Ha npaBax pykonucu

e

HUBAHOB CEPTEN HUKOJAEBUY

TEIUIOOTJAYA ITPH CTPYHHO-JIE®JIEKTOPHOM
OXUTAXKJEHNM TYPBUHHBIX JIOITATOK
C INIOJTYCOEPUYECKUMU BBICTYIIAMU U BBIEMKAMMU

01.04.14 - Tenmo¢dwusuka u TeopeTHUCSCKAS TEIUIOTEXHUKA
05.07.05 - TenmoBEIe, AIIEKTPOPAKETHBIE TBUTATEIH U SHEPTOYCTAHOBKH
JIeTaTeNbHBIX alnapaToB

ABTOPE®EPAT
JIUCCEepTalMy Ha COMCKAaHUE YYEHOU CTEIIEHH
KaHJIUAATa TEXHUUECKUX HAYK

Kazans - 2014



Pabora BeImONHEHAa B (efepalibHOM TOCYJAPCTBCHHOM OFOJKETHOM
00pa30BaTeNFHOM YUPEKICHHH BBICIIETO MPOGECCHOHAIHLHOTO 00pa3oBaHUs
"Kazanckuii HAIMOHANBHBIA UCCIIEIOBATEIbCKUN TEXHHUSCKI YHUBEPCUTET UM.

A.H.Tymomea - KAWN" ©Ha xadenpe TEIUNIOTEXHUKH W DHEPIrEeTHYECKOTO
MAalIHHOCTPOCHHSL.
Hayunble pykoBoIUTE/IM: JOKTOp TeXHUYECKUX HayK, mpodeccop

ITyxus Aunpeit Bukroposuu

KaHAUIAaT TEXHUYECKUX HayK
WnbunkoB Annpeit BrnagucnaBouu

O¢uuuajbHbie ONNOHEHThI: JlanteB Anarosnuii I'puropreBuy,
JIOKTOp TEXHWYECKUX HayK, mpodeccop,
OI'BOY BIIO "KaszaHckuil 3HEpreTHYECKUn
YHHUBEPCHTET, 3aBelyomuii kadeapoit
"TexHOoJIOTHS BOABI U TOILIHBA"

I'opesios ¥Opnii I'enpuxoBuy,

KaHIJaT TEXHUYCCKUX HAYK,

OI'VIT "HIIL] razorypboctpoenus "Camtot"
(r. Mockga), KBIIP, HauansHUK GF0pO

Benymas opranusaunus: HccnenoBaTenbCeKuii EHTP MPpodiieM
sHepreTnkn KazaHCKOro Hay4YHOro LEHTpa
PAH
3ammra cocroutcs " " 2014 r. B JacoB Ha

3acefaHuM auccepraguonHoro cosera [ 212.079.02 mpu ®I'BOY BIIO
"KazaHckuil HallMOHANbHBIA UCCIEAOBATEILCKUN TEXHUUECKUI YHUBEPCUTET UM.
A.H. Tynonesa-KAN" no aapecy: 420111, r. Kazans, yn. K.Mapxca, 1.10.

C nuccepramueil MOKHO O3HakKOMHUThCs B Oubmmoreke ®I'BOY BIIO
"Ka3zancknii HalMOHANBHBIA MCCIIEIOBATEIbCKUN TEXHHYECKIH YHUBEPCUTET UM.
A H.Tynonesa-KAN" u Ha caiitax www.Kai.ru, vak.ed.gov.ru.

Astopedepar pazocian " " 2014r.

VY4eHslii cexpeTapb
JIUCCEPTALMOHHOIO COBETA,
KaHJAWJaT TEXHUYECKUX HAYK, TOLEHT %«‘P ‘7 7 A. T. Kapumona



1
OBIIAA XAPAKTEPUCTUKA PABOTBI

AKTYaJbHOCTh TeMbl. YIydIlI€HHE YICIbHBIX IIapaMETPOB Ta30BBIX
TypOMH  HampsMyl0  CBSI3aHO  C  IIOBBIIICHWEM  TEMIIEPaTypel  e¢
TePMOANHAMHYECKOTO IUKJA. B CBs3M ¢ 3TUM pa3paboTKa d3(PPEKTHBHBIX CUCTEM
OXJIKICHUSI TYpPOMHHBIX JIONATOK SIBISIETCSI OJHOM W3 ONPENENAIOIUX H
HEOTBEMJIEMBIX 337a4 IPH Pa3pabOTKe MEPCICKTHBHBIX BBICOKOTEMIIEPATYPHBIX
I'TA u I'TY. IloBeimenne >(QQEKTHBHOCTH CHUCTEMBI OXJIAXACHUS IO3BOJISIET
YMEHBLIUTh PACXO0Jl BO3/yXa IMyTeM OoJiee parlioHaJIbHOTO €ro MUCIOJIb30BaHUS U
CHHM3HMTh TEM CaMbIM HamOoJiee OLIYTHMBIC INOTEPU SHEPTUU OT OXJIAKACHUS,
CBSI3aHHBIE C 3aTpaTaMu pabOTHI CXKATHS BO3yXa B KOMIIPECCOPE.

HauGonpime tpyaHocTH B obecriedeHUHM 3(GQEKTUBHOTO OXJIaXICHUS
TypOWHHOM JIOMAaTKU BO3HUKAIOT HAa y4acTKE BXOJIHON KPOMKH, I/ie CTECHEHHbIE
YCIOBUSL HE  TIO3BOJIIIOT ~ YCHENIHO MNPUMEHSITh  HEKOTOPHIE  XOPOIIO
3apeKOMEH/I0BaBIINE ceOst cioco0bl MHTeHCH(HKamu TerutoooMena. Tak, B crry
YKa3aHHBIX OOCTOSATENHCTB BUXPEBBIE MAaTPHIBI MOTYT OOECIEYnTh 3HAYCHHUE
3G (PEKTUBHOCTH OXJAXKACHHUS B JIOOOBOW TOYKE BXOJHOH KPOMKHU JIOTIATKH B
MIOJITOpa pas3a MEHbIIEE, YeM B CPETHEH YacTH MPpOQHIIs.

Bornee KOMIakTHBI TNPHUCTEHHBIE HMHTEHCH(UKATOPHI  TEIIIOOOMEHa,
KOTOpBbIE HAHOCSTCS Ha OXJIAKAAEMYIO IOBEPXHOCTb B BHUJE BBICTYNOB WM
BBIEMOK paznuyHoii ¢opmbl. Ho gaxe wux 2,5-3-KpaTHoe yBEIHYCHHUE
TEIUIOOTAAa4YH He 00ecreurnBaeT 3aJaHHOTO Pecypca BXOJAHONW KPOMKH TYpOMHHOM
JomaTKH M TpedyeT  HCHONb30BaHUS ~ KOMOMHUPOBAaHHBIX  CIIOCOOOB
HMHTEHCU(UKALIMY TEITIO0OMEHa.

W3BecTHO, uTO 3P PEKTHBHOCTh OXJIAXKIEHHST MOBEPXHOCTH MOXET OBITh
TIOBBIIIIEHA HCIIOJIb30BAaHWEM HMMITAKTHBIX BO3JYIIHBIX CTPYH, YBEIHMUHBAIOLINX
IIPY ONTHUMAJIBHBIX YCJIOBHSAX TEIUIOOT/auy Ha OXJIAXKIAeMOW ITOBEPXHOCTH B 3-5
pa3 1o CpaBHEHHUIO C TaHI'CHIMAJIBbHBIM ee oO0TekaHneM. OmHaKo TpeOOBaHUS IO
SKOHOMHM  OXJI@KJAIOIIETO BO3JIyXa M TPYOHOCTH, BO3HHUKAIOUINE IIPH
KOMITOHOBKE CHCTEMBl OXJI&KAEHHS B CTECHEHHBIX YCJIOBHSX BHYTPEHHHX
MoJOCTell TYypOWHHBIX JIONATOK, HE BCETAa IIO3BOJIIOT pEaJn30BaTh 3TH
ONTHMAJIbHBIE YCJIOBUS. B 3THX cilydasx Kak pa3 U BO3MOXKHO JIONOJHHUTEIBHOE
yinyumiende  3(GQGEKTHBHOCTH CTPYHHOTO  OXJKACHHS pa3MellleHHeM Ha
OXJIAKIAEMOH CTPYSIMU TIOBEPXHOCTH C(HEPHUUECKHUX BBICTYTIOB MIIM BBIEMOK. Peub
HJET Kak 00 ydJacTKke BXOJHOI KPOMKH TYpOWHHOH JIONATKH, TaK U O 3aJHEM
y4acTKe CHUHKH, TI€ M3-32 0COOCHHOCTEH OOTEKaHMS ropsSYuM ra3oM Mpoduis
JIONIAaTKW BHEIIHSS TEIUIOO0TAaYa CKauK0OOpa3HO yBEINYHBAETCS B HECKOJIBKO Pas.

B Hacrosimee Bpems Il MHTEHCH(MKAIMU TEIJIOOOMEHa Ha BXOJHOMN
KPOMKE W 3aJHEH 4acTH CIUHKM NMPOQHIS NPUMEHSIIOT XOPOLIO OTpadOTaHHbIN
TEXHOJIOTUYECKH CTPYHHO-Ie(pIeKTOPHBIH CIIoco0 OXJIAXIEHUs, B KOTOPOM
Je(IekTop MOKET ObITh BBITIOJIHEH JINTHEM, 33 OJTHO LIEJIOE C MPOQHIIEM JIOTIATKH.
Ero s¢dexruBHOCTD, 10 manubM [.I1. Haroru, Ha y4acTke BXOAHOW KPOMKH IpH
OTHOCHTEIILHOM PAacxoje BO3Ayxa Ha BeHell Jonatok Gy, = 3,5% mast paboueit
JomaTku coctapisieT ® = 0,43, a g corioBoit — ® = 0,51. OgHAaKO BBHIY TOTO,
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YTO BXOJIHBIE TEMIIEPATypHI I'a3a B COBPEMEHHBIX TypOuHax npebimaiotr 1600 K,
OTHOTO CTPYHHOTO OXJaXKACHUS MOXET OKa3aTbCsi HemocTatouHo. [losromy
NPUXOANTCS TPHHUMATh MEPHl 110 TEIUIOBOW 3alluTe CTEHKH JIOMATKH:
MPOEKTHPOBATh CHCTEMY IUICHOYHOTO OXJaXICHWs, Oojee ymepOHYIO, d4eM
BHYTPCHHEE KOHBEKTHBHOE OXJAXKACHHE, WIM HAHOCHTH TepMoOaphepHOe
MOKpBITHE. B CBSA3M C 3TUM TeMa HACTOSIIEH AWCCepTAllMOHHON paboTHI,
TIOCBAIICHHAS MICCIIEIOBAHNI0 KOMOMHIPOBAHHON MHTEHCU(PHUKAIINN TETIOOTAAYH
IpU CTPYHHO-AE(DIEKTOPHOM OXJIQKAECHUH MOBEPXHOCTH € NOIychepudecKUMHU
BBICTYIIAMH I BBIEMKaMHU, SIBISICTCS aKTYaJIbHOM.

Heanr padorsr: CdhopmynupoBaTh pPEKOMEHAAIMM IO  pacyery
TEIUIOOTAAYH B YCIOBHUSX CTPYHHO-IE(IEKTOPHOTO OXJAXICHUH Hanboiee
TETIOHAIPSKEHHBIX Y4aCTKOB npodus TypOUHHOM JIONTaTKH c
noyc(hepUIeCKIMHU BBICTYTIAaMH WIH BEIEMKaMHU.

3ama4u HCCIe0BAHNS .

1. IIpoBecTn »SKCIEpUMEHTATBHOE WCCIICIOBAHUE BIUSHUS Ha
TEIUIOOTAady Yrcia PeiHombaca, BBICOTHI OXJIAXKJAIOMIET0 KaHalla M IUIOTHOCTH
PAacCTIONIOKEHHS BBICTYIIOB Ha MOJENTH BXOIHOW KPOMKH TYpOWHHOHN IJIOTIATKH C
MOIyc(hepUIeCKUMH BBHICTYIAMH.

2. Bremoanuts OKCIICPUMECHTAJIBHOC HCCJIICAOBAHNUC BJIMAHHUA Ha
CPEe/IHIOI0 TEIJIO0T/Aa4y CTPYHHOro 00JyBa MOBEPXHOCTH C NOJycheprnyecKkumu
BbBIEMKaMHU CO CHOCSAIIHUM IMOTOKOM MPUMEHHUTCIIBHO K 3aAHEMY YYaCTKy CIHMHKU
JIOTIATKH.

3. HpOBeCTI/I BU3YyaJIN3allUOHHBIC OKCIICPUMEHTHI Ha OXJIAXKIAE€MBIX
MOBEPXHOCTSIX MoJieNieid ydacTkoB npodwis Jjonatku Juisi  000CHOBaHHMs
(hM3MYIecKUX MOoJIeNel ucCielyeMbIX TeIUIO0OMEHHBIX IPOIIECCOB.

4, [lomyuuts KpuUTEpHaNbHBIE YpaBHEHUS, C(HOPMYIHPOBATH
(m3nveckre MOAETH, M Ha WX OCHOBE Pa3paboTaTh pEKOMEHIANUHU IO pacyeTy
TEIUIOOT/Ia4YH Ha BXOJHOW KPOMKE C IOIyc(hepruuecKUMHE BEICTYIIAMH 1 Ha 33/ THEM
YYacTKe CIIMHKH C MONyCc(EepHIECKIMH BEIEMKaMHU IMPH CTPYIHHO-Ie(hICKTOPHOM
UX OXJIAXKICHHH.

5. Ilo pa3paGoTaHHBIM pPEKOMEHIAIMSIM BBIIIOJHUTH PacUeTHI
TEMIIEPATYPHOTO COCTOAHUA yUacCTKa BXOI[HOI\/'I KPOMKH, 3aJHCTO YyJaCTKa CIIMHKH
TypOMHHOH JIOMATKX ¥ CPABHHUTH UX C APYTUMH CIOCO0AMH UX OXJIaXICHUS.

Hayuynasi HoBu3HA!

1. Bnepsble 1nonydeHel M NPEACTABIEHBl  KPUTEPUAIBLHBIMHU
YpaBHEHHSMH SKCIEPHMEHTAIbHbIE JIaHHBIE 0 TEIUIOOTHadye IpH CTPYHHOM
00/1yBe IOBEPXHOCTH C MOIYCHEPHUIECKUMH BBICTYIIAMH.

2. BrnepBble yCTaHOBIEHO, YTO B HCCIEIOBAaHHOM JAHMANa3OHE
M3MEHEHHSI PEKMMHBIX U TEOMETPHUYECKUX MapaMeTpoB TEINIOOTAa4Ya B 001acTu
J000BOM TOYKM MOJENM BXOJHOH KpPOMKH TIPH CTPYHHOM OXJIQKICHUH
MOBEPXHOCTH € NOJycepryecKkuMy BBICTYIIaMH Bo3pacTtaeT B 1,5...2 pasa mo
CPaBHEHHIO C TTIAIKOH OXITaXKIAEMOU CTPYSIMH IOBEPXHOCTHIO.

3. BnepBreie 00HapyXeHO, YTO B JOOOBOW TOYKE MOJIEITH BXOJIHOM
KPOMKH 00JIee TIPeATIOYTUTEIBHOM, ¢ TOYKH 3pEeHIsI MAaKCHMAJIBHON TETJIO0TAauH,
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SIBJISICTCSl OTHOCHTEJbHAS IUIOTHOCTH pacrmonoxeHus BoicTynoB f=0,485, a Ha
yuactke nocneneiictus - f=0,85.

4. BerABIEHO, dYTO HaAmMUYME ~ MaTpHIBl  HOITyc(epHIecKux
BBICTYIIOB Ha OXJAXJAaEMOW HMIIAKTHBIMH CTPYSMH MOBEPXHOCTH MOZCIH
BXO/IHON KPOMKH JIOTIATKH HE U3MEHAET ONTUMAIbHOTO 3HAUYCHNSI OTHOCUTEIHHON
BBICOTHI KaHana H/d B oGmactu 1060BOM TOYKH, a 0ojee BBICOKAS ILUIOTHOCTH
pacnonokeHuss BbicTynoB f pmemaer Oonee KOHCEpPBAaTHBHBIM — 3HAuyCHHUE
MaKCHMyMa TEIUIOOTAaud K u3mMeHeHuto H/d.

5. VYCTaHOBIIEHO, YTO B YCIOBUSX MHOTOPSJHOIO CTPYHHOrO
OXJIKICHUSI TIOBEPXHOCTH C IIOJNyC(EPUUECKHMMH BBIEMKAMH W  CHOCSIIHM
MIOTOKOM TEIUIOOT/a4ya C YYETOM YBEJIMYEHHs IIOBEPXHOCTH TEIUIOOOMEHa
Bo3pactaeT B 1,7 pasa MO CpPaBHEHHUIO CO CTPYWHBIM OXJAXKICHHEM TJaJIKON
TIOBEPXHOCTH IIPU NPOYNX PABHBIX YCIOBHSX.

6. Pa3zpaboTansl peKOMEHJAIMH II0 PacdeTy TEIUIOOTAAadd IIpH
CTPYHHOM OXJXICHHH IIOBEPXHOCTH C NONyc()EpPUUECKUMU BBICTYIAMH H
BBIEMKaMHM U1 HanOoJiee TEIUIOHANPSDKEHHBIX YYacTKOB HpOoGMIs TYpOHMHHBIX
JIONIaTOK.

ABTOp 3alIUILACT!

1. OKclepUMEHTaJdbHbIE JaHHBIE II0 CpeJHe M MecTHOI
TEIJIOOTAAaYe HpPU  CTPYHWHO-IE(IISKTOPHOM  OZHOPSAHOM  OXJIXKICHHUU
MOBEPXHOCTH MOJEIH BXOJHOH KPOMKH C TOJIyC(EpUUECKHMMH BBICTYNAMHU IMPH
BapbUPOBAHUH PEKUMHBIX U T€OMETPUYECKUX [TapaMeTPOB.

2. OKcIepUMEHTaJIbHbIE [aHHBIE II0 CpeJHEeH TEeIUIoOTAadYe B
YCIIOBUSIX CTPYHHO-IE()JIEKTOPHOTO MHOTOPSJHOTO OXJIX/EHHUS] TIOBEPXHOCTH C
noixycepuyeckuMH BBIEMKAMH M CHOCSIIMM IIOTOKOM, XapakTepHbIX JUIs
3aJIHET0 yJacTKa CIIUHKH TYpPOMHHOH JONaTKy.

3. PexoMenmanmy 1o pacdeTy TEIUIOOTAAYM Ha o0O0myBaeMoi
CTPYSMH TIOBEPXHOCTH C HOJyc(EPUUECKHMMH BBICTYIIAaMH W BBIEMKaMH, JUIS
YCIOBUH OXJaXIEHHWsS HauOoiee TEIUIOHANPSDKEHHBIX YYacTKOB IPOQHIL
TypOMHHOM JIOTIATKH.

IIpakTnyeckass 3HAYMMOCTB. llodydeHHBIE pE3yIbTATHl MO3BOJSIOT
Oosiee JETAIBHO TIOHATH MEXAaHU3M B3aWMOEWCTBHS WMIIAKTHBIX BO3IYIIHBIX
CTpYH C TPHUCTCHHBIMH HWHTEHCHU(HKATOpaMHU TeIIooOMeHa (BBICTYyIIaMU U
BbIeMKaMH). Pa3paboTaHHBIE Ha OCHOBE OHKCIIEPHMEHTAJBHBIX HCCIIEIOBAHUN
PEeKOMEHAAMHN I pacyeTa TeIUIOOTAAYM MO OCHOBHBIM T'€OMETPHYECKHM H
PEKUMHBIM IapaMeTpaM COOTBETCTBYIOT JIHAIlla30HY MX M3MEHEHHS! B CHCTEMax
oxyaxaenust HaTtypHeIx ['T/l. OHM TO3BOJSIOT pacCcUMTaTh M CIIPOSKTHPOBAThH
3G PEKTUBHYIO CTPYHHO-1E(IIEKTOPHYIO CUCTEMY OXJIAXKACHHS BXOJIHOW KPOMKH
U CIMHKM TYpOMHHOH JIOMAaTKM C JIONOJHUTEIbHOW WHTEHCH(UKanueH
TerI000MeHa MoTyceprudecKUMH BBICTYIIaMU M BBIEMKaMHU.

OcHoBHBIE pe3ynbTaThl padboTsl Bouutk B otdyer 0 HUP KHUTY-KAU no
roczakasy 2012-2013 rr. (Ne roc. peructpanuu 01201259883).

JlocTOBEpHOCTL M 000CHOBAHHOCTb IOTYYCHHBIX 3KCIEPUMEHTAIBHBIX
JaHHBIX ~ oOecreunBacTCsi NPUMEHEHHWEM  almpoOMpPOBAHHBIX METOJIOB H
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aTTECTOBAaHHBIX CPEACTB H3MEPEHUS TEIUIOBBIX M  THIPOJUHAMHYECKHX
apaMeTpoB, MHOTOKPATHBIM MOBTOPEHHEM IIPOBOANMBIX H3MEPEHHH, pacyeToM
MOTPENIHOCTH  IOJYYEHHBIX  ONBITHBIX  JAHHBIX,  YJOBJIECTBOPUTECIHHBIM
COTJIACOBAHUEM IMOTYUCHHBIX 3KCIIEPUMEHTANBHBIX JAHHBIX C OIyOINKOBaHHBIMA
B JINTEPATYPE NaHHBIMU JIPYTUX aBTOPOB.

Jlnunblii  BrJIax aBropa. ComckaTens yYacTBOBal B CO3JaHHH
9KCTIIEPUMEHTAIBHBIX CTEHAOB, JHMYHO BBIIOJHKI OCHOBHYIO IIPOrpaMMy
9KCIIEPUMEHTOB, MPOBEJ 00pabOTKY ONBITHBIX JAHHBIX. AHAJIN3 PE3YJIbTaTOB
9KCIIEPUMEHTOB U pa3paboTKa PeKOMEHAALMH Ui pacueTa M MPOEKTHPOBAaHUS
CHCTEM OXJIQXKICHUSI TypOWHHBIX JIONIATOK TPOBEAEHA COBMECTHO C HAayYHBIMHU
PYKOBOJUTEIISIMH.

Anpobanusi pad6oTbl. OCHOBHBIE PE3YNIBTAThl AUCCEPTALMOHHON PaOOTHI
JOJNOXKEHBI M Tonydmnn onxobpernne Ha XX MexayHapomgHOH MOJOISKHOM
Hay4HOI KoH(pepenmn «Tynonesckue ureHus», KHUTY-KAU, r. Kazans, 22-24
Mas 2012 r.; ma VIl Illkone-cemrHape MOJOIBIX YUYCHBIX W CIICIIHAIHCTOB
nmenn akanemmka PAH B.E. AmemacoBa «[IpoGieMsl TemaomaccooOMeHa B
THUIPOAMHAMUKHN B SHepromammHocTpoeHnn», KHUTY-KAU, r. Kazanp, 16-18
okTsiOpst 2012 roma; Ha XX| MexnyHaponHOW MOJOAEKHONH HAyIHOU
koHpepennuu «Tymonesckue urenusn», KHUTY-KAU, r. Kazaub, 19-21 HOs0ps
2013 r.; Ha Bcepoccuiickoit kKoH(epeHINT 1Mo NPUKIAJAHBIM HayKaM, T. MOCKBa,
MHCTUTYT MexaHuku u 3Kkonoruu HAIIH P®, 3-4 mapra 2014 rona; Ha HayIHBIX
cemuHapax kadeapsl TemIOTEXHHMKM W SHEPreTHYeCKOro MAIIHHOCTPOCHHS,
KHUTY-KAU, r. Kazanp, 2011-2014rr.;

Hyoaukamun. Ilo Teme muccepranuu omyOiaukoBaHo 7 pabor. JlBe
HaydHBIE CTaTbU OIyOJMKOBaHBI B pekoMmeHayembix BAK >xypramax. Kpome
9TOr0, MaTepHaNbl IUccepTanud Bomutd B MoHorpaduro A.B. Hlykwmua, A.B.
WnbnnkoBa «IlpucreHHas wHTeHCH(UKanMs TeIIOOOMEHa TPH  CIIOXKHBIX
TPaHUYHBIX YCIOBHAX», OMyONMKoBaHHY0 wu3matensctBom KHUTY-KAU B
2014 ., 252 c.

CTpykrypa m o0bem padotbl. [luccepranmioHHas padoTa COCTOHUT W3
BBEJICHUS, YETHIPEX TJIaB, BBIBOJOB M CIHMCKA HCIOJIB30BAHHBIX JINTEPATYPHBIX
HUCTOYHUKOB. PaboTa u3joxena Ha 127 cTpaHuIlaXx MAIIHHOMMCHOTO TEKCTa,
coJiepkuT 65 pucynkoB, 5 Tabiuu. CHHCOK HCIOJIB30BAaHHBIX JIUTEPATYPHBIX
MCTOYHMKOB BKJtouaeT 134 HauMeHOBaHMSI.

COAEPXAHUE PABOTHI

Bo BBemeHmm jauccepraid  00OCHOBaHa  aKTyaJbHOCTb  TEMBI
MCCIIEJIOBaHMs, OTMEUCHBI €€ Hay4YHasl HOBU3HA U TIPaKTHYECcKast 3HaYUMOCTb.

B mepBoii riaBe auccepTanyy BHINIOJHEH KPaTKUH 0030p pe3ysbTaToB
WCCIIEJIOBAaHUI MO CIEIYIOMNM pasjieslaM: MHTCHCU(QHIMPOBAHHOE OXJIaXK/IACHHE
TYpOMHHBIX JIONATOK (110 MaTtepuaiaMm A.A. Xanarosa, ['.II. Haroru, P.M. Ligrani
W Jp.); 1O CTPYHHOMY OXJIQXKICHHIO MOBEpXHOCTH (MoHorpadus Jlpidana n
Masypa, nmyonmkanuu Kepuepa m Tabakosa; FO.I'. T'opemoBa u ap.), BKItodas
CTPYHHOE OXJIaXKIEHHE MOBEPXHOCTH €O chepruuecknuMu BeieMkamu (Azad Gm. u



5

ap., Ekkad S. mp., Kanokjaruvijit K. u ap.); mo uHTeHCHpHKALMHU TeruI00OMeHa
BBICTYIIAMH U BBIEMKaMH — MoHorpapuu u crtatbu B.M. By3Huka;
IO.A. BrictpoBa, C.A. HcaeBa um np.; 10.®. Topteimona, MN.A. Ilomona,
B.B. Onmmvmmera u ap.; b.B. [I3t06enxko, F0.A. Ky3ma-Kuura, A.W. JleontbeBa u
ap.; 9.K. Kammnanna, I'.A. [peiitepa, C.A. fpxo; B.K. Muras; B.1. TepexoBa u
Ip., A.A.XanaroBa u zip.

Kaxk crnemyer u3 aHanm3sa JIUTEpaTypsbl, 0 UCCIEAYEMOH TeMe UMEETCS TpU
CTaThH, IIOCBSILIEHHBIE HWHTCHCU(HUKALUHM TEIUIOOOMEHAa TIpH  CTPYHHOM
HaTEKaHWW BO3AyXa Ha IOBEPXHOCTb C BbIEMKaMH. ABTOPHI HE IOJYYHIH
YBEJIMYEHUs] TEIUIOOTIAud 3a CYeT BHIEMOK M OTMEYaroT, 4To Tpebyercs
NIPOBEJICHUE JIOMOJIHUTENBHBIX HccieqoBaHuid. UTo ke Kacaercst CTpyHHOTro
00ayBa TOBEPXHOCTH C MOJychepHYecKUMH BBICTYNIAMH, TO B JIUTEPAType
OTCYTCTBYIOT KakHe-THOO CBEIECHWS MO JaHHOMY Bompocy. Takum oOpaszom,
aHaNIM3 JIUTEPaTyphl IOKa3aj, YTO MPOLECCHl TEINIOOOMEHa M THAPOAWHAMUKHU
IpU  B3aUMOJCHCTBHM CTPYH C TPUCTCHHBIMH HHTEHCH(HKAaTOpaMH 10
HACTOAIIEr0 BPEMEHM HE M3ydanuch. /i1 MCCIEIOBaHMSA 3THX IIPOIECCOB H
pa3paboTKM pEeKOMEHJalWi 10 pacdyeTy ¢ MPOCKTUPOBAHHIO CHCTEM
KOMOWHHUpPOBaHHOTO oxnaxnaeHus jomatok typomn [T um ['TY tpebyercs
NPOBECTH  DKCIIEPUMEHTAJIbHOE  HCCJIENOBAaHME  CTPYHHOrO  OXJIKACHHSA
MOBEPXHOCTH C TOJNyC(EPUUECKUMH BBICTYIIaMH M BbIEMKaMH B I[IHPOKOM
JMana3oHe U3MEHEHHsI PEXKUMHBIX U T€OMETPUYECKUX TTapaMeTPOB.

B koHme mepBoil TnaBbl JuccepTalyH  CHOPMYIMPOBAHBI  3a/a4d
HCCIICIOBaHMUS.

Bo BTOpoO#i rjiaBe [AaHO ONUCAaHUE DSKCIEPUMEHTAIBHBIX CTEHIOB M
00BEKTOB HCCIIEOBaHNM, METOJUK MPOBEICHUS SKCIIEPUMEHTOB M 00pabOTKH
ONBITHBIX ~ JaHHBIX. ChemaHa  OIEHKAa  OTHOCHTENBHBIX  HOTPENIHOCTEH
TIOJTy4aeMBIX OTBITHBIX JaHHBIX.

OKCIepUMEHTaJIbHAs yCTAaHOBKA [UIS MCCIIEAOBAHUS TEIUIOOTIOAYH IIpU
CTPYHHOM HaT€KaHHMHM Ha MOBEPXHOCTb C TNONYyCHEPUUECKHMMH BBICTYNIAMH
(pucyHok 1) mpencraBisiia codoit kopod mmHoN 1000 MM, mmpuHO# 400 MM 1
BBICOTOM 450 MM, HIDKHSISI CTEHKa KOTOpPOro ObUTa KpPUBOJWHEHHOW (paamyc
KpuBHU3HBI 350 MM) ¥ UIMUTHPOBaJa BHyTPEHHIOIO TOBEPXHOCTh BXOHOW KPOMKH
oxiaxmaeMod TypOuHHOW Jomarku. Ha ee TpakTOBOH  IMOBEPXHOCTH
pacriojarajguch monychepruueckie BBICTYIBI C OTHOCHTEIbHOH IJIOTHOCTBIO
pacnonoxenus f=0,485 u f=0,85 (pucynok 2, a, 6). CBepXy Ha KOpoO yCTaHaBIHBAJICS
LMITHHApUYECKUi OapabaH, MMHTHPYIOIINI JedaeKkTop JonaTku (PUCYHOK 2, 6), C
OJIHUM DSIOM IYIIMPYIOIUX oTBepeTuii (d=35 mm, t/d=1,14).

Jnst uccnenoBaHMs BIWSIHUSL BBICOTHI H oxnmaxknjaromero kaHana Ha
TEIUIOOTAAYY MCIONIB30BaJINCh OapabaHbl TpeX pasiIM4YHBIX JHaMETPOB, HYTO
obecriedwyio  Juana3oH WM3MEHEHUS OTHOCHUTENBHBIX BBICOT OXJIaXAIOLIETO
KaHana (c ydeToM crTecHeHus BbicTymamu) H/d=1,66..5,31 mna f=0,485 wu
H/d=1,60...5,09 nna =0,85.
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Pucynok 1 — Hccnenyemast cxeMa OXJIQKICHHSI BXOJHON KPOMKU TYpOHHHOM jonatku (a)
U cXeMa 3KCIICPUMEHTAIILHON YCTAHOBKH JUISl UCCIICNOBAHMS TEIUIOOTIAYH MIPH CTPYHHOM
HATCKAHWM HA BOTHYTYIO IOBEPXHOCTh C TodycepuuyecKdMu BhicTymamu (6): 1 —
KOMITpeccop, 2 — PeryIupyrolas 3acioHKa, 3 — pacxojoMepHas miaiiba, 4 — obxyBaeMast
MOBEPXHOCTh, 5 — moiycdepuueckuii BeICTyn, 6 — npeduekropHelli OapabaH, 7 —
TEII00OMEHHas: MOJIeNb, 8 — TepMomnapa Ul 3aMepa TeMIepaTypbl BO3/lyXa Ha BXOJE B
OIIBITHBIN y4acTok, 9 — rpebeHKa TepMorap I 3aMepa TeMIIepaTyphl BO34yXa Ha BBIXOJE
u3 ombITHOrO ydactka, 10 — tpyOka ITuro-Ilpanaris s 3amepa CKOpOCTH HOTOKa Ha
BBIXOJIe U3 ydactka, 11 — AIIII, 12 — komnbroTep

Pucynok 2 — HccnenoBaHHble BAPUAHTHI [UIOTHOCTU PACIIONOKEHHs BBICTYIIOB (a, 6) U
cMeHHbIe e(IIeKTOpSI (6)

Pucynok 3 — OOBeKT uWccienoBaHHS: ¢, 6 — BHEIIHUA BUJ H CXEMa TEIUIOOOMEHHOI
MOJICITN BBICTYIIA C HAarpeBaTelieM
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B kauectBe 00BEKTAa HCCIICNOBAHUS CIIy)KHMJIa MOJEIb BBICTYIA
(pucyHok 3), mpemapupoBaHHasi TepMoInapaMu (62 MTYKH) MO0 MEPUANOHATBHBIM
CCUCHMSAM, JaHHBIE C TEpPMONap MOCTyNaJIM dYepe3 aHaIoro-muppoBoi
npeobpa3oBarenis B KommbioTep. Ha ocHoBe kommmiekca mporpamm ANSYS
TPajMeHTHBIM METOAOM MPOBOAMICA pAacdyeT TEMIEPAaTypHOTO IO MOZICIH
BBICTYIA, PpACIpEICICHUS] MECTHBIX KO3((HINEHTOB TEIUIOOTIAYd IO €ro
MOBEPXHOCTH M CpPEAHEH 10 MOBEPXHOCTH BBICTyNlAa TeIuooTHaum. Jlis
UCCIIEJOBAHMS TEIUIOOTayl Kak B 30HE JIOOOBOrO HAaTEKaHWsI CTPYH, TaKk M Ha
y4JacTKe MOCJIeACHCTBUS TEIUIO0OMEHHAs MOJIEb YCTaHABIMBAJIACh B PA3IMUHBIX
psanax  BeicTynoB. CpexHue 1o psay  KO(QQUIHMEHTH  TEIUIOOTIAuu
pacCUMTHIBAINCH WHTETPUPOBAHUMEM  pACHpENENeHHs MECTHBIX  3HAYeHUH
TEIJIOOTAAYH 1O TIOBEPXHOCTH.

OKCHEpUMECHTAIBHBIE ~ WCCJICAOBAHUS ~ NPOBOJWINCH  IPU  YHCIAX
Peitronbaca Rey=(3...40)-10* st yaactka n06oBoii Toukn n Re,=(1...60)-10° s
yd4acTKa MOCIEeNEHCTBHS, IYTO COOTBETCTBYET HATYPHBIM yCiIoBHsAM. [lomyueHHbIE
OTBITHBIE JAHHBIE IO TEIUIOOTIAade Ha IOBEPXHOCTH C MOIYyCHEepHIECKUMH
BBICTYIIAMH TIPEJCTABIISUINCH B BU/IE KPUTEPHUAIBHBIX YPAaBHEHHUH.

OmbplTHOE  WCCIIEAOBaHME  TEIUIOOTAAYM TpH  CTPYHHOM  00ayBe
MOBEPXHOCTH C MOJYC(EepHUUECKUMH BBIEMKaMH IPOBOJMIOCH Ha CTEHAE, CXeMa
KOTOpOTO TpeAcTaBieHa Ha puUcyHKe 4, a. ONBITHBIA y4acTOK YCTAaHOBKHU
MPEACTaBIsUT cOOOW LWJIMHIPUYECKUH pecuBep, HaOpaHHBIN W3 TEKCTOJIUTOBBIX
Koner; . BHyTpp pecuBepa ycTaHaBiMBajach TEIUIOOOMEHHAs MOJIENb, HarpeB
KOTOPOH OCYIIECTBIISICS BBICOKOYACTOTHON YCTaHOBKOH (MHIyKTOpoM) JI3-13
(pucyHok 4, 6).

Jnst opraHu3alii MHOTOPSITHOM CHCTEMBI BO3AYIIHBIX CTPYH B pecuBepe
yCTaHaBIMBAIACh TUIACTHHA JUaMeTpoM 130 MM ¢ KOpHIOPHO PaCIOJIOKEHHBIMH
orBepctusimu (d=3 mmM, t/d=3), umwuTHpyromas aedraexTop, 00eCcreYrBaIOIIN
JYLIIMPOBaHHE 3aHEr0 y4acTKa CIIMHKH OXJIaXIaeMOH JOomaTku (PHCYHOK 4, ).
[TnacTnHa ycTaHaBIMBajiach HA PACcCTOSHUM 6 MM OT TEINIOOOMEHHOH MOJENH,
obecrieunBas OTHOCHTENIBHYIO BEICOTY OXJiaxkaarouiero kanana H/d=2 (6e3 ydera
HaJIM4MUsl BbIEMOK). BOKOBO#l 0TBOJ OTpabOTAaHHOTO BO3JyXa W3 OIBITHOTO
ydacTKa OCYIIECTBIISIICS Yepes IIelb TUIoNIa s 360 MM,

TenmooOMeHHas MOAENs MpEACTaBsLIa COOOW IUCK W3 JIETHPOBAHHOMN
cramu 1 X18HI9T tommuuoit 15 mm u guamerpom 130 mMm (pucynok 5). Jlmst
CPaBHHUTENILHOTO aHAJIN3a YKCIIEPUMEHTHI POBOAMIMCH KaK C TIaKOW MOJEIbIO,
TaK ¥ C MOJEIBIO C MONyC(EepHUeCKUMH BbIEMKaMH (IuaMeTp BbleMKH 10 MM,
OTHOCHUTENBHAsL IUIOTHOCTh pacmonoxkeHus BbiemMok f=0,35). B mpononbsHO#
IUIOCKOCTH CHMMETPHH TEIJIOOOMEHHOH IUIACTHUHBI TEIUIOOOMEHHBIE MOEIH
npenapupoBajack TepMonapamMu (22 MTYKH), IIOCKOCTb MPSMOYTOJIBHOTO
KOHTypa, 0Opa30BaHHOIO CHasMH TEpMOIap, COBNajaja C HalpaBJCHUEM
CHOCSIIIIETO MTOTOKA BO3/yXa. Ha Mojenu ¢ BbleMKaM# TEpPMOMETPHPOBAINCH €1Ie
n Onmkaiiiime K IIOCKOCTH CUMMETPHHU BBIEMKH.
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Pucynok 4 - CxeMa 5KCIIepUMEHTAIBHOTO CTeH a (a) ISl HCCIEeIOBaHus TEIUIOOTAaYH TIPH
CTPYyHHOM OXJIQK/ICHHH IOBEPXHOCTH € MONyc(EepUueCKUMH BBIEMKAMH, BHEIIHHII BUJ
uHaykTopa (6) u neduiekropHoit riactubl (8): 1 — Kommpeccop, 2 — peryiupyromias
3acmonka, 3 —  QuibTpel, 4 — pacxogoMmepHas Iaitba, 5 — ONBITHBI yYacTOK,
6 — BOZOOXJIXHACMbIH HHIYKTOp, 7 — MepeKitoyarens, 8 — rpebeHKa TepMomnap Uit
3amepa TEeMIIepaTypbl BO3/lyXa Ha BXOJE B ONBITHBIH yuacTok, 9 — TepMomnapa s 3amepa
TeMIIepaTypbl BO3yXa Ha BBIXOJIE U3 OIBITHOTO y4acTKa

Pucynok 5 - TemmooOMeHHass MoOzenb: a - Thamkas, 6 - C BBIEMKaMH, 6 - CXeMa
TpenapupoBaHUs

W3mepenHoe  TemmepaTrypHOe  MOJl€ 10  BHEIIHEMY  KOHTYpPY
TEIUIO0OMEHHOM MOJIENH II03BOJISET OIPENEIUTh YUCICHHBIM METOJOM MECTHBIE
3HA4YeHHUsA IUIOTHOCTH TEIUIOBOTO IOTOKa M KOI(GQUIHMEHTa TEMIOOTAAYM Ha
OXJIAXJaeMoil cTpyaMHu moBepxHOCTH. CpenHue 3HaueHUsA KoddduuueHTa
TEIJIOOTAAYM  ONPEAESUINCh 10 MECTHBIM  MX  3HAUCHHSAM  Kak
CPeAHEHHTETPANIBHBIC M0 JTHHE 0XJIAXKIAEMOH MOBEPXHOCTH.
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DKcneprMeHTHI IPOBOIMIIMCH NpH yKcinax PeitHonbiaca Reg=(1 ...6,5)-103,
YTO HAXOJUTCS B [UANlA30HC WX HATYpHBIX 3HaueHWH. ONBITHBIC JaHHBIC
MIPEACTABIUINCE B BUJE KPUTEPHATIBHBIX YPaBHEHHH.

TecToBble ONBITHI MPOBOAMINCH HA IIOCKOM OMNBITHOM YYacTKE C
OIHOCTOPOHHHM PAacCIIOJIOKEHHEM TOIYC(HEPHUECKUX BBICTYIIOB, HCIIOIB3yEMBIX
Jlajiee B NpPOTpaMMHBIX JSKcnepuMeHTax. Umucna PeliHonblaca, OTHOCUTENbHbIE
3HAYEHHS IUIOTHOCTH PACIOJI0KEHHS BBICTYIIOB M OTHOCHUTEINIbHAS BBICOTA KaHAIa
TaK)Ke COOTBETCTBOBAIM YCJIOBHUSIM IPOBEJCHUSI MPOTPAMMHBIX 3KCHEPUMEHTOB.
B BU3yanu3alMoOHHBIX IKCIIEPUMEHTAX UCIIOJIB30BaIaCh CaXa.

B Tperbeii riaBe npencTaBieHbl Pe3yJbTaThl TECTOBBIX OIBITOB, @ TAKXKe
pe3ynbTaThl MPOrPaMMHBIX JKCIEPUMEHTOB 110 HCCIEAOBAHUIO CTPYHHOTO
OXJIKJCHUSI TOBEPXHOCTH C MNONychepryecKUMH BBICTYyNIAMH; TPHBEACHO
onmcanue (PU3NIECKO MOJENH KOHBEKTHBHOTO TEIUIOOOMEHA B MCCIICAOBAHHBIX
YCIIOBUSIX.

TecToBele OMBITHI MPOBOAWIMCH B JBa JTama. Ha mepBom 3tame
TECTUPOBAIINCH TEpMOIIapHl, YCTaHOBJICHHBIC Ha MIOBEPXHOCTH
noxycgepraeckoro BEICTYNA, W Ha IUIACTHHE C MOIYC()EPHIECKUMH BBHIEMKAMH,
MIOMEIIEHHBIE B TepMocTaT. Ha BTOpoM 3Tame momycdepryeckne BBICTYIIBI,
YCTaHOBJICHHBIE B INIOCKOM KaHAJIe C UCXOJHO TAHT€HIIMAIBLHBIM X OOTEKaHUEM,
COIOCTABISUTICH MO PACHPENISIICHHIO MECTHBIX KO3((HUINEHTOB TEMJIOOTAAYH MO
MOBEPXHOCTU BBICTYIIA C PE3yJibTaTaMH aHAJIOTUYHBIX JSKCIICPUMEHTOB HWang
S.D., Cho H.H. D1 pe3yabTaThl NpUBeAeHbI HA PUCYHKE 6.

MogenupoBajicsi y4aCTOK BXOJHOW KPOMKH TYpOMHHON JIOHATKH.
PaccmarpuBancst Hambonee IIMPOKO HCIOIB3YEMBIH BapHaHT OJHOPSAIHOTO
pacIiojoXeHuss OTBepCTHH B JeduekTope. V3BecTHO, dYTO TeIuIoOTHada OT
ropsvero ra3a K npoQuibHON YacTH TypOWHHOM JIOIATKH B 00JacTH mepemHeit
KPUTHYECKOH TOYKM MPUMEPHO B 1,6 pas3a IMpeBBIIIAET CPEIHIO0 TEIIO0TAaYy Ha
ydacTKe pajinycHoro o0Boja mpodmird. DTa ToOUKa aHAJIM3UPOBAIACh aBTOHOMHO
OT yd4acTKa IIOCIEICHCTBHS OXJIaXKJaeMOH IOBEPXHOCTH BXOJHOW KPOMKH,
MIOCKOJIBKY NPOMCXO/AIINE B JIOOOBOM 00JIACTH THAPOJMHAMHYECKHE MPOLECCH
B3aMMOJICHCTBHS OXJIQXAIOMIEr0 BO3/AyXa C ITOBEPXHOCTBIO XapaKTEPH3YIOTCS
cTpyiHO Mozmenbio. Kpome Toro, B unciax PeitHonbaca mmst oGiactu 1000BOM
TOYKH H 9 €€ OerCTHOCTeﬁ HCIIOJIB30BAJIMCh PA3JINYHBIC XAPAKTCPHBIC
CKOPOCTH U XapaKTEepHbIE JTUHENHbIE pa3MEpPHI.

Ha pucynke 7 mpejcraBiieHbl pe3yiabTaThl UCCIENOBAaHUS TEIUIOOTAAYU B
obmnactu 1000BOH TOUKH («HYJIEBOW» PsiJl BBICTYIIOB) MOJIEIM BXOJHOHW KPOMKH.
3nech B uncie PeitHonbIca HCNONb30BaHa CPEAHEPACXOIHASI CKOPOCTh BO3/IyXa B
OoTBepCTHAX aAedeKkTopa W, a XapaKTepHBI JMHEHHBIH pa3Mep - BBICOTa
oxJlvKaomero kanaia H mexny neduekTopoM M oxiaxaaeMol CTeHKOH (c
YYETOM CTECHSIOIIEr0 BO3AEHCTBHUS BBICTYIIOB).

Toka3zaTenb crenenu 1pu uucie Peiinonbaca B 3aBucumoct Nu = ARe"™,
Korja CTpyu HaTC€KarOT Ha BBICTYIIbI B J1000BOM TOYKEC, HAXOAUTCA B AHAIIA30HC
m=0,5...0,65. OTu 3Ha4YeHHUs COOTBETCTBYIOT ONBITHBIM MaHHBIM E.I1. JIpi0ana,
A.W. Masypa no Teruiootade B 00JaCTH JJ000BOM TOUYKH OCECHMMETPUIHOMN
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PucyHok 7 — TemiooTaa4a B 00JaCTH JTOOOBOH TOYKH MOJEIN BXOJHON KPOMKH JIOTIATKH
(ycnoBHbIe 0603Ha4eHHUSI — B Ta0HIE 1; KpUTEpHAIBHBIC YpaBHEHHS — B TaOMHIIE 2)
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Tabmuma 1
f=0,485 =0,85
H/d 1,66 3,91 5,31 1,60 3,71 5,09
0-i1 psizx O <> JAN '{::' |:| 7«1\\7
H/d,,, 0,83 1,95 2,66 0,80 1,86 2,55
1-# paz &) & V + X X
2-if p D <D A i [N DS
3-ii pz () © A - - -
4-ii psin - - - X i X
Ocpenn. . ‘ A + || *
Tabmuma 2
NUH:AReHm
=0,485 =0,85
Ne Hid A m Ne Hid A m
JINHUKA JIMHUA
1 5,31 0,453 0,63 5,09
2 3,91 1,01 0,58 4 3,71 0,564 0,57
3 1,66 1,63 0,5 5 1,60 0,933 0,56

MMIAKTHOH CTpyH, HaTeKarolleld Ha IDIOCKy moBepxHocTh (M=0,45...0,7). B
cllydae OJTHOPSAHOTO CTPYHHOTO HaTE€KaHWs BO31yXa B 00JIACTH JIOOOBOW TOYKH
MOJIEIIH TJIa]IKOW TIOBEPXHOCTH BXOIHON KPOMKH TypOWHHOM JIOTIATKH O JIaHHBIM
I'.I1. Haroru m=0,75.

Ha pucynke 8 moka3aHo BIHSHHE OTHOCHTEIbHOM BBICOTH KaHama H/d Ha
TEIUIO0TAaYy B 001acTH 1060BoM Touku. Kak BUAHO U3 rpaduKoOB, IPH HAIUIUU
Ha OXJIAXIAeMOM MOBEPXHOCTH CHUCTEMbI IMOTyc(EepHUUecKUX BBICTYNIOB C
IUIOTHOCTBIO pacrtonokenust f=0,485 TeHaeHIMS HEMOHOTOHHOTO H3MEHEHHS
TEIUIOOTAAYH B 3aBUCHMOCTH OT OTHOCHTEIIBHOW BBICOTBHI KaHala COXPAHSAETCS
TaKOH ke, KaK M IIPU OTCYTCTBHHU BBICTYIOB. [Ipu 3TOM He3aBucuMo OT uncia Rey
MaKCUMyM TEIUIOOTIa4u pacmojaraercsi B oonactu H/d = 3...4 u HaxoauTcs B
obmnactu 3HaueHnit Xosuryopra u Kyynmana, nmojy4eHHbIX IpH CTPYHHOM 00/1yBe
rmagkux mmactuH.  C ymeHblieHmeM umcia  Rey  3TOT  Makcumywm,
XapakTepu3yIoIMid  onTuManbHOe 3Hauenme H/d, craHoBuTCS  MeHee
BeIpakeHHBIM. [Ipu f=0,85 3TOT MakcHMyMm CTaHOBHUTCSI GOjiee MPOTSHKCHHBIM,
Hamomobue pe3ynbTaToB, NOdydeHHbIX @Dpeiiimanom (roe OH OXBaThHIBAaET
Juama3oH 3HadeHwid H/0=4...6), XOTs mpH OTOM yYpPOBEHH TEIUIOOTIAYH
coctaBisier 80% OT BapuaHTa paCIMOJIOKEHHUS BBICTYIIOB C OTHOCUTEIBHON
mrotHocThio f=0,485.
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Pucynok 8 — 3aBHCHMOCTH TEILIOOTAAYH B JOOOBOH TOYKE MOMAENH BXOTHOH KPOMKHU B
3aBUCHMOCTH OT OTHOCHTEIILHOM BBICOTHI KaHana: 1 — nanueie XomtyopTa, 2 — Kyynmana,
3 —Xwuna, 4 — Opeiiqmana

f=0,485 f=0,85
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Pucynok 9 — Dnropsl pacnpeseneHus 1Mo MOBEPXHOCTH BHICTYIA KOA(PGUINEHTOB
TETUIOOT/IaYH, OCPETHEHHBIX O MEPUANOHAIBHBIM CEUSHHIM

I[lo mepe ynameHust or obsacTh JIOOOBOM TOYKH YK€ IIE€PBBIH psif
BBICTYIIOB HAYMHAET B3aMMOACHCTBOBATH C IOTOKOM BO3AyXa B YCIIOBHSX,
NPUOIDKAIONINXCS K TAHTCHIHAIBHOMY HUX OOTeKaHWIO, YTO CIIEAyeT W3
JedopManny MIOPHI pacTIpeieTIeHNs] MECTHBIX KO3 HUIIMEHTOB TEIUIOOTAAYH IO
okpyxHocTH BbicTyna (pucyHok 9). Ha pucynke 10 moka3aHo wu3MeHEHHUE
OCpPEIHEHHOTO II0 TIOBEPXHOCTH BBICTYIOB OTHOCHUTEIBHOTO Ko3(dduimenTa
TEIUIO0Ta4M Ha Y4aCTKe MOCIEeIEHCTBUSA UMIIAKTHBIX CTpYH. i1 conocraBiieHus
¢ nanHeiMu P. Tapnona, K. Ax¢pupara npu BbayBe M3 CIUIONIHOW LI HAIIX
JlaHHBIE OBUIM TEpeCcCYMTaHbl HA CIUIOLIHYIO SKBUBAJICHTHYIO mienb. Jms Bcex
UCClieIOBaHHbIX  3HaueHWit H/d  xapakrtep HW3MEHEHHS OTHOCHTENBHOTO
K03(dHULMEHTa TEIJIO0TAAYN 0/0g 110 OTHOCHUTENBHOW JUIMHE OXJIaXKIaeMOH
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MOBEpXHOCTH X/D KauecTBEHHO ONM30K K aHAJOTHYHOMY PacIpeleieHHIO o/l
IpU BBIOYBE W3 CIUIONIHOW IIETHM HAa TJAAKYI IUIOCKYIO IIOBEPXHOCTB.
KonmmuecTBEHHO K€ €CThb pa3iIMyue: Ha IOBEPXHOCTH C  BBICTYNAMH
OTHOCHTENbHAsl TEIUIOOTAAYa CHIDKAETCS O Oosiee HU3KOTO YpPOBHS, HEXXKENIN Ha
rmagkod  mosepxHoctn. OpHa W3 TNPUYMH — TIOBBIICHHBIH  YpOBEHBb
TypOyJIE€HTHOCTH M BHXPEOOpa30BaHMS MPHU B3aHMMOJCHCTBHH COCEIHHUX CTPYH B
HAIINX UCCIIEIOBAHMAX, YTO YBEININBACT 0.

oc/onoﬁ
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0.6 —

i .\
0.5 AN
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i ~
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b J
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0 4 8 12 16 x/b
Pucynok 10 - CormocrapneHue IONYYEHHBIX OINBITHBIX [aHHBIX IO OTHOCHTEIbHOM
TEIUIOOTAAYE HA YyYacTKe MOCHeNeiicTBUs (3HaukH, ycia. 0003H. cM. B Tabm.l) c
pacrpe/ie/ieHHeM JIOKAJIbHOTO OTHOCHTEIBHOTO KO3((HIMEHTa TEIIo0T/aun JUlsl IUI0CKOM
umnaktHo# crpyu (P.Tapmon, K.Akpupar): 1 - H/b=2,2-5,3-6

wWNE

OTMmeTHM, 4TO BIUSHHUE IIara OTBEPCTHH B Je(IEKTOpPE HAa TEIUIOOTAAdY
HE WCCIENOBaJOCh. B TmepBOM TPHOMIDKCHHH €ro MOXHO YYecThb II0
pexomenpauusam I'.I1.Haroru.

W3 OmBITHBIX NaHHBIX, TPEACTABICHHBIX Ha pucyHke 11 ciemyer, 94To B
HCCIICIOBAHHBIX YCJIOBUSX Ha YyYacTKe MOCIENCHCTBHSA TeIUIOOTAaya Ha
MMOBEPXHOCTH KaHAJla C BBICTYIIAaMH IO MEpE YMCHBIICHHS BBICOTHI KaHala
YBECJINYNBACTCA, qTO COOTBETCTBYET (l)PI?;I/I'—IeCKI/IM MpEACTABIICHUAM (6]
KOHBEKTHBHOM TYpOYJIEHTHOM TeIionepeHoce B KaHamax. Kpome 3Toro, MoxHO
BHJ/ICTh, UYTO YBEJIMYECHHE OTHOCHTENBHOH BBICOTHI KaHanma H/d., mpu Gomee
TUIOTHOM KOMITOHOBKE BBICTYIIOB B MAaTpHUIEC MNPUBOJIUT K 60.]'[66 MCIJICHHOMY
CHM)KCHHUIO TCIUIOOTAAYH IO MEPE YBCIMYCHUA X/L HOBTOMY C TOYKH 3pCHHUA
HOHOHHI/ITCJ’[BHOﬁ I/IHTeHCI/Iq)I/IKaHI/H/I TeHHOO6MeHa BBICTYIITAMH Ha Y4YacCTKE
MOCTEICHCTBHS MPEIIOYTHTEIEHOW SIBIIICTCS MAaKCHMalbHAas IUIOTHOCTh HX
pacnonoxenus (f=0,85).
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Pucynok 11 - I'paduku n3MeHeHUs cpeqHel TeIIO0TAayl Ha y4acTKe MOCIEACHCTBUS B
3aBMCHMOCTH OT OTHOCHTEILHON BBICOTHI KaHanma: 1 - Rep=20000, 2 - Rep=30000,
3 - Rep=40000

Nu, n
Tabmauma 3
f — m
Nu;=A Rey
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—0.00§ = | +0.068=+0.273
m d-\d ] + T
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0.85
m 002567 +0.358
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PucyHok 12 - 3aBHCUMOCTH IS IPAKTHYECKUX
pacdeToB MECTHOM TEIIOOT/Iaut Ha y4acTKe
nocneneiicraus: 1 - £=0,485, H/d,=0,83; 2 - f=0,485,
H/d.,=1,96; 3 - f=0,485, H/d.4,=2,66; 4 - f=0,85,
H/d.,=0,8; 5 - f=0,85, H/d 4=1,86; 6 - f=0,85, H/d.4=2,55;
3aTPUXOBaHHAS 00JIACTH - TEIUIOOTAAaYA TIPU
TaHTCHIMATEHOM OOTEKaHUH MOy CHEPUIECKIX
BBICTYTOB: ¢4 nucrNUxo, Nu,,=0,0296Re,>Epro4:

W p.sicr — MOMPABKA, YYUTHIBAIOIIAS BIIUSAHHE
MaTpHLBI BEICTYIIOB B KaHAJIE HA TEIIIOOTAATY
(YO.®.T'opteimos, 1. A.ITomos, A.A.XanatoB)
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JUi MHXEHEpHBIX pacueToB TEIUIOOTAAYM Ha ydyacTKe MocienaeicTBus
SKCIIEPUMEHTAIBHBIE JIAHHBIE TIPEACTABIECHBI B BHe 3aBucuMocTell NU=A-Re,"
(pucynok 12), cooTHOmeEHWs AN pacueTa KOHCTaHT A B M TIpUBENEHH B
Tabmure 3. B kadecTBe XapakTepHOH CKOpOCTH B dHcCie Re, Hcmoip3oBaiach
CpemHepacXomHas CKOPOCTb BO3IyXa B KaHale. Kak  BuaHo,
UHTEHCH(UIUPYIONIEE  BIHMSHHE CTPYHHOIO  OXJAXICHHUS HA  YJacTKe
MOCJIEACHCTBUS  CcOCTaBisieT mpuMmepHo 1,9-2,5 pasa 1o CpaBHEHHIO C
TEIUIOOTAAaYeld Ha CTEHKE KaHaja INpPH MCXOJHO TaHI'CHIHMAJIbHOM OOTEKaHUH
MAaTpUIIBI BBICTYIIOB.

Taxum 06pa3om, MOKHO KOHCTaTHPOBATh, YTO M3MEHEHUE BBHICOTHI MOAEIH
OXJIDKJAIOUIET0 KaHaja ydyacTKa BXOJHOM KPOMKH TYpOMHHOM JIONMATKH C
nojycdepuyecKkuMH BBICTYIIAMH HEOJMHAKOBO BIMSET Ha TEIUIOOTHAuy: Tak, B
obOmactn 7000OBOrO HAaTEKaHWS BO3AyXa Ha OXJIAXIAEMYyI0 IIOBEPXHOCTh
HaOMoaeTcss MaKCUMYM TEIUIOOTIAuH, XapaKTepU3yeMbIH MPHU OTHOCHTEIHHOU
IUIOTHOCTH pacmoyioxkeHust BbeicTynoB f=0,485 3HaueHHEM OTHOCHTEIBHOM
BeicoThl KaHama H/d=3,91. Tlpu f=0,85 wmakcumym terootaadn Oosee
KOHCepBaTHBeH K m3MeHeHnto H/d. Ha ywactke ske mocneneiicTBus c
ymenbsienneM H/d, TemmooTzaya Ha HMOBEPXHOCTH C BBICTYNIAMH BO3PAcTaeT.
Ilpu »ToM s TPaKTUYECKOTO HCIOJIb30BaHUA Oojee MPeAnOoYTHTEIbHBIM
spasercss Bapuant f=0,85 BBHAy Oojee MEIIEHHOTO TEMIa CHIDKEHHUS
TEIUIOOTAAYH 110 JUIMHE YYacTKa MOCIIeAeHCTBHS.

B 4eTBepTOii ri1aBe NpUBEIEHBI Pe3yIbTATHI UCCIIEIOBAHUS TEIIOOTAuN
IIPY MHOTOPSAHOM CTPYHHOM HAaTeKaHWHM BO3AyXa Ha [OBEPXHOCTh C
nojycepryeckumMyu BbIEMKAMH B YCJIOBHSX OOpa30BaHMsl CHOCSIIErO IMOTOKA.
VYcraHoBIIeH BKJIQJA B HHTEHCH(UKAIWIO TEIIOOOMEeHa moiychepudecknux
BbIEMOK.  [IpoaHanmm3upoBaHBl  pe3yibTaThl — BU3YaIM3allMd  TEUCHHWH B
uccienyeMbix ycioBusax (¢ BelcTymaMu M BbleMkamu). CdopmynmpoBaHsl
PEKOMEHIAINH TI0 pacyeTy U KOHCTPYHPOBAHMIO CTPYIHHO-Ie(ICKTOPHBIX CUCTEM
OXJIKICHUS C  TOJYC(EpPHUECKUMH BBICTYIAMH U BbIEMKaMH. Pe3ynbTarhl
pacyeToB TEMIEPaTypHOTO COCTOSHMS BXOJHOM KPOMKH M 3a/IHETO yd9acTKa
CIIMHKHM JIOTIATKA C HCCIEIOBAHHBIM B JUCCEPTALMH KOMOHMHHMPOBAHHBIM
OXJIaX/IEHHUEM COTIOCTABJICHBI C APYTMMHU CIIOCOOAMHU MX OXJIAXKICHHS.

[Tomy4yeHHBIE SKCHIEpUMEHTANBHBIE JaHHBIE M0 CTPYHHOMY OXJIaXKICHUIO
MOBEPXHOCTH C MOJYC(HEpHUUECKMMH BbIEMKaMH MpUBEJICHbI Ha pucyHke 13.
Cornmacao manusiM E.JI. Jlpibana m AWM. Masypa, Ip# OTHOCHTEIBHOM IIIare
nediekropHbIx oTBepcTHil t/d=3 cTpyHHBII XapakTep OOTEKaHUs OXJIaXKAaeMOi
IUTAaCTUHBI PEeaNu3yeTcsl Hapsily C TEYEHHEM THIA MOTPAHUYHOTO CIOS. OTUM
00BSICHSIETCS XapaKTep pacipeieNIeHNUs] MECTHBIX KOA(QHUIIMEHTOB TEIUIOOTauH B
HanpasJeHUN CHocsIero mnoroka. CuHycompaipHas ¢(opMma pacrpeneneHus
KO3()(OUIMEHTOB  TEIUIOOTJAud  CBSI3aHO C  JIOKAJIbHBIM  BO3/IEHCTBHEM
HATEKAIOIUX JUCKPETHBIX CTPYH BO3AyXa Ha OXJIaXJaeMyI IOBEPXHOCTb, a
TEH/ICHINS YMEHBIICHHUS TETUIOOTIA4YH B HANPABICHHH CHOCSIIETO MOTOKA — C
9KPaHHUPYIOIIUM JEHCTBHEM pPa3BHBAIOIIETOCS OKOJIO OXJIAKAAeMOl CTEHKH
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CHOCsIIEro ToTOKa. llocnenHee KauecTBEHHO coryiacyercst ¢ jaaHHeiMu E.IL
Hri6ana, A.W. Masypa u FO.I". 'openoga.
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Pucynok 13 — V3MeHEeHHE MECTHBIX Pucynox 14 — JlaHHble IO cpenHeit
KOS(QUIIEHTOB TEIIOOTAAYH BIOTb TEIJIO0TAaue MPU CTPyIHHOM 001yBe:
terioooMenHoi Monenu (Reyg=5000): 1 — rnagkoil MOBEPXHOCTH, 2 —
1 - rnagkas NOBEPXHOCTb, 2 — MOBEPXHOCTU C TONyCHEPUIECCKUMH
MOBEPXHOCTh € MOJycHeprHuecKUMU BBIEMKAMH
BBIEMKaMH

Ha pucynke 14 npencraBiieHbl cCpaBHUTEIBHBIC PE3yIbTaThl HCCIIEIOBAHUS
TEIUIOOTAAYM IIPH CTPYHHOM 0O0ayBe BO3AYXOM TJIAJKOH TOBEPXHOCTH U
MOBEPXHOCTH C MOJYC(HEepUIECKUMHU BBIEMKaMH. ANMPOKCHMHPYIOIINE JTUHUU B
oboux ciayyasx uMerT «uznom» B Touke Reg=3300...3500, 4TO TOBOPUT O TOM,
YTO TIPpH JaHHOM 3HAa4eHWH Rey H3MEHsAeTCs pEeXHUM B3aUMOJCHCTBUSA
TEMJI000MEHHOU MOBEPXHOCTH C HATEKAIONIMM Ha HEe MOTOKOM. AHaTOTHYHBIN
«n3nom» Habmronamu Kepuep u TaGakoB A ciydast CTpyHHOTO 00ayBa T1aakoit
MTOBEPXHOCTH TIPH 3Ha4eHUH gncia PeitHompaca Reg~ 3000.

W3 pucynka 14 BHOHO, YTO HAJIMYME HA OXJIAXKIAEMOW ITOBEPXHOCTH
noJyc(hepuvecKux BBHIEMOK C IUIOTHOCTBIO MX pacrnonoxeHus f=0,35 nmossomser
YBEJIMUUTh TEIUIOOTAAdY B 1,7 pa3a IO CpaBHEHHUIO C OXJAXIAEMOH CTpyaMu
INIaAKOH MOBEPXHOCThIO. B mccnenoBaHHOM ciyyae MNPHUPOCT  IUIOIIAAU
TerIoo0MeHHO# moBepxHocTH coctaBui 30%; octanpHele 40% npupocTa
TEIUIOOTIAYH obecrieynuBaroTCA 3a cyer THIPOAMHAMIYECKUX
MHTEHCUPHIHPYIOMHX 3D (HEKTOB.

Jist Toro 9To0bI chopMyIUpoBaTh (HU3MUECKUE MOJACTH B3aUMOICHCTBUS
CTPYWHBIX IIOTOKOB C BBICTyIaMH W BBIEMKaMH HOJyChepudecKoil (HopMEl,
OOBSICHUTh TEHICHIINU B M3MEHEHUH TEIUIOOTAAYH B MCCIIEJOBAHHBIX YCIIOBHSX,
OBUTH TIPOBE/EHBI BU3YaTW3AIlOHHBIE SKCIIEPUMEHTH HATEKAHHUS OJHOPSAIHOM
CHUCTEMBl CTPyH Ha MOBEPXHOCTh C MAaTPUIAMH BBICTYIOB M MHOTOPSIHON
CUCTEMBI CTPYH AJII MATPULbI BEIEMOK, KOTOPBIE MPEACTABIEHBl B AUCCEPTALIUU.
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Onu noxa3zanu, 4To PU HATEKaHUU OJHOPSIHON CHUCTEMBI CTPYH Ha HYJIEBOH psia
BBICTYIIOB XapakTep OOTEKaHMUS IIEPBOTO Psiia BEICTYIIOB COOTBETCTBYET CTPYHHO-
KaHanbHOM Mozenu. HaunHas co 2-ro psza BBICTYIOB U Jlajee - BHU3 10 MTOTOKY
HaOmofaeTcs KaHalbHas MOJENb OOTEKaHWSA BBICTYIOB. BBINOIHEHHbIE HAMH
BH3yalM3alMoHHble mccnenoBaHus (Req,;=1100...4200) crpyliHO-KaHAIEHOTO
peKrMa 0OTEKaHHs CHCTEMBI BEIEMOK ITOKA3aJIH, YTO 00pa3yIOLIUNHCS OT CHCTEMBI
HATEKaIOIMX Ha TIOBEPXHOCTh CTPYH CHOCAIIMM MOTOK CIIOCOOCTBYET
(OpPMHPOBAHUIO BO3BPATHBIX TEUEHHUH B MOJOCTSAX BBIEMOK C HECTAI[MOHAPHBIM
XapaKTepOM, CONPOBOXKIAIOIIUMCS KPYITHOMACIITA0OHBIMM HHU3KOYaCTOTHBIMH
KonebaHusiMu. B pesynbrate aToro B momycepudeckoll BBIEMKE IMPOHCXOIUT
peryjsipHOe 4YepeloBaHWE JABYX IPOLECCOB: IEPUOAMYECKOTO0 OOHOBIICHUS
00pazyrouerocsi BO3BPaTHOTO TEUEHHs C OJHOW CTOPOHBI U JUCKPETHOTO BO
BPEMEHH M TPOCTPAHCTBE CTPYWHOTO MOTOKA, MEPHOIUYECKH JIOCTHUTAIOLIETO
JOHHOW 00JTacCTH BBIEMKH — C JAPYTOH. YCTaHOBICHHBIH MEXAaHU3M PETYISIPHOTO
HECTallMOHAPHOTO BO3/CHCTBUS MOTOKOB Ha TEYCHHWE B MOIyCHEpPHUECKOM
BBIEMKE II03BOJSIET OOBSACHUTh NPUYMHY JONOJHHUTEIBHOTO — yBEIHYCHUS
TEIJIOOTAAYM B HEW II0 CPaBHEHMIO C TIJIQJAKOM MOBepXHOCThIO. Tak, B
WCCIIEIOBAaHHBIX YCIOBUSX CTPYHHOTO HAaTEKaHMs IOTOKAa IPH 3aMEHE TIaIKOH
MOBEPXHOCTH Ha MOBEPXHOCTH C MOJTyC(hepuuecKUMU BHIEMKaMH TEIUIOOT/Aaua 3a
CYeT TUAPOIUHAMUYECKOTO B3aMMOAEHCTBHS TOTOKA C TOBEPXHOCTHIO BO3PACTAET
Ha 40%, a 3a cueT yBeNMUYEHHUs IUIOLIaJM TEIUIOOOMEHHOW MOBEPXHOCTH — Ha
30%.

WznoxenHsle B auccepraluu (u3nyeckue MOAENH B3aUMOJCHCTBHS
CTPYHHOTO TOTOKA C TIOBEPXHOCTSIMH TEILI00OMeHa, ()OPMOBAHHBIMH BBICTYIIAMHU
WIN BBIEMKAaMH, YYUTBHIBAIOT OCOOEHHOCTH, KOTOPHIE OTIMYAIOT HCCIIEIOBAHHbIE
TIOBEPXHOCTH C BBICTYNIAMH U BHIEMKAMH OT MCXOJIHO TIIaAKHX ITPOTOTUIIOB.

CdopmynupoBaHHEIE HA OCHOBE TTOJIyYEHHBIX PE3YJIbTATOB PEKOMEHIAINN
10 pacyeTy TeIUIOOTIaud NPH CTPYHHO-AE(IIEKTOPHOM CIOCO0e OXJIaKACHHS
MOBEPXHOCTEH C BBICTYIAMH WM BBIEMKaMH OBIIM  WCIIOIB30BAHBI  JUIA
MIPOBEJICHUSI  CPaBHUTEIBHBIX JIEMOHCTPAIIMOHHBIX  pacdyeToB. BbInonHeHa
CpaBHUTENbHAs OLEHKa J(GGEKTUBHOCTH OXJaXIeHHI © HcCIeq0BaHHOTO
KOMOHWHHUPOBAHHOTO CIIOCO0a OXJIAKICHHS HAa OCHOBE CPaBHHUTENBHBIX PacyeTOB
TEMIEpPaTYpPHOTO COCTOSIHHSA OXJIaXJaeMOW CTEHKH TYpOMHHOI JIOTaTKH Ha
y4acTKe BXOJHOH KpOMKHM W 3amHero ydactka coumHkn (T*=1600 K;
T*ex=800 K). Kak ciemyer m3 pucynka 15, ogHOBpeMeHHOE MpUMEHEHHE Ha
ydacTKe  BXOJHOH  KPOMKH  CTpYHWHO-IE(UIEKTOPHOW  WMHTEHCH(HKALUK
TETI000MeHa COBMECTHO € MOJIyc(hepUIecKUMH BBICTYIIAMH TT03BOJISIET IIOHU3UTD
TemnepaTtypy creHku Jomnatkn Ha 50..60 K mo cpaBHeHuro co cTpyiHO-
neduextopapM crioricoboM; Ha 80..90 K - mo cpaBHEHHIO C IIMKIOHHBIM
oxnaxzaeHueM u Ha 215 K - mo CpaBHEHHMIO C HUCIOJNB30BaHHEM ''BUXPEBOU
Mmarpuus!”. IlpuMeHeHHe modycepHyecKux BBIEMOK Ha CIHHKE MO3BOJISET
CHHU3UTh TEMIIEpaTypy CTEHKH JOmaTrku co cropoHsl raza Ha 90..100 K mo
CPaBHEHUIO CO CTPYHHBIM OXJIAXKICHUEM TIIaJKOH TOBEPXHOCTH.
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Pucynok 15 - Pe3ynbraThl CpaBHUTEIBHOM OLIEHKM TEMIIEpATypbl BXOIHOM KpPOMKH
TypOMHHOM JIOMATKA CO CTOPOHBI Ta3a MpPH NPHMEHEHWH pa3IUYHBIX CIIOCOOOB
oxnaxaenust (T*=1600 K, T*,; x =800 K; Goy,.om = 3,5%)

OCHOBHBIE PE3YJIBTATBI 1 BBIBO/bI

1. YCTaHOBIIEHO, YTO B MCCIICJIOBAHHOM JHala3oHe W3MEHEHHS
OTHOCHTEJIFHOM BBICOTHI KaHalma M C Y4YeTOM YBEIMUYCHHS IUIOMIAAH
TEIJIOOOMEHHO! MOBEPXHOCTH BBICTYIIAMH TEIUIOOTAa4da B 00JacTH J1000BOI
touku nipu f=0,85 yBenuunBaetcs mo CpaBHEHUIO CO CTPYHHBIM 00yBOM TJIaKO#
MOBEPXHOCTH BXOJHON KpoMmkw 110 1,7 pa3a, a mpu f=0,485 — no 2 pas.

2. BeisiBiieHO, uTO mosrycepryeckre BBICTYIBI Ha OXJIaXKIaeMOM
UMIIAKTHBIMH CTPYSIMH TIOBEPXHOCTH MOJENH BXOAHON KpPOMKH JIONATKH
COXPaHSIOT ONTHMAaJbHBIC 3HAYCHWsI OTHOCHUTENBHOM BBICOTHI Kanama H/d B
obnacTH JI000BOI TOUKH, a HoJiee BRICOKAS INIOTHOCTh PACIIONIOKEHHS BEICTYIOB f
JenmaeT Oosiee KOHCEPBATHUBHBIM 3HAYEHHE MAaKCHMyMa TEIIOOTAAYH K
u3menenuto H/d. Yposens temnoornaun npu =0,85 cocrapuser npumepro 80%
ot rerootaaun npu =0,485.

3. [omydeHo, uTo Ha ydacTke nocieneicTBus (1-4 psabl MaTpUIIBD
BBICTYIIOB) K yMeHbIIeHHH H/d g, cpesHss TenIooTaaua yBeanunBaeTCs; KpomMe
3TOTO, C TOYKH 3PEHMS IIOBBINICHHS TEIUIOOTAAYM Ha y4YacTKe IOCIIEAEHCTBUS
0oJiee peAnoYTUTEIBHBIM siBisieTcst BapuanT f=0,85.

4, OOHapy)XeHO, YTO Ha Yy4YacTKe IOCIEIEHCTBUS CTPYHHOTO
OJTHOPSITHOTO OXJAXKACHUS IMOBEPXHOCTH C BBICTYHNAMH CPETHSS TEIUIOOTAada
yBenuuuBaercs B 1,9...2,5 pasa mo CpaBHEHHWIO C WCXOJHO TaHTECHIHUAJIHHBIM
00TeKaHHEM HCCIIeIOBAaHHBIX MATPHII BBICTYIIOB.

5. YcTaHOBIIEHO, YTO NMPUMEHEHHE NOIyc(epuuecKuX BBIEMOK C
f=0,35 Ha oOnmyBaemoil cHCTEMO# CTpyH IUIOCKOH IOBEPXHOCTH MOXKET
YBEJIMYUTH TEIUIOOTAAUY B 1,7 pa3a 1o CpaBHEHHIO € TIaJKOI MOBEPXHOCTBHIO.
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6. Busyanuzanus TedeHuil mokasaja, 4TO INpH HUCCIEIOBAHHBIX
sHaueHmwix T u H/d yxe B 1-M psiay BBICTYNOB HauMHAET mpeobiagaTh KaHAIbHAS
MOJIENb TEUCHUs. B BBIEMKax 4epemyroTcsi Mpomecchl OOHOBICHUS BO3BPAaTHOTO
TEYEHHS CO CTPYHHBIM ITOTOKOM, IEPHOIUYECKH JOCTUTAIONINM JHA BEIEMKH.

7. Pe3ynpTaThl CpaBHHUTENBHBIX pPACUYETOB II0 pa3pabOTaHHBIM
PEKOMEHIALMSIM ISl HATyPHBIX YCJIOBHH paOOTHI COIUIOBOM JIOMATKH TYPOMHEI
BBICOKOTO AaBJieHHS moka3and, 9yTo mpu T*. = 1600K; T* ;5= 800K u1 Gopyoxn =
3,5% cpenssisi Temieparypa BXOJHOH KPOMKH IIPH CTPYHHO-AE()IEKTOPHOM
OXJIOKJCHUM C WHTEHCHU(HKauueH mosychepruueckuMu BeicTynamMu Ha 60 K
HIDKE, YeM IpH TPaAMLHOHHOM CTPYHHO-Ae(IeKTOpHOM oxnaxaeHnu; Ha 80 K
HU)KE, 4YeM I@pH LUKIOHHOM oxnaxaeHnu u Ha 215 K Hmwxe, uem mnpu
OXJIXKJICHUH TIPH MOMOIIY BHXpeBOil MaTpuipl. [Ipumenenne noiycdepuaeckux
BBIEMOK Ha 3a{HEM yJaCTKE CITMHKH JIOTIATKH ITO3BOJIUT YMEHBINAET TEMIIEPATypy
mormatkd Ha 100 K 1o cpaBHEHUWIO ¢ TpagWIMOHHBEIM CTPYHHO-AE(ICKTOPHBIM
OXJIKJCHUEM.

OCHOBHBIE OBO3HAYEHUA

D - ruppaBmmueckuit nmuwamerp; O - nuamerp oTBepcTHS B JIediekTope;
dep - mmamerp momycdepudeckoro BhICTyma; f - oTHOcHTENbHAs IIOTHOCTB
pacIiojOoKeHHsT BBICTYNOB MIM BBIEMOK; Gguyoxy; — OTHOCHTENBHBIA Pacxon
OXJIKJAIoIero Bo3ayxa; H - Beicora oxiaxpatomero kanama, L - minmHa
OXJIKIAEMOTro ydacTka; t - mar Mexay OTBepcTHsIMH B JediekTope;
T*, T*,ex — TEMIIEPATyphl ra3a Mepe] TYPOMHON M OXJIaXJAIoIIero BO3ayXa
COOTBETCTBEHHO; T¢.; - TemmepaTypa CTEHKH JIONAaTKd CO CTOPOHBI Trasa;
X - KPUBOJIMHEHHAs KOOPAUHATA BJIOJb OXJIaXIaeMON MOBEPXHOCTH (0T JI0OOBOH
TOYKH B MOJIENIM BXOJIHOI KPOMKH, OT TIEPBOTO psijia OTBEPCTHH B Ae(IIeKTOpe Ha
cnuHke nonatkn); Rey, Nuy - umcna PeiiHonbaca, HyccenbTa, BRIYMCICHHBIE 110
BeIcoTe KaHama; Re,, Nu, - mo kpuBonmHeitHON koopamHaTe; Rep, Nup - mo
ruapasinueckomy auamerpy; Reg, NUg - mo nuamerpy oTBepctus B nediekrope;
o - KOOQQUIHEHT TEIUIOOTHAYH; Og - KOA((OUIMEHT TEIUIOOTAaYH B JI0OOBOI
Touke; O - apdexruBHOCTE OXmaxaeHUSA, O=(T* -T, )/ (T*-T*15x); © - yrom,
OTMepsIEMbIH OT JT000BOI TOUKHM MOJENN BXOAHOM KPOMKH BJIOJIb OXJIaXKJaeMOi
MIOBEPXHOCTH, C JICBOI CTOPOHBI BBICTYIIA B IIONEPEYHOM €T0 CEYCHUH.

OcHoBHoOE Co/IepKaHUEe TUCCEPpTaAlH onyﬁnmcosaﬂo B paﬁoTax:

Hayunvie cmamou, onybiukogannvie 6 peyeH3upyemuvix U30aHusx,
pexomenoyemvix BAK:

1. Usanos C.H. Temootaya npyu cTpyHHOM OXJIaXKAEHHH MOBEPXHOCTH C
Belemkamu / Illykun A.B., WneunkoB A.B., lesunepses C.I'., Banos C.H. //
BectHuk KaszaHCKOro ToCylapCTBEHHOTO TEXHMYECKOTO YHHBEPCHTETa WM.
A H. Tymonea - Kazans: m3n-so KHUTY-KAU, 2013, N2, Bemm. 1, c. 43-48.

2. Usanos C.H. NHTeHcndukamus TemiooOMeHa Npyu KOMOMHHPOBaHHOM
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