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3navenne OTHOMEHMS R/Roo Ha ocH KaHaja P = 0 OGBLIO NPOCYMTAHO [JIA Pas3IMIHBIX

3HaYeHN# mapameTpoB s, f m jua pasmhx & Ha ¢urype mamn xpumshe oTHOCHTeIBHOTO
KayKyIerocs COnpoTHBJICHNS H/BQo I 3HadYennit s, §, paBusix 0.1—1.3, 0.1—1.0, 0.1—0.7,

1—1.3, 1—1, 1-0.7, 5--0.7, 5—1, 5—1.3 (xpu-
BHe /—9 COOTBETCTBEHHO).

W3 ¢uryps BHUAHO, YTO mPHE GOJBmHX pac-
CTOSHNAX OT MCTOYHUKA, HE3aBHCHMO OT 3Hade-
HOil s, § KaKymeecs cOIPOTHBIIeHNE, H3MepseMoe
II0 OCH CKBaJKWHH, CTPEMHUTCA K COIPOTHBJIEHHIO
cpensl Ha 6ECKOHEYHOCTH.

Ilpm MamHX pacCTOAHMAX OT HCTOYHUKA
KayKyIeecsi CONPOTUBJIEHNEe CTPEMHUTCS K COIPO-
THBIEHNIO cpefll B o6nactun r < ro. IIpm mpome-
JKY TOUYHHIX PACCTOAHUAX HA KajKymeecs CONPO-
THBIE€HNE BJIWsAET Pa3HWOA B CONPOTHBIEHHAX
JIBYX 30H, a TaKKe HEOTHOPOAHOCTh RedOopPMHUPO-
BaHHOTO COCTOSIHHS cpefbl mpw r > ro. Jledop-
MUDOBAHHOE COCTOSIHWE B30HH r >> ro BIHseT Ha
pacmpefieleHne IOTEHIWANA 32 CYeT W3MEHEHUSA
CONpOTHBIIEHAS HA GECKOHEIHOCTH OT BCECTOPOH-
Hero cKaTusa no gopmyie (4.12) m 3a cueT mCKa-
JKeHNA KOHQUIypanuy KPHBHX KaKyIMerocs co-
NPOTUBJCHUS B CHIYy HEOTHOPOZHOCTH Aedop=

y

g

MHUPOBAHHOTO COCTOAHHNA, XapaKTepH3yeMoro OTKJIOHEHHEeM mnmapamMmeTpa ﬁ OT eIMHHUIEI .

Hoctymmaa 18 V 1971
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VIK 624.074.4

R PACYETY TEPMOYIPYI'OT'O PABHOBECHS TOPOUJAJIBHON
OBOJIOYKH

C, II. 'agenn, 10. A. Meadvnurxos

(A nenponem poeck)

B pa6orax [1,2] mpeanosken aaTopuT™ pacdeTa MaTpui I'pDrHA, KOTOPHIi JeTKO pacmpo-

CTpaHsAETCA HA CJIydail 3aMKHYTHX 000109€K BpameHnsi, B JaCTHOCTH ceprmuecKoii, TOPO-
HAANbHOM W APyTuX. VIcmoab30BaHWe STHX MATPHI| MO3BOJISET 3)PeKTHBHO ONpefeNaTh Ha-
IPAKEHHO-TeQOPMUPOBAHHOE COCTOSHHE TaKuMX 000J09eK, BOOOmeE rOBOPs, NPHW IPOHM3-
BOJIBHOM EX Harpy:kemmm. C Ipyroit CTOPOHH, pacueT HANDPSKEHHOTO COCTOSIHWA HEPaBHO-
MepHO HATPeTo# 000109KM OOBIYHO NPUBOJUTCSA K y4€Ty TAaK HA3HBaeMHIX TeMIepaTypHBIX
HarPY30K JOBOJBHO CJIO0KHOM CTPYKTYpH. Huke Ha HEKOTOPHX mpmMepax, MMeIOmuX BasK-
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HOe IPUKJIAfHOe 3HAYCHNE, MCCIELYEeTCS BO3MOKHOCTD IIOCTPOCHNUS aJITOPUTMOB TAKOT'O pac-
9eTa, OCHOBAaHHHIX HA HCIOTH30BAHMY NPEIBAaPUTENHHO PAcCINTAHHHX Marpuy I'pmaa. ITo-
INydeHHEe YHCACHHEE Pe3yJIbTATH HO3BOJIAIOT CHEJIATh HEKOTOpPHE BEIBOJHL.

ITycTs mapameTpH3amys paccMaTPUBAaeMOl TOPOMIAIHHON IMOBEPXHOCTH 3afaHA ypaB-
HeHASAMA

z=(R+ acosp)cos?®, y= (R4 acosg)sin®, z— asing %))

TepMoynpyroe paBHOBecme 000J09YKH, [ KOTOPOil 3Ta HOBEDXHOCTH SBISETCS Cpe-
nWHHOM (Kak 060M09KM Bpamenus), MoskHO ompeneants ([3], crp. 98) ¢ momompio cucTemE
muddepeHnmaNbHEX ypaBHeHAR BHAA

r 7 a a\ h? / a a1
55) + 1z 4 \Pr g2 aRIIU s v) =B (P, V) (2
/u(fP, ﬁ)\ /el(q)v ﬁ)\
UV@dhH=12@9 |, 8(p, =1 6:2(9,9)
\w(p, )/ B3 (9, ¥) /

rpe U (¢, 0) 1 6 (¢, ¥) — BEKTOPH CMemeHNH CPeANHHON MOBEPXHOCTH OGONOYKA ¥ TeMme-
paTypHO# HarPy3KH COOTBETCTBEHHO, omepaTop A° mmeeT BUJ

40 = (4,
., 1 & 11— sing §  (1—v)cos@ a4 R cos@
' ="g2 g@* T "2B% 90 aB 09 aB - aB?

o A4v 2  (3—wv)sine 9
A’ =5 900+ 2B7 o0

+(@A+vVv)acosg 4 Rsing

A® = a’B 00~ aB?
Ao 1+v 02 B—wv)sing 8
2 T="2aB 89 0% 2B 0%
1 8 1—v 3 (1—wv)sing 9 (R 4 B)cos @ — a sin? @
Bt 2@ g~ 2B a1V 2B
A o R+(+v)acosg 9
B = aB? 0%
4 o_H+(1+v)acosq)_6_ [VR4- (1 4 v)acos@]sin@
8= a®*B ap aB?
Ao VR4 (14 v)acosgp 9
2 = aB? Fx)
. B[R4+ A +42v)acos@]+a%cos?p  h? B2 4 a?cos? @ \
8= 2B +19 8 (44

PesyapTaTH pacdera mMOKashBAIOT, YTO AJIsI PACCMATPUBAEMHX Aallee KOHKPETHHX CIy-
9aeB ydeT omepaTopa A* mamenser TemnepaTypHHE HAarpy3Kd He Gomee gem Ha 2%. I103TO-
MY (2) MOKHO IPHOIFKEHHO 3aMEeHNTE CJIeYIOmet:

(o 55 U@ =0(@ ®)

HommonenTH BekTopa @ = (61, B, O3) TeMIepaTypHOI HATPY3KH OmpefeaAoTcsa Gop-
MyJIaMa

xEh 1 0 [ h
®1=——————a—q)‘\t1+'65'tz)
xEh 1 0/ hcos @
!/ R +-2acos
O =27~ gp -t gy ln
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3pecs v, E u b — xod¢dumuent IIyaccora, MOLYIh yIPYTOCTH U TONMUHA 060I0YKH
COOTBETCTBEHHO; @ — PAafinyC MEPUANOHAIBHOTO CedeHNUs: 000J0uKM; R — paccTosiHme Me-
Ky IEHTPOM DTOTO CEYeHNSA U OChI0 BPAIEHNs; ¢, ¥ — KPUBOJMHEHHBE KOODPAHHATH Cpe-

R —_—
| —
= — —_—————
|
e E — -
I +— 1 i
| — |
I — s — —
| — _ P
I —_—
| e —
| N |
.
! |
f
B ‘ - ——
—
. I —
o o
[ I | {
1 |
_ —
’ |

OUHHOI IIOBEPXHOCTH; % — KOI(QQPUIMEHT JINHEHHOTO DACIINPEHUs MaTepuana; f; W fy —
XapaKkTepuCTHKH Temmeparypuoro mons T — T (¢, &), ompefieisiomuecss WHTerpajaMu
BIOJNb HOPMaJIN K CPEAUHHOM IIOBEPXHOCTH 060J0YKH

1 h/2 h/2
1= e g Tdx, br= 77 Q YTdy
—h/e —he

13 IIMT®, N 6
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®@ur, 2 a, 6
B = R + acos ¢; A obo3HauaeT NMHeHHHI KupPepeHnUuaTHHEIA 0IepaTop

1 0 1 e singp 9
a® 99> T B2 302 T aB 09

A=

Ecnu n3Bectna marpuna I'puaa G (9, ¥; a, P) cucremH (3) ans paccmarpuBaeMoi 060-
JI09KH, TO BEKTOP CMEMEHUA e€ CPeJMHHOI MOBEPXHOCTH ONPENeNIseTCA WHTETPATIOM

U (@, 9) = H G (@ & B) 6 (o P) (%)

Pacuer TepMOympyroro cocTosiHMSA OOOJOYKYM €CTECTBEHHO BEIIOIHATH IIO BTAIaM:

1) ompepeneHne TeMOepaTypHOTO IO 00O0JI0UKH;

2) BHIYHWCIEHNE TeMIlepaTYPHEIX HAarpy30K;

3) pacyer HampsKEHHO-KE(HOPMUPOBAHHOTO COCTOSHUA 0GONIOUKN IHOJ IGHCTBIeM 9JTHX
HaTrpy30K.

Crnenugunaeckoir 0C0GEHHOCTHIO TeMIePaTypPHLIX HATrPY30K ClefyeT CIUTATh UX LOBOIb-
HO CIOKHBIA xapakTep. J[eso B B TOM, 9TO Ha CJIOKHOCTH MCXOAHHEIX JAHHBIX HAKJIAIBIBAIOT-
CA YCJIOKHEHUsl, BO3HUKAIIIE IIPU OIPefleIeHuN TeMIepaTypPHHX Ioje#, a 3aTeM — ycC-
JIO}KHEHUA TeOMETPUIECKOTO IIPOMCXOKACHNA, MPOABIAIONMeCS IPH BEYNCICHAN TeMIlepa-
TYpHHX Harpy30K. O4eBUHO, 9TO [JIA MOJYYEHUS HOCTOBEPHHIX Pe3yJIbTaTOB HEOOXOUMO
yd9ecTs X0TA GH OCHOBHHE U3 YHNOMAHYTHX (JaKTOPOB. BO3MOKHOCTH JOCTIKEHHA ITOTO C
TIOMOINBI0 HPEBAPUTENIHHO PACCINTAHHHEIX C JIOCTATOYHOH TOYHOCTHIO Marpunm I'pmma mi-
JI0CTPUpPYyeM IpHMepaMu.
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B Texnure ymoTpeGiseTcs KOHCTPYKIMsI, COCTOSIMIAs M3 TPeX 3aMKHYTHX TOHKHX TO-
POUJANBHEX 060J09eK, COeTMHEHHBIX MEKAY CO6O0i ¢ MOMOMBI0 IUIMHAPIIECKAX IaTPYOKOB
WM cTep:KHEel, Hanpumep, mo cxeme ¢ur. 1, a. KoHCTPYKIUA HAXONWUTCA B Cpefie C TemIe-
patypoii T, BEyTpu o6osouku I mopmepskuBaetcss Temueparypa 7. Takum obpasom, Tem-
noBoe coctosare 060moakn 1 MosKHO MPUGIMKEHHO XapaKTepU30BaTh JOKAIBHHM Harpe-
BOM (OXIIaK[IeHNeM) B OKPECTHOCTSAX HEKOTODHIX MOCTATOYHO YHAJEHHEX OfHA OT APYroi
TOYeK (COOTBETCTBYIOMUX PACIOJIOMKEHNIO cTepykHeir). [[odToMy mpefcTaBiseT MHTEpeC BO-
POC O BIMAHWUE JIOKAJILHOTO HArpeBa HA HANPSKEHHO-TeOPMUIPOBAHHOE COCTOSIHIE TOPOU-
MalbHOM 06O0JOYKN.

PacemoTpum cirydaii, Korma TemmepaTrypa o00i09KHU ompepensiercs Gopmynoi

T (9, ¥) =T,cos®la@cos828 - (T, = const)

(3TO COOTBETCTBYET JOKANIBLHOMY HArpeBY B OKPECTHOCTAX YeTHpeX DPaBHOYAANEHHHX TO-
9eK BHEIMHET0 9KBaTopa 000I09KH).
Annpoxcumanus KOMIIOHEHT BeKTopa © TeMmepaTypHOH Harpy3KH IOJMHOMaMH

O1(,¥): - 2 6™ sin kg cos m, Bz (9, ¥) cos k@ sin md 5)
k,m=0 k,m=0

3 (@, O) =~ - 2 6,™Mcos kg cos m¥

k,m=0

13*
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ofecegmBaeT B FAHHOM CJydae TOYHOCTH, mpeBHmatomyo 97%. Taxkas MalocTh HeBABKH
cuCTeMH (3) MO3BOMAET CAUTATH IOCTATOYHOH TOYHOCTH MCIOJNb3yeMoil MaTpuuH I'puna, moj-
HOCTBIO YYUTHBawMmel (urypupyonne B pasaoKennax (5) 9ieHs! (BEYNCINTeILHAA TOTPem-
HOCTh HE3HAUNTEILHA).

Paccunranubie nmo gopmyne (4) xapaKTepHCTMKH HaNpsAsKeHHO-TedOPMMPOBAHHOTO CO-
cTOAHMs 060nouKy ¢ mapamerpama R = 400, o = 100, 2 = 1, v = 0.25 uzobpaskeHH Ha
¢ur. 2, a, 6. Ha dparmenTax ¢ u e mOKasaHbl pe3ylIbTaTH pacdeTa Toli K€ TOPOMTAILHOL
000JI09KY NIPU JIOKAJTHLHOM HarpeBe B OKPECTHOCTAX deThpeX PaBHOYAANEHHHX TOYEK BHYT-
peHHero 9KBaTopa. B BepxHHMX gacTax ¢ur. 2 nzobpazxeH mporud 060I0IKY, CTPEIKAME yKa-
3aHO MecTo HarpeBa. TanreHnmanbHOe nedopMIpPOBAHUE KOOPANHATHOR CEeTKH IIPeACTaBIeHO
B JIEBHIX HIKHMX yIiiax ()PAaTMEHTOB 6 U 2, 3JeCh K€ JWHUsAMH YPOBHS M306pakeHbl HOP-
MabHbC HANPSKEHUA Oy, M Oa. @ TaKKe H3THOaromuil MoMeHT M .

OGpamaer Ha ceGs BHUMaHWe JOKAIM3aIus BOSMYDIEHMH B mpefierax o0iacTw 3HAKO-
MOCTOSIHCTBA TayCCOBOM KPWBUBHE CPEMHHON MOBEDPXHOCTH. 9TO OOCTOATENHCTBO I03BO-
JIsIeT OCYMECTBIATL YyIeT JOKAIBHEX BO3[EACTBHA, IPUIOKEHHEIX OHOBPEMEHHO B TOYKAX
BHEMIHETO W BHYTPEHHETO DKBATOPOB, KOMOWHMPOBAaHMEM PACCMOTPEHHHIX CIIydaeB.

YOHBaHme Bo3MYDIeHWII B HampPaBIeHWN Hapajnejeil M0 Mepe YHaleHAs OT TOUKU
TIPIIOIKEHU I COCPESOTOYEHHOTO BO3EHCTBH B 061aCTH HOJIOKUTEALHON TayccOBOil KPUBH3-
HE BHPaKEHO 3HAYMTENHHO (0siee CHIBHO, 9eM B 00JACTH OTPHUATENHHOM KPHBHBHH. JTO
TOBOPUT O TOM, YTO TepBas M3 YIOMAHYTHX ofmacTeil TopouaaixbHON ofonoukm obiaamaer
fonpImeR MEeCTKOCTHI0 II0 OTHOMIEHMI0 K PAacCMAaTpHBaeMBIM BO3[efCTBHAM, 9eM BTOpas.

Cuxrygaii coepuuenust o6omouex mo cxeme ¢ur. 1, a (cegerme & = 0 KomnoHeHTH O3 (¢,
4) TemmepaTypHO# HaTpeskn naoOpaskeHo Ha ¢ur. 1, 6, a KOMOOHeHTH 01 (@, F), 02 (¢, ¥)
HMMEIOT BUJ, COOTBETCTBYIOMMI 3TOMY) TaK/Keé JeTKO pacCcunTHBaercs 3TuM cmocoboM. Hexo-
TOpHle Pe3yabTaTH TAKOTO pacdeTa [JIsS TOPOMAANBHOH O000MOUKH ¢ MPEKHUMU 3HATCHUSIMUI
IIapaMerpoB moKasaHH Ha ¢ur. 1, 6.

HNuTepecer TOT GaxT, YTO MAKCHMANIBHO HAUDSIKEHHBIMH OKA3HIBAIOTCS OKPECTHOCTH
«OXTKAANOAXY CTOPKHEH, M HANPSUKERNS C. 3HAUHTENLHO NMPEBHIIANT O

PaccmoTrpmm masnee Bompoc 06 MCHOIB30BAHAN aHANOTHIHON METONWKY LJIA YI€TA TeM-
mepaTypHHX mojel, nusMeHsfomuxcs 6oiee muapno. IycTs, HAIPUMED, B Cpefie ¢ TeMmepa-
typoit T = T,2* (T, = const) HaxomuTcss TopoMpanbHass 06osogka pagmyca R = 200 m
TAKUMH K€ 3HAYeHMAMHU OCTAJBHHIX MapamMeTpoB, Kak u Bhme. CramuoHapHoe TeMmepa-
TypHOe moje 000J0YKM, 0UeBHJHO, ompemensercsa Gopmynoi

T (9, §) = T, (R -+ a cos @)% cos? ¥

K oMIOHEHTH BeKTOpa CMemIeHHI CPeNHHON NOBEDXHOCTH B BTOM CJIy9ae HMEIOT BHX

oo
u (P, 8) = ) (g + 14, cOS 20)
k=0
oo
v(p, %)= Z v}, Sin 2 cos
k=0
(o)
w(Q, ¥) = 2 (wyo + Wy, COS 2471 COS
k=0
K “ro Yk Yo
0 0.00000 0.00000 —0.02560 0.00351 0.00274
1 —0.02898 |—0.04245 |—0.06262 0.02953 0.05439
2 —0.01887 —0.10094 0.06936 0.03799 0.19534
3 —0.00331 —0.06309 —0.02925 0.00969 —0.18607
4 0.00309 —0.00435 0.00493 —0.01237 0.01756
5 0.00085 —0.01354 0.00234 —0.00400 0.06725
6 —0.00084 0.00252 —0.00141 0.00519 —0.01602
7 —0.00011 0.00238 0.00017 0.00060 —0.00161

3HauenuA KOBPOUIMEHTOB Utem « Vieen+ Wiw DPHUBEEHH B TabOaune. He YCIOMKHAS M3I10-
JKEHWs, OTMeTHM JMINb, 9T0 GhicTpoe yOniBaHHWe Mopyieil ko3dduumentoB Dypre cmeme-
HBH y6eKpaer B JOCTIKEHNNM IPHEMJIeMONl TOYHOCTH IPHW pacdeTe XapaKTePUCTUK HAmps-
SKEHHOTO COCTOSTHHMSI 00OJIOYKH.
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Jlerko 3aMeTHTh NPUHOUNNAIBHYI0 BO3MOKHOCTH PACIPOCTPaHEHNUS M3JI0KEHHHX pac-
geTHHX CXeM Ha Bce 000JIOYKM, /I KOTOPHX MaTpunil I'puHA MOTYT GHTH mpeBapUTEILHO
paccauras corjacuo [1)2].

Mocrymuna 1 VI 1971
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IPOEKTHPOBAHIE AHN30TPOIIHBIX KOJIBIIEBBIX IIJIACTUH
C IPUMEHEHHEM 4YHCJEHHBIX METOJOB

I'. H., Bpvslatasun
(Boazozpad)

PaccmaTpmBaroTcsi ABe 3aauM ONTUMAIBHOTO NPOEKTHPOBAHMA KOHIEHTPUIECKAX
KOJIBIEBHX IIJIACTHH M3 AHN30TPONHOTO KOMIIO3WTHOTO MaTepmajia, HATPY;KEHHEIX DPaBHO-
MeDHHIM aBJIE€HNEM p IO BHYTPeHHeMY Ju60 BHemHeMy KOHTYpPYy. C moMompio mpomemnyphl
MOCTPOEHNs PANMOHATHHEX MPOEKTOB [1; 2] 3anmcanH pemeHus, He ABIAIOMUEcs ONTHMATb-
HEIMH, KOTODHE 3aTeM YJIYYMAKTCA YHCIEHHO.

Marepran cauTaeTcs COCTOSIIUM W3 CBA3YIOIIET0, aPMUPOBAHHOTO TOHKHMM BHICOKO-
NPOYHEIMM BOJIOKHAMN; IIPH COCTABIEHWN OCHOBHHX yPaBHEHHH OH PACCMATPUBAETCSA KaK
CIJIOMHAS aHM30TPONHAA cpena. BoJOKHA OpHMEHTHPOBAHH B PafuaJbHOM (1) M OKPYIKHOM
(2) nampaBienusx. OGbeMHEe MHTEHCHBHOCTH apMUPOBAHMA 0003HAUEHH s;, s — DTO He-
OTpUIaTeJIbHEE BEJIWYMHEL, CyMMa KOTODPHX He JIOJKHA IPEBHINATh HEKOTOPOTO 3HAYEHUS
s*, ompefienAeMOT0 U3 TEXHOIOTHIECKHX COO0paKeHMit.

IIpuHUMaeTcs1, 9TO PAfUAIbHOe 07 M OKPY;KHOE Oy HANPSIKEHUs CBSA3AHH C COOTBET-

CTBYIOIMUME JeQOPMANUAME €1, £ M NHTEHCUBHOCTAMHI apPMUPOBAHUS JIWHEAHOR B3aBHCIMO-
CTBIO

o3 = Es;g; (i=1,9 (1)
roe E — mocTosHHas MaTepnaJIa.

JledopManuu CcYMTAIOTCA OTPAHMYIEHHEIMH HEKOTODOR NpefeNbHON BenwdmHO# &*.

IIpu paguycax miacTueH a, b (a < b) U mOCTOsAHHOM Tonmukue H 06beM apMaTypH 3a-
NICHIBAETCS B BH[E

b
V=2nH 81 (s1+ s2) rdr (2)

a

YT06H pemenus: GBUIM NPUTORHHE Ui MATePHAIOB C JTIOGEMN 3HAYEHNAMH ITOCTOSHHHIX
E, s*, ¢*, BBOfIATCA GespasMepHBEle BEINYMHHL
e;=¢;/e% [;=s;/28* n1;=0;/2Es"e"
qg= p/2Es*e*s W =V | nHa%s* 3)
3a KOTOPHIMHM COXPAHAITCS Te jKe Ha3BaHWsd, 9TO M JJIA COOTBETCTBYIOIINX Pa3MePHHX.
TlepeMenHHe e;, T;, §; ABIANTCA QyHKOUAMU GespasmepHOTo pagmyca p = r/a.
CornacHo 3aKOHY (1) MHTEHCHBHOCTY apPMUPOBAHNS MOKHO BHDA3HTh Uepe3 HaIpsKe-

Hus u gedopmanuu {; = Ti/e:;. OCHOBHBI® BeJIMUMHH Tj, Ty, €1, €2 YAOBIETBOPAIT YCIOBUAM
PaBHOBECHSI W COBMECTHOCTH

T = pdu/dp + T, ex — pdeg/dp 4+ g 4)



