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PEOEPAT

[IPSIMOYI'OJIBHOE  COIUIO, TPEXMEPHBI TYPBYJIEHTHBIU
IIOTOK, BUXPEBAS CTPYKTYPA, AKYCTUYECKOE BO3JENCTBUE,
BHEIITHEE BO3JIEVICTBYE.

Heabo padorsl sBiIseTCS MOAPOOHOE SKCIEPUMEHTAIBHOE MCCIIEOBaHHE
TypOYJEHTHON CBOOOJHOM CTPYH MPH aKyCTUIECKOM BO3JICHCTBUMU.

O0BbeKTOM HCCiIeI0BAHUS SIBIISETCS BBIXOJHOE CEUEHHE, ITPEICTABISAET COOOU
CBOOO/IHBIN MOTOK, BHITEKAIOIIMI U3 COILIAa MPSAMOYTOJIbHBIA U KPYTJION (POPMBI.

IIpeameromM mccieq0BaHUA SBISETCS CBOOOIHBIM MOTOK, MPOTEKAKOUINI OT
COILIO.

AKTyaJbHOCTh PadoThbl. TypOyleHTHbIE MOTOKM HWIPAIOT BAXKHYIO POJIb B
Pa3JINYHBIX YCTAHOBKAX, HCIIOJIB3YEMBIX B TEIUIODHEPTETUKE, BEHTUISLMOHHON

TCXHHUKC, pCaKTI/IBHOﬁ TCXHHUKC U APYTUX o0acTax HaYyKH.



TYUIHAEME

TIB¥PBIIITBI CAIITAMA, YOI OJIILIEMAI TYPBYJIEHTTI AFBIC,
AFBIH OCEPI, AKYCTUKAIJIBIK OCEP, ChIPTKbI OCEP.

ZKyYMBICTBIH MAaKCAThl - aKyCTHKAJIBIK dCep €Ty Ke3iHJe TypOyJIeHTTI epKiH
aFbIH/Ibl SKCIIEPUMEHTTIK 3€pTTEY.

3epTTEey HBICAHBI MIBIFBIC KUMAaChl TIKOYPBIIITHI >KOHE IOHTEICK MIMTiHI
canTaMmajJaH IIbIFAThIH €PKIH aFbIH.

3epTTey NMOHi - canTamMa/iaH arblll )KaTKAH €PKiH aFbIH.

KymbicTbiH 03eKkTidiri. TypOyneHTTI arblHIAp JKbULYy SHEPreTHKachIHJA,
KEJJIETY TEXHUKAChIH/A, PEaKTUBTI TEXHUKA/1a )KOHE FhUIBIMHBIH 0acKa caajapbIHaa

KOJIZTAaHBUTATBIH OPTYPJIl KOHABIPFBLIAP/IAa MAaHbBI3/Ibl POJI aTKapabl.



ABSTRACT

RECTANGULAR NOZZLE, THREE-DIMENSIONAL TURBULENT
FLOW, VORTEX STRUCTURE, ACOUSTIC IMPACT, EXTERNAL IMPACT.

The purpose of this work is a detailed experimental study of turbulent free jet
under acoustic impact.

The object of the study is the outlet section is a free flow flowing out of the
nozzle of rectangular and circular shape.

The subject of the study is the free flow flowing from the nozzle.

Relevance of the work. Turbulent flow plays an important role in various
installations used in heat and power engineering, ventilation engineering, jet

engineering and other areas of science.
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OBO3HAYEHMUA N COKPALIEHUA

a, b — mmrHa 1 MMPUHABBIXOAHOTO Cpe3a COIUIa, M;

A=alb- mapameTp COOTHOIIECHHUS CTOPOH (YUIMHEHHUE) COILIa;
C —cTeneHsp CxKaTus COILIa,

PCT— CTaTUYECKOE JIaBJicHue, [a;

P, — IIOJIHOC JaBJIcHUEC, [la,

2
PYU” _ umamudeckoe nasienue, Ila;

M — BbICcOTa CTOJI0A KUAKOCTH Y MAHOMETPA;
k — k03 puumeHT n3ruba MaHOMETpa, xz-c/m’;

U —mpoiofibHasi COCTaBIISIONIAs CKOPOCTH, m/ c

U, — ckopocTs Ha BBIXOIHOM ceyeHnu comna, m/c

U,, — ckopocTs Ha ocu ctpyu, m/c;
12
VU, — mpojonbHas myabcaiys CKOPOCTH Ha OCH CTPYH, m/c )

2
\/Ué —MPOJI0JbHAS MyJIbCalUs CKOPOCTH Ha cpe3e coruia, m/c;

12
m

—UHTEHCUBHOCTH (YPOBEHB) TYpOYJIEHTHOCTH HAa OCHU CTPYH;

)
|

Moy
0

Re=U -d/v- umcno Peiitnonnaca;
f-b

Sh = TR yucio Crpyxains;
0

dxp— IMameTp Kpyrioro comia, M;

Yos, Zos — TIONEpPEeYHble KOOPAMHATHI, TJE CKOPOCTh paBHA I[OJIOBUHE
makcuMaabHOU (Um/2), (0.5-ycnoBus Bo BHerHeM cioe, rae U=0.5-Un), M;

AT — pa3HOCTb MEX1y TEMIIEPATypOi B KaKOW-TMO0 TOUKE CTPYH U
TEMIIEPATYPOI OKPYKAIOIIEH CPEIIbI;

AT, — pa3HOCTB MeXTy TeMIIEpaTypoii Ha Ha9albHOM CEYEHUH CTPYH U B

OKPY’KaIOIIEM MTPOCTPAHCTBE;



AT —pa3HOCTB MKy TEMIIEPATYPOil Ha OCU CTPYHU U B OKPYKAIOLIEM

POCTPAHCTRBE;

¢ ,— K—enocrosHHas Mozienm TypOyIEHTHOCTH;

¢; — k—emocTostHHAst MO/IENM TYpOYIIEHTHOCTH,

C, — k—emocTostHHAst MOJIeNN TypOYIIEHTHOCTH,

D — 5KBUBaJICHTHBIA IHAMETP CTPYU KPYTIJIOTO CEUCHHUS, M;

| — HIHTEHCHBHOCTH TYpOYJIEHTHOCTH;

k — CpenHsisi KHHETHYECKas SHEPTHUS TYPOYJICHTHOCTH Ha €IUHUILY MACCHI,
MZC_Z;
a — TennoBoe paccesinue, M 2C X

2
a,— TypOynenTtHoe paccesnue Temia, M C;

;— nenbra Kponekepa;

2 -3
& — CrenenpTypOyJIeHTHOTO paccenBanusi, M C

-2
4 — JluHaMudecKas BA3KOCTb, Hewm™
Hem™
U, — Jlunamuueckast TypOyJeHTHas BI3KOCTb, [1CM |

-3
p© — IlnoTHOCTH, KM
f —yacTora akycTHueckoro Bo3zaeicTBus, '
0 — paJnyc BHEITHEN IPaHUIlbl OTOKA, M;

O — [locTositHHast MoenH TypOYJICHTHOCTH JUTs ypaBHEHUS K;
O, — k—¢ IocTosiHHas Mojienu TypOyJICHTHOCTH;
Uj— Kornebanust ckopoctvi B HanpaBieHU ocu X, MC -1

M- MowmeHT, KrM ¢~ 2

V— chez[HeHHaﬂ I10 BpCMCHH COCTABJIAIOIIAA BEKTOPA CKOPOCTH B HAIIPABJICHHHU

ocu Y, MC_l,

Prt— TypOynentHoe uncino Ipanaris;



Cl- Ha neHTpaabHOM JUHUU ITOTOKA,;

In— Ha BXO/€ B INIOCKOCTH ITOTOKA;

Inf— npu TeMiiepaType OKpysKaroIieii cpebl;

Max—makcumMyMm.

Lx— JliinHa 00J1aCTH BHIUUCICHUWB HAMIPABICHUHN OCU X, M;

Ly— Jlnuna o6acTu BEIYMCICHUIB HAIIPABIEHUH OCHU Y M,

Lz— JlnuHa 061acTi BEIYUCICHUIB HaIpaBJICHUU OcU Z,M;

Lyi— ITomymaa mrynepa 3abopa Bo3ayxa JUis BEHTUIAUMK B HAIIPABJICHUN
ocu Y, m;

Lzi— [Monynnuna mtynepa 3adopa Bo3ayxa JJisl BEHTWISIUM B HAlPaBICHUU
ocu Z.m;

X— JlekapToBasi KOOpJAWHATA 10 JJIMHE IMOTOKA B 00JIACTH BBIYUCICHUH, M;

y— JlexapToBasi KOOpIMHATA TIO MHUPHUHE MMOTOKA B 00JIACTH BBIYUCIICHHI, M.

Z— HeKapTOBaH KOOpAHWHATa I10 OOKOBOI1 JJIUHC obmactu BI)I‘IPICJIGHHﬁ, M,

HNHpaekchr:

KP-KpYTJIbIN;

H-HavalbHbIN;

3-3QHEeKTUBHBIH;

3-3€JICHBIN

K-KpacHBIH;

JK-KEJITHIM;

C-CUHMI;

0-3HaueHue nmapaMmeTpa y KpOMKH COTLIA;
M-0CEeBOI;

1 — MOJIHBIN;



BBEJAEHHUE

O0mas xapaktepucTuka padorTbl. JlanHas pabGoTa npenHa3HauyeHa IS
OJIPOOHOTO AKCMEPUMEHTAIBHOIO HCCIEAOBaHNE TYpOYJIEHTHOM CBOOOAHON CTpyH
P aKyCTUYECKOM BO3JICHCTBHUM.

AKTYaJIbHOCTb  HMCCJIEI0BATEILCKOM padoThl. AKTyaJlbHOCTh JIaHHOU
UCCIIEIOBATENLCKON pabOThl 3aKIIOYAaeTCd B TOM, YTO TYpOYJIEHTHbBIE CBOOOIHBIC
CTPYH IIUPOKO MPUMEHSIOTCS B PA3JIMUHBIX OTPACISX MPOMBIIUICHHOCTH, TAKUX Kak
aBUAIlMOHHAsA, JHEpreTuyeckas, Meramrypruueckas u nap. OpgHako, HECMOTps Ha
IIMPOKOE HCIOJIb30BaHNE, MEXaHW3MBl O0pa30BaHMA W PA3BUTHUS TYpOYJIEHTHBIX

CTPYKTYp B TaKHX IIOTOKax 10 cux IIop HC 10 KOHIIa  H3YYCHBI.

HccnenoBanre BO3AEHCTBHS aKyCTHYECKHMX  KoJeOaHM Ha  TypOyJIEHTHYIO
CBOOO/IHYIO CTPYIO SIBJIIETCS Ba)KHBIM HaIlpaBJICHHEM B JaHHOW OOJAcTH, Tak Kak
MOXET TMPUBECTH K YIYYIICHHIO XapaKTEPUCTUK TOTOKA M  MOBBILIEHUIO

3(1)(1)€KTI/IBHOCTI/I CI0 HCIIOJIB30BaHHA B PA3JIMYHBIX TCXHOJIOTHYCCKUX IIPOLCCCax.

[lonyueHHble pe3yabTaTbl MOTYT OBITh HCHOJB30BAaHBI IS  ONTHUMH3ALUU
KOHCTPYKIIMM U PEKUMOB pPabOThl TEXHUYECKHX YCTPONCTB, MCIOJIb3YIOIINX
TypOyJIEHTHBIE CBOOOJIHBIE CTPYHU, YTO B CBOIO OYEpPEIb MOXKET MPUBECTU K

9KOHOMHNYCCKHM BbII'OJaM H YIIYUIHICHHUIO KAa4CCTBaA IIPOJYKIIHNH.

eab padoTHI:
-OKCIIEPUMCHTAIBHOE HMCCIASAOBAHUE CPEIHMX JHHAMHYCCKHX XapaKTCPHCTHK
CBOOOJIHOTO ITOTOKA;
- UCCJICIOBAHHE CPEIHUX XapaKTEPUCTUK CBOOOTHOM CTPYH MPHU HATMYUHA BHEITHETO
aKyCTHYECKOTO BO3/ICHCTBHUS,

- HCCIIEIOBaHUE MYJIbCALMOHHBIX XapaKTEPUCTUK CBOOOHOM CTPYH.



1 KPATKUH OB30P PABOT OTHOCUTEJBHO ADPOJUHAMUKHU
N TENNVIOHOCHUTEJIA TYPBYJIEHTHBIX CBOBOJHBIX IIOTOKOB

1.1 O6mas xapakTepucTHKa TypOYyJIEeHTHBIX IOTOKOB

TypOyneHTHBIE TIOTOKH SIBISIFOTCS TPEAMETOM SKCIEPUMEHTOB W YHCICHHBIX
pacuéroB B Teuenue 40 sier. CBOOOIHbIE TOTOKH MPEACTABIISIOT CO00M UCXOHBIE JAHHBIC
JUISL U3ydeHus] (U3MYECKUX CBOMCTB TYypOYJIEHTHOrO MOTOKA CpPENbl, MOTOMY, YTO HX
UCTIOJIL3YIOT JJIsi OLEHKH (u3uueckux mozeneid. Kpome 3Toro, oHM NpeacTaBIsSOT
0COOBI MHTEpPEC ISl HWCHOJB30BAaHMS BO MHOTHMX TEXHHYECKHX pa3padoTKax; BOT
HEKOTOpbIE ~ MPUMEPbl  TaKOro  MNPUMEHEHHUS: JIBUTaTEIU BHYTPEHHETO
CrOpaHus,ABUTaTEIIbHAS YCTaHOBKA,pacCIblINTEIbHAS CyLIUJIKa,1a3epHas
0o0paboTKa MeTalia,CMEIIMBaHUE XUMUYECKHX PEeareHTOB,0XJIaXEHUE JIOMATOK H
T.II..

Bckope Obli0o 0OHapyXeHO, 4TO KOH(PUTYpallud OCECUMMETPUYHON CTpyHU
3HAUYMUTENBHO JIy4ll€ IO CPAaBHEHUIO CO CBOMMH aHAJOTaMU B OIPEEICHHBIX
acrekTax. B 4acTHOCTH, OHU CHOCOOCTBYIOT CMEIIMBAHUIO C OOBOJIAKUBAIOIICH
KUJIKOCThIO. B CBsi3M ¢ HamuumeMm (GOpM HEYCTOWUYMBOCTH BBICIIETO MOPSAKA,
OCECUMMETpPHUUYHbBIE CTPYyH OO0Jiee HEYCTOMYUBBIE, YEM CTPYH KPYTJIOrO CEYEHUS.
[TepBas skcnepuMeHTalbHasi paboTa Obuta poBenaeHa B1933 rony, rae u3ydanuch
MOJISI OCPEIHEHHBIX CKOPOCTEH B CTPYSIXIPSIMOYTOJBHOTO CEYEHUS C
W3HAYaJbHBIM COOTHOIICHHEM CTOPOH B momepedyHoMm ceuenum 1,2,5 m 10.
CTpyn TpsIMOYrOJILHOTO CEUYEHHUs MCCIEAOBaJIM B JKCIEPUMEHTAIbHOM
nopsinke Tpentakocte u Cdopza, Cdhopza u KpamennukoB u Poranbckas.
PamxapatHam 00beAMHUT OONBIIMHCTBO AHATUTUYECKUX PENICHUM W BBIBOOB,
3aKJIFOYEHHBIX HAa OCHOBAaHMHU TMPOBEICHHBIX JIKCIEPUMEHTOB, IMOJYYEHHBIX IS
M3yUYCHUS JBYXMEPHBIX, TPEXMEPHBIX CTPYH M CTPyH KPYyIJIOTO CEUEHHsS. ITO
MPOM30IIIO BO BpeMs, KOrja ObIIM JOCTUTHYTHI 3HAYUTEIbHBIC PE3YJIbTAaThl B
YUCJIEHHBIX HCCIEIOBAHUSAX, MO3TOMY 0CO00O€ BHUMAHHUE YJIESAJIOCh HM3YUYEHUIO

0COOEHHOCTEM IUIOCKMX HOCECUMMETPUYHBIX CTpPYyH, BOT MMOYEMY TOrjAa ObLIO



NpoBeJeHbl OOJBIIMHCTBO HCCIENOBAHMNA W B HACTOsSIIEEe BpeMs MOSBUIACH
BO3MOYXHOCTb IOJIb30BaThCS pe3yJbTaTaMH dTUX HcclieqoBannii[1-12].

[Ipu 5TOM 10 TypOYJIEHTHBIM TPEXMEPHBIM CTPYSIM ObUIO MPOBEIEHO COBCEM
HE3HAUNUTEIbHOE  KOJMYECTBO  MCCIENOBAHMA TMPU  NOMOIIM  YHUCIEHHOIO
MOJEJIMPOBAHUSl M3-3a BBICOKOW CTOMMOCTH, CBSI3aHHOM C Takoro poja
MOJICJIMPOBAHUEM.

3a mocienHee BPEMs,KOMIUIEKCHOE YHCIEHHOE HCCIEJOBaHHE OBbLIO
npoBefeHO0 MuwuiepoM W JIPYTMMU C MNOAPOOHON WMILTIOCTpalueil sABICHUS
IIEPEMEHBI OCEH M CKOPOCTH YBJIEYEHHS II0 PA3JIUYHBIM CTPYSM HEKPYIJIOTO
CEUEHMs, BKJIOYas CTPYUd OBAJIBHOTO CEUEHHS,IPAMOYTOJbHOTO CEYEHHUs, a
TaK)XK€ TpPEYroJbHOro cedeHuss. BuinbcoH u JleMypeH CO31aIMKOHEYHO-
Pa3HOCTHYIO YHUCJIEHHYIO MOJENIb Ha OCHOBETPEXMEPHOM CTPYyH MPAMOYTOJBHOTO
CEYEHHUsI CCOOTHOILIEHHEM CTOpPOH 2:1, ucnonb3ys TpU pa3Hble TYpOYJEHTHbIE
COCTOSIHUS Ha BX0Ji€ B cTpyt0. X070 U CHUMIICOH MPOBEIU aHAJIU3 TypOyJIeHTHOU
CTPYH MPSIMOYTOJIBHOTO CEYEHHsI CCOOTHOIIEHUEM CcTOpoH 10:1, ucrone3ys moaenn
TypOyJIeHTHOrO TeueHusi Oonpmioro pasmepa. CpaBHEHHE pPe3yJIbTAaTOB
DKCIIEPUMEHTOB, MPOBEACHHBIX KyWHH W APYTruMH,C pe3ylbraTaMu padOThI
Xonno u CUMIICOH, TOKAa3aj0 yAOBIETBOPUTEIbHOE COBIAJAECHUE MO JaJbHEMY
IOJII0, HO HE NOKa3ajlyd HadyaJlbHOE YCKOPEHUE CTPYH B HANpPaBICHUU OCH B
npeaenax MepBOHAYAIBHBIX MSATH 3KBUBAJICHTHBIX IHAMETPOBIOJA OOTEKaHHMS.
PemOonn u napyrue mnpoBenu HCCIEAOBaHUS IEPEXOJHOIO Ipolecca CTPYyHU
MPSIMOYTOJILHOTO CEYEHHUsI ¢ COOTHOIIeHUeM cTopoH AR=5 mipu momormu npsmMoro
guciieHHoro moaenupobanus (DNS)[13-16].

Mopaens DNS oTnauvaeTcs BBICOKOW MPOTHO3UPYEMOW TOYHOCTHIO TIPHU
HU3KUX 4Yuciax PeWHoJbICa ¥ BBICOKOM CTOMMOCTBIO BblUHcIeHUH. LES
(MOnenMpoBaHKE METOJOM KPYMHBIX BHUXPE) MOMXKET OOCTUraTh OOJBIIMX YHCEl
PeliHOnbCa, HO TakXke XapaKTEepU3yETCABBICOKOM CTOMMOCTBIO BBIYHUCIICHUM.
Onnako, RANS (ypaBuenuss HaBbe—Ctokca, ocpenHéHHbsie 1o PeitHonbacy)
MOXHO MNPHUMEHATH N0 BBICOKMX 4Hcen PeliHonbpaca, KOTOpPbIE HEBO3MOXHO

JOCTUTHYTH MPHU UCIOJB30BAHUUIIPIMOTO YuciaeHHOTO MoaeaupoBanus (DNS).



[lenpto  HacTosiie  Hay4yHOM  pabOThl  SBJISETCS  MCCIEIOBaHUE
JIBYXIIapaMETPUUYECKON MOJeau TypOYJEHTHOCTH B MOJCIMPOBAHUMU  IOJSA
TypOYJE€HTHOIO TIOTOKa B  CBOOOJHBIX CTPYSX, BBITEKAIOMIUX  HM3COILIA
OpSIMOYTOJBHOIO CEYeHUs. B JaHHOM HCCIEIOBAaHMHM, Mbl HCIOJb30BaIU
JByXIIapaMETPUUYECKOE MOJEIUPOBAHUE TYpOYJEHTHOCTH ISl MPOTHO3UPOBAHUS
OCHOBHBIX MapaMeTpPOB MOTOKAa, MpoQuiIei CKOPOCTU B ONMKHEH 30HE, CTEIEHb
YMEHBIIIEHUSI CKOPOCTH B JajbHEW 30HE. bepr W apyrue ucCHoiab30BaIM 2
CTaHJApPTHBIC JAByXIapaMmeTpuueckod mopaenu TypOyineHTHoctH (K—ek—w) nus
MOJICIMPOBAHUS MMOTOKA, BBITEKAIOIIETO0 U3 COILIA NPSAMOYTOJIbHOTO ceueHus. [Ipu
3TOM OBLJIO OOHAPYKEHO, UTO CITOCOO MOJICTUPOBAHMS, OCHOBAHHBIA Ha MOJICIIA K—
& , OKa3aJcsli caMbIM ONTUMAJIbHBIM B MPOTHO3MPOBAHUHM YMEHBIICHUSI CKOPOCTHU
B/IOJIb LIEHTPAJIBHOW OCH TMOTOKAa KakK B OJIM)KHEW, Tak U B JalibHEW 30HE
n3ydyeHus. Bce pe3ynbTarbl 3TUX MCCIEAOBAHUUA XOPOIIO COIVIACYIOTCS C
AKCNEPUMEHTAIBHBIMUA JaHHbIMUA. OpHako, bepr m apyrue He paccMaTpUBAIH
BIIMSIHME 4Hcen PelHonbaca, COOTHONIEHHE CTOPOH W TOJie Temieparyp. B
JTAaHHOW Hay4yHOUM paboTe MPOBEJCHO HUCCIEIOBaHNEe BIUsSHUS yucen PeiiHonbaca
B UpoKoM auamnazone Re. Ciegyer oTMeTUTb, YTO Cpelod BO BCEX CIIydasix
SIBIIICTCS BO3IyX, IIPH ATOM HCIIOJIb30BaIach MOJACNb TypOyleHTHocTH K—¢ , a
TaKXe; MPOBEICHO HCCIENOBAaHUE IOJEH CKOPOCTEM M Temueparyp, NpOBEAECH
aHaliM3 BJMSHUS COOTHOUIEHUS CTOPOH Ha CMEIIMBaHME B CTPYsAX C
IPSAMOYTOJIBHBIM  IONEPEYHBIM cedeHuem. lMcciienoBaHue NpOBOAMIOCH C
COOTHOIIIEHHEM CTOPOH B auara3zoHe oT 1:1101:4. Yucno PeitHonbaca, ucxoas U3
TUAPaBIMYECKOTO AMaMeTpa Ha BXOJe, MpuHUManoch B auanazoHe ot 800
1025600. Jlannas Hay4yHas paboTa MPECTABISCT UCCICIOBAHHUE BIHSHUSYCIOBUS
BO BXOJHOM CEUEHHMHM IOTOKAa Ha MapaMeTpbl CTPYyH MPSMOYTOJbHOIO CEYEHUS,
BBITEKAIOLIEH B MPOCTPAHCTBO Oouibliel ruiomanu. Cieayer OTMETUTh, YTO TaKKe
OBLITH TIPOBEJICHBI UCCIICIOBAHUS TTOJIS TEMITEPATYP.

Jlasiee OCHOBHBIC UCCIICIOBAHHMSI POBOISATCS 110 Hay4HOU padoTe[17].



1.2 Onpenensiloimme ypaBHeHHsI
Onpenenstomue ypaBHEHUs] TPEACTABISIOT COOOW  ypaBHEHHS HEpPa3phIBHOCTH,
ypaBHEHUS UMIYJIbCOB W YpPaBHEHHs MOCTOSHCTBA dHEpruu. HrpkempuBeleHHBIS
JTOMYIICHUSI  PacCMaTpPUBAIOTCS IS MOJEIUPOBAHUSI  TOTOKA:yCTOMYMBOE
COCTOSIHUE,HEU3MCHHBIC napaMeTpbl paboueit

KUAKOCTU,HCCIKUMACMOCTBb, HBIOTOHOBCKAA KUAKOCTb U OTCYTCTBHUC €CTECTBCHHOM

KOHBCKIIHUH.

Ou ; 0

ox, O @)
0 __op O ou, | 0 ( ——

'Oaxj (vu)= 6xi+6xj yaxj X (puiuj)’ ()
8 oy o [—

—Wu.T)=a———WU.T

OX (’ ) aaxf axj(‘ ) 3)

riae,Xi— 370 JlekapToBble KOOpAWHATHBIC HampaBieHUs(X1=X,X2=Y,X3=2),Ui— 3To
yCpEeIHEHHBIE 10 BpeMeHU JlekapToBBIE COCTABIISIOIIME BEKTOpPA CKOPOCTH C
IIUPOKO  HCIOJB3YEMBIMH  YEPTOYKAMH, TMPOMYIICHHBIMH  JJIS  ymoOcTBa
(U1=u,u2=Vv,u3= W), U jUj- 9TO TEH30p TypPOYJEHTHBIX HANPSIKEHHH,P— ITO
nasnenne. Koppessius Giaykryanuii B Macimtade CKOpOCThb-TeMIIepaTypa, KoTopas

onpenensetr AupPy3nOHHBIN MOTOK TypOYJIEHTHOCTH (UjTO), CMOJIETIMpOBaHa Mpu

oMol npuobmkeHus: byccunecka:

— oT
UjT =—Q, 87 , (4)

J

rjie TepMudeckas TypOyneHTHas 1udPy3HOCTh onpeeseHa Kak:



C, k?
a =———
" Prt ¢ ()

TypOynentHoe uucno I[lpanaris,Prt, mpeacrtaBisier co00il MOCTOSHHYIO
BEJIMYMHY B YpPaBHEHUW TIOCTOSHCTBA DSHEPTUU, B OOJIBIIMHCTBE IPOCTHIX
TypOYJIEHTHBIX MOTOKOB, TypOYJeHTHOE uuciio [IpaHntiis mpuHUMAaeTcsl Kak MOpsIoK
€IMHUIIBL.

Mogens TypOyJEHTHOCTH, HCHOJIb3yeMas i HUCCICAOBAaHUS B JIAaHHOU
HAy4yHOW paboTe, XapaKTEepH3yeTCs CICAYIOUMM: CTaHAapTHas Mojelb K—e
pazpaboranHnas Jlaynaepom u Cniasauarom . Mojienu JuHaMU4ecKo TypOyJIeHTHOM
BSI3KOCTH MPEAIOJIATAI0T, YTO JJIsl KpUTEPUEB PEHOIBACA IPUMEHSETCS CIEAYIOUIEE

COOTHOUIEHUE B YPABHECHHH.

—_ ou. Ou. 2
PRSI T B, Tax T3 (6)
raeut _ STOIMHAMHUYECKAS TypOyJIeHTHas BSI3KOCTB,Jj j-JCNIbTa

Kponekepa,KknuHeTndeckass SHeprusi TypOYJIEHTHOCTH  Ha EIUHHIY Macchl.B
monenn K—e, nuHamudeckas TypOyJIeHTHasi BSI3KOCTh pacCuuTaHa MPU IMTOMOIIU

COOTHOLICHMUA:

i =cup* @)

F)I[eCIuSIBJ'IHGTCSI MMOCTOSIHHOM BGJ'H/I‘H/IHOI‘/’I, a BEJIMYUHEL K 1 pacCCiaHUCE, TOJTYUCHDI

NyTEM PElIeHUs CIAEAYIOUNX YpaBHEHHH lepeHoca:
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—Wk)=—| g+ |—+P — pe
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CrerneHb BBIPAOOTKM KHHETHUECKOW JHEPTUU TypOYJIEHTHOCTH OIpejesieHa Mpu

MOMOIIIH cieayolieit GopMybl:

- (10

1.3 [ToagpoOHOe onrcaHue YHCTEHHBIX HCCJIeI0BAHUI

Jlnst  pemieHus CHUCTEMBl YpPaBHEHHH HCIOJIB30BAJICA METOJ] KOHEYHBIX
00BEMOB C COOTBETCTBYIOIIMM IIEPEHOCOM TMepeMeHHbIX. [lons ocpemHeHHBIX
JABIICHUM W CcKopocTed paccuuTansl npu mnomomnu anroputmaSIMPLEC. Jlns
npenoTBpalieHus  KojeOaHuii ~ Oapuyeckoro  MOJs  HCIOJb30BaH  METOJ
uarepnoysinun - Pxu-Yoy. Cxema paszHocTH BTOporo mopsaka no Ban
JleepnipunsiTa A ONpeeieHUs MIEPEXOAHBIX 3HAUCHUN B YPAaBHEHHSIX HUMITYJIHCOB
U YPaBHCHUSAX IMOCTOSTHCTBA dHEPTHU. Y paBHCHUS, PUBEICHHBIC K TUCKPETHOMY BHIY,
PEIIATKCh TT0 HECKOJIbKY Pa3 MPH MOMOIIM JTMHEHHOTO aropUTMaMeTo1a TIPOroHKu[18,
19].

B cBsi3u ¢ Hamu4yMeM BBICOKMX TPAJUEHTOB CKOPOCTH BOKPYT IEHTPATbHOMN
JUHUUA TIOTOKA, JJIs JUCKpEeTH3aluu oO0JlacTH TMOTOKa Obljla HCIOJIb30BaHA
HEpaBHOMEpHAs CeTKa pasMepom 120 X 90 X 90.
CTpyKTypuUpOBaHHbBIC,0PTOTOHATILHBIE KOOPJWHATHBIE CETKU pa3pabOoTaHbl IS
obnactu pemieHus, n3oOpaxeHHoW Ha pucyHke 1. Kak mokazano Ha pucyHnke 1,
IJIOCKOCTBZ—Y, C pPaBHOMEPHBIM MIaroM MEXIY V3JIOBBIMH TOYKaMH, Oblia
ucnosp3oBana B 30He Bxoa (0<z<Lzi,0<y<Lyj) xak B HampaBJIeHUH OCHU Z, TAK U

B HamNpaBJIEHUU OCHU Y. 3a MpejaejaMu 30HBI BXOJla, B KauecTBe Kod(duimenTa



pacmupenuss 1.06 Oblia TpUHATA TE€OMETPUYECKH paACIIMPSIONIAsAcs CeTKa, B
HaIPaBJICHUH OCH Z, TaK U B HampaBJIeHUHU ocHu Y. Takke B HaNpPaBICHUU OCUX, B
kayecTBe Kodpduuuenta pacmupeHus 1.06 Oblna nNpuHATA TEOMETPUUECKH
pacmupsroniaics cetrka. s mpoBeAeHUsT UCHBITAHHI HAa aBTOHOMHOCTH CETKHU
UCIIOJIb30BAIUCH TPU PACUETHBIC CETKH MPU MOMOIIH CIEAYIOUUX paclpeeIeHH
y3JIOBBIX IYYHOCTEW B HampaBlICHUU oced Z,y u X, cooTBeTcTBeHHO :50x% 50x% 80
(rpy6as cetka), 70x 70x 100 (cetka cpenueii rpyboctn) and 90x 90x 120 (menkas
ceTka). MakcuMasnbHble pa3HUIBI IO CKOPOCTH BIOJb LEHTPAIbHOW JTUHUU (11O OCU
X) MEXIy TrpyOoil M cpeqHed ceTKaMH U MEXIy CpeIHEH U MEJIKOM CeTKaMu
coctaBuiin  coOTBETCTBEHHO 210.01%. Mcxonmsd w3 NaHHBIX pe3yJsbTaTOB, B JIAHHOM
uCcre/oBaHUM OblTa BhIOpaHAa MeJIKas CETKa IMPU TPOBEACHUM BCEX PACUYETOB. OJTH
pacdeTbl ObLIM TIpOBEACHBI TpH oMoy MomuduipoBanHoro koma  CALC-BFC.
Pemerns ObLTM TPU3HAHHBI CXOIAIIAMMCS, KOTJa MaKCHMAJIbHBI OCTAaTOK II0

BCCM YypaBHCHHAM, IIPHUBCACHHLIM K IUCKPCTHOMY BHAY, COCTABUII HC 60H€€, 4qcM

10—4[20].

X

Pucynok 1-CeTtka B miiockocTuxX—y

PaccmaTpuBaembie T€OMETPUYECKHUE DJIEMEHTBI, HapsiAy C CHUCTEMOM
KOOpJMHAT, n300pakeHbl Ha pucyHkeZ.TypOyneHTHass cBOOOAHAs CTPYs BBIXOIUT
M3 BEHTUJIALMOHHOTO OTBEPCTHS NPSAMOYTobHOI hopmbl pasmepoM  (2Lyix 2L zi) B
HETOJBIDKHYIO OKPYKAloIyr0 cpeny. B maHHON pabore, u3-3a CUMMETPUYHOCTH,

CMOJICTIUPOBaHAa TOJBKO OJHA 4YeTBepTh 30HBI ToToKa. [lmockoctnz=0 wuy=0,



INOKa3aHHbIC Ha PHCYHKC 2SIBIISIFOTCATIIOCKOCTSIMU CUMMCTpHUHU, B TO BpPEMI, KakK

MI0CKOCTHEX= 0 SIBJISICTCS CILIOIIHOM CTGHKOﬁ, KpOMC IJI0IMa/ Il BECHTUITALINH.

Free boundary

i W

g€ Lx
Free Symmetry N
boundary plane Ly
k) Lz ¢ l d

Outlet
| Inlet \ /

L i h
- L]

' Symmetry plane J !—"p
1
—
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i

L]

f.;-a\ .
! J Lzt

Freeboundary — ceoOoHas rpanuia, Symmetryplane — miockocTs CAMMETPHH,

Inlet - Bxo, Outlet — BBIXOx
Pucynok 2—CxeMareoMeTpuuecKux 3J1€MEHTOB

OGnacTh BbIUMCICHUH Oblia ompeneneHa ¢ pasmepamulz,Lyul xB 6okoBom
HampaBieHun (zZ) B HanpaBieHud Tnonepek moTtoka(y),n 1O MOTOKy(X)
COOTBEeTCTBeHHO. [lOTOK WCTEKaeT dYepe3 OTPHITYI0 IUIOCKOCTh TMpu  X=Lx.
Bennuunbilx B 100 pa3 Oonbme ruapasiandeckoro auamerpa. Benmumneily ulz,
JUTSL IPHEMJIEMBIX YCJIOBHI CBOOOHOW TpaHUIlbI, ObUTH BBIOpaHbl B 20 pa3 JIMHHEE
THJIPABINYCCKOTrO JUaMeTpa B HANpaBJICHWH OCU YW ocuZ. B mpenenax maHHOM
reOMETPUYECKON CXeMbl, IIocKocTue—a—b—fuc—a—b—d,gaenstrorcs mmockocTaMu
CUMMETPHH, a IulockocTbb—d—h—fsaBrnsercs Toukol BBIXOJA C  TMOJHOCTBIO

c(OpMHPOBAHHBIM IMOTPAHUYHBIM cocTosHueM. Ilmockoctn C—d-h-gu e—f-h-—



QABIISIOTCS  IUIOCKOCTSIMH  COCBOOOJHON TpaHMIICH IOTOKAa C IMOCTOSHHBIM
nasiaeHuem[21,22].

BxonHoe cedyenue ompezesneHo moX=0 U COCTOMT M3 JIBYX 30H: 30HA BXOja
mpu  0<y<Lyi,0<z<Lzi u 30ma creHsl, ompeneneHHas MO OCTaTKy BXOJHOIO
CeUeHHUs. 3HAuCHHWA unciaa PeiHoNbIca B JaHHOM YHCICHHOM HCCIIEIOBaHUN

IIPUHATHI KaK:

Re=800, 1600, 3200, 6400, 12800, 18000, 25600.

1.4 Ilorpann4HOe COCTOSTHHE
CymecTByeT 5  pa3auYHBIX  BHJOB  TpPaHUI, KOTOpPbIE  HEOOXOIMMO
pOoaHaIU3UPOBATh: TOYKA BXOJa, CTEHbI, CHMMETpHUS, TOUYKA BBIXOJa M T'paHHIlA
yBiedeHUs (CBOOOHAS TpaHUIA TOTOKA).

Touxa eéxoda. B 30HE BXOJa, Bce NEPEMEHHBbIE BEIMYMHBI W3BECTHBI, MPH
TOM HCIIOJIB3YIOTCSI paBHOMEpHAas CKOPOCTh M TpOodUiIb TeMIEpaTyphl C
JTBYMSIMHTEHCUBHOCTSIMU TypOyJIEHTHOCTH (1=0.05,1=0.01). OHeprus

TypOYJIEHTHOCTH Ha BXO/JIE PACCUYUTHIBAETCS MO PopMyTie:

k,, =1,512u? (11)

n>

CrteneHb paccerBaHMS Ha BXOJIC paCCUUTHIBaeTCs 10 hopMyIie:

&n =(oc,k?)/(1,000142), (12)
Cmenka.u=0,v=0(yciaoBHe OTCYTCTBHS CKOJIbXKeHUs), K,&paccunTaHsl IO
OPUCTEHOYHON (YHKIMU, y CTEHKH MPUHATHI HEU3MEHHBIE TeMIepaTypHbIe
ycaoBusi(TeMIepaTypa OKpyKarIien cpeibl).
Cummempus.B IIOCKOCTH CHUMMETPHUH, PUHUMAETCSI HYJIEBOM HOPMaJIbHBIN

IPaJUCHT.



A0, X0 22020 L =0 L =, (13)

Touxka ewixooa. Ha BBIXOJC IIOTOKA, II0O OCCBOMY HAIIPABJIICHUIO

IIPUHUMAETCSAHYJIEBOU TPATUEHT.

M _g ¥ 00 _o K _g0_ogdT_4 (14)
OX OX OX OX OX OX

BHemnss rpanuiia yiedenus (cBoOO Has rpaHHIA TOTOKA).

CBoOoaHasi TpaHuIla NOTOKAa BBIHECEHA MOJAJbIIE OT BXOJa B CTPYIO,
4TOOBI JaBJIeHHWE OBLIO MOCTOSSHHBIM. [Ipu 3TOM NMpUMEHEHBI HYJIEBbIEC 3HAUCHUS
st K,e, 3HaAYEHHWE  TEMIeEpaTypbl MOPUHIATO CYUTATh  TEMIIEpPaTypy
OKpy>Xarmiero Bo3ayxa. [Ipu pacuerenonepeyHol COCTABISAIONIEN CKOPOCTH,
napajuieIbHO WM  TEPIEeHIUKYIIPHO  CBOOOJHOW  TpaHUIlE  MOTOKa,

INPUHHUMACTCA COCTOAHHUC HYJICBOT'O I'paaAuCHTA.

1.5 Pe3yabTaThl Hcc/IeIOBaHU M UX 00CYKIeHHe

1.5.1 Kondurypauusi noroka B 00J1aCTH HCCIeT0BAHUSA
bt monyuyeHbl W TOpPEACTaBIEHbl Ha PACCMOTPEHHE BEKTOPHI CKOPOCTH H
BBIYHMCIUTEIbHBIE YCTPOWCTBA [JIsi M3MEPEHHUs IOTOKAa. BEKTOphl CKOpPOCTH B
IJIOCKOCTH CUMMETPHUH M300pakeHbl Ha pucyHke 3. Ha pucyHke 4eTko BUJIHO, YTO
M3-32 BO3HUKHOBEHHUSI TOTPAHUYHOTO CIIOSI Ha TPaHUIAX TOTOKA, BTOPUYHBIN
NOTOK YCTPEMJISIETCS OT CBOOOJHBIX TpaHUIl MOTOKAa B CTOPOHY OCHOBHOIO

IIOTOKA.
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Pucynok 3—BekTopbl ckopocTy B IocKocTd cummerpun, AR= 1

KoHTypbl cpenmHeil CkopocTM MOTOKa B IUIOCKOCTH CHUMMETPUM H300paKEHbI Ha
pucyked. [loTeHnnanbHoE AP0 MOTOKA YETKO BUIHO HA PUCYHKE 3.

KoHTypsl 1ons CKOpOCTEM IOKa3bIBAlOT PACCESHHE IOTOKA  IOJ
BO3JCHUCTBUEM HMHTECHCUBHOI'O CIBUIra I[OTPAHUYHOIO Cios. g JajpHEHIIEro
U3y4YeHHs  ToJs  OOTEeKaHus, HEoOXOJAMMO  TPOBECTH  aHaIu3  MOJA
TpaHcBepcalbHOro moTtoka. ClienoBaTenpHO, B HEKOTOPBIX MECTax BHHU3 IIO
IIOTOKY, MCIIOJIB3YIOTCS MONMEPEUHBbIE CPE3bl, O MPSIMBIM yIJIIOM K OCHOBHOMY
MTOTOKY.

Bekropel ckopocTH B 3THX MeCTax IOKa3aHbl HA pucyHke 5. Ha mone BHUIHO, Kak
MPOUCXOJUT MACCOBBIM MEpPEeHOC W3 00JIacTU CBOOOJHBIX TPAHUILl B CTOPOHY
OCHOBHOTO ITIOTOKA. [13-3a CUIIBHBIX KacaTeJIbHBIX HANPSKEHUH 110 IPAHUIIAM I1I0TOKA,
MOSIBJISIETCSL IPYTOM TMOTOK, HAYMHAKOIIMMCS OT UEHTPAJIbHOW JMHUM IIOTOKA |
YCTPEMJISIOIIMICS K €ro rpaHulaM, KOTOpbIi yCUIuBaeT 3PQPeKT pa3MbIBaHUSI CTPYH

B OECKOHEUHYIO OKPYKAIOIIYIO CPELy.
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Pucynok 4—KoHTypbI cKopocT! B IuiockocTd cummMeTpun ,AR=1
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a) X/D= 20, 6)x/D= 40, ¢) x/D= 60, B)x/D= 80

PI/ICYHOK 5—TIlone obTexanus B HaIIPpaBJICHUHU ITOIICPCK ITOTOKA IIPHU 3HAYCHUAX

x/D,AR=1

HpI/I 9TOM CKOPOCTHb BTOPHUYHOI'O IIOTOKA, TCKYIICI'O BAOJIb OCHOBHOI'O IIOTOKA,

Oyner yMmeHblIaThes. J[BUTasCh B HalpaBIE€HUU OCHUX,CTPYS MPSMOYTOJIBHOTO

CEUYEHUS MMOCTEIIEHHO MPEBPAIIAECTCS B CTPYIO KPYIJIOTO CEYEHUSI.

1.5.2 Pe3yabTaThiNCC/1€10BAHUSICTPYUTIPSIMOYT0JILHOT OCEeYEeHU s

Ha pucynke 6 m300paxeHbl AuarpaMmbl HOPMaJIM30BaHHOW CKOPOCTH TMpHU
HECKOJIBKUX COOTHOMICHUAX X/D ¢ MOJTHBIM NPUHSATHEM JAaHHOTO YCIOBUs. BaxHo
OTMETUTh, YTO pPEHICHHWE METOJOM MOoJ00MS AJid pacyeTa MapaMeTpoB IOTOKa
OCHOBBIBAa€TCSI Ha JaHHOM YcloBUHU. [Ipw 3TOM creayer MOHMMATh, YTO TOTOK
nono0eH caMm cebe B 30HE MOJIHOTO PA3BUTHUS IMOCJE MPOXOXKICHUSI 3TOM 30HBHI.
Hcxons u3 MerImuXxcs pe3yabTaToB, aBTOMOICIbHOE pacipeielieHne MPOUCXOIUT
nocie  X/D=20npul=0.01. Tlpopwm CKOpOCTH HOPMAMBYIOTCS IO OTHOIICHUIO K
JIOKTHOM CKOPOCTH TIO LIEHTPATILHOM JIMHUM MOTOKA, U |, B TO BpeMmsi, Kak KOOpAHHATA X,

OTCUUTBIBACMAA B HAIIPABJICHHHN IIO0TOKA,HOPMAIIM3YCTCA 110 OTHOHLICHMIO D,a



MOIepeYHasl KOOpAMHATAY — 1O MOJYIIHPUHE JIOKAJIbHOrO IMOTOKa,y1/2.
[IporHo3upyemble  TPOAOJIBHBIE  COCTABJISIONIME  CKOPOCTH  TOKA3bIBAIOT
YAOBJIETBOPUTEIBHOE COBIIAJICHHE C HM3MEPEHHSAMHU. OJTa pPa3HULA MOXKET OBITh
OTHECEHa K pa3HuIle B uuciie Re, MOCKOIbKY IKCIepUMEHTaJIbHbIC JaHHbIE ObLIU
IIOJIy4YEHbl NIPU JAPYyromM uwucie PeilHoisbaca, KOTOPOE MNPEBBILIAIO AAHHOE YHCIIO
Re.Oto moarBepxnaercas Manctpom W ApyrdiMu W MU U ApYyTrUMHU
COTPYAHHKAMHM, KOTOPBIE OKA3AJIH, UTO IMApaMETPHI MOTOKA U3MEHSIOTCS 110 MEPE
yYBEIMYEHUs] 4Yuciaa REBIIOTh 10 JOCTUKEHHUS KPUTHYECKOro 3HadyeHus. B
HACTOsIIIIEW HaydyHOW paboTe, Te K€ caMble pPE3yJbTaTbl ObUIM MOJIYYEHBI HpPU
I=0.058 nmanmpHEW 30HE,aBTOMOJICTLHOE pacIpeieicHUue MOSBISICTCS TOCIE TOTO,

kak cootHomennex/D=10 [23,24].

a (huinn and Militzer [25]
) Truchiva ef al [37]
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Quinn and Militzer (25) — KyuaauMunut3ep
Tsuchiyaetal (37) — Llyuus u apyrue

Pucynok 6—Pacnpenenenue cpeanei BenuunHbl Uno Beptukanu, AR= 1



Ha pucynke 7 [AeMOHCTpUpYeTCS CpaBHEHHE OCIa0JeHHs TIOTOKa B
HAlpaBJIICHUW TI0 TOTOKY II0 IIEHTPAIbHOW JWHHUHM CKOPOCTH,UC|,lTpu ABYX
TPAaHUYHBIX YCIOBUSX HAa BXOJIE, C HM3MEPCHUSMH, NpOBeAcHHbIMU KywHH U
Munrnep, a Takxke Mu u IpyruMu COTpyIHUKaMU. PaccMaTpuBaroTcest 1Ba pa3IMIHbIX
COCTOSIHUSI TPaHUIIBI BXOja ToToka. M3 pucyHKa 7, BUIHO, YTO Pa3BUTHE IMOTOKA
3aBUCHUT OT YCJIOBHH T'paHHWIBI BXOjaa motoka. Ha pucynke 8u300pa’keHO pa3BHUTHE
noToka B moaymupuny,y1/2.1=0.05, ¢ HMHTEHCHUBHOCTHIO TYpOYJIECHTHOCTH Ha

BXO/I€, UTO €llle O0JbIlIe COBMAIAET C MPOBEICHHBIMU U3MEPEHUsIMU [25].

- (| urnn and Militzer [25]
| Fa M et al [24]
—_— = = =  F={Or

B —_— =005

P

Winax/ el

Quinn and Militzer (25) —Kyunn u Munut3ep, Mu u npyrue (24)

Pucynok 7-CpaBHeHue najieHusi CKOPOCTH IO LeHTpalibHOM uHun, AR=1



tu

(| Quinn [G]
_— = == = ‘rrry_l.fr!.rh,-..r{_ I=0.071
present work, 1=0.05

Quinn (6) — Kyunn, presentwork — nannas Hay4dHas pabora

Pucynok 8—Pacmnpoctpanenue nmotoka, AR= 2

Ha pucynke 9 wuzoOpaxena cpemaHeapudMeTHUecKas BEPTHKaJIbHAS WU
nomnepevyHass cocrapistomas  ckopoctu,V,mpodumu  mpul=0.05. Tlocme Toro,
kak.X/D>10,M0kHO HAOIIOIAaTh TCHACHIUIO K aBTOMOJIEIIEHOMY PacIpeicICHHIO.
[Ipy paccMOTpeHMH JPYroro YCIOBHS TPAHHUIBI BXOJA TOTOKA, MOYYCHBI Pe3yJIbTaThl
UV, CXOXHe C BbllieonrcanHbiMu pesyibratamu. Ho mpul=0.01,aBTOMOenpHOE
pacmpeseiieHue mosBiseTcs mocie Toro, kak X/D>20.Yem naibliie OT IeHTpa, TeM
BCJIMUMHBI VCTAHOBSITCSL 00JIee OTPUIlaTeILHBIMHU, YKa3bIBask Ha 3aXBaT MacC B TIOTOK.
Ha rpanuiie o6nactu BbIYMCICHUMN, BeTUYUHA V CTpeMUTCs K Hymo. [Ipodumm w

XApPAKTCPU3YHOTCA CXOJAHBIM ITOBCACHUCM.
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Pucynok 9—Pacnpenenenue cpeaHel BEIMYMHBI VIIPU Pa3HbIX OCEBBIX MECTO

pacrnionoxxenusx, AR=1

OmvH W3 BaXHBIX THUINOTCTHYSCKUX  JIONMYIICHUH TIPU  TPUHITUH
AHAJIMTHYECKOTO PEIICHUS MO BBIYMCIICHUIO JBYXMEPHBIX CHMMETPUUYHBIX CTPYyH
SABISICTCS ~ MOCTOSHHASUMITYJIbca CTPYH IO  HANpaBICHUIO TIOTOKA. OJTO
TUIIOTETHYECKOE JIOMYIIeHHEe n300pakeHo Ha pucyHke 10 mjs cTpym KBaapaTHOTO
CEUYCHUS, KOTOPOE TTOKA3bIBACT, YTO I BapUAIlMd HOPMAJIM30BAHHOTO UMITYJIbCA B
HAIMPaBICHUN KOOPJAWHATHOW OCH X,UMIYJIbC CJEAYyEeT CUYUTATh MOCTOSHHOM
BennunHOU. TakuMm 00pa3oMm, 3TOT PUCYHOK MOATBEPKIAET MPEATOJIOKEHUE O
MTOCTOSTHHOM HMMITYJIbCE JUISS CTPYH CO CBOOOJHBIMHM T'PaHHUIIAMH B aHAJMTHYCCKUX

peIICHUSX.
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Pucynok 10—Hopmann3oBaHHbI UMITYJIbC B HAITPABIEHUH KOOPJUHATHOU OCH X

1.5.3 U3menenue unciaa PeiiHoubaca

KnsaiiH m ppyrue mpoBenM aHanu3 IUIOCKOTO CTPYMHOIO IOTOKAa IpH
MOMOIIU MPSIMOTO YUCJIEHHOTO MOJIEJIMPOBAHUS B IIMPOKOM JTHANA30HE YHUCEI
Peitnonbaca. PesynbraThl mokaszanu, yto korga uuciao Re<6000,Re okaswiBaer
3HAYUTEJIbHOE BIHUSHUE Ha Pa3BUTHE MOTOKAa, HO TMpPU OTOM TOTOK
NPUOTMIKACTCSA K COCTOSIHUIO CYXXKEHHS MpH OOJIbIIMX 4uciax PeitHonbaca. Mu
u Japyrue u MalctpoM u JpyrHe TakXke MOJAEpPXKUBAIOT OTY HICHO
BHCOCECUMMETPHYHBIX CTPYsIx[26].

B oTHOmeHun BausiHUA uucea PelHoibaca, ucciaeqoBaTeId OTMEUYArOT, 4To

IIOTOK caM 10 ce0e He SBISETCS HE3aBUCHMMBIM OT YHCIa PCﬁHOHBﬂC&, HO



npubmKaeTcst K coctosiHuio cyxeHus npu Re=12800, mo kpaiiHeil mMepe B Toi
CTENEHH, HACKOJIBKO PacCMaTpUBAeTCsS B JTAHHOW HaydHOM pabGore. Mpbl nmoaydminu
TaKyl0 JK€ CTENEHb W3MEHEHMs B OTHOLIEHMM uyucia PeliHompaca mpu
UCTOJIb30BaHUH JIBYX Pa3JIMYHBIX MapaMeTpoB NMOToKa Ha Bxoze npu Re>12800.Ho
Korga uucino PeitHonmbiaca pasasietcss 800, Mojenbk—g He COTIacoBBIBAacTCS C
pesynpTatamMu uccienoBaHnii Mwuepa u apyrux. Ha pucynke 1lluzoOpaxeHo
CXOXJICHHE TOTOKA B MECTE OCJa0JeHHs MO LEHTPaJbHON JIMHUM MPU YU CIIaX

Re>12800.

Uin/Uel

Pucynoxk 11-Ilagenne ckopoctu npu pa3inyuHbIX ynciax PeitHosnbaca

1.5.4 BansiHue HHTEHCMBHOCTH TYPOYJICHTHOCTH HA BXO/e
B ob6mnacTtu BXoja, pacCMaTpUBAIKMCh JIBA PA3IMYHBIX COCTOSIHUS HUHTEHCUBHOCTD
typOyneHTHoctd Ha Bxoje:1=0.05 wiul=0.01. beuto ormMeueHo, 4yTo MOzEb K—

enpul=0.01 He cormacyercs ¢ 3KCIEPUMEHTAIbHBIMU JaHHBIMH. JlaHHas



WHTEHCUBHOCTH TYPOYJICHTHOCTH TIPEAOTPEACIISICT NaJeHne CKOPOCTH MTOTOKA 1O
HEHTPAJIbHOM JIMHUM, DBOJIIOIUIO TOJYIIMPUHBI CTPYH U 3aXBaT IMOTOKOM,
KOTOpBI€ OKa3aJluCh MEHbIIIe, YEM HW3MEpPEHHbIE 3HAYEHUsS B pe3yibTaTax
sKcriepuMeHTOB. [Ipu 3ToM, Takas ke KapTWHA HAOII0AaeTCs Ha PACCTOSHHH,
0O0JIbIIIEM, YEM OXKHIAJIOCh. A ¢ Apyroi cTtopoHsl, B moaenu K—e mpu I= 0.05,
OBLTM TIOJIYYCHBI PE3YIbTaThl, KOTOPHIC, K CYACTHIO, COBMAIM C PE3yJIbTaTaMH
sKCIIepuMeHTOB. Ho 00e BBIMICYyNOMSHYTBIE MOJEIN OKa3aJuCh HECIOCOOHBIMHU
MPENONPENCIUTh UCTUHHBIE XapaKTEPUCTUKU TIIOCKOW CTPYU MPH HU3KUX YHCIIaX
Peiinompaca. Taxxke Xapaxkrep pacrpoCTpaHEHUs unvopu JBYX
Pa3IMYHBIXYCIOBUSIX HA BXOJI€ OCTAJICS TEM K€ CaMbIM B JaJIbHEH 30HE.

Kak mnokazaHo Ha pHCYHKE 7, MOXHO 3aMETUTh PAa3HUIY MEXIY
pe3ynbTaTaMu, KOTOPBIC YIAJI0Ch TOMYYUTh 10 UTOTaM JaHHOW HayYHOU pabOTHI C
0a30BBIMH yCIIOBUSIMM BO BXOjgHOM cedeHuu mnortoka (1= 0.01) u panee
MIPOBEICHHBIMU AKCIIEPUMEHTATLHBIMU HCCJICIOBAHUSIMU. PesynbTaTh
OTIIMYAIOTCA JpYyr OT Jipyra B OCHOBHOM WU3-3a pa3HOM (oOpMBI COILIa,
UCITIOJIb3yEMOT0 TP MPOBEACHUH IKCIIEPUMEHTOB.

B skcrepuMeHTaIbHOM HCCISAOBAHUM, CBOOOTHAS CTPYS MOXET BBITEKAThH
U3 TpyOBbl, U3 COIJIa, TOCTETIEHHO YMEHbINAIMNUM (OPMY CTPYH IO HAMPABICHUIO
BBEPX I10 MOTOKY OT IUIOCKOCTH BBIXOJHOTO CEUCHHS COIUIA MIIM U3 OTBEPCTHS C
OoCTpeIMH KpasMu. KOHEYHO, ATH TpW pa3juvHBIC YCIOBHS IMOTOKAa Ha BBIXOC
BEIyT K Pa3IMYHBIM CIICHAPUSAM PA3BUTHSA B HAMPABICHWU BHU3 1O TOTOKY OT
COIJIa WJIM TUIOCKOCTH BBIXOJHOTO CEYCHHS OTBEpCTHA. B 3aBHCHMOCTH OT
TpeOOBaHMI K YCJIOBHUSIM DOKCIUTyaTalldd, TJ€ WCHOJIB3YIOTCS CTPYH, MOKHO
WCITOJIB30BAaTh OJIHO M3 TPEX BHINICONMCAHHBIX BO3MOXXHBIX YCIOBUM TMOTOKA Ha
BbIXOJI€E [27].

B coorBercTBHM ¢ paHee TMPOBEAECHHBIMH  JKCIIEPUMEHTATHHBIMHU
WCCJICIOBAHUSIMHU, CBOOOJIHAs CTPYys, BBITEKAIOMAs W3 COIIa CO CIICIHAIBHO
npoUIUPOBAHHON PACIIUPSIONICHCS YacThl0, WMEET pPaBHOMEPHBIN CpeaHui
npouIIb CKOPOCTH B HAIIPABIECHUU TIOTOKA B TJIOCKOCTH BBIXOJHOTO CEUCHHUS, HO

OTBEPCTHUC C OCTPbBIMHU KpadMHU XapaKTCPpU3YyCTCA HCOAHOPOAHLIM CpPCIHUM



npouIeM CKOPOCTH B HANpPaBICHUHM MOTOKAa B TIOCKOCTH BBIXOJHOTO CEYEHUS.
Oddext MecTHOro CyKeHUsl MOTOKA, NMPUBOJAAIIUNA K YCKOPEHUU CTPYH MO Mepe
NPUOJIMKEHUS K TIIOCKOCTH BBIXOAHOTO CEYEHHS, YETKO MPOCIECKUBAETCS B CTPYE,
BBITEKAIOUIEH U3 OTBEPCTHUSI C OCTPHIMH KpasMu, HO JTaHHBIM 3((EKT OTCYyTCTBYET
B CTpPy€ M3 COIUIa CO CIEUUANbHO MPOGUIMPOBAHHON PACIIUPSIONIECHCS YaCThIO.
Taxxe cpenHuil MpPOoPUIIb CKOPOCTH B HAMPABICHHM MOTOKAa M3 OTBEPCTUSA C
OCTPBIMU KpasiMM HMEET OYEBUAHYIO CEIJI0 BUAHYIO (opMy, B TO BpeMs, Kak
npouiib CKOPOCTM TMOTOKA, BBITEKAIOUNIETO M3 COIMJla CO  CIEHUATBHO
IPOQUIMPOBAHHON PACHIMPSIIONIEHCS YacThblo, OTJIMYAETCA a0COJIOTHO IUIOCKOU
dbopmoii B OmmxHell 30He HaOmoneHus. [lajgeHue CKOPOCTH MO ILEHTPaIHLHOM
JIMHUY TIOTOKA, BBITEKAOIIETO U3 COIlIa C OCTPHIMU KpasMHA HAMHOTO IIPEBBIIIACT
NaJIeHUe CKOPOCTHM TIOTOKA, BBITEKAIOIIEr0 M3 COIUIAa CO  CHELHUAIBHO
npoUIMpOBaHHON paciupstonieiics yacTbio. [Ipu uccienoBaHUsIX MHOKECTBA
HEIUIOCKUX M HEKPYTJbIX CTPYH, HCHOJB30BAINCH JAPOCCENbHBIE IUIACTUHBI C
OCTPBIMHM KPOMKAaMU B CBSI3U C IPOCTOTOM X pacyeTa U U3roToBiaeHus[28].

B nanHoli HayuHOW paboTe, paccMaTpUBAINCh YCIOBUS PaBHOMEPHOM
CKOPOCTU U TPO(HIIb UHTEHCUBHOCTU TYpOYJIEHTHOCTH B 00JIaCTH BXOJa B MOTOK.
Kak BumHO, paBHOMEpHBIH NpOodUIL CKOPOCTHM B 00JacTH BXoJa B IIOTOK,
MOJICJIUPYET MOTOK, BBHITEKAIOIIMI U3 COIIa CO CHELHUATIbHO MPOPUIMPOBAHHON
pacIIMpAIONIeCs YacThio, @ HE M3 COIUIA C OCTPhIMH KpasiMu. Takum oOpazom,
pazHUIIAa MEXIy NpEJICTaBICHHBIMU pe3ynbTataMu (ucxons u3  0a3oBoi
WHTEHCUBHOCTH TypOyneHTHocTH Ha BXojae, |= 0.01) m paHee mpoBeneHHBIMU
DKCIIEPUMEHTAMH, BO3HUKAE€T H3-3a COIUNIa C OCTPBIMH KpasMu. B comne co
CHEeLMATbHO MPO(YUIMPOBAHHON paCHIMPSIONMIEHCS YacThblO, Umax HAXOAUTCA
HEIMOCPEJICTBEHHO B 00JIACTH BX0/1a, a B COIUJIE C OCTPBIMHU KpasiMu, U3-3a d(pdekra
MECTHOTO CY’KEHHsI IMOTOKA, Umax HAXOAUTCS HA 3HAYUTEIBHOM PACCTOSIHUM OT
00J1acTH BXO/a.

OnHoil M3 NpPUYUH MOSIBICHUS Pa3HUIBI MEXIY paHee MPOBEACHHBIMU
HKCIEPUMEHTAMU M TMPEACTaBICHHBIMU pe3yibTaTaMu, H300paKEHHBIMH Ha

pucyHke 7/ sBisercs Hanuuyue 3(p@deKTa MECTHOrO CYXEHHUs MOTOKa, KOTOPBIU



CTAaHOBUTCSl NPUYUHON APYroro MecTa PACMONOKEHHUS Umax. DPPexT mecTHOro
CY’)KEHUsI TOTOKA YETKO OTCIICKHMBACTCS B TNPOBEACHHBIX DKCIIEPHUMEHTAX, B TO
BpeMsi, KaKk B JIJAHHOM HAay49HOM HCCIICZIOBaHUU 3TOTO dddekra He Habmomaercs,
IOTOMY, 4YTO MOJEIHPYETCS CBOOOMHAs CTPys, BBITEKAIOIAs M3 COIUIa CO
CIIeIAIIbHO MPOQWIMPOBAHHON PACIIMpSIONICHCs YacThio. Jleo u npyrue mokasain,
9TO CTpys, BBHITEKAOMAs W3 COIUIA CO CICMUAILHO MPOQHINPOBAHHOM
paCIIMPSIONICHCS YacThIO, OTIMYACTCS MEHBINEH CTENEHBIO MaJeHHsI CKOPOCTH
TIOTOKA 110 CPaBHEHHUIO CO CTPYEH, BBITEKAIOIIEH U3 COIJIa C OCTPHIMU KPasMH H3-
3a pa3HBIX YCIOBUH IMOTOKA HA BXO/IE.

B HEKOTOPBIX HCCIIeAOBAaHUSAX TPOBOIMIICS aHAIN3 AP (eKTa HHTEHCUBHOCTH
TypOyJIEHTHOCTH Ha BXoJle. B COOTBETCTBUU € pe3ylnbTaTaMH HACTOSIINX U paHee
NIPOBE/ICHHBIX HUCCIICJOBAHUMA, C YBEIHMYCHHEM HHTEHCHUBHOCTH TYPOYJICHTHOCTH
Ha BXOJE, TeM KOpOUY€ CTAaTHYECKOE SAPO MOTOKA, TeM JJIMHHEE CTaHOBHUTCSA
ICHTpaJIbHAS JIMHUS W paccessHue ToToka. [IpW yBenWuYeHWM HWHTEHCHBHOCTH
TypOyJIGHTHOCTH Ha BXOJE, pe3yJlbTaThl HCCIEJOBAHUI COTJACYIOTCS C
IKCIIEPUMEHTAIBHBIMA JTAaHHBIMH, IOTOMY, YTO OCPEJHEHHAass WHTEHCHUBHOCTH
TypOYJICHTHOCTH Ha BXOJI¢ B COIUIA C OCTPHIMH KpasMH MPEBBIIMIAET 3TOT

MOKa3aTelb, U3MEPEHHBIN B LIEHTPE BXOAHOM 30HKI1[29,30)].
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Pucynok 12—-IIpodunu ckopoctu B HarpaBieHUH O MOTOKY B IIEHTPAILHON
TUTOCKOCTH X—Y/IJIsl CTpyH KBajpaTHoro ceueHus. a)x/D=0.280, 6)x/D=1.121,
c)x/D=2.658

B skcnepumenTtax, nposeneHHbIX KynHH W Munur3ep, MHTEHCHBHOCTH
TypOYyJIEHTHOCTU B IIEHTPE IIJIOCKOCTH BBIXOJIHOTO CEUEHMsI COXpaHsjJach Ha
ypoBHe 0.5%. Ho pe3ynbraThl, MOJyYEHHBIE TIPU pPaHEE NPOBEIACHHBIX
WCCJICIOBAHMSIX, TTOKA3bIBAIOT, YTO MHTCHCHUBHOCTH TYpOYJIEHTHOCTH B 0OJACTH
MOrPAaHUYHOTO CJIOSI MOXKET AOCTUTraTh BeJW4uH, npepbimatrommx 0.5%. B 20, a
tou B 30 pa3 OcHOBHasg wHjes B HCIOJIb30BAaHUM OOJIBINCH HWHTCHCHBHOCTH
TypOyJICHTHOCTH B 30HE BXOJa COCTOMT B TOM, 4YTO HWHTEHCHUBHOCTH
TypOyJIEHTHOCTA Ha BXOJE B COIUIA C OCTPBIMH KpasMu HUMEET CeJJI0- BUJIHYIO
dbopmy, TakuM 00pazoM, OCpeTHEHHAsI MHTEHCUBHOCThH TYpOYJICHTHOCTH Ha BXOJIE

MIPEBBIIAET BEJIMYMHBI, XapaKTEPHbIE IS LIEHTPAIbHOM 30HBI BXojaa. Ha pucynke



12, nzobpaxeHa HOpPMAJIU30BaHHASA CKOPOCTh B OmkHEH 30HE coruia. OCHOBHas
pa3HHIIAa MEXIY pe3yibTaTaMH, IOJIYYEHHBIMH IIOCJI€ MPOBEACHHUS JIaHHOTO
HAyYHOT'O HMCCIIEIOBAHUS U IKCIIEPUMEHTAIbHBIMHU JAHHBIMU COCTOUT B TOM, UTO
po(UIIb CKOPOCTH, MOJIYUYCHHBIN B JAHHOM HCCIIEOBAHUN, UMEET (POPMY LIUISIIHI,
B TO BpeMsi, Kak MOCJI€ MTPOBEACHUS SKCIIEPUMEHTA, MOTYyUUIICS TPOPHIb CKOPOCTH
B opme BraBiIeHHOTO ceaia. IP(HEeKT HHTEHCUBHOCTH TypOYyJIEHTHOCTH Ha BXOJIE
HE MpOSBISETCA B 30HAX, HAXOIALIMXCS MOOJM30CTH OT cormia. Ha HexkoTopom
pPacCTOSTHUU OT COIUIA, BBICOKAsi CTENEHb TYpOYJEHTHOCTH Ha BXOJE MPUBOAMT K
NOSIBJIEHUIO OoJiee cxkaroro mpoduiist cKopocTH. CXO0kKHe pe3ynbTaTbl ObLIN
noay4ensl J{eo u npyrumu [31].

B nanHOM Hccien0BaHUU KUCIIOJIB30BAJICS MPOQUIL pABHOMEPHOIN CKOPOCTH
B 30He Bxoja. CrenoBaTenbHO, 3(PPEKT MECTHOrO CYKEHHS MOTOKAa HCUE3aeT B
OJMMKHEW 30HE, a CeI0 BUIAHBIA MPO(UIb CKOPOCTH OTCYTCTBYET B ATOW 30HE.
BmecTto »TuX JByX SBIEHHM B OJIMDKHEH 30HE HAOMIOEHUS, MOXHO JIETKO
OOHapyXUTh MPOPHIb CKOPOCTU B (popME HUIANBI U 00IACTh CTATUYECKOIO sijipa
TIOTOKA, XapaKTePU3YEMbIX MOCTOSHHOM CKOPOCTBIO Uc/Uin= 1. XOTS 1O BBICOKUM
CTeNEHSIM TypOYJEHTHOCTH HEBO3MOXHO TOYHO CIPOTHO3UPOBATh JJIMHY
CTaTUYECKOIrO spa, HEAABHUE HCCIEAOBAHUS CTaTUYECKOIO S/Ipa COIIACYIOTCA C
HKCIIEPUMEHTAIbHBIMH JIAHHBIMHU.

JInist cpaBHEHUS ¢ pe3ybTaTaMu, OJYYCHHBIMH TIPU CO3JIaHUK MOJeNn K—e¢,
pe3yNbTaThl JTAaHHOIO HAyYHOI'O MCCIENOBAaHUS CPaBHWIM C PE3yJIbTaTaMH,
noJTy4eHHBIMH Tpymioit bepra. Ha pucynke 13, Ha OCHOBE aHHBIX, MTOTYYCHHBIX
rpynnoii bepra, kxpuBas SM-1 sBisieTcss pe3yiabraToM pacuera monmenu k—e ¢
npoduaeM paBHOMEPHOM CKOpPOCTH B 30HE BXoja W KpuBas SM-2 sBusercs
pe3yabTaTOM pacuera Mojaeau k— MoJenb ¢ mpoduiieM CKOPOCTH B 30HE BXOJA,
KOTOPBIN COTJIacyeTcsi C 3KCIEePUMEHTAIbHBIMU JaHHBIMH, MOJTy4YeHHbIMH KynHH.
B o0eux cxemax, 3a creneHb TypOyleHTHOCTU npuHuMaercs 3Hadenue |= 0.005.
HUtoru pabotel, mpoBeneHHoi beprom u apyrumu (SM-2) xopolo coriacyrorcs
npu cpaBHeHuu Benuwuud |= 0.01 u 1= 0.005, moromy, 4TO B SKCIEPUMEHTAX,

npoBeleHHbIX KyWHH, HCHOJIB30BajJOCh COILUIO C OCTPBIMM Kpasmu. I3-3a



WCITOJIB30BAHUSL COIJIA C OCTPBIMU KpasMH, Tpo(uilb CKOPOCTH B 30HE BXOJa
MOJTyYWJICS HEPAaBHOMEPHBIM, OTCIOMA, KaK H TPEANoJarajoch pe3yabTaThl
paboThl, mpoBeneHHOM beprom um apyrumu (SM-2) Oosbllle COBHAJAIOT C
DKCIIEPUMEHTAILHBIMU  JTAHHBIMH, TIOJyYeHHbIMM KyWHH 1O CpaBHEHHUIO C

paBHOMepHBIM noTokoM ¢ BenuuuHamu 1= 0.01 u 1= 0.005.
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Pucynok 13-IIpodunu ckopocTu B HarmpaBieHUH 0 TIOTOKY B IEHTPAIBHON

wiockoctux—z.a) X/D= 2, 6)x/D=5, c¢) x/D= 10



Ha pucynke 13 u 14noka3an HopMaau30BaHHBIN MPO(UIB CKOPOCTH B ABYX
IJIOCKOCTSX. Pe3ynpTaThl SKCIIEPUMEHTOB MOKAa3bIBAIOT, YTO MPOGUIL CKOPOCTH
10 BCE JJIMHE MPSAMOYTOJIbHUKA HE UMeeT GOopMy celsia, HO Pe3yabTaThl pabOThI,
npoBefieHHOU rpynmoii bepra (SM-2) mpenonpenensioT nosBIeHUE CEATOBUIHOTO
npoduis nmodauzoctu ot comia (Puc. 13a). Kak BuaHo u3 pucysnka 136, C, a Takxke
pucyHka 14C, HET HUKAaKOW pa3HUIIBI MEXAY pE3yJbTaTaMH, MOJyYEHHBIMH B
JAHHOM HCCIIEIOBAHUM M pe3yiabTaTaMH pPalOThI, MOJyuYeHHBIMH beprom u
apyrumu  (SM-2). Tlpu TMOBBIIICHHWH CTEIEHH TYpOYJICHTHOCTH, HEIb3s
CIPOTHO3MPOBATh CEUIOBUIHBIA MPO(HUIsL B HEMOCPEACTBEHHOW ONM30CTH OT
coIljia, KaK MoKa3aHo Ha pucyHke 14a. Taxke, pe3yapTaTsl JaHHOTO UCCIIEIOBAaHUS
npu |= 0.05 mDoka3pBalOT  YJOBJIETBOPUTEIBHOE  COBMAJEHUE  C
AKCIIEPUMEHTAIbHBIMU JTaHHBIMH, IPUBEACHHBIMU Ha pUCYHKE 140, B oTiiMuue OT

Pe3yabTaTOB, MOJIydeHHBIX Ipymmoi bepra (SM-2).
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Pucynok 14—IIpodunu ckopocTy B HallpaBiIEHUU MO MOTOKY B [IEHTPAIbHON

MIJIOCKOCTHU X—Y

Ha pucynke 15mokaszano pa3BuTHe MOTOKa B monymmpuny, y1/2. 1= 0.05,
CTENEHb TYpOYJIEHTHOCTH IMOTOKAa Ha BXOj/€ OOJbllle COBMATACT C U3MEPEHHBIMU
BenuunMHamu. PaccerBanue cTpyu sBJISIETCSI OAHOW M3 €€ BaXKHBIX XapaKTEPUCTHK,

3aBUCAIICH OT yclioBHil Ha Bxoje. Kak BuHO U3 pucyHka 15, BEIBOABI, ClI€IaHHbBIC



B mpexactaBieHHoM pabore mpu |1= 0.05 moka3bpIBalOT yIOBIETBOPHUTEIHHOE
COBNAJICHHE C OKCIIEPUMEHTAIbHBIMU JaHHBIMU, ToxydeHHbIMH Kyunn. Ilpu
CpaBHCHHMHM pPe3yJbTaTOB paboOThl, MpoBeacHHOM rpynmoi bepra (SM-2) ¢
BBIBOJIAMH, CIICTITAHHBIMH B TIpencTaBiieHHON pabdote mpu I= 0.05, yBenmuenwue
CTENIEHU HMHTEHCHUBHOCTH TYpOYJIEHTHOCTH B 30HE BXOJa WM HCIOJb30BaHHE
CEJIOBUIHOTO MPOQHIII WHTEHCHUBHOCTU TYpPOYJIEHTHOCTH, SIBISIETCS TaKUM >Ke
BXHBIM TEXHUYECKHM  pEIIEHHWEM, KakKk ¢  HUCIOJb30BaHWE Mpoduis,
COTJIACYIOIIETOCsl C JKCINEPUMEHTANIbHBIMU JaHHBIMU. Ho mpeciienoBanue uenu
corjacoBaHusi TPOPHIA € KaXAbIM SKCIEPUMEHTOM JUIsl MNPOTHO3UPOBAHUS
XapaKTepUCTUK MOTOKa Hed(p(eKTuBHO. J[pyrumMu cioBaMu, B KaKJIOM Cllyyae
IOPUJIETCS PAcCUMUTHIBATh HOBBIM mpoduib. Mcmosnb3oBaHue 00j€e BBICOKHX
CTEICHEN TypOyJIECHTHOCTH SIBJISIETCA OOLIENPUHATHIM crnocooom

IIPOTrHO3UPOBAHUA JIFOOBIX BHUAOB IIOTOKA.
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Pucynox 15—KapTtuna pacnpocTpaHeHus CTpyHu, COOTHOIIEHHE cTOpoH AR= 2



1.5.5 TensioBble XapaKTEePUCTHUKH

['pannuHbBIE YCIIOBUS IO TEMIIEPATYPE, @ TAKKE 10 CKOPOCTHU, ONIPEAEIICHBI B
Yactu 3. TemmepaTypa CTEHKA M 30HBI CBOOOIHOM T'paHUIIbl MMOTOKA PAaBHSETCS
TEMIIEPATYPE OKPYKAIOLIETO BO3ayXa. B IIIOCKOCTH CMMMETpHUM, JUIsl pacyeToB
MPUHAT HYJEBOW HOPMAJIbHBIA I'PAJUEHT, & B BBIXOJIHOM CEUYECHHUH BIIOJb OCEBOTO
HalnpaBJICHUS TPUHAT HYJEBOW TpaaveHT. B 30He BXojga paccMmaTpuBacTCA
npowiib pPaBHOMEPHO pacHpenesieHHON TeMIepaTyphl. Pazauna wmexnay
TEMIIEPATYPON Ha BXOJIE M TEMIIEPATYpPOUd OKPYKAIOUIETO BO3AyXa COCTABJIAET
40-C, 9TO TIO3BOJISICT HE YUUTHIBATIHIPOCTATHICCKHMA (D (DEKT.

YpaBHEHHE aBTOMOJEIBHOCTH JJIsl pacyeTa I0JIeH TeMIepaTyp U CKOpOCTen

TECHO CBSI3aHO C IJIOCKOM cTpyeit [32].

T-T

w i Prt 1
Tcl _Tinf (U J ’ ( 5)

cl

Taxke, mpu co3maHuu K—e MOAETH, MBI UMEEM JIEJI0 CO CXOKUMH
0e3pa3MepHbIMU TPOPHIAMH TEMIEpaTyp U CKOPOCTEH B MOJHOCTBHIO pPa3BUTOU
30HE€ TOJ BIUSHUEM TypOyneHTHoro uucia IIpanaris. Hampumep,
HOpPMaJIM30BaHHAsT CKOPOCTh W TeMmmepatypa npu cootHomeHnn X/D= 80
NoKa3aHbl Ha puUCyHKe 15. Ilpu HCIONB30BaHWM AHAIWTUYECKOIO PELIEHUS
MOJIYYAKOTCS T€ K€ PEe3ynbTaThl Ui INIOCKOW cTpyu. Ha pucynke 15, Bennumna

yt1/2— 3TO MONyIIMpPUHA TEIUIOBOM JIOKAJIBHON CTPYH.
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Pucynok 16—Hopmanu3oBaHHbIe 3HAYEHUSI TEMIIEPATYPBI U CKOPOCTH MIPU

cootHomeHnu X/D=80 ¢ yuerom Brusiaus yucina [Ipanamis

Bb110 ycTaHOBIIEHO, YTO HA PACCTOSIHUM OT BBIXOJJHOTO CEYEHHsI COIIa, OIS
TEMIEpAaTyp W CKOPOCTeH BemyT ceOs OAWHAKOBO. bpiIo 0OHapykeHO, dYTO
muddy3ust Macchl U TEIIa TPOUCXOIUT TOPa3lo ObICTpee, YeM PacIpOCTpaHsIETCs
uMnynsc. MHaue TOBOps, Mpoduiib TEeMIEpaTypbl OKa3ajics IIUpe MpoQuis
CKOPOCTH, TTO3TOMY PacpOCTpaHEHHE MO TEMIIEPaTypbl IPOUCXOANT B OOJIBIICH
CTETICHU IO CPaBHEHMIO C IOJIEM CKOpOCTU. Takke, JJIMHA CTATHYECKOro sijipa
30HBI TEMIIEPaTyphl KOPOYE UTMHBI CTATHYECKOTO SApa 30HBI CKOPOCTU. B ciyuae
HE3HAYUTENIbHOM pa3HUIBl [0 TeMIIepaType, CUMTAETCS, YTO IOJe TeMIIepaTypbl
OyzeT BecTu cebds Takke, Kak U JTI000€ MACCUBHOE TMOJIe CKAISPHBIX BenunH|[33].

OOHapyXeHO, 4TO MaJIeHUe TeMMEpPaTypbl MO LEHTPaJbHON JUHUU Oyner
IPOUCXOANTh TAKXKE, KaK U MaJeHUe CKOPOCTH; OJIKEe K TOUKE UCTEUEHHS CTPYU

HAXOAMTCS 30HA cTaTWdeckoro sjapa, rae Tcl/Tin= 1, 31ech HauMHAETCS TAJCHHE



TeMIepaTypbl 1O IeHTpaidbHOM JuHuu. Ha pucynke 16u 17mpuBogutcs
noapoOHast uH@OpMalKs, ONKUCHIBAIOIIAs CpPABHEHHE XapaKTEPUCTHK TMOJeH

TEeMIIepaTyp U CKOPOCTEH.
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Pucynoxk 17-Ilagenue Temnepatypbl 1 CKOPOCTH MO LIEHTPAIBHOM JINHUH,

cooTHomenue ctopon AR=1

B pesynbrare MHOXECTBa HKCIHEPUMEHTANbHBIX MCCIEIOBAaHUN ObBLIO
YCTaHOBJICHO, YTO JaXe JJI MPOCTHIX MOTOKOB HET YHUBEPCAJIbHBIX 3HaUeHUH Prt.
Kak ormeueHo B paboTe, NpUMEHEHHE MEPEMEHHOro TypOyJEeHTHOTO 4YHCIa
IIpanatis He W3MEHSAET NMOCIEACTBUS CMELIMBArOIUXCs CTpyu. llapk m apyrue
ucnoas3oBan uucio Prt= 0.9 nna moaenupoBaHus CMEMIMBAIOMIMXCS TIJIOCKHUX
ctpyd. Xabmu u apyrue ucmnois3oBan uwcio Prt= 0.95 nns momenupoBaHUs
cBOOOHON ocecumMmeTpuuHor cTpyu. Ilom cpaBHWI mpoduiin CKOPOCTH U
TEMIEPATYpbl B aBTOMOJIEJIbHON 30HE IJIOCKOW CIYyTHOM CTPYH € TypOyJEHTHBIM

yuciaom [lpanarns, 3aganaeiM Ha 3HaueHue Prt= 0.7, u mpumien K BbIBOAY, YTO



pE3yNbTAaThl U3MEPEHUI COTTIACYIOTCS ¢ KCIEPUMEHTAIIBHBIMU JaHHBIMU. Bo Bcex
paHee TMPOBEACHHBIX UCCIENIOBAHUSIX CBOWCTB CTPYH, TYpOYJIEHTHOE YHCIIO
[IpaHaTAss TOPUHUMAIOCH Kak 4YUCIO, MeHble eauHuusl. I[loatomy, B
IPEICTABIICHHOM BallleMy BHHUMAHHUIO MCCIIEJOBAaHUH, 32 TYpOYJIEHTHOE YHCIIO
[Ipanarns Owbwto mpunsATO 3HaueHue Pri= 0.72. Ha pucynke 15 uzobpakeHO
BiIusiHUE TypOyneHTHoro uwucna [lpanamns. Ilpy  W3MeHEeHUM  3HAYEHUS
TypOyneHTHoro uucna IlpanaTns, kpuBas, H300pakeHHass Ha pHCYHKe 15,He
u3Mensiercs. Takxe npoduiiu CKOPOCTU U TEMIIEPATyphl MOMAJAI0T Ha OAMHOYHYIO
KPUBYIO B 30HE€ aBTOMOJECIBHOTO pacnpenencHus. C yBEeIUYEHHUEM 3HAYECHHM
TypOyaeHTHOro uucia [Ipanaris, B 30He TemnepaTypbl HAOIIOJaeTCsl YBETUUECHHE
JUIMHBl CTaTHUYECKOTO SIApa, YMEHBINAETCS PACCESIHUE W CTENEHb IaJCHUs

TEMIIEPATYPHI 110 TICHTpaIbHOM JInHuuU[34-37].

1.5.6 CpaBHeHMe pa3IMYHBIX COOTHOLLICHUH CTOPOH

B nmaHHOM paszgene, Mbl NPHUBOJMM CpPaBHEHHE XapaKTEPUCTHK IOTOKA B
CTPYSIX MPSIMOYTOJIBHOIO C€YeHUs ¢ cooTHoleHueM ctopod AR= 1-4. Ha pucynke
18n300pakeHO MajieHHne HOPMAJTU30BAHHOW CKOPOCTH IO LIEHTPAJIbHOW JIMHUU
CTPYH MpHU pa3IUYHbIX COOTHOILEHHUSAX CTOPOH. B coorBeTcTBUM C pucyHkom 18,
CTENEHb MaJeHUs] HOPMAIM30BAaHHOW CKOPOCTH MPU COOTHOILIEHUU cTOpoH AR= 1
BBIIIE MO CPAaBHEHHUIO C JAPYTMMH HOpONopuusiMd. MU U JApyrue NpUBOJUT
JI0KA3aTelIbCTBA, YTO YBEIMYEHHE CTENEHU MMAaJCHUs CKOPOCTH IO LEHTPaJIbHON
JMHUU TECHO CBA3aHO C HapacTaromuM 3(@exToM cMemuBaHUs TypOyJEHTHBIX

CTpYH.



3,4/D

Ty

Pucynoxk 18—PacnpocTpanenue mosist TeMiepatyp U CKOPOCTH B HAIIPaBICHUH

KOOPAMHATHOM OCH Y, cooTHOIIeHHEe cTopoH AR =1

Takxe, OBUIO CHETAHO CpPABHEHUE CTENEHU YBJIECYECHHS IIOTOKOM 10
HaIIpaBJICHUIO  KOOPJMHATHOM  OCH.  YBJIEYEHHE IIOTOKOM  ITIOKa3bIBAET
3¢ deKkTUBHOCTh NepeMeriBanus B cTpye. Ha pucynke 14u300pakeHbl CKOPOCTH
YBJIEUYECHHS] TOTOKOM, HCXOJs M3 pacyeTa COOTHOLIEHUS HOPMAJIM30BAHHOTO
yrcroro nputoka macchl(Q— Qin)/Qin mpu pasIUYHBIX COOTHONICHHSX CTOPOH
AR, tne Qin —3T0 pacxojl BelIecTBa H3CTPYH NPSIMOYTOIBHOTO ceueHus, a Q— 310
CYMMapHbIH pacxoj] BELIECTBA B TOUKE PACIIOIOXKEHUS BEIMYMHBI XB HANPABICHUN
no notoky. Ha Puc. 19, uzobpaxena cTpys ¢ COOTHOIIIEHHEM CTOPOH, PaBHBIM
CAMHMIIE, XApaKTepU3YIOIascsi OOJIbIIEH CTENEHbI YBJICYEHHUS IOTOKOM U3
OKpyXarolen cpelapl B cTpyro. IIpm 3TOM yBennyeHuWE COOTHOILIEHHS CTOPOH
OPUBOJUT K YMEHBIIEHHIO CKOpPOCTH YyBjiedeHUs. (CreaoBaTellbHO, MOKHO
YTBEPKJ1aTh, YTO CTENEHb YBJICYEHHUSI MOTOKOM MPU COOTHOIIEHUH cTopoH AR= 1
OKa3bpIBaeTCs OOJBIIMM IO CPaBHEHUIO C JPYTMMHM COOTHOILIEHUSIMH, U UTO
cooTHolienre ctopoH AR= 1 sBusercs Gosiee 3PHEKTUBHBIM MO CPABHEHUIO C
JPYTUMU COOTHOIICHUSIMHU.

Ha pucynke 20u300pa’keHO pacrnpocTpaHEHHWE CTPyd B HaIPABJICHHUU

KOOPJAMHATHBIX OCel YHUZ-TIPU pa3IMYHbIX cooTHOIIeHUsX ctopoH AR. Kak BuaHO



U3 OTOTO PHUCYHKA, KAPTHHBI PACIPOCTPAHEHHs] CTPYHM B AAIBHEM IIOJE IpHU

Pa3IMYHBIX COOTHOIICHUSIX CTOPOH MOYTH OJMHAKOBHI. (puc. 21).
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Pucynok 20—-YBneueHue moTokoM
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Pucynok 2 1-KapTtuHa pacnpocTpaHeHusi, aB HAIPaBJICHUU KOOPJAUHATHON OCUYH
OB HampaBJICHUH KOOPJAUHATHON OCHZ

1.6 3akaodeHHe MO KPATKOMY 0030Py OCHOBHOI1 padoThI



B nanHoit paboTe onuchIBaeTCs YUCIEHHOE HCCIEA0BaHNE TEKYUel Cpebl U
TEIJIOBbIE CBOMCTBA TYypOYJIEHTHOW CTPyH MPSMOYTOJIBHOTO CEYEHHUS C
cooTHotenreM ctopoH AR= 1-4. IIpencraBieHsl 0 CKOPOCTEH U TEMIIEpaTyp.
Takxe, MPOBEAECH aHAIN3 BIMUSHHS 4uclia PEMHONbBICA HA CTENEHb CMEIIUBAHUS
CTpy# MNpSAMOYTOJBHOTO ceyeHus.  BiusHHe Ha 3BOJIOLMIO Pa3BUTHUSL CTPYH
onpeneneHo npu uyucnax Re<12800. Kpome »3Toro, mnpum BBICOKMX YHUCIAX
PeliHombaca CTpyst CTPEMUTCSA K CYKEHUIO.

[Ipu ucciaenoBanuu 30HbI BXO/a, pACCMAaTPUBAIIUCH JBE PA3IUYHbIC CTEIICHU
typOynentHoctd: 1= 0.05 u I= 0.01. MoaenupoBanue mokas3ajigo, 9YTO Pe3yabTaThl
U3MEPEHUS MO CKOPOCTEN COBNAJAIOT C SKCHEPUMEHTAIIBHBIMHM JIAHHBIMH, 3a
CTEINeHb TYpOYJICHTHOCTH Haleraromero moroka npuHumaercs 3Hadenue 1= 0.05.
[lo pe3ynbraTam HcCieqOBaHUS 00€UX cTerneHed TypOyJIEeHTHOCTH HaOerarouiero
MOTOKA, OKAa3aJloCh HEBO3MOXHBIM CIPOTHO3UPOBATH IApaMETpPbl  CTPYH
MPSIMOYTOJILHOTO CEUCHUS TTPU MaJIbIX unciiax PeliHombca.

Takxe, ypaBHEHHsI aBTOMOJEIBHOCTH ISl pacuera IMojeil TemnepaTypbl U
CKOPOCTH TECHO CBSI3aHbl ApYr ¢ Apyrom. IIpu cpaBHEHHH CTEIEHH YBJICUCHUS
MOTOKOM, TIPU COOTHOIIIEHHH CTOPOH, PaBHBIM €IUHUIIE, MOJydaeTcs OoJblas
CTEIEHb YBJICUCHHS] TOTOKOM W3 OKPYKAIOLIEH Cpellbl B CTPYIO, 10 CPABHEHUIO C
JPYTUMH COOTHOIIEHUSIMHU, CJIEIOBAaTEIbHO, COOTHOWIEHHWE cTopoH AR= 1
aBysieTcs 6osiee YPGEeKTUBHBIM MPU CMEIIMBaHUU. B nanbHeM nojie HaOroaeHusl,
BCE CTPYH, MOJBEPTUINECS HCCIEIOBAHUIO, COLIIUCh B CTPYIO KPYIJIOTO CEYEHUSI.
Pa3Huiyy B xapaktepe pacnpOoCTpaHEHHs! CTPYU B JaJbHEM I0JIE€ HAOJIIOIECHUS HE
yAAJIOCh OMpPENeNuTh, MPU BCEX COOTHOIIEHUAX CTOpoH AR, Bce cTpyn UMEIOT

MPUMEPHO OJIMHAKOBBIN XapaKTep pacripoCTPAHEHUSI.



2 OKCIIEPUMEHTAJIBHBIE YCTAHOBKH U METOIUKA
N3MEPEHUA

2.1 DkcnepuMeHTAbLHASL YCTAHOBKA JIJISl HCCJIEI0BAHNS A)POAMHAMUKHU
CBOOOXHOM CTPYH

OnbIT TPOBOAWICS C MOMOIIBI0O 000pYOBaHMSI, TTOKA3aHHOTO HAa PUCYHKE
22.

Bo3ayx, Beixoasmuii u3 BeHTHIIsATOpa (1), 9epe3 Budporacsiuii nepexo (2)
MOCTynaeT B kaMepy nokos (3), 3arem uepes (4) u (5) peleTku BhITEKaeT U3 COIIO0
(6) ¢ BBIXOAHBIM MPOQPUIEM MPAMOYTOIBLHON POPMBI.

KopneBas ydacth cTpyH pacrosarajiach B pabodeil yacTH TEHEBOTO IMpuOopa
NAB-451, 00OpyAOBaHHOTO TaK, 4YTO MOXHO OBLIO HAOMIOJATh TEHEBYIO
MT'HOBEHHYIO KapTHHY TCUCHUSI.

Bo3neiictTBie Ha TOTOK OCYIIECTBISUIOCH C TOMOIIBK) JWHAMUKHU
MotHocThI0 50 BT (7), ppoHTanbHO pa3MeNeHHOTro Ha UCXOAHOM YYacTKe MOTOKa
B YCTIIOKOUTEIILHON KaMepe.

Ot3BykoBoro reneparopa (13) k AUHAMHUKY TIOAAETCS CHUHYCOHWIATbHBIN
CUTHAJ, B CBS3M C YEeM B MCXOJHOM H300paXEHUU CTpyd oOpasyroTcs
CUHYCOUJabHBIE KOJIEOAHUsI CKOPOCTH Ha BHIOPaHHOM YacToOTe.

JIist u3MepeHnsl TUHAMUWYECKOTO JTABJICHHSI U CPEIHEH CKOPOCTH TCUCHUSB
coruie TpUMEHsUHCh TpyOka Iluto u mMukpomaHomeTp mapku MMH-240 (9).
MuKkpoMaHOMETP MO3BOJISET U3MEPATH JaKE MajIble CKOPOCTH ¢ TOYHOCTHIO 710 3%.
NHTEeHCMBHOCTD TYpPOYJIEHTHOCTH &9 TEUCHHUS] Ha BBIXOJIE M3 COILIa, OIICHHUBaeMas
1O IMyJIBCAIIUHU €Tr0 MPOI0JIBHON cKopocTH, cocTanisuia 0.025-0.27%.

B pabote umcnonp3oBajach crucTeMa TepMOaHEeMOMeTpudeckoro Oyoka.OH
COCTOMT W3 JBYXKAHaJbHOW TEPMOAHEMOMETPUYECKOM CHCTEMBI C JIMHEMHOMU
BBIXOJIHOM CHUTHAJIbHOM CKOPOCTBIO, TMpeoOpa3oBatelis TeMIepaTyphl, OJIOK
¢azoBoii BIOOpKH (16).

[lepememnenne TpyOku [IMTO M NMaTYMKOB MO TPEM OCSIM CHUMMETPUHU COILIA

OCYHICCTBIIAJIOCH € TIOMOIIBIO TPEXMEPHOT'O KOOPpAWHATHHKA.



Jst dbopMupoBaHUS CTpyH MIPUMEHSIIOCH KPYTJI0€COILIO,
cupoduirpoBaHHoe 1O ¢GopMysie BHUTOIMMHCKOTO, KOTOpPOE WMEIO BBICOTY,
pasHy1o 90 - 10~ M, n nomxaTue, 6Gnuskoe x 10.

A Takxe, B paboTe HCIOJB30BATUCH COIIAa MPSAMOYTOJIbHOU (OpMBI C
BBIXOJHBIM cedeHueM.[Ipu 3ToM miomaap cpe3a BbIXOAa coIlia OBLIO MPUMEPHO
PaBHOW IUIOIIAAW KPYyryioro comia auamerpoM dg, = 22.57 - 103 m. ITosromy
3¢ deKTUBHBIN quaMeTp coruia d,gg ObLIT MPUOIMUTENBHO TAKOH XKe, KaK JUaMeTp

KpyrJjoro CoIuia.
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1-BeHTUIATOD; 2-BUOpOTACIINIA TIEpeXo/T; 3-yCIOKOUTEIbHAs Kamepa; 4-
BBIPABHUBAIOIINE CETKU; 5- HarpeBaemas ceTka; 6-coruio; 7-IMHaMuK; 8-TpyoOKa
[Tuto; 9-muxpomanometp; 10- natuuk; 11- cucrema TepMOaHEMOMETPUUECKOTO

omoka Tuna CTM-02; 12- 610k da3oBoit BEIOOPKH; 13- 3ByKOBOI TeHEpaTOp

Pucynok 22—Cxema 3KCrepuMeHTAThHONW YCTAaHOBKU
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1- crenka coma; 2 —cToiKa cornia

Pucynoxk 23—KoHcTpyKIust Kpyriioro comia BBIXOJHOTO CEUEHUS

2.2 DJKCcnepUMEHTAJIbHASI YCTAHOBKa /JIfl HCCJIEA0BAaHHUA Ipolecca
TeIUIoNepeHoca cBOOOAHOM CTPYH

OKCIIEpUMEHTaIbHAsl YCTAHOBKA JUISl HCCIIEIOBAHMS TEIUIONIEPEHOCAa B
cBOOO/IHON CTpye MpeicTaBieHa Ha pUCyHKe 24. Bo3ayx mocTymaer comio c
MOMOILBIO TYpOynu3yromux ceTok.llpy BXOJHOM CeueHHMH COIUIa HAarpeBaeTcs C
NOMOIIbIO Harpepareis. B pabore UCIONb3yl0TCS CMEHHbBIE COTLIbI, HEOOXOAUMbIE
JUTSL ICCIIETIOBAHUS TUHAMUYECKUX XaPAKTEPUCTUK (PUCYHOK 22).

[TomorpeBarenp  COCTOMT W3  HU3MEJIBUYCHHOW  HUKEIIEBOM  PEIIETKHU
(1).Hampspkenune, 3amaBaemoe w3 TpaHchopmaTopa TOKa, PEryIupOBaIOCH
aBroTpancopmaropomtunia  JIATP.HarpeBarenbHass  ceTka  SJEKTPUUECKHU
U30JUPYETCS OT COMJIO C MOMOIIBIO TEKCTOJMTOBOIO Jiepxkarens (2).B ucxonnom

CECYCHHH CTPYH BO3HUKAIW TPYIHOCTH TMPH TOJYYCHUH OJUHAKOBBIX MPOQUIICH



temnepatrypbl. OHU, ObUIM yCTpaHEHBbI C MOMOINBIO KOHTAaKTHBIX 3aKUMOB (5),

KOTOPBIEC HAXOJATCS PSAIOM JIPYT C APYTOM.
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1 — marpeBaTenbHas CETKa; 2 — Iep)KaTeNIb TEKCTOINTA; 3 — MOJCTaBKa JIs
MOJJEPAKAHUS COILIBI B YCIIOKOUTEIIBHOUM KaMmepe; 4 — COIIo; 5 — KOHTAKTHBIN
3a)KuM; 6 — 00J1T; 7 —OJIOBSIHHBIN KOHTaKTHEIN ciior; TP1 — JIATP; TP2 —

Tpancopmarop Toka

Pucynok 24—OxkcniepuMeHTaNbHas YCTaHOBKA JJIsl HArpeBa CTPYH



2.3 MeToauka u3MepeHHus TMHAMMYECKUX M TEIUIOBBIX XapPaKTEePUCTUK
CBOOOJHOM CTPYH

2.3.1 MeToabl H3MEpPeHHUS AIPOAUHAMHYECKHX XAPAKTEPHUCTHK
CBO0OHOM cTPYH

N3-3a OTCYTCTBUSI CTaTHMYECKOTO JABJICHHS B CBOOOJHON CTpy€ OIBIT
MPUBOJUTH IO HU3MEPEHUIO JTMHAMUYECKOrO JaBjieHus./{ns u3MepeHus: >Toro
JABJICHUSI WU CKOPOCTH HCIOJB30BAJIUCH JIBE€ pPAa3JIUYHbIE W3MEPUTEIIbHbBIC
Hacanku.OT omHoro kammbpa (X / b), nns omnpeneneHus 3HAUSHUS] CpeHEH
CKOPOCTH B 3aKpEIUICHHOW ToYke mpuMeHsercs TpyOka I[luto ¢ aumamerpom
BBIXOJHOTO oTBepCTHs 0,8 MM.

YuuThiBas MOTPaHUYHBINA CJIOH, 00pasyroliuiics Ha BHYTPEHHUX OOKOBBIX
MOBEPXHOCTSAX COIUIA, MPU OMpEeACTCHUU TpoQuis AaBlICHUS B H300pakeHUU
COIUIO HCIOJIb30BAIUCH IJIOCKWE MHUKPOTPYOKH € TOpIAMU U3 TOHKOCTEHHOTO
Marepuana.Takass KOHCTPYKIMUS HACaJKU IIO3BOJISIET HU3MEPSATh C BBICOKOU
TOYHOCTBIO JIOKAJIBHOE JABJIEHUE B MOTpaHUYHOM ciioe.Pa3mep mepenHell yactu
MUKpOTpYyOKu coctasisieT 0,3 mm 1,5 MM, a TonmuHa crenku cocrasiset 0,05 MM.

[To mokazaHusiM MaHOMETpa IMOJYYUM BBIPAKEHUE JMJISI CKOPOCTH U3
YCJIOBUM paBHOBECHUSI JABJICHHS B MAaHOMETPE U IMOJHOTO JABJIEHHS B CTPYyE, TO

€CThb

pU2+P =P, (16)
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7€, & -TapUPOBOYHBIN  KOPDUIIUEHT, P = p, - IUIOTHOCTH BO3AYyXa IpH

skenepuMente P,=1,225 kr/m*, By=101325 Ia, T,=273 K;

B uT —naBnenue (OapomeTpudeckoe IaBiieHHE) u aOCONIOTHAS TeMIieparypa B

COOTBCTCTBHU C YCIIOBHAMMU IIPAKTUKH.

P,.,=0 y4uTbIBaeM uIocie psaa npeoOpa3oBaHuil II0Ty4aeM TAKOE BBIPAKEHHE:

C

U=427Jk-m. (18)

2.3.2 MeToauKa 3MepeHUs TEeNJIOBbIX XapaKTEePUCTHK

JUist u3MepeHuss pacupeleseHuss TeMIEepaTypbl CTPYyH HCIOJIb30BAJIACh
MEIbKOHCTAaHTaHOBAas Tepmomnapa (pUCYHOK 25), «ropsyuil» croail KOTOpoi
pa3Mernaics B IOTOKE, a APYrOW, TAK HAa3bIBAEMBIN «XOJIOAHBIN» CIIaid, HAXOIHUJIICS
npu KomHaTHOW Temmeparype. OJC Tepmomapel wu3Mepsuiach LHHUQPPOBBIM
BOJIETMETPOM. Curnan oT TEPMOIIAPHI IIO/1aBaJICs TaKKe Ha
neyxkoopauHaTHbiicamonucenl[J[114-002, rne mnpou3BOAUIUCHE HENPEPHIBHBIC
3aIMCU U3MEHEHUSI TEMIIEPATYPhI BIOJb OCH CTPYH U B IONEPEYHBIX CEYEHUSX.

s aTOro TepMornapa npeaBapuTesbHoO rpaayupyercs|39].
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1 — Tepmonapa; 2 — y3ibl TEpMOIIapa

Pucynok 25—-Cxema BKIIIOUEHHUS YCTAaHOBKHU ISl ©K3MEPEHUs pacupeieIeHus

TEeMIIEPaTypbl



2.4 Buzyanusanusi CTpyu

JIns  MOdydeHHWs  HArjsigHOTO  PUCYHKA  MPEICTaBISIETE  TECUYEHUS
HCIIOJIb3YyeTCsl TeHeBOM MHCTpyMeHT MAB-451.

BusyanbHbIM HaOJIOIEHHEM C MOMOILIBIO ONTUYECKUX NPHOOPOB KapTHUHBI
MCTEUCHHSI U3 COIUIA MOJOTPETOM CTPYHM YCTAHOBIIEHO, YTO B 30HE CMEIICHUS
TypOYJICHTHONH CTpyH OOpa3yrOTCsl MEPUOAUYECKUE KPYIMHOMACIITAOHbBIE BHUXPH,
KOTOpBbIE C yAaJeHHeM OT cpe3a coIula HempepblBHO nedopmupyrorcs. s
KOHTPOJISI TOJIEW TE€YEHHs] B MEPBUYHBIX M MEPEXOJHBIX OTIEICHUSX IOTOKA U
MPEABAPUTEILHOTO MOJIYYEHUsT HHPOPMALMK O NPOCTPAHCTBEHHOM CTPYKTYype
OpPraHU30BaHHOI'O JBWKEHUS HCIOJIb3YETCs MEpPBBIA M3 TpeX MeToaoB.BTopoil u
TPETUI METOJIbI TO3BOJISIFOT TOYHO OIPEAETUTh MECTO BUXPEBBIX (POKYCOB.

JUiss  mosydenust uHGOpMAMUM O JUHAMUKE KOTEPEHTHBIX CTPYKTYp
UCIIOJIB30BAJICSI TEHEBOM METOJ LBETHOM Buiyanusauuu.llpy »>TOM 1nBETHas
TEHEBas KapTUHAa TEYEHHS CHHUMAETCS C T[OMOUIBI0 IBETHBIX Auadparm,
pa3MELIEHHBIX B OCBEIICHHOW 4YacTh TeHeBoro uHcTpymeHTa MAB-451.Takoit
METO/I O3BOJISIET MOJIYYUTh HATJISTHYIO KapTUHY MPOCTPAHCTBEHHOM Nehopmaruu
BHUXPEBOTO B MEPBUYHBIX U NEPEMEHHBIX OTACIICHUSIX CBOOOJHOU CTPyH,B 001acTU
MOBTOPEHUS (POPMBI MOMIEPEYHOTO MPOPHUIISL.

B nuarHocTuke noToka JKMIKOCTH U ra3a 0co00 BBITOJHBI IIBETHBIE TEHEBbIE
MeTOAbl.MOKHO OTMETUTh CJEAYIOIIME OCHOBHBIE MPEUMYIIECTBA LIBETHBIX
METOJI0OB OT uepHO-Oeinbix.l. LlBeTHOE H300pa’keHue MO CPaBHEHHUIO C YEpHO-
OeslbIM HE colpuKacaeTcsi ¢ U300paKEHUSIMU HEMPO3PAUYHbIX TN, HAXOIAIIUXCS
Ha MPOCTPAHCTBE MpubOopa (3T0 OCOOEHHO BAXKHO B JHMArHOCTUKE MOTPAHUYHBIX
cioeB); 2.11BeTHbIE TEHEBBIE METO/BI CBSA3aHbl C KHHOCHEMKONH OYEHb BAYKHBI JUJIS
MOHUMAHUSL CJIOXHBIX MPOLIECCOB, KOTOPbIE SICHO BUIHBI TOJHKO MPHU LBETHOM
1BeTe.CBUIETEILCTBOM JITOTO SIBJICHUS SBISIETCS KWHO(MUIBM, CHATHIA B XOJI€
UCCIICIOBAHMSI pacIpOCTpaHEHUs TUIAMEHH B 3JieKTpruueckoM moje[40-42].

Jist Toro, 4toObl HKCMONB30BATh IIBETHbIE TEHEBBIE METOJbI B LEJAX
U3MEPEHHUS], TO €CTh MOJYYUTh MCXOJHBIE JAAHHBIE JJII pacyeTa pacrpeneseHus

MJIOTHOCTH, HEOOXOJWMO HMETh OIpeaeieHHbId mnoaxoa. Ha nHam B3msim,



HCIIOJIb30BAHUE  IIBETHBIX TEHEBBIX METOJOB JUII TaKMX ILEJIEd  He
TpeOYETCA.CI0KHOCTh M HU3Kass TOYHOCTh M3MEPEHUS MPHUBOJAT K TOMY, YTOOBI
MOTPaTUTh OOJIbIlIE BPEMEHHM M CHIBLIIPOBEJACHUE TaKUX HW3MEPEHUU He
ompaBAbIBaET ce0s, KOrja B COBPEMEHHOM MHpPE CYIIECTBYET BO3MOXKHOCTh
MOJYYeHUs] BBICOKOKAYECTBEHHBIX HHTepdeporpamMm.KoHeuHO, ¢ TOMOIIBIO
I[BETHBIX TEHEBBIX HM300paKEHUH MOXKHO OIICHHTHh YTOJ OTKJIOHEHHUS Jy4eH,
CpaBHUBAs [IBETA BU3yaJIbHO.JTO AaCT MPABIIbHYIO0 HHPOPMAIIHIO O TEYCHHE.

B nanHo# pa®oTe 3TOJ METOJ BBIMOJHICT (DYHKIIMIO BXOJTHON auadparMbl
TPEXCEKTOPHBIN CBETOBOM (DUIBTP (KpaCHBIN, CUHUM, 3€€HBIN) (pUc.26), KOTOPHIH
UMEET HEMPO3PavyHbId JHUCK, (OKYCHUPYIOIIUA IEHTPAIBHYIO 30HY CBETOBOTO
bunpbrpa. OyHKUMS ~ auadparMbl  BU3yaJu3alldd  BBITIOJHSET  KPYyIJIoe
oTrBepcTre.Meroa peann3oBaH Ha TeHeBoM npubope MAB-451.

ITo Hamieit wccnenoBaHHON paboTe JIydlMe I[BETa W3 METOJIOB I[BETHOMU
BU3yaJIM3allMM TOJy4YalOT TMPU UCIOIb30BAaHUU TPEX3BEHHBIX Juadparm ¢
KpPacHBIM, 3€JCHBIM U cMHUM ¢uiabTpaMu.llpu 3amMeHe ¢poHOBOTO cBeTa Ha OCNbIN
cBeT nH(OpMaIKs O HAMPaBJICHUH TPAIUEeHTa TeMIIEpaTyphl JaeT IPOMEKYTOUHBIE

1 OCHOBHBIC IIBCTA.

a) METOJ] KPECTOOOPA3HBIX OTBEPCTHI; 0) TPEXCEKTOPHBIN CBETO(DHIBTPHBIN METO/T

Pucynok 26—BxoaHble U BU3yaln3allMOHHBIE AUapparMbl BEKTOPHOTO LIBETHOTO

TCHCBOI'O MC€TOda



2.5 U3mepeHne cpeaHeil CKOPOCTH U XapaKTePUCTUK TyPOYJeHTHOCTH
N3mepenust cpeiHe CKOPOCTU MOTOKA OCYIIECTBISUIMCH C TIOMOIIBIO TPYOKHU
[Tutro nu Muxpomanomerpa MMH-240, a Takxe pa3paboTaHHON COTPYIHUKAMU
HUNDT® npu KazHY um. ans-dapabutepmMoaHEMOMETPUYECKON anmapaTrypou,
KOTOpasi MCIIOJb30BAIACH [JII MW3MEPEHUS IYJIbCAIMOHHBIX XapaKTEPUCTHUK
CKOPOCTHU CTPYH U MTHOBEHHOT'O MOJISI CKOPOCTH.

Ha ocHOBe wu3MepeHHs CpeIHHX U MYJbCAIIMOHHBIX COCTABJISIFOLIUX
CKOPOCTH TIOJIyYEH IMPUHIMUI ABTOMATHYECKOIO MOJAEPKAHUS TEeMIIEpaTypbl
JATYMKA, TIOJIKJIIFOYEHHOTO K IJIeYy MOCTa TEPMOAHEMOMETPA MOCTOSIHHOTO TOKaA.

[Ipy OTCYyTCTBMM MOTOKA HAarpeBacéM HUTU JaTYUMKA [0 OIPEJIECICHHON
TEMIIEpaTypbl U PUBEIEM MOCT B PABHOBECHE, 3aTEM BBOJMM HUTH B IIOTOK, TOT 1A
OH JaeT Kakoe-IMOO KOJUYECTBO TEeIla W HM3MEHSIETCS €ro CONpPOTUBIICHUE.
Bo3Hukmmii pa3banaHc HampsoKeHMsT MOCTa YCHIIMBAETCS 4Yepe3 YCHIMTENb
obpatHoit cBsizu (YOC).Curnan pazbajianca nepefaeTcs YCWIUTEII0 MOITHOCTH
(YM). 3arem TOK, IpOXOASIIMN uepe3 LIHYp, NepelaeTcss Ha Hayaly MOCTa MpH
ycioBuM yBenudeHus. llpum a3TromM Temmeparypa UM CONPOTHUBIICHHE HUTH
BOCCTaHABIIMBAIOTCS U MOCT MEPEXOIUT B OajmaHCOBOE cocTosiHue. Takum oOpazom,
TOK MocTa (YHKIIMOHAJIBHO CBSI3aH CO CKOpPOCThIO MoToka. Ha pucynke 27,E -

BOJIETMETP ITOCTOSIHHOTO HAINPSKEHUS ISl U3MEPEHMS YCPEIHEHHOM CKOPOCTH,

2
e - BOJIBTMETP  CPEOHEKBAJIPAaTUUYECKUX  3HAYEHUW, U3MEPSIOIINX

MyJIbCAIIMOHHYIO CKOPOCTh. 3HAYCHHS, ONpPEACINAIONre TypOyJIeHTHOCTh MOTOKA,

UMEIOT CTAaTUCTHUYCCKUI XapaKTep, TO €CTh MYJIbCUPYIOTCA B Ka)I(I[OfI TOYKC.



m|

\ YOC YM

JaTUYHuK

PI/ICYHOK 27-bnok-cxema TCPMOAHCMOMCTpPA ITOCTOSAHHOI'O TOKa

[lynbcalMiOHHBIE BEIWYUHBI: 3TO CKOPOCTh, JaBJEHUE, TeMIepaTypa,
IUIOTHOCTh W Jpyrue mnapameTrpbl cTpyu.llpuBeneM MeToauky HM3MEpEeHUs
nyjibcaliid  ckopocTd. B cimywae TemmoBoro 0ajmaHca MEXIy — HUTEH
TEPMOAHEMOMETPA U OKPYXKAIOLIEW CpeAoi, NBUraromieics co CKOpocThio U ,

BBITIOJIHACTCA CIICAYIOIICC COOTHOIICHUC!

E2=E2+BJU, (19)

34€Ch EO - BBIXOJJHOC HAIIPAKCHUC TCPMOAHCMOMCETPA IIPU OTCYTCTBHUH IIOTOKA,

E — HanpshkeHue npu HaTMYuU 0TOKa, B — mocTostHHBIN KO PUIueHT.

JInss  uccienoBaHusT —~ TEPMOAHEMOMETpPA  MOCTOSHHOM  TEMIIEpAaTypbl
MPUMEHSIOTCSI TAPUPOBOYHBIE TPYObl, TEPMOAHEMOMETPHI, XapAKTEPUCTUKHU €Tr0
KOHCTPYKLIMHM, YKa3aHUs [0 OKCIUIyaTalMM M JaTYUK C  IT030JI0YEHHOU
BoJb(pamMoBoi HuUTKOW.IIpy moOMOIIM CHEIUATIBLHOIO YCTPONCTBA JaTUYHK
YCTaHABIMBACTCA TaKUM OOpa3oM, YTOObI UYBCTBUTEIBHBIA JJIEMEHT (HHUTH) K

BBIXOJTy TAPUPOBOYHOU TPyOb! ObLIT MPUOIUZUTEIBHO K IIEHTPY MOTOKA.

Kospdumuments: Ey u B B motoke ckopoctu onpeaensiercs U3 IPaKTHKU HIpHU

TapupOBKE TepMOaHeMoMeTpa (PUCYHOK 28). DKCTpAMoJsius ONBITHON KPUBOH

AacT KBaJpaT HA4YaJIbHOI'O 3HAYCHHUS BBIXOAHOI'O HAIIPSAKCHHA JO IICPCCCUCHUSA C



OChIO E’, TO ecTh cTaBuTCs Ha BeIpaxkeHue (19).Kak BugHo n3 rpaduka, B =tge . B

3aBUCUMOCTH OT IMapaMeTPOB HUTHU (IMAMETp, TMHA, T. JI.) IJIS KaXIOTO JaTYMKA
Takue rpaduKu CTPOSATCS OTICITHHO.
CkopocTh  TypOyJIGHTHOrO  NOTOKa  Kiaccupuuupyercs Ha  JiBa

COCTaBIISIOIINX — YCPEAHEHHBIE U MYJIbCAIUOHHBIE:

Uu=u+u', u«a. (20)

B coorBercTBHM ¢ HMMH 0003HAYUM COCTAaBJIAIOIINC  BBIXOJHOI'O

HaIpsSKEHUS yCUIINTENS uepe3 E u e':

E=E+e', e «E . (21)

Pucynok 28—TapupoBouHslii rpaduk TepMOaHEMOMETPA MOCTOSTHHOM

TEMIIEPATYPHI



[ToncTaBuB noJly4eHHOE BbIpakeHUe B ypaBHeHue (19), nomyunm:
= ? 2 o '
(E+e) =E; +BJuU+U’, (22)

Mel pemacM 3TO YPaBHCHHUC OTHOCUTCIBHO CKOPOCTH 0e3 yucTa 3HAYCHUHN MaJlbIX

BCINYHH:

12 = |2
uT _4Eve” (23)
u  E’-E;

gu
3]1€Ch,u-CKOPOCTh B JIIOOOM TOYKE CEUYEHHUs, BEJIMYMHA &, Ha3bIBACTCA

OTHOCUTEIBHOW HHTEHCHUBHOCTBIO TypOyJeHTHOCTH. [Ipoduim OTHOCUTENbHBIX
CPEIHUX CKOPOCTEN MOKHO U3MEPUTH € IIOMOILIBIO TEPMOAHEMOMETPA ITOCTOSHHOU

TEeMIIepaTyphl, ISl ITOTO UCTIOIB3yeM BhIpaxkeHuto (19) :

BJu=E*-EZ, BJu, =EZ ~EZ; (24)
— —_— 2
u [E*-E;
u:_ E_EZ ) (25)
m m 0

3€ChbU, - OCeBas CKOPOCTh.

NHTEeHCUBHOCTD TYpOYJIEHTHOCTH Ha OCU CTPYHU:

:4E(EZ—E2 e’® 26
& (Ei — Eooz )2 (26)




C momompio dopmyn (19) u (20) momydaem BhIpaXeHUE IS WHTCHCHBHOCTH

—_ 2
u [ E?—ES$
Uo EZ—E; )

Tl e

- = > . 27
U E'-E (Eg—Eg)Z (Eg—Eg) 0

IMyJbCalli CKOPOCTH:




3. DKkcnepuMeHTAIbHOE HCCJIeJ0BaHNe TYPOYJeHTHOH CBOOOAHOI cTpyH
NP AKYCTHYECKOM BO3/1eliCTBUHU

B nanHOli paboTe mpencTaBi€Hbl PE3yIbTAThl AKCIEPUMEHTAIBHOIO
UCCIICIOBaHMS JUHAMUYECKUX CBOMCTB TPEXMEPHBIX TypOyJEHTHBIX MOTOKOB, a
TaK)K€ BJIUSHUS HU3KOYACTOTHOTO aKyCTUYECKOTO BO3CHCTBUS Ha 3TH MOTOKH, UX

MIPOCTPAHCTBEHHOE PA3BUTHUE U BUXPEBYIO CTPYKTYPY.
B skcniepuMeHTax UCIOJIb30BAIMCH COILIA C COOTHOIIEHUEM CTOPOH:

A=1,00; 2,66, 5,07; 7,61; 11,00; 16,00; 25,25 n nns cpaBHEHUSI KPYTIO€ COILIO C
3G ()EKTUBHBIM JAMAMETPOM Kpyra paBHO IUIONIAJAM BBIXOJHOTO CEYCHHS
MPSIMOYTOJIBHOTO coruta. [[isi mpoBeeHrs SKCIEPUMEHTOB ObUIM MCIIOJIb30BaHbI
Colla C pa3INYHBIMH COOTHOIIEHUSMH CTOPOH, BKJIIOYas CIICIIHATILHO
CIIPOCKTHUPOBAHHBIE TPSIMOYTOJibHbIE HOCUKUA. (OCHOBHBIE HU3MEpPEHUsI ObLIH

MPOBENICHBI AJIS COIUIA C COOTHOUIEHUEM CTOPOH A=2,66.

B MpoHecCCe IKCICPUMCHTA CKOPOCThb ITOTOKAa M3MCHsJIACH B JHAIIA30HE OT

2,78 no 20 metrpoB B cekyHIy. OCHOBHBIE M3MEpPEHHUS] OBLIM MPOBEICHBI IPU

CKOpPOCTH UO :6M/C BbIXOJd M3 COIlIa, KOTOpasa COOTBETCTBOBAJIA YHCIY

y 4
Peitnonsaca Re ~0,97-10" | paccunrannomy Ha ocHOBE 2(peKTUBHOTO qUaMETpa.

UTtoOBl M3MEHUTH MOTOK, HCMOJB30BAJCS TIYIIUTEIb, YCTAHOBJICHHBIA B
MepeHel 4YacTH CoIula Ha BBIXOAE W3 CENAaTUBHOM KaMmepbl. OJKCIHEPUMEHTHI
MPOBOJIWIINCH KAK B YCJOBHUSIX OTCYTCTBHSI BHEIIHErO BO3JICUCTBUS, TaK U IPH

Hanuuuu 3 PexTa, KOTOphIit COOTBETCTBYET unciay CTpyxarns:

Sh=—b 2 _ Ta —fa'd3—048
- R == =0 (28)

I'ne f,,f, u f; - pacueTHBIC YacTOTHI Ha KOPOTKMX ¥ JUTMHHBIX CTOPOHAX

coruia ¥ 3G(HEKTUBHBIN TUaMETP ITHX COTIEIL.



Kak yxe oTmeuanoch, OCHOBHBIE KPUTEPHH BO3IEHCTBUS HA TOTOK ObLIH
U3ydeHsl mpu A=2,66. s TOro e comia ObLIO MPOBEAEHO HM3MepeHHe R,

ABTOKOPPEIIAIMOHHBIX (YHKIUHA TPOJOJBHON IyJIbCAIMK CKOPOCTH B Havalie
IIEPEXOTHOM 30HBI, TJ€ 3aMKHYTHI BHUXPb JIOCTHTaeT OOJBIIMX pa3MepoB. DTH
U3MEPCHUS TOKa3aJld HAJUYMe HEOONBIIOr0 OTPUIATEILHOIO MAaKCHMYyMa,
KOTOPBIi MOXHO YBHJETh NPH OOJIBIIIOM KOJIMYECTBE OOpa3lloB W BPEMEHU B
cpenneM. lludpoBoii koppenstop X-6-4 HCHOMB30BAICA MJIs1 MPOBEACHUS

skcriepumenTa. B pabote / 15 / pesynbrarel Ry; W3MEpEHUN TPEJCTaBIICHBI B

noToke A= 2,66. Ry Bpems, cooTBeTCTByIOIIee OTPHIATEIBHOMY MAaKCHMyMY,

1
MOKHO paccMarpuBarh Kak f, =— mOJIOBHHY Tepuoja XapakTepHON YacTOTHI
T

X
MICPHUOIUYCCKOT'O IIpOoLCCCa. B IMPUBCACHHOM BBLIIIC IIPUMCPC OH U COOTBCTCTBYCT

gactoTe 89 I'i. CoOTBETCTBEHHO, €CTECTBEHHAs YacToTa

M= (29)

konmmuecTBO CTpyxaned, pacCuMTaHHOE Ha TOW ke 4vactore (f,) W IJIMHHOU
cTopoHe (a=33,3um) comia, Obul0 paBHO 0,48 Ha CKOPOCTH BBIXOJA U3 COILIA
U, =6.03m/c. TTosToMy mpu pacuere ykazaHHbix wactor Sh=Sh, =Sh, ~0,48

IMPUHAINUCD.

C ydyeTom 3TOrO:

048U, . 048U, 0,48-U,
b ¢ d i a

el

f, (30)

MOJXHO 3aMCTUTDb, 4YTO (I)OpMYJ'Ia IIOKAa3bIBACT, YTO HU3KHMM 4aCTOTaM

aKyCTHUYECKOT'O TOJIsl COOTBETCTBYET f, , a OoJyiee BBICOKUM - f, .



ab

0,5
j IIp1 HCIIOJIB30BAHHWUN CJICAYIOIIUX
T

B npannpix cutyanusx ud, =2(

COOTHOIIIEHUN MEXAY BHIOPAHHBIMU YACTOTAMU BO3CHCTBUS JJIsl aHAIN3A:

0,5
LA

72. El

fo=2-1,= (12)

JUIS U3YYEeHUsS] BIUSHUS TapaMeTpa A Ha a’poJMHAMUKY TPEXMEPHOro MOTOKa
OBLITM TIPOBEICHBI U3MEPEHUS TOTIEPEUHBIX Tpoduiiell CpeTHel CKOPOCTH MOTOKA.
PesynpTaThl u3MepeHuii mnpoduiied TOPU3OHTAIBHOW CKOPOCTH BJAOJbL OCH,

napajuIeIbHOW KOpoTKoH (y) cTopoHe coruta mpu ckopoctd U, =20mm/c mns

3HaueHud  A=3;11;16;25 mpeacraBimensl Ha  pucyHkax 29 wu  30.
M3yynB HamM WCCIECIOBAHUSA, Mbl MOXKEM 3aKIKOYUTh, YTO AaBTOMAaTHYECKas
MOJENIb TpO(UIIeH, paCIOIOKEHHBIX BIOJb OCH, IapaUIEIbHON KOPOTKOM
CTOPOHE, YCTaHABJIMBAETCS HE3aBHCUMO OT 3HAUeHUs A ripu ycioBun X/0>8.

[Ipy wu3yyeHUM TpPEXMEPHBIX TYpPOYJIEHTHBIX IOTOKOB OBLJIO IOJIyYEHO
MHOKECTBO PE3YyJbTaTOB, KOTOpPbIE ObUIM BU3YaJbHO HCCIIEIOBAHBI C MOMOUIBIO
TE€HEBOIr0 ycTpoiicTBa. OCHOBHBIM (DaKTOPOM, CBSI3aHHBIM C 3TUMU pe3yJIbTaTaMH,
SBJIIETCSL 00pa30BaHUE U MOCIEAYIOLIEE Pa3BUTHE 3aMKHYTBIX OOBEMHBIX BUXPEH.
JlnHaMuKa 3TUX BUXPEN 3aBUCUT OT ITapaMETPOB COOTHOIIEHMS COILIA.

Ha pucynke 31 MOXHO yBUAETh, YTO NpPH BU3YaJbHOM HAOJIIOJEHUU C
NIOMOIIBIO ONTHYECKUX YCTPOMCTB, BBIXOJALIMX M3 COIJIA HAarpeToro moToka, B
30HE€ TEepeMEelIUBaHusl TypOYJIEHTHOr0 IOTOKa MEPUOAMYECKH O00pa3yroTcs
Oonbiine oO0beMHble BuUXpU. OHM yHajsloOTCAd M3 COIUIAa M IOCTENEHHO
neopMUpyroTCsi, 0COOCHHO XOpOIIO BUIHBI MPU HUBKUX CKOPOCTSIX TEUCHUSI.
Hcxons u3 atoro, npoBelieH Oosiee MOAPOOHBIN KaueCTBEHHBIN aHAIU3 JIaHHBIX,
OCHOBaHHBI Ha MPOCTPAHCTBEHHOM IIOBEICHUU KPYIMHOMACIITAOHBIX BUXpEH.
Pe3ynbpTaThl 3TOro aHainu3a MOKa3bIBAIOT, YTO MPHU 3HAUYCHUSX PA3MEPOB B3aUMHO
napajuiebHbIX CTOPOH COIUIA, MAJIO OTJIMYAIOLIUXCS OT CTOPOH KBaJpaTa, IIUpUHA
TPEXMEPHOTO MOTOKA B HANPABJIEHUH OCH Z COIUIA YMEHBILNAETCS, a IOIEPEYHOE
CEUYEHHE IIOTOKA YBEJIMYMBAETCS TaK pE3KO, YTO OH OBICTPO HAKIOHSETCS K

OKPYXHOCTH. JTO CBSI3aHO C TEHJCHIIMEH KPYIMHOMACHITAOHBIX BHUXpPEH,



00pa3yIoIIKUXCsl B CMECUTEIBHOM CIIO€, MPUOOpEeTaTh KPYIIIYI0 TOPOUAATBHYIO

dbopMy C paccTosiHUEM OT COILIA.

be3paszmepnvie npoghunu ckopocmu mpexmepHo2o nomoka

a-A=35-1=11U, =20ulc.

vee 8 =
Un #v 4 o 8 . n
U -&;ﬁ e
3% "
- L —_
0.éa i?? ,'_+! .++ +++
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29 — pUCYHOK

bespaszmepnvie npoghunu ckopocmu mpexmeprnoz2o nomoxa



a—-A1=16,0-41=25U,=20m/c.
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Pucynok 30

Domoepaguu mpexmepHoco NOMoKa 08UNHCEHUsL meniepa

A=2,66;U, =6Mm/C; A-6uo c xopomkozo xkpas nacadxu, 5-6uo ¢ onunnozo xpasi

HACAOKU.
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Pucynok 31

Ha pucynke 32 nokasano pacnpeneneaue U, /U, 1o ocu MOTOKOB i TPEX

3HAYEHMIA YaCTOT CUTHAJIA, HAa KOTophle Bo3aekcTByroT f,, f, u f, .

3ameTHO, YTO OTCyTcTBHE »J(dderrta mpuUBOAUT K Oojee 3aMETHOMY

BO3JCHUCTBUIO HA TPEXMEpPHBIE NMOTOKU. [Ipu M3ydyeHHH CTpyH, BBITEKAIOLIUX U3



coljla C DJUIMITUYECKOM (OpMOI BBIXOTHOM YACTH, TaKkKe HAOIIOAAIOTCS
aHaJOTU4HbIC d(DPEKTHI.

OtcyrctBue 5¢¢dekra oka3plBacT OOJIBLIIOE BIMSHUE HA TPEXMEpHbIE
MOTOKH, OCOOCHHO MTPU U3YYEHHH CTPYil, BBITEKAIOIIUX U3 COIIA C AJUTUIITUYECKON

dbopmoit BeIXoHON YacTH. Hu3kas 4actora, COOTBETCTBYIOIIAs OCEBOM CKOPOCTH
Sh, (1=2,66), crabunusupyercs Ha 000J€ COIUIA M BBI3BIBAET MOSBICHHE

KPYTHBIX BUXPEH, YTO yCUIUBAET TYypOYJIEHTHbII 0OMeH B oOnactu aedopManuu
IIOTOKa U NMPUBOAMUT K CHWIKEHHIO OCEBOM CKOPOCTH. Pe3ynbpTaThl HcClIeqOBaHUS
0TOOpakeHbl Ha pucyHkax 31 u 33.

Mpbl  3aMeTWIM HMHTEPECHYI0 JMHAMUKY BHUXPEH TMpu HAOIIOJACHUH
TPEXMEPHOI'0 MOTOKA, BBITEKAIOLIEro U3 comia (cM. puc.33). Ha nmepBeIx sTanmax
BUXPEBOE OTKJIOHEHUE NMPOUCXOAUT BIOJb Kpas COIUIA, OKPYXKAIOLIETO MOTOK B
OIHOM IUIOCKOCTH, a 3aTe€M paclIpoCTpaHsAeTcs BHU3 110 IOTOKY. Dokyc
TPACKTOPUH BUXPEU CO CTOPOHBI KOPOTKOM YAaCTH COILIA HAIPABJIEH K LEHTPY
IIOTOKA, & CO CTOPOHBI JUIMHHOW YacTH - K LEHTPY Buxpeu. Puc.33 mokaspiBaer
n3o00paxenust Teruiepa CTpyHMHOro M300pakeHHUs ¢ KOPOTKUX U JUIMHHBIX KpaeB
COIUIa Ha PAa3HbIX CTAAUsAX pPa3BUTUS BUXPEBBIX BO3MylleHuW. Ecinm wacrora
YIApHOTO CHUTHaJa COOTBETCTBYET 30HaM Haubosjee 3(PGEeKTUBHON YaCTOTHI
YAApHOr'0 CUTI'Haja, TO €CTh BO3MOXKHOCTh YBUJIETh €T0 ITOJIyYLIE.

OtuernuBo 3ameTHO Ha pucyHkax A u C, 4TO BHXPEBOE BO3MYILICHHUE
OTCTaeT OT JJIMHHOTO Kpas coIula. DTOT MpoLecC NPUBOAUT K OOPa30BaHMIO
TPEXMEPHOTO BO3MYILIECHUS, T/I€ KOPOTKUE U JUIMHHBIE CTOPOHBI PACIIOIOKEHBI HA
Pa3HBIX PACCTOSHUSX BIOJb IIOTOKA OT pa3pesa COIlIA.

Mpl  pacmmpsieM BuU3yaldbHOE HaONIOJEHHE, NPEICTaBICHHOE BBIIIE,
no0aBiisisi K HeMy Hekotopble Kputepun. Ha Pucynke 34 mokaszaHbl pe3ynbTaThl
U3MEpEeHHs] TpaeKTopuil (HOKyCOB BHUXpeEH, MOIydeHHbIE MyTEM BH3YyaIU3aluu
U300pKEHHUsI TMOTOKa B  TPEXMEPHOM IMPOCTPAHCTBE TMPU  HAJOKEHUU

ynpasisitoniero 3¢g¢ekra, yactora KOTOpOro OJiM3Ka K €CTECTBEHHOM YacToTe

oGpasoBanus BUXpei. 3neck o3nauaer 1, - paccrosnue oT Gokyca BUXps 10 OCH



OTOKA B HAINpPABICHHH y (CO CTOPOHBI LIMPOKOH 4acTH comma), a 1, - 1o

HaIpaBJIeHUIO K OcH Z ( CO CTOPOHBI KOPOTKOM 4yacTu coruia). M3 pucyHka BUAHO,
YTO TPAaeKTOpUs (POKYCOB BUXPEU CO CTOPOHBI KOPOTKOM YaCTH COILIA HANPaBIEHA
K LIEHTPY MOTOKA, @ CO CTOPOHBI IJIMHHOM YacTH - OT LEHTpA.

Ha pucynke 35 neMoHCTpUpyeTCSi HU3MEpEHUE 3aJIEPKKU BUXPEBOTO
BO3MYUIEHUS, BBI3BAHHOTO Pa3pyILIEHUEM KOPOTKOW YacTH COIUIA, C MOMOILBIO
CTPOOOCKONMYECKOW BHU3yaIM3alldd TEHEBOTO H300paKEeHHs. DTO JIOCTUTAETCS
NyTeM ONpENEJCHUsI PACCTOSTHUS MEXIy (OKycaMu BHUXpEH Ha pa3IUYHBIX
CTaJMSIX UX PA3BUTHUA.

3HaueHUe pPsIIOM C OTBEPCTHEM coOIUIa OJIM3KO K HYJII0, 3aT€M OHO

YBEIMYMBACTCS 110 HAIpaBleHWIO TedeHust u gocturaet X/b=3 0,9-b, a 3atem

CHOBA YMCHBIIACTCA A0 HYJIA.



Pacnpeodenenue ckopocmeti no ocu mpexmepHulx nomokos npu yoape

U, =6,03u/c;Sh=0,48; 1 = 2,66.
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HMny]leHble u306pa:)fceHu}z nomoka 6 mpexmepHom nomokKke aKycmu4ecKux

aghghexmoe mennepa
A=3U, =43u/c;Sh, =0,42(f, =60Iy).

A,B - 6u0 co cmoponwvl kopomkoeo kpas Hacaoxku, C, D - 8u0 co cmoponbl OTUHHO2O0

Kpasi HacaoKu.

Pucynox 33



Tpaekmopuﬂ BUXPDEBBIX 0UAc08 86 MPEXMEPHOM NONOKE C PA3HbBIM COONHOWEHUEM

conna Oisl pexcuma NomoxKa ¢ OOUHAKOBOU CKOPOCMbIO NOMOKA U Oelcmeuem.
(Sh, =0,42).
1-acummetpuuHbIid MOTOK (d=30 MMm):

U,=2,78ul/c; f =397y,2 g 3—A=2:U, =3,48m/c; f =48l'y,4

5-14=3:U,=4,27u/c; f =6OFL;,6H7—1=6:UO =6,03u/c; f =85FI4.3,5H

7-1,/a,24 6-1,/a

Pucynok 34



P€3yﬂbmambl u3MepeHuzZ nO OCU X ONMHOCUMENIbHO20 CMEWEHUS BUXPEBBLX 0UA08,

paseuearoumuxcsa no ONUHHBIM U KOpOmMKUM Kpasim conja

A= 3’UO = 4,27M/C, f= 6OFL{, Sha = 0,42AX =X, — Xy’ 20e XZ = Koopau]-[ama

Dpazsusanue20cs 8UXpesozo Qokyca, nepneHOUKyIAPHas KOPOMKOU CMOpOHe CONna,

X, -KOOpOUHAmMa pa3eusaroue2ocs 8UxXpeeo2o Goxyca, nepneHOUKVIApHas OTUHHOU

CmMOpOHe conja.

ly/a;lz/a
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1)

2)

3)

3akJIroYeHue

[Tpu u3ydeHHH TpeXMEPHBIX TYpOYJIEHTHBIX MOTOKOB, MHOECTBO PE3yJIbTaTOB
ObUIO MosydeHO. BusyanbHOe HMccienoBaHue ¢ MOMOILBIO TEHEBOTO YCTPONCTBA
II0Ka3aJ10, 4YTO OCHOBHAs MPUYMHA 3TUX PE3YJbTAaTOB - 00pa30BaHUE U Pa3BUTHE
KpYMHOTa0apUTHBIX BHUXpell. J[MHaMuKa 3TUX BUXpEH 3aBUCHUT OT IMapameTpa

COOTHOIICHM:A COILIA.

B HCCICAOBAHHNN PACCMATPUBACTCA PACIIPCACICHUC HOTOKOBU_m BJOJb OCH B
0

TpEX TOYKAaX YACTOTHOIO CIEKTpA, KOTOPHIE IIOABEPKEHBI BO3IEHCTBUIO
daxropos f,, f, u f, . Ormeuaercs, uto Bo3AElicTBHE HA TpEXMEPHBIE MOTOKH

3HAYUTEIHLHO BO3pPACTAET MPU OTCYTCTBUU AP deKTa.

[Ipy  aKyCTUYECKOM BO3/eHCTBUM A = 3BO3HHMKAIOT BUXPEBBIE JBUKCHHS,
KOTOpPBIE HAYMHAIOTCS BJAOJb Kpas COIUIa U PACIPOCTPAHSAIOTCA MO MOTOKY.
OTKJIOHEHHE CO CTOPOHBI JUIMHHOW YacTH COIUIA OTCTaeT OT pa3pyLICHUS
KOPOTKOH 4acTu, U TpaeKTopus (oKyca BUXpEil HampaBlieHa K HEHTPY MOTOKA CO
CTOPOHBI KOPOTKOM YacCTH U K LIEHTPY BUXPEU CO CTOPOHBI JUIMHHOM YacTU. JTOT
IpoLEeCcC MpOJOoJDKaeTcs J0 O00pa3oBaHUs TPEXMEPHOTO BO3MYILEHUS, I/
KOPOTKHE W JUJIMHHBIE CTOPOHBI PACIIOJIOKEHBI Ha Pa3HBIX PACCTOSIHUSAX BHOJb

IIOTOKaA OT pa3pe3a CoIuia.
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®UHAHCOBBIA MEHEKEHT, PECYPCOY®®EKTUBHOCTH 1
PECYPCOCBEPEKEHUE

Lleapto  gaHHOrO  pasfena SBISICTCS  OIEHKA  KOMMEPYECKOTO |
WHHOBAITMOHHOTO MOTEHITHAIIA HAyYHO-UCCIIEI0BATCIHLCKON paboThI,
HaIIPaBJICHHOW Ha TOJyYCHHE PEe3yJbTaTOB JKCIICPUMEHTAIBLHOTO HCCICAOBAHUS
JTUHAMUAYECKUX XaPAKTEPUCTUK TPEXMEPHBIX TYypOYJIEHTHBIX MOTOKOB M BIUSHUC
HU3KOYACTOTHOTO aKyCTHYECKOTO BO3JICUCTBHS HA MOTOK, €T0 MPOCTPAHCTBEHHOE
pPa3BUTHE U Pe3yJbTaThl UCCACIOBAHMS BHXPEBOH CTPYKTYpHI MOTOKAa. B cBs3M ¢
9TUM, OBUTM  ONpeAeNeHbl pecypcHas, (QuHAHCOBasS W  DKOHOMHYECKAs
3 PEKTUBHOCTD.

Dtarbl peleHus 3a1a4u:

— IIPOBECTH aHAJN3 KOHKYPEHTHBIX TEXHUYCCKUX PEIICHUH;

—npoectu SWOT — ananus;

— IPEIOCTAaBUTh OPTaHU3AIMIO ¥ TUTAHUPOBAHUE PaldoT;

— noctpouTh rpaduk ["anTa;

— MPOBECTU PACUYET MaTEePUATBHBIX 3aTpar, 3apabOTHBIX TJIAT, OTYUCICHUS
BO BHEOIO/DKETHBIC (OHMABI, 3aTpaThl Ha AJICKTPOIHEPTHI0 M aMOPTH3AMMOHHBIX
Pacxo/IoB;

— MIPOBECTU aHAJIU3 CPABHUTEIIBHOU 3(PHEKTUBHOCTH pabOTHI.
4.1 IlpeanpoeKTHbINA aHAIH3

4.1.1 IloreHuMaNbHBIE NOTPEOUTEIN PE3YJIbTATOB HCCJIEI0BAHUSA

[ToTeHMaNbHBIME TOTPEOUTEISAMU PE3YJIBTATOB HMCCIICIOBAHUN SIBIISIOTCS
HCCIIeIoBaTeNbCKHE TabopaTopuu B chepe aBHAPOMBIILICHHOCTH. JTO 03HAYAET,
YTO MOTPEOUTENN — KPYIMHBIE KOMMEpPUYECKHE M HEKOMMEpPUYECKHE OpraHu3alluu

OTPaCIEBOU NPUHAJIEKHOCTH.



Jlnis ornpeneneHus TPyNIbl MOTpeOUTeNel, KOTOPBIX MOXKET 3aUHTEPECcOBaTh
pe3ysbTaThl  JaHHBIX  HAy4YHBIX  MCCIEIOBAHUN, HEOOXOAMMO  IPOBECTH
CErMEHTUPOBAHUE PHIHKA.

Kapra cermenTupoBaHuss pblHKa MO0 MOAUDHUKAIMM TMOBEPXHOCTEU

npejcTaBiieHa B Tabnurie 4.1.

Tabmuma 4.1 — Kapra cerMeHTHpOBaHUS pBhIHKa IO OOJAcTH MPHUMEHEHHE
pa3paboTKu

OO6uacTb peIHKa COBITA Hous peiHka, %
ABuactpoeHue 50
MammHocTpoeHue 30
3eneHast SHEPreTHUKa 20

Hcxons U3 KapThl CETMEHTUPOBAHUS PbIHKA YCIYT MO MOJYYEHHIO YHCTOrO
BOJIOPOA,YUUTHIBAsI HU3KYI0 KOHKYPEHIIUIO, MOXKHO 3aHSATh CETMEHT (PUIIbTpaLluu
BOJOpOAa B C(HEpPEeBOJOPOJHON SHEPreTUKH, MAIIMHOCTPOECHUUU SACPHOMU
sHepretuku. IlpuMeHeHHe pe3ynbTaTOB JIaHHOTO HAy4YHOIO HCCIEAOBAHUS
MIO3BOJIUT 3aHATH JUAUPYIOLIEE TIOJIOKEHUE B 3TOM CErMEHTE PhIHKA.

4.1.2 AHaJIU3 KOHKYPEHTHBIX TEXHUYECKUX pellIeHuit

B ornuume oT Opyrux METONOB IE€YaTh METOAOM 3KCTPY3UM MO3BOJISIET
NoJIy4aTh JAeTanu abCOJIOTHO pa3HON (POpPMBI, a TaKKe HE TpeOyeT BBICOKH 3aTpaT
M0 BPEMEHHU MOATOTOBKU (uacTtoka. [[ns msroroBieHust uacToka HEOOXOIUMO
[IM-cBs3yromiee ¥ 1EJIEBOM MaTepuasl, TPH HAXOXKICHUH HEOOXOIUMOTO
COOTHOIIICHUSI M@Ky HUMH, Mbl MOXXEM HadaTh IedyaTh AceTanu, opMa KOTOpOH
MPEIBapUTEIbHO U3rOTABIMBAETCS B PEIAKTOPE.

MeToa SKCTpy3un MO3BOJISIET MEHATh (PU3UUECKHUE XaPAKTEPUCTUKU JIETaIH
HETMOCPEJCTBEHHO B MOMEHT I€UaTu JAeTaId OJiarofapsi NIMPOKUM HACTpOMKaM U
napamMeTpam nedaTd. Mbl MOXKEM PeryupoBaTh TNIOTHOCTH, TOPUCTOCTh U GOPMY

KOHEYHOM JeTalIu.




AHanmM3  KOHKYPEHTHBIX  TEXHHYECKHX  PCIMIEHWH ¢ TO3HIHH
pecypcoddPEeKTUBHOCTH U PeCcypcocOEpekeHHs TO3BOJISIET IMPOBECTU OICHKY
CpaBHUTEJIbHOU 3(G(PEKTUBHOCTH HayyHOW pa3pabotku. Jlns »storo Oblia

COCTaBJICHAa OlICHOYHAs KapTa, Tabnuua 4.2.

bo — meuath MCM6paH N3 OKCHIAa AJOMHHHA MCTOAOM OJOKCTPY3HHU. brxi—

JIUTHE 110 AAaBJICHUCM.



Tabnmuna 4.2 — OuneHoyHast KapTa JJid CPAaBHEHHUS KOHKYPEHTHBIX TEXHUYECKHX

peleHuit (UcciieI0BaHui)

Kputepuu oneHkH Bec bamier | KOHKYpeHTOCTIOCOOHOCTh
kputepus | be | bk Kxo Kxi
TexHudecKkue KpUTEPUH OIEHKH pecypcodhHEKTUBHOCTH

1. [ToBbImICHME 0.1 4 4 0.4 0.4

POU3BOAUTENLHOCTU TPYAA

MIOJIb30BATEIIS

2. Y100cTBO B KCILTyaTalluu 0.04 4 3 0.2 0.15

(cooTBeTCTBYET TPEOOBAHUAM

noTpeOuTeneil)

3. IToMex0yCTOMYMBOCTD 0.05 4 2 0.2 0.1

4. DHEPro’KOHOMUYHOCTh 0.06 4 4 0.2 0.2

5. HagexHocThb 0.1 4 3 0.4 0.3

6. YpoBeHb 11yMa 0.05 3 3 0.15 0.15

7. be3omacHoCTh 0.01 5 5 0.05 0.05

8. I[ToTpebHOCTH B pecypcax 0.1 4 4 0.4 0.4

aMsTH

9. ®dyHKIMOHATBHAS 0.2 5 3 0.5 0.3

MOIIIHOCTb

(mpemocTaBsieMbie

BO3MOKHOCTH)

10. IIpocToTa 3KCIUTyaTalluu 0.04 4 4 0.2 0.2

11. KauecTBO 0.04 4 4 0.2 0.2

UHTEIJICKTYalIbHOTO

uHTepdeiica

12. BO3MOXXHOCTh 0.02 5 5 0.05 0.05

MOJIKJIF0OUEHUS B ceThb DBM

DKOHOMUYECKHUE KPUTEPUH OTICHKU 3 (DEKTUBHOCTHU




1. KonkypeHTOoCTI0COOHOCTD 0.05 4 3 0.2 0.15
MIPOTyKTa

2. YpoBeHb NPOHUKHOBEHUS 0.02 5 5 0.1 0.1
Ha PBIHOK

3. Llena 0.02 4 4 0.12 0.12
4. IlpeanonaraeMplii CpOK 0.03 4 4 0.12 0.12
IKCIUTyaTaIlH

5. [Mocnenponaxxuoe 0.01 4 4 0.04 0.04
o0OcITy>KUBaHHE

6. ®UuHaHCUPOBAHKE HAYUHOMN 0.07 4 5 0.32 0.4
pa3paboTKu

7. CpOK BBIXOJ1a Ha PBIHOK 0.06 4 4 0.2 0.2
8. Hannuue ceptudukanmum 0.02 4 4 0.04 0.04
pa3paboTKu

Htoro 1 83 | 77 4.09 3.67

Ucxons u3 tabmuupl 4.2, KOHKYPEHTOCIIOCOOHOCTh Pa3pabOTKU HAaydHOTO
WCCJIEIOBAHMSI METO/a IKCTPY3Un MeMOpaH u3 okcuza amomunus (be) cocraBmiia
4.09, mpotuB 3.67 merona nuths noa nabieHueM (bgi). IlomydyeHHble maHHBIC
CBUJIETEIBCTBYIOT O MPEBOCXOACTBE HAy4HO-TEeXHHYECcKor pazpabotku (be)mo
KpUTEPHUSIM: yIOOCTBO B OKCIUTyaTallMH, MOMEXOYCTOMYMBOCTh, HaAEKHOCTD,
byHKIHOHATBHAS MOIIHOCTh U KOHKYPEHTOCIIOCOOHOCTh MpoAyKTa. [IpuMeHeHme
MeToaa 3KcTpy3un MeMOpaH (be) mo3BomsieT 100UThCS OoJiee ITUPOKHUX CBOMCTB
KOHEYHOTO TPOAYKTa, B OTIMYHH OT KOHKYPHUPYIOIIETO METOJa JIUThS TIOJ
nasnenueM (bg;). Jaumweiii meton (bep) wMmeer Oonee MMPOKYH 00J1acTh

IMPUMCHCHH: B IIPOMBIIIJIICHHOCTH.

4.1.3 SWOT — ananu3s

SWOT - Strengths (cunbHable cToponbl), Weaknesses (ciaObie CTOPOHBI),

Opportunities (Bo3moxkHOCTH) U Threats (yrpo3el) — mpeacTaBisieT coOoM




KOMILJIEKCHBI aHallM3 Hay4yHO-HccienoBaTeiabckoro mnpoekra. Llemp SWOT-

aHaJIn3a PACKpPLITHL CHUIIBHBIC U cialble CTOPOHBI, BBIABUTL PHUCKH, OIIPCACIINTD

BO3MOKHOCTH IJIA YIIYUIICHHA.

Pesyneratel SWOT ananuza npeacrasieHsl B Tadnuie 4.3

Taomuua 4.3 — SWOT ananus

CuibHble CTOPOHBLI:

Cnalble CTOPOHBI:

Cl. IIupoxkuii cnoektp

Cnl. Bpicokasgs CTOMMOCTH

UCITIOJIb3yEMBIX 000pyI0BaHUsI YCTAaHOBKU;

MaTepHuaos;

C2. 3HauurensHoe | Ci2. OtcyrcTBHE

MOBBIIICHHE COBPEMEHHBIX

CTPYKTYPHO- OTEYECTBEHHBIX

MEXaHUYECKUX CBOMCTB | IPUHTEPOB;

MaTepHualos;

C3. dnurenbHbiii cpok | Cn3. Heo6xonumocTtsb

IKCILTyaTalUH KBaJIM()ULIMPOBAHHBIX

M3TOTOBJIEHHBIX CIELUATICTOB LTSI

JeTanen; o0cmy)KUBaHUs
000pyIOBaHUS;

C4. Bricokagd TOYHOCTH

reyaru;

Cnd. TlponmomkurtenbHas
HAaCTpOWKa  MapaMeTpoB

pu CMeHEe PUACTOKA;

Cs. OtHOcCUTEbHAS

JCHICBHU3HA mnmponecca

Cns. Ilocrenennoe

ycTapeBaHUe




W3TOTOBJICHUS IPOrpaMMHOTO
duncroka. obecrnieueHus u

HEO0XOIUMOCThH
CBOEBPEMEHHOTO
OOHOBJICHUSI.

[Tponomxenne Tadnuisi 4.3

Bo3moxkHocTH:

Bl. I'ocynapcreennas | [IpuBineuenue IIpumeHenne MarepuanoB

MOJJEPAKKA MPOEKTOB IO | TOCYAAPCTBEHHBIX U | OTEYECTBEHHBIX

MOJICpHU3AIIMN OOBEKTOB | YACTHBIX  CPEACTB  HA | IPOU3BOJUTEICH.

MPOMBIILICHHOCTH; MOJIEPHU3ALUIO I'ocynmapcTBeHHOE

B2. Hcmonp3oBanue | o0opynoBanus. bonbmas | cyOcuaupoBaHue.

pacXoJHBIX MAaTEpUAJIOB | BADHATUBHOCTD OOyueHue CrnenuaaucToB

OTEYECTBEHHOTO [apaMeTpOB IeYaTu. | IS o0cCITy>KUBaHUS

MIPOU3BOIUTEIS; [ToBpiieHHE npuHTepa. YHudukanus u

B3. CHmXeHne | KOHKYPEHTOCTIOCOOHOCTH | CTaHAapTU3AIUs MPOEKTOB

CTOMMOCTH HCCIIEOBaHuil | HA  pbIHKE.  Bpicokas | mis YIPOILECHUS

3a CYET MCHOJIb30BAHUS | ACTaTU3AIUs nevyaT | OOHOBJICHHS

METOJa PKCTPY3HH; JeTaJIeH. 000py0BaHUS.

B4. [TomyunTh

rOCyJIapCTBEHHBIN  3aKa3

Ha M3rOTOBJICHUS

o0pasIoB

Yrpo3si:

V1. Poctr croumoctu | Ucnonb3oBanue MonaepHau3zanus Cc

UMITOPTHBIX OTEYECTBEHHOI'O HCIIOJIb30BaHUEM

KOMILUICKTYIOIIHUX; o0opynoBaHUs JUISl | OTEYECTBEHHOTO

V2. TlosBiaeHHEe HOBBIX | OKCILTyaTaluu 0o00Opy/IOBaHUsI  COKpaTUT




KOHKYPEHTHBIX

TEXHUYECKUX PELICHUM;

V3. Huzkuii cnopoc Ha

pBIHKE, O0O0YCJIOBIECHHBIN
AKOHOMHYECKOH

CUTYallUEH;

V4. Kommepueckas

HCyaada BCJICACTBHC

MaJjioro crpoca

ycTtaHOBKHU. [losiBnenue
KOHKYPEHTHBIX
TEXHUYECKUX  PEIICHUMN
JUTSt CHIDKCHUS
CTOMMOCTH u
MTOBBIIIICHUIO
Ka4eCTBEHHBIX
MOoKa3aTejeH.

Brenpenue wyumcneHHOrO

MO/JICTTUPOBAHUS TUTS
[IOMCKa  ONTHUMAaJIbHBIX
rapaMeTpoB IICYaTH.
HUcnonp3oBanue

0COOEHHOCTEH  METOaa
AKCTPY3UH TUTST
MOJIy4YeHUsd JeTaieil ¢
BBICOKUM KaueCTBOM
JIeTaIu3aIiu.

KOHEYHYIO CTOUMOCTh
YCIIYTH. [ToBeiieHHE
KBaJu(DUKALINH
CHEIUAIUCTOB.
Hcnonp3oBanue
pe3yJIbTaTOB Hay4YyHOT'O
HCCIICIOBAHUS JUIS
MTOBBIIIICHHUS

KOHKYPEHTOCIIOCOOHOCTH
Ha pbIHKE. 3aKIl04YeHUE
JIOTOBOPOB HAa OKa3aHHe
yCIIyT B chepe
BOJIOPOJIHOM 3HEPTETHUKH,
MAalIMHOCTPOEHUSI  W/WIIA

AJIEPHON SHEPIETUKH

Tabnuna 4.4 — HuTepakTUBHAS MaTpUIla TPOCKTA

CunbHble cTOpoHbI TIpoekTa | Ci1adble CTOPOHBI TPOEKTA

Cl | C2|C3|C4|C5|Cnl|Cn2|Cn3|Cnd|Cn5
Bo3moxunoctu | Bl | + + + + + + - - - -
IIPOEKTa B2 |+ 0 0 + + + + - - -
B3 |+ + + + + - - - + -
B4 | + + + + + + - + 0 -
Yrpo3sl Y1+ + + + - - - + + +
IIPOEKTa V2 |+ + + + + - 0 - - -
V3 |+ + + 0 + - 0 - - -




V4 | + + + + + + 0 - - +

Pesynpratel SWOT-ananu3a y4uTBHIBAIOTCS MPU Pa3padOTKE CTPYKTYPHI
paboT, BBIMOJHSAEMBIX B paMKaxX HayYHO-UCCIEA0BATEIbCKOrO MPOEKTA.

[IpuBen€HHBIN aHaIM3 MOKa3aJl, YTO TEXHOJIOTUS, HAXOASCh Ha JTame
pa3paboTKu, HMMEET XOpOoIlMe IIAHCHI Ha KOMMEPIMAIM3AIUI0, C Y4ETOM
IPOSIBIISIEMOr0 MHTEpEca NapTHEPOB M YJAauyHbIX HccienoBaHuid. [Ipu atom ecin
nepexoj; pa3pabOTKH B CTaJUI0 KOMMEpIMAIN3allud 3aTSIHETCS, TO BO3MO>KHA
NOTeps CIpoca Ha TOTOBYIO TEXHOJIOTHIO.

4.2 Il.1aHMpOBaHKE HAYYHO-UCCJIEA0BATEIbCKHX padoT
4.2.1CtpykTypa padoT B paMKax HAYYHOI'0 UCCJIeI0BAHUSA

B maHHOM pasnene oTpakeHO pacnpeeiicHHe BpEMEHH U TPYIOBOTO BKJIaa
YYaCTHUKOB  HCCJIeNOBaTeIbckold  pabotel. IlepedeHp dtamoB U pador,

PacIpCaAcCiICHUC HCIIOJIHUTENCH I10 JaHHBIM BUJaM pa60T IIPUBCACH B Ta6JII/III€ 45.

Tabnuna 4.5 — [lepedyeHp 3TanoB padoT U pacnpeieIeHUe UCTIOJTHUTEIICH

OcHoBHble 3Tanbl | Ne Coneprxanue paboT JIOKHOCTD
pab WCTIOJTHUTES
Pa3paboTtka 1 | CocrapneHue u yTBep>KIeHUE PykoBoguTens
TEXHUYECKOTO TEXHUYECKOTr0 3a/IaHHs
3aJIaHUs
5 [Ton6op u nzyueHue PykoBonautensb,
MaTepUalioB M0 TEME HUHXKEHEP
IIpoBenenre NaTeHTHBIX PykoBoaureins,
Br16op 3
HCCIIeIOBAaHUM HUHXXEHED
HaIpaBJICHUS
Br16op HampaBieHus PykoBoaurens,
HUCClIe0BaHUMN 4
HCCIIeIOBAaHUM HUHXXEHED
5 KanenmapHoe rmianupoBaHue PykoBoautensp,
paboTt 1o Teme HUHXKEHEP




6 [IpoBenenme TEOPETHUCCKIX PykoBoauTensp,
Teopernueckue u
pacyeToB HUHXEHEP
AKCIIEPUMEHTAILHBIC
7 Cocrapnenue nopsjka PykoBoautens,
UCCJIeI0BAHMUS
AKCIIEPUMEHTA, BEIOOD WHXKECHED,
PEXKUMOB TIEHaATH COTPYAHUK-TEXHUK
8 | MWsroroBieHue uccieyeMbIxX Nuxenep
00pa3ioB
9 | IIpoBeneHue 3KCIIEPUMEHTOB PykoBoauTensp,
UHKEHED,
COTPYTHUK-TEXHHUK

[Tponomxkenue Tadnuupl 4.5

Teopernueckue u | 10 | ComnocraBieHue pe3yiabTaToB PyxoBonutens,
IKCIIEPUMEHTATbHBIC HKCIIEPUMEHTOB C WHXCHEp
WCCIICTOBAHMSI TEOPETUICCKIUMHU
UCCIIEIOBaHUSIMU
O6006u1IeHne 1 11 Onenka 3¢ppexTuBHOCTH PykoBogutens,
OIICHKA PE3yJIbTaTOB MOJTyYEHHBIX PE3yIbTaTOB WHXCHEp
12 Omnpenenenue PykoBoautens,
EJIeCO00Pa3HOCTH TPOBEACHHUS WHXCHEp
OKP

JlanHas Taduna oToOpaxaet BKJIaJ Ka)KJ10T0 y4acTHUKA
UCCIIeIOBAaTEeNbCKOM paboThl. HawmOombias yacTe pabOThl TPUXOAUTCS Ha
WH)KeHepa (MarucTpaHTa).

4.2.2 OnpenesieHNEeTPYA0€MKOCTH BHINIOJHEHUSI padoT

OnpenensrommM  GaKTOpOM BBIPAKEHHS] OCHOBHOM YacTHU CTOMMOCTH
HAayYHO-TEXHUUYECKOW  pa3pabOTKH  SBIAIOTCS  3apa0OTHBIC  IIATBI  JIWII,

3aﬂeﬁCTBOBaHHBIX B pCainu3allir ITPOCKTA. B cBs3u ¢ OTHM, HanOoJjee BaKHBIM




MOMEHTOM SIBJISIETCSI MAKCUMAJIbHO TOYHOE OMpEAeNIEHUE TPYIOEMKOCTH padboT
Ka)JI0TO U3 YYaCTHHKOB MTPOEKTA.

Jlns ompeneneHus TPYAOEMKOCTH peallM3alliil HAyYHOTO HCCIIEIOBAHUS
BBIMMYCKHOM KBaJU(UKAIIMOHHOW pabOThl HCIOJIB3YETCS AKCIEPTHBIN cmocoO,
OCHOBHBIM TIOKa3aTeJeM KOTOpOTO SBJSIETCS ueloBeKo-IeHb. [l pacuéra
IPEeUIaraéMoro 3Ha4eHus TPyA0EMKOCTH UCIIONB3YIOT CIAEAYIOUIYI0 (OpMYITy

3t min + 2t max

fowe == (4.1)

rae tox — OXKuJaeMmas TpyAOEMKOCTb BBIIIOJIHEHUS PaOOThI, YEN.JH.; tmin —
MUHHUMAJIGHO BO3MOXHasi TPYJOEMKOCTh BBITIOJIHEHUSI PaOOThI, YENL.JH.; tmax —
MaKCHMAJIbHO BO3MOXHas TPYAOEMKOCTD BBIIOJIHEHUS pabOThI, Yesl.-IH.

Ouenka TpyJOEMKOCTH BBITIOJHEHUS HAYYHOTO HWCCIEIOBAaHUS ISt

HayY49YHOI'O pYKOBOIUTCIIA:

= M =62.2 uen.— omu.

tO)K

TPYI[OéMKOCTB BBIIIOJIHCHHS HAYYHOI'O HMCCICAOBAHHA OJII COTPYAHHKA —
TCXHHUKA.

_3:6+2-18 108 ver—on

tO}K

pr,Z[OéMKOCTI) BBIIIOJIHCHUA HAYYHOI'O UCCICOIOBAHUA OJIA HHXKCHCPA!

— M =79.2 yen.—on.

Jlanee ompenennM Mpo0JDKUTEIIFHOCTh KaXKI0ro dTarna paboThl B pabounx
THAX Tpp:

tO.?IC‘
Ty = . K,
BH

(4.2)

rae Tpy— TPOMOIDKUTENBHOCTh OJHOTO dTama paboTel, pad.naH.; Kpp—
K02 (PUIMEHT BBIONHEHHUS pa0dOT, YUYUTHIBAIONMINNA BIUSHUE BHEUTHUX (DAKTOPOB
Ha coOmrojeHue omnpeneneHHsix amurenabHocte, Kpp=1; Kg— koaddunmenr,

y‘-II/ITBIBaIOH_[I/Iﬁ JOIIOJIHUTCIIBHOC BPCMA HaA KOMIICHCAINIO HCIIPCABUACHHBIX

3aJiep’KeK U cornacoBanue pador, Ky = 1.



[IpousBeneM IUTENBHO PabOT B pabOUMX JHSIX.
Pacu€r npoaomkuTenbHOCTH paboThl BHIIIOJIHEHUSI HAYYHOTO UCCIIEI0BAaHUS

I HAY9YHOI'O PYKOBOOUTCIIA:

t. 62.2 uen.—on.

TPﬂ :K—BH'Kﬂ 71:622 pa60Hu

HpOI[OJ'DKI/ITeJ'H)HOCTB pa6OTBI BBIIIOJIHCHUA HAYYHOI'O HCCIICAOBAHUA IJIA

COTPpYAHHUKA-TCXHHUKA:

10.8 uen.—omn.

Tpy -1=10.8 pab6.onu

HpOI[OJDKI/ITeJIBHOCTB pa6OTI>I BBIIIOJIHCHUA HAYYHOI'O HCCICAOBAHUA JIA

WH)KCHepa:

79.2 yen.—omn.
T,, =f-1: 79.2 pab.onu

4.2.3 Pa3zpadorkarpadguka npoBeJeHNsi HAYYHOT 0 HCCIeI0OBAHUS

JlenTouHBIN rpaduK NpOBENEHUS HAyYHbIX pabOT H3o0paxaercs B (opme
nuarpammbl ["anrta. J{ns noctpoeHust AuarpaMmbl HEOOXOIMMO MEpeBecTH paboune
JTHU B KaJICHJAPHBIE THU, IJIS1 YeTO BOCIIOIB3YEMCS CIIEIYIOIINM COOTHOIIIEHUEM:

=T, Ty (4.3

TKZZ
rac TKH — IPOAOJIDKUTCIIbHOCTD BBIMOJHCHUA 3TAlld B KAJICHAAPHBIX THAX] TK

— K03 (DUIMEHT KaJeHIapHOCTH, ONPENCIISIONIUICS BhIpaxkeHueM 4.4,

P TR (4.4)

TKa,? _TBﬂ _Tnzz

ra€ Txan — KOJMYECTBO KaJEHJAPHBIX AHEW B TOay; Ts; — KOJIMYECTBO
BBIXOJHBIX JHEU B roAy; Ty — KOJMYECTBO MPA3AHUYHBIX THEU.
PaccuntaeM kodhGUIMEHT KaJeHIAPHOCTU MJis IIECTUIHEBHOW pabodeit

Henenu 1o dhopmyie 4.4:

To=—3%_ _117
36554



[Toctpoum Tabnuiry 1O pe3yabTaTaM pacdy€ToB, B KOTOPOU YKaKeM
TPYJAOEMKOCTH pabOT, Ha3BaHUE PAOOTHI, @ TAKKE YKKEM JTUTEIBHOCTh paboT B

pabounx U KaJeHAapHBIX JHAX, Tabuuia 4.6.



Tabmuia 4.6 - BpemeHHbIe moKa3aTeIu MPOBEICHUS HAYIHOTO UCCIICAOBAHMS

HazBanue paboTbl

TpynoemkocTs paboT

JlnuT. padot B

Jliat. paboT B

tmin, Y€I.-O1H tmax, 4€JI.-JIH tox, 4en.-IH pab. nuu Tpy KajneH. JHU Txp
NN EREN RN R RE RN RN N
CocraBiieHUE U YTBEPKICHUE 2 - - 4 - - 2.8 - - 2.8 - - 3.3 - -
TEXHUYECKOTO 3a/IaHUs
[Ton6op n n3yuenue matepuanon | 10 - 10 | 21 - 30 | 144 | - 18 (144 | - 18 168 | - |211
10 TEME
[IpoBeneHne mMaTeHTHBIX 5 - 7 8 - 15 | 6.2 - 110.2 ] 6.2 - 110.2] 7.3 - 1120
HCCJIETOBAHUN
Br16op HampaBieHus 3 - 5 4 - 7 | 34 - 58 | 34 - 5.8 | 4.0 - 6.8
HUCCJIEIOBAHUN
KanennapHoe miaHnupoBaHue 2 - 3 3 - 4 |24 - 34 | 24 - 34 | 2.8 - 4.0
paboT 1o Teme
[IpoBeneHrE TEOPETUIECKUX 4 - 7 6 - 10 | 4.8 - 8.2 | 48 - 82 | 5.6 - 9.6
pacyeToB 1 000CHOBAHUI
CocTtaBiieHue mopsijika 1 1 2 3 3 4 (18|18 28|18 18|28 21|18 33
HKCIIEPUMEHTA, BIOOD




TCXHUYCCKUX PCIKNMOB

M3roToBieHre HCCIENYEMbIX - 2 - - 3 - - 24 | - - 24 | - - 2.8
o0OpasIoB

[TpoBeneHmne SKCIIEPUMEHTOB 5 5 15 | 15 | 15 | 9 9 9 9 9 9 105 9 |105
CormnocraBiieHUE pe3yIbTaTOB 3) 7 10 - 12 7 - 9 7 - 9 | 82 - 1105
HKCTIIEPUMEHTOB C

TEOPETHYCCKIMHU

UCCIIETIOBAHHUSIMA

Ornenka 3 peKTUBHOCTH 3 3 10 - 10 | 5.8 - 5.8 | 5.8 - 5.8 | 6.7 - 6.7
TIOJTYYCHHBIX PE3yJIbTATOB

Omnpenenenue 3 3 7 - 7 |46 | - |46 |46 | - |46 |54 | - 5.3
11eJ€CO00Pa3HOCTH MPOBEACHUS

OKP

Htor 43 54 | 91 | 18 | 117 |62.2|10.8|79.2|62.2|10.8|79.2|72.8|10.8|92.7

Ha ocHoBe Tabmuupl 4.6, MOCTpOEH KaJeHAAPHBIN IJIaH-TpaQUK HCHOJHEHUs padoT B paMKax HAyYHO-UCCIEAOBATEIbCKOTO

MPOEKTa, C pa30MBKOM MO MecsaM u aekagam. ['paduk cTpoutcs Ajis MAaKCUMAJIBHOTO MO JTUTEIBHOCTH MCIIOTHEHUST padoT.

OTmedeHbl 00J1aCTH B 3aBUCUMOCTH OT UCIIOJTHUTEIIEH, OTBETCTBEHHBIX 32 KOHKPETHYIO paboTy, Tadimia 4.7.




Tabnuna 4.7 — Kanennapusiit man-rpaduk (rpaduk [anra) nposegennss HUOKP

HpOI[OJ'DKI/ITCJ'IBHOCTB BBIITOJIHCHU S pa60T

Txi,
Ne Hcnonauren STHBap
Bun pa6or Kal. deBpann MapT ampenb Mau HIOHD
paboT u b
TTH.
3 2|1 3 (123|123 |12 1] 2
1 CocraBnenue u PykoBogute | 4
YTBEPKICHUE JIb TEMBI
TEXHUYIECKOTO
3a/laHus
2 [Ton6op n u3yuenne | PykoBomure | 21
MaTepHaIoB I10 TEME JIb .
Nuxenep 30
3 [TpoBenenue PykoBogute | 8
MaTEHTHBIX b .
HCCIIEIOBAHUI Nuxenep 15 l
4 Bo16op nanpasnenust | PykoBogute | 4 U
HCCIIEIOBAHUI b I
Nnxenep 7
5 Kanennapnoe PykoBogute | 3




IJIaHUPOBAHKE PadOT b
o TeMe Nuxenep 4
IIpoBenenue PykoBoaute 6
TEOPETUIECKHUX b
pacueToB Wuxenep 10
000CHOBaHUH
CocraBnenue PykxoBonmute | 3
nopsiaKa b
HKCIIEPUMEHTA, BbIOOp | UmxkeHep 4
TEXHUYECKIX Corpynuuk- | 3
PEXKUMOB TEXHUK
N3rorosieHue Nuxenep 3
UCCIIETyeMBIX

o0pasIoB




[Tponomxenue Tabauist 4.7

HpOI[OJ'DKI/ITCJ'IBHOCTB BBIITOJIHCHU S pa60T

Ne Wcnonnuren T STHBap
Bun pa6or Kal. ¢deBpab MapT amnpenb Mai UIOHD
paboT u b
TH.
3 2 3 |12} 3|1]2]3]|1)|2 1|2
9 [IpoBeneHue PykoBoaute | 15
IKCIIEPUMEHTOB b
Nuxenep 15
Corpynauk- | 15
TEXHUK
10 ComnocraBneHue PykxoBomute | 10
pe3yJIbTaToB b
AKCIIEPUMEHTOB C Wnxenep 12 l
TEOPETUUECKUMHU
HCCIIEIOBAaHUSIMU
11 Ouenka PykoBoaute | 10
s dexTuBHOCTH b
MOJTyYEHHBIX Wnxenep 10

pe3ynbTaToOB




12 Omnpenenenue PykxoBonute | 7

1enecoo0pa3HOCTH b

nposeneHus OKP Nuxenep 7

I'a¢ KpaCHbBIM IBCTOM 0003HaueH PYKOBOJUTCIIb TCMbI, 3CJICHBIM MHXXCHCP (MaFI/ICTpaHT), KCJITBIM COTPYAHUK-TCXHUK.
beim OIIPCACIICHBbI JINTCIIBHOCTH H 0003HAYCHBI CPOKH BBIIIOJHCHHUA BCCX 3allJIAHMPOBAHHBLIX BHJ/I0B pa60T. brin IMOCTPOCH

Fpa(l)I/IK FaHTa, Harjs1aiHoO I/IJIJIIOCTpPIpy}OIHI/Iﬁ 9TaIlbl BBIIIOJIHCHUS IIPOCKTA YHaCTHHUKAMMU.




4.3 brojgkeT HAyYHO-TEXHHUYECKOI0 MCCIIe0BAHUSA
4.3.1. Pacuét MmaTepHaJIbHBIX3aTPATUCCJIEIOBAHMS

Pacuér MarepuanbHBIX 3aTpaT BKJIKOYAET CTOMMOCTh BCEX MAaTEpUAJIOB,

UCIIOJIb3YEMBIX TIPH pa3padOoTKe MpoeKTa, Tadnuia 4.8.

Tabnuna 4.8 — MarepuanbHbie 3aTpaThl

HaumenoBanue Enununa | Kon- | Llena3a | Cymma,
U3MEpPEHus | BO | €., pyo. pyo.
Maubie TypOUHBI T 2 8000 16000
Comuto u3 HepKaBEIOIEeH cTau T 10 700 7000
Cormwo u3 cranu T 10 110 1100
Jlonactu T 1 1650 1650
Xanar T 1 1570 1570
bymara naxknaunas, 3epauctocts — 800 T 4 52 208
bymara naxkxnaunas, 3epauctocts - 1500 T 4 30 120
bymara HaxkiauHasi, 3epHUCTOCTb — T 4 115 460
2000
bymara Haxk/1auHast, 3€pHUCTOCTD — T 4 170 680
4000
Htoro 28788

[To monydyeHHBIM AaHHBIM, HAUOOJIBIIIKE PACXOJIbI MIPUXOJAATCS HA PACXOIHbBIC
MaTepHUalbl.

4.3.2. Pacyer 3aTpaT Ha cnenMaJbHOE 000PyI0BaHME IJI1 HAYYHbIX padoT

Ucnonszyembie npu  BeimosiHeHMH BKP:  HayyHO-mccienoBaTenbCcKast
BaKyyMHasi yCTaHOBKA, IMEPCOHAJBbHBIA KOMIIBIOTEp, mpuHTep Bizon2, orpesHoii
cranok Brilliant 201, mmdoBansHas mammnaa Saphir 320, pacTpoBbIil 371€KTPOHHBIN

mukpockon Hitachi S-3400 N u npodunomerp STIL 3D Micromesure — B
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MaTepUalbHBIX 3aTpaTax HE YYUTHIBAIUCh, TaK KakK MMEJIMCh B OCHAIIEHUU
nabopaTtopuu. B cBs3u, ¢ UeM paccuuTaeM UX aMOPTU3AIMOHHBIE OTYUCIICHHUS.

[TpoBenem pacueT aMOpTHU3AIUN UCTIOJIB30BAaHHOTO 000PYAO0BaHUS HA TIPUMEPE
ocumutorpadaBizon2. IlepBonauanpHast croumocth 160000 pyOseit; cpok
MOJIE3HOTO  WCIOJB30BAHMS I MPUHTEPA, COINIACHO  OOLIEPOCCUKUCKOMY
Kiaccu(ukaTopy OCHOBHBIX (POHIOB, coctaBisier 3-5 met, kox 143312467; Bpems
paboThl Ha BCEM O0OOpYIOBAaHMM HE TPEBBIIATIO OJHOTO MeEcslla 3a BCE BpeMs
ucciaenosanus. Toraa:

- HOpMa aMOpTHU3alliu:

H, =1.100% =%-100% = 20%, (4.5)
n
rac Ha — HOpMa aMoOpTHU3alliki B IIPOLCHTAX, n — CPOK IIOJIC3HOI'O

HCIIOJIB30BaHUA B roJgax.
- TOAOBBIC aMOPTHU3AIMMOHHBIC OTYHUCIICHUA:

A, =160000-0.2 =32000 pybaer

- CXKEMCCAYHBIC aMOPTHU3AlIMOHHBIC OTYHUCIICHHA:

A, = % = 2667 pybret

- UTOroBast CymMmma aMOpTU3allv OCHOBHLBIX CPEACTB!:

A=2667-1=2667 pyoaeii

Taxxe MNpon3BCACM pPaAcCUCT JIsI OCTAaJIbHOI'O O60pyI[OBaHI/I$I U 3aHCCEM

NOJIy4eHHbIE JJaHHBIE B TA0IUIy 4.9.

Tabnuma 4.9 — PacueTsl aMOPTHU3AITMOHHBIX OTYUCIICHHM

HaumenoBanue ITepeonau. | Hopma I'omoBeie | Exxemecsiu. | 3atparthi,
Ilena, py6. | amopt., % | amopT. aMopT. pyo.
OTYHCIL., OTYHUCIL.,
pyo. pyo.
[MpunTep Bizon2 160000 20 32000 2667 2667
BakyymHas 7000000 14.3 1001000 83417 83417
yCTaHOBKa
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OTpe3Hoit CTaHOK 260000 10 26000 2167 2167
Brilliant 201
HInudosanbHas 300000 10 30000 2500 2500
MmamuHa Saphir 320
POM Hitachi S-3400 | 1500000 14.3 214500 17875 17875
N
[Mpodunomerp 1350000 14.3 193050 16088 16088

4.3.3. OcHoBHAas1 3apadOTHAS MJIATA UCIIOJHUTEJIe MCC/IeJ0OBAHMS

JIJ1st BBIYKCIIEHHUS. OCHOBHOM 3apa00THOM IIaThl HEOOXOJUMO y4€CTh HAyYHBIX
U MH)XEHEPHO-TEXHUYECKUX PAO0OTHUKOB, YUYACTBYIOIIMX B BBINOJIHEHUN BBITYCKHOMN
KBATM(PUKAIMOHHOMN paboThI (BKIItOUAs IPEMUU U JOTLIIATHI)

OcHoBHast 3apaboTHas TUIaTa PpaOOTHUKOB BBIYHCIISIETCS IO (hopMyIie:

3317 = 3OCH +3g017 (46)

rae 3ocu — OCHOBHAs 3apal0oTHas 1ata; 3yom — JONOJHUTEIbHAS 3apaboTHas
wiarta (12-20% ot 3och).
OcHoBHast 3apaboTHas TIaTa PYKOBOAUTEIIS:
3OCH = 3gH Ty (47)
rae Tp — MPOJOIKUTENBHOCTh PAaOOT, BBIMOJHSAEMBIX HAYyYHO-TEXHHUUECKUM
pabOTHUKOB, pal. H.; 3y — CpeAHEIHEeBHAs 3apaboTHAas 1aTa paboTHHUKA, PYO.
CpennenneBHas 3apa0OTHasI IJ1aTa paccurThIBaiIach o popmyie:

3, M

3w =

(4.8)

a
rae 3v — MECSYHBINA JOHKHOCTHOM OKJIa] padoTHHKA, pyO; M — KOJIMYECTBO
Mecs1eB paboThl 63 oTInycka B TeueHue roaa; F — aeiicTBuTenbHbIN rogoBoi (GoH.
pabouero BpeMeH! Hay4YHO-TEXHUUECKOTO MepcoHaa, pad. JaH.
B Tabmume 4.10 mpencraBiieH ToaoBOi 0OanaHCc pabodero BpeMeHH I 6-

JTHEBHOM paboyeil Heleu.

Tab6muma 4.10 — bamanc pabouero BpeMeHu (171 6-THEBHOUW HEJIETH )
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[Toxazarenu pabouero BpeMeHU PykoBonurens | Muxenep | TexHuk
Kanenmaprnoe uucio nHe 365 365 365
KommuectBo Hepabounx nHen

- BBIXO/IHBIC JTHU 67 67 67

- Mpa3HUYHBIC THU 14 14 14
[ToTepu pabouero BpeMeHU

- OTITYCK 56 28 28

- HEBBIXO/IBI 10 00JIE3HUA 1 1 1
JleicTBUTENBHBIN TOI0BOM (QOHI pabodero 227 255 255
BpPEMEHU

MecsiuHblif TOHKHOCTHOM OKJIal paOOTHUKA pacCUUThIBAEeTCs 10 hopmylie:

3m=31cKp

9)

rae 3rc — 3apaboTHas Iiara no TapudHO craBke, pyO.; k, — palloHHBIN

kodpdunnent, paBubiii 1,3 (st r. Tomcka). Pacy€r ocHOBHOM 3apaOOTHON TIATHI

npuBenéH B Tabnmie 4.11.

Tabnuua 4.11 — Pacuér ocHOBHOM 3apaOOTHOM TJIaTh

Ucnonuurens | 3rc, pyo. 3m, PYO. 3, PYO. Ty, pab. oH. | 3ocu, PYO.

PykoBogutens | 26500 34450 1419.45 62.2 88289.79

Corpynnuk- | 16500 21450 883.81 10.8 9545.15

TEXHUK

Nnxenep 16500 21450 883.81 79.2 69997.75
Hroro 167 832.69

B Tabmuie 4.11npencraBneHsl AaHHBIC MO 3aTpaTaM Ha 3apabOTHYIO IJIATy

COTPYIHUKOB 3a Bech nepuog BKP.

4.3.4. lonoIHUTEIbHAS 3apa00THAA IJIATA HCIOJIHUTE e TeMbI

Pacuer

bopmyie:

JTONOJIHUTEITLHON

3apa0OTHON  IUIATBIBEACTCS
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3 o = kz;/on 3ocu (49)
rrne, Kpon — KOXQQUIMEHT ITOTOTHUTENBHOW 3apab0THOM IiaTel (Ha CTaauM
IPOEKTUPOBaHUs NpuHUMaeTcs paBabiM 0.12-0.15).

JlononHuTeNbHASA 3apabOTHAs I1aTa PYKOBOAUTEIIS:

3,00 = 0.13-8828979=11477.67 py6.

]_IOHOJ'IHI/ITGJH)HBJI 3apa60THa51 miaTa COTpyaJHUKa-TCXHUKA:

3,00 =0.13-954515=124087 py6.

JlonoyiHUTENIbHAS 3apabOTHAs IJ1aTa MHXKEHEpa (MarucTpaHTa):
30n = 0.13-69997.75 = 9 099.7py6.
CymMapHas JonoIHUTeNNbHAs 3apaboTHas miaTa paBHa 21818.24pyo6ei.

4.3.5. OTyncjieHust BO BHEOI/IKeTHbIE (DOHABI (CTPaXOBble OTYUCICHUS)

B nanHO#l cTathe pacxol0OB OTpaxkaroTcs 0Osi3aTelIbHBIE OTUMUCICHUS TIO
YCTAHOBJICHHBIM 3aKOHOJATENIbCTBOM Poccuiickoii deaepanuu HOpMaM OpraHam
rocynapctBeHHOTo coruanbHoro crpaxoBanus (OCC), nencuonHoro douaa (I1D) u
meuimHekoro crpaxoBanus (POOMC) ot 3aTpaT Ha oriaTy Tpy/ia pabOTHUKOB.

CraBka oOTuYuCI€HUH BO BHEOMOKETHbIE (OHABI I YUYPEKACHUH,
OCYIIECTBIISIIOIIUX HAaydyHYI0O U 00pa3oBaTelbHYIO JeaTelibHOCTh, Ha 2023 ron
coctapisiet 30% (I1D — 22%, DDOOMC — 5.1%, DCC — 2.9%)

BenuuuHa oTunciaeHuil BO BHEOIOKETHBIE (POHJIBI OMpPEACNIAECTCS UCXOMs U3
crieayromieit hopMyJIb:

3BH€6. = k6H66 : (3001-1. + 3ﬁ0[7) (10)
r1e: Kees — K03 PUIIMEHT OTUNCIIEHHI HA YIUTaTy BO BHEOIOKETHBIC (DOH/IBI.
Pacdert oTuncnenuii Bo BHEOOKETHBIE (DOH/IBI:

3uues. = (167 832.69 + 21 818.24) - 0.3 ~ 56 895.28py6.

4.3.6. Pacuyer 3aTpaTr Ha Hay4YHbIe M POM3BOACTBEHHbIE KOMAHAMPOBKHU

[Ipu mnpoBeneHMH HAyYHO-HCCIIEIOBATENIbCKOM pPabOThl B HAYYHBIX H

IMPONU3BOACTBCHHBIX KOMaHIWPOBKAX HC OBLIO HGO6XOI[I/IMOCTI/I.
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4.3.7. HaknaaHble pacxoabl (PacyéT 3aTpaT HA 3JIeKTPOIHEPruio)

[ToTpebnsieMas MOIIHOCTh aHalM3aTopa coctapisier 7 kKBT/dac. JlnuTeabHOCTD
eXEeHEIeTbHON pabO0Thl Ha KOMIUIEKCHON TEXHOJOTHYECKONW YCTAaHOBKE COCTABJISET 2
yaca. CTOUMOCTb iekTposHepruu B Tomcke cocTaBisieT 5.748 pyous 3a 1 kBt/4ac.
CTOMMOCTB 3JIEKTPONIOTPEOIICHHUS 32 5 MECAIIEB PACCUUTHIBACTCA 1O PopMyJIE:

Crros. =Py L5t (411)

rae P,; — MOIHOCTh, moTpediisiemas obopynoBanueM, kBt; [, — Tapud Ha 1
kBT-uac; Z,; — Bpems paboTsl 000pyI0BaHUs, Yac.

3aTpaThl Ha DSJEKTPOIHEPTHIO Il TEXHOJIOTHYCCKUX TIICJICH TMPHUBEICHBI B

tabmnurie 4.12.

Ta6nuna 4.12 — 3atpaThl Ha AIEKTPOIHEPTUIO

HaumenoBanune | Bpems paGoThl [ToTpebnsiemast 3atpatbl Cs; 06,
o6opymoBaHUs o0opy1oBaHUs MOIIHOCTH P,s, KBT pyo.
[lepcoHanbHbIN 646 0.3 1113.96
KOMITBIOTED
KommnekcHas 40 7 1609.44
TEXHOJIOTHYECKas
yCTaHOBKA
Hroro 2723.4

4.3.8. ®opmupoBaHue 0K0IxKeTA 3aTPaAT

Pacuer Oromkera 3aTpaT Ha HaAyYHO-HCCIIEIOBATEIHCKAN MPOSKT MPHUBECH B

tabmurie 4.13.

Tab6numa 4.13 — Pacuer 610mxeta 3atpar HTU

HaumenoBanue craten Cymma, pyo. VY nenbHbli Bec, %
Marepuanbnbie 3aTpatsl HTU 28788.00 7,15%
3aTpaThl Ha CHelHaIbLHOE 124714.00 30,96%
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o0opynoBaHue TUTST HAyYHBIX

(3KCIIepUMEHTAIBHBIX ) pabOT

3atpaTthl 1O OCHOBHOHW 3apabotHoii | 167 832.69 41,67%

IJIATE UCIIOJTHUTEIEU TEMBI

3aTpatsl Ha IIOTIOJTHUTEIILHOU 21818.24 5,42%

3apa0OTHOM TJIaTE UCTIOTHUTEEH TEMbI

OTtunciienus Bo BHEOIOKETHEIE DOHIIBI 56 895.28 14,13%

3aTpaTsl Ha Hay4HbIE U - 0,00%

IMPOU3BOACTBCHHBIC KOMaHIANPOBKH

Hakmagabie pacxo bl 2732.4 0,68%

Hroro: 6romket 3arpatr HTU 402780,61 100

4.4 Omnpenesenne pecypcHoil (pecypcocOeperarouneii), (PpUHAHCOBOM,

OI0IKEeTHOI, CONMATBHON U IKOHOMUYECKOH 3P (PeKTUBHOCTH HCCIeTOBAHUSA

Onpenenenne  3(pQPEeKTUBHOCTH  MPOUCXOJUT HA  OCHOBE  pacyéra
WHTErpabHOTO  TOKazaTens dA((PEeKTUBHOCTH HaydHOro wuccieaoBanus. Ero
HaxO0KJICHUE CBSA3aHO C OIpeJeICHUEM ABYX BEIUYUH: (PUHAHCOBOM 3(PhEeKTUBHOCTH
U pecypcod3(PPeKTUBHOCTH.

WNurterpanbubiii  mokazatenb  (UHAHCOBOM  A(D(PEKTUBHOCTH  HAYYHOTO
UCCIICIOBAHUs TOJYyYarOT B XOJ€ OLIEHKM OrojKeTa 3arparT JAByX (wid Oosiee)
BApUAHTOB UCIIOJIHEHMS] HAy4YHOTO wuccienoBanus. [ sTtoro HauOonbiun
WHTETPAJbHBIN TOKA3aTeNlb peain3alii TEXHUYECKOW 3ajjaui MPUHUMAETCS 3a 0azy
pacu€Ta, ¢ KOTOPBIM COOTHOCHTCS (DMHAHCOBBIC 3HAYCHUS IO BCEM BapHWaHTAM
VCITOJTHCHHUSI.

Nurerpanpubiii  (DMHAHCOBBIM MOKa3zaTelb pa3pabOTKU ONpenesseTcss 1o

cienyrwlieit hopmyie:

IHCHi _ ®Pi (412)

@ltp ~ 5
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rne @p; — cToMMOCTh I-rO BapuaHTa UCHONHEHUS; Pmax — MaKcUMalbHAs
CTOMMOCTh  HCIIOJIHEHHSI ~ HayYHO-HUCCIIEZOBATEIbCKOTO  MPOEKTa;  lpuwp —
UHTETPaAIbHBIN (PUHAHCOBBIN MMOKa3aTeIh pa3pabOTKH.

WuTerpanbHblil mokazaTenb pecypcodPpPeKTUBHOCTH BapHAHTOB HCIIOTHEHHS
00BEKTa UCCIIEAOBAHMS MOKHO OTPEICIHTD 10 (hopMyJIe:

I =>a-b, (4.13)

B Ttabnume 4.14 mnpeacraBieHa CpaBHHUTENbHAs OICHKA XapaKTEPUCTHK
BAapUaHTOB HCIIONHEHUS IMpoeKkTa. JaHHBIA NPOEKT CpaBHUBAETCA C METOIMKON
KauyeCTBEHHOTO aHAJIN3a MaTepPHAIOB, 3AJI0KEHHOHN B porpaMMe Kak 0a3zoBasi.

Tabnuua 4.14 — CpaBHUTENbHAS OLIEHKA XaPAKTEPUCTUK

OOBEKT ucciIe10BaHUs Becosoit Pa3zpaboTtka bazoBas
K03 pULIEeHT METOIMKA
napameTpa
CnocoOcTBYeT pOCTy 0.25 5 5
MIPOU3BOAUTEIHFHOCTU TPYAA
CooTBETCTBYET TpEOOBAHUSAM 0.15 4 4
noTpeduTenei
DHeprocOepexeHue 0.2 4 3
Hanexxnoctb 0.2 4 4
MarepuanoeMKoCTh 0.2 5 4
Hroro ly; 4.45 4.25

XapaKTepUCTUKA UMEIOT CXOXKHE KPUTEPUHU, TaK KaK METOAWKHU pEaTu30BAHBI
1 ogHoro mpubopa. Kakmas w3 mpelncTaBiIeHHBIX METOJUK pealnu30oBaHa Jis
ONPEIICIIEHHON 3aJaUH.

[Tpumep pacu€ra HHTETpaTBLHOTO MOKa3aTeNs pecypcodHPeKTUBHOCTH:

1y 0.25.5+0.15-4+0.2-4+0.2-4+0.2-5
T 1

punp

I =4.45

WNurerpanbubii  mokazatenb A()PEKTUBHOCTH  BapUAHTOB  HCIOJIHEHUS

paspa60TKH ONnpecaCIACTCA Ha OCHOBAaHUH HHTETPAJIBHOTO IIOKa3aTeIAa
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pecypcordHEKTUBHOCTH U UHTETPAIIBHOTO (PUHAHCOBOTO MOKA3aTeNs MO CIEAYOIIeH

bopmyie:

I ucrr = I—Pi (4 14)

| Acri
DHHp

CpaBuutenbHas 3(PGEKTHBHOCTh TMPOEKTA OMPEACISICTCS IO  CISAYIOIICH

bopmyie:

Dep =2, (4.15)

I ucn
B Ttabmuue 4.15 npencraBneHa cpaBHUTENbHas 3((HEKTUBHOCTH AAHHOTO
npoekTa ¢ 0a30BOM METOAMKON KaueCTBEHHOTO aHaJIN3a MaTepUaoB.

Tabnuna 4.15 — CpaBautenbHast 3HEeKTUBHOCTD

[Tokazarenu Pa3zpabotka bazoBas
METO/IMKA

WuTerpanbHblii GMHAHCOBBIN MOKa3aTEhb 1 1
HHTerpanpHbIN OKA3aTENb 4.45 4.25
pecypcod3pheKTUBHOCTH
WuTerpanbHblii nokaszarensb 3¢ (HEKTUBHOCTH 4.45 4.25
CpaBHutenbHas 3)PEKTUBHOCTH BAPUAHTOB 1.05 0.95
WCIIOJTHCHHUSI

Kak BugHo wu3 Tabmuubl 4.15, pa3zpabotaHHas Metoguka 3dQekTruBHEE
0a3oBoil. TpaauiMOHHAs OIIEHKAa HKOHOMHUYECKON S(PPEKTUBHOCTU TMOIYICHHBIX

PE3YyJIbTATOB HCBO3MOJKHBI, T.K. OHX HOCAT YHUCTO H&y‘-IHBIfI XapaKTep.
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BbiBoabI 0 ri1aBe «PMHAHCOBBIA MEHEIKMEHT,Ppecypcod(PpPeKTUBHOCTD U

pecypcocoepekeHue»

1. B xone BoinonHenus pasjaena «ODUHAHCOBBIA MEHEIKMEHT» ObLI MTPOBEACH
aHaJIN3 KOHKYPEHTOCIOCOOHOCTUCO3AaHUsI MEMOpaH U3 OKCHJIa AIIOMUHUS METOJIOM
IKCTPY3UH,0blJIa MTOATBEPKACHA MEPCIIEKTUBHOCTD JAHHOTO METOJIA.

2. Iposenéunsiii SWOT-ananu3 mnpoekTa, pacKpbul CHJIbHBIE M clla0ble
CTOPOHBI, BBISIBUJI PUCKH, & TAKKE OMPEICIIUI BOZMOXHOCTH JIJISl YITyUIICHUS.

3. YCcTaHOBJEHO, UTO B KaJCHAAPHBIX JHSIX JIUTEILHOCTh PA0OT JIJIi HAYYHOTO
PYKOBOJUTENSA COCTaBUIIO 72.8 mHEH, Ay coTpyaHuKa-TexHukal 0.8, a 1yt mHxkeHepa
92.7 nuen.

4. Ha ocHOBE BpEMEHHBIX ITOKa3aTelIel M0 KaXxJA0W W3 MPOU3BENCHHBIX padOT
ObUT MOCTPOEH KaJeHJapHbIN IulaH-Tpaduk ['aHTa, MO KOTOPOMY MOKHO YBUJETH,
YTO camMas NpPOJOJDKUTENbHAs 10 BpeMEHHM padora — mnoAdOp U HU3yYEHHE
MaTepHUaoB.

5. bromker 3arpar HAy4YHO-TEXHMYECKOIO  HMCCJIEJOBAHUS  COCTaBUJI
402780,61py6neil. HauOonbias CTaThsl ~ pacXxoJOB  NIPUXOAUTCS  Ha
aMOPTHU3aLMOHHbIE OTYMCIICHHUS, B CBSI3U C OOJIBIIUM KOJUYECTBOM JIOPOTOCTOSIIETO
crenuanbHoro odopynoBanus (40.2%). Ha BTOpoM MecTe 3aTpaThl Ha OCHOBHYIO
3apaboTHyto miaty (33.79%).

6. Ormpenenensl ToKazatenu pecypcoddHEKTUBHOCTH, HHTETPATbHBIN
(UHAHCOBBIN  MOKa3aTelb, WHTETPAJIbHBIA  MOKa3aTeiab A(PPEKTUBHOCTU U
cpaBHUTENbHAs A((EKTUBHOCT, BApUAHTOB UCIOJHEHHS, 3HAYCHHUs] KOTOPBIX
CBUACTEIBCTBYIOT O  JOCTaTOYHO BBICOKOM 3 (EKTUBHOCTH  peaau3aluu

TEXHUYCCKOI'O IMPOCKTA.
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3AJJAHME JIJISI PA3JIEJIA
«COIMAJILHASI OTBETCTBEHHOCTb»

CryneHr:

r PHUO

pynmna

MaxameToBa
BMI11 Hazaksar

ApmmarHOBHA

HNuxenepnasn
Ko0JI1a LIKO0J1A AAePHBIX

TEeXHOJIOTUM

OTaesienune (06 L))

(HOL)

Y Marucrtparypa
POBEH
b
oOpa3zo

BaHUuA

HanpagJienue/ 03.04.02

CIIeIHMAJIBHOCTD duzuka
KOHACHCHUPOBAHHOTI'O

COCTOAHUA

Tema BKP:

JKcnepuUMeHTAJIbHOE
Hccaea0BaHue TYpOyJIeHTHOM
CcBO0O/HOM CTPYHU NpH

AKYCTHICCKOM BO3/1€liICTBUH

HMcxoanble TaHHBbIE K pa3aerny

«COIII/Ia.]IbHaﬂ OTBETCTBEHHOCTD) .

Beenenue

XapakTepucTuka OOBEKTa

uccienoBaHus  (BEIIECTBO,
Marepual, npuoop,
QIrOpUTM, METOAWKA) U

Obvexm UCCNe008AHUSL:
TPEXMEPHBIN TYypOYJIEHTHBIN MOTOK.
Obnacmov npumenenus: HaAYYHBIX
Y NH)KCHEPHBIN.
Pabouas 3ona: nabopatopus

Pasmepuvl nomewenus: 40 M2,
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001acTu ero NpUMEHEHUsl.
°— Onucanue
paboueii 30HBI (pabouero

MecTa) TpH  pa3paboTKe

MPOEKTHOTO  pEIICHUs/TIpU

AKCILTyaTaluu

Ilepeuens Bonpocos,
IIOUIEKAIIMX UCCIIEIOBAHUIO,

MIPOEKTUPOBAHUIO U pa3pabOTKe:

Konuuecmeo u Hnaumenosanue
0bopydosanusi pabouetl 30Hbl. COILJIA C
COOTHOIIICHHEM CTOPOH:

A=1,00; 2,66; 5,07; 7,61; 11,00; 16,00;
25,25 .

Pabouue npoyeccul, ceazannvle ¢
00veKmom UCCe008aHUs.,
ocywecmangiowuecs 8 paboueti 30ne.; B
X0JIe AKCIEPUMEHTa CKOPOCTh ITOTOKA
BappupoBasiacb ot 2,78 mo 20 wm/c.
OcHOBHBIE W3MEpPEHUST IPOBOIUIINCH
OpyU CKOPOCTH BBIXOJIa U3 COILIA,
COOTBETCTBYIONIEH uncily PeiHonbaca,
pacCYMTaHHOMY

no 3(QQpeKTUBHOMY

TUaMETPY.

1. IlpaBoBbIe K
OPraHM3alMOHHbIE BONPOCHI

o0ecrieueHus 0€30MACHOCTH NIPH

IKCIJIYATALIMHU
°— CTIeIIMATIbHBIC

(xapakTepHble npu
AKCILTyaTaluu o0OBeKTa
UCCIICIOBaHMS,
MPOCKTUpYeMO  paboueit
30HbI) MPaBOBBIE HOPMBI
TPYJOBOTO

I'OCT 12.2.032-78 CCBT.
Pabouee mecTo nipu BBHITTOTHEHUH paboT
cujs. OO1me SproHOMUYECKHE
TpeOOBaHMS.

['OCT 12.2.049-80 CCBT.
O6opynoBaH#e MPOU3BOICTBEHHOE.
OO6mre 3proHoMudYecKrue TpPeOOBaHMS.

IMHA & 12.13.1-03. TexHuxka

0e30macHOCTH npu pabote B

AHATTMTHYECKUX JTA00OPaTOPHUSIX.

®enepanbhbiil 3aKkoH N 426-D3
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3aKOHOJIaTEIbCTBA;
.

OpraHU3alMOHHBIE

MEpOTIPUSATHUSA npu

KOMIIOHOBKC pa6oqeﬁ 30HBI.

“O cnenuanbHOM OLEHKE YCIOBHIA
Tpyna.” ot 28 nexkabps 2013 r., ¢
U3MEHEHUsIMU OT 28 nekadps 2022

roja.

2. IIpousBoacTBEHHAS

0€301aCHOCTh NPHU DKCIIYATAIIMH

°— Ananus
BBISIBICHHBIX ~ BPEAHBIX U
OTTACHBIX
MPOU3BOICTBEHHBIX
(dakTopoB

°— Pacuer ypoBHs
OMAaCHOTO WJIM  BPEIHOTO
IPOM3BOJICTBEHHOTO
dakTopa

OmnacHele pakTopsbl:

1. OnacHOCTb TOpakeHus
ANEKTPUYECKUM TOKOM;

2. Ilpon3BoacTBEHHBIE (DAKTOPHI,
CBSA3aHHBIE C YPE3MEPHO BBICOKOM
TEMIIEpaTypOl MaTEPUATIbHBIX
00BEKTOB MPOU3BOACTBEHHOH Cpebl,
BBI3BIBAIOIINX PUCK MOTYyYCHUS
0’KOTI'OB;

3. HenmoaBuxHbIe pexyue,
KOJIIOIIKE, 00Auparoiue,
pa3phIBAIOILIME YACTH TBEPIBIX
00BEKTOB

Bpeanbie pakTopbl:

1. OTknoHeHue nokazaresnen
MUKpPOKIIMMATA;

2. OTCyTCTBHE WJIM HEIOCTATOK
HEOO0XOIUMOr0

€CTECTBEHHOTO U
UCKYCCTBEHHOI'O OCBELIEHUS;

3. IloBbIIIEHHBIN YPOBEHD LIyMa;

Tpedyemble cpeacraa
KOJIJIEKTUBHOM M MHAMBUAYAJILHOU
3alIMTHI OT BHISIBJIEHHBIX ()AKTOPOB:

HCIIOJIB30BAHHUEC 3allIUTHBIX KOCTIOMOB,
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nepYaTK, BAOPOU30IHpYIoIias 00yBb,
Oepy1iu, HAyITHUKH.
Pacuer: pacuer cucremsbl

HCKYCCTBCHHOI'O OCBCIICHUA

3. DkoJornuyeckas

0€30IMACHOCTH NPH DKCILIVATAIMH

4. Be3onacHocTh B
qpestlqaiime chyaumlx l'[[!l/l

IKCIJyaTauun

Bo3aeiicTBue Ha ceIMTEOHYI0
30HY:

HaJIU4Ke MPOMBIIIICHHBIX
OTXOJI0B (BTOPIIBET- U YEPMET,
nJjacTMacca, eperopeBiime
JIOMUHECIICHTHBIE JIAMIIbl, OPTTEXHUKA)

Bo3saeiicTBue Ha JuTocpepy: B
X0J1e co3anusl (PUCTOKA B BO3IIYX
MOTYT MONACTh HAHO-YACTUIBI
MOPOIIKOB KEPAMUK U METAJIJIOB, YTO
MPUBOJIUT K 3arpSA3HEHUIO TUTOCHEPHI

BosaeiictBue Ha ruapocdepy:
HaJM4Yue YacTHUIl METAJJIOB U abpa3uBa
P UCTIOJIB30BAHUH NITHU(OBATIHHO-
MOJIMPOBAIBHON MaIlIMHBI

Bo3zneiictBue Ha atMocdepy:
naphl paciuiaBJIeHHOTO MOJIMMEpa

Bo3moxkubie UC:

[Tpupoausie kaTacTpodbl
(yparan);

TexHoreHHbIe aBapuM (aBapuu Ha
AJIEKTPO-, TETIO-KOMMYHUKAIUSX,
BOJIOKaHaJIe, B3PhIB T'a30BbIX
OaJIJIOHOB);

Hauoosnee tTunuynas YC:

nokap (HEMCIpaBHOCTH B
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JNEKTPUYECKUX CETAX, HAPYLIECHHE

TCXHOJIOTHYCCKOI'O pe;nga)

I[aTa BbIAA4YH4 3a1aHUA NJIA

paszea no JuHeiHOMY rpaguky

3aganue BbIAAJ KOHCYJIbTAHT:

J015KHOCTD DOUO Yue IMoan Ja
Hasl HCh Ta
CTelNeHb,
3BaHHUE
JloieHT Ceuun K.T.H
OO/1 LLIBbMII Anapen
AJeKcaHIpOBUY
3ajanue NMPUHSAJ K UCIIOJTHEHUIO CTY/I€HT:
I'pynna 1017 (0] Hoan Ha
HCh Ta
ObM11 MaxameroBa Hazaksr

ApUIIMAMHOBHA
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CoumnanbHasi OTBETCTBEHHOCTD

1. 5.1 BgeaeHue B pazaen

CommanbHass OTBETCTBEHHOCTH SIBIISIETCS Ba)KHBIM acClEeKTOM B COBPEMEHHOM
MUpe, TJie Bce OOJbLIE JIIOJEH OCO3HAIOT CBOIO POJIb B COXPAaHEHUU OKPYKaOIIEH
CpeIsl W YIYYIICHHHM KadecTBa OKM3HM Ha IUIaHeTe. B 3TOM  KOHTEKCTe
DKCIIEPUMEHTAJIbHOE  HMCCJIEIOBAaHUE TYypOYJIEHTHOM CBOOOJHOW CTpyu IpH
aKyCTUYECKOM BO3ACHCTBHU MMEET OOJbIIOE 3HAUYECHUE, TAK KAK MOXET MPUBECTH K
pa3pabOTKe HOBBIX TEXHOJOTMH, KOTOpble OyayT Oonee 3(PGEKTUBHBI H
9KOJIOTUYECKH Oe3omacHbl. B gaHHOM paboTe paccMOTpEHBl  PE3yJIbTaThl
HKCIIEPUMEHTAJILHOTO  UCCIEAOBAHHUS TypOYJEHTHOM CBOOOJHOM CTpyd Mpu
aKyCTUYECKOM BO3JCHCTBUH, KOTOPHIE MOTYT OBITh HCHOJB30BAHBI B PA3NMUYHBIX
001aCTAX NPOMBILIUIEHHOCTH U TEXHOJIOTHH.

HcnenoBanus B o6macté GU3MKH U MEXaHUKH MOTYT MMETh Ba)KHOE 3HAYCHHE
JUISL pa3jMyYHbIX OTpaciied MPOMBIIIJICHHOCTH, BKJIKOYasl aBHALIUIO, CYIOCTPOCHHE,
PHEPreTUKy U  Jpyrue. Pe3ynbTaTbl  SKCIEPUMEHTAIBHOTO  HCCIEI0BAaHUS
TypOyJE€HTHONH CBOOOJTHOW CTPYW MPH aKyCTHYECKOM BO3JEHCTBHH MOTYT IOMOYb
YIY4IIUTh MPOU3BOAUTEIBHOCTh U 3(P(PEKTUBHOCTh PA3IMYHBIX TEXHOJOTHYECKUX
MPOIECCOB, YTO MOXKET MPUBECTU K SKOHOMHUYECKOMY POCTY U YIIYYIIIEHUIO KauecTBa

JKU3HU JTIOIEN.

Kpowme Toro, TaHHOE MCCIe0BaHNE MOKET UMETh BAXKHOE 3HAYCHHE IS
HKOJIOTUH. YIIy4IlIEHUE MPOU3BOAUTEIHPHOCTH TEXHOIOTUYECKHUX MTPOIIECCOB MOKET
npuBecTH K 6osiee 23 (HEKTUBHOMY HCTIOIB30BAHUIO PECYPCOB M CHIKEHUIO

HETaTUBHOTO BIUSHHUS HA OKPYKAIOILIYIO CPEy.

Takum oOpazom, mpoBeAeHUE UCCIETOBAHUM B 00J1aCTU (PU3UKY Y MEXaHUKHU
MOKET OBITh CBSI3aHO C COIIMAIIBHONM OTBETCTBEHHOCTHIO, TOCKOJIBKY OHU MOTYT
MPUBECTH K YIIYUIICHUIO YdKOHOMHYECKOTO B SKOJIOTHYECKOTO 0J1ar0COCTOSTHUS

oO11ecTna.
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HccnenoBanus B 001aCTH HEYCTOMUMBOCTH MEXaHUYECKOIO PABHOBECHUS B
U30TEPMUYECKNX MHOTOKOMITIOHEHTHBIX Ta30BBIX CMECSAX MMEIOT BAXKHOE 3HAUYCHUE
1T pa3paboTKu O€30MaCHBIX TEXHOJIOTUN U CTpaTeruil yrpasieHus puckamu. OHH
CHOCOOCTBYIOT IPEIOTBPALICHUIO ABAPUNHBIX CUTYal[il, MUHUMHU3ALIUN
BO3/CHUCTBUS HAa OKPY’KAIOLIYIO Cpey U 00ecredeHn o 6e301acHOCTH pa0OTHUKOB U
ob1ecTBa B 1ie’oM. biarogaps atum ucciae1oBaHusIM MOXKHO pa3paboTaTh
3¢ (eKTUBHBIE MEPBI KOHTPOJIS U PETYIUPOBaHMSI Ia30BbIX CMECEH, UTO

CIOCOOCTBYET CO3/IaHUIO YCTOMUMBOM U Oe30macHoi paboueii cpeibl.

5.2 IlpaBoBble n OPraHU3alMOHHbIE BOIIPOCHI

o0ecneueHUs10€30MACHOCTH

B pamMkax »KCIepUMEHTaJIBbHOTO HWCCICAOBAaHUSA TYypOYJICHTHOW CBOOOTHOM
CTpyd TIpU  aKyCTHYECKOM BO3JCMCTBMM  BO3HHUKAIOT P  TPABOBBIX U

OpraHU3allMOHHBIX BOIIPOCOB, CBA3AHHBIX C oOecrieueHrueM Oe30ITaCHOCTH.

Bo-niepBbix, HE0o0X0muMO oOecreunTh O€30MacHOCTh TEpCcoHaja, 3aHSATOTO B
MPOBEICHUN JKcriepuMeHTa. st 3Toro TpeOyeTcs MPOBECTH aHAW3 BO3MOMHBIX
PUCKOB U OIpPEACIUTh MEphl MO UX MpenoTBpamieHuio. Kpome toro, HeoOXoaumo
00€eCIIeYNTh COOTBETCTBYIOIIYIO 3aIIUTy OT IIymMa W BUOpaIuii, KOTOpPbIE MOTYT

BO3HHUKHYTB B ITPOLECCC SKCIICPHUMCHTA.

Bo-Bropeix, HeoOxonumo obecreunTh Oe30MacHOCTh OKpyKaroiie cpenbl. B
MPOIIeCCe IKCIIEPUMEHTa MOTYT BO3HUKHYTH IIYMBI M BHOpaIiu, KOTOPHIE MOTYT
HEraTUBHO TOBJIHATH Ha 37I0POBBE JIFOJEH M JKMBOTHBIX, a TAKXKE Ha DKOJIOTHUECKYIO
cuTyanuio B 1enoM. [loaTomy HEoOXOAMMO MPOBECTH COOTBETCTBYIONIMN aHAN3 U

ONPeACIUTh MEPHI IO MUHUMHU3AIIUY HETAaTUBHBIX IMOCIIEACTBUIMA.
B-Tpetbux, HE0OX0AMMO 00€CIIeYUTh COONIOICHUE 3aKOHOAATENIbCTBA B 00JIaCTH

0€30MacHOCTH W OXpaHbl TpyAa. OTO TpeOyeT MPOBENCHUS COOTBETCTBYIOIIEH

9KCIICPTHU3LI U IMOJTYUYCHHUA COOTBCTCTBYIOIIUX PA3PCIIMTCIbHBIX JOKYMCHTOB.
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B nenom, sKkcrniepuMeHTalIbHOE MCCIeoBaHUEe TYypOYJIEHTHOM CBOOOAHOW CTpyHU
IpU aKyCTUYECKOM BO3JIEUCTBUM TpeOyeT KOMIUIEKCHOTO MOAXO0Ja K OOeCIeYeHHUIO
0€30MacHOCTH, KOTOPBIA BKJIIOYAET B CEOsl aHAIU3 PUCKOB, ONPEIEICHUE MEP MO HUX
MPEIOTBPAILICHHIO, 3aIIUTY MIEPCOHANIa U OKPYXKAIOIIEH CPe/lbl, a TaKkKe COOII0NeHNe

3aKOHOAATEIbCTBA B 00JaCTH OE30MACHOCTH M OXpaHbl TPyAa.

5.3 IlpousBoacTBeHHas1 6€30MACHOCTH

[IpousBoacTBeHHAs 0€30MaCHOCTD SIBISIETCS] OJTHUM U3 BaXKHEUIIHUX aCTEKTOB
B NpOMBIIUIEHHOCTH. (OHa  OXBaTbIBAa€T BCE€ MEpPbI, HAMpABJICHHBIC Ha
MPEIOTBPAILICHUE BO3MOXKHBIX OMNACHOCTEH, CBSI3aHHBIX C MPOU3BOACTBECHHOM
IeITeIbHOCThI0. OOHOM M3 TAaKUX OMNACHOCTEHM  SIBISIETCI  BO3MOXKHOCTH

BO3HUKHOBEHUS TYpOYJIEHTHON CBOOOIHOM CTPYH IIPHU aKyCTUYECKOM BO3/ICHCTBUHU.

DKCIEPUMEHTAIbHOE UCCIEI0BAHNE JJAHHOTO SIBICHUS MO3BOJISAECT ONPEACIUTh
€ro XapaKTePUCTUKH U BBIPA0OTaTh MEPHI MO MPEIOTBPAIICHUIO BO3MOXKHBIX
nocneAcTBUi. [ mpoBefeHUsT SKCIIEpUMEHTa HEOOXOIUMO CO3/aTh YCIIOBUS, MPU
KOTOPBIX OyJIeT BO3MOXKHO BOCIPOM3BECTH TYpPOYJSHTHYIO CBOOOIHYIO CTPYIO IPH

aKyCTHYECKOM BO3JCHCTBUH.

B xoze uccienoBanus HEOOXOAUMO ONPEAETUTh apaMETPhl CTPYH, TaKHE KaK
ee CKOpOCTb, TeMIepaTypy M JaBieHue. Takke HEoOXOIMMO HM3MEPHUTh YPOBEHb
3BYKOBOTO JIaBJIE€HMs, KOTOPOE BBI3BIBAET TYpPOYJEHTHYIO CBOOOAHYIO CTpYIO.
BaxHpIM 3TanioM sKCHeprMEHTA SBJSIETCS aHAU3 MOJyYEHHBIX TaHHBIX U BRIPAOOTKa
pEeKOMeHIalMii 1o oOecrneueHnio 0e30macHOCTH Mpu  pabore ¢ TypOyJIeHTHOM

CBOOOIHOM CTpyeH.

Takum  00pa3oMm, SKCIEPUMEHTAJbHOE HCCIIEOBaHUE TYypOYIEHTHOU
CBOOOHOM CTPYH MPHU aKyCTUYECKOM BO3JICHCTBUU SIBISETCS BAXKHOW COCTABIISIONIEH
MPOU3BOJICTBEHHON O€30MaCHOCTH B MPOMBIIUIEHHOCTH. OHO MO3BOJISIET OMPENETUTh

XApPaKTCPUCTUKN HOAHHOI'O0 SBJICHUA U BBIpa6OTaTB MCPBI IO HPCAOTBPALICHUIO
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BO3MOKHBIX OITACHOCTEH.

Tabnuna 5.1 — Bo3MokHbBIE OMMacHbIE U BPEAHBIC TPOU3BOJCTBEHHBIC

Ha pa60‘II/IX MCCTax

baxkTophI

Ne  ®akrop(I'OCT 12.0.003-2015) HopmaTuBHBIN TOKYMEHT

1| omacHbIe U Bpennubie | CanlluH 1.2.3685-21
MIPOU3BOJICTBCHHBIC daktopsl, | «[WrneHndeckre HOPMATHUBBI
CBSI3aHHBIC cC | u TpeOOBaHMUS K
AIIEKTPOMArHUTHBIMU n oOecreyeHuo 0e30MacHOCTH

u(umu) Oe3BpeAHOCTH A
yesoBeka (PakTopoB  cpesbl
00HTaAHUS;

I'OCT 12.1.002 — 84 «CCBT.
DIEKTPUUYECKUE O
MTPOMBITIICHHOH JaCTOTHI.
Homnyctumeble YPOBHU
HaIPsHKCHHO CTH u
TpeOOBaHUSI K TMPOBEIACHUIO
KOHTPOJIS Ha paboumnx
MecTax.

2 | omacHbIe u Bpeaneie | ['OCT 12.1.003-2014
ITPOU3BOJCTBEHHBIE ¢akropsl, | «CCBT. Ilym. OO6mme
CBSI3aHHBIC C AKYCTHMECKAMH | 1060 panys 6e30IIACHOCTH
KOJICOAHUSIMU B TIPOM3BOJCTBEHHOMN (Tepensaanue)y;
cpene " XapaKTepU3NpyeMbIe
TOBBIMICHHBIM YPOBHEM H JPYTUMH | 1o)CT 12.2.024-87
HEOJIaronpusTHEIMU «CCET. IIywm.
XapaKTepHUCTUKAMM IITyMa;

Tpanchopmaropsl  CHIIOBBIE
MacisHeie. HopMmbl 1 MeTOBI
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KOHTPOJIS

CanlluH 1.2.3685-21
«'urneHnuecKkue HOPMAaTHUBHI
U TpeOoBaHUs K
oOecrnieueHnio 0e30MacHOCTH
u(umu) Oe3BpPEAHOCTH IS

yenoBeka (PAKTOPOB  Cpebl

OOUTaHUS.
OTacHbIE u Bpennbsie | CanlluH 1.2.3685-21
MIPOM3BOICTBCHHBIE dakropel, | «WUrHeHHMYECKUEe HOPMATHUBHI
CBSI3aHHBIC C aHOMAJIbHBIMU | U TpeOOoBaHMUS K
MUKPOKJIMMAaTUYECKUMHU oOecreyeHuto 0e30MacHOCTU

IapaMeTpaMu BO3IYLIHOM Cpenbl Ha

MCCTOHAXOXACHHC pa60Ta101uer0;

u(umu) Oe3BpeAHOCTH A

yesoBeka (PakTopoB  cpesbl

OOHUTaHUAY.
OTacHbIE u Bpeanbsie | CanlluH 1.2.3685-21
IIPOU3BOJICTBCHHBIC dakropel, | «[MrHeHWYECKHUE HOPMATHUBHI
CBSI3aHHBIC C OTCYTCTBHEM WU | U TpeOOBaHUS K
HEJOCTaTKOM  HCKYCCTBEHHOTO M | OOECIeUeHHIO0 O€30MMacHOCTH

€CTCCTBCHHOI'O OCBCIHICHMA.

u(umu) Oe3BpPEAHOCTH IS

yesoBeka (DAKTOpPOB  cpeabl

OoOUTaHUS.
IPOU3BOACTBEHHBIE dakropsl, | ['OCT 12.1.038-82
CBSI3aHHBIE C DJIEKTPUUYECKUM TOKOM, CCBT.
BLISBIBACMbIM PasHUUCH | 5yeprn06e30macHOCTS.

QJIICKTPUYICCKHNX IIOTCHIMAJIOB, II0[]

HeﬁCTBHe KOTOpOro mnmomnagacr

paboTaroIniA.

[IpenenpbHO mOIMyCTUMBIE
YPOBHH HaIPSKEHUN

IIPUKOCHOBCHUS U TOKOB,

I'OCT 12.1.019-2017
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CCBT.

OneKTpo0e30MacHOCTb.
OO6uue TpeboBaHus U

HOMCHKJIATypa BHUJI0B 34l THI.

5.3.10nacHble ¥ BpeaHbIe MPOU3BOACTBEeHHbIE (GaKTOPHI,

CBSI3AHHBIE CIJIEKTPOMATHUTHBIMHU MOJAMHU

OnHuM U3 OMACHBIX W BPEAHBIX MPOU3BOJICTBEHHBIX (DaKTOPOB, CBSI3AHHBIX C
ANEKTPOMArHUTHBIMU TIOJISIMHU, SIBJISETCSA BO3MOXKHOE BO3JCHCTBHE HAa OpPraHU3M
YEJIOBEKA JJIEKTPOMArHUTHBIX IIOJIEA BBICOKOM HWHTEHCUBHOCTH. OJTO MOXKET
MPOUCXOJIUTh TP PaboT€ C BBHICOKOBOJBTHBIMU JIMHUSIMH 3JIEKTPOIEpEIadH,
ANEKTPOCTAHIMSAMHM, PAJTUOCTAHIIMSAMMI U IPYTUMUA UCTOYHUKAMHU 3JIEKTPOMArHUTHBIX

HOJIEH.

Kpome  TOro, oKCHepuUMEHTANBHBIE  WCCIENOBAHUS  IOKA3BIBAKOT,  4YTO
AIIEKTPOMArHUTHBIE TOJSI MOTYT BIIMATH Ha TypOYJIEHTHOCTh CBOOOAHOW CTPyH IMpHU
aKyCTUYECKOM BO3JEHCTBUU. OJTO MOXET NPUBOAUTH K HapyLIEHHIO pPaOOThI

O60pyI[OBaHI/I$I H ITOBBIIICHUIO PUCKa BOSBHUKHOBCHUA aBapHﬁ.

Hpyrum BPEIHBIM ITPOU3BOJICTBEHHBIM dakropom, CBSI3aHHBIM Cc
ANEKTPOMATHUTHBIMUA TMOJISIMU, SIBISICTCS AJEKTPOMArHUTHBIA MyM. OH MOXET
BO3HHMKATh TIpH pabOTe€ C DJIEKTPOHHBIMHU YCTPOWCTBAMH, KOMITBIOTEPAMH,
TEJIEBU30paMU U JPYTUMHU dIEKTPUUESCKUMU MPpUOOpaMu. DTOT IITyM MOXKET BHI3BIBATh
TOJIOBHBIE 0OJIM, YCTaJOCTh, HAPYIIIEHNWE CHA U JPYTUe HETaTUBHBIE MTOCIEACTBUS JJIs

300POBbs YCIIOBCKA.

Takum o00pa3oM, HEOOXOAMMO MPUHUMATH MEpPHI MO 3alIUTE OT OIMACHBIX M

BPCAHBIX IMPONU3BOJACTBCHHBIX (I)aKTOPOB, CBA3AHHBIX C 3JICKTPOMAIHUTHBIMU ITOJIAAMMU.
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K HuUM OTHOCSTCS HCIIOJIB30BaHUE CIELUATIBHON 3alIUTHOM 3J1EKTPOOOOpYyAOBaHUS,
OpraHu3alys NPaBUIbHONW CHCTEMBI 3a3€MJIEHHSI, COOIOIEHUE TIPABUIT OE30MIaCHOCTH
npu pabote ¢ 3IEKTPooOOpyIOoBaHUEM U T.1.Pe3ynbTaThl UccienoBaHUN MO3BOJISIOT
pa3zpaboTarb Mepbl 0 MUHUMH3ALMU BO3JEHCTBUS 3JEKTPOMArHUTHBIX MOJEH Ha
ra3oBble CMECH U 00eCHeduTh 0e30MacHOCTh PAOOTHUKOB. DTO MOXKET BKIIIOYATh
ONpEAEIICHUE TMPENEIbHO JIONYCTHMBIX YPOBHEH 3JEKTPOMATHUTHBIX MOJIEH,
pa3pabOTKy METOAOB M CPEICTB 3alllUThl, a TaKK€ pEKOMEHJAlUu IO
IPOEKTUPOBAHUIO M JKCIUIyaTalldd OO0OpyIOBaHHs, YTOOBI MHUHUMHU3HUPOBATH

IMOTCHIOHUAJILHBIC PHUCKH.

HOpMBI Ha MPCACIbHO AOIYCTUMBIC HAIIPAKCHHOCTH J3JICKTPHYCCKOI'0 II0JIA

(OIT) Ha mpomblIIeHHON YacToTe s nepcoHana ycranosiensl B TOCT 12.1.002 —

84[22]:

E > 25 kB/mM — npe6riBanne B D11 6€3 cpeCcTB 3aMUThI HE TOMYCKAeTC;
E <20 xB/M nomyctumoe Bpems nipedbiBanust B 11 BEIYUCIAIOT 110 hopmyie:

T, wacoB = (50 / E) — 2, E< 5 kB/m — npe6wiBanue B OII nomyckaercst B TeueHHe

MOJIHOTO paboyero JHs.

Jns  HaceneHuss  CyLIECTBYIOT  CIIEAYIOIIME  YPOBHHU  BO3ICHUCTBUS

AIIEKTPUUYECKOTO MO MpoMbIiieHHoH yacToThl n3 CanlluH 1.2.3685-21

«['urnennueckre HOpMaTHBBI U TpPeOOBaHUS K 00OECIEUEHHIO OE30MacCHOCTU
u(nn) Oe3BpeTHOCTH Ui YeloBeka (DAKTOPOB Cpelbl OOMTAHHUS»: BHYTPH KHIIBIX

3nanuit 0,5 kB/M, a1a Tepputopun 30HbI KUION 3acTpoiiku — 1 kB/M[23].

NutencuBHoCcTh Bo3zaeiicTBus MII onpenensiercs HanpsbkeHHOCThIO (H), win
MarHuTHou uHAykiuen (B) (ux spdexruBupiMu 3HaueHusiMu). HampsixeaHocts MIIT
BbIpakaeTcs B A/M (KpaTHas BelMuuHa — KA/M) MaruuTHas uaaykuus — B Tecna (T,
nonbHble BenuuuHbl MTn, MxTn, HTn). Uanykuus u HanpsixkenHocts MIT B Bo3ayxe

CBsA3aHbI CJIICAYIOOIMM COOTHOIICHUCM:
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B=pu0xH=4r x 10-7 x H,
rne B — MmarunTtHas unaykous, T,

n0 — marHuTHas TOCTOsIHHAsI, KoTopas paBHa 4n*10-7 I'm/m; H — HampsokeHHOCTH

Mar"HuTHas noJsi, A/Mm.

[Ipenensuo ponyctumbie ypoBHU (I1/[Y) MarHuTHOTO MOMS yCTaHABIMBAIOTCS
no CanlluH 1.2.3685-21 «l'uruenuyeckre HOpMATHUBBI H TpeOOBaHUS K
oOecrnieueHuIo0 6e30MmacHOCTH U(Win) OE3BPEIHOCTH IS YelloBeKa (PaKTOpOB Cpeibl
oOWTaHUs» B 3aBUCMMOCTH OT BpPEMEHHM NpeObIBaHUS MepcoHala Uisl yCIOBUMN

o01ero (Ha Bce TeJ0) U JIOKAIbHOTO (Ha KOHEYHOCTH) Bo3/encTBUs (Tad. 5.2):

Tabnuna 5.2 — [IpenenbHo AOMyCTUMbIE YPOBHH MAarHUTHOTO TOJIS

Homyctumeie ypouu MIT H(A/m)/B(MxTn) mpu
Bpewms BO3JICUCTBUA
npeObIBaHUS, Y o01IemM
< 1600/2000
1
2 800/1000
4 400/500
8 80/100

Taxum 00pa3om, uccaenoBaHUs HEYCTOWYMBOCTA MEXaHUYECKOTO PAaBHOBECHSI B
U30TEPMUYECKUX MHOTOKOMIIOHEHTHBIX Ta30BbIX CMECAX UMEIOT BaKHOE 3HAYCHHE
JUTSL aHAJIN3a OTACHBIX M BPEIHBIX MPOU3BOJCTBEHHBIX (PAKTOPOB, CBI3aHHBIX C
AIIEKTPOMArHUTHBIMU MOJIIMHU. OHM CTIOCOOCTBYIOT pa3paboTKe Mep Oe30MacHOCTH,
o0ecrneunBarouX 3aluTy pa0OTHUKOB U NMPEIOTBPAILEHNE HETaTUBHBIX

nociencTBui Bo3aencTBusi OMII Ha mPOU3BOICTBEHHBIE MPOLIECCHI.
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5.3.2 OmnacHble " BpeaHble TNPOU3BOACTBEHHBbIE (PAKTOPBHI,
CBSI3AHHbIE C AKYCTHYECKUMHU KoJIeOaHUAMM B NMPOU3BOICTBEHHOI cpejae
U XapakTepu3upyeMble MNOBBIIIEHHBIM YPOBHEM M  JPYrUMH
He0JIArONPUATHHIMHU XaPAKTEPUCTHKAMH IIIyMa
AKycTHdeckue kojieOaHus B MPOU3BOJICTBEHHOM Cpe/ie MOTYT BbI3bIBaTh CEPhE3HBIC
BpEJHbIE TMOCJIEACTBUS ISl 3I0pOBbi pPaOOTHHKOB. OHM MOTYT MPUBOJUTH K
HapYUICHUIO CJyXa, TOJOBHOW OOJIM, YCTallOCTH, CHIXKEHHIO pabOTOCIIOCOOHOCTH,

MOBBILICHUIO YPOBHS CTpecca U T.JI.

Onaum u3 Hanbosee OMacHBIX M BPEIHBIX MPOU3BOJCTBEHHBIX (DaKTOPOB SBIISACTCS
myMm. [llyM MOXeT BO3HHMKAaThb B peE3yJabTare pPa3IUYHBIX TEXHOJOTHYECKUX
MPOLIECCOB, HANMpUMeEp, MpU padoTe MalIMH U 000PYIOBaHUSA, NPHU IEepeMENICHUN
rPYy30B, MPHU MEPEBO3KE MATEPUAIOB U T.J1. OH MOXKET UMETh PA3IWYHYIO YaCTOTY,

HHTCHCUBHOCTb U IIPOJOJIZKUTCIIbBHOCTD.

JUist u3ydeHusi BO3JAEHCTBUSA aKyCTHMUECKUX KOJEOaHWil Ha MPOU3BOJICTBEHHYIO
Cpelly IpOBOAATCS OSKCIEpPUMEHTAJIBbHbIE HccienoBaHuss. OgHO W3 Takux
UCCJEIOBAaHUA — ATO HCCIEAOBaHHE TypOYJIEHTHOM CBOOONHOW CTpyd Mpu

aKyCTHYECKOM BO3JCHCTBUH.

B pamkax sToro wuccienoBaHus Obla MPOBEIECHA CEPUS IKCIIEPUMEHTOB C
WCIIOJIb30BAHUEM  CIEIUaIbHOTO 00OopynoBaHus. bbuia co3mana TypOynaeHTHas
CBOOOIHAS CTPys, KOTOpasi MOJBEpPrajiach aKyCTUYECKOMY BO3CHCTBUIO Pa3TUYHON

HHTCHCUBHOCTHU U YaCTOTHEI.

B pe3ynbrare sKCepUMEHTOB ObUIO YCTAHOBJIEHO, YTO aKyCTHYECKHE KOJeOaHUs
MOTYT 3HAYUTENbHO BIUATH HA XapaKTEPUCTUKU TypOyIEHTHOW CBOOOIHOHN CTpYH.
OHM MOTYT BbI3bIBaThb W3MEHEHHUS B CKOPOCTH TOTOKa, TypOyJIeHTHOCTH, (opMe U

pasmepe CTpyHu.
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TakuM 00pa3oM, 3KCHEPUMEHTATBHOE HCCIEA0BaHUE TYpOYJIEHTHOW CBOOOAHOM
CTPYH MIPHU aKyCTUYECKOM BO3JIEUCTBUM MO3BOJISIET O0Jee NIyOOKO U3YyYUTh BIUSHUE
aKyCTUYECKHUX KOJIeOaHWM Ha MPOM3BOACTBEHHYIO Cpeldy M pa3paboTarh Mephl IO

3alIUTC pa6OTHI/IKOB OT HCTaTUBHBIX HOCJ'IGI[CTBI/Iﬁ ryma.

5.3.3 OnacHble W BpeAHbIe MNPOU3BOACTBEHHbIE (AKTOPDI,
CBSI3aHHbIE C AHOMAJIbHBIMH MHUKPOKJIMMATHYECKHMM NapaMeTpamMu
BO3IYIIHOWM cpeabl HA MECTOHAXO0KIeHUe PadoTaloIero
OaHuM U3 OMacHBIX M BPEAHBIX MPOU3BOJCTBEHHBIX (DAKTOPOB, CBA3AHHBIX C

aHOMaJbHBIMU MUKPOKJIMMATUYECKUMHU T[apaMeTpamMu BO3AYLIHOM Cpelabl Ha
MECTOHAXOXKJIEHUE padOTaIoOIIEero, SBISETCS TypOYJIEeHTHas CBOOOAHAs CTPys MpuU

AKyCTHYCCKOM BOSHCﬁCTBHH.

DTO TPOUCXOJUT, KOTZAa BO3JYyX IBHIKETCS CO CKOPOCTHIO, MPEBBIIIAOIICH
KPUTHUYECKYIO, U 00pa3zyeTcsi TypOyJIeHTHBIN OTOK. [Ipu 3TOM BO3HHMKAIOT KoJieOaHUs
JABJICHUsI W CKOPOCTH, KOTOpbIE MOTYT TPUBECTH K Pa3IUYHBIM HETaTUBHBIM

MOCJIICACTBUAM IJIA 310POBbA pa6OTaIOH_II/IX.

DKCNEepUMEHTAIBHOE MCCIEAOBAHNE TaKOW CBOOOMHOM CTPYU MPU AKYCTHUUECKOM
BO3JCHCTBMM  [O3BOJIAET  ONPEACNIUTh  ONTHMAaJbHbIE MHapaMmeTpsl  padbOTHI
o0OpylOBaHUS U YCIOBHUS Tpyda JUIi MHUHUMHU3ALMUKA PUCKOB JUIS  370POBbs

paboTaromux.

B xozne uccrnenoBaHusi U3MEPSIOTCS MapaMeTpbl TypOYJIEHTHOTO MOTOKA, Takue
KaK CKOpOCTb, JaBJ€HHE, TEeMIeparypa U BIAXKHOCTh BO3layXa. Takyke MPOBOASATCS

W3MEpPEHHUs YPOBHSI IIIyMa ¥ BUOPAIIUH.

Ha ocHOBE mOJy4eHHBIX AAHHBIX MOXKHO ONPENEIUTH ONTHUMAJbHBIE PEKUMBI
paboThl 000PYIOBaHUS U YCIOBUS TPYAA, KOTOPBIE MO3BOJISAT MUHUMHU3UPOBATH PUCKU

sl 3J0POBbA pa60Ta}0umx. KpOMC TOro0, Ha OCHOBC PE3YyJIbTaTOB HCCJIICIOBAHUA
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MOKHO pa3pa60TaTL pPEeKOMEHAAIMK 110 OpraHu3alnu 0e30macHoro Tpyda H

npoduIaKTHKE TPOPECCHOHAIBHBIX 3a00JI€BaHUM.

Tabmuua 5.3 — JlomycTuMble BETUYMHBI IapamMeTpOB MHKpPOKIMMAara Ha

pa60qu MCCTAaX BIIOMCHICHHAIX

Ile

Karer
opus
pabot
1o

YPOBH

SHEPT
03aTp

at, BT

Temneparypa

BO3aYyXa, °C

Jlnana3oH HUxe
OINTUMAJIbH BIX

BCINYHUH

BBIIIIC

OIITUM

aJIbH

bIX

BCJINY

HUH

OtHOC

HUTCJIb

BJIaXXKH
OCTb

BO3/1Y

xa, %

w

© < I

s
uanas
OHa
TEeMIIe
patyp
BO3YX
a HIDKe
OTITHM
aJbH
BIX
BEITNY
WH, HE

oosee

Jns
uarnas
OHa
TEeMIIe
patyp
BO3IYX
a
BBIIIIC
ONTUM
aJbH
BIX
BEITUY
WH, HE

oosee
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a
M
/
C
Ten | 16(140 20-21,9 24, 1 15- 0
A | -174) 1- 9 75 :
28 - 1
2
9
Xom | 15140 12-20,9 23, 1 15- 0
O | -174) 1- 8 75 ,
A 24 - 1
! 2
bI 5
u

5.4 DkoJjiornueckas 0€30IaCHOCThH
DKonoruyeckass 0€30MacHOCTb- 3TO BaXKHBIM aCIEKT, KOTOPBIM HEOOXOIUMO
YYHUTBIBATh TPU TPOBEICHUH JIFOOBIX DKCIEPUMEHTOB M HUCCieIOBaHUN. B manHOM
ciydae, HKCIIEPUMEHTAIbHOE MCCIEOBaHUE TypOYJIEHTHOW CBOOOMHON CTpyH MpHU
aKyCTHYECKOM BO3JICUCTBUM MOXXET HMMETh BaXXHOE 3HAYCHUE I TMOHUMAaHUS
MIPOIIECCOB, CBS3aHHBIX C TPAHCIIOPTHUPOBKON M PACIpPOCTPAHCHHEM 3arps3HCHUN B

armocdepe.

B xozxe skcniepumenTa Obuta M3ydeHa TWHAMUKA TypOyJeHTHOM CBOOOIHOH CTpyH

OpU BO3JICHCTBMU HA HEE AaKyCTHUYECKHX KOJNEOAHWH pa3IMYHON dYacTOTHl U
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AMIIINTYObI. b IMOJIYYC€HBI OAaHHBIC O CKOPOCTH IIOTOKa, TCEMIICpATYypCE,
KOHICHTpAIIUH BanHBHeHI/Iﬁ U APYIrux I1apaMeTpax, KOTOPBLIC MOTI'YT BJIMATL Ha

9KOJIOTHUICCKYIO 0€30I1aCHOCTb.

OnHuM W3 TIAaBHBIX PE3yJAbTaTOB JKCIEPUMEHTa CTajlo BbIsBICHHE 3(ddexTa
CHVDKEHUs KOHIICHTpPAUWU 3arps3HEHUM B CTPyE IIPU ONPENEIICHHBIX 4YacToTax
aKyCTUYECKHUX KoJieOaHMM. DTO MOXKET OBITh IMOJIE3HO ISl pa3pabOTKH HOBBIX

MCTOAOB OYMCTKH BO3AYyXa U CHUIKCHUSA BBI6pOCOB BPCAHBIX BCHICCTB B aTMOC(l)pr.

Taxke ObUIO OOHApYKEHO, YTO AKYCTUUYECKOE BO3JECHCTBUE MOXKET H3MEHSTH
JUHAMUKY TYpOyJE€HTHOW CBOOOJHON CTPYH, YTO MOXKET NMPUBECTH K H3MEHEHUIO
pacnpezeneHus 3arpsa3HeHui B atMmocdepe. IT0 MOKET ObITh BaKHBIM (PaKTOPOM IpU
IUIAHUPOBAHUU CTPOMUTENIHCTBA HOBBIX MPOMBIIUICHHBIX OOBEKTOB MM PACIIUPEHUU

CYLIECTBYIOLIUX MPOU3BOICTB.

Takum 00pa3oM, SKCIEPUMEHTAIBHOE HCCIIEIOBaHUE TYypOYJIEHTHOM CBOOOIHOM
CTPYHU MPU aKyCTUYECKOM BO3JICHCTBUU MMEET OOJIBIIOE 3HAUCHUE JJI MMOHUMAaHUS
MIPOIIECCOB, CBSI3aHHBIX C AKOJIOTMYECKON 0€30MacHOCThIO. Pe3yabTaTsl HcclieI0BaHUS
MOT'YT OBITh UCTIOJIb30BaHBI JIsl pa3paOO0TKU HOBBIX TEXHOJOTHN U METOJIOB, KOTOPHIC
MOMOTYT CHHU3WUTh HEraTUBHOE BO3JCHCTBHE MPOMBIILICHHOCTH HAa OKPYKAIOIIYIO
cpeny.

5.5 be3onacHOCTh B Ype3BbIYAHHBIX CUTYAMAX
B Hacrosimiee BpeMst 6€30MacHOCTh B YPE3BBIUAWHBIX CUTYAIHSIX SBISCTCS OIMHON
13 Haubojee aKTyalbHBIX MpoOJieM. B CBSA3M ¢ 3TUM MNPOBOASTCS MCCIIECIOBaHMUS,
HalpaBJieHHbIE Ha Ppa3padOTKy HOBBIX METOJOB M CPEACTB OOecredeHus

0€30I1aCHOCTH JIIOfIeH B AKCTPEMAJIbHBIX YCIOBHSIX.

OnHMM M3 TAaKUX MCCIEIOBAaHUM SIBISECTCS 3KCHEPHUMEHTAIBHOE MCCIIEIOBAaHUE
TypOyJIeHTHOM CBOOOJHOM CTpyHM INpU aKyCTHUECKOM Bo3aehcTBUU. TypOyleHTHas

CB060,Z[HaH CTpyd — OTO IIOTOK TIasa, KOTOpBIﬁ ABUKECTCA CO CKOPOCTBIO,
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HpCBBIHIaIOIHGﬁ CKOPOCTH 3BYKa. B 9KCTPEMAJIbHBIX YCIIOBUAX TaKOM MOTOK MOXET

BO3HUKATb, HAITPHUMCP, IIPHU dBaApHUH HA I'a30IIPpOBOAC HUJIN IIPHU I1OXKAPC.

AKycTHYEeCKOE BO3JICUCTBHE Ha TYpOYJEHTHYIO CBOOOIHYIO CTPYIO MOMKET
NPUBECTH K €€ YMEHBIICHHIO M 00Jiee PaBHOMEPHOMY PAaCHpENESICHUI0 CKOPOCTU
raza. O9TO MOXET CHHU3UTh OINACHOCTh BO3HUKHOBEHHSI TOXKapa WU B3pbIBA B

9KCTPCMAJIbHBIX YCIIOBHAX.

B pamkax »sKcrepuMEHTaIbHOTO HCCIICIOBAHUS OBLIH TPOBEACHBI H3MEPCHUS
CKOPOCTH M TEMIIepaTyphl Taza B TypOYyIEeHTHON CBOOOHOM CTPye MPH aKyCTHYECKOM
BO3JICMCTBUU. DBIIO BBISIBIICHO, YTO AaKyCTUYECKOE BO3JICHCTBHE JIEWCTBUTEIBLHO
MOXXET TPUBECTH K YMEHBIICHUIO TYypOYJICHTHOCTH W 0Oojiee pPaBHOMEPHOMY

pacIpeesIeHuI0 CKOPOCTH Tasa.

Takum 00pa3oM, IKCHEPUMEHTAIBHOE HCCIEAOBaHUE TYpOYIEHTHOW CBOOOIHOM
CTPyH TIpH aKyCTHYECKOM BO3JCHCTBHM MOXET CTaThb OCHOBOW I pa3pabOTKH
HOBBIX METOJIOB U CPEACTB obOecrieueHrs Oe30MacHOCTH JIIOEH B AKCTPEMabHBIX
YCIIOBHSIX.

2. 5.6 BwBojg mo pazmeny
B pasnmene o conmanbHON OTBETCTBEHHOCTH B JKCIEPUMEHTAIBHOM HCCIIENOBAHUU
TypOyJI€HTHOM CBOOOAHOM CTpyH, OBLJIO TMOKA3aHO, YTO HAy4YHbIE MCCIICIOBAHMUS
MOTYT UMETh IIMPOKHUE COIMAJIbHBIE TMOCJCACTBUS U BIMITH HA KU3HB Jiojei. B
JTAHHOM CITy4dae, McclieoBaHue TypOyIeHTHOM CBOOOTHOM CTPYH MOXKET MPUBECTH K
VAYYIICHUIO TPOU3BOAUTECIBHOCTH JIBHTATEICH, YTO B CBOIO OYEpPEIb MOXKET

IMPUBCCTHU K 9dKOHOMHWYCCKHUM BbII'OJaM U COKPAIICHUIO BBI6pOCOB BpCAHBIX BCIIICCTB.

OnmHako, TIpH TIPOBEICHWM TaKUX WCCICIOBAaHUN HEOOXOAUMO VYHTHIBATH WX
MOTCHIIMAJIbHBIE HETaTUBHBIC TMOCIEACTBUS JUIsI OKPYXKAIOIIEH Cpeabl M 310POBBS
moaed. HeoOxomumo coOmrogarh ASTUYECKME HOPMBI M TMPUHIMUIBI, a TakKXKe

YUYUTBIBATbD MHCHHUC O6H.I€CTBa N 3aMHTCPCCOBAHHBIX CTOPOH.
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Takum O6p8,30M, conmualjibHass OTBCTCTBCHHOCTL HAYYHBIX I/ICCJIG,Z[OBaHI/Iﬁ SABJEICTCA
BA’KHBIM aCIICKTOM Pa3BUTHUA HAYKU U TeXHOJIOFI/II;’I, KOTOpBIﬁ JOJIZKCH OBITH YYUTBIBAH

IIpU INIAHUPOBAHUHN U ITPOBCACHNUHN HCCHCHOB&HHﬁ.
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1 A BRIEF REVIEW OF WORKS REGARDING THE AERODYNAMICS
AND HEAT TRANSFER OF TURBULENT FREE FLOWS

General characteristics of turbulent flows

Turbulent flows have been the subject of experiments and numerical calculations for
40 years. Free flows are the raw data for studying the physical properties of turbulent flow in
a medium, because they are used to evaluate physical models. In addition, they are of
particular interest for use in many technical applications; here are some examples of such
applications: combustion engines, propulsion plant, spray dryer, laser metal treatment,
chemical mixing, blade cooling, etc.

It was soon discovered that axisymmetric jet configurations are significantly
better than their counterparts in certain aspects. In particular, they promote mixing
with the enveloping fluid. Due to the presence of higher-order instability forms,
axisymmetric jets are more unstable than circular jets. The first experimental work
was carried out in 1933, where fields of averaged velocities in jets of
rectangular cross section with initial ratio of sides in cross section of 1,2,5 and
10 were studied experimentally by Trentakoste and Sforza, Krashennikov and
Rogalskaya. Rajaratnam combined most of the analytical solutions and conclusions
from the experiments performed to study two-dimensional, three-dimensional jets
and circular section jets. This occurred at a time when significant results had been
achieved in numerical studies, so special attention was paid to the study of the
features of planar and axisymmetric jets, which is why most of the studies were
carried out then and the results of these studies are now available[1-12].

At the same time, very little research has been done on turbulent three-
dimensional jets using numerical simulation because of the high cost associated with
this kind of modeling.

More recently, a comprehensive numerical study has been conducted by Miller
et al. with detailed illustrations of the phenomena of axis change and
entrainment velocity on various noncircular jets, including oval, rectangular,

and triangular jets. Wilson and Demuren created a finite-difference numerical
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model based on a 2:1 rectangular cross-section jet using three different turbulent
states at the jet inlet. Holdo and Simpson analyzed a 10:1 rectangular turbulent jet
using a large-scale turbulent flow model. A comparison of the results of the
experiments conducted by Quinn and others with those of Holdo and Simpson
showed a satisfactory match in the far-field, but did not show initial acceleration
of the jet toward the axis within the original five equivalent diameters of the
streamline field. Rembold et al. investigated the transient process of a rectangular
cross-section jet with an AR=5 aspect ratio using direct numerical simulation
(DNS)[13-16].

The DNS model has high predictive accuracy at low Reynolds numbers and
high computational cost. LES (Large Eddy Simulation) can achieve large Reynolds
numbers, but is also characterized by high computational cost. However, RANS
(Reynolds averaged Navier-Stokes equations) can be applied up to high Reynolds
numbers, which cannot be achieved with direct numerical simulation (DNS).

The purpose of this research work is to investigate the two-parameter
turbulence model in modeling the turbulent flow field in free jets flowing from a
nozzle with a rectangular cross section. In this study, we used two-parameter
turbulence modeling to predict the main flow parameters, velocity profiles in the near
zone, and the degree of velocity reduction in the far zone. Berg et al. used 2 standard
two-parameter turbulence models (k-¢,k-w) to simulate the flow coming out of a
rectangular section nozzle. It was found that the k-¢ model simulation method was
the best way to predict velocity reduction along the central axis of the flow in both
near- and far-field study areas. All of the results of these studies agree well with
experimental data. However, Berg et al. did not consider the effect of Reynolds
numbers, aspect ratio and temperature field. In this research paper, the effect of
Reynolds numbers was investigated over a wide range of Re. It should be noted
that the medium in all cases is air, and the turbulence model k- was used, as well;
the velocity and temperature fields were studied, and the effect of aspect ratio on
mixing in jets with rectangular cross section was analyzed. The study was

conducted with aspect ratios ranging from 1:1 to 1:4. The Reynolds number,
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based on the hydraulic diameter at the inlet, was taken in the range from 800
t025600. This research work is a study of the effect of conditions in the inlet flow
section on the parameters of a rectangular cross-section jet flowing into a larger
area. It should be noted that the temperature field has also been investigated.

Further, the main research is done in scientific work[17].

1.2 Definitive equations
The constitutive equations are the continuity equations, momentum equations and
energy constancy equations. The following assumptions are considered for flow
modeling: steady state, constant fluid parameters, incompressibility, Newtonian fluid

and the absence of natural convection.

wherexiare the Cartesian coordinate directions(x1=x,x2=y,x3=z),uiare the time-
averaged Cartesian components of the velocity vector with the commonly used
dashes omitted for convenience (ul=u,u2=v,and3= w),u iujare the turbulent stress

tensor,pis pressure.The correlation of fluctuations on the velocity-temperature scale,

which determines the diffusive turbulence flux (UjTO), IS modeled using the

Boussinesq approximation:
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77 (4)
where the thermal turbulent diffusivity is defined as:
¢ k2
o, =42
Prt e (5)

The turbulent Prandtl number,Prt, is a constant in the energy constancy
equation; in most simple turbulent flows, the turbulent Prandtl number is taken as an
order of one.

The turbulence model used for the study in this research paper is characterized
by the following: the standard k-¢ model developed by Launder and Spalding.
Dynamic turbulent viscosity models assume that the following relation is applied to

the Reynolds criteria in Eq.

—_ ou. ou. 2
U, =— Ly —L |+ =pk9> .
Ui, Mf(axj va] 3p v

1

, (6)

where, sisthe dynamic turbulent viscosity,dij Kroneckerdelta,Kiskinetic energy of

turbulence per unit mass.In the k-¢ model, the dynamic turbulent viscosity is

calculated using the ratio

W = cup (7

where.,, is a constant, and the values of k and scatteringe are obtained by solving the

following transfer equations:

133



0 0 , ) 0k
N A L
axj axj.

O, | ox, (8)

0 0
p—(ujs)=— u+—u’ —+P +— (c1 czpe)
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The degree of kinetic energy production of turbulence is determined using the

following formula:

1.3 Detailed description of numerical studies

To solve the system of equations, the finite-volume method with appropriate
transfer of variables was used. The fields of averaged pressures and velocities were
calculated using theSIMPLEC algorithm. To prevent fluctuations in the baric field,
the Rhee-Chow interpolation method was used. A second-order Van Leer
difference scheme was adopted to determine transient values in the momentum
equations and energy constancy equations.The equations reduced to a discrete form
were solved several times using a linear algorithm using the method[18, 19].

Due to the presence of high velocity gradients around the central flow line, an
irregular 120 x 90 x 90 grid was used to discretize the flow area.
Structured,orthogonal coordinate grids have been developed for the solution region
shown in Figure 1. As shown in Figure 1, the z-y plane, with uniform spacing between
node points, was used in the input area (9<z<[ zi, 0<y<Lyi)in boththe z-axis and y-
axis directions. Outside the entrance zone, a geometrically expanding mesh, in the
z-axis direction as well as in the y-axis direction, was adopted as an expansion

factor of 1.06. Also in the x-axis direction, a geometrically expanding mesh was
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adopted as an expansion coefficient of 1.06. Three computational meshes were
used for the autonomous mesh tests with the following node beam distributions in the
z,y axis direction, respectively:50x50x80 (coarse mesh),70x70x100 (medium
coarse mesh)and90x90x120 (fine mesh). The maximum speed differences along
the central line (along the x axis) between coarse and medium mesh and between
medium and fine mesh were respectively 2 and 0.01%. Based on these results, the fine
grid was chosen in this study for all calculations. These calculations were performed using
the modified CALC-BFC code. The solutions were found to converge when the

maximum residual for all equations reduced to discrete form was no more than

10-4 1501,

Figure 1-Mesh in x-yplane

The geometric elements along with the coordinate system are shown in
Figure2.The turbulent free jet exits a rectangular-shaped vent of size (21 x2Lz;)
into a stationary environment. In this paper, due to symmetry, only one quarter of the flow
area is modeled. The planesz=0 and y=0 shown in Figure 2 are symmetry planes,

while the planex=0 is a solid wall, except for the vented area.
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Figure 2-Scheme of geometric elements

The computational domain was defined with dimensions| 7, yand| x in the
lateral direction (z) across the flow(y),and along the flow(x), respectively. The flow
flows out through the open plane at y=| x. The values of| x are 100 times the
hydraulic diameter. The values| y and|z, for acceptable free boundary conditions,

were chosen to be 20 times as long as the hydraulic diameter in the y-axis and z-
axis direction. Within this geometric scheme, planes-a-b-f andc-a-b-d, are the
symmetry planes, and planeb-d-h-f is the exit point with a fully formed boundary

condition. Planes c-d-h-g and e-f-h-g are planes with a free flow boundary with

constant pressure [21,22].

The inlet section is defined by x=0and consists of two zones: the inlet zone at

0<y<Lyi  0<z<Lzi and the wall zone defined by the residual of the inlet section. The

values of Reynolds number in this numerical study are taken as:

Re=800, 1600, 3200, 6400, 12800, 18000, 25600.
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1.4 Borderline state
There are 5 different kinds of boundaries to be analyzed: entry point, walls,
symmetry, exit point, and entrainment boundary (free flow boundary).

Entrance point. At the entry point, all variables are known, using uniform
velocity and temperature profile with two turbulence intensities (1=0.05,1=0.01). Inlet

turbulence energy is calculated by the formula:

k» —151 um (11)

The degree of dissipation at the input is calculated by the formula:

= (pc, i )(1,0001M)’ (12)

Wall.u=0, v =0 (no-slip condition), k,earecalculatedby the wall function, constant
temperature conditions (ambient temperature) are assumed at the wall.

Symmetry.In the symmetry plane, a zero normal gradient is assumed.

Ju_ o, W 90 g % _o % _o T _,
on on on on on on (13)

Exit point. At the flow outlet, a zero gradient is taken along the axial direction.

a—u=() ——0 ——0 %—0 ——0,£= ,
dx dx ax dx dx ax (14)

External entrainment boundary (free flow boundary).

The free boundary of the flow is moved away from the entrance to the jet
so that the pressure is constant. Zero values for k,care applied, the temperature
value is assumed to be the ambient air temperature. When calculating the
transverse velocity component, parallel or perpendicular to the free flow

boundary, a zero gradient condition is assumed.
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1.5 Research results and discussion

1.5.1 Flow configuration in the study area
Velocity vectors and computational devices for flow measurement were obtained and
presented for consideration. The velocity vectors in the symmetry plane are shown in
Figure 3. The figure clearly shows that because of the boundary layer at the flow

boundaries, the secondary flow rushes away from the free flow boundaries toward
the main flow.

v

Figure 3-Speedvectors inthe symmetry plane, AR=1

The contours of the average flow velocity in the symmetry plane are shown in Figure 4.
The potential core of the flow is clearly visible in Figure 3.

The velocity field contours show the dissipation of the flow under the effect of
intense boundary layer shear. To further study the streamline field, it is necessary
to analyze the transversal flow field. Consequently, in some places downstream,
transversal cuts are used, at right angles to the main flow.

The velocity vectors at these locations are shown in Figure 5.The field
shows how mass transfer occurs from the free boundary region toward the main flow.
Because of the strong tangential stresses along the flow boundaries, another flow
appears, starting from the center line of the flow and rushing toward its boundaries,
which enhances the effect of blurring the jet into an infinite environment.
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a) x/D= 20, b) x/D= 40, c) x/D= 60, c¢) x/D= 80
Figure 5-Field of streamline in cross-flow direction at x/D,AR=1

At the same time, the velocity of the secondary flow, flowing along the main
flow, will decrease. Moving in the direction of the axis, the jet of rectangular cross-

section gradually turns into a jet of circular cross-section.

1.5.2 Results of the study of the rectangular section
Figure 6 shows normalized velocity diagrams at several x/D ratios with full

acceptance of this condition. It is important to note that the similarity solution for
calculating the flow parameters is based on this condition. It should be understood
that the flow is similar to itself in the zone of full development after passing this
zone. Based on the available results, the self-similar distribution occurs after x/D=20
atl=0.01.The velocity profiles are normalized with respect to the local velocity along
the flow centerline,yc|,while the x coordinate, counted in the flow direction,is
normalized with respect toD,and the transverse coordinateyis normalized with respect

to the local flow half-width,y1/2. The predicted longitudinal velocity components

show satisfactory agreement with the measurements. This difference can be attributed
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to the difference in Re number, since the experimental data were obtained at a
different Reynolds number, which exceeded the given Re number.This is confirmed
by Malstrom et al. and Mee et al. who showed that the flow parameters change as
Re number increases up to the critical value. In the present research work, the same
results were obtained at 1=0.05 in the far zone, the autosimilar distribution appears
after the ratiox/D=10 [23,24].
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Figure 6-Distribution of the average value uvertically, AR= 1

Figure 7 shows a comparison of the flow attenuation in the downstream

direction along the central velocity line,;c|,under two inlet boundary conditions, with

measurements made by Quinn and Miltzer and Mee et al. Two different states of the
inlet flow boundary are considered.Figure 7shows that the flow development depends

on the inlet flow boundary conditions.Figure 8 shows the flow development in the
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half-width,y1/2.1=0.05, with the inlet turbulence intensity, which is even more in

agreement with the measurements made [25].
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Figure 8-Flowpropagation, AR= 2

Figure 9 shows the arithmetic mean vertical or transverse velocity
component,v,profiles atl=0.05. Afterx/D>10,0ne can observe a tendency towards
automodel distribution. When considering another condition of flow entrance boundary,
results forv, similar to above described results were obtained. However, atl=0.01,an
autosimilar distribution appears after x/D>20.The further away from the center, the more
negative the values ofv become, indicating entrapment of masses in the flow. At the
boundary of the computational domain, the value of v tends to zero. The profiles of w

are characterized by a similar behavior.
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Figure 9-Distribution of the average value of v at different axial locations, AR= 1
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One important hypothetical assumption when making an analytical solution for
calculating two-dimensional symmetric jets is that the momentum of the jet is
constant in the direction of the flow. This hypothetical assumption is depicted in
Figure 10 for a square-section jet, which shows that for the variation of the
normalized momentum in the direction of the x-axis, the momentum should be
considered a constant. Thus, this figure confirms the assumption of constant

momentum for jets with free boundaries in analytical solutions.
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Figure 10-Normalized pulse in the direction of the x-axis

1.5.3 Reynolds number variation

Klein et al. analyzed planar jet flow using direct numerical simulations
over a wide range of Reynolds numbers. The results showed that when
Re<6000,Re has a significant effect on flow development, but that the flow
approaches a contraction state at higher Reynolds numbers. Mee et al. and
Malstrom et al. also support this idea of off-axis symmetric jets[26].

Regarding the effect of Reynolds numbers, the researchers note that the flow
itself is not independent of Reynolds number, but approaches a contraction
condition at Re=12800, at least to the extent considered in this research paper. We

obtained the same degree of change with respect to Reynolds number when using two



different inlet flow parameters at Re>12800.But when Reynolds number is 800, the
model-¢ does not agree with the findings of Miller et al. Figure 11 shows the
convergence of the flow at the point of attenuation along the center line at
Re>12800.
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Figure 11-Speeddrop at different Reynolds numbers

1.5.4 Effect of inlet turbulence intensity
In the inlet area, two different states of turbulence intensity at the inlet were
considered:1=0.05 orl=0.01. It was noted that the k-¢ model atl=0.01 does not
agree with the experimental data. This turbulence intensity predetermines the drop
of flow velocity along the central line, evolution of jet half-width and entrainment
by the flow, which were less than the measured values in the experimental results.
At the same time, the same pattern is observed at a distance greater than expected.

And on the other hand, in the k-emodel at 1= 0.05, results were obtained that,



fortunately, coincided with the experimental results. But both models mentioned
above proved to be incapable of predetermining the true characteristics of a plane
jet at low Reynolds numbers. Also, the character of uand vpropagation under two
different conditions at the inlet remained the same in the far zone.

As shown in Figure 7, one can see the difference between the results
obtained from this scientific work with the basic conditions in the inlet flow
section (I= 0.01) and the previously conducted experimental studies. The results
differ from each other mainly because of the different shape of the nozzle used in
the experiments.

In the experimental study, a free jet can flow out of a pipe, out of a nozzle
gradually reducing the shape of the jet in the upstream direction from the outlet
section plane of the nozzle or from an orifice with sharp edges. Of course, these
three different outlet flow conditions lead to different development scenarios
downstream from the nozzle or orifice outlet plane. Depending on the requirements
of the operating conditions where jets are used, one of the three possible outlet
flow conditions described above can be used [27].

In accordance with earlier experimental studies, the free jet flowing from a
nozzle with a specially profiled expanding part has a uniform average velocity
profile in the flow direction up to the plane of the outlet section, but the hole with
sharp edges is characterized by a non-uniform average velocity profile in the flow
direction up to the plane of the outlet section. The effect of local flow contraction,
which causes the jet to accelerate as it approaches the plane of the outlet section, is
clearly seen in the jet flowing from the sharp-edged orifice, but this effect is absent
in the jet from the specially profiled expanding part nozzle. Also, the average
velocity profile in the direction of the flow from the sharp-edged orifice has an
obvious saddle shape, while the velocity profile of the flow from the specially
profiled expanding portion of the nozzle has an absolutely flat shape in the near
field of view. The velocity drop along the centerline of the flow from a nozzle with
sharp edges is much higher than that of the flow from a nozzle with a specially

profiled expanding part. In studies of many non-planar and non-circular jets, sharp-



edged throttle plates have been used due to the simplicity of their calculation and
fabrication[28].

In this research paper, uniform velocity conditions and the turbulence
intensity profile in the flow entry region were considered. As can be seen, the
uniform velocity profile in the flow inlet region, simulates the flow coming from a
nozzle with a specially profiled expanding part, rather than from a nozzle with
sharp edges. Thus, the difference between the results presented (based on the
baseline inlet turbulence intensity, 1= 0.01) and the earlier experiments, arises
because of the sharp-edged nozzle. In a nozzle with a specially profiled expanding
part, Umax IS directly in the inlet region, while in a nozzle with sharp edges, due to
the effect of local flow contraction, umax is at a considerable distance from the inlet
region.

One of the reasons for the difference between the earlier experiments and the
results presented in Figure 7 is the local flow contraction effect, which causes a
different location of uma . The local flow constriction effect is clearly traceable in
the experiments conducted, whereas in this scientific study this effect is not
observed because a free jet flowing out of a nozzle with a specially profiled
expanding part is simulated. Deo et al. proved that the jet flowing out of a nozzle
with a specially profiled expanding part has a lower degree of flow rate drop
compared to the jet flowing out of a nozzle with sharp edges due to different flow
conditions at the inlet.

Some studies have analyzed the effect of inlet turbulence intensity.
According to the results of the present and previous studies, as the inlet turbulence
intensity increases, the shorter the static flow core, the longer the central line
becomes and the flow scattering becomes. As the inlet turbulence intensity
increases, the results are consistent with the experimental data, because the
averaged turbulence intensity at the inlet of nozzles with sharp edges exceeds that

measured at the center of the inlet zone[29,30].



QuinnandMilitzer (25)

Figure 12-Speed profiles in flow direction in the central x-plane fora jet with a
square cross-section. a)x/D= 0.280, b)x/D=1.121, c)x/D= 2.658

In the experiments conducted by Quinn and Militzer, the turbulence intensity
in the center of the outlet plane was kept at 0.5%. But results from earlier studies
show that turbulence intensities in the boundary layer region can reach values
greater than 0.5%. by a factor of 20, if not 30. The main idea in using higher
turbulence intensities in the inlet zone is that the turbulence intensity at the inlet to
the sharp-edged nozzle is saddle-shaped, so that the average inlet turbulence
intensity exceeds the values characteristic of the central inlet zone. Figure 12
shows the normalized velocity in the near zone of the nozzle. The main difference
between the results obtained after this scientific study and the experimental data is
that the velocity profile obtained in this study is hat-shaped, while after the
experiment, the velocity profile obtained is in the shape of a depressed saddle. The

effect of inlet turbulence intensity is not evident in areas close to the nozzle. At



some distance from the nozzle, the high degree of inlet turbulence results in a more
compressed velocity profile. Similar results were obtained by Deo et al [31].

In this study, a uniform velocity profile in the entrance zone was used.
Consequently, the local flow constriction effect disappears in the near-field zone
and the saddle-shaped velocity profile is absent in this zone. Instead of these two
phenomena in the near-field observation zone, a hat-shaped velocity profile and a
static core flow region characterized by constant velocity ug /ui, = 1 can easily be
detected. Although it is not possible to accurately predict the length of the static
core from high degrees of turbulence, recent studies of the static core are consistent
with experimental data.

In order to compare with the results obtained from the k-¢ model, the results
of this scientific study were compared with the results obtained by Berg's group. In
Figure 13, based on the data obtained by Berg's group, curve SM-1 is the result of
calculation of the k-¢ model with a uniform velocity profile in the entrance zone
and curve SM-2 is the result of calculation of the k-¢ model with a velocity profile
in the entrance zone, which agrees with the experimental data obtained by Quinn.
In both schemes, a value of I= 0.005 is taken as the degree of turbulence. The
results of the work done by Berg et al. (SM-2) agree well when comparing the
values of 1= 0.01 and I= 0.005, because the experiments done by Quinn used a
sharp-edged nozzle. Because of the use of a sharp-edged nozzle, the velocity
profile in the entrance area was not uniform, hence, as expected, the results of Berg
et al. (SM-2) agree more with the experimental data obtained by Quinn compared

to uniform flow with values | = 0.01 and | = 0.005.
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Figure 13-Speedprofiles in the direction along the flow in the central planex-z.a)
x/D= 2, b) x/D=5, ¢) x/D= 10

Figures 13 and 14 show the normalized velocity profile in two planes. The
experimental results show that the velocity profile along the entire length of the
rectangle is not saddle-shaped, but the results of the Berg group (SM-2)
predetermine the appearance of a saddle-shaped profile in the vicinity of the nozzle
(Figure 13a). As can be seen in Figure 13b, c, and Figure 14c, there is no
difference between the results obtained in this study and those obtained by Berg et
al. (SM-2). As the degree of turbulence increases, a saddle profile in the vicinity of
the nozzle cannot be predicted, as shown in Figure 14a. Also, the results of this
study at 1= 0.05 show satisfactory agreement with the experimental data shown in
Figure 14b, in contrast to the results obtained by Berg's group (SM-2).
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Figure 14-Speedprofiles in the downstream direction in the central planex-y

Figure 15 shows the flow development in half-width, y1/2. 1= 0.05, the
degree of turbulence in the inlet flow is more in line with the measured values. The
dissipation of the jet is one of its important characteristics, depending on the inlet
conditions. As can be seen from Figure 15, the conclusions drawn in the presented
work at I= 0.05 show a satisfactory agreement with the experimental data obtained
by Quinn. When comparing the results of the work done by Berg's group (SM-2)
with the conclusions made in the presented work at 1= 0.05, increasing the degree
of turbulence intensity in the inlet area or using a saddle-shaped turbulence

intensity profile is as important a technical solution as using a profile consistent



with the experimental data. But pursuing the goal of matching the profile with each
experiment to predict flow characteristics is inefficient. In other words, a new
profile would have to be calculated in each case. Using higher degrees of

turbulence is a common way to predict any type of flow.
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Figure 15-Map of jet propagation, aspect ratio AR= 2

1.5.5 Thermal characteristics

The boundary conditions for temperature as well as velocity are defined in
Part 3. The temperature of the wall and the free flow boundary zone is equal to the
ambient air temperature. In the symmetry plane, a zero normal gradient is assumed
for the calculations, and a zero gradient is assumed in the outlet section along the
axial direction. In the inlet zone, a uniformly distributed temperature profile is
considered. The difference between the inlet temperature and the ambient air

temperature is 40°C, which allows to ignore the hydrostatic effect.



The automodel equation for calculating temperature and velocity fields is

closely related to the plane jet [32].

Also, when creating the k-emodel, we are dealing with similar dimensionless
temperature and velocity profiles in the fully developed zone under the influence
of the Prandtl turbulent number. For example, the normalized velocity and
temperature at an x/D= 80 ratio is shown in Figure 15. Using the analytical
solution, the same results are obtained for the plane jet. In Figure 15, the value of

yti2 1S the half-width of the thermal local jet.
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taking into account the effect of Prandtl number



It was found that at a distance from the exit section of the nozzle, the
temperature and velocity fields behave the same. It was found that the diffusion of
mass and heat is much faster than the momentum propagates. In other words, the
temperature profile was found to be wider than the velocity profile, so the
temperature field propagates to a greater extent than the velocity field. Also, the
length of the static core of the temperature zone is shorter than the length of the
static core of the velocity zone. In the case of an insignificant temperature
difference, it is assumed that the temperature field will behave in the same way as
any passive field of scalar quantities[33].

It is found that the temperature drop along the central line will be the same
as the velocity drop; closer to the jet outflow point there is a static core zone,
where Tcl/Tin= 1, here the temperature drop along the central line begins. Figure
16 and 17 provide detailed information describing a comparison of the

characteristics of the temperature and velocity fields.
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Figure 17-Temperature and velocity drop along the center line, aspect ratio AR= 1



As a result of many experimental studies, it was found that even for simple
flows there are no universal Prtvalues. As noted in the paper, the application of a
variable Prandtl turbulent number does not change the consequences of mixing
jets. Park et al. used a Prt= 0.9 number to simulate miscible planar jets. Hubley et
al. used Prt=0.95 to simulate a free axisymmetric jet. Pop compared the velocity
and temperature profiles in the automodel zone of a planar down jet with the
turbulent Prandtl number set to Prt= 0.7 and concluded that the measurement
results were consistent with the experimental data. In all previous studies of jet
properties, the turbulent Prandtl number was taken as a number less than unity.
Therefore, in the present study, the Prandtl turbulence number was taken as Prt=
0.72. Figure 15 shows the effect of the Prandtl turbulent number. When the value
of the Prandtl turbulent number is changed, the curve shown in Figure 15 does not
change. Also, the velocity and temperature profiles fall on the single curve in the
area of the automodel distribution. As the values of the Prandtl turbulence number
increase, the static core length in the temperature zone increases, scattering
decreases, and the degree of temperature drop along the central line decreases[34-
37].

1.5.6 Comparing different aspect ratios

In this section, we present a comparison of flow characteristics in jets of
rectangular cross section with aspect ratio AR= 1-4. Figure 18 shows the drop in
normalized velocity along the centerline of the jet at different aspect ratios.
According to Figure 18, the degree of drop in normalized velocity at aspect ratio
AR= 1 is higher compared to other proportions. Mie et al. provides evidence that
the increase in the degree of velocity drop along the centerline is closely related to

the increasing mixing effect of turbulent jets.
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the y-axis, aspect ratio AR =1

Also, a comparison was made of the degree of flow entrainment along the
direction of the coordinate axis. The flow entrainment shows the mixing efficiency
in the jet. Figure 14 depicts the flow entrainment rates based on the normalized net
mass inflow ratio(Q- Qin)/Qin at different AR aspect ratios, where Qin is the flow
rate of matter from a rectangular cross section jet, and Q is the total flow rate of
matter at the point where the value x in thedirection along the flow. Figure 19
shows a jet with an aspect ratio equal to one, characterized by a greater degree of
entrainment of the flow from the environment into the jet. At the same time, an
increase in the aspect ratio leads to a decrease in the entrainment rate.
Consequently, it can be argued that the degree of entrainment by the flow at aspect
ratio AR= 1 is greater compared to other ratios, and that the aspect ratio AR=1 is
more effective compared to other ratios.

Figure 20 shows the propagation of the jet in the direction of coordinate axes
y and z withdifferent aspect ratios AR. As can be seen from this figure, the patterns
of jet propagation in the far field at different aspect ratios are almost the same.
(Fig. 21).
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1.6 Conclusion on the overview of the main work

This paper describes a numerical study of the fluid medium and thermal
properties of a turbulent jet of rectangular cross section with the aspect ratio AR=
1-4. The fields of velocities and temperatures are presented. Also, the effect of
Reynolds number on the degree of mixing of rectangular cross-section jets is
analyzed. @ The effect on the evolution of jet development is determined at
Re<12800 numbers. In addition, at high Reynolds numbers, the jet tends to shrink.

When studying the entrance zone, two different degrees of turbulence were
considered: 1= 0.05 and I= 0.01. Simulations showed that the results of velocity
field measurements coincide with the experimental data, the value 1= 0.05 is taken
as the degree of turbulence of the incoming flow. Based on the results of both
degrees of turbulence of the incoming flow, it turned out impossible to predict
parameters of a rectangular-section jet at small Reynolds numbers.

Additionally, the self-similarity equations for calculating the temperature
and velocity fields are closely related. When comparing the degree of entrainment
by the flow, an aspect ratio equal to one results in a greater degree of entrainment
by the flow from the environment into the jet compared to other ratios, hence, the
aspect ratio AR= 1 is more effective in mixing. In the far field of observation, all
of the jets subjected to the study converged into a circular cross-section jet. The
difference in the character of jet propagation in the far field of observation could
not be determined; for all AR aspect ratios, all jets have approximately the same

propagation character.



