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HNPUHYAUTEJBHOE OXJIA’KAEHUE TPUBOCUCTEMbI

JIJEHTOYHO-KOJIOJOYHOTI'O TOPMO3A BYPOBOM JIEBEJKHN
(dactb 2)

A.X. JDKAHAXMEJIOB", A.1. BOJIBYEHKO ~, O.C. IMPBEPJIUEB’,
JI.A. BOJIBYEHKO™", B.C. CKPBIITHBIK ", BM. UY®YC™

B Marepuajiax CTaTbu MPUBCICHBI TEII000MEHHBIE IPOUECCHI ITPU OMBIBAHUU KUAKOCTBHIO HOBerHOCTeﬁ
CTCHOK KaM€p COCTAaBHOI'O TOPMO3HOI'0 HIKMBAa B JICHTOYHO-KOJOAOYHOM TOPMO3€ U IMOTCPU TCIJIOTHI B OKPY-
KaKIYIO Cpeay MOBEPXHOCTAMU COCTABHBIX TOPMO3HBIX IIKWUBOB B IIPOMBIIIJICHHBIX YCIOBUAX ITPU €CTECTBEH-
HOM M BBIHYXXJICHHOM OXJIAXKACHUH BO3YXOM.

Knroueswvie cnosa: n1eHmouHo-Koa10004HbIL MOPMO3, mpubocucmemd, napvl mpenus, 0600 WKUsd,
Kamepa ¢ HCUOKOCmbl0, KOHBEKMUBHDILL, KOHOVKIMUBHDIU, PAOUAYUOHHBI
menyiooOMeH, Ymanvl Menioéo2o OAIAHCA.

Beenenne. B nepBoii yacTu MaTrepuanoB CTaTbU PacCCMOTPEHO OCOOCHHOCTU KOHCTPYKIIMU
BO3/yIIHO-)KUAKOCTHOH CHCTEMBI OXJAXICHUS TPUOOCONPSIKEHUH JIEHTOYHO-KOJIOJOYHOIO TOp-
Mo3a OypoBoii JIeOeIKM U TEMI0BOM OanaHc TPUOOCUCTEMBI C OXJIAXKICHUEM U €T0 YCIIOBUS TEILIO-
0o0MEHa; rpaIneHTHAs TEOPUS! OXJIAKICHUS TPUOOCUCTEMBI JICHTOUHO-KOJIOIOYHOI'O TOPMO3a.

Cocrosinne npodiaembl. Hannmune AByX JIGHTOYHO-KOJIOJOYHBIX TOPMO30B IO TOpLaM Oy-
poBOIi 1e0eIKK MO3BOJIAET TEMIIEPAaTypHbIM METOJI0OM OLIEHHBATh YPPEKTUBHOCTH €CTECTBEHHOTO,
BBIHYK/ICHHOI'O Y IIPUHYINUTENBHOIO OXJIAKIEHHUS PA3INYHBIMU TUIIAMH TEIIOHOCUTEIIEN NOJIUPO-
BAaHHOW U MaTOBBIX TOBEPXHOCTEN COCTAaBHBIX TOPMO3HBIX IIKUBOB [ 1, 2].

Mertop omnpezeneHus TEMIOBOro 6agaHca (pPUKIHMOHHBIX Y3JI0B JEHTOYHO-KOJIOJOYHOTO TOPMO3a
OypoBoii 1eOe KU MPU MX MPUHYAUTEIBHOM BO3YIIHO-KUAKOCTHOM OXJIaXKACHUHU Oa3upyercs Ha
croco0ax HarpeBaHMs IUKIMYECKUMH TOPMOXKCHUSMM, €CTECTBEHHOIO CHM)KEHHS JHEproHarpy-
KEHHOCTU U NPUHYJUTEIBHOTO OXJIAXKIEHHS Pa3IMYHbIMU TEIUIOHOCUTEISIMA COCTAaBHOTO TOPMO3-
Horo mkusa. [Tpu aToM onpenenaroTcs NoTepu TEIIOTH B TEJIE U MPU €€ Mepeaade KOHTYKTUBHBIM
TEMJI000MEHOM OT KPEIMEKHOI0 BBICTYIIa TOPMO3HOTO IIKUBA K (h1aHIy 6apabaHa, M OT y4acTKOB
HapyKHO! MOBEPXHOCTH HMKHEHM 4acTH 00072 IIKMBA K KapKacy KaMepbl C )KHJIKOCTBIO, a TAKXKe
OT MAaTOBBIX U IOJIMPOBAHHBIX IOBEPXHOCTEH COCTABHOIO TOPMO3HOIO HIKHMBA U CTCHOK KaMEpHI.
Bo Bcex ciydasx HarpeBaHHs1, ECTECTBEHHOTO M IPUHYIUTEILHOIO OXJIAXKIE€HHS MATOBBIX U MOJIH-
POBAHHBIX IIOBEPXHOCTEN COCTABHBIX TOPMO3HBIX HIKUBOB UMEIOT MECTO CJIEIYIOIINE BUJbI TEILIO-

AszepbOaiimkanckas MHxeHepHas akageMust
ok o - o
NBano-DpaHKOBCKUI HAITMOHATBHBIN TEXHUYCCKUI YHHBEpcUTET He(hTH U ra3a (r. iBano-DpaHKOBCK, YKpanHa)
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oOMeHa: KOHBEKTUBHBIH, paUallMOHHBIA U UX KOMOMHAIIMY B 3aBUCUMOCTH OT CTENEHH HarpeToc-
TH MTOBEPXHOCTEN IIKUBOB.

IMocTanoBka 3agaun. B nanHoi myOIMKamuyu pacCMOTPEHBI CIISIYIOIINE BOIIPOCHI TIPUMe-
HUTEJIBHO K periaeMoi npobieme:

— TEIUIOOOMEHHBIE MMPpOUECChI ITPU OMBIBAHUHN KUIKOCTBIO HOBerHOCTCﬁ CTCHOK KaM€p CO-
CTaBHOT'O TOPMO3HOTO IIKMBA B JIEHTOUYHO-KOJIOJOYHOM TOPMO3E;

— IIOTEPH TEIUIOTHI B OKPYXKAIOLIYIO CPelLy NOBEPXHOCTAMHU COCTABHBIX TOPMO3HBIX LIKHBOB
B IIPOMBIINIJICHHBIX YCJIOBUAX ITPU OXJIAXKICHUUN €CTCCTBEHHO U BBIHYXXJICHHO BO31YXOM.

Heuas padorbl. Pa3zpaboTka KOHCTPYKIMU NPUHYIUTEIBHOTO OXJIKICHUS TPUOOCUCTEMBI
JICHTOYHO-KOJIOJIOYHOTO TOPMO32a C IMOCJEAYIOLIEH OLEHKOW €€ 3HEepProHarpy>kKeHHOCTH W Hamps-
KEHHO J1e()OPMUPOBAHHOI'O COCTOSTHHSL.

Tenoo0MeHHBIe POLECCHI IPH OMBIBAHMM KUAKOCTBHIO MOBEPXHOCTEH CTEHOK KaMmep
COCTABHOI'0O TOPMO3HOI'0 IIKHBA B JICHTOYHO-K0JIOI0YHOM TOpMo3e. TeriooOMeHHbIe Mpoliec-
Cbl, MNPOUCXOAAIIUC C TEIJIOHOCUTCIIAMU .
(BO31yXOM, >KMIKOCTBIO, HAXOMSILIYIOCS B OmbiBatomui BO3AYX
TPEX TCPMOAUMHAMUYICCKUX COCTOSIHI/ISIX) uc

Topmo3snad nenta

TCJIOM KaMEpbl, © C MAaTOBBIMU W IIOJIUPO- (Dpl/IKlIHOHHaH HAKJIaIKa

BaHHBIMH TOBEPXHOCTSIMHM 4acTE€Hd TOPMO3- . -
[IpunoBepXHOCTHBIN ClOi

OMBIBAIONTHI BO3IYX /

[IpunoBEepXHOCTHBIH CIIOH

HOIo mKHBa M KaM€pbl UMCIKOT CJIOXXHYIO /f?

cucremy. TernoBast MoJens TpUOOCHCTEMBI

C BO3AYHIHO-XKUAKOCTHBIM OXJIAXKJICHUCM

map TpCHUA JICHTOYHO-KOJIOAOYHOI'0 TOP- BepXHsis 4acTh 0601a

MO3a MpHUBeJieHa Ha puc. 1. TopMo3HOTO mKUBa

Ha yactu HwkHel Hepaboueil mo- L{HpKYTHPYIOIIHIi BO3AYX

IMPOBaHHOI moBepxHOCTH A 10 06pasy- T ——

TOPMO3HOTO IIKHBA

[Tomuposannas padodas u Hepaboyast
MOBEPXHOCTL 000a

forei 000/1a TOPMO3HOTO TIKUBA, HAXOJISI-

nielcss HaJl KaMepoil ¢ JKUAKOCTBIO IPOUC- Kamepa ¢ 0 .

. . MbIBAIO LM
XOJUT JIYYUCTbIH TEMI000MEH: OABOIUTCS MEPOXKHIKOCTHOH " ﬂy];L([
KOHJIyKTUBHBIM TEIJIOOOMEHOM OT IOJH- CMECPIO
poBaHHOM paboyeil MOBEpXHOCTH 0001a OwmpbIBaO LN BO3AYX
IIKKBA TCIUIOBOM MOTOK ¢, W B COOTBCT- Puc. 1. Tennosas modens mpudocucnmemul ¢ 6030yutHoO-

HCUOKOCHLHBIM 0XT1AMNCOCHUEM c])pukuuouubtx y3ao0e6

CTBMM C 3aKOHOM CTC(baHa-BOHBHMaHa
J1IeHMOUHO-KOI000YHO20 mopmo3sa

OTBOAUTCA IIOTOK COOCTBEHHOIO n3jy4dc-

4
must wiotHoctbto £C T, rae & - KodpQUUUEHT YepPHOTHI MM U3ITydeHHs (11 aOCOMOTHO dep-
noro rena £=1,0), T, - Temneparypa 1o1upoBaHHOI IOBEPXHOCTH 060/1a IIKKBA, A TIOCTOSHHAs
C =5,75- 10°* BT/ (M2 ><K4). Takum 00pa3om, TpaHUUIHOE YCIOBHE JUI TIOTOKA TEIUIOTHI C yue-

TOM JIYYHUCTOTO TEIJIOOOMEHa MEXKIY YacThio Hepabodeil MOJIMpOBAaHHOW IMOBEPXHOCTHIO 00072
IIKKMBA U OXBATHIBAIOIIEH €€ KUIAKOCTHIO, HAXOIAIICHCS B KaMepe U UMEIOIICH aOCOTIOTHO YEPHYIO
HOBCPXHOCTb, IPUHUMACT BUA!
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oT .

29 g seC T i
onla BTy M
oT 4 4

—A— =eC|\T'-T7), 2
ol (70-11) @)

4 o o
rne 1, - Temmeparypa KHAKOCTH Ha JOCTATOYHOM YJQJICHHH OT IOJMPOBAHHON Hepaboueil 1o-

BEpPXHOCTH 000/1a TOPMO3HOTO IIKUBA.

Hccnenyem B aHaMUTHUECKOM BHJI€ YCTAHOBHBILIEECS PACIPEICIICHUE TEMIIEpaTyp, BO3HH-
KaIOIIKX B TEJIE KaMEPhl B €€ BEPXHEH 4acCTH MPU MOCTOSIHHOM YPOBHE HAaXOJSIIEHCS B HEH JKUJI-
KOCTH BCJIEZICTBHE COBMECTHOTO BO3/ICHCTBHUSI KOHBEKTUBHOTO U JIYYHCTOTO TerioooMeHna [3].

Cumraem, 4yTo TeMIlepaTypa IO BEPXHEMY IMIHHIPUYESCKOMY KOJIbITy KaMephl (0001 IIKH-
Ba) TI0 TOJIIIMHE /I U3MEHICTCS HE3HAYUTEIILHO 10 CPABHEHHUIO C TMEPENajoM MO0 TOPU30HTATLHOM
oOpasyromeid. Torna rpaHMuHbBIE YCIOBUS, 3aJaHHBIC 110 paadaIbHOMY HampaBlIeHUIO, 00bEIUHS-
10TCs ¢ MU depeHIINaTbHBIM YPaBHCHHUE TEILIONPOBOIHOCTH ITyTEM WHTETPUPOBAHUS 1O ITOU KO-
OpIMHATE.

[Tycth Temmneparypa ombiBaroiero Bozayxa 7. (puc. 2 u 3), k03 QHUIHUEHT TEIUI00TAa4YH OT
KUJIKOCTH K BHYTPEHHEH TTOBEPXHOCTH HIKHETO IMHJIUHIPHUIECKOTO KOJIbIA Oy U OT HAPYKHOH ee
MMOBEPXHOCTH K OMBIBAIOIIEMY BO3IYXY Op, KOOD(HUIIMEHT TETUIONMPOBOIHOCTH MaTepHaia CTCHKH
KaMepbl A, CTENICHb YEPHOTHI TIOBEPXHOCTH JKUIKOCTH € HE 3aBHCTH OT KOOPMHAT U TEMIIEPATYPHI.
Kamepa ¢ konbueBbiM nuameTpoM D cunTaercsi 06CKOHEUHOM B HampaBiICHUH OCH Z, KUIKOCTb —
a0COFOTHO YePHOU U UMEET TeMrepaTypy T

Hayvano koopaunar pacrnosnoskeHo Ha ypoBHe xuakoctu (7 u T, - TeMnepaTypbl: cyxoil 4ya-
CTH KaMepbl U CMOYEHHOMU KHUJIKOCTBIO).

B cuy oceBoil cumMmeTpun 3a7aud ypaBHEHHS CTAIMOHAPHOW TETJIOMPOBOIHOCTH ISt

3JIEMEHTapHOT'0 KOJIbLIa BEICOTOW dz 3alMIIETCS B BUJIE

d’T, 4 ma :
Ah— +a(T,-1)-a,(T'-T!)-q,=0  (z>0);
zZ
dsz 4 _ 4 3
//ih d 2 +a(7;_TZ)_am(TZ _Tofc)_ac(TZ _TJIC)=0 (Z<O)’ ( )
A

OpUYeM pe3yabTUPYIOLIMH JIyYUCThIM TEIJIOBOM MOTOK OT Hepabouyel MOBEPXHOCTH CYyXOH 4acTh
o0oj1a IKKBa B Touke M paBeH

q, (M):g ach4 _acjj;4 ay/ _O-T;i' J. ay +1_8J.qﬂd‘//NM ’ )

F Fy ¢ %
rac HepBLIfI WICH ONpCACIIACT MIIOTHOCTD CO6CTBCHHOFO H3JIYy4YCHUA, BTOpOﬁ nu TpeTI/Iﬁ — HpI/I06pe-
TCHHOI'O IIOTOKOM TCIJIOTBI OT U3JIYUYCHUS APYIUX TOYUCK HOHHpOBaHHOﬁ Hepa60qel71 NOBCPXHOCTHU
HIDKHEN 4acTu 0601[3 IIKKWBa U MMOBEPXHOCTH KHUIKOCTHU, HOCJ‘IGI[HI/Iﬁ — OTPAXXCHHOTI'O IIOTOKA TCII-
NOTHL. DneMeHTapHblil Koddduument obmydenns dy ,,, MIOMAAKN dF, MIomankoi dF, B 06-

meM Cliydae BbIYUCIIACTCS 110 (bOpMyJ'Ie
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CoSy/,, COSY/
Ay = 5 dF,,, ©)

nr
LA y, Uy, — YIIbl MEXIy HOPMAJSIMHU K 3JICMCHTAPHBIM IUIOLIAIKAM dF, U dF,, UAIHHIpUYC-
CKOM 000JIOYKH M MPSMOM, COSUHSIONICH Toukn N 1 M, npuHAJJIe)KAIINE dTUM TUIOIIAAKaM; 7 —

paccrostHue Mex 1y ToukaMu N U M, MMEIOIMH OCEBbIE KOOPIUHATHI Z N U Zy,.

9 i 4 2
/A AN — AT - V}
1 N
% =
7 A7, ]
I, Wyl o S
79 /] . g—

Puc. 2 a, 6. Dpuxyuounsiit y3en 1eHmMoUH0-K0J10004HO20 MOPMO3a OYPO6OIl 1e0e0KU ¢
OMbBIEAHUEM HCUOKOCMBIO HOGEPXHOCEN CMEHOK Kamepbl:
a — Mamogulx, 6 — NOAUPOBAHHOU U MAMOBbIX, 1 — mopmo3nas ienma;
2, 3, 4 — ¢hpuxyuonnas Haknaoka ¢ paboueti NOGEPXHOCMbBIO U C KPENeNCHOU Naankou,; 5, 6, 7, 8 — mopMo3HOU WKUG ¢
pabouetl nogepxHocmuio, pebopoamu u Kpenesichvim goicmynom; 9, 10 — eepxrsis u HudiCHsA yacmu 0000a;
11 — so30yxozabopruku; 12, 13, 14 — omeepcmus: oupdhyszopul, konghyzopsl, yununopuueckue; 15 — konvyegvie 06vemvl;
16 — kpeneorcnwitl 6oam,; 17, 18 — knananvi: énycknou,; gpinyckuou; 19 — konvyesasn kamepa, 20— scuoxocmo;
21 — noauposamnnas NOBEPXHOCMb HUNCHEU Yacmu 0600 WKUBA.

al zZ & Z :

P = — :ﬂ\
™ £ N
' % >
as etk — — |~
T ! 2
h o — — - /,Zf
] W o
- T hT T 7 ¥ —
LW T ] -
L., ) I
_ Tax Ix "
I —— X dp FOpaz

Puc. 3 a, 6. ZKuokocmnas kamepa, 6MOHMUPOBANHAA 8 HUNCHIOIO Yacmb 0000a wiKkuea (a) u
ee pacuemnasn cxema (0):
£ — koaghpuyuenm wepromol unu uznyueHus (01 abcorromuo yuepnozo meaa £ = 1,0); Ty — memnepamypa noaupoeaHHoll He-
paboueti nogepxnocmu HudicHell yacmu 0600a wikusa; Ty, Tc— memnepamypol: HCUOKOCMU U OMbIEAIOWEl 6030VUIHOU CPEObI;
Ok O.c — KO puyLenmovl menioomoayu om: HCUOKOCMU K CIeHKe KamMepbl;, CIEHKU KaMepbl K OKPYICAIOUeMY 8030YXY

Ecnn (@ - nonsapHslil yron LMIMHAPA, TO, BBOJS 0003HAUECHUS

Ay, (6)

Iy p=
g_D g D

HETPYAHO MOJIYYUTh

10
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— 2 .
CoSY/,, =COSY = ! cosgoz o =D7[1+2(§—77)2—005¢} ’ )
\/5\/1+2(§—77) —Ccos@
2
dF, :%dq)dn'

Ha ocnosge (5) ... (7) Haxonum

T (1-cosg)dg 7 :
[t !dnl[l_coﬁz(g—n)ﬂz [K(eman
P 1 COS(p)d(D [(4/—77)2 +3/2}|§—ﬂ| (8)
é/ — 3 :1_ 3 ’
77 'g[l cos+2(§ 77) } [14‘(5_77)2]4

rae K (g’;]) - s1po (YHKIMH, 3aBUCALINE OT OCEBBIX KOOPAWHAT Z y U Z,, TO OTHOLICHHIO K

KOJIBIIEBOMY AuaMeTpy D.

PaccmaTpuBas ny4, ucmyckaeMblii aOCOIIOTHO YEPHOM MOBEPXHOCTHIO JKUIKOCTH, B Kaye-
CTBE KOTOPOTO BBICTYIIAET TOYKA IMOJIMPOBAHHON HEepabodel MOBEPXHOCTH 000/a MIKMBA, HAXOIs-
LIEICS Ha €ro MPOEeKLUNH, UMEEM MHTErpaIbHOE COOTHOUIEHUE N0 BCEH IJIOMAAN KPYroBOro 3epKa-
JIa )KUAKOCTHU T,

IdWNM=TK(§J7)d77’ ©)

MIPU YCIOBUH, YTO TEMIIEpaTypa KaMephbl paBHA TEMIIEPATYPE KHUIKOCTH.
Nwmes B Buay (8) u (9), monydaem

q,I(M)=e{%E4—acITl4K(§,n)dn—acT$jK(é,n)dml%gfqﬂ(77)K(§,77)d77} (10)

BBO):[SI 6€3MCpHHC HNEPEMCHHBIC

T .. : : . ah. ea T’ . «_n
19_:—19 121,2500,%, :L’ :ﬁ’ Bi= y p=—-—-C C —> (11)
YT 1 ea,T' " a : A a d D
rne Bi — kputepuit buo, nepenumenm ypaBuenus (3) u (10) B Bume
£ d*3, -
—L+1-3 —v(3 -9, )-vg=0, (£ >0); (12)
Bl ( )-vq=0, (¢ >0)
§ d’9, 4 g4 .
+1 19 —m 19 19 19 _19 =0, é/<0 B (13)
Bl dé/ ( ) ( 2 oo) ( )
B 1o xe Bpemst ypaBHenue (12) ¢ yquOM 3aBUCUMOCTH (8) TPHUHUMAET BU]T
34.[34 K(&,n)dn- yfl({na?ﬁlajK{n ) q(n)dn (£<0) (14)
MIPU CJICAYIOMIUX TPAHUYHBIX YCIOBUSAX:
ds . d8 . -dS d3g
A (0)=005 L% (_on)=05 $(0)=4(0)5 L% (0)=L%2 (0 (15)
Anmpokcumupyem sapo pyHkun K (g“ , 77) 9KCIIOHCHIMATLHON (QYHKITHEH
K(<.n) ~o M

11
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Torna
n n
J K(Enydn = [ & ag=—e (¢ > ). (16)
Ha OCHOBAHHH 4Yero HaxoauM Juis (14) N
I 0 4
§(6)=8'(6)= [ 8 (n)an-[ 8 (m)e ™ -5 4
0 ¢ 2 (17)

+(1—€)TQ(77)€2(“)6177 +(1—g)Tq(,7)eZ(M)d

Juddepenunpys Boipaxkenue (17) qBakasl M BbIUMTAs U3 HEro yueTBepeHHoe (17), umeem
2 2 g4
T4 4eq=29 . (18)
dg dg
B cBs3u ¢ Tem, 4TO JyYHCTHIH MOTOK HA OECKOHEYHOCTH IOJDKEH PABHATHCS HYIIO, a B
HayvaJjie KOOPAWHAT CIIpaBeIuBo cooTHomeHue (17), rpannynbie ycmoBus s (18) 3anuceiBaroTcst
B CJICYIOIIEM BUJIE

4

4 —2 19 -2
q()=0; q(0 IS "y (1 gjq dp. (19)

Herpynno mposeputs, uto npu 4 =9 = const cucrema ypasrenuii (18), (19) umeer pe-
ICHHUEC

§' = e (20)
a(<)= A

Pemenne (20) mpu § =( COOTBETCTBYET U3IYYEHHUIO MONYOECKOHEYHON DPABHOMEPHO

HArpeTOl KaMephbl B MPOCTPAHCTBO, & MPH ¢ () - HA aDCOJIOTHO YEPHOE JHHIIE Kamepsbl. Jlyuu-

CTBIM IIOTOK 3aTyXaeT Ha PACCTOSIHUU [ =3 D/ (2\/5 ) , @ €r'0 MaKCUMaJIbHasl NHTEHCUBHOCTD

q‘1(0)=1f\7;(T4 ~T}):

PaccmoTpum teneps pemenne ypasaenuit (13), (14), (18) npu rpannunsix ycnoBusix (13) u

(20).
B ciyuae orcyrersus usnydenus (V=0) pemenue ypasuenuii (13), (14) u (16) umeer Bun
G=h—B e (£>0) G=h,~f e (£<0), @1
rae
k=i g = JI+m (k—k,): 7=\/E. i 1+m8, .
1 Y lem T E T am
gtk o _Billem) (22)
1+ \/1+m 4

HpUYEM k, ¥ k, MOXKHO TPAKTOBATh KaK PABHOBECHBIE TEMIIEPATYPHI KAMEPHI HA OECKOHEYHOCTH.

12
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[Mpu v # 0 pemieHne CUCTEMbI YpaBHEHM Takke OyaeMm wmckath B dopme (21), moHumas

NOA k, ¥ k, PaBHOBECHBIE TEMIICPATYPhl B YCIOBUSAX JIYYMCTOIO TEIIOOOMEHA, CBA3AHHBIE Clle-
JTYIOIIAMHU COOTHOIICHUSIMHU:

-k v(k=8)=0:  1-k,m(k,~3,)-v(ki = !)=0. (23)

[ToncraBum (23) B Buje, yA0OHOM ISl HAXOXKICHHS k1 u k2 METOJIOM TI0CJIE€/I0BATEIIHbHBIX

IPUOIIMKEHUI:

P L kz_\/l my ~(emk g1 (24)
\% 1%

Hapametpet S, 5,7, ), HAXOIATCS U3 YCIOBHI COMPsDKCHHUS, ciieayromux u3 (16)
Bi+B=k—k, 5 yp=1.p (25)
a Taxoke ux ypasHenuit (13) u (14) npu ¢ =0.
[Tockonbky B ypaBHeHue (13) BXOIUT ¢, IpeABapUTEIHHO HEOOXOIUMO OTPENIEIUTh €r0 U3
(17). pu ¢)1, 3aJlaHHOM coOoTHolIeHueM (21), ¢ yueToM niepBoro yciosus u3 (18) monydaem

q($)=Ce ™ —4y; B x

3 2 3 (26)
x kl e—m“ _ 6k1 ﬁl e—271§ 9k131 e—3714 _ 4ﬁ1 e-471§
2 2 2 ’
7, —4e 4y —4¢ 97/ —4¢ 16y, —4¢
MPUYEM CUUTACTCS, YTO nzylz —4e+0 (n=1,2,3,4) .
Ucnonszys BTopoe ycnosue u3 (18), Haxoaum
2e ,B
k4 34 L
4(2+;/1)k3 6(2+2}/l) (2+3;/1)k » 244y
X 2 1 2 lﬂl 2 1:31 - 2 :31
v, —4e 4y —4e 9y, —4e 16y, —4e

Honaras { =0 B ypasuenusx (13) u (14), nocne noacranoBku B Hux (21) u (26) npuxo-

JIUM K CIICIYIOIUM HETMHEHHBIM alireOpandyeckuM ypaBHEHUSIM:

& 1 £ 1
28| 1- . —88 kv| 1- . +
‘ { 1+e 47/1+2\/E} UL 1e 3p424e

1 1 527/2
+1282 klv|1 8| 8vk'| 1 +1-=L |+
Ak { 1+I 2y1+2\f} { ( 1+\F 71+2\FJ Bi

l+f[ 19;] 5

2 2
VB +av Bk, + VK + B, {4%; +1+m_2_73}:o. (28)
l

VpaBHenust (25) u (28) 00pa3yloT MOJHYIO CHCTEMY YPAaBHEHUM A ONpeAeeHus
B, Bys 74,7, B obleM Buie pelienue ee MOKHO CTPOUTH HA OCHOBE METOJa MOCIIECI0BATENbHBIX

NpUOITIKEHWH, B pe3yJIbTaTe Yero pacipeeieHne TeMreparyp rnpeacrasisercs B popme (26).
PaccMmoTpuM TpH 4acTHBIX Citydast.

13
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1. Tlpu v=0 u3 (28) u (25) cnenyer peuieHne

Bi. Bi(l+m) oy (k-k). , r(k-k) (29)
n= > V= ’181— ’182_ ’
9 9 Nty e

COBIIAJIAIOIIEE C TOYHBIM (28) B ciIydae OTCYTCTBHSI U3TyUEHUS.

2. B Hauboree HHTEPECHOM MU IIPAKTUKK Bapuante mpu ¥, >>1, y, >>1 u3 (28) cnenyer

1

K=k =) ——— (k' =k*
B 1 (1 :Bl) 2(1+\/;)(1 ch) ;
7 2? 1+2v 5 zfl(ﬂl)
. k 4_k4
LI P G ) i TR (30)
P,
Taxk kak B COOTBETCTBUH C (25)
Bo=ki—ky=Bys g, —— 1P, (1)
’ kl_kz_ﬂl

BTOPOE COOTHONICHUE PUHUMAET BU]L
2 k1 _kz _181
7=
B

3HaueHus ), W [}, ONpPENEIAIOTCA W3 YCIOBUSA MEPECEYEHHsS KPUBBIX y°= f1( ﬂ1) u

jz fz (kl _kz_:Bl):g(:Bl)'

},12 =g ( ﬂl) npu 0 < S, <k, —k,, ¢ TOMOIIbIO KOTOPBIX HA OCHOBaHUH (31) nmyrest S, u y, .
3. B ciiyyae HHTEHCUBHOI'O TEIIOOTBO/IA B JKUAKOCTh 11 >> 1 .
Torma u3 (38), (31) u (24) nomyyaem
kZ 21991(’; ﬂzzo; ﬂlzkl _l99IC’

Bi

7 -7 1+2v|1- (k7 +3)(k+9,) |- (32)

|
2(1++e)

Takum 00pa3om, pacrpeielieHHe TeMIlepaTyp B KaMepe HMeeT BH/]

glzkz_(kl_lgm)e_“ (§>0)’ % =9, (§<O)’ (33)
re k, :4/1_k2 +9.
\%

OnHako Ooitee IIPOCTBIM METOAOM ABJIACTCA OLCHKA TCIUIOBBIX IMOTEPHL OT HOBerHOCTCﬁ

COCTaBHBIX IKUBOB — TEMIIEPATYPHBIA METO/I, PEaTU3yeMbIil B IPOMBIIIUICHHBIX YCIOBUSIX HA JIBYX
JICHTOYHO-KOJIOIOYHBIX TOPMO3ax OypoBoii nedenku [4-6].

IMoTepsi TEMIOTHI B OKPYKAIOIIYI0 CpPedy NMOBEPXHOCTSMH COCTABHBIX TOPMO3HBIX
IIKWBOB B MPOMBINIIEHHBIX YCJIOBHSX NMPH OXJIAKICHUH €CTeCTBEHHO W BHIHYKIEHHO BO3IY-
XOM.
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IpunyoumenvHoe oxnasxcoenue mpubocucmemul 1eHMOYHO-KOIOO0UHO20 MOPMO3a OYPOsol 1ebeoKU

Jlnist u3MepeHust IOBEPXHOCTHBIX TEMIIEPATyp Map TPEHUsI 3aMKHYTOTO U Pa30MKHYTOTO CO-
CTOSIHUSI TOPMO3a UCIOJb30BAICA IPPEKT CKONIB3SIIECH TepMOnapbl, a TaKKe s FaJIeTHOTO JaT-
YHKa TEIIOBOT'O IOTOKA JJIs HCCIIEAYEMBIX TOBEPXHOCTEH COCTABHOIO TOPMO3HOT'O IIKUBA.

[epeiinem k paccmorpenuto cemu 3TtanoB (I-VII) ouenku temnoBoro 6ananca BHyTPEHHUX
1 HapYXXHBIX HOBEPXHOCTEH MEpBOTO (a) U BTOPOTo (0) COCTAaBHBIX TOPMO3HBIX IIKUBOB OYpOBOM
ne0eIKM MPU UX HAarpeBaHWM, €CTECTBEHHOM U MPUHYIUTEIHLHOM BO3AYIIHOM OXJIAKICHHUU (CM.
puc. 4).

Ilepsiif stan (1I). B mpoMBINIIIEHHBIX YCIOBHUAX ONPEIESIOTCS MOTEPU TEIIOTHl KOHBEK-
THUBHO-PAJMAIIMOHHBIM TEIUIOOOMEHOM IpU paboTe MPHHYIUTEIbHON BO3AYIIHOW CHCTEMBI OXJIa-
AKJIEHUsI, OMBIBAIOIIECH BHYTPEHHHE IOBEPXHOCTH HW)KHEH M BEpXHEH 4acTH COCTABHOIO 00072

TOPMO3HOTO IIKKBA. JTal OCYIIECTBIIACTCS 0€3 JKUIKOCTHBIX KaMep.

B mepBoM cOCTaBHOM TOPMO3HOM IIKMBE OTKJIIOYAIOT CHUCTEMY NPUHYIUTEIBHOTO OXJIa-
KJICHUS TUPKYITUPYIOIIETO BO3/1yXa, @ BO BTOPOM — OCTaBJISIOT €€ OTKPBITOH. [Ipu 3TOM HapykHbIE
MaTOBBIE U TIOJIMPOBAHHBIE (KpOME pabOUMX) MOBEPXHOCTH COCTABHBIX HMIKMBOB TETUIOM30JIMPYIOT OT

OKpYXKaroLIel Cpe/ibl.

Puc. 4 a, 6 — Smanwt om I-20 0o VII-20 onpedenenus meniogvlx nomeps 3J1eMeHmMAMU COCHIABHO20
MOPMO3H020 UWIKU6a npu paduauuomiom U C/10IHCHOM Meniooomene:
1 — mopmosnas nenma, 2, 3, 4 — ppukyuonnaa Haknaoka ¢ ycukamu u paboueii n08epXHOCMuio, 5, 6 — mopmo3Houl
WKUG U e20 0600, 7, 8§ — noauposannasn pabouas u nepadoyas nogepxnocmu 0600a; 9 — pebopovl wiKkusa;
10 — xpenesicnwitl sbicmyn wkusa, 11, 12 — HudCcHss u 8epXHssA yacmy wKued, 13 — 6030yxo3a60pHuKiL;
14 — connosvle kananwi; 15 — konvyesvle kamepul, 16 — coeOunumenvhvle omeepcmus
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[uKIMYecKUMH TOPMOXKEHHSIMH JIOBOJST TEMIIEpaTypy MOBEPXHOCTH TPEHHUS TMEPBOTO CO-
CTaBHOTO TOPMO3HOTO IIIKWBA OT MHUHHUMAJIBHOW f; 0 #; (BBIIEC JOIMYCTUMOW JUIsi MAaTEepPHAaOB
(pUKITMOHHON HaKIAAKK), GUKCUPYS MPU STOM TEMIIEPATYpHI t| U t; C IIOMOIIBIO TepMOoTIap, a TakK-
K€ BpeMsl HarpeBaHus T padoyeil MOBEPXHOCTH MEPBOT0 TOPMO3HOTO mIKKBa. [Ipu sTOM ukcupy-
IOT TeMIeparypy t3 ¢ MOMOIIBIO TepMOIap BTOPOrO TOPMO3HOIO IIKKWBA. B jainbpHEWIIeM myreMm
YCPEIHEHHS 3aMEPEHHBIX TEMIIEPaTyp Ha pabOYuX MOBEPXHOCTIX 0000B IEPBOTO M BTOPOTO CO-
CTaBHBIX IIKMBOB YCTaHABJIHMBAIOT WX cOoOTHOIIeHHE. [locienHee xapakTepu3yeT OTHOIIEHHE BTO-
poro (23 - t;) K iepBoMy (Z,- ;) COCTABHOMY IIKUBY, KOTOPOE U OMpEIeIIseT IO TEIUIOTHI, pacce-
MBACMOIl B OKPYXAIOIIYIO Cpeqy KOHBEKTUBHO-PAAMAIMOHHBIM TeruiooOMeHoM. Tak, Hampumep,
480-100
500-100
Csl B OKPYXKAIONIYIO Cpelly KOHBEKTHBHO-PAIUAIMOHHBIM TEIZIOOOMEHOM OT BHYTPEHHHX MOBEpPX-
HOcTel 000/1a COCTaBHOTO TOPMO3HOTO IIKKUBA, COCTaBIsAeT 5,0%.

IpU COOTHOILICHUH yKa3aHHbIX TEMIIEpaTyp —0.95 J0Js TEIUIOThI, KOTOpas pacCeUBaET-
b

Bropoii stam (II). B MpOMBIIIIICHHBIX YCIOBUSX OMPENEISIOTCS TOTEPH TEIUIOTHI panali-
OHHO-KOHBEKTHBHBIM TEIIOOOMEHOM OT BHYTPEHHHUX MOBEPXHOCTEH 000IOB IIKMBOB U UX MOJIH-
POBaHHOI paboyeil MOBEPXHOCTH MPH HAXOKJICHUH IIKUBOB B cTatuke. [Ipu 3TOM 3acekaioT Bpemst

T @CTECTBEHHOTO OXJIXK/ICHUS YKa3aHHBIX TOBEPXHOCTEH COCTABHOIO TOPMO3HOTO IITKUBA.
BypoByto nebeqKy OCTaHABIMBAIOT C HArPEThHIMU MapaMU TPEHHsS JICHTOYHO-KOJIOJOYHBIX
TOPMO30B, YTO TIO3BOJISIET 3aTSHYTh TOPMO3HBIC JICHTHI U MOCAAUTh (DPUKIIMOHHBIC HAKJIAIKK Ha
MOJTUPOBaHHYIO (Pabodyr0) MOBEPXHOCTH 000/1a COCTABHOTO TOPMO3HOTO IIKHBA, M C TIOMOIIBIO
TaJICTHBIX JATYMKOB 3aMEPSIOT TEIUIOBBIC TMOTOKA ¢ M WX YCPEAHSIOT U 1O 3aBUCHUMOCTH BHIA
t,—t,=qo /A (rae A — npuBeJEHHbIA KOY()QULIHMEHT TEMIONPOBOAHOCTH MaTEPHATIOB IIPOBOJIOK
TaJIETHBIX JATYMKOB; 0 — TOJIIMHA TOBEPXHOCTHOTO U MPUIIOBEPXHOCTHOTO Clost paboueii moBepx-
HOCTH o00o0la IIKWBA) M TI0 COOTHOIICHHIO PACCUYNTAHHBIX MOBEPXHOCTHBIX TEMIIEPATyp
(t'l—to)/ (t'z—to) MEPBOTO M BTOPOTO COCTaBHBIX TOPMO3HBIX IIKMBOB OLIEHHBAIOT B CTaTHKE
WHTEHCUBHOCTh PaJMAallMOHHO-KOHBEKTHBHOTO TEIJIO0OOMEHAa MX BHYTPEHHUX IOBEPXHOCTEH MU

HIOJINPOBAHHOM paboyell MOBEPXHOCTH A0 TEMIIEPATYPbl OKPYKAIOIIEH Cpebl.
Tperuii stan (II1). B npoMbIIIIeHHBIX YCIOBUSAX ONPEAETSAIOTCS MMOTEPH TEIUIOTHI Pajua-

IIMOHHO-KOHBEKTUBHBIM TEIIIOOOMEHOM IIPU BBIHY)KJIEHHOM OMBIBAHUH BO3yXOM INOJIMPOBAHHON
HapY>KHOM IOBEPXHOCTH HIKHEW 4YacCTH COCTABHOIO TOPMO3HOIO HIKMBA. B mepBOoM COCTaBHOM
TOPMO3HOM IIKHMBE H YKa3aHHOH MOBEPXHOCTH TEIUIOM30JIALUS OTCYTCTBYeT. lIpuHyauTenbHble
BO3JIyIIHBbIE CUCTEMBI B 00OMX COCTaBHBIX TOPMO3HBIX LIKUBaxX padotatot. I[locTymaroT aHamorud-
HbIM 00pa30M, KaK M Ha IIEpBOM 3Tarle,! MOoJIy4aloT OTHOLIEHHE OBEPXHOCTHBIX TeMIepaTyp nep-
BOIO (¢, —¢,) KO BTOPOMY (t3 —tl) LIKMBY, KOTOPOE OINpPENEINSeT A0 TEIUIOTHI, PACCEHMBAEMOU B

OKpY’KaIONIyI0 CpPely paJaualliOHHO-KOHBEKTUBHBIM TeriooOMeHoM. Tak, Hampumep, MmpH COOT-

HOLIEHNH yKasaHHbIX Temmeparyp 460-100 o .- noms Temnorss, xotopas paccemsaercs B
480-100

OKPYKAIOIIYIO CPEy palualliOHHO-KOHBEKTUBHBIM TEIUIOOOMEHOM OT HapY>KHOW MOJMPOBAHHOU
MMOBEPXHOCTH HIKHEN YacTH 000/1a TOPMO3HOT'O IIIKMBA, COCTaBisIeT 5,3 %.

YerBeprtsiii otan (IV). B mMpOMBINIICHHBIX YCIOBUSX ONPEACTSIOTCS MOTEPH TEIUIOTHI pa-
JIMAIIMOHHO-KOHBEKTHBHBIM TETZIOOOMEHOM OT MX TMOJIMPOBAaHHBIX Pa0OYHMX U HEPaOOUUX MOBEPX-

HOCTEH IIpU HAXOXKACHUHN INKHUBOB B CTATHUKE.
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Tpunyoumenvhoe oxaadicoeHue mpudocucmemvl IeHMOYHO-KOI000UHO20 MOPMO3a OYPO6oIl 1eHedKu

3aMepeHHBIe TCIIJIOBBIC ITOTOKHU ( OT IMOJIUPOBAHHBIX pa6oqnx u Hepa60tn/1x HOBerHOCTeﬁ
C IMOMOIIBKO TAJCTHBIX AJAaTYMKOB CHa4dajla YCPCAHAIOT, a IIOTOM II0 3aBUCHMOCTH BHA

t,—t,=qo / A ONpenensiOT SHeProHarpyKeHHOCTh MOMMPOBAHHEIX PAOOUMX M HEpabodMX Mmpo-

THUBOIIOJIOKHBIX TIOBEPXHOCTEH COCTABHOTO 000712 TOPMO3HOTO IIKKBA. [Ipu 3TOM mpencTaBiseTcs
BO3MOJKHBIM OTPEJICNIUTh TPATUEHTHI TEMIIEPATypPhI 10 TOJIIIMHE BEPXHEH M HIDKHEH JacTu 06oaa
TOPMO3HOTO IIKHUBA.

[satetit oTan (V). B npoMBIIUIEHHBIX YCIOBUSAX OMPEIENISIOTCS OTEPU TETIOTHI paiualiy-

OHHO-KOHBEKTHUBHBIM TEIUIOOOMEHOM IPH BBIHYKJIEHHOM OMBIBAHUU BO3AYXOM HApY)KHBIX MaTo-
BBIX TOBEPXHOCTEH COCTABHOTO 000/a IMIKKBA, a TAK)KE €r0 BHYTPEHHHX MAaTOBBIX TOBEPXHOCTEM.
B nepBoM miknBe HapyKHbIE MATOBBbIE IOBEPXHOCTH TEIIOU30IMPYIOT. [locTynaroT aHamoruuHbmM
00pa3oM, Kak Ha BTOPOM 3Talle, U MOJIy4aloT OTHOLICHUE YHEProOHArpyKEHHOCTH TIEPBOTO (15 — t])

KO BTOPOMY (l‘3 - tl) LIKUBY, KOTOPbIE U ONPEIEIISIOT JOJII0 TEIUIOTHI, PACCENBAEMOI B OKpYXkKaro-
HIYI0 Cpeay paauallMOHHO-KOHBEKTHBHBIM TeriooOMeHoM. Tak, Hampumep, MpU COOTHOUICHHH

YKa3aHHBIX TEMIIEpaTyp 480-100 —(,95 JOJIs TCIUIOThI, PACCCHBACMOM B OKPYXKAIOILYIO Cpey
500-100
paznanoOHHO-KOHBEKTUBHBIM TETJIOOOMEHOM OT Hapy>KHBIX MAaTOBBIX IMOBEPXHOCTEH INKKBA, CO-
crasiseT 5,0 %.
ITecroit stan (VI). B mpOMBINIIEHHBIX YCIOBHSIX ONPEACISIOTCS MOTEPH TEIUIOTH pajua-

[IMOHHO-KOHBEKTUBHOM TEIJIOOOMEHE MAaTOBBIX M MOJIMPOBAHHBIX PaOOYMX M HEPAOOUMX MOBEPX-
HOCTEM IIKUBOB, ITPU HAXO0XIEHUU UX B CTaTHKE.

OcranaBnuBaoT OypoBYIO J€0E/IKY C HarpeThIMHU MapaMH TPEHUS JIECHTOYHO-KOJIOJIOYHBIX
TOPMO30B M 3aTATMBAIOT TOPMO3HBIE JIEHTHI C HAKJIAJKAMHU U C IOMOIIBIO TaJIETHBIX JATUYUKOB
OTIPENIENIAIOT TEIJIOBBIE IMOTOKH, M3IydaeMble IMOJUPOBAHHOW (pabodei) MOBEPXHOCTHIO 00012
IIKKBA, 3aT€M UX YCPEAHSIOT, IIOCJIE YeTr0 PaCCUUTHIBAIOT ITOBEPXHOCTHBIE TEMIIEpaTyphl, U3 KOTO-
PBIX POPMUPYIOT COOTHOIIICHHE (t's— zo) / (1'6— zo) NEPBOI0 U BTOPOro MKUBOB. [Ipu 3TOM onpene-

JSIETCSl BpPEMsl €CTECTBEHHOTO OXJIaXJICHHUS U OOBEMHOW TeMIlepaTypbl MaTOBBIX MOBEPXHOCTEH
00071 IIKKBA MPU UX paJUalliOHHO-KOHBEKTUBHOM TEIJIO00MEHE.
Cenbmoit stan (VI). B mpoMbIIIIEHHBIX YCIOBUSAX ONPEEIIAIOTCS NOTEpH TEIJIOThl pajna-

LUOHHO-KOHBEKTUBHBIM TEIUIOOOMEHOM OT KPEIEKHBIX BBICTYIIOB TOPMO3HBIX IIIKUBOB B TEJIO
(hnana 6apadbana gedeaKu.

Jns peanuzanuy JaHHOTO 3Tara CHUMAIOT TETIOM30JISLIUIO C KPETIeKHOTO BBICTYIIA IEPBO-
ro mKuBa. Pexxum TopMokeHHs: U BpeMst (HYPUKIIMOHHOTO B3aUMO/ICHCTBUS Map TPEHHS COOIFOIAI0T
TE e, YTO U Ha pabouuX MOBEPXHOCTIX 000I0B TIEPBOIO M BTOPOTO IIKUBOB, & 3aTE€M yCTaHABIIH-
BaIOT HX cooTHomIeHue. [locneiHee XapakTepu3upyeT OTHOMICHNE SHEPTOHATPYKEHHOCTH IIEPBOTO
(¢, —1,) KO BTOPOMY (f, —¢,) LIKUBY, KOTOPOE M ONPEACISCT JOJO TEILIOTHI, KOTOPAs OTBOJXUTCS

KOHAYKTUBHbBIM TENJI000MEHOM OT KPCIIC)KHBIX BBICTYIIOB HIKUBOB B TCJIO (bnaHua 6apa6aHa Jie-

oenku. Tak, HampuMep, IPU COOTHOIIIEHUH YKA3aHHBIX TEMIIEPATypP 480100 = (.95 A0JIA TETUIOTHI
500—-100

cocrapisieT 5,0 %. JlaHHbIN 3Tanm Bcerna OCYHIECTBISETCS MOCJE OLEHKHU SHEProHarpy>KeHHOCTH
IPUHYIUTEIBHOIO BO3AYLIHOIO OXJIAKIECHHSI TOPMO3HBIX IIIKHUBOB.
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BLIBOZILI. Takum 06p8.30M, IPpONJIFOCTPHUPOBAH paCLIeTHO-BKCHepI/IMeHTaHBHLIfl METO
OIIPCACJICHUA IIOTCPb B OKPYKAKOIIYIO CPpEAY MOBCPXHOCTSAMH COCTABHBIX TOPMO3HBLIX INKHBOB B
IMPOMBIINIJICHHBIX YCJIOBUAX IMPU €CCTCCTBCHHOM U BBIHYKACHHOM OXJIAXKJICHUH BO3YXOM.
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QAZIMA BUCURGADIN LENTLI- KUNDOLI 9YLOCININ TRiBOSiSTEMININ
MOCBURI SOYUDULMASI
(I hiss?d)

9.X. CANOHMODOV, A.I. VOLCENKO, E.S. PIRVERDIYEV,
D.A. VOLCENKO, V.S. SKRIPNIK, V.M. CUFUS

Mogalodo lentli-kiindsli oylocds biitdv oyloc qasnagmin kamera divarlarinin sothlorinin maye ilo yuma vaxti horarat
miibadilo proseslori; tobii vo mocburi hava ilo soyuma vaxti sonaye soraitindo biitév oyloc qasnaqlarinin sothlori ilo otraf
miihita istiliyin itmasi masalalarina baxilib.

Agar sozlor: lentli-kiindali aylac, tribosistem, siirtiinma ciitlori, gasnagin ¢anbari, maye ila kamera, konveksiyali,
konduktiv, radiasiya istilik miibadilasi, istilik balanst marhalalari.

FORCED COOLING OF THE SHOE-BAND BRAKE TRIBO-SYSTEMS
OF DRILLING DRAW-WORKS
(Part II)

A.Kh. JANAHMADOV, A.I. VOLCHENKO, E.S. PIRVERDIYEYV,
D.A. VOLCHENKO, V.S. SKRYPNYK, V.M. CHUFUS

The article provides details on following: the heat exchange processes during the liquid washing of the inside surfaces
of the shoe-band brake pulley chamber; the heat loss into the medium by the brake pulley surface in the industrial conditions
with natural and forces cooling of air.

Key words: shoe-band brake, tribo-system, frictional pairs, pulley rim, fluid chamber, convective, conductive,
radiation heat exchange, heat balance stages.
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QEYRI-STASIONAR GORGINLIKLORDO YORGUNLUQ
ZODOLONMOLORININ TODQIQI

AM. QAFAROV", M.S. ROHIMOVA™

Doziimliilik hoddindon asagida yerloson gorginliklorin zodolonmolorin toplanmasina  tosiri tocriiba
vasitasilo dyronilmigdir. Tacriiba vasitesilo miioyysn olunmusdur ki, (,5o , seviyyesindon asagi gorginliklorin

zadalonmalarin toplanmasina tasiri miioyyen edilmomisdir.

Acar sézlar: doziimliiliik haddi, yiik, zadalonma daracasi, garginliklar, dispersiya, ehtimal, yorgunlug.

Molum oldugu kimi geyri-stasionar yiiklomalor zaman1 yorgunluga goro hesablamalarda
zadalonmolorin toplanmasi gorginliklorin maksimal qiymatindon doziimliilik haddine qodor
olan intervali ohato edir. Beloliklo, dozlimliilik hoddindon asag1 gorginliklorin méhkomliyo
tosiri nozoro alinmir. Bununla borabor aparilan tocriibalords zodolonmo doracasinin artmasi ilo
yanasi doztimliilik hoddinin todricon asagi diisdiiyii gobul edilir. Ona goro do doziimliiliik
hoddindon asag1 gorginliklorin zadolonmolorin toplanmasina tosirini xarakterizo etmok lazim
golir [1-5]. Bu sahodo oldo olan tocriibalorin noticalori ¢ox mohduddur vo belo yiiklomolor
zamani zadalonmolarin toplanmasi goraiti barade ardicil malumat verilmir.

Doéziimliilik haddindon asagi gorginliklorin rolunu aydinlasdirmagq tigiin ikipillali blok
yiiklomoalorindon istifado edilmisdir (sok.1). Sinaqdan kegirilon niimunolor standarta uygun
gotiiriilmiisdiir. Niimunalor 20N2M markali poladdan hazirlanmigdir. Niimunalorin sinag UKI-
10M tipli qurguda yerins yetirilmisdir.

I

Gﬂ G“ 1 G“ m
1,26, 1,26, 120,
09 I R Gf{ T Gfl N 671
s G,] o
0,70 |-
0,500 |--
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Sok.1 Iki pillali blok yiiklomalori

Fovgoelads Hallar Nazirliyi
" Azorbaycan Dévlot Neft vo Senaye Universitet
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N= N(o) korelyasiya asililigin1 qurmagq ti¢lin tocriiboalorin naticolori [2] sayli adobiyyatda

gobul edilmis metodika {izra yerina yetirilmisdir.
Homin metodikaya géro miixtolif dagilma ehtimalina malik yorgunluq oyrilorinin riyazi
ifadolori asagidaki kimi toyin edilir:

+K,8, Jlgo, ~lgo)+lgN +K,S,,, (1)

IgN,; = _Umso%

Burada m,,, —yekun korelyasiya tonliyinin maillik dorocesi gostoricisinin miitloq
qiymatidir vo P=50% dagilma ehtimalina uygun golir; K, — dagilmamaq ehtimali omsalidir
[2]; S, -maillik dorocesi gostoricisinin osas meylliyl; /go, —amplituda gorginliklorin
logarifmas1; Igo, —gorginlik logarifmasinin  orta qiymeti; Ig N, — uzundmiirliiliiklorin
loqarifmasi; /g N — uzundmiirliiliik logarif-masinin orta qiymsti; S,, — paylanma o6l¢iistidiir.

Uzundmiirliiliiylin logarifmasinin orta qiymati

_ ilg N;
lgN=2= )
n
Gorginlik logarifmasinin orta qiymaoti
_ ilg G;
lgo==—r0 3)
n
Secmo qarigiq markozi moment iso asagidaki kimi hesablanir:
1 — —
Mt =ﬁ§1(lg6i—lgcxlgNi—lgN) 4
Uzunomiirliilikk vo gorginlik logarifmasinin asas meylliklori
1 2 —
SN:\/;;l(lgNt_lgN)z (5)
1 —
= lgo, —1 6
o \/n_llzl(gq ¢o) (6)
Se¢mo korelyasiya amsali
__Hin 7
"S5 s (7

Yekun korelyasiya tonliyinin maillik doracasi gostoricisinin miitloq qiymati belo toyin
olunur:

Sy ®)

Msgoy =1~
SO'

Maillik doracasi gostaricisinin asas meylliyi

.2
S ©)

o

Paylanma 6l¢iisti

Sy, =SyV1—r? (10)
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Qeyri-stasionar gorginliklorda yorgunlug zadalonmalarinin tadqiqi

Sy =0,48256 vo S_=0,05069 qiymatindo »=0,9983,m=9,503 aliriq. Korelyasiya omsa-
linin sifira borabor olmasi haqqinda sifir hipotezini yoxlamaq {iclin Fiser c¢evrilmosindon
istifado edirik. Bu ¢evrilmoyo goro tosadiifi qiymotin paylanmasi asagidaki kimi hesablanir:

1+ 1, 1+09983

u= lln —1

n =3,5347
2 1-r 2 1-09983
Orta kvadratik meyli hesablayaq:
c, = ! ! =0,3780

“n-3 J10-3
a =0,05 qiymotindo codval 3-don [2] P=1 —% =0975 ehtimali tigiin z,,,s =196 tapirq:

Zy975 * O, =1,96-0,3780 = 0,7409
Baxilan misal goraitindo

|u| < Z a -0,

boraborsizliyi 6donmir, yani
u=3,5347 2z, 450, =0,7409

Alinan naticalor sifir hipotezinin gobul edilmosini rodd edir vo tsikllor say1 ilo gorgin-
liklor arasinda six korelyasiya slagosinin oldugunu gostorir.
Taocriibonin naticalorinin statistik emali cadval 1-do gostorilmisdir.

Cadval 1
20N2M markah poladdan hazirlanmis niimunalarin yorgunluq tacriibalorinin

reqressiya analizinin naticalori

Ne S X N;-107° Vi (xi _37) (x; —)_c)z (J’i _J_’) (v —})2 (xi _J_C)(yz' =)
I 465,60 | 2,66801 | 0,0701 | 4,8457 |+0,08985| 0,00807 | -0,8605 | 0,7404 -0,0773
2 | 441,35 |2,64478 | 0,1073 | 5,0306 |+0,06662| 0,00443 | -0,6756 | 0,4564 | -0,0450
3 | 417,10 |2,62024 | 0,2212 | 5,3447 |+0,04208| 0,00177 | -0,3615 | 0,1306 | -0,0152
4 | 392,85 |2,59422 | 0,3934 | 5,5934 |+0,01606| 0,00025 | -0,1114 | 0,0124 | -0,0017
5 368,60 | 2,56655 | 0,6611 | 5,8202 |-0,01161| 0,00013 | +0,1140 | 0,0129 -0,0013
6 354,00 | 2,54900 | 0,9270 | 5,9670 |-0,02916| 0,00085 | +0,2608 | 0,0680 -0,0076
7 394,20 | 2,54307 | 1,1413 | 6,0574 |-0,03509| 0,00123 | +0,3512 | 0,1233 -0,0123
8 | 344,30 |2,53693 | 1,2553 | 6,0987 |-0,04123|0,00169 | +0,3925 | 0,1540 -0,0161
9 | 339,50 |2,53084 | 1,3608 | 6,1337 |-0,04732 0,00223 | +0,4275 | 0,1827 -0,0202
10 | 337,56 |2,52835 | 1,4793 | 6,1700 |-0,04981 | 0,00248 | +0,4636 | 0,2151 -0,0231
Comi 25,7816 57,0628 0,02313 2,0958 -0,2198

S(y, —Y) = 0,006095
i=1
Statistik emalin noticosindo o vo N parametrlori arasinda korrelyasiya tonliyi oldo
edilmis vo bu tonlik dagilma ehtimali P=50% olan yorgunluq oyrisinin maili hissosi ifads
edir:
Ig N, =30,207-9,503/g G, (11)

Sok.2-do gostorilon reqressiya xotti alinmis (11) tonliyino uygundur.
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Reqressiyanin nozori xotti li¢iin etibarliliq sahosini qurmaq moqsadi ilo tocriibi reqresiya
xotti otrafinda dispersiya qiymaotini toyin edirik:

S? =

: 1
Sy, -1) = o= 0006095 =0,00076

n—2i-l
Onda reqressiyanin empirik xottinin tonliyinin parametrlorinin dispersiya qiymat-
londirilmasi (w,n, =1 {giin)
2
S zs_zmz(),oooom;
10
S* 000076

= =0,03286.
$(x,—xf 0023130

Dispersiyanin riyazi gdzloma qiymaotini asagidaki diistur ilo toyin edirik:
S3 =0,000076+0,03286(x —2,57816)".
Reqresiya xottinin etibarliliq sahasi sorhadi belo hesablanir:
Y—ta,R-Sy<n<y+ta,R-Sy (12)

P =0,95% etibarliliq ehtimali ii¢lin ardicil uygun hesablamalar codval 2-do verilmisdir.

Cadval 2
tor =2,306 Vo a.=0,05, R=8 qiymatlorinds 95%-li etibarhliq sahasinin

yorgunluq ayrisinin hesablama naticalari

Ne G, ., MPa X; Vi S}%i Syi Lo.R 'S}’f Vi —tar 'S}’f Yitlar .Sy[
I | 465,60 | 2,6680 | 4.8529 | 0,000340 | 0,0185 0,0427 4.8102 4.8956
2 | 44135 | 2,6447 | 5,0737 | 0,000220 | 0,0149 0,0344 5,0393 5,1081
3 417,10 2,6202 5,3069 0,000130 0,0116 0,0267 5,2802 5,3336
4 | 39285 | 2.5942 | 5.5540 | 0.,000084 | 0,0092 0.0212 55328 55752
5 | 368,60 | 2.5666 | 5.8170 | 0,000080 | 0.0089 0.0205 5.7965 5.8375
6 354,00 2,5490 5,9839 0,000104 0,0102 0,0235 5,9604 6,0074
7 349,20 2,5431 6,0402 0,000116 0,0108 0,0249 6,0153 6,0651
8 344,30 2,5369 6,0984 0,000132 0,0115 0,0265 6,0719 6,1249
9 339,50 2,5308 6,1564 0,000150 0,0122 0,0281 6,1283 6,1845
10 337,56 2,5284 6,1800 0,000157 0,0125 0,0288 6,1512 6,2088

N =N(oc) asililigint toyin etdikdon sonra tocriibolor iki pillsli blok yiiklomalori ilo
davam etdirilmisdir (sok.1). N=N(c) asililigm toyin edorkon doziimliliik haddinin
6, =336,9MPa oldugu miioyyon edilmisdir.

Doziimliiliik haddindon asagi olan gorginliklorin uzunémiirliilitys tosirini 0yronmok ti¢lin
tocriibolor asagidaki kimi aparilmisdir. ©vvalco tocriibo I sayli ikipillali blok (sok.1) iizro
yering yetirilmigdir. Blokdaki maksimal gorginliyin qiymeti 1,2c , soviyyosino, minimal
gorginliyin qiymati is9 09c_, soviyyesino uygun gotlirilmigdir. Blokdaki maksimal
amplitudaya uygun tsikllor say1t », =1-10*, minimal amplitudaya uygun tsikllor », =4-10* -2

borabar gobul edilmisdir. Yoni blokdaki iimumi tsikllor sayr »=5-10* kimi gotiirilmiisdiir
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(maksimal amplitudaya uygun nisbi tsikllor say1-0,20, minimal amplitudaya uygun nisbi

tsikllor say1 iso — 0,8 ). Tocriibalor niimunslorin dagilmasina qodor aparilmis vo I sayh
ikipillali blok yiliklomslorinde niimunalorin orta dagilma tsikllorinin sayr N, =685160 qabul
edilmisdir (cadval 3).

Cadval 3
ikipillali blok yiiklomalarinds niimunslorin dagilma tsikllori

Ne I blok 11 blok 111 blok

1 834200 1154200 4405100

2 512500 1102900 4405900

3 708800 1245300 4800000

4 754300 1107400 4200000

5 616000 1005900 4600000

Dagilmaya uygun tsikllor 685160 1123100 4482200

sayinin orta qrymsati

Novbeti II saylt ikipilloli blokdaki maksimal gorginliyin qiymoti sabit olaraq 1,26,
soviyyesindo saxlanilmis minimal gorginliyin qiymeti iso 0,7c_, soviyyesino qodor asagi
salinmigdir. Blokdaki maksimal vo minimal amplitudaya uygun nisbi tsikllor say1 sabit qalmis
va II blok iizro orta dagilma tsikllorinin say1 N, =1123100 qgobul edilmisdir.

Daha sonra III sayli ikipillali blokdaki maksimal gorginliyin qiymati yena sabit olaraq
saxlanilmis (1,20 , soviyyesindo), minimal gorginliyin qiymoti 0,5 , soviyyosind borabor
gobul edilmisdir. Blokdaki maksimal vo minimal amplitudaya uygun nisbi tsikllor say1 da sabit
saxlanilmig vo III blok {izro orta dagilma tsikllorinin say1 N, = 4482200 qabul edilmisdir.

Doéziimliilik haddindon asagi gorginliklorin bu
gorginlikdon yuxar gorginliklorlo birgo tosirini asagi-
daki kimi izah etmok olar: PN

1) I, II vo III blok yiiklomalarindo blokdaki )
birinci yiiklomoenin saviyyasini sabit saxlayib, ikinci
yiiklomanin soviyyasinin doziimliiliik haddindon asa-
g1 soviyyalarlo ardicil olaraq azaldilmasi nlimunalorin =~ 2|

G,
12

']
420

uzundmiirlililyliniin artirilmasi ilo naticolonir. Bu da
doztimliiliik haddindon yuxari gorginliklorin tesirin-
don yaranan yorgunluq catlarmm omologolms siiro- ™’
tinin azalmasina gotirib ¢ixardir. Belslikls, sinagdan
kegirilon niimunolorin dagilma tsikllorinin artmasma
komok etmis olur;

2) Blok daxilindaki yiiklomolorin nisbi uzun-

N

Sok.2. 20N2M markali poladdan

R . L . . . hazirlanmig niitmunalarin yorgunlugq ayrisi
Omiirliiliiyliniin doyismasi niimunalorin dagilma miid- - tacriibi reqresiya xatti; 2 - etibarliliq

dotino tosir edir; sahasinin 95%-2 uygun sarhadlori.
3) Blok daxilindoki  doziimliiliik haddindon
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yuxar1 gorginliklorin soviyyasini doyismoklo do niimunonin dagilma miiddotino tosir etmok

olar;

4) Doziimlilik haddindon asag1 o , >, >050 , gorginliklorinin yorgunluq ¢atlarinin

omologalmasinde istiraki qobul edilir. 0,50 , soviyyssindon asagi gorginliklorin zadoslon-

molarin toplanmasinda istiraki nozors alinmur.

—_
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HUCCIEJOBAHUE HAKOILVIEHUA YCTAJIOCTHOI'O TIOBPEXJIEHUSA ITPU
HECTAIIMUOHAPHOM HAIIPSI>KEHUU

AM.TADPAPOB, M.C. PATUIMOBA

HpI/I oMoy J3KCHEPUMEHTAa HU3YYCHBI JIEUCTBUS HaHpSDKCHI/Iﬁ HUXKC IIpeaecia BbIHOCJIMBOCTU CYMMHUPOBAHUA

HOBpEeXJIeHNH. JI0ka3aHo, UTO HMKHAS IPAHMIA MOBPEXKJAOMMX Hanpskenuid 6mmska x - 0,50, . Crexrpbl HanpskeHui

HHWKE HE YHACTBYIOT B HAKOINJICHUAX YCTAJIOCTHOI'O IMOBPEIKACHUS.

Knioueevie cnosa: npe()e/l éblHOCIUBOCMU, HAZPY3KA, CMENEHb noepeofc@eﬁu}z, Hanpsoicerue, ducnepcuﬂ,

BEPOSIMHOCNb, YCMAIOCMb.

STUDY OF ACCUMULATION OF FATIGUE DAMAGE
IN NO STATIONARY TENSION

AM. GAFAROV, M.S. RAGIMOVA

An influence of tensions below the limit of the total fatigue damage has been experimentally studied. It has been

proven that the influence below the level of damaging tensions is near to 0,56 _,. The tensions specters are not included into

the fatigue damages accumulation.

Key words: durability limit, loading, damage degree, tensions, dispersion, probability, fatigue.
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AHAJIMTUYECKOE OITPEAEJIEHUE PAINYCA KPUBU3HbI
MHPOPNJIA KYJIAUYKA KYJIAYKOBOI'O MEXAHU3MA
C POJIMKOBBIM TOJIKATEJEM

U.A. XAJIWJIOB®, C.X. KEPUMOB", A.C. UMAHOB’

B crarbe aHaAIMTHYECKN ONpEAENeH PaJnyC KPUBH3HBI PO KyJlauka B MOJIIPHOW KOOPJIMHATHOH cHCTEMe Mpu
CHHYCOMJAJIbHOM 3aKOHE JBMKEHUS TOJKaTeNs. [y mpoBepKH HOCTOBEPHOCTU AHAIUTUYECKUX PEIICHUH MPOBEAEH YHCICH-
HBII 3KCIIEPUMEHT U IOCTPOEHBI JUarpaMMbl [IEpeMELICHUs, CKOPOCTH, YCKOPEHUs IBHKEHUS TOJIKATeNs, JuarpaMMa pajuyca
KpPHUBU3HBI M IpodmIb Kynauka. [IpeanoskeHHBIM METOIOM PaInyC KPHBU3HBI IPOQHIIS ONPEACISSTCSI HE TOJIBKO IS Olpese-
JIEHHBIX TOJIOKEHHH MEXaHWU3Ma, HO M JUIS LEJIOTO IIMKJIA ABIKEHHS Kylauka. DTO, B CBOIO OYEPe/b, yCTPAHIET HAJOOHOCTD
JOMOJHUTETIBHBIX TPAa(pUIECKUX MOCTPOSHUH MPU BBIYEPUMBAHUHN PO Kyladka U MO3BOJISIET NPOTHO3UPOBATh HANEKHO-
CTHU KyJIauKOBOTO MEXaHU3Ma.

Knroueswie cnosa: paouyc kpususnul, Kyiauko8blll MEXAHU3M, X00 MOAKAMeNs, NOJAPHAS. KOOPOUHAMHAS
cucmema, gasa yoaienusl, y2oi nO8OPoma.

Beeoenue. KynaukoBble MEXaHM3Mbl IIMPOKO HCIOJIB3YIOTCS BO MHOTMX COBPEMEHHBIX
TEXHOJIOTHUECKUX, TPAHCTIOPTHBIX U Jp. MalllMHaX-aBToMaTax. Hapsmy ¢ mpocToToi U KOMIaKTHO-
CTBIO 3TH MEXaHU3MbI 00J1a/1al0T U HEKOTOPBIMU IPYTMMHU npeumyniectBamu. COCTOSIINN U3 IBYX
MOJIBYKHBIX 3BEHBEB (KYJAYOK W TOJKATENb) MEXaHHU3M C BBICOKOH TOYHOCTHIO BOCIIPOU3BOIUT
IBWKEHHE pabodero opraHa MammHbl. [loMUMO 3TOT0, 3TH MEXaHU3MBI MOTYT MpPEBpaIaTh HeIpe-
PBIBHOE BpallleHHE KyJlauKa K MPEpbIBUCTOMY JBUKEHHIO BBIXOJHOTO 3BEHA.

B Hacrosiee BpeMsi JOCTaTOYHO MIMPOKO M BCECTOPOHHE HCCIIEAOBAH CTPYKTYPHBIH, KH-
HEMAaTHUUYECKUN U TMHAMUYECKHUI aHaIu3, a TAK)KE CUHTE3 PAa3IMYHBIX HIMPOKO PACIPOCTPaHEHHBIX
B TEXHHUKE KYyJAuKOBBIX MeXaHu3MoB [1,2]. HecmoTps Ha yriyOieHHOE MCCeI0oBaHUE dTUX MeXa-
HHU3MOB, PaJNyC KpUBU3HBI NPOQUIIL KyJIauka /0 CHX MOp HEJOCTaTO4HO m3ydeH. HajexHocTh u
JIOJITOBEYHOCTh KYJIAYKOBOTO MEXaHH3Ma B MEPBYIO OYepeb 3aBUCUT OT KOHTAKTHOW MPOYHOCTH
MEXJly KyJIauKOM U ToJIKaTeseM. B cBoro ouepenib, KOHTAKTHAs! IPOYHOCTh HAINPSMYIO 3aBUCUT OT
pajauyca KpUBU3HBI IIpoduiis Kyjgauka. Bo Bpemst paboThl Ky/lIaukoBOr0O MeXaHHW3Ma B ¢a3zax yia-
JICHUS. ¥ TPUOTIDKEHUS TOJKATENsl PAJNyC KPUBU3HBI KyJladKa MEHSETCS B 3aBUCHMOCTH OT yIJia
noBopoTa Kyiadka. C y4eToM H3MeHEeHHs pabounX Harpy30K Ha TOJIKATENb pelIeHHe KOHTAaKTHOU
3ajauu eie Oosnblie ycaoxHsercs. Onpenenenue paanyca poiauka TOJIKaTeNs TOXKe TeCHO CBS3aHO
C paauMycoM KpUBHU3HBI Kynauka. [losToMy uccienoBanue paanyca KpUBH3HBI KyJlauka B 3aBUCH-
MOCTH OT yIJla IOBOPOTa KyJIauKa sIBJISIETCS aKTyaJlbHOM 3a7aueil.

*
AzepOaitkanckuii TexHIUeCKU YHUBEPCUTET
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[Ipu nmpou3BOJIbHBIX 3aKOHAX JBMKEHUS TOJIKATEINs He-
KoTopble aBTOphl [1,2] s ompeneneHus paguyca KPUBU3HBI 2
KyJlauKa IMOJb30BAJINCHh KMHEMATUYECKUM aHAJIW30M MEXaHM3-

Ma. [Ipu cuHTe3e MEeXaHU3MOB 3aKOH JBHMKEHUS TOJKATENs 3a-

JTaeTCsl, MOATOMY Ul ONPEJCNICHUs] pajuyca KpUBU3HBI HEOO- <
XOJTUMO TIOJTH30BAaThCA 3aKOHOM JBM)KCHHS BBIXOIHOTO 3BEHA. \GD\
[IpoBeneHHbIi NUTEPATYpHBI aHaIM3 MOKa3bIBAET, YTO MpPH
KMHEMaTHYEeCKOM aHAJIM3€ KYJIauyKOBBIX MEXaHHW3MOB OTpee-
JIeHHE pajnyca KpUBU3HBI KyJauKa HEIOCTaTOYHO paccMoTpe-

HO. Paguyc KpUBU3HBI pacCMOTPEH TOJIBKO JUISl ONpPENEICHHbIX
NOJOXKEHUI MeXaHM3Ma, TaK KaK 3aKOH JBMKEHUsS TOJKATels
AQHAIUTUYECKH HE ONPEJENICH NPU LEIOM IUKIE IBUKEHHS Ky-
nauka. Takas mocTaHOBKa 3a7aydl HE 0TOOpakaeT OOIIyro Kap-
TUHY 3aBUCHUMOCTH PaJNyca KPUBHU3HBI OT yIj1a IOBOPOTA.
Mamemamuueckaa moodens: Ha pu