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BJIMSTHUE ITPOCTOT'O OKPYKHOT'O HABAJIA JIONACTEMW PABOYEI'O
KOJIECA OCEBOHM 'IIPOTYPEUHBI 11120 HA .
Ir'maPOANHAMUNYECKHUE XAPAKTEPUCTUKHU NTIPOTOYHOU YACTHU

IIpencraBneHsl pe3ynbTaThl YUCICHHOTO MCCIENOBAaHUS M aAHAIU3 BIUSHUS INPOCTOrO OKPYXKHOIO HaBaja
Jonacti pabouero koseca oceBoil ruppomammHbl I[1JI20 Ha cTpyKTypy IOTOKa M T'HIAPOJMHAMHYECKHE
XapaKTEepPUCTHKU NMPOTOYHON yacTu. [IpuBeneHbl 3aBUCHMOCTH NOTEPh SHEPTHH B paboyeM Kojiece M 3HaYeHUS
KIIJI mpoToYHOW dYacTH MpH ONTHUMAIBFHOM peXuMe paboThl OT BEMHMYMHBI HaBaja. [loka3aHo, 9TO LIS
HCCIIelyeMON POTOYHOM YacTH IPUMEHEHHE HaBasla MO3BOJIMIIO MOBBICUTh 3HaueHUe MakcuMansHoro KII/ na
ONITUMAIIEHOM PEXHMe. PacueTsl BRITIOTHEHBI C HCITOIB30BAHNEM IIPOTrpaMMHOT0 KoMiuiekca [PMFlow.

KnroueBble caoBa: TuaporypOMHa, NpPOTOYHAs 4YacTb, IPOCTPAHCTBEHHOE IPO(UIMPOBaHMUE,
OKpYKHOM HaBaJ JIONacTH, pabodee KOJIeco, THIPOANHAMIUUECKOE COBEPIICHCTBOBAHUE.

Beenenue

OpHuM U3 TJIaBHBIX TPeOOBaHUI, MPEIBSABISEMBIX K HOBBIM U MOJEPHU3HPYEMBIM
TUAPOTYpOMHAM, SBISETCS WX BBICOKAS JKOHOMUYHOCTh. [lepCHEKTUBHBIM CIOCOOOM
noBeIIeHUsT dPGeKTUBHOCTH npoTouHbiXx yacted ([TY) ruapomammH sSBIsSETCS WX
TUAPOIMHAMUYECKOE YCOBEPIICHCTBOBAHUE 3a CUET MPOCTPAHCTBEHHOTO MpOo(HUIUpOBaHUs
ocHOBHBIX 2yieMeHTOB [IU. Hambonee pacnpocTpaHeHHBIMH BHJIaMH TPOCTPAHCTBEHHOTO
npoUINpoOBaHUS B TYpPOOCTPOSHHUH SIBISIFOTCS OKPYKHOM M OCEBOW HaBajbl JIOMATOK
HarpasJystomero anmnapara (HA) u nonacreii padouero xoseca (PK) [1]. [Ipu naBamax dhopma
CEUYEHUH JIOMACTHBIX CHUCTEM OCTAETCS HEM3MEHHOM, MEHSETCS TOJIbKO BUJ] JIMHUM MPUBSI3KU
U, KaK CJeICTBUE, B3aUMHOE TOJIOKEHUE CEUEHUH B OKPYKHOM HJIM OCEBOM HAIpaBICHMSIX.
HaBan Ha3bpiBaeTCsi MPOCTHIM, €CIM CEYEHHMs JIOMACTU MO BBICOTE JUHEHWHO OTKJIOHSIOTCS
OTHOCHUTEIILHO OCH; €CJIM HEJIMHEHHO, TO TAaKON HaBaJl HAa3bIBAETCS CIIOKHBIM.

[IpumensieMble B MPAKTUKE OTEYECTBEHHOTO THAPOTYPOOCTPOCHHS METOIBI PacueToB
snemenToB [1Y He naroT BO3MOKHOCTH OLICHUTDH BIIMSHHE HABAJOB JIOMACTHBIX cucteM. Jlis
NOJOOHBIX  HCCIICOBAaHMM HEOOXOAMMO HCIOJb30BAHME METOJ0B MaTEeMaTHYeCKOIro
MOJIEJIMPOBaHUS MMPOCTPAHCTBEHHBIX BS3KUX TeueHUil. B crartbe mpeacTaBieHbl pe3yiabTaThl
YHMCIIEHHOTO MCCIEOBAaHUS BIIMSHUS IPOCTOTO OKpYy:KHOro Hapazna Jonactred PK ocesoit
rugpomaiuibl [1JI120 Kpemenuyrckoit ['9C Ha CTpyKTypy T€UEHHS M THIPOJAMHAMHYECKUE
xapakrepuctuku IT4.

O0bekT ucciaenoBanmsi. Meroanka npoBeeHus YMCJIEHHOI0 IKCIIEPUMEHTA

B kauectBe oObekTa ucciemoBanus paccMorpeHa I[IU yacTe oceBoil MOBOPOTHO-
nonactHoi runpotypounsl [1J120 Kpemenuyrckoit I'9C [2]. PacuetHas 001acTh COCTOUT U3
32 nomnarok Hampasistomero ammapata (HA) cummerpuanoro npodwtst YII-32-2 BeicoToi
bo=0,4D,, nmameTpoM pacmoyioKeHHss ocedl moBopoTa Jsomatok Dy=1,1625D,; PK
[1J120/3271y-B ¢ nmuamerpom BTynku dp=0,37D; u 4ducimom jomacted zi=4, a TaKxke
Qg dy3opa oTcachIBaroLIeH TPYObI.

HccnenoBanusi BBITTOHEHBI € TMOMOIIBIO MpOrpaMMHOT0 Komiuiekca [IPMFlow,
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MO3BOJIAIOILEr0 MOAEIUPOBATh IPOCTPAHCTBEHHBIC BA3KUE TECUECHUS HEC)KMMAEMOM X KUIKOCTH
B IPOTOYHBIX YaCTAX TMAPOTYpPOMH Ha OCHOBE YHCICHHOI'O HHTEIPUPOBAHUS ypaBHEHHUH
PeliHonbca ¢ AOMOIHUTENBHBIM YIEHOM, COAEPIKAIIUM HUCKYCCTBEHHYIO CKUMaeMoCTb. Jlis
ydeta TypOyJeHTHbIX 3(deKkToB mpumeHsercs auddepeHnnanbHas AByXMnapaMeTpudeckast
mozenb SST Menrtepa. UnciaeHHOE WHTErpUPOBAHUE YpPaBHEHHM NPOBOAUTCS C MOMOIIbIO
HESIBHOM KBa3MMOHOTOHHOM cXeMbl ['0JlyHOBa BTOpPOro MopsAKa TOYHOCTU IO IPOCTPAHCTBY
u BpeMmeHU. l[lonpoOHoe omMcaHue MaTeMaTHMYeCKOM MOJENIM W YHUCIEHHOIO MeToja
MpeJICTaBICHO B paboTax [3, 4].

®usnyeckass  o0macTb  OTOOpaXkaeTcst Ha  PAacyeTHY0 C  HCIOJIb30BAaHHEM
CTPYKTYpUPOBAHHOM ceTku H-Tumna c yuciom sueek 72x72x(100+200)=1.555.200.

UucnenHsle MCCIEIOBaHUs IPOBENEHBI I Mojenu ¢ auamerpoM PK D=1 m mpu
Hanope H=1 M mpu ontumanbHOM pexume: oTkpbiTue HA a¢p=56,52 MM, 3HaueHue yria
ycranosku nonacti PK ¢,=15°, npusenennsiii pacxon O =1117,9 n/c, npuseaeHHas 4acToTa
BpaILlCHUS n1’=152,9 MUH ’1, yroJi MOoTOKa Ha BxoAe a,;=38,9° [2].

HccnenoBanue BIUSIHUS MPOCTOT0 OKPYKHOT0 HaBaJja jJonactu PK

YucneHHble HCCICIOBAHUS TPOBEACHBI JUIS PAcUeTHBIX OO0NacTel ¢ HCXOAHOM
nonacteio PK (HaBanm ¢=0°) u miecTbi0 BapuaHTaMH MPOCTOTO OKPY>KHOTO HaBajia (HaBaJbl
¢=-30°% —20°% —10° +10° +20° +30°). Ha puc. 1 npencraBiieHa cxema IpOCTOr0 OKPYKHOTO
HaBaJia ¥ BUJ B IIaHE UCXOTHOMN U «HaBaJIEHHBIX» JionacTel PK.
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Puc. 1 — Cxema npocToro okpy:kHoro HaBasa jomnactu PK
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Ha pwuc.2 npuBeneHsl pacnpencsieHUusi H30JIMHUNA CTAaTUYECKOTO [IaBJICHUS B
IJIOCKOCTH, IEPHEHIUKYIAPHOM OCH BpalICHUS U PACIOJIOKEHHONW B CpPEIHEM CEYCHUH
MexJionacTHoro kaHana PK g Tpex 3HayeHHMl OKpYXHOTO HaBajla: HMCXOJHOTO |
MAaKCUMAJIbHBIX IMOJIOKUTCIBHOI'O U OTPULATCIILHOTO. BI/I,[[HO, 4TO IpafUCHT HNABJICHUS BBIIIC
Ha CTOPOHE Pa3peKeHHUs, a HaBaJ OKAa3bIBAaeT 3aMETHOE BIIMSHUE HA TMOJIOKEHUE H3OJUHUI
AaBJICHUS: TIPU OTPULATCIBHOM 3HAYCHUU HAaBaJla OHU CABHUIAIOTCA B CTOPOHY Pa3pCKCHUA,
OpU TOJIOKUTEIBHOM — B CTOpOHY JaBieHusi. HalOmiomaercs Takke U3MEHEHUE
pacrmpeneneHus 1aBieHus Ha pabounx noBepxHocTsx PK.
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Puc. 2 — M30omuHNN 1aBIeHUS B CPEIHEM TIONIEPETHOM CEUCHUH MEXKIIONAacTHOTo Kanaia PK s Tpex 3HaueHuit
OKpPY>KHOTO HaBaJsa

CropoHa
paspekeHna

CtopoHa
paspekeHnA

Cropona CtopoHa
JaBICHHA JIaBIEHHA

CropoHa
TABTCHHA

Ha puc. 3 npuBeneHo pacnpenesneHue CTaTUYECKOro IaBICHHS Ha IOBEPXHOCTSIX
nonactu nepudepuiinoit obnactu (90 % mumpunsl kanana) PK gna Tpex BapuaHToB
OKpy>kHOro HaBaia. [Ipu mpocToM OKpyXHOM HaBajie TepUpEpUHBIA Y4YacTOK JIOMACTH
nojsepraercs HaumbOonblied aedopmanuu. M3 npuBENIeHHOro pHCYHKAa BHJHO, YTO
HauOoJbIllee BIUSHUE NPOCTPAHCTBEHHOE MNPO(UIMPOBAHUE OKa3blBa€T Ha OOTEKaHHE
BXOJIHOT'O Y4YacTKa JIONACTH, TJ€ B Pe3ysbTaTe IPUMEHEHUs HaBaja 3HAYUTEIBHO MEHSETCS
nepenaj JaBlICHUS: YBEIMYMBACTCS IPU OTPULATEIBHOM HABajJ€ M YMEHBIIAETCS IIpU
MIOJIOKUTENBHOM. JlaJIbHEWIIee YBEIIMYEHUE OTPULATEIBHOTO HAaBaJa MOKET IPHUBECTH K
00pa30BaHUIO JIOKAIBbHBIX 30H pa3psDKEHUS Ha BXOAHOM YYacTKe H, Kak CJEJICTBUE,
yXyAUIeHU0 KaBuTauuoHHbIX KauecTB PK. Ha cropoHe nmaBneHus mo BCed JJIMHE CEYEHUS
NIOJIOKUTENBHBIN HaBaj NPHUBOJUT K IOBBIIICHUIO YPOBHS NaBJICHUS, OTPULATEIBHBIA — K
NOHMKEeHUI0. Ha cTOpoHe pa3pekeHHst HaBajbl CYIECTBEHHO U3MEHSIOT SMIOPHI 1aBJICHUS Ha
NIEPBOM NIOJIOBUHE CEYEHMS U MaJIO BIUSIOT HA BTOPOU.
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Puc. 3 — Pacnipenenenue nasnenus Baous nepudepuiitnoro cedenust PK npu pasHbIX 3HaUEHHSX OKPYIKHOTO
HaBaja
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Ha puc. 4 npuBeneHo pacnpeaeneHne OCpeAHEHHOTO 10 mary adbCoI0THOIO MOJHOTO
JlaBJIeHUs (3HEPruM) Mo MIMPHHE KaHaja B CPEJHEM IONEPEYHOM CEUYEHUHM MEKJIONacTHOrO
kaHana PK (To ke cedeHue, yTO M Ha puC. 2) NMpPU pa3HbIX 3HAYEHMSIX OKPY>KHOTO HaBaja.
BugHo, 4To HaBaibl NMPUBOJAT K 3aMETHOMY IMepepacHpefesiCHUI0 3HEPrud IO LIMpUHE
kaHana. OTpuLaTeNbHbIE HaBajlbl IOBBIIIAIOT YPOBEHb HHEPrMM B O00JIACTU BTYJIKU U
NOHMKAIOT Ha nepudepuitHom yuactke. IIpM MOJOXKUTENBHBIX HaBajaX KapTHHA
IPOTUBONOIOXKHAs. TakuM 00pa3zoM, MPUMEHsST OKPY>KHOM HaBall, MOXKHO JOOUTbCS Ooiiee
PaBHOMEPHOTO paclpellelieHusl JHEepruu Mo ImupuHe KaHama. B wuccnenyemom PK
I1JI20/3271y-B  Hambonee paBHOMEPHOE paclpeieiieHHe HSHEPrHud IOJNyYeHO IpH
OTpULIATENLHOM HaBaje ¢=—10°.
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Puc. 4 — Pacnipesnenenye oCpeAHEHHOTO 10 1Iary abCONIOTHOTO MOJHOTO JIABJICHHS 110 IUPHHE KaHaya
B CPEJHEM NONEPEYHOM CEUEHUH MexJionacTHoro kanana PK npu pasHbIx 3HaUeHUSX OKpPY>KHOTO HaBaja
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Puc. 5 — 3aBucumocts moreps B PK 1 KI1/] mpoTodHOM 9acTw OT BETMYHHEI OKPYKHOTO HaBasa

IIpoBeneHHBIE pacyeThl MO3BOJIMIN OIPEAEIUTh MTOTEPU dHEepruu B dnemeHTtax 114 u
sHauenne KIIJ[ pacuernoit o6nactu. [Torepu B HA mpakTtrdecku He MEHSIOTCS TIPH HaBaJiax

Bicnux HTY «XIIl». 2015. Ne 3 (1112) 11



[ TIPABJITYHI MAIIINHU TA T'IAPOAI'PELATH

u coctaBisiioT ha=0,91...0,92 %. Ha puc. 5 npuBeneHbl 3aBUCUMOCTH HOTEPh YHEPIHH B
pabouem komnece u KIIJ[ uccnemyemoii pacuetHoit obnactu (6e3 yueTa ciupanbHON KaMephbl
CO CTAaTOpPOM M OTCACHIBAIOIICH TPyObl) OT BENMUYMHBI HaBayia. Kak BHUIHO W3 PHCYHKA,
U3MEHEHUs CTPYKTYpPbI MOTOKa B pe3yjbTaTe NMPUMEHEHHUs OKPY)KHOro HaBana (puc.2+4)
OPUBOJAT K U3MEHEHHUIO SHEPTreTHUECKUX XapaKTepUCTHK. MUHUMalIbHOE 3HaUeHHE TIOTEPH B
PK nonmyueno npu naBane ¢=-10°. Ilpu sTOoi ke BenuMuMHE HaBala HaONIONaeTCs U
HanOonbinee 3HadeHue KI1/I.

BreiBOABI

BBINOJTHEHO YHMCIIEHHOE UCCIIEJOBAHME BIHMSHHA IPOCTOrO OKPY)KHOIO HaBaJa
jomnactu padoudero koseca oceBoi ruapotypOunsl I1J120 Kpemenuyrckoit 'DC Ha cTpykTypy
NIOTOKA U MHTETPAJIbHBIE XapAKTEPUCTUKU ITPOTOYHOM YacTu. B pe3ynbpTare yCcTaHOBIEHO, YTO
IpY IPUMEHEHUH HaBaja:

— MEHSIETCA MOJIOKEHNE M30JIMHUN CTAaTUYECKOTO JABJICHHS B MEXJIONIACTHOM KaHae
PK;

— CYILIECTBEHHO MEHSETCs BUJ 3IIOp JIaBJICHUS HA MOBEPXHOCTSX JIOMACTH, 0COOEHHO
B pallOHE BXOJHOU KPOMKHU;

— BO3MOJKHO BBIPOBHATH PACIpeeIICHUE SJHEPTUHU 10 IIMPHUHE KaHAJIA;

— BO3MOXHO J00UTbCA CHMXEHMS noTepb B PK M moBblmieHuss MakcHMaiabHOTO
3rHauenus: KIIJ] mpu onTUMaibHOM peXKUME COBPEMEHHOUM BBICOKOI(PEKTUBHON MPOTOUHON
yactu Kpemenuyrckoit ['OC.

B nanpHelimem IutaHupyeTcs HpPOBECTH HCCIEIOBaHMS BIMSHUSA CIOXKHBIX (hopMm
HABAJIOB HA CTPYKTYPY MOTOKA ¥ THAPOJUHAMUYECCKHIE NTOKA3aTeIH THIPOTYPOUH.
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