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l'mmpomeTpudeckast ~ BepTymIKa  CETOMHS — sABISeTCS ~ Hamboiiee  PasBUTBIM U
pacpoCTpaHEHHBIM MPUOOPOM ISl U3MEPEHHS CKOPOCTEH TEUCHHMS B peKaxX M KaHalax BO
BceM Mupe. B pabore paccMaTpuBaoTCs OCHOBHBIC TSHIICHIINH Pa3BUTHUS THAPOMETPUICCKOTO
MpuOOpPOCTPOEHUSI B CTpaHaxX MHpa, HWCTOPHS TOSBIEHUS W pa3BUTUS Mpubopa 1o
HaIlpaBJICHUSM ONTHMHU3AIMH €r0 OCHOBHBIX KOMITOHEHTOB. BEITIONHEHB aHamnu3 u
COMOCTABJICHUE COBPEMEHHBIX THAPOMETPUUECKUX BEPTYILEK, BEIITYCKAEMBIX B MUPE.

KnrmueBbie coBa:BOAHBIH O0BEKT; THAPOMETPHUS; CKOPOCTh TEUCHUS.

MeToabl H3MepeHHsl CKOPOCTel TedeHUsl B peKax U KaHajlax

B ruppomerpuueckoil mpakTUKE Ha CETOAHALIHUN ICHb W3BECTHO MHOXKECTBO NMPHHIMUIIHAIBHO
Pas3IMYHBIX METO/OB OINpPENENICHHUs CKOPOCTEH TeUEeHUs B peKax M KaHajax. Bce MHoroodpasue MeTonoB
npuHsato  kiaccudumuposarts (M. A.l'mpwutosnu, B.[d.BeikoB, A.B.BacumeeB, B.B.Opnosa,
I'.B.XKene3unskos, .®.Kapaces u np.) [1; 2; 8; 10] cegyrourum oopazom:

1. Meroa, OCHOBaHHBIM Ha PETUCTPAMHM dYHCIa OOOPOTOB JIOMACTHOTO BHHTA (POTOpA).
Haubonee pacnpocTtpaHeHHble HPUOOPHI TSI M3MEPEHHUS CKOPOCTH TEUeHHs — TUIPOMETpHUYECKHe
BepTywKU. [Ipy M3MEpeHHH CKOPOCTH PErucTpUpyeTcsl oluiee 4ucio o0OpOTOB JIOMACTHOI'O BHUHTA U
NPONOJDKUTENFHOCTh M3MEpeHHs. BennuumHa CKOpPOCTH OmpenessieTcsl M0 TapUpOBOYHOMY IpadHKy B
3aBUCHUMOCTH OT 4Hcia 000OpOTOB B ceKyHIy. IlocpencTBoM TrHIpPOMETPHYECKHX BEPTYLIEK OOBIYHO
OTIpefeNsieTCs MeCTHasi CKOPOCTh TEUEHHUS B OTIACIBHBIX TOUYKAaX IMOTOKA, XOTS OHH MPUMEHSIOTCS W AJIS
MHTETPAllUOHHOTO  ONpEACTICHUS CpPeAHEH CKOPOCTH Ha BEPTUKAIM WM, HAIpUMeEp, CpeaHei
HOBEPXHOCTHOM CKOPOCTH IIOTOKA.

2. Metoz, OCHOBAaHHBIM Ha PErdUCTpallMd CKOPOCTH IUIBIBYIIEro Tena (MOTUIaBOYHBIA METO.,
BKJIIOUAIOMIMK TJyOMHHBIC TMOIUIABKH, MOIUIABKH-UHTEIPATOpPhl, THAPOMETpUYEcCKHe IecTsl). s
U3MEPEHHsI CKOPOCTH HCIIOJIB3YIOTCA Pa3IMYHOrO poja MOIUIABKH, KOTOPBIE MOTYT 3allyCKaThCsl Kak Ha
MOBEPXHOCTH TIOTOKA, TaK U Ha TpeOyemyto rryouny. CKOpoCTh Te4eHHs IPHHUMAETCS] PABHON CKOPOCTH
JBIDKEHHS IIOIUIABKA, KOTOpasl OMpenesieTcs MO BPEMEHH IPOXOXKICHHS IMOIUIaBKOM ONpPEAETICHHOTO
pacctosHus. OTcrola BHIHO, YTO IPHU TMOIUIABOYHBIX M3MEPEHHUSIX MOJIy4aeM 3HAUYCHHE CKOPOCTH,
OCPEIHEHHOE AJIs y4acTKa IIOTOKA 10 TPAeKTOPUHU ABMKEHUS MOIIIABKa.

3. Meroa, OCHOBaHHBIH Ha PEruCTpallMd CKOPOCTHOrO Hamopa. [y M3MepeHus CKOpOCTH
UCTIONIB3YIOTCSA THIPOMETPUUYECKUE TPYOKM Pa3iMdHOW KOHCTPYKLHH, MPOOOPa3oM KOTOPBIX SIBISIETCS
TpyOKa A. ITuto (1732 r.). CKOpOCTH OmpeaeNnsieTcsi HCXOsI W3 CKOPOCTHOTO HAIopa, M1 3TOT0 TpyOKa
BBOJMTCS B IIOTOK OTBEPCTHEM HaBCTpedy TeueHHro. CKOPOCTHOM Harop M3MepsieTcss HEMOCPEICTBEHHO
10 BBICOTE MOABEMA YPOBHS B TpyOKe. [ mapoMeTpuueckue TpyOKH NO3BOJISIOT MOMYYUTh HHPOPMALTUIO O
MECTHOH CKOPOCTH B OTAEJIBHBIX TOUKAX MTOTOKA.

4. MeroJ, OCHOBaHHBII Ha PErHCTpAIMU CHUIIOBOTO BO3ICHCTBHS TOTOKa (BOTHBIC (IIIOTEPHI).
st i3MepeHnst CKOPOCTH UCTIONB3YIOTCSl IPUOOPHI, B KOTOPBIX UMEETCSI UYyBCTBUTENBHBIN 3JIEMEHT,

BOCIIPHHHUMAIOIINI CHJIOBOE BO3ICHCTBHE IOTOKAa. B Hacrosmee BpeMs TOMOOHBIE TPHOOPHI
NPUMEHSIOTCS. TJIABHBIM 00pa3oM Ul HayYHO-HCCIIEJOBAaTENbCKUX paboT C IeNbl0 H3MEPEHUs M
HETPEPHIBHOM 3aITMCH 3HAYSHHUH CKOPOCTEH B OTAETBHBIX TOUKaxX MOoToka. OHU TMO3BOJISIFOT MCCIIEIOBAThH
MyJIbCAlUI0 CKOPOCTEH.

5. Metoa, OCHOBaHHBIM Ha MPUHIMIIE TEIUI00OMeHa. J{JIs1 M3MEepeHHsl CKOPOCTH HCTIONIB3YIOTCS
npuOOpHI, UMEIOIIUE B Ka4yeCTBE pa0Oyero opraHa HArpeThlil AJIEMEHT, BBOAMMEIN B MOTOK. CKOpPOCTh
TEYCHUS OIpeNeNsieTCss B 3aBHUCHMOCTH OT OBICTPOTHI OXJQXKICHHUS YYyBCTBUTEILHOTO JJIEMEHTA.
ITonoOHBIC TIPUOOPHEI TPUMEHSIOTCS TIABHBEIM 00pa30oM B JIA0OPATOPHBIX YCIOBHSX; C HMX IOMOIILIO
U3MEPSIOT CKOPOCTH OOBIYHO C HEMPEPHIBHOMH 3aIUCHIO.

6. Mero/, OCHOBaHHBI Ha U3MEPEHUH 00BEMa BOJIBI, BOIIIEAIICH B PHUOOP 3a BpeMsl HAOIIOISHHS
(6atometprr-Taxumetpbl B.I'. ['mymkoBa, 1932 r.). B motok BBOmWTCS TIpHOOp — OAaTOMETP — BXOIHBIM
OTBECPCTUEM HABCTPCUYy TCUYCHHUIO W BBIACPKMUBACTCA OIPCACICHHOC BpPEMs, IIOCJIIEC YE€ro BbBIHUMACTCA,
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u3MepsieTcs 00BeM BOJBI, BomeAe B mproop. CKOpoCTs OMpenessieTcss 0 TapHUpPOBOYHOMY TpaduKy B
3aBUCUMOCTH OT 00beMa BOJIbI, BOIIC/IICH 32 SMHUILY BPEMEHH. DTOT CIIOCO0 MaJio yIOTPEOJISEeTCsl, XOTS U
HEONPaBJIaHHO, TOCKOJIbKY YacTO SBJISCTCS €IMHCTBCHHBIM IIPU H3MEPEHHU MAJIIX CKOPOCTEH.

7. Metopl HOHHOTO TAaBOJKa. B MOTOK BOJBI BBOAWTCS 3JIEKTPOIUT (PACTBOpP MOBAPEHHOMN COIH),
HIDKE TOYKH BBEIEHUS TPOM3BOJWTCS HETpepbiBHAS 3ammch KoHieHTparmu NaCl B motoke. I'paduk xoma
KOHIIGHTpaIlMi 10 (opMe HAOMHHAET ruaporpad maBoaka. MeToJ aHaJOrW4eH IOILIABOYHOMY, T.K.
TUTHIBYIIIUM TEJIOM B JJAHHOM CIIydae sIBIIsieTCs colieBoe 00mako. IlInpokoro nmpruMeHeHus: MeTO He TIOTyYrI,
XOTSI B YCJOBHAX TOPHBIX peK (TIOBBINIEHHAS TypOyJIeHTHOCTh, KAMEHHCTOE IHO) TOYHOCTh H3MEPEHHM
JIAHHBIM METOJIOM HaWBBICIIIAS.

8. Meroj, OCHOBaHHBI Ha MPUMEHEHWU YyJbTpa3Byka. [Ipu pacmpocTpaHeHHH YIbTPa3BYKOBBIX
KoJNeOaHnil B ABWKYIIIEHCS cpezie, B YaCTHOCTH B BOJIE, CKOPOCTh YIBTPa3ByKa OTHOCHTEIFHO HEMOABIKHON
CHCTEMbI KOODJIMHAT PaBHA BEKTOPHON CyMME CKOPOCTU 3BYKa M CKOPOCTH CaMOM cpeilbl. YIIbTPa3ByKOBOU
METO]T IPUMEHSETCS B HACTOSIIEE BPeMsl Tl U3MEPEHHIA B 3aKPBITHIX TPYOOIPOBOIAX PACXOJIOB Pa3IMUHBIX
JKUJIKOCTEH, B TOM YHMCIIe 3arps3HEHHBIX, arpecCHBHBIX M KPUCTAIUIM3YIOIMXCSA, a TaKXKe Iyl B
THIPOMETPHH OH MOKa ITUPOKO HE PACIIPOCTPAHEH.

9. Meroapl, OCHOBaHHBIC HA HCIIOJIB30BAHUM 3JICKTPOMATHUTHON MHIYKIMM B WHIYKIIMOHHBIX
KaTymkax. V3BecTHO, 4TO B MPOBOJHUKE, NBIKYIIEMCS] B MArHUTHOM I10JI€, BO3HUKAIOT TOKU (TOKH M.
®dapanest, otkpeIThie B 1831 T). To ke camoe HaOmomaeTcs MPH MPOXOKICHUN Yepe3 MarHUTHYIO KaTyIIIKy
MOTOKA BOJIBL

10. Mero/pl, OCHOBaHHBIE Ha UCTONb30BaHuu JlomiepoBckoro addexra. CyTsh 3pdekra, OTKpBITOrO
Kpuctuanom Homiepom B 1842 r., cCOCTOUT B UCMOJIB30BAHUN U3MEHEHUS YaCTOThI U JJIMHBI OTPAXKEHHBIX OT
YaCTHI[ TMOTOKA BOJIH, PETHCTPUPYEMBIX MPUEMHUKOM, BBI3BAHHOTO JBM)KCHMEM HMX MCTOYHHMKA (TIOTOKA
BOJIbI).

IlosiBjieHHE U pa3BUTHE THIPOMETPHYECKOI BEPTYIIKH

Hanboxpmiee pacmpocTpaHeHre TONYYHII CIIOCO0 PErHCTpalliil CKOPOCTEH C HCIIOJIh30BaHHUEM
BPAIIAIOIIECroCs POTOpa, WM JIONACTHOTO BHUHTA, MNPEIONPEICIUBIINA DPA3BUTHE THIAPOMETPUUICCKUX
BEPTYIIEK, KOTOphIe Ha TPOTSDKEHHH OoJiee NBYX BEKOB SIBISIFOTCS OCHOBHBIM IPHOOPOM JUIST M3MEPEHHUS
CKOpOCTEil TedeHWs, OIpEeAeIeHHS pPacxoJoB BoAbl. Ha W3MepeHWsXx, OCHOBaHHBIX Ha HCIIOIB30BAaHUN
BEPTYIIIEK, MPAKTHUYCCKU TOJHOCTHIO Oasupyercs [ocyaapcTBeHHas cucTeMa ydeTa Boj B Poccuu u apyrux
CTpaHax Mupa. MaccoBoe pacHpOCTpaHEHHE BEPTYILICK, NMPU WX HEMPEPHIBHOM Pa3BUTHH, IIPUBEIO K
BBITECHEHUIO JIPYTUX MPHUHIIUIIOB M3MEPEHHUN 1 MX 3aMeIICHHOMY Pa3BUTHIO.

K HacrosmeMy BpeMEHM B MHPOBOM TMpaKTHKE HAKOIDICHO OONbBIOe pa3zHooOpazwe MpHOOpOB
JIAHHOTO THIIA, PA3THMYAOIIAXCS TI0 ONIPEACIICHHOMY IIEPEYHIO MapaMeTpPOB.

CozpareneM THIPOMETPHUYECKON BEPTYIIKH MPUHATO CYMTATh HEMEIIKOTO THIPOTEXHUKA PeiiHrapa
Bonermana (1767 — 1837), npumenusiiero mpubdop B 1790 r. mis ompeneneHuss CKOPOCTEH TEUEHHS p.
OJb0BI.

Beprymka P. Bonbrmana (puc. 1) cocrosiiia U3 KpbUIbUaTKU B BHJIC YETHIPEX IUTACTHH, HAKIIOHCHHBIX
K TIOCKOCTH BpAIEHUs, 3aKPETUICHHBIX CIUI[AMH Ha TOPH30HTAILHOIN OCH BepTyIIKH. Bpamaromasics och
BEPTYIIKA 3aKpeIuisulach B OTKPBITOM KODPIIyCE M MMeENa YCpBSIUHYIO Iepefady, MepeIBUraroILyI0
IIECTCPEHKY, YCTAHOBJICHHYI0 Ha IapHUpHOM pame. C mepemHeil CTOpOHBI (TI0 HANPABICHUIO K
HalerarIeMy TOTOKY) 3aKpeluisiiack B KOpIyce IPHU TMOMOIIM [IAPUKOIOAIINITHAKA, C 33aJHEeH — OCh
ynupanach B aratoBelid moamsaTHUK. [llapHupHas pamMa TpH MOMOIIM TIPYKWHBI OTKAMAalach BHH3
(HOpMasIbHOE TIOJIOKEHHUE), YTO JIAaBaj0 BO3MOXKHOCTh BBIBOAWTH W3 COCIUHCHHS BPAIIAIOIIYIOCS OCh U
ecTepHio. BkirodeHne rmprbopa Mpou3BOIUIIOCH ITyTEM HOAHATHS paMbl TIPU MTOMOIIH TPOCa U CIICTUICHHS
IIIECTEPHU C OChI0 Tiprbopa. Ha okpyKHOCTH IIecTepHN HaHECEHBI JeeHHs, KaX/Iblii 3y0er COOTBETCTBOBAI
OJTHOMY TIOJIHOMY OOOpPOTY KPBUIBYATKH BOKPYT OCH, a Ha paMe OBUI YCTaHOBJICH yKaszaTenb. Takum
o0Opa3oM, cymMMa O00OpPOTOB OMpEACIAIACh PA3HOCTHIO HAYAIBHOTO M KOHEYHOTO OTCUETOB, CHATHIX C
mecrepHd. Oukcanys BpeMeHN U3MEPEHNH MPOU3BOIMIACE TIPH TTOMOIIIH CEKyHIOMEepa.

MexaHuyeckuid MPUHIUI PETUCTPAlUU 4Yucia OOOpOTOB JIOMACTHOTO BHMHTA, COBMECTHO C
OTCYeTaM{ BpeMEHH padoThl Mpubopa Mo CEeKyHIOMEpPY, IOBOJBHO CKOPO OBUT 3aMEHEH 3JIEKTPHUYECKON
CUTHaJIU3alMeH, 3aMbIKAOLIEH JIEKTPUUECKYIO LIEIb Yepe3 ONPEeAEICHHOE KOJNIECTBO 000POTOB.

Peructparnus e BpeMeHH M3MepeHHs BIUIOTH 10 1950-X IT. Mpon3BOAMIACE C UCTIOIH30BAHUEM
ceKyHaoMepa. B To ke Bpems MeXxaHMYeCKMH NPUHLIWM, NpeasoxkeHHbd P. BompTmanoM, Harmen
MpUMEHEHHEe B psjae mpubopoB (m3Meputenb pednbix cTpyit H.C. JlemsaBckoro, BepTymka DKMaHa —
Mepua (puc. 2), BepTylIka Mopckas MoAepHu3npoBanHas BM-M), HEKOTOpBIe U3 HUX UCHOIB3YIOTCS IO
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ceit nenw. Tak, y BM-M BkitoueHne mpudopa Iporu3BOIUTCS MTPH TTOMOIITH TOCBUTFHOTO Tpy3a, H3MECHEHA
KOHCTPYKITUS TaT4uka 000pOTOB, OJTHAKO HAYATBHBIN MPUHIIUAI HE N3MEHEH.

, /F
u}j‘y

Puc. 1. Mexanndeckuii CYETUHK Puc. 2. Mexannueckas
Pettarapna BomsT™ana (110 [2]) BepTymKa JDxmMaHa — Mepima (1o

(2D

OcHoBHbIE HATIPaBJIeHUS] PA3BUTHUS MPUHIUIOB I'HIPOMETPUYECKOT0 MPUOOPOCTPOEHHUS H
THAPOMETPHYECKUX BepTylIeK

PazButHe ruapOMETPUYECKO BEPTYIIKHU IUIO MO PSTy HANPABICHUN MOACPHU3AINH OT/EIBHBIX
yacTeu:

1. Mopnepuuszanus (GopmMbl U pa3mepa poropa (KpbLIbYaTKH, «POOMH30HOBA KPECTa» C YalllCUHbIM
YCTPOMCTBOM, VIJIH JIOTIACTHOTO BUHTA):
a) ONTHMH3AI KOMIIOHEHTHOTO 3(h(ekTa;
0) oNTHUMHU3AIMS UHEPIIMOHHOCTH U YyBCTBUTEIHLHOCTH.
OnruMusanys GopMbl, pa3MepoB MpUOOpa U CTAOMIN3aTOPa HAIIPABJICHUSL.
OnTumu3aIys IpUHIUITA POPMUPOBAHHS BHIXOTHOTO CHTHAIA.
PazpaboTka 1 onTHUMHU3AIHS CIETHO-PETUCTPUPYIOIIETO YCTPOMCTBA.
5. PazpaboTka ¥ ONTHMH3AIKS BCIIOMOTAaTEIEHOTO 000PYA0BAHHSI.
MonepHu3alys BEpTYIIKH MPOUCXOIHIIA B IENSIX 00eCICUESHUSL:
— perHCTpayi MUHAMAITBHBIX CKOPOCTEH TEUSHNS;
— MOJTy9YEHHS TOCTOBEPHBIX PE3YIbTaTOB U3MEPEHHI B TYpOYJIEHTHBIX MTOTOKAX;
— paboThI MPU MANBIX TTyOHHAX, OOJBIION MyTHOCTH U MUHEPAIN3AIMU BOJIBL;
— 0e30TKa3HOW PabOTHI MPHU KOCOCTPYHHOCTH W MYJbCAMH CKOPOCTH (ONTHMH3AINS KOMIIOHEHTHBIX
CBOWCTB MprOOpa, IyBCTBUTEILHOCTH U HHEPITUOHHOCTH);
— 0e30TKa3HON PabOThl CUTHAIFHOTO YCTPOWCTBA B Pa3HBIX YCIOBUAX (MOpO3Has MOT0Ja, BIAKHOCTD U
T.1.)
OcHoBHBbIE HATIPABJIEHHSI MOIEPHU3aLUU pUdopa
PaccMoTpuM OCHOBHEIC TEHICHIIMYU Pa3BUTHUS IPUOOpPA 1O Psy HAPABICHHA.
[Ipouecc onTumm3anmu HOpMBI U pa3Mepa poTopa MPOXOAMI CIEAYIONIIE TAITbI.

1. Hcnoavzosanue kpuvlaivyamxu (C ITOMACTAMHU, HAKIOHEHHBIMH 107 Pa3HBIM YTJIOM K OCH) Ha
Bpamartonieiica ocu (Beprymku P. Bomptmana 1790 r., Beprymku CAHWHWPU, Beprymka DxmaHa —
Mepua, BM-M). B HacTosiee BpeMsi OT HCIIONB30BaHUS POTOPOB TAaKOT'O THIIA MOJHOCTHIO OTKAa3aJIHCh.
XoTsl KpbUThYaTKa HAILIA TPUMEHEHHE B YallleYHOM YCTPOWCTBE POOMH30HOBA KpecTa.

Eal

2. Hcnonvzosanue uauieynoeo ycmpoticmea. YamedHble BEpPTYLIKH C BEPTHUKAJIBHOM OCHIO
SIBJITFOTCSL OCHOBHBIM TpuOopoMm ['eomormueckoit ciryx0b1 CIIHA (USGS — United States Geological
Survey). IIpoToTHIIOM COBpeMEHHBIX YallleUHbIX BEpPTYIIEK cTana «BepTyuika [Ipaiica» ¢ BepTHKaIbHOM
OCBIO BpAILCHHA, 3aKPEIUICHHOM B MOMISATHUKAX M HMMEIOIIEH dYepBsuHyl0 nepenady. M3o0perenue
BEPTYIIKH OTHOCAT K 1885 r. DTH BepTymIKM ACHCTBYIOT Ha MPHHIIUIEC POOMH30HOBA KPECTa, KOTOPHIMA
ynoTpeOisieTcs: B KayecTBE aHEMOMETpa Ul M3MEPEHHUs CKOPOCTH BETpa M OCHOBAaH Ha TOM, YTO
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JBIDKyIIasics XKUIKas Macca (BO3AYyX, BOJA) OKa3bIBaeT OoJbliee AAaBJICHUE HAa BOTHYThIE IIOBEPXHOCTH,
YeM Ha BBIMyKJble. Yamku UMeT (popMy MONymIapuid, KOHYCOB WIHM HapabonouaoB, yucioM 4 uim 6,
PacnoyIoKEHHBIX BEPIIMHAME M0 OKPYKHOCTH OJIHA 33 IPYTOi M CKPEIUICHHBIX MEXIY COO0H PaMKOIO C OCBIO
BpAILCHUS B LICHTPE.

BepxHuii KOHeIl OCH IIPOXOAUT B KOHTaKTHYIO KaMmepy, MOMEIIAIONIYIOCS HAaJ HUM, U HMEET
BUHTOBYIO Hape3Ky IJIsl IPUCOSTMHEHHS K 3y0UaTOMy KOJIECHKY H BBIIIE — SKCIICHTPHUK.

B CCCP nawano wmsroroenenuto Beptymrek [lpaiica (¢ amekTpuueckoil curHamm3anuei) ObLIo
moJ1oxeHo B 1927 1. OMBITHO-MCCIEI0BATEILCKIM HHCTHTYTOM BOIHOTO XO3STHCTBA B TalkeHTe (BEPTYIIKA
mapku UBX).

HeznaunrtenpHble OTIMYMSA OT ONMCAHHOW KOHCTpYKUMH MMena nmpumenseMas B CLLIA B konue XIX
B. Beprymka cucremsl Oimca. OHa MMena 4eTblpe KOHUUECKUE YaIllCUKH, OKPYKEHHbIE LMINHIPHIECCKON
KJIETKOM.

CeronHs MCHONB3YIOTCA BEPTYIIKH C KPEIUIEHHEM YallleqHOrO POTOpa Kak K FOPU3OHTAJIBHOW OCH
xopmyca (USGS TYPE AA MODEL 6200, USGS TYPE AA-MH MODEL 6215), Tak 1 K BepTHKJIBHOH,
9TO0 yI00HO TPH TOTPYKSHUH BEPTYIIKU B JIyHKH TIpu padotax co jpaa (USGS TYPE AA-ICE MODEL
6240 USGS, USGS TYPE AA-ICE-P MODEL 6245) [12; 13; 15; 19]. WHTepecHO OTMETHTH, HUTO
KpPYIHEHIINM TIpou3BoAnTeNeM BepTymiek [lpaiica sBisiercs amepukanckas kommanus «Rickly Hydrological
Companyy. [19]. Ilo cpaBHEHHIO ¢ JIOTACTHBIMU BUHTAMH, YaIIEYHOE YCTPOHCTBO COXPAHSET KOMITIOHEHTHBIC
CBOMCTBA TpU 000N KocuHE cTpyd. B TO ke Bpems uyamieyHble NPUOOPHI (HKCUPYIOT TOJBKO
MaKCHMaJIbHyI0 CKOpOCTh. He uMes 3alnTHOro Kojblla 4YalledyHbli MEXaHW3M OKa3bIBAaETCsl CIHUIIKOM
XpynkuM. HameqHoe ycTpoHCTBO MOKET M3TOTABIMBATHCS U3 KapOuaa TUTaHa, BOJIb(paMa MM IIaCTMACCHL.
B Mupe nansbiif THI poTopa nomyuni pactpoctpanenue B CILIA u psine ctpan Jlatunckoit Amepuku u FOro-
Bocrounoit Azun.

3. Ucnonvsosanue nonacmuoeo eunma. JlaHHBIA THII POTOpa HawOoee pachpoCTpaHeH B
KOHCTPYKUMSX I'MAPOMETPUUYECKHX BEPTYILIEK, BBITYCKAaEMbIX Pa3HbIMHM CTpaHAMH, M IPEICTABISAET COOOM
o0TekaeMOe TeIO C BHUHTOBOM TMOBEPXHOCTHIO M mMapaboiueckoil ooOpasyromeit. [lepBoiii mpubop s
WU3MEpPEeHUs] CKOPOCTEH, OCHAIICHHBIN JIOTIACTHBIM BHHTOM, ObUT pa3paboran B 1875 r. B MaremaTnko-
MexaHndeckoM HHCTuTyTe Ansoepra Otra (r. Kemmren, I'epmanmsi). B ToMm ke TOMy MOSBHIINCH U TIEPBEIC
eBpOIeiickie CTaHIapThl Ha THAPOMETPHYECKHE BEPTYLIKH, BO MHOTOM OIIPEAEIMBIINE OCHOBHBIC
HaIpaBJIeHUs Pa3BUTHS 3TOro Npudopa. MOKHO ¢ YBEPEHHOCTHIO TOBOPHUTH O TOM, YTO Pa3iMYHbIC MOJETH
BEPTYIEK C JIOIACTHBIMHU BUHTAMH CIEJIaHbl HA OCHOBAaHUH Mopelel BepTymku A. OrTa.

B xomme XIX B., HapsAmgy c JIOmacTHBIMH BepTymkamu (upmel A. OTTa, HCIOIH30BaIUCh
npuOOPEl, aHAJOTUYHbIE BEPTYIIKaM JaHHOW ¢pupMmsl [2; 17]:

e Beprywku AnsOpexTta (r. MionxeH, ['epmanusi);

e Beprymku ['anzepa (Benrpusd, Yexus, CnoBakust, ABCTpus);

e Beprywku Pumapa (Opannus);

e Beprymku AMmcnepa (LlIBelinapus);

e Beprywku [ackens u Xododa (CILA, BepTymika TpexionacTHas ¢ BAHTOM U3 PE3UHBI) U Pl
JOpyruX NpuOOpOB, aHAJOTMYHBIX T10 PUHLUILY AEHCTBUS.

B Poccun niepBeiMu aHamoramMu BepTyiiek A. OTTa SBHIUCH CIIeIyIonue Ipuoops [2; 6; 9]:

e Beprymka A.M. Kpsiosa «Boara» (1918 r., mpuatun GopMUpoBaHUS BBIXOIHOTO CHTHAJIA
3TOW BEpTYUIKM Halled OTpakeHHe BO BceX MoAaensX 20-000pOTHBIX BEpPTYIIEK, BBIMYCKaBIINXCS
no3aaee B CCCP);

e Beprymka ['puryka (1927 r, KOHTaKT OCYIIECTBIISIICS C IIOMOIIBIO IAPHKa PTYTH);

e Bepryumka B.U. Bnansruanckoro — H.E. XKecroBckoro.

B menom, x xoniy XIX B. CyrmiecTBoBaio 0OJBIIOE pazHOOOpasne MOMEICH THAPOMETPHICCKUX
BepTymek. Ha mnpakTuke BCTpeyasuch Kak NpHOOpHI, aHAJIOTWYHBIE MEXaHHYECKOMY CYeTduKy P.
BonbrMmana nnm manoi Beptyke I'aH3epa, Tak U COBpeMeHHbIE Ha TO BpeMs BepTyiiku A. Otta Mozaenen
IV, V, X. B crpanax EBponsl, Kanane, ABctpanuu u B Poccun mMaccoBoe pacnpoCTpaHEHHE MOTYYUIN
BEPTYIIKU C jonacTHeIM BUHTOM, B CIIIA jxe Haumbonee pacnpocTpaHeHb! ObUIM YallleYHbIE BEPTYIIKH.
[IpuMeHeHre pas3HBIX THUIIOB BEPTYIIEK B MHUpPE ONPEAESUIOCh KOJIOHMAIBHOM MPUHAIEKHOCTHIO
OTACNBHBIX CTPAaH M TEPPUTOPHH, a TAKXKe CIOKUBIIUMHUCS TOPTOBBIMH M HAYYHBIMH CBSI3SIMH MEXKAY
rocymapctBamu. Ciemyer

TaKK€ UMCTh B BUAY TO, UYTO Pa3sBUTUC TUAPOMETPUUCCKOTO HpI/I60pOCTpOCHI/I$1 MMPpUXOJUTCS Ha TIEPUOI
CTaHOBJICHHA Ha6HIOHaTEHBHOﬁ CeTM B CTpaHax MHpa, Ha MNOEPpHUOJ PasBUTUA BOJHO-TEXHHYCCKUX
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W3BICKAaHWM, KOTma TOTPeOHOCTH B TpuOOpax OBUIM 3HAYUTEIBHBL OTHM OOBSCHAETCS OOJNbBIIOe
KOJIMYECTBO TIPOU3BOAUTENEH TIPUOOPOB 1 MHOTO0Opa3ue Moemneit.

[lo pacnonokeHuto poTopa BEPTYLIKH Ha OCH HNPHOOPHI MOXKHO Pa3lelUTh Ha KOHCOJBbHBIE (OCH
HETIO/IBIKHA) U OCEeBBbIE (OCh BpaIlaeTcs); MO PACIOJIOKESHHIO OCH — C BEPTHKAIBHON M TOPHU30HTAITHLHON
OCEIO.

PaccmarpuBas sBomrounto GopMbl U pa3MepoB JOMACTHOTO BHHTA, HEOOXOAMMO OCTaHOBHUTHCS Ha
ONTUMH3AINU KOMIOHEHTHOTO 3 eKTa, HHEPIIMOHHOCTH U YyYBCTBUTEIHHOCTH PHOOpa.

KoMnoHeHTHOCT — CIIOCOOHOCTD BEPTYIIKK U3MEPSTh MECTHYIO CKOPOCTh ITOTOKA, HAIPABICHHYIO
MIOJ] YTJIOM K OCH BpalleHHsl BHUHTA (POTOPA) BEPTYILKH, UK MPOEKIMIO BEKTOpa CKOPOCTH HAa HOPMAJb K
rugpoctBopy [10; 14]. KoMIOHEHTHOCTE MOXKET OBITH BBIpakeHa OO B BEMMYMHAX MOTPEIIHOCTU IMPU
3aJJaHHOW KOCHHE CTPYH, 100 B BEIMUNHAX YIJIA, B MIpeesiax KOTOPOTO BEPTYIIKA PETUCTPHPYET CKOPOCTh
C JOIYCTUMOM MOTPEUTHOCTBIO.

WneanpHas KOMIOHEHT-BEPTYIKA, OCh KOTOPOM HampaBieHa MO HOPMajdu K CTBOPY, JOJKHA
OyIeT B 3TOM ClIy4ae PerHCTPHUPOBATh MMPOSKIUI0 CKOPOCTHOTO BEKTOpa

u, :u-cos(a). (D
[IpumenseMble B HACTOAIIEEe BpeMs THAPOMETPHUIECKIE BEPTYIIKH HE SBISTFOTCS B ITOJTHOW Mepe
KOMIIOHEHTHBIMH. B KOCOCTpYHHOM MOTOKE OHM 3aHMKAIOT 3HAYEHHE MPOEKIIUH CKOPOCTHOTO BEKTOpA.

KoMmoHeHTHOCTh BEpTYIIEK B 3HAYUTEIHHON CTENeHW OYIeT OIpenensaTbes ciemyrommm [Tam
xel:

® TEOMETPUYECKHMM IIIaroM JIONACTHOTO BHWHTA (yBEJIWYEHHWE Iara BeAET K yXYIIICHHIO
KOMITOHEHTHBIX CBOMCTB, HO TIPH 3TOM TTOBBIIIAETCS YyBCTBUTEIHHOCTS);

®  JMaMeTpOM JIOTIACTHOTO BHMHTA (YMEHBLICHHE TUaMeTpa BeleT K YIyUIIEHHI0 KOMIOHEHTHBIX
CBOIICTB);

e BEJIMYMHOM yIila aTakd JIONACTHOTO BHHTA (Yroid MEXIy BEKTOPOM CKOPOCTH IIOTOKa H
HOPMAJIbIO K TTOBEPXHOCTH JIONACTHOTO BHHTA);

® IMCKOBBIM OTHOIICHHWEM (OTHONIEHWE IUIOMAAW TPOEKIMH BHHTA Ha IUIOCKOCTH,
MEPIEHIUKYIIIPHYIO €r0 OCH BPAIEHHUS K IUIOMIAIN KPyra);

e  yIJIOM 3aKpyTKH (YTOJI pa3BOPOTA JIOMACTH);

®  OTHOCHUTEJIBHBIM JUaMETPOM (OTHOILIEHHE AUAaMeTpa BUHTA K €Tr0 THPABINIECKOMY ILary);

® OTHOCHUTEIHHOM Cpe3koil jomactu (yroj, oOpa3yeMblil TpaHAMH JIONIACTel B MPUBEPIIMHHOM
4acTU BUHTA);

®  IIIEPOXOBATOCTHIO TOBEPXHOCTH BHHTA (KOTOpas ONpEAEsIeTCS MaTepualioM U IMOKPBITHEM
TIOBEPXHOCTH);

®  HaTMYHEM Pa3HOTO POJa CTPYSHAINPABISIOMINX PEIIETOK, KOJIEI] B MOJIe JCHCTBHS BUHTA.

Mmuoroo6pasue (hakTopoB MPEIONPENSTHIO OONBIIOe pasHooOpazwe (HOpM JIOMACTHBIX BHHTOB
pasnuuHbIX Moneneil BepTymek. CoOmozeHne (akToOpoB ONTUMH3ALMKM KOMIOHEHTHOCTH HETPEMEHHO
BeZIeT K yXY/IIIEHNIO HHEPIIMOHHOCTH W YyBCTBUTEIBHOCTH Tprbopa. [loaToMy Kakmast Moenb BEPTYIIKHY,
M0 CYIIECTBY, peajM3yeT COCTOSHHE TEOPETHUECKOW Oa3bl B 00NIACTH THUAPOMEXaHWUKH W COCTOSHHE
TIpeCTaBICHU 00 ONTUMAIEHOM COOTHOIIIEHHH KOMIIOHEHTHOCTH € IPYTHMH CBOICTBaMH BEPTYILIKH.

Huxe, Ha puc. 3, npuBOAUTCA MOAEIBHBIN P JIOMACTHBIX BepTyllek kKoHna XIX — Hauana XX B.

PasButne npWHIUIOB (GOPMHUPOBAHHS BBIXOJHOTO CHTHANA THAPOMETPHUYECKHUX BEPTYIICK
IIPOXOAWIO CIEAYIOIIUE ITAIBI U obL10 [larotids[][/¥ B OTAEIBHBIX MOIEIAX.

1. Dnexmpuueckuii npunyun. BpalieHue JIOMacTHOTO BUHTA NEPEAAETCS OCPEICTBOM UEPBIUHOM
nepeadd Ha MIECTEPHIO C JIEKTPHYECKUM KOHTAKTOM (IIPH 3TOM OCh MOXKET OBITh TOJBHKHOU C
YepBIYHOU Tiepemadeii auO0 HETOIBIKHON ¢ YEepBSYHOHN Iepedadell B KOPITyce JIOMACTHOTO BHHTA).
KoHTakT naet 3amMblkaHue Ha Maccy 4depes3 oNpeie]IeHHOE YHCIIO 000POTOB IIECTEPHH.

B Beprymkax mannoro tuma (I'P-21M, I'P-55, Beprymku Ilpaiica USGS TYPE AA MODEL
6200, 6210, 6215, 6240, 6245, Otra-V u psn ApyruX MOACNEH, CHATHIX C IPOM3BOACTBA, BEPTYIIKA
«JIAT'Y» u ap.) yactoTa MOCTyNaromyX CUTHAJIOB
NPOMOPLUUOHAIFHA YHCITy OOOpOTOB JIOMACTHOTO BHHTAa W KOJHYECTBY 3YObEB ILNECTEPHH MEXKIY
3aMBIKaHUSIMU KOHTAKTa.

OredecTBEHHBIC BEPTYIIKH, K IPUMEPY, JAIOT 3aMbIkanue depe3 20 06opoToB, BepTymka Otra V
— gepe3 25 obopoToB, Beprymiku [Ipaiica — yepe3 5 obopoToB wim depe3 2 obopora. [IpenmyniecTBoM
JAHHOTO MpUHIUIA (POPMUPOBAHUS CUTHANA ABJSAETCS 0€30TKa3HOCTh KOHTAKTHOTO YCTPOCTBa
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(YCTpOMCTBO M30IMPOBAHO OT BOJBI, HaMEp3aromero Jbaa). HemocTaTkoMm sBISIETCST TO, YTO TIPHOOP
(bUKCHUpYET CKOPOCTh, OCPETHCHHYIO 3a TIEPUO/I, PABHBIH HECKOJIBLKUM 000pOTaM.

WIEN

) BepTymka Xodda 3) BepTymka AMciepa
Puc. 3. Moaenu eBponeicKux ruIpoMeTpHYecKiX BepTymek koHna XIX — nayana XX B. (1o [2])

I[lo KOHCTPYKIMHM KOHTAaKTHOH KaMepbl CYIIeCTBYIOT NpuOopel ¢ wmacnsHou (I'P-21M) u
BO3IyIIHOH (BepTymiku Ilpaiica) kamepoii.

[To KOHCTPYKIMH KOHTAKTa CyIIECTBYIOT MPUOOPEI, B KOTOPBIX KOHTAKT OCYLIECTBIISICTCS:

e uepe3 METaUTUYeCKui (cepeOpsHbIN) MTH(T, CKOJB3SAIIMA MO OKPYXHOCTH 300HHTOBOTO
KoJieca C KOHTaKTHOM BIIAKOM;

e uepe3 METAUIMYECKUH IMTH(T, COMPUKACAOIMINNCSA C KOHTaKTaMH, PACIOJIOXKEHHBIMH Ha
IDIOCKOCTH KOJIeca epIeHANKYIISIPHO eMy;

e uepe3 KOHTAKTHBIE BITAWKH B TNIOCKOCTAX TPYIIUXCS APYT O APyTa AUCKOB.

2. Onexmpoaumuueckuti  npunyun. g GOPMHUpPOBaHMS ~ ANEKTPUYECKOIO  CHUTHANA,
XapaKTepU3YIOLIEro CKOPOCTh BOJHOTO NMOTOKA, UCIIONB3YETCSI CBOWCTBO 3IEKTPOINPOBOJHOCTH BOJBI.

JlomacTHOW BWHT IMOJA BO3JEHCTBHEM BOJHOTO IOTOKAa BpaIIaeTcs BOJIM3M AJIEKTPOJa M TeM
caMbIM, M3MEHSS DJIEKTPHYECKOEe CONPOTHBIEHHE B TIOTPAaHUYHOM CIIO€ 3JEeKTpoaa, oOpasyer
3JIEKTPUYECKHE HMITYJIBChl, YacTOTa KOTOPBIX MPONOPIHOHAIbHA H3MEPSEMONH CKOPOCTH BOJHOIO
noroka. dukcupyercs,
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TaKUM 00pa3oM, KaXKABIi OOOpPOT JIONMACTHOTO BHHTA. BepTylIKH JaHHOTO THIIA MOTYT HWMETh
HETIOABMKHYIO OCh (MHKPOKOMITBIOTEpPHBIN pacxogomep-ckopoctemep MKPC, u3mepurens cKOpocTH
noroka WCII-1, UCII-1IM, HCII-2, UCT) mmbo Bpalmaroulyrcs B araTOBBIX IOAIMSATHHUKAX OCh
(rumpometrpudeckas MukpoBeprymka ['MIIM-1, I'P-96). IlpeumymecTBOM JaHHOTO TIPUHITAIIA
(hopMHpOBaHMsI CUTHANA SIBISETCS BHICOKAS! UyBCTBUTEIBHOCTD (CIIOCOOHOCTH (PMKCHPOBATH CKOPOCTH C
OonpmM, 1o cpaBHEHHIO ¢ 20-000pOoTHEIMHU TpHOOpaMu, pasperieHueM). HegocraTkoMm sBIsIETCS TO, YTO
pu (GOPMHUPOBAHUH CJIOS JIbJIa HA 3JIEKTPONIax MpHOOp mepecraeT padorars. Hapymraercs HOpMasibHAS
pabota npubdopa u Npu MOMAaJaHUU Ha SJIEKTPOJIbI IIECKa, PH MOBHIIICHHOW MUHEPaTN3aIiy BOIbI.

Hcnonb3oBanne OAHOOOOPOTHBIX BEPTYLIEK MOTPEOOBAIO pPa3pabOTKM CYETYMKOB 4YHCIA
000pOTOB JIONIACTHOIO BHHTA. B Hacrosiee BpeMsl NPUMEHSIOT NPpeoOpa3oBaTellb CUTHAJIOB BEPTYLIKH
(TICB, ®I'VII «'umpomernpudopy, r. Cankr-IlerepOypr), npeodpazoparenu ¢upmbsl OTT-Hydrometrie
(Z-215, Z-30, Z-21), npeobpazoBarens ¢pupmbl Rickly Hydrological Company AquaCalc (5000 Digital
Flow Computer). IIpeo6pa3oBarenn coBMernaroT B cede (YHKIUHN CUETUMKA CUTHAIOB M CEKyHIOMEpA.
BxuttoueHue u BBIKIIIOYEHHE IPUOOPOB MIPOU3BOIUTCS aBTOMATHUECKH, 110 OJIKalilieMy CUIHAIy, depe3
3aJlaHHBIe MHTEpBaNbl BpeMeHH. [IpeoOpazoBareny BBIIAIOT KOJIUYECTBO OOOPOTOB BHHTA 3a CEKYHIY.
BBenenue mapaMeTpoB TapHUpPOBOYHON 3aBHCHMOCTH BEPTYLIKM B HaMATh MpeoOpa3oBaTessl MO3BOJISIET
HOJIy4aTh Ha IU(POBOM TabI0 HEMOCPEICTBEHHO CKOPOCTh TCUCHHUS.

3. Onexmpomacnumnviti npunyun. [10CTOSHHBI MarHUT, BpaIalOIIUiics BMECTE C BUHTOM, Ha
KaXJIOM O00OpOTe 3aMBIKA€T MAarHUTOYNpPABISEMBI KOHTAaKT (TEPKOH), cO3AaBas DJIEKTPHUUECKHUH
umirysbsc. [locaenoBaTenbHOCTh HMMITYJBCOB MPAMO MPONOPLHOHAIBHA CKOPOCTH TedeHHs. JlaHHBIH
NPUHIMIT CXOXK C MPEIbIIyIIUM. BepTyky qaHHOTO TUIa MOTYT OBITh ¢ Bpamatouieiicsi ocsio (I'P-99)
[8] mbo ¢ HemonBmxkHOM ochio (BepTymiku C-2 u C-31 ¢pupmer OTT-Hydrometrie [17; 18], usmepurens
ckopoctun moroka HMCII-1, UCII-1M, UCII-2, UCT). llpuHmmm peructpamuu TOT K€, Y9TO U B
IpeAbLIyIEM ITyHKTE.

PaccmarpuBass npuHIMITEI (POPMUPOBAHUST BBIXOJHOTO CHTHAajla, CIEQyeT OTMETUThb, 4YTO, HE
MEHS KOHCTPYKIHH POTOpa M KOPIyca BEPTYIIKH, 3a4acTyl0 3JIEKTPUYECKUN MPUHLUI MIPeoOpas3yioT B
3JICKTPOMArHUTHBIN (TT000HBIE TIPeoOpa3oBaHms UCIONL3YIOT Kak B Poccun, Tak u B CIIIA).

OTIUYUTENBHON OCOOCHHOCTHIO KOHTAKTHOTO MpPeo0pa3oBareiss OTeUECTBEHHBIX BEPTYIIEK OT
BepTymek cuctembl [Ipafica sBiseTcs TO, YTO KOHTAKTHOE YCTPOMCTBO MEPBBIX PACIONOXKEHO B
MacisiHOM Kamepe, a BTOPBIX — B BO3IYIIHOW KaMepe (B KOJMAake Hal OChI0 YalleyHOI'o YCTPOWMCTBa
o0pazyercst BO3LyILIHAs IPOCIIOHKA, IPENATCTBYOIIAs IOMaJaHUI0 BOJbl HA KOHTAKThI).

CoBpeMeHHOe COCTOSIHME THIPOMETPUYECKOr0 MPUOOPOCTPOEHHsI B MUPE H COBpPeMeHHbIe
rUIpOMeTPHYecKHe BEPTYIIKH

s aHanmM3a COBPEMEHHOTO COCTOSHMSI BOIPOCAa O TMAPOMETPUYECKHUX BEpTyIIKax Obuia coOpaHa
uH(OpMAaIIUs 1O Psiy HanboJIee U3BECTHBIX IPHOOPOB, BEITyCKaeMbIX B Poccru 1 3a pyOeskoM.

[IpousBoacTBO NPHOOPOB MAAHHOTO THIA CETOJHA HAIAKEHO BO MHOTMX CTpaHax, BEOyILHX
peryJsipHbIE THAPOJIOTHUECKUe HAOMIOAECHN U MMEIOLIMX Pa3BUTYIO HAOMIOAATENbHYO ceTh. B TO ke Bpems
Majble 00BEMBI TIPOM3BOJICTBA, OPUCHTHPOBAHHOTO IPEHMYIICCTBEHHO HA BHYTPEHHHE PBIHKH CTpaH-
NPOU3BOAUTENEH, 00YCIaBIMBAIOT HETIOIHOTY U CKYZAHOCTh HH(QOPMAIMH O 3apyOeKHBIX MPpUOopax.

Kpynneiimmmy n Hanbosee U3BECTHBIMH ITPOU3BOAUTEISMH THAPOMETPHUYECKUX BEPTYLIEK CETOMHS
SABJIAIOTCS:

«OTT-Hydrometrie» (I'epmanms);

«Hydro-bios» (I'epmanus);

«Rickly Hydrological» Company (CILLA);

«Global Water» (CILIA);

«Valeport Limited» (BenmukoOpuranus);

OI'VIIT «'uapomernpudop» (Poccus, r. Canxt-IletepOypr);
3A0 HIIO «Mexperuonzonoro» (Poccus, r. 3mucra);
OO «Bonkocmoc» (benapych, . MUHCK);
«Accuratus» (Muaus);

«Roorkee-Industries» (Mumgust);

«Hoskin Scientific» (Kanazna);

«GENEQ inc» (Kanama, @panmmst).
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Hcxons u3 coOpanHOit wH(MOpMai 00 OCHOBHBIX MOJEISIX COBPEMEHHBIX BEPTYIIEK,

(Tabmuua).
COBpeMeHHbIe TUINBI THAPOMETPUICCKUX BEPTYILICK, BLIITYCKAEMbIC B MUPE
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=9 ~ :‘l
aa} oT 1o oT o
MI/IKpCiKOMHB}O- 0J10 §
TCPHBIH Boakxocmoc E
pacxozomep- ’ 2 120 = 20 0,025 5,0 10 1,5 1 2 30
benapycs, 2
cKopocTeMep - Munck E
MKPC :
CarotidsL Lu- 3AO HIIO 1| 2o - 15 003 | 60 ] 60| 00| 1 2 30
yecKkas MHKPO- «MeXpertos- 64
BEPTYILKA 30JI0TO», 32—
TMIM-1 O mueTa 1 p -« 20 0,03 6,0 | 60 | 00 1 2 30
OI'VII 2 60 180 -« 120 0,03 50 | 30 | 3,0 1 2,3 | 30
W3mepurens
«"unpomer-
CKOPOCTH IIOTOKa HpI/I60p» -
Eﬁﬁi EEIT“M Cankr- 2 | 60 | 110 | -« 70 006 | 50|30 [30] 1 |23/ 30
’ ITerepOypr
2 60 0,05 50 0,025 | 1,0 | 3,0 | 3,0 1 3 30
=
2 60 0,10 | = 50 0,030 | 2,0 | 3,0 | 3,0 1 3 20
OTT- % b=
Mot HICT Gy | Hydrometrie, . 2 60 025 | & E 50 0,035 | 40 | 3,0 | 3,0 1 3 10
Kewmmres, 2 60 050 | £8 50 0,060 | 50 | 30 | 30 1 3 -
Tepmanus g5
) 60 005 | 2 30 0,050 | 1,0 | 3,0 | 3,0 1 3 20
e}
5| 2 60 0,10 30 0,055 | 2,0 | 3,0 | 3,0 1 3 10
=
2| 2 60 0,25 b1 125 0,025 | 50 | 3,0 | 3,0 1 3 5
Q
g2 60 0,25 I 125 0,035 | 50 | 3,0 | 3,0 1 3 5
Yrmsepe. HCII OTT- S 2 60 | 0,50 1 125 0,040 | 60 | 30 | 30 | 1 3 5
C31 (JI - naryHs, .
11— nmacruk, A | Hydrometrie, r. 2 60 0,50 I 125 0,060 | 6,0 | 3,0 | 3,0 1 3 5
aHOZHP. F:M“;e“’ 2 60 1,00 i 125 0,055 10 | 30 | 30 1 3 5
. MaHUuA
AsoMuHui) P 2 60 | 0,125 J 80 0,040 | 3,0 | 3,0 | 3,0 1 3 5
2 60 | 0,125 )| 100 0,030 | 2,5 | 3,0 | 3,0 1 3 45
2 60 0,25 A 100 0,035 | 50 | 3,0 | 3,0 1 3 15
Universal Current 2 60 100 0,025 5,0 3,0 3,0 1 3 45
Meter — Model . 2 | 60 a 125 | 0040 | 10 | 30 [ 30 | 1 3 5
6500 Rickly E
. 2 60 g 80 0,040 | 40 [ 30 [ 30 1 3 5
Hydrological @)
Miniature Current | Company, 2 60 £ 50 0,025 | 2,0 | 3,0 | 3,0 1 3 30
Meter - Model CliA 2 | 60 ) 50 0,035 | 60 | 30 | 30| 1 3 10
6305 2 60 30 0,050 | 2,0 | 3,0 | 3,0 1 3 20
Model 001 Valeport 2 60 s 5] 125 003 | 10 | 15| 1,5 | 1 3
Limited, S
Model 002 Benukobpuran 2 60 s g 50 0,046 5,0 2,5 2,5 1 3
Model 106 st 2 60 = [125 0050 [ 50 [ 15 ] 15 1 3
0SS BI Hoskin 2 60 A 50 0,100 [ 45 [ 1,0 [ 1,0 1 3
0SS PC1 Scientific, 2 60 A 50 0,00 | 45 [ 1,0 [ 1,0 1 3
FP101/201 Kanazna 2 60 I 30 0,100 | 45 | 1,0 | 1,0 1 3
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GENEQ inc,
Model 2100 Kanana, 2 60 0,20 A 120 0,040 2,5 2,0 6,0 20 3
Dpannus
OxoHuaHue TaOJIUIIBI
IP-21M 2 60 0,20 A 120 0,040 2,5 2,0 6,0 20 1 40
2 60 0,20 A 120 2,5 5 2,0 6,0 20 1 40
l'uppomer- 2 60 0,11 A 70 0,050 2,5 2,0 5,0 20 1 40
I'P-55 pubop,
r TommcH 2 | 60 | 020 | A 70 2,5 5 120|502 | 1 | 40
I'P-99 1 60 0,30 A 80 0,050 5,0 2,0 5,0 1 3 40
I'P-96 2 60 0,20 A 30 0,040 2,0 2,0 5,0 1 2 30
Beprymika [Ipaiica
USGS TYPE AA 125 0,03 7,6 2,0 5,0 5 1 90
MODEL 6200
<
5 2
Beprymika IIpaiica < é &
USGS TYPE AA- = = 2
MH MODEL o é _ § 125 0,03 7,6 2,0 5,0 1 1 90
> o c
6215 g E E 60 § él
~
USGS Type AA- £ S| 2 iy &
2, Q © ~
LV Model 6210 2 - o ) 125 0,03 7,6 2,0 5,0 2 1 90
USGS i 2| 2 &
USGS TYPE AA- @ 2| 8 G
ICE MODEL ° g. = g 125 0,03 7,6 2,0 5,0 1 1 90
6240 =S 2| & g
USGS TYPE AA- = 2| R ©
ICE-P MODEL % ;r'i I 125 0,03 7,6 2,0 5,0 1 1 90
6245 = =
=)
Manas BepTymika = %
. =
llpaiica USGS 60 & s 003 | 1,5 ] 20| 50| 1 1 90
Pygmy Meter 3 2
Model 6205, 6225 S

AHanm3upys TaHHBIE TI0 COBPEMEHHBIM MPUOOPaM, MOXXHO OTMETHUTH CJIeIyoIIee:

1. OCHOBHBIM THIIOM BEpTYIIEK B MUPE SBJIAIOTCSA BEPTYLIKU C JIOMACTHBIM BUHTOM, BEPTYIIKH
C YallleYHBIM YCTPOWCTBOM paclpoCcTpaHeHsl pexe (mpeumMyinectBeHHo B CIIIA).

2. K nHacrosiieMy BpeMEHH YJajJoCh MUHUMHU3UPOBATh pa3sMephl JIOMAcTHOro BUHTA 10 15-30
MM, YTO SBJISETCS 3HAUUTENbHBIM JOCTI)KEHHEM B MPAKTHKE THAPOMETPUYECKOTO MPHUOOPOCTPOEHUS
(MMHUMH3aLUS pa3MEpOB BHHTA II03BOJISICT C OONBLIONH TOYHOCTBIO HM3MEPATh MECTHBIE CKOPOCTH
TypOYJICHTHBIX TIOTOKOB, & 3HAYUT, BEPTYIIKA MOTYT UCIIOIH30BATHCS B JJAOOPATOPHBIX UCCIIEIOBAHUSX ).

3. bonpmmHCTBO BEPTYIIEK  CHAOXKaIOTCs HECKOIIbKUMU CMEHHBIMH  BHWHTaMH,
MpeaHa3HAYEeHHBIMU JIJIS1 U3MEPEHMs Pa3HBIX AMANla30HOB CKOPOCTEH, XapaKTEepHU3YIOIUXCA Pa3TUIHON
KOMIIOHEHTHOCTBIO.

4. B memsx TOBBIMIEHUS YYyBCTBHTEIBHOCTH BEPTYIIEK B MPAKTHKE MPHOOPOCTPOCHUS
UCTIONIL3YIOTCS COBPEMEHHBIE MaTepHalbl pOTOpa: aHOAWPOBAHHBIM aTIOMUHUM, KapOua Bonibhpama,
yaapornpoyHas IulacTMacca. IloMMMO MexaHW4ecKol H3HOCOYCTOMYMBOCTH JaHHBIE MaTepuabl
YCTOHYHMBBI TPOTHB KOPPO3WH, YTO TO3BOJSET COXPaHATh HEW3MEHHBIMH  XapaKTEPHCTHUKU
IIEpOXOBATOCTH TOBEPXHOCTH BHHTA 3a BpeMs OKCIUTyaTallMu (CJIE€IOBaTEIbHO, COXPaHATh
qyBCTBHUTEJILHOCTH IPHOOPA).

5. B psape moneneil BepTylleK ynaaoch MUHUMHU3MPOBATh HayalbHYyHO cKopocTh no 0,025 —
0,030 m/c. B To ke BpeMsS MHHHMH3AINS HAYaJIbHOW CKOPOCTH B OTACIBHBIX CIyYasX JTOCTHUTAeTCs 3a
CYeT yBEIWYEHHUs AMaMeTpa W Iara BUHTA, B pAAe MOJAEIeH — 3a CUeT CHMKEHHS MAacChl U YBEIHUEHUS
HIEpOXOBaTOCTH BHUHTA (T.e. 3a CUYET YMEHBUICHUS OTHOCHTEIBHOTO CKolbXeHus). Haumbonee
MIPOTPECCUBHBIMH CIIEAYET CUMTATh MOJENH C JIETKHM YyBCTBHUTEIBHBIM BHHTOM MAaJIOTO IHAMETPa,
CHOCOOHBIM (PUKCUPOBATH CKOPOCTH TeueHus: HaumHast ¢ 0,025 m/c.
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6. MaxkcumanbHBIe PETUCTPUPYEMBIE CKOPOCTH IS Pa3HBIX MOJeiel BUHTOB PAa3JIMYHBI.
[IpenenbHble PUKCHPYEMBbIE CKOPOCTH HE TpeBbImaoT 10 M/c, B OOJBIIMHCTBE CIyYacB MaKCHUMAaJIbHBIC
CKopocTH cocTaBistoT 5,0 — 6,0 m/c.

7. IlpenenbHbIE OTHOCHUTENBHBIC MOTPEUTHOCTH H3MEPEHHUS CKOPOCTH TEUSHUS H3MEHSIOTCS Y
pasubix Mogeneir or 10 go 1%. Kak mpaBuio, HanOoOBIIME MOTPEIIHOCTA BO3HUKAIOT MPU W3MEPEHUU
HAYaJbHBIX CKOPOCTEH. B OONBIIMHCTBE MOJENeH OTHOCHUTENLHBIC MOTPEITHOCTH COCTaBisaoT 5,0 — 6,0
%.

8. KoMIlOHEHTHbIE CBOWCTBA COBPEMEHHBIX BEPTYIIEK pa3iudyHbl. B 1eisiX MOBBIIICHUS
YYBCTBUTCIBHOCTHU OTACIBbHBIX MOI[eHeﬁ KOMITIOHEHTHOCTbH IIOHM>XKCHAa a0 5°. BonpmmHCTBO
OTEUYECTBCHHBIX BEPTYIIEK HMEKOT KOMIIOHEHTHIH yros (yroi, B Mpelnenax KOTOPOTO MOTPEUIHOCTH
W3MEPECHHUST HE TMPEBBIMIAIOT AOMYyCTUMBIX), paBHBIA 30°. 3apyOekHbIe NPUOOPHI XapaKTEPU3YIOTCS
Pa3IIMYHBIMHA

KOMIIOHEHTHBIMH yTJIaMH JIsi KaKJIOro THIIA ChEMHOTO JionmacTHOro BuHTa (oT 5 mo 45°). Takum
o0pa3oM, 1O 3TOMY KPHUTEPHIO BEPTYIIKH HE SBISIOTCS yHHBEPCAIBHBIMH: TOCTHKEHHE TpeOyemoit
TOYHOCTH W3MEpPEHHH JOCTUTaeTcs JHOO YCTaHOBKOW Tpubopa Ha INTaHre, JUOO IMOAOOPOM
COOTBETCTBYIOIIETO THUTIA BUHTA.

9. Tlo npuHIUIY (OPMHUPOBAHHS BBIXOJHOTO CHTHAlla HanOoJee pacrmpoCTpaHeHBl BEPTYIIKH,
00OpYIOBaHHBIC MArHUTOYNPABISIEMBIM KOHTAKTOM (TepkoHOM). JlaHHBIA NpUHIMI (HOPMHPOBAHUS
CUTHaJa CcuuTaeTcs HauboJiee MPOrPECCHBHBIM, IOCKOJIbKY TEPKOH MEHEE TOJBEPIKEH BIUSHUIO
(hakTopoB BHemHEH cpenbl (IO CPaBHEHHIO C AJIEKTPOJAMH), MO3BOJISET (UKCHPOBATH MTHOBEHHBIE
CKOpOCTH (C MaJbIM TIEPHOJIOM BPEMEHHU OCpeTHEHHs). B TO ke BpeMs COXpaHsIeTCs IJIEKTPUUSCKHMA
MPUHIUT (POPMUPOBAHHS CUTHATIA.

10. BoNBPIIMHCTBO COBPEMEHHBIX BEPTYIIEK CHA0XAaeTCs aBTOMATUYECKUMHE PETHCTPHPYIOIIUMHU
ycTpoiictBamu. Bwmecte ¢ TeM  cymecTByeT  BO3MOXKHOCTh — HCIIONB30BAaHUS — CTaHNAPTHBIX
PETUCTPUPYIOMINX YCTPOUCTB (IJIEKTPUUCCKHII 3BOHOK U CEKyHIOMED).

N3o0paxenns Mopaeneil HEKOTOPHIX THIPOMETPUYECKHX BEPTYIIEK, BBIMTYCKAEMBIX B Pa3HBIX
CTpaHax Mupa, IpeicTaBieHbl Ha puc. 3-15.

HIuepHTEns CHopocTH
TEUYHMA Bos

Puc. 3. MHUKPOKOMIBIOTEPHBI  pPacxozoMep- Puc. 4. 'mapomerpuueckast MukpoBeptymka I MIIM-1
ckopoctemep MKPC  (OJI0 «Boakocmocy, Pecr. (3AO HITO «Mesxperuon-30510to», r.2mnucta) (mo [17; 20])
Benapyce, r. Munck) (1o [16])

|

Puc. 6. Mansrit UCIT C2 u npeoOpazoBaTens curaaioB Z-215

Puc. 5. Usmepurens ckopoctd notoka WCII-1, (OTT-Hydrometrie, r. Kemnren, I'epmanns) (1o [18])

UCII-1M, UCII-2, UCT (OrvyIa
«I'mppomernipubop», T. Cankr-IleTepOypr)
(doto aBTOpa)
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Puc. 7. Vrnsepeanbhbiii CTT C-31 (Marepuanet Puic. 8. Beprymka [Ipaiica USGS TYPE AA MODEL 6200

BuHTa: J - NaTyH, 1:[ — ITAcTHK, (Rickly Hydrological Company, CLLIA) (1o [12; 19])
A — anogupoBaHHbIN anromuHui, OTT-

Hydrometrie, r. Kemmnren, 'epmanust) (o [18])

Puc. 9. Beprymxka ITpaiica USGS TYPE AA-MH Puc. 10. Beprymika IIpaiica USGS TYPE AA-ICE MODEL
MODEL 6215 (Rickly Hydrological Company, 6240,
CIIA) (o [12; 19]) USGS TYPE AA-ICE-P MODEL 6245

(Rickly Hydrological Company, CILIA) (1o [12; 19])

Puc. 11. Universal Current Meter — Model 6500 Puc. 12. Miniature Current Meter — Model 6505
(f;;kly Hydrological Company, CIIA) (1o [12; (Rickly Hydrological Company, CIA) (mo [12; 19])

Puc. 13. FHHPOM?TPquCKHe seprywki Model 001, Pyc. 14. Tuapomerpuueckue Beprymku Model 106
002 (Valeport Limited, Beniko6puranus) (o [21])  (Valeport Limited, Bemuxo6puranus) (o [217])
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Puc. 15. 'unpomerpuueckue Bepryiiku (Hoskin
Scientific, Kanazna) (mo [11])

3akiouenne

PaccmarpuBaeMelii B paboTe mpuOOp — THAPOMETpHYECKas BEPTYIIKa — XapaKTepPHU3yeTCs
JUITMTENbHOM ucTopuel pa3sutus. Ero ontuMuzanus riaBHbIM 00pa3oM Kacanack: 1) popmsl 1 pazmMepoB
JIONACTHOTO BUHTA B LEJSX MOBBILICHUS YyBCTBUTECIBHOCTH M COBEPIICHCTBOBAHWS KOMIIOHEHTHOCTH,
BO3MOYKHOCTH pabOTBHl Ha MaJIBIX INTyOMHAX M B TypOyJECHTHBIX IMOTOKax; 2) MpHHIMNA (opMHUPOBaHUS
BBIXO/THOTO CHTHAJIa ¥ IPUHIUIIA PETUCTPAIIN CHTHAJIA.

K HacrosimeMy BpeMeHH CyLIECTBYEeT OTPOMHBIH MOZAEIBHBIH Psii MPUOOPOB, BBHITYCKAEMBIX
pa3HBIMH cTpaHamu Mupa. [IponsBoauTenn paboTar0T IPEUMYIIECTBEHHO Ha BHYTPEHHUE PHIHKU CTPaH.

B cymecTByrommx MOAENAX pEIIeHBl TaKHe BaXKHBIE 3aadd, Kak BO3MOXKHOCTH (huKcamuu
MTHOBEHHOH CKOPOCTH (32 CYET HWCIIOJIB30BaHUSI OJHOOOOPOTHBIX BEPTYIIEK C TEPKOHOM); paboThl Ha
MaJlbIX TAOyOMHaX (3a CUeT yMEHBIICHHUs AMaMeTpa poTopa); W3MEpeHHs MallblX CKOpOCTel (3a cueT
UCIIOJIb30BAHUS JIETKMX KOHCTPYKIMOHHBIX MaTE€pPUalIOB POTOpPA, MOBBIMICHUS €r0 YyBCTBUTEIBHOCTH);
paboThl B KOCOCTPYWHBIX IMOTOKaX (3a CYET ONTHMHU3alMH KOMIIOHEHTHOro 3¢ddekra). [Tomumo 3toro
ONITUMHM3MPOBAHBl MaTepHalbl POTOpa U KOPIIyca, PEerucTpUpyoliee 000pyAoBaHHE, BCIIOMOTATEIbHOE
o0opyoBaHue.

ITo ypoBHIO pa3BUTHS NPUHOUIOB THUAPOMETPHUECKOTO IMPHUOOPOCTPOCHHS (TIPOM3BOACTBA
THIPOMETPUYECKAX BEPTYIICK) CTPaHbBl MHpa CETOAHS HWMEIOT IMPHMEPHO OJWHAKOBBIH YPOBEHB.
CymiecTBeHHbIC Pa3IM4Msl 3aKJII0YAIOTCS B Ka4eCTBE MCIOMHEHHs npuOopoB. [Ipubopsl BBITyCKalOTCS ©
YaIeYHBIM MEXaHU3MOM H JIOTIACTHBIM BHHTOM.

HecmoTpst Ha KaXyIIyIOCs 3aBEpLICHHOCTh IMpOIecca Pa3BHTHUSI THIPOMETPUUYCCKUX BEPTYIICK,
CYLIECTBYIOT HepeleHHbIe 3a1a4n. K UX 4uCIy OTHOCATCS:

® OTCYTCTBUE ONTHMAJIBHOIO COOTHOLICHHS YYyBCTBHTENBHOCTH — KOMIIOHEHTHOCTb, MpH
KOTOPOM TIOBBIIICHNE YYBCTBUTEIBHOCTH TIPHOOpa HE BeNO OBl K CYIIECTBEHHOMY YXYIIICHUIO
KOMIIOHEHTHBIX Ka4decTB M HAoOOpOT (BOIPOC peIIaeTcsi KOMIIOHOBKOH BEPTYHIKH HECKOJIBKHMHU
CMEHHBIMH POTOpPaMH);

®  OTCYTCTBHE €IMHOIO MHEHUS O BIMSHHHM OTHOCHTEJILHOT'O JHAMETpa BUHTA U €r0 JHCKOBOTO
OTHOILICHHUS Ha KOMITOHEHTHBIE CBOWCTBA MIPHOODA;

® HEpelIeHHOCTh Bompoca olecrnedeHUs OecriepeOoOiHOW paboThl TpHOOpa B  CIOXKHBIX
YCIIOBHSIX (MOPO3, IOBBIIICHHAS MUHEPATU3aNS U T.1.);

e HEpemIeHHOCTh BOIIPOca OOECHEYECHUs YCTOMYMBOCTH IapaMeTpOB JIOMACTHOTO BHHTA 32
NepUOJI SKCIUTyaTalluy npubopa.
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D.E. Klimenko
EVOLUTION OF HYDROMETRIC PROPELLERS IN Russia AND ABROAD

Despite of a seeming completeness of development of hydrometric propellers, there are
indeterminate problems. To their number refer to:

» absence of an optimum relationship “sensitivity-componentivity” at which raise of sensitivity
of the device would not conduct to an essential decline of componental qualities and on the contrary (the
question is solved configuration of a revolving object by several replaceable rotors);

+ absence of a common opinion about agency of relative diameter of the screw and its blade-area
ratio on componental properties of the device;

+ pendency of a question of a trouble-free operation of the device in complex conditions (a frost,
the raised mineralization, etc.);
* pendency of a question of stability of blade screw parameters for the period of maintenance of
the device.
K ey w ords: water object; hydrometry; speed of current.



