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Pabora BrimosnHeHa B denepalibHOM TOCYIapCTBEHHOM OIOJKETHOM
00pazoBaTeILHOM YUPEKICHUN BBICIIETO MpodeccroHaasHoro 00pa3oBa-
Hus «Ka3zaHCKMH HallMOHANbHBIN HCCIIEAOBATENbCKUM TEXHUUECKUN YHH-
BepcuteT uM. A.H. TynoneBa — KAWN» Ha xadenpe «PeakTuBHBIC ABHUTaTe-
JIU ¥ DHEPTETHYECKUE YCTAHOBKH».

Hayunsiii pykoBOIUTENs — KaHAMAAT TEXHUYECKUX HAyK, MJOLECHT
SIBxkun Baagumup bopucosuy,

OdunmanbHbIe OMMOHEHTHI:

IOmko Cepreii BnaguMupoBu4, JOKTOp TEXHHUYECKUX HAyK, IPO-
tdheccop, PI'BOY BIIO «KazaHckuil HalMOHANBHBINA HMCCIICIOBATEIIbCKUH
TEXHOJIOTHUECKHI YHHBEPCHTET», JAeKaH (akynbreTa HHOOPMAIMOHHBIX
TEXHOJIOTHH,

Xapuyk Cepreii UBanoBHY, kaHIMmaT (QU3UKO-MATEMaTHIECKHIX
Hayk, gouent, ®I'bOY BIIO «Ka3zaHckuil rocy1apCTBEHHBIH 3HEpPreTHYE-
CKUW YHUBEPCUTET», HCIIOJIHAIOMUN 0053aHHOCTH 3aBEIyIOIIECro Kadeapon
«TeopeTndeckrie OCHOBBI TETNIOTEXHUKNY;

Benymas opranuzanus — OOO «Hay4HO-IpoU3BOJICTBEHHOE MPEANIPUITHE
«35-11 Mexanunueckuii 3aBoq», r. Kamyra.

3amuTa coctoutcs 25 aexadps 2013 r. B 10 wacoB Ha 3acegannu JuccepTa-
nnoHHoro cometa I 212.079.02 demepanbHOro TOCyIapCTBEHHOTO OIOI-
JKETHOTO 00pa30BaTENbHOTO YYPEKIACHUS BBICIIETO MPO(HECCHOHATHLHOTO
obpazoBanus «Ka3aHCKHN HAIMOHAIBHBIA HCCIEIOBATEILCKHI TEXHUYE-
ckuii yausepcuter uM. A.H. Tymonesa — KAW» no agpecy: 420111, r Ka-
3aHb, yi. K. Mapkca, 1. 10, B 3a51e 3aceganuii Yuenoro Cosera.

C muccepramnmeil MOKHO 03HAKOMUTHCS B OmbnnoTeke Kazanckoro Harmo-
HaAJIBHOTO MCCIIEI0BATEIBCKOTO TeXHUYEeCKoro yHuBepcureta uM. A.H. Ty-

noneBa — KAU.

Astopedepar pazocnan 18 Hosops 2013 .

VYueHslii cekperapb

JIMCCEPTALMOHHOI0 COBETA M -
K.T.H., JOLICHT A.Tl'. Kapumona



OBIIAA XAPAKTEPUCTHUKA PABOTbI

AxkryanpHocTh. B HacTosmee Bpemst B Poccun nelicTByeT kpynHeiiias B MUpe CU-
CTeMa TPaHCIIOPTHPOBKM Ta3a, MPOTSKEHHOCTh MaruCTPajJbHBIX Ta30MPOBOIOB KOTO-
poii coctaBnser 161,7 Thic. kM. Ha ceroansimnuil neHp HauOonee 3pPEKTUBHBIM IIPU-
BoJioM st komrpeccopHbix cranimii (KC), ucnonap3yeMblX B ra30TPaHCIOPTHOW CH-
cTeMe, SIBJIIETCsI Fa30TypOUHHBIN. Jlons ra30TypOMHHOIO [IPUBOJA B ra30TPaHCIOPTHOM
cucteme Poccun cocraBmser 86,9%, Ykpannsl — 6onee 82%. B kauectBe mpuBoza ra-
3onepekaunBaroiux arperaros (I'TIA) yacto Haxo/sT npuMeHeHre aBuaronsbie I'T]T
(koHBepTHpOBaHHEIE). {0711 aBHALMOHHOTO IPHBO/A B 00IIeM OaaHce MOIIHOCTEH Ha
KC npessinaer 33%. ITorpebHOCTH razonepexaunBarolieil TEXHUKU I PEKOHCTPYK-
it u Texandeckoro nepeBoopyxkenust KC (B Poccun) onennBarorest okono 1,5-2 muH.
kBT B rox (oxono 125 I'TIA). OcHOBHbIE OKa3aTENH IPOEKTUPYEMBIX MAaruCTPaIbHBIX
ra30IpPOBOJIOB MPECTaBICHEI B Ta0I. 1.
Tabmuua 1 - OcHOBHbIE IOKA3aTeNU IPOEKTUPYEMbIX MaTUCTPAIbHBIX Ta301IPOBOJIOB

CET («Hopx ctpum») 55 mupx m/rox, 917 kv, 7 KC, 1075 MBr

127,5 mupn M/rox, 1074 km, 9 KC, 2100 MBT;
~280 mupx M*/rozt, 2000 MBT

BoBanenkoBo-Yxrta

Yxra-Topkok 150 mupn MS/I‘O,I[, 947 xm, 7 KC, 1564 MBT
Yxra-Ilounnku 80 mpx M/rox, 1275 MBT

«AnTaii» 30 mipg MS/I‘O,I[, 2685 km, 9 KC, 1120 MBT
Bunseso-Boaxos 30 mupt MS/FOI[, 1365 kM, 800 MBT

BrinienepeurciieHHbIE TaHHBIE CBUIETENBCTBYIOT 00 aKTyalbHOCTH BOIIPOCOB ITO0-
BBIIIEHHS] MOIIIHOCTEH U S5KOHOMUYHOCTHU ra30TypOMHHBIX ycTaHOBOK (I'TY). Onuum u3
croco0oB yBenHueHHs dSKOHOMHUYHOCTH I'TY sBisiercss moBbleHne 3¢heKTHBHOCTH
BEIXJIONMHBIX ycTpoUcTB (BY). CiioXHOCTH CTPYKTYpHI M OOJNBIINE CKOPOCTH MOTOKA B
BY He no3BoNAIOT OCTATOYHO TOYHO ONPENEIUTh MOTEPU C MTOMOILBI0 METOAOB OJHO-
MEpHOM Ta30BOM TNHAMUKH.

CylIecTBEHHBI POCT MPOU3BOJUTEIBHOCTH KOMIIBIOTEPHOH TEXHHMKH, IPOU30-
HIeIIINN 32 MOCTeIHNE NEeCATHIICTHS, CO3al ONaronpUsATHBIE YCIOBHS IS IIPHMEHe-
HUS YUCJICHHBIX METOMOB (METOJIOB BBIYMCIMTEIBLHOM I'MAPOMEXAHUKH) AJIS MOBBIIIE-
Hust dddexTuBHOCTH BY. [lpn 3TOM 3KCHepHMeHTaNbHBIE HCCIEIOBAHUS CTaHOBSTCS
CPEICTBOM Ul HAaCTPOIKM NMapaMeTpOB YUCICHHOTO 3KCIEPUMEHTa, U BepU(HUKALUU
TI0JTy4aeMBIX Pe3yJIbTaTOB.

IIpumMensieMble paHee SMIMPHUUECKUE METO/IbI IPOEKTUPOBAHUS BBIXJIOMHBIX KaHa-
JIOB HMEIOT PsiJI HEJOCTATKOB, OOYCIIOBJIEHHBIX, KaK TEXHHYECKUMH, TaK U (yHIaMEH-
TaJIbHBIMU IIpUYMHAMH. TeXHHUEeCKue TPYIHOCTU O0YCIOBIEHB! OOJIBLION TPYJOEeMKO-
CTBIO M CTOMMOCTBIO TaKHX WHCCIEIOBAHMH, 3aBHCUMOCTHIO OT BHEIIHUX YCJIOBHIA,
OTPaHUYEHHOCTHIO MONTydaeMoi MHpopManuy, a GyHAaMEHTAJIbHbIC — BIMSHUEM Mac-
mrabHoro koaddunueHra.

TaxuMm 00pa3oM, pa3BUBAIOIINECS CPEICTBA MPOESKTUPOBAHUS U MaTEMaTHUECKOTO
MOJICJIUPOBAHUS CIOKHBIX TEXHHUYECKHX YCTPOHCTB TPEeOYIOT MX MHTETPALlMH B COOT-
BETCTBYIOILYIO METOAMKY ontumusauuu BY I'TY.

[{ens padotsl. [ToBbimenue s3¢ppextuBaoctd BY I'TY ¢ KOHBepTHPOBaHHBIM aBHa-
uuoHHbIM ['T/] myTeM ONTHMH3alUK TEOMETPUHU €ro MPOTOYHOM 4acTH M pa3paboTka
METOJMKH MPOEKTUPOBAHUS, YYUTHIBAIOIIEH COBOKYIHOCTH CIIOXHBIX I'a30JMHAMUYE-
CKUX IPOLIECCOB MPOTEKAIOLIUX B IPOTOYHON yacTu BY.



B pamkax yka3aHHO# 11es11 cQOPMYIHMPOBaHbI CICAYIOIIUE 3a/[a4H:

1. TIlpoBecTu aHamM3 CYIIECTBYIOLIMX METOJOB IIPOEKTHUPOBOYHBIX U IOBEPOY-
HBIX pacyeToB BY I'TVY.

2. IlpoBectu aHanM3 aAeKBATHOCTH CTATUCTUYECKUX MOEJEH TypOYIEeHTHOCTH
10 OTHOIIECHHUIO K pacueTy TeYEHUs C TOJI0KUTEIbHBIM IPaJUEHTOM JIaBJICHU.

3. IlpoBectH 4yMCIEHHOE HUCCIIEAOBAHUE CTPYKTYPhI TEUSHHS U TIOTEPh JaBICHUS
B ocepamransHoM quddy3ope (OP) u razocO0pHUKe BRIXIOMHON «yimuTkm» BY I'TY.

4. TIpoaHanu3upoBaTh CIOCOOBI YMEHBIICHHS MOTEPh NABJICHUS IO TPAKTY BBI-
XJIOTTHOM CHCTEMBbI, HA OCHOBE JUarHOCTUKH TEUEHHUS.

5. Ha ocHoBe aHanm3a CTPYKTYpHI IIOTOKa pa3paboTaTh CXeMy OpraHU3aluH Te-
yenus B BY, obecrneunBaronyio 3HaUUTENbHOE CHIDKEHHE THAPABIMYECKOTO COIPO-
TUBJICHUS U MPOBECTH ONTHMHU3AIMIO KOHCTPYKLHH, pa3pabOTaHHOW B COOTBETCTBUU C
BBIOpPaHHOH CXEMOIA.

6. Paspaborarb MeTonuKy npoekTHpoBaHHs BY, yuuthIBaromas cOBOKYITHOCTh
CJIOXKHBIX Ta30IMHAMHYECKUX TPOLECCOB IIPOXOSIIINX B HUX. [IpoBeCcTH BepuBHUKALIIO
METOAUKH.

JlocToBepHOCTh U 00OCHOBAHHOCTH PE3YJbTATOB IMOATBEPKAACTCS JTAHHBIMU JKC-
MEPUMEHTAIILHOTO HMCCIIEOBAHUS C MCIOJIb30BAHUEM ATTECTOBAHHON HM3MEPUTEIHLHON
anmaparypsl, cpaBHeHHeM 2D pacdeToB ¢ dKcIepUMeHTAIFHBIMU JaHHBIME U 3D pac-
YEeTOB C pe3y/IbTaTaMH HATYPHBIX MCIIBITAHUN, a TaKXKe CPaBHEHHEM pe3yJbTaToB, IMO-
JYYEeHHBIX C HCIHOJBb30BAaHMEM pPa3IMYHBIX MOJeNed TypOyJleHTHOCTH, MPUMEHECHHEM
yHhcieHHbIX cxeM || mopsinka.

Hay4uHyio HOBH3HY pabOTBI COCTaBIISIOT:

1. PexomeHIalMu 1O UCIOJb30BaHUIO MOJENEH TypOyJIEeHTHOCTU Ul pacuera
BYITY.

2. PesynbraThl uccnenoBaHus BIUSHUS razocOopHHKa BY Ha cTpykTypy Teue-
must B OP/JI.

3. 3aBucumocTH K0d()(ULIHEHTA BHYTPEHHHUX ITOTEPh BBIXJIOMHOW «YIHTKH» OT
TeOMETPUYECKUX IapaMeTpOB Ia30cOOpHHKA C IOJIOCTSMU JUIl pa3BOpOTa IIOTOKA
(«xkapMaHaMm).

4. (CxeMma CHIDKCHUS THIPABINYECKOTO colpoTuBieHus BY 3a cuer u3meHeHus
OpraHu3alHy TeYEeHNUs.

5. Meroauka npoekrtupoBanus BY I'TY Ha ocHoBe 2D u 3D mopenupoBaHus
TypOYJIEHTHOTO TEUEHHSI.

[pakruyeckas 1eHHOCTh paboTel. Vcnonb30BaHue pa3paOOTaHHONW METOAMKH 1103-
BOJISIET CYHIECTBEHHO yMeHbIHTEH (~40%) rumpasinueckue notepu BY I'TY u, coort-
BETCTBEHHO, MOBLICUTH K.IL.J. I'TIA. IIpeanoskeHHbIN HOAXOA MOXET OBITH IIPUMEHEH
npu npoektupoBanun BY I'TY ¢ koHBepTHpoBaHHBIM aBHauuoHHBIM ['T]l, a Taxxke
MPY WX MOJICPHU3AIMH B paMKaX peaju3aldd MporpaMM MO MOBBIILICHHUIO U MOJIepKa-
Huro 3¢ dexrruBHOCTH ['TIA TIpH SKCIUTYaTalUH U KAITUTATEHOM PEMOHTE.

Amnpo0arus pabotsl. JJuccepranuonnas paborta, OTAEIBHBIC €€ Pa3/ieNbl U pe3yib-
TaThl IOKJIA/IBIBAIICH U 00CYKAAJIHCh!

—  Ha MexayHapoaHO#l HaydHO-TexHHYeckoi KoH(pepeHuu «OO0pazoBaHue U Hayka

- mpomsBocTBY», MHOKA, Habepexusie Yennst, 2010 1.;

—  Ha MexayHapoHoil MoyioekHOW HayuHOU KoH(eperimu “XVIII TynoneBckue

yrenusa”, KI'TY um. A.H. Tynonesa, Kazaus, 2010 1.;

2



—  Ha 5-i MexayHapoAHOH Hay4YHO-TEXHHUYECKOH KOH(EPEHIMU MOJOABIX ClelHa-
JUCTOB aBUACTPOHUTENHHOU oTpaciy "MoNofeXp B aBHAIMH: HOBBIE PEIICHUS U
nepcnektuBHble TexHosnorun", OAO "Motop Cuu", r. Anymra, Ykpauna, 2011 r.;

—  Ha MexayHapo[Holl HaydHO-TexHUYeckoll koHdepeHuu «IIpobiemsl u nepcnek-
TUBBI pa3BUTHs gBUratenecrpoenus», CI'AY, Camapa, 2011 r.;

— Ha VI MexnyHaponHoil HayuHO-TexHUUecKol koH(pepeHuuu «IIpodaemsl u nep-
CIIEKTUBBI PA3BUTHSI aBUAIMHM, HA3eMHOTO TpaHcmopTa u dSHepretuku AHTO-
2011», KI'TY um. A.H. Tynonesa, Kazans, 2011 r.;

JInuHBIA BKJIAJI aBTOpa. ABTOPOM pa3pabdoTaHa METOJHMKa IPOEKTUpoBaHus BY
I'TY ¢ u3MeHeHHOH opraHu3armeil TedeHus Ha ocHose 2D u 3D mozenupoBanus Typ-
OyJIEHTHOTO TEUSHHS, IPOBEIECHO PACUETHOE MCCIIEIOBAaHIE CTPYKTYPHI TEUECHUS U CIIO-
co6oB nosslieHus 3pdexrusroct BY I'TY. BoinonHeH aHanu3 3¢ QeKTUBHOCTH pa3-
pabOTaHHBIX MEPOIIPUATHI IO Pe3yabTaTaM dKCILTyaTaluu.

Hy6nukammu. [To Teme auccepranuu OmMyOIMKOBAaHO 7 TMEYaTHBIX paboOT, B TOM
yucne 3 cTaThy, OMYOJIMKOBAHHBIX B U3aHUAX BXOJAIIMX B IiepeueHs BAK.

Crpykrypa ¥ 00beM paboThl. [JuccepTaiys COCTOMT U3 BBEJCHHUS, 4 TJIaB, 3aKI0-
YEHHUs U CIHCKA MCIOJb30BAHHBIX HCTOYHHUKOB, BKIIOYAOUIEro 93 HauMEHOBaHUS.
Pabora m3noxena Ha 127 JucTax MAIIMHOMHCHOTO TEKCTA, COJACPXKHUT 8 Tabiwmi, 68
wuntocTpanuid. O6umit 06beM padotel — 136 11cTOB.

COIEPXAHUE PABOTBI

Bo BBeneHNH BhleneHa 00NacTb MUCCIENOBAHUS U 0O0OOCHOBAaHA aKTYaJIbHOCTh Te-
Mbl. OOBEKTOM HCCIIeIOBaHUSI B JaHHOUM pabore sBisieTcs BY KOHBEpTHPOBaHHBIX
aBUAIMOHHBIX ABHUraTeneit cemeiictBa «HK» mpencrasinennoe Ha puc. 1.

B mepBoii riaBe M3I0XKEHBI CYIIECTBYIOIINE
METO/Ibl IPOEKTHPOBOYHBIX U MTOBEPOYHBIX pacye-
toB BY I'TY, mokazaHbl OCHOBHBIE IapaMeTpbl
xapaktepusyronme 3ddexkruBaocts BY TTVY.
IIpoBenen aHanuTUYeCKUi 0030p IMyOIUKAIUA,
TOCBSAIICHHBIX HCCIIEOBAaHUIO M ONTHMH3ALNU
TeueHuil B tuddysopax.

CJOXHOCTB CTPYKTYpHl M OOJBIIHE CKOPOCTH
noroka B BY cymecTBeHHO 3aTpynHSAIOT MX pac- ‘
yetr. B pesynbraTe, 10 HeaBHETO BPEMEHH, €IUH- | Mepexomunk
CTBEHHBIM METO/IOM HccienoBanus BY cioxxHoi
TEOMETPUH OBUT OKCIEPUMEHTANBHBI  METO/I.
PacueTHpIM M 3KCHEpUMEHTAIBHBIM METOJaM
npoexTrpoBanus BY mnocesiiena oOmumpHas ju-
TepaTrypa. 3HaUUTEIbHBIA BKIAJ B Pa3BUTHE 3THUX
metonoB BHecon [opdman A.ILl., Hazapuyk
MM., Tlonbckuit H.U, CaiikoBckuit M.U.,
MHeitu ML.E. u 3apsukun A.E., Muraii B.K. u I'yn-
koB D.M. u np.. YuurteiBas, 4TO TpaaWLlMOHHbIE Puc. 1. Ba3oBblii BapuanT BY
METOABI UMCKOT CYHICCTBCHHBIC HEOOCTAaTKHU, KO- KOHBEPTUPOBAHHBIX aBHAL[UOH-
TOPBIC OINMMCAHBI HUXKCE, HauboJjiee NEPCHEKTUBHBIM  HEIX HBPIFaTGJ'IefI cemetictBa «HK»
MIPEJICTaBIISIETCS. YUCICHHBII METO/ pacuera.

LlymoraymunTenb

Viaurka
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HecmoTpst Ha BBICOKYIO NOMYJISIPHOCTh YUCICHHBIX METOJIOB /JIsl aHAJIN3a TCUCHHUH,
pe3ynbTaTOB MX MPUMEHEHUs IpH npoexktupoBanun BY I'TY B mureparype npakrude-
cku HeT. OfHOM U3 NMPUYUH MOIYJISPHOCTH YHCICHHOTO METO/Ia SIBISETCS CYIIECTBEH-
HBII POCT POU3BOUTENILHOCTU KOMIIBIOTEPHON TEXHUKHU, IPOU3OLIEIIINHA 3a IOCIe -
HHUE JIeCATUIIETHS, a TaKKEe Pa3BUTHE YUCICHHBIX METOAOB U PEAU3YIOLIEro UX Mpo-
IrpaMMHOI0 00eCHeUeHuUsL.

0030p UTEpaTYPHBIX HCTOYHUKOB MOKA3aJl, YTO TUIIOBOI pacueT ra3oTypOuHHOTO
BY, kak npaBuio, BKJIIOYAET ClIeAYIOIIUE ITalbL: pacdeT (ocepaauanbHoro) auddysopa
¥ Ta30COO0pHMKA BBIXJIOMHOHN «ynUTKU». Meronsl pacuera OPJ] MOKHO YCIIOBHO pasjie-
JIUTh Ha:

1) wMeron pacuera Ha OCHOBE MIPUHLIMIIA Pa3JCICHHS TOTEPb,

2) MeToj pacuera Ha OCHOBE TEOPHH [OTPAHUYHOTO CIIOS,

3) 4HCIEeHHBIH METO pacyera.

OCHOBHBIM HEJIOCTATKOM METOJa pa3J/ielIeHusl I0Tephb SBIAETCS TO, YTO OH OCHO-
BaH Ha HCIIOIB30BAaHUU KO (GHUIMEHTa CMATICHHS YAApa ¢, MOITOMY AJISI TTOTydEeHUsI
IpUEMJIEMBbIX PEe3yJIbTaTOB HEe0oO0XOJMMa OJHO3HAYHOCTh OIBITHOM KpuBOH ¢,=f(a),
KOTOPO# HET Jake il KOHnYecKux U y30poB. 3aBUCUMOCTD ¢,=f(@) MoIydeHa IJist
KOHUUYeCcKUX IU(Qy30poB IpH OTHUX U TEX K€ YCJIOBUAX Ha Bxoje. PazbuBka OP/] Ha
YYacTKH IpeJIojaraeT, 4YTo YCJIOBHS Ha BXOJE Ha KaX/JOM IIOCIEIYIOUIEM YJacTKe
MeHsoTes. KoahduueHT ¢, He MOXKeT y4UThIBaTh JAaHHOE 0OCTOSATENBCTBO, IIO3TOMY
TOYHOCTh pacyeTa OKa3bIBAE€TCS] HEBBICOKOH.

OCHOBHBIM HelOCTaTKOM MeToza pacdera OPJ/l Ha ocHOBe TeOpUHM HOIPAHHUYHOTO
CIJIOSI SIBIISICTCA MCIIOJIb30BaHME HPKBUBAJICHTHOTO KaHala, TaK KaK XapakTep TEYEeHUs B
HEM MOXET 3HaUMTEJIbHO OTJIMYAThCs OT Xapakrepa TeueHus OPJ]. HauGonbuue Tpy-
HocTH mpu pacuere OPJl maHHBIM METOOOM CBS3aHBI MMEHHO C OLIEHKOHM Xapakrepa
TEUeHHUs], TaK KaK BCE UCIOJIb3yeMbIe 3aBUCHMOCTH CIIPABEUIUBBI TOJNBKO A 0€30T-
PBIBHBIX TECUEHHH.

OrneHka 1orepb B ra30COOpPHUKE «YJIMTKW» TPEICTABISAET OOJbIINE TPYAHOCTH,
CBSI3aHHBIE CO CJ0XKHOM TPEXMEPHOH CTPYKTYpoll moToka B HUX. B Buay 3Toro panee
pa3pabaTelBAIMCh METOIBl ONTUMAJIBHOIO MPOGMIMPOBAHUS, OCHOBAaHHBIE Ha JKCIIe-
PUMEHTAIBHBIX JAaHHBIX, KOTOPbIE YCIOBHO MOXKHO Pa3/esIuTh Ha!

1) wmeron mpoduIHpOBaHUS ra30COOPHHUKA C IIOCTOSHHOM CKOPOCTBIO MO TPAKTY,

2) Merox nNpodUIHPOBAaHUS «CBOOOIHOT0» Ta30CO0PHUKA.

B nacrosimiee BpeMsi, ¢ BBICOKOW TOYHOCTBIO pPacdeT MOTEePh B Ta30COOPHHKE MOMKHO
IPOBECTU TOJILKO YHUCJIEHHBIM MeToJoM. OIHAKO BOIPOC CTEHEHH aJeKBaTHOCTH MOJie-
JIed U1l pacyeTa TeYeHHU B KaHaJlax co CIIOKHOM reomeTpueit, B yacTHocTd B BY I'TY,
TpeOyeT JanbHeHINX UCCIeI0BaHUM.

Ha ocHOBe pacCMOTPEHHBIX JTUTEPATYPHBIX UCTOYHUKOB CHOPMYITHPOBAHBI LENb H
3a7a4M UCCIICIOBAHUSL.

Bo BTOpO#i r11aBe NpeacTaBiIeHbl pe3yabTaThl METOAMYECKOTO HCCIIEIOBAHUS aeK-
BaTHOCTH MOJIeNiel TypOyJIEHTHOCTH JUIsl pacyeToB TeueHHi B M y30pHBIX KaHaaX.
Bouin mpoBeneHbl YKCIIEHHBIE pacyeTbl TEUEHUH B MOJEJIBHBIX W HAaTYPHBIX YCTpOii-
CTBaX, BBHIIOJIHCHHBIE C IIEBI0 CO3JaHUs METOAUKHU IPOBEICHUS YHUCICHHOTO dKCIIepH-
MEHTa U ONpeAesIeHUs] IPaHull MIPUMEHUMOCTH Mozenel TypOynentHoctu. IIpoBeneHo
CpaBHEHHE PacyEeTHBIX METOMOB.



HccrnenoBanue TOCTOBEPHOCTH MOZEICH TypOYJICHTHOCTH BBHINOJHSIOCH B He-
CKOJIbKO 3TarnoB. Ha mepBoM srtame mpoBOAMIICS pacyer mpocrteiuiero aud¢y3opHoro
TEYCHHMS B ABYXMEPHOMN ITOCTAHOBKE C LENBI0 BBISBICHHS HanboJiee afeKBaTHBIX MOe-
aeit. Pe3ynbrarhl pacuyeToB CPaBHHBAINCH C OKCIEPUMEHTAJIBHBIMH JJAHHBIMH
(Buice C.U. u Eaton J.K.), momy4eHHBIMI UTST HECHMMETPHIHOTO TIOCKOTO Au(pdy30-
pa ¢ yrioM packpsitus 10° (puc. 2) npu uncine Peitnonsaca Re=20000.

M
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Puc. 2. TInockuit HecUMMETPUYHBIHA TUPPy30p

JU1s MceneioBaHus BEIOPAHBI CIIEYIONIME MOJCIH TYpOYICHTHOCTH: CTaHIapTHAs
k-o (sko), SST k-o (sstkw), Cranmapra-Ammapaca (SA), cranmaprtras k-¢ (ske), RNG
k-g (rngke), Realizable k-¢ (rke). B Mozensx cemeiicTBa k-€ HCIONIb30BaIach ABYCIOM-
Has NPUCTEHOYHAs MPOIeypa, a B MoJieliu K- (sstko) mpuMeHsiach HU3KOPEHHOIbI-
COBasi KOppeKIus. PacyeTsl MPOBOMUINCH HA HECKOJNBKUX CETKaX, OTIHYABIIMXCS KO-
JTUYECTBOM fUEeK M 3HAUCHHAMH y HPHCTEHOUHBIX AYEeK, KOTOPHIE OBUTH BHIOPAHEI
cnemyromumu y =0,5; 1; 10; 30, 50.

BakHBIM MOMEHTOM IIpH CPAaBHEHHH PACUYETHBIX M SKCHEPHMEHTAIBHBIX JAaHHBIX
SIBJISIETCS. TOYHOCTD OMPEICIICHHUS MOJI0KEHHSI TOUKH OTPhIBA U MPUCOSTUHEHHS TIOTOKA.
Ipuopwurer, B HalIeM cirydae, OTIAaeTCs TOYHOCTH MPEACKa3aHUsl TOYKH OTPBIBA MOTO-
Ka. DTO CBA3aHO C TEM, YTO NpH NpoekTupoBanuu nuddyszopa BY Heodxomumo obdec-
MIEYUTH YCIOBHE OE30TPHIBHOCTH MOTOKA. He3HaunTenpHOE cMelleHHe TOYKH OTpPhIBA
MOTOKA MPUBOJUT K CYIIECTBEHHOMY MCKa)KECHUIO XapaKkTepa TeUCHHs, HAapuMep, pac-
MIPEAENICHHIO TIONISl AaBieHud. M3 omyOIMKOBaHHBIX SKCHEPHMEHTABHBIX JAaHHBIX H3-
BECTHO, YTO OTpPBIB IIOTOKA NIPOUCXOAUT NpH x=7H, a npucoenunenue — npu x=29H. B
pacyerax MOJIOXKEHHE TOYCK OTPHIBA U IPHCOCIUHEHHS ONPEACISUIOCH 0 CMEHE 3HaKa
HaINpsDKSHUH TPEHUS Ha CTEHKE, Pe3yJIbTaThl PaCcUeTOB MPEACTaBICHBI B TaOI. 2.
Tabmuua 2— KoopauHAThI TOYEK OTPhIBA U IPUCOEAUHEHHS IOTOKA

Cerka skw sstkow SA
. oTphIB, X/H 3,3 15 6
y=1 npucoenuHeHue, x/H 31,6 28,6 27,4
. oTpbIB, X/H 2,3 3,3 5,7
y=10 npucoennneHue, x/H 31,8 27,3 28,2
=30 oTphIB, X/H 54 4,8 5,8

npucoeauHeHue, X/H 31,5 26,8 28,7

. oTphIB, X/H 6,6 6,4 7,9
y =50 npucoeauueHue, X/H 30 26,4 26,8
. otpbiB, X/H 3,4 3,2 55
y=0.5 npucoenuHeHue, x/H 30,5 27,4 26,9




U3 Tabmuipl BUOHO, YTO ceMeicTBO k- Moeneil TypOyJIeHTHOCTH MpecKa3biBa-
10T OoJiee paHHEee MOJIOKEHUE TOYKH OTPBIBA M OOJNBIIYIO AJTHHY OTPHIBA IO CPABHEHHIO
C U3MEPEHUSIMH, 2 HAaWTy4IlIee COTIACOBAHUE M0 3TOMY KPUTEPHIO HMeeT SA MOelb.

Hawubounbiniee pacxoxaeHHe ¢ HKCIEPUMEHTATBHBIMH JAHHBIMH 10 pacrpesese-
HUIO ko3¢ ¢uimenTa TpeHus: Cy, TpOPUISIM CKOPOCTH U TIOJIOKEHHIO TOYEK OTPhIBA U
HPHUCOCANHEHHS TIOTOKAa UMeeT ceMelcTBo k-¢ Mozereit TypOynentHoctr (puc. 3, 4).
Hawnny4mee cornacoBanue ¢ skciepuMeHTaIbHBIMU JaHHBIMU 110 TlapameTtpam Cp, Cr u
npoduIsIM CKOPOCTU UMEET ceMelcTBO k- Moneneil.

VKpyIHEeHHe ceTkn ¢ ¥ ~0,5 10 y'=50 B GONBLUIMHCTBE CIy4acB He NPHBOIHT K
CYIIECTBEHHOMY YXY/IIICHHIO Pe3yJIbTaToB pacyera (puc. 5, 6), mosToMy mpuMeHeHue
MEJIKOM CEeTKM He BCerJa ONpaBIbIBACT yBEIWYEHHE PACUETHOro BpeMeHu. HanmeHs-
ITyI0 YyBCTBUTENBHOCTH K ) UMeeT Mozelb SA (puc. 6).

—

a) &)
0,018 -._—_JJ 47

0,013 T 3 4
Cr

0,008 —+ T yH 4]

0,003 +

-0,002 - -
-20 0 20 40 60 0+ t t
I 0,2 0 032 0.4 0.6
) U,

* oxcnepiMenT —sko —sstko —SA —ske —mgke —rke * wmenepivent ——ske ——sstkes ——5A ——ske —mgke —rke

Puc. 4. TIpoduins cKOpoOCTH B CEUCHUH
x/H= 20,32 nyis pa3nmuyHbIX MOJeNei
Typ6yaentHocTH (' =1)

Puc. 3. Pactipenenenue ko3 dunpenta
Tpenus C; BIOJIb HUKHEH CTEHKH JUIS pa3-
JMYHBIX Mozeneil TypOynenTHocTH (' =1)

0 t t t

' 2 l 0.z 4 0
0,2 0 02 04 0.6 - ! - g =

U,
* SKCTEPUMEHT ——y+=] ——y+=10 ——y+=30 ——y+=50 —y+=0,5
Puc. 5. [Ipodmib ckopocTH B ceUeHUH
x/H=20,32 nns moaenu sStko ¢ ucrnomnn3o-
BaHUEM PA3IUYHBIX CETOK

i,

* IRCCPUMENT — ] m— ) —e ) m—e Sl —e S

Puc. 6. IIpodmib ckopocTH B ceueHUU
x/H=20,32 nns SA Moaenu ¢ UCIoJIb30-
BaHHUEM Pa3JIMIHBIX CETOK

Takum oOpa3zom, cemeiicTBo k- Mopeneit TypOyIeHTHOCTH He OTPaXaloT peaabHO-
TO XapakTepa TeueHus, a HanboJyiee MOAXOMSIMIMMHI U3 BCEX MCCICAOBAHHBIX MOAENEi
ABISIOTCA K-0 Mozmenmu. Ha paHHHX cTamgmsx pa3paOOTKH, MPH PACCMOTPEHHHU pas3iiind-
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HBIX BApUAHTOB KOHCTPYKIMH, PacueThl Leeco0Opa3Hei MPOBOANUTH ¢ MOMOIIBIO Ca-
Moii SKOHOMHYHOH Mozenu SA Ha rpy6oii cetke (y'=50). ns mpoBeseHus I0BEPOY-
HBIX PACYCTOB PEKOMEH/IYETCS MCIIOIb30BaTh MENIKYIO CETKY U ceMeiicTBo K-o moneneit
TypOYIEHTHOCTH.

Ha cnenyromem sTane mpoBOIWIICS aHANINW3 MPUMEHHUMOCTH Mojelel TypOyneHT-
HOCTHU JuIs pacdera TedeHuil B BY I'TY. bein paccMoTpeH 6a30Bblif BapHaHT BBIXJIOI-
HOTO ycTpoMcTBa nBuratencit cemeiictBa «HK» (puc. 1), cipoeKTHpOBaHHBIH B Havale
80-x romos 8 CHTK nm. H.JI. Ky3ueroga.

Ha OAO KIIIT «ABuamoTop» i 6a30Boro Bapuanta BY rasomnepekaunBaromero
arperata I'TIA-I[-16 momydyeHbl 3KCHEpUMEHTaJIbHbIE JAaHHBIE O CTPYKType IOTOKa B
CEUEHHH, PACIIOJIOKCHHOM 3a IIEPEXOTHUKOM BBIXJIOTTHON IAXTHI.

Ha puc. 7 nokazaHa cxema npenapupoBanus BY mpu ucnbiTanuu 6a30Boil BbI-
XJIOMHON cucTembl Ha creHae. COorlacHO pe3ylbTataM W3MEPEHHH, MPeIoCTaBICHHBIX
OAO KIIIT «ABuamMoTOp», F'MAPABIMYECKOE COIPOTHBIECHHUE IITaTHOrO BY npurarens
HK-16CT (pa3uuia Mexy MOJHBIM JIaBJIeHHeM Ha BXojae B BY u armocgepHbIM aB-
JIEHHEM) Ha HOMHHAJILHOM pexXHMe paboThl IBUraTells IpH TeMIIepaType OKpyxaromiei
cpenpl +15°C coctapmsier 575 MM BoI. cT. (0€3 yTHIIM3AI[HOHHOTO TEINIOOOMEHHHKA).

Ha ocnoBe mpenocraBieHHsix OAO KIIIT «ABHaMOTOp» 3KCIEPUMEHTAIBHBIX
JaHHBIX POBEICHO MCCIIE0BaHIE JOCTOBEPHOCTH MOJIeed TypOyIeHTHOCTH JUIs YK C-
JIEHHOTO pacueTa TeueHUs B IPOTO4YHOH uyacT BY. B pacuere ucrmonp3oBanuch Tpu
mozenu: sko, sstko n SA. Bribop mMoneneii nposeseH mo pesyinbratam 2D pacyeros,
BBIIIOJIHCHHBIX Ha IIEPBOM ATaIle.

3D reomerpuueckass mMojenb BY, yCTaHOBIEHHOTO Ha HWCIBITATEIEHOM CTEHIE
Hatypsoro I'T/] HK-16CT, npencraBieHa Ha puc. 8 U COCTOUT U3: BXOAHOIO y4acTKa,
HE00X0IUMOTO /IS CO37anus poduiis ckopocTr Ha Bxone B BY, OP/I, razoc6opHuKa,
HEepeXOAHNKA, BBIXJIOIHOIO KaHaa, 00ecleunBaoLIero NPsIMOJIHMHEHOCTD TMHUM TOKa
Ha BBIXOJI€ 7151 KOPPEKTHOCTH TPAHUYHOTO YCIIOBUS «/IaBJICHUE HA BBIXO/E).

VY4auThIBas CUMMETPUYHOCTh OTHOCHUTEIBHO BEPTHKAJIBHOI IJIOCKOCTH, MPOXOJi-
el mo ocu OPJI, Moziesp BBIMOJTHEHA B BUJIE MMOJIOBUHBI BY. Jlns ynpoiieHus pacue-
TOB TaHT€HIIMAIBHOW CKOPOCTHIO Ha BBIXO/E U3 CBOOOJHOM TypOMHEL, B BUIY €€ Maon
BEJIMUUHEL, TpeHeOperaeM. B pacuere UCIONB3YIOTCA ClIELYIOINE IPAaHUYHBIC YCIIOBHS:
pacxoll Ha BXOJIe B pacyeTHYIO 00JacTh, 3HAYCHHE KOTOPOTO OBLIO BHIOPAHO PaBHBIM
G, =54 xr/c, maBieHHE Ha BBIXOJIE, NMPUHUMABILIECECS PABHBIM CTAHAAPTHOMY aTMO-
cepHOMY, HEIIPOHHUILIAEMAs CTEHKA, CHMMETPHSL.
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Puc. 7. Cxema npenapupoBanus BY npu uc- Puc. 8. T'eomerpuyeckas MozeIb:
MBITAHUU Ha cTeHJe: | — cBobomHas TypOuHa 1 - BxoxHo# yuacTok, 2 — OP/],
I'TH, 2 — «ynutkay, 3 — MepexoHuK, 4 — BBI- 3 — ra30c00pHHK, 4 — IEPEXOTHUK,

XJIOIHOM KaHall, 5 — IHEBMOTOPMO3, 6 — 5 — BBIXJIOMHOH KaHas

rpebenka, ['1...I'8 — rpebenka Nel...8

Ha puc. 9 npeacTaBieHO CpaBHEHHE PACUCTHBIX M AKCICPUMEHTANIBHBIX PacIpesie-
JIeHHH MTOJTHOTO NABIICHUS B CEUCHHH, PACIIONOKCHHOM 3a nepexonankom BY. CpasHu-
TENBHBIM aHAIN3 PAacUETHBIX JAHHBIX M Pe3yIbTaTOB MCIIBITAHHI MOKA3bIBAET aIeKBAT-
HOCTB BCEX TpeXx Mopenei. OTHAKO MMEET MECTO CYIIECCTBEHHOE PACXOKICHHE MEXKIY
MOJIeISIMA B IipucTeHouHoi obmactu z/b=0,8...1 (z/b — paccTostHHEe OT BepTHKAIBLHOMN
IUIOCKOCTH Tpoxonsiei no ocu OPJl, b — mupuHa BBIXJIOINHOIO KaHajla reoMeTpuye-
cKoif Mozenn). Hammydimee corimacoBaHHe ¢ 3KCHEpPUMEHTAIBHBIMH JaHHBIMH HaOJIIO-
naetcs y sstko Monenu TypOyJIeHTHOCTH.

VYuuThIBas, 9TO BCE TPH MOJEIH UMEIOT IPAKTHIECKH OJJMHAKOBYIO aJIeKBaTHOCTD
pacuera B sape MOTOKa, B TabJs. 3 MPEeACTaBICHO CPAaBHEHHE YKOHOMHUYHOCTH MOJeei
II0 3aTpaTaM BpeMeHH. [l yno6cTBa mporeccopHoe BpeMsi HOpMUPOBAHO MO 3aTpaTaM
BpeMeHH 1is sko Moneny.



a TpeGenka NeS

I'pebenxa Ned
P Ila

2500

1500

. m - —skm ———-5
B ocnepuvent  ——sko e sstko ===-SA SRCIICPHMCHT sko SA

TIpebeixa N6 I'pebenka Ne7
P Ila P, 1la

2500 2500

1500

500

-500 -500

B oxcnepument  ——sko e sstko —— SA B ORcnepHMEHT  ——skm e sstkoy  ====SA

Puc. 9. DxcnepuMeHTaIbHOE U PaCcUeTHOE PacIpeieNIeHHs JaBIeHNS
B CEUEHMH 3a NepexoAHUKoM BY
Tabmuma 3 — CpaBHEHHE BRIYHCIUTEIBHBIX 3aTpaT

y 3arpartsl sko | sstko | SA

~50 | mpoueccopHoe BpeMs 1 1,1 | 0,99

Takum 00Opa3om, pacCMOTPEHHBIE MOJEIH TPHUEMIIEMO OTPaXKAIOT pealbHBIN Xa-
pakTep TeYeHHUs, U, COOTBETCTBEHHO, MO3BOJIAIOT MPOBECTH aHAIIU3 CTPYKTYPHI TYpOy-
seHTHOro TeueHus B BY I'TY ¢ nenpto yMeHbIIEHHS THAPABINYECKUX ITOTEPD.

Ha nmocnennem stamne ObUIO MPOBEACHO CPAaBHEHUE YHCICHHOTO METOJIA pacyera C
TPaJULIMOHHBEIMI METOJaMH, PACCMOTPEHHBIMH B IIEPBOU TJIaBe, Ha MPUMEpPE pacdera
OPJl BY aurarens HK-16CT. YuutsiBas, uto Teuenue B OPJ] BY orpsiBHOE, pacuer
110 XapaKTePUCTUKAM TOTPAaHUTIHOTO CIIOSI HE MPOBOAMICS. Pe3ynpTaThl pacueToB cBe-
JIeHBI B Ta0II. 4.

Ta6nuia 4 — CpaBHEHHE PACUETHBIX METOJIOB

KoadduimeHt nonHeix
Merton pacuera noTeph &
Merto pasielieHus oTeph 0,387
skm 0,588
Yucnenuslii Mmeton | sstko 0,568
SA 0,49

9




Takum 00pa3om, pe3ynbraT pacuera KO3((QHUIMEHTa MOJNHBIX MOTEPh METOAOM
paszzenenus noreps 3aHmkeH Ha 20-30% 10 CpaBHEHMIO C YHCIEHHBIM METOJIOM. Y4H-
TBIBas pE3yJIbTATHl PabOT APYTUX aBTOPOB, B KOTOPHIX YKa3bIBAETCS, YTO METOJ pasze-
JICHUSl TIOTeph TMOKAa3bIBAET 3aHIKEHHBIE Pe3yJbTaThl MO CPaBHEHHMIO C HKCIEPHUMEH-
TaJIbHBIMHU JJAHHBIMH, YACIEHHBIH METO/ OKa3bIBaeTCsl 00JIee TOUHBIM.

B tperneil raBe Ha ocHOBe nocTpoeHHO# 3D Mozeny npoBeseHa TMarHoCTHKA Te-
yeHust B mporouHoi wactu mratHoro BY I'TY ¢ meuratenem HK-16CT. Ha ocnose
aHaJi3a CTPYKTYpHI 1ToToKa B BY mpoBenieHo ucciieioBaHre OpraHu3anuy TeYeHUsI.

CTpyKTypa MOTOKa M3y4yaslach HAa OCHOBE aHAN3a JIMHUW TOKA, pacHpeesieHHi
MIOJTHOTO JIABJICHUS 110 TPAKTY ¥ MACJISIHBIX KApTHH Ha IMOBEPXHOCTAX oOevyaliku U 00Te-
katess (puc. 11, 12, 13).

Bce Monenu nokaspIBalOT HaIMYHE OT-
peiBa Ha moBepxHOcTH oOrekatens OPJ]
(puc. 10, 11, 12, orpsiBHas 30Ha A), ¢ He-
KOTOPBIMH Da3INYUSAMH B MOJOXEHHH H
pa3Mepe OTPBIBHOTO ydyacTka. B HmkHel
\ noioBuHe OPJI pa3zmepsl OoTpBIBHOH 00Ja-
CTH 3HAYMTEJILHO OOJbIIe, YeM B BEpXHEH.
JanHbIi (haKT CBHACTEIBCTBYET O HATHUUH
Puc. 10. XapakTepHsie o61acTu pacio-  CYWECTBEHHOTO BIIMSHIS ra30c00pHHKa Ha
JOKEHHUS OTPHIBHBIX 30H: A — otppiBHast ~ TedeHue B OPJL.

30Ha 1, b — orprIBHAs 30Ha 2

N
n,

. ObTekarens

/lumus ompsiba
3008 A

W
WA Auwug ompsiba
E7TR

Puc. 11. KoHTypsbl nosHOro naBieHusi B Puc. 12. MacnsHble KapTHHBI Ha TIOBEPXHO-
IJIOCKOCTH CUMMeTpuH (MoJennb SA) cTsix obrekarens u obeuaiiku OPJI (Mmoxenb
SA)

Ha noBepxHoctn o6euaiiku OP/] oTpbiBHas 001acTh (PUKCUPYETCS TOJIBKO B HUXK-
Heit yactu (oTpbiBHast 30Ha b).Ilpeamnockuikoii k 00pa3oBaHUIO OTPLIBHOM 30HBI b sBIIS-
eTcsl IefCTBHIE LIEHTPOOEKHBIX CHII TIPH IMOBOPOTE MOTOKA, MPUBOJISIICE K YBEINUSHUIO
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JaBJIeHUs Ha oOTeKaTelne, YMEHBIICHUIO - Ha 00e4aiike M, COOTBETCTBEHHO, BO3HUKHO-
BEHMIO OTpBIBHOHU 30HbL. HauGonbmmuii pasmep oTpbIBHOH oOnactu u Haubonee paH-
HIOIO TOUKY OTpPBIBa TIOKa3bIBaeT sk MoJens TypOyIeHTHOCTH.

Taxum 00pa3oM, ra30cOOPHUK OKa3bIBAET CYIECTBEHHOE BIUSHUE Ha TE€UEHHE B
OPJI, koTopoe HEOOXOAMMO YYUTHIBATH MPH €TI0 MPOCKTUPOBAHUH.

Teuenne B OPJl yciioBHO pa3/ies UM Ha BEPXHUH, 60KOBOM M HIKHHUN MOTOK (PHUC.
14). DToMy YCIOBHOMY pa3/ie]ICHUIO CIIOCOOCTBYET TaKXKe HAJTHYUE PAJUATBHBIX CTOCK
B OPJI. Bepxuuil notox nosopauusaerca Ha 90 rpagycoB, HUXKHUM — Ha 270. YuuThl-
Bas TaK)Ke Mayblii 00beM HIDKHEH YacTH ra30CcOOpHHKA M OJIM3KOE PacIoNOKEHUE
HIDKHEH CTeHKHU, TeueHue B HubKHeH nososuHe OPJ] mpoucxoauT B HauMeHee Onaro-
MPUATHBIX YCIOBUSAX, U OTPHIB IOTOKA IPOUCXOAUT paHbLIE.

Kak npasuno, npodunuposanue u pacuer OPJ] BY BbinonHseTcs OTAENBHO OT Ia-
3ocOopHuka. [Tpu npoekrupoBanun 6e30TpeiBHOTO OPJ] 3TO MPHUBOAMT K HE YUETY BIIH-
SIHUS Ta30COOPHUKA, BCIEACTBUE YET0O B CIPOEKTUPOBAHHOM TakuM obpazom OPJI Bo3-
MOYKHO 00pa3oBaHKe 00JIACTH ¢ OTPHIBHBIM T€UEHHEM B HIDKHEH 4acTH moTtoka. [1oaTo-
My, npodunupoBanue OPJ] HE0OX0AUMO IPOBOJUTE C YUE€TOM BIIMSHUS ra30COOpPHUKA.
B nanHOM cityuae HanboJiee OUEBHU/IHBI IBa CIIOCO0a:

1) pacyer OP/I mpoBOAXTCS Ul MOTOKA C HAUXYALIUMHU YCIOBHSAMHM TEUCHUS, TO
ectb HWkHero. [Ipodwis OPJl, Takum oOpa3om, OymeT OnpenessiThes mapameTpaMu
HIDKHETO IOTOKA.

2) npodumupyercst OPJI ¢ mepeMeHHBIM 0 OKPYKHOCTH ceueHneM. To ecTh pac-
yer OP/] mpoBoauTCs Kak JUls BEPXHEro, Tak U JJIsl HWKHEro TedeHus. [Ipu stom 3Ha-
YUTEJIBHO YCIOXKHAETCS 3amaua nmpodunupoanuss OPJ] u Bo3HHKaeT HEOOXOIUMOCTh B
UCCIIEI0OBAaHUM BIMSHUS OKPYXKHOTO IpaJMeHTa JaBJIeHHUs Ha paboTy CBOOOIHOH Typ-
OWHBI.

Bepxuuit

Puc. 14. YcnoBHoe pazaenenue noToka,
MOCTYTAIOIIETo B ra3ocOopHuk BY

Puc. 13. JIuauu Toxa
(Momens SA)
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Jlanee mpoBe/ieHa TUArHOCTHKA TEYEHUsI B ra30CO0pHUKE paccMarpuBaeMoro BY ¢
LIENBIO BBISBJICHUS XapakTepa TEUeHHs M BbIpAOOTKM PEKOMEHIAlWil MO NpaBHIILHON
OpraHU3allly ero.

I'azoc6opHuk Haxonutcs Mexay OPJl u nepexonHukoM (puc. 7), OT KadecTBa €ro
TEOMETPHH 3aBHCHT, KaK MOKa3aHO BhIIe, TeueHue kak B OP/l, Tak u B mepexomHuKe.
Jpyrumu cinoBamy, ra3ocOOpHHK 3aHHUMAeT LEHTPAIbHYIO IO3ULUI0 M BO MHOIOM
ompeJeNiieT OpraHu3aluio TeueHus Bo BceM BY. [Mo3roMy, mpu Halnu4uu BBICOKO3 (-
¢exrusHoro OPJI, ocHOBHOM 3agaueil npu co3nanuu BY sBisercs opranusanus Ttede-
HUA B Ta3ocOopHuKe. OHAKO PEKOMEHIALNH B INTEpaType 10 OpraHu3alliy TeUeHHs B
3TOM 371eMeHTe BY, kak noka3aHo B IEpBOH IN1aBe, KpalfHE MaJlo.

/ / ITocne OPJI moToK, CO CHUKEHHOM CKO-
POCTBIO, IOMaJaeT B ra3oCOOPHUK, B KOTO-
pOM NOBOpavMBaeTCsa Kak B OCEBOM HaIpaB-
JICHUHU, TaK U B TaHTE€HIMaJIbHOM. DTO NpH-
BOIUT K (OPMHPOBAHUIO 3aKPyIEHHOTO B
IBe crnupanu tedeHus (puc. 13, 15), cHmxa-
rorriero 3 pekTuBHOCTH BY.

Bepxuuil notox nosopauusaerca Ha 90
IpajlycoB B OCEBOM HAIPAaBICHUH U HMEET
Haubouiee OJIAarONpPUSATHBIE YCIOBUS TEUCHUSL.
B manHOM citydae, HEOOXOAMMO TOCIE BEI-
xona u3 OPJ] oOecreuuTh BbIpaBHUBaHHE
[I0TOKa IUIABHBIM YBEIMYCHHUEM IUIOLIAIH.
Ha puc. 11 BuaHO, 4TO B paccMaTpUBaeMOM
razocOopuuke mocie OPJ] BepxHHE TOTOK
[OJIBEPraeTcs BHE3AIIHOMY pACLIMPEHUIO.

Puc. 15. Pacnipenenenue noaHoro IIpu stom oOpasyercss 00JacTh OTPHIBHOTO
JIABJICHUS B CEUCHUAX Ta30COOpHUKA  TeueHusl, pacronoxeHnas Hag OPJl, koropas
3HAUUTENBHO CHIDKAeT 3¢ dexkTuBHOCTS BY.

Hwxnuil norok noBopaunBaerca Ha 270 rpaaycoB B OCEBOM HalpaBlIEHHUH, NPU
9TOM B3auMojeiicTByer ¢ obeuaiikoit OP/] u oka3pIBaeT BIMsSHNE HA BEPXHUH U OOKO-
BOI MoOTOK. BenencTBre KOHCTPYKTHBHBIX OrpaHUUYECHHUH, HETOCTATOYHOCTh 00beMa B
HIDKHEH 4acTU NPUBOAUT K MOBBIIICHHIO JABJICHUS U K YBEIMYEHHIO MOJOXKUTEIBHOIO
TpagueHTa BhIIIe M0 MTOTOKY, MTPOBOIUPYS OTPBIBHI (CM. OTpBIB A Ha puc.10).

B Tabn. 5 npexacraBieHoO pacripeliesieHHe MoTepb B dneMeHTax BY. Dtu naHHbIC
MOJTBEPXKIAIOT YCIOBHE, UTO BhICOKOdpdekTuBHbI OP/] sBisieTcss HeOOXOIUMBIM, HO
JIAJIEKO HE JOCTaTOYHBIM CPEICTBOM CHIDKEHUS ruipaBivdeckux norepb BY. Takum
obpasom, mpu npoektupoBanuu BY I'TY HanGonee BaXHBIM SBISCTCS MPOPHIHPOBA-
HHe BbicokodddextuHoro OP/I 1 razocOopHUKA.

[Tony4yeHHbIe HaHHBIE O CTPYKTYpE MOTOKA IO3BOJIAIOT OINPENEIUTh HalpaBlICHHUS
ONTUMM3ALUY TPOTOYHOM yacTu mrarHoro BY I'TY ¢ neurarenem HK-16CT:

1) VYcrpanenue OTPBIBHBIX 30H B OcepaiauaibHOM uy30ope myTeM H3MEHCHHs 3a-

KOHA YBEJIMYEHUs IUIOMIAN BIOJIb CPEAHEH JIMHUU U TEOMETPUH CpeAHEN INHUYL.
2) W3MeHeHue OpraHHM3alii TCYCHHS B ra30COOPHUKE IIyTEM YCTPAHCHHS WIIH MUHU-

MU3aIMU OTPBIBHBIX 30H.
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Tabnuua 5 — Pacripenenenue noTeps MOJHOTO JABJICHUS B AJieMeHTax BY

ITapa- Ocpen- | Mopnens | Huddysop I"azocOopHuK ITepexonHuk
METpBI HEeHHUE

o SA 1590 2100 348
AP* Ila | miooma- sko 2131 1658 424
pivi| sstkw 1627 2164 447
SA 1542 1484 422
AP% Tl | MO0 sko 1736 1340 470
sstko 1587 1547 351

B cootBercTBHU € BBIIBUHYTHIM paHee MPeIUI0KEHHEM YCIIOBHO Pa3/elIuTh MOTOK
Ha TPU YacTH, PACCMOTPUM BO3MOJKHBIE CIIOCOOBI OpraHu3aluy TedeHus. i1 BepXHero
MOTOKa HambOosiee 1esecoo0pa3HbIM MPECTABISIETCsl YyCTPaHEHHE BHE3AITHOTO PACIIH-
penus. [Tocne Beixona moroka u3 OPJl HeoOXoauMO 00eCTIeYnTh BEIpABHHUBAHUE MOTO-
Ka.

Jlns mwkHEro m OOKOBOrO IIOTOKOB HamOoJee

OUEBHIHBI JIBE TPYIIBI MEPOIPHUATHIL: TepBoe —
YCTAHOBKA B TPAKT JOMOJIHUTEIILHBIX 2JIEMEHTOB KOH-
CTPYKIMU (HalpHMep, OIPENEeNICHHOIO KOJIMYeCTBa
HaIPaBJISAIOMINX JIONATOK) ¢ LEJbI0 yIydIIeHHs B3au-
MOJICHCTBUSL OOKOBOTO M HM)KHETO TIOTOKOB; ¥ BTOPOE
— TmpopaboTka TeOMEeTpHH KaHajla Ta30COOpHHKA.
IlepBast rpynmna MeponpHsaTHii, CBSI3aHHAsI C YCTAHOB-
KOH 2JIeMEHTOB B KaHajle ra30cOOpHUKA, HIMEET Cepb- Puc. 16. K opraumusammn
€3Hble TEXHOJIOTMYECKUE TPYIHOCTH U HeOIaronpu- TeueHus
STHBIM 00pa3oM cka3biBaeTcst Ha pecypee I'TY.
C nenbio yJNydlIeHUs WX B3aWMOJICHCTBUS INPEACTABISIETCS MEPCIEKTUBHBIM CIOCO0,
KOTOPBIH 3aK/II09aeTcsl B OTBO/IE HU)KHETO IIOTOKA B CTOPOHY U €T0 pa3BOpoTe B JOMOJI-
HUTEIBHOHN IOJIOCTH — «KapMaHe». JlJ OTBOJa MOTOKAa B CTOPOHY YCTaHABIMBACTCS
paccekarens U yBenuuuBaercs mupuHa BY. C yueToM opraHu3aiiy BEpXHEro MOTOKa
MOJTYYUM TEOMETPHIO TIPEICTaBICHHYIO Ha puc. 16.

J1st onTUMaNbHOTO MPOSKTHPOBAHMS Fa30COOPHHUKA, MIPEJICTABICHHOTO Ha pHcC. 16,
OBUIO MPOBEACHO HUCCIIEAOBAHNS BIMSIHUSA €ro TeOMeTpUH Ha rotepu aasienus B BY. C
9TOM LeJIbI0 CO3AaHbI 4 MOAENU ¢ OTHOCUTEIbHON IUPHHON razocOopuuka BY paBHo#
2,3;2,7; 3,3 u4,3 (puc. 17).

CHauana pacCMOTPUM BIIMSIHUE LIIMPUHBI ra30cO0pHUKA HA KOI(GQUIEHT NOTeph
o0bryHOTO BY, T.€. 63 «kapmaHoBy. V3 ananuza pabor [eiiva, Jopdmana u ap. BbITE-
KaeT OLLHO?)H&‘IH])Iﬁ BBIBO/] O CyHICCTBOBAHUH OINITUMAJIbHBIX 3Ha‘{CHI/II>'I, OJHAaKO UMCIOT-
Csl CYILIECTBEHHBIC pa3IM4Ms B MOJXO0JAX K ONpEeNeNICHUIO ITUX 3HaueHuid. Hanpumep,
Jopdman npuBomuT GOpMYITy COTIACHO KOTOPOH HIMPHHA OIPEICISeTCs YCIOBHEM
yBEJIMUEHHs IJIOMIAN Ha BeIXo/e U3 razocOopHuka Ha 10%. Muraii, B cBoeii pabore, B
o01ieM ciyvae, peKOMEH/yeT BhIOHpaTh 3HAaY€HUE B TIpeaesax ot 2,2 1o 2,4.

13



U3 pesynpraTtoB pacyeros,
IpeJCTaBIeHHBIX Ha pHC. 18,
CIeIyeT, dYTO ONTHMAlbHbEIE
3HaueHus ko3dunreHTa BHYT-
PEHHUX TIOTEpPh PACIIONATAFOTCS
B obmactu B=2,7. JlanbHeiimee
yBeJNMYECHHE MIMPUHBI  Ta30-
6 cOOpHHKA NPHBOJUT K YBEIHUC-
HHIO noTtepb. Kak BUauM, ontu-
MaJbHBIC 3HA4YeHHS TIa30cOop-
HHKa C «KapMaHOM)» pPacIoyo-
XKEHBl BBIIIE PEKOMEHIYEeMOTo
IWana3oHa TpPUBEIEHHOTO B
pabote Muras.

Taxke crmemyer OTMETHTS,
4YTO TIPU BHIOOpPE pEKOMEHIye-
MOH IIHPHHBI Tra30cOOpHHKa,
JUIS BBIIIEOITMCAHHOIO CIToco0a
OpraHW3alliMl TEUYEHHs, HA BBI-
XOJle U3 Hero MojydyaeM I0JpKa-
THE TI0TOKA, B OTIMYHE OT YIIO-
MSIHYTBIX B IIEpPBOM TJIaBe METO-
JOB.

Y
N

B r
Puc. 17. PacuerHsle Moaenn:

a) E=2,356) §=2,79B) E:3,39r) 524,3

0,200

0,175

0,150

0,125 A

0,100 y y r "

——SA -« sstko

Puc. 18. 3aBucumocts k03 hunmenTa BHyTpeHHUX moTeph BY (¢ «xapmaHaMm»)
OT OTHOCHTENEHOI MIMPHHEI (OCPEHEHNE 1Mo Macce, Ly =1,D =1,53)

C nenplo peanu3anyy BRIIIEONMHCAHHOTO CII0C00a UCCIIEOBAHO BIMSHHUE NapaMeT-
POB «KapMaHa» Ha CTPYKTYpy TeueHHs U 3(deKTHBHOCTH ycTpoiicTBa. PaccMoTpen
BOIIPOC BBIOOPA BBICOTHI KAPMaHA M €ro BIUSHHE HAa CTPYKTYPY TypOYJIEHTHOrO Teue-
HUS B KaHaJle ra3ocOopHuKa. J[is 3Toro co3ansl 4 MOENU ¢ BEICOTOM KapMaHa paBHOM
0,35H; 0,5H; 0,75H; H (puc. 19).



«Kapman» mpenHazHaueH A
pa3Bopora HIKHero mnoroka Ha 270
IpagycoB, TIOJTOMY €ro pa3Mepsl
JIOJDKHBI 00€CeyrBaTh MPOCTPAHCTBO
IUTSL pa3MeIeHus] BUXpeBoil 30HbL. [Ipu
BBIOOpE MAaJIOl BBICOTHI «KapMaHa
BUXpEBast 30HA OKA3BIBAETCS MOPKATOM
U HeCTaOMIILHOH, YTO, B CBOIO O4Yepe/b,
TaKoKe OKa3blBaeT HEOIAronpHUsITHOE
BO3JICHICTBHE HAa OOKOBO# IMOTOK, W, B
KOHEYHOM cHYeTe, MPHBOIUT K IOBHI-
meHHbIM notepsM. [Ipu BeiOope upes-
MEpHO OOJIBIION BBICOTHI «KapMaHa» B
Hero OyZeT nocTynatb OOKOBOH IMOTOK.
B omimume OT HIKHETO MOTOKa, OOKO-
BOH He pa3BopauuBaerca Ha 270 rpa-

Ze

T

JLyCOB, II03TOMY T0J0GHOE HX B3aHMO- Puc. 19. PacuetHble Moaenu:
JeiicTBIe BHYTPU KapMaHa HPUBOJAUT K _ _

YTPH KapMaHa MprBoa a) H, =0,35H,.,0) H, =0,5H,.
YBEIMYEHUIO BHUXPEBOH 30HBI M TIO- )
Tepb. Cre0BaTeNbHO, JOMKHBI CyIIe- B) Hy =0,75H;- 1) Hy =H;.

CTBOBaTh  ONTHMAJbHBIC  3HAYCHUS
TEOMETPHUUECKUX pa3MEpPOB  «KapMa-
Hay.

JI7ist OLIeHKH XapakTepa TeUSHHsI U MOTePh B Ta30COOPHUKE UCTIOTB30BATHCEH JINHUU
TOKa ¥ pacrpejesieHue mojHoro aaeienus (puc. 20, 21). UroObl MOHATH, KaK BIHSET
yCTaHOBKa «kapMaHay» Ha TeueHue B OPJI paccMaTpHBanuCh MacisHble KapTHHBI Ha
MTOBEPXHOCTH €ro 00eUaiiku 1 00TeKaTeIs, MPeACTaBlIcHHbIe Ha puc. 23. ['paHuily Bux-
peBOi 00JacTH, pacrojararouieiicss B «kapMaHe» ra30COOpPHHKa, MOKHO OOHApYKHTbH
Ha oOeuaiike OP/]. 13 pucyHKa BHIHO, YTO BOBJICYEHHE OOKOBOTO MOTOKA B «KAPMaH»
MPUBOJHT K YBEIMYCHUIO Pa3MEPOB BUXPEBOI 00JIACTH U YPE3MEPHOMY OTKIOHCHHIO
HOTOKA, BCJICCTBHE 3HAYUTEILHOTO PACIIMPEHHUS KaHAIA.

Puc. 20. JIunuu Toka (H, = 015Hr) Puc. 21. PactipeneneHue MoHOTO AaBie-
Hust (H, =05H,.)
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B pesynbraTe NpoBEAEHHOTO UCCICAOBAHUS MOIYYeHa 3aBUCUMOCTD K0d(hhHLIeH-

Ta BHYTPEHHUX TOTEPh BBIXJIOMHON «YJIUTKH» OT BBICOTHI KapMaHa ra30cOOpHHKA, KO-
TOpas MpeCcTaBlIeHa Ha puc. 22.

0,12

0,1 - ~

4 =\ //

0,08

0,06

0 0,25 05 0,75 1
Hx/Hr

—+—SA =& sstke
Puc. 22. 3aBucumocth KO3 PHIIMEHTa BHYTPEHHUX MOTEPh BY OT BBICOTHI «KapMaHa»
razocOOpHHKa (OCpeTHeHHUE 10 Macce)

Puc. 23. Macnsinbie kaprunbl Ha nosepxnoctd OPJL (H = 0:5Hr)

UYersepras riaaBa MocBsuieHa pa3paboTKe U BepU(UKAIMH METOIUKH MPOCKTHUPO-
Banus BY I'TY ¢ koHBepTupoBaHHBIMHM aBHallMOHHBIMU ['TJ] Ha ocHOBEe MoaeaMpoBa-
HUS TYpOYJICHTHOTO TEUCHUSL.

Ha puc. 24 npexncraieHa O6J0K-cxeMa pa3pabOTaHHOI METOMKH pacyera.

ITpu ananuse TypOyJIEHTHBIX TEUCHUH B CJIOKHBIX TEXHUYECKUX YCTPOHCTBaX Me-
TOJBI pacyueTa SIBIAIOTCS KOMOWHAIMEH aHaJHTHYECKUX M SMIIMPHYECKHX COOTHOIIE-
Hui. [TosToMy HEOOXOUMO MMETh SICHOE MPEACTABICHHE O NMPUHSATHIX AOMYLICHUSIX U
CYIIECTBYIOIINX OTPAHWYEHHUSIX METOIOB MPH HCIOJIL30BaHUU UX B (PU3NIECKHX CUTYa-
IUAX OTIMYHBIX OT TeX, AT KOTOPBIX OHH OBLTH pa3paboTaHbl. OCHOBHBIMHU JIOITYIIE-
HUSIMU METO/IUKU SIBJISIOTCS:

- P IPOBEIEHUU INPOEKTHPOBOYHBIX pacueToB TeueHue B OPJl momaraem oce-
CUMMETPUYHBIM,

- TAaHTeHIIMAIBHON CKOPOCTHIO Ha BBIXOJIE M3 CBOOOIHOM TYpOHHBI ITpeHeOperaeM;

- MoToK Ha BxoJje B OPJl nonxaraemM 0lHOPOAHBIM.
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Loombemcmbyem

Loombemcmtijen

mpedobausye T3

mpedobanusy 13

Hexodsie dauHse

1
llocmpoerue npoguned OP/

B nepbor npubnuxeru Yzon packpeimus 7 Zpadical
Cmenery YUpeHs GHIAO2U a5 Ko/wy ebory
Gup@ys00 € NOSMOALHELHOU OCbi

!

Bapuarimesil sucreqrs 20 pacqem 0P/
C yqemom nodxamus B zazocoopruxe

He coombemombyen
mpedobarsm 13

Beidgp Haumyawezo 0P
Murransroe 2ugpabmuseckae conpamuberue
amcymombue ompeibsix 50¢4

[locmpoerue npo@uiel 2a30c00pHUKG Y/ UMmKU
C U3MEHEHHOL OpZOHUZaULEL MEYEHUS 2030

B nepbor1 npudnuxenuy napavempy 2a30C000HKa Budupanmecs
U3 zpagukol npedomabnersx Ha puc 18 v 22

Yucrermsis 30 pacyem Buxonvod ymmky
C UBMEHEHHOU ODZOHUIOYUEL MEYEHLS 2030

He coambemcmbyen
mpedobanusr 13

Bridgp Haumywel Yaumsy
Mururianstioe 2ugpabmueckoe conpomubfenue
Yomouwboe mesenue zasa

[pogumipobarue dupgyzaoa u nepexodkuxa
PACTIOM0XEHHBIX 30 LY/IUTIKOU
Onpedenenue npogusel u Kanusecmba nepezapacok, Lzna packpeimus Kanamoh

!
[lobeposrmil pacyem BY ['TY

Puc. 24. brok-cxema metoauku pacuera BY I'TY



oF

UcxonusiMu ganabiMu BY I'TY 00bIYHO SIBISIIOTCS paaMyChl BXOJAHOTO ceve-
Hust OPJI Ry, ry u raGapuThl BBIXJIOIHOM «YJIWUTKW» - MIMpHHA B, mimnHa L
(puc. 25), a TaxKe pacxoj M TEMIepaTypa rasa.

OcHOBHOE TOPMOXKEHHE TIOTOKa ocymiecTeisieTcss B OPJl, Teuenue B KoTOpoM
HUMeEeT OKPY)XHYI0O HepaBHOMepHOCTbh. [IpoekrupoBanue BY HaunHaem c npo-
¢unupoBanuss OPJI, KOTOpBIN JKENATENBbHO BBITIOJIHUTH OC30TPHIBHBIM, T.K.
3/1eCh MaKCUMaJIbHbIE CKOPOCTH IOTOKAa W HauOOJbLIME MOTEpH, 0COOEHHO,
ecii OyayT oTpbiBel. Hannune okpyxHOW HepaBHOMepHOCTH TeueHust B OPJ]
€03/1a€T BO3MOXKHOCTD I BOSHUKHOBEHUS OTPBIBHBIX 30H B caMOil Hebiaro-
MIPUATHOM 00JIACTH TeUeHHs, TO eCTh B HKHeH. [Toatomy npoduns OPJ] cie-
JyeT BbIOMpaTh TakhM, 4TOOBI HE ObLIO OTpbiBa B HIKHEW yacTu. CrerneHb
pacurupenus OPJ] B mepBoM NMpHUOIMKEHHH BBIOMPAETCS KaK Yy KOJBLIEBOTO
nuddysopa ¢ npsMON OChIO M YIJIIOM pacKpbITHs 7 rpaaycoB. B mocnenyro-
MIMX TPUOIIKEHHUSX, OCNIe BBIOOpa TeOMETPUH CPEIHEH JTHHUH, 3aK0H H3Me-
HEHHMS IUIOIIAAN KOPPEKTHPYETCs, C Y4eTOM o0ecrieyeHns: Oe30TPbIBHOCTHU Te-
yeHwst. MHOTOBapuaHTHEIA pacuer OP/] mpoBoauTces ¢ yd4eToM momKaTus mo-
TOKa B JIBYXMEPHOM MOCTAHOBKE C MCIOJIBb30BaHHEM ceMeiicTBa K-o Momeneit
TypOYIeHTHOCTH Ha MeJKoii ceTke (v ~1)(puc. 26). To ecTh IPH HPOEKTHPO-
Banuu OPJl paccuuthiBaeTcst HWOKHUI MOTOK. C IENbIO COKPALICHUS BapH-
AQHTHBIX PacyeToB CJeIyeT BOCIIONB30BaThC peKoMeHIanusIMu padot eiiua,
Muras.

Puc. 25. K pacuery OP/] Puc. 26. K npopunuposanunio OPJ]

IMo pesympTaTtam pacderoB BeiOMpaercs OPJ] ¢ MUHHMaTBHBIMU THAPABIHYE-
CKUMU TTOTEPSMH.

[Tocne BeiGopa OPJ] mepexoaum K pacyery «yJIUTKH». MeToa ee MpoeKTHPO-
BaHHS OCHOBAH Ha CXEM€ OpraHM3alliM MOTOKa, MoJdydeHHoH B 3 rmase. Pac-
4eT ra30cOO0pHUKA, B BUAY CIIOKHOH TPEXMEPHOU CTPYKTYPHI TCUCHUS, BBI-
noJHsiercst coBMecTHO ¢ OPJl unciieHHbIM METOJIOM B TPEXMEPHOH MOCTaHOB-
Ke C UCIOJIb30BaHHEM SA MOJeNN TypOyIeHTHOCTH Ha rpy6oii ceTke (y =50).
B mepBoM mpuOMMKEHHM BBICOTa «KapMaHa» BBIOMpaeTcs MO 3aBHCHMOCTH
MpeJCTaBlIeHHON Ha puc. 22, a mupuHa — Ha puc. 18. Ilo pesynpTaram nua-
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THOCTHKHM TEUYCHHS B MOJYYEHHOM TIa30cOOpHHMKE NpopadaThIBAlOTCS €ro

OCTaJIbHBIC MapaMeTPBL.
I[lo pesympraTaM pacyeToB  BBIOMpaeTCs
«YJIUTKa» ¢ MUHHUMAJBHBIMU THAPABIMICCKHU-
MU OTEPSIMU M YCTOMYHMBBIM T€UEHHEM Ia3a.
IMpodunuposanue nepexonHuka u nuddysopa
(puc. 1), pacmoJOKEHHBIX MOCIE «YITHTKI,
MpeyCMAaTPUBAEeT YCTAHOBKY MEPEropoaoK
Ut obecrieueHrs: 6€30TPHIBHOTO TOPMOKEHHS
II0TOKa B IUIOCKOM au¢dy3ope. Yroa pacuiu-
PEeHUSI KaHAJIOB, PACIHOJIOKEHHBIX MEXIy Ie-
peropoikamMu, B IMEPBOM MPHUOIKCHUH BbI-
Oupaercss B mpeaenax 7 rpamycoB (puc. 27).
Kanasnbl npouIMpyloTCs ¢ y4eTOM TOTO, YTO
IIPU TTOBOPOTE MOJ JEUCTBUEM HEHTPOOEKHBIX
CHJI IaBJICHHWE Ha CTEHKE OOTEKaTelssl CTaHO-
BUTCS OOJIBIIE, YeM Ha CTEHKE O00edYaiKu
(puc 10, 11).

C menpio IPOBEPKU YIOBIETBOPEHHST Tpedo-
BaHUAM TexHu4yeckoro 3amanus (T3) mposo-
JIITCSl TIOBEPOYHBIN pacyeT CHpPOEKTHPOBAH-
Horo BY I'TY B TpexmepHOI IOCTaHOBKE.

‘

Puc. 28. MonepHH3npoBaHHAs BEIXJIOI- Puc. 29. MonepHm3npoBaHHAs BEIXIIOI-

[Tepezopodky

Puc. 27. Opranuzanus
TEUCHHUS B IEPEXOTHHUKE U
muddysope BY

s BepudrKauy MeToa UCTIONIB30BANCH JaHHBIE 110 THIPABINIECKOMY COIPO-
THUBJICHUIO, [IOJYUYCHHBIE Ha MOJICPHU3UPOBAaHHOM BY rasonepexaunparoiero arperara
TTIA-1I-16 paspaboranHom B OAO KIIIT «Auamortop» (coBmectHo ¢ KHUTY wum.
A.H. TynoneBa) u ycTaHOBICHHOM Ha KoMmIpeccopHoi cranuuu Hsiauuckoro JIITY
MI" OO0 «I"a3mpom Tpancras FOropck» (puc. 28). BHemHuMiA BUI MOIEpHU3UPOBAHHOM
BBIXJIOITHOM YIIUTKH IIpeAcTaBiIeH Ha puc. 29. ONbITHEIN 00pa3el yCTaHOBICHHOTO BBI-
XJIOITHOTO YCTPOICTBa MpenapupoBaH Mo U3MEPEHUE TEMIIEPATyphl, IONHBIX U CTaTH-
YECKUX JABJICHUN B IPOTOYHOM YaCTH.

Has cuctema ['TIA-11-16 Hasl «YJIHMTKa» C YMEHBIICHHBIM THApaB-
JMYECKUM CONPOTHBICHUEM
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ITo pe3ynpTaTaM pacyera ¢ HCIIOIb30BaHUEM MOJENH TypOynenTtHocty Cramapra-
Annmapaca rujpaBiandeckoe conporusierue BY cocraBuno 350 M. Bog. cT.. CHuxe-
HHUE TIOTeph JaBiieHus AP ¥z~ cocTaBuiao 225 MM BOA. cT.. JlaHHOMY CHMKEHHIO AP *pc
COOTBETCTBYET YBeIMUYEeHUE MOIMHOCTU Ha AN;;=350 kBT, ymeHbIIeHHEe pacxoja TOI-
nmuBa Ha AGrr pp = -75 kr/4 u yBenuuenue 3¢pdexkrusHoro k.m.ja. Ha 0,52%. [IpoBeneH-
Hast B OAO KIIIT «ABrnaMoTop» IpeBapuTeIbHas CPaBHUTEIbHAS OLIEHKA ITapaMeTpOB
aBHUTaTens (BKIJIOYasi OLEHKY MOIIHOCTH IO MapamMeTpaM HarHeTaTess) A0 U IOcie pe-
KOHCTPYKIIMU BBIXJIONHOH cucteMsl npu padore I'TIA-II-16 B MarucTpanb Hokasana,
YTO yBEJIMUEHHE MOIIHOCTH IOCTE PEKOHCTPYKLIUH COCTABHJIO (IPH MOCTOSHHOM 4a-
CTOTE BpallleHUus poTopa HU3KOro nasneHus) ANp=450 kBT, uTo COOTBETCTBYET
YMEHBIICHUIO pacxoja TormBa Ha AGrr pp = -100 kr/u u yBenuueHuro 3¢ hekTuBHOrO
K.IL.4. Ha 0,68% npu noctossHHON MourHOocTH. COINIacHO MPOTOKOJIY HPUEMOYHBIX UC-
MBITAHUH MaKCHMaJIbHOE THIPABINYECKOE conpoTHBieHue BY mpu makcumansHo m0-
IYCTUMBIX 110 TEXHUUECKUM YCIOBHAM 000pOTax KOMIIpeccopa HU3KOIO JaBJICHUS CO-
crasmwio 3109 Ila. To ecTh CHIKEHHE THAPABIMYECKOTO COMPOTHBIIEHHUS IO CPABHEHHUIO
co mTatHeIM BY 1o pesynbTaraM = IPUEMOYHBIX MCHBITAaHMHA  COCTaBHIIO
258 Mm. Boj. cr.. Hapa®oTka MoiepHH3UpOBaHHOTO BY K MOMEHTY MpOBEACHUS Mpre-
MOYHBIX HUCIBITaHUH cocTaBisiia 4486 yacos.

TakuMm 00pa3oM, UCHONB30BaHUE MPEICTABICHHOTO METOa MPOCKTUPOBAHUS BBI-
XJIOMHBIX ycTpoitcTB ['TY mo3BoNsSIeT CHU3UTh THApaBIUecKie moTepu Ha ~40%. Pac-
YeTHbIC JaHHbIE MMEIOT HEe3HAUUTENbHBIE PACXOXKISHUS M, B LEIOM COOTBETCTBYIOT,
U3MEHEHUIO IIapaMeTpoB B pesyibTare pekoHCTpykuuu ITIA-II-16. Mepompusrtus,
CBSI3aHHBIE C OpTaHM3AIMell TeUeH s, BHEAPESHHBIE TPU PEKOHCTPYKIMHU Ta30lepeKadu-
BAIOLIET0 arperara, MoKa3ajld cBOol 3(p(HEKTUBHOCTh U NOATBEPXKAAIOT 3(PHEeKTUBHOCTD
TpeayaraeMoi MeToIuku mpoektupoBanus BY I'TVY.

BbIBO/IbI

1. TIpoBeneHHbIH aHANN3 CYIIECTBYIOIIMX METOJIOB MPOCKTUPOBOYHBIX U MOBE-
POYHBIX PacueTOB MOKA3all, YTO JIyHIINM METOIOM pacdera BY sBusercs gmc-
JIEHHBIN.

2. Tlomy4eHsI peKOMEHAAINH MO HCIIOIb30BAaHHUIO MOJIENEH TYpOyIeHTHOCTH IS
pacuera BY I'TY. Ha pannux cragusax pa3paOboTKu, IPU pacCMOTPEHUH Pas-
JMWYHBIX BapHAaHTOB KOHCTPYKIHWIL, pacueTsl IenecooOpasHed MPOBOIHUTH C
IOMOIIIBIO CaMOii SKOHOMMYHOI Mozenu SA Ha rpy6oii cetke (y'=50). s
TPOBEJICHHS MOBEPOYHBIX PAacueTOB PEKOMEHIYETCS HCIIONB30BaTh MEIKYIO
CEeTKY U ceMeicTBO K- Mojeneil TypOyIeHTHOCTH.

3. BrsBieH xapakTep BIUSHUS Ta30COOPHHKA BEIXJIOIHON «YIHTKH» Ha CTPYK-
Typy Tedenus B OPJI. [TokazaHo cHIbHOE BIMSHHE Ta30COOPHMKA Ha HWKHUH
HOTOK, Y4eT KOTOPOTO IO3BOJSET M30ekaTh 00pa3oBaHUS OOIIMPHBIX OTPHI-
BOB B HIkHeH yactu OP/I.

4. TlomydeHBI 3aBHCHMOCTH Ko3((HIieHTa BHYTPEHHHX IIOTEpPh BBIXJIOITHOM
«YIUTKWA» OT T€OMETPUYECKUX MapaMeTpoB ra3ocOOpPHUKA C IOJIOCTSIMHU IS
pa3BOpOTa MOTOKA («KapMaHAMI).

5. Paspaborana cxema OpraHuM3allMy TEUCHUs, 00ECIEUNBAIONIAs CYIIECTBEHHOE
CHIDKEHHE THIPABINYECKOr0 CONPOTHBICHUS BY, 3akmouaromasics B 0TBOJE
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HMJKHETO IOTOKa B CTOPOHY M €0 Pa3BOPOTE B JONOJHUTEIBHON IOJIOCTH —
«kapMaHe». [ 0TBOJa NOTOKA B CTOPOHY YCTaHABIUBAETCA pacceKaTelb U
yBenmuuBaeTcs mupuHa BY.

6. Paspaborana MeTomuka npoektupoBanus BY I'TY Ha ocHOBe MOJeIMPOBaHUS
TypOyleHTHOTO TeueHHsA. B Meroamke mcmomb3yercs pazpaboTaHHas cxema
OpraHM3alluy TEYEHHS U YUUTBIBACTCS BIMSHHME Ia30COOpHHMKA HAa TE€UYEHHE B
OPJI. Pa3paboTanHast METOIMKa MMO3BOJISIET CHU3UTh THAPABINYECKUAE MOTEPH
10 40%.
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