12
W)= Wit > (MT; = P}) ©)
i=1

BepxHss kpuBast

12
(WZ i~ (WH)max + Z(nl - PI) (10)
i=1

PacueTHbIil pexuM HalloOJHEHUS U cpabOTKU BOAOXPAHWIMIIA AJIs 3HaUeHUs o0beMa W, Ha Haydayo pac-
cmarpuBaemoro roga (01.01) onpenensercs Mo BEIpaKEHUIO

12
w,=w,+>.(M; - P,) (11)
i=1
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CPEIACTBA BOJAOYYETA U ABTOMATHU3ALIMU JJIAA OTKPBITBIX
OPOCHUTEJIBHBIX CUCTEM

0.C. Makapos*, K.K. beitmiekees**, Y.C. boponbaes*, B.H. lllapos*,
A.B. Aptioxun*, B.C. Bepera*

*KoopanHaunoHHblii MeTposiorudyeckuii menrp MKBK
(ITKTHU «BoxaBTOMAaTHKA U METPOJOTHUN»),
** lemapramenT BoaHoro xo3siiictea MCBX u IIII Keipreizckoii Pecny0uku

[MonaBnstoriee OOMBITMHCTBO BOIOXO3SHCTBEHHBIX OPOCUTEIBHBIX cucTeM B cTpaHax [[AP sBistorcs o1-
KPBITBIMU. BakneimumM ycioBueM 3(PQGEKTHBHOW pabOThI ATUX CHCTEM M PAIlMOHAIBHOTO HCIIOIB30BAHUS
BOJHBIX PECYPCOB, SIBJISETCS OTIEPATUBHBIN M JJOCTOBEPHBIN BOJIOYYET. DTO OCOOEHHO aKTyaJbHO B YCIOBHIX
IJIATHOTO BOJOMONB30BaHMsA. KpoMe 3TOro Ha OCHOBE JOCTOBEPHBIX JaHHBIX, TOJTYYCHHBIX OT BOJIOYYETa,
OCYIIECTBIISIETCSl YIpaBJICHHE TPOIIECCAMU BOjI03a00pa W BOAOPACIIPE/ICICHUS, PEryJINPOBaHHE BOHOTO
peXkumMa, KOHTPOJIb 3a TEXHUYECKON IKCIUTyaTalleil COOpy>KEeHUN U CUCTEMOM B IIEJIOM.

Kak u3BecTHO, pacxom, 00beM U CTOK BOJBI ONPEACTIIOTCS KOCBCHHBIMU METOJaMH, 110 3HAYCHHUIO YPOB-
HEl M CKOpPOCTH TOTOKA BOJIBI (HEMOCPEICTBEHHON OLIEHKOH, nudhepeHInaTbHEIMU H3MEPESHUSMH, HHTET-
pUPOBAHUEM U T. 1.), KOTOPBIE HEIIOCPEICTBEHHO M3MEPSIIOTCSA “TIPSAMBIM~ MeTomoM. Takum oOpazom, i
yCIEenTHOTO (hYYHKITMOHUPOBAHUS OIEPAaTUBHOTO TUIAHMPOBAHUS M BOAOPACIIPEACICHUS, a TaKKe JJIs BHE-
JPEHUS BOJIOYYETa HEOOXOUMO KOMILJICKCHO PEIIUTh CICIYIOIINE 3a1auu:
® U3MEpeHHs YPOBHEH BOABI HA HCTOYHUKAX OPOIICHMS M KaHAax, BEPXHUX M HIDKHUX Obedax THapoTex-

HUYECKHIX COOPYKEHUH, BOIOXPaHMIUIIIAX;
® U3MEpEeHHS CKOPOCTEH MOTOKA BOJBI HA BOJIOMEPHBIX COOPYXKEHHSIX (THAPOIIOCTAX);
® W3MEpEeHHS JMHEWHOTO M YTIIOBOTO MEePEeMENISHHSI Pa3IMYHBIX 3aTBOPOB U THAPOABTOMATOB;
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e komiIuiekcHas aproMarusanus [ TC.

[TpobneMbl METPOIOTHYECKOTO 00eCTIeYeH s BOAOYYEeTa U BHEJPEHHS CPEJCTB aBTOMATH3AlUH Ha OpO-
CUTEILHBIX CUCTEMax 00yCIOBIIEHBI 00muM it Bcex cTpaH [{AP cocTosiHueM CTaHOBJICHHS B HOBBIX YCJIO-
BUSX 3KOHOMHYECKOTO pa3BuTUs. CoXpaHss MPEeEeMCTBEHHOCTh OCHOBHBIX METPOJIOTUYCCKUX TIOJIOKEHUH U
npucnocabInBas UX K HOBBIM TpeboBaHmsIM xo3siiictBoBadus, IIKTH “BomaBroMaTrka M METpOJIOTHSA TIPO-
JIOJDKaeT pa3padaThiBaTh, BHEAPATH CPEJICTBA U3MEPEHUSI U PabOvHe STAaJOHBI, UCIIONb3yeMbIe Ha BOJIOXO-
3SIMCTBEHHBIX cHCTeMaX. [Ipy 3TOM B MHCTUTYTE MPUHAT KOMIUIEKCHBIA METOJ] PEIICHUS TaHHOTO BOIPOCA:
pa3paboTka — MPOEKTUPOBAaHHE — W3TOTOBJICHUE CPEICTB U3MEPEHHS M aBTOMATH3allMM — W3TOTOBIICHUE
CTEHJIOBOTO W TIOBEPOYHOT0 00OPYIOBaHUSI — MyCKO-HANIJKa - HOPMATUBHO METOAMYECKOE OOecTieueHue -
TPCHHUHT.

B gacTHOCTH, MOXHO OCTaHOBUTKLCS Ha CIICYIOIIUX OCHOBHBIX TEXHHUYECKUX Pa3padOTKax, WMEIOIINX
MEPCIIEKTHBHOE HAIpPaBIICHHE.

I. CpencrBa Bogoy4yeTa 1 aBTOMATH3ANMHA
1.1. U3meputens ckopoctr Boasl MCB-01

OCHOBHBIM CpPEICTBOM BOJIOYYETa HA OTKPHITBIX OPOCUTENBHBIX cucTemMax ctpaH LIAP (mo 80%) aBnstot-
sl BOIOMEPHBIE COOPYXKEHHS TUTA “‘(uKcupoBanHOe pycio”, 70% W3 HUX UMEIOT CKOPOCTh MOTOKA BOJBI OT
0,1 mo 3,0 m/c. Y4€r Bombl Ha TaKUX BOJAOMEPHBIX COOPYKEHHAX OCYLIECTBISACTCS B OCHOBHOM, METOAOM
“cropocTh-Tuomans”’, B coorercTBUH ¢ MBHM-05-90 “I'mapomennopaTnBHbIe KaHaibl ¢ (UKCUPOBAHHBIM
pyciioM. MeToauka BBITIOIHEHUS U3MEPEHUN pacxoia BOIBI METOJOM ‘‘CKOPOCTH-INIONMIAIL ¢ MCIOIH30Ba-
HUEM BOJIOMEPHBIX PEEK U THIPOMETPHUCCKUX BEPTYIICK .

Haunbonee mmpoko mpuMeHstoTcsi ruapoMeTprueckie Beprymku tuna ['P-21, I'P-55, I'P-99, UCT (BI'-
70, BI'-120), Mukpo. bosbImast 9acTh 3TUX THAPOBEPTYIIEK N3TOTABIMBAIACHE B EBpOIIelicKOi YacTH OBIBIIIE-
ro Coserckoro Coro3a (I'py3us, benopyccus, Poccnst) u B HacTosIIIue BpeMsI B CBSI3U C Pa3phIBOM DKOHOMH-
YECKUX CBS3CU, TMAPOMETPHUSCKUE BEPTYIIKHA MPAKTUICCKH HE TIOCTyMaroT Ha peiHOK 1[AP, a nmeromnuecs
3arachl THAPOBEPTYIIIEK, KOTOPBIE MTOCTENIEHHO U3HAINBAIOTCS, MOPAJIHFHO U (PU3NIECKH YCTapEBAIOT.

Kpowme Toro, B cBsi3u ¢ pachopMupoBaHHEM KOJIXO30B M COBXO30B B CPaBHHUTEIBHO MEJKHE (hepMepcKre
XO3SICTBA, MOSBISIETCS OOJBIIIOE KOJUMYECTBO HEOONBIIMX THAPOIIOCTOB ¢ HamomHeHHueM Bonbl 0,1+0,5 .
Nmeronuecs ruaposeprymku tuna ['P u UCT ocHameHbsl CpaBHUTEIHHO OOJBITUMHY JIONACTHEIMA BUHTAMU
Y He B COCTOSTHUH 00€CIIeYnBaTh N3MEPEHHS Ha MAIIBIX TITyOHHAX.

[IpumeHeHne ceKyHIOMEPOB U 3BOHKOB M TPOMO3JIKHE PACUETHI IPU U3MEPEHUHN CKOPOCTH TaKKe He OT-
BEUAIOT TPECOOBAHUAM CETOHSIIIHETO JIHS, 3aCTABJIIOT UCKATh HOBBIC IyTH B METOIaX KOHTPOJIS.

B xonme 2001 roga 6su1 pazpaboran nmpubop st m3mMeperus ckopocT Boabl MCB-01.

OcHOBHOW 3amadeil mpu pa3paboTke IpuOOpa SBISUIOCH CO3MAHUE BBICOKOTOYHOT'O, MAJIOTa0apUTHOTO
npubopa, padoTaroero B MIMPOKOM JUaa30He CKOPOCTEH U ITyOWH HAIOJHEHUS KaHanoB. [Ipubop mo3so-
JIIET HE TOJILKO MU3MEPATH CKOPOCTh MOTOKA BOJBI, HO M OJiarojaps MPUMEHEHUIO COBPEMEHHOHN 3JICKTPOH-
HOH 0a3sl (MHKpoIpoiieccopa, andaBuTHO-IIUGpoBoro nucinies, Flash mamsaru), paccuuteiBaTh pacxom Bo-
TTBL.

NmeeTcst BO3MOKHOCTE 3alIOMUHAHVSI WH(GOPMAIMH O TPUALATH THAPOIIOCTOB, & TAK:KE BBIXOJ IO HH-
tepdeiicy RS-232 Ha mepcoHaNBHBIN KOMITBIOTED IS CO3aHuUs 0a3bl TaHHBIX.

I'pamyupoBka, moBepka u arrecranus MCB-01 mpou3BoauTcst Ha cIielnaIbHOM CTEHIE POTOPHOTO THIIA
“¥YcTaHOBKa MOBEPOYHAs U3MEPUTENEN CKOPOCTH TeueHUs BogHoro nmoroka YIIMC-17

Koncrpykrusao MCB-01 BeImoiaHEH B BHIE MajgoradapuTHOTO MEPEHOCHOTO MpHOOpa ¢ aBTOHOMHBIM
MMUTAaHUEM, COCTOSIIETO U3 JIBYX HE3aBHUCHMBIX YacTeil: MepBHYHOTO Tipeobpa3oBareis (AaTynKa) U BTOPUI-
HOTO MpeobpazoBatelis (M3MEPUTENBHOTO 0J10Ka), COSTMHEHHBIX MEXTy CO00H Kademem.

CrpykrypHas cxema MCB-01 npuenena Ha puc. 1.
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Puc. 1. Crpykrypraas cxema UCB - 01.
Texnnueckue xapakrepuctuku UCB-01:
® Mara3oH U3MEPEHUS CKOPOCTH BOJBI ¢ HOPMUPOBAHHOHN MOTPEITHOCTHIO, M/C ot 0,1 mo 3,0;
® T[OJIHBIN AWANAa30H U3MEPEHUs CKopocTH Boabel M/c ot 0,1 1o 5,0;
e [pejeNn OCHOBHOM MPUBEAEHHON MOTPEITHOCTH U3MEPEHUS CKOPOCTU BOABL, %o He Oomnee 2,0;
® JMaMETp JIOMACTHOTO BUHTA, MM 15; 20;
® MUHUMAaIIbHAs TTyOMHA MTOTOKA, M 0,15;
® MakcHUMaJlbHas ITyOWHA MMOTOKA: OTPAaHIMYUBACTCS CPEIICTBAMH YCTAHOBJICHHS JAaTUYUKA B TIOTOK;
® CpEJIICTBO YCTAHOBJICHUS JIaTYMKA B CTBOPE - THIPOMETPUYECKAs IITAaHTa JUAMETPOM 28 MM;
e TEXHOJIOTMYECKOE BpeMs U3MepeHus ckopocty, cek. 30; 60; 100;
e HamnpshKeHUe nuTaHus, B. 5+1;
® Macca B YIIaKOBaHHOM COCTOSTHUH, KT He OoJiee 2,2;
® CpeIaHHI CPOK CITYXOBI, JIET He meHee 10;
e HapaboOTKa Ha OTKa3, Jac. He menee 1000;

[pubop ceprudunuponan, cepruduxar Ne KG 417/01.12.703 ot 19.02.03 r.
1.2. YpoBuemep emrocTHOM YEM

BBeneHue KOMMEpUECKOro BOIOyYeTa TPEOYeT ONpEe/IeIICHUsT pacXo/ia ¢ MOCISAYIONINM PacuyeToOM CTOKa
BOJIBI 32 OTIPE/ICTICHHBIN HHTEPBAJl BPEMEHH CTOKA BOIBI C TIOTPEITHOCTHIO He Ooree 5%. Ho croxuBiiasics B
HaCTOAIIee BpeMs cHCTeMa M3MEpPEHHs] YPOBHS BOJBI OTCTA€T OT COBPEMEHHBIX TpeOoBaHMi. B HacTosIiee
BpeMs B BOJHOM XO3SIICTBE, B COOTBETCTBUH C CYIIECTBYIOIINMHU WHCTPYKIIMSIME, YPOBEHb BOIBI Ha BOJO-
MEPHBIX COOPYXCHHSX U3MEpsieTCs 1Ba paza B cyTku. CyTouHbIe KOJIeOaHHsI YPOBHS BOJIbI, OCOOCHHO B
MPEeNrOpHBIX 30HAX, nocTurarT 10 30-40% OT cpeHeCYyTOYHOTO 3HAUCHUS. DTH KOJIeOaHUs SABISIOTCS CIIE-
CTBHEM H3MEHEHHs CYTOYHOTO THporpada CTOKa TOPHBIX PeK, MAKCHMYyM KOTOPOTO MPOXOAUT B TEMHOE
BpeMs cyTokK. KpoMe Toro, Ha CyTOYHBIC KOJIeOaHUs YPOBHS BOJBI BIHSIOT U IPYTHE BO3MYIIAONIUE (HaKkTo-
pbl. B cBs3U ¢ BBILIEU3I0KEHHBIM, U3MEPEHUE YPOBHS IBa pa3a B CYTKH, HepocTaTouHo. [lorpemHnocTs pac-
yera cToka MoxkeT pocturath 30-40 %. [ yMeHbIIeHHs MOTPEIIHOCTH PacXoaa BOIbl HEOOXOIMMO KPYyT-
JIOCYTOYHOE U3MEPEHNE YPOBHS BOJBI HA BOJOMEPHBIX COOPYKEHHUSX.

Pazpaborannblii emMkocTHOW ypoBHeMep YEM T03BONIsSIET MPOU3BOAUTH KPYIJIOCYTOYHOE H3MEPEHHE
YPOBHS BOJABI B PEXKMME HAKOIJICHHS TaHHBIX C 33JJaHHBIM WHTEPBaJIOM ompoca. [IpuHimm nelicTBus nqaTdu-
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Ka OCHOBaH Ha IpeoOpa30oBaHUN YPOBHS BOJIBI B DJIEKTPUUYECKYIO €eMKOCTh C TIOCTIeIyIoIIel ee 00padoTKOM B
uudpoBoit popme. KoHcTpykTHBHOE UM cxeMHOe perieHne YEM oOecnieurBaeT MHHMMAIbHOE SHEPIOIO-
TpeOneHue, rabapuThl U YA0OCTBO B dKCIUTyaTanuu. CTpyKTYpHAs CXeMa JaTurKa prBeJIcHa Ha puc. 2.

TInara 6moka yhpaBIcHUS

3 . FLASH
g § NaAMATH
=
]
z = <> TK
- e TaiiMep |
= = |
2 o |
c e
: |
=1 ; brox I
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IlmaTa TMepBUIHOTO MIpeobpa3zoBaTeIs

IpeoGpasoaTe.mn Baok Temeparyp-
C-F HOH KOMMEHCALHH

IMepBuuHBIli ITpeodpazoBaTeIhb

Puc. 2. CtpykTypHad cxema ypoBHeMepa YEM

YEM moxeT OBITh HCIIOIR30BaH Kak Ha 00BEKTaX 00ECIICUCHHBIX AJICKTPOIHEPTHEH, TaK U Ha 00BEKTaX
HeoOecIeueHHBIX (aBTOHOMHBIN PEKHUM) JIEKTPOIHEPTHEN.

B aBTOHOMHOM pekuMe, YTEHHE HAKOIUIEHHBIX NaHHBIX M MOCIELYIoLIas UX Iepe3anuch B KOMIIBIOTEP
OCYILECTBJISIETCS IPH [TOMOILY CIEIIMATIbHOIO EPEHOCHOT0 YCTPOHCTBA — JIOTrepa.

st sHEpro obecredyeHHBIX 00BEKTOB NpH QyHKIHoHHpoBaHMH B coctaBe ACY TII cBsa3p ¢ YEM c

BHEIIHUMH yCTPOMCTBAMH OCYILIECTBIsIeTCs To nHTepdeiicy RS-485.
I'mbkoe mporpaMmHOe obOecrieueHre MO3BOJISET MCIONB30BaTh CIEAYIOMUe (YHKIMOHAIBHBIE BO3MOXK-

HocTH YEM.

B pexume “crokomep” YEM mu3MepsieT ypoBeHb BOJBI C 33JaHHOM 9acTOTOM ompoca. 3aTeM IO 3aBUCH-
moctu Q=F(h) mpon3BoaUT pacdeT pacxojlla U CTOKa BOJBI. 3HAUCHHUS YPOBHS WM PacXxojla M CTOKA BOIBI
3aMHCHIBAIOTCS B MaMsTh. TeKyIre 3Ha4eHUsI pe3yIbTaTOB U3MEPEHHS M PacueTOB BBIBOJATCS MO TpeOoBa-
HUIO TIOJIB30BATENsI HA WHAWKATOP, MPEICTABJISIONNN COOOM NBYXCTPOYHBIN andaBUTHO-IU(POBOM mHC-
wiei. Kpome Toro, mapOpManys MokeT ObITh BEIBEIEHA HA KOMITBIOTED.

Brox B YEM wucxomHo# mHGOpMAIUK (4aCTOTH OMpOca, AUCKPETHOCTh 3aaHUs YPOBHS, IMapaMeTPOB
BOJIOMEPHBIX coopyxkeHui, 3aBucuMocT Q=F(h) u T. 1.), OCyIIeCTBIISETCS ¢ MOMOIIBIO CIEIMATBLHO pa3pa-
0OTaHHOT'O MPOTPAMMHOTO O0ECTICUCHHSI M TTOCTABISACTCS 3aKa3YHKy BMECTE C U3JICIIHEM.

[ToBepka YEM ocytmecTBisieTcsl Ha CIIEMaILHOM CTEHIIE, KOTOPBIM, KaK M caM Mpuoop, cepTudumupo-
BaH (ceptudurar Ne KG 417/01.12. 705 ot 26.03.03 r.) 'occrannaprom Keipreisckoit Pecryomuiku.

[o xenanuro 3aka3zurika YEM MOxeT ObITh M3TOTOBJICH C IUANa30HAMH U3MEpEHUsS ypoBHeH BobL: 0,5;
1,0; 1,5; 2,0 m 2,5 m.

OcCHOBHBIC TEXHUYECCKHE XapakTepucTuku Y EM npuBeneHbI HIDKE.
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AOGCOITIOTHAs TIOTPENTHOCTh H3MEPEHHS YpoBHS He Oosee 10 M.

[TorpemntHOCTH OMpeAeIICHUs pacXxo1a 00yCIaBINBAETCS MOTPEITHOCTHIO UCITONIB3yEeMO TPaayHpPOBOTHOM
XapaKTePUCTUKH aTTECTOBAHHOTO TUPOTIOCTA.

Brixon — mudposoii: RS-485, RS-232.

ITutanue:

- 4 rajpBaHuYecKux 31eMeHTa 1o 1,5 B;

- HMCTOYHHK IIOCTOSIHHOIO Toka +12 mau +24 B;

MakcumanbHast moTpebiseMass MOITHOCTE He 6onee 0,6 BT.

MuHuMansHEIN HHTEpBaI orpoca — 200 Mc.

O0BbeM mamsaTh 10 8 KOauT.

Anpec — o1 0 1o 254.

WNHmukanws — IByXCTPOUYHBINA 32-CHMBOJIBHBIN anhaBUTHO-TTU(GPOBON JUCTUICH.

1.3. YcTpoiicTBO KOHTpOJIA TeEXHOJIOrnIecKux nmapamerpos Y KTII

I[IKTU “BomaBTOMaTHKa ¥ METPOJIOTHS B CBOE BpeMs MPOCKTHUPOBAT M BBOAWI B ACHCTBHE HECKOJIBKO
MH(OPMAITMOHHO-YTIPABIISIFOIIMX CUCTEM Ha KPYIHBIX SHEPTEeTHUYECKUX M BOJOXO3SHCTBEHHBIX OOBEKTaX,
r7ie He00XOANMO OBLTO OCYIIECTBISATh M3MEPEHUS JIMHEHHBIX U YIJIOBBIX MEPEMEIIEHUI pa3INIHbIX 3aTBO-
POB, a Takxe ypoBHel Boasl B quamasone ot 0 mo 32 m. IlpoBeneHHBIH aHANHU3 CYIIECTBYIOIMINX aHAJIOTOB
COOTBETCTBYIOIIMX JAaTYMKOB IMOKa3aj, YTO MOXXHO COBMECTHTH BC€ 3TH (YHKIMH B OJHOM YCTpOICTBE.
JaneHelmmii X0/ pa3padOTKU MMOKa3aj, YTO COBMEIICHUE ATHX (DYHKINI HIUCKOJIBKO HE TPUBOIUT K YIOPO-
JKAHWIO AaT4YWKa. B pe3ympTaTe 3TOr0 B HAIllleM WHCTHUTYTE Pa3pabOTaHO yCTPOHCTBO KOHTPOJS TEXHOJIOTH-
yeckux napametpoB (YKTII), koTropoe mo3BosIsieT H3MEpUTh TUHEHHOE U YTIIOBOE MIEPEMEIIECHHS 3aTBOPOB, a
TaK)X€ YPOBEHb BOJIbI B IIIUPOKOM JIHATIA30HE.

VYKTII npenHazHaueHo JUisl UBMEPEHUSI BEJIMUYMHBI MEPEMEIICHUS IIOCKUX, KOHYCHBIX, CETMEHTHBIX 3a-
TBOPOB, YCTaBOK Telle3aJaTYMKOB Ha THAPOABTOMAaTaX, YPOBHEH BOIbI B KaHAJaX M BOJOXPaHWIHIIAX, a
TaKKe pacyeTa 3HAUCHHUM pacxojia U CTOKA BOJBI.

Bug koHTpoOnHMpyemoro mapaMeTpa (JIMHEHHOE W YIIIOBOE MEpEMEIeHNE, PACX0M, CTOK) U IWama3oH u3-
MEpEHUS OTPEILIICTCS BAPHAHTOM KOHCTPYKTHBHOT'O HCITOJTHEHHSI M TTporpaMMHBIM oOectieueHreM YKTTI.

[IpuHIU ACWCTBUS JaTYUKA OCHOBAH Ha (DOTOCUUTHIBAHUY BEIMYUHBI IEPEMEIICHHUS C KOJOBBIX JIHCKOB.
Ha BxXoaHyI0 OCh JaTumka pa3paboTaHbl HACAIKH IS €T0 CONMPSHKEHUS C MEepPeMeacMbIM 3JICMEHTOM TEX-
HoJloru4eckoro obopynoBanus. CtpykrypHas cxema YKTII mpuseaena na puc. 3.

Pazpaboransr qa Tuna YKTII:

YKTII-03 (ogHOO00POTHBIN) AJst u3MepeHus JuHelHoro nepemenierns oT 0 1o 500 MM (yrJIoBBIX mepe-
memieHuit ot 0 1o 360°);

YKTII-02 (MHOTOOOOPOTHBIN) AJisT M3MepeHusl JTuHEeHHbIX nepememenuit ot 0 o 32000 MM (YTIOBBIX
niepemenieanii ot 0 1o 128 monHbIX 000pOTOB).

Ha ¢uxcupoBaHHBIX pycliax, UMCIOIIUX TPaIyUPOBOYHYIO 3aBHCUMOCTh pacxoja ot ypoBHs, YKTII mo-
YKET UCITOIF30BAThCS KaK PacXooMep CO CYETYNKOM CTOKA.

YKTII obecieunBaeT Onpoc U TalbBAHUYECKYIO Pa3BsA3KY YEThIPEX BHEIIHMX IICTICH TEJICCUTHAIU3AINN
(Tuma “cyxoi KOHTaKT”).

Anpecyemocts YKTII 103BOMSIET HCIIOIB30BATh €TI0 B CETAX IMOCIICIOBATEIHLHON Mepeaadn JaHHBIX.

YKTII MmoxeT pyHKITMOHHPOBATH ABTOHOMHO B PEKUME 3aITUCH M XPAHCHHS ITapaMeTPOB TEXHOJIOTHIE-
CKOT0 Ipoliecca C 3aJaHHbIM HUHTEPBAJIOM OIpoca.

YKTII MoxeT ObITh OCHAIIEH BCTPOCHHBIM HJTH MIEPSHOCHBIM YCTPONCTBOM MHAMKAITUHU (JIOTTEPOM) C aB-
TOHOMHBIM TtuTaHueM. Jlorrep BemomnHseT ¢yHkiuy HacTpoitku YKTII, a taxke drenust nHQOpMaIuu, Ha-
KOIUIEHHOH B aBTOHOMHO pa0oTaroleM AaTYnKe, AJ1sl MOoCIeIyoLIel epe3anict ee B KOMIBIOTE.

VYKTII cepruduunpoBan KelprezcranaapTom, UMeeTcs Takke CepTH(QUINPOBAHHBIN TOBEPOYHBII CTEH.

4. Pelika ypoBHEMepHas ruapoMenuopaTuBHas tuna PYT

B nacrosmee Bpemst Ha OOJIBIIMHCTBE BOJOMEPHBIX COOPYKEHHUH YCTAHOBJIEHBI YPOBHEMEPHbIE PEHKU
cTaporo o0pasiia Ha IHara3oH W3MEPEHHS YPOBHS BOJBI O 2 M M C IEHOH neneHust 2 ¢cM Wik 1 cM. Ot
YpOBHEMEpHBIE PEUKH 33 CPOK CBOEH IKCIUTyaTaluu mopsiaka 15 + 20 ner npumuim B HEFOJHOCTh — paspy-
LIMJIach Kpacka, MOKPBUIUCH PXKaBUMHOMN, IIOTHYTOCTH, H3JIOMBI, BO MHOTHX CIIydasiX TaKue peiKH 3aMeHEHbI
Ha CcaMOJEJIbHbIC JNEPEBsIHHbIE U3MEpUTEIbHbIe pPeiiku. ECTeCTBEHHO, YTO HCIOIB30BAHUE YPOBHEMEPHBIX
YCTPOWCTB B TAKOM COCTOSTHUM ITPH KOMMEPUECKOM Y4€eTe HEIOIyCTHMO.
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Puc. 3. CrpykTypHas cxeMa ycTpoiicTBa KOHTPONS TeXHOMOTHYecKHX mapamMeTrpoB YKTII-2

Kpome Toro, BBe/ieHIE MIATHOTO BOJOIOJIB30BaHUS (KOMMEPUYECKUN BOIOYYET) M COBPEMEHHBIE TPeOo-
BaHUsI K BOJOCOEPEKEHHIO PEABSIBIAIOT OoJiee KecTKue TpeOOBaHMs M K METPOJIOTMYECKHM TPEOOBAHUSAM
CpEeACTB M3MEPEHUs NIpU BojoydeTe. B 4acTHOCTH, BOAOYYET HA THAPONOCTAX, HCIOIB3YIOMIUX YPOBHEMED-
HBIE PEKH C TIeHOH AeieHnsd 2 ¢M U 1 ¢M IIPaKTUYeCKH HEBO3MOXKHO JTOOUTHCS TOYHOCTH U3MEPEHHUS Pacxo-
na BoIsI He Ooree 5%, TpeObyemMoit HOpMAaTUBHBIMH JIOKYMEHTaMH.

[IKTH “BopaBToMaTHKa M METPOJOTHS’, MPOBOJS MOCIENOBATENbHYIO MOJIMTHKY Ha MEpEOCHAIECHHE
METPOJIOTHUECKOTO 00CCTICUCHNST BOJIOYUYETa B COOTBETCTBUU ¢ TpeboBaHMsIMHU BpeMeHH kK 2002 romy moaro-
TOBWJI HEOOXOAMMyI0 0a3y, Ha OCHOBAaHWH KOTOPOW ObLIa pa3paboTaHa KOHCTPYKTOPCKAas JOKYMEHTAIHS,
W3rOTOBJICHBI 000pyJ0BaHKe (IUTaMI) U OMBITHBIE OOpa3lbl PEHKH ypOBHEMEPHOH THIPOMETHOPATUBHON
tuna PYT', mpoBeaeHb! UX HCTIBITAaHUS Ha YTBEP)KIACHUE THIIA HallMOHAaIBHBIM OpPraHoM 10 CTaHJapTH3aLUuU
u Metpoioruu Keiprezckoit Peciy6mmku ¢ Beigaden ceptudukara Ne KG 417/01.12.681 06 yTBepkaeHnn
TUTIA peHKH ypOBHEMEPHOHN runpomenuopaTuBHoi Thna PYIT' u nomymiennn ee k npumMeHeHHIo B KbIpreis-

ckoit PecrryOmvike.
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Peiika ypoBHeMepHas THApoMenropaTuBHas Tuma PYI' KOHCTPYKTHBHO HPENCTaBISAET COOOM CTATHHYIO
ToJIOCY THPUHON 60 MM, TOMIUHON 1-2 MM ¢ aHTUKOPPO3UHHBIM CTOMKAM TMOKPBITHEM U BBIITYCKACTCS BO-
CEMHAJIIATH TUIIOPA3MEPOB C AMUHON n3MmeputenbHou mkanbsl oT 300 7o 2000 MM C 1IEHOH AeNeHUs IIKaIbI
peliku 5 MM | rpajanuei Mexxay TunopasMepaMu gepe3 100 mMm.

II. Metposornyeckoe ogecrnieueHue BOJ0OYyYeTa HA OTKPBITHIX OPOCHTEIbHBIX cucTeMax KbIproiz-
ckoii Pecy0sinkm

BaxxnelmmM >1eMeHTOM METPOJIOTHYECKOTO O0ECTIeUeHHs BOAOyUYEeTa SBISETCS paboune STaNOHBI, IPH-
MeHsIeMble JJIsl aTTECTAllM U TOBEPKU CPEACTB M3MEPEHUsI CKOPOCTH MOTOKA BOABI, YPOBHS BOJBI, TUHEH-
HBIX | YIJIOBBIX MepeMelieHnid. B mHcTuTyTE 5THM paboTaM ynensercst 00Jblloe BHUIMaHUE, U TIOATOMY pas-
paboTKa CTEHIOBOTO O0OPYIOBAHUS BEJYTCS IMapaJUICIBHO C pa3pabOTKOW CPEelICTB U3MEPEHUS U aBTOMATH-
3aluu.

HHcTtuTyTOM pazpaboTaHbl U BHEIPEHHI ClIEAYIOIUe pabouue STaJOHbI:
® YCTaHOBKA MOBEPOYHAS MATYMKOB JIMHEWHBIX W YrioBeIX mepemeriennit YIIJJIY Ne 1. IlpegnaznaueH

JUISL TIPOBEJICHUS WUCTIBITAHUH, TIOBEPKH M KaJTHOPOBKH JATYMKOB YIJIOBBIX U JIMHEWHBIX MEepeMenIcHUN

(ceptudukar Ne KG 417/01.12.688KP ot 01.12.2002 r.);

e CTEHA AJs MpoBeleHHE MMOBEPKU €MKOCTHBIX AaT4uKoB ypoBHs, THI MC Ne 33T°'/1 44433.002 Ne 1 (cBu-
neTenbeTBO 0 oBepke Ne 1668, ot 14.11.2002 r., abcomroTHas TOTPEITHOCTh A = £1MM);

® CTCHJ I IOBEPKU THIPOMETpUIECKuX peek (cBuaerenbeTBo Ne 789, ot 07.06.02r.);

® yCTaHOBKA IMOBEPOYHAS M3MepUTeNel ckopocTd BogHOro motoka YIIMC-1 Ne 002 (cBHAETEIBECTBO O TO-
Bepke pabouyero staioHa Ne 2178 ot 09.10.2002 r.).

W3 mepeunciaeHHbIX BEIIE pa0OounX STATOHOB HAMOOJBINHMN WHTEPEC BBI3BIBAECT YCTAHOBKA ITOBEPOTHAS
u3Mepurenei ckopoctu BogHoro notoka YIIMC-1, otnuyaromelics 0T OCTalbHBIX MO CIOXHOCTH HCIOJIHE-
Husl. Hike mpuBoanTCS HEOOXOIUMBIC CBEICHUS O HEH.

2.1. YcraHnoBka oBepodIHas H3MEPHUTEIICH CKOPOCTH MmoToKa Boabel YIIMC-1

Ha ceromusimiHuii eHr Ha OPOCUTENBHBIX CHCTEMaxX CTpaH IEHTpaiabHO-a3zuaTckoro peruoHa (LJAP) —
NI LeNied BOJIoy4YeTa SKCIUTyaTUPYETCsl AECATKHU ThIcsd THAPONocToB. KpoMe Toro, pazsutue Accoluanui
BOJIOTOJIB30BATENEH U MENKUX (PEPMEPCKUX XO3SMCTB HAPACTAIONIUM UTOTOM YBEJIIMYUBACT YUCIIO THIPOIIO-
CTOB, 0COOCHHO BO BHYTPUXO3SIICTBEHHOW OPOCHUTENBHOMN CETH, M MX YMCIIO TOKA HE MOANAETCS 0OBEKTUB-
HOMY y4Yery.

B o6mieit cnoxxnoctn He MeHee 80 % STHX THAPONOCTOB SIBIISIOTCS THIPOMIOCTAMH THIIA “(DUKCHPOBAHHOE
pyclio”, TAe pacxoid BOABI ONPEAeNIeTCS METOIOM “‘CKOPOCTh-ILIOMIAAL ", 2 CKOPOCTh OTOKA BOJBI OIpeie-
JIIETCS C TIOMOIIIBIO THAPOMETPHUECKUX BEPTYIIICK.

J1a  KOHTPOJS M y4deTa BOJHBIX PECYypCOB, OCYHIECTBISIEMBIX C MOMOIMIBIO THAPOTIOCTOB Ha OTKPBITHIX
CUCTEeMax BOJIOTIONIb30BaHus cTpaH [[AP moTpeOyercst ThICSYHM THAPOBEPTYIICK, KOTOPHIE 1O TPEOOBAHUSIM
TEXHUYECKUX PETIAMEHTOB JIOJKHBI TIOJIBEPraThCs MMOBEPKE OJIMH pa3 B JBa roja.

[ToBepka ruapoBEPTYIIIEK OCYIIECTRBISICTCS Ha yecTaHoBKax Tuma Y IIMC — 310 obiacTs ee mpuMEeHECHHS.

YcTaHOBKA MOBEPKH U3MEPHUTENCH CKOpOCTH BOAHOTO MmoToka — YIIUC — sBusercs pabouyuM STalIOHOM.
Omna paszpabotana B 1986 roay B [IKTU “Bonasromatuka u Metposnorus’, Kk 1991 rogy Obuia THpaxupoBaHa
B KOJIMYECTBE 25 dK3eMIUBIpOB s pa3mudHbix pernoHoB CCCP, B Tom uuncie mis crpad LIAP 6puto msro-
TOBJICHO, OTIPABJICHO M BBEACHO B dKCIUTyaTtanuio 16 ycraHoBOK. Cpok pabOThI YCTAaHOBKH — 8§ JIET.

C MoMeHTa BBOJIa YCTAaHOBKH O0TpabOTalu 2 cpoKa, MPUIILIA B HETOJHOCTh. HekoTophle 3 HUX paboTo-
CHOCOOHBI, HO HE OTBEYAIOT TPEOOBAHUAM 3aJaHHON TOYHOCTH. B CBSA3M ¢ TeM, 4TO 3a MPOIIeIIe C MOMEH-
Ta BBIITyCKa YCTAaHOBOK 16 JIET KpyTO M3MEHHMJIACH DJIEeMEHTHAs, arperaTHas, cepBUCHas 0a3a, HAKOIWICS
OTBIT 3KCIUTyaTalldu YCTAHOBOK, a TaK)KE YUUTHIBAas COBPEMEHHBIC TPEOOBaHUS K TU3alHY, S)PrOHOMHUKE U
Oe3omacHOCTH pabOTHI, PEAHUMHUPOBATh CTaphle YCTAHOBKH HE TIPEICTABISETCS IleliecooOpa3HbiM. HyKHEI
HOBBIC YCTAaHOBKH, OTBEYAIOIINE COBPEMEHHBIM TpeOoBanmsIM. be3 BBenenns ycrtanoBok YIIMC B cucremy
METPOJIOTHYECKOTO OOECTICUEHHs THIPOMIOCTOB BBECTH OOBEKTHBHBIM BOJOYYET M BOJIOCOEpETaromue Tex-
HOJIOTUW Ha OTKPBITBHIX CHCTEMaX BOJIONOJIB30BaHUS Oy/IET MPAKTHYECKU HEBO3MOXKHO — B 3TOM 3aKIIF0YaeT-
Cs aKTyalbHOCTH OCHAIleHHe Bomoxo3sicTBeHHBIX opranm3anuii YIIUC. Ilpakruueckn YIIMC He mmeer
aHAJIOTOB, ITOCKOJIBKY SIBIIIETCSI HE TOJIBKO MajorabapuTHOM, KOMIAKTHOW, HO M MPAKTHYECKH NepeMerae-
MOi1 (TIepEeBO3HOI) yCTaHOBKOM, HE TPEOYIOIIECH NCXOIHBIX 3TAJIOHHBIX CPEACTB JUIS €€ TIOBEPKHU.
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Tem He MeHee, B KadecTBe aHaoroB B cpaBHeHNU ¢ YIIMC MOXHO TIPHBECTH CIICTYIOIINE YCTPOUCTBA
(Tabm.).

TapupoBOYHBIE CTAHIIUU C MPSIMOJIUHEHHBIM U KPYTOBBIM 0aCCEHHOM — 3TO KpYIMHOTaOapHUTHBIC JKeJIe30-
OCTOHHO-METAUINYSCKUE KOHCTPYKIIUU CTAIMOHAPHOTO HA3EMHOTO WCIIOJIHEHUS C OOJIBIIUM KOJIHYECTBOM
BCIIOMOTaTENbHBIX CPEICTB U3MEPEHUH W 00OPYIOBaHMS, PACIIONOKEHHBIE B 3aKPHITHIX MOMEIICHUAX (ce-
BEpHBIC PAOHBI) WIIM YaCTUYHO TI0JT OTKPHITBIM HEOOM (IIPSMOJIMHEHHBIN WM KPYTOBOHM OaccelH — 1Mo OT-
KPBITBIM HEOOM, 000PY/IOBaHUE U TIEPCOHANT — B IIOMEIICHHSIX ).

TapupoBodHast CTaHITUSA C MPSIMOJUHEHHBIM OaccetHOM (KaHAJIOM) JOJKHA OBITH 00OpyHIOBaHA CIEITH-
ATHHOM TEJICIKKOM ¢ XpOHOTPadOM M TAXOMETPOM.

Kpyrooii 6acceitH TapupoOBOYHOM CTAaHIIUU COCTOUT M3 JIBYX KOHIICHTPUYCCKH PACIIOJIOKECHHBIX IIUJIHH-
IIPOB, TIPOCTPAHCTBO MEXy KOTOPBIMHU 3aIlojIHEHO BOmO# (Oaccerin Kysuerosa). B mentpe OacceiiHa Ha
(yHIaMEHTe yKpeIUleHa Kapycelb ¢ HECKOJIbKUMH IITAHTOJEPKATEeNIMHU, K KOTOPBIM KpEMSATCS HITaHTH C
TapupyeMBIMH ¥ 00pa3lOBBIMU BepTyIIKamMu. Kapycens npuBOoAUTCS BO BpallleHHE C 3aJJaHHON CKOPOCTBIO C
MTOMOIIBIO 3JICKTPOIPHUBO/A MMOCTOSHHOTO TOKa. TapupoOBOYHAS CTaHIIWSI, TApUPYIOMIas O METOY CpaBHE-
HUS, JOJDKHA 0053aTENhbHO UMETh XPOHOTpad ¢ YMCIOM CaMOMUCIIEB, PABHBIM KOJHYECTBY TapHPYEMbIX U
00pa3IoBHIX BEPTYIICK, OTMETINK BPEMEHH (TaiiMep).

Tabnuua
HammenoBanue (mapka) yct- Bec, CTonMOoCT®b,
policrea labapurer (LxBxH), m T $ CIIIA IIpumeuanus
1.VIIUC-1, IIKTHU “B u M” 2,1x2,55%2,55 <20 = 61500
2. TapupOBOYHAs CTAHLUS C [psimonuneiinoro Gac- Her Corau Tounoii uudop-
IPAMOIMHEWHBIM OacceiiHOM ceiira — 140.0 x 1,5 x © TBICSY MAaITUH O CTOUMO-
(xananom), I'TU 13 AAHHBIX CTH HET
3.TapupoBounast craniusi c | Jluamerp HapyKHOro - Cotsn Tounoit uabOp-
KpYroBbiM Gacceitnom, [T | TMHAPa — 5, BHYTPEHHETO Her —— MallUU O CTOUMO-
- 3, BbICOTA HUIIUHAPOB — JAaHHBIX CTU HET
1,3
4. TapupoBOUYHBIN JIIOTOK Her - B cragun mo-
VYpeieaesa (I'P-19), I'TU 3,1x1,0x2,2 JAHHBIX = 70000 JICPHU3ALUU

TapupoBouHsblii 1oTok YpeiBaeBa (I'P-19) npeacrariser co0oi 3aMKHYTHIN MajorabapuTHbIi (Ta0i1.) pe-
3epByap MpsIMOYTOJIBHOM (OPMBI, 3aIIOTHEHHBIA BOIOH. BHYTpEeHHsIs1 MOJIOCTH JIOTKA pasfiefieHa Meperopo-
KO Tak, YTO BHYTpH pe3epByapa o0pasyeTcs 3aMKHYTHIH TPyOOIpOBO/.

TapupoBaHue BepTyIIEK B TapHPOBOYHBIX JIOTKAX M KPYTOBBIX OacceiHax MpPOM3BOIUTCS MO METOAY
cpaBHeHus. OJlHA Tapa BEPTYIIEK KAXKIOTO THIA SBIsETCS paboyeii, a Bropas napa — KOHTPOJIbHOH. Pabouas
napa oOpa3lOBBIX BEPTYLIEK CIYKUT Ui MIOBCEIHEBHOTO TAPHUPOBAHUS, @ KOHTPOJIBHBIEC — IS TIEPHOANYE-
CKOTO ITOBTOPHOTO TapUPOBaHUs paboUeil mapsl.

AHAJIOTHYHO W JJISl TAPUPOBOYHOTO JIOTKA Y PHIBAEBa, KOTOPHIA TapHPYyETCs C MOMOIIBI0 00Pa3IOBEIX Bep-
TYIIEK, TAPUPOBAHHBIX TaKKe B MPsIMOJIMHEHHOM Oacceitne. Kpome Toro, 10TOK YphiBacBa HaXOAUTCS B Ha-
CTosIIIee BpeMsI B CTaJH MOJCPHHU3ALNHU U TIOKa HEM3BECTHBI €0 TAPHPOBOUHBIC XapaKTCPUCTHKH.

Tapuposka Beprymek Ha YIIVC He Hy)XIaeTcs B 00pa3IOBBIX BEpTYIIKaX, TAPUPOBAHHBIX HA TPSIMOJIH-
HEIHOM OacceiiHe, a CpaBHEHHE MOTPEIIHOCTEN BEPTYILEK, TAPUPOBAHHBIX HA MPAMOJIUHEHHOM OacceiiHe u
VIINC, nokaszano NpakTHUECKOE OTCYTCTBHE Pa3HUILIBI B pe3yJIbTaTax.

Takum o0pa3om, ycranoBka oOHoBieHHass YIIMC 1o cBOMM TOYHOCTHBIM, TaOapUTHBIM, IPTrOHOMHUYUE-
CKHMM, CEpPBHCHBIM, CTOMMOCTHBIM H TIOKa3aTelsiM 0e30macHOCTH paboThl SBISETCS HA CETOAHALIHHUNA JEeHb
HanOoJiee OTBEYAIOIIUM CPEACTBOM B 00JAcCTH METPOJOTMYECKOro oOecredeHHs] M3MEpHUTelIeld CKOpOCTH
BOJHOTO TIOTOKA JUISI OTKPBITHIX CUCTEM BOAOMOIB30BAHMS.

Texuanueckue xapakrepuctuku YIINC-1:

[ToTpebnsiemast MOITHOCTE YCTaHOBKH, KBA — HE Ooiree 3,5.

I"abapuTHBIE pa3Mephbl YCTAHOBKHA ¢ MOCTHKOM OOCITYKUBaHUs, HO 0e3 mKadoB yIpaBIeHUsI, MM: JJINHA —
2080, mupuna — 2552, BeicoTa — 2540.

Macca ycranoBku, T — He 6oiee 2,0.

OKBUBAJICHTHBI JUAMETP TPAAyHPYyEMOTO (TapupyeMOro) U3MEpHUTENsl CKOPOCTH BOJHOTO MOTOKA, MM:
cTaHAapTHeIA — oT 15 mo 1200, HecTaHmapTHBIN (epcOHANBHON rpagyupoBKoii) — cebime 1200 go 2000.
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Cpennsisi CKOPOCTh BOJHOTO MOTOKA, HAOETAIOMEro Ha TPaIyHpyeMBbIi (TapupyeMbIil) H3MEPUTENh CKO-
poctu, M/c — ot 0,04 mo 3,0.

[MorpemHocTs onpeneneHust CKOPOCTH BOJHOTO MOTOKA P AOBEpUTENbHON BepositHocTH 0,95 — He 6o-
nee = 1,5%.

Hopwma cpenneii HapaOOTKH Ha OTKa3 YCTAHOBKH C YYETOM TEXHHUYECKOT'O OOCIYXXMBAHUS, periiaMeHTH-
pyeMoro HHCTpYKITeH 1o skcruryaramun, 9 — 10000.

[MonHeril cpenuuii cpok cayx0sl, net — 10.

CrpykrypHas cxema YIIWC npusenena Ha puc 4.

» EYnOJI <

v h 4
M1 |« 1m| 2 |
IEVr—= [l : 1] @

)

[12]

Puc. 4. CrpykrypHas cxema YIIUC.

BYrO]] - 610k ynpasneHus u o6paboTKH JaHHEIX Ha 6a3e MepCOHATBHOTO KOMIIBIOTEPA;
M1-snekTpoaBurares JUis BpallleHHs poTopa 2; M2-s1eKTpoBHraTeIb I BpalleHus
cMeHHoO# mrtanry 5; HI1-muT ynpasnerus sanekTpogsurarenem M1; II2-mut ynpasinenus
anexTpoaeurarereM M2; J[1-gaTauk aresio o60poTOB cMeHHOH mTanry 5, J12-naTunk
YKcIJI0 000POTOB poTopa; J3-naTuuK YHcIo 000POTOB H3MEPHTEIIA CKOPOCTH MTOTOKA BOJbI
4; 1-Gaccetin, 2-poTop; 3-IITaHTa IS KPSIUIEHHS H3MEPUTEIISI CKOPOCTH TOTOKA BOJIBI 4; 4-

THAPABJIHYCCKAA BEPTYIIKAZ 5-cMeHHas NITadra I KpeIUIEHHUS 06pa3u0130r0 H3MEpHUTEIIA
CKOPOCTH IMOTOKA BO/LI.

BOJIOYYET HA OPOCHTEJBHBIX CHCTEMAX CTABMJIN3ATOPAMM
PACXO/JIA BOJIbI

T. Cynrananuena, O.B. AtamaHoBa

KbIproi3ckuii arpapHblii yHUBEpCHTET

TeopeTHyecKkr U AKCIEPUMEHTATHHO OBLIO YCTAHOBJICHO [2], UTO TIpH paboTe CTa0MIM3aTOPOB pacxoja

BOJABI B OIPCACIICHHOM AUAIIa30HC HAIOJIHEHHI OT Hmin a0 Hmax nepen CTa6I/IJ'II/I3aTOpOM (I/IH,I[I/IBI/II[ya.]'H:-
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