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AHAJIN3 OONEHKU KOO PUIIMEHTOB KOHUEHTPALIUHN
HAMNPSKEHUNW U JE®OPMAIIMIA B TEPMOPA3I'PY30UYHBIX
KAHABKAX POTOPOB ITAPOBbBIX TYPBUH

B nmocnennee Bpemsi 0J0KH, NpeJHA3HAUYCHHBIE W CIPOSKTHPOBAHHBIC JUISi HECEHMsI 0a30BBIX HAarpy3okK, HECYT
IIMKOBBIE Harpy3Kd W YHCIIO ITyCKOB-OCTAHOBOK MX Ha OTAENBHBIX TypOuHax nocturiio 1600. IIpu myckax u
OCTaHOBKax TypOMHBI Ha IOBEPXHOCTH pPOTOpPAa BO3HUKAIOT TEPMUYECKHE HANpPSDKEHHs, KOTOpHIC
00YCJIOBITMBAIOT JOCTI)KEHHE B 30HAX KOHIIEHTPAIMHU BBICOKMX CyMMapHbIX HaNpsDKEHUH, KOTOPBIE MPUBOIAT K
00pa30BaHMIO TPEIIMH B BBICOKOTEMIIEPATYPHBIX 30HAX JIEMEHTOB TypOOYCTaHOBOK.

OctanHiM "acoMm OJOKM, NpW3HAYEHI 1 CIPOEKTOBaHI I HECEHHS 0a30BHX HaBaHTa)KE€Hb, HECYTh IIKOBI
HABaHTAXXEHHS 1 YHCJIO IYCKiB-3yMHOK iX Ha OkpeMux TypOiHax mocario 1600. ITpu myckax i 3ymmHKax
TypOiHM Ha TIOBEpXHI POTOpa BWUHHUKAIOTh TEPMidHI HAMpPyTH, SKi OOYMOBIIOIOTH JOCSTHEHHS B 30HAX
KOHLIEHTpAL[IT BUCOKUX CyMapHHX HAIpYT, sIKi MPUBOJSTH 10 YTBOPEHHS TPILIMH Y BUCOKOTEMIIEPATypPHUX 30HAX
€JIEMEHTIB TypOOyCTaHOBOK.

Lately the blocks intended and projected for executions of the base loadings carry the spades loadings and
number of starting — stopping they were attained by 1600 on separate turbines. At starting and stopping turbines
there are thermal tensions on the surface of rotor for conditioning achievement in the zones of concentration of
high total tensions which result in formation of cracks in the high temperature zones of elements of turbine.

Beenenue

DKcIuTyaTalys SHeprodJoKoB ¢ OONBIIUM KOJIMYECTBOM ITyCKOB-OCTAHOBOB MPUBOIUT
K OOpa30BaHMIO TPEUIMH B BBICOKOTEMIIEPATYPHBIX 30HAX JJIEMEHTOB TYpPOOYCTaHOBOK.
[TosisBneHne TpeuuH BBI3BIBAET OOOCHOBAHHBIC OIMACEHHMS B OE30MACHOCTH JalbHEHIICH
AKCIUTyaTaI[i SHEPro000pYy IOBAHUS.

[uknuueckoe BO3ICUCTBHE HECTAIMOHAPHBIX TEMIIEPATYPHBIX HANpPSHKEHUH B
pOTOpax BBICOKOTO W CPEIHEro MAaBJICHUS MPH padoTe TypOWMH B TEPEMEHHBIX DPEKUMAaX
co3zaer OIACHOCTb MaJIOLUKIOBBIX
TEPMOYCTAJIOCTHBIX MOBPEKICHUNA METasuia B
30HaX KOHIIEHTPATOpPOB HAMpsDKEHUH Ha
MMOBEPXHOCTU POTOPOB, K KOTOPBIM OTHOCATCS
TEPMOpPA3TPy304YHbIC KAHABKU, TalTEIH B
MeCTe TIepexoJa OT IMOJIOTHA JUCKa K
UAJTUHAPUYECKOW TMOBEPXHOCTH Baja U Jp.
(puc. 1).

Ha oTnenpHBIX TypOMHAX MOITHOCTHIO
200 MBt (K-200-130) u 300 MBt
(K-300-240) ObLIH BBISIBJICHBI B
TEPMOKOMITEHCAIIMOHHBIX KaHaBKaX POTOPOB

BBICOKOI'O M CpPE€AHECTO OAaBJICHUSA KOJIBICBBLIC
{

KanaBku

J“‘

TpemuHbl Tyounoit 10 2—-3 mm. Ilockonbky
9T TPEUIUHBI BO3HHUKAIOT B 30HAX, TJIE
OTCYTCTBYIOT  BBICOKHME HANpPSDKEHUS  OT
LHEHTPOOEKHBIX  CHUJI, CIEIyeT CUMUTaTh
OCHOBHOM NPUYUHON UX  ITIOSBJICHUS

Puc. 1. Konnenrparops! HanpsikeHUi
Ha [TOBEPXHOCTH POTOPA MAPOBBIX TYPOUH
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MaJIOLUUKIOBYIO YCTaJIOCTh OT TEPMHUYECKUX HANPSDKCHUM, BO3HUKAIOIIMX B IIyCKO-
OCTaHOBOYHBIX U MEPEXOJHBIX pPEXKUMAX.

AHaJIU3 NpeabIAYIIHX HCCAeA0BAHUI

IIpu aHamu3e HaNPSHKEHHOTO COCTOSIHUS TYPOWHHBIX pOTOPOB JO CHX IOp
UCTIONIB3YIOTCS] BETMUUHBI KOA(P(PHUIIMEHTOB KOHIIEHTPAIMH HANPSHKEHU HAa OCHOBE PELICHUS
IUIOCKOM 3a7aud TEOPUM YIPYTOCTH IIMPOKO mpexacraBieHHble B [1, 2]. He mnomyuwmno
JIOCTaTOYHOT'O Pa3BUTHS pelIeHHe 00bEMHOr0 HANPSKEHHOI'O COCTOSTHUS B paccMaTpUBaeMoin
30HE U, TAaKUM 00pa30M, OTCYTCTBYET BO3MOXKHOCTh BbIOOpa Hanbosiee OIU3KUX K pealbHbIM
3HaYeHUSIM K03 (PUIIMEHTOB KOHIIEHTPAIIHH.

ean padoTsl

CpaBHHUTENBHBI  aHaMM3  KOO(PPHUIMEHTOB  KOHIEHTPAIMM  HANPSKEHUA U
negopmanuii Ha OCHOBE U3BECTHBIX MPHUOIMKEHHBIX PELICHUN U Pe3yJIbTaTOB, BBIMOJIHEHHBIX
aBTOpaMU PacYETOB OCECUMMETPUYHOM 3a7jaull METOJOM KOHEUHBIX 3JIEMEHTOB.

Marepuan u pe3yJabTaThl HCCICA0BAHUN

PacueTHast olLleHKa [IOJITOBEYHOCTH pOTOPOB, pabOTAlOIIMX MPU MHEPEMEHHBIX
TEMIIEPATYPHBIX HANPSHKEHUSX, IPOBOJUTCS HA OCHOBE MAJIOLUKIOBOM U TEPMOYCTAJIOCTHON
IIPOYHOCTH MATEpUAIIOB M KOHCTpyKIMH. IIpm pacuere nomyckaemMoro 4yucia OUKIOB N 10
HOBPEXJCHNUS HCIOJIb3YETCs BEJIMYMHA U3MEHEHUs B LUKJIE MOJHOW aedopmanuu Ae win
pa3Max YCJIOBHBIX HalpsDKeHUH AG, B KOTOpbIE BXOJAT TaKue€ BEIMUYMHBI KaKk MOJYJIb
yHOpYrocTH, HpeAes MPOYHOCTH, Mpenen yctanoctu u ap. OnHako, uMeeTcs psl (akTopos,
CYILIECTBEHHO BIIMSIOLIMX HAa HAKOIJIEHHE MOBPEXKIAEMOCTH U JIOJITOBEYHOCTU POTOPOB IMPHU
HepeMEeHHbIX pexuMax. K HUM OTHOCSATCS KOHLEHTpalus HanpsokeHUH u aedopmanuii,
CIIOKHOHAIIPSDKEHHOE  COCTOSIHME pOTOpa, XapakTep ULUKIAa W3MEHEHUS HalpsbKeHus,
COBMECTHOE JIEHCTBUE YCTAJIOCTH U MOJI3YUYECTH U AP.

Bricokass koHmeHTpamus aedopManuii B 30HE TEPMOPA3TPy30UHBIX KAHABOK
OKa3bIBACT CYIIECTBEHHOE BIUSHNE HA X JOJITOBEYHOCTD.

[Ipu ympyromnactuyeckoM aehOPMUPOBAHMU J1a)K€ NPU HEBBICOKOW HOMHHAIBLHOU
HaNPsUKEHHOCTH KOHCTPYKIMM B 30HaX KOHLIEHTPATOPOB HAIPSDKEHUS MOTYT MPEBOCXOIUTH
npenen TeKy4yecTH M MHpU MaJOLMKIOBOM HArpyXEHUHM B ATHX 30HaX OyJeT MpPOMCXOJIUTh
MOLIUKJIOBOE U3MEHEHUE HanpsKeHHO-1e(pOPMHUPOBAHHOTO COCTOSIHUSI (HAO),
00yCIJIOBJIEHHOE IUIACTUYECKUM JepopMUpOBaHHMEM Marepuana. Jlaxke npu NpaKkTUYECKU
CTALlMOHAPHOM HArpy»>kK€HUHU MPOLECChl YNPYromIacTUYecKoro AeopMUpOBaHUs MaTepuana
B OKPECTHOCTSIX KOHIIEHTpaTopa, Kak TMpaBuUjoO, SBISAIOTCS HECTAalMOHAPHBIMH U
XapaKTepU3ylTCs. HENpepbIBHOW TpaHcpopmauueil moselt nedopmanuii U HampspKeHUH B
npelenax LUKIa HarpykeHus M oT uukia K mukiy. Ilpu stom mnons HanpsokeHUl U
negopmanuii  ABISIOTCS. HEOJHOPOJAHBIMM W OTJIMYAIOTCA BBICOKMMM TpaaueHTamu. B
3aBUCHUMOCTH OT pEXHMOB HAarpy>KeHus, LMKINYECKUX CBOMCTB MaTepuala, XapakTepa
KOHIIEHTPATOpa U YPOBHS HaNpsKEHUH pa3pylICHNE B TAKUX JIOKAJIbHBIX 30HAX MOKET UMETh
KBa3UCTAaTUYECKNI WM YCTAJIOCTHBIN XapakTep.

B cBa3u ¢ TeM, 4TO TOUYHBIX AHAIUTUYECKUX PELICHHH COOTBETCTBYIOUIMX 3alad B
HENIMHEWHON TIOCTAaHOBKE HET, TPOLECCHl TpaHchopMalMy TOJNeH HANpsHKCHUH U
negopmanuii B JIOKaJIBHBIX 00JACTAX BO3JI€ KOHLEHTPATOPOB IPH YNPYTrOIUIACTHYECKOM
neOpMHUPOBAHUH UCCIIEAYIOTCS B K&KIOM KOHKPETHOM ClTydae MpUOIMKEHHBIMA METOJaMH
TEOPHM IUIACTUYHOCTH, YUCIEHHBIMU M SKCIEPUMEHTAJIbHBIMU MeTonamu. [IpubnmxeHnHsle
METOJIbl TO3BOJISIOT C JOCTATOYHOW, B OOJIBLIIMHCTBE CIIy4yaeB, TOUYHOCTHIO OIPEAEIATh
3Ha4eHUs KOI(P(PHUIMEHTOB KOHUEHTpPAllMd W ONMCHIBATh KHHETHUKY HAINpPSDKEHUH W
negopmanuii Kak Ipu OJJHOKPATHOM, TaK M MPH IEPEMEHHO-TIOBTOPHOM Harpyxenusx. [Ipu
9TOM OCHOBHOHM TMIIOT€30H, MO3BOJISAIOLIEH OLICHUTh W3MEHEHHE MECTHBIX HAIpPSDKEHUN B
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30HE KOHLIEHTPAllUW, SIBISIETCS THUIOTE3a O COOTBETCTBUM 3HaueHUil Koddduirenta
KOHIeHTparuK aedopmaiyu K, 3HaueHusM TeopeTnyeckoro ko3dduimenra KOHIEHTpaun
HaNpsDKEHUN O, bazupysich Ha 3TOM runorese, ¢ y4eToM HEKOTOPBIX JIPYTUX MPEANOCHIIOK
MOJKHO MOJYYHTh CHCTEMY YPaBHCHMH Ul ONPEJCNCHUS MECTHBIX HANPSKCHUH G, U

MECTHBIX JedopManuil € 1 KO3 PUIMEHTOB KOHLEHTpAIMKU HanpspkeHuil K_ = Omax
A pman max I it pan p c s
H
e Emax
nedopmannin K, = 2%,
H
Ks = 0(‘cs’gmax,( = 81{ .Ks = 81—1 'O(.G,
R L
maxg €, 05) 5 c _6 €, 0s) 5
H
(1)

I/le YyepTa HaJ BEeJIMYMHAMU O3HA4aeT HaIpsDKeHU U JedopMaluy, OTHECEHHBIE K Mpeneity
TEKy4eCTH O, M COOTBETCTByromed nedopmanuu &; E, — OTHOCUTENBHBIII MOMIYJ]b

YIPOYHEHHS; MHICKC «H» 0003HaYaeT HOMMHAIIBHBIC 3HAYEHUS BEIMYHMH; WHICKC «m» -
XapaKTepUCTHKA YIIPOUYHEHHs MaTepualia B ynpyromiactuueckoi odiactu (0 <m > 1).

ITpu uneansHo ynpyrom aedopmuposanuu marepuana (m = E, = 1) u3 (1) cnenyer
paBeHcTBO K; = K¢ = 0. [l peanbHbIx 3HaueHuit m u E; ucnonb3oBaHue ypaBHeHHH (1)
MPUBOJMT K 3aHIKEHUIO 3HAYECHUW MECTHBIX nedopmaruit EmaXK B 30HaX KOHIICHTpAIUHU IO

CPaBHEHHMIO C JEWCTBUTENbHBIMU (M3MEPEHHBIMHM) 3HAUEHHSMM, YTO SBISETCS BeECbMa
ONAaCHBIM IIPU UCIIOJIb30BAaHNUU PE3YJIBTATOB POYHOCTHBIX PACYETOB.

YTouHeHne KOA(PPUIMEHTOB KOHILEHTPALMM OCYIIECTBIISETCS BBEJICHHEM B
ypaBHeHHs (1) mompaBOYHBIX (DYHKIMIA M IMTOCTOSIHHBIX MHOXHUTEJEH, ONpeaesieMbIX 10
auarpamme JeopMHUpOBaHUs, a TakKe Ha OCHOBE [OIMYIIEHWH O paBeHCTBE SHEPruid
neopManM B 30HE KOHIGHTPAIMM Ui CTaIWid YIPYroro M YIPYTrOIUIACTHYECKOTO
negopmupoBanus. s onpeaeneHus pacueTHbIX 3HAYEHUH MaKCUMAJIbHBIX HANPSKCHUNA U
negopmanuii B HambOosiee OMAcHON TOYKE KOHCTPYKUIMH TIPH W3BECTHOW JMarpamme
CTaTUYECKOro Je(pOpPMHUPOBAHUS MaTepuana ¢ = f(€) 1 HOMHUHAJIbHBIX XapaKTEPUCTUKAX Gy U
€y TPEAJIOKEH PAJ COOTHOIIEHUH, M3 KOTOPBIX HAMOOJBIIEE PACHPOCTPAHEHUE IOTYUYUIN
3aBucumoctu Helibepa, MaxyToBa, BeecoroznorexHnueckoro uacrturyta (BTH):

K_(00)=1+2- Ly

p
KZ(OO):GZ ’ VZ'TE'p >
ﬁ . 0’42.GZH(pl)—}_O’SS'GZH(pZ)

[ GZH(pz)

Jlns ompeneneHuss YPOBHS MECTHBIX YCIOBHO YIPYIMX OCEBBIX HANPSDKCHUH O, H
WHTCHCUBHOCTCH  yNpyro-miacTHYeckux  jgedopmarvii € B 30HAX  KOJBIEBBIX
TEPMOPA3rPy30YHBIX KaHABOK PEATBHBIX POTOPOB, IMOJBEPIKEHHBIX BO3JICHCTBHIO CHIIOBBIX
HArpy30K U TEMIIEPaTYPHBIX HAPSHKCHUH, HEOOXOIUMO BBIITOJHUTH JOCTATOYHO TPYT0EMKHE
pacuetbl obmero HJIC poropa MeETOZOM KOHEYHBIX 3JEMEHTOB. PacueTsl emie Oosee

K. (0)=1+2-
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YCIOXKHSIOTCSL NPH CTYHUIEHUH CETKM JUId OOJbIled JUCKPEeTU3alul HEPETYJSPHBIX 30H
KOHCTPYKLUU (MecTa CONPSDKEHUS Pa3InYHbIX 10 (PopMe 3JIEMEHTOB) C OIPEeIEHUEM 37ECh
MECTHBIX HaIPsDKEHUH 1 K03(h(PUIIMEHTOB KOHIIEHTPAIIHH.

B cBs3u c 3TUM 3a4acTyr0 NOAOOHBIE pacyeThl CTPEMATCS YIPOCTHTh IyTEM
UCTIONB30BaHUsT KO3(D(PHUIIMEHTOB KOHICHTPALMK HANpsHKEHUH W Jegopmanuii, KOTOphIe
OTIpeNeNAI0TCA B y3KOM oOsiacTh 0e3 ydera OCTaJbHBIX OCOOEHHOCTEH BCel KOHCTPYKLMHU
poropa.

HmeroTcst HECKOJIbKO MPUOMMKEHHBIX CIIOCOOOB  ompeneneHus ko3dduuueHTon
KOHLIEHTPAlMU YCIOBHO YIPYIMX HAaIpPsDKEHUM, KAK B OAMHOYHBIX KOJIBIEBBIX KaHABKAX, TaK
U B LIEMIOYKE KAHABOK C MIOCTOSHHBIM LI1aroM.

B Tabmuie mpuBEeNeHBI HEKOTOpPHIE PE3yJbTaThl pacyeTa IO METOJY KOHEYHBIX
sneMeHTOB (MKD) k03¢ puineHToB KOHIEHTPALMN YCIOBHO-YIIPYTHUX OCEBBIX HANpPSKECHUN
K, , MHTCHCHBHOCTCH HampspkeHWil K, M MHTCHCHBHOCTCH YNPYTO-IUIACTHYECKHX

nepopmaumit K, B Tepmopasrpy3ouHoil kaHaBke gymmuca poropa CJI typ6ursr K-200-130

B pa3IMYHbIE MOMEHTHI HECKOJIbKMX pPEXHMOB pabOThl TYpOMHBI: MYCK U3 TOPSYETO
coctosaus nociie 2 yacoB 30 munyt (I1I'C), ctamonapusiit pexum (CP), myck U3 XxoJ10aHOTO
coctostaus nociie 9 yacos 20 munyT (ITXC). PaccmaTtpuBanuch mycku 6€3 npeaBapuTeIbHOTO
nporpesa ymiaoTHeHud. PoTop moasepraiicsi OqHOBPEMEHHOMY BO3ACHUCTBHUIO LIEHTPOOECKHBIX
cuil (IPAaKTHYECKH HE BIMAIOLIMX HA ypoBeHb K _ ) M AByXMEpHBIX TEMIIEPATyPHBIX MOJEH.
[TocKoJIBKY CTYIIEHHE CETKU B KaXI0M CIy4ac BBINOIHIIOCH TOJBKO B 30HE OJJHOM KaHAaBKH,

y4eT BIIMSHUS COCEAHMX KAHABOK BBITIONHSACTCS MPHOIMKEHHO C IOMOIIBI0  (OopMYyIT
npeoxeHHeix BTH.

Tabauna
KoaddumreHT KOHIICHTpauy HaNIPsDKSHUN U Te(popManiii Ha TOBEPXHOCTH KaHABKH
Pexcum Irc CP I1XC
K, (MKD3) 5,821 2,09 6,111
K, (MKD) 2,283 2,269 —
K., (HeiiGep) 8,204 - -
K, (MKD3) 6,145 - -
K, (BTH) 5,952 5,720 6,0
K, (Maxyrosa) 6,966 _ _

Bo Bcex mpuOmmxeHHBIX (OpMyIax YYUTHIBAETCS HM3MEHEHHE TEeMIIepaTyphl IO
paanycy M HE YYUTBHIBAIOTCS OCOOEHHOCTH KOHCTPYKIIMH pOTOpa B OOJacTH Onmkauiiei k
KaHaBke (kaHaBka B OeckoHeWHO TiaakoMm Bajne). ComocTaBlieHHE pe3yIbTaToOB
MPUOJKEHHBIX BBIYMCICHUA C JaHHBIMH pacdeta MKD mo3BOMSIOT CyIuTh O CTETICHH
JIOCTOBEPHOCTH MPUOINKCHHBIX BHIYHCICHUH.

Kak crnemyer w3 Tabnuiel HamboJjiee BEPOATHBIE 3HA4YeHUS KOA(DOUIIMEHTOB
KOHIIGHTPAllMK  yNPYyro-IUIACTHUECKUX  jAedopmaruii,  ompeneleHHble C  y4eToM
pasrpykaromiero 3pQexra oT B3aUMHOTO BJIHMSIHASI KaHABOK, JIEKaT B puaenax 5,7-8,2.

TemnepaTypHoe MoOJ€ TPUHUMATIOCH U3MEHSIONTUMCS MO0 PaInyCy B COOTBETCTBHH C
3aKOHOM:
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Vy—r
t=t(r, )+ At | —2 | )
rHap - rBH
F'He Atr = Z‘r Hap - tr BH ’
tr Hap — TeMnepaTypa HAa BHCIIHCM pa/:[I/che JOUCKa rHap;

{. ., —TeMIepaTypa Ha BHYTPEHHEM PainyCe TUCKA Fgy;

7 — TeKyILUI pajnyc, Ha KOTOPOM OIpeIeNIIeTCsl TeMIepaTypa.

BenuunHa mokasaressi CTENEHU # B ypaBHEHUH (2) XapaKTepu3yeT 3aKOH U3MEHEHUs
TEMIIepaTypbl MO PaJAUyCy U OKa3blBA€T OCHOBHOE BIIMSHUE Ha BEIWYHMHY DPaJUalIbHOTO
rpaauenTa temnepatypsl. [IpoguddepenurpoBaB 06e yactu ypaBHeHHUs (2) 110 7 TIOITyUUM:

dt(r) At r—r,

n-1

—_—=n- — . B ’ (3)
dr Ar Taap — T
dt(r) "
rae Ar = R d— — paauanbHbII rpaiueHT TeMIepaTyp.
r
ITonoxuB B (3) ¥ = ryap, BBIPA3UM N YEPE3 paUaIbHbINA I'PaJUEHT TEMIIEPATYP:

dt/dr)-r
n= ( / ) Hap ) (4)

At, /Ar

Ha pucynke 2 nmpuBeneHsl TpagyKi MO pe3yjIbTaTaM aHajdu3a BIMSHUS aOCOIIOTHOU
BEJIMYMHBI PAJUaAIbHOIO MEpenaaa TeMIEepaTyp U XapakTepa €€ M3MEHEHHUs 10 paauycy Ha
BEIMYHMHY KOO()(ULUMEHTOB KOHUECHTpalun oceBbix K, okpyxHblx K, —HanpsokeHuil u

MHTEHCUBHOCTH yIpyro-lulacTuueckux gedopmanuii K, B 30HE TepMOpasrpy30uHOH

KaHaBKH. OTH pe3yibTaThl OBUIM TIOJYyYeHBI C TOMOIIbI0 pacdeToB MKD  mis
LWIMHIPUUYECKOTO y4acTKa poTopa, COOTBETCTBYIOIIEro aymmucy poropa CJl ¢ equHUYHON
TEPMOPaA3TPy304YHON KaHABKOM.

Kak cnemyer wu3 rpadukoB Ha pucynke 2, K03(pUIMEHT KOHIEHTpaluu
K, =0, / G, HE 3aBHCHT OT Iepenaja Temieparyp Af. u c1abo 3aBUCHT OT MOKasarels

CTENEHU n, T.e. BennuuHa K ompemensercs, B OCHOBHOM, T€OMETPHEH KOHIEHTPATOpA.
CnenoBatenbHO, NONyuyeHHOEe 3HaueHHe K_  MoxeT ObITh HCIONB30BAHO B pacdeTax

Pa3IUYHBIX pEalbHBIX CIydaeB IPU TOW K€ F€OMETPUM KaHABKH, €CIU OTCYTCTBYET OCEBOU
TpagueHT TeMIepaTypbl (WM SBISETCS MalbiM). JTO MO3BOJIAET HCIOIb30BaTh 3HAUEHUS
K, , ompeznencHHbIC MPH OXHOM W3 PACUCTHBIX PEKUMOB, [l ONPCACICHHS O,  IpPH

S max

JIPYTUX pEeXUMax, OrPaHUYMBASICH B HJTHUX CIy4yasx pacyeToM JIMIIb HOMHUHAIbHBIX
HaMpPSDKCHUH ¢ mepecyeTroM K B 3aBUCHMOCTH OT 71, OLPEAEISEMOro 1o (4), 1 UIst IPyrux

TEIUIOBBIX KAHABOK Ha JOCTATOYHOM YJIAJI€HUU OT TOPLOB U JHUCKOB.
IIpu oToM He yumteiBaeTcs BausHuMe Ha K, u K, H3MeHeHHs 0CeBOro rpajaueHra

TEMIICPATYP, KOTOPOC MO BBIITOJHCHHBIM OLICHKAM HEBCIIUKO.
Benmuuunasl ng CyHICCTBCHHO MCHAIOTCA C USMCHCHUCM KakK 71, TdK U Alr.
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Puc. 2. 3aBucumoctn ko3P PUIEHTOB KOHIIEHTpaNi

Ha pucynkax 3 u 4 nokasans! rpaguxu 3aBucumoctd K u K, B cpeaHell kaHaBke

PETYISPHON TENOYKH KaHABOK OECKOHEYHOTO Baja (MMHUTHPYIOMIETO YYAaCTKH KOHIIEBBIX
YIUIOTHEHUH POTOpA) OT OTHOCHTENbHOTrO mara (I =1/h, [ — paccTosHuE MKy KaHABKAMH,

h — rayOuHa KaHaBKHM) MEXAy HUMH. I'paduku MOCTpOEHbI HAa OCHOBaHMM MPOBEICHHBIX
MKD pacueToB M MOTYT HCIIONB30BAThCA [UIS Yy4€Ta Pa3TPyKaromEr0 B3aWMOBIHUSHHS
KaHaBOK, Ul 4ero HaillieHHble KakuM-ubo crnocodbom (Hanpumep, MKD) koaddunmeHTs!
KOHLIEHTPALlMK B OJAMHOYHON KaHaBke K, u K, NpH KOHKPETHBIX pe}MMax M pasMmepax

* *
poTopa cieayeT yMHOXHUTh Ha OTHomeHne K / K? (K, - mpu COOTBETCTBYIOIINX
BEJIMYMHE OTHOCHTEIBHOTO Iara / ¥ KOJINYEeCcTBE COCEAHUX KaHaBoK, K — mpu ognHOYHON

* *
kaHaBke). CoorBercTBeHHO K, yMHOXkaeTcd Ha oTtHoueHne K, / K? (K, —3Hauenue npu
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MHHUMAJIbHOM OTHOCHUTCIBHOM IIare¢ B TIPYIIIC KaHaBOK, K:O — Ipu MaKCUMaJIbHOM

OTHOCHUTCIIBHOM HIAare, 4To paBHOCUJIIBHO OJMHOYHOM KaHaBKC).

KEIA

? | |
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y —7
7 T
T T | | fn=
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Puc. 3. Kpussie k03¢ QUIIMEHTOB KOHIICHTPAIUN HHTCHCUBHOCTEH
YOPYTo-IUTACTHYCCKUX Ae(opMaIiuii B 3aBUCUMOCTH OT IIara MeXJ1y KaHaBKaMu

Ko,
L J0 S ) R s e s A s ) O B
\K I | ¥ I IE—
n=1 \n=4| | ——1 |
5 T Xn=2
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2\,0 T T T _»
23 ; s v T=l/n

Puc. 4. Kpussre k03¢ (hUIIIEHTOB KOHIICHTPALIUN OCEBBIX HAIPSIKCHUH
B 3aBUCHMOCTH OT IIara MeX1y KaHaBKaMU

Ha pucynke 5 nmpusezneHo conoctaBieHue K_ B cpeqHell M kpaliHell KaHaBKaxX Ha

MOBEPXHOCTH Baja (IpU OJHOMEPHOM TEeMIEepaTypHOM IoJie), HalaeHHbIX 1o MKD (kpuBbie
4 u 6), c momompto hopmyn BTU (kpussie / 1 5) u o npubimkeHHbIM (hopmyniaM (KpuBbie 2
u 3).
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z

K™ (c0) — 1 L+

45

35

2 4 5 10 _l

Puc. 5. CpaBHeHne pe3ynpTaToB pacueTa KO3QQHUINESHTOB KOHIIEHTPAIHN
oceBbIX HanpsbkeHuit mo MKD ¢ pacyeramu 110 npuOIIM>KEHHBIM (OpMYJIaM

BriBoaBI

Bennuunsl KOA(QQHUIMEHTOB KOHIEHTPALUU, OIpENIeNeHHbIE 10 MPUOIMKEHHBIM
dbopmynam (kpuBble 2 W 3, pUC. 5) U MPHU PEUICHUH OCECUMMETpUUYHOHM 3amaun mo MKD
(kpuBBIE 4 U 6, pHC. 5), OTJIMYAIOTCS MIPU PABHO3HAUHBIX YCIOBHUAX 10 TEOMETPUH B Tpeeax
(3-10) %. D10 Mmo3BONSIET CUMTATh BO3MOXKHBIM HCIOJIb30BaHHE B OOJIBIIMHCTBE CIIy4aes,
npu omnpeAeneHUr Kod(p(HUIMEHTOB KOHLEHTPAIMH, MPHOIMKEHHBIX MeTo0B. CIHIIKOM
0OJIBIION Muama3oH MEeXAy BeIWYMHAMH KOA(PGUIMEHTOB KOHIEHTpPAIUHU sl KpalHUX U
POMEXYTOUHBIX KaHaBOK 1o Metoxy BTU mpexacraBisiercss HEMOTUUHBIM MIPU CPABHEHUH C
IPYTUMH PAcCMOTPEHHBIMH MeToJaMu. B 0co00 KpUTHYECKUX CiIydasX HMEET CMBICI
UCTIOJIb30BaHUE pe3ybTaToB 1o pacueram MKD (kpuBas 6, puc. 5), Kak Jaloumx Haubosee
KOHCEpPBATHUBHBIN pe3ynbTar.

Cunucok mutepatypsi: 1. Heiibep, I'. Kornentparms Hanpsokernit [Texct] / T'. Heitbep. — M.-J1.: OT'U3, 1947.
2. Ilemepcon, P. Koabouumentsl koHueHtpauun Hamnpsokenuit [Texer] / P. Tlerepcon. — M.: Meramnypruszar,
1962. — 488 c.
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