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NCCIEJOBAHUME ADPOIUHAMUNYECKUX U
JHEPI'ETUYECKHUX XAPAKTEPUCTHUK BbIXJIOITHOI'O
OTCEKA IHJ «CTYHHEHb-IU®PY30P»

BBINOTHEHO YHCICHHOE HCCIEIOBAHHE AadPOJUHAMHUYECKMX U OHEPreTHYECKHX XapaKTEePUCTUK
nocneaneit crynenn [{HJ] MomiHo# napoBoit TypOHHBI ¢ MPEABKIIOYEHHBIM KaHAJIOM MEXCTYIEHYATOro 3a30pa
Y BXOJHBIM y4acTKOM KaHaja Au¢¢dy30opa BHIXJIOMHOTO NaTpyOKa Ha CTAlIMOHAPHOM PEXUME C HCIOIb30BaHUEM
CBOWCTB BJI&XHOTO TMapa Ha OCHOBE OJHOCKOPOCTHOI'O TIPHONMKEHHS W PaBHOBECHOW KOHJEHCAIHH.
IIpencraBnena TpexMepHas CTPYKTYpa, OCPEJHEHHbIE a3pOJIUHAMUYECKHE XapaKTEPUCTUKU 3JIEMEHTOB OTCEKa,
YHEPreTUUECKUE XapaKTEPUCTHKH KaHAJIOB CTYNEHH. AHAaIM3HPYETCs BIUSHHE T'€OMETPUUYECKHX JJIEMEHTOB —
IIENTN 0TCOCa BJIATH, IIPOBOJIOYHOMN neMIipepHOil CBs3U 1 nepruepuitHoro 1eapHo(ppPe3epOBaHHOTO TTOJIOYHOTO
OaHgaxa Ha TeueHHe B KaHanax crymneHd. O6cyxmaaercs aQpQpexT U mapaMeTpsl CTPYyH HagO0aHIaKHON MPOTEUKA
Ha TedeHne B au(dys3ope, BIMSIHUE MPOBOJIOYHON AEMI(EPHOH CBSI3M HA 3HEPrETHUCCKHE XaPaKTECPHUCTHUKH
crynenu. McciaenoBan 3¢GQeKT BO3MOKHOTO TNEPETEKaHHUs Iapa 4Yepe3 TEXHOJIOTWYECKYIO IIENb B JIOTATKE
BOJIM3H MIPOBOJIOYHO# JeMII(EPHOI CBSI3H.

KawueBsbie cioBa: nociennsiss crynenb [IHJI, cucrema BiaroynaneHus, ocekoiiblieBoit nuddysop,
YHCIEHHOE MOJIEIMPOBaHKE, BIaXHBIH Tap, a3poANHAMUUECKHE, SJHEPTETUIECKUE XapAKTEPUCTUKH.

Beenenue

Cratbsi  NOCBAILEHA  YHUCICHHOMY  MCCIEJOBAHUIO  adpPOAMHAMUYECKHX U
HHEPIreTUUECKUX XapaKTepucTuk nocineanei crynenu LIHJ] momHoi mapoBoil TypOuHBI ¢
IIPEIBKIIIOYEHHBIM KAHAJIOM MEXCTYIIEHYaTOro 3a30pa M BXOJAHBIM YYacTKOM KaHala
Juddy30pa BHIXJIONHOTO NMarpyOka Ha CTAI[MOHAPHOM PEXHME C HCIIOJIb30BaHHEM CBOMCTB
BIaXHOTrO mnapa. IIpencrasieHa TpexMepHas CTPYKTypa, OCPEOHEHHBIE a’pOJNMHAMHUYECKUE
XApaKTEPUCTUKU DJIEMEHTOB OTCEKA, DHEPreTUYECKHE XapaKTEPUCTUKHU KaHAJIOB CTYIIECHH.
AHanusupyeTcsi BIUSHUE T€OMETPUUYECKUX 3JIEMEHTOB — LIEJIHU 0TCOCa BJIAard, MPOBOJIOYHOTO
u nepudepuitHoro OaHgaked Ha TedeHHWe B KaHamax crymneHu. OOcyxkpaercs 3ddexr u
napamMeTpsl HaAOAHIAKHOW CTPyHM TMPOTEUKHM Ha TedeHue B auddys3ope, BIHsIHUE
IPOBOJIOYHOrO OaHAaka Ha HHEPreTHYECKHe XapaKTepUCTUKU cTyneHdu. ccnemoBanue
IIPOBEJEHO pPACYETHBIMM METOAAMH C HCIOJB30BAHMEM aBTOPCKOIO IPOrPAMMHOIO
xomrtexca MTFS®.

1 Onncanne 00LEeKTa HCCAET0BAHUSA H 0COOCHHOCTH YHCJICHHOH MOIEIH

Beixnmonao#t  orcek  I[[HJI BkirouaeT MOCHETHIOW CTyNMeHb U (pparMeHt
ocepanuanbHoro auddysopa. I[IporouHas dYacTe OTCeka € NPEANOCIEAHEH CTYNEHBIO
npuBeJieHa Ha puc. 1. XapakTepHbIMM OCOOCHHOCTSIMM CTYNEHHU SBISIOTCS «oOpaTHas
3aKpyTKa» COIUIOBBIX JIONATOK, LEIbHOQPE3EPOBAHHBIA IMOJOYHBI OaHAaX, OJHA
POMEXYTOUHas JleMIQepHas CBA3b M pa3BUTas cUCTeMa BiaroynaneHus. Pabodee koneco
YIUIOTHEHO Ha/J0aHaXKHbIM KOJIbLIOM. MOHTaXXHBIH 3a30p MEXy Hapy KHOH MOBEPXHOCTHIO
Oangaxka, wumewmero ¢opMmy MHororpaHHuka c¢ 104 rpaHsMH, U BHYTpEHHEH
LWIMHIPUYECKON TOBEPXHOCTBIO KOJIbLIA, SIBISIETCA NepeMEHHBIM. Ha HOMMHAIIBHOM pexume
3a30p COCTABIAET 8,5 MM, B 30HE CThIKa OT/EJIbHBIX M0JIOK — 7,68 MM. Ko3bIpek kpenutcs K
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EHEPTETUYHI TA TEIVIOTEXHIYHI TIPOLJECH U YCTATKYBAHHA

0001y mradparmel mocpeACTBOM 36 AUCTAHITMOHHBIX BTYJIOK TUaMeTpoM 50 M.

Hekortopeie nanuble oTceka: BbicoTa comna 1000 mm, yron mnepudepuitHoro
MepuarnoHanbHoro packpeitusi 40°; Beicota PJI 1030 MM, Beepnocts PJI — 2,46; crenenu
pacmupeHus: ocepaguanbHoro auddysopa — 2,3, marpyoka — 1,96; ydacrota BpaiieHus
potopa 50 ¢ .

Mexny TopuoMm ob6ona auadparMbl M TOJKOM KO3bIpbKa CYIIECTBYET KaHall
BJIArOyJaICHUs W3 MEXKBEHIIOBOTO TMPOCTpaHCTBa cTyneHn. (OO0Tekaemasi TOBEPXHOCTh
KO3BIphKa MPOQMINPOBAaHA W SBJSETCS MEPBOM YacThio obeuaiiku mud@y30pa BBIXJIOMHOTO
natpyoka. Co BTOpoii 4yacThi0 OO€YANKKM OHA COUJICHSETCS uYepe3 3aMKHYTYH BUXPEBYIO
kamepy. @opma 3TOro ydactka oOeyailku OKa3blBaeT CYIIECTBEHHOE BIUSHUE Ha PaldoTy
muddyzopa. Ilporounas dyacTh CTyneHH 3aBepiiaeTcss (parMeHTOM OCepaaruaibHOro
middy3opa ¢ pacHIMPUTETHHBIME KaMepaMu Ha repudepun M y KOpHS pabodero BEHIA.
OrnucanHble 0COOCHHOCTH MPOTOYHOMN YaCTH CMOJISITUPOBAHBI B IOTHOM 00beMe (puc. 2).

Puc. 1 — Cxema npotounoit uactu orcexa [TH]] Puc. 2 — Cetounas mojenb

Kparkoe onmcanue ocoO0eHHOCTel 4YMCIeHHOH Mojaenu. TeueHue B Kakaou
pacyeTHOM TOMO00JACTH OMHUCHIBACTCS TIOJHOM CHCTEMOW HECTAIlMOHAPHBIX YpaBHEHUH
HaBpe-Crokca, ocpenHeHHblx 1o  PeliHompacy-®apy.  Cucrema  JIONOJHSAETCS
muddepeHIMaTbHBIME YPaBHEHUSIMU MOJIeNH TypOysieHTHOCTU. VHTerpupoBaHue CHCTEMBI
ypaBHeHMi HaBpe-CTOKCa M acCOUMMPOBAHHBIX YPaBHEHHM OCYIIECTBIIAETCS C IOMOLIBIO
MPOrPAMMHOI0 KOMILJIEKCa MTFS®, KOTOpBIA omucaH W TectupoBaH B [1-3]. PacuerHbie
noJ00JIaCTH  anMpOKCUMUPYIOTCS HECTPYKTYPUPOBAaHHBIMH T€KCadApaIbHBIMU  CETKaMH.
IIpumensemas Bepcusi coiBepa HMCIOIb3YET HEABHYIO Pa3HOCTHYHO 1FVD cxemMy KOHEYHBIX
00BeMOB 2-T0 mopsiika ToUHOCTH [4]. TBep/ble CTEHKU MpEeAroaraloTcs: aquadaTHuecKuMH,
HAa HUX 3a/1aeTCs YCJIOBUE NPUIMIAHMS M PABEHCTBO HYyIIO 3(P(GEKTUBHON BUXPEBOI
Bsi3kocTH. TypOynenTHble 3¢ ekt onucanbl Ha ocHoBe SST Monenu Menrepa.

MoIHOCTH CETOYHOro pa3OueHusi COoCTaBisIOT Oojee 1,8 MIIH. Tekca’IpoB B
pacueTHOI 06JacTu COIIOBOro anmnapara 1 2,0 MIIH. reKca’IpoB B 00J1acTH paboydero KaHasa.
B nenom mopens crynenu u dparmenTa nuddy3opa mocTpoeHa Ha ceTKe OKojo 5,0 MITH.
reKcad/IpoB, YTo 0OeCreunBaeT NapaMeTp MorpaHcaos ¥ MeHee 2 U NPHEMIEMYIO TOYHOCTh
MonenupoBaHus. llorpaHuyHble CJIOM OMMCHIBAIOTCA OOJIEralOIIMMU TeKCadApalbHBIMU
CETKaMU Ha OCHOBE 3KCIIOHEHIIMAJIBHOTO CTYIIEHHUS TYEEK K CTCHKAM.
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B wunccnenoBaHuMM INpUMEHEHA CTallMOHAapHAas MOJEIL CTYIEHHM C OCPEIHEHHEM
IIOTOKOB MAacChl, UMITYJIbCA U DHEPIMH B OKPY’KHOM HAIPABICHUM B MEXCTYIIEHYATOM 3a30pe
3a BpeMsl ITPOXOXKACHMSI JIONATKK pOTOpa BAOJb LIara perieTky cratopa. PacueTrsl BapuaHToB
MOCJIEAHEW CTYNEHH BBINONHSUINCH TPU 3aJaHUM Ha BXOJE PAaBHOMEPHBIX B OKPYKHOM
HaIpPaBJICHUU paclpeesieHUuIl OJHBIX IapaMETPOB — JIABJICHMUSI, TEMIIEPATYPhbl, BIAXKHOCTH U
HaIlpaBJICHUs MMOTOKA, B3ATHIX U3 TEIUIOBOro pacyera. Ha Beixone u3 gparmenta nuggysopa,
a TaKkKe B IIEJIM OTCOCa BJIard 3aJaBajach BEJIMYMHA IPOTUBOJABIEHUS, COBIAJAIOLIAS C
JIaBJICHUEM B KOHJAEHcaTope. Bce pacueTsl BBIIOIHEHBI HA OCHOBE MOJEIM BIAXKHOTO Iapa,
3aJJaHHOTO Ta0JIMIAMH BOASHOTO Tmapa. Mcmonb30BaHO OJHOCKOPOCTHOE MPHUOIIKEHHE
pPaBHOBECHOM KOHJIeHcaluK (6e3 yueTra nepeoxaakIeHus).

Metoauka 00padoTKH JaHHBIX PACYeTHBIX HCCJIe0BaHMi. B pe3ynbpraTe Kaxaoro
pacuera HaxXOJWINCH T0JIS CTATUYECKHUX [1apaMeTPOB — JAaBJICHHUS, INIOTHOCTH, TEMIIEPATYPBL,
CTENEHH BIAXXHOCTH, JHTAJIBIUHU, SHTPONHH, U TPEX KOMIIOHEHT BEKTOpa CKOPOCTU B
abcomoTHONW (OO BpawIaroLeiics) cUcTeMe OTCueTa, ACCOLMHPOBAHHBIE C IIEHTPaMHU
pacdeTHBIX s4YeeK. Meroauka oOpaOOTKHM JAaHHBIX YHUCICHHOTO JKCIIEpUMEHTa [5, 6] mus
MOJYyYEHHUs HMHTErPalbHBIX I[apaMeTpOB B XapaKTEPHbIX CEUEHHMSIX pacuyeTHOH o00sacTu
UCIIOJIb30Bajla B KaXXJIOM IIONEPEYHOM MEPHOM CEYEHMM KaHana cryneHu (0-2, puc. 1)
OCpEHEHHE 10 MAacCOBOMY pacxoAy BAOIb OKpPYXHOM KoopauHaTel. [lomydaemslie
OJIHOMEPHBIE pajiajbHbIE PACIPENEICHNs] NHTEPIIOIUPYIOTCS B LIEHTPHI CJIOEB ITOCTOSHHOTO
pacxozxa. Jlns BBIYMCIIEHUS DHEPreTUYECKUX XAPAKTEPUCTHK CTYNEHH M, B YaCTHOCTH,
OTHOCUTEJIbHBIX TMOTE€Ph KWHETHYECKOW OSHEPruM, OTHOCHUTENBHOrO JionaroyHoro KIIJ]
CTYIIEHU NIPUMEHSIIOCH CPAaBHEHUE PACUETHBIX U TEOPETUUYECKUX HYHTAJIBIINM, [TOJyYEHHBIX U3
TaOJIUI] BOJISTHOTO TIapa.

2 Pe3yabTaThl HcceJOBAHUSA MCXOJHOI0 BapuaHTa nocjeaHeil crynenu HHH/I ¢
aanHaou PJI 1030 mm

XapakTEepUCTUKHA HCCIIECIOBAaHHBIX BAapUAHTOB CTYNIEHW W HEKOTOPBIE DPE3YJIbTaThI
UCCIIeIOBAaHM TIpeacTaBieHbl B Tabn. u puc. 3—10. Mcxomnas monens crymenu (Ne 1)
paboTaeT Ha HOMHUHAJIBHOM pexume npu GV, =1871,55 M/c. Ilorepn KHHETHYECKOMU
sHeprun (KD), oTHeceHHBIE K pacnonaracMoMy fepenaay Ha CTyNeHb, B COIJIOBOM pelIeTKe
cocrtaBisitot 3,83 %, B paboueii pemerke — 3,74 %, KIIJI cocraBnser 92,4 %.

Ocobennoctu Teuenus. IloTok W3 corioBOro ammapara B HCXOJHOM MoOJenu
(58,14 xr/c, Bap. Ne 1) paznensercst Ha TpU 4YacTU: YacCTh, YXOASIIYIO B IIEJb OTCOCA BJIArd
(okomno 6,44 kr/c), B HagbaHgaxHYIO CTpyIO (1,25 KI/C) M OCHOBHOW TMOTOK uepe3 pabouuit
Benen, (50,45 kr/c). TedeHne B COIUIOBBIX KaHAlIaX XapaKTepU3yeTcss HeOOJbIINM
HaOyXaHHEM MOTPAHUYHOTO CJIOS Ha BOTHYTOW CTOpOHE mpoduiieil B 001acTu HanOoIbIIeH
KpuBU3HBL. OTpHLaTeNbHas MEpPEKphlla HAa BBIXOAE Y KOPHs COIUIOBOM JIONIATKU CO3JaeT
HaOyxmui norpancioi Ha Bxoae B PK. Ctpys B miens orcoca peaiiusyercs mpu cpeaHeit
cKopocTu Ha Bxoze okosio M = 1,5. Ctpys B mienu HaaOaHAAXHON MPOTEUKU peasin3yercs
IpY CBEPX3BYKOBOM Iepernaje, mpuinmaer k odevaiike muddysopa. [IpoBomounsiii 6angax
oOTekaercs ¢ 00pa30BaHUEM BUXPEBOM TOPOKKU U CO3/1aeT JoKanbHble otepu KO B nanHOM
nosice. ITOMy CIIOCOOCTBYET M a3pPOJMHAMUYECKHA HECOBEPIIEHHBIN MPOQHUIb C B3IyTHEM B
nosice KpersieHus OaHIaxHo# npoBosioku. CpeqHee 3HaYeHHE BIAKHOCTH 3a Kpomkamu PK
coctasuseT 11,9 %.

IloTok yTeuku 4epe3 paauanbHbIA 3a30p MMEET 3HAYUTENBHYIO HEPaBHOMEPHOCTH
CKOpOCTEli B TmomepedyHoM HampasieHnd. Ha Bpamaromemcss OaHIaxe €O CTOPOHBI
MEXXBEHLIOBOI'0 3a30pa 00pa3zyeTcs 30Ha HUPKYJISILMOHHOTO TEUEHNUs, BBIPOXKIAIOIIASACS BIOb
JUIMHBI KaHaJIa.
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Tabauua
HccnenoBaHHble BApUAHTBI CTYIIEHU M UX UHTETPAJIbHBIE XapaKTEPUCTUKU
[ToTtepn
PacuerHble 3HaUEHUS KOs
XapaKkTepuCTHKH MCCIeI0OBAHHBIX BAPHAHTOB
No pacxoioB, Kr/c pelieTkax,
Ba_ %
p- Mexsen- | lllems Pan. Kon-Bo Vreuka
Ny IIpos. Bxon
OBBIN oTcoca, | 3a30p, | BTYJIOK, Otcoc HaI- CA | PK
Oanmax | ceu. 0
3a30p, MM MM MM IIT. OaH/I.
1 63.5 31.8 8.5 0 + 58.142 | 6.439 1.250 | 3.83 | 3.74
2 63.5 31.8 8.5 0 - 58.135 | 6.469 1.233 | 3.93 | 3.45
3 63.5 31.8 8.5 36 + 58.111 | 5.478 1.395 | 3.80 | 3.22
4 81.5 31.8 8.5 36 + 58.140 | 6.588 1.445 | 4.06 | 3.26
5 99.5 31.8 8.5 36 + 58.123 | 6.618 0.871 | 4.26 | 3.20
6 63.5 0 8.5 0 + 57.842 0 1.811 | 3.53 | 2.40
7 63.5 31.8 11 0 + 58.151 | 6.415 1.568 | 397 | 3.71

a o 8

C 00 U R 8 O s 6 o

Puc. 4 — laBnenne ropmoxenus (I1a) B ceuennsix CAanu PK6  Puc. 5 — Ckopocts (M/C) B cTpye IPOTEUKH
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CBepXx3ByKOBBIE CKOPOCTH B IIOTOKE IMOSBISIOTCS Ha BXOJAE B KaHal CO CTOPOHBI
OaHfa)ka M 3aTeM PacCHpPOCTPAHSIOTCS HAa BCIO ILIMPUHY KaHajua. B BBIXOJHOM ceyeHHH
ckopoctu nocturaioT 3HadeHuss 600 m/c, uro coorBercTBYyeT umciay Maxa ~1,6. Teuenue
UMEET CIIOKHYIO CTPYKTYpPY, YrOJl MEXIy BEKTOPOM CKOPOCTHM M OCEBBIM HAlpaBJIEHUEM B
A]Ipe CTPYH Ha BXOJI€ B KaHaJ cOCTaBIsieT 45 rpaj, a Ha Bbixozae — okoiio 40 rpaa. Konbuesas
CTpysl BIQXHOIO TMapa, BBIXOJAIIAs W3 KaHala MEXIy BpallaloUeics HOBEPXHOCTHIO
MOJIOYHOTO OaHNIaka M IMJIMHIPHUYECKOW TOBEPXHOCTHIO KO3BIPbKA, OOTEKAEeT paHyCHYIO
MIOBEPXHOCTh KO3BIPbKa, JIOKAIbHO YCKOpSSICh M packpyuuBasch. Ha cepeanHe ydacTka
CBOOOIHOM I'paHUIII CKOPOCTh pacIIUpUBIIEHCS cTpyH nanaet (443 m/c). Pacxon mapa gepe3
paauanIbHYIO IIENb B paccCMaTpuBaeMOM BapuaHTe coctaBisier 1,25 kr/c wiu 2,1 % pacxona
4yepe3 CTYIEeHb (puc. 5).

Teuenne uepe3 KaHad BIIArOyJAJEHUS XapakTepu3yercss (OPMHUPOBAHHUEM JIMHUU
3BYKOBBIX CKOPOCTEM Ha BXOJE€ B KaHaJl C JaJbHEHIIMMU YCKOPEHUSMHU IIOTOKAa J0
CBEPX3BYKOBBIX CKOPOCTEH M COXpaHEHHEM CJIeJ0BOH CcTpyKTyphsl (puc. 6). Ha BbIxome u3
KaHaJla CpeIHHe CKOPOCTH JOCTUTAIOT 3HaueHus ~620 m/c. Yronm MeEXIy YCpeIHEHHBIM
BEKTOPOM CKOPOCTHU M paJiialIbHbIM HampaBiieHueM coctasisier ~40 rpaf.

BimnsiHue mnNpoBOIOYHOr0 OaHgaka Ha JHepreTHYecKHe XapPaKTePHUCTHKH
crynenu. [lpoBonounsiii Oangaxk wmojaenupoBanics 6e3 3azopa B Tene PJI u ¢
0CECUMMETPHYHBIM 3a30poM ~5 % auameTpa MpOBOJIOKH Ui olieHKH 3¢ dekra nepeTekanus
napa 4depe3 weinb. [Ipu aToM 3a30p MozenupoBaics ¢ norpaHciosmu (puc. 7). Hecmotps Ha
3HAYUTENBHBIA TIepernajl CKOPOCTeH MEeXIy IOBEPXHOCTAMHU MpO(WIs TeUeHHE B 3a30pe
HU3KOCKOPOCTHOE M JIAMHHAPHOE CO CMBIKAHMEM IIOTPAHCIOEB, OTMEYEHbl HeOOoJbLINe
OTPBIBBI HA BBHIMYKJIOW CTOPOHE MPOQHIIs OT BBITeKaHUs cTpyH. Bimsiaue a¢dpdexra Ha nmorepu
HE3HAUUTEIBHO.

Pabouas nonarka peann3oBaHa Takke 0e3 OaHIAXHOM MPOBOJIOKU U O€3 B3QyTHS B
30He NpoBOJOYHOro Oanjaxka (Bap. Ne 2). Pexxum paOoTbl cTynmeHu Oe3 MPOBOJIOYHOTO
Ganaxa gaet pacxon GVa = 1869 m’/c. OTHOCHTebHBIC OTEPH KMHETHUECKOI SHEPrHy Ha
CTyIIeHb B COIUIOBOM pemieTke yBenuumiuch Ha 0,1 % u cocraBunmu 3,93 %, B paboueit
pemerke cHuzmwinch Ha 0,3 % u cocraBmwmm 3,45 %. KIIJ| crynenu 6e3 mpoOBOIOYHOTO
OaHa)ka HE3HAYUTEIIBPHO BBIIIE OCHOBHOW Monenu (Ha ~0,2 %) u coctaBun 92,6 %. Takum
o0pa3oM, MO JaHHBIM pacueTOB NpPU YCTPAaHEHHH MPOBOJOKH W YTOJIIEHUS Npoduiei
INPOMCXOIUT TepepacipeesieHle MoTephb Telionepenaga Mexay AuadparmMoil u padouum
BEHIIOM (puc. 9).

Baunsinne AUCTAHIMOHHBIX BTYJIOK H OTCOCA BJIA’KHOIO NMAapa U3 MeKBEHLIOBOI0O
3a30pa cTyneHu. /[MCTaHIIMOHHBIC IMJIMHIPUYECKHE BTYJIKH, (PUKCUPYIOIINE IIUPUHY HICITH
0TCOCa, OPUEHTHPOBAHBI COOCHO C OCbIO TYpOWHBIL. 3arpoMOKACHUE WIeT OTCOoca Ha
JUaMETPE pAacClOJIOKEHUSI BTYJIOK HMX COBOKYIHBIM MUJEIEBbIM CEUYEHHEM COCTABIISET
A/ Aoy = 0,155, ¢ yderoM yria HaTekaHus O MPOXOJHAS IUIONIA/Ab YMEHbUIACTCS

MIPOTIOPITMOHAIILHO COS O B TUIOCKOCTH, TIEPIICHIUKYJIIPHOW OCH. BBe/ieHHE BTYJIOK B MOJIETh
Bap. Ne3 nmoBplmaeT compoTuBieHHE mienu otcoca. CTpykTypa TeuyeHUs B ILETU
XapaKTepU3yeTCsl HAMPABIEHHUEM C YTJIOM OKOJIO O = 40° MO OTHOILIEHUIO K paauycy. Brynku
00TEeKalOTCSI HAa CBEPX3BYKOBOM PEXKHUME TMPH JIOKATBHBIX CKOpOCTSX 744 w/c, dTO
cooTBeTcTBYeT ~2M (puc. 6). IIpu »TOM pacxox uepe3 mieib B CpPaBHEHHH C 0a30BBIM
BapuanTtoM cHmxkaetcs ~20 % (puc. 10). CHIKEeHHEe pacxoja 0Tcoca napa U3 MEKBEHIIOBOTO
3a30pa CYIIECTBEHHO BJIMSIET Ha CTPYKTypy TeueHus B nepudepuiinoit 3oue crymenu. KIIJ]
cTynenu Bo3zpactaet Ha 0,55 % B OCHOBHOM 3a CUET YMEHBIICHHS TIOTEPh B paboueii penieTke
Ha 0,52 %. Mommnoctaeii KIIJ[ yMeHbIIaeTcss HECKOIBKO MEHBINNE, T.K. YaCTh CHIDKCHHS
pacxopaa oTcoca yxoauT Ha pocT (Ha 11 %) yreuku yepe3 HagOaHIaKHYIO IIEITb.
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Puc. 8 — KoMnoHeHTHI ckopocTH B Hajg0aHakHOM 3a3ope 0 a, B ceueHusix 1 6, 2 6 3a paboueit JonaTtkon
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Puc. 9 — Panmansaeie pactipenenenus noreps KO Ha comnax a u pabounx 0O pemeTkax B 3aBUCUMOCTH OT
HAJIMYUS! TPOBOJIOYHOTO OaHIaXa, OTHECECHHBIE K N309HTPOIIMUECKOMY NIEpenany Ha CTyNeHb
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Takum oOpa3oM, BenMuUMHA pacxoja Napa B KaHaje BJIAroyAajeHUs CYLIECTBEHHO
BIMSET HAa XapaKTEPUCTHKM CTyleHU. I[loBbllIEHME CONPOTUBIEHUS WIEIUM OTCOca
nepepacmpenenser pacxosl yepe3 PK u paananbHyro menb Ha10aH1a)KHOH MTPOTEUKH.

Jlna ymensiienus spozun PJI mopj Bo3zmelcTBHEM Kalenb B IOCIEIHUX CTYyNEHSX
NPUMEHSETCS yBETUYEHHE MEXBEHIIOBOro 3a3opa. OTtOop dWacTu mapa u3 mnepudepuitHon
30HBl MEXBEHIIOBOI'O 3a30pa yepe3 KOJbLIEBOM KaHal BIAaroyJaleHUs YMEHbLIAET pacxonl
napa 4depe3 pabouyro pemieTKy, CHIDKAeT JaBlIEHHE B MEXKBEHIIOBOM 3a30pe€, YMEHBIIAeT
PEAKTUBHOCTb, YBEJINYMBAET ra30JUHAMHUYECKYIO IMEPEKpHINly, YTO CYIIECTBEHHO MEHSET
CTPYKTYpY TE€UEHUS U yBEJIMYMBAET MOTEPU B OCHOBHOM B paboueil pemeTke, yMeHbIIas pu
9TOM HOTEPI0 € BBIXOJHOW CKOpocThlo. Takum 00pazom, yem OoJibllIe JONOJHHUTEIbHbIE
norepu OyAyT NMPEBBIIIATH CHIDKEHHE MOTEPh OT BIAKHOCTH, TEM OOJbIIE SHEPrHH OyIeT
3aTpayeHO Ha IMOBBIIMIEHUE 3PO3MOHHOM CTOMKOCTH paboumx Jomarok. ITostomy BbIOOD
3¢ GEeKTUBHON BEIWYHHBI OTCOCA Mapa SIBIISETCS BaKHOW 3aj7jaueil MpU CO3JaHUU TOCIETHEH
ctyneHn. OLEHKa BIMSHHA OTCOCA Iapa BBIIIOJIHEHA JUCKPETHO ITyTEM AOIOJHUTEIBHOIO
uccieaoBanus orceka (Bap. Ne 6) ¢ 3aKpbITOI 1IENBIO BIAr0y1ajJeHUsI.

CornacHo pacueTHBIM JIaHHBIM MPEKpalleHHe 0TCOca Mapa U3 MEXBEHIIOBOIO 3a30pa
yBenuuuBaeT KIIJ[ crynenu Ha 1,64 % npu ymeHbIIEHHH NMOTEPh B COIUIOBOM pELIETKE Ha
0,3 % u B paboueit pemerke Ha 1,34 %. [lo naHHBIM SKCHEPUMEHTANIbHBIX HCCIEIOBaHUN
aBTOPOB JJIsi MOJIENBHOTO OTceka Tpex mocineanux crymneHeit [[HJ[ B macmrabe 1:3 ¢
pabounm konecom ¢ nonarkoid 1030 MM Ha OTAETHFHOM Bally 3aKpBITHE NN BIAroyAajieHHUs,
HIMpUHA KOTOPOU B MOJIeNH cocTaBisuia 8,75 MM, npuBoauT K yBenuuenuto KIIJI crynenu Ha
3 % npu GV, = 1977 M'/c.

6.60 = : 2.00 - 648 -
6.40| ®pacxon orcoca B pacxog Hag [ = pacxon orcoca
; GaHgarkomM o 647
6.20 1.80 | E
o B0n o Hanuure £ 6.46 1 annune
T 5.80 = oTcoca ’é npoBONOKM
g 560 —4 Hanu4ue BTYMKA E 1.60 g 645
g 540 3 6.44
& 5.20 g 1.40
500 6.43 -
4.80 1.20 N s | |
ecTb HeT ecTb HeT ecTb HeT
a o 8

Puc. 10 — Bousaue BTYJIOK a4, OTCOCa 6, MIPOBOJIOKH 6 Ha PACXOAHBIC XaPAKTCPUCTUKU CTYIICHU

Biausinne BeIMYMHBI MEKBEHLOBOIO 3a30pa. BennunmHa MeEXBEHLIOBOIO 3a3opa
ABJIACTCA KOMIUICKCHBIM IMapaMETPOM, BIMUAKOIINM Ha HECPEMCHHBIC a3POAUHAMUNYCCKUEC CUJIBI,
KII/l ¥ MHTEeHCHBHOCTH 3PO3MU BXOJHBIX KPOMOK paboumx jomatok. Ocobasi opraHusanus
TeueHus B nepudepuiinoit 3oue nocueauux cryneneit [{H/] ¢ orcocom mapa tpedyert oneHku
BiusHUSA 3Toro napamerpa Ha KIIJ] crynenu. Mccnenoanue nposeneHo Ha mozenu Bap. Ne 3
MIPU TPEX 3HAYCHMSIX BEJIMUMHBI 3a30pa Ha nepudepun ctyneHu: 63,5 mm (Bap. Ne 3), 81,5 mm
(Bap. Ne 4) u 99,5 mm (Bap. Ne 5). CornmacHo momydeHHbIM naHHbIM, KIIJ[ ctymenm c
YBEJIMUEHUEM 3a30pa HECKOJIbKO MaJaeT MO HEJIMHEWHOW 3aBHUCHUMOCTHU: MPU YBEITUYEHHUU
3a30opa Ha Al, = 18 MM Ha 0,3 % u npu A/, =36 MM Ha 0,44 %. OTO MPOUCXOIUT 3a CYET

YBCIIMUCHUA OOJU IIOTCPb KO B MCKBCHIIOBOM 3a30p€, BXOIAAIINX B pacquHoﬁ CXEMEC B
noTepu COILIOBOM PCIICTKU. bonee CYHICCTBCHHO BJIMAHUC YBCIWYCHUA MCKBCHIIOBOI'O
3a30pa Ha pacxodbl B MIC/Ib BJIaroyaajJlCHUus u Ha[[6aHI[a)KHBII71 3a30p. TaK, IpH yBCINYCHHUU
MCIKBCHIIOBOI'O 3a30pa Ha 36 MM (Bap. Ne 5) pacxo B IICJIb BJIaroyaajJjCHust YBCINMYNUBACTCA
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Ha ~ 21 %, a pacxon yTeuku ymeHbaetcst Ha 37 %, npu 3ToM npoucxoaut cHuxenue KI1/]
crynenu a0 0,5 %. U3 aToro MOXHO caenaTh BBIBOJ, YTO OJIHOBPEMEHHO C YBEIMUYEHUEM
MEKBEHIIOBOT'O 3a30pa HEOOXO0AMMO pacCMaTPUBATh BBIOOP BEIMUMHBI IIETH BIAroy1aJICHHS.

Ecnu BeIZENMTh HAa BXOJIE COIUIOBOTO ammapaTa Mepu(epHiHbI MosIC C pacxooM,
PaBHBIM pacxoAy 4epes3 LIENb 0TCOCa I1apa, ¥ CPaBHUTH OCPEAHEHHBIC 110 MACCOBOMY PacXOmy
napaMmeTpsl, TO, B IPEHEOPEIKEHNN MTEPEKOCOM MOBEPXHOCTEN TOKA, MOKHO MOJyUYUTh OTEPU
KMHETUYECKOM DJHEPruu Uil TAaKOW CTPYM M IIOTEPHU IIOJIHOro nasiieHus. MIMeHHO, 11
0a3oBoro Bapmanta 0Oe3 mnepu(epUHHBIX TUCTAHIIMOHHBIX BTYJIOK KO3()(UIMEHT moTepb
TOJIHOTO JABICHUs Cpyj, OTHECCHHBIH K HAMOpYy Ha BXOJC B nepuepuiHBIA MosIC core,

cocTaBiseT 2,4. AHanoruyHas BeJIMYMHA I BapuaHTa ¢ BTyJIKaMH cocTaBisieT 4,6. PazHuna
B IIOTEPSIX ONPEAEIAETCS UCKIIOUUTENBHO MOTEPSIMH MOJHOTO JABJICHUS 33 Y3KUM CEUECHUEM
Y BTYJIKAMH LM 0TCOCA.

[lorepu KuHETHYECKON SHEPruM A CTPyH U3 mnepudepuifHoro mosca BXOIHOTO
CEUCHUsI COIENl B KOJIBLEBYIO Ienb 0TOopa (g PpacCUUTHIBAIOTCS IIyTEM CpPaBHEHUS

OCpPEHEHHBIX [0 MACCOBOMY PAacXOJly MapaMeTpoB TeueHus. VIMeHHO, BelUYnHa pacyeTHOMN
SHTAJBIIMKM HA BBIXOJE CTPYH CPaBHUBAETCS C BEJIWYMHOW SHTAIBIHUK H303HTPOIHO
pacIIMpeHHON CTPYH, Pa3HOCTh COCTAaBJSIET MOTEPI0, MU OTHOCUTCS K pacrojaraeéMomy
Teruionepenany Ha cryneHb. Jyis 6a3oBoro Bapuanra 0e3 nepu@epuiHbIX AUCTAHIIMOHHBIX
BTYJIOK MOTEPH COCTaBIAOT (g =1,14. Bennunna Ui BapuaHTa ¢ BTYJIKaMH COCTaBJISET

Cxn =115, T.e. mpakTndyecku He orinnuaercd. IlocnenHee 0OBACHIETCS CHIIBHBIM Pa3rOHOM

MOTOKa B IIENH OTCOCA.

HccnenoBanue moroka yTedykW 4vepe3 HaA0aHIAKHYI0 KOJIbLEBYIO WIedb U eé
BJMSIHUE HA OCHOBHOI MOTOK B CTyNeHU. BHIOTHEHBI CPAaBHUTENIBHBIA aHAINU3 TEUEHUS B
CTYIEHHM JUIsl IByX 3HaUeHHH Haj0aHAaxkHOTo 3a30pa 8,5 MM (Bap. Ne 1) u 11 mm (Bap. Ne 7).
BrnusiHue BenmuyuHBI 3a30pa Ha TE€YEHHE B COIUIaX He oTMeueHo. [lo ceueHusiM mepen u 3a
pabourM BEHIIOM BIUSHUE pa3Mepa 3a30pa Ha mapaMeTpsl B pabodeil perieTke oTMeqaroTcs B
OCHOBHOM BOJIM3U HaJ0aHJa)KHON MPOTEUKH.

Ha puc. 7 nanel pacnpeneneHus BIOJb paJnyca KOMIIOHEHT CKOPOCTH B CEUEHHSIX
CTpyu Uit 3a30pa 8,5 MM. B cedeHusix 3a 3a30poM NPUBENIEHBI OCPEIHEHHBIE B OKPYKHOM
HANpaBJICHUU paclpeesieHuss KOMIIOHEHT cKopocTH B (yHkuuu paauyca. [lpu sTom
HauOobIIAs CKOPOCTh JAOCTUTaeTcsl B ceueHUu () B MIIOCKOCTH CHMMETPHUHU 3a30pa; M0 Mepe
pacumpenust (ced. I, 2 CTpyH) CKOPOCTb CTPYH CHHXAETCS, OJHAKO BCJEACTBUE 3aKPyTKU
(okoro 125 rpan B sigpe) cTpys nmpuieraeT kK noBepxHoctu nuddyzopa (puc. 5).

Pacxonnpie XapakTepUCTHKU CTYNEHH MEHSIOTCS HE3HAYUTENIbHO, OJHAKO C POCTOM
3a3opa Ha 29 % pacxon HaaOaHJaKHOM mpoTeukH yBenunuuBaetcs Ha 25 % (puc. 10). Pacxon
yepe3 IIeJNb OTCOCAa BJArM OCTAaeTcs HEM3MEHHbIM. He3HauuTenbHO HM3MEHSIOTCS
HHEPreTUYECKUE XapaKTEPUCTHKH CTYINEHH: MPOMCXOTUT IepepachpesiesieHle Mepenasios,
IIOTEpH Ha coruiax Bo3pacraroT Ha 0,14 %.

CpaBHMBaNMCh MOTEpU Ha pabodeM BEHIIE MO CEYEHHSIM BIOJb BCETO PagHaIbHOTO
pasmepa MPOTOYHOM YacTH (C YYETOM MPOTEUKH) U TOJIBKO C y4eToM OaHnaxa (10 BEpXHEro
Kpast Oannmaxa). Ha ocHOBe »TUX JaHHBIX I CTpyd MpH 3a3ope 8,5 MM morepu
KMHETUYECKOU SHEPruu Haj OaHmaxxom oreHuBaroTcs B 6 %. [Torepu KO ms BapuanTta Ne 1 ¢
YUETOM MPOTEUKH COCTABISAIOT 3,73 %, MpU yueTe TOJIBKO 3arpOMOXKACHUS 0aHAaKOM IOTEpU
coctaBistoT 3,67 %. Cronp manoe pazmuuue (A7 3a30pa 8,5 MM) OOBSCHSETCS BBICOKUMU
CKOPOCTSIMU M OTHOCHTEIBHO MAaJIbIMU MOTEPSMU KUHETUYECKOH SHEPruHM B paJuaibHOM
3a30pe HaJ 0aHAaXoM, YTO MO3BOJISIET Npu yuere notepb KO Ha PJI He BbIAEHATH OTIAENBHO
MOTEPU B CTPY€E MPOTEUKHU.
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BrpIiBOABI

1) Ilomy4yensl ra3onqMHAMHYECKHE W HOHEPreTHYECKHE XapaKTePUCTUKH OTCeKa
nocienHed crynenu LHJI ¢ nmpeaBKIIFOYEHHBIM MEXCTYNEHYATHIM 3a30pOM M BXOJHBIM
y4acTKOM ocepaauainbHoro mud@dy3opa BBIXJIOMHOTO TAaTpyOKa HAa peKHME TypOWHBI
K-325-23,5 npu cpenHux 3HAYEHUSX JaBleHUA U cyxocTtu nepen crynenbto 15000 Ila u
0,932, naBnenus 3a crynensio 3800 [1a, pacxoma mapa uepe3 crymnens 58,14 kr/c.

2) B pamkax Monenu paBHOBECHOCTH NPOAHAIM3MPOBAHBI JaHHBIE O BIUSHUHM Ha
paboTy cTyneHu oTcoca mapa M3 MEKBEHIIOBOTO 3a30pa Yepe3 ILeNb BIaroyaaleHus, yTeUKn
napa 4yepe3 Haa0aHIAXHBIA 3a30p, MPOBOJOYHOrO OaHIa)xa, BEIMYMHBI MEKBEHIIOBOTO
3a3opa.

— YBenuueHue MeXBEHILIOBOro 3a3opa a0 99,5 mm, T.e. B 1,57 paza mpuBoaut kK
camkennto KIIJ[ nHa 0,44 % 3a cuer yBenuuyeHUs IOTEPh B MEKBEHIIOBOM 3a3ope. [Ipu 3Tom
pacxona oTcoca mapa yBenuuuBaercs Ha 21 %, a pacxoJ yTeuku 4epe3 HaJa0aHIaXKHBIN 3a30p
ymeHbIaercs Ha 37 %.

— BennunHa HaaOaHJa)KHOTO 3a30pa B MCCIIEIOBAHHOM JMANa30HE OKa3bIBAET Majloe
BiusHue Ha norepu KO Ha PJI; u3mMeHeHus oKanu3yroTcs B OCHOBHOM BOJHM3M OaHmaxa.
Ctpyst IpOTEUKU UMEET CPENIHIOI0 3aKPYTKY Ha ydacTKe A0 nepudepuitHol paciMpuTebHON
KaMepbl OKOoJIO 35 Tpaj 1O OTHOIIEHWIO K OCH TYpOMHBI W TPWIHIAST K BBITYKIOW
MOBEPXHOCTH obeuaiiku nuddyzopa.
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