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VIIK 627.133
K BOITPOCY OB OIPEJEJEHUHAN PACXO/IA BOJIbI B OTKPBITBIX
MOTOKAX

M.P. bapambIkoB
®I'BHY « BHUUI'uM um. A .H. KoctgkoBay, r. MockBa, Poccus

I'mpponornyeckre M3bICKAaHMS Ha peKaxX BKIKOYAIOT, B TOM YHUCIIE, ONPENEICHUE pac-
X0Jla BOJbI, JJIs BBIYUCIIEHHUS] KOTOPOTO 4Yalle BCEro HCMHOJIb3YETCS METOJ «CKOPOCTh-
momaae». CormacHo HopMaTtuBHOW mokymeHTaruu (MU 1759-87), ucnonbp3oBaHue 3TOTO
METOJla TOJpa3yMEBAET BBIUYUCIIEHHE CPEIHEH CKOPOCTH IO OTAENIbHBIM BepTUKaIAM. C
ATOM 1IEJIBIO 10 JTUHUU THIPOMETPUUECKOTO CTBOpa paBHOMEpHO pacnoiaratot 8-10 (12-15)
CKOPOCTHBIX BEpTUKaJIeH Ha ONpe/IeJICHHOM PacCTOSIHUM OT MOCTOSTHHOTO Hayvana. J{iis yBe-
JUYEHUS] TOYHOCTH OIpEAeNIEHUs] PacxXo/a B 3aBUCUMOCTH OT U3MEHUYHBOCTHU TNIyOHH B IO-
MIEPEYHOM CEYEHHMH pycCila PEKOMEHIYETCSl YBEIMUUTh YUCIIO BEPTUKAJIEH B TOUKax Nepena-
na riyouH. M3mMepeHus: CKOpOCTH MPOU3BOAATCS B HECKOJBKUMX TOYKaX Ha BEPTUKAIU MO
riyouHe (TOYeUHbIM croco0) WK TUIaBHBIM NEPEMELEHUEM 110 BEPTUKAIHU THAPOMETpUYe-
CKOM BEpTYIIKU (MHTETPAJIbHBIN CTI0C00).

[Tpu BbIOOpE KOJIMUYECTBAa CKOPOCTHBIX BEPTHKAJIEH M MX paclpeieieHHs M0 IIUPHHE
pycia B HOpPMaTUBHOM JTOKYMEHTAllMU yKa3aHbl HEKOTOPbIE YCIOBUS:

- YHCJIO CKOPOCTHBIX BEPTHUKAJIEH B CTBOpPE NV OJDKHO COCTaBiATh OT 8 1o 15, B 3a-
BHUCUMOCTH OT OCOOCHHOCTEH CKOpPOCTHOTO mosist nmoToka. [Ipu ogHOMONANbHOM TIaHOBOM
AMIOpPE MOBEPXHOCTHBIX cKopocTed Nv = 8 - 10; nmpu MHOroMoAaibHON (popMe SMIIOPBI CKO-
pocteid Nv =12 — 15 (MU 1759-87 n.7.1.1.);

- B OCHOBHOH 4acTH MOTOKAa CKOPOCTHbIE BEPTHKAIIN JIOJKHBI Ha3HAYATbCS TAaKUM 00-
pa3oM, 4YTOOBI OTCEKU KUBOT'O CEUEHHs], OrPAaHUYEHHBIE COCETHUMH CKOPOCTHBIMU BEpPTHKA-
JSIMH, IPOIYyCKaJIM OJIMHAKOBBIE YacTHuHbIe pacxoasl (MU 1759-87 n.7.1.3);

Bo3HukaeT npoTUBOpeyne: 3HaHHE KOHEYHOr'0 pe3yibTaTa padoThl (3MIOPbl CKOPOCTEN
U pacxo/ibl) SBJISETCS MPeABAPUTENIbHBIM YCIOBUEM ISl HaYalla MPOBEICHUS U3MEPEHUH.

B HekoTOphIX ciiydastX MpU OTHOCUTEIBHO PAaBHOMEPHBIX TNTyOMHAX MO MONEPEYHOMY
CEUYEHHIO pyclla CTaHJIAPTHOE PaCIpeAesieHne CKOPOCTHBIX BEPTUKAJIEH MO JMHUM THAPO-
CTBOpa HE IO3BOJISIET YYECTh BIUSHUE TOTO, YTO OOLIMI MOTOK MOXET COCTOSITh M3 He-
CKOJIbKUX TEUYEHHH, C(HOPMUPOBABIIMXCS BBIIIE OT MECTa PACIHOJIOXKEHHsS TMAPOCTBOpA U
MMEIOLUX Pa3IMYHbIE CKOPOCTHBIE XapaKTEPUCTUKU. A TaHHbIE U3MEPEHUN CKOpPOCTEH, MO
KOTOPBIM MOXHO OBUIO OBI clienaTh MoJ00HBIE BBIBOJBI IO PACCTAHOBKH CKOPOCTHBIX BEp-
TUKaJeH, OTCYTCTBYIOT.
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[IpenBapurenbHOE ONMpEAETICHUE CYIIECTBOBAHHS IMOJOOHBIX TEUCHHUH W TOJOKCHHE
UX I'paHUl] B 00IEM MOTOKE MO3BOJIUT TOYHEE ONPEAEIUTh TpeOyemMoe KOJINYEeCTBO U pac-
MpeesieHue CKOPOCTHBIX BEPTHKANEH C Y4eTOM JaHHOW crieur(UKH Ui MOBBIIICHUS TOY-
HOCTH BBIYUCIICHUS Pacxoa.

[TpennonoXuTenpHO, B Ka4eCTBE MPEABAPUTEIHHON OIIEHKH TTOTOKA MOTYT SIBISTHCS
JaHHBIe, OTPAKAIOIIUE SBJICHUE, COBMENIAloIIee B ceOe B3aMMOICHCTBUE TCUCHUH C TPYH-
ToM niHa. TakuM siBIeHHEM MOXET ObITh 0Opa3oBaHue Tpsij, GopMa U JUIMHA KOTOPHIX 3aBU-
CST, B TOM YHCJI€ U OT CKOPOCTH 3TUX TeueHH. COOTBETCTBEHHO, TEUCHUS C PA3TMUYHBIMU
CKOpoCTAMHU OyayT (hOpMHUPOBATH TPsIIbI, OTIMYAIONINECS 0 GOpME U JITMHE, BU3YaTbHBIN
aHaJu3 KOTOPBIX MTO3BOJIUT OIMPEIEIUTh TPAHUIIBI ITUX TEUCHUH.

Taxue nanHble MOTYT OBITH HOJYYEHBI IPU OATUMETPUUYECKON ChEMKE HXOJIOTOM, KO-
TOpasi MOXKET MPOBOAMTHCS 10 M3MEpeHHs cKopocTeld. COBpEeMEHHBIE IXOJIOTHI MOKHO Pa3-
JICNIUT Ha JIB€ OCHOBHBIC TPYIIIBI: OJHOIYYEBBIC U MHOTOIy4eBbIe. OTHOIYYEBEIE IXOJIOTHI,
MPOU3BO/IS «TOYEUHYI0» CHEMKY, CIIOCOOHBI MOJIYYUTh I'PSIOBOCTh JHA C ONpPEAEICHHBIMU
ynymeHussMu. s 6onee netanbHOM KapTHUHBI pelbeda HeoOXOIUMO YBEIMYUThH KOJUYe-
CTBO IPOJIOJBHBIX M TOTIEPEUHBIX TaJICOB HA YYaCTKe TUAPOCTBOPA M MPOXOAUTH TH TaJIChl
C MUHHMMAJbHOW CKOPOCTBIO CyaHA. MHOIOJy4YeBbI€ 3XO0JO0ThI, UMEIOLINE «IUIOIATHYIO»
CHhEMKY, MMO3BOJISIOT MOJIYYUTh OoJiee AeTalbHYI0 KapTUHY penbeda nHa (puc. 1).

Pucynoxk 1 - Tlpumep pe3ynbTaToB OaTUMETPUUECKON CHEMKHU JHA PEKH
MHOTOJIY4E€BBIM 3XO0JIOTOM

BusyanbHbIil aHamM3 MOAOOHBIX JTaHHBIX MO3BOJISET PA3IMYUTh O0JIACTH TP C pas-
JUYHOM JUIMHOM W (opmoid. OrmpeneneHue TIpaHUIl TaKUMX 00JiacTed MO3BOJSET TOYHEE
YCTaHOBUTH KOJMYECTBO U MOJIOKEHHE CKOPOCTHBIX BEpTUKAJIEH HA THIPOCTBOPE.

Ha pucynke 2 mokaszaHbl YCTaHOBIICHHBIE TPAHUIIBI 00JacTeil ¢ pa3IMYHbBIMU (opMaMu
rpsia (BEepTUKAIbHBIE JIMHUM) TO BU3YaJbHOMY aHalM3y OaTUMETpu4eckor cheMku. Jlis
HAIJISITHOTO CPaBHEHUS BEIOPAHHBIX TPAHULL C PeaibHBIM paclpeieNieHueM CKOpOCTEel B MOTO-
Ke Ha TpaduKe MoKa3aHa KpHUBasi, IEMOHCTPUPYIOIAS paclpe/ie]ieHue CPeTHUX CKopocTel 83
BEPTUKAJIEH Ha THApOCcTBOpe. KpuBas MocTpoeHa 1o JaHHBIM W3MEPEHHUN aKyCTHUYECKOIO JI0-
riepoBckoro npoduinorpada (ADP). Takum 06pa3oM ObLIO OTIpeieeHO 4 TPaHUIIbl TCUSHHI.

Jliist ompeneneHus: pa3inuuil MEXIy ABYMs criocoO0aMy BBIOOpa KOJMYECTBA U pac-
IIpeIETIEHUs] CKOPOCTHBIX BEPTUKAJIEH (PaBHOMEPHOTO U HEPABHOMEPHOI'O) IIPOBEIEM CpPaB-
HEHUE JAHHBIX U3MEPEHU, KOTOpbIe OYyAYT MOJyYEHbI PU UCIIOJIb30BAHUH 3TUX CIIOCOOOB.
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Pucynoxk 2 - OnpeneneHue nojaoKeHus: TpaHull TSYSHU M0 BU3yalbHOMY aHAIIU3Y TIPSl

Ha pucynkax 3 u 4 00603HaueHBI CKOPOCTHBIE BEPTHUKAIH (OKPY>KHOCTH), 3HAUCHUS
CpeIHUX CKOpocTed (IMyHKTUPHbIE JTUHUH), YYACTKA THIPOCTBOPA, MO IIUPUHE KOTOPBIX
CKOPOCTh MIPUHUMACTCSI PaBHOM MOJIYYEHHON Ha BepTUKaIH (TpsiMoyronbHUKH). [Ipu paB-
HOMEPHOM crocobe (puc. 3) CKOPOCTHBIE BEPTHKAIIN PACTIPEICICHBI HAa PABHBIX PAaCCTOSHU-
sx Apyr ot Apyra. [lo maHHBIM OaTUMETPUYECKON CHEMKH, yKa3bIBaroIleld Ha OTCYTCTBHUE

3HAYUTCIIbHBIX ICPEIIag0B B FHY6I/IHaX, KOJIMYECTBO BepTHKaﬂeﬁ BI>I6paHO PpaBHBIM 12.
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Pucynok 3 - Pacnpenenenue CKOpOCTHBIX BEPTUKAJIEH IO TUAPOCTBOPY
PaBHOMEPHBIM CIIOCOOOM

AHanu3 rpaduka MmokaspBaeT, YTO MPU TAKOM CIOCOOE MOTYT OBITh HE YYTCHBI MaK-
CHUMaJIbHBbIC MJIM MUHUMAIIbHBIC 3HAYCHUSI CPEAHUX CKOpocTel. Takke BOSHHKAIOT 001acTh
3HAUEHUN CKOPOCTEH, KOTOpble HEe OYIyT y4TE€Hbl MU KOMIIEHCHUPOBAHBI OCPEIHEHUEM TPH
BBIYHCIICHUHU PACX0/Ia.
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Pucynok 4 - PacnipeniesieHre CKOpOCTHBIX BEpTUKAJIEH IO TUAPOCTBOPY
HEPaBHOMEPHBIM CIIOCOOOM

[Ipu HepaBHOMEepHOM criocoOe (puc. 4) mocne0BaTeIbHOCTh ISUCTBUMA CIeAYIOIIAs:

- TIocJie aHajau3a 0aTUMETPUYECKOM ChbEMKH, M0 Pa3audusiM (OpMbl U JJIMHBI TpeOHEe
OTIPEICIITIOT TPAHUIIBI TEUCHHUIA,

- B TIpenieyiax Kaxjaoi o0JacTy TEYSHHUH pacrojiaraeTcss HEYeTHOE KOJIMYECTBO BEPTH-
KaJIel, MUHUMYM 3;

- KaJas o01acTh JCIHUTCS HA CEKIIUU 10 KOJIMYECTBY BEPTUKAJICH, B IICHTPE KaXKJI0H
CEKIIMU PACTIONaraeTcs CKOPOCTHAsI BEPTUKAIIb.

Beptukainp, pacrnonokeHHas B CEpeMHE O0JIACTH TEYCHUS, BEPOATHEE BCErO IMO3BO-
JUT OIPEACIUTh MAaKCUMAJIbHBIC MJIM MUHUMAJIbHBIC 3HAUCHUS CPEJIHHX CKOPOCTEH B JaH-
HOM CEKIMH, a B UTOT€ U BO BCEM IIOTOKE.

[Ipu TakoM cmocobe pacmhpeeneHusi CKOPOCTHBIX BEPTHKAJCH MONydeHHbIC JTaHHbBIE
OyayT TOJIHEe, XOTs YaCTUYHO NMPOOJIeMa HE YYTCHHBIX CKOPOCTEH COXpaHSETCS, XOTSA U B
MEHBIIEH CTECEHHU.

Cpenusisi CKOPOCTb MO 00IIIEMY TIOTOKY:

- IpU paBHOMEpHOM criocode ~ 0.37 M/c;

- IpU HepaBHOMEpHOM criocode ~ 0.34 m/c;

Y enbHbIN pacxo]l Ha €AMHUILY IIUPUHBI pyciia 0 001IeMy MOTOKY:

- IIpU paBHOMEPHOM c11ocobe ~ 176 m%/c;

- IIpU HEPABHOMEPHOM criocobe ~ 179.56 m%/c;

3HaueHUsl CPEJHUX CKOPOCTEH Mo o0IIieMy MOTOKY MpU paBHOMEPHOM crocobe mpe-
BBHINIAET 3HAYCHHE ITOW K€ CKOPOCTH NpHU HEpaBHOMEpPHOM cmocobe Ha ~ 8%. OmnHako
yaAeIbHbIE PACXO/bl OTJIMYAIOTCA B 00paTHYIO CTOPOHY HA ~ 2%. YUYUTBIBAs pa3HUILY B LIH-
pUHE CEKIMA B 000WX CIy4asX MOXKHO MPEANOJI0KUTE, YTO pa3HUIA MEXTY ITOJTHBIMU pac-
XoJamMu OyaeT OobIIe.

B kauectBe cpaBHeHHsS B TaOimie | NpUBENEHBI 3HAYEHUS CPEIHUX CKOPOCTEH U
YAEIBHBIX PACXO0B 10 BEPTHKAISIM Ha SIUHUILY IIUPUHBI pycJia.
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Tabnuua 1 - CKoOpocTH U yaenbHbIe pacX0/bl 0 BEPTUKAJISM Ha €AMHHILY IIUPUHBI pycia

Homepa cxko- 3unauenus Vep u Qy npu IByX crioco0ax pacnoyioKeHHs! BEpTUKaJIeH
POCTHBIX Bep- PaBHOMEPHBIN HEPaBHOMEPHBIN
TUKaJIeH Vcep, m/c Qy, Mm2/c Vcep, m/c Qy, M2/c
1 0.3 12 0.3 9
2 0.43 17.2 0.43 12.9
3 0.35 14 0.41 12.3
4 0.31 12.4 0.33 11.22
5 0.35 14 0.31 10.54
6 0.45 18 0.34 11.56
7 0.52 20.8 0.44 25.52
8 0.5 20 0.52 30.16
9 0.42 16.8 0.45 26.1
10 0.32 12.8 0.35 5.95
11 0.25 10 0.31 5.27
12 0.2 8 0.28 4.76
13 0.25 5.25
14 0.23 4.83
15 0.2 4.2
3akiarouenune

W3noxeHHBIN B TaHHOW CTaThe CIIOCO0 HEPAaBHOMEPHOTO PACHpPENeIICHUsI CKOPOCTHBIX
BEPTHUKAJEHl NPHU ONPEJEIEHUH PacXxoJa BOAbl B OTKPHITOM MOTOKE, OCHOBBIBAIOLIUICS HA
aHaJIM3e MOCIEACTBUI peajbHBIX (PU3MYECKUX MPOILIECCOB C YUETOM HEPAaBHOMEPHOTO pac-
npeiesIeHUs] CKOPOCTEN MOTOKA M0 KUBOMY CEYEHHIO, MTO3BOJISIET O0Jiee IeTalbHO MTPOBECTH
U3bICKaHUs (MCCIIEIOBAHMS) U, KaK CIIEJICTBHE, TOBBICUTh TOYHOCTH OMpPEAENICHUs 00Iero
pacxona. Pa3zButue Takoro croco6a TpeOyeT NOMOTHUTENbHBIX HCCIEIOBAHUM, yUYUThIBas,
YTO OH UMEET PsJi TEXHUUYECKUX U CUTYAIIMOHHBIX OTPaHUYCHUN.

YK 532.526.
METOJUKA PACYETA BOAO3ABOPA U ®PUJIBTPYIOLIEI'O IIOTOKA

K.P. BeiiceMOun
Tapasckuiil rocynapcTBeHHblid yauBepcuretr uM. M. X. [ynatu, r. Tapas, Kazaxcran

Jliis pa3paboTku 3(h(PEKTUBHBIX METOJ0B OOPHOBI C MIJIOM, MOKHO HCIOJIB3BAaTh pac-
MOJIO’KEHHBIE HA Oeperax BOJAHOTO MOTOKA U BOOMAAAX HEAUIbHBLY PEIIECTKH, H3TOTOBIIECH-
Hbl€ B BUJ€ KAMEHHBIX IUIOTHH, CIEJaHHbIE U3 MECTHBIX CTPOUTEIbHBIX MaTepuanoB. B
ATUX YCIIOBUSAX CTaBUTCS 3a/laya OIpe/esieHUs] 3aKOHOMEPHOCTU TMAPABINYECKUX MpOIleC-
COB, IPOUCXOJISALINX B PyClie HOTOKA OOKOBBIX IJIOTHH.

JlanHas craths MpeAHa3HaueHa aJis omnpezeneHus koddduuuenta Bogozadbopa (uiu
BbIXOJa U3 LEAMJIBHON pelIeTKH) Npy MOMOIIM y4yeTa MpeiaraeMoil rujpoauHaMHU4eCcKOn
CXEMBI pacIipe/iesieHus TOTOKAa B OOKOBBIX KaHaJlaX IJIOTUHBI.

Hwmeetcst pacriofiOKEHHBIN B PSIMOJIMHEIHOM YacTH pyciia BOJHOTO MOTOKa OOKOBOTO
BO/1003a00pa MpOJ0JIbHBIN pa3pe3 - ueTbipexyroibHuk OABC, paccmaTpuBaeM MUpUHY L
BOJHOI'O MOTOKA. Pa3mMepsl MIOTHHBI TOKa3aHbl HA PUCYHKE 1, a 3KBUBAJIEHTHBIE TUAMETPHI
KaMeHHbIX 4yactel paBHbl d. CpaBHHUTENbHAS IIEPOXOBATOCTh KaHaja MmiaoTuHbl B yactu OC
00JIbIlIE MPUPOJHON CPAaBHUTEIBHOM IIEPOXOBATOCTU OEperoB KaHaja. DTOT Cilydail IpHUBoO-
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