B cBsi3H ¢ 3TUM MBI LaJ¥M MHTEPIPETALHIO 3THM cnoco6aM
¢ y4eToM mu3JjoxeHHoro B § 46.

O6pamascy K ypasreruio” (11-9), Buanm, uTo JuHeapusywolleh
dynkunedr B ciocobe JIx. Ctusenca, passutom M. A. BenMKaHOBBIM,
JOJIKHA OBbITD -

. — —_—
. ﬁ—kB*(‘o thp’
a ¢ yuetom nonpasku [1. A. Kozaosckoro

0.6V iy (1 — 2",

®

rie wo-— OJAOLLaJb CEYEHHsS! NOTOKa € HYJAEBLIMH CKODPOCTAMHU.
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‘B cnoco6e sxerpanoasiunn Q=Q (H) no uncay ®pyna auHeapu-
supyolefl QyBRUKeH, YYUTHIBAIOLLENl HepaBHOMEPHOCTL pachlpene-
JeHus JAyOUH 10 WHXpHHE U JJHHE NOTOKA, MOXKET OblTb

—
Vghcp

re Fiop H 5 — COOTBETCTBEHHO OCPEIHEHHbIE 3HAUCHHS hcp W U B Ipe-

Jenaax JaHHOTO (paClIeIHOI‘O) yuacTtka, peku.

B saksouenne aBTOp KHMIMH XOTe] Obl elile pa3 MOLYEPKHYTDH
Ba)KHOCTb TEOPETHYECKON pa3paGoTKHM 3ajaad, CTOAUMX Tepef THM-
poMerpueli BooOille W B 0COGEHHOCTH Tepe/l PedyHOH TuapoMeTpuet,
KOTOpasl MMEET CcaMoe HEMOCPEeJCTBEHHOE OTHOIIEHHWE K BaXHeHluel
npobseMe COBpPeMEHHOCTH — NpobjeMe BOABI Ha 3eMHOM Iape
{101, 102].



s
{1
2

o s

10.

11.
12.

13.
14.

15.
186.

18,

JUTEPATVPA

‘Wenesusaxos I'. B. Tuapasnnyeckoe o6ocaon3a1me MeTONOB pPeuHOH Tuapo-
merpun. Man. AH CCCP, M,, 1950.

. Kenesuskos I'. B. I/Iccneﬂosaﬂne paGoTs rvmpomerpmecxnx npnﬁopoa

Hsx. AH CCCP, M., 1952.

KenesHaros F B. O pacnpeﬂ,eneﬂuu cKopOCTeH B peuHoM notoke, Uss.
AH CCCP, OTH, Ne 8, 1947.

Kenesnsixos I. B. I'uppaBanyeckne HCCNeLOBAHUS OGTEKAEMBIX IJIOTHH.
Usp. BUA, M., 1955.

. Xenesuaxon [. B. O npumenenn# crepeodoTOrpaMMeTpHH H (ororpam-

METPHH K HMCCIeNOBaHHUIO nBHIKeHHs BoAnl CG. «HoBEle meroxsl HamMepenuit
v npubopbl s  THAPABJIHYecKHX Hccaeposanmit». Hsp. AH CCCP, M,
1961

. ®enopor H. H. Onmr npumMeHeHHs cTepeothOTOTPaMMETPHH K SKCIEpHMEH-

TaJbHOMY H3YYEHHIO CKODOCTHON CTPYKTYpHl BOZHHIX morokos. Tp. T'TH,
Bhi. 28, 1951.

.Masnosckuit H H. CoGpauue counnenus. T. II. I/Isn AH CCCP M,

1956.

. enesuskons I B, Bacuanes A B. Onut npuMenennus mnpom‘amqe

CKHX nporbnnorpaq)oa B HaTypuhX ycaosuax. C6. «Hopre metognw HsMepe-
HUA M TOpuGOpH [AJf THAPAaBJIHYECKHX HcciemosaHuits. HMax, AH CCCP,

. Xenesunakos I. B, ﬂaﬂunean B. B. TouHoCcTb I'UAPOJIOTHIECKIX

usMepeduil u pacquOB I'nppometeonspar, JI., 1966.

Mouun A. C, Sraom AL M, CraTHcTHuECKas IrHAPOMEeXaHHKa, "Yaers T
Han. <<Hayxa» M., 1965.

Hurxurnu U K Typ6yﬂe1—n‘ﬂbm pycnoBo#t fOTOK 1 MPOUECCH B MPHIOHHON
o6aactu. Usp. AH YCCP, Kues, 1963.

Cumorun B, U, Terkun 3. A. K BOMPOCY O TFHApPaBJHYECKOM pacuere
pyces, MOKPHTHIX JAbioM. MaB. Beecows. Hayu.-nccien. vH-Ta THIPOTEXHHK}
M. B. E. Beneneena, 1. 80, 1966.

Bawkupos I C. O pacnpenenennn CKopocTell Mo BepTHRAMR TYpGyseHt-
noro nortoka. C6. «I'mapasnuka u rugporexunka», Ne 4. Usp. «Texuuka,
Kues, 1966.

Pososcknit U JI., Epemenko E. B, Bazunesuu B. A, Heycrauo-
BUBLIeecs ABHXeH{e BOLHOrO IOTOKA HUMKE THADPOINEKTPOCTAHUHH H ero
sAuAHNe Ha pycio. Max. «Hayunas mbicaby, Kues, 1967.

Tanmasza B. &. O; pacnpesieseHuH CKOpoOCTefl MOTOKa Mo BepTHKaJIPI\«BO- .

POCH BOLHOIO XO03sHCTBa ' THApoxumMuu», Bun. 1, ®pyuse, 1964.
lepeaes @®. A. Hccnenosanue OCHOBHBIX THAPAB/AMUECKUX 3aKOHOMEPHO-
crelt TYpOyAEHTHOTO ,U.BH)KeHHH B Tpybax. occrpofingnar, M., 1953

. Zheleznyakov. G Relative Deficit of Mean Velocity of Unstable

River Flow, Kmematlc Effect in River Beds with Flood Plains. Interna-
.tional Assoc1atxon for- Hydraulic Research X1 Congress vol. III, 1965.

7Kene3liﬂxos I.B. O pacueTe yAEJbHOMN KHHETHUECKOH 3HEePrun petn{oro
notoka. Uss. AH CCCP, «Sﬂepremxa u Tpancnopt», Ne 5, 1965.

265



19.
20.

2L
22.

23
24,
26.
27.

28.
29.
30.
31
32.
33.

34.
35.
36.
37.
- 38.

39.
40.
41.
42.
43.
44.
45.

46.

47.

266

Kolupaila S. Hydrometrija, 11 tomas, Kaunas, 1940.

Xenesuakos . B. O nonoxenun cpefHell CKOpOCTH Ha BepTHKa W Ge3:

HaNOPHOTO BOJAHOTO MOTOKAa. «M3mepurtenbHas Texuuka», Ne 6, 1959.

Jle Txax-Kaun O nomoxenud cpepseii ckopoctu B mnotoke. Mse, TCXA,
Ne 1, 1963.

Xenesuaxos . B. I'uipaBauko-ruipoMerprueckuii crocod onpeeneHs
pacxoloB BOABI B OTKPHTHX pycaax. Tp. 111 Bcecows. ruapon. cwesna,
T. VIII, 1959.

Fanywros B. T. Bompocs Teopun U MeTORBI THADOJIOTHYECKHX HCC/EN0BA-
unil. U3p. AH CCCP, 1961.

)Keﬂes}IﬂKOB T. B. FHHPOMeTpliF{ Hsn. «Kosoc», 1964.

.Masnosckuit H. H. Cobpanue couunennii. Tom I. Max. AH CCCP, 1955.

Moposos JI. A O xosddunreHTax KHHETHUECKOH SHEPTHH E€CTECTBEHHBIX
B0OJOTOKOB. «I'HApoTexHHUeCKOe cTpouTenbcTBO», Ne 7, 1964. :

IFpuusaappy O W Hexoropee sakonomephocTd kpymnHomaclitabuolt Typ-
Oy/IEHTHOCTH €CTeCTBEHHBIX PYCJHOBBIX MOTOKOB H HX CBfl3b C PYCJAOBHIM
aponeccoM. Tp. YxkpHHUT MU, prin. 59, 1966:

Kenesuaswop . B,Aunaen C. A <D0p1vmposal—me pycia Kapakymckoro
KaHana. «BecTHHK Ce/bCKox03sfcTBeHHON HayKu», Ne 5, 1967,

Xeanesnaxkos I'. B. OTHocuTenbHBlH AeHIMT cpegtell CKOPOCTH HeycTa-
HOBHBIIErocss OTKpHITOro motoka. Tp. MUUT, sem. 176, 1963.

HccenenoBanne HeycTaHOBHBLIErocs- ABHXKEHHSI BOxsl Ha pekax Tsepue u Ope-

nex. Ilox pen. H E. Kouwnpartnesa u B. A Vpusaesa. Tuapo-
mereousnar, J1., 1961.

Beauxanos M. A Pycaoso# nponecc. ®usmarruz, M., 1958.

Xenesuaxos I B, Ueanuyk A. II. O pacuere NOHHBIX cKOpoOCTEH
peuHbIX moToKoB, Tp. MI/II/IT Bbin, 288, 1968.

Xeaesunaros T. B. 3aBUCHMOCTL KHHEMATHUeCKHX 11apamMeTpoB OTKpbl‘
TOTO TOTOKA OT THAPABJIMYECKHX conpomsneﬂna Tp. MUHNT, sumn. 242,
1967.

Mupnxyanasa . E. Paswvbis pycsa u MeTopurKa OUEHKH €ro yCTOWYH-
BoctH. Uan. «Kogoc», M., 1967.

Kpeaos A H. O pasHoBecun maposofi Muum Ha Teuexuu. Kss. mo mun-
oMy geay, Buin. 44, Cn6., 1909.

Parkosuu 1. S Hccrenoparie oTxoca THAPOMETPUUYECKHX MPHGOPOB B
oTkpaiToM motoke, Tp. T'uaponpoekra, ¢6. 4, 1960.

OcHoBHEIE npo6nebe COIIPOTHBJIEHHs CYAOB ABHKeHuio Boiaul. JIKUW., Qfo-
porrus, 1939.

Cercoesn . H. O npumeHenun TUApOMETPHYECKOro OGOPYAOBAHHS C yUeTOM
ero OyKCHPOBOYHOrO compoTusJenHst. MeTeoposorus u ruaposorus, Ne 2,
1951.

3soprknn K. A Havansnas CKOPOCTh W UYBCTBHTEILHOCTH THEPOMETpH-
weckofi seprymku. Tp. JITMH, soin. 56, 1956.

Cab6usnu I X. 3aBUCHMOCTE NOKazaHHB aHEMOMeTPOB OT CTPYKTYpH To-
toka. JXypuas reodusnxu, T. VII, Boin. 2—3, 1937.

Topoukor B. I0. O sakone NBuKenHs BPALLAIOUIMXCA [PHEMHHKOB CKO-
pocTy Bo3ayiHoro nortoka. Tp. HUUIMIL, swin. 11, 1963:

Bypues Il H Bausane mMoMeHTa MHepIMH JIONACTHOTO BHHTA HA MOKA3aHHA
runpomerpudeckodt eprymku. Tp. [TH, suin. 70, 1958.

Liddell W. A Stream Gaging. New York, 1927.

Bouxos H. M. l'ugpomerpuueckas seprywka. [ocerpoiinanar, M., 1934,

Bansuaxk E B, JKenesusaxos I. B. Usmepesne mannix ckopocreil

TedeHHUs! BOJBI B OTKPHITBIX pycsaax. Meteopoaorus M THAPOJIOTH, Ne 4, 1940.

Kenesuakos I. B. Vsmepenne Masblx CKOPOCTeH TeueHus BOABI MO Me-
TOAY DEryJaspHoro pexxuma Oxgaaxuaenus. MeTeoposorus H  THAPOJOTHS,
Ne 4, 1939,

Nocuencrun A W JlaGopatopHoe ucc/eloBanue IPOLECCOB 06pazoBaHua
nepekaros. I'ocrpancusaar, 1934.



48. Axytun A H, Xenesuskos I'. B. I‘anas.nnxa Hsn. BHA, 1951.

49. 3earnuunnse A C. Tnapomerpuueckas préxa CO CTalMOHAPHLIM WHIM-
KaTopoM JJifi M3MepeHus Maablx ckopocTell B motoke. C6. «Hophie meTonn
1 annapatypa IJs HCCAeJOBAHHA PyCJOBHIX mpoilecco». HMsp. AH CCCP,
1959.

50. Xenesnskos I'. B, Anoxun 0. C. HTerpallnOHHEIH 3/1EKTPOHHO-Me--
XaHHYeCKHH CnOco8 M3MepeHHs KMHeMaTHUeCKHX 3JE€MEeHTOB oToka. Mereo-
poJiorus u rugposorus, Ne 3, 1967.

51 Anmoxwus 0. C. Vamepenue u 3anucb MrHOBEHHBIX = 3HAYEHHH JaBJEHHS
BHYTPH TOTOKa KHAKOCTH. Mereoposorus u rugposorusi, Ne 12, 1965.

52. Bo6oxupse M. C, Onnnosapnse T. B, [Tpubop BO-1 mansa uzmepenns
JaBNEHHS] U CKOPOCTH TYJbCALMOHHBIX COCTABAAIOUIHX B TOTOKE 3KHAKOCTH.
C6. «KoHTposbHO-H3MepuTebHble TIPHOOPE H CPefCTBA ABTOMATH3AIHH B
rHApOMexanusauun», Touancn, 1964.

53. 3sopaiknu K. A IlepcrnekTHBel NPHMEHEHUSI TEH3OMETPOB AJS H3MEPEHns
ckopocTH tedenus. Tp. I'TH, suin. 77, 1960.

54. Depopor H. H. HcnosnbsoBanue BogociuBa ¢ IMHPOKUM MOPOrOM B Kaue-
cTBe W3MepHuTeaa pacxoaa soansl. Tp. I'TY, seim. 131, 1966.

65. )Kenesnakos I'. B. Pacuer mponopunonaisHoro Bopociusa. «luiaporex-
[HYECKOe CTPOUTENbCTBO», Ne 2, 1949.

56. Kenesumakos I'. B. TpaneuennanbHuill cyxupawolliuiics KBEPXY BONOCIHB.
Iokn, TCXA, sein. 82, 1962.

57. Keaneausakos I. B. O Baustun MOp(OMETPHUECKHX XapakTepHCTHK pycia
Ha GesHamopnoe ABHkenne muaxoctw: Hayu. san. Mockosckoro uu-ta um-
JKeHepoB BOAHOro xo3sfcraa, T. XXI, 1959.

58. lasanoscknit H. H. I‘xrmpasnnqecxua cnpasounnk, OHTH, 1937.

59. )Kenesuakos .I. B, Tlpo ss'sizox KiHemaTuunux I mopdOMETPHUHMX Xa-
pakTepucTHK piukoporo notoky. C6. «KommiekcHe BHKOPHCTAHHA BOLHHX
pecypciB Ykpainn», 1959.

60. Baususak E. B. Boguele uccnenosanus. Peunspar, M., 1952.

61. Kolupaila Steponas. Bibliography of Hydrometry. Notre Dame, In-
diana, 1961.

62. Antyunu B. C. Qopmynn cpepuefl rny6uHE # CKOPOCTH B MOAMOCTOBHIX
pycsax fnocie CTaGuIH3alNH pasMniBa. Tp. MUUT, Bum. 242, 1967,

63. Xenesuakos I. B, O6oGulennoe ° BHIDAXKE€HHE CBA3H KHHEMATHYECKHX W
MOphONOTHIECKHX 3/1eMeHTOB peyHoro mortoka. C6. «Mccnenosanue nosepx-
HOCTHOrO ¥ HOA3eMHOro- cToKas, Man. «Haykay, 1967.

64. ®ponosa A I, O kosduunesTax nepexofa OT NOBEPXHOCTHEIX CKOPOCTel:
K cpenHuM. MeTeoponorus u rugposorus, Ne 4, 1967,

65. enesuarkon I. B. VnTerpauuoHHH# TH/PaBAHKO-THAPOMETPHUCCKHH

 cmocof OmpesesneHusi PACXOFOB BO/I B peKax u KaHajax. Tp. MUUT,
BHIL. 242, 1967.

66. Llymxkor M. I Yuer BAnsiHUst BeTpa NpH OIpELENEHHH NOBEPXHOCTHBIX
CKOpOCTeH TedeHud BOAB MOImJaBKaMU-abAuHamu. Tp. I'TU, Bum. 131, 1966,

67. Xenesusakos I'. B. HekoTopsie 0cOGeHHOCTH IBHYKEHHSI HOTOKA MPH BHI-
xone ero Ha noiimy. C6. «YnpaBjeHue NMOBEPXHOCTHBIMH H MOA3EMHbIMH
BOJIHHIMH pecypcaMi M #x rcnosapsoBanue». Man. AH CCCP, 1961.

68. Tonuapos B. H.  uHamura pyc/oBbx noTokoB. [uapomereousmar, JI,,
1962.

69. Cnuumﬂ H. I1l. O mMexaHusMe B3aHMOJEHCTBUsI HOTOKOB OCHOBHOIO PyCJa
a nofimul. Tp. JITMU, Boin. 13, 1962.

70. Sellin R. H. J. A Laboratory Investigation into the Interaction Between
the Flow in the Channel of a River and That Over Its Flood Plain. La
Houille Blanche, n° 7, 1964.

7. Topna JL O cBfi3u pacxoAoB U ypoBHeHl pek ¢ sapacrauueM pycaa. ok
TCXA, suin. 82, 1962 .

72. Cnuuon H IT. O B3aMMOAEHCTBUM NOTOKOB OCHOBHOIG pycia H TOHMBL
Merteoposorus u ruaponorus, Ne 10, 1962,

267



73. Aracuena C. U, Bapexan A. Il HaueHenue CpeIHHX CKOPOCTEH TC/aB-
HOTO pycaa n Koacpcpuunema [Ie3u NpH NPOXOXKAEHHH MaBOAKA. Meteopo-
JIoTHA u rugpoJorus, Ne 9, 1961,

74. Bapexsin A Il O nponyckHO#l CHOCOGHOCTH OTPETY/IMPOBAHHEIX PYCEN PeK
H WX NOHM IpH INPOXOXKIEHHH naao_uxos «TopthsHas IPOMBILIIEHHOCTB,
Ne 3, 1960, '

75. Cnunmu W T 06 onpefeseHNH pacxofa BOALI B HOMMEHHOM pycae MO
U3MEPEHHBIM MOBEPXHOCTHbIM cKopocTaM. C6.. paGoT mo rugposoruu, Ne 6
1966.

76. lpocmaBues M. 1. OcobernocTy pycioBOro NpoUECCA HA H3IYYHHE DEKH
B nasojok. Tp. I'TH, sum. 136, 1966.

77. Cu6upsakosa H. K O Koa(b(bHuHeHTe nepexofa OT MOBEPXHOCTHHIX CKO-
pocrefl K cpeAHHM B yCJOBHSAX NMOAMEHHBIX CTBOPOB. Tp. I'TY, Boin. 131, 1966,

78. Ckopoaymos [J. E. Bonpocs ruapasiuki [OHMEHHEIX pycead B CBS3H

: c 3ajayaMH TOCTPOEHHsA M JKCTPANOJsALHM KPUBLIX pacxonosB soas. Tp.
ITH, suin. 128, 1965,

79. Coxonos I0. H O B3aHMO/EMCTBUH PYCJOBOTO H MOMMEHHOTO TIOTOKOB TPH
HEMapa/JIebHOCTH KX JLHHAMUYECKHX  OCell. METeOPOJIOI‘HH W THADOJIOTHH,
Ne 6, 1967.

80. IlpakTnueckoe mocoGue [/ NMPOM3BOLCTBA H3bICKATEIBCKUX paom Ha pevHoM
Tpancnopre. PycjioBrie nccnenoBanns. Peunsmnar, M., 1951, :

8l. )Kenesunkos I. B, Anryunun B. C BaHAHHE KHHEMATHIECKOTO ab-.

(pekTa Ge3HANOPHOTO MOTOKA HA TPAHCHOPT AOHHHIX HAHOCOB. [sB. BhICHINX
y'-1e6Hblx saBefieHut. «CTPOHTENBCTBO M apxuUTeKTypar, Ne 6, 1967.

82. Muxa#inosa H. A TIlepeHoc TBepIRIX 4acCTHI TypéyneHTHmMH [OTOKaMH
Boxsl. I'mapomereonsaar, J1., 1966.

83. )Keneanakos I'. B. HCCJIEllOBaHPIe CKODOCTH ABHKEHHs NaBOJOYHBIX BOJIH,
«Bomnpocsl rugposoruns. Y. MI'Y, 1957.

84. Xenesnsaxos I'. B. Bonpocsl MeTOZUMKH pacyera MONYCKOBHIX BOJH. Tp.
MUUT, sum. 176, 1963.

85. ®enopos H. H. Ckopocts pacunpocrpanenust Tpe6Hefl BOJH IOMNYyCKOB W
BIHSHME HA ee BeJHUMHY NOHMEeHHBIX yyacTkos pycma. Tp. I'TY, sbm. 117,
1964. : :

86. eneauakop [ B, Beram JI. I', Aaryuun B, C, Bonuen-

xos I. 5. SKcnepuMeHTaanbxe HCCEAOBaHUS oﬁmero pasMuiBa HO}IMOCTO-:

 mex pyces. Tp. MUUT, Brin. 242, 1967.

87. Zheleznyakov G. V., Begam L. G, Altunin V. S. Influence

- of Time and Hydrograph of Floodwater on the Erosion of Artificially Con-:
tracted Stream ‘Beds. Proceedings of Twelfth Congress. International

3 Association for Hydraulic Research. Vol. 3, Fort. Collins, USA, 1967.

88. Cxopoxnymon J. E. anpamw{ecxne OCHOBB! *3KCTPANOJALHH KPHUBBIX
pacxonos 1o BEcoxux ypoeHef. Tp. I'TH, Bem. 77, 1960.

89. Aseposanos C. @. [IpuGnuKeHHOS OIpesesieHHe MPOIYCKHOH CIOCOBHOCTH:
' PeK-BOLONPHEMHHKOB OCYIIHTENbHBX creTeM. «I' HAPOTEXHWKA M MeHopa-

uuss, Ne 5, 1955.
90. Arpockun U H, lIMHTpHeB T. T HHKaJIOB o N Fnﬂpasnm{a
Usn. «Dueprusy, 1964.

9l.Tanmasa B. ®. Pacuetnas dopmyna anas Koatb(pmmema [Ile3u.. «Bompocer

. rufipoximun», ®pynse, 1964.
92. Arpockxun M. M, Ilrtepenanxt [ :B. YrouHeHnas (bopmy.na JIst
K03t bunuesTa Ilesy. «Cupporexunka u mennopauna», Ne 9, 1965,
93, Kemesuakon I.-B. K pacuery ABHiKEHUS BOABL B OTKPHITHIX pycﬂax npu
' IepeMeHHOM mapamerpe mpoduas ckopocreit. Tp. :MUMT, suiif. -288, 1968.
94. llecrarkosa P. A, Onpepnenenne pacxofoB:BOJB HPH. BHICOKAX YpPOBHAX

[0 YKJIOHY BOXHO! MOBEPXHOCTH H- Kosq)qmuuemy C cbopMme [Hean Tp.,

I'TH, sun. 106, 1963,
95, pr(‘baHOB A. A, O xoapduuvente Tiesn: A paBHHHHbIX Md.llblx peK.
«'HAPOTEXHHIECKOR CTPOHTEJLCTBO, Ne 2, 1950,-; 5 s

268



96.
97.

.98,

99.
IOO.‘
101.
-102.
103.

Moposos JI. A T'mppaBauuecKkne CONPOTHUBJEHHS TOPHEIX PeK TpPH TPaHC-
nopTe NOHHEIX HAHOCOB. «[HApOTexHUUECKOE cTpoHuTejbcTBo», Ne 1, 1965.

Brsro M, C, Huxutnun . A, Woaoxos B. H. O kospduunenre
MEPOXOBATOCTH NPEAFOPHBIX YYACTKOB pPeK. «I'MIPOTEXHUYECKOe CTPOHTEb-
cto», Ne 11, 1951. '

Cacopos M. Il ITocrpoenne Kpusoil pacxofoB. «I HAPOTEXHHUECKOE CTPOH-
_TeabeTBO», Ne 2, 1948, .

HeroBckasa T. A, Drcrpanonsiuusi KpHBOH PacXOZOB BOIH N0 MPOEKTHBHIX
otmetok. Hoka. TCXA, sem. 56, 1960.

Beprt E. B. Okctpanoaauns u npubJHxeHHOE NOCTPOEHHE KPHUBOH Pacxomos
sonel. Tp. IIT Bceecoiws. rugpod. c¢nesna, 1. VIII, 1959.

Ackouencxuit AL H Opomenue u o6sogunesne 8 CCCP. Uzn. «Kosoc,
M., 1967. '

®wpou P, IIpo6rema Bonst Ha semuom mape. Ilep. ¢ ¢ppanu. O. A Cuoenr-
aepa. I'ugpomereonspar, JI., 1966,

HccnepoBanns RUHAMHKA TOTOKOB # Bompocel ruapodusuku. Ilon pen.
B.W. Moartasuesa, Tp. JITMY, Bum. 25, 1967,



NTPHJIOJKEHHE

TIAPAMETPbB! o H b B YPABHEHHH u = an 4V bni+¢

1, M/cek.
kM
0,02 0,03 - 0,04 ’ 0,05 ’ 0,06 ’ 0,07 ’ 0,08

0.120 0,107 0,098 0,088 0,077 0,067 0,055 0,044

’ 0,0002 | 0,0004 | 00010 ; 00017 | 00028 | 00040 | 00054
oqo1 | 0107 0,099 0,088 0,078 0,067 0,055 0,044

’ 0,0002 | 0,0004 | 00010 | 00018 | 00028 | 00041 | 0,0057
0199 | 0.108 0,099 0,0089 | 0,078 0,067 0,056 0,045

' 0,0002 | 0,0004 | 00010 | 00018 | 0,0029 [ 00042 | 0,0058
o103 | 0.109 0,100 0,090 0,079 0,068 0,056 0,045

' 0,0002 | 000005 | 0,0010 | 0,0018 | 0,0029 | 0,0043 | 0,0059
0194 | 0110 0,101 0,090 0,079 0,068 0,057 0,046

’ 0,0002 | 0,0005 { 00010 [ 00019 | 00030 | 00043 | 0,0060
o195 | 0111 0,102 0,091 0,080 0,069. | 0,057 | 0046

' 0,0002 | 00005 | 00010 | 00019 | 00030 | 00044 | 0,0061
019 | 0112 0,103 0,092 0,081 0,060 | 0,058 0,046

' 0,0002 | 0,0005 | 00011 | 00019 | 00031 | 00044 | 0,0061
0197 | 0112 | 0,104 0,093 0,081 0,070 0,058 0,047

00002 | 00005 | 00011 | 00020 | 00031 | 00045 | 0,0062
0128 | 013 0,104 0,093 0,082 0,070 0,059 0,047
0,0002 | 0,0005 | 00011 | 00020 | 0,032 0,0046 | 0,0064

0129 | 0114 0105 0,094 | 0,083 0,071 0,059 0,047

' 0,0002 | 0,0005 | 00011 [ 00020 | 0,0032 | 00047 | 0,064
0.130 0,115 0,106 0,095 0,083 0,072 0,060 0,048

' 0,0002 | 00005 | 00011 | 00021 | 00033 | 00048 | 0.0066




I1podosxcenue

g M/ceK.
kM )
0,02 0,03 | 0,04 I 0,05 l 0,06 l 0,07 l 0,08
0,151 0,1 16 0,107 0,096 0,084 0,072 0,060 0,048
-7 | 00002 | 00005 | 00012 | 00021 | 00033 | 00048 | 0,0067
0132 0,117 | 0,108 0,096 0,084 0,072 0,060 0,048
' 0,0002 | 0,0005 - 0,0012 | 0,0021 | 0,0034 | 0,0049 | 0,0068
0.133 0,118 | 0,108 0,097 0,085 0,073 0,061 0,049
’ 0,0002 | 0,0005 | 0,0012 | 0,0022 { 0,0034 | 0,0050 | 0,0069
0.154 0,119 0,109 0,098 0,086 0,074 0,061 0,049
' 0,0002 | 0,0006 | 0,012 | 00022 { 00035 | 00051 | 0,0070
01 35 0,120 0,110 . | 0,008 0,086 0,074 0,062 0,050
10,0002 | 00006 | 00012 [ 00022 | 00085 | 00051 | 0,0071
o135 | 0,120 0,111 0,009 0,087 0,075 0,062 0,050
’ 0,0002 { 0,0006 { 00012 | 00023 | 0,036 | 0,0052 | 0,0072
0.137 0,121 0,112 0,100 0,088 0,075 0,063 0,050
’ 0,0002 | 0,0006 | 00013 | 00023 | 00036 | 0,0053 | 0,0073
0.138 0,122 0,112 0,101 0,088 0,076 0,063 0,051
’ 0,0002 | 0,0006 | 00013 | 0,0023 | 00037 | 00054 | 00074
0139 0,123 0,113 0,101 0,089 0,076 0,064 0,051
' 0,0002 | ©,0006 | 00013 | 00024 | 00037 | 00055 | 00075
0.140- 0,24 | 0114 | 0102 0,090 0,077 0,064 0,051
' 0,0062 | 0,0006 | 00013 | 00024 | 00038 | 00056 | 00076
0141 0,125 0,115 0,103 0,090 0,078 0,064 0,052
' 0,0002 | 0,0006 | 0,0013 | 70,0024 | 00039 | 00096 | 0,0077
0142 0,126 0,116 0,104 0,091 0,078 0,065 0,052
' 0,0002 | 0,0006 | 00014 | 00025 | 00039 | 00057 | 0,0078
0143 0,127 0,116 0,104 | 0,092 | 0,079 0,065 | 0,052
' 0,0002 | 00006 | 00014 | 00025 | 0,0040 | 0,057 | 0,0079
0144 0,128 0,117 0,105 0,092 0,079 | 0,066 0,053
’ 0,0002 | 0,0006 | 0,0014 } 00025 | 00040 | 0,0058 | 0,0080
0145 0,128 0,118 0,106 0,093 0,080 0,066 0,053
’ 0,0002 | 0,0006 { 00014 | 00026 | 00041 | 0,0059 | 0,082
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I podorscenue

u, M/CeK.
kM
0,02 0,03 0,04 0,05 0,06 0,07 0,08

0.146 0,129 . { 0,119 0,106 0,094 0,080 0,067 0,054
e - 0,0002 0,0006 0,0014 0,0026 0,0041 0,0060 0,0083
0.147 0,130 0,120 0,107 0,094 0,081 0,067 0,054

’ 0,0002 0,0007 0,0015 0,0026 0,0042 0,0061 0,0084.
0.148 0,131 0,121 0,106 0,095 0,081 0,068 0,054

’ 0,0002 0,0007 | 0,0015 0,0027 0,0042 0,0062 0,0085
0.149 0,132 0,121 0,109 0,095 - 0,082 0,068 . 0,055
’ 0,0002 0,0007 0,0015 0,0027 | 0,0043 0,0063 0,0086
0.150 0,133 0,122 0,109 | 0,096 0,082 0,069 0055
’ 0,0002 0,0007 0,0015 0,0027 0,0044 0,0064 0,0087
6.151 0,134 0,123 0,110 0,097 0,083 0,069 0,055
N 0,0002 0,0007 0,0015 0,0028 0,0044 0,0064 0,0088
0.152 0,135 0,124 0,111 0,097 0,084 0,070 0,056
. 0,0002 0,0007 0,0016 0,0028 0,0045 0,0065 0,0089
0.153 0,136 0,125 0,112 | 0,098 0,084 [ 0,070 0,056
o 0,0002 0,0007 0,0016 0,0028 0,0045 0,0066 0,0090
0.154 0,136 0,126 0,112 0,099 0,085 0,070 0,056

’ 0,0002 0,0007 0,0016 0,0029 0,0046 0,0067 0,0092
0.155 0, 13% 0,126 0,113 0,099 | 0,085 0,071 0,057

’ 0,0003 0,0007 0,0016 0,0029 0,0046 0,0068 | 0,0093
0.156 0,138 0,127 0,114 0,100 0,086 0,071 | 0,057
’ 0,0003 0,0007 0,0016 0,0030 0,0047 0,0069 | 0,0095
0.157 0,139 0,128 0,114 0,101 0,086 0,072 0,058
’ 0,6003 0,0008 0,0017 0,0030 0,0048- | 0,0070 0,0096
0.158 0,140 0,129 0,115 0,101 0,087 0,072 0,058 |
' - 0,0003 0,0008 0,0017‘ 0,0030 0,0048 0,0070 0,0097
0.159 0,141 0,130 0,116 0,102 0,087 0,073 0,058
’ 0,0003 0,0008 0,0017 0,0031 0,0049 0,0071 0,0098
0.160 0,142 0,130 0,117 0,102 0,088 0,073 0,059 ‘
! 0,0003 0,0008 0,0017 0,0031 0,0050 0,0072 0,0099
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[ podorscenue

uy M/ch.
-3 -
0,02 0,03 0,04 0,05 0,06 l 0,07 - ‘ 0,08
0oz | 0204 | 0187 | 0168 | 0147 | 012 | 0105 | 0084
: 0,0006 | 00016 | 00036 | 00065 | 00103 | 00149 | 00205
0o | 0204 | 0188 | 0168 | o148 | 0127 | 0106 | 0085
: 0,0006 | 00016 | 00036 | 00065 | 00104 | 00151 | 00207
03 | 0205 | 0189 | 0160 | 0140 | 0128 | 0105 | 008
’ 00006 | 00016 | 00036 | 00066 | 00104 | 00152 | 0,0209
ogg3 | 0206 | 0190 | 0170 | 0149 | 0128 | 0107 | 008
’ 0,0006 | 00017 | 00037 | 00066 | 00105 | 00153 | 00211
0oz | 0207 | 0191 | 0171 | 0150 | 0129 | 0l07 | 0086
: 00006 | 00017 | 00087 | 00067 | 00106 | 00155 | 0,0212
0gss | 0208 | 0192 | 0171 | 0150 | 0129 | 0108 | 008
: 00006 | 00017 | 00037 | 00067 | 00107 | 00156 | 0,0214
0oz | 0209 | 0192 | o172 | 0151 | 0130 | 0108 | 0087
’ 0,0006 | 00017 | 00038 | 00068 | 00108 | 00157 | 00216
0oz | 0210 | 0198 | 0173 | o152 | 0130 |.0209 | 0087
: 0,006 | 00017 | 00038 | 00060 | 00109 | 00158 | 00218
ooss | 0211 | 0194 | o17e | o1s2 | otsl | olve | 0087
: 00006 | 00017 | 00038 | 00069 | 00110 | 00160 | 00220
0oz | 0212 | 0195 | o174 | 0153 | o131 | ollo | 0088
: 00006 | 00017 | 00039 | 00070 | 00111 | 00162 | 00222
oo | 0212 | 0196 | o155 | oise | o132 | oilo | o08s
10,0006 | 0,008 | 00039 | 00070 | 00112 | 00163 | 00224
Cooal | 0218 0196 | 0176 | 0154 | 0132 | 0110 | 0,088
; 00006 | 00018 | 00039 | 00071 | 00113 | 00164 | 00225
ooso | 024 | Q197 | 0177 | 0155 | 0133 | olil | 0089
’ 0,0006 | 00018 | 00040 | 00072 | 00114 | 00166 | 00227
0’ og3 | 0215 | 0198 | 0177 | 0156 | 00134 | 011 | 0089
’ 0,0006 | 00018 | 00040 | 00072 | 00114 | 00167 | 00229
0og | 0216 | 0199 | 0178 | 0156 | 0lst | ollz | 0090
’ 0,0006 | 00018 | 00040 | 00073 | 00115 | 00168 | 00231
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IIpodoarsicerue

u, M/cek.
kM
0,02 0,03 0,04 0,05 l 0,06 ‘ 0,07 l 0,08

0945 0,217 0,200 0,179 0,157 0,135 0,112 0,090

- 0,0006 | 00018 | 0,0041 | 00073 | 00116 | 00170 | 0,0233
0946 0,218 0,200 0,180 0,158 0,135 0,113 0,090

o 0,0006 | 00018 | 0,0041 | 00074 | 00117 | 00171 | 0,0235
'0 247' 0,219 0,201 0,180 0,158 0,136 0,113 0,091

’ 0,0007 | 0,0019 |- 0,0041 | 00074 | 0,0118 | 00173 | 0,0237
o 2’48 0,220 0,202 0,181 0,159 0,136 0,114 0,091

’ 0,0007 |} 0,0019 | 00042 | 00075 | 0,119 | 00174 | 0,0239
0240 | 0220 | 0203 1 0182 | 0160 | 0137 | 0114 | 0,091

' 0,0007 | 0,0019 i 00042 | 00076 | 00120 | 00175 | 0,0241
0950 | 0,221 0,204 0,182 0,160 0,137 0,115 0,092

’ 0,0007 | 0,0019 | 00042 | 00076 | 00121 | 00177 | 0,0242
0.951 0,222 0,204 0,183 0,161 0,138 0,115 0,092

’ 0,0007 | 0,0019 | 00042 | 00077 | 00121 | 0,178 | 0,0244
0.952 0,223 0,205 0,184 0,161 0,138 | 0,116 0,092

' 0,0007 | 0,0019 | 0,043 | 0,0078 | 0,0123 | 00179 | 0,0246
0953 | 0,224 0,206 0,185 e,15 0,139 0,116 0,093

T 0,0007 | 00020 | 00043 | 00078 | 00124 | 00181 | 0,0248.
0.954 0,225 0,207 0,185 0,163 | 0,140 0,116 0,093

! 0,0007 | 00020 | 00044 | 00079 | 00125 | 00182 | 00250
0055 | 0226 10,208 0,185 0,163 0,140 0,117 | 0,004

' 0,0007 | 10,0020 | 00044 | 00079 | 00126 | 00184 | 0,0252
0.956 0,227 0,209 0,187 0,164 0,141 0,117 0,094

' 0,0007 | 0,0020 | 0,0044 | 00080 | 00127 | 00185 | 0,0254
0957 0,228 0,209 0,188 0,165 0,141 0,118 0,094

' 0,0007 | 0,0020 | 00045 | 0,0081 | 0,0128 | 0,018 | 0,0256
‘ 0958 0,228 0210 0,188 0,165 0,142 0,118 0,095

o 0,6007 | 0,0020 | 0,0045 | 00081 | 00129 | 00188 [ 00258
0950 0,229 0,211 0,189 0,166 0142 | 0119 0,095

’ 0,0007 | 00020 | 00046 | 0,0082 | 00130 | 00189 | 0,0259 |
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[TpoBornenue

uy M/cek., ~
by N
0,02 0,03 0,04 0,05 0,06 0,07 0,08
0230 | 0212 0189 | 0166 | 0143 | 0119 | 0095
0.289 | 00007 | 00032 | 00046 | 00083 | 00131 | 00191 | 0,026
0.231 0,213 0,190 0,167 0,143 0,120 0,096
0261 | oo007 | 00021 | 00046 | 00083 | 00132 | 00192 | 00264
0ogy | 0232 | 0204 0,191 0,168 | 0144 | o120 | 0,09
' 0,0007 | 00021 | 00046 | 00084 | 00133 | 00194 | 0,0266
0.963 0,233 0,214 0,192 0,168 0,144 0,120 0,096
' 0,0008 | 00021 | 00047 | 00084 | 00134 | 00195 | 00268
0.964 0,234 0,215 0,193 0,169 0,145 0,121 0,097
U1 00008 | 00021 | 00047 | 00085 | 00135 | 00197 | 0.0270
_ 0,235 0,218 0,193 0,170 0,146 0,122 0,097
0,965 .
0,0008 | 00021 | 00048 | 0008 | 00136 | 00198 | 00272
0,236 0,217 0,194 0,170 0,146 0,122 0,098
0,266
0,0008 | 00022 [ 00048 | 00086 | 00137 | 0,0200 | 00274
0,236 0,218 0,195 0,171 0,147 0,122 0,098
0,267
0,0008 | 0,0022 | 00048 | 00087 | 00138 | 0,0201 0,0277
' 02ss | 0287 0,218 0,196 0,172 0,147 0,123 0,098
' 0,0008 | 00022 | 0,049 | 00088 | 00139 | 00203 | 0,0279:
0.960 0,238 0,219 0,196 0172 | 0,148 0,123 0,099
' 0,0008 | 0,0022 | 00049 | 00088 | 00140 | 0,0204 | 0,281
0970 0,239 0,220 0,197 | 0,173 0,148 0,124 0,099
' 0,0008 | 00022 | 00049 | 0,0089 | 00141 | 00206 | 0,0283
oz | O30 0277 | 0248 | 0218 | 0187 | 0,15 | 0125
' 0,0013 | 00035 | 00079 | 0,0142 | 00225 | 0,032 | 0,0449
0.341 0,302 0,278 0,249 0,218 0,187 0,156 0,125
' 0,0013 | 0,0036 | 00079 | 00142 | 00226 | 00328 | 0,0451
0302 0,303 0,279 0,250 0,219 0,188 0,157 0,126
' 0,0013 | 0,0036 | 00079 | 00143 | 0,227 | 0,0330 | 0,0454
0.343 0,304 0,280 0,250 0,220 0,188 | 0,157 0,126
' 0,0013 | 0,0036 | 00080 | 00144 | 0,229 0,0456

0,0332
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I podoamenue

Uy M/cex.
kM
0,02 0,03 0,04 0,05 l 0,06 | 0,07 l 0,08
o | 0305 | 0280 | 0251 | 0220 | 0189 | 0158 | 012%
' 00013 | 00036 | 00080 | 00144 | 00230 | 00334 | 00459 |
0 | 0806 | 0281 [ 0251 | 0291 [ 0lo0 | 0158 | 0127
’ 00013 | 00036 | 00081 | 00145 | 00231 | 00336 | 0,0462
oap | 0306 | 0282 | 0252 | 0222 | 0100 | 0159 | 0127
’ 00013 | 00037 | 00081 | 00147 | 00133 | 00338 | 00465
osar | 0307 | 0283 | 0283 | 0222 | otor | 0159 | 0127
’ 00013 | 00037 | 00081 | 00147 | 0034 | 00340 | 00467
034 | 0,308 0,284 0,254 0,223 0,191 0,160 0,128
’ 00013 | 00037 | 00082 | 00148 | (go35 | 0,042 | 00470
0310 | 0309 | 0284 0255 | 0224 | 190 | 0160 | 0128
: 00013 | 00037 | 00083 | 00149 | gpog7 | 00344 | 0,0472
’ 00013 | 00037 | 00083 | 00149 | oGogg | 00346 | 0,047
035 | 0311 | 028 | 0256 | 0225 | qro3 | 0161 | 0129
‘ 00013 | 00038 | 00083 | 00150 | o939 | 00348 | 00478
05y | 0812 | 0287 | 0257 | 0225 | gig3 | 061 | 0120
' 00014 | 00038 | 00084 | 00152 | ogoso | 00850 | 0,0481
0353 | 0312 | 0288 | 0258 | 0226 | q7g4 0162 | 0,130
’ 00014 | 00038 | 00085 | 00153 | gopgo | 00852 | 00484
0.354 0,313 0,288 0,258 0,227 0,195 0,162 0,130
’ 00014 | 00038 | 00085 | 00153 | (goa3 | 00854 | 00486
0sss | 0314 | 028 | 0359 | 0227 | g1o5 | 0,163 | 0130
: 00014 | 00038 | 00085 | 00154 | (pogq | 0085 | 00489
0356 | 0315 | 0290 | 0260 0228 | 195 | 0163 | 0131
’ 00014 | 00039 | 00086 | 00155 | ogos6 | 00358 | 0,0492
057 | 0316 | 0201 | 0260 | 0229 | o1op | 0164 | 013l
o 00014 | 00035 | 00086 | 00155 | 00247 | 00860 | 00495
osss | 0317 | 0202 | o261 | 0229 | ooy | 0164 | 0131

- 0,0014 1 0,0039 ' 0,0087 0,0157 0,0248 0,0362 0,0497

6




ITpodorxcenue

19 T. B. JKeaesnsgos

Uy M/cex.
kM - -

0,02 0,03 0,04 0,05 , 0,06 , 0,07 0,08

0,350 0,318 0,293 0,262 0,230 0,197 0,165 0,132 .
’ 0,0014 | 0,0039 | 00087 | 00158 | 0,0250 | 0,0364 | 0)0500
0.360 0,319 0,293 0,263 0,231 0,198 0,165 0,132
’ 0,0014 | 0,0040 | 0,0088 | 00159 | 00252 | 00366 | 0,0503
0.361 0,320 0,294 0,263 0,231 0,198 0,166 0,132
' 0,0014 | 0,0040 | 0,088 | 0,0159 |.0,0253 | 0,0368-| 00506

0.362 0,320 0,295 0,264 0,232 0,199 0,166 0,133
o 0,0014 | 0,0040 | 00089 | 00160 | 0,254 | 0,0370 | 0,0508
0.363 0,321 0,296 0,265 0,233 0,200 0,166 0,133
' 0,0014 | 00040 | 00089 | 00161 | 00256 | 00372 | 0,0511
0.364 0,322 0,297 0,266 0,233 0,200 0,167 0,134
’ 00014 | 00040 | 00089 | 00161 | 00257 | 00374 | 00514
0365 | 032 | 0298 1 026 | 0234 | 0201 | 0167 | 0134
o 0,0014 | 00041 | 00090 | 00163 | 00258 | 00376 | 0,0517
0.366 0,324 0,298 0,267 0,234 0,201 0,168 0,134
- 0,0015 | 00041 | 00091 | 00164 | 00260 | 00378 | 00520
0.367 0,325 0,299 0,268 0,235 0202 | 0,168 0,135
! 0,0015 | 00041 | 00092 | 00165 | 00262 | 00380 | 0,0523
0.368 0,326 0,300 0,268 0,236 0,202 0,169 0,135
k 0,0015 | 00041 | 00092 | 00165 | 00263 | 00382 | 0,0523
0327 | 0301 | 0269 | 023 | 0203 | 069 | 0135

0,369 0,0015 | 0,0042 | 00092 | 00166 | 00264 | 0038 | 0,0528
. 0328 | 0302 | 0270 | 0237 | 0208 | 0170 | 0,136
0.370 - 0,0015 | 00042 | 00093 | 00167 | 00266 | 00387 | 0,0531
0.480 0,425 0,391 0,350 | 0,307 0,264 0,220 0,176
’ 0,0025 | 0,0070, | 0,0156 0,0289 | 0,0447 00651 | 0,0894
0.481 0,426 0,392 0,351 0,308 0,264 0,220 0,176
’ 0,0025 | 0,0071 | 00157 | 00283 | 00449 |{ 0,654 | 0,0898
0.489 0,427 0,393 0,352 0,309 0,265 0,220 0,177
’ 0,025 | 00071 I 00157 | 00284 | 00451 | 00656 | 00902
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I podosrscenue

1, M/cex.
kM ‘
0,02 ‘ 0,03 ’ 0,04 , 0,05 0,06 0,07 0,08

ousy | 0428 | 0394 0354 | 0809 | 0265 | 0221 | 0177
71 0,0025 | 00071 | 00158 | 00285 | 00453 | 00659 | 0,905
o | 0428 | 0394 | 0353 | 030 | 0266 | 0221 | 0178

’ 00026 | 00072 | 00159 | 00286 | 00454 | 00662 | 0,0909
oass | 0429 | 0395 035 | o031 | 0267 | 0222 | 0178

’ 00026 | 00072 | 0,0159 | 00287 | 00457 | 00664 | 00913
045 | 0430 | o038 | 0855 | 0311 | 0267 ) 0222 ) 0178

’ 00026 | 00072 | 00160 | 00289 | 0.0458 | 00667 | 00917
04s7 | 0431 0,397 0,355 0,312 0,268 0,223 0,172
' 00026 | 00072 | 00161 | 00290 | 00460 | 00670 | 00920
0agg | 0432 0,398 0.356 0,313 0,268 0,223 0,179

' 00026 | 00073 | 00161 | 00291 | 00462 | 00673 | 00924
o480 | 0433 | 0398 | 0357 | 0313 0260 | 0224 | 0179
’ 0002 | 00073 | 00162 | 00202 | 00464 | 00676 | 0,928
0490 | 0:434 0399 | 0358 | 0314 | 0269 | 0224 | 180
’ 00026 | 00073 | 00163 | 00293 | 00466 | 00678 | 0,932
0491 | 0439 0,400 0,358 0314 | 0270 0,225 0,180

’ 00026 | 00074 | 00163 | 00295 | 00468 | 00681 | 00936
0402 | 0436 | 0401 | 0359 | 0315 | 0270 | 0225 | 0180
' 00026 | 00074 | 00164 | 00296 | 00470 | 00684 | 0,0939
0403 | 0436 | 0402 | 0360 | 0316 | 0271 | 0226 | 0I8]
' 00026 | 00074 | 00165 | 00297 | 00471 | 00686 | 00942
0404 | 0437 | 0403 | 0360 | 0316 | 0272 | 0226 | 0181
o 0,0026 | 0.0075 | 00165 |- 00298 | 00473 | 00680 | 00947
o405 | 0438 | 0403 | 0361 | 0317 | 0272 | 022 | 0182

00027 | 00075 | 00166 | 00299 | 00475 | 00692 | 00951

0496 | 0439 | 0404 0,362 0,318 0,273 0,227 0,182
’ 00027 | 00075 | 00167 | 00301 | 00477 | 00694 | 0,953
oag7 | 0440 | 0405 | 0363 | 0318 | 0973 | 0227 | 0182

0,0027 0,0076 0,0167 | 0,0302 0,0479 0,0698 0,0958

a8




Tpodorncerue

‘U, Mfcex.
kM N
0,02 0,03 0,04 0,05 0,06 0,07 0,08
0.498 0,441 0,406 0,363 0,319 0,274 0,228 0,183
’ 0,0027 | 00076 | 00168 | 0,0303 | 00481 | 0,0700 | 0,0962
0.499 0,442 0,407 0,364 0,320 0,274 0,228 0,183
’ 0,0027 | 0,0076 | 00169 | 0,0304 | 00483 | 0,0703 | 0,0966
0500 0,443 0,408 Ao,355 0,320 0275 | 0220 0,184
' 0,0027 | 00076 | 0,0170 | 00306 | 00485 | 00705 | 0,0970
0501 0,444 0,408 0,366 0,321 0,275 0,229 0,184
’ 0,0027 | 00077 | 00170 | 0,0307 | 0,0487 | 00708 | 00974
osso | 0444 0409 | 0386 | 0322 | 0276 | 0230 | 0,184
’ 0,0027 | 0,0077 | 00171 | 00308 | 00489 | 00711 | 0,0978
0503 0,445 0,410 0,367 0,322 0,276 0,230 0,185
’ 0,0028 | .0,0077 | 00172 | 00309 | 0,491 | 00715 | 0,0982
0504 0,446 0,411 0,368 0,323 0,277 0,230 0,185
' 0,0028 | 0,0078 | 00172 | 00310 | 00493 | 00718 | 0,0986 |
0505 0,447 0,412 0,368 0,323 0,278 0,231 0,185
: 0,0028 | 00078 | 00173 | 00132 | 0,495 | 0,0720 | 0,0990 -
0506 0,448 0,412 0,369 0,324 0,278 0,231 0,186
' 0,0028 | -0,0078 | 00174 | 00813 | 00497 | 0,723 { 0,0994
0507 0,449 0,413 0,370 0,325 0,279 0,232 0,186
' 0,0028 | 00079 | 00174 | 00314 | 00498 | 00726 | 0,0998
0,450 0,414 0,371 0,325 0,279 0,232 0,186
0,508 :
0,0028 | 0,0079 | 0,175 | 00315 | 00501 | 00729 | 0,100l
o509 | %1 0,415 0,371 0,326 0,280 0,233 0,187
’ 0,0028 | 0,0079 | 0,0176 | 0,0317 | 00503 | 00732 | 0,1005
050 | 0452 | 0416 | 0372 | 0327 | 0280 | 0233 | 0187
’ 0,0028 | 00080 | 0,0176 | 0,0318 | 00504 | 00735 | 0,1009
0511 0,452 0,416 | 0373 0,327 0,281 0,234 0,188
' 00028 | 00080 | 00177 | 00319 | 00506 | 00738 | 0,1013
0512 0,453 0,417 0374 | 0328 0,281 0,234 0,188
’ 0,0028 | 0,080 | 0,178 | 00320 | 0,0508 | 00740 | 0,1017
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[1podornenue

u, Mj/ceis
kB M
0,02 0,03 0,04 0,05 0,06 0,07 0,08
0454 | 0418 | 0374 | 0329 | 0282 | 0235 | 0188
0513 1 60020 | 00080 | 00178 | 00322 | 00511 | 00743 | 0,1021
| 0455 | 0419 | 0375 | 0320 | 0282 | 0985 | 0,189
0514 ' 50020 | 00081 | 00179 | 00323 | 00512 | 00746 | 0,109
045 | 0420 | 0376 | 0330 | 0283 | 0236 | 0189
0515 1 0020 | 00081 | 00180 | 00324 | 00515 | 00749 | 0,1029
. 0457 | 0420 | 0376 | 0330 | 0284 | 023 | 0,189
0516 | 0029 | 00081 | 00180 | 00325 | 00516 | 00752 | 0,1033
o5y | 0498 | o4t | osrr | ozt | o2se | 023 | 0190
ST 00029 | 00082 | 00181 | 0032 | 00518 | 00755 | 01037
st 0459 | 0422 | 0378 | 0332 | 0285 | 0237 | 0190
0, 00029 | 00082 | 00182 | 00328 | 00520 | 00758 | 0,1041
o5t | 0460 | 0423 | 019 0332 | 09285 | 0237 | 019
: 00020 | 00082 | 00182 | 00329 | 00523 | 00761 | 0,1045
om0 | 0460 | 0424 | 0g7e | 0383 | 0286 | 0238 | o101
w201 00020 | 00083 | 00183 | 00330 | 00525 | 00764 | 0,1049
osso | 0578 | 0530 | 0474 | 046 | 0357 | 0207 | 0238
; 00046 | 00129 | 00286 | 00516 | 00820 | 0,1194.| 0.1640
ogs | 0576 | 0531 | 0475 | 017 | 038 | 0208 | 0250
: 00046 | 00130 | 00287 | 00517 | 0082 | 01197 | 01645
oase | 0577 | 031 | 0476 | o418 | 0358 | 0208 | 0239
' 00046 | 00130-| 00288 | 00520 | 00825 | 0,1200 | 0,1650
ogss | 0578 | 0532 | 0476 | oas | 0359 | 0209 | 0240
P31 00046 | 00130 | 00289 | 00521 | 00827 | 01205 | 01655
ogse | 0579 | 053 | 047 | oao | 039 | 0209 | 0240 '
: 00047 | 00131 | 0029 | 00523 | 00830 | 01208 | 01660
0gis | 0980 | 0534 | 0478 | 0420 | 0360 | 0300 | 0240
: 00047 | 00131 | 00201 | 00524 | 00832 | 0,1212 | 0,665
ogse | 0981 | 0535 | 0479 | 0420 | 0360 0300 | 0241
’ 00047 | 00132 | 00202 | 0052 | 00835 | 01216 | 0,1670
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Mpodoasicenne

uy M/cex.

. 0,02 0,03 0,04 0,05 0,06 0,07 0,08
0582 | 053 | 0479 | 0421 | 0361 | 0300 | 0241

0857 | 00047 | 00132 | 00293 | 00528 | 00838 | 0,1219 | 01675
0583 | 053 | 0480 | 0421 | 0362 | 0301 |- 0241

0658 | 00047 | 0,0132 | 00294 | 00529 | 00840 | 0,223 | 0,1680
0584 | 0537 | 0481 | 0422 | 0362 | 0301 | 0242

0659 | 00047 | 00133 | 00204 | 00531 | 00842 | 01297 | 0,1685
0584 | 0538 | 048 | 0423 | 0363 | 0302 | 0242

0660 | 00048 | 00133 | 00296 | 00533 | 00846 | 0,1230 | 0,1690
0585 | 0539 | 0482 | 0423 | 0363 | 0302 | 0242

0.661 | 00048 | 00134 | 0029 | 00534 | 00848 | 0,1234 | 0,169
0586 | 0540 | 0483 | 0424 | 0364 | 0303 | 0243

0662 | 00048 | 00134 | 00297 | 00535 | 00850 | 0,1238 | 0,1701 |
0587 | 0540 | 0484 | 0425 | 03654 | 0303 | 0243

0663 | 00048 | 00135 | 00298 | 00538 | 00854 | 01242 | 0,1706
0588 | 0541 | 0484 | 0425 | 0365 | 0304 | 0244

0664 1 00048 | 00135 | 00299 | 00539 | 00856 | 0,246 | 01711
| 0589 | 0542 | 0485 | 0426 | 0366 | 0304 | 0244
0665 | 00048 | 00135 | 00300 | 00540 | 00858 | 0,1249 | 0,i716
059 | 0543 | 0486 | 042 | 0366 | 0305 | 0244

0666 | 00048 | 00136 | 00301 | 00542 | 0081 | 01253 | 0,1721
0591 | 0544 | 0487 | 0427 | 0367 | 0305 | 0245

0667 | 00048 | 00136 | 00302 | 00544 | 00863 | 01257 | 01727
0591 | 0544 | 0487 | 0428 | 0367 | 0306 | 0245

0.668 | 00049 | 00136 | 00302 | 00545 | 00866 | 01250 | 01732
0592 | 0545 | 0488 | 0428 | 0368 | 0306 | 0246

0669 | 00049 | 00137 | 00304 | 00547 | 00869 | 01264 | 0,1737
0593 | 0546 | 0489 | 0420 | 0368 | 0305 | 0246

0670 | 00049 | 00137 | 00304 | 00549 | 00871 | 01268 | 01742
0594 | 0547 | 0490 | 0430 | 0369 | 0307 | 0246

0671 | 00049 | 00138 | 00305 | 0055 | 00873 | 01272 | 0,1747
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I1podoascenue

up M/cex.
kM -
0,02 0,03 0,04 0,00 0,05 0,07 0,08

0672 0,595 0,548 0,490 0,430 0,369 0307 | 0247
T 0,0049 | 0,0138 | 00306 | 00552 | 00877 | 01276 | 0,1752
0673 0,596 0,548 0,491 0431 0,370 0,308 0,247

' 0,0049 | 0,0139 | 0,0307 | 00554 | 0,0879 | 0,1280 | 0,1758
0674 0,597 0,549 0,491 0,432 0,310 0,308 | 0,247
’ 0,0049 | 0,0139 | 00308 | 00555 | 00881 | 01283 | 0,1763
0675 | 0598 | 0850 ) 0492 ) 0432 | 0371 0309 | 0248

’ 0,0050 | 0,0140 | 00309 | 00557 | 00885 [ 01287 | (,1768 -
0675 0,598 0,551 0,493 0,433 0,372 0,309 0,248
’ 00050 | 00140 | 00310 | 00558 | 00886 | 01291 | 0,1774
0677 0599 | 0,552 0,494 0434 | 0372 0,310 0,248
5 0,0050 | 0,0140 | 00310 | 0,0560 | 00889 | 0,1295 } 0,1779
0678 0,600 0,553 0,495 0,434 0,373 0,370 * | 0,249
P21 00050 | 00141 | 00312 | 00562 | 0,0892 | 01299 | "0,1784
0679 0,601 0,543 | 0495 | 0435 0,373 0,311 0,249
’ 0,0050 | 00141 | 0,0312 | 00563 | 0,0894 | 01302 | 01789
068 0,602 0,554 0,496 0,436 0,374 .| 0311 0,250
1680 0,0050 | 00141 | 0,03t3 | 00565 | 00897 | 01306 | 0,1794
ogs | 0608 | 0855 | 0407 | 0436 | 0379 0312 1 0,250

’ 00050 | 00142 | 00314 | 00567 | 00900 | 01310 | 0,1800
0 0,604 0,556 0,498 0,437 0,375 0,312 0,250
/682 00051 | 00142 | 00315 | 00568 | 00902 | 01314 | 0,1805
068 0,605 0,557 0,498 0,438 0,375 0,312 0,251
1683 00051 | 00143 | 00316 | 00570 | 00905 | 0,318 [ 0,1810
0684 0,606 0,558 0,499 | 0,438 0,376 0,313 0,251
5 0,0051 | 00143 | 00317 | 00572 | 00908 | 01322 | 0,1816
0685 0,606 0,558 0,500 0,439 0,376 0,313 0,251
” 0,0051 | 00144 | 00318 | 00573 | 06,0910 | 0,1326 | 0,1821
0,686 0,607 0,559 | 0,500 0,439 0,377 0,314 0,252

' 0,0051 | 00144 | 00319 | 00575 | 0,0013 | 0,1329 | 0,1826
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[Tpodoscerue

u% M/cex.
EM
0,02 0,03 | = 0,04 | 0,05 l 0,06 , 0,07 ‘ 0,08
0687 0,608 0,560 0,501 0,440 0,378 0,314 0,252
' 00051 | 00144 | 0032 | 00577 | 00916 | 01333 | 0,1832
0688 0609 | 0561 0,502 0,441 0,378 0315. | 0252
’ 00052 | 00145 | 00321 | 00578 | 00919 | 01337 | 0,1837
0,689 0,610 0,562 0,503 0,441 0,379 0,315 0,253
’ 0,0052 | 00145 | 00322 | 00580 | 00922 | 01341 | 0,1842
0,690 1 0611 0,562 0,503 0,442 0,379 0,316 0,253
’ 00052 | 00146 | 00323 | 00582 | 00024 | 0,1345 | 0,1848
osol | 0612 - 0,563 0504 | 0443 038 | 0316 0,254
: 0,0052 | 00146 | 00323 | 00583 | 00926 | 01349 | 0,1853
ocoy | 0613 0,564 0,505 0,443 0380 | 0316 0,254
’ 00052 | 00146 | 00325 | 00585 | 00920 | 01353 | 0,1858
ocos | 0614 0,565 0,506 0444 | 0381 0,317 0,254
’ 00052 | 00147 | 00325 | 00587 | 00932 | 0,1357 | 0,1864
ocos | 0614 0,566 0,506 0,444 0,381 0,317 0,255
’ 0,0052 | 00147 { 00327 | 00589 | 00934 | 0,1361 | 0,1869
0cos | 0615 | 0566 0507 | 0445 0,382 0,318 0,255
750 00053 | 00148 | 00327 | 00590 | 00937 | 01364 | 0,1875
06 | 0616 0,567 0,508 0,446 0,382 0,318 0,255
=77 | 00053 | 00148 | 00328 | 00592 | 00940 | 0,1368 | 0,1880
0goy | 0617 | 0568 0,508 0,446 0,383 0,319 0,256
7T 00053 | 00149 | 00330 | 00594 | 00943 | 01372 | 0,885
ogos | 0618 0,569 0509 | 0,447 0,384 0,319 0,256
' 00053 | 00149 | 00330 | 00595 | 00945 | 0,1376 | 0,1890
o600 | 0619 0,570 0,510 0,448 0,384 0.320 0,256
’ 00053 | 00150 | 00332 | 00598 | 00949 | 01380 | 0,189
o700 | 062 0,570 0511 0,448 0,385 0,320 0257
' 00053 | 00150 | 0,0332 | 00599 | 00051 | 0.1384 | 0,1902
oror | 0621 0,571 0,511 0,449 0,385 0,321 0,257
’ 00054 | 00150 | 00333 | 00600 | 00053 | 0,1388 | 0,1907




Hpodorxcenue

i, M/cek.
kM -
0,02 0,03 | 0,04 [ 0,05 | 0,06 - l 0,07 ‘ 0,08

or0e | 0622 | 0572 | 0512 | 0450 | 038 - 0,321 -| 0,258

’ 00054 | 00151 | 00334 | 00602 | 00956 | 01392 | 01912
0.703 0622 | 0573 0,513 0,450 0,38 | 0,322 0,258

' 0,0054 | 00151 | 00335 | 00604 | 00959 | 0,1396 | 0,1918 |
o704 | 062 | 0574 | 0514 0451 | 0387 | 0322 | 0258
’ 00054 | 00152 | 00336 | 00606 | 00962 | 0,1400 | 0,1923
o705 | 0624 | 0575 | 0514 | 0452 | 0388 | 0322 1 0259
' 0,0054 | 00152 | 00337 | 00607 | 00964 | 01404 | 0,1929
0706 | 0625 0575 | 0515 | 0452 | 0388 | 0323 | 0259

70,0054 | 00152 | 00338 | 00608 | 00967 | 01408 | 0,1934

0707 0,626 0,576 0,516 0453 | 0389 0,323 0,259
0,0054 0,0153 0,0339 [ 0,0611 0,0970 |- 0,1412 | 0,1940

0708 | 0627 | 0577 | 0517 | 0454 | 0389 | 0324 | 0,260
0,0055 | 00153 | 00340 | 00612 | 00973 | 0,1416 |- 0,1945

0.709 0,628 0,578 0,517 0,454 0,390 0,324 0,260
' 0,0055 | 0,154 | 0,0341 0,0615 | 00976 | 0,1420 | '0,1951

o710 | 0629 | 0579 | 0518 | 0455 | 039 | 0325 | 0260
0,0055 | 00154 | 00342 | 00616 [ 00978 { 0,1424 | 01956

0711 | 0630 | 058 | 0519 | 0455 | 0301 | 0325 | 0261
’ 00055 | 00155 | 00343 | 00618 | 00982 | 01428 | 0,1962

0630 | 0580 | 0520 | 0456 0,391 0,326 .| 0,261
0,0055 | 00155 | 00344 { 00620 | 00984 | 01432 | 0,197

o713 | 0631 | 0581 | 0520 | 0457 | 0392 | 03% | 0262
00055 | 00155 | 00344 | 00621 | 00986 | 0,143 | 0,1978

0,632 0,582 0,521 | 0457 0392 |- 0327 70,262

0,712

0,714

0,0056 | 00156 | 00346 | 00623 | 00989 | 01440 | 01978
0715 | 0633 0583 | 0522 | 0458 | 0393 | 0327 | 0262
T 0,0056 | 00156 | 00346 | 00625 | 00992 | 0,1444 | 0,1984
0716 | 0634 | 0584 | 0522 | 0459 0394 | 0328 | 0263

0,0056 0,0157 0,0348 1. 0,0627 | 0,0995 0,1448 0,1990
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I podorscenue

uy Mjcex.’
kM - -
0,02 ) 0,03 0’,04 0,05 0,06 0,07 0,08

0717 0,635 0,584 0,523 0,459 0,394 0,328 0,263

T 0,0056 0,0157 0,0348 0,0628 0,0997 0,1452 0,1995
0718 0636 | 0585 | 0524 0,460 0,395 0,328 0,264

' 0,0056 0,0158 0,0350 | 0,0630 0,1001 0,1 456 0,2001
0.719 0,637 .} . 0,586 0,0525 0,460 0,395 0,309 0,264

’ 0,0056 0,0158 0,0350 0,0632 0,1003 0,1460 0,2006
0.790 0,638 0,587 0,525 0,471 0,396 0,329 0,264

’ 0,0056 0,0158 0,0351 0,0633 0,1006 0,1464 0,2012
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YCJIOBHBIE OBO3HAYEHUS

H, z —ypoBeHb Boip! (OTMETKa MOBEPXHOCTH BOJH)

Y — paccrosHue, OTCINTHIBAEMOE OT AHA MOTOKA
r — pajuyc TpyOHL.

d — pHaMerp TpyOHI
h — rny6una Ha BepTHKANM (MeCTHAs).

7 OTHOCHTeJIbHAS (MeCTHAs1) TJyGHHA Ha BEPTHKAJH
hep — cpennas rayGuna noToKa.
hmax — WaKCHMasbHASA TyGHHA HOTOKA.
Ay — riyGuHa B nOfiMe Ha BEPTHKAJH.
hp~—ray6una B pycae Ha BEPTHKAJIM. :
hg— ray6una ' B pyc/le Ha BepTHKAJH TNPH 3aMOJHEHHH pycna Ao
GpOBOK.
by — KpUTHUECKAS mydvma
R— THAPABJIHYECKHH pajuyc.
% == CMOUEHHbIH nepumMerp.

b — paccrosiHHe B HANPABJEHWH, HODMAJbHOM K ABHKEHHIO MO-
TOKA.
by — paccTosinMe MeXAY NOJOKEHHAMH BepTHKanell ¢ Hauboabe

el cKOpOCThIO H HaHGOMbINeH TyGHHOH.
B ~ mnpuna nortoka.

Bp, — mupuna pycna.
Bg~— mupuHa pycna Mexnay GpoBKaMmH.
By — mupnna no#imsl.
I, L~ pnuua notoka.
® — MJIOWANb KHUBOTO CEYEHHS.

he : S '
Oy == 7 L napameTp (popMb! XHBOTO CEUEHHS.
max
0 5= —5— -~ napamerp (dOpPME KUBOTO CEUCHHS.
Bnp""BJl .
Ba = B — K03 dHULHEHT aCHMMETPHH XKHBOTO CEUEHHs MOTOKA
by .
Ba. K_M————B--—-I(P}HGMaTHKO-MOP(I)OMeTpH‘-IeCKPIH napaMeTp KHBOTO CedeHNs
NOTOKa, '
B,;p—— paccrosiuue oT npasoro Gepera Ko BepTHKANR € FyGHHORA
max.
B, — paccTostnie OT JIRBOTO 6epera 1o Bepmxa.nﬂ ¢ rayOHHOR
. _ Amax.
[ =

B — napamerp B, I'. Faywxosa,
fiep



A — BHICOTa BHICTYNOB  llepoxoBaToCTH (afcosoTHas wWEpoOXo-
BaTOCTh).

—é—‘ TAi——- OTHOCHTE/IbHAA 1IEPOX0BATOCTD,
B, — napamerp GopMbl KUBOTO CEUEHHA MOTOKA.
T, t, T — ppems. ’
& — YCKOpeHHEe CHJIBI TAMXKECTH.
Y — YAeJbHBIfl BEC KUAKOCTH.
0 — DJOTHOCTb XKHIKOCTH.
Y — JAMHaAMu4ecKHH Koa()HIHEHT BA3KOCTH.
vV — KHHeMaTHUeCKnH KO3(pPUHUEHT BSISKOCTH.
/. — ruzpaBaBYecKuil YKJIOH.
I — yXJIOH MOBEPXHOCTH BOABL
I . — KpUTUYECKUH YKJIOH.
i — MeCTHAsl CKOPOCTb.
C, — CpejiHee KBaJpaTHYHOe OTKJIOHEHHEe CKOPOCTH.
®; — YacToTa MyJbCAlHH CKOPOCTH,
U, — MeCTHas CKOPOCTb Ha DAacCTOSHHM OT LeHTpa TpyOnl, pab-
HOM r. )
Umax — MAKCHMAaJ/IbHasi CKOPOCTb. H& BePTHKAJIH.
Uy — CPeAHsis CKOPOCTb Ha BEPTHKAJH.
i, — JHHAMUUYECKAs] CKOPOCTb HA BEPTHUKAJH.

Umax — U . . - . .
—WAX o OTHOCHTENbHLI HeJOCTaTOK MECTHON CKOPOCTH 4 Ha Bep-

THKAJN.

—*"——— — OTHOCHTE/bHBI# HENOCTATOK CPeLHEH CKOpPOCTH #n Ha Bep-

u*
THKAJIH. .

Uy — NOHHAS CKOPOCTH Ha BEPTUKAJM.
U -— CpeiHfd CKOPOCThb MOTOKaA.
Up — CPeNHsIs CKOPOCThL MOTOKA B Hofime.
U, — CPeuAs CKOPOCTb [OTOKA B pycCile.

Umax — MAKCHMaJbHAs CKOPOCTh NOTOKA.

Upog — CPE/HAS MOBEPXHOCTHAS CKOPOCTH MOTOKA.
Uy — CPelHss NOHHAs CKOPOCTb IOTOKA.
U, — LHHaMHA4eCcKasd CKOPOCTHb MOTOKA.

Vmax —U . o
D= T—— OTHOCHTEJIbHBIM HEJOCTAaTOK CpeiHeH CKOpPOCTH TNOoToKa Uv.

*
Do = Umax—Vnos
og = — o ————

7 — OTHOCHTE@JIbHEIl HELOCTATOK CPejHeH NOBEPXHOCTION CKO-
*

POCTH NOTOKA.

Umax — Uy

D,= o -— OTHOCHTEJIbHBIH ~ HEJ0CTAaTOK cpefHefi JOHHOK  CKOPOCTH
*
"10TOKA.
v “ o
K, = 5 — OTHOIleHHe cpeaueil CKOPOCTH MOTOKA K cpeaneli MOBepX-
nos
) : HOCTHOH.
* 1—K v, —T o
K| = % L= “o'fu — OTHOCHTE/IbHHIH HefocTaToR Koahduunenta Kj.
1
v . . "
Ky= 5 — OTHOUIEHHE cpejiHeli CKOPOCTH MOTOKA K MAKCHMalbHOH.
max

= 1=K Umax — ¥ ‘ ;
K= 2 o X — OTHOCKTE/IbHBIA HEAOCTAaTOK KOsp{uunenta Ka. |

K 2 v
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Uy .
Ks=? — OTHOIIeHHe cpenHeft NOHHOH CKOPOCTH K CPeiHedl CKOPOCTH

NOTOKaA.
Uy .
K= Py — OTHOLIERHE CpeAaHell JOHHOH CKOpPOCTH NOTOKA K HanGOJb-
max ) .
wef.

k, D, p— napamerpnl notoxa (Gespasmephele),
q= uBh — pacxoj BOJAH HA BepPTUKAJH.
g¢ = Umax/t — QUKTUBHBIA Pacxom BOAL HA BEPTHKAJIH.
qn=1Uyh —pacxox BOLE Ha BEDTHKAJH, MOJCUHTAHHEIA C YYEeTOM
TOJIBKO MECTHOH JOHHOH CKOPOCTH Uj.
Q — pacxon BOJHL
Q¢ — OHKTHBHBI pacxol BOJBL

Q, = 0v, — auBaMuYeckn#i pacxof.

VT
' n— KO3 HIHEHT MEPOXOBATOCTH.
& — xoapQuunent Kopuoauca.
o’ — koapduituent Byceunecka.
A — gospduument Hapceu.
Cy — vospounent Mesu wa septuxamm (pazmepnmir).

~EF B
C, —
C — koadpouunent [esu (pasmepusifi).
C* = ——== — Geapasmepuhiit koabdniuuent Ilean.
Ve
Re — uucno Peitnosbica.
Rep — uncno PefiHosbaca s nortoxa B pycne
Re, — uncno Peitnodbica 115 MOTOKa B MOHMe.
u? ..
fr = ~—s———— ~— JIOKAJILHBI} TTapaMeTp KHHETHYHOCTH.
gh—y ; .
" N
frg = —g—Z— flapaMeTp KHHETHYHOCTH (wuciao ®dpyna) Ha BepTHKaJH.
) 2
Fr= i yncqo  @pyna. (napameTp KHHETHUHOCTH),  OTHeCEHHOR
cp B
K CKOPOCTH 0.
o2
Fry = o~ Heno dpyna, OTHECEHHOE K CKOPOCTH Umos.
&cp
N |
Fr, = r uycso Ppyna, OTHECEHHOE K CKOPOCTH Umax-
cp .
Fry — wucsno ®pyna nss motoka B pycie.
. Fry— uucso ®pyna s NOTOKa B TOHME.
v?[?
Frp= 2 — napaMeTp KHHETHUHOCTH “1Jis1 PasMBIBAEMBIX pyces.
oy S
—L = Be — cTenenb (MHTEHCHBHOCTB) TYPOYJEHTHOCTH.
u
wh . g
St= — OTHOCHTE/IBHAS XapaKTepHCTHKA maciitaba TypOyneHTHOCTH

B
(uncao Cpran'Iﬂ)
4 — CKOPOCTb JIBHIKEHUS TADHPOBOUHON TeeKKH,
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,

N — uncsio 060poTOB NONACTHOrO BHHTA.
1 — 44cao 06OPOTOB JIONMACTHOrO BUHTA B EAHHHMUY BPEMEHH,
® — yrJI0Bast CKOPOCTh BPALEHHS JIONACTHOTO BHHTA.
k —— FHAPaBJ/HYCCKHIl HIar JIONaCTHOrO BHHTA.

o — Hada/JbHas CKOPOCTb IHAPOMETPHYECKOH BEPTYUIKH.

n
M= - imcno 06OPOTOB JIOTIACTHOrO BHHT3 HA eJHHMIY AJUHBL

1, — KPHTHYECKOE YHCJIO 0GOPOTOB JIOMACTHOTO BUHTA.

Iy — CKOPOCTb (KpHTHUECKAad), COOTBETCTByoLlas uuciy o60opo-

TOB Hg.
lc—nyTb CHHXPOHH3ALUH rHleOMGTpH‘{eCKOH BepTyu.nm

P Koatquuuem cxopocm
CKOpOCTHAS BbICOTa (ynenbﬂan xmx—lemqecxaﬂ saepruﬂ)

u
=g
1M — TEMT OXJaXAEHHS TUPOKATA3OH/A.
n — KoI(D(PUIHEHT HaK/J0HA OGOKOBBIX CTODOH BOJOC/IHBA K €ro
n[opory. ) ’
m — K03 HIHEHT pacxoja BOJOC/IHBA.
H — nanop wa BogociuBe.
b, B—uupuHa OTBEPCTHR BOJAOCJAHBA (AJHHA €ro nopora)

nH
© = —— — Ge3pasMepHbI{l MapaMeTp BOLOC/UBA.

~ B
hg, g — rnyGuHa BOABI B BepxHeM Obede.
hy ¢ — raybuna Boan B HUKHEM Obetde.
P, g — BbICOTa NOPOra BONOCAHBA CO CTOPOHB BEPXHEro 6be®a
P, s~ BHICOTa NOPOTa BOAOCHUBA CO CTOPOHH! HHKHETO Obeda.

1 — YTOJ NEpenpaset JOAKH (THAPOMETPHYECKOro HHTerpatopa).
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