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OBOCHOBAHUE NIPUMEHUMOCTU METOJA U30JIUPOBAHHBIX
OTCEKOB JIs1 OITPEJAEJIEHUSA IOTEPb HA ®UJIbTPALIUIO
N3 KAHAJIOB OPOCUTEJIBHBIX CUCTEM

Llenvo pabomwvl saensemcs anpobayus HOB020 CHOCOOA U MEMOOUKU ONpeoeseHus
QdunbmpayuonHvx nomepsb, 8 CE5A3U C YeM B8bINOJHEHbL pacienvl YOelbHblX QuibmpayuoOHHbIX
nomepb No NPeoslOHCEHHbIM 3A8UCUMOCMAM O/ Yemblpex OmceKos mpemuveti ouepeou bonb-
woeo Cmaspononvckozo kananra (BCK-3). Bwinonnen cpagnumenvhwvili aHaiu3 pac4emuulx
OaHHbIX U OaHHBIX HamypHbulx uccaedosanuti ha bCK-3, onpedenen ocpeonennwiii koaghpuyu-
eHm Quabmpayuu oOIUYOBKY, A MAKIHCE GENUYUHA PACXOHCOCHUSI C HAMYPHbIMU OAHHBIMU.
IIpeocmasnennsiii ananuz pacuemos ceuoemenbCmayenm 0 603MONCHOCIU NPUMEHEHUs pac-
yemuwix 3aeucumocmell (1) u (2) ons onpedenenus nomepsv u3 0o6AUYOBAHHBIX KaHan08. Kpo-
Me mo20, nposedeHHble pacyemsl NOKA3aau, 4mo 3asucumocms (1) moocem npumeHamuvcs
0151 onpeoenieHusi PuibMpayuoHHO20 pacxood U3z KaHaios8 8 3eMIAsAHOM pycile.

Knrouesvie cnosa: euopomexnuueckue coopyscenus, urbmpayus, QuibmpayuonHvle
nomepu, Kamau, OpoCUmMenbHas CUcmemd, No2peutHocms.

B Hacrosiee Bpemsi HCIOJIB3YIOTCS METOJbl ONpPENENICHUsS MOTEPh BOJAbI, KOTOPHIE
Ol pazpabotansl eme 40-45 ner nazan B HOxHUUI'uM, BHUUTuM u CAHUUPU.
I'maBHas mpobieMa 3aKI04aeTcs B TOM, UYTO MPHU HUCIOJIb30BAHUU THIPOMETPUUYECKOTO U Oa-
JIAHCOBOT'O METOJIOB IOJIpa3yMeBaeTcsi 00OpyIOBAaHUE U HCIOJIH30BAHHE CTAllMOHAPHBIX
MMYHKTOB HaOJIO/IeHU, TPeOOBaHMUSI K HAOII0JaEMOMY YYaCTKY MPEABSBISIOTCS JIOCTATOYHO
KECTKHUE, UTO HE JJaeT TOYHBIX PE3y/IbTaTOB pacyeTa (PUIbTPALIMOHHBIX OTEPh JUISl BCETO Ka-
Hana. [Ipy 3TOM MOrpemHocTh JaHHBIX METOAO0B Aocturaer 5 %. OObeMHbI METoJ IMpe-
CTaBJISIETCA JOBOJIBHO TOYHBIM, OJHAKO €r0 HCIOJIb30BAaHHWE CBA3aHO C HEOOXOJUMOCTHIO
noadopa JI0CTaTOYHO OOJBIIOTO KOJIMYECTBA HEOOXOIMMBIX CPEACTB H3MepeHuil. Merton
M30JIMPOBAHHBIX OTCEKOB B OOLIEH YacTH peaanu3yeT 0ObEeMHBIM METOJ ¢ MPEeKpalleHUeM 10-
Jlaud BOJBI B KaHal, OJIHAKO IPHU €ro UCIHOJIb30BaHUH MPUMEHSIOTCS COBPEMEHHbIE MaTepHa-
JIbl, HOBBIE€ TEXHOJIOTMH UX YCTPOMCTBA U 00Jiee TOYHbIE CPEICTBA U3MEPEHUI.

W3omupoBaHHbIA OTCEK AJsl onpezeneHus: GuiIbTPAUOHHBIX MOTEPb COACPKUT JIBE
MOJINMEPHBIE BOJOHEIIPOHULIAEMbIE TTIEPEMBIUKH, KOTOPbIE 3aKpPEIUIEHbI B Ma3ax OOJIMLIOBKH,
BKJIFOUAIOIIEH 3KPaH U3 MOJMMEPHBIX MAaTEPUAIOB C MOCIEAYIOWEH UX Tuapounsossanueii. Ye-
pe3 OTBEpCTUs MPOIMYIIEH METAUIONOIMMEPHBIM TPOC Ul NMPUAAHUS YCTOWYMBOCTU IEpe-
MbIuKaM. Tpoc KpenuTcs K aHKEpHBIM ONOpaM Ha Jambax kaHana. [[j1s uckiitoueHus norepb
Ha HCMapeHHe MEeXAY MepeMblYKaMU YCTaHaBJIMBAIOT TEHT U3 CBETOHENPOHUIAEMOW MOJIH-
MEpHOH IJIEHKH, B KOTOPYIO BIAsHbI MOIMEPEUHbIE TPOCHI, UCKIIIOYAIOLIUE €ro MPOBUCAHHUE.
C BHELIHEN CTOPOHBI KaX/10M BOJOHENPOHUIIAEMOM MEPEMBIYKH B 3aBOJCKHX YCIOBHUSX BbI-
MIOJIHEHBI KapMaHbI U3 NMOJMMEPHOTO MaTepualia, KOTOpble COOOIIAIOTCSI C OTCEKOM ISl OIpe-
nesneHus: GUIbTPAIMOHHBIX TTOTEPh C IIOMOIIBIO TPEX PSAOB OTBEPCTHI B BEPXHEH, CpeHEN U
HIDKHEN YacTH BOJOHENPOHUIAEMON MepeMbIUKU. BHEIIHEe MOJIOTHHUILE KapMaHa B BEpXHEU
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€ro 4acTU MMEET MOHTA)KHBIE METJIH, YepPe3 KOTOPbIE OHO 3aKPEIUIAETCs C MEPEMBIYKOM Tpo-
COM K BEpXHEH ero KpoMmke B OoTBepcTHsX. [ u3MepeHus ypoBHS BOJbI KaXIblil KapMaH
000pyayeTCsl NEPEHOCHBIM MI0JIbYaThIM YPOBHEMEPOM (LIMUTLIEHMACIITA00M) C LIEHOMU Jiene-
HUs WKaiael HoHuyca 0,1 MM, KOTOPBIHA 3aKperisieTcsl Ha METaNInYecKOW CTONKEe, YCTaHOB-
JICHHOW B BEpXHEW 4acTHU OTKOCA BBIIIE U3MEPSEMOTO YPOBHS BOIbI.

Ha pucynkax 1 u 2 noka3aH M30JUPOBAHHBIN OTCEK AJIs ONpeieneHns GUuIbTPaluoH-
HBIX TIOTEPb.

1 — oTcex i u3MepeHust PUIbTPALIMOHHBIX IOTEPh; 2 — BOJAOHEIPOHUIIaeMast
IIepEMBIUKA; 3 — KapMaH; 4 — aHKepHas ornopa

Pucynok 1 — U301upoBaHHBbIH 0TCEK 1Sl onpeneieHust GuiabTPAlHOHHBIX OTEPh

3

1 — oTcex i u3MepeHus: GUIbTPALIMOHHBIX IOTEPh; 2 — BOJOHEIPOHUIIaeMasi IEPEMbIUKA;
3 — ma3; 4 — UroJIb4aThId ypOBHEMED; 5 — METAJUTMUECKasi CTOMKA; 6 — THAPOU30JISIINS,
7 — OTBEpCTHS; 8§ — METAJUIONOJMMEPHBIN TPOC; 9 — aHKEepHas OTopa;
10 — cBeTOHENPOHUIIaEMasl MOJIUMEPHas IUIEHKA; / / — TpOC NoNepeyHsblil; /2 — KapMaH;
13 — psin oTBepeTHil; 14 — BHEIIHEE MMOJIOTHUILE KapMaHa; /5 — MOHTaXkHbIe NeTNn; /6 — Tpoc

PucyHnok 2 — Kapmanbl 11 u3MepeHus puibTpauuu

Ha pucynke 3 mokazan y3en KperyieHHsI TPOCOB ¢ OEpEroBbIM aHKEPOM, Ha PUCYHKE 4 —
KpEIUIEHUE UT0JIbYaToOro YpOBHEMEpa K OTKOCY KaHaIa.

TexHomorusT MOHTaXKAa KOHCTPYKIIMHM H30JIMPOBAHHOTO OTCEKa MPOU3BOJIUTCS B Clie-
JYIOLIEH MOCIeI0BaTEIbHOCTH: MIOCIIE OMOPOKHEHHUS KaHalla CpeAicCTBaMHU PYyYHOM MexaHu3a-
MM YCTPAWBAIOT IMa3bl HA JHE M OTKOCAaxX KaHaja, Ha JamM0ax KaHaja BPYYHYIO MOHTHPYIOT
AHKCPHBIC OIIOPHBI, IPOU3BOJAT 3aKIAAKY ABYX IHOJIUMMCPHBIX BOAOHCHIPOHULIACMBIX IIEPEMBI-
YeK B Ia3bl ¢ NOCIEAYIONIEH THAPOU30JISIIMENd. MeTamuionoJIMMEPHBIN TPOC MPOJAEBAOT B OT-
BEPCTHA Ha NEPEMBIYKAX U 3aKPCIUIAIOT Ha aHKCPHBIX OIIOpax BHATAXKKY, TAKUM O6p&30M JABEC
ITOJIMMEPHBIE BOJIOHEIIPOHUIIAEMBIE MEPEMBIYKN INPUHUMAKT YCTOWYMBOE KPHUBOJIMHEWHOE
MIOJIOXKEHHUE.
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1 — MeTayIONOIUMEPHBII TPOC; 2 — KOYIII; 3 — TaJpeIr;
4 — GeperoBoi aHKEpP; 5 — XOMYT JICHTOYHBII

Pucynok 3 — ¥Y3ea kpenieHusi TPOCOB ¢ OeperoBbIM aHKepPOM

2 1

T

3

1 — vronpyaTblii ypoBHEMeEp; 2 — METaJUIMYECKas CTOMKa; 3 — KapMaH
Pucynok 4 — KpenjieHue uroibuaToro ypoBHeMepa K 0TKOCY KaHaJjia

[lepembluku mpu Masioil mupuHe KaHana (MeHee 7—10 M) nomyckaercsi ycTpauBaTh
npu nomouty pydHoit nedeaxu (JIP-1 win YTM-0,8), npu mupune kanana 6osnee 10 M MOH-
TaX BEIyT MajbIM Oynbro3zepoM (D0-2621) wiu TpakTopoM Majold MOIIHOCTH (Hampumep,
XT3-3510). Mexny BOJOHENPOHMUIIAEMBIMHU IE€PEMbIUKAMHM HATSATMBAIOT TEHT U3 CBETOHE-
MIPOHULIAEMO MOIMMEPHON MIIEHKH, B KOTOPYIO 3apaHee BIAUBAIOT IIONIEPEYHBIE TPOCHI, TPO-
Cbl NPUCOEAMHSIIOT MpPHU INOMOIIM METeNb K aHKEPHBIM OIOpaM, KOTOpBIE PACIOJIOKEHbI
Ha JlaM0ax KaHaua.

[Ipu npocaunBaHuM BOJbI Yepe3 OOIMIIOBKY KaHalla YpOBEHb BOJIbI B U30JIHMPOBAHHOM
OTCEKE M, COOTBETCTBEHHO, B KApMaHaX C BHELIHEH CTOPOHBI H30JIMPOBAHHOIO OTCEKA Ia/1aeT
Ha BEJIMUYUHY A/ 3a BpeMs ¢ . 3aTeM OMPEeesioT YACIbHBIN (UIbTPAIMOHHBIA PACXO U OC-
peaHeHHbI K03 puumenT GunbTpauuu oOIUIIOBKY 10 GopMysaMm:

Op  Ah
q®=7(b=a7(b+2hcp\/l+m2), (1)
AR
hggn =P, )
° t(hcp +606n )L

e g — YACIBbHBINA QUIBTPALMOHHBIIA PACXOJ, JI/(CYTM);
Oy — CyMMapHBIi (UIBTPAIMOHHBIM PAcXoJ] W3 W30JUPOBAHHOTO OTCEKa IJIUHON L,

n/cyT;
L — nnvHa W30JIMPOBAHHOTO OTCEKA, M;
o 4 2y.
o — K03(pPUIMEHT COOTBETCTBUS pa3MepHOCTe, paBeH 8,64-10" n-c/(cyT-MM'M");
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Ah — najeHue ypoBHS B KapMaHE, MM;

{ — BpeMsl, B TeUeHHE KOTOPOTO IPOMCXOIUT MaIeHUe YPOBHS BOJIbI Ha BeTHUUHY A/, C;
b — mmpuHa KaHaNa 1Mo JHY, M;

h, — CpeAHsIs ryOrHa BOBI B M30JMPOBAHHOM OTCEKE, M;

m — K03 DUIIMEHT 3aJI05)KEHHSI OTKOCOB;
kém — OCpeIHEHHBIH K03()PUIMEHT QUIbTpali TPOTUBOPUIBTPALIMOHHON OOIHUIIOBKY,

BKJTFOUAIONIEH KpaH U3 MOJMMEPHBIX MAaTEPHUATIOB, HAIIPUMEP T€OMEMOpaHy M3 MOJIMITHUIICHA
HJIN €70 OTXOJ0B, CM/C;

B — KOA(QPUIMEHT COOTBETCTBUSI pa3MEpPHOCTEN, B=8,64-107;
0,5, — TOJIIIMHA OOIHLIOBKH, M.

Jlia anpoOaruu pacueTHbix ¢Gopmyi (1) u (2) Obun IPOBENEHBI PACUYETHI YEIBHOTO
(GUIBTPAIMOHHOTO PacxXoJa U OCPETHEHHOTO KOAPPUIIMeHTa GUIbTPALIUU IS YEThIPEX yda-
crkoB BCK-3: TIK 0 — TIK 12 + 00; TIK 12 + 00 — TIK 16 + 50; IIK 16 + 50 — IIK 24 + 50;
IIK 24 + 50 — 1K 31 + 50.

B Tabnuiie 1 mpuBeneHsl pe3yabTarhl anpoOauy HOBOTO CIoco0a OmpeeeHus 1o-
Tepb Ha QuibTpanuio (rmo mareHTy Ne 2530995) ¢ naHHBIMEH HAaTypHBIX HCCIEAOBaHHM
Ha bCK-3.

AHanu3 NoJy4eHHbIX Pe3yJbTaTOB MOKA3bIBAET, YTO PACXOXKIACHUE YIEJIbHBIX MOTEPh
Ha punpTpanuio konednercs B npeaenax 0,6-46,5 %, npu 3ToM HamwIydlas CX0JIUMOCTh pe-
3yJIBTaTOB TOJTydeHa Ha oTcekax la (e = 1,2 %), Il (¢ = 0,6 %) u IV (¢ = 21,7 %). B oc-
TaJbHBIX CIyYasX pacXOKJICHHE Pe3yJbTaTOB ONPEENICHUS OTEPh MOXKET ObITH 00YCIIOBIIE-
HO NOTPELIHOCTSIMU MPU MTPOBEIEHUU HATYpPHBIX MUCCIEOBAHUI, a TaK)Ke HAPYILIEHUEM LIEN0-
CTHOCTHU OOJIMIIOBKM Ha HEKOTOPBIX y4acTKax.

PaccmarpuBas Borpoc npumeHUMoOcTH pacueTHbIX Gopmyn (1) u (2) mis xonuuect-
BEHHOTO OIpeeNeHUs] MOTeph U3 HEOOIUIIOBAaHHBIX KaHAJIOB, MPOBEJIM CPABHUTEIbHBIE pac-
YeThl 110 MPEJIOKEHHBIM 3aBUCUMOCTSM, a TaKXKe 10 YK€ U3BECTHBIM (popMynaM AJis ciaydas
CBOOOTHOM (hUIIBTpaIUy.

Pacuer QuubTpallMOHHOTO pacxoja BBIMOJHSUICA IO TEOPETUYECKUM (hopmyliam
B. B. Benepuuxosa, b. K. Pusenkamncda u A. H. Koctskxosa [2—4]:

UL :kq) (Bcp +A'hcp) > (3)
7€ g — YACIbHBIA QUIBTPALMOHHBIIA PACXOJ, JI/(CYTM);
ky — K03(GGUUHCHT QUIBTPALMK IPYHTA OCHOBAHHUSL, M/CYT;
B, —IIMpHHA KaHAJIa 10 YPE3y, M:
BC

,=6+2mh,;

6 — LIMPUHA 110 JHY, M;
m — K03(pPUIMEHT 3aJI0’)KeHUs] OTKOCOB KaHaa,
hcp — cpenHsis TIyOrMHa BOJIBI B KaHAJE, M;

A — ko3 duunent, onpeaensemsiit mo CHull 2.06.03-85 [4].
gy =Fy 1(Bey +2-hy) ipH % <4, 4)
cp

rae | — ko3 duureHT, onpeaeasieMblid B 3aBUCUMOCTH OT m U % .
cp

qy=ky(6+2-v-hy, N1+m?), (5)

rae v — Kod(pGuIUEeHT, yYuThIBAIOIINI OOKOBOE MOTJIONIEHHE BOAbl B OTKOCHI KaHaa.



Tabauna 1 — Pe3yabTarhl anpodanuu HOBOro crnocoda onpeaejeHus noreps Ha GuabTpanuio (mo nareHty Ne 2530995) ¢ naHHbIMU

HATYPHBIX MCCJeI0BaHUI Ha KaHaJe ¢ 00aunoBkoit BCK-3

Harypusie nannsie no orcekam Ha BCK-3 [1]

PacueTHbBIE TaHHBIE
110 HOBOMY CIIOCOOY
OTpeIeTICHUs TOTEPh

Ortcek | Pacnonoxenue | nuna | Cpeansis [Tepuon [Tanenune | VYnenbHbIE Cpennuit VYneneHuble | PacxoxneHue
oTCceKa oTceka | riryOmHa | HaONIOJCHUN | YPOBHSA noTepu Ha | KOd(PPHUIMEHT | TOTEepH HA | C HATYPHBIMH
B KaHaJe, KM L,M | BOABIB t,CyT BO/IBI bunprpanuio | ¢duabTpanuu | GUIBTpAIHIO JTaHHBIMU
OTCEKE Ah, MM > OOJIMIIOBKH g e, %
/
hops M M°/(cyT M) Kogn.cp » CM/C M /(cyT M)
la 0,0-1,2 1200 2,80 8,12 844 2,000 5,53-10° 1,976 1,2
16 0,0-1,2 1200 2,80 8,64 285 0,458 1,26:10° 0,628 37,1
II 1,20-1,65 450 2,90 9,00 180 0,729 2,28-10° 0,390 46,5
111 1,65-2,45 800 2,87 10,00 90,5 0,174 0,61:10° 0,175 0,6
1\ 2,45-3,15 700 2,16 8,75 280 0,657 2,84:10°° 0,514 21,7

[Ipumeuanue — Ha otcexe la mpuBeneHsl 1anHbie HAOMIOEHUN A0 MPOBEACHUS MHBEKIIUU [IEMEHTHBIM PacTBOPOM MO/l TUIUTAMH,

Ha oTceke 10 — mocie mpoBeIeHHsI HHBEKIHH.
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WcxonHpie nanHpie s pacdyeTa YACIbHBIX MOTEePh Ha (GUIBTPAIMIO U3 KaHaJla B 3EM-
JISTHOM PYCJI€ TIPEJICTABIICHBI B Ta0IHIE 2.
Tadoumua 2 — Ucxoanble JaHHbIE 1JI51 pacyeTa yaeJbHbIX IOTePb HA QUIbTPALMIO

U3 KaHaJla B 3¢MJISHOM pycCJjie

Hmuna | Cpenuss | Ilepuon | Ilane- 3aino- [Inpuna Koad- Koad-
yyacTka | riyouHa | HaOiro- HUE KEeHue | KaHaja no | (GUUUEeHT | pUuIMEeHT
(orcexa) | BOABI B JNEHUH | YpOBHS | OTKOCOB THY, M v [

L,m OTCEKE t,cyT BOJBI m
heps M Ah, M
50 1,75 1,0 0,5 2,0 3,0 1,25 0,62

Pe3ynbTarhl pacyeToB, a TaKKe UX pacXOXkACHUS CBEJCHBI B TaOIuUILy 3.
Tabauua 3 — PesyabTarhl pacyera yAeJdbHBIX IOTEPh HA (PUJIBTPALMIO U3 KaHAJIA
B 3¢MJISIHOM pycJie

Y enbHbIe IOTEPH Ha GUIBTPAIHIO Gy, , MY/(CYTM) Pacxoxnenue ¢, %
o ¢popmyne | mo popmyne | mo popmyne | mo opmyne | ¢ pop- | ¢ dop- | ¢ dhop-
(D) 3) 4) &) MYJIOH | MYJNOH | MyJOK
(metom u3o- | (B. B. Benep- | (b. K. Puzen- | (A. H. Kocts- 3) 4) &)
JINPOBAHHBIX HUKOBA) kammga) KOBA)
OTCEKOB)
5,41 8,1 5,02 4,73 33,2 7,3 14,4

ComnocrapiieHue pe3ysbTaTOB pacyeTra Mo METOIUKE H30JUPOBAHHBIX OTCEKOB C pe-
3y/lbTaTaMu, MOJTYYEHHBIMH 10 YK€ U3BECTHBIM 3aBUCUMOCTSIM, TIOKa3a10 OJM3KKUE 3HAUCHUS
¢ pacxoxaeHueM B mpenenax 7,3—14,4 %, 4ro CBUAETENHCTBYET 00 MX TOCTOBEPHOCTH H
BO3MOXHOCTH TPUMEHEHUS IMpeajaraéMoil 3aBUCUMOCTU B NPAKTUKE ONpEAENCHUsl MOTePb.
HecMmoTps Ha mosydeHHbIE TOCTATOYHO CXOJUMBIE PE3YIbTaThl PACUETOB 110 METOY M30JIH-
POBaHHBIX OTCEKOB M 3aBUCUMOCTH B. B. BenepHukoBa, MMEOTCS CyIECTBEHHBIE PACXOXKIE-
Hus B 33,2 %, 4T0 0OBSACHAETCS HEY4ETOM BO BTOPOM cliydae KOd(PPHUIIMEHTOB, 3aBUCAIIUX OT
BEJUYMHBI KO3 (ULIMEHTa 3aJI0)KEHHs] OTKOCOB KaHalla, KOTOPbIE B CBOIO OYepeb MPUCYTCT-
BYIOT B 3aBUCUMOCTSIX (4) u (5).

TakuM 00Opa3oM, MpeACTaBICHHBIN aHAJIU3 PacyeTOB CBUIETEIBCTBYET O BO3MOKHO-
CTH TNPUMEHEHUS PACUETHBIX 3aBHCHUMOCTEH MeToJa M30JUpPOBaHHBIX OTcekoB (1) u (2)
JUIS OIIPEJIeNIeHUs] IOTEPh U3 OOJIMLIOBAHHBIX KaHAJIOB, KPOME TOT'O, IPOBEACHHBIE PacueThl
MOKa3aly, YTO 3aBUCUMOCTb (1) MOXKET MPUMEHAThCS JUIsl OnpeleseHns QUIbTPAMOHHOTO
pacxo/ia U3 KaHaJIOB B 3€MJITHOM PYCII€.
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