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KOJIEBATEJIbHbIE NMPOLUECCbHI B KAMEPE TrOPEHUA
AOMEHHbIX BO3AYXOHAIPEBATEJIEN

E.B. Toponos, B.fO. LlaiiknH

OSCILLATING PROCESSES IN COMBUSTION CHAMBERS

OF BLAST FURNACE AIR HEATERS

E.V. Toropov, V.Yu. Shashkin

PaccMoTpeHBI pa3IMyHble MEXaHW3MbI BO30YXKIEHUST YIIPYTUX KojeOaHWi B KaMepax
TOpPEeHMsT IOMEHHBIX BO3IyXOHAarpeBarelieii, KOrma OTHeJbHbIe 3JIEMEHTHI XapaKTepHU3YIOT-
CsI COCPEOTOUCHHBIMY TTapaMeTpaMu. Pa3mmuns B 4aCTOTHOM JMaIia30He CBSI3aHBI ¢ KOH-
CTPYKTUBHBIMHM U PEXMMHBIMU (paKTOpaMH.

Karouesnie crosa: dOMeHHbIIZ 603dyxouaepesameﬂb, Kamepa ecopeHus, KO/I€6GHLI}1, yacmoma.

The work considers different excitation mechanisms of elastic vibrations in combus-
tion chambers of blast furnace air heaters when individual elements are characterized
with lumped parameters. Differences in frequency ranges are caused by constructive and

operation conditions.

Keywords: blast furnace air heater, combustion chamber, oscillations, frequency.

B TerutoHampsDKEHHBIX KaMepax TOpeHUs JTOMEH-
HBIX BO3QyXOHarpeBaTeJeil BO3MOXHO BO3HUKHOBE-
HUE Y pa3BUTHE TUHAMUYECKUX MPOILIECCOB Pa3INYHO-
o aMIUTUTYIHO-YaCTOTHOTO JAvana3oHa, YTO CKa3blBa-
€TCsl Ha HaleXHOCTU U 3(PGhEeKTUBHOCTH pabOThl Beei
CHCTEMBI ITIOATOTOBKM JOMEHHOTO HOYThsl. YCJIOBUS
BO30YXIeHUs KojlebaHWii B KaMepe TOpeHusl, COelu-
HEHHOM C TOAKYMOJbHBIM OOBEMOM, OIPEACIISIeTCS
COOTHOIIIEHUEM WHEPIUOHHBIX, YIPYTUX M AMCCHUIIA-
TUBHBIX CBOWCTB Cpelbl B 3JIEMEHTaX CHUCTEMBI rope-
HMS TOIUIMBA, a TaKXKe HaJW4YMeM CYIIEeCTBEHHBIX aKy-
CTUYECKUX MMIIEIAaHCOB B OTHEJbHBIX y4acTKax Tpak-
ta. Ilogmepxanue konebaHWil obecrieurBaeTCsl Cylle-
CTBOBaHMEM OOpaTHOM CBSI3M, OCHCTBHE KOTOPOA
MoauyuHsieTcs ycioBuwo Pajes: ¢azoBoe COOTHOIlIEHUE
MEXIy ITyJbCalMsIMM JAaBJeHUS M KojebaTeabHOM
COCTaBJISIIONIECH  TEIJIOBBIACIEHUS MOOJDKHO IOAYU-
HSITBCST 3aBUCUMOCTH:

jh-ap-dwo, (1)
T

rae 4 - UHTEHCUBHOCTb TEIUIOBBIACJICHUS TIPU TOpe-
HUU, BT/MB; Sp - xojebiiouiascsi KOMIOHEHTa JaB-
nenus, I1dt -Bpems, ¢; T - IIATENBHOCTh LIUKJIA, C.

Ycnosue Pajes, He coBceM TOYHO Ha3bIBAEMOE
kputepuem Poanes |[1], nDaer yIoBJIeTBOPUTEIbHOE
00BbSICHEHUE MeXaHU3Ma Mepexoja TeIUIOBOM dHEPrUuu
B MEXaHWYECKYI0 TIpU MYJbCUPYIOIIEM TOPEHUU C
TOYKM 3peHMs] TepMoauMHamMuku. Ho wucmosnb3oBaHue
9TOrO YCJIOBUSI B KauyeCTBE KPUTEPHUS YCTOMYMBOCTU
cucTeMbl, Kak nokaszan b.B. Paymen6ax [2], Hempa-
BOMEpPHO: CHCTeMa TOpeHHUSI B IIpoliecCe pa3BUTHUS
KO0JIE0ATEeIbHOTO TIpoliecca peaau3dyeT TaKue aMILIM-
TynHO-(a30Bble COOTHOLIEHUS M TaKOi MeXaHU3M
00paTHOM CBSI3M, KOTOpble 00eCneyrBaloT B 3aJaHHbBIX

YCJIOBUSAX MaKCUMyM aKYCTI/I‘{eCKOﬁ OQHCPrun, usIy-
yaeMoil obaacTbio ropeHusi. CaMONpOM3BOJIbHOE JABU-
XKEHUEC CUCTCMBI TOpCHUA TOIIMBA K MaKCUMYyMY I10-
TEPb aKYCTI/I‘{eCKOﬁ OQHCPIruM OTBCYACT ITOBCIACHUIO
CUCTCMBI IIPpU YBCJIIMYCHUHN DHTPOIINU.

Tlpu GonpiIoit BENMYMHE aKyCTHUECKOH €MKOCTH

nogkynoneHoro obeema Ca, =V, / pc? u Gombumoi
oTHOCHTeNbHON mimne L . =1 ./d, .
HUsA, B TIOCNeNIHEH YCTaHaRIMBAETCS, NIPH COOMOASHHN
ycnoBust Panes, pexuM Imynbcupyromero roperns. Kak
riokazaso B MoHorpaduu b.B. Paymenbaxa [2], B sToM
clly4ae B KaMepe TOpeHHUA TEIUIONOABONOM BO30DYX-
TAr0TCs yCTOMYMBLIE KoneOGanus mapienus Op , Ila, u

KaMmepsl rope-

0OBEMHOI CKOPOCTH 8V, M/C, KOTOPEIE MOXHO OMH-
cath cucteMol nuddepeHINaNbHBIX ypaBHEHHUIA:

@ +M @» + & =0; @)
ot & Ox
&P + Miaz + @ =0, 3)
ot ox ox

YMEIOIIEH pellieHus
O =] 4,0, (%)+ 4,0, (%) |"; @
P = 4,9, (%)+ 4,0, (%) ], (5

rie KOMIUIEKCHast yacTora B =V +ie ompeensercs B
COOTBETCTBHHU C aKyCTHIECKHMU CBOHCTBaMH KaMeps!
ropenns o = 0,5n¢/l, .

B dopmynax (2)-(5): 4,, 4, — xosppuunentsi
KpaeBBIX YCIOBMH, onpenenseMsle npy X =0, T=0;
X =x/l . — GespasmepHas NpOJOJIbHAS KOOPAHHATA;
T=1c/l . — Gespasmeproe Bpems; M =v/c — duc-
10 Maxa;, ©=38v/c — Gespasmepras Bapmauus o6b-

22

Bectnuk OYpI'Y, Ne 34, 2010
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KonebartesibHble MpoLecchl B KaMepe ropeHmsi
JIOMEHHbIX BO3lyXOHarpeBarteJsieri

EMHOIl CKOPOCTH UV, M/C; D = dp/ep, — Gespasmep-
Hast papuaims gasienus P, IMa; & =c), / ¢, — THOKaza-

TeNb aguabaTh.
OyHKIIHN

¢ (x)=0,5 exp(—]\fil)+exp(~—ﬂ—5——f_—]) 1(6)

9,(¥)=0,5 exp(—%)—exp(—%) @)

OTpaXaloT M3MEHEeHHe aMIUTUTYAbl KoneGanull BHoab
KOOpAHHATHL X .

Pemenus (4) m (5) maroT BO3MOKHOCTh OTIpesic-
JIUTh KaUECTBEHHYIO KapTHUHY CTOSIMX BOJH JaBje-
HHsi M CKOPOCTH B KaMepe TOpeHUs BO3LyXOHArpeBa-
Tels BeicOTOM [ . mpu ycnosuu Ca So

o =0,5nc/l . (puc. 1). U3 puc. 1 MoxHO onpege-
JHTH, 9TO HY4YHOCTh HABJCHHS Op K Y3€l CKOPOCTH

8V pacnosoKeHb! y 3aKPLITOTO KOHIA KaMephl rope-
HUS, @ Y3€]I IaBIeHNsA Op M IMYIHOCTh CKOPOCTH OV —

Yy €e OTKpBITOr0 kKoHILia. Pacronioskenue ropejiouHoro
mTynepa BOJM3H IMyYHOCTH [ABIECHHUA, TO €CTh Yy 3a-
KpBITOTO KOHIIAa KaMepsl TOpeHHs, obeclednBacT
SHEPreTHHecKuii WCTOYHUK aBTOKOJNeOaHwWii mpw
MyJILCHUPYIOLIEM TOPEHNH.

1.0 P T

Puc. 1. Sniopa Bapuaunii gaBnexns p u ckopoctu U [2]

Mopens B.B. Paymenfaxa BecbMa TOYHO OTpa-
XaeT nelicTBUTeNbHBIA XoA mpouecca npu Ca, — ©

u 0=0,5nc/l . ; B OCHOBY ee MONOXKEHO NpENcTaB-

JIGHHE O Kamepe TOpeHust Kak 00 deMeHTe ¢ paclpe-
JeTieHHBIME IapaMeTpaMHM: MaccoBbie # YIpPYTHE
CBOMCTBa HOTOKa ra3oB pacripe/iesicHbl N0 JJIMHE Ka-
Mepbl FopeHus.

Ecan OpeAcTaBUTh KaMepy FOpPeHHs, COCTaBJIEH-
HOH H3 COCpPEJOTOYEHHOH aKyCTHUECKOH €MKOCTH Yy
3aKpBITOr0 KOHL@ M MAacChl rasoB B TOPJIOBUHE, TO
MOXHO TNOJNYYHTh YpaBHEHHE 71 BOIMYIICHHWH [aB-
neHuss 8p, CBSA3AHHBIX C M3MEHEHHEM OOBEMHOIO

pacxofia MpoAyKToB cropanus OCG =s'0p, oTBedaro-
wee monenu B.B. Hlreitnbepra [3]:

d* d
e 5p+(k—s);1:5p+(m§ ~ks)op=0.  (8)

B ypaBuenuu (8) BemmuauHa £ oTBeuaeT Koddhdu-
IUEeHTY TIOTeph Ha TPEHWE B TOPIIOBUHE TP KonebaHu-

SIX, KOTOPbIM MOMHO Ha3BaTh «IMHAMWMECKHAM KO3(-
¢uipentoMm TpeHms». BenuunHy s =s'#p/v MOKHO

OIPeJIENINTh KaK «KO3((UIMEHT OTPHLIATENILHOTO Tpe-
HHS», Tak Kak sd9epe3 s’ =80/8p cBMBBIBAET MpaMoit

TIPOTIOPIROHATIBHON 3aBUCHMOCTBHIO BO3MYTHEHHS [[aB-
neHua Op C BO3MYILIEHUAMH OOBEMHON CKOPOCTH OV .
DHU3UIECKOT0 aHanora «OTpHUATENHLHOMY TPEHHIOY B
TIPEPOJAE HET, MOSTOMY CJeNyeT NPU3HATh, YTO T0J
BHAOM NapaMeTpa s B Mozeins B.b. llte#inOepra ee-
JeH MeXaHu3M oOpaTHOM CBA3M, NOJUMHAIOIMHCA YyC-
noBmo Poanes. Mopemn B.B. llltelinOepra orBevaer
Kamepa CropaHKsA COCpeIoTOYEHHOro obbema V' ¢ BbI-
XOIHOU TOPNIOBHHOM NIHHOM / ¥ MIIOIansio mornepet-
Horo ceuenms F . IlpuBecTH kamepy TOpeHMsi HOMEH-
HOTO BO3IyXoHarpesarens, Tae o6suno I/d = 10-12,
k mMozenu B.B. llltefinGepra BecbMa TPYyAHO, OJHAKO
aHAIN3 3Tl MOJCIH BechbMa IONe3eH C TOYKH 3peHUA
W3yIeHHUA TPUPOLIBI MYIbCHPYIOMETO IOPEHMS.
YcroitauBocTh cucTeMsl 1Mo ypaBHeHuto (8) om-
peliesisieTcd 10 COOTHOUICHMIO BENMYUH &k ¥ 5: mpwm
k > s wonebasud B CUCTEME 3aTyXaloT, TIpU k <5 —
pacTyT, 3HaYEHHIO K =5 COOTBETCTBYET IPaHuLia yc-
ToiuMBOCTH. 3aBHCUMOCTH HOAOOHOTO poza ONpeaens-
I0TCH 719 KaMep CropaHus ra30TypOMHHBIX YCTaHOBOK
¥ HaIlOpHBIX MaporeHepaTopos. TIONBITKY MPUMEHNTH
NOAO0HBIE 3aBUCAMOCTH Il KaMephl CropaHus TOMEH-
HOIO BO3AYXOHAIpeBarelii HEIb3s NPU3HATH yAadHOH,
Tak Kak B pabote [4] u akycTudeckas macca Ma , 1 aKy-
cTrdeckas eMkocTe Ca OmpesieneHs! 110 TIOMHOH annHe

KaMepbl TopeHHs /., TakuM obpasomM, ToJHag IIHHA

KaMmephl TOpPeHHA BXOOWT H B YIPYIWi, I B MaccOBBIH
3NIEMEHT, YTO JIMIHEHO (U3HIECKOTO CMBICIIA.

Ilpm MamnsIx 3HadeHWIX napamerpoB s— 0,
k — 0 motepd ycTOIYMBOCTH NpOABIAETCA B BUIC
xoJie0aTebHOTO TIPOLIECCA € YAcTOTOH ®,, KoTopad
npubnkaercs K COOCTBEHHOI YactoTe pe3oHaTopa
Tlesbmronbna. PaccauraHHble TpH 3THX  YCIOBHAX
coOCTBEeHHBIE YaCTOTHl f = 0y /2n H300paXeHsl Ha
puc. 2, rie ONOBUHA ATHHBI KaMephl TOPEHUs OTHeCe-
Ha K COCPEJOTOYEHHOMY 00bEMY, BTOpas MOJIOBHHA —
K cocpenoToueHHOH Macce. Ha rpaduke HaHecena 104-
Ka A, COOTBETCTBYIOLIAS Kamepe ropeHus! BBICOTOM 33 M
¥ runpaBmuueckuM amamerpoM d =32 (F=8,1m)
npu Temuepatype 1200 °C. Pacyernas uactoTa Ind
ITHX YCHOBMH f, = 7,65 I'l, dakrmieckue HacToThl

NpH IysbcupyromeMm ropeHun f = 3,3-3,5 I'm [5].
PacueTHble ycnoBWA i1 KpuBBIX HA pHC. 2 | —
o, =1500°C, L=2[ =23 m; 2 — 1, =1300°C,
L=28m; 3 - 1,=1100°C, L=36Mm; 4 -
Ip =900°C, L=40Mm; 5 — 1, =700°C, L=44m.
Ha puc. 2, xpuBas 6, Taioke HaHECEHB! 3HAUEHUS COO-
CTBEHHBIX YacTOT IS OECHIaXTHEIX BO3AyXOHATpeBa-

tenell Kanyrnua BHK npu temrnieparype B 30He rope-
Hus 1, =1500 °C.
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Puc. 2. Co6cTBeHHas yactoTta f,, (I'u) kamepel ropexus ¢

pasmepamu [ u F_ B npubnumkeHun ee pesoHaTopom
Fenemroneua (1-6 B TekcTe)

Ilpy yMmeHbLIIEHHH AKyCTHYECKOM €MKOCTH NOA-
KynonbHoro ooseMa Ca, YOpyrue CHibI, BbI3bIBae-
MBIE CXKaTHEM ra3oB B o0beMe V , BIMAIOT HA AMHA-

MHUYECCKHEC HPOLECCHI B KaAMEPE IropeHus; 5TH npouec-
Chl MOTYT GBITH OTMMCAHbI OHOPOAHBIM YPaBHECHHUEM

BTOPOTO TOpAAKa B BApHALMAX [6]
d> o e 2kGy | d

a7\ Cap Ma, |dt
2hikyGry | 1

Ma Cap Ma,  Ca,

3mece Ma, . =pl  /F, xi/m’

aKycTHYecKas Macca MOTOKa rasa B KaMepe TOpeHHs

ITITNHON l!(,r U C INIOIanblo MOHNEPCIHOIOo CCHCHUA

F, Ca, =V, / pc?, m'cxr

KT ?

op +

5p=0. 9)

COCpENOTOUCHHAA

COCpeHOTOUYCHHAA

aKyCTHYECKas €MKOCTH obbema VK pyu CKOpOCTH ™

3ByKa ¢, M/C, B 3ToM o0beMe; k; — Koddduuuent
HOTeph JNAaBIICHHS B KaMepe TopeHus;  — KpyTusHa
HaTIOPHOM XapaKTepUCTHKH KaMephl TopeHns B pabo-
yelt Touke. BenmuyHa k, cBA3biBaeT 00beMHBIA pac-
XOJI Ta30BOM cpenwl Ha BXOZE B Kamepy ropeaus G,
¢ pacxonom Ha Beixoge G, k, =G, /G, . B pas-

HOBECHOM PEXHME.
Yacrora konebaHMil B 3TOM Cllydae Olpejeser-
ca o opmyiie

0,5
_ 1 . 2kik G, _
Ma, Ca, Ma,  Caf
0.5
2k k ’
= ! +=rG | (10)

JMa, Ca, B

nepenatoyHas (yHKLMS KoJjiebaTeabHOTO 3BeHa - Ka-
Mephbl TOpeHUsT B obnacTv u3odpaxeHuil mo Jlamiacy
OyIeT MMeThb BUIL

D
WP (s)= . an
-(5) s2+26s+(62+a)2)

KoaddunmenT 3aryxanusa Konebanuil & omnpenesser-
cs1 o opmye
6= K +£1~(—;ﬁ . (12)
2Cal Ma,,
Ieperoc Bo3MyIIEHUH 3BEHbAMHU «K.I» (Kamepa
ropennd) M «x» (TOAKYNONbHbI 00beM) B 3TOM City-
Jae MOXKHO OIHCATh 3aBHCUMOCTSIMH:

B (s) =Wl (s) Bl (s);
R(s)=W{(s)-B(s); (13)
Ve (s) =W (s) Vir (5)
Vi(s)=W.(s)¥(s). (14)

31eCh TIEPEHOCHDbIE CBOMCTBA 3BEHBEB OTPAKEHBI
ux mepematouHbiMu ymkumamu W[ (s); W[F(s);

W (s); W.(s), onmpeneisieMbMH 1O 3aBHCHMO-

cram, nogobusM (11).

B ypasuennn (10) mpuHATO, 9TO KaMepa TOpeHHs
obnagaeT cOCpemOTOYSHHOW aKycTHdecKod Maccol
Ma, . Ge3 yueTa ee YOPYTHX CBOICTB, 4TO cHpaBef-

mBo npu HebonmpuioH minee [ .. C yBeaudeHHEM
/

KT
3TO NPUBOAUT K HOABJICHUIO CTOSYEH BOJIHBI B KaMepe
TOpCHUA C Y3JIOM IaBJICHUA Y BbIXOIa B HMOAKYIIOJIb-
HbIYt 00beM IIYYHOCTBIO B HAaYa/I€ KaMECpPbl rOpeHUA.
Yder BIIUAHUS CKUMAEMOCTH ras3a B KaMepe ropenud
B 3TOM Clay4da€ MOXHO IOpOWU3BECTH BBCIACHUCM B

Ma, . npusenenHodt mmubl I, =05, u B Cag

CTaHOBHUTCA CymeCTBeHHOﬁ CKMMAEMOCTh TIasa,

npuseneHHoro obvema Vy, =V, +0,5, F .

I'panuna ycTOMYHBOCTM CHCTEMBI, COCTOAILEH
TOJTBKO W3 3BEHBEB «K.I'» H «K» MOXKET ObITh orpene-
stera ipu - 8 = 0 w3 (12); TaK Kak BCe BETMYMHEI B TIpa-
BOM yacty (12) CyIIECTBEHHO HOJOKHTENLHBL, 32 UC-
kmoueHueM B, To mpr B> 0 cuctema 0e3ycnoBHO

yeroitumBa. Tlpu B <0 rpaHuua ycToiMMBOCTH onpe-
JIeNIeTCs PaBEHCTBOM

k’r — kIGBx (15)
2CaB| [Ma,.|’

TakuM 06pa3oM, MONHOE YCIOBUE YCTOUYMBOCTH HMe-
€T B
k. Ma
B>t Bl (16)
2k Ca G

K BX

IIpn ymensmennu Ca, — 0 BO3pacraer aKkycTu-

YeCKUil NMIIeIaHC BHIXOJHOTO KOHIIA KaMepbl TOPEeHNs
[0 BeJIMYHHBI, COOTBETCTBYIOLIEH «aKyCTHYECKHM 3a-
KPBITOMY» KOHILY.

Ha puc. 3 npuBeieHs! KpHUBbIE 3aBUCHMOCTH Yac-

TOTHl f; coOcTBEeHHBIX Kolebanuil B kaMmepe ropeHus
OT €€ IUIMHB! /. NP Pa3iIHYHBIX YCJIOBUAX BO30YXK-
feHua. YHcTo akycTUYecKoMy BO30YXKACHHIO, KOIa
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KonebaTtesibHble MpoLecchi B KaMepe ropeHust
JIOMEHHbIX BO34yXOHarpeBartesieri

fo =0,25¢/1
pa3HOH cpenHelt TeMmiiepaType B KaMmepe TOpeHHs
¢ =1100-1500 °C.

Jo

\
10PN

«r» COOTBETCTBYIOT KpHBBIE 5, 6, 7 npn

8“ \2):\

% 3 '
+ t T

20 30 40 50

l

‘K.T
Puc. 3. CoberBenHbie YacToThl f; (M) kaMeps! ropeHust

ANMHOA [ Npn pasnMuHbIX YCNOBUSIX BO3DYXOEHUs
(1~7 B TekcTe)

Kpupas 4 paccuutana 1t yclnoBuH Bo3Oyxze-
HHA KaMepbl TOpeHHMA COBMECTHO C IOAKYIOIbHBIM
NPOCTPAHCTBOM KakK CHCTEMBI C COCPELOTOYSHHBIMU
napamerpamu o ¢opmyne (9). Kak nokasamu pacue-
TEI, 4aCTOTa COOCTBEHHBIX KoyieGaHuil B 3TOM ciy4ae
I KaMepsl ropeHus IuHo# [/ = 35M coCTapiaer
Jo= 5,31 u Ha 12 % BHIIE COOTBETCTBYIOIEH Yac-
TOThI U1 YHCTO aKyCTHUECKOro Bo3fyxaeHua. B pac-
yerax npunsato: k= 100; k.= 0;2; G,, =10° M’/u.

DKCIIepAMEHTHE ¢ YCTaHOBKOMH NaTYMKOB IyJibca-
uil naBjaeHui B TIOAHAcCAJOYHOM IPOCTPaHCTBE B B

NoAKyNoidbHOM o0beMe MOKa3allM, 4TO BO3OyxIcHHE
4acTo paclpocTpassercs Ha MacCy ra3oB, Haxoms-
IMXCd B Hacajke. BenuuuHa akyCTHYeCKOH MaccCh
Ma, =1,2, 10 ects comsmepuma ¢ Ma,  , u «0OR-

KHHOUYCHHC» MaH K KoneOaHHAM CYHICCTBCHHO CHH-

xaert qacToTy OTHOIICHHUH

1/4/2=0,708 . Tpu sTom wuacrota KoneGammii s

ciydas KpuBoit 4 puc. 3 camsures ¢ 5,3 10 3,75 T,
IIpeacTasneHO 0 XaMepe FOpeHus Kak O CHCTe-

Me, UMeIonIel aKycTUYeckre eMKOCTh U Maccy, OTpe-

ACBIEMbIC 110 NIPUBEJACHHBIM 3Ha4YCHWAM Vnp u lnp’

OTBEYaIOT KpuBsle 1, 2, 3 puc. 3. 3aech NpUBENEHHBIC
BEJIMIUHBI OTIpeJENSAFOTCS 110 (hopMynam:

OpEMEpHO B

0,5/ F
Vip =Vx 4 EL KL V“ KL,
—K 41
lK,I‘ K.r
0,5 +l 1‘;
lﬂp = lK.l‘ 1;/1- =
1+ —=5
lKJ'FK.I‘

Ha puc. 4 mpencraBieHbl pe3yJbTaThl pacyeToB
COOCTBEHHOM 4YacTOTBI TPU BO3OYXKICHWH KaMephl
TOPEHUSI C TIOJKYITONBHEIM 00BEMOM TIPH MOBBIIIEHUH
TEIUIOBOM HArpy3KH, YTO COOTBETCTBYET YBEINUCHUIO
G,, . Camxenue f, mpu yBenmueHnu Gy, TPUBOAUT

K TOMY, YTO TIPM MOBBIIIEHHBIX TEIUIOBBIX Harpy3kKax
yacToTa KosiebaHuii corinacHo (9) cTaHOBUTCSI paBHOM
YacTOTe aKyCTUYECKUX KOjieOaHWil. DTUM YaCTUYHO
O0OBSICHSIETCS TOT (DAKT, YTO PEXUM IMYJbCUPYIOIIErO
TOPEHUsT HACTYNAaeT MPH MOBBIIIEHHBIX TEIJIOBBIX Ha-
rpy3Kax.

BpiBOaBI

1. [IpoBeneHHBINI aHAJIM3 BO3MOXKHBIX MEXaHW3-
MOB BO3HMKHOBEHMSI KOJjeOaTeJbHBIX IIPOLIECCOB B
cucTeMe ropeHHusl TOIUIMBA JTOMEHHBIX BO3AyXOHarpe-
BaTeJiel TMO3BOJIMJ ONpPEACIUTh YAaCTOTHBINA CIIEKTP

/

o t

720 30

KI

40 50

Puc. 4. CoberaeHHble YacToThl f; (TU4) npu BO3GYXAEGHMU Kamephl ropeHust

armuont [ (M) COBMECTHO C NOAKYNOSbHLIM o6weMomM: 1 — G = 0,7-10° m/y;
2-G,, =0,810°m/y; 3- G, =0,9-10° M/y; 4 — G, = 10° M4
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COOCTBEHHBIX KOJeOAHWIA MpPU pa3IUYHBIX KOHCTPYK-
TUBHBIX U PEXUMHBIX TTapaMeTpax.

2. Peanuzannsi KOHKPETHOTO MeXaHM3Ma 3aBHCUT
OT CHUTHajia oOpaTHOM CBS3M MO KaHaJlaM MOJa4u KOM-
TIOHEHTOB TOPEHUST Y IBUXKEHUS TIPOIAYKTOB CTOPAHUS;
IUIST pa3BUTHS M TOANEPXKAaHUS KoJieOaHU TpedyeTcs
BBINIOJIHEHME ycinoBus Penest.

3. @PakTnyeckKu HaOJIIOaeMblid  CIEKTP YacTOT
MpU MOYJIbCUPYIOIIEM TOPEHUM TOIUIMBA B JOMEHHBIX
BO3IyXOHArpeBaressiX SIBISETCSI pPe3yJbTaTOM B3au-
MOJIEHCTBUSI CUTHaja OOpaTHOM CBSI3U C PACCMOTPEH-
HBIMU B paboTe MeXaHW3MaMU BO3HMKHOBEHUS KOJe-
GaTeNbHBIX MPOLIECCOB.

Jlumepamypa
1. Hecmayuonapnoe pacnpocmpanenue naamenu
/ nod ped. . I. Mapxwmeiina. — M.: Mup, 1968. —
438 c.

2. Paywenbax, b.B. Bubpayuonuoe eopenue /
b.B. Paywenbax. — M.: @Quzmameus, 1961. — 500c.

3. Teopus monounwvix npoyeccos / I'. @. Knoppe,
KM. Apeghves, A.I. baox u dp.; nod ped. I.®. Kuop-
pe, U.U. [lanreesa. - M ; JI.: Dnepeus, 1966. -491 c.

4. Kazanues, E.HU. Hccaedosanue nyavcupyrouie-
20 2opeHus 2a3a 6 JOMeHHbIX 6030yXoHazpesamensix /
E.U. Kazanues, A.T. fkosenko // Cmars. — 1976. -
Ne>6. - C. 498-500.

5. Toponos, E.B. Junamuka menaomaccoobme-
Ha 6 mnpoyeccax NOoAYYeHUs U NPUMEHeHUs 8 OOMEeH-
HOM RNPOU3600CMBE BbICOKOMEMNEPAMYPHOSO OYMbI:
duc. ... 0-pa. mexu. Hayk. / E.B. Toponog. — Ceepo-
noeck, 1980. - 318 c.

6. Toponos, E.B. /lunamuka mensomaccoobmena
8 cCA0eguix mpoyeccax U Kamepax ceopawus [/
E.B. Toponos //Hayka u mexnonoeuu: mp. XXIII Poc.
wk. - M., 2003. - C. 600-608.

ITlocmynuaa ¢ pedaxuuro 2 cenmsaops 2010 e.

26

BecTtHuk KOYpIlY, N2 34, 2010



