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OBb UCCIUIEJOBAHUAX B OBJIACTH TEOPUU TOJI3YUECTHU B
HUHCTUTYTE TEXHUYECKOW MEXAHUKH
HAIIMOHAJIbHOM AKAJIEMUAU HAYK YKPAUHBI U
TF'OCYJAPCTBEHHOI'O KOCMHUYECKOI'O ATEHTCTBA YKPAUHBI

Hens: 0630p HccnenoBanuii B 001aCTH TEOPHH MOJI3YUECTH, IPOBEACHHBIX B MHCTUTYTEe TEXHUYIECKOH Me-
XaHUKU HAIMOHAJIBLHOM akKajeMHu HayK YKpauHbl M ['0CYZapCTBEHHOr0 KOCMHMYECKOIO areHTCTBa YKpauHbI
(UTM HAHY u '’KAY). MeToa: MeTo/1 IPOIOJKEHHUSI 110 TTapaMeTpy (BpeMst) B 3a/1a4ax BhIITYYHBAHUS 000JI0UEK
NpH 1oa3ydecty. Pe3yabTaThl: NpuBeeH 0030p UCCIIEA0BAHUHI B 00JIACTH TEOPUHU IOJI3YYECTH, IPOBEJICHHBIX B
HUTM HAHY u I'KAY. HccnenoBaHo BITyYHBaHHE 000I0YEK IIPU MON3YYECTH MaTepHalla C yUeTOM IUIacTHde-
CKMX Je(opMaluii, HOIy4EHHBIX IPU HPEABAPUTEIBHOM CIIOKHOM HArpPYXKEHHH, BBITYYHBAHUE NOAKDEIICHHBIX
obonouex npu nonsydecTd. [IpuBeieHb! JaHHBIE [0 YKCIIEPHMEHTAIBHBIM UCCIISIOBAaHUSIM.

Liab: orssaa gociimkeHb B 0071acTi Teopii MOB3y4ocTi, npoBeaeHHX B [HCTHTYTI TexHiuHOI MexaHiku Hari-
OHaJIBHOI akajemii Hayk Ykpainu i Jep:xaBHoro kocmiunoro arentcrsa Ykpainu (ITM HAHY i IKAY). Mertoa:
METOJ] IPOJOBKEHHs MO HapaMerpy (4ac) B 3ajauax BHIydyBaHHS OOOJIOHOK IpU moB3ydocTi. PesyiabTaTm:
HaBEIEHO OIVIAA JIOCII/DKeHb B 00nacTi Teopii moB3ydocti, npoBeaenux y ITM HAHY i JIKAY. JlocnimkeHo
BUITy4IyBaHHS OOOJOHOK IPH MOB3Y4YOCTi MaTepiay 3 ypaXyBaHHIM IUTaCTHYHUX Aedopmaniil, OTpUMaHHX MPH
MONIEPEAHBOMY CKJIaJHOMY HaBAaHTaXXCHHI, BUITy4yBaHHS IiJKpiluleHHX 0GOJIOHOK mpu moB3ydocti. Haseneno
[aHi 3 eKCIePUMEHTAIBHHUX TOCIIIKEHb.

An overview of the studies associated with the creep theory and conducted at the Institute of Technical Me-
chanics of the National Academy of Sciences of Ukraine and the State Space Agency of Ukraine (ITM, NASU&
SSAU) is provided. The method of a parametric prolongation (time) for the problems of shells buckling in creep is
employed. Shells buckling in creep considering plastic deformations in preliminary complex loading and stiffened
shells buckling in creep are studied. The data of experimental investigations are presented.

Knrouesvie cnosa: meopus nojiasyyecmu, PpAaKemmHoO-KOCMudeckas mexHuKda,
6blnyv4ueaHue npu noasyvecmu, 060]10111(’61, Kpumu4deckoe 6pems, IKCnepumerm.

B Haykax o mMpOYHOCTH M HaJEXHOCTH, KOTOpBIE JeKaT B OCHOBE HAYYHOTO
HaIlpaBJICHUs JAEATENBHOCTU B THCTUTYyTE TeXHUYECKOW MexaHuku HannonansHOM
aKaJeMHMM HayK YKpauHbl U ['0CynapCTBEHHOIO KOCMUYECKOIO areHTCTBAa Y Kpau-
Hel (UTM HAHY u I'KAY) “IIpo4yHOCTh, HaAEKHOCTh U ONTHUMH3AIMS CIOXKHBIX
MEXaHUYECKUX CHUCTEM U PaKETHO-TEXHMYECKOW TEXHUKH , TEOPHUS MOJI3Y4ECTH
3aHMMaeT Ba)KHOE MECTO.

Ota Teopusi OOBEANHSET SIBICHHS, CBA3aHHBIE C YYETOM BPEMEHH B 3a/ladyax
MEXaHHUKH Je(OPMUPYEMOTO TBEPOTO Tella ¥ TPOYHOCTH KOHCTPYKIIHH.

B pakeTHO-KOCMHUYECKOH TEXHUKE 3TO BaXXHO JJI BBHICOKHX TeMIIepaTyp MpHU
SKCIUTyaTalllM, KOTJa TOJ3y4ecTh 0CO00 OMacHa M MOXXET HMPUBECTH K TMpexJie-
BPEMEHHOMY Pa3pyIIEHUIO JIEMEHTOB KOHCTpYKIuil. OcoOblil Ki1acc 3a7ad mpod-
HOCTH CBSI3aH C ABJICHHMEM TaK HA3bIBAEMOW ‘‘XOJIOHOM MOJ3y4yecTH” NpHU OObIU-
HBIX TeMIIEpaTypax, KOTr/ia HalpsDKeHUs1 OJIM3KH K MpeJielly TeKydecTH MaTepHaa.
Haxomienne nedopmanunii monzydecT MOXKET PUBECTH K TIOTEPE YCTONUYMBOCTH
TOHKOCTEHHBIX 000JOYEYHBIX KOHCTPYKIMH. BO3MOKHOCTH TaKOro CIieHApHs pas-
pyuienus paker-Hocureneit (PH) Bbi3Basia 0co60 npucranbHOe BHUIMaHHUE B pa3pa-
6otke PH mpu Tak Ha3piBaeMoOi “aMITylIbHON ™ cxeMme: xuakoctHass PH Haxomgutcs
B 3aIPaBJIEHHOM COCTOSHHH MHOTO JIET C BO3MOKHOCTBIO CTapTa B JTFOOO MOMEHT.
OTO MpHUBENO K OOpaIIeHUIO CEPhE3HOT0 BHUMAHMUS Ha PAa3BUTHE TEOPUH TOJI3yUe-
CTH, B YaCTHOCTH T€OPUH YCTOWYMBOCTH TPH IOJI3YIECTH TOHKOCTEHHBIX 3JIEMEH-
TOB KOHCTpyKumu, B 80-X TOmax TMPONUIOTO CTOJIETUS B  HAy4YHO-
MCCIIEIOBATEIILCKUX OPraHMU3AlNAX, CBA3aHHBIX C MCCIIEOBAHWEM HAy4YHBIX IPO-
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onmeM paketHo-kocMmudeckor Texuuku (L{HWWMam, Cu6HUA, Kb “lOxnoe”,
NTM AH YCCP u np.). Pesynsrater HUP, momydeHHbBIE B 00J1aCTH TEOPHUH TTO3Y-
YEeCTH U €€ MPIIOKEHUH B HallleM HHCTUTYTE, IPOKOMMEHTHPOBAHBI HIKE.

Onenka QaxTopa BpeMeHH WMEET MPHHIWITHAIBHOE 3HAYCHHWE TPU OICHKE
MIPOYHOCTH KOHCTPYKIWMA. BBeneHne BpeMeH! B HCCIIEIOBaHHUE MPOYHOCTH — 3TO
HE KaKOW-TO HOBBIM aKT; BpEeMs YUMTHIBAETCS B 3a/1a4ax JMHAMUKH, T/Ie OIpeserne-
Ha 3aBUCHMOCTH [TapaMeTPOB OT CKopocTed u yckopeHuid. OCOOEHHOCTBIO TEOPUH
MIOJI3YYECTH ABIISETCS TO, YTO OHA YUUTHIBACT BPEMs B MEJIEHHBIX IpoOIeccax Jie-
(hopMHpoBaHUs, CBA3aHHBIX C W3MEHEHHEM CTPYKTYPHl MaTepuaia, KOTJa CHIIBI
VHEPIUA MOKHO CUHTaTh NpeHeOpeknMo ManbIMH. llom3ydecTs B MIMPOKOM
CMBICJIE — 3TO U3MEHEHHE BO BpeMeHH jaedopManuil ¥ HANPSHKEHUH, BOSHUKIINX
MIpH Ha4YallbHOM HAarpyXeHWW. B crmcke muTeparypsl MpHBEICHB MOHOTpadguu B
oOmactu Teopuu nomydecta [1 — 10] u ctaThy, T OTpaskeHbI pabOTHI COTPYAHUKOB
HAIIIEro HHCTUTYTA B 00JIACTH TEOPUH MOJI3YIECTH U ee TpriIokenuii [11 — 22].

B 1982 r. B 1. lHenpornerpoBcke OBLT MpOBeAeH Bcecoro3HbIil CHMIO3MYM
“Ilom3y4ecTs B KOHCTPYKIHAX ’, T/I€ MIPHHSIN YIaCTHE N3BECTHBIE YICHBIE CTPAHbI.

Conpencenarenu cumnosnyma: akan. AH Apmennn H. X. ApyTronsiH n akaj,.
AH VYxpaunsr B. . MoccakoBckwii, 3amecTutens conpencenarenein — B. C. ['ya-

paMoBHU.

Ha ¢ororpaduu puc. 1 nokasan npesuiuyM 3aceiaHusi IPH OTKPBITHU CHUM-
no3uyma. Cnesa nHampaBo: aA.T.H. H. H. Mamuana (MBTY um. H. 3. Baymana,
Mocksa); a.¢.-m. H. 1. A. MensaukoB (CHIA); un.-kopp. AH VYkpaunsl
I1. U. Hukurun (Kb “HOxHoe”); k.¢.-Mm.H. A. b. KaBypa (JIHY); mpod. E. P. Ab-
pamosckuii (JJHY); n.1.H. A. M. XKykos (MIIM PAH, Mocksa), xa.T.H.
JI. 1. Manesuu (MX® PAH, Mocksa); akan. HAH Ykpaunsr B. B. [Tunumnenko;
a. ¢.-m. 1. B. A. [lannemoB (ITonutexn. un-t, C.-IlerepOypr); akan. AH Apmenun
H. X. Apytionsn (MUIIM PAH, Mockga); un.-kopp. HAH Vkpaunsr B. C. I'yapa-
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MoBHY; A. ¢.-M. H. B. M. Anekcanapos (MIIM PAH, Mockea); wi.-kopp. PAH
CTPOUTEILCTBA U apXUTEKTYPHI A. P. Pxxanuns (MHUCH, Mocksa).

Ha nnenapHoM 3aceiaHuM IIPU OTKPBITHM CUMIIO3UYMa ObUIN ClIENIaHbl JOKJIa-
Oel  yueHBIX Apmennd, MockBbl, HoBocubupcka u JIHempomeTpoBcKa:
I1. . Hukurun, B. C. I'yapamosuu, U. @. Jlapuonos (Kb “FOxnoe”, U'TM AH
Ykpaunsl) “YcTOHINBOCTD 000JI0YEK B YCIOBUSIX MOM3YIECTH .

HccnenoBanus B 001aCTH TEOPUHU IOJI3YYECTH B HAIIEM MHCTUTYTE IIPOBOJU-
JIMCh 110 CIIEAYIOLIMM OCHOBHBIM HaIpaBJICHUSIM: BBIIYYHBaHHE 000JI0YEK B yCIIO-
BUSIX TOJI3YYECTH IIPH yueTe IUIACTUYECKUX AedopMannii, OIy4YeHHbIX MIPU MIpe-
BapUTEJILHOM CJIOKHOM HarpyXeHuH; pa3paboTka U IPUMEHEHHUE B 3a/1a4ax BbIIY-
YMBAHUS YPAaBHEHUI TEOPUHU MOJKPEIJICHHBIX 000J0YEK, IKCIIEPUMEHTAIbHBIE UC-
cnenosanus [3, 7, 11 — 22]. Dtu HanpaBjeHus OBUIM Majo pa3paboTaHbl M TECHO
CBSI3aHBI C TEMH MPAKTUUYECKUMHU 33JjauaMH, O KOTOPBIX CKa3aHO BIILE.

[Tomydects — n3menenue (poct) AedopMaIiil MpH MOCTOSHHBIX HArpy3Kax
(M3MeHeHne HANPsDKCHHH TP MTOCTOSIHHBIX AehopManmsix — penakcanwsi). OCHOB-
HbIC CBEJICHUS 110 TCOPUH MOJI3ydecTH n3jioxeHsl B [1 — 10].

[Ipu uccnenoBaHNM YCTOMUMBOCTH NPH HOJI3YYECTH ONpPENENsieTcs KpuTHde-
ckoe Bpems. Cpenu KpUTEpUEB YCTOWIMBOCTH PEaIbHBIM COIEPKAaHUEM OTINYAET-
csl KpUTepHil HayalbHBIX HecoBepiieHCTB Xodda—PabdorHoBa [3, 8], B cooTBeT-
CTBHM C KOTOPBIM HCCIEAYETCS Pa3BUTHE BO BPEMEHHM HayaJIbHBIX T€OMETpHYe-
CKUX HECOBEPILICHCTB IIPU MOCTOSHHBIX Harpyskax. Kputuueckoe BpeMms ompene-
J5IeT MOMEHT, KOTAa Pe3KO BO3PACTAal0OT MAKCHMallbHbIE MPOTMOBI B 3JIEMEHTax
KOHCTPYKLHMH. D()(HEKTUBHBIM SIBIISETCS MMOIXOM, UACOIOTHS KOTOPOIO BOCXOAMT K
METOJTy TIPOJOJDKEHUS 10 mapameTpy [22]. B xauecTBe Takoro mapameTpa B 3a/1a-
Yyax NpeAebHbIX COCTOSHUI TOHKOCTEHHBIX 3JIEMEHTOB KOHCTPYKLUM IPHHUMACT-
cs1 Harpy3ka. Mccnenyercst peakuys 3J€MEHTOB Ha MaJlble MPUPALLICHUS HAarPy3KH
(mpu reomerpuduecku W (pU3MUECKH HENWHEHHOM Nne(OpPMUPOBAaHWH H yYeTe
HAYaJIbHBIX HECOBEPIIEHCTB). CTPOUTCS 3aBUCUMOCTS “Harpys3ka — MaKCUMaTbHBIT
nporu0”. IIpu ompeneneHHOM 3HaYeHUH HATPy3KH PE3KO BO3PACTaeT MPOTrHd, 4To
omnpeneseT npeaeabHoe cocrosiHue [22, 23]. B 3agayax yCTOMYMBOCTH IpU MOJ-
3y4eCTH TaKHM IapaMeTpOM SIBIISIETCS] BpeMs, T. €. HCCIIEAYETCs peaKkys 3JIeMeH-
TOB KOHCTPYKLIMHM Ha Majlble IPUPAIIEHUs] BpeMeHHU (IPH ITOCTOSIHHOW Harpyske).
Crpoutcs 3aBUCUMOCTh ITporuda ot BpemeHHu. Kputndeckoe Bpemst onpenesisercs
PE3KUM BO3pacTaHUEM Iporuoa.

OtmMeTnM, 4TO B 3aJadax TEOPHU HOJI3YYECTH MPU UCIOJIB30BAHUN KPUTEPHUS
HayaJIbHBIX HECOBEPILEHCTB 0oJiee NMPHEMIIEMBIM SBISIETCS MCIIOJIb30BaHHUE Tep-
MUHA “BBITyYWBaHUE BMECTO ‘“yCTOMYMBOCTH” (TI0 M3BECTHOMY BhIpakeHHIO0 Koii-
Tepa, B 3a/1a4ax NPEAETbHBIX COCTOSIHUN peajbHbIX CUCTEM “‘OudypKaLus sABIsIET-
sl CKOpee NCKITFOUYEeHUEM, YeM mpaBuiom” [22]).

[Inactuueckue nedopmanuy NpU CIOKHOM HAarpy>KEHHH HCCIIEAOBaHbI HAMU
Ha OCHOBE BapMaHTa aHU30TPONHON TEOPHH TEUEHHs: TEOPHUU TPAHCIALUOHHO-
knHeMaTudeckoro ynpouHerus B. B. Hosoxwnosa — 1O. M. Kanamesuua. Ilpu
UCIIOJIB30BaHUN 3TOH TEOPUHU OINPENEIIIOTCS MUKPOHAIIPSIKEHHS, KOTOPhIE Ompe-
JEJNSIOT OCOOCHHOCTH IUIACTHYECKOTO Je(OPMHUPOBAaHUS IJISl Pa3IMYHBIX IPO-
rpamm Harpyskenus [11, 12]. [TocTpoeHs! ypaBHEHUS AJIsl HCCIIEIOBAHUS TTOJI3yYe-
cT 000JI0YeK NP BO3HUKIIUX [IACTHYECKHUX JIehOopMaLIUsX.

Ha puc. 2, a noka3zansl rpaduky W3MEHEHUsI NpOruoda Ui HMIMHAPHYECKON
000JIOYKH W3 aIFOMHUHHEBO-MarHueBoro cruiaBa AMI'6M mpu oceBoM cxkatuu U
BHYTpeHHeM JaBieHMH W Temneparype 7°= 150°C ¢ HauanbHBIM TpOrudom
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w,=0,4h, R/h=176, L/R =4,83 (R, L, h — paanyc, nnuuxa u TonmuHa

0001109KH).

Hcnonp30BaHa cTeneHHasl 3aBUCHMOCTh CKOPOCTH MHTEHCHBHOCTH JiehopMa-

UMH ION3YYECTH P; OT MHTEHCHMBHOCTH HANPSDKEHUH G; @ P; = Acin .

[apametp oceBoii cxumaromeit cunnel Tt =T /2nRh =60 H/M?; B crenen-
HOM 3aKoHe momydecty npuHATo: N =3 . KpuBbie 1 — 3 COOTBETCTBYIOT 3HAYCHU-

sIM BHYTPEHHETO JaBlieHHs, paBHbIM cooTBercTBeHHO 0,136; 0,17; 0,23 MIla. Ilo

OCsM OTJIOKEHO CyMMapHOE€ 3HaueHue mporuda W . (CymMMa MakCHManbHOTO M

HAa4aIbHOrO MpOruboB), GespasmepHblii mapamerp Bpemenn & =Ep, /o; (E
MOIylb YIPYrOCTH; P;, ©; — HHTEHCHBHOCTH JeopMaluii NON3yd4eCTH M
HaIPsDKEHUI ); 3Be30YKO 0003HAUEH MapaMeTp KPUTUIECKOTo BpeMeHHd (& =&*

npuw .. —>0).

'IOJ,M

W,

™ax

)

2 @10, MNa

st t—— 1....-__._—

0 05 ;.1' 5 E p*107", kH/M
a 0
Puc. 2

MrHoBeHHbIE IJIacTHYECKUE AeGOopManiy ONPENeNSUIMCh Ul MPOrpaMMbl
Harpy»keHusi, Korja ocesasi cuia | W BHyTPEHHEE JIaBICHHE WU3MEHSIOTCS IPO-
MOPLMOHATIBHO OJHOMY NapameTpy. UHcIeHHBIH aHalu3 MOKasaj, YTo MPH yueTe
MI'HOBEHHBIX IUIACTHYECKUX AedopManrii Ka4eCTBEHHO MEHSETCS BIUSHHUE BHYT-
PEHHEro JaBJICHUS: C YBEIWYEHHWEM ( MpPU MOCTOSIHHOM 3HAYEHWW | KpHUTHYE-
CKO€ BpeMs CHIDKaercs (B OTJIMYME OT JeOpMHUPOBAaHUS 000JI0OUEK NPU YIPYTHUX
nedopManusx, Koraa oHo Bo3pacTtaeT). OTMETUM, YTO TaKUM JKE€ SBIISETCS Kade-
CTBEHHOE BIHsSIHME ( B 33jJa4aX yCTOWYHBOCTH IMIIMHIPUYCCKON OOOIOYKH MPH
acTuyeckux aepopmanusix [12].

IIpu pacderax Hapsgy ¢ IPOCTHIM HarpyxeHuem (mporpamMma 1 B BepxHei 4a-
CTM pHUC. 2, a: NPONOPIMOHAILHOE HM3MEHEHHE Harpy3ok o, =K o;; o) =t ;

o, =qR/h; K =-0,333) 06bui0 peann3oBaHO HECKOIBKO CIOXKHBIX ITyTeil

HAarpy>xceHus B BU/JIC JIOMAHbIX: U3BMCHCHUC OCCBOT'O HAMIPSXKCHUA C BBIXOAOM €TI0 3a
npeaci TCKy4YeCTu € MOCICAYIOUNIUM MPONOPHUOHAIBHBIM HU3MCHCHUCM HArpy30K
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K =-2 (mporpamma 2); MpoMopIroHaI-HOE N3MEHEHHE HAIPY30K C BBIXOJIOM 3a
npezes TEKY4EeCTH U IOCIEAYIOIUM IPOIIOPIHMOHATIBHBIM HarPy>KEHUEM C APYTUM
koadpduimerrom K =-0,16 B obnactu miactuueckoro nehopmupoBanus. Ha
puc. 2, a kpuBast 4 — rpaHHIa, OTACTSIIOMAS YIPYTYI0 U IUIACTHYECKYIO0 001acTH
JnepOpMUPOBaHHUS.

UmncneHHBbIH aHAIN3 TTOKA3bIBAET, YTO JIIOOOW CIOXKHBIM MyTh HAIPY>KEHHS J1a-
et Oonee BBICOKHE 3HAa4YCHUs &*, yeM mpocToe HarpyxeHue (mporpamma 1). Ta-

KUM 06pa30M, 3a CYCT MNPCABAPUTCIIBHOTO YIHIPOUYHCHUA MaTcpuUalia 000JI04YKH
MOXXHO IIOBBICUTH E_, OI[HaKO BIMSAHUC MI'HOBCHHBIX INIACTUYCCKUX ne(bopMaum?I,

HAKOIUJICHHBIX MPHU CJIOKHBIX UCTOPHAX HArpyKeHus!, HeBeluko [3]. D1o xe ObuI1o
MOJIYYEHO JUIsI cTepakHeH [8].

Ha puc. 2, 6 moctpoeHa moBepXHOCTb, ONpeestonIas MpeaeIbHOe COCTOSIHIE
000JIOYKH MPU BBIMYYHBAHUH B YCIOBUSAX Moi3ydecTH. CIUIONIHBIE JIMHUH COOT-
BETCTBYIOT pacyeTy IpH YHpyrux nedopMmauusix, MyHKTUPHBIE — [IPH y4eTe UCTO-
PHUH CIIOKHOTO HAarpy>KeHHUsl C Y4eTOM MTHOBEHHBIX IUIACTHYECKHX AehopMarui.
[lpu pacuerax wucnonp3oBaHa auarpamma aedopmupoanuss AMI6M mpu
T%=150 °C (E =5,9-10* MIla; YCIIOBHBIA IIpelen TeKydecTn og =125
MITa).

IIpy uccnenoBaHWM BBITYYMBAHUS HOAKPEIUIEHHBIX OOOJIOUEK B YCIOBHSIX
MOJ3y4YEeCTH B OCHOBHOM HCIOJIb30BaHA KOHCTPYKTUBHO-OPTOTPOITHASI CXeMa, IO-
CTPOEHBI COOTBETCTBYIOILIME ypaBHEHUs. Vcnosip3oBaHbl Teopuu aedopManvu H

TEUYCHUA, paC‘IeTBI, KakK HpaBI/IJ'IO, HpOBOI[I/IJ'II/ICB IJIs1 CTCIICHHOI'O 3aKOHa HOH3yq6-
ctu [7, 16 — 19].

W, 10° m
1
1,0f
{2 3
I
0,5-
| i
|
|
0l3 * - ll
0 &) &40 g

Puc. 3

Ha puc. 3 npuBeneHs! rpaguku 3aBUCUMOCTH MAaKCUMaJIbHOTO Iporuda ot na-
pameTpa BpeMEHH IIPH pacueTe Ha OCHOBE pa3pabOTaHHBIX YpaBHEHUH LMIMHAPH-

yeckoil obOomoukn w3 cmmaBa 16T mpum T 0-250 °C ¢ rapaMeTpamu
R/h=172; L/R=4,83; h;/8,=h,/5,=3; h;/e =h,/e,=0,025
(h; ;3; ;€6; — COOTBETCTBEHHO BBICOTA, MIMPUHA M SKCLEHTPUCUTET CTPUHIEPOB 1

HITMMaHTOYTOB MPAMOYTOJIbHOTO MOIICPEYHOI'0O Ce‘lCHHSI) Ipu 3aJaHHOM Ha4aJIbHOM
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nporuGe W, =0,4h npu mnocrosHHbIx Harpyskax t =52 H/mM% q=0 mu

t =52 H/m% q =0,26 MIla (kpuBbie 1, 2 COOTBETCTBEHHO).
Jlist anmpokcuMaIuy nmporuoda Mmpy BEITYYHBAHUY B3STa 3aBUCUMOCTh

w =f,sinAx sinny +f,sin?Ax sinny ,

rie A=mn/R; n=n/R; M, N — Yxci0 BONH B MPOJOIBHOM U OKPYXHOM
HaTPaBJICHUH.
HccrnenoBana CXOAMMOCTh pesynbTatoB pacuera f, u f, @1 pasmmumbix

npupamtennii d §. Ina d§=0,01 u d§=0,001 3mauenns f, u f, pasnmuanuce

MeHee 4eM Ha 5%.

Ha puc. 3 npuBeneHsl Takxke pe3yiabTaThl aHAINW3A BIMSHUS PACTIONOKECHUS
pebep xecTKocTH (HapyKHOE WM BHYTPEHHHE). DTO pacloloKeHNUE YIUTHIBAETCS
C TIOMOIIIBIO 3HaKa CTAaTHYECKOTO MOMEHTa HHepIwu pedep. Kpussie 2 u 3 moctpo-
€HbI COOTBETCTBEHHO JUIS HAPY’)KHOTO M BHYTPEHHETO IOAKPEIUICHUH TP OJIMHA-
KOBBIX mapamerpax oGomnouku (t =52 H/m?, ¢ =0,26 MIla). s Hapy*KHOTO
MOJKPETJICHUS TapaMeTp KPUTHIECKOTO BPEMEHH MEHBIIIE, YeM IS BHYTPEHHETO.
Kputnueckoe Bpemsi, onpeeieHHOe Ha OCHOBE pa3paboTaHHBIX METOVK, YIOBIIC-
TBOPUTEIHLHO COOTBETCTBYET AKCIEPHUMEHTAIBHBIM JAaHHBIM JUIs BadeTbHBIX 000-

mouek u3 AMI'6M mipu T 0-250-300 °C (Kb “lOxnoe”, CuoHUA) [7].

i 3KCTIepUMEHTaJIbHOTO MCCIIE0BAHMSI BBITyYMBaHUA 000JIOYEK B yCIOBU-
ax nomyuectd B UTM HAHY u I'KAY pazpaborana cnenuanbHasi yCTaHOBKa IS
UCTBITAHUH TTIAJKUX U MOJKPEIJICHHBIX 000JI0YeK MPU OCEBOM CXKMMAIOLICH CHIe
U BHYTPEHHEM JaBICHUM B ycJioBHsaX moisydectu [20]. OHa mpegycMmarpuBaet
NoJiep)KaHNe TOCTOSIHHOW Harpy3ku. OOecrneunBaroTcsi 3amepsl AedopMaruii
MOJI3y4YeCTH, TeMIepaTypa Mpyu HEOOXOIUMOCTH MOKET OBITh co3/1aHa HHpaKpac-
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HbIMH HarpeBareisiMu. Ha dortorpadum puc. 4 mokasaHa 3Ta yCTaHOBKA, H3TOTOB-
snen”as 8 UTM HAHY u I'KAY, ¢ nmomeresHsIMu B Hee I UCIIBITAHUI MOIEIIS-
MH TOIUTUBHEIX OakoB PH.
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