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BBeageHue

[ocTpoeHHbie B Hallel cTpaHe 3alUTHBIE 000-
nouku 1t ADC ¢ sHeprodmaokamu BBOP-1000
MOKHO Pa3[eNuTh Ha ABa TWUMA: 000J0YKU Ma-
noii cepum (5-i1 sHeprodsok HoBoBopoHexk-
cKoH, 1-# u 2-ii sHeproOnoku KannHMHCKON
ADC) u 00070YKH YHU(DUIIUPOBAHHON CEepHU
(1-1 sueprodmoxk PocroBckoit ADC, 1-4-i
sHeprobnoku banakoBckoit ADC, 3-i 3Hepro-
ook Kammanackoi ADC).

O000YKH MaJION CEepUH MMEIOT OOJIBITYIO BHI-
COTY H, CJIe[IOBATENbHO, OOJIBIINN BHYTPEHHHI
oobeM. [loaToMy mpH MakCHManbHO BO3MOXK-
HOM TPOEKTHOW aBapuM pacyueTHas BeJIWYMHA
BHYTPEHHETO JaBJIEHUs B 000JO0YKax MepBOH
cepun cocrasisier 0,36 Mlla, a yHuduuupo-
BanHoM — 0,40 MIIa.

CrnemyeT OTMETHTh HamOoOJiee CYIICCTBEHHBIE
OTJINYMS STUX THIIOB 000JIOYEK.

B o0omnoukax Masioil cepun yTONLIEHHUS B 30HaX
KPYIHBIX OTBEPCTHH PACHONArarTcs ¢ Hapyx-
HOHM CTOPOHBI, 2 B YHU(PHULIUPOBAHHOW CEPUA —
BHYTpH €€. DTO OOYCIOBIEHO TEM, YTO MNpHU
CTPOUTENBCTBE COOPYKEHHUsI MCIOJIb3YETCsl Ie-
penBWXKHAs onaiyOKa, 1 HapyHOE yTOJIIIEHHE
3HAYHUTEJILHO YCIOXHSIET omnanyOouHble pabo-
Thl. [Ipy BHyTpEeHHEM YTOJIIEHUHN 3TOT MPOLIECcC
yIpoIlaeTcsi, T.K. OOJIMIOBKAa Ha BHYTpPEHHEH
MOBEPXHOCTH CTEHBI CIY)KMUT HECHEMHOH orma-
nyokoit. Kpome Toro, mpu CHIOBBIX BO3IEHCT-
BUSIX BHYTPEHHEE YTOJIEHHE OOecrevnBaeT
Oosee OTHOPOAHOE HAIMPSKEHHOE COCTOSIHHUE B
30HE OTBEPCTHSI.

B o6onoukax Manoil cepuu MPUMEHSUIUCH JBE
CXEMbI PpacIOJIOKEHHs AHKEPOB apMaTyPHBIX
KaHaToB. B 3amuTHON 000JI0YKe 5-TO 3HEPTro-
6moka Hoooponexckoit ADC u 1-ro sHep-
robnoka Kamuununckoir ADC apmaTypHble Ka-
HaTbl AHKEPOBAINCh YEpe3 OAMH «IIIyXOi»
U «TSDKHOW» aHKep, Ha BEPXHEM KapHM3E
Y B HWKHEH ranepee. B 3ammurHol obosouke
2-ro sHeprobnoka Kanununckoir ADC Bce
«TSDKHBIE» aHKEpa yCTaHaBJIMBAJIMCh HAa BEpPX-
HEM KapHH3e, a «TIIyXHe» B HIKHEH ranepee.

B ynudunmpoBaHHOH cepun apMaTypHbIE Ka-
HaThl NETJIEBBIE, T.€. OHU UMEIOT [1Ba TSKHBIX
aHKepa Ha OTMOPHOM KOJIbIIE, @ B HUKHEN YacTu
LUWIMHApA KaHaT He aHKepyeTcs, a MPOIycKa-
eTcsl 4epe3 MEeTAIMIECKUH NaTpyOOK aHKEPHO-
ro y3na. [losTomy KonuuecTBO KaHAaToB, o0ec-
MEYNBAIONIMX TPEAHANPSHKEHUE LMITHHApHYE-
CKOM 4YacTH, B 000J0YKax YHH(DUIMPOBAHHON
Cepud B [IBa pa3a MEHbILIE, OJHAKO MX IJIMHA
NPUMEPHO B J1Ba pa3a OoJIbIle.

Eme onHuM oTimuneM SBIsETCs TO, 4TO 000I10-
YKH yHU(DUIIMPOBAHHON cepuu Ha 2/3 BBICOTHI
HaxomaTcss B OOCTpoiike, a OOOJOYKH Malon
CepUM TakoW OOCTPOMKH HE WUMEIOT. DTO 00-
CTOSITEJICTBO CO3AAET MPOOJEMY, BBI3BAHHYIO
CKauKOM TEMIIEpaTypHbIX HalpsHKEHUH B 30HE
BBIXOJ1a 000JIOYKH U3 00CTPOHKH.

Hwxe npuBeneHsl xapakTepHble 0COOEHHOCTH
3amUTHBIX ~ 00omouek ADC, TOCTPOSHHBIX
B Poccun

XapakTepHble 0COOEHHOCTH 3aIUTHRIX 000m0uek ADC

HaunmeHoBaHue Mauias cepus Yuuduuuposanuas cepust
Bricora 64,15 M 53,25 M
ABapuiiHO€ 1aBJcHUE 0,36 MIlIa 0,39 MIIa

yTOHHIeHI/ISI B 30HC OTBCpCTI/Iﬁ

CHapYXH 000JI0YKH

BHYTPH 000JI0UKH

Hanuyne o6cTpoiiku

6e3 o0cTpoiku

00CTpolika Ha 2/3 BBICOTHI LIMJIMHIPA

KoanuecTBo MpoBOJIOK B KaHATaxX 442 .

450 mrT.

HOI[KpaHOBaH KOHCOJIb

J)Kene300eToHHas

MCTAJIJIMYCCKast

ammrHble 000ouku ADC ¢ BBDOP-1000 BbI-
MOJTHEHBI W3 TIPeaBapUTEIHHO-HATPSKEHHOTO
)kene3o0eroHa. OHM COCTOSAT W3 LUJIMHIpHUE-
CKOM 4YacTH, IOJIOTOrO KYIoJia M OCHOBaHMS.
BHyTpeHHUll paawyc NIWIMHApPA COCTABISET

22,5 M, kynona — 35 M. IIpoekTHas TonmmHa
CTeH O0OJIOYKH, TIPUHUMAaeMasi C y4eToM Ono-
JIOTUYECKOW 3alIUThl OKpPY>KarolIed cpenbl, Co-
craBisgeT 1,2M B UWIMHIPUYECKOH YacTH U
1,1 M B KymosibHOU. BHYTpeHHs NOBEPXHOCTH
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Mexanuxa npeonanpscennvlx 3auumnsix obonovex A2C

Tpyowr UBPAD PAH. Buinyck 6

000JIOUKH MMEET TePMETHYHYIO CTAIbHYIO 00-
JUIOBKY TomuuHOU 8 MM. Llunmuuapudeckas u
KyTOJbHAs YacTh OOOJIOUKH TpenHanpsKEeHbI
apMaTypHbIMHU KaHaTaMH W3 apMaTypHOH mpo-
BOJIOKU Kiacca B-II. B nuimunapuyeckoi yactu
apMaTypHble KaHaTbl  pAacloNararoTcs re-
JUKOUAAJIBHO C YIJIOM HakJIOHa K BHUHTOBOW
nuHAM 35°15', a B KymoJibHOM 9acTH — opTo-
TOHAIBHO. Y BHEIIHEN M BHYTPEHHEH INOBEpX-
HOCTH CTEHKH IIMIMHIpPA W KyIoJia pacnojara-
€TCsl HeHampsiraeMasi apMarypa nepuoguuecKo-
ro npodwmisa knacca A-III. HumuHmprdeckas u
KYyTOJIbHAS. 4acTb 0OOJIOYKH BO3BEIEHA U3 MO-
HOJIUTHOTO JKelle300eToHa (kimacc OeToHa IIo
npodHocTH Ha cxatue B30).

Jlis coznaHus npenBapyUTENIbHOTO HAIPSKEHUs
B LMJIMHAPUYECKON M KYyMOJBbHOW yacTsx 000-
JIOUKM MPETyCMOTPEH OMOPHBIM  KOJIbIIEBOM
KapHU3, PacrojaraéMblii B 30HE COMpPKEHUS
UJIMHApPA ¢ KynojoM. Bece paboTel, cBsi3aHHBIE
C YCTaHOBKOW apMaTypHBIX 3JIEMEHTOB U Ipea-
BapUTENIbHBIM  HAINPXKEHHEM  BEPTHKAJIBHBIX
CTeH 000JIOYKH, OCYIIECTBIISIIOTCSI HA TOPU30H-
TalbHBIX TOBEPXHOCTAX BEPXHErO KapHU3a U
HIDKHEW Trajeper 3alluTHOH OOOJIOYKH, TJIe
CO3/IaHbl ONTHMANbHBIE YCIOBUS U1 TpPOM3-
BoACTBa pabor. TspKenoe TEXHOIOrHYecKoe
000pyZIOBaHNE B 3TOM CIIydae IE€PEeMEIaeTcs
M0 KOJIBIIEBBIM peibcaM. DTOT KapHHU3 TaKxke
UCTIONIB3YETCS U TPEAHANPSIKEHUS KyIOJb-
HOM gacTH 000109KH. OTCYTCTBHE BHICTYIIOB B
BUJIE MMWISACTP Ha BEPTUKAJIBHBIX CTEHAX YIpO-
HIaeT MPOU3BOJICTBO OMATyOOYHBIX U OETOHHBIX
pabdot. OHAKO HEAOCTATKOM TEIHKOUIATBHON
CXEMBI PacIOJIO0XKEHHs HAIIPSracMoW apMaTyphl
ABJISIETCS COXPAaHEHHWE B KOHCTPYKLUM 3allUT-
HOM 00OJIOUKM HETEXHOJOTMYHOIO M Marepua-
JIOEMKOT'O KOJIBLIEBOTO KapHHU3A.

Jiis obcmyXUBaHUS peakTopa B IMPOIECCE €ro
paboThl 1 HEOOXOOUMBIX IUIAHOBBIX PEMOHTOB
BHYTPH 3alUTHBIX 000JOYEK YCTaHABIMBAETCS
MOCTOBOM KpaH, KOTOPBIA ONMUPAETCS Ha MOA-
KpaHOBYI0 OallKy, pacrojiaraeMyl0 Ha BHYT-
PEHHel CTeHKe [MIMHIPa 000MOUKH.

st skcrutyatanuy v 00CTyKHBaHUSI PeakTopa,
BBIBOJIa TEXHOJIOTHYECKUX TPYOONpPOBOJOB, a
TaKXkKe YOPaBIAIOUMX W KOHTPOJIUPYIOIIMX
CHCTEM, B 3alllUTHOW OOOJOYKE BBHITOIHSIETCS
3HAYUTENbHOE KOJMYECTBO OTBEPCTUH M TIPO-
XOJIOK, pacroJlaratoluxcsl B pa3IMyHbIX MecTax
obonmouku. PazMepbl oTBepCTHi M TMPOXOIOK
KOJIEOTIOTCS B OYEHb IMPOKUX mpenenax. Tak,
3NEeKTPUYECKHE MPOXOJIKH UMEIOT JUAMETP OT
150 mo 250 MM, mpoxomku A TpyOOmpoBo-
1moB — oT 500 mo 800 MM m Gonee. Kpome Toro,
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IUIsl TIoa4u 000pYJOBaHUSI U YCTPOHCTBA MpPO-
X0/1a B 00OJIOUKY yCTpauBalOTCA IepMETHUYHBIC
nutro3el guamerpoM 3,0 u 4,0 M. Tlpu Bo3mei-
CTBUHM BHEIIHEH HArpy3Kd HaJIWYHME KPYMHBIX
otBepcTuii auamerpoM 3,0 u 4,0 M BbI3bIBAaET
3HAYUTENbHYI0 KOHLIEHTPALMIO HANPSHKEHUU B
9TUX 30Hax. JlJs CHATHA KOHUEHTpAaLWH Ha-
MNPSDKEHUH  TPEyCMOTPEHO MECTHOE  YTOJI-
LIEHUE CTEHKW UWIMHAPA, JOMOJHUTEIBHOE
PACIOJIOKEHUE PSNOBOM apMarypbl, a TaKXke
cranpHasg oOeuaiika. Kpome Toro, Hannuue
KPYIHBIX OTBEPCTUH 00yCIOBIMBAaEeT HEOO0XO-
IUMOCTh OTTMOOB HANpPSTAEMBIX apMaTypPHBIX
KaHaTOB. YKa3aHHbIC ()aKTOPBI MPUBOAAT K 00-
pPa30BaHUIO CIOKHOTO HAIMPSKEHHOTO COCTOS-
HUS B 30HAaX KPYIIHBIX OTBEPCTUH.

B 30HE compsbkeHHs HWIMHApPA C OCHOBAaHHEM
MpU BO3AECUCTBUM BHEIIHEH Harpy3ku BO3HU-
KAaeT KOHLICHTpaLMs HANpsKEHUH, AJI1 CHHKe-
HUSL KOTOPOH HCHOJB3yeTCS BHYTPEHHEE YTOJI-
[IEHHE W YCTaHaBJIMBAETCS JOMOJHUTEIBHOE
apMHUpPOBAHUE.

Jns  xoHTpons HampspKeHHO-Ie(hOpMHUPOBaH-
HOTO COCTOSIHMA 3aIMTHBIX 000JIOYeK B MpO-
LecCe MX OKCIUTyaTallud YCTAHOBJEHAa KOH-
TPOJIbHO-U3MEPUTENbHAS allapaTrypa: AaTYUKU
W3MEPEHUs HANPSHKEHUM B PSIOBOM apMartype,
OTHOCHUTENBHBIX JAedopmanuii 6eToHa U TeMIie-
paTyp MO CEYEHHWIO CTeHbl. JIaTYMKH pacrosio-
JKEHBl B YEThIPEX CTBOpPAaX Ha Pa3JUYHBIX OT-
METKax MO BBICOTE B LMIMHAPUYECKOW U Ky-
MOJBHON YacTsIX 000TOUKH.

Kak BuAHO U3 NpUBEIEHHBIX [aHHBIX, CYIIECT-
ByeT psI MpoOjeM IO BBISBIEHUIO OCOOEH-
HOCTEH HamnpsHKEHHO-Ae(hOPMUPOBAHHOTO CO-
CTOSTHHS 3alllUTHBIX O00O0JIOYEK, pelieHne KO-
TOPBIX PaHEE CYLIECTBOBABUIMMHM METOJAMHU
ObUIO 3aTpyAHUTENbHO. B cBsA3u ¢ 3TUM 1ms
BO3MOYKHOCTH BBIITOJTHEHUSI PacyeTOB 3allUT-
HbIX oboouek ADC pa3ianmdHOW T€OMETPHH B
TPEXMEPHOH M OCECUMMETPUYHON IOCTAaHOBKE
B UBPAD PAH, coBmectHo ¢ PHIIl «Kypua-
TOBCKAH WHCTUTYT», OBUI pa3paboTaH TIpo-
rpaMMHbIid KoMimieke «CONT», koTopslit mpo-
mien arrectauuto B ['ocatomHanzope PO (peru-
CTPAallMOHHBI HOMEp MAacHopTa arTecTaluu
Ne 125, mara Bermaun 02.11.2000 1.).

OCHOBOH TPUHATOW METOIWKU SIBISIOTCS Ma-
TEMaTHYEeCKHE COOTHOLIEHUS METOJja KOHEUHBIX
aneMeHTOB. C TENbI0 TOBBIIEHUS 3(h(HEeKTHB-
HOCTH BBIUHCIHUTENBHOTO alrOpUTMa U BO3-
MOKHOCTH €ro npumeHeHus it pacuera H/IC
CJIOXHBIX PEaJbHbIX KOHCTPYKLMHA TpagULIOH-
Hasi KOHEYHO-3JIEMEHTHAasl METOIMKA JIOTIOJTHEHA
HaJCTPOMKOW B BHJAE CYIEPIIEMEHTHOTO



Beseoenue

QIrOpuUTMa, JAKOMIET0  BO3MOXHOCTH  TO-
atanHoro pacdyera HJIC koHCTpykumii, ydera
MOBTOPSIEMOCTH T€OMETPHUH OTAETBHBIX (hpar-
MeHTOB. CJIeICTBUEM 3TOTO SBISETCS CYIIECT-
BEHHOE CHIKEHHE TIOTPEOJICHUS PecypcoB
KOMITBIOTEPA ¥ BO3MOKHOCTH TIOCTAaHOBKH TIPO-
rPaMMHOTO 0O€ecliedeHnss Ha TIEPCOHATBHBIX
KOMIIBIOTEPAX.
[1K mo3BoJIsIeT BBIMOIHITH PAacUeThl 3alIUTHBIX
000JI09€K CIEYIOIINX THUTIOB!

— XeJIe300€TOHHBIX 000JI0ueK 0e3 mpel-

BapUTEIHHOTO HAMPSKCHHUS,

— TIpeABapUTENbHO-HAMPSDKEHHBIX KeTie-

300€TOHHEIX 000JI0YEK;

— 000JI04€eK U3 CTaH.
[Ipm 3TOM Ansl KaXmoro Tra oOOJI0YEK CTpPO-
UTCSI CBOSI pacueTHas MOJIENb, KOTOpasl YIUTHI-
BaeT OCOOCHHOCTH T€OMETPUYCCKHX IapaMeT-
poB 000NOYKH, €€ apMHpoBaHHE, (HU3HUKO-
MEXaHIMYECKHE XapaKTePUCTUKN UCTIOIb3YEeMbIX
MaTepUaJIOB, PACOJIOKEHUE HAIPATAEMBIX ap-
MaTypPHBIX KaHATOB U T.II.
TIK nmaeT BO3MOXKHOCTH IMPOBOJUTH JMHEHHO-
yOpyrue, HEIWHEHHBIE YIPYroliacTUIeCKHe
pacyeThl, a TakXKe pacueThl ¢ YUETOM pacTpec-
KABaHUSI Kele300eTOHa Al Pa3IMYHBIX CTaTH-
YECKHMX JKCIUTyaTallMOHHBIX M aBapUHHBIX Ha-
TPY30K, B TOM YHUCIIC U TEMIIEPATyPHBIX.
IIK CONT BkIOYaeT MOACUCTEMBI aBTOMATH-
4ecKoro (popMupoBaHHST KOHEYHO-3IIEMEHTHBIX
MOJEJIEH, pacueTa TeMIIEpaTypHBIX MOJIEH, pac-

4eTa HanpsbKeHHO-Ie(OPMUPOBAHHOTO COCTOSI-
HUsL, rpadryeckoil 00paboTKH Pe3ysIbTaToB.
[TporpaMMHBIN KOMILUIEKC ITO3BOJISIET BBIIOJI-
HITh PacdeThl HaNpsHKEHHO-IEPOPMUPOBAH-
HOTO COCTOSIHMSI 3aIUTHBIX O0OJIOYEK B OCe-
CUMMETPUYHOU U 0O BEMHOH MOCTAHOBKE.

C wucnons3zoBanuem [IK CONT mposeneHo
Oonpiioe yucno paboT MO pacyeTy Hamps-
KEHHO-Ie(DOPMUPOBAHHOTO COCTOSHUS U 000C-
HOBaHHUIO 0E30MACHOCTH KaK PEaNbHBIX 3alllUT-
HeIX obomnouek (KamuuHunckoi, PocToBckoid,
banakosckoit 1 HoBoBoponexckoit ADC, Un-
murickort ADC «KymaHkymamy»), Tak 1 Mozeleit
3amuUTHBIX 000s0uek, moctpoeHHbXx B CIIHA
(Mozenb Kele300eTOHHOM 3aIUTHON 000JI0UKH
0e3 mpemHanpspKeHUs B Maciirtabe 1/6 m Mo-
JIeNlb  KeNe300eTOHHOW  MpeaBapUTeNbHO-
HanpsHKeHHON 3alUTHOM 000JO0YKM B MacIITa-
6e 1/4, SANDIA).

Kpowme toro, Ha 6a3e IIK CONT u KOHTPOIBHO-
u3mepuTenbHoil anmaparypsl (KUA), ycranos-
JICHHOW B TeJe 3aIlMTHON 000104KH, pa3pabdo-
TaHa JKCIIEPTHAs CHUCTeMa OIIEHKW HarpsiKeH-
HOTO COCTOSIHMS 3alIUTHBIX obomouek ADC ¢
BB3OP-1000, ycraHOBieHHass Ha 2-M 3Hepro-
6moke Kamuaunckoit ADC u 1-M 3Heprodioke
Pocrosckoit ADC.

OcCHOBHBIE TIPOOJIEMBI 3AIIUTHBIX 000JIOYEK,
pemieHueM KoTopelx 3aHumaerca HMBPAD
PAH, w3n0xeHsl B TPHBEACHHBIX HIDKE ITyO-
JTUKAIUSX.



an/IHLI,I/IrIbI KOHCTPpyunpoBaHuUA 30H TeXHOJTIOTTMYEeCKUX Npoxonok

A. H. Vavauos, B. H. Meosedes

B 3ammrtHBIX 000JI09KaX PEaKTOPHBIX OTIelie-
Huii ADC ycTpaMBarOTCSi TEXHOJIOTHYECKHE
MPOXOJKH pPa3NUyUHBIX JauameTpoB. Ormpene-
JICHHBIE CIIO)KHOCTH BO3HHKAIOT TPH KOHCT-
PYVPOBaHHM 30H TEXHOJIOTHYECKUX MPOXOIOK
JmaMeTpoM 3 M U OoJiee, B KOTOPBIX BO3HUKAIOT
JIOBOJILHO 3HAYWTENbHbIE KOHLEHTPAalUU Ha-
npsokeHnd. 3HavueHus Kod(pQHUIIMEeHTOB KOH-
HEHTpalNK HANPsHKEHUH 3aBUCAT OT JAHAMET-
pa TEXHOJOTHYECKOTO OTBEPCTHUS, TOJILIUHBI
Y AaMeTpa MUINHIPUIECKOW dacTh 00070Y-
KA ¥ MOTYT OBITh PAacCUUTAHBI C IIOMOIIBIO
npubmwkenHoro pemenus A.U. Jlypee. Ioimy-
YEHHBIE MTPU ATOM pe3yJIbTaThl XOPOIIO COrja-
CYIOTCSA C JaHHBIMH JKCIEPUMEHTaJIbHBIX HC-
CJIEJIOBAHUH, BBIMOIHEHHBIX Pa3NUYHBIMU aB-
TOpaMH, YTO MO3BOJISET CHIENaTh 3aKIIOYEHHE
0 BO3MOKHOCTH HCHOJIB30BaHMUA 3TOTO0 METOJa
B HaIlIeM CITy4Jae.

Jns CHIKEHUS HalpsyKeHU BOKpPYT OTBeEp-
CTUH MPUMEHSIOT MECTHBIE OJTHO- UJIH JABYCTO-
POHHHWE YTONIIEHUs CTEeHKH oOomouku. Hamm-
Yue yTOJIIEHUH MO3BOJIsieT Oe3 Tpyna pa3me-
LIaTh JOMOJHUTEIBHYIO apMaTypy, HeoOxoau-
MYIO Ui YCWJIEHHS MECT KOHIEHTpaIuu Ha-
MPSDKEHUH, MPH 3TOM OCTaeTCsl TOCTaTOYHOE
MPOCTPAHCTBO AJISl YKIAIKH OeTOHA.

OnHako OAHOCTOPOHHHUE YTOJIIEHHS Manodd-
(heKTUBHBI W3-3a TIOSBIICHHWS B 30HE KOHIICH-
TpalMy HAIpPsHKEHUH JOMOMHUTENbHBIX W3TH-
0aroUIMX MOMEHTOB, BBI3BIBAEMBIX CMEILICHUEM
HEUTPAIIbHOM OCU CEYEHHUS OTHOCUTEIBHO JIU-
HUM JICHACTBUS HANpsKEHU. BhInonHeHue nBy-
CTOPOHHHUX YTOJIIIEHUI OCIOXHsSET OeTOHMPO-
BaHWE CTEHKH 3al[UTHOW OOOJIOYKU B CKOJB3S-
el onaimyOKe, TIOCKOJBKY B 30HE YTONIIEHHUS
TpeOyeTcsl pUMEHEHHe TMepecTaBHOW onaryo-
KH, CTBIKYEMOH IO €ro KpasM cO CKOJIBb3SIIeH
ormanyOKkoi, (opMHUpYIOIIeH BHEIIHIOW IT0-
BEPXHOCTh LWJIMHAPA. YCTPOMCTBO KE BHYT-
PEHHEro YTOJILEHHsS HE 3aTPyAHSAET MpoLece
OEeTOHMpPOBaHMS BBUAY TOrO, 4TO Tpebyemas
KOH(UTYpanusi TIOBEPXHOCTH 3a/1aeTCsl BHYT-
pEeHHEl MeTaJlTMueCKOi OOIUIIOBKOH.

B Hacrosmee BpeMs HET TOYHOTO aHAIUTHYE-
CKOTO METOJa pacdyera HUIMHIPHYECKUX 000-
JIOYEK ¢ OAHOCTOPOHHUMH YCUJIEHHUSMHU B 30HE

otBepcTuil. Ha ocHOBaHMM TPOBEIEHHBIX 3KC-
MEPUMCHTANTLHBIX ~ MCCIIEOBAHUIA  TONyYeHO
NpUOIKEHHOE pellleHne 3Tol 3amaun, odec-
NeYrBalollee JOCTATOYHO XOpOIIEee COriaco-
BaHWE pAaCUETHBIX JAHHBIX C pe3yJbTaTaMu
JKCTIEpUMEHTAJIBHBIX HccienoBanuid [1]. On-
HAaKO HET YETKUX PEKOMEHIAIMH MO KOHCT-
PYUPOBAHHUIO 30H YCHIICHHS C y4ETOM HX Ha-
NPSHKEHHOTO COCTOSTHUSA. FIMEHHO 3Ty 3a1auy u
cTaBUiIM ceOe aBTOPBI HACTOSIIEH CTAThHH.

OueBuaHO, YTO U3rubarowmii Mmoment M., B

1
CEYeHUU OOOJIOYKH C OJHOCTOPOHHHM YTOJ-
meHneM OyneT 3aBHCETh OT YCHIIMS B pac-

cMaTpuBaeMoii Touke NV, (C y4eToM ero KoH-

LUEHTPAIMK Y OTBEPCTHUS) U OT IIJIe4a ero mpu-
JIOXKEHUSI OTHOCHTENBHO CPEIUHHOW IMOBEpPX-
HOCTH cedyeHus o000104ku. CremoBaTensHO,
MCXKAY YKa3aHHbIMHU YCHJIMEM U MOMCHTOM
CYIIECTBYET MPSAMO IMPOIMOPIIUOHATBHAS 3aBH-
CHUMOCTB!
h—h
Ml. = Ni . T(m )

rae 4 v h,s — COOTBETCTBEHHO TOJIIIMHA 000-
JIOYKH C yCUJIEHUEeM U 0e3 Hero.

Takum 00pazoMm, apMHpPOBaHWE 30HBI 3aIUT-
HOW 000JIOYKM B CiIy4ae OJIHOCTOPOHHETO
YTOJIIIEHUS BOJHU3U OTBEPCTUS MOXKET OBITh
BBITIOJTHEHO IO PacyeTy BHEICHTPEHHO PacCTsi-
HyThIX 3JieMeHTOB coriacHo CHuII 2.03.01-84.
AHanu3 HanpspKeHHH Ha ABYX MOBEPXHOCTSIX
000JIOUKH — CO CTOPOHBI YCHJICHUS U TPOTH-
BOTIOJIOKHOW €My — IIOKa3bIBaeT, UTO JaxKe
NPy YABOEHHOMN TOJIIIMHE CTEHKU B 3TOM 30HE
YPOBEHb HANpPSOKCHWH Ha CTOPOHE, MPOTHUBO-
MOJIOKHOW YCHJIEHUIO, BCE eIle NPEBBI-
maeT HoOMHUHaIbHBIA Ha 20%.

B o0meM ciaydae xapakTep pacrpelneicHus
pabodeii apMaTypbl B CEYCHHU NMPH HATUYHU
OJTHOCTOPOHHETO YTOJNIIEHHS] MOKET OBITh Ha-
[ISHO TPOJEMOHCTPUPOBAH Ha MPUMEPE pac-
MPENIEICHNsT apMaTyphl TPU OJHOCTOPOHHEM
YTOJIIEHUHN 3allUTHON 000JIOYKH B 30HE OT-
BepcTHs B 2 paza (B pacdere HCIIOIH30BAHBI
¢dopmynbl, npuseaennsie B CHull 2.03.01-84,
m. 3.27).



Hpqu]ul’lbl KOHCMPYUpO6aHus 30H MexXHO10cU4eCKUX l’lpOXOC)OK

A. H. Ynvsanos, B. H. Meogeoes

[MpumeM TONMIMMHY OOOJOYKU C YCUICHHEM
h = 2,4 M; TONMHUHY 3aIUTHOTO CJOS C Ka-
XKmor ctoponsl a=a'=0,1 M; pabouyro
BBICOTY cedeHHsi h-a, paBHyw h,=23M;
PacCTOSHUS OT TOYKU HPUIOKECHUS MPOIOTh-
HOM cuiibl N 710 paBHOAEHCTBYIOIIEH yCUINH B
apMaType, COOTBETCTBEHHO, HAapyXHOTO U
BHyTpeHHero ciosi € = 0,5 M, €' = 1,7 m.

Torna

Ne=R A (h,-d).

OTKyJa
RA =N _N05_ 6009w
- h,—a 2,2
Ne =R A, (ho - a'),
a
RA =N _NLT_ (903w,
- hy—a 2,2
rae R, — pacdeTHOe CONPOTHBICHHE apMarty-
pBI pacTsikenmnio; A, A, — miomanu cede-

HMsI HEHAIIPSraeMoi apMaTypbl COOTBETCTBEH-
HO Hapy’KHOT'O ¥ BHYTPEHHETO CIIOS.

B pesynbrate nomydaem, 4TO NPHUHATOE YyTOJ-
[IEHUE BBI3bIBAET 0O0JIE€ HYEM TPOEKPATHYIO
HEOJHOPOJHOCTh pa3MEUIeHHs apMaTypsl B
CEYEHUHU, a ITO, OE3YyCIIOBHO, YCIOKHUT OETO-
HUpOBaHWE AAaHHOU 30HBL [lpum oTCyTCTBHM
YTOJILIEHUS, @ TaKXKe IPU YCTPOICTBE JIBYCTO-
POHHEro YyToJIIeHuss 0e3 CMelleHus He-
TPaJIbHOW OCH CE€YEHHS TO XK€ CyMMapHOe
KOJIMYECTBO apMaTypbl Pa3MECTUTCSI CUMMET-

pmano: R A = R A, =0,5. CrnenosatensHo,

OJTHOCTOPOHHEE YTOJILEHUE CTEHKU LMIMHA-
pHUYECKOW YacTH 3alIUTHONH 00OJOYKH C BHYT-
PEHHEH CTOPOHBI MOXKET OBbITh HPUHSTO TOJIBKO
[0 TEXHOJIOTHYECKUM COOOpa)KEHUsIM, MPHUBE-
JCHHBIM BBIIIC. HpI/I OTOM CJICAYECT YUUTHIBATD,
YTO B JAaHHOM Cly4ae He0OXOIUMO HECHMMET-
PUYHOE apMHUPOBAaHHME CEYEHUs, MIPU KOTOPOM
COXPaHSIOTCS CJI0XKHOCTU pa3MelleHust 00Jb-
HIOT0 KOJIMYecTBa padoyel apMaTypbl BOJIU3U
OJIHOM U3 MOBEPXHOCTEN CTEHKU OTBEPCTHUSI.
Takum 00pa3oM, MOXKHO 3aKJIHYUTh, YTO
B 3aBHCHMOCTH OT JEHCTBYIOIIMX YCHIUH U
JUaMETPOB TEXHOJOTHYECKHX IPOXOJOK MO-
I'yT OBITb NPHUHATH 1Ba KOHCTPYKTHBHBIX pe-
I€HUA TaKHUX 30H:

— 0e3 yToJIIeHs] CTeHKU LMJIMHAPA B 30-

HE TMPOXOJAKH, €CIM Heo0XOIUMOe KOJIH-

YECTBO apMaTypHBIX CTEpP)KHEH MOXKHO
Pa3MecTUTh B HOPMAITbHOM CEUEHUH CTEH-
KU 3al{UTHOM 000JIOUKH;
— C JABYCTOPOHHHUM YTOJIIIEHUEM CTEHKHU
UWIMHIPUYECKOW YacTH 3allMuTHOW 000-
JIOYKHA B 30HE TEXHOJIOTHUYECKOW MPOXOIKH
B Mpejenax, HeoOXOMUMBIX I pa3Melne-
HUS JIOTIOJTHUTEIHHON apMaTyphl 3TOW 30HBI
U BO3MOXHOCTH Ka4deCTBEHHOH YKIIaJIKh
OeToHa B HEl.
3aknaaHas AeTallb MPOXOAKU JOJKHA OBITh
BBITIOJTHEHA (BHE 3aBHCHMOCTU OT HPUHSTOTO
KOHCTPYKTHBHOTO PEIICHHs YCHIICHUS) 3aI0-
JIMIIO0 C MOBEPXHOCTHIO OCTOHA Ha HApYIKHOU
MTOBEPXHOCTH UAJIHHIIPA.
XapakTep pacnoJIOXKEHUS JIOMOTHUTEIbLHON
apMaTypsl B 30HE TEXHOJIOTHIECKOU MPOXOIKH
JIOJDKEH COOTBETCTBOBATh JICUCTBYIOIIMM B
CEUYCHUW YCWIHSAM, TIPU ITOM ClieAyeT u30e-
raTb YCTaHOBKM HW3JUIIHEH apMaTypel paau
CUMMETPUYHOCTH €€ PACIOJIOKEHHUSI OTHO-
CUTENBHO OTBepcTHa. Hampumep, ydyuThIBaf,
YTO B IWJIMHAPHUIECKON 000JI0UKE KOJBIEBBIE
U MEPUIUOHAJIBHBIC YCUIIUA IIPHU BOSHeﬁCTBHH
BHYTPEHHETO JaBIICHUS pa3IHyaroTcs B 2 pasa,
MpYU HAa3HAUYEHWH apMUPOBAHHS 30HBI TTPOXOIKU
HE CIEIyeT OTPaHUYIMBATHCS TOJIBKO KOJIbIIE-
BEIMH W paJHalbHbIMUA (OTHOCUTEIBHO OCHU
OTBEPCTHsI) apMaTypHBIMH cTepxHsIMU. Hamo
pa3Mmeniatb apMatrypy B KOJBIIEBOM CEYECHHUH
000JIOYKH B MEPUANOHAJIBHOM HaIIpaBJICHHUU C
Y4E€TOM KOHICHTPAllMM HANpsHDKCHUH W 3aja-
BaTh 3TH CTEP)KHHU KaK KOJBIIEBEIE. 3aTeEM clie-
AYET BBINIOJIHUTE PasMCUICHUEC apMaTypbl B ME-
PUIMOHAIEHOM CEYEHHH B KOJIBLIEBOM HarpaB-
JIEHWHU 1, C YIETOM YCTaHOBIIEHHBIX KOJIBIEBBIX
apMaTypHBIX JJIEMEHTOB, OTIOJHHUTH KOJIHYe-
CTBO apMaTypHBIX CTEPXKHEH JIO TpedyemMoro
OOIIero Ce4eHus: apMaTypbl KPUBOJIMHEHHBIMU
CTEP)KHSIMH HE3aMKHYTOTO MPOMHIISL.

[lpuanMass Bo BHUMaHHe OE€3MOMEHTHBIN Xa-
paKTep HaNpsHDKEHHOI'O COCTOSHUSI 000JI0UKH B
000MX paccMaTpUBaeMbIX BapHaHTaX, pac-
MOJIOXKEeHUE pabodell apMaTypsl B 30HE ILUIIO-
30BOH NPOXOAKH MOXKET OBITH HPUHITO PaB-
HOMEPHBIM B HECKOJIBKO DPSJIOB 1O BCEMY ce-
YEHHWIO CTEHKHM LIMJIMHIpAa W YTOJIIECHHUS, €CIH
MoCIIEAHEE MPEAYCMATPUBAETCSI KOHCTPYKTHB-
HBIM PELIEHUEM 3TOM 30HBI.

Apwmartypa, pacronaraemasi B paadalbHOM Ha-
MPaBJICHUH OTHOCHMTEIIBHO OCH OTBEPCTHS, MpPH-
BapuBaeTCs K KOJBIIEBBIM (DJIAHIIAM 3aKJIaJHOU
JIeTali JIByCTOPOHHUMH PAaBHOTPOYHBIMHU IITBA-
MH, 4TO 00ECTIEUMBACT HAJIEKAIIYI0 aHKEPOBKY

9



Mexanuxa npednanpsaxcentvix 3auummnulx odoonovex A2C
Tpyowr HBPAD PAH. Buinyck 6

rnmociaegHell B CTEHKE 3alMTHOM 000JOYKH.
OJIHOBpPEMEHHO 3Ta apMaTypa SIBISETCsS pac-
MIPEAEeTUTENBHON JI KOJIBIIEBBIX apMaTypPHBIX
DJIEMEHTOB U JOTOJTHHUTEIBHBIX KPHUBOJUHEH-
HBIX CTEPKHEH.

Jns BocHpusATUS [aBJIEHUS HA BHYTPEHHIOHO
MOBEPXHOCTh TEXHOJIOTMYECKOW TPOXOJIKH,

Jlumepamypa

JEHCTBYIOLIEr0 B MEPHEHAUKYISIPHOM CTEHKE
HalpaBlI€HUH, YCTAHABIUBAIOTCS XOMYTHI C
YYalEHHBIM PaBHOMEPHBIM IIAarOM OTHOCH-
TEJIbHO OCHU OTBEPCTHS U MOCIELYIOLIUM Iepe-
XOJIOM K HOpMaJbHOMY IlIary XOMYTOB B CTEH-
K€ IHIMHIpA HAa PacCTOSHUU TPEX PaaUyCOB
OTBEPCTHSI OT €T0 OCH.

1. Vaeanoe A.H. PacueTHas OLEHKAa HAaNpSKEHHOTO COCTOSIHUSL 30Hbl KPYIHBIX TE€XHOJOTMYECKUX
MIPOXOJIOK // DHEepreTHdecKoe CTpouTeascTBO. 1984, — Ne 5. — C. 73-74.
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BnusiHne otrm6oB apMaTypHbIX 31IeMEeHTOB Ha HanpsXXeHHoe
cocTosiHue 3awuTHOM obonoyku ASC B 30He
TEXHOJIOrM4YeCKUX NPoxXoaoK

A. H. Yavanos, B. H. Meosedese (HBPAD PAH)
Anexceii C. Kucenes (PHL] « Kypuamoeckuii uncmumymy)

[IpounocTs 3ammurHO#N 000m0ukH ADC B 3Ha-
YUTENbHOW CTENeHH O00ecreyrBaeTcsi OAHO-
POIHOCTBIO €€ HAIPSHKEHHOTO COCTOSIHUSA IMPU
JUTMTENBHO JEMCTBYIONIMX Harpy3kax oT Mpea-
BapUTENbHOIO HampsDKeHUsT apMmarypel. Hau-
Oonbllas HEOAHOPOJHOCTb  PACHpPEAETICHUS
HanpspKeHUH HaOJrofaeTcs B 30HE KPYMHBIX
TEXHOJOTMYECKHX MPOXOIOK Aa)ke MpPU OAHO-
pOIHOM 3arpyXeHuu creHKu. [Ipu Hanuuuu
Ke KaKuX-TM00 aHOMaJuid B HarpyKEHUH 3TOH
30HBl KapTHHA pacHpeAeseHus] HanpsuKeHUH
CTaHOBMTCSI BECbMa CJIOKHOH M ONpeAessieTcs
HaJIMYMEeM OTBEpPCTHS OOJBLIOr0 AHAMETPA,
(hopMoO# ycuIIeHHs! 30HBI OTBEPCTHS AJsl CHH-
JKEHUS! KOHLIEHTPALMK HaNpSHKEHUH U HaIu4K-
eM OTrHOOB apMaTypHbIX KaHaToB. Ha ocHo-
BaHUHU SKCIEPUMEHTAIBHBIX M PACUETHBIX HC-
CIIEIOBAaHUN HAIPSYKEHHOTO COCTOSHUSI 30HBI
TEXHOJOIMYECKOH MPOXOJKU C  OIHOCTO-
POHHUM YTOJIIIEHWEM HaMHU TOJY4YEeHO TMpH-
OMKEHHOE pelIeHHe 3TOW 3aJayud, OJHAKO
BJIMSIHUE OTIMOOB apMaTypHbBIX 3JEMEHTOB Ha
HaNpsHKEHHOE COCTOSIHHE 30HBI OTBEPCTHUS Pa-
HEe HE PacCMaTpUBaJOCh.

HauGonee ocTtpo BO3HHMKAaeT HEOOXOIUMOCTH
aHaym3a dToro (pakTopa Mpu MPOSKTHPOBAHUU
3amuTHON 0005109KH ADC HOBOTO MTOKOJICHHS
MOBBIIEHHON HANIEKHOCTH, IJ€ B LUWIUHIPHU-
YECKOW 4YacTH TMPEAyCMOTPEHO OTBEPCTHE
JMaMeTpoM 6,5 M, a pacroJIoKEHUe MpeBapu-
TCJIbHO-HAIIPSX)KCHHBIX apMaTypHbIX KaHaTOB
MPUHATO TI0 OPTOTOHAJIBHO-TIETIICBOM CXeMe.
OTO TPHUBOIUT K HEOOXOAMMOCTH OTTHOa B
30HE OTBEpCTHs OoJjee AecATH map apMmaTyp-
HBIX KaHATOB KOJIBIIEBOTO HANpaBJICHUS U 00-
Jiee TATH Map — MEPUAMOHAIBLHOTO, YTO MO-
JKET 3HAYUTENTHHO TOBIHATh Ha HAIpPSDKEHHOE
COCTOSIHHME 3aIl[UTHOMN 000JIOUKH.

OueBUAHO, YTO BCSIKOE H3MEHEHHE TPAEKTO-
pUU  HaIpsDKEHHOTO apMaTypHOTO 3JIeMEHTa
BBI3BIBAET U3MEHEHHUE €r0 CHIOBOTO BO3JECHCT-
BUSI HA CTEHKY OOOJIOUKM B 30HE JAHHOTO OT-
KJIOHEHUSI.

ITpu orubGaHNU KPYITHOTO OTBEPCTHS, THAMETP
KOTOPOTO 3HAYUTENBHO MPEBOCXOIUT HOP-
MaJIbHBIN IIar NpeBapUTeIbHO-HAMPSIKEHHON
apMaTypbl, TPAaeKTOpHS apMaTypHOTO dJie-
MeHTa OyJeT UIMETh MHHUMYM TPH MOBEPXHO-
CTH KoHTakTa. Ilo HMM Oyner MpoMCXOAWTH
CWJIOBOE B3aUMOJICHCTBHE apMaTYpPHOTO 3Jie-
MEHTa CO CTEHKOUW O0OJOYKH, a MMEHHO: MpHU
BBIXOJIE Ha HOBYIO TPAeKTOPHIO, OTHOAIOIIYIO
OTBEpPCTHE, NPU OTUOAHUW OTBEPCTHUS U TIPU
BBIXO/I€ Ha MEPBOHAYAIBHYIO TPACKTOPHIO.

XapakTep CHJIOBOTO B3aUMOAEHCTBUS OyneTr
3aBHCETH OT YCHIIMS B apMAaTypHOM dSJIEMEHTE U
KPUBM3HBI CTEHKH OTBepcTHs. B o0miem ciydae
XapakTep Takoro B3aMMOJEHCTBUS JOCTaTOYHO
CJIOKEH, OJHAKO JUIsl OLIEHKH HamNps KEHHOIO
COCTOSIHUSI TaHHOW 30HBI IeJIeCO00pa3HO pac-
CMAaTpUBaTh €ro B ABYX OCHOBHLIX INJIOCKOCTAX:
B IUIOCKOCTH CTEHBI (IIPM 3TOM Y4YMTBHIBAaeTCS
B3aUMOJICHCTBUE C HEW apMaTypHOTO 3JIEMEHTa
B 30HE OrMOaHHs OTBEPCTHSI) M B IUIOCKOCTH
KOJIBIIEBOTO CEUEHHUS CTEHBI (YUUTHIBAETCS 1aB-
JIEHWE apMaTypPHOTO JJIEMEHTa Ha CTEHKY, BEI-
3BaHHOE KPHWBH3HOW TocienHei). B mampHeit-
LIeM TOclieé CyMMHPOBaHMS IOJyYEHHBIX pe-
3yJIbTaTOB OyleM HMMETh OOLIyl0 KapTHHY Ha-
MPSKEHHOTO COCTOSTHUSI 3TOM 30HBI.

YuuThiBasi CI0XXHOCTh IMOCTABJICHHON 3a7auu
pelIeHne ee TOJIbKO PacYeTHBIMHA METO/IaMH He
nact TpeOyeMoil CTeNeHW ero HaJeKHOCTH,
MO3TOMY OBIJIO PEIIEHO MPOBECTH KOMILIEKC-
HBI€ HCCIIEIOBAHMA, BKIIOYAIOIIAE KaK pac-
YETHBIC, TaK M SKCIEPUMEHTAJIbHBIE UCCIEN0-
BaHMs Ha MojeNsx. PacueTHble ncciaenoBaHus
BeImonHsuMch B CaHkT-IleTepOyprckom Tex-
HUYECKOM YHHMBEPCHUTETE, a DKCIICPUMEHTAb-
HbIE — B UHCTUTYTE OpraHeprocTpoil.

CornacoBaHHas IporpaMma HUCCIIEN0BaHUMN
BKJIIOUAJIa 3KCIIEPUMEHTAIbHBIE U pacyeTHBIC
WCCIIEIOBAHUSI HAIPSKEHHOTO COCTOSIHUS 3a-
IIUTHOW 0OOJIOYKM B 30HE OTBEPCTHS MIPU OTH-
0aHuM Mapoil apMaTypHBIX 3JEMEHTOB 30HBI
TEXHOJIOTHYECKON IPOXOAKH.
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Puc. 1. Dmiopbl paguanbHBIX HAPSHKEHUH B 30HE OTBEPCTHUS OT BO3AEHCTBUSA
MpeIHANPSHKEHHBIX KPUBOJIMHEHHBIX apMaTyPHBIX KaHaTOB:
X — HKCIIEPHMEHTAIbHBIE JaHHEIE;
———- — PacueT MeTOJI0M KOHEUHBIX 3JIEMEHTOB;
—.—.— pacyeT Ha OCHOBaHHH pelieHus Menana

ComnocTaBieHHE Pe3ybTaTOB PAaCUETOB U IKC-
MEPUMEHTOB TO3BOJIMIO YTOYHHUTH METOIHMKY
pacuera.

B skcneprMeHTax u pacderax AMaMeTp OTBEp-
CTHs MpUHUMANCA 4 M, palyC KPUBU3HBI ap-
MaTypHOTO KaHaTa HpH BBIXOJE HA TPACKTO-
puto orubanus orBepcTHs — 10 M, TIpH OTH-
0aHMK OTBEpCTUS — 9 M, PAaCCTOSHUE MEXIY
napoil  apMaTypHBIX KaHaTOB B  IEpPBO-
HayaJIbHOM TpaekTopun — 2 M. B pacuerax
neiicTBUTENbHAA paclpeleNeHHas Harpyska
3aMeHsIaCh SKBUBAJIIEHTHOW B BHJIE OOJBILIOTO
YHCIIa COCPENOTOYEHHBIX CHJ, OPHEHTHUPOBaH-
HBIX TOJl Pa3jMYHBIMUA YIJIaMH K BEepPTHUKaJb-
HOW ocu. [l ymoOcTBa pelieHus 3aia4u co-
CPEOTOYEHHBIE CHJIBl PAaCKIaAbIBAIUCH IO
HaMpaBJIeHUSIM KOOPAMHATHBIX OCEH.

B xome wuccnenoBaHuil 3KCHEpUMEHTAJbHBIC
JAHHBIE COTIOCTABIBLIUCH C Pe3yIbTaTaMH pac-
YETOB, BBHIMIOJHEHHBIX JBYMSI METOJAMH: C
MPUMEHEHUEM TEOPUHU YIPYTOCTH MPHU OIpe-
JIEJICHUN HEKOTOPBIX (PYHKIMH YUCIEHHBIM
croco00oM M METOJJOM KOHEUHBIX 3JIEMEHTOB.

AHanu3 pPe3ybTaTOB PacueTOB IIOKAa3bIBAECT,
qTo paC‘{eTHble C-)HIOpr, HOHy'{eHHI)Ie ILBYMH
Pa3TUYHBIMA METOIAMH, COTJIACYIOTCS MEXKIY
c000ii ¢ 10CTaTOYHOM TOYHOCTEI0. OmHaKo 00a
MeToga 00J1a1al0T HECOBEPIICHCTBOM IMPHHS-
THIX PACUETHBIX CXEM: B O0OMX CIIy4asx CYH-
TaeTcs, YTO HArpyska mepeiaeTcs MO BCeMy
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CEYCHHIO OOO0JIOUKH, T.. JNEHCTBHUE apmaryp-
HOTO 3JIEMEHTa, PaclojlaraéMoro B HaTypHOM
KOHCTPYKIIUM BHYTPH CEUCHHS Ha OTPaHHYEH-
HOW ero Tuomaau (OuamMeTp KaHaTa paBeH
250 MM), 3aMeHseTCsl paclpeleleHHON Ha-
Cpy3KOM Mo BceMmy ceueHuro. B aTtom ciydae
10 TMHUY TPUIOKEHUST HATPY3KH B PACUETHBIX
SIIOpax HaNpsHKEHUH HaOII0gaeTCsl CKadoK
B MECT€ MPUTIOKEHUS HAarpy3ku Ha OrpaHu-
YEHHOM NIJIMHE CEYEHHs, YTO UCKAXKAET NEUCT-
BUTEJIbHBIM XapaKTep HANPSKEHHOTO COCTOSI-
HUU HTOM 30HHI (puc. 1).

PacueTHble 3HaYEHMSI OKPYKHBIX HaIpPsLDKEHHUN
B HaIlpaBJICHUH, MEPHEHIUKYIIPHOM Tpacce
MMy4KOB (pHC. 2), TaKXKe B OTIUYHE OT IKCIIe-
PUMEHTAIBHBIX HMEKT CKAa4OK HEMOCPEICT-
BEHHO B MecTe MpUiIokKeHHus Harpy3ku. Kpome
TOro, Ha OOJBIIOW IJIMHE CEYEHHs HKCIEPH-
MEHTAJIBHBIE 3HAYEHUS OKPYXKHBIX HarmpsKe-
HUH IpeBBIIAIOT pacueTHele. Ha koHTYype OT-
BEPCTHS MAaKCHUMaJIbHOE IMPEBBILIEHHE 3KC-
MEPUMEHTAIBHBIX JaHHBIX HaJX pacd4eTHBIMU
cocranisieT okoso 30%.

OKpy>XHbI€ HaNnpsDKEHWs B HalpaBJICHUM, Ia-
paNjenbHOM Tpacce IY4YKoB (CM. pwuc. 2),
MMEIOT 3HAaKONEPEeMEHHBIM XapakTep — OT
3HAYUTENIFHOTO CHKAaTHsI Ha KParo OTBEPCTHS 1O
pacTAruBaromumx HaHpH)KeHI/Iﬁ C MakCcuMmalib-
HBIM MX 3HAYE€HHEM Ha y4yacTKe, y/aJ€HHOM OT
LIEHTpa OTBEPCTHUS HA 7 M.



Brusnue omeubos apmamypHuix 31eMenmos Ha HANPsHCeHHoe COCMOsIHUE
sawgumnoii 06onouxku AIC 6 30He MexXHON02UYECKUX NPOXOOOK
A. H. Ynosanos, B. H. Meosedes, Anexceti C. Kuceneg

~LAFr

Puc. 2. Drtopel OKpYKHBIX HaNpsKEHUH B 30HE OTBEPCTHSI OT BO3IEHCTBUS
MIpeJHANPSKEHHBIX KPUBOJIIMHEUHBIX apMaTypHBIX KaHATOB:
X — DKCIIEpHIMEHTaIbHBIE JaHHBIE;
———- — pacyeT METOJOM KOHEYHBIX IEMEHTOB;
—.=.— pacyeT Ha OCHOBaHUH peuieHus Menana

"H_ _HFJM

-nEa0
-1.837

Puc. 3. DIopbl OKPYKHBIX HAITPSHKSHUH, IOTYYEHHBIE C HCIIOIb30BAaHUEMITPOTPAMMBI «AKCHUKOH-2):
— 0e3 yueTa CUJI TPEHHS;
———- — C yueToM cuJ TpeHus, T = 0,1;

—.—.—T10oxe,T7=0,2

ComnocraBjieHHE OKCIIEPUMEHTAJIBHBIX TaHHBIX
C pe3yJjibTaTaMU pacycTa, BBIIIOJIHCHHOTO JBY-
Msa METOHaMH, IIOKasbIBa€T, YTO IIpH Jd0C-

TaTOYHO XOPOULIEM COINIACOBAHUU Ka4YECTBEH-
HOT'O XapakTepa JII0p UMEIOTCA PACXOKACHUS
3HAYEHUH OKPY’KHBIX HAIPsLKEHUM B CEUEHUM,
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MIEPIICHANKYIISIPHOM Tpacce IyYKOB, MPHYEM
Ha 3HAYMTEILHOM ydYacTKe, Ha4WHas OT KOH-
Typa OTBEPCTHUS, U B CEUCHHUH, MapasieTbHOM
Tpacce My4YKoB, — B 30HE MaKCUMaJbHBIX pac-
TATUBAIOINX HANPSOKCHWH. YUHTHIBas TO 00-
CTOSITENIbCTBO, UYTO B MOJENIM XapakTep MpH-
JIO’KEHUS Harpy3Kd OT apMaTypHOIO 3JeMEHTa
COOTBETCTBOBAJI HATYPHOMY, €CTh OCHOBaHUS
moJiaraTh, YTO DKCIICPUMEHTAIBHO MOJIYyUCH-
HBbIC 3HAYCHUS HANpPsHKCHUN B OOJIBINCH Mepe
COOTBETCTBYIOT JIEHCTBUTEIHHOCTH. AHAIU3
BO3MOYKHBIX TTPUYHMH YKa3aHHBIX PaCXOKICHHHA
MEXAY SKCHEPUMEHTAIbHBIMU U PacUETHBIMU
pe3yabTaTaM IMO3BOJWI MPEANOIOKUTH, YTO
OHHM 00OYCJIOBIIEHBI BIUSHUEM CHJI TPEHHS Me-
Ky apMaTypHBIM 3JIEMEHTOM M CTEHKaMH Ka-
HaJI000pa3oBaTesl.

Jna monaTBepkaeHHs NAHHOTO MpPEerooxKe-
HUs 10 mporpamme «AkcukoH-2» (HTL I'oc-
POMaTOMHA/A30pa), PeaIn3yroIeil MeToa Ko-

Bbi60o0bI

1. IlpoBenieHHBIE UCCIIEAOBAHMS BBISIBIUTH 10CTa-
TOYHO CYIIICCTBEHHOE BJIMSIHUE OTIMOOB apMa-
TYPHBIX KaHATOB Ha HAMPSHKEHHOE COCTOSHUE
000JIOYKH B 30HE TEXHOJOTHUECKUX IPOXOJIOK,
4YTO0 O0YCTIOBIMBAaET HEOOXOAUMOCTh €ro ydeTa
TP ITPOEKTUPOBAHHUH STHX 30H.

2. Ocoboe BHMMaHHE CiemyeT OOpaTUTh Ha Te
YYaCTKH, TJI¢ BO3HUKAIOIINE BCIACICTBHE U3rnda
MyYKOB PaCTATHBAIONINE HANPSHKEHUS HAYEM
HE KOMITCHCUPYIOTCs (YY4acTKM Havajga oTruda
MYYKOB OT IITATHOW TPAEKTOPUH).
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HEYHBIX 3JIEMEHTOB B OOBEMHOHN MOCTAHOBKE,
ObUIN BBINOJIHEHBI PACUeThl JUIsl TPEX CIIydaes.
B mepBoM ciydae Harpyska OT apMaTypHBIX
3JIEMEHTOB MpHUHUMaJach 0e3 ydyera CHl Tpe-
HUs1, BO BTOPOM Cllyyae — C Y4Y€TOM KO03(-
¢unmenta tpenuss m = 0,1 U B TpeTbeM cly-
qyae — C y4yeToM Kod((HUIMEHTa TPEeHUs
m = 0,2. Pe3ynbTaThl pacuera NMpUBEIECHbl Ha
puc. 3.

AHaJu3 3TUX JaHHBIX [I0Ka3ajl, 4TO NP ydyeTe
CUJI TPEHUS PACUETHBIE SIIIOPHI HANPSKEHUN
NpUOTMKAIOTCS K IKCIIepUMeHTalbHbIM. Hawn-
JydIllee COIJIacOBaHUE IOJYYEHO BO BTOPOM
pacueTHOM cllyuae, T1ie Harpy3ka oT apMaryp-
HOT'O KaHaTa MpUHUMAJach C y4eToM Kodpdu-
uueHTa Tpenuda m = 0,1.

HccnenoBanus 1o ompenesieHuto Kodhhuim-
CHTa TPEHHS B apMaTypHBIX KaHATaX MOJEIH
MoKa3ajiy, 4YTo ero 3HaueHue cocrapiset 0,11.

3. PacyeTHpIli aHalW3 HaANPSIKEHHOTO COCTOS-
HUSI 30H TEXHOJOTMYECKUX MPOXOJ0K HEo0Xo-
MO BBITOJIHATh, NPHUHAMAs BO BHHMaHHE
BO3JEMCTBUA BCEX OTrMOAEMbIX apMaTypHbBIX
3JIEMEHTOB, C HCIOJb30BaHUEM PACYETHBIX
MIpOrpaMM, MO3BOJIAIOIINX yYECTh UX JNEHCTBU-
TENBHBIE TPACKTOPUU U CHITBI TPEHHS.



OnTuMnsauma ycuneHms 30Hbl TEXHONOrMYECKON NPOXOOKMN
3awmTHOM obonouku ana A3C HIM-1000

A. H. Yavanos, H. B. Avwuros, B. M. Medseoes, A. B. Bondvipes

B cBs3u ¢ Bo3pacrarommmu TpeOOBaHUSIMHU 11O
o0ecreyeHnIo  0e30MacHOCTH  IKCIUTyaTaluu
ADC u oxpaHe OKpy’Karolllel cpelpl B 30HE ee
PacHONOXKEeHHs, a TAKXKE C yBEIUIEHHEM O0I1Le-
ro KOJMYECTBAa HAXOJIIMXCS B 3KCIUIyaTallUU
9HeproOJIOKOB, B Halllel cTpaHe U 3a pyOexoM
OCYILECTBIISIETCA KOMITJIEKC MEPONPUATHH IO
MOBBIIIEHUIO HAIEKHOCTH CHCTEM JIOKaJIu3a-
UMy aBapuil. BaxxHOE MECTO B KOMILIEKCE CUC-
TeM JIOKaJIU3aluK aBapuil 3aHUMAIOT 3allUTHbIE
0007104KH peakTopHBIX oTaeneHnidi ADC.

s oGecrieueHust TepMETHYHOCTH U HaJIeXKHO-
CTH 3aLIUTHBIX O0OJIOYEK B COOTBETCTBUU C
COBPEMEHHBIMU U TPOTHO3HPYEMBIMH Ha Oy-
nymee TpeboBaHusMu OezomacHocTn ADC
Ha3zpela HEOOXOAMMOCTh pa3paboTKh Ciie-
OYIOUIEr0  TOKOJEHHUS  NPOTUBOABAPUIHBIX
KOHCTPYKIHMI — 3aIIUTHBIX 000JI0YEK MOBBI-
[IEHHOH HaJEKHOCTH.

B Hactosmee Bpems B Poccun ocyuiecTBisieT-
Csl TIPOEKTHPOBAHNE BOMHON 3aIUTHOW 000-
JIOYKH C BEHTUIUPYEMBIM 3a30poMm s ADC
HOBOT'O TIOKOJIEHHS MOBBIIIEHHON HaJeKHOCTH
HII-1000. Hapyxnas obonouka u3 xene3o0e-
TOHa 0e3 MpenBapUTEeNbHOIO HaNpsDKEHUs pac-
CUHUTBIBACTCA Ha BOSILCI‘/’ICTBI/IC BHCIIHUX Ha-
Ipy30K (KJIMMaTHYeCKHe Harpy3Kd, NaJeHHe
caMmoJieTa U T.I1.), @ BHYTPEHHSs1 — Ha aBapHii-
Hble Harpys3ku, OOYCIOBJIEHHBIE aBapueil B
MIEPBOM KOHTYPE TETJIOHOCUTETIS.

OO6ecnieueHre repMETHYHOCTH 3aIUTHON 000-
JIOYKH YCIIOKHSAETCS HAMYUEeM OOJBIIOTO KO-
JWYECTBA TEXHOJOTUYECKUX MPOXOJO0K pa3-
JIMYHBIX Pa3MEPOB U Ha3HAYCHUA.

Kak wu3BecTHO, HaMMYWE TEXHOJIOTHIECKUX
MPOXOJIOK B 3aIUTHON 00070YKE MPUBOIUT K
CYIIECTBEHHOM HEOJHOPOJHOCTH €€ Hampsi-
JKEHHOTO COCTOSIHMS — KOHIIEHTpaIlih Ha-
OpsDKEHW B 30HAX NPoxomoK. CraTuUCTHKa
MOBPEXKICHUH B 3aIUTHBIX 000JI0YKaX CBUC-
TEIbCTBYET O TOM, YTO MpPHU BO3ACUCTBUU
BHYTPEHHETO JaBJICHHUS OOJIBITWHCTBO TPEIINH
oOpa3yercss B 30HaX KOHICHTpAIMHM HaINpsiKe-
HUH, B YaCTHOCTHU, B paiioHe oTBepcTuil [1].
B aToii cBs3m coxpaHeHHe (GYHKITHOHATBHBIX

CBOMCTB O0OJIOYKHM TPU aBapuud BO MHOTI'OM
OTIpenensieTcss TeM, KaKue KOHCTPYKTHUBHBIE
pereHus: OBUTH MPUHATHI IS yCTpaHEHUS d¢-
(exTOB, O00YCJIOBICHHBIX KOHIIEHTpAIUCH Ha-
NPSKEHUH B 30HaX MPOXOOK.

B nanHoii paboTe paccMaTpUBArOTCs CIIOCOOBI
CHW)KEHHsl KOHIIEHTPALUH HAINpsHKEHHH, BBI-
3BaHHBIX HAJIMYMEM OTBEPCTHH pPa3INYHOTO
JIMAMETPa, 10 JOMYCTUMBIX 3HAUEHUH.

Penienne 3amaum  onpeneneHUsl BETUYHUHBI
KOHIIEHTpallud HamnpsyKeHUH BOIM3M OTBEp-
CTHI B IIMJIMHAPUYECKON 00O0JI0UKE paccmart-
pUBAJIOCHh PA3MMYHBIMHU aBTOpamu [2]. OCHOB-
HbIM CPEACTBOM CHHIXCHHA KOHLCHTpaluuu
HaNpPsOKEHUH SBIIIETCS YCUJICHHE 30HBI OTBEp-
CTHH, KOTOPOE MOXET OCYIICCTBIATHCS Clie-
IYIOUIMMH CHOCO0aMU: NMPUMEHEHHEM MeTal-
JIMYECKOTO KOJIbIA, YCTPOUCTBOM JIOKAJILHOTO
YTOJIIEHUS B 30HE OTBEPCTHS, pa3MeElIeHHEM
JIOTIOJTHUTENILHON apMaTyphl.

B 3aBUCHMOCTH OT BENWYMHBI KOHIIEHTPALUU
HarpsiKeHUH, 00yCIOBIMBaeMON OTBEPCTHS-
MU, BCE TEXHOJOTMYECKHE MTPOXOAKH MPOEKTH-
pyeMoi 3amMTHOH OO0OJOYKM MOXKHO pasfe-
JUTh Ha Tpu Tpymmel: Mamoro (7 <0,9m),
cpennero (0,9<r <2,1M) wu Oonpuioro
(r >2,1 m) paguyca r. B pabore xoHueHTpa-
LU0 HamnpsHKeHWid OyJeM XapaKTeph30BaTh
MaKCHMaJIbHBIM KO3()PHUIMEHTOM KOHIEHTpa-

nuu Hanpspkennit K, [3]:
K, =250,0+24-72/(R-h)) (1)

rne R — pamuyc cpeiuMHHON MOBEPXHOCTH
000JI0YKH; /1 — TOJIIMHA CTEHKH OOOIOUKH.

JI1s1 BBIIETICHHBIX TPYMIT MPOXOAOK IENeco00-
pa3HO HCIIONB30BaTh Pa3IUYHBIE KOHCTPYK-
THUBHBIE PEILICHUS [0 UX YCUIICHUIO.

JIns BBIIGTICHHBIX TPYIIT MPOXOA0K 1eJIeC000-
pa3HO HCIIOJB30BaTh pa3lUYHbIE KOHCTPYK-
TUBHBIE PEIIEHUS IO UX YCUJICHHUIO.

HeoOxoammoe ycuiieHHe OTBEPCTUH Majoro
pamnyca, MaKCHUMaabHBIH KO3((HUIIMEHT KOH-
IICHTPAIKM KOTOPBIX MEHbIIE 2,7, MOXKET OBITh
o0ecreueHo MmyTeM MOAKPEIICHUS OTBEPCTHUS
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KOJILIIOM U3 0OoJiee KeCTKOro marepuana (Me-
TaJlyla) U yCTAaHOBKOH JOMOJIHUTEIBHON apMma-
Typbl 0€3 YTOJIILEHHS 30HbI OTBEPCTHUS.

Jnst cHUKEHUsT KOHLEHTpalUu HanpsHKEHHM
B 30HE TE€XHOJIOTMUECKON MPOXOAKH CPEAHEro
pamumyca,  MakKCUMalbHBIH KO3 PHULUEHT
KOHLIEHTPALlMM KOTOPBIX HAaXOAUTCS B Mpere-
nmax 2,7 ... 3,45, MOAKpEIUICHNUs OTBEPCTHS Me-
TAIMYECKUM KOJIBIIOM M YCTaHOBKH JOMOJ-
HUTENBHOW apMaTypbl HEIOCTATOYHO U Tpely-
€TCs YTONLIEHNE 30HbI OTBEPCTHs. XOTA MpH-
MEHEHHE CHMMETPHYHOTO JIByXCTOPOHHETO
yTONIIEHUS siBiseTcss Haubonee SPQPEeKTHB-
HBIM, B CHJIy CYILIECTBEHHON TEXHOJIOTUYECKON
CJIO)KHOCTH YCTPOWCTBA TaKOTO YTOJILEHMS,
IUIE  TEXHOJOTMYECKUX MPOXOJOK CPEeTHETO
pazmyca 1enecoo0pa3HO MPUMEHATh OJHOCTO-
POHHEE YTOJIILEHHE.

B mpakTHke OoTe4ecTBEHHOTO M 3apyOeKHOTO
OMBITa CTPOUTEIBCTBA 3ALUTHBIX 000JI0YEK
ADC ucnosp30BaIMCh OJHOCTOPOHHUE YTOJI-
LIEHUS KAK C HAapy)KHOH, TaK U C BHYTPECHHEU
CTOPOHBI CTEHKH o6Oonoukd. Kak mnpaswuio,
YCTPOHCTBO OJHOCTOPOHHETO YTOJILUEHUS C
TOH WM WHOW CTOPOHBI CTEHKH OO0OJOUYKH
JUKTOBAJIOCH TEXHOJIOTHYCCKUMU (baKTOpaMI/I.
OpHako mpu ONpenesieHuH CTOPOHBI Pacroio-
JKEHHSI OJHOCTOPOHHETO YTOJIIEHHUS 30HBI OT-
BEpCTHUS B 3aIIUTHON 000JI0YKE, C HaIIeH TOY-
KU 3pEHUs], B MEPBYIO OYepelb CIenyeT Y4H-
THIBaTh TO OOCTOATENHCTBO, YTO B CIy4ae OJ-
HOCTOPOHHETO YTOJIIEHUS 30HBI OTBEPCTHUS
NPOUCXOANUT U3MEHEHNE KPUBU3HBI CPEANHHON
MOBEPXHOCTH OOOJIOYKH B 3TOH 30HE. Benen-
CTBHE 3TOTO B COOTBETCTBUU ¢ (1) mpu BHYT-
PEHHEM OJHOCTOPOHHEM YTOJIIEHHUH CTEHKH
OUIMHIPa pannyc KPUBU3HBI CPEAMHHOU IO-
BEPXHOCTH OOOJIOYKH B 30HE OTBEPCTHS OymeT
0oJjbie, a KO3I(PQPHUIMEHT KOHIIEHTPALUH Ha-
NpPsDKEHUH MEHBIIE, YeM TPH Hapy >KHOM OJIHO-
CTOpOHHeM yrommennd. [loaToMy mpu omHO-
CTOPOHHEM YCTPOWCTBE YTOJIIEHHUS CTEHKU
000JIOYKH B 30HE OTBEPCTHUS pacmojaraTtb ero
CIIEYET C BHYTPEHHEH CTOPOHBI.

OpHako, C KaKoi ObI CTOPOHBI CTEHKU 3allUT-
HOW 00OJIOUKH HE YCTPauBAIOCh OJHOCTOPOH-
HEe YTOJIICHWE B 30HE OTBEPCTHS, CYIIECT-
BEHHOT'O CHIDKEHHUS KOHIICHTpAIMHM HAampsiKe-
HUI Ha CTOPOHE, MPOTHBOIIOIOKHOW YTOJIIIIE-
HUIO, HE TIPOMCXOIWT. BceriemcrtBue w3moMa
CPEIMHHON TOBEPXHOCTH 00OJIOYKU B HEH Oy-
JyT BO3HUKATh M3TUOAIOIINE MOMEHTEI, ICHCT-
BYIOIIME W3 TIIOCKOCTH OOOJOYKH, IMPOIIOp-
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IIMOHAJILHBIE CMEIICHUI0 CPEIMHHON MOBEpX-
HOCTH. JTO OOCTOSITEJILCTBO HE II03BOJISET
o0ecreynTs HEOOXOAMMOE CHM)KEHHE KOHIIEH-
Tpauym HaHpH)KeHI/Iﬁ B 30HC TCXHOJIOTHYCCKHUX
MPOXOJIOK OoJbIIOro auamerpa. [IpumeHeHHe
OJIHOCTOPOHHEr0 YTOJIICHUS IS TaKhX OT-
BepcTHi Mao3(pPEeKTHUBHO, U CHUKCHHE KOH-
LEHTPAlUN HaNpsSKEHUH 10 JIOMYCTUMOTO
YPOBHSI HEBO3MOXHO 0€3 YCTPOWCTBA JBYCTO-
POHHETO YTOJIICHHUS 30HbI OTBEPCTHSI.

OpHOl M3 OTJIMYUTENHHBIX OCOOEHHOCTEH 3a-
IMUTHBIX 0007104ek ADC HOBOro ITOKOJEHHS
noBblieHHoN HanesxxHoctu HII-1000, motpe-
OoBaBIIIEH CIIENUAIbHBIX UCCIIENOBAHNM, SBJIA-
€TCsl HAIMIUE B HEH 0CO000 KPYITHOM TEXHOJIO-
THYECKOM TMPOXOJAKU JUaMETPOM TOpsIKa
7,0 M. B nanHo#i pabote pa3zpaboTaHa KOHCT-
PYKLUSl YCUJIEHUS TaKOM TEXHOJOTHYeCKOn
npoxoaku ADC HII-1000, obecneunBaromas
CHU)XKEHUE KOHLIEHTPAlUU HANpssKEHUNH mpu
NIEUCTBUM BHYTPEHHETO JaBIEHUs, BO3HH-
KAaloILIEeTO NIPU TSHKEIOW aBapuH.

B ocHOBy omnpeneneHusi HICXOAHBIX BapUaHTOB
KOHCTPYKIMH U TapaMeTPOB JIBYXCTOPOHHETO
YTOJILIEHUS TOJI0KEHO J[Ba MPHHIIKIA YCTPO-
CTBa YTOJNILECHUSA:

1. mnnomwans Ce4eHHsl YTOJIUIEHUS] CTEHKHU MO
HaMpapJICHUIO JIEUCTBUA MaKCHUMaJlbHBIX
YCHJIMH NOJDKHA OBITh HE MEHee IUIOIIaIn
CEUYEHHUA OTBEPCTHS;

2. COMpsDKEHHE YTOMIIEHUS CO CTEHKOM IJIMH-
Jipa JOJDKHO OBITh IO BO3MOXKHOCTH TLIaB-
HBIM, 0€3 PE3KHX H3TIOMOB TOBEPXHOCTH.

[lepBoe ycioBre BayKHO ¢ TOYKH 3pEHUS COXpa-
HEHHS CPEIHEro YPOBHS HaNpsHKEHHUH 1Mo cede-
HHIO 00O0JIOUKH, a BTOpOE€ — 00ECIevYnBaeT OT-
CYTCTBHE OOJIBIINX TPaJNECHTOB HANPSDKEHUHA B
30HE COTPSDKEHHS YTOJIIIEHHS CO CTEHKOM.

OcobeHHOCThIO 3aa4u BEIOOpa (GOpMBI yCHIe-
HUSI TEXHOJIOTMUECKOM MPOXOIKH ABJISIETCS He-
00XOMMOCTh pacyeTa O0OJIOUKH C YCHIIEHHEM
B TPEXMEpPHOH IOCTAHOBKE, MOITOMY AJs €e
peLIeHus] HOJDKHBI MCIIOJIb30BaThCsl COOTBETCT-
BYIOIIIE€ pacyeTHBIE METOJIbI, MO3BOJIOIIHE
peannzoBath MoJ00OHKIE pacueThl. B pabote ams
pacdera HanpsHKEHHOTO COCTOSIHUSI 3aLUTHOM
000JIOYKH C YCHIICHHON TEXHOJIOTHYECKOH TIpo-
XOHKOﬁ HCII0JIB30BAJICA METOJ KOHCYHBIX 3JIC-
MeHTOB. llockonbKy wHccnenyemble KOHCTPYK-
TUBHBIE PELLIEHUS] PACCMaTPUBAEMON KOHCTPYK-
IUHN ABJAIOTCA CYIIECTBEHHO HECHMMMETPUYHDBI-
MH OTHOCHTEIIBHO CPEAMHHOM TOBEPXHOCTU
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I MOACJIMPOBAaHUA KOHCTPYKIHHU HCIIOJIB30-
BaJIUCh 00BEMHEIC KOHEUHEIE 3JIEMEHTEI.

B kauecTBe OCHOBHOHN pacye€THOM Harpys3ku
OBLIO TPHUHSATO BO3JEHCTBHE BHYTPEHHETO
napneHus. [Ipu 3ToM U3 paccMOTpeHHUs uC-
KJItoUajgach pajdajbHO HamlpaBlieHHAs Harpys-
Ka OT KPBILIKU LUII03a, BEI3BAHHAS IEUCTBUEM
Ha HEE BHYTPEHHEro NaBJECHUs, MOTOMY 4YTO
Harpy3ka OT MpeIBapUTEILHOIO HAIpPSLKEHHUS,
MOBTOPSISE C OOpPaTHBIM 3HAKOM BO3JCUCTBUE
BHYTPEHHETO JAABJICHUS, HE UMEET paauaibHOU
Harpy3Kd 1O KOHTYpY OTBepcTHsA. Takum 00-
pa3oM, MOJIyYeHHAsl KapTHHA HAMPSKEHHOTO
COCTOSIHHS OYyIIeT OTpakaTh 3aBUCHMOCTH yCH-
JIEHUS OT BO3JEHUCTBUS OCHOBHBIX HAarpy3okK.
[Tpu BEIOOpPE ONTUMANILHOW (OPMBI YCUICHHUS
KPYIHOW TEXHOJOTMYECKOW MPOXOJKU 3aLUT-
HOW 000JIOYKH TIOBBIIIIEHHOW HAJIEKHOCTH OBI-
JI0 PacCMOTPEHO TPU MCXOIHBIX BapHaHTa
¢dopmbl ycunenus (puc. 1).

Ilnomanu cedeHus YTOJIIMIEHUS PaCCMOTPEH-
HbIX BapUAHTOB, BOCIPUHUMAIOLIUE KOJbIIE-
BbI€ YCUJIUS, COCTaBJISIIOT 4,7 M, 6,3 M 1 7,74 M
B BEPXHEH M HWXKHEW OT OTBEPCTHS 4YacTsIX
ycuinenust st 1-ro, 2-ro u 3-ro BapUaHTOB.
IInomans OeToHA, U3BATAsA U3 CEYCHUS CTEHKU
000JI0YKH OTBEPCTHEM, COCTaBISICT 4,2 M s
BEPXHEW M HIKHEH 4YacTed OTBEpCTUs. ¥Y4u-
TBIBas, YTO MaKCUMaJbHBIMHU B paccMaTpHUBae-
MOM Clly4yae SIBJIFIOTCA KOJBLEBbIE YCUIUS U
OHM B CEUCHUU YTOJIIEHUS, BOCIPUHHUMAIO-
oieM MEpPUANOHATbHBIE YCUUS, MPUBOAAT K
YMEHBIIIEHUIO YPOBHA MEPUAMOHAIIbHBIX Ha-
MPsODKEHUH, HET HEOOXOAMMOCTH CTPEMUTHCS
BOCTIOJTHUTH OTCYTCTBYIOIIHMI 00bEM B JAHHOM
CEYEHUM YCHJIEHUEM, UMEKOIINUM IUIOMIAlb Ce-
YeHUs PaBHYIO IUIOMATu OeTOHa, M3BATOW U3
CCYCHHUsI CTeHKH 000JI0ukHM OTBepcTHeM. [lo-
3TOMY B CEYEHHMH, BOCIPUHUMAIOLLEM MEpH-
JIMOHAJIbHbIE YCUJIUS, UCTIOIB30BAIUCH JOTOJI-
HUTENbHBIC TUIOIIanAu OeToHa paBHbe 1,1 M,
1,94Mm u 3,12 M COOTBETCTBEHHO njid 1-TO,
2-r10 ¥ 3-T0 BapHaHTOB (DOPMBI YCHIICHHS.

PesynpTaTthl mpoBenEeHHOTO aHanM3a MOKa3bl-
BafOT, YTO OOIIME MPUHITUIIE GopMoobOpaszo-
BaHUS ycuieHusd (yTONIIEHHE C JBYX CTOPOH
HUITHHIPUYECKON CTEHKH) MO3BOJISIOT CHU3UTh
YPOBEHb CPEAHUX HANPSKEHUN B 3TOM 30HE.
O/HaKO TeOoMEeTpUYeCKHe XapaKTepHUCTUKU
YTOJIIIEHUI MCXOAHBIX BapUAaHTOB He obecre-
YUBAIOT CHIDKEHHSI YPOBHS HAamNpsOKEHWH Ha
BHYTPEHHEH TOBEPXHOCTH OOOJIOYKH BOJIH3H
OTBEPCTUS 10 YPOBHSI HANPSKEHUA B CTEHKE

0e3 orBepcTHs. Ha puc. 2 mpencraBieHs! 3mio-
pPbl KOJBLEBBIX HANPSKEHUI B MPOXOASIIEM
yepe3 LEHTP OTBEPCTHSI MEPUAMOHAIBHOM Ce-
YEHUU 3aIIUTHOM OOOJIOUKU IJI TPEeX HCXO-
HBIX BapUaHTOB yCWIeHUsA. [[yHKTUpHBIMU JH-
HUSMHM Ha 3TOM PHUCYHKE IOKa3aHbl SIIOPHI
KOJIBIIEBBIX HAIPSDKEHHUM B 3alTUTHOW 000510Y-
ke 0e3 orepctus. M3 mpencraBieHHBIX Tpa-
(PMKOB BHIHO, YTO, HECMOTpPSI HA CUMMETPHY-
HOCTb JAHHOIO CEYEHUs] YCWIECHHUS OTHOCH-
TEJIbHO CPEIUHHON TOBEPXHOCTH OOO0JIOYKH,
HaOIOJaeTCs 3aMETHOE CMEIICHHE S0P Ha-
HOPSKEHUI B CTOPOHY LIEHTpa LUUJIMHAPA OTHO-
CUTEJIbHO 3TON MOBEPXHOCTH.

JIns mepBoro BapHaHTa T€OMETPHU YCHIICHHS
30HBI TEXHOJIOTMYECKOW MPOXOJIKH MOXHO OT-
METUTH CIEOYIOIINE XapaKTepHble OCOOEHHO-
CTH DPACHpEAEICHNsT KOJBIEBBIX HANpPSKEHUH.
Ha BHyTpeHHel MOBEpXHOCTH OOOJOYKH C
YTONIIEHNEM JEWCTBYIOLINE KOJIBLEBBIE Ha-
MPSDKEHNS TIPEBBIIIAIOT COOTBETCTBYIOIINE Ha-
MpsoKeHus B obosiouke Oe3 oTBepcTHs (HOMU-
HaJIbHBIE HarnpskeHus1) Ha 68%. To ecTb, B aTOM
o0JlacTH HE YJajuoch TMOJHOCTBIO CHATH KOH-
LIEHTPAIMIO HaIpsHKEHUHM, XOTs Ha Hapy>KHOU
MIOBEPXHOCTH KOJIBIIEBbIE HANpPSHKEHUS] HUXKE
HOMUHAJIBHBIX. YPOBEHb CPEAHUX HANPSKEHUN
B 000JI0YKE C OTBEPCTHUEM IMPEBBIIACT HOMH-
HaybHbIEe HanpspkeHus Ha 30%, 9To TOBOPUT O
HEIOCTaTOYHOCTH TOJIIIMHBI YCHUIICHUSL.

Jlns BTOpOro BapvaHTa T'€OMETPUHU YCUJICHUS
30HBI KPYIHOH TEXHOJIOTUYECKOW MPOXOJIKU
KOJIBIIEBBIE HAMPSOIKEHUS HA BHYTPEHHEH TMo-
BEPXHOCTH TPEBBINIAIOT HOMHMHAJIbHBIE Ha
45%. 1o ypoBHIO CpeIHUX HAMpPSKEHUU Mpe-
BBIIIICHHUE B 000JOYKE C OTBEPCTUEM COCTABIISI-
eT okojio 10%, 9TO MpH CUMMETPUYHOM YyCH-
JICHUH B LIECHTPAJIbHOM CEYCHUU TPeOyeT Iajb-
HEHIIero yBeITNYCHUS TOIIIUHBI YCHIICHHSL.

YBenuueHue TOMMMHBI ycuiieHus 1o 3,0 M npu
COXPaHEHUH €ro CHMMETPHHM OTHOCUTEIbHO
CPEAMHHON MOBEPXHOCTH OOOJIOYKH B CTBOpE
JIEHCTBUSI MaKCHMAaJbHBIX KOJIBLEBBIX HaIps-
KEHUH HE JaeT jKelnaeMoro pesynbrara. llpm
CHWXEHUU YPOBHS CPEIHMX HANpsDKEHUH Ha
4% OTHOCHTEIbHO HOMWHAIBHBIX HaOIIONAET-
Csl, OJHAKO, TPEBBIIIEHUE HOMHHAIBHBIX Ha-
OpSOKEHUI Ha BHYTPEHHEH IMOBEPXHOCTH 3a-
HIUTHOM OOOJIOYKH, YTO TOBOPUT O HEOMNTH-
MaJbHOCTH  MPHUHATOTO  KOHCTPYKTHBHOIO
peleHus.
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Mexanuxa npednanpsaxcentvix 3auummnulx odoonovex A2C
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Puc. 1. T'eomeTprdeckue pa3Mephl 4€ThIPEX BAPHAHTOB KOHCTPYKTHBHOTO PEIICHUS yCHUICHUS 30HBI TEXHOIOTHYECKON
MPOXOKH AUAMETPOM 7 M
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Puc. 2. PactipenienieHHsl KOJBIIEBBIX HANPSKEHHUI HA BHEITHEH U BHYTPEHHEH MOBEPXHOCTAX 3aIlIUTHON 000J0YKH B
BEPTUKAIBHOM, ITPOXOAILEM Yepe3 LIEHTP MIPOXOIKHU, CTBOPE AJIS TPEX UCXOJHBIX U Pa3pab0TaHHOIO BapUAHTOB YCUIEHUS
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Puc. 3. PacnipenienieHys KONbLEBBIX HAMpPsKEHUI Ha BHELTHEH MOBEPXHOCTH 3aIUTHOI 000I0UYKH
JUISl YeTBEPTOTO BAPUAHTA YCHIIEHUsI 30HBI TEXHOIOTMYECKON MTPOXOAKU
TIPU BO3/I€HCTBUU BHYTPEHHETO JaBICHHS
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Mexanuxa npeonanpscennvlx 3auumnsix obonovex A2C

Tpyowr HBPAD PAH. Buinyck 6

Hawubonee sipkum moareepkaeHreM >QdexTrs-
HOCTH YETBEPTOrO BapHaHTa KOHCTPYKTHBHOTO
pELIeHUs] YCUJIEHUA KPYITHOW TEXHOJIOTMYECKOU
MPOXOAKH 3alllMTHOW OOOJIOUKU TOBBIIICHHOW
HaJIS)KHOCTH SIBJISIETCS CPaBHEHHE JITIOP KOJIbLIE-
BBIX F3THOAIOIINX MOMEHTOB B MPOXOAAIIEM
yepe3 LUEHTP OTBEPCTHS MEPHUIMOHAIBLHOM Ceue-
HUM OOOJIOYKM JUIsi BCEX YETHIPEX BapUAHTOB
YCUJIEHHS, MIPUBEACHHBIX Ha puc. 5. Kak BuaHO
W3 TIPEJCTaBICHHBIX PE3YJIbTaTOB, MaKCHMallb-
HbIC 3HAUECHUS KOJBLEBBIX M3MMOAIOIINX MOMEH-
ToB cocrasiser 410 /M, 350 /M 1 290 T/™M, co-
OTBETCTBEHHO, /IS IEPBOTO, BTOPOTO U TPETHETO
BapUaHTOB YCWJIEHHS, B TO BpeMs Kak Uil 4eT-
BEPTOr0 BapHaHTa MaKCHUMAaJbHOE 3HA4YCHHE
KOJTBIIEBOTO M3TMOAIONIETO0 MOMEHTA HE TPEBBI-
maeT 90 /M. [IpUHIMIHAIEHO BO3MOXKHO CBeE-
CTH 3HA4YeHHs KOJIBIIEBOTO HM3THOAIOIIEr0 Mo-
MEHTa JI0 HyJsl, 00ecreurB a0COMOTHOE PaBEH-
CTBO HaNpsDKCHUH Ha 00€MX MMOBEPXHOCTSIX 000-
JIOUKH, HO 3TO TOBJIEYET 32 COOOW 3HAYUTENBHOE
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YCTIO’)KHEHHE TeOMETPUH YCHJIEHHS MPU BechMa
MmasioMm 3¢ ¢exre. Kpome Toro, mockonbky mpo-
BEJICHHAs ONTUMHU3aIUs (QOPMBI  yCHIICHHS
KPYITHOH TEXHOJIOTMUYECKON MTPOXOIKH OCYLIECT-
BJISUIaCh TOJIBKO TPH aHaM3e HaNpsKEHHOTO
COCTOSIHHSI, OOYCIIOBIIEHHOTO aBapHHHBIM BHYT-
PEHHUM [aBJICHUEM, W HE YUMUTBIBAJIa APYTHUX
(akTopoB, AATBPHEHITYI0 MOOU(UKALIMIO yCHIle-
HUS IIEeCO00pa3HO TPOU3BOAWTH TIOCTE BEI-
TIOJTHEHHSI PACcUYeTOB, YUUTHIBAIOIINX BO3IEHCT-
Bue napyrux ¢akropoB. PazpaboraHHoe KOHCT-
PYKTHBHOE peLIeHHe 30HbI KPYIHOH TeXHOIOTU-
YEeCKOW MPOXOMKHU TTO3BOJUT MPUCTYIUTH K Clie-
JYIOIIEMY 3Tally pa3paOOTKH YCHJICHHS 3alllUT-
HOM O00OJIOYKM TOBBIIIEHHOW HAaJEXHOCTH —
aHaIM3y HEOJHOPOTHOCTH HAIpPSHKEHHOTO CO-
CTOSTHUST 000JIOYKH, OOYCIIOBJICHHOM OTTHOaMM
npegHanpsAraéMbelx apMaTypHBIX KaHATOB B 30HE
OTBEpCTHUS, U Pa3pabOTKE ONTHUMAIEHON CXEMBbI
apMHPOBAHMS 3aIIUTHON 00O0IOUKH.

Puc. 4. PactipesienieHus1 KOJbLIEBBIX HANPSDKEHUH Ha BHYTPEHHEH TOBEPXHOCTH
3aIIUTHON 00O0JOYKH JJIsl YETBEPTOr0 BapUAHTa YCHIICHHS 30HBI TEXHOJIOTMYECKOM MPOXOIKU
MIPU BO3/I€HCTBUU BHYTPEHHETO JaBICHHS
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Puc. 5. Pactipeenenunst n3ru6aroIx MOMEHTOB B MEPUANOHAILHOM CEYEHUH 000IOUKH
JUISL YETBIPEX BAPUAHTOB KOHCTPYKTHBHOTO PELIEHHs YCUIEHHS 30HbI TEXHOJIOTHUECKOM
MPOXOJKH AUAMETPOM 7 M

Bbi800bI

1. I TEXHOJIOTHYECKUX TMPOXOAOK OOIBIIOTO
IuaMeTpa  IPUMEHEHHE  OJHOCTOPOHHETO
YTOJIIIECHUS] HA BHYTPEHHEH WM BHEIIHEH Mo-
BEPXHOCTU CTEHKH OOOJOYKH HE MOXKET JaTh
3¢ dexTuBHOTO pe3ybTara.

2. PaccMoTpeHne HECKOJIBKUX BapHAaHTOB KOH-
CTPYKTUBHBIX PEUICHUN YCUJIEHHsI 30HBI TEX-
HOJIOTHYECKON TPOXOIKH OOJBIIOr0 AHaMETpa

Jlumepamypa

MO3BOJIMJIO  OTIPENEINTh OCHOBHBIE 3aKOHO-
MEPHOCTH pAaCIIpENIeNIeHNs] YCUINA B KOHCT-
PYKUMHU W, C y4eToM uMeroleiics nHpopma-
UM, pa3paboTaTb KOHCTPYKLUHUIO YCHIICHHUS
TEXHOJIOTHYECKOW  MPOXOAKH  JTHAMETPOM
7,0 M, obecreynBaloONIyl0 CHU)KEHHE KOHIEH-
TpalMy HanpsHKEHUH B 30HE MPOXOAKHU JI0 HO-
MHHAJIBHOTO YPOBHSI.

1.  Dameron R.A., Dunham R.S., Rashid Y.R., Tang H.T. Conclusions of the EPRI Concrete Containment

Research Program // Nuclear Engineering and Design. 1991. — Vol. 25. — P. 41-55.
Jlhypve A.H. CtaTuka TOHKOCTEHHBIX o0osouek. — M.: ['ocrexuzgar, 1947. — 362 c.

Vavsanoe A.H. PacueTHasi oLigHKa COCTOSIHHS 30HbI KPYITHBIX TEXHOJIIOTHYECKUX MPOXOJOK // DHepreTu-

yeckoe cTpouTenbcTBo. 1984. — 5. — C. 73-74.



JKcnepuMeHTanbHble UCcrefoBaHUA NO onpeaereHnro
KoadppuLmeHTa TpeHUa apMaTypPHbIX INIEMEHTOB
O CTEHKM KaHanoobpa3oBaTeneun Ha CyLleCcTBYHOLWUX
3aWmTHbLIX obonoykax ASC

A. H. Vavanos, B. H. Meodseoes

1. Memooduka onpedeneHusi KoaghghuyueHma mpeHusi

BenenctBue MexaHWYecKOro B3aMMOZEHCTBHUS
MEXly apMaTypHBIM KaHaTOM U MOJIM3THIIEHO-
BBIM KaHalI000pa3oBaTeleM B MECTax HX CO-
IPUKOCHOBEHUS BO3HUKAIOT CHJIBI TPEHUSI, KO-
TOpBIE COMPOTHUBIISIIOTCS OTHOCUTEIBHOMY TIe-
PEMEILEHUIO apMaTypHOro KaHaTa B NMPOJOJIb-
HOM HampasiieHUH. BO3HHMKHOBEHHE CHI Tpe-
HUS TIpM HATSDKEHWH apMaTypHOTO KaHara
MPUBOAMT K MOTEPE YCWINH MO BCEH €ro M-
He. OCHOBHBIMH (haKTOpaMH, BIMSIOLIMMHU Ha
BEJINYMHY IOTEPb YCWIMH B apMaTypHOM Ka-
HaTe OT TPEHHUS, ABISAIOTCS:

— MPEeIyCMOTPEHHBIE  TPOEKTOM  PaTUYChI
KPUBU3HBI PACIOaraeMbIX B Tesle 3allUTHOU
000JI0YKH apMaTyPHBIX 3JIEMEHTOB,;

— Hen30eXKHOEe OTKIIOHEHHE KaHallooOpa3oBa-
Teled OT 3aJlaHHOW TPaeKTOPHUU KPHUBU3HBI,
BO3ZHHKAIOIIEE IPH COOPYKEHHUU 3aIUTHBIX
000J104€K;

— XapaKTEepPUCTHKH apMaTypHOTO 3JeMEHTa
(1epoxoBaToCTh MPOBOJIOK, UX JUAMETp, Ha-
T4Yre KOPPO3HH);

— MaTepuan KaHaimooOpazoBareneil (Merai,
TTOJIUATHIICH);

— BU]J HpHMeHS[eMOﬁ CMa3KH,

— U3MEHEHHE YCWIMH MO IJIMHE apMaTypHOro
3JIeMEHTa B 3aBHCHMOCTH OT BEJIMYHMHBI KOI(-
(uLMeHTa TpeHUs W yIJia ero u3ruba ornpenens-
ercd 1o (opmyrne Ditnepa, MPUBEICHHON HIKE.

Ilorepu HanpsykeHWl N0 JIJIMHE apMaTypHOTO
3JIEeMEHTa BCIIEJICTBUE TPEHHUsS €ro O CTEHKHU
KaHanooOpa3oBareseil MOryT OBITh ompenee-
HBI ABYMSI METOAAMHU: TIO PA3HOCTH yCHJIMI Ha
TSKHOM U TIyXOM aHKEpe apMaTypHOro 3je-
MEHTA U 10 ynpyrod aeopManuu yIJIMHEHUS
WIA YKOPOYEHHS apMaTypHOrO KaHaTa Npu
PA3IMYHBIX YCUIIUAX HATSKEHUS.

Hcrionb3oBaHne mepBoOro MeToa BO3MOXKHO Ha
TOJIOBHOM cepuu 3alUTHBIX oOonouek ADC,
rZie B HWKHEW YacTH KOHCTPYKLMHU MPEeRyCMOT-

22

pensl riyxue ankepa. IIpu 3Tom motpeOyrorcs
JOTIONTHUTENIFHBIE 3aTPaThl Ha YCTAaHOBKY KOH-
TPOJIbHO-U3MEPUTENBHOIN anmaparypsl U 0060-
pyaoBanus. Mcrnonp3oBaHue 3TOTO METOnA Ha
YHU(PHUIIMPOBAHHOW CEPUU 3AIIUTHBIX 000JI0YEK
ADC HEBO3MOXXHO H3-32 OTCYTCTBHSI TIIyXHX
AHKEPOB, apMaTypHbIE KaHATHl B HIKHEH 4acTh
KOHCTPYKLIMH HUMEIOT METAJUIMYECKHH KaHalo-
o0pazoBareib C palycoM KPUBU3HBI 1 M U J1Ba
TSOKHBIX aHKEpa Ha ee OMOpHOM KoJjble. Mc-
MOJIb30BaHME BTOPOTO METOJa MO3BOJISIET OMpe-
IEMATh KO3(PPHUIMEeHT TpeHus 0e3 mpuMeHEHHS
CHELMAIBHOW KOHTPOJIBHO-U3MEPUTEIBbHON an-
naparypsl ¥ IOTIOTHUTELHOTO 000PYI0BAHHSI.

CyIHOCTh METOZa OCHOBBIBAETCS Ha HMCIIOJNb-
30BaHMU (GOpMyJIbl Diiepa, KoTopasi XxapakTe-
pHU3yeT pacnpeieseHne yCUIMi 1o AJUHE ap-
MaTypHOT'O KaHaTa:

N,=N,-e*, (1)

rae N, — ycuinme TSHKHOTO aHKepa, € — Oc-

HOBaHHe HaTypaibHOro jorapudma, L — Ko-
a¢dunmeHT tpenus, 6 — yron usruba apma-
TYpPHOTO 3JIEMEHTa OT TSDKHOTO aHKepa JI0 pac-
CMaTpUBAEMOM TOUKHU.

[loncraBnsas B ykazaHHOE BBIpAKEHHE Pa3IIHU-
HbIE 3HAYEHHs YIJIOB M3rHOa apMaTypHOTO diie-
MEHTa NpH 3aJaHHOM 3HadeHHH KoddduumenTa
TPEHUsI, MOKHO TIONYYWTh 3HAYECHHS YCWUIUH B
apMaTypHOM BJIEMEHTE TI0 €T0 JUTHHE B 3aBHCH-
MOCTH OT YCHIIHS, NPHIOKEHHOTO HA TSHKHOM
KOHIlE. Pe3ynbTartel TakWx pacdyeToB YHAOOHO
paccMmarpuBath B BUjie TpadUuecKoil 3aBUCHMO-
ctu N ot Q, peAcTaBiaeHHo# Ha puc. 1. U3 npu-
BEJICHHBIX MaTePHAIOB BUIHO, YTO A KaKIOTO
3HaYeHUS KOd(hUIIMEHTa TPESHHUS XapaKTep pac-
npefesieHusl yCUIMH MO0 JUIMHE apMaTypHOTO
JNIeMEHTa OCTaeTcsl TMOCTOSHHBIM, MEHSeTCs
TOJIBKO YTOJI HAKIIOHA KPUBOW paciipe/IeieHHsI.

HpI/I CHMKCHUU YCWIIMA HAa AOMKpPATE HEPBO-
Ha4daJbHO HpOI’I30ﬁHCT CHMIXCHUE  YCHUIIHA
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TOJBKO B ONIM3JIEKAIIEH K TOKHOMY aHKepy
YacTH apMaTypHOTO 3JIEMEHTa, T.K. CHJIbI Tpe-
HUS MEXIY apMaTypHBIM DJIEMEHTOM U KaHa-
noobpa3oBareneM OyayT MPOTUBOICHCTBOBATH
HepEeMEICHNIO KaHaTa B 0OpaTHOM HarpaBJie-
HHH TaK jKe, KaKk OHM MPOTHUBOICHCTBOBAIIN €r0
MNEPEMECIUICHUIO IIPHU HATSAXKCHHUU.

XapakTep pacrpeleneHusl YCUiIni Mo JJIMHE
KPUBOJMHENHOT0 y4yacTKa KaHaTa B 3aBUCUMO-
CTH OT KO3 QULMEHTA TPEHHUS U YIJIa €ro H3-
ruba MpU CHUKEHUM HArpy3kud Ha TSDKHOM
KOHIIE, OTUCHIBAETCS 3aBUCUMOCTBIO:

N, =N, -e"% . 2)

B nannHoM ciydae N, — ycuiaue Ha TSDKHOM

KOHIIE KaHaTa IIPYU CHWKEHUU HArpy3KU B HEM
¢ OoJiee BHICOKOT'O YPOBHSL.

[onp3ysich yka3aHHOW 3aBUCHMOCTBIO MOXKHO
MOCTPOUTH TpaduuecKoe N300paKeHHEe TAKOro
mporecca JUIl  PacCMaTPUBAeMBIX 3HAYECHHH
K03(PULIMEHTOB TpeHUs (MMyHKTUPHBIC JTUHUA
Ha puc. 1).

Takum o0pa3oM, nMesi aHAJIUTUYECKHUE 3aBHCH-
MOCTH JUIsl YCHJIMS B JIFOOOH TOUYKE KPUBOJIMHEH-
HOTO apMaTypHOTO JJIEMEHTA TSI CITyJaeB MOIb-
€Ma M CHIDKCHHs Harpy3Kd Ha TSHKHOM KOHIIE
apMaTypHOTO 3JIeMEHTa, MOXXEM HaHTH TOUKY
HIepeceyeHnsl STUX KPHUBBIX, KOTOpask 0003HAYUT
AKTUBHBIA YYacTOK apMaTypHOTO JJIEeMEHTa B
NpOLIeCCe CHIKEHHsI HAarpy3Kd C TaHHOTO YPOB-
Hsl 10 JIpyroro, T.e. AedopManuu apMaTypHOrO
JNIEMEHTa NPHHWKEHUH HAarpy3KH B 3aJIaHHBIX
npenenax OyAayT MPOUCXOAWTH TOJBKO HA TOM
yuacTke. Yroia u3rua, 61, apMaTypHOTo 371€MeH-
Ta OT TSHKHOTO YCTPOMCTBA 10 TOUYKH Tiepecede-
HHS KPHBBIX, XapaKTepH3YIOUIMX HATsDKEHHE
apMaTypHOTO 3JIEMEHTa M CHIDKEHHE YCHIIMS
B HEM, HaXOJIMM, TIpUpaBHsB 3Ha4YeHHs Ni B BbI-
paxenmsix (1), (2),

Ny =N, -e". (3)
OTtkyna ciegyer
e = o 4)
Ny
[IpeoGpazosas (4), mosryuum
In(N, /N
ei = _M. (5)
2p

JiHy apMaTypHOTO KaHaTa Ha 3TOM y4acTKe
OTPEIEINM U3 BhIPAKEHUS

L = rs.ﬂ.ei > (6)

rae v.  — pagnyc u3ruba apMaTypHOro KaHa-
6.1.

Ta MpU €ro TPAEKTOPUH, MPOXOIAIIEH MO BUH-
TOBOH JIMHUU U PacnojlaraeMoi Ha MOBEPXHO-
CTH UMJHMHIpa ¢ paguycoM R, =23.15wm, Ko-
TOPBII MOXKHO ONPEIENIUTD MO 3aBUCUMOCTH

Ru.
Vor = (7)
(cosa)
rae o — YroJ 3axoja BHHTOBOM JIMHUM K TO-
PHU30HTAIBHOMY CEUYEHUIO TUJIMHIPA.

Ecau mpuHSTO yCIIOBHE, YTO HA JAHHOM ydYa-
CTKE Ha OJHOM KOHIUE JIEMCTBYET MpUpalllEeHHUE
yewmust, AN = N, — N, a Ha Ipyrom KOHIe
ydyacTKa MpUpAIleHHe PABHO HYJI0, CpEIHee
NPHUPAILCHAE YCUITUS B apMATYPHOM 3JIEMEHTE
Ha JIAHHOM y4acTKe COCTaBUT

— N, 0 N 0

AN, ==t =t (8)

BrI3BaHHOE 3TUM MpUpaIeHHeM YCHIIUS TPH-
parmenue nedopmariu OyaeT paBHO

N, L
Al=——, )
EF
roe E — Monynws ynpyroctu MaTtepuaia ap-
MaTypHOro 3JeMeHTa, kr/cMm~, F — momans

CeueHHs apMaTypHOro 31eMenTa, cM”. [1peot-
pa3ysi 3TO BEIpaXXCHHUE K BUIY
1= 2AEE (10)
N, 0 N 0

U HUCIOIB3Ys 3aBUCUMOCTH (5) U (7), MOXHO
MOJYYUTh BBIPpAXCHHUEC IJId ONPCACICHHSA KO-
a¢dumeHTa TpeHns apMaTyPHOTO JJIEMEHTa O
CTeHKH KaHai1000pa30BaTeisi, KOTOpOe 3alu-
IIETCA B BUJC

o=t (N, = Ny)In(N, /N,) (1)

4AIEF

OTiuure OT HATSKEHUS JII000TO apMaTypHOTO
JMeMeHTa OyNeT COCTOSATh JIUIIb B TOM, YTO
VM3MEHEHUE yCHUJINS B HEM TOBTOPSIOTCS MHO-
rokpatHo. OpHako, MpUHHMMAasi BO BHUMAaHHE
TO, YTO BO BCEX CIIy4asX OHO HE MPEBBINIACT
mpejiena yrnpyrod paboThl apMaTypHOTO dJie-
MEHTa M KOJIMYECTBO MOBTOPOB Ha HECKOJIBKO
MOPSJIKOB HUXKE JIOMYCTHMOTO YPOBHS C TOYKHU
3peHUs BIUSHHS MAJOIMKIOBON YCTalIOCTH,
TaHHBIE OTIWYHA HE TOBJIMSAIOT HAa CBOWCTBa
apMaTypHOTO 3JIeMEHTa B Tpolecce NalbHen-
IIe# ero IKCIUTyaTaluy.
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ITpunoxxeHue ycuinuidi K TSDKHBIM KOHIIAM apma-
TYPHOTO 3JIEMEHTa TPH TMPOBEIAECHUM HKCIIEPH-
MEHTAJIBHBIX PabOT OCYILIECTBIAETCS THAPOIOM-
KpaTaMHy TaK k€, KaK ¥ TMPH OOBIYHOM HaTsDKe-
HHHU KaHaTOB. I/I3MepeH1/1e MpUKJIaJbIBACMbIX
YCUITMIA OCYLIECTBIISIETCS 10 MOKa3aHUsIM 00pa3-
[[OBOTO MaHOMETpPA, YCTaHABIMBAEMOT0 Ha Mac-
JIOHATNIOPHOM HacocHOM craHuuu. Harpyska npu-
KJIaJbIBA€TCs MO3TAHO C M3MEPEHHEM IepeMe-
IIEHUH Ha KaXKIOM 3Talle 3arpyKeHusl.

I/I3MepCHI/Ie HepeMeH.[eHI/Iﬁ AHKCPOB, a, CJICO0-
BaTCJIbHO, W TSXKHBIX KOHLOB apMaTypHOI'O
QJICMCHTA, TAKXKC BBIIIOJIHAKTCA C OO0CTATO4-
HOM TOYHOCTBIO 3a CUET MCIIOJb30BaHUS (1)I/IK-
CHUPOBAHHOI'0 T€OMCTPUYCCKOr0 pasmMepa aH-
KepHOﬁ JacTu KaHaTra, a HMMCHHO — IIara

pe3pObl  OMOPHOHM raiikk, KOTOPBI paBeH
16 mM. 3a cder moBOpOTa Talku Ha (PUKCHPO-
BaHHBIA YTOJ 3aJaeTcsl CTPOTo OMNpeiesieHHOe
3HaYeHHE TepeMEelIeHns aHKepa Ha JaHHOU
CTyleHu HarpyxkeHus. IIpum 3ToM TOUYHOCTB
mmepenns cocrapiser 0,044 MM Ha OMH Tpa-
JyC TOBOPOTA TaiKH, T.e. OMIMOKa MpH Bpalle-
HUM raiikn Ha 10° mpuBedeT K MOTpeImHOCTH
u3MepeHus nepemenieHus scero Ha 0,44 mMm.

Hcnone3ys cpencTtBa M3MEpPEHUs] TOCTaTOYHO
BBICOKOH TOYHOCTH, MOKHO HCCIIEZOBaTh Xa-
paKkTep pachpenesneHusl YCWINi Mo JUIMHE ap-
MaTypHOTO 3JIEMEHTa M0 pe3yabTaTaM H3Me-
pEHMI TIpHUpAIlEeHUus] Harpy3KH U COOTBETCT-
BYIOIIMX UM MpUpAIleHuil YAJTNHEHHs KaHaTa.

2. Mopsidok nposedeHuUs1 3IKcnepuMeHmMoe u obpabomku

pe3ysibmamoes

OKclepuMeHTalIbHBIE UCCIEA0BaHUs 110 OIpe-
neneHno Kod(pummenTa TPeHUS OCYIIECTB-
JSUIMCh Ha 6-M 3Heprodyoke 3amopoKcKou
ADC u na nepBoM 3Heprodioke FOxHo-Ykpa-
nHCcKor ADC.

Ha 3anopoxckoir ADC skcneprMeHTalbHbIE
HCCIIENOBAaHUS 10 OIpeaeeHnto Kodddumm-
€HTa TPEeHHs MPOBOJMINCH Ha 3aIUTHOW 000-
JIouKe 6-ro 3HeproOIoKa BO BpeMsl ee MmpeBa-
putenbHOrO HampsbkeHus. Ko Bpemenn Hadama
JKCIIEPUMEHTABHBIX HCCIeIOBaHUA OBLIO 3a-
BEPLICHO MpEIBapUTENbHOE HAIMpPSKEHHUE Ky-
NOJBHOM YacTH 3aUIUTHONH 00OJIOYKH, TAE YCH-
TSl HATSOKEHHUS B apMaTypHBIX 3JIEMEHTaX Co-
CTaBJISUIM 3aJlaHHYIO BEJMYUHY, U BEIUCH pa-
OOTBI TI0 OCYLIECTBJICHHUIO MPENBAPUTENHEHOIO
HampsDKeHUS [OUIUHApUYeckord dactu (3/4
BCEX apMaTypHBIX OJIIEMEHTOB IMIUHIpUYE-
CKOMl 4YacTh 000JOYKM OBbUTM HATAHYTHI 10
yeunmust 700 T).

HemnocpencTBeHHBIM O0OBEKTOM JIJISL MCCIEIO-
BaHUM CIY>XWJI apMaTypHBbIH KaHaT, pacroJio-
JKEHHBI B LIWJIMHAPUYECKON YacTH 3alllUTHOM
000J104kr. OCOOCHHOCTHIO 3TOTO KaHaTa SBJIsI-
€TCsl TO, YTO OH OTHOCHUTCS K TPYIINe KaHATOB,
MMEIOIINX MUHUMAIIbHOE KOJIMYECTBO OTTHOOB
CBOEH TPAeKTOPUH OT BUHTOBOW JTWHHUH. DTO
MO3BOJISIET M30€KaTh HEOOXOAMMOCTH ydeTa
BITUSTHUAS MECTHBIX OCOOEHHOCTEW m3rmbda ap-
MaTypHOTO KaHaTa Ha MaJbIX paguycax KpH-
BU3HBI, YTO Ja€T BO3MOXHOCTH MOJYYUTh 3HA-

yeHre Kod(p(uIMeHTa TPEeHUsI PHU OCHOBHOM
panuyce u3rnda KaHaTa, paBHOM pagnycy BUH-
TOBOH JIMHUH C YIIOM 3axoaa 35°46'.

Uccnenyemslii apMaTypHbIii KaHaT uMen Qak-
THYecKyro muHy 178,2 M, (ITMHA OTHOHN BeT-
BU KaHaTa paBHseTcs npumepHo 89,1 M), mio-
Uk TONepevHoro ceueHuss — 88,984 cm’
(454 pOBOJIOKM AUAMETPOM 5 MM).

DKcnepuMeHTallbHbIE UCCIIE0BaHUs TI0 OTpe-
neneHuto kod(duimeHTa TpeHUs MPOBOIH-
Jmch caenyromum oopaszom. Ilocne ycraHoBKH
JOMKPAaTHOTO 00OPYAOBaHMS Ha TSKHBIX KOH-
Hax apMaTypHOrO 3JeMEeHTa BpalleHHEM
OIIOPHBIX I'a€K yCTaHABIMBAJIMCH PAaBHBIE JIH-
Hbl BbIXOJAa AaHKCPHBIX T'MJIb3 M3 KOJOALCB B
uessix oOecriedyeHusi OJMHAKOBBIX HadalbHbBIX
YCJIOBHH 3arpy’keHus. 3aTeM OBLIO 3aJaHo Ha-
YaJlbHOE YCWJIME HATsDKEHUS apMaTypHOTO Ka-
HaTa, OJWHAKOBOE Al 00OMX €ro KOHIIOB U
paBHoe 66,6 T.

HauanbHoe ycunue 3amaBajioch € LENBIO YCT-
paHeHHS BIUSHUS BO3MOXKHOTO — pa3iIHyuMs
JUIMH BETBEW apMaTypHOTO KaHara, 3a CUeT UX
pa3IMYHOrO0 NPOBUCAHUS B CBOOOJHOM CO-
CTOSIHWH, YTO TIOBJIEKIIO OBI 32 c000# momyde-
HHE HEOCTOBEPHBIX TaHHBIX HA MEPBBIX 3Ta-
nax 3arpyxeHust kaHarta. [l mpenoTBparie-
HUSl TIepeMellleHHs apMaTypHOro KaHaTta
B CpeHEH ero 4acTH yCWJIHS HaTshHKeHHsS Ha
000MX TSDKHBIX KOHIAX 3a7aBajUCh CHH-
XpOHHO, a HMX BeJMYMHA OmNpeaessiach IO
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MOKa3aHUsAM 00pa3IOBBIX MaHOMETPOB, YCTa-
HOBJIEHHBIX Ha MAaCJIOHANOPHBIX CTaHIIHMIX
TUIPOJIOMKPATOB.

XapakTep NPWIOKEHHUs Harpy3Ku K apMmaryp-
HOMY D3JIEMEHTY NpU NPOBEIEHUH SKCHEepH-
MEHTaJIbHBIX paboT MO ONpeAeneHuI0 Kod3d-
(unyeHTa TpeHMs OTIMYAlICsS OT Xapakrepa
MIPUJIOXKEHUS] Harpy3KH TPH MPOBENEHUH MPE-
BapUTENBHOTO HAMPSHKEHUsI 000JIOUKH TEM, YTO
JOMOJNHUTENBHO OCYLIECTBISUIOCE MHOTOCTY-
MIEHYaToe 3arpyXeHue W pa3rpykKeHHe apma-
TYPHOTO 35ieMeHTa (0e3 CHATHsI IOMKpaTa), pH
3TOM ONpPENEUINCh NPUPALLEHUS YCHIMHA W
nedopmaruii apMaTypHOIro 3J€MEHTa, pe3ylib-
TaTbl 3alUCBHIBAIMCH B KypHal. Vcrmeitanus
NPOBOIMIIUCE creayroumM obpasoM. Ilpu mo-
3TallHOM TIOABEME HArpy3KH, IOCJIE OTpbIBa
railkv OT aHKEpPHOW IUIMTHI 10 MAaHOMETPY Mac-
JIOCTAaHUMHU (PUKCHPOBAJIOCH YCHJIME OTpHIBa,
MOKA3aHMSl 3alUCHIBAIMCh B JKypHaJI. 3aTeM
OCYLIECTBIISUICST TOIBEM YCWIHSL HATSDKEHUA
KaHaTa Ha OIpeJeNICHHYI0 BEIUYHNHY, BEIMUMHA
MEPEMEILICHA TSKHOTO aHKEpa, XapaKTepH-
3ylolllasl yAJIMHEHHE apMaTypHOTIO 3JIEMEHTa,
oTpeJieNisAiachk KOJMYECTBOM OOOpPOTOB TalKu
MIPY BpAILEHUH €€ 10 ONUpPaHUs Ha aHKEPHYIO
IUIMTY. 3HAYCHUs NIPUPAILIEHNs] Harpy3Ky U Ie-
peMeIeHHs] aHKEpa 3alMChIBAIIUCH B KypHAJL.

IIpn mo3TarmHOM CHWKEHUM HArpy3KH OMpere-
JIAJIOCh YCWJIME OTpbIBa TalKM OT aHKEpHOM
TUTMTHI, 3aTEM MOBOPOTOM TaWKH Ha Ompere-
JIEHHOE KOJIMYECTBO 00OPOTOB 3a/1aBajioCh Iie-
peMeleHne TSHKHOTO aHKepa M cOpachIBajioch
JIaBJIEHHUE B JIOMKpAaTe A0 MOJIHOIO ONUpPaHUs
railki Ha aHKEpHYH MmauTy. s onpeneneHus
BEJIVYWHBI NPUPALICHUS YCHWIHMS B apMaryp-
HOM D5JIEMEHTE BHOBb OIPENENsIOCh YCHIIHE
OTpBIBAa TalKK OT aHKEepHOW TUUTHI. [loBTOpSS
TaKyl OIEPAalU0 HECKOJIBKO pa3, MOKHO IO-
JY4YUTh XapakTep AeGopMUpoBaHHS KaHaTa
MIPH MO3TAlTHOM CHW)KEHHWU W YBEITUYEHUH Ha-
IPY3KH Ha TSDKHBIX €70 KOHIAX.

B rpaduueckoii ¢opMe MOpAOOK 3arpykeHHs
apMaTypHOro KaHaTa MpH NPOBENEHUHU HCCIe-
JOBaHUI 10 ompeneNeHno Kol PuUIreHTa
TpeHusa TnpuBeneH Ha puc. 2. Kak BuaHo u3
NPUBEAEHHOTO HAa 3TOM PHUCYHKE HCIIOJIHH-
TEJILHOTO IpaduKa 3arpyxeHus, 3Tambl 3aja-
HUsI HArpy3KH HE UMEIOT CTPOro (pukcupoBaH-
HOTO 3HaYEHMsI. DTO CBS3aHO C TEM, UYTO B CHITY
MHEPLIMOHHOCTH TSDKEJION0 HATSKHOIO 000py-
JIOBaHHS BBITMOJIHUATE 3arpy’K€HUE U Pa3rpy3Ky
KaHaTa pPaBHBIMM 3TalaMH CO3J1aBajlo ONpese-
JIEHHBIE TPYIHOCTH, MO3TOMY OCHOBHOE BHH-
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MaHHe OBIJIO YHIENEeHO CcTporomy (ukcupoa-
HUIO HAarpy3KH U YIJIMHEHHUIO KaHaTa.

Ha mepBom sHeprodmoke FOxHO-YkpanHCKOi
ADC uccnenoBadusi IPOXOAUIM BO BpeMs Mpo-
BEJICHUSI KOHTPOJIBHO-TTPO(UIAKTHYECKUX PaboT
(KTIP)  cucrembl  mpedBapUTENILHOTO  Ha-
TIPSDKEHMS 3aIATHON O0OJIOYKH. YUHTBIBas TO
00CTOSITENTLCTBO, YTO HA JIAHHOW 00OJIOUKE ap-
MaTypHbIE KaHAaThl HAXOJIWIIUCh B SKCILTyaTalluu
B Pa3IMYHBIX TEMIIEPATypHBIX YCIIOBUSX Oolee
5 1er, MpoBeJIEHUs] UCCIIEIOBaHUM IO onpeese-
HAIO Kod(duimeHTa TpeHHs Ha OAHOM apma-
TYPHOM 3JIEMEHTe SBHO HejocTtaTodHo. Kpome
TOTO, B OTJIMYME OT KAHATOB, MPUMEHEHHBIX Ha
mecToM 3Heprobsoke 3amopoxckoir ADC, ap-
MaTypHBIE JIEMEHTHI, UCMOJIb3YEMBIE Ha IEPBOM
sHeproonoke HOkHo-YkpanHckoit ADC, UMeroT
OJTHY BETBb M, COOTBETCTBEHHO, TOJBKO OJMH
TSOKHOW aHKep, YTO B J[Ba pa3a CHIKAeT YHCIIO
MOTY4aeMbIX TIPH WUCTIBITAHHUSAX PE3YIIbTaTOB W3-
MepeHusl. B 3Toil cBA3M McClieIoBaHus MO OIpe-
JeJIEHUIO TIpUpalieHnst AeopMayii yATMHEHHS
B 3aBUCHUMOCTH OT BEJWYMHBI MPUKIAABIBAEMOM
Harpy3kd OCYILIECTBISIMCh Ha 12 apMaTypHbIX
JJIEMEHTaXx.

ITopsinok wm3MepeHHus NpUpAILEHUs YCWIMH U
nedopMaliiii B apMaTypHBIX dJIeMeHTax Ha 1-Mm
sHeprobnoke HOxHO-Ykpaunckor ADC aHa-
JIOTHYEH XapaKTepy MPOBEAEHUS UCCIIeIOBAaHUM
Ha IIeCTOM 3Heproodioke 3anopoxckoit ADC.

O6paboTKa IKCHEPUMEHTATBHBIX JAHHBIX IIPO-
BOJMJIACH B CIEMYIOUICH MOCIEN0BaTEIbHOCTH.
[lepBoHauaibHO oOMpenessiach BEIMYMHA TIPH-
pallleHUs TIePEMEIICHHS TTyTEM YMHOXCHUS 11a-
ra pe3p0bl (h =16 MM) Ha KOMUYECTBO 0OOPOTOB
raiiku OT OIHOTO JI0 APYTOTO TIOJIOKEHHUSL.

[IpuHrMas BO BHMMaHHE TO, YTO apMaTypHBIE
3JIEMEHTHI UMEIOT CJIOKHYIO TPaeKTOPHIO, pac-
npeeneHre yCUIui, a, clIe0BaTeNbHO, U Jie-
(dhopmanuii, POUCXOJUT HEPABHOMEPHO MO €ro
qnmuHe. Ha npsaMonuHedHOM — ydvacTke —ap-
MaTypHOTO JIEMEHTA, PACHONI0KEHHOIO Y TSXK-
HOTO aHKepa, MPUKIAIbIBAEMOe K HEMY YCHJIHE
pacrpocTpanseTcs 6e3 H3MEHEHHH, BBI3bIBas IO
uiMHe nedopMairu, TporopIHOHaIbHbBIE TPH-
pallleHNI0 YCWIMA Ha KaXXIOM dTare. JTh Jie-
(dhopManmu onpeeNsroTCs Mo 3aBUCUMOCTH

:(NO—N(})I
EF

rae | — uiMHa npSMOJIMHEMHOrO ydYacTKa Ka-
HaTa B CAHTUMETPAX.

Al (12)
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Jns onpenenenuss BeITUUWHBI KO3 UIMEHTA
TpeHUs] HEOoOXOIMMO ONpeAeNUTh Ty YacTb
negopMany KaHata, KOTOpas MpOU30ILIa Ha
€ro KpHUBOJMHEHHOM yuactke. s storo u3
U3MEPEHHOH TIpH TPOBEICHUH SKCHEPHMEH-
TaJIBHBIX MCCIEOBAaHUN BEIMYHMHBI IedopMma-
UM BBIYUTAETCS AedopManus €ro MpsiMOJIH-
HEHHOT0 y4acTKa

Al,=Al,, —Al. (13)

3areM TpPOBOAMIACH CTAaTUCTHUECKas oOpa-
00TKa MOJYYEHHBIX PE3yJIbTaTOB.

[TepoHavansHO  00pabaTHIBAUCE  TAHHEBIE,
MOJTydYeHHbIE TPHU HWCIBITAHUM apMaTypPHOTO
KaHata 6-ro sHeprobsoka 3amopoxckoir ADC.
[TpvHKMMas BO BHUMaHUE TO, UTO CPEJHUN yUa-
CTOK apMaTypHOTO SJIEMEHTa, UMEIOINA Me-
TAIMYECKUH KaHajJoo0pa3oBaTeilb W MaJbli
paanyc KpUBH3HBI, BHOCUT 3HAYUTEIBHYIO He-
OTIPEICTIECHHOCTh B XapakTep JAe(GpopMHUpOBaHUs
3TOH 30HBI, €ro CleAyeT UCKIIOYUTh U3 pac-
CMOTpEHHS TpH ompeAeneHnn KodpuirenTa
Tpenus. IloaroMmy mipu onpeneneHnn kod3ddu-
[IUEHTa TPEHHUs HEOOXOJUMO HCIOJIb30BaTh T
pe3yJIbTaTbl U3MEPEHUM, KOTOPBIE MMOITYUYEHbI
IIpyu U3MCHCHHU YCI/I.]'[I/II‘/'I B HEM Ha aKTUBHOM
Y4aCTKE, MCHBIICM IMOJIOBUHBI AJIUHBI.

[TpoBesieHHBIC BBIYUCIICHUS MTOKA3ald, YTO Be-
nuarHa Kod(dummenTa TpeHHs apMaTypHOTO
KaHaTa O CTEHKH KaHajoo0pa3oBaTess Ha KpH-
BOJIMHEWHOM y4acTKe KoJyieOJieTcs B Ipezeliax
or 0,059 mo 0,063 mpu cpenHem 3Haue-
auu 0,061.

[Topsimok  00pabOTKH  IKCIIEPUMEHTAIBHBIX
JIAHHBIX TI0 OMpPEJETICHUI0 KO3 PUIeHTa Tpe-
HHS, TIOMYYEHHBIX TPHU HCIBITAHUU apMaTyp-
HBIX 3JICMEHTOB Ha MepBoM 3Heprodioke FOx-
HO-YkpauHckoi ADC, ocylIECTBISIICS B TAKOM
xe nopsake. [1o pesynbraTam n3MepeHuil npu-
pameHust eopMaIiii YIUTMHEHUS. W yCHIIHS
MONYYEeHbl BENWYMHBI KO3(P(HIIMEHTa TPEeHUS
JUT KaXIOTO 3Tara HarpyXeHus BCeX apMa-
TYpHBIX KaHATOB, OMPEAEIeH CpPEemHHH KO-
(GUIMEHT TpeHHS JJIs1 KaXKIOTO MCIBITHIBAEMOTO
apMaTypHOTo KaHaTa M JJIsl BCeX KaHATOB.

ITpoBeieHHbIC BBIYMCICHUS TMOKA3bIBAIOT, YTO
BeTMIMHA KOd(DPHUITMEHTa TPEeHUS KOJIeOIeTcs
B npenenax ot 0,081 mo 0,089 mpu cpemnem
3nauenuu 0,085.

Takum 00pa3om, Kak MOKa3aaM MPOBEICHHBIC
OKCIICPUMEHTAJILHBIC HCCJICA0BaHMus, BCJIN-
yrHa KOd(QULIMEHTA TPEHHUs, MMOTyYeHHas Ha
6-M sHepro0iioke 3anopoxckoit A3C, 3Ha4M-
TEJIbHO MEHbILlE 3HAYEHUsI, MOJyYEeHHOTo Ha
1-m sHeprobnoke HOxuo-Ykpannckoir ADC.
Takoe paznuuue MOXXHO OOBSICHUTB TEM, YTO B
MepBOM cirydae Kod(pPHUIreHT TpeHus onpee-
JAIICS BO BPEMs MPEIBApUTEILHOTO HANpsiKe-
HHsL 00OJIOYKH, KOT/Ia TOJMATHIICHOBBIM KaHa-
71000pa3oBarTenb Ha KOHTAKTe ¢ OBEPXHOCTHIO
KaHaTa UMen Oojiee TNIAJKYI0 MOBEPXHOCTb W
HaJIM4Me CMa3Kd Ha MOBEPXHOCTH KaHarta Io-
3BOJIMJIO CYHIECTBEHHO CHU3UTH CHIIBI TPEHHUSI.
Bo BTOpom ciyuae k03((UIHMEHT TpEeHHUS OIl-
penensics Ha 3alUTHOW 000JI0YKe, HAXOIUB-
mIeiics B 9KCIUTyaTanuu Oosee 5 JeT | 3a 3TOT
HIepHOJl, OYEBUIHO, HA KOHTAKTHBIX MTOBEPXHO-
CTAX KaHaTa W KaHaJooOpas3oBarTens IMpo-
W30IUTH HeoOpaTUMBbIE U3MEHEHHS (TTPOJaBIIH-
BaHME TMOJHMITHIIEHA, YMEHBIIIEHHE CIIOS CMa3-
KH, TTOSIBJIEHUE KOPPO3UU U IIp.).

[TonTBepkaeHWEM 3TOTO MPEATIONOKEHUS MO-
TYT CIYXHUTh NpHUBeNeHHbIEe B [1] aKcrepumeH-
TaJbHBIE JaHHBIE O 3aBUCUMOCTH KoddduimenTa
TPEHUsI OT MPOIOIDKUTEILBHOCTH HETIOABMKHOTO
KOHTaKTa JBYyX T€J W3 Pa3JIMUHbIX MaTepUasIoB.
3HauuTENbHbIE KOHTAKTHBIE HANpsDKEHUS, BO3-
HHUKAIOLIME Ha peabHBIX MIIOIIAAKaX, BO BpEMe-
HH NPUBOJIT K YBEIWYEHHUIO ITPOSIBIEHUS PEOJIO-
TMYECKMX TPOIECCOB (YBEIMYEHHWE BHEIPEHUS
€IMHUYHBIX HEPOBHOCTEW B Je(OpMHUPOBaHHOE
KOHTPTEJO), 4TO, COOTBETCTBEHHO, NMPUBOAUT K
BO3PACTaHUIO CHJI TPEHUSL.

Kpome TOro, Hanmuume 3alUTHBIX IUIEHOK
(cMa3Kku) C TIOHMKEHHBIM CABHUTOBBIM COTPO-
TUBJIEHHEM M TBEPIOCTb MOBEPXHOCTEH KOH-
TaKTUPYIOLIMX TeJ TAKXKe OKa3bIBAET BIMSHHE
Ha BeJIMYMHY Kod(pduumeHta tpenus [2, 3].
UeM HMKE TBEPIOCTh MPUMEHSIEMBIX MaTepHua-
JIOB, TeM OHM Oounblie AehOpMHUPYIOTCS TMOX
Harpy3koi, M BEpOSTHOCTb pa3pyLICHUs 3a-
[IMUTHOM TUIEHKM BO3PACTaeT, YTO NMPHUBEAET K
00pa3oBaHMIO0 aAT€3MOHHOTO MIBa MEXIY 00-
Ha)KEHHBIMH [TOBEPXHOCTSMHU. Pa3BuBarommecs
BO BPEMEHH KOPPO3HWOHHBIE MPOIECCHl U OJI-
HOBPEMEHHOE MpPOJaBIMBAaHUE BbI3BIBAIOT Ha-
KJIETI TIOBEPXHOCTH TPEHHUS U, COOTBETCTBEHHO,
YBEJIMUEHUE TpajueHTa CIBUTOBOIO COIPO-
TUBJICHHUS.
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DkcnepumenmanbHbie UCCIe008anUs NO ONpedeNeHUIo Kodpduyuenma mpenusi apMamypHsix 21eMeHmOo8 O
CMeHKU KaHanoobpasosameineil Ha cyujecmgyouux 3auummuslx obonouxax A3C

A. H. Yavanos, B. H. Meoseoe

CrnenoBarelbHO, MPH YBEITMYEHUH CPOKa DKC-
TUTyaTallMd CUCTEMBI TIPEIHANPSKCHUS KOHCT-
PYKUIMU (YYUTHIBAS MEPUOAUYHOCTh MPOBEIE-
HUS KOHTPOJIbHO-TIPO(UIAKTHIECKUX PaboT)

Bbie00ObI

1. DKCrIepUMEHTANBHBIE HUCCIENIOBAaHUSA, BbI-
MOJTHEHHBIE TI0 Pa3pabOTaHHONW METOAMKE, I0-
3BOJIMJIM  ONPENEIHTh  BEIMYUHY  KO3(-
¢unenTa TpeHHs apMaTYpPHBIX KaHATOB O
CTeHKH KaHa0oOpa3oBaTels B HAaTYPHBIX yC-
JIOBUSIX Ha IIECTOM JHeproOyoke 3aro-
poxckod ADC u Ha TepBOM 3HEpProdioKe
FOxH0-Ykpaunckoit ADC.

2. Paznuune B MONyYEeHHBIX 3HAUYEHUSAX KOI(]-
¢durneHTa TpeHUs OOBICHIETCS TeM, YTO Ha
apMaTypHOM KaHaTe IIecTOro 3Heprodyioka
3anopoxckoit ADC wuccleqoBaHUS BBIMOIHS-
JUCHh B TIEPHOJ €r0 NEPBOHAYAIBHOTO TIpEeIBa-
PUTENBHOTO HaMpsDKEHUs, a Ha 1-M 3Hepro-

Jlumepamypa

—

BeNMYMHA KO3 HUIMeHTa TpeHus OyIeT yBe-
JWYMBATHCS, YTO COOTBETCTBYIOIIMM 00pazoM
MOBJIMSIET HA HANPSHKEHHOE COCTOSHHE 3alllUT-
HOH 0007104KN.

osoke HOxHo-Ykpaunckoii ADC wuccrnenoBa-
HUS BEJKCh B YCIOBHSX, KOT/Ia 3allUTHAs 000-
JIOYKa JUTUTETbHOE BpeMsl HaXOJUIIaCh B DKC-
IlyaTallid ¥ Ha KOHTAKTE€ apMaTypHOro 3Jie-
MEHTa C KaHalooOpa3oBaTelleM MPOU30LLIN
HeoOpaTUMbIe U3MECHEHHS.

3. Yuer koadduuuenTa TpeHus, NoayIeHHOr0
IpH TIPOBEIEHWH HCCIEI0BAHUM, MO3BOJISET
nojy4ath 0ojiee YETKYI0 KapTHHY pachpeie-
JICHUsl YCWUJIMK TO IJIMHE apMaTypHOTO 3Je-
MEHTa, TEM CaMbIM MOBBIIIAs TOYHOCTH OTpe-
JIeTIeHHsI HANPSDKEHHOTO COCTOSIHUS 3aIIUTHBIX
o6onouex ADC.

Kpacenvckuii H.B. Tpenue u u3Hoc. 2-e u3fl. nepepad. u gomn. M.: MammuaocTpoeHue, 1968. — 480 c.

2.  Kpaeenvckuii U.B., JJooviyun M.H., Kombanoe B.C.. OCHOBBI pacyeToB Ha TpeHHe W u3Hoc. M.: Ma-

mIMHOCTpoeHue, 1977. — 526 c.

3. Myp /[ OcHOBHI ¥ TpUMEHEHHE TPUOOHUKH: Tiep. ¢ aHrI. M.: Mup, 1978. — 487 c.
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MNMoBbIweHMe 3KcnyaTauMOHHbIX Ka4ecTB 3aWUTHbIX obornovyek A3C

Anexcanodp C. Kucenes, Anexceii C. Kucenes, E. A. Kowmanos,
B. H. Meoseoes, A. H. Yrvsnos

1. BeedeHue

AHamM3 COCTOSIHUSI TIOCTPOCHHBIX B HaIllei
cTpaHe 3auTHBIX 00onouek ADC mokasain, 4To
OHM 00JagaloT OTHENBHBIMA HEJOCTaTKaMH,
YCTpaHEHUE KOTOPBIX TO3BOJUT IMOBBICHTH HX
IKCILTyaTalMOHHYIO HaaexHocTh. K umcny Ta-
KAX HEJOCTaTKOB B IEPBYI0 OYepelb CIeAyeT
OTHECTH MPUHSATOE YCUIINE HATSDKEHHUS apMaTyp-
HBIX KaHaToB, KOTOpbIE PabOTalOT B 3alpenelb-
HOW oOmactu nedopmanuii, 4eM 00YCIIOBICHBI
BECbMa 3HAYUTENbHBIE TIOTEPHU YCUIMH B HUX B
npolLiecce IKCILTyaTaluy, a TakKe BO3MOXKHOCTh
CaMONPOU3BOJIBHOIO paspylieHus: 0e3 Mpuio-
JKeHUS JTOTIOTHUTEIBHBIX HArpy3ok. «UHCTpyK-
[Hs1 TI0 TEXHUYECKOMY OOCITY)KUBAHHUIO CHCTEMBI
MPETHANPSDKSHUS  3aIIUTHBIX  000JI0YeK ...» [1]
MpeTyCMaTPUBAET PETYISIPHOE MTPOBECHUE KOH-
TposbHO-TIpodrmakTrdecknx  pador  (KIIP),
BKJTIOYAIOIINX «OATSHKKY apMaTypHOTO KaHaTa
IO YCWIIMA TEPBOHAYAIBHOTO HATSKEHHS 10
KypHATTYy TpeIHanpsDKeHusT 00omoukm». Ode-
BU/IHO, uTo npoBeeHue KIIP coriacHo ymoms-
HYTOH MHCTPYKLMH TP HAJIMYMH TTOJTHOLEHHBIX
apMaTypHBIX KaHaTOB, pabOTa KOTOPBIX MpOTeE-
KaeT B ynpyroil obmactu nedopmaimii, Oe3yc-
JIOBHO 00ecreunBajo Obl MoJIepsKaHue KOHCT-
PYKIIMH B PabOTOCTIOCOOHOM COCTOSIHUH.

OfHAaKO COCTOSIHUE CHCTEMBI MpPEIABAPUTEIIb-
HOTO HAmNpsKSHHUS MPAKTUYECKH Ha BCEX IIO0-
CTPOEHHBIX 000JIOYKaX TaKOBO, YTO MPH TPO-
BEJCHUU TOITSDKKM apMaTypHBIX 3JIEMEHTOB
MPOUCXOANT YaCTHYHOE WX pazpyiueHue (00-
PBIB OTAETHHBIX MPOBOJIOK) U HUCUEPIIAHUE CY-
HIECTBYIOIIMX  3amacoB  Je(GopMaTHBHOCTH
MTPOBOJIOK, YTO MOKET MPUBECTU K MAaCCOBOMY
BBIXOJy WX M3 CTPOS TPU 3arpyKeHUU KOHCT-
PYKIIMU BHYTPEHHHUM JIaBJIEHUEM, T.€. TIOATSK-
Ka apMaTypHBIX 3JICMEHTOB B JIaHHOW CHUTya-
MU CHIDKAET DKCIUTYaTallMOHHYIO HAJEKHOCTh
3alUTHBIX 000souek. [1pu 3TOM clieyeT mom-
HUTh, YTO BBINOJIHEHHE TakKuX paboT Tpedyer
0O0JIBIINX MaTEPUATBHEIX U TPYIOBBIX 3aTpart.

YuuteiBas BBIIICCKA3aHHOEC, B LEC/IAX U3YUYCHUA
BO3MOXHOCTH CHHDKEHHSI YPOBHSI HATSXKEHHS
apMaTypHBIX KaHATOB 10 AOIYCTUMOTO (C TOY-
KU 3pEHUS UX COCTOSHUS) YCUIIHA, OBIJIO Tpe-
JOKEHO TpoBecTH Oosiee TIyOOKHMH aHaIn3
HaNpsHDKEHHOTO COCTOSHUS KOHCTPYKLUH 3a-
IIUTHOH 000JIOYKH, YEM 3TO OBUIO BO3MOXKHO
paHee, 3a CueT MPUMEHEHHUs1 Ooyee COBPEMEH-
HOW BBIYUCIUTEIBHOM TEXHUKH M MPOrpaMM-
HOTO o0ecreveHus.

2. AHanu3 mexHuU4ecKo20 COCMOSIHUSI apMamypHbIX KaHamoe

OnHuM 13 HaunboJiee SPKUX MOKa3aTeed Kpu-
THUYECKOTO COCTOSIHUSI apMaTypHBIX KaHATOB
SBISIFOTCS BECbMa 3HAYMUTENIbHBIE IIOTEPU YCH-
UM HaTsSKEHHd B TPOLECCe SKCITyaTaluHu.
Hampumep, no pesynsraram KIIP, BbIONHEH-
HBIX B aBrycte 1989 r. Ha 3ammTHON 000I0UYKe
PO-1 Kanuaunckoit ADC, motepH MpenBapu-
TENBHOTO HAaNpsKEHHUsS paclpeAessIich cie-
IYIOIIAM 00pazoMm:

30

— Oomee 40% mMepBOHAYAIEHOTO YCHIIHS
MOTEPsTU 0KOJIO 3% apMaTypHBIX KaHATOB
UWIMHIPUYECKOW YacTH 3alluTHOW 000-
JIOYKH;

— ot 30 1o 40% mepBOHAYATBLHOTO yCHIIUS
norepsii 6osee 15% apMaTypHBIX KaHATOB
UWJIAHIPA,

— ot 20 no 30% mnotepsinu 6omnee 35% ap-
MAaTYpPHBIX KaHAaTOB HUJIMHAPA,
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— ot 10 go 20% notepsiin 18% apmaryp-
HBIX KaHATOB IMIIMH/IPA;

— 1o 10% mnoreps Habmoganocs B 22%
apMaTypHBIX KaHATOB LMJIMHIPA,

— mo 7% KaHATOB IWJIWHIpA JaHHBIE OT-
CYTCTBYIOT.

OueBUIHO, YTO HAJIMYUE TIOTEPh, MPEBBIIIAI0-
mwmx 20% Oosee 4yeM B NIOJIOBHHE apMaTypPHBIX
QJICMEHTOB, HC MOXKET CHUTATHCA HOPMAJIbHBIM
SIBICHUEM, YTO TOOYAWIO HAaC PacCMOTPETh
Ooyiee BHHMATEIbHO KOHCTPYKIIMIO apMaTyp-
HOTO 3JIEMEHTa U TEXHOJIOTHIO €r0 M3TOTOBJIC-
HUs, TeM 0oJjee, 4To MoJ00HBIM 00pa3oM 00-
CTOSAT JieNia U Ha JIPYTHUX COOPYKECHUSX.

Hampumep, mo pesyaptaram KIIP Toro xe
1989 r. Ha 3ammTHOM O06Onouke PO-2 3amo-
poxckoit ADC moTepu npeaBapUTENbHOTO Ha-
NPSDKEHUS paclpesieNisiIuCh TAKUM 00pa3oM:
— Oonee 40% nepBOHAYATIBHOIO YCHIIHS
notepsuin 0kosio 4% apMaTypHBIX KaHATOB
HWIAHAPA;
— ot 30 10 40% nepBOHAYAIBHOTO YCHIIHS
notepsuin Oonee 8% apMaTypHBIX KaHATOB
HWIAHAPA;
— ot 20 no 30% norepsin 72% apmatyp-
HBIX KaHaTOB LIMJIMHAPA;
— ot 10 mo 20% mnotepsnu 13,5% apma-
TYPHBIX KaHaTOB IIMJIMHAPA;
— B 2,5% apMaTypHBIX KaHaTOB YCHJIMS HE
yKa3aHbl.

Croib 3HAUMUTENbHbIE IOTEPU YCUIMKA MpeaBa-
PUTENBHOIO HampspkeHUss 0OYCIIOBJIEHBI lie-
JBIM pSAAOM (aKTOPOB, BKIIOYAIOLMIMX U 0OJb-
moil pa3dpoc B XapakTepUCTUKaX (PU3UKO-
MEXaHUYECKUX CBOMNCTB YJI0KEHHOIro OETOHA U
MIPUMEHEHNEM TMOJIMATUIIEHOBBIX KaHanooOpa-
30BaTeNel, MON3y4ecTb KOTOPBIX TpU JAJH-
TEJIHBIX Harpy3Kax He yYHThIBAJIaCh, U XapaK-
TEPOM HANPSHKEHHOTO COCTOSHHS Camoro ap-
MaTypHOIO 3JIEMEHTA.

[ocnennee, Mo-BUAMMOMY, OCOOCHHO CHIIBHO
CKa3bIBAaCTCsl HAa TOJYYCHHBIX pe3yJbTaTax,
MO3TOMY OCTaHOBHMCSI HECKOJBKO TOApoOHEee
Ha OlLIEHKe HeCyIlei CloCOOHOCTH apMaTypHO-
ro KaHara.

B mepByto ouepenp paccMOTpUM BIIHMSHUE O-
HOPOAHOCTH HATSHKEHUS] TPOBOJIOK B KaHaTe
Ha €T0 HECYIYI0 CITIOCOOHOCTD.

JIByXneTneBoil apMaTypHBIN JIEMEHT, IpUMe-
HSeMbI Ha BceX 0e3 HMCKIIOUEHMS 3aILUTHBIX
000JI0uKax, MOCTPOCHHBIX B Hallel cTpaHe,
coctouT u3 450 mnapanienbHbIX MPOBOJIOK
auamerpoM 5 mM. Ilpu »TOoM miomane mome-

pedHoro ceueHus nmy4Ka COCTaBIJIsI-
— 2
eT Axp = 88,2 cm”. [Ipu abconroTHO paBHOMEp-

HOM 3arpy’kKeHHH BCE€X MpPOBOJIOK Iy4Ka Ha
ykazaHHoe B TY ycunue P = 1000 T Hanpsixe-

HHe B HUX Oynero,, = 11338 Krc/cM?, 9TO yKe

Heckonbko Oompmie R = 11300 Kre/em’, pe-

KOMEHIYEeMOH B KauyeCTBE PAaCUETHOI'O COIMPO-
TUBJICHHS apMaTyphl JUIS AWaMeTpa 5 MM IpH
knacce B-II, cormacao CHull 2.03.01-84.

OueBUAHO, YTO MOJYYUTH abCONIIOTHO PaBHO-
MepHoe 3arpyxkenue 450 MpoBOJIOK Jaxe Mpu
W3TOTOBJIEHWM KaHaTa Ha NOPSIMOJIMHEHHOM
CTEH/Ie MpaKTU4YeCKH HEeBO3MOXKHO. [IpuBe-
neHHele B M. 1.2.11 TexHMYECKHX YyCIOBHH
(TY 34-15-11142-87) [2] TpeboBanue, 4YTO
«Ycunre HaTSHKEHHUs KaXI0M MpPOBOJIOKH TpHU
W3rOTOBJIEHWM KaHaTa apMaTypHOTO JOJIKHO
obiTh 150-200 Kre», — METpOJIOTHYECKH He
obecrieueHo U JIake He BRIHECEHO B TaOJHITy 2
«O0bemMa TpHeMO-CIATOYHBIX MCTBITAHUNA Ka-
HaTa apMaTypHOTO MO OCHOBHBIM 3TamlaM TeX-
HOJIOTMYECKOTo Ipoueccay. IHaue roBops,
3TOT MPOIECC HE KOHTPOJIUPYETCS, U B PE3YJIIb-
TaTe W3BECTHBI Cllydan OOpBIBA OTAEIBHBIX
MIPOBOJIOK NPHU HAMOTKE apMaTypHOrO KaHara.
CnenoBaresibHO, PaBHOMEPHOCTb paclpenese-
Hus ycuini Bo Beex 450 mpoBosiokax apMmaryp-
HOTO KaHaTa [PAaKTUYECKU He 00eCTIeunBaeTCsl.

Kpome Toro, Haauume MHOTOYMCICHHBIX CThI-
KOB TNPOBOJIOKH BHAXJIECTKY TaKXKe BBI3BIBACT
MOSIBIIEHHE HEPaBHOMEPHOCTH pacIpeieeHus
YCUIMH TIO0 CEYeHHMI0 apMaTypHOro KaHaTa 3a
CUET HEM30EKHBIX MPOCKANb3bIBAHUN UX OTHO-
CHUTENBHO JIPYT JpyTa MpH 3arpy>KeHHH KaHaTa
paboueil Harpy3Koi.

Bce BrimeckazaHHOE OTHOCHIIOCH K MPSIMOJIH-
HEWHOMY apMaTypHOMY KaHaTy, OJHAKO, JaxKe
€CJIM IPUHSITh, YTO OH U3FOTOBJIEH UICANBHO U
Bce 450 MpoOBOJOK PaBHOMJMHHBI W Mapal-
JIENIbHBI YT ApPYTy, TO BCE PaBHO Ha paauyce
35 M, COOTBETCTBYIOIIEM KpPUBU3ZHE TPACKTO-
pUM apMaTypHBIX KaHATOB B 3allUTHON 000-
JI0OYKEe, OHU TMOJy4aT HEPaBHOMEPHOCTH IIO
JUIMHE OTHOCHUTEIHFHO TMPOBOJIOKU, MNPOXOIs-
meld B LEHTPaJbHOM ceyeHuu myuka. s
MIPOBOJIOK, MPOLIEANINX 10 HAPYKHOMY CIIOIO
KPUBOJIMHEHMHOT'O Iy4Ka, WMEIOIIET0 paguyc
4,5 cM, JOMOJHUTENBHOE OTHOCUTEIBHOE Y-
JnIuHeHne coctaButr e =4,5/3504,5=0,00128,
YTO BBI30BET MPHUpPAILCHUE HAMPSAKEHUIN B 3TUX

MpOBOJIOKaX, paBHOe G =0, 00128-2-10° =
= 2568 krc/em”. COOTBETCTBEHHO, MIPOBOJIOKH,
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Tpyowr UBPAD PAH. Buinyck 6

MPOLIEIINE MO BHYTPEHHEMY CIIOIO, TPUMBI-
KalolleMy K KaHajooOpaszoBareno, OyayT He-
JOHANpPSDKEHBI IPOTUB CPEJIHETO CEYEHUs Myd-
Ka Ha Ty )K€ BEJINYHHY.

TakuM 00pa3oM, 4acTh MPOBOJIOK apMaTypHO-
ro KaHarta, MPOLIE/IIEro Mo HapyKHOMY CIIOI0,
Oyzer TepeHanpspKeHa bi (o) YPOBHS

G;’p = 13906 krc/cM’> TP HANPSKEHHSAX B

cpemnem cnoecy = 11338 Krc/cM® M B cloe,

OpUMBIKAIOIEM K  KaHanooOpa3zoBaTenio,
c,, =8770 krc/em”. TIpu 9TOM CymMMapHOe

YCUJIME Ha TSHKHOM KOHIIE apMaTypHOTO KaHa-
Ta Oyzaer coctaBiaTh 3agaHubie 1000 T.

CoOTBETCTBEHHO, KaX/IbIl apMaTypHBbIi KaHart,
WU3MEHAIOLNI CBOIO TPaeKTOPHUIO, HAMpUMEP
npu  00XOA€ TEXHOJIOTHYECKUX IPOXOA0K
00JBIINX AMAMETPOB, UMEET JOMOJHUTENbHBIE
pamuycel u3ruba, TpUYeM, 3HAYUTEIBHO
MEHBLINE PACCMOTPEHHOIO BBILIE, a 3HAUUT, U
JIOTIOJTHUTENIbHBIE TPHUPALIEHUS HepaBHOMEp-
HOCTH paclipesielieHns HaIpsHKeHUH Mo cede-
HUIO apMaTypHOTO KaHaTa CO BCEMH BbITE-
KaIOLIMMU OTCIOJIa MOCIIEICTBUSMHU.

W3 paccMOTpeHHBIX BEIIIIE IPUMEPOB CIEAYET,
YTO HAJIMYUE HEOTHOPOTHOCTH HANPSIKCHUS
MPOBOJIOK B CEUEHUU apMaTypHOro KaHarta
MNPUBEAET K JOBOJBHO 3HAYUTEIbHBIM IMPEBBI-
IIIEHUSIM PacueTHOTO COIPOTHUBIECHUS TPHME-
HSIEMOM MIPOBOJIOKH, PEKOMEHTyeMOro
CHuII 2.03.01-84. YMEHbLIUTh OTPULATENb-
HOE BJIMSHHE STOTO (haKTopa MOKHO TOJBKO
MyTeM CHIDKCHHUS YCWINS HATSHKEHHUS apma-
TYPHOT'O KaHaTa J0 MPUEMIIEMOT0 YPOBHS, OI-
penensieMoro ¢ y4eToM BCEX OCOOEHHOCTEU
ero paboThI.

Hapsiny ¢ paccMOTpeHHBIM BbIllle (PaKTOPOM,
HEOJTHOPOJHOCTBIO HATSOKEHHUS TPOBOJIOK B
apMaTypHOM KaHarte, CleqyeT OOpaTHTh BHH-
MaHHE elle Ha OJUH acleKT MPOoOJIeMbl, CHU-
Karomuid  (PaKTUIEeCKyI0 HECYIIYI CITOCO0-
HOCTh apMaTypHOTO KaHaTa, a UMEHHO, Ha W3-
ruOHbIe Ne)opMaIi MPOBOJIOK B TIETICBOM
y4acTKe apMaTypPHOTO KaHaTa.

IIpoxoas meTneBol y4acTOK apMaTypHOro Ka-
HaTa, Kaaas IPOBOJIOKA MHCIBITHIBAET DAL
Nocie0BaTeNbHbIX JedopManuii u3ruda, Ha-
PYLIAIOMMX OJHOPOAHOCTh  PpaclpelesIeHHs
HaNpsDKEHUH BHYTPU CEYEHHUS TIPOBOJIOKH.

Brauane, Ha BbIX0[1€ U3 FMJIb3bl HA KOYII UMe-
€T MeCTO HM3rH0 MPOBOJIOK HApY)XKHOTO psa
apMaTypHOro IMy4ka Ha BKJIAJAbILIE PaguyCcoM
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R, =500 MM, 3aTeM mpH BXOAE Ha KOYII

BHYTPEHHHI PsiJi IPOBOJIOK M3rubaeTcs Ha pa-
Jiyce R2 =460 MM H, HaKOHEI], Ha 3aTLUIOY-

HOM 4YacTH KOYyIIa 5TH K€ IPOBOJIOKH HM3ruba-
10Tcsl Ha paauyce R; =130 mm. Brrmenexa-

LIME CJIOU MPOBOJIOK IIpeTepneBarT aedopma-
L[UH, TPONOPLHOHATIEHBIE YBEIHUEHHUIO Painy-
ca n3ruda Ka>kA0To BbIIIENIEKALIETO CIIOS.

Takum o0Opazom, Jerko MONy4uTh Aedopma-
MU KpaliHUX BOJIOKOH MPOBOJIOKH IIPH TIPO-
XOXJIEHWW TIETIIEBOTO0 ydYacTKa apMaTypHOTO
kaHata. Ha mepBoMm m3rube cymmapHasi OTHO-
cuTenbHas JaedopMaliys MPOBOJIOKK HAPYIKHO-
ro psga OymeT CKIaasIBaThes M3 nedopMaIimid
or pabodero ycwius B IIy4Ke, PaBHBIX

e, =11338/2-10° =0,00567, u n3ruGHBIX
nedbopmanuii MPOBOJIOKH, PaBHBIX IJIsl Kpai-
HUX BOJTIOKOH €, = +2,5/502,5 = +0,00498.

B wurore, cymmapHas nedopmarus KpaiHHX
BOJIOKOH IPOBOJIOKH, IPWIEraroouied K BKJa-

apiny, Oyaer coctaBuate e =0,01065 (s

cym
HApYXXHOTO BOJOKHA) u e, =0,00069 (mus

BHYTPEHHETO BOJIOKHA), YTO yKa3bIBaeT Ha Ha-
Juare OOJBITION HEOTHOPOIHOCTH HAIPSDKEHUH
M0 CEYEHHUI0 N30THYTHIX MPOBOJIOK U TIACTHYE-
CKHX JedopMaluii ee Hapy>KHOT'O BOJIOKHA.

[Ipu pacuere nedopmanuii Ha BTOPOM ydacT-
Ke, TAE€ paguyC KpPUBHU3HBI COCTaBIISIET
R, =460 MM, crnefyeT yuuThIBaTh CHMKEHHE

MPOJIONILHBIX YCUJIMHA B TPOBOJIOKAX 3a CYET
BJIMSAHHUA TPCHUA Ha MNOPEAbIAYIIEM YYaCTKeE.
YuuthkiBasg yroa u3ruda MPOBOJOK HA y4acTKe
KacaHWs WX C  BKJIQJBIIEM, PaBHBIN
0,22 paguan, u kodddumuenr tpeaus | = 0,3
(I MEeTAIIMYEeCKUX TIOBEPXHOCTEH) TMpo-
JOJIbHBIE TeopMalliy B Havajie BTOPOTro y4a-
CTKa COCTaBSIT:

e =e, - =0,00567-¢"*"* = 0,00531.

Torma cymmapHsie aedopManuu KpaHUX BO-
JIOKOH TIPOBOJIOKM B Hayajie BTOPOTO ydacTka
COCTABSIT:

e, =e te =0,00531+£2,5/462,5

cym
WIn efw =0,01071 (ass Hapy»KHOTO BOJIOKHA)

6H
u e, =-0,0001 (a1 BHyTPCHHETO BOJIOKHA).

B nmanHOM Ccilydyae mMeeT MECTO eIne OoJIbImas,
YeM Ha MNPeIbIAYyHINX ydacTKaxX, HEOJHOPO/I-
HOCTB Aie()OpMaInii IO CEUYESHUIO TPOBOJIOKH.
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W HakoHel, B Hayalle TPEThEro ydacTka ¢ pa-
JUycoM KpHuBH3HBI R; =130 MM, cymMmapHBbIe
nedopMariil  KpaiHUX BOJIOKOH H30THYTOM
MIPOBOJIOKU OYIYT COCTABIISITh:

e’ =0,00567-¢ " +2.5/132,5,

cym
Ho_
wm e, =0,0233(11s HapyKHOrO BOJIOKHA)

u e, =-0,0144(n111 BHyTPEHHETO BOJIOKHA).

Takum o0Opa3oM, Ha TPEThEM ydacTKe aHKEep-
HOW 30HBI apMAaTypPHOTO KaHaTa MBIl UIMEEM Ha
3HAYUTENLHOW YacTH CEYCHHS TPOBOJIOK IIa-
ctudeckue naedopmaruu, pazdpoc KOTOPBIX
coctapysier oT 0,0233 pacTaruBaromux 10 —
0,0144 cxxumaronux. O4eBUIHO, YTO HAJIMUME
TUTACTUYECKUX JAedopMannii OTAENBHBIX yda-
CTKOB CEYEHHS MPOBOJIOKH MPHUBEIET K MOBBI-
IICHUIO YPOBHS HAIpPSDKEHUH B HUX 3a CYUET
nepepacnpeieNieHnss TPUIOKEHHOTO  YCHIIHS
Ha MEHBIIYI0 pabodyIo TUIOIAagh CEUSHMS.

CrnenoBaTenbHO, TOJIBKO 32 CUET M3THOHBIX Jie-
dopManuii Ha TETIeBOM y4acTKe apMaTypHOTO
aneMeHTa fedopMaluy KpalHUX BOJIOKOH MpO-
BOJIOK Ty4Ka (MMEIoIIHe MPOIoIbHbIC paboure
nedopMalu B cepelliHE CBOETO CEUSHHs, CO-
OTBETCTBYIOLIIUE HOpMe), MEePEXOAT B ILUIaCTU-
YECKHE M JIOCTHTalOT BEChbMa 3HAYHMTEIILHBIX
BermmurH (10 2,33%), 9TO COCTaBISIET OKOJIO
MOJIOBHHBI TEOPETUYECKON BEIMYMHBI OTHOCH-
TEJIBHOTO YJUIMHEHUS JJIsl JTAHHOW TPOBOJIOKH.
DT0 00CTOATENBECTBO CTABUT B OCOOBIE YCIOBHUS
TpeOoBaHME COXpaHeHUS JehOPMATHBHOCTH
MPOBOJIOKHU TPU €€ TEXHOJIOTHUECKOM Tepeee
B roTtoBoe uzaenue. Kpome toro, cnemyer odpa-
TUTh BHUMAaHHE, YTO MPH HArpy3Kax, OONBIINX
0,8 BpeMEHHOTO COMPOTHBIEHUS pa3phIBY, Ha-
OmtoaeTcsl MpOsIBICHHE IMON3Y4YeCTH MeTaia,
KOTOPOE MOXKET BBI3BIBATH PACTYIIHE BO Bpe-
MEHHU TUIacTHYeCKUe JeopMallii U Jiaxe pas-
pylieHue 0e3 TPUIOKEHHS JOTOTHUTEILHBIX
HArpy30K, Ye€M MOXHO OOBSICHUTh WMEBIIIHE
MECTO ClTy4au 00pbIBa apMaTYPHBIX KAHATOB Ha
JICHCTBYIOLIUX OJIOKAX.

DU3UKO-MEXAHUYECKUE XapaKTEePUCTUKU IPO-
BOJIOKH, HpHMeHﬂeMOﬁ IJId U3rOTOBJICHHUA ap-
MaTypHOI'O KaHaTa, U B MEPBYIO OYEPENb €€
Ie(OpMaTUBHOCTb, BO MHOI'OM 3aBHUCST OT
TEXHOJIOTMU HU3TrOTOBJICHHUA apMaTypHOIro Ka-
HaTa. J[7s1 M3roToBJIEHUS JBYXNETIEBBIX apMa-
TYPHBIX KaHAaTOB HENpPEpbIBHON HaBUBKU MH-
cTUTyTOM «OpraHeprocTpoit» paspaboraHa
TEXHOJIOTMYECKasi JIMHUS, MpeaycMaTpHUBaro-
1asi BEIMOJIHEHUE BCEX OMNEpaLni, CBA3aHHBIX
C M3rOTOBJIEHHMEM apMaTypHBIX KaHAaTOB: Ile-

PEMOTKY MPOBOJIOKU ¢ OYXT Ha MuTaromue Oa-
pabaHbl apMaTypOHaMOTOYHON MAIlNHBI, CThI-
KOBKY TPOBOJIOKM JJIsI TIOMYYEHHS OTPE3KOB
HEOOXOJMMOM JJTMHBI, HAMOTKY MPOBOJIOKH Ha
YIOpBI, OOBSI3KY My4YKa BS3aJbHOW MPOBOJIO-
KO, CMOTKY KaHaTa B TPaHCIIOPTHBIE OyXTEHI, a
TaKke ero cMasky. OTaaBasi JOJDKHOE HHIYCT-
pHanu3alyy U3TOTOBIEHUS MyYKOB Ha TaHHOM
TEXHOJOTMYECKOH JIMHUH, 0E3yCIIOBHO, MOBBI-
IIAIOIIEeH KauyecTBO MX M3TOTOBIECHHUS 3a CUET
MeXaHHU3alluU TMPAKTUYECKH BCEX TEXHOJOTH-
YECKHX MPOLECCOB, CIEAyeT 3aMeTUThb, YTO
NP €€ TMPOSKTUPOBAHNH MAJI0O BHUMAHUS yIe-
JSUTOCh COXPaHEHHIO 1e(QOpMATUBHOCTH MPO-
BOJIOKH KaK OJHOTO M3 BaXXHEHIIMX (hakTOpoB
IpH TaHHOW KOHCTPYKIUHU apMaTypHOTO KaHa-
ta. [Io caMbIM CKpPOMHBIM MOACYETaM B IPO-
Hecce HAaBUBKM apMaTypHOTO KaHaTta HaOuo-
JaeTcsl CEMUKpaTHOE IilacTuueckoe aedhopmMu-
pOBaHME TPOBOJOKM 0O€3 ydera pasIuYHBIX
BCIIOMOTaTENbHBIX POJUKOB, HE BBI3BIBAIOIINX
o0s3aTeNnbHON NedopMaluy Ha UX paanyce, HO
MOTYIIMX BBI3BaTh TaKOBYIO (Hampumep, Mpu
3aeIaHnHM MUTaromero 6bapabdana).

VYike Ha MEpBOM dTare TEXHOJIOTHIECKOTO IUK-
Ja — TpU TEPEeMOTKE MPOBOJIOKH Ha IHTArO-
[IMe KaTYIIKH apMaTypOHAMOTOYHON MAITWHEI,
umetorye pamuyc 20 cM, TPOUCXONT TIACTH-
geckas medopMarids TPOBOJOKM Ha TIyOWHE
nopsiika 1 MM C KakI0H CTOPOHBI JUaMeTpa

e =0,25/20,25 =0,0123 npotus €y = 0,008)

JIA TIEPBOTO psgAa MPOBOJIOK € MOCICAYIOUINM
CHHMXCHHMEM Ha BBIIICIICKAINNX CIIOAX.

PaccmarpuBas nanee cxeMy MPOXOXKICHHS
MIPOBOJIOKH B MPOIIECCE HAMOTKH apMaTypPHOTO
KaHaTa, BUIUM, YTO CHCTEMa POJIMKOB BBIHYXK-
JaeT ee elle MIEeCTb pa3 IUacTU4ecKu nedop-
MHUPOBAThCS, IPUYEM YETHIpe paza M3 HUX Ha
BEJIMYMHY, MPEBBIIIAIONIYI0 MPEAENbHYIO e-
hopmaruro npu paspsiBe, paBHYIO

€0 — 0,048, a umenHo:

— Ha BajiMke paguycom 4 cm e — 0,25/4,25 =
=0,0588;

— Ha JBYX poiukax paguycoMm 15cm
e =0,25/15,25 =0,0164;

— Ha TpeX pOJIMKaxX MUHOJU paguycoM 4,5 cMm
e =0,25/4,75 = 0,0526.

EcTecTBeHHO, YTO XapaKTEPUCTUKHU MPOBOJIO-
KM, OpOIIEIIell TakoW TEXHOJIOTHYECKUI Te-
penen, MOTyT BeChbMa 3HAYUTENIbHO OTJIMYaTh-
Cs OT NEepBOHAYANbHBIX, a BBUIY YEThIpEX-
KpaTHOTO M3ruda Ha BeChMa MAalIbIX pajycax,
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MPUBOASAIINX K JAe(popManysM BHEITHUX BOJIO-
KOH, TIPEBBHIMAIONINX MPEIeNbHYI0 Aedopma-
[IUIO TIPH pa3pbIBe, MOXHO OXHIATh 00pa3oBa-
HUEC TPCIIMH Ha BHCHIHMX BOJIOKHAX HWJIHU, BO
BCSKOM Ciyd4ae, MOTEepHU 3amaca MJIaCTUYeCKOu
neopMaTUBHOCTH Ha BEMMYUHY mopsaka 1-2%.

[Ipu ycraHoBke apmaTypHOTO KaHaTa B 3a-
ITUTHYIO 000JI0YKY Ha OJHOM U3 €T0 METIEBBIX
YYaCTKOB HCIOJIB3YETCS «JTUAEP», B KOTOPOM
HWKHUW PSJT IPOBOJIOK M3rHOAETCS Ha pajguy-
ce 22,5 MM, 9TO TaKkKe MOXKET TIPUBECTH K 00-
Pa30BaHUIO TPEIIWMH Ha BHCIIHUX BOJIOKHAX
U3rubaeMoil TPOBOJIOKW, T.K. WM3TMOHAs -
tdopmaruss 3tux BonokoH (e =0,1) 3Ha4m-
TEJBHO MPEBBIIACT MPENENbHYIO0 Te(opMaInio
TIPH pa3phIBE.

Takum 00pa3oM, MOKHO YTBEPKIATh, YTO TEX-
HOJIOTHUECKHMH TIepelen M CHocoOd MOHTakKa
apMaTypHOro KaHaTa He Oe3BpemHBI ISl MPOo-
BOJIOKH, T.K. CHIDKAIOT €e 3amac JAeopMaTuB-
HOCTH M JIa)K€ MOTYT TPUBECTH K BO3HUKHOBE-
HUI0O MUKPOTPENIMH Ha BHENIHUX BOJOKHAX
MIPOBOJIOKH.

OnHOW W3 MpUYMH pa3pylIeHHs apMaTypHBIX
37IeMeHTOB 0e3 TPHIOKEeHHS Kakux-Tubo mo-
MIOJTHUTENTFHBIX HAarpy30K B MPOIIECCE IKCILTya-
TalMd 3HEPrOOJOKOB MOXKET OBITHh BO3HHKHO-
BEHHE MHUKPOTPEIIUH B MpOLlecce HAMOTKU WIIN
MOHTa)XKa apMaTypHOTO KaHaTa U 3aTeéM pa3BH-
THE WX TIPW 3HAYUTENBHBIX HANPSKCHUSX, Nei-
CTBYIOIIIMX B JIOCTATOYHO IMPOTSHKEHHBIH MepH-
on. Kpome Toro, B 3TuX TpelIMHaX akTUBHO
Pa3BUBAIOTCSA KOPPO3MOHHBIE Tporecchl. Ha-
npyUMep, MPH 00CIEOBaHUH TPEX apMaTypPHBIX
3JIEMEHTOB, O0OpPBABILUXCSI Ha TPEThEM 3SHEp-
rob6noke Posenckoit ADC B mporecce SKCIuTya-
Taruu 6e3 BUAUMBIX MPUYWH, OBUIO OTMEYEHO,
YTO 3HAYMTENIbHAs YacTh IMPOBOJIOK B MeECTe
paspeiBa MMena ciebl KOppo3uu Ha ydyacTKax,
ONMM3KKX K HAPY>KHON MTOBEPXHOCTH POBOJIOKH,
NPUXOJIIIMXCS HA BBIMYKIYIO 4YacTh Clerka
n30rHyTOW MpoBosioku. Ilpu atom dopma u3-
JIoMa TIPOBOJIOK YKa3blBaja Ha pa3pyllIeHHE ee
OT U3rHOHBIX HANPSHKEHHI, a HE OT PaCTHKEHUS
MIPOBOJIOKU. TOJBKO Ha HE3HAUYUTENBHON YacTu
000pBaBIINXCS] TPOBOJIOK MMEJIa MECTO Xapak-
TepHas MJIsl pa3pylIeHUs pacTATHBAIOIINMU
YCUJIUAMM (ILIEUKa».

W3 npencraBiaeHbIX BbIIIE MaTEPUANOB BUIIHO,
YTO apMaTypHbIM KaHaT pacCMOTPEHHON KOH-
CTPYKUMH HE MOYKET HECTHM PpacyeTHYH Ha-
rpy3ky 1000 T 6e3 mpeBHIIICHUS] PEKOMEHTye-
moro CHull 2.03.01-84 pacueTHOrO COIMpO-
TUBJIEHHA JJI JAHHOTO KJIacca apMaTyphbl.
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B nepByto ouepenb 3T0 00YCIOBICHO HAJIUYU-
€M KPHUBOJHHEWHON TPAaCKTOPHH apMaTypPHOTO
dJeMEeHTa, BBI3BIBAIONIEH HEPaBHOMEPHOCTH
HATSDKCHUS TPOBOJIOK B My4YKe B Mpeaeiax
+23% OT cpeaHero 3HauY€HUsl, UHBIMHU CJIOBa-
MH, JaK€ TOJIBKO 3TOT (DaKTOp YKa3bIBaeT Ha
HEOOXOAMMOCTh CHMIKEHHSI YPOBHS HampsiKe-
Hul Ha 23% B 1enax o0ecreveHus peKOMeH-
nanuit CHull.

Hpyrum ¢GaxTopom, 00yCIOBIUBAIOIUM HEOO-
XOIMMOCTh CHIDKEHHS YPOBHS HANpsDKEHUH B
apMaTypHOM KaHaTe, SBISIOTCS M3THOHBIE Jie-
¢dopmMaluy MPOBOJIOK HAa METIEBOM YYacTKe
KaHaTa, TJIeé M3-3a MajbIX paalyCcoB H3ruoda
BHEIIIHHE BOJIOKHA TPOBOJIOKH IPETEPIEBAIOT
MIacTHYecKre aeopMaliy, 1 IPUTOM BeChbMa
3HAYUTENIbHBIE, TOCTUrAIOIINE TOJOBUHbI 3HA-
YeHHs NpeiesbHOM nedopmariy Ipy pasphiBe.
OueBuIHO, YTO MPU CTOJb 3HAYUTEIBHBIX Je-
(dopmaumsax mepepacnpeesieHue HarpsKeHUH
BHYTPH CEYEHMS KaKIOW NpPOBOJIOKK Oyner
BbI3BIBATh 3HAYUTEJIbHBIE KOHIEHTPAlMH Ha-
NpsOKEHWH, W TOITOMY BCSKOE CHIDKEHHE
YPOBHS YCUJIMH B My4YKe MOJOXKHUTEIBHO CKa-
KETCs Ha ero HaJeKHOCTH.

Eme omauM (akTopoM, yKa3bIBalOIUM Ha He-
06XO}II/IMOCTI) CHMIKCHUA YCUIIHMA HAaTAXKCHUA
apMaTypHOTO KaHaTa, SIBJISIeTCS CHU)KEHUE Je-
(hOpMaTHBHOCTH apMaTypHOHl TPOBOJIOKHA B
[poLecce TEXHOJOTMYECKOro LMKIA MO H3ro-
TOBJIEHUIO KaHaTa. Kak mokasanu pe3yibTaThl
CPaBHUTENIBHBIX HCIBITAHUN MPOBOJIOKH, MPO-
IeImeNd TeXHOJIOTHUYECKUH Tepesen U 3aBo-
JICKOM MOCTaBKH, B TIEPBOM CIIyyae UMEeM Y-
JMHEHue nocie pa3psiBa 1,7%, a BO BTOpOM —
4,0%, T.e. TEXHONOTUYECKUHA MEPENEN MPOBO-
JIOKA TPU HPUHATOM TEXHOJIOTMM W3TOTOBJIE-
HUS MyYKOB YMEHBINACT MpeAesbHYI0 aedop-
MaTHBHOCTH MPOBOJIOKM NP pa3pylIieHun 00-
Jiee 4eM B JIBa pasza MO0 CPaBHEHHUIO C HOpMa-
TUBHBIMHU CBOMCTBaMHU.

Kpome Toro, 4eThIpexXKpaTHBIA H3rU0 MPOBO-
JIOKA Ha BeChbMa MaJlbIX pajauycax, IpUBOJs-
mux K jgegopMmanusM BHEIIHUX BOJIOKOH,
MPEBBIMAIONNX HOPMAaTHUBHYIO TPEAEIbHYIO
neOpMaTUBHOCTD MPH Pa3pbIBE, MOXET BBI-
3BaTh 00pa30BaHWE MUKPOTPEUIMH B CEUCHHUU
MIPOBOJIOKU W, KaK CIIEJICTBUE, CHIDKEHHUE ee
HaJIEKHOCTH.

Crnenyer Taxke oOpaTHTh BHMMaHWE Ha TIO-
JIOKUTENbHOE BIMSHUE CHH)XEHHS YpPOBHS
HaIpsHKCHUI B MPOBOJIOKAX IMydYKa Ha MOTEpH
OT pelakcanuu TpoBosioku. Kak u3BecTHO,
YPOBEHb MOTEPh OT pejaKcalliu apMaTyphl B
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3HAYUTEIbHOW CTENEeHW 3aBUCUT OT YpPOBHS
JEHCTBYIOIIMX HanpshKeHnH. s ydera morepb
HalpsOKEHUs Ha PENaKcalyi IPOBOJOYHON
apmarypel B CHull 2.03.01-84 npuBenena 3a-
BHUCUMOCTB:

At =(0,22-0,,/R

sp s,ser

~0.1) 5,

B namieMm ciydae, 0e3 yuera BCcexX BUAOB HEOA-
HOPOJIHOCTEHN HAIPSKEHUH, YKa3aHHBIX BBILIE,
npu ycunuu B apMatypHoM kaHate 1000 T Oy-

nem uMeTb G, = 11338 Krc/cM’, Toraa
Ao’ =(0,22-11338/13600-0,1)-11338 =
=945, Tkec | cm”,

i 8,34% oT NelCTBYIOIUX HAMPSKEHUH.

[Ipn ycunuu B xanate 800 T HampsiKeHHE CO-
2

CTaBISICT G, = 9070,3 krc/cMm”, a Toraa

Ao’ =(0,22-9070,3/13600-0,1)-9070,3 =

= 423,8xec/ cm’,
win 4,67% 0T NeUCTBYIOIUX HAMPSKEHUH.

Takum 00pa3oM, MBI BUAMUM, UYTO MPHU CHUXKE-
HUW ypOBHs HamnpspkeHui Ha 20% nMeer Me-
CTO CHW)XCHHE NOTEph HA DPEJIAKCALMIO Ha-
npsbkeanid B 1,8 pasa. Ecnu ke yuecTs Bce
OTMEUYEHHBIE BBIIIE HEOAHOPOJHOCTH HAMps-
JKEHUN TI0 CEYEHHI0 KaHaTa M OTHAEIbHBIX
MPOBOJIOK, TO MOXHO YTBEpXJAaTb, YTO 3Ha-
YUTEJIbHBIE BEIUYHMHBI NOTEPh HaIpPSKEHUH,
OTpefeNnseMble 10 pe3ynbTaTaM IPOBEICHUS
KIIP, Bo MHOTOM OO0YCNOBJIEHBI BECbMa BBI-
COKMMH YPOBHSMM HamlpsOKEHUH B MPOBOJIO-
Kax M3-3a HAJIWYUS HEOAHOPOIHOCTEH, OTMeE-
YEHHBIX BBIIIE.

CrnenoBaTenbHO, CHIDKEHUE YPOBHS HarpsiKe-
HUH B TPOBOJIOKaX apMaTypHOTO KaHaTa,
HMMEIOIET0 B 3HAUUTEIBHOM 4YacTH MPOBOJIOK

HalpsoKE€HUA, TMNPCBbIIAOIMINE OOIMYCTHUMBIC
3HAa4YCHUsA, CLIC boyiee 3aMETHO OTpa3uTCA Ha
CHMKCHUU PEIIAaKCAlIUOHHBIX ITOTEPb.

OnmHUM U3 BaXKHBIX aCTMeKTOB paboTOCIIOCOOHO-
CTH apMaTypHOTO 3JIEMEHTA SBJISIETCS] COXpaHe-
HHUE 3amaca ero JeopMaTUBHOCTH IJISi BO3-
MOXHOCTH BOCHPHSTUS JONOJHUTENBHON Ha-
IPY3KH OT BO3JICUCTBUS aBApUMHOIO JaBJICHMUS.

WHCcTpyKIMe 1O TEXHUYECKOMY OOCITy>KUBa-
HHUIO CHCTEMbI IIPEABAPUTEIBHOIO HAPSHKEHUS
3alIMTHBIX 000J04YeK, pazpaboTaHHOil «Opr-
SHEPrOCTPOEM», TIPEAYCMATPUBACTCS MOATSKKA
apMaTypHbIX KaHAaTOB [0 yCWJIUS IIEPBOHAYAIb-
HOTO HaTsDKEHUS!, YKa3aHHOTO B KypHaje mpea-
BapUTEIBbHOTO HANpsbKeHUs1 06onoukH (1. 4.10)
[1]. [Ipu TOM HE HaKIaIbIBACTCS OrpaHUICHUIH
Ha JIOMMyCTUMOE YJJIMHEHHE KaHaTa, OTHECEeH-
HOE K MPUPAILIEHNIO HarPY3KH.

[Ipu TakoM MOIXOJE MOATSANKKA apMaTypHBIX
KaHaTOB JI0 MEPBOHAYAILHOTO YCHIIHUS MOXET
BBI3BaTh BEChMa CYIIECTBEHHOE CHU)KCHHE 3a-
naca Jie(OpMaTUBHOCTH KaHaTa, Tepexo/] 3Ha-
YUTEIHHOT'O KOJIMYECTBA COCTABJISFOIIUX €ro
MIPOBOJIOK B COCTOSIHUE TUTACTUYECKOH Aedop-
Malli{, a TaKke YMEHbIIeHHE ero pabovero
CCUCHUS M3-3a OOPHIBOB OTIEIBHBIX MTPOBOJIOK
B MpoIlecce MOATSKKY (4TO HaOogaeTcs Ha
OOJBITTMHCTBE ITyYKOB MPH WX TMOATSIKKE), T.€.
CHIDKEHHUE HaJIC)KHOCTH apMaTypHOTO 3JIEMEH-
Ta ¥ KOHCTPYKIIUU B IIETIOM.

OueBHUIHO, YTO MOATSKKA apMaTypHOTO KaHa-
Ta MOXET JOIMYCKaThCs TOJBKO MPU YCIOBUH,
KOTZIa W3MEpseMOe TpHUpalIeHne yITHHEHUS
Ha TSHKHOM €ro KOHIIE, OTHECEHHOE K Mpupa-
LIEHUIO MPUKIIAIBIBAEMOTO YCUIINS, YKAa3bIBACT
Ha yNOpyryio paboTy apMaTypHOTO KaHaTa B
JTAHHOM HHTEpBAJIe YCUITHH.

3. AHanu3 Hanpsi>XeHHo020 COCMOSsIHUSI 3au{umHolU 060/104YKU

B cBeTe mocTaBiaeHHOM 3aJ1auM — IIOBBIIIIEHHE
IKCITyaTallMOHHBIX KauyecTB 3allUTHOW 000-
noukn ADC 3a cuer Gosee parroHaIBHOTO Tie-
pepacrpe/ieNieHisT YCHIIMH B TIPEIBAPUTEIILHO
HarparaeMoi apMarype u OETOHE COOpYKEHHUs,
3HAUMTENBHO IOBBIIIAECTCS YPOBEHb TpeOOBa-
HUW K IPUMEHSEMOM 1)1 3TUX LIeJIEH METOIUKE
pacdeTHoro aHanmuza coopyskeHus. Ocobo cie-
OyeT BBIIETHUTh HEOOXOAMMOCTH AeTalU3aLuu
pacuera, 0OyCIOBJICHHYIO TpeOOBaHHSAMH IIO-

JTy4eHUs MOJIHOW KapTUHBI BECbMa HEOIHOPO-
HOTO HAIPSKEHHOTO COCTOSIHUSI KOHCTPYKLIWH,
00YCJIOBIEHHOTO HAIMYMEM KPYITHBIX TEXHOJIO-
TUYECKUX MIPOXOAOK C YCUICHUAMHU BOKPYT HUX
U TeIMKOWAAIBHBIM PACIOJIOKEHHEM apMaTyp-
HBIX KaHATOB B CTEHKE LIMJIMHIPA.

[IpuHMMas BO BHMMaHHE, YTO HapsIy C Mpen-
BapUTEIIbHO HAIIPSraeMOW apMaTypoil B LIWJIUH-
Ipe ¥ KyMoje 3allUTHOW O0OO0JOYKH pachoio-
KEHO 3HAYUTEIBHOE KOJIMYECTBO PANOBOW He-
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HanpsiraeMod apMarypbl, a BCS BHYTPCHHSS
MOBEPXHOCTh UMEET METAJUTUYECKYI0 OOJIHIIOB-
Ky TOJIIMHOH & MM, TOTpPeOOBAIOCH HMETH
BO3MOXHOCTb YYUTBIBATH B pacye€Tax BJIHWAHUC
3TUX KOHCTPYKTHBHBIX 3JIEMEHTOB Ha oOIiee
HaIPSHKEHHOE COCTOSIHAE KOHCTPYKIIUH.

VYuuteiBas BBILIECKA3aHHOE JJII PACUETHOrO
aHaJIM3a HaANPSHKEHHOTO COCTOSTHUSI KOHCTPYK-
Ui ObUI TPUHAT TNPOTPAMMHBIN  KOMILIEKC
«CONT», BKIIOYAIOIIMH MNOJCHUCTEMEBI aBTOMa-
THYECKOT0 (DOPMHUPOBAHUS KOHEYHO-DJIEMEHT-
HBIX MOJIEJIEH, pacyeTa TEMIIEPaTypPHBIX MOJEH,
pacyera HamnpsHKeHHO-Ie(OPMHUPOBAHHOTO  CO-
CTOSIHUMS, a Takke rpadudeckoil 00padoTKH pe-
3yJIBTAaTOB. DTO MO3BOJIIIIO MPOU3BOANUTH PacdeT
HaIpPsHKSHHO-NIEPOPMUPOBAHHOTO COCTOSIHUS
3alUTHBIX 00O0JIOYEK C YUETOM apMHPOBAHHBIX
coeB OeToHa M BHYTPEHHEH MeETaUTMIeCKOM
OOJIMIIOBKH, MOJCIUPYS BO3ICUCTBHUSI BCETO
CIEKTpa JKCIUTYyaTAllMOHHBIX U aBapUMHBIX Ha-
TPY30K, a MMEHHO: COOCTBEHHOTO Beca COOpY-
JKEHHSI, YCUITUNA OT MPEIBApUTETHLHOTO HaMpsiKe-
HUsI, BHYTPEHHETO aBJICHUS M TeMIIepaTypPHbBIX
BO3JIEHCTBHM, a TAKXKE JIFOOBIX MX COUETaHUH.

OObeMHas KOHEYHO-3JIEMEHTHash MOIeNb 3a-
IIUTHOM 00O0JIOYKH, CIOJIb3yeMast TIPH BBITON-
HEHHUHU PacueToB, IPUBEEHA Ha puC. 1.

IIpu BBEITIOTHEHNH PACUYETOB 3AIIUTHON 000IJI0Y-
KM Ha Harpy3kd OT IpPEeIBapUTEIILHOrO Harps-
JKCHUS BEIMYMHA YCUITUSI HAa TSHKHOM KOHIIE ap-
MaTypHOTO JJIEMEHTa TMPHUHUMANAch pPaBHOU
750 T mpu ydere Kod(hUIMEHTA TPEHUS €r0 O
CTeHKH KaHajooOpasoBarenerr p=0,09. 3nade-
HHUEC BCIIMYMHBI YCUJIMA Ha TSAKHOM KOHIE apMa-
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TYPHOTO 3JIEMEHTa NPUHUMAIIOCh U3 COOOpaxe-
HHUHA OLEHKH BO3MOXHOCTH O(HLHATEHOTO CHHU-
KEHHUs YPOBHS HATSHKEHHMS apMaTypHBIX 3Jie-
MEHTOB Ha 25% TpOTHB TPeOYeMbIX CETOIHS
1000 T. Kak moka3plBaeT aHalu3 pe3yJsIbTaTOB
OOMNBIIOT0  KOJMYECTBA  KOHTPOJILHO-TIPOdH-
JIAKTUYECKUX pabOT, COCTOSHUE CHUCTEMBI Mpen-
BapUTENLHOTO HAMPSLKEHMS Ha BeeX 0e3 MCKITIOo-
YeHHsl TOCTPOEHHBIX 3AIIMTHBIX O0OJIOYKaxX He
[I03BOJIAET AOCTUTaTh Takoro ycuiaus. Haunnas ¢
yemwmust 800+850 T mpakTHdecku BCE apMaTyp-
HBIE 3JIEMEHTHI MEPEXOIIT B 00JacTh TUIaCTHYe-
CKMX JedopMaluii CO BCEMH BBITEKAIOINMU
oTctofa mnocnencTeusMu. CrenoBaTenbHO, MpU
TIOTYYEHUH TIOJOKUTENbHBIX PEe3yJIbTaToOB pac-
YeTa HalpsHKeHHOTO COCTOSIHUS 3aIllUTHOM 000-
JIOUKH A7 CIyYaeB MCIBITATENbHOW W aBapHid-
HOM Harpy3kKd IpH YCWIMH HATSHKEHHS apMa-
TYPHBIX 271eMeHTOB 750 T MOXKET OBITh COXpaHe-
Ha pabOTOCTIOCOOHOCTH apMaTypPHBIX 3JIEMEHTOB
(coxpaHeHue ympyrol cramuu paboThl), a 3Ha-
YHT, ¥ BCEH KOHCTPYKIMH 3aLUTHON 000JI0YKH.

3navenne kodddumenta tpeans | = 0,09 npu-
HATO Kak Hamboliee KOHCEPBATHBHOE W3 3HAYe-
HHH, MOTyYESHHBIX TIPU BBINIOJIHEHUH HCCIEIOBA-
TENbCKUX Pab0T Ha HATYPHBIX COOPYXEHHSX
(FOxHO-YKpanHckoit u 3anopoxkckoir ADC).

Ha puc. 2 npuBeneHs! pe3ynbTaThl pacyeToB Jie-
(OPMHUPOBAHHOTO COCTOSIHUS 3aLUTHOW 000-
JIOYKHM TP BO3JICUCTBUM YCHIMU OT IpEBapH-
TEeJIBbHOrO HampspkeHus. [l Oonee HaryIsIIHOTO
NpencTaBieHus KapTUHbl 1eOpMHUPOBAHHOTO
COCTOSIHMS 3HaU€Hus! iepopMaliyii, oTydeHHbIe
npu pacuete, ypeandeHs! B 200 pas.

YHCI0 KOHEYHBIX
3JIEMEHTOB — 9472

Yucio creneHen
cB0oOOIBI — 34812

Puc. 1. PacueTHas MoAeib 3alIUTHON 000JIOUKHA
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Puc. 2. Kaprtuna neopMUpOBaHHOIO COCTOSIHUSI 000JIOUKH OT BO3IACHCTBHUS
[peBAPUTENBEHOTO HANPSKEHUs

Ha puc. 3,4 mpeacrtaBieHsl monst pacnpenesne-
HUSl HaOpsDKEHUM Ha HapyKHOM MOBEPXHOCTU
3AIIUTHOW OOOJIOYKH, ACHUCTBYIOIIMX B MEpHU-
JVOHAJIbHOM U KOJIbLIEBOM HaITPaBJICHUAX.

Kak BuaHO W3 mpencTaBiICHHBIX MaTepHasoB,
XapakTep HampsKEHHOTO COCTOSHUS IpPH BO3-
JICCTBMH JaHHOM HAarpy3KH B 30HaX yCHICHHH
OTBEPCTHH M KOJBIIEBOH OallKM ITOCTaTOYHO
HEOJTHOPOJIEH, OJTHAKO B 30HAX, YAJEHHBIX OT
KOHLIEHTPaTOpOB HAampsDKeHWH, KapThHa Ha-
MPSDKEHHOTO  COCTOSIHUS  TTpuoOperaer  Oosiee
OJIHOPOJHBIN XapakTep.

BrimonHenne pacdera 3amUTHOW OOOJOYKH B
cilyyae BO3JIEMCTBHS TOJNBKO TEMIEPATypPHBIX
Harpy30K B W3BECTHOW CTENEHH MPOTUBOPEUHUT
(u3MYeCKd BO3MOXKHON KapTHHE COCTOSIHUSI 3a-
LIMTHOM 000JI0YKH, T.K. HE MOXKET OBITH BO3JICH-
CTBUsI TEMIIEPAaTYpHOH Harpy3Kd Ha KOHCTPYK-
LIMIO B OTPBIBE OT APYIUX ACHCTBYIOIIMX (aKTo-
poB (COOCTBEHHOTO BeEca, MPEABAPUTEITHLHOTO
HalnpspKeHUs] U BHYTpEeHHero napienus). OnHa-
KO, B LIEJISIX BO3MOXKHOCTH 0OoJiee AETanbHOro
aHaM3a BIMSIHUS OTHENBHBIX (pakTopoB Ha 00-
1iee HaNpsDKEHHOE COCTOSHHME KOHCTPYKIMH OT
BO3JICICTBYS aBapUHHOM HArpy3KH NPHBEACHBI
9TU MPOMEXYTOYHBIE PE3YIILTATHI.

[Ipn Ha3HaYEHUM pacHeTHBIX MapamMeTPOB STOTO
Cllydasi 3arpy’>KeHusi KOHCTPYKLMN YYUTBIBAJIOChH
BIIMSIHAE OOCTPOUKU B HIDKHEHW YacTH 3allUTHOM
000J109KH, TJie Temreparypa BOJINU3M 000JI0UYKH
coxXpaHsieTcsi CTaOMJIbHOM BHE 3aBUCHMOCTH OT
Hapy’KHOM Temmeparypbl BO3AyXa M IpUHSATa B
HaleM ciydae pasHoi +20°C.

Takum 00pa3oM, pacripeeieHre TeMIlepaTyphbl
cpenbl BOMM3W HapYKHOW MOBEPXHOCTH 000JI0U-
KU TPUHSTO CIIE Y FOIIIM:
— B HIKHEH 4YacTH 3alIUTHONW OO0OJIOYKH
OT MecCTa 3aKpervieHus e B (hyHIaMeHTHON
IUTATE Ha BBICOTY OOCTpoMku (28,2 M oOT
MeCTa 3aKpeIUICHHs) TeMIlepaTypa Cpeabl
BOJIM3M HapYKHOW MOBEPXHOCTH MPUHUMA-
nace +20°C.
— BCS BBINIENEXallas YacTb 3allUTHOM
000JIOUKH TIOJIBEPTacTCsl BAUSHHUIO CPEIbI C
temnepatypoit —40°C.

Temneparypa cpeipl BHYTPH 3alIMTHON 000-
JIOYKH IO BCEW €€ BBICOTE MPUHSITA IOCTOSH-
HO u paBHOW +150°C. HauanpHas Temmepa-
Typa CTEHKHM 3aIIUTHON O0OI0YKM, MpPUHSTAs
paBHOMEPHOM [JIsl BCErO CeueHus (Temrepary-
pa 3aMbIkaHus, 7)), COCTaBJIIET B HAIEM CIYy-
yae +20°C.

Kapruna negopMupoBaHHOTO cOCTOsIHUSI 000-
JIOYKM TpW BO3ACUCTBUM YKa3aHHBIX BBILIE
TeMIeparyp npuBelneHa Ha puc. 5. Kak BugHO
U3 MIPEACTABICHHBIX PE3yJIbTaTOB, Ha TPAHHIIE
W3MEHEHUS HapY)XHBIX TEMIEpATyp MPOUCXO-
IST JOTOJIHUTEIbHBIE U3THOHBIE nedopManiu
CTEHKH 3aIIUTHON 000J0YKH MEPUINOHAIBHO-
ro HampaBleHHs. OJTO  0OCTOSTETBCTBO
00yCJIOBIEHO  paziMyhMeM  CpeiHUX IO
CEUCHHUIO MPUPAIIECHUH TeMIepaTyp H, Kak
CIIEJICTBUE, PA3INYHBIMH TPHPALICHUSIMH pa-
JMyca 3alIUTHOH 000I0UKH.
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o [MIa].

Il 57e=+01 - -BE0=00
B -5.50=400 - -580:400
[ -5.50e400 - -5302400
Il 5-30e400 - -4702400
Bl -70e400 - - 4102400
B -410e400 - -3802+00
-3.50e400 - -2H0e+K
I -2.60=400 - -230:400
Il -230=400 - - 1702400
[ -1.70e+00 - - 1102400
-1.10e+00 - -5.00-71
Il S.00e-01 - 100e-01
B 1-o0e-01 - 7.00e-01
700e-01 - 2472400

Puc. 3. Pacnipeenenue MEpUINOHAIBHBIX HANPSDKCHUN HA HAPYKHOM OBEPXHOCTH OOOJIOUYKH ITPH BO3EHCTBUI
[IPEJBAPUTENBHOIO HAIPSIKEHUS

¢ [MIal.

Bl -1-01e402 - - 100401
B -1.00e+01 - -B00e+09
B -5.00e400 - -B.00e+00
Il -A.00e+00 - 7002409
Il 7006400 - -B00e+00
B -5.00e+00 - 5002409
-5.008400 - -400e+00
B -400e400 - 3002+
I -3.00e400 - -2.00e+00
[ -2.00e400 - - 1002+
-1.008+00 - 0.00e+07]
I 0-00e400 - 1008400
B 1.00e+00 - 2406400
2.00e+00 - G.A5e-01

Puc. 4. PacipeniernieHre KOMbIIEBBIX HANPSHKEHUH HA HAPYKHOM MTOBEPXHOCTH 00OJIOYKH TIPH BO3ACHCTBUH
IpeJBapUTEIBHOTO HAIPSKEHUS
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G [MIa].

Il -c45e402 - - 180401
B 150401 - - 1002401
B -1.00e401 - -500e+00
Il -5.00e400 - 000e+X
" ! [ 0.00=400 - 5.00e+00

e}

[ 5.00e400 - 1008401
1008401 - 1.602+01
B 1.50e401 - 2a0e+01
B Gooe+01 - 28001
[ cate+01 - Aa0e+01
3008401 - 3G0e+D1
Il 350e401 - 400=+01
B 400=401 - AG0e+0
4508401 - BATeH0R

—

a [MNa].

Il -2o0e+02 - - 1.00s+01

B -1.00e401 - -500s+00

I -5.00e400 - D00e+0
L—_'L\_L‘L_——;I—l Il r.o0e:00 - 5.00s+00
I 5.00e400 - 1.00=+01
I 100401 - 1.80e+01
1508401 - 2008401
I 2.00e01 - 2502401
I 2.50e+01 - 3.00=+01
[0 a.00e+01 - A80=+01

=
N iy 3508401 - 4002401
—_______ ‘_,_-" _
:________ :::/ Il +00e401 - A80e+01
— | = 450401 = 1408408
o 1 ]
| L____d__f-/
—1 L_____F___F—/
-—_"‘—\-\__\_\_\_\_ I _—'—'-'_'-'—/
-\_'_"‘———._._\_\_ : I -'-""'-'_'_‘___-—-
_"‘“-‘—-.__\_\_\_\_ LT L—""]
-

Puc. 7. PacipenieneHne KOJIBIEBBIX HANPSDKEHNH Ha HApY KHON ITOBEPXHOCTU 00OJIOUKH IIPH BO3JICHCTBUH TEMIIEPATYPEI
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Puc. 5. Kapruna neopMupoBaHHOTO COCTOSIHUSL 00O0JIOUKH IIPH BO3AEHCTBUH Pa3INIHOM
Hapy>KHOW ¥ BHYTPEHHEH TeMIepaTrypbl

Takum oOpa3oM, BUIHO, 9TO CBOOOIHBIE TEM-
nepaTypHeie qeopManyyu HWXKHEH dacTu 3a-
HIUTHOM OOOJIOYKH MPEBBIMIAIOT aHAJIOTHYHBIE
B BepxHed yactu. OYeBHUIHO, YTO TEMIIEpa-
TypHbIE I'PaJMEHThl B CTEHKE 3aIlUTHON 000-
JOYKH OyIyT UMETh OOpaTHYIO KapTHHY, T.e.
BBILIIE B BEPXHEH YacTH, YTO IMOBJEYET 3a CO-
0o0if Ooyiee BEICOKHH YPOBEHb TEMITEpATyPHBIX
HanpsDKEHWH B BEpXHEH 4acTH 3alIMTHOM 000-
JIOYKH, PacroaraeMoi BeIlie 0OCTPOHKH.

Pacnipenenenne MepuAMOHANBHBIX U KOJbLE-
BBIX HAIPsDKEHUI Ha Hapy>KHOH MOBEPXHOCTH
3aLIUTHONW O00OJIOYKH NP NMPHUHATHIX 3HAYEHU-
X TeMIlepaTyp MpUBEIEHBI Ha pUC. 6 1 7.

Criemyet 3aMeTHTb, 9TO YCIOBHOCTh pe3yJiIbTa-
TOB TaKOTO pacyeTa 3aKJII0YaeTcsl B MOCTOSH-
CTBE TEMIEPATYpPhl, AECUCTBYIOLIEH BHYTpPHU
3aIlIUTHOH O00OJOYKH, W 31IeCh CKopee HHTe-
pecHa KayeCTBEHHAs! KapTHHA BIUSHUS TeMIIe-
paTypHOIl Harpy3ku Ha XapakTep pacmpenene-
HUS HANIPSDKEHUH, YeM KOJIMYeCTBEHHBIE TTOKa-
3areqd. KoymyecTBeHHass OLIEHKA BIIMSHHS
TeMIIepaTypHON Harpy3Kd JIOJDKHA BBINOJ-
HATBCS C YYETOM BPEMEHHU BO3ICHCTBUSL CO-
T1acCHO TIPUBEICHHBIM Ha pHC. 8 Tpadukam,
XapaKTepU3YIOIMIUM IIPOIIECC MPOTEKaHUs aBa-
puiiHOM cuTyanuu.

40

OpniHako B Mpolecce BO3JAEHCTBUS aBapUMHOTO
COUCTAaHUA HArpy3oK TIIOABJISICTCA BO3MOXK-
HOCTh 00pa30BaHMs TPEUIUH H3-32 HATUYUS
TEMIIEpaTypPHOTO Tepernaa BHyTPH U CHapyKU
000JIOYKH B JOBOJBHO TMPOJOJDKUTEIBHBIN TIe-
pyuoa BpeEMEHH.

B mepBbIit MOMEHT aBapuu 3amuTHas 000104Y-
Ka BOCIPUHUMAET TOJBKO HAarpy3Ky OT BHYT-
pPEHHEr0 NaBJEHHA, paBHy0 P =4 atu, u ee
HaMPsHKEHHOE COCTOSHUE Majo YeM OTJIMYacT-
cd OT cllydash BO3JEWUCTBUS MCIBITATENbHOMN
Harpy3Kkd Ha COOTBETCTBYIOIIEM 3Tame. Maio
TOTO, YYUTHIBasi TO OOCTOSATENLCTBO, YTO pac-
YETBl I0KAa3aJl OTCYTCTBHE PAaCTATHBAIOIINX
HaIPsOKCHUM aXke IIPU BO3ACUCTBUM IOJHOU
UCTBITATEIbHOW HAarpy3kH HHTEHCHUBHOCTBIO
P,=4,6atn, npu yueTe CHHXXEHHOIO [0
N=750T ycunus mnpenBapUTEIbHOIO Hamps-
JKEHHsI B apMaTypHBIX 2JEMEHTaX, MOXKHO yT-
BEP)KJaTh, YTO B NIEPBBIH MOMEHT aBApUH, IIPH
3aJlaHHBIX €€ MapaMeTpax, HeT OCHOBAaHUM AJis
omacHocTh oOpaszoBanus TpeumH. Ilo mepe
MporpeBa CTEHKH 00O0JOYKHM OymeT BO3HUKATH
TEeMIEepaTypHbIE MOMEHT B €€ CEUeHHsX, BbI-
3BIBAIOLIHI CKaTHe BHYTPEHHEN U pacTsKeHHe
BHEIIHEH MOBEPXHOCTEH 3aIUTHONW 00OJIOYKH.
Y4uuTeIBas TOBOJIBHO 3HAYUTEIBHYIO TOIIIUHY
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CTEHKH M JIOCTaTOYHO HH3KYIO TEIJIOMpPOBOJ-
HOCTb O€TOHa, MOTpedyeTcsl MPOMEXYTOK Bpe-
MEHH, I10CJI€ KOTOPOr0 MOXKET HauaTbcs Ipo-
ecc TPeUMHOo0Opa30BaHus Ha HAPYKHOW IO-
BEPXHOCTH CTEHKH 3alUTHOH obosouku. [lpu
3TOM ClIeAyeT y4YUThIBaTh, YTO 3aJaHHBIC Ma-
pameTpsl cpedsl Moja 00O0JOYKOM B Ipolecce
aBapuM HE CTALMOHAPHBI. XapakTep H3MEHe-
HUSL TapaMeTpOB Cpeabl, NPHUBEICHHBIA Ha
puc. 8, MOKa3bIBaeT, YTO B 3aBUCHUMOCTH OT

P [aTa]

KoJn4ecTBa pabOTaIOMIMX CHPUHKIEPHBIX Ha-
COCOB MOTYT HaOJr0IaTbCs pa3iMyHbIE PEXH-
MBI aJIeHNs JAaBJICHUS U TeMIIepaTypbl BHYTPU
0007104KH. {7151 BHITIOHEHHs PacueTOB 3allUT-
HOW 00O0JIOUKM B HAIlleM CiIydae MPUHUMAJIHCh
rpadMKy M3MEHEHMs NapaMeTpoB Cpelsl MpU
OJIHOM paboTaromiel CIPUHKIEPHON yCTaHOB-
Ke, KaKk cilydail, YYUTBHIBAIOIMK HanOomibLINe
3HAYEHUs] TeMIIEPaTyPHbIX HArpy3ok Ha 000-
JIOUKY.
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Puc. 8. Xapaxtep n3MeHEHHs TapaMeTPOB CPebl oA 000JIOYKOH PN MaKCUMaIbHO BO3MOXKHOH aBapuu:
KpuBasi | — paboTaet OMH CIPHHKIEPHBIH Hacoc; T, = 33 °C
KpHBas 2 — paboTaroT 3 CIpUHKIEpHBIX Hacoca; 1,,, = 10°C
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AO.OD T [orad] T|ME
g0 :0:0
b1:0:0
cc:0:0

00 g3 :0:0
FE :0:0
gb 0 :0

BO.O0 h14:0 ;0

5000
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annon e S —
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200

10,00
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22.80 22.65 22.80 22.85 23.10 £3d.25 23.40 23.55 2370 Iml

VY'Y= 1200

Puc. 9. PactipenieneHne Temiiepatyp B CE4€HHH CTEHKH 00O0JIOYKH Ha BHICOTE 12 M B pa3iIMYHBIE MOMEHTHI BPEMEHH OT
Hayajia aBapuy: a — MOMEHT Hadajia aBapuu; b —depes 1 gac mocie Havana aBapHu;
¢ — uepe3 2 yaca; d — depe3 3 vaca; f — depe3 6 yacoB; g — yepe3 8 yacos;
h — yepe3 14 yacoB mociie Hayana aBapuu
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Puc. 10. Tpaduk u3MeHeHHs TeMIepaTypbl OONUIIOBKH 3aIUTHOH 000II0YKH 32 MepHO/] BO3ACHCTBUS aBapHIHOM HArpy3KH
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Puc. 11. Xapaxktep u3MeHEHHsI MEpUINOHAIBHBIX HANPsDKEHUHI B CTEHKE 3aIMTHOM 000704KH Ha BhICOTE 9 M:
A. a— MOMEHT Hauasia aBapuu; b, ¢ 1 d, COOTBETCTBEHHO, 1, 2 1 3 yaca mocie Hayajla aBapuu;
b. a, b, ¢, cooTBeTCTBEHHO, 6, 8 U1 14 YacoB mocie Havaia aBapuu
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Puc. 12. Xapaktep n3MeHEHNsI MEpUINOHAILHBIX HAMPSDKEHUH B CTEHKE 3aIIUTHON 000JIOYKH Ha BBICOTE 35 M:
A. a— MOMEHT Hadana aBapuu; b, ¢ 1 d, COOTBETCTBEHHO, 1, 2 1 3 yaca mociie Ha4aia aBapuu;
b. a, b, ¢, cooTBeTCTBEHHO, 6, 8 M 14 YacoB mocie Havalla aBapuu



Tosviuienue sKCnIyamayuoHHbIX Kavecms sauumuslx o6onovex AIC
Anexcandp C. Kucenes, Anexceti C. Kucenes, E. A. Kowmanoe,B. H. Meoseoes, A. H. Yvanos

CornacHo npuBeneHHbIM TIpadykKaM MOBEZe-
HUS cpeibl o 000JI0YKOM B MocaeaBapUiHBIN
IEPUOJ, C TEUYCHUEM BPEMEHU IPOUCXOMUT
CHIJKEHUE JaBJIICHUS W TEMIIEPATYpPhl CPEIb
MIapora3oBoil CMECH, OJHAKO, IIPU 3TOM IIPO-
UCXOJUT HAapacTaHUE BIUSHUSA TEMIEPATYP-
HBIX Harpy3oK 3a CYeT IOCTEIIEHHOI0 Iporpe-
Ba CTEHKH 3a TOT XK€ IEPHOJ] BpPEMEHHU.

[Ipu sTOoM HapacTaHue BIHMSHUS TEMIEpaTyp-
HBIX Harpy30K IMPOUCXOANT Ha (hOHE CHIDKCHUS
TEMIEPaTyphbl BHYTPU 3aIIUTHONW OOOJIOYKH M,
KaK MOKa3aHo Ha puc. 9, k 14 yacam ¢ MOMeHTa
HaJaJla aBapuu TEMIlepaTypa BHYTPH CTEHBI
MPEBBINIAET TEMIEPATYPY €€ BHYTPEHHEU Io-
BEPXHOCTH.

Takum o0Opa3oM, Mpolecc 3arpyKeHusi KOHCT-
PYKUMH 3a Bech Mepuoj cTabuin3aluu napa-
METPOB T0a 00O0JIOYKON HeCcTallMOHAPHBIA H
oOnamaer psgom mnpotuBopeunit. C  ogHOU
CTOPOHBI, HapacTaHHE TEeMIEPaTypHOro MO-
MEHTA, BBI3BIBAIOILIETO POCT PACTATHBAIOLIUX
HallpsDKEHUM HAa  HapyKHOHM IOBEPXHOCTH
CTEHKH 00OJIOYKH BO BPEMEHH, a C IPyro —
YMEHBIIEHHE AaBJIECHUS MoJ O00O0JOYKOW, BbI-
3BIBAIOLICE CHW)KEHHE PACTATMBAIOIIMX YCH-
JUH 1O BCEMY CEUEHHIO CTeHKH. XOTs, Kak
MOKa3bIBAIOT PE3yJNbTaThl PacyeToB, OTOOpa-
JKAOLUX HAIpPSHKEHHOE COCTOSIHUE KOHCTPYK-
UM B pa3juHble MOMEHTHI BPEMEHH OT Haya-
Jla aBapuH, NpaBUIIbHEE TOBOPUTH 00 yBeIHnye-
HUU CXUMAIOLIUX YCUIMN B IpOLECCe MPOXo-
JKJIEHUSI aBapUITHOM Harpy3KH, T.K. 3a BCE Bpe-
Msl JIeMCTBUS aBapUHHBIX HArpy30K B CEUEHMSIX
3alIUTHONH O0OOJIOUKH HE BO3HUKAET PACTSTH-
BAIOIIMX YCHJIMH, YTO MOATBEPKAAET BO3ZMOXK-
HOCTh CHW)KEHHS YCHIIMS HaTSDKEHUS apma-
TYpHBIX KaHaToB 10 750 T.

[IpuBenennsiit Ha puc. 10 rpaguk “3MeHEHHS
TeMIlepaTypbl BHYTPEHHEH METaIMIecKond 00-
JIMLOBKY 3alUTHOM OOOJIOYKM 3a HEPHOI BO3-
JIEHCTBUsI aBapUHHOW TeMIepaTypel B CpaBHe-
HUM C MIPUBEICHHBIM BBILIE IpaduKOM, Xapak-
TEPU3YIOIIUM M3MEHEHUE TEMIIEPATYPBI CPEIIB
1o o0O0JOYKOM 3a TOT e INEepUOA BpPEMEHU

4. BbigoObI

1. [IpuMeHsiemas B 3alIUTHBIX 000J0YKaX CHC-
TeMa MPEABAPUTENBHOTO HANpPsDKEHUS HE MO-
KET KaueCTBEHHO 00eCIEeUUTh YCUIINE HATSDKe-
HUs apMaTypHbix kaHatoB 1000 T, T.K. 3a cuer

HArJISAHO TMOKAa3bIBAET «OTCTaBaHHE» H3MEHe-
HUSI TEMIIEPATYPbl OOJUIIOBKY 33 CUET HATTMYMS
C IPYTOi ee CTOPOHBI HEMPOTPETOro OETOHA.

OCOOEHHO SPKO 3TO BBIpAKAECTCS B TEPBHIE
Yachkl aBapuH, KOTJa BHYTPU O0OJOYKH JEHCT-
BYIOT HAaWOOJbIIIME 3HAYCHUS TEMIIEPATypPhl U
JABJICHUS, T.€. 32 CUET PEaKTHBHOCTH CTEHKH
3alIUTHON O0OJIOYKH K BOCIIPHUSATHIO TEMIIepa-
TYPHBIX Harpy3oK 3HA4YUTEIbHO CMATYaeTcs
XapakTep BO3JCHCTBHUS aBapUHHBIX HArpy30K
Ha 3aIIUTHYIO 000JIOYKY.

C uenpio Oosiee HArJSAHOTO TMPEACTABICHUS
MOJTyYE€HHBIX B PE3yJbTaTe PacyeToB AaHHBIX
Ha puc. 11a,6 u 12a,0 nmpuBeaeH XapakTep u3-
MEHEHHUS] HANpPSHKEHUH B CEUEHMAX 3alUTHOU
000109k Ha BBICOTE 9 M OT HIDKHEH KPOMKH
MWIMHApPA (HaXOAALIMXCS BHYTPU OOCTPOUKH)
1 Ha BbIcOTe 35 M (BBINIE OOCTPOWKH) B pas-
JIUYHbIE MOMEHTHI BpEMEHH OT Hadalla aBapuu.

Kak BuaHO M3 mpencTaBie€HHBIX PE3yJIbTaTOB,
XapakTep IepepachpesielleHus] HanpsHKeHUH
BHYTPH CEYCHHsI CTEHKH 3aIllUTHOW 000J0YKH
3a BECh MEPUOJ MPOXOXKIICHUS aBapUHHBIX Ha-
CPY30K BBIPAXKAeTCsl B 3HAUUTEJIbHOM MPHUPOC-
T€ CXXUMAIONIUX HaIpsKEHUH BOJIWU3M BHYT-
peHHEH TIOBEpPXHOCTH U Majo3aMETHOM IMpH-
pOCTE pacTIrUBalOLIMX HANPSDKEHUHA IO BCEMY
OCTAJIbHOMY CEYECHHIO, YTO ITO3BOJIIET TOBO-
PHUTH O AOMMYCTUMOCTHU U JIaxke Iiesiecoo0pa3Ho-
CTU CHUXEHUSI YPOBHSI HaNpPsDKEHUS apMatyp-
HBIX KaHaToB 10 ycuius 750 T.

[TonbiTkK pemenus: npoOieMsl TpemMuHooOpa-
30BaHUSl Ha HApYyXXHOW IMOBEPXHOCTH 3alUT-
HOW 00OJIOYKM OOIIUM MOBBIIIIEHHEM YPOBHS
00>KaTusl MPUHLMIIMAIBLHO HE BEPHBI, T.K. 3TO
BBI30BET, YUYUTHIBAS NPAKTUYECKH LIEHTPalb-
HOE NPWIOKEHUE HArpy3Kd OT MPEIBaPUTEIb-
HO HAamNpsKeHHs, JOMOJHUTENbHBIA MPUPOCT
C)KMMAIOIUX HaNpPsKEHUH 10 BCEMY CEYEHUIO,
B TOM YHCJIE€ U BOJU3U BHYTPEHHEH NOBEPXHO-
CTH CTEHBI, IJie YPOBEHb CKUMAIOIIMX Hamps-
XKEHUH 1 06€3 TOro KPUTHUECKHH.

HEYUYTCHHBIX KOHIIEHTpAlMid HaMpsHKEHUH B
MPOBOJIOKAX OHU MEPEXOJAIT B IUIACTUYECKYIO
craguio nedopmupoBanust. CHIKasl yCHUIINe Ha-
TSHKEHUST apMaTypHOTO KaHaTa MBI OCTaBJIsIEM
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Oonblee KOJMYECTBO MPOBOJOK B YNPYrod
CTaguu paboThI U, TEM CaMbIM, [TOBBIIIAEM Ha-
JEKHOCTh apMaTypHOT0 KaHara.

2. BeIOTHEHHBIE pacyeTHBIE HCCIENOBAHUSA
HaNpsDKEHHOTO COCTOSIHMSA 3alIUTHOW 000J104-
KH, KaKk B YNPYyroid mocTtaHoBKe (00OBbeMHas 3a-
Jla4a), Tak ¥ B HEJTMHEWHOM MOCTaHOBKE C yye-
TOM 00pa3oBaHWs TpemuH B OeTOHe, MoKa3a-
¥, 4TO ypOBEHb €€ IPEABAPUTEIBLHOTO Ha-
NPsDKEHUS TIPU HaTSDKEHUHM apMaTypHBIX KaHa-
ToB Ha ycunue 750 T oOecneumBaeT TpeOye-
MBIH PEXUM PabOThl KOHCTPYKLMU B IKCILTya-
TAJUOHHOM COCTOSIHMH, TIpH IPOBEICHHUHU
MPEINYCKOBBIX UCHBITAHUM, a TaKXe MPH BO3-
JEACTBUY aBapUIHBIX HATPYy30K.

3. Ha ocHOBaHMM BBIIIECKAa3aHHOTO MOXKHO 3a-
KJIFOUWTh, YTO ISl TIOBBILIEHUS SKCILUTyaTallu-

Jlumepamypa

OHHOH HaJeKHOCTH 3aIIMTHOW 00OJIOUKH peak-
TOPHOTO OTAENEHHS] YHU(DULMPOBAHHON CEpUH
ADC HEOOXOMMO CHU3UTH YCUIIME HATSHKCHHUS
apMaTypHBIX KaHaTtoB A0 ypoBHA 750 T. Dt0
MEPOIIPUSTHE TO3BOJIUT 3HAYUTENBHO COKpa-
TUTh 0OBEMBI KOHTPOJIbHO-TPOPUIAKTUIECKHX
paboT Ha cucTeMe TMpeABapUTENHLHOTO Hamps-
KEHUsI 3aIUTHON 00O0IOUKH, YMEHBIIUTD MOTE-
PM OT peJakcalMy HalpsDKEHUH B MPOBOJIOKAX
apMaTypHOro KaHara M TOJI3ydecTH OeToHa, a
TaKke M30eXaTb CaMONPOU3BOJIBHBIX OOPHIBOB
apMaTypHBIX KaHaTOB B MPOLECCE HOPMATbHON
skcrryataruu ADC. MHCTPYKITHS 110 TeXHHYe-
CKOMY OOCIYXKMBAaHHUIO CHCTEMBI MpeaHarnpsi-
KEHUsI 3alUTHBIX 000J0YeK AOJDKHA OBITh OT-
KOPPEKTHPOBaHa B COOTBETCTBHHU C PEKOMEH Ia-
LUSMU, TIPUBEACHHBIMU B JAHHOH paboTe.

1. HWHcTpyKIMs MO TEXHMYECKOMY OOCITYKUBAaHHIO CHCTEMBI MpPEAHANpPSDKEHUS 3aIllUTHBIX 000JI04eK ro-
JIOBHOM CepHM W MOIEPHNU3MPOBaHHOH KoHCTpyKImH st ADC c sneprodiokamu BBOP-1000 tunos

302,338 u 187. M., 1989.

2. Kanar apmarypubiii. Texuuueckue ycnosusi. TY 34-15-11142-87. M., 1987.
3. Hpoexr O2C.550.00.000. Kanar apmatyphbiii. M., 1987.
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HanpsixkeHHOe COCTOsIHME 3aWUTHLIX 000NI04YeK aTOMHbIX
3NEeKTPOCTaHLUUN C Yy4eTOM HeCTaLMOHapHOro
U3MEeHeHuA TemnepaTyp

A. H. Ynvanos, Anexceii C. Kucenes, H. B. Amwuxos, B. H. Medseoes

[IpencraBneHbl pe3yabTaTbl PacyeToOB, IOJTY-
YEHHbIE Ha OCHOBE IIPUMEHEHUs! pa3paboTaH-
HOW METOJUKH OINpelesIeHHs] HaNpsLDKEHHOTo
COCTOSIHUSI 3aIIMTHON O0OJIOYKH MPHU MPOTeKa-
HUM HECTALMOHAPHBIX TEMIIEPaTYPHBIX MPO-
LIECCOB BHYTPH M CHapYX M KOHCTPYKIHH. Me-
TOIMKA TO3BOJSIET MPOCIEAUTh BpeMs YCTa-
HOBJICHUS JIMHEHHOTO PEeKUMa PacipeaeIeHust
TEMIIEPATyp B CTEHKE NPHU TUCKPETHOM H3Me-
HEHUH TEMIIEpATyp CHApy>XH €€ U ONPEIEIIUTh
XapakTep pachpeesieHus] TeMIepaTyp BHYTpHU
CTEHBl NPU H3MEHSIOLIMXCA BHEUIHMX TeMIle-
paTypHBIX YCIOBHUSX. JTO JaeT BO3MOXKHOCTb
HPOBOAUTH HOAPOOHBII aHAIN3 HANPSKEHHOI'O
COCTOSIHMSI 3aLIUTHONH O00OJIOYKH IPHU MPOXOXK-
JEHUH MPOEKTHOHN aBapuH U BBIMOJIHATH OLCH-
Ky pe3yJIbTaTOB HAaTypHBIX HaOMIOACHWH 3a
HaNpPsSKEHHBIM COCTOSIHUEM IO YCTaHOBJIECH-
HBIM B Telle COOPYXEeHHS NpudbopaM KOH-
TPOJIBHO-U3MEPUTEIBHON annaparypsl.

3amuTHasg 000JI0YKa aTOMHOM 3JEKTPOCTaH-
UM TIPEeNCTaBIseT CO0OHM MPOCTpaHCTBEHHOE
COOpY)XeHHe, o0najaroiiee psaaoM KOHCTPYK-
TUBHBIX JIEMEHTOB, BbI3bIBAIOIINX HEOJHOPO-
HOCTh €€ HANpsDKEHHOTO cOCTOsHMS. bomnbioe
BIMSHUE Ha XapakTep paclpelefeHus Harps-
JKEHUH B CTEHKE 3aIUTHOW OOOJOYKH OKa3bl-
BalOT TEMIIEPATypHbIE HaNpsSKEeHHUs, 00yCIOB-
JICHHBIE KoJeOaHWeM TeMIepaTryp BHYTPH U
CHapyXu 000JIOYKH.

B mnHacrosimee Bpemsi OOJBIIMHCTBO COCTaB-
JSIOMAX  HAMPSHKEHHOTO COCTOSHHUS KOHCT-
PYKUUH MOAMAeTCs YUYETY B CTAaTHUECKHX pac-
yerax C JOCTaTOYHOH TOYHOCTHIO. Hamboiiee
CJIOKHBI 1 HAUMEHEE N3YYEHbI TEMIIEpaTypHbIS
HaIpPsHKSHMS, BKJIaJ KOTOPBIX B 3HAYNUTEIHHOM
CTENEHU 3aBUCUT OT HCTOPUHM 3arpy>KeHus
KOHCTPYKIIMM W BPEMEHHOW AMHAMUKHA H3MeE-
HEHUS TeMIepaTtyp BOJIM3W TIOBEPXHOCTEH
CTEHKH 3aIlMTHOH 00O0I0UKH.

Jns M3ydeHHs HanpsDKEHHOTO COCTOSHMS 3a-
HIMTHON OOOJIOUKM C Y4ETOM HECTAal[HOHAPHOTO
U3MEHEHMSl TEeMIEepaTyp BHYTPU M CHapyXu
000JIOUKH HCTIONB30BAJICS MPOTPAMMHBIH KOM-
wiekc «CONT», MO3BOJSIONMKA MPOU3BOIUTH
pacuersl HarnpsbKeHHO-Ie(OpMUPOBAHHOTO CO-

CTOSIHMS 3aLIUTHONH OOOJIOUKH C Y4eTOM apMH-
POBaHHBIX CIIOEB OCTOHA W BHYTPEHHEW MeTall-
JINYECKOW OOJMIIOBKH, a TaKke 00pa3oBaHUsI
TpewwH B 6eToHe. Mozaenipyst Bo3aeicTBre Bee-
TO CIEKTpa O3KCIUTyaTallMOHHBIX W aBapUITHBIX
Harpy3oK (COOCTBEHHO BEca COOPYKEHHUS, yCHITHI
OT MPEABAPUTEIIbHOI'O HAMIPSIKCHWS, BHYTPEHHETO
JIABJICHHSL U TEMITEPATYPHBIX BO3/ICHCTBUM U JIFO-
ObIX WX COYETaHWi), MOXKHO TOJydYaTh HE0OXO-
JIMBIE IS aHAJIM3a pacueTHbIE COUETaHMsI.

Hanbonpmmii mHTEpEC MPeaCcTaBisIOT JBa MO-
MCHTA BJIHAHHA TEMIICPATYPHBIX HArpy30K: Xa-
paKkTep TEpMOHAINPSKEHHOTO COCTOSIHUS BO Bpe-
MEHM MPOXOKACHUS aBapUUHON HAarpy3KU BHYT-
pH 00O0JIOYKH; CKOPOCTh PEAKLH TepMOHAIpPS-
KEHHOTO COCTOSIHUSI CTEHKH 3alIMTHOM 0005104Y-
KU Ha KosieOaHusl HApY>KHOH TeMIepaTypbl, YTO
HE00XOUMO /1711 OLIEHKH U3MEHEHUsI [T0Ka3aHuH
KOHTPOJIbHO-U3MEPUTENLHOM  anmaparypsl Mpu
MPOBEICHNH HATYypPHBIX HAOMIONEHUH 3a Hamps-
KEHHBIM COCTOSIHHEM 3aILUTHOH 000JI0UKH.

[Ipu pemennn nepBoil 3aJa4n XapakTep U3Me-
HEHMs TeMIlepaTypbl IaporasoBoil cmecu
BHYTPH 3allUTHOW OOOJIOUKH MpPH MPOXOXKJe-
HUU NPOEKTHON aBapuH NMPUHHUMAJICS COTJIACHO
rpaduKy, NpUBEAEHHOMY Ha puc. 1, B3sTOMY
U3 MarepuasioB ['eHepalbHOTO MPOEKTHPOB-
IIMKa 3alUTHBIX oOomouek — MHcTuTyTa
«ATOMBHEpronpoekT». TeMiepaTypa CHapyKu
3alMTHON 000JIOUKM IPUHUMAJACh MOCTOSH-
HOM, paBHOI —40°C.

BrimoaHneHHbIe pacyueThl IOKa3bIBaKOT, YTO 3a
BECh PacyeTHBIN MEPHOJ BPEMEHU MPOXOKICHHS
aBapul W3MEHEHHUS TeMIepaTypbl CTEHKH 3a-
ITUTHOW OOOJIOYKH IPOUCXOIWIA Ha TIyOHHE,
He mnpesbimaromeir 0,80 M OT ee BHyTpeHHeH
noBepxHocTH. [Ipu 3TOM B niepBbIe 6 4 OT Havyasa
aBapuM MPOUCXOAUT MOCTENEHHBIN TOIBEM TEM-
nepaTypbl CTEHKH, a 3aTeM HaYMHAeTCsl CHUIKE-
HHE TEMIepaTyphl Ha ee BHyTPEHHEH MOBEPXHO-
CTU U K 144 OT Havana aBapuM TeMIepaTypa
CTEHBI HECKOJIBKO HIDKE TEMIIEPATYPHI €€ BHYT-
pEeHHEH TOBEPXHOCTH, MONy4YeHHOW dvepe3 1 d
MocJie Havayla aBapuH, YTO CBS3aHO C TOHMKE-
HUEM K 3TOMY MOMEHTY TEMIIEpaTypbl Cpellbl
1o/1 000JI0UKOH.
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Puc. 1. XapakTep U3MEHEHHUS TapaMETPOB CPEJIbI M0/ 000T0YKON MPH MAKCUMATEHO BO3MOXKHOW aBapHu:
1 — paboraeT oaMH CpUHKIEPHBIHA Hacoc, T,,, = 33 °C;
2 — paboTaroT aBa CIPUHKIEPHBIX Hacoca, T,,, = 10 °C

XapakTep pacrpeeneHus TeMIepaTypHbIX Mo-
Jiell B CTeHKe 000JI0YKH B Pa3IMYHbIE MOMEHTBI
BPEMCHHM OT Hadajla aBapuu, Hpe}lCTaBHeHHbIﬁ
Ha puHC. 2, MOKA3bIBACT, YTO CIEAYET OKHIAThH
CTECHEHHWsI TeMIEPaTypHbIX aedopmarmii yua-
CTKa CTEHbBI, B KOTOPOM MPOM30ILIO MOBbIIIIE-
HHE TEMIIEPATyphl, 32 CYET TOTO y4acTKa, B KO-
TOPOM TeMIleparypa OCTajlach HEH3MEHHOM;
ClleI0BaTeNIbHO, OOJiee Harperas 4acTh CTCHBI
OyJer ckaTa, a Apyras — pacTsHyTa.

Craenarh aHajau3 IOBEJACHMS 3alllUTHOH 000-
JIOYKA B TPOLIECCE BO3JCUCTBUS aBapUUHOMN
Harpy3ku ynoOHee BCero, paccMaTpuBas Xa-
pakTep M3MEHEHHUs HaINpsHKEHHOTO COCTOSHHS
€€ CCUCHUA B pa3m/111H1)1e MOMCHTBI BpeMeHI/I
oT Hayana aBapuu (puc.3). Cruenyer mosic-
HUTh, YTO HAa PHUC.3 yKazaHbl HANPSHKEHUS
B CTE€HE C YYETOM apMHUPOBAaHHBIX CIIOEB OeTo-
Ha, pacmnojaraemblx Ha paccrosHuu 0,15 M

48

OT KaXJIOM MOBEPXHOCTU CTeHbl. Kak BHUIHO
U3 NMPEACTABICHHBIX PE3YyJbTAaTOB, B MEPBBIM
MOMEHT aBapUHU MPOUCXOJUT CMELICHUE KpH-
BOM, XapaKTEepHU3YIOIIel YPOBEHb HANPSKEHUMN
B CTEHKE B CTOPOHY pPaCTATHMBAIOIIMX HAaIps-
JKEHUI 10 BceMy cedeHHio (kpusas b). Ilpum
3TOM XapaKTEPHBIM H3JIOM y BHELIHEW Io-
BEPXHOCTH CTEHBI, YKa3bIBAIOIMUKA Ha 00pa3o-
BaHUE B 3TOH 30HE TPEUIUH ellle B dKCILTyaTa-
[IUOHHOM COCTOSIHWH, MPOJIBUTAETCSA K LIEHTPY
CEYeHUSs, T.€. TPEIINHBI YIIIyOISIOTCS U TOCTH-
raroT MOJOBUHBI CEUEHMS ¢ BHEIIHEH CTOPOHEI.
Takoll xapakTep nepepacnpeleieHus] Hampsi-
J)KEHUM yKa3blBaeT Ha TO, YTO B NEPBBIA MO-
MCHT aBapuM BJIMAHUEC Ha HAIIPAKECHHOC CO-
CTOSTHUE OKa3bIBA€T TOJBKO HArpy3ka oT BHYT-
PEHHETO JaBIICHUS, a TeMIIepaTypHbIe BO3/EH-
CTBH HUKAK HE IPOABUIINCE.
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BrusHue temmeparypHbIX (DaKTOpPOB MOIKHO
HaOIIOaTh YK€ B TeUeHHe MEepBOTO yaca Io-
clle Havyala aBapuH, KOrja MPOUCXOJIUT Mepe-
pacnpezieieHe HanpsyKEeHWH TOJBKO B 30HE,
PacnoIOKEHHOM Yy BHYTPEHHEU HOBEPXHOCTU
CTeHBI Ha TiryomHe nopsaka 0,45 M. D10 005-
ACHACTCA TEM, YTO CYHIECTBEHHOC CHMIKXCHHUEC
JIABJICHUS €Illeé He MPOW30III0, HO YXe dYac-
TUYHO TPOTPENaCh BHYTPEHHSS MOBEPXHOCTH
CTCHBI, YeM OOYCJOBJICHO TOBBIIICHUE CHKH-
MAIONIMX HANpPsKeHWH Y BHYTPEHHEH TpaHu
CEYeHUS MPH HE3HAYNTEIFHOM UX CHIDKEHUH B
Onu3NeKalMX 30HaX, CTECHSAIOIIMX CBOOOI-
HbIC JAeopManuu Harpetod yactu. C TeUeHH-
€M BpeMeHH, IPUMEPHO 10 6 4 C MOMEHTa Ha-
yaja aBapuu, MPOUCXOJUT JaJbHEUIIUNA Hpo-
T'pP€B CTCHKM MW HapacTaHHUE B CBA3U C I3TUM
TEMIEePaTypHOrO0 MOMEHTa B CEUCHUH Ha ()OHE
CMEIIEHUsT BCEH SMIOpPHI B 30HY CHKAMAIOIIIX
HaNpsOHKEHW, OOYCJIOBJIEHHOTO CHH)KEHHEM
JaBlieHHUs 107 000T0YKOM.

IIpn 3TOM y BHEIIHEW NOBEPXHOCTHU CTEHKU
3aUTHONH OOOJIOYKM TMOYTH Ha TOJOBUHE ee
CEYEHHUs paCTATUBAIOLIME HANpSIKEHHUS OJHO-
BPEMEHHO HApacTalT OT JECHCTBUS TemIepa-
TYpHOTO MOMEHTa M YOBIBalOT OT CHMKEHHUS
JaBJeHUs 1of 000JO0YKOM, OCTaBasCh Ha IPO-

TSOKEHUM BCEM aBapUHHOW CUTYyallUU [IPaKTUYe-
CKH 0€3 n3MeHeHHs1. DTOT k€ (PaKTOp BbI3BIBAET
Ooree 3HAYMTENBHBIA POCT CHKUMAIOIIUX Ha-
NPSDKEHUN Y BHYTPEHHENW ITOBEPXHOCTU CTEHBI.

B wmenom, xapakrepusys HampssKeHHOE CO-
CTOSIHME CTEHKH 3aIIWTHOH 000JO0YKH 3a Bpe-
M$l IPOXOXKICHUS IPOEKTHOHN aBapuu, cleryer
3aMETHTh, YTO CMEIICHUE BO BpeMeHH 3 dek-
TUBHOTO BO3ACHCTBHS Harpy30K OT BHYTpEH-
HETO JaBJICHHUS U TEMIIEPATyphl TOJI0KUTETBLHO
CKa3bIBAa€TCs HA HANPSDKEHHOM COCTOSHUHM 3a-
HIMTHON OOOJIOYKH, CMSIrdasi YCIOBHsI BOCIIPH-
STHS aBapUUHON Harpys3Ku.

BropeiM BompocoMm, NpeAcCTaBiSIONIMM HHTE-
pec, SBISETCA peaklus TEPMOHAIPSKEHHOTO
COCTOSIHUSI 3aIIUTHON 00O0JIOYKM Ha KoieOaHus
Hapy>KHOW TeMIlepaTypbl BO3IyXa, HEOOXOIH-
MbIC JIJISl OLIGHKW Pe3yJbTaTOB HATYpPHBIX Ha-
omopnenuii. [lpu 3TOM ciemyer yauTeIBaTh, 4TO
KITUMaTHYeCKue KoyieOaHusl TeMIepaTyphl BO3-
JlyXa MOTYT UMETh OCTATOYHO OOJbIINe adco-
JIIOTHBIE MPHUPAILEHAS 32 KOPOTKHE TIPOMEXKYT-
KA BpeMEHHU M BeCbMa 3HAYUTEIHHO BIUATH Ha
TIOKa3aHus KOHTpOJ]bHO-HSMGpHTCJ]I:HOﬁ allira-
paryphl, pacrojiaraeMoi B TOM YHCIe ¥ BOJIH3H
HapyKHOU OBEPXHOCTH.

waf
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Puc. 2. Pacnpeznenenue TeMiiepaTyp IO CEYEHUIO CTEHKH 3allIUTHOI 000J0YKH B Pa3IyHbIe
MOMEHTBI BpEMEHH OT Havana aBapui: a, b, ¢, d, e, f 1 g, COOTBETCTBEHHO,
ugepes3 1,3,5,7,9, 11 u 14 yacos mocie Hayana aBapuu
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Puc. 3. Pacnipenienienrie MepuIMOHATBHBIX HAIPSDKEHUH B CEUCHUN CTEHKH 3allIUTHON 000IOYKH
B pPa3IMYHbIC MOMEHTHI BPEMEHH OT Havajla aBapuK: d — JKCIUTyaTall[MOHHOE COCTOSIHUE; b — MOMEHT Havajia aBapuy; ¢, d,
e, f, g M h, COOTBETCTBEHHO, Yepe3 1, 2, 3, 6, 8 u 14 yacoB mociie Havyana aBapuu
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Puc. 4. Pacnpenenenue TeMnepaTyp M0 CEYEHUIO CTEHKH 3alIUTHON 000J0YKH MPU YBEINYEHUH TEMIIEpaTyphl Ha HApyKHOH

nosepxHocTH oT +20 10 +30°C: 1 — HavyanbHbBIA MOMEHT; 2, 3,4, 5, 6 1 7, cooTBeTCTBEHHO, uepe3 0,33, 1,3, 6,24 u 114 4
OT Hayasa pocta TeMIepaTypbl
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Puc. 5. Pacnpenienenuie MepuIMOHATBHBIX HAMPSDKCHAN B CEUEHUN CTEHKH 3alIUTHON OOOJIOYKH MPH YBEITUICHUH
TeMIIepaTyphsl Ha HapyXKHOU moBepXxHOCTH OT +20 mo +30°C: 1 — HaganeHBINH MOMEHT; 2, 3, 4, 5, 6 1 7, COOTBETCTBEHHO,
uepes 0,33, 1, 3, 6,24 u 114 4 or Hauana pocTa TeMnepaTypsl

s oueHKM XxapakTepa nepepacipeneneHus
TEMIIEPaTyp B CTEHKE 3alIUTHOI 000I0YKH BO
BpEeMEHH ObL1 MPHUHAT CTAMOHAPHBIN yCTaHO-
BUBLIMHCS pexuM c Temmeparypamu +40°C
BHyTpH u +20°C cHapyxu. JlMCKpeTHbIE H3-
MEHEHHs TEeMIIEpaTyp TOJBKO Ha HapyXHOU
MOBEPXHOCTH NpuHATE Ha 10°C B omHy W B
JIPYTYIO CTOPOHY OT ycTaHoBHBIIeHCA. OCHOB-
HOH 3aja4eil sIBISUIOCH ONPENETICeHUE BPEMEHU
YCTaHOBJIEHUSI HOBOTO CTAllMOHAPHOI'O TEMIIe-
paTypHOro MoJisl U XapakTepa U3MEHEHUS TEM-
NEepaTypHOro MOJsl 3a JOCTaTOYHO KOPOTKHE
MPOMEXYTKH BPEMEHHU.

Kak mokazanu pe3ynbTaThl pacdeToB, MpHUBE-
JeHHble Ha puc. 4, BpeMs, HeEoOXoauMoe Iis
00pa3oBaHMs HOBOT'O YCTaHOBMBLLIETOCs pac-
npefeaeHnss TeMIepaTyp, HpuOImKaercs K
5 cyTKaMm, 4TO MO3BOJISIET TOBOPUTH O BO3MOXK-
HOCTH y4eTa JHMHEHHOTO pachpeaeieHus] TeM-
nepaTyp B CTEHKE 3alIUTHOW O0OJ0YKHM HpHU
OTCYTCTBHH CEpBhE3HBIX KoJIeOaHUi Temmepa-
Typ Hapy>KHOTO Bo3yxa 0ojiee 5 CyTOK.

B 1o xe Bpems, Kak BUIHO W3 PE3yJbTaTOB
pacyeToB, MNPHUBEACHHBIX Ha pHUC. S, Hayajo
3aMETHOIO0 M3MEHEHMs HAMPSKEHHOTO COCTOSI-
HUSl CTEHKH 3aIUTHON OOOJIOYKHM CIEAyeT OT-
HECTU K MHTEPBAILY MEKIY MEPBBIM U TPETbUM
yacaMu OT HayaJla BJIMSHHSI HOBOW Temmepary-
pel. [Ipy 5TOM HAOMHHM, YTO HAMHU MPHHITA
YCIIOBHAsI cXeMa CKauKoOOpa3HOro M3MEHEHHMs
TeMIiepaTyp, B TO BpeMsl KaK MpPU €CTECTBEH-
HOM IIPOLECCE M3MEHEHHUs TeMIIepaTypbl Ha

3TO TOTpedyeTcsi HEKOTOpOoe BpeMs, YTO ellle
JaNblle OTOABHMHET Hadajo 3aMETHOTO Iepe-
pacrpeneneHus HalpsHKEHUH B CTEHKE.

Tem He MeHee, MPUBEACHHBIE PE3YNBTATHI T0-
Ka3bIBAIOT, YTO YK€ 4yepe3 3 4 Mocie U3MeHe-
HUS TEMIIEPATyphl HApY)KHOTO BO3/lyXa B 30HE
YCTAaHOBKH KOHTPOJIBHO-U3MEPUTENBHON  am-
napaTypsl MPOSBUTCS €0 BIUSHAE. Y YUTHIBAS,
YTO XapakTep paclpelesieHus] TeMIepaTypsl B
cedyeHnH OylIeT NMpU 3TOM HEJIMHEHHBIM, HET
BO3MOYKHOCTH YYWUTBHIBAThH €0 TP TIOMOIIU
TOJIBKO YCTAQHOBIIEHHBIX B Telleé COOPYKEHHS
TEMIEpaTypHBIX JAaTYMKOB M3-32 HUX Majoro
KoJIM4ecTBa (MaKCUMYM 3 B CEUYCHUH).

ITo-BuarMoMy, cleayeT WATU MO MyTH pacyeT-
HOM OIICHKH pacHlpeleNleHus] TeMITepaTypHbIX
[OJIE B CTEHKE 3aIIMTHON OOOJIOYKH C €ro
KOHTPOJIEM B TOYKaX, HUMEIOLIUX COOTBETCT-
BYIOIIIE U3MEPUTENBHBIE TPHOOPHI.

Y4uTBIBas TO, YTO COCTABISIONIME HAINpPSHKEH-
HOTO COCTOSIHHS 3aIIUTHOM OOOJIOYKH MOTYT
OLITh BbIACJICHBI ITPU BBIITOJIHEHUU PACYE€TOB U
PacCMOTPEHBI KaXIblii B OTAEIBLHOCTH, TOTIA
KaK M3MEPEHHUs Jaf0T TOJIBKO CyMMapHbBIE 3Ha-
YeHWs HaNpsHKeHUH B JHMCKPETHBIX TOYKax,
cienyer oOpatuTh oco00oe BHUMAaHUE Ha BO3-
MOYKHOCTH, TIPEIOCTABIIIEMbIE Pa3paOOTaHHBIM
HaMu IporpaMMHbIM KoMruiekcoM «CONTY.

[Ipn ananm3e HaANPSHKEHHOTO COCTOSHUS 3a-
IIUTHOW 000JIOUKH MO pe3yjbTaTaM HaTyPHBIX
M3MEpPEeHUH TPEJCTaBIAETCS LIeIeco00pa3HbIM
UCIOJIB30BATh CIETYIOIIYIO CXEMY:

ol
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— 0 JaHHBIM O XapakTepe H3MEHEHUs
TeMIlepaTyp BHYTPH M CHapyXH OOOJOYKH
3a IOCJENHUE 5 CYyTOK IIPOBECTH PACUETHI
TEMIIepaTypHBIX MOJIEH U MOITyUYUTh KapTUHY
TEPMOHANPSHKEHHOTO COCTOSTHYS Ha JAHHBINA
MOMEHT BPEMEHY;

— 1O pe3ysibTaTaM HaONIOJICHUI 3a Temrie-
paTypoi ¢ IOMOIIBIO YCTAHOBJIEHHBIX B Te-
Jie COOpY>K€HHsI MPUOOPOB POBEPUTH COOT-
BETCTBHE WX TOKa3aHUI pacdeTHBIM 3Hade-
HUSM B JIaHHBIX TOYKax W MpPU HATMYUH OT-
KJIOHEHWH MPOAaHATN3UPOBATh UX MPUYUHBI;
— BBINIOJIHUTh ~ PacueTHOE OIMpejesieHHe
HaNpPsSYKEHHOTO COCTOSHUS OT BO3JEHCTBUS
COOCTBEHHOI'0 Beca BBILIEIIEKAIINX KOHCT-
PYKIIN;

— BBIIIOJIHUTh ~ PacueTHOE OINpejesieHHue
HaNpsHKEHHOTO COCTOSIHUS 3aIlUTHOM 000-
JIOYKHA OT BO3AEHCTBUS YCWIMM, cO3JaBae-
MBIX IpeIBapUTEIbHO-HANPATaeMON apmMa-
TypOH, NPUHUMAas yCWIIHASA B HEH COIIACHO

Bbie00bI

1. YdeT HecTalMOHapHBIX TEMIEPATYPHBIX MPO-
LIECCOB BHYTPH M CHAPYKH 3aLIUTHON 000JIOUKU
uMeeT OOJIbIIOe 3HAUYeHUE NPH OIpeNeNICHUH ee
HAIpsHKEHHOTO  COCTOSIHUSI BBHJY JOCTaTOYHO
OBICTPOr0 M3MEHEHHsI TEMIIEPaTYPHBIX MONeH W
TEPMOHAIPSKEHHOT'O COCTOSTHUSL.

2. AHanM3 HampsYKEHHOTO COCTOSHUS KOHCT-
PYKIIMA C YYETOM HECTAllMOHAPHOTO TPHIIO-
JKEHHSI aBapUITHBIX Harpy30K MOKa3ajl cMsrde-
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akTaM O  MPOBEACHUU  KOHTPOJBHO-
npouIakTHdecKux paboT Ha cucTeMe
MPEABAPUTEIILHOTO HAIIPAXKCHUSA

— BBIYUTAs U3 U3MEPEHHBIX B IUCKPETHBIX
TOYKAX COOPYKEHUS BEJIMYMH HANPSLKEHUN
3HAYEHHs PACUYETHBIX BEJIWYMH HampsKe-
HUI OT BO3JEHCTBHsI COOCTBEHHOTO Beca U
TEPMOHAMPSKEHHOTO COCTOSHUS, MOIy4YUM
3HAYEHHs] HAIPSDKEHUH, O0OYCIOBICHHBIX
BO3/JICHCTBUEM HAIIPSATacMON apMaTyphl;

— [0 pe3yJIbTaTaM CONOCTaBJIECHUS MOJTY-
YEHHBIX B NPEIbIAYLIEM MMYHKTE 3HAYEHUH
HaIpsDKEHUM B TUCKPETHBIX TOYKax € pac-
YETHBIMM BEJIMYMHAMHU HAMpPsDKEHUH  OT
BO3JICUCTBUSI YyCUIIUKA B apMaTypHBIX KaHa-
Tax, ykazaHHbIx B akrax KIIP, moxHo Oy-
ACT CyauTh O ﬂeﬁCTBHTeHbHLIX YCUIMIX B
HUX. B ciydae HecooTBETCTBHSA 3THX pe-
3yJIbTATOB PACUETHBIM MYTEM HAUTH JEHCT-
BYIOIIME B apMaTypHBIX KaHaTaX YCHJIUA
JUIS TAHHOTO MOMEHTa BPEMEHH.

HUE XapaKkTepa UX BO3JCHCTBUS MO CPAaBHEHUIO
C paHee paccMaTPUBACMBbIMHU 3a CHET PAaCXOXkK-
JACHUA BO BPEMCHHM MAKCHUMAJIbHBIX BJIUSHUU
JIABJICHUSI U TEMIIEPaTyPhI.

3. OneHKy pe3yJbTaTOB HATYpPHBIX HaOIrO/IE-
HUH 3a HaNpsOKEHHBIM COCTOSHUEM 3alllUTHOU
000JIOUKH 0 YCTAHOBJICHHBIM B HEW JIaTYUKaM
CJICAYET BBINOJHATL C 00s3aTeIbHBIM yueTOM
HECTAIIMOHAPHOTO U3MEHEHUS TeMIIEPaTyp.



Oco6eHHOCTHN HanpsiXKeHHOro COCTOAHUA 3aWUTHOU 060504k A9C
Nnpyv NPOEKTHON aBapum

A. H. Vavanos, B. H. Meosedee (MBPAD PAH, Mocksa)
Anexceit C. Kucenes (PHL] « Kypuamosckuii uncmumymy)

1. BeedeHue

OfHMM M3 JOCTaTOYHO CIIOXKHBIX MPOCTPAHCT-
BEHHBIX COOPYKEHHH SBISETCS 3alIuTHAs 000-
noyka peakTtopHoro otaenenus ASDC. Brimon-
HEHHas U3 TpeaBapUTEIbHO-HANPSKEHHOTO
XKeNe300eTOHa OHa TPEACTABISIET COOOH KOM-
OMHUPOBAHHYIO KOHCTPYKIHIO, COCTOALIYIO U3
BEPTHKAJIbHOW LUIUHIAPHUYECKOH O0OOJIOUKH,
OITUpAIOLLENCsl Ha TPOCTPAHCTBEHHBIH (yHIa-
MEHT, U IEPEKPHITYIO ChepUIecKOr 000JI0UKOH,
CONpATraeMoil ¢ UWJIUHAPUYECKOM KECTKUM
ONMOpHBIM KonbLOM. Kpome Toro, 3amuTHas
o0oyouka 0o0MamaeT pSaOM KOHCTPYKTHBHBIX
0COOEHHOCTEH, BBI3BIBAIOMIMX 3HAUYUTEIHHYIO
HEOJHOPOIHOCTh €€ HAIPSKEHHOTO COCTOSHMUSL.

Bo-nepBbeiX, mnpenBapuTeNbHOE —HAIpsHKEHHE
3alIMTHOW OOOJIOYKH OCYIIECTBISIETCS MOLI-
HbIMH apMaTypPHBIMH 3JIEMEHTAaMH, pacroJa-
raeMbIMU JTIOCTaTOYHO HEPABHOMEPHO U3-3a Ha-
4K OONBIIOTO KOJIMYECTBA TEXHOJOTHWYe-
CKUX IPOXOAOK B CTEHKE UWIUHAPA, YTO BBI3bI-
Bae€T HEOJHOPOJHOCTh NPUJIOKEHHSI HArpy3KH
OT MPENBAPUTEIILHOTO HAMIPSKEHHUS.

BO-BTOpBIX, YCUIICHHUA B 30HAX TEXHOJIOIrM4ec-
CKUX MTPOXOJO0K, HeOGXOI{I/IMLIC IJIA BOCIIpUATUA

KOHIICHTPAITMH HAMPSKSHUH BOJITN3U OTBEPCTHIA
YU pa3MEILICHUs pAJOBOM W MPEIBAPUTENBHO-
HampsiraeMod apMaTypbl, OTHOaloIIel OTBEp-
CTHS, UMEIOT JIOCTaTOYHO 3HAYUTEIBHYIO TOJI-
IIMHY U BHOCST CBOM OCOOEHHOCTU B XapakTep
pacnpeneneHus HalpsKEHUH B 9TUX 30HaX.

W nakoHen, MecTa COMPSKEHUS LWIMHIpA C
JTHUIIEM M KYTOJIOM TakXke OOYCIIOBIHBAIOT
cTecHeHue nedopMariii MUINHAPA W BO3HUK-
HOBEHHUE KOHIIEHTPALIUU HATIPSHKCHUIM.

N3ydeHunto Hanps>KEHHOTO COCTOSIHUSA 3aluT-
HEIX 00010uek ADC MOCBSAIIEHO OOJBIIOE KO-
JIUYECTBO paboT pa3iuyHbIX aBTOpoB. OMHAKO,
KOMITJIEKCHOTO PacCMOTPEHHsI BCEH COBOKYTI-
HOCTH Harpy3oK, BKIII0Yasi TePMOHAIPSHKEHHOE
COCTOSIHME KOHCTPYKIIMM TPH BO3JCHCTBUU
aBapUHHBIX HArPy30K C YUETOM HeCTalroHap-
HBIX TEMIEepaTypHBIX KoleOaHHii, He POU3BO-
qiock. [IpenmyckoBble WCOBITAaHUS 3alluT-
HBIX 000JI0YEK BBLIITOIHIMNCHL TOJBKO Ha BO3-
JIEHCTBHE BHYTPEHHETO MABJICHHS, TPH ITOM
BIUSTHUE TEMIEPATYPhl YCIOBHO YYHUTHIBAIOCH
TIOBBIIIICHAEM JABJICHUS TIPU HUCTBITAHUAX Ha
15% BBILIE pacYETHOTO ABAPUUHOTO.

2. AHanu3 HanpsiKeHHO20 COCMOSIHUS 3au,umHol 060J104KU Npu

npoekmHou asapuu

IIpoekTHass aBapuiiHag Harpyska, KOTOPYIO
3amuTHas 000JI0YKa JOJKHA BOCIPHHUMATH
0e3 o0pa3oBaHMs CKBO3HBIX TPELIUH, Hpea-
CTaBJIeHa Ha puc. 1, Te BUIHO, YTO 3aJaHHBIE
napaMeTpbl cpefibl ol 000I04KON B Mpoliecce
aBapuu He cranuoHapHbl. CoriacHO NpHBe-
IIEHHBIM TpadukaM B TOCIICaBapUHHBIN TTepH-
o4 € TCUCHHUEM BPEMCHHU MNPOUCXOAUT CHUIKE-
HUE JIaBJIeHNS U TEMIIepaTyphl Cpeabl.

IIpu Takom xapakTepe 3arpyKeHUs] KOHCTPYK-
MU CIEeNyeT OKUIaTh, C OJHOM CTOPOHEI, Ha-
pacTaHusi TEMIEPaTypHOrO MOMEHTA, BBI3bI-
BAaIOIIIETO POCT PACTATHBAIOIINX HAMpsKEHUN
Ha Hapy)XHOUM MOBEPXHOCTH CTCHKH 00OJOYKHU
BO BPEMEHH, a C IPYroil — yMEHBLICHUS JaB-
JIEHHsT TI0J] 000JI0YKOH, BEI3BIBAIOIIETO CHUXKE-
HUE PaCTATUBAIOIINX YCUJIUH 1O BCEMY cede-
HUIO CTEHKH.

53



Mexanuxa npeonanpscennvlx 3auumnsix obonovex A2C

Tpyowr HBPAD PAH. Buinyck 6

T[°C]

150
\

100

N

50

0 2 4 6 8 10 12 14

T [H]

P [MPa]

0.5

0.4

0.3

0.2

0.1

0.0
0 2 4 6 8 10 12 14

T ]

Puc. 1. XapaxTep U3MeHEHHs TapaMeTPOB CPebl oA 000IOUKOI IPH MaKCHMAaIbHO BO3MOXKHOM aBapuuy;
T — BpeMs OT Hayajla aBapuu

1o BBINOJHEHUS! YUCIEHHBIX PacueToB C OJU-
HaKOBOW BEPOSTHOCTHIO MOXXHO OBLIO OXH-
JlaTh, YTO HA HAPY>KHOW MOBEPXHOCTH CTEHKH
3alUTHON O00O0JIOUKH MaKCHMaJlbHbIC 3Haye-
HUS PACTATHBAIOIINX HAINPSDKEHUH, MPU yUeTe
BCEl COBOKYMHOCTH JEUCTBYIOUIMX B aBapuii-
HOH cHuTyalud (aKTOpoB, MOTYT OCTaThCs
MEHBIIMMH PACUETHOTO COMPOTHUBIEHUS OETO-
Ha OCEBOMY pPACTSDKEHHIO [UISI TPEdeNbHBIX

COCTOSTHMH BTOPOH Tpymmsl — R, u o0pa-

t,ser
30BaHUS TPELIUH HE MPOUIOMJIET, WU MPEBbI-
CAT YKa3aHHbIC 3HAYCHHA U HAYHCTCA IMPOLECC
TPELMHO00Pa30BaHUS.

[Mocneanee 0OCTOSATENLCTBO OOYCIOBWIIO He-
00XOJMMOCTh BBENIEHUS B PACUETHYIO TIPO-
rpaMMy HUTEPALIMOHHOrO Mpouecca, Ipu KoTo-
pOM Ha KaXXIOM IlIare HarpyXeHus aHaau3u-
PYIOTCS BETMYMHBI MOJYYEHHBIX HaNpPsSKEHUI
W, TIPA JTOCTH)KCHUHM B KaKOM-THOO JJIEMEHTE
MPEAEIbHON BEJIMYMHBI, €r0 CBOMCTBA U3Me-
HAIOTCSl B COOTBETCTBUU C 33JJaHHOU Auarpam-
MO paOOTHI MaTepuasa v MOBTOPSETCS pacdeT
KOHCTPYKIIMM C HOBBIMH CBOMCTBAMU YMOMSI-
HyTOro 3semeHTa. Ecnu npu nepepacrhpenene-
HUU YCUIMH B KaKOM-THOO HOBOM D3JIEMEHTE
JIOCTUTAETCA YCTAHOBJIEHHBIM TMpejen Hamps-
JKEHUH — IPOLECC IOBTOPSAETCS.

st ompeneneHus HampspKEHHO-IehOpMHUpO-
BaHHOTO COCTOSIHUS 3allUTHOM  00OJIOYKH
C YYE€TOM BCEX MEPEUYNCICHHBIX BBIIIE OCOOCH-
HOCTeH OB pa3paboTaH MPOTPAMMHBEIN KOM-
miekc «CONT», obecrieunBarOlMii BhIIOJIHE-
HUE PacyeTOB B OCECUMMETPUIHON U 00bEMHON
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MOCTAaHOBKE 3aJ[aull C yYEeTOM HaJW4Hs apMH-
POBaHHBIX CJIOEB OCTOHA U BHYTPEHHEU CTallb-
HOW OOJIMIIOBKH, a TaK)Ke 00pa3oBaHHE TPEIIHH
B OetoHe. Pacuernas mozmens 3ammrTHON 000-
JIOYKH B HAIllEeM CIy4ae COCTosja W3 7 CIOEB
MaTepuaga C pPa3IUYHBIMU CBOWCTBAMHU (CM.
puc. 2), BKIIOYash BHYTPEHHIOW MeTaJuIdye-
cKyto o0ymioBKy (1), cmou 6erona (2,4, 5 u 7)
Y apMHUpOBaHHBIE ciiou OetoHa (3 u 6). [leiict-
BHE HANPATACMbIX apMATYPHBIX KAHATOB TPH-
BOJIMIIOCH K CPETMHHOW TMOBEPXHOCTH 3allUT-
HOW 06osouku. CyliecTByeT NpUHLIMIHAIbHAS
BO3MOXHOCTh W3MEHEHHUS KOJIMYECTBA CIIOEB
Marepualna B pacdeTHOI MO 000IOUKH.

Eme onHOM 0cOOEHHOCTBIO pacyeTa 3alIuTHON
000JI0YKH  SIBJSIETCS HEOOXOAMMOCTh y4eTa
Pa3IMYHBIX CBOMCTB MaTepHajoB Tpu padote
KOHCTPYKLMH Ha pa3Hble Harpy3ku. [Ipu Bo3-
JIeHCTBUM COOCTBEHHOI'O BECAa COOPYKEHMS
Y yCWINHA OT MNPEABAPUTENILHO HANPSAracMou
apMaTypbl MOZAYJb YOPyrocTd OeToHa HMpUHH-
MaeTcsl C Y4eTOM €ro IUIACTHYECKHUX CBOMCTB
IpU JJUTEIBHO JEHCTBYIOIMX Harpyskax, a
Npy pacueTe Ha BHyTPEHHEE JaBJICHUE W TEM-
nepaTypHble BO3IEHCTBUS MOAYJb YIPYTOCTH
0eToHa YYMTBHIBa€TCS KaK IIpU pacyeTe Ha
KpaTKOBpeMeHHble Harpy3ku. Kpome Toro,
CBOIiCcTBa OETOHA M3MEHSIOTCS B Tpoliecce Ha-
IPy>KeHHsI IpH 00pa30BaHUM B HEM TPEILUH.

OOMiA MOPSIOK PEHICHUs 3a7a4H MO Onpee-
JICHUIO HANpPsHKEHHO-Ie(OPMHPOBAHHOTO CO-
CTOSIHHSL 3aIIMTHONW OOOJIOYKM BBITIIAAET Cie-
JTFOIIIAM 00pa3zoMm.
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Ha nmepBoM 3Tane BBIMONHAIUCH KCIEPUMEH-
TaJbHBIE WCCIENOBAaHUSI Ha MOENAX W Qpar-
MEHTaX W3 Pa3TUYHbIX MaTepHajoB, a TaKkKe
aHaJIM3 pe3yJIbTaTOB HATYpPHBIX HaOIIOACHUN
32 HaNpSKEHHBIM COCTOSSHUEM KOHCTPYKIUH,
MOJTy4aeMbIX Ha HKCIUTYaTHPYEMBIX COOpYXKe-
HusX. [Ipu 5TOM OTHOBpEMEHHO BBITIOIHSIINCH
pacdeTsl B OCECUMMETPUYHON NMOCTaHOBKE Ha
BO3JIEMCTBHAS OCHOBHBIX HArpy3oK, BKJFOUast
COOCTBEHHBIN BeC BBIMIENEKAIMNUX KOHCTPYK-

LUH, TpeaBapUTENbHOE HaNpsKEeHHe, IMpHUBe-
JIEHHOE K OCECUMMETPHUYHOMY BHIy, BHYTpPEH-
HEe JIaBJICHUE U TeMIIEpPaTypPHbIE BO3AECHCTBHUS.

Ha cnenmyrommem 3tare mpoBOIMIIMCH PacUeTh
B OOBEMHOW IOCTAaHOBKE 33Ja4dl C Yy4YeTOM
KOHCTPYKTHUBHBIX OCOOEHHOCTEH HECUMMET-
pUYHOTO Xapaktepa (yTONIIEHWA B 30HE OT-
BEPCTUI, HEOJHOPOJHOCTEW PaACIOIOKEHUS
apMaTypHBIX KaHAaTOB U T.I1.).
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Puc. 2. PacuetHas Mmoeib 3anuTHOM 00010uku ADC;
R — paccTosiHEEe OT OCH UJIHH/PA 10 TPAHUIBI KAXKIOT0 PaCYeTHOTO CJI0sl CTEHKH 000J0YKH, M

3aTeM BBIIOJHSJIOCH COIOCTaBJICHHE PE3YyJib-
TaTOB JBYX PacCYE€THBIX IIOCTaAaHOBOK MEXKOY
coboit ¢ JaHHBIMH JSKCHEPUMEHTAJIbHBIX HC-
CJ'Ie,I[OBaHPIﬁ, IMoCJI€ 4€r0 BHOCHUIIMCH KOPPCK-
THUBBI B PAaCUYCTHBIE MOACIU KU OIPECACIIAiIacCh
OIITHMAJIbHas1 CX€Ma pvaeTHOﬁ OLCHKHW Ha-
OPAKEHHOTO COCTOAHUS 3alMTHOMN 000JIOUKHU.

[IpyHMMas BO BHMMaHHUE, YTO COMOCTABUTENb-
HBIE PACYeThl, BBHIIOJHEHHBIE MO OXHOW MpO-
rpaMMme, B OCECHMMETPUIHON M 0ObEMHOH IT0-
CTaHOBKE TeMIepaTypHOH 3ajaud MoOKa3alu
BecbMa OJIM3KHE PE3yNbTaTbl, a KOJIUYECTBO
KOHEYHBIX 3JIEMEHTOB NPH ONHCAHUH O00BEM-
HOW MOJeNHd C aHaJOrMYHOW pa3OMBKOM IO
TOJIIMHE KOHCTPYKLMH OoJiee YeM Ha MOPSIO0K
MPEeBbILIAET HEOOXOAUMOE X KOJIMYECTBO IS
ONMCAHUS OCECUMMETPUYHOM Moxenu, s
BBITIOJIHCHHA PpacCyY€TOB Ha TEMIICPATYPHLBIC
BO3AEUCTBHA Oblla NMPHUHATA OCECUMMETPUY-
Hasi MOAedb. OTO IO3BOJMJIO 3HAYUTEIbHO
paclinpuTb BO3MOXHOCTb Yy4d€Ta OWMHAMUKH
W3MEHEHUs] HECTALlMOHAPHOTO TEMIIEPATypPHO-
ro mporecca (cMm. puc. 3a,0) 1 ToapPoOHO TPo-
CJIEINTh BJIMSHUE IpoLiecca TPELIMHO0Opa3o-

BaHHUs Ha xapaKTep N3MCHCHUA HaHpH)KeHHO-
e OPMUPOBAHHOTO  COCTOSHMSI  3aIUTHOU
000JIOUKH.

W3 npencTaBaeHHBIX Ha pUC. 3B,I Pe3yIbTaTOR
pacueTa HaOpsHKEHHOI'O COCTOSIHUSA 3aIlUTHOM
000JIOYKH MPHU MPOXOXKJICHUH MPOSKTHOH aBa-
pUM Ha pa3IMYHbIE MOMEHTHI BPEMEHH OT €¢
Hayayia BHJHO, YTO HECMOTpPS Ha OJHOBPEMEH-
HOCTb Hayaja BO3JIEHCTBHS TEMIICPAaTyphl U
BHYTPEHHETO JaBJICHUS BJIMSHUE Ka)JOTro U3
MEePeYrCIIeHHBIX (HAaKTOPOB MMEET CBOM 0OCO-
OEHHOCTH.

Bo3znelicTBue BHYTpEHHETO JaBIECHUSI CKa3bIBa-
€TCSl MTHOBEHHO C Hayajla aBapuHu W MOCTEIeH-
HO yOBIBa€T C MOHW)KEHUEM JIABJICHUSI T10/1 000-
JIOYKOHM. DTO HAIISJHO BUIHO MO BEIMYMHAM
MEpPUIMOHANIbHBIX yCUIIMK. Eciu B nepBbIii MO-
MEHT aBaphH Ha OTMETKE 35 M OHO paBHSETCS
Ny=-3,31 MN/m, To k 14 yacam ¢ MOMeEHTa
Hayajla aBapWM JOCTHTaeT 3HA4YeHUS /Ny =
=-7,58 MN/m, T.e. npuOIrmKaeTcs K 3KCILIya-
TAIMOHHOMY 3HAUeHHIO (N, = —7,70 MN/m).
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Puc. 3. Pacnipenesnenue temmeparyp (a, 6) ¥ MEpHIMOHAIBHBIX HAMPSIKEHUH (B, T) B CEYEHUN CTCHKH
000JI0YKH B pa3TMYHBEIC MOMEHTHI BPEMEHHU OT Havaya aBapHu:
a — MOMEHT Havala aBapuu; b, ¢, d, e, f 1 g, cooTBeTCTBEHHO, uepes 1, 2, 3, 6, 8 u 14 yacoB mocie
Havajia aBapuu. R — pacCTOsHUE OT OCH IIWJIMHIPA IO CEYCHUS CTEHKH 000I0YKH
BHYTPH KOHCTPYKLIMM M3-32 MaJIOH TEIJIONpPO-
BOJHOCTHU 6CTOHa U A0CTAaTOYHO 6OJ'IBH_IOI>'I
TOJIIIIUHBI CTCHKHA.

TeMnepaTypHLIe BO3JICHCTBHS HAaYMHAIOT OKa-
3bIBATh CKOHBKO-HI/I6y,Z[I> 3aMECTHOC BJIMAHHUEC HA
3-i1 yac mociie Hadana aBapuu U OJOCTUTAIOT

CBOETO MAaKCHUMAaIILHOTO BIUSHUS K 6-My Yacy
OT Hayaja aBapvu, KOTJla JABJIEHHE IO/ 000-
JIOYKOM 3HAUYUTEIHLHO CHUKAETCS.

Takum oOpazoM, HAOTIOTAETCS ITOCTATOYHO
3HAYUTEILHOE PACXOXKICHUE BO BPEMEHH IIH-
KOB BJIMSHUS JIEHCTBYIOIUX HArpy30K, YTO
00yCJIOBIICHO 3aMeIICHHON peakiieil CTEHKH
3alUTHON 000JIOUKH Ha MOABEM TEMIICPATYPhI
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[locnennee 0OCTOSTENBCTBO MO3BOJISET YT-
Bep)KIATh O CYHIECTBOBAHUH OIPEIEICHHBIX
3alacoB  HECYyIeH CHOCOOHOCTH 3aIlUTHOM
000JI0UKH, 3alpPOEKTUPOBAHHON C HM3BECTHOM
J0JIeil KOHCepBaTH3Ma, BBHIY OTCYTCTBUS B
3TO BpPEMsI pacUeTHBIX BO3MOXHOCTEH TpeOye-
MOTO YPOBHS, U PEKOMEHA0BaTb HEKOTOPOe
CHI)KEHHE YCWJIMH HATSDKEHUS apMaTypHBIX
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KaHaTOB CHCTEeMBl mpeaHanpspkeHus [1]. Oto
MO3BOJIUT CHU3UTh YPOBEHb MOTEPh MPEABAPH-
TEJIBHOI'O HAIPSKEHMS 3a CYET YMEHbLICHHUS
HoJI3ydecTd OETOHA M pelakcallud apMaTyphl,

Bbi800ObI

3ammrHas obomouka ADC sBISETCS CIOXHON
IIPOCTPAHCTBEHHOM KOHCTPYKLMEW, HMEIOLLEN
P 0cOOEHHOCTEH, Y4eT KOTOPBIX TpeOyeT KoM-
TUIEKCHOTO TIOJIXO/Ia K OTPENEICHHIO €€ Hampsi-
JKEHHOT'O COCTOSIHUS TPU MPOSKTHOW aBapuH.

PazpabGoTannblif 11 ONpeneneHus] HAMpsKEH-
HO-/1e()OPMHUPOBAHHOTO COCTOSIHUS 3aIIUTHBIX
obomnovek mporpaMMHubiii Komruiekc CONT,
o0ecreynBaroIMi BBITIOTHEHHE PACUETOB Kak

Jlumepamypa

4TO, B CBOIO O4YEPCb, MOBBICUT 3KCILITyaTalu-
OHHYIO HaACKHOCTb 3aIIUTHON 000JIOUKU U
CHUCTEMBI TPEABAPUTEIILHOTO HAIIPSAXKCHHS.

B OCECUMMETPUYHOH, TaK U B OOBEMHOW MO-
CTAaHOBKE 3aJa4M C YYETOM HaJIAYUsl apMHUPO-
BaHHBIX CJIOEB OETOHA W BHYTPEHHEH CTaILHOM
OOJIMIIOBKH, a Takxe oOpa3oBaHHE TPELIMH B
0eToHe, MO3BOJISIET NO-HOBOMY OLIEHUThH HECY-
Y10 CIIOCOOHOCTH CYMIECTBYIOMIMX 3aIIUTHBIX
000JI0YeK W CO3[al0T KaueCTBEHHO HOBBIE
NPEANOCHUIKA K CO3JaHuI0 0ojiee COBEpILIEH-
HBIX KOHCTPYKITUH TIOJJOOHBIX COOPY KCHHM.

1.  Anexcanop C. Kucenes, Anexceii C. Kucenes, E.A. Kowmanos, B.H. Meoseoes, A.H. Yivsarnos. T1oBbI-
IIeHWE OKCIUTyaTallMOHHBIX KadecTB 3amuTHBIX obOojouek ADC. Ilpempunt NSI-22-94. — M.:

NBPAD PAH, 1994. — 19 c.
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Strength Estimation of a Reinforced Concrete Containment without
Prestressing

R. V. Arutyunan, L. A. Bolshov, A. S. Zalesov, V. N. Medvedev, A. N. Ulyanov
(Nuclear Safety Institute (IBRAE RAS) Russian Academy of Sciences)

Alexandr S. Kiselev, Alexey S. Kiselev, (Russian Research Centre «Kurchatov Institute»)

1. Introduction

The key distinguishing feature of a reinforced
concrete preliminary unstressed containment in
comparison with a prestressed one is the exis-
tence of stretching tensions in concrete from
the very beginning of an accident. This leads to
concrete cracking disturbing the material uni-
formity. Following the concrete cracking, in-
ternal pressure load affects, mainly, internal
steel coating and preliminary unstressed rein-
forcement. Herein the diagram of a reinforced
concrete preliminary unstressed containment

operation is described. There is given the esti-
mation of the construction strength based on
the results of calculations of stressed and de-
formed state of the construction using the finite
elements method.

Geometric parameters, mechanical characteris-
tics of used materials and type of reinforce-
ment of a 1:6-scale Sandia [1] containment
model were used as the initial parameters for
the calculated containment model.

2. Description of the diagram of a containment operation

In purpose to evaluate a containment strength,
the diagram of a containment operation was
calculated. It shows the dependence of dis-
placements and deformations in the construc-
tion wall on a containment load value. The
diagram consists of several linear portions
which determine the typical stages of the con-
tainment operation (Fig. 1).

As the typical stages of the containment opera-
tion and corresponding portions of the diagram
there were used the following ones:
— operation of the containment as a uni-
form elastic body (the 0—1 portion of the
diagram);
— operation of the containment as a uni-
form elastic body with cracks before sig-
nificant cracks opening starts (the 12 por-
tion of the diagram);
— operation of the containment with cracks
preceding plastic deformations in the rein-
forcement (the 2-3 portion of the diagram);
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— operation of the containment with cracks
and plastic deformations in the reinforce-
ment prior to its destruction (the 3—4 por-
tion of the diagram).
Critical states of the containment operation are
determined by the combination of the parame-
ters «pressure-displacement» in the junction
points of the diagram on the boundary of typi-
cal stages of the containment operation.
The first critical state is characterised by the
cracks formation in the containment concrete
(point A;A, in the diagram) and by the mo-
ment when tension in concrete reaches the cal-
culated value of concrete resistance to a stretch:

o, =R,. (1)

The second critical state is characterised by the
cracks opening up to the limit [am,] =

=0.1-0.3 mm (point P ;A, in the diagram).
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The third critical state is characterised by the
beginning of plastic deformations in the

stretched reinforcement (point F;A; in the
diagram) and by the moment when deforma-

tions and stresses in the reinforcement reach
the corresponding yield limit value:

The forth critical state is characterised by the
destruction of the containment (point P;A, in
the diagram) and by the moment when either

deformations and stresses in strained concrete
under stress reach the limit value, or deforma-

o, =R, (2)
85 = gs,el > (3)
R
where € 4 3
T E,
4
R ——
3
2
P2
0 A Ay A Ay A
Fig. 1. Diagram of a containment operation
83 = Ss,ult s (7)
or
Gs,/iner = Rs,liner (8)
8s,liner = gs,liner,ult . (9)

tions and stresses in the reinforcement reach
the limit value, or deformations and stresses in
the steel coating reach the limit value:

either
Cpeom = R, “4)
€pcom = Cb.comult > ®)
or
o, =R, (6)

The critical values of stresses and deformations
in concrete, reinforcement and coating are de-
termined using calculated and experimental
diagrams of concrete, reinforcement and coat-
ing functioning that establish the dependencies
between stresses and deformations up to a
point of a material destruction (concrete disin-
tegration, reinforcement and coating rupture).
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3. Characterization of the containment calculated model

The containment calculated model includes 1596 linear 8-nodes axially symmetric elements and 4246 nodes.

The following mechanical parameters of the materials were used in calculations:

For concrete:
Initial modulus of elasticity £, =33100 MPa

Poisson coefficientv, = 0.2

Concrete strength at uniaxial stretch R,, =2.32 MPa

Concrete strength at uniaxial strain R, =44.8 MPa

Coefficient of normal rigidity reduction after cracks formation = 0.001
Coefficient of reduction of displacement rigidity = 0.5.

For steel coating:
Modulus of elasticity £, =207000 MPa

Yield limit R, = 355 MPa
Strength limit R, = 482 MPa

Modulus of linear strengthening Es' =830 MPa

Poisson coefficient v, = 0.3
Limit deformations at destruction — 16.4%.

For reinforcement:
Modulus of elasticity £, = 214000 MPa

Yield limit R =459 MPa
Strength limit R, = 682 MPa

Modulus of linear strengthening ES' = 4568 MPa

Poisson coefficientv  =0.001.
Limit deformations at destruction — 4.51%.

The 1:6-scale Sandia containment model is
reinforced in meridional, circular and diagonal
directions by steel rods of 12.7 mm diameter
(fig. 2). Also there is a metal coating on the
internal surface of the containment wall which
is accepted in the model to posses given steel
properties and to be of a given thickness.

Taking into account the type of reinforcement
arrangement it is necessary to select three basic
layers of the reinforcement: a layer near the
internal surface, a layer near the external sur-
face of the wall and a layer of seismic (diago-
nal) reinforcement.

Each of the reinforcement layers is approximated
by two layers. Thickness of the first layer is de-
termined by ratio of reinforcement section, A,

to its increment, s, in the meridional direction:

S=A/s. (10)
60

Thus, the thickness of the reinforcement layer is
equal to6, =1.11 mm. This layer possesses the

steel properties (table 1, layer4) in circular and
meridional directions. Thickness of the second
layer is determined by the type of reinforcement in
circular direction. In circular direction number of
rods is twice as large as in meridional direction at
the same increment, so the thickness of the layer
in this direction (considering the thickness of the
first layer) will be also 1.11 mm. This layer (lay-
ers 3, 8 in fig. 3) possesses the steel properties in

circular direction (£, =214000 MPa) and con-

crete properties in elastic phase - in meridional
direction ( £, =33100 MPa). After beginning of
the cracking process in concrete, the layer’s prop-

erties are reduced in accordance with coefficients
described above. The total thickness of two layers

is0, =222 mm.
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direction
ring
meridional
ring

ring
meridional
ring
diagonal
diagonal

Coating

O ON DN B LN —

meridional

114mm

op Ll Y
op op
o p 1Y
op op
op ‘p
diagonal
reinforcement, !
mesh width 159 mm ob db
248 mm
25.40 121 44.45
Ty« |« > <>
248 mm

reinforcement,
mesh width 114 mm

Fig. 2. The reinforcement arrangement in the cylindrical part of the containment

As it is seen from fig. 2, that types of rein-
forcement in the vicinity of internal and exter-
nal surfaces of containment are identical. This
means that thickness of the layers and their
properties will be the same.

Diagonal reinforcement can be also represented

by steel sheets of thickness determined by the
increment and direction:

8d _ Ag-n-sino , (1 1)

s

o — angle between direction of reinforcement
and horizontal, a=45°;, n — number of rein-
forcement layers.

Reduced thickness of the diagonal reinforce-
ment layer for two directions is equal

tod, =1.13 mm.

A complex type of reinforcing is used for the
area of connection of the containment and the
base, precise simulation of which is quite
complicated. It is why the double value of
modulus of elasticity of reinforced layers for
this area was used for the model calculations.
The base of the containment had sealing along
the entire lower border.
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Reinforcement
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Table 1. Characterisation of the section

No Note Thickness Meridional Circumferential Poisson
of of layer, elastic modulus, elastic modulus,  oeffi-cient
layer mm (MPa) (MPa)
1 Metal coating 1.59 207000 207000 0.3
2 Concrete 41.75 33100 33100 0.2
3 Reinforcement 1.11 33100 214000 0.2
4 Reinforcement 1.11 214000 214000 0.001
5 Concrete 59.39 33100 33100 0.2
6 Concrete 59.39 33100 33100 0.2
7 Reinforcement 1.11 214000 214000 0.001
8 Reinforcement 1.11 33100 214000 0.2
9 Concrete 44.36 33100 33100 0.2
10 | Reinforcement 1.13 214000 214000 0.001
11 Concrete 35.95 33100 33100 0.2
A
R,=3353.00 1 2 3la 5 " 6 8 9 10 11
R,=3354.59
R.=3396.34 g
R,=3397.45 i
R.=3398.56
R,=3457.95
R,=3517.34 _
R,=3518.45 -
R,=3519.56
R,=3563.92
R,=3565.05
R,,=3601.00
X >
P 248 mm >

Fig. 3. Calculated model of the section of the containment wall with layers represented by thin steel sheets
(layers 3, 4, 7 and 8)

4. Estimation of containment strength

A problem of displacements, deformations and
stresses calculations was solved using step by
step increasing of the load (internal pressure). A
set of equilibrium equations was solved for each
step of load increase (the method of finite ele-
ments — MFE). A model that took into account
the elastic and plastic properties and analysis of
plasticity threshold for both meridional and
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circumferential directions was used for the rein-
forcement layers, considering the Huber-Mizes
condition of the beginning of plasticity for the
layer representing a coating.

Concrete cracking was simulated on a base of
the model of orthotropic material using an it-
eration process. At each step of the iteration
process the stresses in ‘“concrete” elements
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were analysed. When stresses reached a critical
value in either meridional or circumferential
direction, the concrete properties at the next
iteration step were reduced in that direction in
accordance with the factor given above. The
concrete properties in radial direction were
unchanged. There was used a reduced modulus

of elasticity, Esb', for the reinforcement ele-
ments which are neighbouring to the concrete
cracked elements. The value of E,, is deter-
mined according to the equation:
1
1 R4, B ’
o, A,

E,=FE (12)

where A, is an area of stretched concrete at a
stage preceding the crack formation. R,, —
concrete strength to a stretch; o, — stress in
the reinforcement; A4, — total area of the rein-

forcement in the section; [3— coefficient ob-

tained in an experiment. It depends on concrete
strength, profile of reinforcement steel and
type of a load. Taking into account short time
of exposure to the load, for heavy concrete and
periodic profile of reinforcement value of
B coefficient 0.6 was obtained.

The method of successive approximations with
variable elasticity parameters was used for solv-
ing the problem of elasticity and plasticity. The
iteration process was applied at each step of ap-
proximation. The secant modulus of elasticity
was used for the points with stresses exceeded
the yield limit in accordance with the obtained
values of plastic deformations. The meridional
and circumferential directions were analysed for
the reinforcement separately. According to the
components of the plastic deformation tensor the
yield limit of steel was corrected using the de-
termined modulus of strengthening. Iteration
process was stopped when stresses did not ex-
ceed an yield limit of appropriate material more
than by 3% for all model points.

Estimation of the strength of the reinforced con-
crete preliminary unstressed containment was
performed only for a load due to internal pres-
sure. Temperature effects were not considered
because they influence, mainly, the cracking
process of the containment concrete. When the
cracks have formed in concrete, temperature does
not affect much the containment operation.
Exposure of containment to internal pressure
was analysed wusing the load increment
0.069 MPa. A section of the middle part of the
cylinder was examined.

Diagram of a containment operation under a load
of internal pressure is given in fig. 4.

1.20
: /x /
1.00 | 7 4
1 //</
4 a
080 | F — |
£ SHE AN
= Jrp 3
g 0.60 7?
é r 2 1 - cracking in| concrete;
E —|* 2 - significant ppening of cracks in concrete;
0.40 ’T' 3 - yield limit of reinforcement;
- 4 - containment destruction.
my
0.20 % -
E
000 rrrrrrr1rr [ r1rr1rr1r1rr1r | T T T TT T T TT | TTTTTTTTT [ TTTTTTTT I
0.00 0.03 0.06 0.09 0.12 0.15

Displacement, inch

Fig. 4. Diagram of operation of the containment for the middle part of the cylinder under a load of internal pressure:

a — displacements in radial direction, b — displacements in meridional direction
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The diagram was obtained using radial and
meridional displacements in the middle part of
the containment, stresses and deformations
values in circular and meridional directions.
The most vulnerable direction of this construc-
tion is circular one. It is explained by the fact
that for the cylindrical part of the containment
stresses in circular direction is twice that in
meridional direction and ratio of reinforcement
and coating areas in circular and meridional
directions equals to 71.6/49.4=1.45. Thus,
there is a store of deformability of the con-
tainment in the meridional direction.

It was determined that at the limit deformation
of reinforcement ¢ =4.51% destruction occurs
in circular direction. At this point internal pres-
sure reaches the value of 1.089 MPa. The
cracking process starts at ~0.2 MPa, plastic

deformations in coating appear at 0.552 MPa
and plastic deformations in reinforcement — at

0.759 MPa.

Plotting the critical points on the diagram was

done

according

to

dependence

«load-

deformation» for the steel coating and reinforc-
ing layers. (fig. 5). The steel coating has lower
yield limit and reaches the plastic deformation
state well before. However, it should be men-
tioned that its limit deformations are higher than
deformations for the reinforcement (if there are
no stresses concentrators). It will lead first to the
destruction of the reinforcement in the middle
part of the cylinder. Considering that the section
area for the reinforcement is much larger than for
the coating one, it can be concluded that the con-
tainment destruction will take place when
stresses in reinforcement reach the limit values.

1.20
1.00 _|
0.80 _|
< |
Q_‘ |
= Bl
8" 0.60 |
2 ] 2 1 - cracking in concrete;
E . 2 - significant opening of cracks in concrete;
0.40 | 3 - yield limit of reinforcement;
_ 4 - limit deformations in reinforcement.
0.20 _|
o
0.007\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
0.0 1.0 2.0 3.0 4.0

Defopmations, in/in*100%

Fig. 5. Deformations in steel coating (a) and circular reinforcement (b) (layer Ne 4 in fig. 3) of containment in the middle part
of the cylinder under internal pressure
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Strength Estimation of a Reinforced Concrete Containment without Prestressing
R. V. Arutyunan, L. A. Bolshov, A. S. Zalesov, V. N. Medvedev, A. N. Ulyanov,

Alexandr S. Kiselev, Alexey S. Kiselev

Conclusions

1. The obtained diagram of a reinforced con-
crete preliminary unstressed containment op-
eration under a load of internal pressure allows
to examine its states at different loads up to the
destruction of the containment.

2. The stretching tensions appear in the wall of
the containment while increasing internal pres-
sure, and up to the internal pressure 0.2 MPa the
construction is functioning as an elastic one.
Further increasing of internal pressure leads to
the concrete cracking and later — to the sur-
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Alexandr S. Kiselev, Alexey S. Kiselev (RRC «Kurchatov Institute»), and
V. N. Medvedev (NSI (IBRAE) RAS)

1. Introduction

An estimation of a load-carrier ability of a
prestressed reinforced concrete containment of a
nuclear power station exposed to an emergency
load such as internal pressure is of great impor-
tance, because an exposure to internal pressure
is regarded as one of the main emergency loads.
In the report, considered are various stages of
operation of prestressed ferroconcrete NPP con-
tainment under an internal pressure induced
load up to containment failure.

The computation models were based on geo-
metric parameters, mechanical characteristics of
the applied materials, and the nature of the rein-
forcement of a unified power unit VVER-1000.

Computations were performed with the help of
a program system «CONT», which allows us
to estimate in axial symmetric and three di-
mensional formulation.

The assessment of the strength of the contain-
ment as a whole was performed in axial sym-
metric formulation, and inclusion of specific
features of service in the zones of stress con-
centration (large process tunnel with 4-m di-
ameter and connection node of containment
cylinder with the base) was performed in three
dimensional formulation.

2. Description of the diagram of a containment operation

For estimation of the strength, a diagram of
service for a prestressed reinforced concrete
containment was developed, that establish the
dependence between the value of the load upon
the containment and the size of displacements
or deformations in the wall of the construction.
The diagram consists of linear segments char-
acterizing the states of the containment service
(see Fig. 1).
The paper consider the following states of the
prestressed containment:

— service of the containment at the stage of

preliminary stress (see segment 0—1);

— service of the containment under the in-

ternal pressure up to damping deformations

(see segment 0-1);
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— service of the containment after the
damping deformations caused by the pre-
liminary stress up to the origin of fractions
(see segment 2-3);

— service of the containment as an elastic
body with fractions up to their critical break
out (see segment 3—4);

— service of the containment with fractions
up to the origin of plastic flow in the rein-
forcement (see segment 4-5);

— service of the containment with fractions
and plastic flow in the reinforcement up to
the destruction caused by rupture of the re-
inforcement (see segment 5—6);
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Fig. 1. Diagram of the containment service

3. Estimation of containment strength

Primarily, calculation of stressed and deformed
containment state was performed using axial
symmetry approximation. There were used
linear axially symmetric 4-nodes elements.
Total amount of the elements was 1297 and of
the nodes — 1428. It was proposed that there
was sealed connection of the containment with
the base along the entire lower border.

A problem of displacements, deformations and
stresses calculations was solved using step by
step increasing of the internal pressure load.
A set of equilibrium equations was solved for
each step of load increase (the method of finite
elements — MFE). The model that took into
account the elastic and plastic properties and
analysis of plasticity threshold for both merid-
ional and circumferential directions were used
for the reinforcement layers considering the
Huber-Mizes condition, when plastic deforma-
tions appeared in the steel coating.

Concrete cracking was simulated on a base of
the model of orthotropic material using an it-
eration process. At each step of the iteration
process the stresses in «concrete» elements
were analysed. When stresses had reached
a critical value in either meridional or circum-
ferential direction, the concrete properties at
the next iteration step were reduced in that
direction in accordance with the factor of
normal rigidity reduce which was equal

rigidity reduce which was equal to 0.0001. The
concrete properties in radial direction were un-
changed. There was used a reduced modulus of

elasticity, Esb', for the reinforcement elements

which are neighbouring to the concrete cracked
elements.

The method of successive approximations with
variable elasticity parameters was used for
solving the problem of elasticity and plasticity.
The iteration process was applied at each step
of approximation. The secant modulus of elas-
ticity was used for the points with stresses ex-
ceeded the yield limit in accordance with ob-
tained values of plastic deformations. For the
reinforcement the meridional and circumferen-
tial directions were analysed separately. Ac-
cording to the components of the plastic de-
formation tensor the yield limit was corrected
using the determined modulus of strengthen-
ing. Iteration process was stopped when
stresses were less than yield limit or differed
from this limit not more than by a fixed num-

ber (¢ = 0.005 o, ) for all points.

There was also determined the lengthening of
the reinforcement rods (as a result of contain-
ment geometric parameters changing), and the
increase of the stresses was taken into account
at the next iteration step.
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The moment when stress in concrete reached
the value of concrete resistance R, to the

stretch was regarded as a criterion for cracking
process start.

The results of the calculations showed that the
destruction of the reinforcement rods started
prior to the destruction of the steel coating and
layer reinforcement. Thus, as a criterion for
containment destruction the achievement of

limits of stress values, R_ , and deformations,

su

€, » in reinforcement rods was used.

The stretching force acting on the ends of the
reinforcement rods was proposed to be 1000
tons. The value of the coefficient of friction of
the rods on the wall of the channels was
accepted to be 1= 0.09.

Our calculations allowed to determine the
specific states of operation of a reinforced
concrete prestressed containment for the
middle part of the cylinder while it was under
loads due to prestress and internal pressure.
Primarily, the displacement of the containment
in radial direction caused by prestress was
determined (the 0—1 portion of the diagram).
The analysis revealed that radial displacement
was equal to 0.0067 m (fig. 2).

Effect of the internal pressure was taken into
consideration at the next step of calculations.
The pressure of 0.025 MPa was used as an in-
crement of the load. Damping of deformations

caused by prestress of the containment begins
at the internal pressure 0.650 MPa (point 2 in
the diagram). In the period between damping
of prestressed deformations and beginning of
the cracking process the containment is still
working as a uniform elastic body. Cracking
starts at the internal pressure 0.725 MPa
(point 3 in the diagram).

The next step of the load increasing showed
that at the internal pressure 0.750 MPa the
cracking process greatly enhanced (point4 in
the diagram). Plastic deformations of the rein-
forcement occurred beginning with the internal
pressure 0.925 MPa (point 5 in the diagram).

Destruction of the containment occurs in the
middle part of the cylinder due to the rupture
of the reinforcement at the internal pressure
1.2 MPa (point6 in the diagram). Radial
displacements in the middle part of the
cylinder preceding its destruction are 1.699 m.

The diagram of the stress changing in the
reinforcement rods depending on the internal
pressure is given in fig. 3. It shows that the
major increase of stresses is observed for 0-1
portion of the diagram (64.6% of the maximal
values). The minimal increase of stresses was
detected for the 1-3 portion preceding the
cracks formation in the concrete and is only
3.4%, while the internal pressure rise is 60.4%
of the maximal pressure, acting on the
containment before its destruction.
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e
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| //
1.00 _| o
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0.80 /5/
j/\\4 1 - preliminary stress |(prestress)
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5 3 - moment of cracks| formation
E 4 - significant opening of the cracks
0.40 3 5 - beginning of the plastic
] deformation of the reinforcement
0.20 i 6 - destrudtion of the [reinforcement
O'OOiO\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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Fig. 2. Diagram of operation of containment affected by internal pressure
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Fig. 4. Dependencies of stresses in the steel coating and unstressed
reinforcement on internal pressure

The dependencies of meridional and circular
stresses in the steel coating and layer rein-
forcement on the internal pressure are shown
in fig.4. It is seen that at the internal pressure 0
to 0.725 MPa diagrams of stresses in the steel
coating and reinforcement exhibit a linear

behaviour. Then, after the cracks formation in
the circular direction a significant rise of
stretch in the steel coating and reinforcement is
observed for this direction. The coating
material reaches the yield limit in circular
direction at the internal pressure 0.825 MPa,
the reinforcement — at 0.925 MPa. Increase of
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circular stress in the coating after beginning of
cracking in the concrete affects its meridional
stress. However, while meridional load is
increasing, there are no significant stresses in
the coating. It could be explained by the fact
that meridional stresses have instant character
leading to the decrease of stretch on the

internal surface of the wall. A great rise of
meridional stresses is observed after beginning
of the wall cracking in the perpendicular
direction (P =0.950 MPa), and at the internal
pressure of about 0.975 MPa stresses reache
the yield limit.

4. Estimation of prestressed containment strength in the stresses

concentration areas

Estimation of the containment strength in the
volumetric approximation was performed for
the stresses concentration areas (large techno-
logical penetration of 4 m diameter and joint
connection of the cylinder of the containment
with the base).

A fragment of the calculated model showing
the internal part of the containment in the area
of the large technological penetration is given
in fig. 5a. The model includes 15360 linear
8-nodes finite elements, 18171 nodes and
54513 degrees of freedom.

Considering the difficulty of the geometric
shape of the containment and specific features
of the wused materials, the new code
«CONT» — «CONT _ SE» used for calcula-
tions has been worked out. The code uses the
effective algorithm of the method of superele-
ments (MSE). This method is based on the
main equations of traditional method of finite
elements and represents an expansion of the
method. The method requires to consider the
construction as a combination of subconstruc-
tions of different levels, connected to each
other at boundary points. Using a special equa-
tion allows one to eliminate internal nodes at
each step of the calculations that leads to sig-
nificant reduce of the equations dimension.
There is given a superelemental fragment of
the containment wall at the bore area in fig. 5b.

The peculiarities of the concrete reinforcement
at the bore area have been considered in the
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calculated model. Fig. 5c represents the dia-
gram of the reinforcement modelling using the
reinforcement arrangement in the area of the
large technological penetration that is closely
reproduced a full-scale construction.

The finite elements model of a fragment of the
connection of the containment cylinder with
the base was constructed using the same ap-
proach. The model includes 3675 linear
8-nodes finite elements, 5348 nodes and 16044
degrees of freedom. In the transient area the
increment of the reinforcement both in radial
and axial directions was accepted to be
200 mm at its thickness determined in the
model of square 30x30 mm® section rod that is
close enough to the real reinforcement con-
struction. While moving out of the transient
area the increment of the reinforcement and
section size were doubled and quadrupled in
the appropriate direction.

Primarily, the calculations for the bore area
were performed in elastic approximation. The
stresses distributions due to the preliminary
stress were obtained. Then the load due to the
internal pressure with increment 0.05 MPa was
taken into account. At the internal pressure
0.6 MPa stresses in concrete reach the value of
concrete strength to the stretch both in merid-
ional and circular directions. Beginning from
this point concrete cracking was taken into
consideration.
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Fig. 6. States of the bore area at the initial and final stages of the cracking process at internal pressure 0.6 MPa
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Concrete cracking was simulated using an itera-
tion process. At each step of the iteration proc-
ess all components of the stresses in concrete
were analysed. When one of the components
had reached the value of concrete resistance to
the stretch in either finite element, the cracked
concrete properties were used for the calcula-
tions (modulus of elasticity E =330 MPa, Pois-
son coefficient p = (0.2) and the iteration process
was started again for this value of load. The it-
eration process was carried out until stresses in
all finite concrete elements of the model became
lower the strength limit.

The concrete cracking character for the bore area
is illustrated in fig. 6, where the elements with
cracks are not shown. The figure shows the state
of the bore area at the initial and final stages of
the cracking process at internal pressure 0.6 MPa.

So, the results of the calculations showed that
at internal pressure 0.6 MPa the through cracks
appeared at the bore area.

Analysis of the stressed state of the connection
area showed that while increasing the internal
pressure up to 0.65MPa stresses in concrete did
not exceed the concrete strength limit to a

a)

stretch. Further increasing of the internal pres-
sure, as the calculations revealed, leaded to the
cracking of the reinforced concrete.

Fig. 7 illustrates the concrete cracking process
depending on increase of the internal pressure.
Increasing the pressure up to 0.70 MPa causes
the increasing of circular stresses in the cylin-
drical part of the containment so that they ex-
ceed the concrete strength limit to a stretch. At
this stage cracking of this part of the contain-
ment spreads into the entire section depth. Also,
a small area of cracking is observed for the
place of connection of the cylinder and the base.
However, because of meridional stresses in this
section do not exceed the circular stresses and
possess an instant character, i.e. change their
sign along the depth of the wall, the cracking of
the entire wall section does not take place.

Further increasing of the load leads to the
gradual concrete cracking in the area of con-
nection of the cylinder and the base. At pres-
sure P=0.95MPa concrete is practically
cracked over the entire section.

b)

Fig. 7. Concrete cracking process at the connection area depending on internal pressure
a—P=0.70 MPa; b— P =0.85 MPa; c — P = 0.95 MP
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Conclusions

1. The results of the containment calculations,
performed both in axial symmetric and volu-
metric approximations, showed that up to the
value of internal pressure 0.6 MPa the construc-
tion operates as an elastic body and its analysis
can be done in the elastic approximation.

2. In the area of the large technological pene-
tration the concrete strength limit to a stretch is
reached at the load 0.6 MPa and containment
begins to work as nonlinear elastic body with
cracks. In the area of connection of the cylinder
with the base the concrete strength limit to
a stretch is reached at internal pressure 0.70 MPa

and in the middle part of the cylinder — at in-
ternal pressure 0.725 MPa. So, we conclude that
for the analysis of containment strength for the
loads exceeding 0.6 MPa it is necessary to use
calculated models considering the concrete
cracking.

3. The containment destruction will occur at
internal pressure ~1.2 MPa because of the ex-
ceeding the strength limit of the reinforced
rods that are the basic carrier elements of the
construction.
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OueHKa Hanpsa)XXeHHOro COCTOAHUA 3aLMUTHON 000NO4KH
2-ro 3Heprobnoka KanumHuHckon A3C

A. H. Yavsnos, B. H. Meogeoes, B. @. Cmpuoicos,
Anexcanop C. Kucenes, Anexceii C. Kucenes, A. C. 3anecog

1. OnucaHue pac4yemHoU Modesnu 3awumHol 060s/1049KuU

Jlis  BBHIMONHEHUs PacueTOB  HANPSHKCHHO-
neOPMUPOBAHHOTO  COCTOSIHHSI  3aIlUTHOU
obOonouku 2-ro sHeproOmoka KamuHMHCKON
ADC pa3paboTaHa pacyeTHas MOJEINb, KOTO-
pasi BBITIOJHEHA C YYE€TOM OCHOBHBIX OCOOCH-
HOCTEH, NpPUCYUIMX [aHHOHW KOHCTPYKLUH,
BKJIFOUAsl HATMYHE OTBEPCTHH TUAMETPOM 3 U
4 M, YTOJIIIIEHUS] CTEHKH 000JI0YKU B 30HE ITHUX
OTBEPCTHI W YTOJIICHUE CTEHKU 00OJIOUKU B
30HE TPYIIIHI OTBEPCTHI Majoro Iuamerpa,
3aKJIagHbIe JETal, BHyTPEHHIOI TepPMETH3H-

)

PYIOIIYI0 OOJMIIOBKY, apMHpOBaHUE 000I0Y-
k. Kpome TOro, yauThIBaJIach TOYHAsI TPACCH-
pPOBKa apMaTypHBIX KaHAaTOB, a OTCYTCTBYIO-
Y€ apMaTypHbIe KaHAThl B IMIIMHApPE U KYy-
T0JIe 3aIUTHON 000JIOUKH B pacueTax HE YUH-
THIBAIMCH. BEeJIMUMHBI YCUIIMN Ha TSOKHBIX aH-
Kepax KaKIIOro apMaTypHOrO KaHaTa MpPUHH-
MaJHCh COTJIAaCHO JAaHHBIM, TOJYYCHHBIM IO
pe3ynbTaTaM KOHTPOJIBHO-TIPO(PUITAKTHIECKUX
paboT, IPOBOAMMBIX Ha BTOPOM 3JHEProOIIOKe
Kanuaunckoit ADC B 2000 r.

Puc. 1. PacueTHast MozieNb 3alIMTHON 0007109KH 2-r0 SHeprodioka Kamuaunckoir ADC
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Oyenka HAnPSCEHHO020 COCMOANUSL 3aUWUMHOT 00010uKU 2-20 dHepeobnoka Kanununckon ADC
A. H. Ynvanos, B. H. Meoseoes, B. @. Cmpuoicos, Anexcandp C. Kucenes, Anexceii C. Kucenes, A. C. 3anecos

Ha puc. 1 npencrarieH oOmuii Bug 00beMHON
KOHEYHO-3JIEMEHTHOM pacuyeTHOH MoJenu 3a-
MIUTHOW 00009YKK 2-TO 3Heprobmoka Kamm-
HuHCKOU ADC.

PacueTHas Moaenb ceUeHUsS CTEHKM 3aIllUTHOH
000710YKH JUTSI MUJTUHAPUYECKON M KYTIOJIBHOM
4acTH cocTaBieHa u3 11 cioeB KOHEYHEIX dJe-
MEHTOB, OTIMYAIONIUXCS IPYT OT JAPYyra CBOH-
MU CBOWCTBaMH, BKJIIOYas BHYTPEHHIOID Me-

Tajym4eckyo oonuuoBky (1 Ha puc. 2), ciou
oerona (2, 4, 6, 7, 9 u 11), ciou mepuano-
HanpHOU apmaTypsl (3 1 10) U KONBIEBOM ap-
Matypsl (5 u 8). PacueTHast Moaellb 3alTUTHOM
000109KH BKJIIOYaeT 67946 00beMHBIX 8-y3710-
BBIX KOHEUHBIX 3JeMeHTOB 1 76014 y3710B.

1 2 3llalls 6
R,=22500.0  _

R,=22508.0

R,=22637.182
R,=22638.818
R5=22660.956 ,IL
Rg=22663.044

Y

L 2

R,=23100.0

R=23566.773

Rg=23569.227

R ,=23590.66

R,,=23593.34

R,,=23700.0

A

v
1200 mm

A 4

Puc. 2. PacdeTHas MozieNb CEUSHHS IIMIMHIPUIECKON CTEHKH 3allIUTHON 000I0UYKH:
R — paccTosiHHEe OT OCH IWJIMHIPA IO TPAHUIIBI KQKIO0TO PaCYeTHOTO CJI0Sl CTEHKH 000JI0YKH, MM

2. OcobeHHOCMU MOOenupoeaHusi Ha2py3Kku om eo3delicmeus

apMamypHbIX KaHamoe

XapakTep HarpyXeHus 3allUTHOW 000JIOUKU
OCHOBHOM JUIMTEJIbHO AEUCTBYIOLIEH Harpys-
KO OT MpeJBapUTESIbHO-HANPKEHHOW apma-
Typbl BeCbMa HEOJHOPOJEH W JaJleK OT oce-
cuMMeTpu4Horo. HeocecnMMeTpnYHOCTh Ha-
TPY3KH OT TPEIBAPHUTEIBHOTO HAMPSIKEHUS
KOHCTPYKIIUM HAOI0aeTcs B KyMOJIbHOM Yac-
TH, B OMOPHOM KOJbIE (OT MPUIIOKEHUS aH-
KEpHBIX YCHJIWI KyNOJbHOH apMmaryphl) W,
TJIaBHBIM 00pa3oM, B MUJIMHIPHYECKON YacTh
3aIIUTHON 000JIOYKH, TAEC W3-3a TMPHUHATON Te-

JUKOWUIATPHON CXEMBI apMHUPOBAHHS TPH 00-
X0Jle¢ KPYIHBIX TEXHOJIOTHYECKUX ITPOXOJIOK
BO3HHUKAIOT HECHMMETPUYHBIE HEOJIHOPOIHO-
CTH Harpy3KH 3HAYUTEIbHON MPOTSKEHHOCTH.

Ha puc. 3 mpencrarieHa pa3BepTka KaHaI000-
pasoBareneil MWIMHIPUYECKOW YacTH 3alluT-
HOM o000JI0ukH 2-ro Onoka KaluMHHUHCKOM
ADC, Ha KOTOPOM MOXKHO BUIETH 30HBI PaCIIo-
JIOXKEHUSI OTCYTCTBYIOIIMX KaHATOB M 00X0ja
OTBEPCTHH.
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Oyenka HAnPSCEHHO020 COCMOANUSL 3aUWUMHOT 00010uKU 2-20 dHepeobnoka Kanununckon ADC
A. H. Ynvanos, B. H. Meoseoes, B. @. Cmpuoicos, Anexcandp C. Kucenes, Anexceii C. Kucenes, A. C. 3anecos

BaxxHo otMeTuTh, 4TO B OTIMYME OT 1-r0 3HEp-
roosoka Kammamackort ADC, rae HaTsHKEHHE
apMaTypHBIX KaHATOB IIMIMHIIPA OCYIIECTBIISIET-
Cs Ha BEPXHEM OIOPHOM KOIIbIIC U B HIDKHEH
rajepee, B 3aIUTHON OOOJIOYKE BTOPOTO SHEp-
ro0Jioka apMaTrypHble KaHATBhl HaIpsATaIOTCsI
TOJILKO Ha BEPXHEM OTIOPHOM KOJIBIIE, B Pe3yJib-
TaTe 4ero Mpy HATSHKCHUM KaHATOB ITPOUCXOUT
CHIDKEHHE YCWINH B IWIMHIpPE OT BEpXHEH Jac-
TH JI0 OCHOBaHWS M3-3a JEWUCTBHS CHJI TPEHUS
MEXTy KaHATOM U KaHAJI000pa30BaTeieM.

B pacderax yunuTeIBaeTCS BIUSIHAE KOS DHUITICH-
Ta TPEHHUs KaHATOB O CTEHKH KaHajooOpa3oBaTe-
JIed U U3MEHEHUE YCWIMN B HAIPAraeMou apma-
Type B 3aBUCHMOCTH OT U3MEHEHMS Harpy3KU.

OcCOo0eHHOCTBIO paclpeneNieHds] yCUIUi  TI0
JUIMHE apMaTypHOTO KaHaTa SBISETCS TaKkKe
CHIDKEHHE YCUJIMIA Ha 9aCTH €T0 JUIMHBI BOIM3U
TSOKHOTO aHKepa, OOYCJIOBJIEHHOE Nepenadet
Harpy3Kl C JOMKpaTa Ha aHKEpHOE yCTPOWCT-
BO. OTO SIBJIGHUE CB3aHO C TEXHOJOTHYECKHMU
0COOEHHOCTSIMU HATsDKEHHSI apMaTypHBIX KaHa-
TOB, YTO TAK)X€ YUUTHIBAJIOCH B pacueTax.

B »T0i1 cBA3M Harpy3ka OT MpeBapUTEIbLHOTO
HanpsokeHust popmupyercst B aBa stamna. [lep-
BOHAYAJIbHO 3aJlaBaJIUCh YCWJIMA B KaHaTax,

900

JIEHCTBYIOIIME HA TSHKHOM KOHIIE apMaTypHOTO
KaHaTa (Ha JOMKpare), a 3aTeM YYHTHIBaJOCh
CHIDKEHHE YCWIIMH MO JJIMHE apMaTypHBIX Ka-
HATOB M3-3a IEHCTBUS CUJI TPEHUS UX O CTEHKU
KaHasooOpa3zoBateneil (KodpPUIHMEHT TpeHUs
npuHuMascs paBHbsM W = 0,09 [1]).

Ha BTOpOM 3Tane y4uTeIBannCh NOTEPH YCHIMH
B KaHartax. [Ipy 3TOM B COOTBETCTBHH C JaHHBI-
mu HUITKNUU «ATOM3HEProIpoeKT» Ha TSIK-
HOM KOHIIE apMaTypHBIX KaHaTOB 3aJaBajioch
CHIKeHue ycwimii Ha 17%, a 3aTteM yuWThIBa-
JIOCh TIOBBIIIEHHE YCWIMH Ha OrpaHHYEHHOM
y4yacTKe JAJMHbI apMaTypHbIX KaHAaTOB U3-3a JIe-
CTBUS cUJ TpeHus. B pesynprare mo anuHe Ka-
HaTa BO3HHUKAET JOBOJIBHO CIIOXKHOE pachpesie-
JICHHE YCUIMH, KOTOPOEe B KayecTBe HpHUMepa B
YIPOLLEHHOM BUJIE IIPECTABIEHO Ha puc. 4, rae
Ha TsDKHOM KoHIIe 3aano ycwre 800 1, a 3aTeM
YUTEHO CHWKEHHWH YCWIIMH B KaHaTe MpH Iepe-
Jla4ye Harpy3Ky ¢ IOMKpaTta Ha aHKep.

Takum 00pa3om, yriayOaeHHbIH AeTaabHbIA aHa-
T3 HaNpsDKEHHOTO COCTOSIHWS 3aIlUTHON 000-
JIOUKH C TeJIMKOUAATILHOW CXEMOW apMHUpPOBaHUA
BO3MOKEH TOJIBKO IPHU BBIITOJHCHUU PAaCUCTOB B
00BEMHOI TTOCTAHOBKE 33/1a4l U y4eTe 0COOeH-
HOCTeH paboThl apMaTypHBIX KAHATOB.

JinuHa fipsMoro ydacT|
KOO, THCHUS Ha TIPSIM

L1

a KaHaTa mpuHaTa 1, =6 Me1poB,
M YIACTKe paneH 0=0,0015(mo CHull)

N, =|800 T, p =0

09, AN=120 T

\

\

VYcunme B KaHaTe, TOHH

6,pas.

T T T | T T T T [ T T T T

00 05 1.0 15 20 25 30

Puc. 4. I3meHeHue yCUIMii 1o JUIMHE apMaTypHOTo KaHaTa (B IUJIMHAPE 3aIIUTHOW 000JI0YKH OT KOJIbLIA COMPSKEHUS
JI0 OCHOBaHHsI) B 3aBUCUMOCTH OT JIEHCTBUS CUJI TPEHUS MEX1y KaHATOM U KaHaj1000pa3oBaTesieM

3. ®akmopsl, yHumbieaeMbie Npu pac4deme 3aujumHoli 060s/104KU

[MpoextupoBanne 3amUTHBIX obOomouek ADC
TOJIOBHOM M YHH(HULMPOBAHHOW CEpHid MPOBO-
JUJIOCh B YCIIOBMSIX, KOIZa HE CYILECTBOBAIO
[POrpaMMHOI0 OOecHedeHUs! [UIsl BBIOJIHEHHS

MOAPOOHBIX PACUETOB HAMPSHKEHHO-AehOpMUPO-
BaHHOI'0 COCTOSIHUSI KOHCTpyKLuH. M3-3a o1CyT-
cTBUsl JAeTanbHbIX pacuetoB HJC cymectByto-
M€ TMPOEKThl 3aIIUTHOH OOONOYKH HWMEIOT
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HEKOTOpble HeJOoCTaTKU. B mepByro ouepens
CIIElyeT OTMETUTh HENOCTATKH, CBA3aHHBIE C
HAJICKHOCTBIO CUCTEMBI NpeHANpPsLKEHUs [2].

[Ipu mpoexTHpoBaHHMHU, MO-BUIUMOMY, OBLIO
3aBBIILIEHO MPOEKTHOE YCHIIME HATSKEHUS ap-
MaTypHBIX KaHATOB, a IIPY HAa3HAUYEHUM UX Ce-
YeHUs OBbUTM JOMYIIEHbl HETOYHOCTH, H3-3a
KOTOPBIX peaibHas Hecylas crnocoOHOCTh
NpeAHanpsAraeéMbelX apMaTypHBIX KaHaTOB OKa-
3ajJach MEHbIIE POrHO3UpyeMoil. DTo npuse-
JI0O K TOMY, 4TO OT/AEJIbHbIE KaHAThl (WU Mpo-
BOJIOKH KaHaTOB) paboTaloT B HEyHpyrou o0-
nacty 1e(OPMHUPOBAHUS, YTO MOXKET NPUBECTU
K UX Pa3pyLIEHUIO Jaxe 0e3 MPUII0KEHUs J10-
MOJTHUTENBHBIX Harpy30K.

OnHuM U3 nyTed NOBBILIEHUS HAaAEKHOCTH 3a-
IIUTHON 00OJIOYKH SIBIAETCS] CHUKEHUE YPOBHS
HATSOKEHHS apMaTypHBIX KaHATOB. DTO obecre-
9uT pabOTOCIIOCOOHOCTh KAaHATOB B YIPYTOM
craguu AeOPMUPOBAHUs, KaKk B Cllyyae HOp-
MaJbHOM SKCIUTyaTallMd, TaK U B aBapUHUHOU
cutyauuu. OpHako, sl 0OOCHOBaHUSI TaKoOro
TEXHUYECKOTO PEUIeHUss W pa3pabOTKu PeKo-
MEHJIAIWA TI0 TMOBBIIIEHUIO 0E30MacHOCTH 3a-
HIMTHBIX 00osouek ¢ peaktopom BBIP-1000
HEOOXOJIUM JOTIOJHHUTENLHBIN, JETANBHBIA pac-
YEeTHBI aHaJM3 HaIPsHKEHHO-Ie(OPMHUPOBaH-
HOTO COCTOSTHMSI KOHKPETHOW 3alUTHOH 000-
JIOYKH, KOTOPBIM MO3BOJUT HAWUTH MPABUIBHOE
COOTHOILIEHHE IOIyCTHUMOTO YPOBHS HampsikKe-
HUI B apMaTypHBIX 3JIEMEHTax C TpPeOyeMbIM
YpOBHEM HamnpspbKkeHW B OetoHe. Kpurepumem
JIOCTATOYHOCTH 00aThsi O00O0JIOUKH SIBJISICTCS
OTCYTCTBHE TOJIOKUTEIHHBIX YCHINN B CTEHKE
npy Jr000M COYETaHWH JKCIUTyaTal[HOHHBIX U
aBapuiHbIX Harpy3ok. CHMKEHHE YpOBHs Ha-
TSOKEHUS] KaHATOB TOJIOKHUTENBHO CKa3bIBAETCS
M Ha TOTEpPSAX YCWJIMIA, CBSI3aHHBIX C peJlaKca-
I[UEH, BEJTMYMHA KOTOPBIX MPU YPOBHE HATSKE-
HUg 800 T OKa3bIBAaeTCsl CYIIIECTBEHHO HHUXKE,
gyeMm npu yposHe B 1000 T.

4. Pesynbmambl pac4yemos

PacyeTsl HamnpsKEHHOTO COCTOSHMS 3alllMTHOM
00010ukn  2-Tr0  3HeproOsioka KammHuHCKON
ADC BBINOIHEHBI NTPY BO3IECHUCTBUM JKCILTyaTa-
IIMOHHBIX W aBapUiHBIX Harpy3ok. Mcxons uz
yIpyroi paboThl MaTepuana, epBOHavalIbHO Ha
MPOCTPAaHCTBEHHON MOJENH 3allIMTHOW 000JI0Y-
KU ONPENENUIOCh HANPSHKEHHOE COCTOSIHUE TPU
BO3JICHCTBHN OTIENBHBIX HAarpy3ok (BO3IEHCT-
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B cBs3M C BBINIEU3NIOKEHHBIM Pa3pabOTaHbI
JIeTAITbHBIC TPEXMEPHbIE KOHEYHO-3JIEMEHTHBIC
MOJIENT U METOJMKAa pacdera MpeIHaNpsKeH-
HOM ’KeJe300€TOHHOM 3all[UTHOH OO0O0JI0YKH
B 00BEMHOM MIOCTAHOBKE.

MeToanka yYuTBHIBAET CIEAYIOMUE 0COOEHHO-
CTH pabOThI 3alIUTHON 000IOYKH:

— JeHCTBUE HArpy3KH OT IpeIBapHUTelNb-
HOTO HaIpPsKEHUsT apMaTypHBIX KaHATOB
C YU4ETOM HX PACIOJI0XKEHHUS B OAHOPOTHON
30HE W 30HE KPYIHBIX TEXHOJIOTHYECKUX
MPOXO0K, pa3dpoc peanbHBIX yCUINH Ka-
HATOB, CHW)KEHHE YCHJIMH IO JIMHE, 3aBH-
csllee OT BeNMYMHBI Kod(dduumenta tpe-
HHUS MEXKIy KaHaTOM M KaHalooOpa3oBare-
JIeM ¥ yria n3ruda KaHaTa, TIOTepy Ha aHKe-
POBKY, KOTOpbIE MOTYT COCTaBIATh ~17%;

— JeicTBHE HArpy3KH OT COOCTBEHHOTO
BeCa KOHCTPYKLHUU;

— JleficTBUE Ha KOHCTPYKLMIO HECTalMo-
HApHBIX 3KCIUTyaTallMOHHBIX U aBapUHHBIX
TeMIIepPaTypHBIX Harpy3oK;

— ﬂeﬁCTBHe HU3MCHAIOUIETOCA BO BPEMCHU
BHYTPCHHETO aBapHﬁHOFO JaBJICHUA,

— pacTpecKuBaHHE OETOHA, B CIy4ae eCiu
NEHUCTBYIOIME B OETOHE HANPSIKEHUS I10-
JIOXKUTENBHBI W MPEBBIMIAIOT Tpeaen Mpoy-
HOCTH OeTOHA Ha pacTsKEHUE;

— OTKJIOHEHHE Pa3MEepoB U TOJILMHBI 000-
JIOYKH OT IIPOEKTHBIX;

— HaJIM4Me apMHUPOBaHUs 000JIOUKH C yue-
TOM JMaMeTpa U 1l1ara apMaryphl.

Pacyersl mpoBOAWIMCH € HWCHOJIB30BAHHEM
nporpammHoro komruiekca «CONT» (aTte-
croBaHHOro B ['ocatomHan3ope P®), mo3so-
JISIOMIETO YYUTHIBATh JIOCTATOYHO OOJBIIOE
KOJIMYECTBO OCHOBHBIX OCOOEHHOCTEW 3aIluT-
HBIX 00oouexk ADC.

BUE COOCTBEHHOTO BECa, MPEIBapUTEIBHOIO Ha-
MIPSDKEHMS, SKCIUTYyaTallMOHHOW TEeMIEpaTyphl U
BHYTPEHHETO JIaBJIEHUs), a 3aT€M METOAOM CY-
neprno3uiuy  (HOPMHUPOBATIMCH  HEOOXOAUMBIE
pacuyeTHbIE COYETAaHUs HArpy30K Ui Cllydas
HOPMaJIbHOM 3KCIUIyaTallyd OOOJIOYKH U IIPO-
€KTHOM aBapHH.
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Puc. 5. Dnropsl MepuaroHanbHbIX (SM) u konbueBsIx(ST) HanpspkeHNi B 00HMIOBKE (BHYTPEHHSISI TOBEPXHOCTH)
1 O6eToHe (Hapy»KHas MOBEPXHOCTh) B cedeHUsIX 00onouku Fi=330°a) u Z=41,89 m (6) oT Bo3aeHcTBHA
COOCTBEHHOr0 Beca 000I0UKH
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Oyenka HAnPSCEHHO020 COCMOANUSL 3aUWUMHOT 00010uKU 2-20 dHepeobnoka Kanununckon ADC
A. H. Ynvanos, B. H. Meosedes, B. @. Cmpuoicos, Anexcandp C. Kucenes, Anexceii C. Kucenes, A. C. 3anecos

Ha puc. 5 npuBeneHsl 3M0Opbl MEPUANOHATb-
HeIX (SM) m komeleBbix (ST) HampspkeHHA
B ceueHuu obosouku Fi=330°, mpoxozsinem
yepe3 ILEHTP 4-METpOBOro0 OTBEPCTHS, U
Z=41,89 M, nOpoxomsmieM 4Yepe3  LEHTP
3-METPOBOTO OTBEPCTHS, OT BO3MEHCTBUS COO-
CTBEHHOro Beca o0Oonoyku. Hampsokenus Ha
BHYTPEHHEH MOBEPXHOCTH COOTBETCTBYIOT Ha-
MPSDKEHUSIM B CTalTbHOW OOJIMIIOBKE, 4 HA Ha-
PY)KHOH — HarpsikeHUsIM B OeTone. Iyt Toro
4T0OBl OLIEHUTh YPOBEHb HAIPSDKEHUH B Oe-
TOHHBIX CJIOSIX, PACIIOJIOKEHHBIX BOJIM3U 00-
JTUIOBKHA, HEOOXOMUMO pa3felnuTh 3HAYCHHE
HampsDKeHWs. B OOJIMIIOBKE Ha KO3 UIIMEHT
6,06, paBHBI OTHOIIEHHIO MOIYJEH ympyro-
CTH OETOHAa W CTaNbHOW OOJUIIOBKH. MOXHO
OTMETHUTh, YTO YPOBEHh MEPHUINOHAIBHBIX Ha-
MPSDKCHUH B MUIUHAPUYIECKON JacTH 000JI04-
KM B 3TOM CJIy4a€ OKa3bIBA€TCA BbIIIC, YEM
YPOBEHb KOJBIICBBIX HAMPSDKEHUH, OJIM3KUX
K HyJIF0. DTO BIIOJIHE €CTECTBEHHO, T.K. pac-
CMAaTpUBAETCS BapUaHT, CBA3AHHBIA C BO3/Cii-
CTBHUEM CHJIbI TAXKECTU, HaHpaBJ’IeHHOﬁ BEPTH-
KaJTbHO BHU3. XOTsI YPOBEHb HANpPSHKEHUN He-
BBICOK, 3TOT (DaKTOp HArpyXeHus IOJKEH
YUUTHIBATHCA, U JAET 3aMETHBIN BKJIAJA B CITy-
Yac, Korga Apyrue€ BUAbI HArpy3oK KOMIICHCH-
PYIOT IpyT IpyTa.

Ha puc. 6 mpencraBieHbl 3MIOpbl MEPUANO-
HaBHEIX (SM) u kosbleBbix (ST) Hampsioke-
HAH B cedeHHax obomoukm Fi=330° (a),
Fi=160°(0), Z2=41.89 M (B), Z=54,0Mm(T)
OT ACHCTBUSL CHCTEMBI INPEAHANPSIKEHUS IPU
JNEHCTBYIONIIEM  YpPOBHE  MpPEAHANPSKCHUS
(=800 T). CrieryeT OTMETUTb, UTO HAIIPSKCHUS
SIBJIIFOTCSL CYKMMAIOIIUMH, & COOTHOIICHUE OK-
PYXKHOW ¥ MEpHINOHATHHOH KOMIOHEHTHI
OMM3Kk0 K2 Ha IMWIMHIPHIECKOW YacTH H
0yin3ko K 1 Ha chepudeckoi 4acTu 00O0JIOUKH.
Takoe COOTHOIIIEHHE KOMITIOHCHTOB HAIpsKe-
HUI T03BOJIIET KOMIIEHCHPOBAaTh PAaCTSTH-
BalOII[Me HANpPSHKEHHs OT BHYTPEHHETO JaBie-
HUS [IPU aBapyu WM TIPY UCIIBITAHUU 000J104-
K. MOXHO OTMETHTh, YTO pacCIpeleiIcHre
HAPSDKEHUHA OT MPEIHAIIPSKEHUS HE SIBISIETCS
ocecuMMETpUYIHBIM. OCOOEHHO XOpOIIO 3TO
BHUJIHO Ha 3Mmiope puc. 6 (T), TIe MpoCiIeKuBa-
€TCs BJIMSHUC aHKEPOBKH OPTOT'OHAIBHBIX KY-
MOJIFHBIX KAaHATOB HAa OTIOPHOM KOIIBIIE.

W3 npuBeneHHBIX pe3yibTaTOB MOXHO TaKXKe
BUJIETh, YTO MaKCHMaJbHbIE HANPSKEHUS B
MWIMHApPE HaOMIOMAr0TCI Ha OTMETKe ~45 M.
Bhrliiie 5TOM OTMETKH HAYMHAETCS CHIYKEHUE

HamnpsiKeHU#, OOYyCIIOBIEHHOE CHIKCHHEM
YCWIMIM B KaHaTaxX MpH Mepefadye Harpy3Ku C
MoMKkparta Ha aHkep. OIHAaKO HaWMEHBIIIHE
HamnpsOKeHUs] HAOMIOJAIOTCS B HIDKHEH YacTd
LMWJIMH]IPA, YTO CBSI3aHO C MOTEpEd YCUIIUHU 1o
JUTMHE KaHaTa U3-3a JCHCTBUS CUJI TPEHUSL.

[To mepumeTpy 0OO0JOYKH B CpeaHEN YacTH
HWIMHAPA HAOMI0A0TCS 3HAYMTEIBHBIC KO-
nebaHusl HaNpsHKEHHWH, KaKk B MEPHIHOHAIb-
HOM, TaK W B KOJBIIEBOM HAIpPABICHUAX (CM.
puc. 6). HaumeHblIid ypOBEHb MEpPHUINO-
HaJbHBIX CKUMAIOIIUX HAaNpPsSHKCHUH y Ha-
PYyKHOH MOBEPXHOCTH COCTaBIISET
~—2,7 MIla, a HanGonpmuii ~—4,0 MIla, uto
oomnbine Ha 48%. KonblieBble HanpsoKeHUS Ha
3TOW OTMETKE TaKKe OTJIIMYAIOTCA MO0 TEPH-
METpy, HO MEHee cyllecTBeHHO. Hampumep,
HauMEHBIINE HANPSIKESHUS B OCTOHE y Ha-
PY’KHOHM NOBEPXHOCTH CTEHBI paBHEI 6,6 MIla,
a HambOombIue HanpspKeHus paBHbl 7,7 Mlla,
yto Ha 17% Ooubmie. OUueBUAHO, U3MEHEHUE
HalpsHDKCHW 10  TEPUMETpPy OO0OJOYKH B
cpelHel YacTh UUIMHIpPA BbI3BAHO HAIUYKUEM
OTBEPCTUH M HAJWYHMEM YTOJIEHUH CTEHKHU
000JI0YKM B 30HE OTBEPCTUM, a TAKXKE BIIUS-
HHUEM OTCYTCTBYIOIIMX KaHATOB, Pa3IUYHOM
BEIIMYMHOW YCHUJIMI HATSHKEHUS KAaHATOB U
BITUSIHUEM OTTMOOB apMaTypPHBIX KaHATOB MpPHU
06xone orBepcTuit [3].

Takum  obOpazoM,  HampspDKeHHO-IehopMu-
POBaHHOE COCTOSIHHE 3aIlUTHON OOOJIOUKH IO
BBICOTE U MEPUMETPY JOCTATOYHO HEOAHOPO-
HO, YTO TPUBOAWT K Pa3IMYHBIM BEIMYMHAM
nedopmarmii ot nmonzydectn 6erona. s 6o-
Jiee TOYHOTO ydeTa BIMSHHUS TMOJI3y4ecTH Oe-
TOHa Ha WM3MCHCHHUS HAIPSHKEHHO-IACPOPMHU-
POBAHHOTO COCTOSIHHSI KOHCTPYKIIMH HEO00XO-
IMMO MaKCHMAJbHO TOYHO OIPENeNiTh ypo-
BEHb HANPSDKCHUN B KaXKIOW 4acTH 000JOUYKH
Y B pa3JIMYHbIC MIEPHOIbI BPEMEHU.

Ha puc. 7 npeacraBneHsl 3II0pbl MEPHUIMO-
HanbHBIX (SM) u kombueBbix (ST) Hampsike-
HUMl B ceueHusx obomouku Fi=330°(a),
Fi=160°(0), Z=41,89 M (B) oT neHcTBHA
BHyTpeHHero namienus P =1 Mlla. B stom
cilydae pachpeeseHne HanpsKeHUi oka3blBa-
eTcs 3HAaYUTEeNIbHO 0osiee PaBHOMEPHBIM, YeM
IpY BO3ACHCTBUM IPEIHANPSDKEHUS, HCKIIO-
YeHHE COCTABJIAIOT 30HBI TEXHOJIOTHYECKUX
MIPOXOJI0K, 30Ha BYyTa — YTOJIIIEHNUS B HUKHEN
YacTH W 33J€IKH, a TaKKe 30Ha OMOPHOro
KOJIBLIA.
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Puc. 7. Dmopsl MepuanoHanbHEIX (SM) 1 konbieBbIX(ST) HanpsokeHH B 00MUIIOBKE (BHYTPEHHSISI IOBEPXHOCTD)
u OeToHe (Hapy»XHas IOBEPXHOCTH) B cedueHmsix obonoukn Fi =330°(a); Fi= 160°(6); Z = 41,89 M (B) oT BO3AEHCTBUS
BHyTpeHHero Aasnenus P =1 Mlla
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Puc. 8. Dmopsr MepuanoHanbHEIX (SM) 1 konbLeBbIx (ST) HanpshkeHHl B OOIHMIIOBKE M HAa Hapy>KHOW IIOBEPXHOCTH O€TOHA
B ceueHMsix obonouku Fi=330°(a) u Z = 41,89 M (6) OT BO3AEHCTBUS IKCIUTyaTallHOHHOTO MTOJISI TEMITEPaTyphl

Ha puc. 8 npencrasieHo pacnpeneneHue KoM-
MMOHEHTOB MEPHINOHAIBHBIX (SM) M KombIle-
BbIX (ST) HampsbkeHHH B ceYEeHUSX 000JI0UKH
Fi=330°(a) u Z=41,89 m (0) npu Bo3aEHCT-
BUM DKCIUTyaTallMOHHOH Temriepatypsl. (+40°C
BHyTpH u —20°C cHapyxu). BHyTpu u cHapy-
KU OOOJIOYKH 3aJaBajiiCh YCJIOBHS KOHBEK-
TUBHOTO TEIUIOOOMEHA C BO3IYIIHOW Cpeion
YKa3aHHOW TeMIlepaTtypbl W Kod(ddummueHTOM
terootaaun o = 8,75 Br/M’K BHyTpH 060-
nouku u o = 23,3 Br/M’K — cuapyxu. H3-3a
TOT0, YTO BHYTPEHHHE CJIOM Marepualia OKasbl-
BAlOTCSl HAarpeTbIMH OOJIbILIE, YEM HapyXKHbIE,
00JIMIIOBKA HAaXOIUTCS B COCTOSIHUM CXKaTus, a

0eTOH Ha HapyKHOM MOBEPXHOCTH OKA3bIBAETCS
PacTSHYTBIM, AK€ C YYETOM MpPEABAPUTEIBHO-
ro oOkatust 0OOJIOUKH, TPUYEM YPOBEHb Ha-
NPsDKEHUH MpEeBbIIIAeT Npenesl MPOYHOCTU Oe-
TOHA Ha pacTsHKeHHe. DTO TOBOPUT O TOM, UTO
YK€ Ha CTaluil HOPMaJIbHOM 3KCITTyaTaluy MPH
HU3KOW TeMmIepaType CHapy>Kyd B 3UMHUU Iie-
pHOA MOXKET MMETb MECTO MECTHOE pacTpec-
KHBaHHE HApYyKHBIX cjoeB OeToHa. Takoil BbI-
BOJI KOCBEHHO MOATBEP)KIAETCS MOKa3aHUAMU
JaTYMKOB KOHTPOJIBbHO-U3MEPUTENHHOW ammna-
patypsl (KWA), pa3MemeHHbIX BHYTPH CTEHBI
000JIOYKM B 30HE BHYTPEHHEH W Hapy>KHOH
PAAOBOI apMaTypsl.
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HamnpsxkeHHOe cocTOsHME 3allUTHOM 0005104-
KM B peXHME HOPMaJbHOM OHKCIUTyaTalluu
MOYKHO TOIYYUTh CYMMHpPOBaHHEM HaIpsiKe-
HUH OT COOCTBEHHOIO Beca, I'paJUeHTa 3KC-
IUIyaTallMOHHOW TeMIlepaTypbl W INpeaHanps-
xeHusi. OQHAKO OLEHKa 0e30MacHOCTH 3KC-
IUTyaTalud 00O0JIOUKU TPeOYeT IOMOJIHUTENb-
HOT'O aHajM3a HaIPSXKEHHOTO COCTOSIHUS 000-
JIOYKU C y4E€TOM BO3JECHCTBUS aBapUMHBIX Ha-
IPYy30K.

IlpoekTHass aBapuiiHas Harpyska, KOTOPYIO
3amuTHas 000JI0YKa JOJDKHA BOCIPUHUMATH
0e3 00pa3oBaHMs CKBO3HBIX TpPEIUH, IMPE-
cTaBjieHa Ha puc. 9. Ha sTom pucyHke BUIHO,
YTO 3a/laHHBIe MMapaMeTphl Cpeabl Mo 060104-

150 L€l

T~

100 \

; N\

0 2 4 6 8 10 12 14

T [4ac]

KO B TIPOLIECCE aBapuMh HE CTallMOHAPHBI.
B nocneaBapuiiHblii IEpUOJ ¢ TEYEHUEM BpeE-
MEHU TPOMCXOIUT CHIKCHWE JaBICHUS W
TeMIIepaTyphl Cpeabl 101 000JI0UKOM COTIacHO
MpUBEACHHBIM rpadukam.

[Ipu Takom XapakTepe 3arpyK€HHs KOHCTPYK-
LUK CIEAyeT OXKHIaTh, C OIHON CTOPOHBI, Ha-
pacTaHue TEMIEepaTypHOTO MOMEHTa, BBI3bI-
BaIOIIEr0 POCT PACTATUBAIOIINX HATPSKEHUH Ha
HApYXHOW TMOBEPXHOCTH CTEHKH OOOJOYKH BO
BPEMEHH, a C IPyroidl — yMEHbILEHNE JaBIECHUS
1oz 000JIOUKO, BBI3BIBAIOILIEE CHU)KEHUE PACTSI-
TMBAIOIINX YCHIIMI 11O BCEMY CEUEHHUIO CTEHKH.

0.%P [MPa]

0.27

0.18

0.09 \\
\

0.00
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T [vac]

Puc. 9. Xapakrep HU3MEHEHHs TAPAMETPOB CPEAbI IO 000IOYKON TPH MTPOSKTHOW aBapuH;
T — BpeMs OT Hayalla aBapuu

BeInonHeHne ynpyroro pacdera HampsyKEHHO-
TO COCTOSTHMS 3allIUTHOW O0OJOYKM B aBapuii-
HOM CUTyaluu OCYILUECTBIIIOCH IIyTEM CYyMMHU-
pOBaHUs Pe3yabTATOB, NMOTYYCHHBIX HA TPEAbI-
Iymux sranax. Kpome Toro, B COOTBETCTBUH €
rpadukamu, MPUBEACHHBIMA Ha pUC. 9, yUUTHI-
BaJlOCh BO3JCUCTBHE aBapUUHBIX HATPY30K
(BHYTpEHHEE aBJICHHE U TEMIIEPATYPa).

PesynbraTel pacuera MOKa3bIBAKOT, YTO B Ha-
YaJIbHBIM MEPHOJ aBapUM CKa3bIBAETCS TOJIBKO
JIeCTBYE BHYTPEHHETO JaBJICHUS, BIMSIHHE
TEMIIEpaTypHOM aBapUHHON Harpy3Kud B 3TOT
MOMEHT BPEMEHHU HE Ipociexusacrcs. B pe-
3yJbTaTe PacTATCHBAOLINE YCUIIUS, CIIOCOOHBIE

BBI3BaTh paspylleHHe wWid 0o0pa3oBaHueE
CKBO3HBIX TPEIIUH B CTEHKE 3aIUTHON 000-
JIOUKH TPU 33JaHHBIX YCUJIMSX B apMaTyPHBIX
KaHaTax OTCYTCTBYIOT (cM. puc. 10, 11).

B nanpHelHmeM ¢ MOHMKESHHEM JABJICHHUS 10T
000JIOUKON BIMSHUE BHYTPEHHETO IaBJICHUS
yObIBaeT. TemnepaTypHble BO3ICHCTBUS HAYH-
HAaOT OKa3bIBaTh 3aMETHOE BIUSIHUE HA TPETUI
gac TocJie aBapuu W JOCTHTAIOT CBOETO MakK-
CUMAJIBHOTO BJIMSIHUSA K H_IeCTOMy qacy OT Ha-
yaJjia aBapuu, KOrJa JaBjieHue 1o 000JI04KOn
3HAYUTENHLHO CHIKAETCA.
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Puc. 10. Dmopsl MmepuanonanbHeIX (NM) 1 kosbieBbix (NT) yeunuit [Meranbtotonst (MH)]
B ceueHHnu 06os0uku Fi = 67,5° Ha HaYaIbHBII MOMEHT aBapuu

(@) 6)

Puc. 11. Dmopsl MepuanonanbHbix (NM) u kosbueBbix (NT) yeunuii [Meranbtotonst (MH)]
B ceueHusAx obonouku Z = 25,0 m (a); Z = 60,5 M (0) Ha Ha4YaNbHBIA MOMEHT aBapuu
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TakuM 00pazoMm, TpUBEACHHBIE pPe3yIbTAThI
CBUJIETENBCTBYIOT O TOM, YTO 3@ BPEMs MPOXO-
JKJICHUS aBapUHHOW CHUTyallill CambIM HeOma-
TOIPHUATHBIM SIBJIIETCS. MOMEHT Hadaja aBapuH,
Koraga BHYTPCHHEC JAaBJICHHUC HMMECT MaKCH-
MallbHOE 3HaueHue. B pmanpHeliiem, korma Ha
HaNpsOKEHHOE COCTOSIHUE OOOJIOUKH HadMHAET
BIIMATH aBapHiiHas TeMIepaTypa, JaBJIeHUE 110
000JI0YKOM CHMKAETCS U, CKUMAIOIINE YCUIUS
B 000JI0YKe BO3pacTaroT. B xoxe BbIMONHEHUS
paboTBl MOKa3aHa BO3MOXKHOCTb BBITIOJIHSTD
OLIEHKY HaIlpsHKEHHOI'O COCTOSIHUSI B IpoLiecce
IKCIUTyaTally 3aIIUTHONH OOOJIOYKH U OLIEHKY
JOCTaTOYHOCTH YPOBHS 00XKaTHsI KOHCTPYKLIUH.
st 3T0TO0 BO BpeMsl MPOBEICHUSI KOHTPOJIBHO-
MPOQUIAKTHICCKUX pabOT YTOUYHSIOTCS YCH-

Bbi800bI

1. Kak mokasanu BBbINOJHEHHBIE pacyeThl, Ha-
NPSDKEHHOE COCTOSIHHME 3alUTHOH 000JI0YKH
2-ro sHeprobsoka Kammaunckoit ADC mnpu
JNEWCTBYIOLIEM  YpOBHE  MpeIHANPSIKEHUS
~800 T) Kak B OJKCIUTyaTallMOHHOM, TaK M
B aBapUHHOM PEKUME OCTAeTCsl YAOBIETBOPH-
TEIBHBIM.

2. Pa3paboTaHHblii TPOrpaMMHBIA  KOMIUIEKC
«CONT», arrecroBanHbpli I ocaToMHan30-
poMm P®, mo3BOIsSET yUIHMTHIBaTH OOJIBIIIOE KO-
JIMYECTBO (DAKTOPOB, BIUSIOIIMX Ha HANpPSHKEH-
HO-ZIe)OPMUPOBAHHOE COCTOSIHUE 3aIUTHON
obonouku. Hanmpumep, comocraBiieHre pe3yiib-

Jlumepamypa

Jsl, JEUCTBYIOIME B apMaTypHBIX KaHATax, U
MIPOBOJUTCS pacueTHas OLIEHKa HaMpsKEHHOTO
COCTOSIHUS 3aIlIUTHON 00O0JIOYKH TIPU BO3IEUCT-
BUM SKCIUTYaTallMOHHBIX U aBapUHHBIX Harpy-
30k. [To pe3ynbraram pacudera aenaercs 3aKiro-
YEeHHE O €€ IKCIUTYyaTallMOHHOM MPHUTrOIHOCTH.
Ecnu B kakux-mu0o 30HaX 000JI0YKM BO3HHUKA-
I0T PAcTATMBAIOIINE YCWIMS, TO, HCIOJb3Ys
CXEMY pa3MelleHHss apMaTypHBIX KaHAaTOB
(cM. puc. 3), HEOOXOAMMO YCTaHOBUTH HOMeEpA
apMaTypHbIX  KaHaTOB, PAacHOJararolIuXcs
BOJIN3U 3TUX 30H, U YBEJIMYUTh B HUX YCHIIMA.
JlaHHBIA TOAXO0J TMO3BOJUT ONTUMHU3UPOBATH
o6obemer KITP.

TaTOB pacyera TeMIepaTypHBIX TOJel ¢ JaH-
HBIMU HaTypHBIX M3MEPEHUIl MoKa3ajo J0CTa-
TOYHO XOPOIIYI0 CXOAUMOCTb.

3.Ha ocHOBaHMM TIPOBENEHHBIX pPac4eTOB
MPEIOCTABISIETCS. BO3MOXKHOCTh  pa3padOTKH
METOAMKHA NPOBEACHHUS KOHTPOIbHO-IPOdHU-
JAKTHYECKUX paboT C y4eTOM HeOoOXOauMOn
KOPPEKTUPOBKH HANPS)KEHHOTO COCTOSTHUS 3a-
LIUTHOM OOOJIOUKH 3a CUET Ha3HAYCHUS] HOMeE-
POB apMaTypHBIX KaHaTOB, TPEOYIOLIMX MOA-
TSOKKA I8 BOCCTAHOBJIEHHSI HEOOXOJUMOTO
YPOBHS IpeIHANPAKEHHS.
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Ha HalpspKeHHOE COCTOSIHME 3aIUTHON 0005104k ADC B 30HE TEXHOJIOTMYECKUX MTPOXOJOK // DHepre-
THYECKOe cTpouTenbeTBo. 1993. — Ne 11. — C. 74-75.
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'Determination of Limiting amount of Absent Tendons in
Prestressed Nuclear Power Plant Containment

V. N. Medvedev, Alexandr S. Kiselev, Alexey S. Kiselev and V. F. Strizhov
(Nuclear Safety Institute (IBRAE RAS) Russian Academy of Sciences),
A. A. Lopanchuk, S. S. Nefedov (ROSENERGOATOM Co., Design branch)

1. Introduction

Prestressed reinforced-concrete containments
of Nuclear Power Plants (NPPs) with
VVER-1000 were constructed in a number of
countries of Central and Eastern Europe.
Such-type of containment consists of a cylinder
part and a flat dome (Fig. 1a), the inner radius
of cylinder making up 22.5 m, the design width
of cylinder wall — 1.2m and that of the
dome — 1.1 m. The containment inner surface
has a leak-tight steel coating 8 mm in width.

The cylinder part and the dome part of con-
tainment are prestressed by tendons made of
high-strength reinforcing wire (class B-II, di-

@=45.0 m

13.2m

/4.0 m

3.0m

T

ameter 5 mm). Tendons of the cylinder part are
arranged helicoidally, the inclination of helical
line to horizontal line being 35°15"; tendons of
the dome part are installed orthogonally
(Fig. 1b). The total number of prestressed ten-
dons is 132: 96 of them are installed in the cy-
lindrical part of containment, 36 — in the dome
part. Tendons are mounted within Special
Polyethylene Tubes (SPTs) having no contact
with concrete while in operation.

Reinforcing die-rolled section rods (class A-11I)

are located close to the outer and inner wall
surface of both cylinder and dome.

b) 2:1 2b
b a
54 5 p 6 6b
3 == TN — 4
3 4

Fig. 1. The basic geometrical characteristics of the containment (a) and the schema of stressed tendons
location in the cylinder and in the dome (b)

'18™ International Conference on Structural Mechanics in Reactor Technology (SMIRT 18). — Beijing, China, August 7-12,

2005. — SMiRT18-H02_3.
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There were real situations in real contain-
ment-construction practice when mounting of
individual tendons turned out to be impossible
due to considerable deformations of SPTs during
construction and mounting works. There were
also cases of spontaneous destruction of tendons
after containment putting into operation.

NPP containments were designed in the
1970-1980s when no powerful software existed
allowing detailed calculations of stress-strain

state of constructions. Consequently, the level
of containment squeezing was conservatively
raised too high as compared to the required one
needed for taking up design emergency load.

With consideration for the above-said, a de-
mand arose on determining limiting number of
absent tendons in containment of NPPs with
VVER-1000 allowing reliable safety of the
construction while operating under any stan-
dard NPP’s regime.

2. Features of the model of VVER-1000 reactor containment

The described above problem was being re-
solved using original software CONT espe-
cially designed for calculations of stress-strain
states of NPP containment in presented paper.
Computer code CONT allows to conduct elas-
tic, elastic-plastic calculations with allowance
of concrete cracking under normal and accident
static loads. It consists from pre- and post
processor modules for automatic building of
finite element models (FEM) and also from
main calculating core module for simulation of
thermal-mechanical processes in a 3D objects.
There are realized the algorithms of finite ele-
ment method [1] and of super element method
[2]. The SE method is a superstructure toward
the traditional finite element method and have
essential computing advantage.

To perform calculations on determining limit-
ing number of absent tendons, a detailed fi-
nite-element containment model was developed
(Fig.2). The model was generated using
3D volumetric finite elements describing the
containment wall layer-by-layer including the
layers of concrete, reinforcements and steel
liner. The model describes quite correctly
complex geometry of containment in cylin-
der-dome connection area as well as thicken-
ings in opening areas.

When simulating a load from stressed tendons,
force impact of every individual tendon was taken
into consideration. Tendon trajectories were taken
similar to those of real tendons. In calculations
both the effects of tendon-SPT wall friction [3]
and changes a force in stressed tendons depending
on load modification were taken into account.

88
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Fig. 2. Finite-element model of VVER-1000 containment
(740200 nodes, 647674 elements)

The force in prestressing tendon decreases
while transferring load from jack to anchor
(Fig. 3). This phenomenon, caused by techno-
logical peculiarities of tendon jacking, was also
taken into account in analysis. Also were taken
into account the losses of tendon force due to
friction between tendon and SPT. In accordance
with test results friction coefficient p=0.09.
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Fig. 3. Decrease of force in cylinder tendon along its length from upper anchor to basement

Because the period of time from the end of
containment squeezing to the onset of tests was
equal to only few days and tension losses in
wires due to relaxation were insignificant, the
tendon efforts were set without regard for re-
laxation losses. However because concrete

3. Influence of single tendon

At the first work phase calculations character-
izing the influence of a single tendon and of a
combinations of individual tendons on stressed
state of both cylinder and dome of containment
were performed.

Longitudinal and hoop stresses (MPa) distribu-
tions in dome caused by the action of single
tendon are shown in Fig. 4.

When analyzing the calculation results, one can
indicate the presence of effective areas of
compression and tension in longitudinal direc-
tion on the inner and outer surfaces of wall.
Compressed area is about 4 m of long on the
outer surface in perpendicular direction from
acting tendon. Then stresses change sign, and

creep deformations resulting from prestress
became visible from the very onset of squeez-
ing, that phenomenon was taken into account in
calculations in compliance with the procedure
described in [4].

tensioning stresses appear for a considerable
extent. On the inner surface the tension area is
about 3 m of long. It is located directly under
the tendon. Then stresses change sign and cover
not only the dome part of containment but also
the upper part of the cylinder.

Hoop stresses on both wall surfaces still keep
their compressive character. Note that maximal
compressive stresses are recorded on the outer
surface in the load application area, but they are
slightly decreased on the inner surface.

For the cylindrical part of containment the
stressed state was studied for two cases: effect
of a single tendon and effect of intersection of
two tendons of opposite direction.
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ST, axy=90.1

Fig. 4. Longitudinal (a) and hoop (b) stresses (MPa) in containment dome due to action of single tendon

The results of analysis are demonstrated in
Fig. 5 in the form of stresses distribution on
containment wall surfaces. One can see that the
area of active influence of a single tendon
within the cylinder part of containment has a
band shape of 12 meters in width along the
tendon trajectory. However absolute values

0

of effective forces and stresses are relatively
low. E.g., the maximum value of hoop forces is
reached 0.53 MN/m, but the hoop forces level
from all tendons being about 12 MN/m. In the
intersection area of 2 oppositely directed
tendons hoop stresses are increased in 2 times.
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Fig. 5. Longitudinal and hoop stresses (MPa) due to action of the single tendon (#26 a, b) located in cylindrical part of
containment (cross section at the angle of 135°)

The obtained results allow — in a case of break
of individual tendons within either the dome
part or the cylinder part of containment —
performing analysis of its strain state during
operation via subtracting the single-tendon data

from the pattern of its strain state when all
tendons are available. Such an estimate can be
useful when taking a decision on the very pos-
sibility of power unit operation before the bro-
ken tendon is replaced.

4. Determination of the critical combination of absent tendons

The most hazardous combinations of absent
tendons in containment cylinder and dome were
determined on the next stage of investigation.
There are considered a case of the parallel ar-
rangement of absent tendons and a case of their
intersection. The most hazardous combinations of
absent tendons were determined on basis of the

results obtained during calculations of the effects
from single tendons (see previous chapter).

Results of analysis show that the break of two
tendons anchored at opposite anchor units in the
dome part of containment is the most hazardous
event resulting in prestressing depression in the
area of 4.5-m width with tendons of only one
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direction. The values of stresses losing when
such tendons are absent exceed the stresses act-
ing in these sections under influence of a test
load with consideration for all tendons. It poten-
tially results in generation of tensile forces in
these areas and in a risk of developing through
crack (inadmissible from the viewpoint of op-
erational adequacy of containment).

To determine the most hazardous combination of
absent tendons in cylinder part of containment, a
series of calculations was performed.

SM, axy=90.1
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8

Longitudinal and hoop stresses distribution due to
action of 4 intersecting tendons located in cylin-
drical part of containment are shown in Fig. 6.

It is shown that this action results in rather sig-
nificant stress state. Corresponding membrane
force in this case reaches a value of 2 MN/m,
comparing with nominal hoop membrane force
of'about 12 MN/m for the case when all tendons
present. Such combination of absent tendons
will be hazardous in the case of pre-operational
pressure test of containment and in an accident.

ST, axy=90.1

Fig. 6. Longitudinal and hoop stresses (MPa) due to action of 4 intersecting tendons located
in cylindrical part of containment (section at the angle of 90°)

According to results of analysis, in the cylinder
part of containment the following combinations
of absent tendons should be considered as haz-
ardous ones:

a) four parallel close-to-each-other located
tendons;

b) eight tendons arranged uniformly over
cylinder involute;

¢) intersection of four broken tendons (two
tendons of every direction).

5. Determination of limiting amaunt of absent tendons

The calculations of stressed state of contain-
ment were performed for the most critical cases
of load:
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— inner pressure of 0.46 MPa during
pre-operational tests;

— maximum hypothetical accident.
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Stress-strain state of containment at normal
operation before initiation of emergency
situation is defined by set of loads including:

— deadweight of the construction and
equipment,
— prestressing,

— temperature gradient on the wall
thickness due to difference of an inside and
outside temperature.

The following temperature boundary conditions
were taken into account at analysis: temperature
inside containment is +40°C, temperature out-
side containment in surrounding building up to
height 28,2 m from bottom of containment is

150 L L€l

0.40

100

0.30

0.20

50

0.10

0 2 4 6 § 10 12 14

T [uac]

0.00

+20°C, temperature outside containment above
surrounding building is —30°C.

In a case of emergency both inner pressure and
high temperature of steam-air mixture inside
the construction have effect on stress-strain
state of containment.

The design-basis emergency load, which must
stand the containment without through-crack
generation, is illustrated in Fig. 7. It can be
readily seen that in the course of accident the
assigned parameters of containment medium are
not stationary ones. During the post-accident
period the values of pressure and temperature in
containment medium are decreased over time.

P [MPa]

\\

0 2 4 6 8§ 10 12 14
7 [uac]

Fig. 7. Variations of medium parameter inside containment in a case of maximum hypothetical accident;
T— time from accident onsetAs a limit state criterion of containment the following condition was used:
membrane forces in any reinforced-concrete cross section of containment except of zones of local irregularities
at all design load combinations should be compressive. At tensile membrane stresses there is a risk
of through crack opening which must be considered as a n inadmissible situation.

The results of analysis obtained for a case of two
absent tendons fixed at opposite sides of the
dome have shown that at inner test pressure of
P=0.46 MPa tensile membrane forces of
1.29 MN/m in hoop direction and 1.23 MN/m in
longitudinal direction appear in the dome part of
containment. So in this case postulated above
limit state criterion of containment is not meted.

A calculation for determining the effects of a
load generated at the accident initiation instant
also revealed stretching forces in construction
cross sections. The calculation results depicted
in Fig. 8 show that in this case tensile (positive)

hoop force reaches the value of 0.31 MN/m in
hoop direction.

A case of absent of four close-to-each-other
tendons was also considered. As previously,
calculations were performed for two load com-
binations: — test inner pressure and — onset of
emergency situation being the most representa-
tive scenarios when estimating environmental
safety of containment.

According to the results of calculations under the
«test inner pressure» load case all containment
cross sections keep their compressive condition,
i.e. the criteria of operational safety of contain-
ments is satisfied.
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Fig. 8. Longitudinal (a) and hoop (b) forces (MN/m) at the accident initiation instant,
2 parallel close-to-each-other tendons in the containment dome being absent
(cross section at the angle of 0°)

However the calculation under the «emergency»
load case revealed quite a different situation
(Fig. 9). Two areas of tensile hoop-direction
forces are appeared in the cross section on the
height of 30.5 m from containment bottom. The
intensity of tensile hoop forces reach values
0.60 MN/m and 0.65 MN/m.

Obviously, such level of tensile forces would
result in the generation of local through cracks
in the wall of cylinder part of containment.
Thus, when four close-to-each-other tendons
are absent, operational safety of the construc-
tion is inadequate.

One more case of absent of 8 tendons (distrib-
uted through 18 m from one another uniformly
over circle) was also considered. Similar to the
previous calculations, also two load options
were examined in that case: — test inner pres-
sure and — a combination of loads emerging at
the initial instant of accident.

The results of calculations performed for the
«test load» case revealed the presence of
stretching hoop-direction forces over an appre-
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ciable extent (over both the axial and the hoop
cross section). Undersqueezing of the con-
struction in its bottom part was established. The
generated stretching forces reached 0.16 MN/m
over a considerable extent in those areas.

One can state that absent of 8 tendons in the
cylinder part of containment (even in case of
their uniform distribution over the length of
circle) is inadmissible under test-load condi-
tions and, all the more, under the impacts of a
combination of loads created at the initial in-
stant of accident (see Fig. 10). E.g., in hori-
zontal cross section at 30.5-m height from the
cylinder bottom stretching forces are generated
over the whole circle within the range of
0.30-0.84 MN/m leading to appearance of
through cracks in wall of the cylinder part of
containment.

Thus, according to the obtained results, when
the cylinder part of containment is considered,
the limiting number of absent tendons equals 3
provided their parallel arrangement and 6 in the
case of their uniform distribution along the
cylinder circle.
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Fig. 9. Longitudinal and hoop forces (MN/m) and moments (MN-m/m) at accident initiation instant:
four close-to-each-other tendons in the cylindrical part of containment being absent (section at 30.5-m height)

Fig. 10. Longitudinal and hoop forces (MN/m) and moments (MN-m/m) at accident initiation instant:
8 tendons distributed uniformly over the cylindrical part of containment being absent (section at 30.5-m height)
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When dealing with the dome part of contain-
ment, the limiting number of lacking tendons is
2 in case of their parallel arrangement at oppo-
site sides relative to the dome center.

When analyzing the above results, it should be
kept in mind that the stresses values on the inner

Conclusion

1. In case of break of a tendon in the cylinder
part or in the dome part of NPP containment,
the prestress level sufficiency can be deter-
mined through subtracting tensions (efforts)
from the integral stress-strain state.

2.In case of break of several tendons, suffi-
ciency of the prestress level can be estimated
using the results of performed calculations: for
the cylinder part of containment their limiting
number is 3 in case of parallel and
one-after-another arrangement of the absent
tendons; under uniform distribution of absent
tendons 24 m from each other their limiting
number is 6. In the dome part of containment
the limiting number of lacking tendons equals
2 providing that they are arranged in parallel at
the opposite (relative to the dome center) sides.

3. To take a decision on either the possibility of
containment running or urgent replacement of
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MpeanocbiNkn BO3MOXHOCTU NPOASIEHNA CPOKa CNyXO0bl 3aLlMTHbIX
obonoyek A3C ¢ BB3P-1000

P. B. Apymionsan, Anexcanop C. Kucenes, Anexceii C. Kucenes, B. H. Meogedes,
B. @. Cmpuocos, A. H. Ynvanos

[TocTpoeHHsbIe B Halllel cTpaHe 3awumHule 000-
aouku (30) ADC meporo mokonenus (5-i
sHeprodiok Hoooponexckoir ADC, 1-it u
2-it sHeprobnok Kanununckoit ADC mns peak-
topoB BBOP-1000) oTHOCATCA K OIMHAPHOMY
THITy 3aLUTHBIX 000JIOUYEK U COBMEILAIOT JIOKa-
nu3ytoye (yHKIMU B clydae BO3HUKHOBEHHUS
aBapuHON cuTyauud ¢ (PYHKUUSIMH BOCIPH-
SITUSI BHELLTHUX KJIMMaTHYECKUX BO3IEHCTBUM.

[IpoexTHbIH CpPOK CIIy>KObI TEepeUnCIIEHHBIX
BhIme 30 B CKOPOM BpeMeHHU OyJIeT UCUEpIIaH,
MO3TOMY aKTyaJIbHBIM SIBJsieTcs pa3zpaboTka
METOJUK IIPOJUIEHUS UX pecypca.

CocTosiHME 3alUTHOM OO0OJIOYKHM Ha JIaHHBINA
MOMEHT BPEMEHU U NPOTHO3UPOBAHUE €€ CO-
CTOSHWS Ha Oyaymiee, HeoOXOoAuMMoe s
OIICHKHA BO3MOJKHOCTH TIPOIJICHHUS CpOKa ee
JKCILTyaTalli, MOXET OBITh BBIMIOJIHEHO pac-
YETHO-IKCIIEPUMEHTANBHEIM TiyTeM. llpexne
BCEr0 HEOOXOIMMO TIOMYYUTH JaHHBIE 00 u3-
MEHEeHUU QU3UKO-MEXAHUYECKUX CBOUCE Ma-
mepuanog 30 B mpolecce HKCIUTyaTalud U UX
peanbHBIC 3HAYEHUS Ha HACTOSIIEEe BpeMs, KO-
TOpbIE MOTYT OBITH MOJIyYeHBI B PE3YJIbTaTe
HATYPHBIX U3MEPEHUN C MPUMEHEHUEM CICIIH-
ANBHBIX METOJMK M 0bopyaoBanus [1].

[Tpu 3TOM B IIEpBYIO Ouepens ciaeayeT oOpaTuTh

BHUMaHHE Ha COCTOSTHHE OETOHA COOPY KEHHS:
— OICHUTHh TapaMeTpbl BUIUMBIX Jedek-
TOB, BBISIBIIEHHBIX MPU BHU3yalbHOM oOcCIe-
noBaHWU (TJIyOWHY W IIUPUHY PACKPBITHS
TPEIIUH, UX IPOTSHKEHHOCTh, MECTa pacro-
JIOKEHUs, Halnuue NePeKTOB B BUIC YB-
Jla>KHEHUH, BBICOJIOB U JIp.);
— OIIGHUTBH COCTOSTHHME TOBEPXHOCTH OeTo-
Ha (MJIOTHOCTb, OJHOPOJHOCTD, CLETJICHUE
LEMEHTHOTO KaMHS$l C 3allOJHUTEIISIMH);
—  ONpeAenuTh  (PHU3NKO-MEXaHUUECKHE
cBoOiicTBa OeToHa (IIPOYHOCTH OETOHA MPHU
cxatnu R, Mogynb ynpyroctu 6erona Ey);
— TpU HAJIMYMM KOPPO3UM OeTOHa ompere-
JUTh TIIyOWHY NMPOHUKHOBEHHWS KOPPO3UH U
MeCTa pacrhoyiokeHus Je()eKTHBIX yYacTKOB);

— OIpeNenTh TITyOnHY HeWTparu3ainy Ha-
PYXKHOTO CJI051 OETOHA M BEJIMUMHY CHHKCHHS
MPOYHOCTH OETOHA HA ATHUX YYaCTKaX.
Crnenytommm  GakTopoM, HEOOXOAUMBIM IS
OLIEHKH COCTOSIHMSI KOHCTPYKIIMH TIOCTE JJTH-
TEJILHOM 3KCIUTyaTalluM, SIBJIACTCS COCTOSIHUC
CTepXKHEBOW apMaTyphl. [Ipr 3TOM yunTHIBaETCS:
— HaM4Hhe KOPPO3WU CTEPKHEBOW apma-
TYpbI, BUJI KOPPO3UHU U INIyOHHA MPOHUKHO-
BEHHSI, MECTa BO3HUKHOBEHHUS;
— XapakTep YMEHbBIIEHUS CEYeHHUs apma-
TYpPHOTO CTEpXKHS (PaBHOMEPHOE YMEHb-
IICHUE IO BCEW MOBEPXHOCTH WIJIM PE3KO
BBIP2XEHHOE SI3BEHHOE TIOPaKEHUE);
— YyBENWYEHHE AWaMeTpa apMmarypel 3a
CYET TMPOJYKTOB KOPPO3UM U HAJIUUWE
B CBS3M C 3TUM JIOTIOJIHUTEIILHBIX Hampsi-
JKEHHH B OeTOHe.
Crnenyer oOpaTuTh BHUMAaHHE Ha OTCJIaWBaHHE
OOJIMIIOBKHM OT O€TOHa, OCOOEHHO B 30HAX YCH-
JIEHWH, TJie Pe3KO MEHSETCsI TOJIIMHA CEYESHHS, a
TaKke Ha HAJIMYUE KOPPO3UH ¢ (PUKCHPOBaHHEM
MECT U TUIONIJAN MOPAXKEHUS U TIYyOUHBI MECT-
HBIX TIOPaKEHUH.
YunuTeiBass OOJBITYIO TIOBEPXHOCTH 3AIIUTHOM
000JIOUKH, WHCTPYMEHTAIBHBI KOHTPOJIb €€
COCTOSIHMSL CJIEJyeT TPOBOIUTH, BO-TIEPBBIX,
B MECTax, TJle B pe3yjbTare BU3YAILHOTO KOH-
TpoJisi ObLIM BBISABJICHBI BHIMMbIC NE(EKThI, a
BO-BTOpPBIX, B MECTaX, IJle Ha OCHOBaHHU BBI-
TIOJTHEHHBIX MTPEABAPUTETBHBIX PACUETOB CIEMY-
€T OXHIATh Takhe NaeeKThl Wu3-32 BBICOKHX
YpOBHEH HampsKeHUH B OETOHE U apMaType co-
OPY>KEHHUSI.
[arnee, mis oneHKH pecypca KOHCTPYKIMH He-
00XOJIMIMO TIPOBECTU PACUETHI HANPSNCEHHO-
degpopmuposannoeo cocmosnus  (HIC) 30
C YU4ETOM BCEX Harpy>aromuX (akTopoB C HC-
MOJIb30BAHUEM ITPOYHOCTHBIX CBOMCTB Mare-
pHAaJIOB, MOJyYSHHBIX HA MEPBOM JTarle, U MPo-
THO32 WX U3MEHEHUS Ha CBEPXIPOSKTHBINA CPOK
JKCILTyaTaIHH.
OCHOBHBIMH Harpy’karoIuMu (akTopamu, BO3-
neiictyromMu Ha 30 U ONpEaensouMMy e
pecypc SBISIOTCS:
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e Harpy3ka OT CUCTEMBI MPEIHANIPSIKEHUS;

e COOCTBEHHEIN Bec;

e TeMmIepaTypHas Harpyska (dKCIUTyaTallu-
OHHas U aBapuitHas);

e BHYTpPEHHEE JaBJICHUE (B ClIy4yac aBapuH);
0J13y4ecTh OETOHA IIPU KCILTyaTalluu.

Anammz H/IC 3ammrHBIX 000modek ADC moka-
3ajI, 9YTO B TEUYEHHE BCETO IEeproja dKCILTyara-
I MMEIOT MECTO 3HAuUTENbHbIC AedhopMaliiu
TMOJI3YYECTH OETOHA, KOTOPBIE MPUBOIST K TIOSB-
JIEHUIO BHYTPEHHUX HarpsbkeHui B creHke 30.

B 5710ii cBs3u Obl1 MpoBeneH aHaIU3 UMEI0-
IIUXCS  OKCIEPUMEHTABHBIX ~ MaTEpHasoB,
a4 TaKXKE€ pacyeTHas OLIEHKa HAaIpPSKEHHO-
ne(OPMUPOBAHHOTO  COCTOSIHUSI ~ 3aIlIUTHBIX
000JI049€K C LENbI0 BBIABICHUS NMPUYUH U 3a-
KOHOMEpPHOCTEeH HakoIUleHus jaedopmannit
NoJ3y4ecTH OETOHA W BO3MOXHOTO PELICHUS
npoOsIeMbl MOBBIIEHHUS UX HAJIeXKHOCTH U 3KC-
IUTyaTallMOHHOM IPUTOJHOCTH, B TOM YHUCIE U
B Clly4ae IPOMJIEHHs UX pecypca.

AHanmu3 mokasall, YTO MPOILECCHl IMOJI3YYECTH
00yCJIOBJIEHBI, TJIABHBIM 00pa3oM, AByMs (ak-
TOpaMHu:
— BJIMSIHUEM CE30HHBIX M CYTOUHBIX KOJIe-
OaHMii TemMIepaTyp OKpy Karollel cpeibl;
— HEOIHOPOAHOCTHI0 (PU3UKO-MEXaHUYec-
KHX XapaKTepUCTUK OTAEIbHBIX HNapTHH
YII0KEHHOTO B T€JIO 000JI0YKH OeToHa.

Bemnmunna nedopmanmii mon3ydectd OeTOHA
SIBTISIETCSl IEPEMEHHON BO BPEMEHU W 3aBUCHT
OT MHOXECTBa (DaKTOPOB, CPedH KOTOPBIX
MPOYHOCTHBIE XaPAKTEPUCTUKH OETOHa, Ypo-
BEHb HamNpsDKeHUH, KO3 UIIMEeHT apMHUpOBa-
Hus OeToHa u nip. [2].

B KonMyecTBEHHOM OTHOIIEHWH BEJUYMHY Jie-
(dopmauuii monzydecT OETOHa MOKHO OIpe-
JIEeTUTh C TOMOLIbIO AAaTYUKOB KOHTPOJIBHO-
n3MepurtenpHoi ammaparypel  (KHMA), ycra-
HOBJICHHOW B Telle 3allMTHOH 00OJI0OYKH BO
BpEMsI €€ CTPOUTENbCTRA [3]:
— mnpeoOpa3oBaresiell CHIIbl apMaTypHBIX
ctpyHHbIX (IICAC), npeqHazHaYeHHBIX IS
WU3MEpPEHHs HANpsDKEHUH B CTEPKHEBOH
apMaTtype;
— mpeoOpa3zoBaresnell JTUHEHHBIX aedop-
mauuii crpyHHbix (IUIJC), npenna3zHauen-
HBIX 111 ©3MepeHus nedopmanunii 6eToHa.
Kpome Toro, B Teno 3amurHBIX 0005I04YeK yc-
TaHOBJIEHBl MPeoOpa3oBaTENId TEMIIEPATYPhI
crpyunbie (IITC), npennasHaueHHBIE OIS W3-
MepeHHs TeMIlepaTypbl OeTOHa.
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B zamuTHbIX 000m04ukax ADC KHA pacnona-
raercs, Kak MPaBHJIO, B YEThIPEX BEPTUKAIb-
HBIX CTBOpax, B ctBopax Ne 1, 2 u 4 nmatyuku
pacrnooXeHsl co cmenieHreM Ha 20° oT ocei,
a B ctBope Ne 3 cMereHrne OT OCH COCTaBJISET
40° (cm. puc. 1).

Haubonee moiHO OCHAIEH TIEPBHIA CTBOP, TJIe
KHWA pacrnionaraercss B 5 CeU€HHUSX MO BBICOTE
umuHapa (otmetku: 11,8; 18; 37,5; 55 u 59 m),
B 30HE CONPSHKCHUS NWIMHAPHUYECKOW YacTh
00OJIOYKH C KYNOJIBHOW U B TPEX CEUCHUSIX KY-
nonmeHOM dWacth (R=14,5M, R=72M wu
R=1wm). B tpetsem ctBOpe KA pacmonoxe-
HBI B TPEX CEUEHHSX IO BHICOTE MMWIHAHApPA (OT-
metku: 11,8; 37,5 m 59 m). Bo BTOpOoM u der-
BEPTOM CTBOPAX JIATYMKH PACIIOJIOKEHBI TOJIBKO
B CpeHel yactu nuuHApa (otMetka 37,5 m).

1

v

Puc. 1. MecTononoxeHue CTBOPOB OTHOCUTETBHO OCEH,
B KOTOPBIX PaCIOJIOKEHBI JaTYUKN KOHTPOIBHO-
U3MEpPUTEIBHON annapaTypbl
B kax0M M3MEpPUTEIIBHOM CEYECHHUU AATUYUKU
tuna [ICAC pa3memiaotcs B CTEp>KHEBOM ap-
MaType y BHYTPEHHEN U BHELIHEN MOBEPXHOCTH
CTeHKH o0oJyouku (puc. 2), mpeoOpa3oBaTeIn
JUHEHHBIX JeopManuii — B OIHOW WM TpeX
TOYKax IO TOJIIMHE CTEHKH, MpeoOpazoBaTeu
TEMIIEPATYPbl — B TPEX TOUYKAX IO TOJLIMHE
ceuenus. [ICAC u IIJIJIC pa3memnratores B IByX
HaMpaBJIEHUSIX: MEPUINOHAILHOM M KOJIbLE-
BoM. Kpome Toro, ayis ydera TemrmepaTypHbIX
TIOTPEITHOCTEH TIpU W3MEpPEeHHH AedopMariyii
0eToHa JIOMOJIHUTENBHO YCTaHABIMBACTCSI OAUH
IUIAC B KOHyce, KOTOPBIA M30JIMpOBaH OT Oe-
TOHA COOPY>KEHUSI U HAXOJUTCS B TEX JKE€ YCIO-

BUSIX, YTO ¥ OOBIUHBIE TATUUKH.

B xauecTBe mpumepa Ha puc. 3 u 4 PUBEIEHBI
JuarpaMMbl anpameHI/H‘/i MEPUANOHAIBHBIX



Ipeonocwinku 603mModicHOCMU NPOOJIeHUst CPOKA Cyacobl 3auumHblx obonouex ADC ¢ BBOP-1000
P. B. Apymionan, Anexcanop C. Kucenes, Anexceii C. Kucenes, B. H. Medseoes,B. . Cmpuoicos, A. H. Ynvanos

Y KOJIBLIEBBIX HANpsOHKEHUH B CTEP)KHEBOW ap-
MaType cpegHel 4acTu UWIMHApa OT aedopma-
Ui momydectn 0eToHa B mepron ¢ 18 ampens
1986 . mo 2 centsiOps 2003 r., momy4yeHHbIC
no mokazanusiM [ICAC Ha 2-m 3HeproOioke
Kanununckoit ADC. Ha 3Tux pucyHkax MOXK-
HO BMJIETh, YTO IPUPALLICHUE HANpPSLDKEHUH B
NepBbIC YEThIPE T0/1a SKCIUTyaTaluyd 000JI0YKH
MPOUCXOAUT HaubOoJee aKTUBHO, a 3aTeM CKO-
POCTh 3THX NpHpaIIeHnii cHmkaercs. OgHaKo
HanpsDKEHUs B CTEP)KHEBOW apMaType BO Bpe-
MEHH TPOJIOJKAIOT YBEIMYUBATHCS BILIOTH 0
HACTOSIIIETO BPEMEHH, YTO TOBOPHUT O HAITUIHU
MOJI3y4eCcTH OeTOHa.

Kpowme Toro, Ha 3THX pUCYHKaX BUIHO, YTO MPO-
WCXOIWUT CE30HHOE KoyebaHWe HaNpsuKeHWH B
apmarype, pacrojoXeHHONW Y BHYTPEHHEW U Ha-
PY’KHOH CTEHKH 3alIUTHOH 00O0J0UYKH, 00YCIIOB-
JICHHOE CE30HHBIM W CYTOYHBIM KoJieOaHWeM
TEMIIEPATYP OKpyXkarouei cpeapl. B 3umHMA
Nnepruoa BpPEMCHU CKHUMAIOIIUC HAIPSHKECHUA Y
HapYKHOW apMaTypbl CHIDKAIOTCS, a B JIETHHH

OHM yBenuuuBaroTcs. [Ipu 3ToM ce30HHBIE KOlle-
Oanust HanpspkeHuid coctasisitor 50 MIla u 6o-
Jiee, YTO 3HAYMTENILHO TPEBBIMIACT HANPSKESHUS
OT 00KaTust 000JIOUKH.

Bonee nmonpoOHBIN pacyeTHBIA aHAIU3 BIUSAHHS
CE30HHBIX U CYTOYHBIX KOJeOaHWH TemIepaTyp
OKpy’)Karolmied  cpesl  Ha  HAlpsDKEHHO-
ne(opMUpOBaHHOE COCTOSIHME 3aIIUTHOH 000-
JIOYKH BBITOJHEH TIPUMEHUTENBEHO KO 2-My
sHeprobioky Kammanackoir ADC ¢ HCHOnb30-
BaHMEM MporpammHoro komriekca CONT.

Jlns  BBHIMOJTHEHHWS pPacyeToB  HAIpsKEHHO-
JeOpMHUPOBAHHOTO COCTOSIHUS 3aIIUTHON 000-
JIOYKH pa3zpaboTaHa pacueTHasi OCECUMMETPHY-
Has MOJeJib, B KOTOPOH ydT€Ha BHYTPEHHSS
repMeTH3Upyomas OOJUIOBKA, CTep)KHEBas
apMmarypa 1 HampsraeMble apMaTypHbIe KaHaThlI.

[lepBoHayanbHO paccMaTpUBalOCh BIUSHHE
TEMIIEPaTyphl OKPYIXKAIOMIeW Cpelbl Ha HaIpsi-
KEHHOE COCTOSHUE 3alUTHON OOONOYKH 0
Hayana ee MpeAHanpsKeHHUSI.
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p | v
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KOJIbIIEBAs apMarypa,
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p
MEpUIMOHATIbHAS
apmarypa, (28 AllI,
mar 200 MM P
Hamnpsiraemsie b
apMaTypHbIe
KaHaThI
»
> &
S00mm | 250

1200 mMm

L |

A

v

Puc. 2. Cxema pacrioyioxkeHusi apMaTypbl B CpeIHEeH YacTH LMIMHIPA 3aLIMTHON 000I0UYKH
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Puc. 3. Tlpupaiienne MepUANOHANBHBIX HANPSHKEHUN B CTEPKHEBOW apMaType U pe3yIbTaThl H3MEPEHUs
TeMIIepaTyphbl C MOMEHTa OKOHYaHHs 00xaTust 06omo0uky (18.04.1986 mo 02.09.2003),
2-it 6ok KADC, ctBop Ne 2, otmetka 37,5 M
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Puc. 4. Tlpupaienne KOJIbLEBBIX HANPSDKSHHUH B apMaType U pe3yJIbTaThl H3MEPEHUsI TEMIIePaTypbl C MOMEHTa
okoHYaHust 00xatHst 06omouku (18.04.1986 mo 02.09.2003 rr.),
2-i1 610k KADC, cTBOp Ne 2, ot™. 37,5 M
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Ipeonocwinku 603mModicHOCMU NPOOJIeHUst CPOKA Cyacobl 3auumHblx obonouex ADC ¢ BBOP-1000
P. B. Apymionan, Anexcanop C. Kucenes, Anexceii C. Kucenes, B. H. Medseoes,B. . Cmpuoicos, A. H. Ynvanos

HamnpspkenHoe cocTosHHE 3alIUTHON 0005104Y-
KM HaduHaeT (POpMHUPOBATHCS B TEPHOI €€
CTPOUTEIBCTBA U BO MHOT'OM 3aBUCHUT OT TE€M-
nepaTypbl OKPYXKarolel cpeapl B IPOLECCE €€
Bo3BeneHns. [lo 3aBepiieHns OeTOHHPOBAHUS
TeMIepaTypa BHYTPU U CHApYXH 00O0JIOUKU HE
MMEET 3HAYUTENbHBIX OTIUYUNA, TOITOMY TEM-
NepaTypHble HANpPSDKEHUSI B €€ CTEHKE OTCYyT-
CTBYIOT. B nanpHeiiieM ¢ NOsSBJICHUEM PAa3HO-
CTU TeMIIepaTyp Ha Hapy>KHOH U BHYTPEHHEU
MOBEPXHOCTSX CTEHbl HAYMHAIOT IE€WCTBOBATH
TeMIepaTypHble JedopMaliu, KOTOPhIE BbI-
3BIBAIOT COOTBETCTBYIOIIME HAIMPSKEHUS B 3a-
[IUTHOM 000JIOUKE.

B 37Ol CBsI3u aHa OIEHKA BIWSIHUS W3MEHE-
HUSl TEMIIEpaTypbl BHYTPH M CHAPYKU 3aIlHT-
HOM 000JI0YKH Ha HANPSHKEHHOE COCTOSHHUE J10
Havajga ee mpemHanpspkeHws. s 3Toro pac-
YETHBIM TYTEM ONpEAeNsUINCh HAaNpsHKeHUS
B OETOHE W apMarype NMpU W3MEHEHUH TeMIle-
paTyp ¥ CpaBHUBAJIUCH C MOKAa3aHUAMU JATUYU-
KOB, YCTaHOBJICHHBIX B TEJIe 3aIlUTHOW 000-
nmoukd. Pacder 3ammTHON 000710YKH MPOU3BO-
JIWICS C ydeToM oOpa3oBaHHs TPEIIMH MpU
MPEBBIIICHUN  PACTATUBAIONINMH  HarpsiKe-
HUSIMH COTIPOTHBIIEHUS O€TOHA PaCTSHKEHUIO,
cocrasnsitormuM Rbt = 1,8 MIla npu npoekt-
HOM KJiacce OetoHa B30.

B pacuerax paccMaTpuBaNMCh YETHIpE MEPUO-
Jla BpeMeHH, rie HaOmoganuch Oonee 3HaYM-
TEJIbHbIE W3MEHEHUS! TeMIIEpaTyp, a UMEHHO:
02.12.85, 14.01.86, 01.03.86 u 04.03.86T.
(cM. puc. 5). TemnepaTypoi 3aMbIKaHUSI MPH-
HUMAJIOCh paclpesiesieHue TeMIepaTyp Mo ce-
YEHUIO CTEHHI, AeicTByromee 02.12.85 r. Ilpn
9TOM TeMIlepaTypa Ha TMOBEPXHOCTSAX CTEHBI
OTIPENENsIach MyTeM SKCTPANOJISLMH [0 TPEM
TOYKaM M3MEPEHHs TEMIIEPaTyphl B CTEHE: Ha
ypoBHe BHyTpeHHel apmatypsl (IITC-1507),
B cpeaneil wactu crensl (IITC-1508) m Ha
ypoBHe HapyxHOU apmarypel (IITC-1509).
Pacnpenenenue temneparyp IO CEUEHHIO CTe-
HBI JUIs1 YEThIpEX MEPHUOJIOB BPEMEHHU MPHUBEIe-
HBI Ha puc. 5.

W3 pacdyera MOXXHO BHAETh, YTO 3alIUTHas
000JI09Ka TIONMyYaeT pacTATHBAMOIINE HAIPA-
JKeHHsI B O€TOHE TPUMEPHO HATOJIOBHHY CBO-
€ro MmomepeyHoro ceueHus (cMm. puc. 6a). On-
HOBPEMEHHO HAmpsHKEHUs B apMaType y Ha-
PY’KHOM TOBEPXHOCTH JIOCTUTAlOT 3HAYEHUH
okosio 23 MIla, 4yto cormacyercss ¢ IoOKa3a-
HUSIMH JaTYUKOB W3MEPEHUs HAIpPsDKEHUN B
CTEP’)KHEBOU apmarype. 3aTeM, NPU CHIKEHHUU
TeMIepaTypsl BHYTPU OOOJIOYKH, Y BHYTPEH-

Hel apmarypel Temmeparypa Ha 01.03.86T.
cocrapmsia 7,5°C, a y HapyXHOUM apmaTypsl
MPOM30LLIO  HE3HAUYUTENbHOE  MOBBILIEHHE
TeMriepatyphl (cM. puc. 4). B pe3ynbrare mnpo-
HU30LIJI0 CHUKEHUE CKHUMAIOIIUX Ha]'[pﬂ)KCHI/Iﬁ
Yy BHYTPEHHEH TOBEPXHOCTH W pacCTITHUBAIO-
NIMX Y Hapy>KHOW moBepxHOCTH. OHAKo pac-
TATHBAIONINE HANPSDKEHUs Y HApY)KHOM apma-
Typbl Bce emle Benuku: [ICAC-1125 nokazan
8,5 Mlla (cm. puc. 60).

20

12.85
.01.86
0386

.03.86

Temneparypa, 'C

-10 A S B e o
225 22.7 229 231 233 235 237

Puc. 5. PacripenieneHue TemMreparyp B CEUeHUU
CTEHKH 3aIIUTHON 00010uKy B cTBOpe Ne 1
Ha BbICOTE 37,5 M Ha paznuyHbIe
HEepUOJIbl BpEMEHH

Yepes Tpu nOHs, Korga TeMIieparypa BHYTpHU
000JI0YKH MMPAaKTUYCCKU HE U3MCHHIIACh, IIPO-
HA301UI0 TOBBIIIEHUE TEMMEPATYPHl ¥ HAPyX-
HOM IOBEpPXHOCTH. BcnencrtBue 3Toro y Ha-
pY)KHOﬁ MOBCPXHOCTU CTCHbBI BO3HUKIIM CXKU-
MaroIue HaIpsSXKECHUSA B 6CTOH€, a HalpsoKe-
HUSI B HApY>XHOM apMaType COCTaBWJIM MOPSI-
ka 21 Mlla, 1.e. 3a Tpu aus [ICAC-1125 noka-
3a]  TPUpALICHWE HaNpsKEHUM  Mopsaka
29 MIla (pwuc. 6B).

Takum oOpa3oMm, pe3yabTaThl pacdyera MOKa3bl-
BalOT, YTO €I1Ie A0 Hayaja [peaHaNpsHKeHus 3a-
IIUTHOW 000J0YKM 2-r0 3HeproOyoka Kau-
HUHCKOH ADC B CTEHKE KOHCTPYKIMH MOTJIH
MPOUTH TPEUIMHBI OT HapPY>KHOW IMOBEPXHOCTHU
Ha ryOuny Oonee 60 cM, T.e. 6onee 1/2 ceue-
Hus creHbl. CremoBarenbHO, B JajbHEHIIEM
B TIpOLIECCEe 3KCIUTyaTallK 3alIMTHOM 000104-
KM, KOTZla Pa3HOCTb TEMIIEPaTyp BHYTPU U CHa-
py*xu 000504KH OyJeT 3HAUMTENbHOH, a Ha Ha-
PYKHOW TOBEPXHOCTH CTEHBl BO3HHUKHYT Jie-
dhopMmarum pacTsokeHus, 6eToH He Oyzaer pado-
TaTh Ha pacTsDKEHHE. OTO OO0CTOSTENbCTBO
JOJDKHO OBITh YUTEHO B pacueTax MpH OLEHKE
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Mexanuxa npednanpsaxcentvix 3auummnulx odoonovex A2C
Tpyowr HBPAD PAH. Buinyck 6

HaMpPsHKEHHO-1e(POPMUPOBAHHOTO
OT BO3JCUCTBHUS 3KCIUTYaTallMOHHBIX M aBapuii-
HBIX Harpy3ok. Kpome toro, oOpazoBaHue Tpe-

o}
==

COCTOSAHUA

IIMH B OETOHE MOTIJIO CKa3aThCsi Ha paboTOCHO-
COOHOCTH (TOYHOCTH TIOKa3aHW) JaTINKOB H3-
MEHEHUS HaNPsHKEHUH B CTEP>KHEBOM apMaType.
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Hanpsoxenus, s,, MPa
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MNJAC - 1121 (8

HyTp.) U [ICAC - 1125 (HapyxH.)

R, m

23.1 233 23.5 23.7

Puc. 6. PacipenienieHrie KONMbIEBBIX HAPSKEHUH B CEYEHUH CTEHKH 3aIIMTHOM 0005104kH 2-r0 3Heprodnoka KADC
B ctBope Ne 1 Ha BrIicoTe 37,5 M Ha pa3MuHbIe TepUoIsl BpeMenu: a — Ha 14.01.86 .,
60— nHa 01.03.86 1., B— Ha 04.03.86 1. Pacuer ¢ yuerom oOpazoBanus TpeurH, R,~1,8 MPa

102



Ipeonocwinku 603mModicHOCMU NPOOJIeHUst CPOKA Cyacobl 3auumHblx obonouex ADC ¢ BBOP-1000
P. B. Apymionan, Anexcanop C. Kucenes, Anexceii C. Kucenes, B. H. Medseoes,B. . Cmpuoicos, A. H. Ynvanos

PaccMoTpumM Temneph HanpsbKEHHOE COCTOSTHHE
3alIUTHON O0OJIOYKH TOJBKO OT BO3JEHCTBHS
NpeBApUTENBLHOIO HANPSKEHNST M COOCTBEHHO-
ro Beca. B pacuerax ycunusi B apMaTypHBIX Ka-
HaTax NMpUHUMAaTUCH paBHBIME 800 T. Ha puc. 7
NPE/CTaBICHO paclpesiesieHne MepUIHOHATb-
HBIX U KOJIBLIEBBIX HANPSDKEHUH, NEHCTBYIOIIUX
M0 CEUCHHIO CTEHBI 3alllUTHOW OOONOYKHM Ha
orMeTrke 37,5 M. Cregyer OTMETUThb, YTO IO
CEYCHHUIO CTEHBl HAaIPSHKEHHUsI pacipeaeieHbl
PaBHOMEPHO 32 WCKIIOUYEHHEM HampsHKCHHH B
OOJIMIIOBKE M CTEPKHEBOW apmarype, rle Ha-
OpsOKEHHsT TPONOPLUUOHATIBHBI  COOTHOLLIEHUIO
MOJIyJIeH yIIpyroCTH CTaIU U OETOHA.

——— MepUIHOHAILHbIE HATIPSIKEHUS
R e KOJIbLIEBBIE HAMPSKEHMNS

&
=]

&

Hanpsokenus, s, MPa

&
S

-60 L L L L L L L L L L L
22.7 229 23.1 233 235 23.7

N
I
W

Puc. 7. Pactipenenenue MepuanOHaIBHBIX
U KOJIBLIEBBIX HANpPSKEHUN B CEUEHUH 3allUTHON
000JI0YKH OT BO3JIEHCTBYSI MPEABAPUTEILHOTO
HanpsokeHus, P = 800 T, 1 COOCTBEHHOTO Beca

Hanee 6pumn mpoBenensr pacuersl HJC 30 ¢
YYETOM pacrpeneieHus] HEpaBHOMEPHOTO T0-
ISl TEMIIEPATYPHI 1O TOJIIUHE CTEHBI MPH DKC-
ryaTanud. Temreparypa 3aMbIKaHusl, TPUHS-
Tas B pacyerax, cocrapiusa 0°C.

HepaBHOoMepHOCTE pacripeniefieHuss Temiepary-
PBI TIO TOJNIIMHE CTEHKH 00YCIIOBIIEHA Pa3HUIEH
TEeMIIepaTyp CpeAbl BHYTPH M CHapy’KH 3allUT-
HOW 000704KkH. B ciydae, korma temmeparyp-
HBI TPaJeHT BHYTPH U CHapyXu OOOJIOYKH
HEe3Ha4yHTeNeH, Kak, Hanpumep, 13.11.86 r. (cm.
puc. 8), mpupalieHie HanpsHKeHUH y BHYTpEH-
HEW MOBEPXHOCTU U UX CHUKEHHUE Y HapYKHOUN
MOBEPXHOCTH HEBEJIMKO, OJTHAKO BOJIM3HM BHYT-
PEHHEHN MOBEPXHOCTU COOTHOLIEHHE KOJIBLIEBBIX
Y MEPUIUOHANBHBIX HANPSKEHUN M3MEHWIIOCH
u coctaBuio 1,41. B 1o ke BpeMs y Hapy>KHOU
MOBEPXHOCTH 3HA4YE€HHE ITOTr0 MapamMmeTpa yBe-
Juuuiock. Hampumep, y Hapy>KHOU apMarypbl
OHO cocTanisieT ~1,8 (puc. 9).

Korna temnepaTypHblil TpaiveHT BHYTPU HU
CHapyX# 00OJIOYKH YBEIHMYUBAETCS, OCOOEHHO
B 3UMHHIA MEPHOJ], IMEET MECTO MPUPALICHHUE
CKUMAIOIIUX MEPUINOHANBHBIX U KOJBIIEBBIX
HanpsOKEHUH y BHYTPEHHEW TTOBEPXHOCTH CTe-

HBI TIPUONM3UTEIHHO HA ONHY U TY K€ BEJH-
YUHY, a Y Hapy>XHOW MOBEPXHOCTH YPOBEHb
CXKMMAIOUIMX HanpsikKeHUW cHukaetcs. [lpu
HU3KOM HapyXHOU TeMmmepaTrype MOKET Mpo-
M30UTH pacTpecKHBaHUE OeTOHA y HapyKHOM
noBepxHOCTH. [IpudeM royOmMHa TTPOHMKHOBE-
HUA TPCIIMH OT MECPUAHNOHAJIBHBIX W KOJbLEC-
BBIX HaIpsDKEHUI OyJeT paznudHa, T.K. Ypo-
BeHb 00aTus O00O0JOYKHM B KOJIBLIEBOM Ha-
MIpaBJICHAH OOJIBINE Ta)Ke C YIETOM COOCTBEH-
HOTO BECa KOHCTPYKIMHU, a MpHUpaIlEHUE Ha-
NPSYKEHU TPU BO3JAEMCTBUU TEMIIEPATyPHOTO
3¢ dekra mpakTUUECKH OAMHAKOBO U B KOJb-
LIE€BOM U B MEPpUIHNOHAJIbHOM HallpaBJICHHAX.
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Puc. 8. PactipenieneHue TemMneparyp B CEUeHUU CTEHKH
3alIUTHON 000JIOYKH Ha BBICOTE 37,5 M
Ha pa3In4HbIe IePUO/IbI BpEMEHI

o

——— MEpUIMOHAJIbHBIC HANPAKCHUS

|. _xonpueBsle Har

Hanps:xenus, s, MPa

R,m
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S

Puc. 9. Pacnipesienenyie MepuInOHAIBHBIX
Y KOJIBLIEBBIX HAIPSDKEHUH B CCUCHUN
3aIIUTHON 000JI0YKHY Ha BEICOTE 37,5 M
Ha 13.11.86T.

Hanpumep 17.12.86r., korma TeMmieparypa
OKOJIO BHYTPEHHEH apMmaTyphl COCTaBIslia
28°C, ay HapyxHoW apmatypsl — 9°C, Tpe-
HIWHBI OT KOJIBLICBBIX HaHpH)KeHI/II‘/'I Mpouuik Ha
rIyOMHY OKOJIO 5 CM, HO OT MEPUIAMOHAIBHBIX
HaIpsHKEeHUH TPENIUMHBI MPOUUTH Ha TIIYyOHHY
okoJio 20 cm (puc. 10). Ecnu ydects, 4To Tpe-
IINHbI B OeToHE npomjin OT Hapy>1<H0171 I10-
BEPXHOCTH JI0 CpPEAHEN YacTH CTEHbI elle 10
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Mexanuxa npeonanpscennvlx 3auumnsix obonovex A2C
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NPETHANPSDKEHUS. 000JIOUKH, TO CEUYCHUE CTCHBI,
rae JCUCTBYIOT CXUMAIOIIME HAIpPSDKEHUS B
KOJIBIIEBOM HaIlpaBlieHUH coctaBisieT 105 cM, a
B MEpHAMOHAILHOM JiMIb 87 cM. Bcenenctaue
STOr0 MEPUANOHANBHBIE HANpSKEHUS Y BHYT-
pEHHEH ITOBEPXHOCTH CTEHBI BO3pPACTalOT, a
MIPEBBIIIICHUE KOJIBIIEBLIX HAMPSKCHUA HAJI Me-
PUAMOHANBHEIMU cocTaBiseT Bcero 1,3. Crneny-
€T OTMETHTh, YTO JaXKe MPU YCHUIINU B KaHATax
800 T KobBIIeBBIE HANPSDKEHUS Y BHYTPEHHEH
MOBEPXHOCTH cocTaBisaoT 0,92 R, a Mepuano-
HanmbHbIe — 0,71 Ry,

5

20

-20

——— MepHAHPHANIbHbIE HAPSKEHHs
=~ KOJBLICHbIE HANPIKEHUST

Hanpsixenus, s, MPa
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Puc. 10. Pacnipenenenue MepuANOHATBHBIX U KOJIBLIEBBIX
HanpsHKEHUH B CEYEHUH 3aIUTHON 000JI0YKH Ha BBICOTE
37,5mHua 17.12.86 1.

B neTHuit nepuos BpeMeHH, Korja TeMiepaTrypa
CHapy>XKd 00OJIOUKH JOCTATOYHO BBICOKAsl, TIPO-
UCXOAUT TOBBIIICHUE TEMIEPaTyp HE TOJBKO
Yy Hapy>KHOW TOBEPXHOCTH, HO W TI0 BCEMY Ce-
geanto. Tak 17.06.87 r., korma Temmeparypa
y Hapy’>KHOW TOBEPXHOCTH cocTapsiia 24°C,
y BHYTPEHHEH TIOBEPXHOCTH OHa paBHsIACh
40°C, uro BeIlIe TpuMepHO Ha 8°C 1o cpaBHe-
HUIO ¢ Temmeparypoi Ha 17.12.86. Ilpu atom
CKMMAIOIIME HaNpsDKEHUS] B OETOHE U CTepkK-
HEBOW apMaType y BHYTPEHHEW IMOBEPXHOCTH
CHU3WINCH, @ Y HapYXKHOW IOBEPXHOCTH IPO-
W30LIIIO 3aKPBITHE TPEIIUH U YBEITUUCHUE CHKHU-
MAaIOMIUX HANpPsHKEHUH B OETOHE M CTEP)KHEBOU
apmarype (puc. 11).

Kak m3BecTHO, mom3ydyecTb OETOHA 3aBUCHUT OT
BEJIMYMHBl HANpPSHKEHWH, MO3TOMY B 3UMHHUM
MIEPUOA Y BHYTPEHHEH MOBEPXHOCTH MEPHIHO-
HaJbHBIE AeopMaliK ToN3y4ecTd OeToHa Oy-
IOyT HE3HAYMTEJBHO OTIMYATBCS OT KOJBLEBBIX
nedopMaltiii, a B JISTHUH TEpHoll Ha000poT —
MEPUIUOHAJIBHBIE  C)KMMAIOINUE  HAIIPSAXKCHUA
y BHYTPEHHEH MOBEPXHOCTH CHHU3SITCS HA OOIb-
Iy BEJMYMHY, YeM KOJBIIEBBIE, Y HApYKHOU
MTOBEPXHOCTH MEPHUAHOHAIBHBIE HANPSHKEHHS
NPHOITN3ATCS K KOJIBLIEBBIM.

104

[Mockonbky W3MEHEHHWE HanpsHKEHHO-Aedop-
MHUPOBaHHOTO COCTOSIHUS 3allIUTHOM 00O0JI0YKU
MMeeT NUKIMYeCKHHA XapakTep (OOJbIIie CXKH-
MAaIOUIME HAIPSHKEHNST Y BHYTPEHHEN NIOBEPXHO-
CTH M PACKpPBITUE TPEIIUH Y HAPYKHOW MOBEPX-
HOCTU CTEHBI B 3UMHEE BpEMsl, 3aKpbITHE Tpe-
IIMH W BEIPABHUBAHUE HAMPSHKEHUH 110 CEYSHHIO
CTEHBI B JIETHEE BpeMs), AeopMaIiu Mo3yde-
CTH OETOHA HE 3aTyXalOT U B HACTOSIIEE BPEMSI.
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Puc. 11. Pactipenenenue MEpUANOHAIBHBIX U
KOJIbLIEBBIX HAPSKEHUH B CEYEHUU CTEHKM 3aLUTHON
000J10YKH Ha BBICOTE 37,5 M
Ha 17.06.87 r.

B mporiecce sKcIuTyaTanyy 3ayTHOW 000JI0UKH
HaIpsHKEHHO-Ie(hOPMUPOBAHHOE COCTOSIHHE
OOYCIIOBIICHO BJIMSIHUEM YETBIPEX OCHOBHBIX
HarpyXarommux (hakTopoB, MEPEeUNCICHHBIX BbI-
nre. Heo6XoaumMo yuuThIBaTh B pacyeTax TaKkKe
Y HaJIMYhe KOHCTPYKTHUBHBIX OCOOEHHOCTEH Co-
OpyXeHHsl (Harpumep, HaJMYMe YTOJNIIEHUH
B 30HE OTBEPCTHH OOJBIIOrO OUMETpPA, Pasiivy-
Hbl€ TPACKTOPUM apMaTypHbIX KaHATOB, (haKTH-
YeCKO€e KOJIMYECTBO apMaTypHBIX KaHATOB).

Harpy3ka oT coOCTBEHHOrO Beca KOHCTPYKLIUH
(dopmupyeTcst BO BpeMsl CTPOUTENbCTBA U 3aBH-
CHUT OT €€ T€OMETPUYECKUX MapaMeTpoB M IUIOT-
HOCTH TpUMEHSEMBIX MarepuanoB. Bo Bpems
9KCIUTyaTallud BIMSHME COOCTBEHHOIO Beca
KOHCTPYKLUMH Ha  HampshKeHHO-AedopMHpo-
BaHHOE COCTOSIHUE MPaKTUYECKH HE U3MEHSIETCSL.
Ha puc. 12 npexncraBieHsl SMIOpPI MEPUAMO-
HaJIbHBIX W KOJIbLIEBBIX HAIPSUKEHUH B 00JM-
LIOBKE (BHYTPEHHSSI TMOBEPXHOCTb) M OETOHE
(Hapy>KHasi TOBEPXHOCTh) B CEUEHHSAX 000TI0Y-
ku Fi=330°(a) u Z =41,89 M (0) oT BO3mEHCT-
BHSI COOCTBEHHOTO Beca 000109KH. MOXKHO OT-
METUTb, YTO YpPOBEHb MEPUAMOHAIBHBIX Ha-
MPSOKEHUH B MWIMHAPAYECKON 9acTH 000I0UKH
B OTOM Cllyyae OKa3bIBa€TCs BBILIE, YEM YpO-
BEHb KOJIbLIEBBIX HANpPSKCHUH, ONM3KUX K HY-
0. DTO BIOJHE E€CTECTBEHHO, T.K. paccMaTpH-
BAcTCsl BAPHMAHT, CBS3AHHBIA C BO3ACHCTBHEM



Ipeonocwinku 603mModicHOCMU NPOOJIeHUst CPOKA Cyacobl 3auumHblx obonouex ADC ¢ BBOP-1000
P. B. Apymionan, Anexcanop C. Kucenes, Anexceii C. Kucenes, B. H. Medseoes,B. . Cmpuoicos, A. H. Ynvanos

CWIIbl TSDKECTH, HAMNpaBIIEHHONM BEPTUKAIBHO
BHU3. XOTs YPOBEHb HANPSHKEHUI HEBBICOK, 3TOT
(hakTOp Harpy>XeHus [OJDKEH YUUTHIBATHCA
Y JJaeT 3aMETHBIM BKJIaJ B CiIydyae, KOrjaa qpyrue

BUJIbl HArPY30K KOMIIEHCUPYIOT JIPYyT JpyTa.

Harpy3ka oT mpeaBapUTENbHOTO HANpPsHKCHUS
apMaTypHBIX KaHaTOB (OPMHUPYETCS, TTABHBIM
obpaszoM, B TepHoJl 00KaTHs 3aIMUTHON 000-
moukd. OHa 3aBUCUT OT YCWIMH, IEHCTBYIO-
KX TI0 JUTUHE KKJ0r0 apMaTypHOTO KaHaTa.

-7.96
-8.39
-8.83
-8.31
-9.81

SM, axy=330.0

-10.22

-9.79
-8.44

-7.94
&%

0.39
~0.29

PR o 5

o=

-0.01
-0.03
2033
-0.46

0.96
-1.09
-1.15
A2z
-1.28
-1.36
-1.43
-1.47
-1.54
-1.70

-2.02
ANT

022
0.02

-0.53
-1.24

(a)

Yeunus mo AauHE KaHaTa B MEPHOJ 00XKaTHs
3aBUCHT:
a) OT TMEePBOHAYAIILHOTO YCHUJIHS HATSKEHUS
KaHaTa;
0) moTeph yCWJIMIA 10 JJTMHE KaHaTta, 3aBU-
CAMUX OT BETWYMHBI KO3 (dHUIIMEHTa Tpe-
HUS MEXIy KaHaTOM W KaHajooOpa3oBarte-
JIEM | yTia u3ruba kanara [4];
B) BEJIMYHHEI MOTEPh YCWIINK B KaHATE TPH
nepeaave Harpy3Ky ¢ JOMKpaTa Ha aHKep.

ST, axy=330.0

(6)

Puc. 12. Smopsl MepuaroHanbHEIX (SM) 1 konbLeBbIx (ST) HanpshkeHHH B 00JIMIIOBKE (BHYTPEHHSISI IIOBEPXHOCTD)
OeToHe (HapyKHast IOBEPXHOCTh) B ceueHUsAX 0b6osouku Fi=330°(a) u Z = 41,89 M (6) oT Bo3aACHCTBHS
COOCTBEHHOTr0 Beca 000IOUKH
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Mexanuxa npeonanpscennvlx 3auumnsix obonovex A2C

Tpyowr UBPAD PAH. Buinyck 6

B nporecce skcmyaTauy 3auTHOR 00071049-
KA TPOUCXOJWUT M3MEHEHHE YCHIMM B apma-
TYPHBIX KaHaTax, KOTOpPOE 3aBUCUT OT Jedop-
Malui TON3Y4eCTH U yCaJKu OeTOHa, penak-
calliM HanpsyKEeHUM B MPOBOJIOKAX apmaryp-
HOTO KaHaTa, o0beMoB pabor Ha CII30 mpwm
nposeneHnu KIIP u uHTEpBaNOB BpEMEHU Me-
xnay nposeneHuem KIIP.

Heo0xomuMocTh y4era KOHCTPYKTHBHBIX OCO-
6enHocteilr 30 M cuUCTeMBl TpeAHANPSIKEHUS
TpedytoT cozmanus oobeMHo# Monemn 30.

Ha puc. 13 un 14 npuBogsTcs pe3yapTaTsl pac-
YETOB MEPUIMOHANBHBIX U KOJbIEBBIX HaIps-
JKEHHUI B 3alLIMTHON 000JIOYKE OT BO3AEUCTBUSA
npeaHanps KeHnss Ha 00beMHOW mozenu. U3
NPUBEACHHBIX PE3YJbTATOB MOXKHO BHUJETH,
YTO MaKCHUMAaJIbHBIE HAMPSHKEHUS B IIIMHIPE
Hab0ga0TCs HAa OTMETKe ~45 MeTpoB. Brie
9TOM OTMETKM HAYMHAETCS CHUKEHUE HaIps-
JKEHUI, 00YCIOBIICHHOE CHIKCHHEM YCUJIHMIA B
KaHaTax OpU Nepenade Harpyskd ¢ JOMKpara
Ha aHkep. OIHAKO HAaWMEHBIINE HAIPSKESHUS
HAOJIOAOTCS B HIDKHEH YacTy MUJIUHIPA, YTO
CBS3aHO C NOTeped YCUIUU MO AJIMHE KaHata
W3-3a JEUCTBUS CUJT TPEHUSL.

[lo nepumerpy 000JI0YKM B CpeIHEH dYacTu
[MWIVHAPa HAOIIOIAI0TCs 3HAYUTENBHEIE KOJIe-
0aHMs HANpSHKEHHWH, KaK B MEPUANOHAIBEHOM,
TakK ¥ B KOJIBIICBOM HampasieHusx. OueBHIHO,
W3MEHEHNE HANPsHKeHUH M0 TepuMeTpy 000-
JIOYKU B CpeIHEH YacTH LMWIMHAPA BBI3BAHO
HaJlMYMeM OTBEPCTUM M YTOJILEHUH CTEHKHU
000JIOUKH B 30HE OTBEPCTHM, & TAKXKE BIIVSIHH-
€M OTCYTCTBYIOIIMX KAaHATOB, PAa3JIUYHON Be-
JUYMHON YCWIMM HATSKEHUS KaHATOB W BJIUSI-
HUEM OTTMOOB apMaTypHBIX KaHATOB MPH 00-
X0Jle OTBEpCTHUi [5].

Ha puc. 15 npuBeneHsl pe3yibTaThl pacyera
Temreparyp u HanpspkeHuid B 30 Ha 00BEeMHOM
MO/JIEJIM B 3UMHUI MepUo, KOTAa FPaAueHT TeM-
nieparyp B creHke 30 HanOONbIINIA.
IIpuBeneHHbBIE Pe3yNIbTaThl MOKA3bIBAIOT JIOCTa-
TOYHO CJIOKHOE paclpeiesieHue TeMIeparyp B
TeJ€ 3alUTHOM O0O0JIOUKH, 0COOEHHO B MecCTax
KOHCTPYKTUBHBIX HEOAHOPOJHOCTEM, 4YTO CKa-
3BIBACTCS HA HAIMPSHKEHHOM COCTOSIHUW 3aIllUT-
HOHM 0007104KH (CM. puc. 16).

BrusHMEe KOHCTPYKTHBHBIX OCOOCHHOCTEH 3a-
IMTHOW O0OJIOYKM Ha €€  HampsbKeHHO-
neGopMUPOBaHHOE COCTOSIHHE HauboJee SIPKO
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MIPOSIBISIETCS TIPY BO3ZICHCTBUM TEMITEPaTypPHBIX
TPaIMEHTOB W HArpy30K OT MPeIABAPUTEIHHOTO
HanpspkeHusi. Hanmuuue Tpex yToieHui B 30He
OTBEPCTHH, a TaKXKe XapakTep pacrpeieneHus
TEMIIepaTyp ¥ YCWIMH OT TpEeIHANpPSHKCHUS B
3THX 30HAX MPUBOAWUT K OOJBIIONH HEOJHOPOI-
HOCTH HAIPsHKEHHOTO  COCTOSAHUA 3311II/ITHOI>1
000JIOUKH TI0 €€ BBICOTE U MEPUMETPY, a TaKKe
IO TOJIIIMHE CTEHKH 000JIOUKH.

[Tockonbky nmedopmaru Tona3ydecTd OeToHa
3aBUCSAT OT YPOBHSI HANPSHKCHUM B TeJIe 3allHT-
HOW OOOJIOYKH, TO ¥ W3MEHEHHsI HaIPsHKEHUA B
OeToHE M apMaType OT ToJ3ydecTd OeToHa Oy-
IyT MPONOPLMOHAIBHBI HANpPSHKEHUSIM, JIEHCT-
BYIOIIIUM B Pa3JIMYHBIX 30HAX KOHCTPYKIIUH.

s Gonee TOYHOTO ydeTa BIHMSHHUS MON3yue-
cTh OeToHa Ha M3MEHEHHsS HaNpsKEHHO-
Ie(pOpPMUPOBAHHOIO COCTOSIHUSI KOHCTPYKLIMH
HEOOXOMMO MaKCHUMaJbHO TOYHO OMPENENATh
YPOBEHb HANpPSKEHWH B KaXKIOW yacTu 000-
JOYKH U B pa3jIW4HblEe NEPHOABI BPEMEHH.
Crnenyer oOpaTuTh BHUMAaHHWE Ha BBICOKHMA
YPOBEHb CKUMAIOIIMX HAMpPSKEHUH B OETOHE
Yy BHYTpEHHEH MOBEPXHOCTH CTEHBI B 3UMHHMH
nepuoj] BpeMeHU. Benp maxe mpu ycuwium B
kaHaTtax 800 T KoJblLIEBblE HANpPsHKEHUS Y
BHYTPEHHEH MOBEPXHOCTH COCTaBIISIIOT
0,92Rb, a cpemnss BeTWIMHA YCHIIMKA B KaHa-
Tax MpH 00KaTuM 000704YKH cocTaBsaia 960 T.
[Tpu Takoii Harpy3ke HampsHKEHUs! Y BHYTPEH-
Hel MMOBEPXHOCTU CTEHBI OYAyT ONM3KHU K pac-
YeTHON NMPOYHOCTH OETOHA Ha CXKaTHe.

[Tonoxenune ycyryOmseTcss TeM 0OCTOATEILCT-
BOM, YTO ITPH TIPOU3BOJICTBE O€TOHA Ha OETOH-
HOM 3aBOJIC M YKJIaJKE €r0 B TEJO 3allUTHON
000JIOYKHM MPOYHOCTHBIE XAPAKTEPUCTHKH OT-
JIENLHBIX MApTH MaTepuaja HEM3MEHHO KO-
JICOIOTCSL MO/ BJIMSIHUEM OOJIBIIOTO YHCIIa
CUCTEMAaTHYECKUX U CITYYalHBIX TPUYHH.

B nepuoj cTpouTenbeTBa 3aUTHRIX 000JI0UEK
ADC ucnbIThIBalOTCSA 00pa3Ilbl A OTpeene-
HUS TPOYHOCTHBIX XapaKTEPUCTHK OeTOHa.
Hampumep, mpu CTPOUTEILCTBE 3alUTHOMU
obonouku 1-ro sHeprob6noka KanmHuHckoi
ADBC mpouyHoCcTh OeTOHA Ha OCEBOE CHKATHE
oTpesieNsulach M0 JAaHHBIM HCIBITaHUS 00pas-
1oB (uepe3 28 cyTok). Pe3ynbpTrarhl MCTIBITAHUN
MpUBEIEHBI B Ta0M. 1.



Ipeonocwinku 603mModCHOCMU NPOOTIeHUsL CPOKA CYaHcObl 3auumHblx 0bonouex ADC ¢ BBOP-1000
P. B. Apymionan, Anexcanop C. Kucenes, Anexceii C. Kucenes, B. H. Medseoes,B. @. Cmpuoicos, A. H. Yvanos

Tabauya 1. Pe3ynpTaThl WCIBITAaHUS OETOHHBIX O00pas3lmoOB Ha oOceBoe Ckarme (depe3 28 CyTOK)
IIPU CTPOMUTEILCTBE 3AIUTHON 00004KH 1-ro 3Heprodsoka Kannnunckoit ADC

No X(mpouH. 0eToHa, OTKJI. OT cpef, Ne X(nmpouH. 0eToHA, OTKJI. OT cpeq,
n/n Ryg Kr/cm?) Kkr/em? X- X n/n Ryg kr/em?) Kkr/em> X- X
1 278 71 20 340 -9
2 430 81 21 339 -10
3 414 65 22 331 -18
4 391 42 23 307 —42
5 250 -99 24 370 21
6 330 -19 25 328 -21
7 388 39 26 298 =51
8 412 63 27 341 -8
9 314 =35 28 336 -13
10 383 34 29 367 18
11 432 83 30 373 24
12 319 -30 31 389 40
13 298 —51 32 339 -10
14 272 —77 33 412 63
15 330 -19 34 408 59
16 359 10 35 421 72
17 306 —43 36 439 90
18 237 -112 37 415 66
19 235 -114 38 330 -19
CYM. 2. X =13260
CpeliHee 3HaUCHHE MPOYHOCTHIO MO OTHOLIEHUIO K AEHCTBYIOIIMM
Harpy3kam. CriefoBaTenbHO, AedopManuu
X = & _ @ — 349 gr/em. MmoJyi3y4ecTd OeTOoHa, 3aBUCAIINE B OCHOBHOM,

n

B 3amutHO# 060souke 2-ro 3HEprodmoka Ka-
JuHUHCKOH ADC NpOYHOCTHBIE XapaKTepu-
CTUKH O€TOHA B OTHENBHBIX (parMeHTax (3a-
XBaTKax) B IEPHOJ CTPOUTENILCTBA KOJIeOaInch
or 230 10 500 Kkr/cM® Hpu TIPOEKTHOI Mapke
6etona M400 (cm. Taou. 2).

[Ipn xoneGaHUAX (PUINKO-MEXAHHMUYECKUX Xa-
PAKTEpUCTHK OETOHAa B KOHCTPYKIMH KayKAbIH
¢bparmMeHT o00nagaeT cBOeH OmpeneNeHHON

OT MPOYHOCTHBIX XapakTepUCTUK OeToHa u
YPOBHS HaNPSDKEHUH, Oy Iy T pa3IuyuHblL.

Kpome ynoMsiHyTOH BIlIE MOA3yYecT OeTOHA
B KOHCTPYKLUWHU MPOMCXOAMT LIENbIH psia Hpo-
[IECCOB, KOTOPBIE TPUBOJAT K CHHKEHHIO DKC-
IJIyaTallMOHHBIX Ka4Y€CTB COOPYIKCHHA: HEM-
Tpanu3auus (CHUKEHUE MPOYHOCTH) HAPYKHO-
ro ciosi 6eToHa, KOppo3usi OeTOHAa, KOPPO3HUs
apMarTypsbl, OTCIIaMBaHHE BHYTPEHHEH MeTal-
JIUYECKOUN OOJIUIIOBKH U JIp.
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Mexanuxa npednanpsiicenHbx 3auumunlx obonouex A2C
Tpyovrt HUBPAD PAH. Beinyck 6

STEP=1
SZZ [MPa]
MIN = -1.25E+001

-1.16E+001
=1.09E+001
=1.02E+001
-9 4TE+000
-8.7T5E+000
-8 .04E+000
-7.32E+000
-6.61E+000
-5 90E+000
-5 18E+000
-4 ATE+000
=3 75E+000
=3 (4E+000
-2.32E+000
-1.61E+000
-8 92E-001
-1.77E-001
+5.38E-001
+1.25E+

+1 87E+

+2 BEE+

+3 40E+

+4 11E+

+4 BIE+

MAX, = +6 10E+000)

e
IBIEITTITITIIIL S

S
N
38§
NANE

N
SNug
SNSE
.~~\[
NNaE
NNy
N
SANN

Mo Fab 2 118435 2001 =B

Puc. 13. PactipesieneHie MepUINOHATLHBIX HANPSDKCHUH B OETOHE 3aIIUTHOW 000TOYKH
OT JICHCTBUS MPeTHANPSKESHHS

STEP=1
Z SYY [MPa]
MIN =-1.73E+001

=1.4E+001
-1.5TE+001
-1 5064001
=1 44E+001
-1.37E+001
=1.30E+001
-1 23E+001
-1.17E+001
-1 -1, 10E+001

y =1.03E+001
-9 B2E+000
-8 S4E+000
-8 26E+000
-7 59E+000
-5 91E+000
-6.23E+000
-5 55E+000
-4 BTE+000
-4 20E+000
-3.52E+000
=2 B4E+000
-2 16E+000
-1 48E+000
-8.06E-001

M = +4 02E-001

W Srwetiry E LRk I M Pl 20 12,0430 2961 =2

Puc. 14. Pactipenenenue OKpy>KHBIX HaNpsHKEHHUH B OETOHE 3aIUTHONH 000JI09KI
OT IEHCTBHS NIPeAHANPKEHHS
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IIpeonocwinku 603modCcHOCMU NPOOTIeHUsI CPOKA CYHcobl 3auumubix 06orouex ADC ¢ BBOP-1000
P. B. Apymionan, Anexcanop C. Kucenes, Anexceii C. Kucenes, B. H. Medseoes,B. . Cmpuoicos, A. H. Ynvanos

STEP=14
Temperature[C]
MIN = -4 92E+000

-2.89E+000
-1.31E+000
+2. 75E-001
+1.86E+000
+3 44E+000)
+5 03E+000)
+6.61E+000)
+8.19E+000
+9.7EE+000)
+1.14E+001
| +1.26E+001
| +145E+001
+1.61E+001
+1 7T7TE+001
+1.92E+001
+2 09E+001
+2.24E+001
| +2 40E+001
+2 56E+001
+2 7IE+001
+2 88E+001
+3.04E+001
+3 20E+001
+3 35E+001

MAK = +3 B4E+001

ork drmctory [ tath bainnt_140 N Fab 2 1331 41 3001 2

Puc. 15. PactipesieneHre TeMIiepatypsl B 3alIUTHON 00osouke Ha 29.12.99 r. ¢ ydyeToM U3MEHEHHS
TeMIepaTypsl Cpelibl BHYTPU U CHAPYKH

STEP=14
[SYY [MPa]
MIN = -1 67E+001

-1 54E+001
-1 44E+001
-1.24E+001
-1.24E+001
=1 -1.14E+001
-1.04E+0D01
-9 40E+D00
-8 40E+ 000
-7 40E+D00
-5 40E+000
-5 40E+000
| -4 40E+D00
-3 A0E+ 000
=1 -2 40E+ 000
e =1 40E+ 000
-4 05E-001
=3 +5.85E-001
+1.58E+00
+2 50E+00
+3 58E+00
+4 BUE+00!
+5 50E+00
6. S9E+ 00!
+7 S0E+00

MAK = +8 3TE+D00|

ok drwinory ENaskr bt 1L Mo Fab 38 VT8 3001 =

Puc. 16. PactipesienieHre OKPYKHBIX HaNPsDKEHUH B OETOHE 3aIIUTHOW 000IOYKU OT IEHCTBHS
HEpaBHOMEPHOTO T10JIsl TEMIIEePATYPbI
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Mexanuxa npeonanpscennvlx 3auumnsix obonovex A2C

Tpyowr HBPAD PAH. Buinyck 6

Tabnuya 2. Pe3yabTaThl HCIbITaHUsI OETOHHBIX 00PA3II0B Ha OCEBOE CiKaThe (depe3 28 CYTOK)
TIPY CTPOUTEIBCTBE 3AIUTHON 000704KH 2-10 3Heprooyoka Kanmannckoit ADC

X (mpouH. 6eTona, | B (umciio ce- BxX X? Bx X* OTKJ1. OT cpel,
Rys kr/em?) puii 00pasnos) kr/em” X- X
220 1 220 48400 48400 -151
240 1 240 57600 57600 -131
260 4 1040 67600 270400 -111
280 11 3080 78400 862400 -91
300 13 3900 90000 1170000 -71
320 26 8320 102400 2662400 =51
340 13 4420 115600 1502800 31
360 42 15120 129600 5443200 -11
380 35 13300 144400 5054000 +9
400 23 9200 160000 3680000 +29
420 30 12600 176400 5292000 +49
440 17 7480 193600 3291200 +69
460 3 1380 211600 634800 +89
480 7 3360 230400 1612800 +109
500 1 500 250000 250000 +129

X227 284160 231832000

CpenHee 3HadYeHHE
— B-X
7o 2.B-X 84160
2B 227

Taxkum 00Opa3oM, COCTOSHHE 3alTUTHOH 000-
JIOYKH Ha JlaHHI)II\/'I MOMCHT BPEMEHHU U IIPOTrHO-
3WpPOBAHHUE €€ COCTOSHUs Ha Oyjayliee, HEOO-
XOZMMOE JUTS OIICHKH BO3MOXHOCTH IPOJJIC-
HUS CPOKa ee IKCIUTyaTalud, MOXKET ObITh BBI-
HIOJIHEHO PAacYeTHO-TEOPETHYECKUM IMYTeM C
NPUBJICYCHUEM JIaHHBIX O Tapamerpax (Qu3u-
KO-MEXaHMUYECKHUX CBONCTB MaTepHaioB, IO-
JIy4EHHBIM [0 PE3yiabTaTaM WHCTPYMEHTallb-
HOTO ¥ J1a0OpaTOpHOTO KOHTPOJS Ha COOpY-
KEHUU, a TaKkkKe C TMPOBEJICHUEM pacueToB
HAC 30 ot BO31eHCTBUS OCHOBHBIX Harpy-
KAIUX (aKTOPOB HAa TPEXMEPHBIX MOEISIX
C YYETOM MPOIIECCOB MOJI3YYECTH OETOHA.

=371 xr/em’.

IIpuHuMas BO BHMMaHHE, YTO OJHUM H3 OC-
HOBHBIX (DaKTOPOB, OIpENEeNSIOMNX CTapeHre
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KOHCTPYKITUH, SBISIOTCS KIMMaTHYECKHE BO3-
JIEHCTBYsI Ha BHEIIHUE OCTOHHBIC MOBEPXHO-
CTH, TIPUBOJSAINME K CHIXKCHUIO UX (DU3HMKO-
MEXaHUYECKUX XapaKTePUCTHK, Iernecooopas-
HO IJIsl TIPOJICHUS CpOKa JKCIUTyaTalllHl Co-
OpY’)KEHUS, MPU HAJIMYMU JOMYCTUMBIX Xapak-
TEPUCTUK MaTepUaANIOB Ha HACTOSIIEEe BpeMms,
MIPOBECTH MEPOTIPHATHS TI0 KOHCEPBAIMH Ta-
KOT'O COCTOSIHHSA. DTO MOXKET OBITH BBHIIIOJHEHO
MyTeM HAHECEHHUs CJIOS TEILIOM30JISIIMOHHOTO
Matepuana (Hampumep, TeHOOeTOHa) Ha
BHEIITHIOIO TIOBEPXHOCTH 3aIUTHON 00OJIOYKH,
BKJIFOYAsT KYMOJ.

OTHOCHUTENILHO CHCTEMBI TPEBAPUTENHLHOTO
HanpsDKEHUsI ceyeT 3aMeTUTh, YTO B Ciydae
HEOOXOIUMOCTH NMPOJIEHHUS CPOKa IKCILTyaTa-
LMY BO3MOJKHA €€ I0JIHasi WM YacTH4Has 3a-
MeHa, MO3TOMY J3TOT (aKTOp HE MOXKET SIB-
JSTHCS ONPEACISIONUM IPH OLIEHKE BO3MOXK-
HOCTH IIPOAJIEHNUS pecypcea.




Ipeonocwinku 603mModicHOCMU NPOOJIeHUst CPOKA Cyacobl 3auumHblx obonouex ADC ¢ BBOP-1000
P. B. Apymionan, Anexcanop C. Kucenes, Anexceii C. Kucenes, B. H. Medseoes,B. . Cmpuoicos, A. H. Ynvanos

Bbi800bI

1. 3amuTHBIE 000JI0YKK 00TAAI0T CYIIECTBEH-
HOW OCOOEHHOCTBIO TIO CPaBHEHHIO C JAPYTHMH
CTPOUTCIIbHBIMU KOHCTPYKLUAMH, a4 HWMCHHO:
OCHOBHAsl pacueTHas Harpy3ka (TIpu MakKCH-
MaJbHOH MPOEKTHON aBaphH) MOXET ICHCTBO-
BaThb JIMOIb OAHAX]bI, B OCTAJIbHOEC BPEMs OHU
MpeOBIBAIOT B CTA/INU OXKHJIAHUS, U3MEHSIS CBOU
CBOIiCcTBa BO BpeMmeHH. [loaTomy aHamm3 m3me-
HEHHs JTHX CBOWCTB IPECTABISIET HAMOOIb-
MK MHTEPEC MPH OLIEHKE BO3MOXKHOCTH TIPO-
JUIeHUs cpoka skcrutyaranun ADC.

2. B nepByro oyepenb cleayeT OLEHUBATh Xa-
paKTep M3MEHEHHS  (PH3MKO-MEXaHUYECKUX
CBOWCTB OCTOHA M CTEP)KHEBOW apMaTypbl U
MIPUYHHBL, BBI3BIBAIOIINE JTH H3MEHEHHSA. JTO
OOBSICHAETCS TEM OOCTOSTENbCTBOM, UYTO MpPHU
COXpaHCHUU AOITYCTUMBIX XapaKTCPHUCTUK
CBOWCTB 0O€TOHa ¥ CTEPIKHEBOW apMaTryphl
MPUHIAITAAIEHO BO3MOXKHO TPOMJIEHHE CpOKa
9KCIUTyaTallui COOPYXKEHHUS MOCNe MPOBEICHHS
COOTBETCTBYIOIIMX MEPOIPUSITHH.

3. PacuetHoe = 00OCHOBaHHWE BO3MOXXHOCTH
MpoJIeHUsT cpoka ciyx)0sl 30 HE0OXOaUMO
MPOBOJIUTH HA TPEXMEPHBIX MOJIENIAX C YUYETOM
BCEX OJKCIUTyaTallOHHBIX W aBapUIHBIX Ha-

Jlumepamypa

rpykaromux (pakropoB (Harpy3ku OT MpegHa-
MPSKEHUs,, COOCTBEHHOIO Beca, TeMIIepaTyp-
HOTO BO3/IEICTBHS, BHYTPEHHETO JaBJICHUS), a
TaKke MPOLIECCOB MOJI3Y4eCTH OETOHA.

4. YuuThiBas, 4YTO OCHOBHBIM (HaKTOpPOM,
BIMSAIOUIMM Ha «CTapeHHe» 3alUTHOH 000-
JIOUKH, SIBISAETCS BO3JCHCTBIE BHEIIHEH Cpebl
Ha OETOH M CTEP)KHEBYIO apMaTypy, LeJIec000-
Pa3HO BBINOJHUTH 3AIUUTY BHEIIHEH MOBEpX-
HOCTH COOPYKCHUSA TCIIJIOU3O0JIALUMOHHBIM CJIO-
€M, YTO MO3BOJHT HE TOJNBKO YIYULIUTh YCIIO-
BHUS 9KCIUTyaTaluy, HO U 00ECIEUUT NOIMOTHU-
TEJILHYI0 OTHECTOWKOCTh B Ciydae MajJeHus
caMoJieTa C pasjMBOM TOpIOYero. Jra mepa
00ECreunT TaKKe CHWXEHUE YPOBHS HaIps-
keHnd B cTteHke 30 OT TeMIepaTypHBIX BO3-
JIEUCTBUH.

5. Jedextsl BHyTpeHHENH OONMIIOBKH U CHUCTE-
MBI [IPEIHANPSKEHUST HE JOJDKHBI ObITH OIpe-
ACIAIONIUMHA  TIPpU PAaCCMOTPEHUH BO3MOKHO-
CTH TPOIJICHHUS CPOKa SKCIUTyaTalM 3alluT-
HOHM 000JIOYKH, TaK KaK NP HEOOXOAUMOCTHU
MOTYT OBITh yCTpaHEHBI 0€3 3HAYUTEIbHBIX
3arpar (B OTJIMYME OT OETOHA U CTEPNKHEBOU

apMaTypbl).

PII OO 0538-2004. MeTtoauka 1Mo 0O0OCHOBAaHHMIO CPOKa CITY>KOBI 3aIIUTHBIX 000JOYEK aTOMHBIX SJIEK-
Tpoctaniuii ¢ BBOP-1000. M., 2004. — 43 c.

PexoMeHIanmyu Mo yd4eTy MON3Y4eCTH M yCaakh OeTOHa MpH pacueTe OETOHHBIX M KeJI€300€TOHHBIX
koHcTpykumii / HUMXKB Tocctposs CCCP. M.: Crpoiiuzaart, 1988. — 120 c.

PexomeHnnauuu o HaOMIOJEHUSIM 32 HAIIPSHKEHHBIM COCTOSIHMEM 3alUTHBIX 0bosoyek ADC ¢ peakTo-
pom BBDOP-1000 / HUC TI'mpponpoekra. — M., 1987. — 85 c.

Vavsanoe A.H., Meoseoes B.H. DxcrniepruMeHTalIbHOE ONpejiesieHne KoaQPHUIHEeHTa TPEHHUs apMaTypsbl O
CTEHKHM KaHajooOpa3oBaTeneil B 3alMTHBIX obonoukax ADC // DHepreTnyeckoe CTPOHUTENBCTBO.
1994. — Ne 12. — C. 70-73.

Vavanoe A.H., Meoseoes B.H., Kucenes Anexceii C. BnusiHue oTruO0B apMaTypHBIX 3JIEMEHTOB Ha Ha-
MIPsHKEHHOE COCTOsIHME 3alMTHOW 000m0uk ADC B 30HE TEXHOJIOTHYECKUX MPOXOJ0K // DHepreTnye-
ckoe cTpoutenbeTBo. 1993, — Ne 11. — C. 74-75.
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OnpepeneHue akcnnyatauMoHHOW 6€30NacHOCTU 3aWMUTHOMN
o6ono4ku 3-ro aHepro6noka KannHuHckoun A9C

B. H. Meogeoes, A. H. Ynvsanos, Anexcandp C. Kucenes, Anexceii C. Kucenes, B. @. Cmpusicos
(MBPAD PAH)
A. A. Jlonanuyx, C. C. Hegpeoos (Konyepn «Pocanepeoamomy)

B mepuon oOcnenoBaHus 3allUTHONW O00OJIOUKH
3-ro sHeprobmnoka Kamuuuackoir ADC (KinHA-
OC) yCTaHOBIEHO, YTO B IMIIMHAPUYECKOH ee
YacTH OTCYTCTBOBAIM TPHU apMaTypHBIX KaHaTa
(Ne 26, 62 u 96). Kpome Toro, mpu 3KcrutyaTa-
vy 3amuTHBEIX oOosouek ADC ¢ BBDP-1000
MMENM MECTO CIIydad CaMOMIPOHM3BOIBLHOTO pa3-
pYLIEHUS OTAETBHBIX apMaTypHBIX KaHaToB [1].

B cBsi3u ¢ 3TUM BO3HHKIIA HEOOXOJUMOCThH BBI-
MOJTHEHMsI PA0OTHI 10 0OOCHOBAHUIO IKCILTyaTa-
LIMOHHOH 0€30MacHOCTH 3alllUTHOM 000JIOYKH
3-ro sueproosioka Kamuauuckoit ADC mpu oT-
CYTCTBUH OTHENBHBIX apMaTYPHBIX KaHATOB
CII30 ¢ yuyetom Harpy3ok, BO3HUKAIOIIUX MpU
UCTIBITAHUSX, B DKCILTYaTAIIMOHHBIX PEXKUMaX W
MIpY IPOEKTHON aBapuH.

C 1enpio YBA3KH ¢ TpaduKOM ITycKa dHEprooio-
ka Ne 3 Kammaumackoit ADC Ha mepBOM 3Tare
paboThl MPOBOIMIOCH TPEABAPUTEIIEHOE OTIpe-
JIEJICHUE CpPETHEer0 YPOBHS HATSHKEHHS apMa-
TYpHBIX KaHaTOB, OOECIEYMBAIOIIETO BO3MOXK-
HOCTh JKCIUTyaTalliu 3allUTHOW O0OJIOUKU TpHU
OTCYTCTBHH TPEX apMaTypHbBIX KaHaToB. Orpe-
JIEJIEHUE CPEIIHETO YPOBHS HATSKEHHS KaHATOB
OBLIO BBIMOJHEHO HAa OCHOBAaHUM aHANIM3a Ha-
MPSOKEHHO-1e(OPMHUPOBAHHOTO COCTOSIHUS  3a-
MUTHOW 00o0souku 1-ro sHeprodmoka Pocros-
ckoit ADC B nepuoJ mpeaHanpsHKEHHs U IPOBe-
JIEHUS. TIPEANYCKOBBIX HCIBITAHUM C y4eToM
noka3zanuii natuyukoB KMA W OaTYUKOB CHIIBI
HBO005, ycTaHOBIEHHBIX IOJ aHKEpPaMH apMa-
TYpHBIX KaHaToB. [IpaBOMEPHOCThH HCIOIB30Ba-
HUS JJIs 3aIIUTHON 00O0JIOUKH 3-TO SHEproOoka
Kanununckoit ADC HaTypHBIX JTaHHBIX, MOJY-
YEHHBIX JIJIS 3aIUTHON 00010ukM 1-TrO 3HEPro-
omoka PocroBckoit ADC, ompexaensieTcst Tem,
YTO 3TH COOPYXKEHHS] HWACHTUYHBI 1O CBOMM
KOHCTPYKTHBHBIM XapaKTEPUCTHUKAM U HUMEIOT
JIOCTaTOYHO ONHM3KWH BO3pacT OeTOoHA HA MO-
MEHT ITPOBEJICHUS 00KATHSI.

Hns mpoBedeHUs pacueTHBIX HCCIENOBAHUH
3amuUTHON 00004KH 1-ro 3HEprobioka PocTos-
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ckoii ADC (PoADC) Obina paspaboTaHa Tpex-
MEpHasl pacdeTHas MOJENb U METOJIMKA pacdeTra
NpeAHanpPsHKCHHON Kelle3006TOHHOW KOHCTPYK-
1K B 00bEMHOH MOCTaHOBKE.

3amuTHas obosouka 1-ro 3Heprodioka PocTo-
ckoil ADC COCTOMT M3 MPOCTPAHCTBEHHOW (yH-
JIAMEHTHON KOHCTPYKLIUH, IMJIUHIPUYECKON Yac-
TH ¥ TOJIOTrOro Kymnoja. BHyTpeHHu# paguyc Lu-
nvHApa coctamisier 22,5 M. [IpoekTHast TomuHa
CTeHKU LuiuHapa — 1,2wm, kymoma — 1,1 m.
BHyTpeHHSsS TTOBEPXHOCTh 0OOJIOUKA HUMEET Tep-
METHUYHYIO CTATBHYIO OOJIUIIOBKY TOJIIMHON 8 MM
(cM. puc. 1).

PacuerHass Mojienb 3alUTHON OOOJOYKU BKITFO-
yaeT 35144 nuHEHHBIX OOBEMHEIX 3JIEMEHTOB U
40074 y3na (cMm. puc. 2).

PacyeThl BBITIONHSIUCH, HA CHEAYIOLIHE OCHOB-
HbIE BO3JIEHCTBUS:

1. Harpy3KH OT MPEIBAPUTENHHOTO HAMPSIKEHUS
apMaTypHBIX KaHATOB;

2. Harpy3KH OT COOCTBEHHOTO Beca KOHCTPYKITUH;
3. TeMnepaTypHbIe Harpy3KH;

4. neficTBHE Ha KOHCTPYKLHIO BHYTPEHHETO
JaBJICHUS.

[Ipn MopmenuwpoBaHWM HArpy3KH OT Hampsrae-
MBIX apMaTypHBIX KaHaTOB YYHUTHIBAJIIOCH CHIIO-
BOE BO3JIEHCTBHE OT KaXKJIOTO KaHaTa B OTIENb-
HOCTH. TpaeKkTopuy KaHaTOB MPUHUMAJICH aHa-
JIOTUYHO HATypHOU KOHCTPYKIIHH.

B pacderax yunteiBaeTcs BIUSIHHE KOX(DDUITH-
€HTa TPEHUsI KaHAaTOB O CTEHKU KaHaj000pa3o-
BaTelC M U3MEHEHUE YCWIMHM B HANpsAracMowu
apMarype B 3aBHCHMOCTH OT H3MEHEHHUS Ha-
IPy3KH.

OCOOCHHOCTBIO ~ paclpefesieHus yCWIMH 110
JUITMHE apMaTypHOTO KaHaTa SBISETCA TaKkKe
CHIDKEHHE YCHIIMI Ha 4acTW ero JJMHBI BOJIM3U
TSOKHOTO aHKepa, OOyCJOBJIEHHOe nepenavent
Harpy3KH ¢ JOMKpaTa Ha aHKEpHOE yCTPONCTBO.
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J 4 0bIHMIIOBKa
TOJLUIMHOM 8§ MM

KOJLLEBAA apMartypa, () () b KOJbLIEBas apMaTypa,

(25 AIII, urar 200 MM | o @25 AlIL, war 235 MM

MEepPHIMOHATLHAS / MepHIMOHATLHAS
apmatypa, {25 AllI, / “apmarypa, @25 A TII,

war 300 MM | ' ® A1 war 300 MM

Hanpsraemoie

E'l[')MIiT}-’pTIHC T C) »
KAHATEI ()

L |
| ]
2 JEN
‘3()() MM o 250 i 250 e 400 mm »
le 1200 MM .

Puc. 1. Cxema pacmosioxeHus: apMaTyphsl B CpeJHEH YacTh HWIMHAPA 3aIUTHON 000I0YKH

[

Puc. 2. PacueTHas Mozenb 3alIUTHOI 00004kH 1-ro aHeprodiaoka Pocrosckoit ADC
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Tpyovt HUBPAD PAH. Beinyck 6

Harpy3ka oT mnpenBapuTeNbHOTO HampsbKeHHS
¢dopmupoBanach B 1Ba 3Tana. [lepBoHavalbHO
3aJaBAMCh YCWIIMS B KaHaTax, JCHCTBYOLIHE
Ha TSDKHOM KOHIIE apMaTypHOro KaHata (Ha
JIOMKpate), KOTOpble NPUHHUMAIUCh C Y4YETOM
HOTPELIHOCTH W3MEPEHUW, a 3aTeM YYHThIBa-
JIOCh CHW)KCHUE YCHIIMH MO JUTMHE apMaTyPHBIX
KaHATOB M3-3a JICUCTBUS CHJI TPEHHS MX O CTCH-
K1 KaHanooOpa3zopareiei (ko3dduiumeHt Ttpe-
HUs npuHUMancs pasHbM [ = 0,09 [2].

Ha BTopoM 3Tarne y4uThIBaIuCh MOTEPH YCUIIUM
B KaHaTaxX Ha aHKEepPOBKY. [Ipu 3TOM, Ha TSHKHBIX
KOHLIAX apMaTypHBIX KaHATOB C YCTAaHOBJICHHBI-
Mu natuyrkamu cuiibl HBOOS ycunus 3apaBaiuce
B COOTBETCTBUU C HJAaHHBIMH H3MepeHHI>'I, nojay-
YEHHBIX Ha MOMEHT OKOHYaHHS OOXKaTHsl.
B apmarypHBIX KaHaTax, KOTOpEIE HE oOecrede-
Hbl gatdyukamu cwisl HBO00S5S, npuHuMManuch
CpeIHHE 3HAYEHMs] YCHIMH MO pe3yJpTaTaM
U3MEPEHUs, KOTOPbIE COCTaBWIM 818 T B LMINH-
npe 06omouku U 836 T B Kymose. 3aTeM YIUTHI-
BaJIOCh ITOBBIIICHUEC yCI/IJ'II/II\/'I Ha OTpaHWYCHHOM
y4acTKe [JIMHBl apMaTypHBIX KaHATOB H3-3a
JIEUCTBUS CUJT TPEHUSL.

[Tockonmpky miepHOA BpPEMEHH OT OKOHYAHUS
o0xaTtns 00OJIOYKHM 10 Hayala UCTBITAaHWHA CO-
CTaBJISJT BCEIO0 HECKOJBKO JHEW M TOTEpH Ha-
MPSDKEHU B MPOBOJIOKAX OT pelaKcanuu ObUn
HE3HAYHTENbHBI, YCHUIIUS B apPMaTypHBIX KaHaTax
3aJaBaliich 0e3 ydeTa MoTepb OT pPelaKCaliH.
Opnako gedopmanuy  TON3y4ecTH OeToHa
OT MIPETHANPSDKEHHS] HAYalld MPOSBISATHCS C MO-
MEHTa Hadaja oOXKaTus, 4TO OBUIO YUYTEHO
B pacyeTax COIVIACHO METOJUKE, W3JI0KCH-
HOi1 B [3].

Ha mepBomM 3Tare mpoBeACH pacueTHBINA aHAN3
HAC 3amwmrHOW o6omouku 1-ro 3HEprobioka
Pocrorckoit ADC npu BO3NEHCTBHM YCHIIUH OT
CUCTEMBI TpEIHANPSHKeHUs, COOCTBEHHOTO Beca
W HUCHBITATENILHOTO BHYTPEHHETO JaBJICHUS
(0,46 MIIa). CorocTaBiaeHue pe3yJbTaTOB pac-
4€Ta C HATypHbBIMH JaHHBIMU, I[IOJTYYCHHBIMU
MIPU TPETHANIPSDKEHUN U UCTIBITAHUU 3aIlUTHON
obonouku 1-ro 3Heprodmoka PoctoBckoit ADC,
MOKa3aJio JIOCTATOYHO XOPOIIYI0 CXOIUMOCTb.

IIpn BBEIMOJIHEHUH PACUYETOB HAMPSKEHHOTO
COCTOSIHUSI 3aI[UTHONW OOOJIOYKH B MEPUOJ TPO-
BEJICHHUS MPUEMOCIATOYHBIX UCTIBITAHUN YUHUTHI-
BaJOCh BO3ACUCTBHE NpPEIHANPSIKEHHUS apMa-
TYpHBIX KaHaTOB, COOCTBEHHBI BeC KOHCTPYK-
LIUU U BHyTPEHHEE JaBJICHUE.
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Ha puc.3 npuBeneHsl pe3ynbTaThl pPacueToOB
MEPHIMOHATBHBIX U KOJBIIEBBIX HANPSHKEHUH B
BEPTUKAJIbHOM CEYEHUH 3aIlUTHONW OOOJIOYKH.
B nenom no ceuennsiM 060J0YKH MEPHUIUOHAIb-
HbIE ¥ KOJIBLIEBBIE HANPSHKEHHs OCTAIOTCS CXKH-
MAaIOIIMMU ¥ YKa3bIBAlOT Ha YIpPYyryio paboTy
KOHCTPYKUUH TIPH TPOBEACHUU TPEIITyCKOBBIX
ucneltanuii. Ho MepuanoHansHble HarpshHkKeHus B
30HE y371a COMPSDKEHHS LHJIMHIPA C KYyIOJIOM
000JIOYKH Ha BHYTPEHHEH MOBEPXHOCTH HUMEIOT
pacTsAruBaloLIMe HAmpsHKeHUs, YTO TOBOPUT
0 BO3MOXKHOCTH JIOCTI)KEHHSI OETOHOM TIpezena
NPOYHOCTH HA PACTSDKEHHE B TEPHOJ UCIIBITA-
HUHA. DTO CTajo cJeACTBUEM TOrO, YTO Ha 30HY
y3J1a CONPSDKEHHS OKa3bIBAIOT BIMSIHUE OOJIbIINE
HOTEpH YCHJIMI B apMaTypHBIX KaHaTaxX Ha aHKe-
POBKY W BIHSHHE KYMHOJILHBIX KaHATOB B CHITY
pacrojoxeHuss MX 10 OPTOTOHAIBHOM CXeMe.
[MoaTBepskneHneM 3TOTO SBISETCS TO, YTO HA BBI-
core 40,3M B OTHEIBHBIX 30HAX TaKXke
HaOMoAaeTcss Hajlu4yhe PacTATUBAIOLUIMX MEpH-
JTUOHAITEHBIX HAMPSHKEHUH (CM. pHC. 4).

B 3THX ycnoBusX BO3HHKJIA HEOOXOIUMOCTH Jie-
TaJIbHOTO aHaJM3a PE3YJIbTaTOB HATYypPHBIX M3Me-
peHUi TIOTYUYEHHBIX MPH MOMOIIH JATYUKOB KOH-
TPOJIBHO-U3MEPUTEIBHOM anmaparypsl B MEepHOA
NPOBEAEHHS NPEIITYCKOBBIX UCIIBITAHUM.

Ha puc. 5-6 mpuBeneHsl rpaguku H3MEHEHHS
HaIpsDKEHUH B CTEP>KHEBOM apMmaType IpH BO3-
JleﬁCTBI/IH MpEAHAINIPSKCHUA W BHYTPCHHETO
JaBieHus. Pe3ynbrarel MOKa3bIBalOT, YTO B IH-
JTUHIPUYECKON dYacTH OOONOYKHM Ha OTMETKE
32 MeTpa B mepuojd HCHBITAHWNA HaOJOIaIach
ynpyras pabdota KoHCTpykuuu. Ilpu sToM Ha-
OpsOKEHUST B MEPUIMOHAIBHOW M KOJbLEBOU
apMarype HM3MEHSIOTCS MPOTNOPIHOHAIFHO Ha-
Irpy3Ke OT BHYTPEHHETO NaBJIEHMS, a IMOKa3aHUs
npuOOPOB MOCTe MPOBENEHHUS UCTBITAHUN COOT-
BETCTBOBAJM BEIWYHMHAM, [EHCTBYIONIUM JO
HayaJla UCIIBITAHUM.

OJiHaKo B BEpXHEW 4YacTH LWJIMHIAPA U B KyIoJie
000J104KH BOJHM3M y371a COMpPSDKEHUS 000J0YKa
ynpyro paborana TOJIBKO JO BHYTPEHHETO aB-
JIEHUS! BEJIMYUHOMU 4 aTH, a 3aTeM, IpU JaBICHUU
4,6 aTh, Y HapyXHOW TMOBEPXHOCTH CTEHBI Ha-
OJIFOJTAIOCh CHIDKEHHUE HANpPSOKEHUWH, a y BHYT-
peHHel — ux yBenudenue. [Ipu 3ToM Hampsixke-
HUS B apMaType Mociie OKOHYaHHUS HCIBITAaHUN
000JIOUKM OTJIMYAIMCHh OT BEJIMYMH, JCHCTBYIO-
IMX TIepe]] HadajioM HUCHBITAaHWA, YTO CBUJIC-
TENbCTBYET O HApPyIIEHUH YOPYTrod padoTHI
KOHCTPYKLMH B 3TOM 30HE.



Onpedenenue 3KCNIyamayuoHHot 6e30nacHoCmu 3awumHnot 06o10uku 3-20 snepeoonoxka Kanununckou ASC
B. H. Meogeoes, A. H. Ynvsnos, Anexcandp C. Kucenes, Anexceii C. Kucenes, B. @. Cmpuoicos,
A. A. Jlonanuyk, C. C. Heghedos

Puc. 3. Dmopsl MepUINOHATBHBIX B KOJBLEBHIX HanpshkeHHH (MPa) B BepTHKaNbHOM CEYEHUH 3alIUTHOH 000JI0UKH
NPY BO3JEHCTBUH UCTIBITaTeNbHON Harpy3ku (P = 0,46 MIla + PN = 818 T + Bec), ceuenue 45,1 rpax

SM, z=40.3 ST, z=40.3

Puc. 4. Dnropbl MepUANOHANBHBIX U KOJbLEBBIX HanpsbkeHui (MPa) B ropu30HTaIbHOM CEYSHUH 3aLUTHONH 000I0UKU
IIpY BO3JEHCTBUM UCTIbITaTeNbHOM Harpy3ku (P = 0,46 MIla + PN = 818 T + Bec), ceuenue Ha BeicoTe 40,3 M
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Puc. 8. I3MeHeHe yCUITHH 10 JUTMHE apMaTypHOro KaHaTa B [IMIMHAPE 000JI0YKH OT KOJIbLA COMPSOKEHHS 10 OCHOBAHUS
B 3aBHCHMOCTH OT AEHCTBHsI CHJI TPEHUsI My KaHATOM M KaHanooOpa3oBaTeneM, koadduunent tperus p pasen 0,09

Takum 00pa3oM, TPUBEACHHBIC PE3YJIBTATHI
pacyeTa Opu BO3ACUCTBUM HCHOBITATEIbHOU Ha-
TPY3KH TaK)Ke XOPOIIIO COTJIACYIOTCS C TaHHBIMHU
HaTypHBIX 3MepeHuid. CienoBaTenbHO, MpUMe-
HAE€Mask METOJMKA PacyeTOB JOCTATOYHO XOPO-
0 OTpPaXkaeT MEHCTBUTEILHOE COCTOSHHE 3a-
IATHOX 000JIOYKH.

Pe3ynbTaThl HATYPHBIX U3BMEPEHUIN U PaCUETHBIE
JTaHHBIE TAK)Ke MOKa3aJy, YTO Heynpyras padora
3aIUTHONH 00OJIOUKH TP WCIIBITAHUU BHYTPEH-

HUM J1aBJIeHWEeM HaOI0Janack TOJBKO B 30HE
y37a CONpsDKEHUs IMIuHApa ¢ Kymonom. Oc-
HOBHAsl MTPUYUHA 3TOTO — 3HAYHUTEIBHBIE MMOTE-
pH YCHIIHI B apMaTypHBIX KaHAaTax IpH mepera-
Yye Harpy3KH C JOMKpaTa Ha aHkep. JlaTdukm
cuinsl HBOOS, ycraHOBIEHHBIE MO aHKEpaMHu
apMaTypHBIX KaHATOB IWJIMH/PA U KYTIOJIa, IOKa-
3aJii, 9TO B MEPUOJ MEPBOHAYAIBHOTO O0XKaATHA
3alUTHONW 000JI0ukK 1-ro 3Heprodioka Poctos-
ckoi ADC morepu ycuiauMii B apMaTypHBIX
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Tpyovt HUBPAD PAH. Beinyck 6

KaHaTax MpW aHKEPOBKE COCTaBWIM OT 37 10
239 touH. B cBsi3u ¢ Tem, uTO Heympyras padora
KOHCTPYKIMHM TIPM HWCHBITAaHUSAX HaOo1anach
NPy HaJIMYUM BCEX apMaTypHBIX KaHATOB, a Iie-
TBI0 TaHHOW paboThl OBUIO OOOCHOBAHHE JKC-
TIyaTalnoOHHOW O€301MacHOCTH 3aIUuTHON 000-
nouku 3-ro sHeproOioka Kammnunckoir ADC
IpU OTCYTCTBUHM OTIENBHBIX apMaTyPHBIX KaHa-
TOB (Ne 26, 62 u 96), BO3HHKIIa HEOOXOIUMOCTh
BbISICHUTH IPUYMHBI CTOJIb 3HAYUTCIbHBIX I10-
TEPb U BO3MOXHOCTh COKpAILEHHs MOTEPb YCH-
JUH B apMaTypHBIX KaHaTax [P aHKEPOBKE.

AHanmu3 TEXHOJOTMH HATSDKEHHS apMaTyPHBIX
KaHATOB TMOKa3aJ, YTO CTOJb 3HAYUTEIbHBIC
Kone0aHus B MOTEPAX YCHIWH TMpH aHKEPOBKE
apMaTypHBIX KaHaTOB OOYCIIOBJIEHBI HECOBEp-
[IEHCTBOM TEXHOJIOTMH MPOU3BOJACTBAa PadoT.
B nepron oOkarust 3ammTHON 000IOYKHA HATS-
JKEHHE KaHaTOB OCYIIECTBJIAETCS C MOMOIIBIO
TUIPaBIMYECKUX JOMKpaTtoB. B  Hacrosuiee
BpeMsl, TIOCNe TOCTHKEHHUS TpeOyeMOoro ypoBHS
JIaBJIEHUS Ha MaHOMETPE MAacllOHACOCHOM CTaH-
1M, OHA BBIKJIIOYAETCS M MPOLECC 3aaHKepHUBa-
HUS (3aKpy4YMBaHHE TaliKi B CTECHEHHBIX YCIIO-
BHUSIX) OCYILIECTBIISIETCS TIPU BBHIKJIIOYEHHON Mac-
JIOHACOCHOM cTaHimM ruapopomkpara. Iloaron-
Ka Tailku K aHKepHOW InTe W ee (pukcamus
3aHUMaeET 10 15 MUHYT. 3a 3TO BpeMsl Hen30ex-
HO OPOUCXOOAT MOTEPH HABJICHUA B T'MApPaBIIv-
YECKOH CHCTEME M, KaK CIeICTBHE, CHIKEHHE
YCWIIHS Ha JJOMKpaTe B MOMEHT KacaHUs aHKep-
HOM raiikoi OIOPHOM ITOBEPXHOCTH.

OpnHako MoTepy yCWIIMK B apMaTypHBIX KaHaTax
Npy Tepeade Harpy3kd C JOMKpara Ha aHKep
MOTYT OBITh 3HAYMTENILHO CHM)KEHBI 32 CUET He-
3HAYUTEILHOM KOPPEKTHUPOBKU TEXHOJIOTHUH, HE
TpeOyIOIIel OTIOMHUTENBHBIX MAaTePHALHBIX
3atpar. a1 3Toro HeoOXOAMMO W3MEHUTH TeX-
HOJIOTUYECKYI0 JOKYMEHTAllMI0 M BKIIOYUTh
MIOJIO’KEHUE O TOM, YTO MOCNE KAaCaHWsl aHKEPHOI
railko¥ ONOPHOW MOBEPXHOCTU CIEAYET IOBTOP-
HO BKJIFOYAaTh MacJIOHaCOCHYIO CTaHIIMIO TOMKpa-
T4 U JaBJIEHUE OBOJIUTH JI0 YPOBHS, COOTBETCT-
BYIOILIETO MepBoHadanbHoMy. [Ipu aToM mpowus-
BOJIUTH JTOKPYYMBaHHE aHKEPHOW ralKM K OIop-
HOU MoBepXHOCTU. Ecnu mocse 3Toro npy BKIIO-
YEeHWH MAacJIOHACOCHOM CTaHIMK T'HIPOJOMKpaTa
BEIMYMHA JaBJICHHUS TNPHU OTpPhIBE railku HE co-
XPaHUTCS, IPOU3BECTH €LIE OJHO JOBEACHUE N0
MIPEKHETO YPOBHSI JABJIEHUS W JOKPYYMBaHUE
aHKepHOW raiiku. OKOHYaTenbHAs QUKcAMS
ralku JIOJDKHA OCYLIECTBISTHCS MpU paboTato-
e MacJIOHACOCHOM CTaHIIMM, MOAJIEPKUBaAIO-
1IeH 3aJaHHYIO BEJIMYMHY JaBJICHUS.
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Ha TemarndeckoM COBEIIaHMU O TOTOBHOCTH K
ucneiTanvsiM ~ cuctembl  CII30  6moka Ne 3
KimuA3C (nmporoxon KnHASC ot 04.07.2003 r.)
MIPUHATO PEIICHUE BBIATh 3aJaHUC WHCTHTYTY
«OprCrpoitHUUIIpoekT» (TpaBOTIPEEMHUKY
«OpraHeprocTpos») Ha KOPPEKTHPOBKY TEXHO-
JIOTUM HATSDKEHUS apMaTypPHBIX KaHATOB IIO
pexomennanusm UBPAD PAH.

Ha cnenyromem »stane paboTbl pa3paboTaHa
HOBasl J€TalbHas KOHEYHO-3JIEMEHTHAs MOJEIb
3aIMUTHON  000JI0UKK  dHeprobdsokoB B-320
NpUMEHUTENFHO K 3-My Onoky KammHuHCKOH
ADC. PacueTHass MOJENb aJeKBaTHO OTpa)kaeT
OCHOBHBIE KOHCTPYKTHUBHBIE OCOOEHHOCTH 3a-
IIUTHOM  OOOJIOUKH: CJHOXKHYIO TE€OMETPHIO
B 30HE CONPSKEHHWA IWIMHApPA C KYMHOJIOM;
YTOJILIEHUS] B 30HaX OTBEPCTUH; CTaJIbHYIO 00-
JIMLIOBKY Ha BHYTPEHHEH IOBEPXHOCTH 000JI0Y-
KH; CTEp)KHEBYIO apMaTypy B OKPYXHOM M Me-
PUIMOHAIEHOM HaIlpaBleHUSX B BHAE Habopa
00BEMHBIX CTEP)KHEBBIX JJIEMEHTOB.

PacueTtHas Mopens 3amUTHON OOOJOYKH 3-TO
omoka Kamuamackoir ADC comepXWT 3HAYH-
TENBHO OOJIbIllee KOJMYECTBO JIMHEHHBIX 00B-
€MHBIX 3JIEMEHTOB M y370B (647674 snemeHTa,
740200 y370B) 1O CPaBHEHHIO C pACYCTHON MO-
JICJIBIO 3aIUTHON 000y104KH 1-T0 Os10Ka PocToB-
ckoit ADC (35144 snementa, 40074 y3na). 3to
AT BO3MOXHOCTh 0O0JI€€ TOYHO Y4YECTh OCO-
OEHHOCTH BO3AEWCTBUS Ha OOOJOYKY KaKIOTO
apMaTypHOTO KaHaTa, MOCKOJbKY JACHCTBYIOIIHNE
B KaHaTaX yCHWJIUS MMEIOT CYIIECTBEHHBIH paz-
Opoc, a HEeKOTOpble W3 HUX TMPOIYIIEHHL. YUeT
CTep)KHEBOW apMaTypel B BHAE OOBEMHBIX
CTEPXHEBBIX 3JIEMEHTOB (PHC. 7) MO3BOIUT 0O-
Jiee TOYHO OIUCATh HAIMPSHKEHHOE COCTOSTHHE
000JIOUKM, a TakkKe INOoay4aTh HH(OPMAIHIO
0 KOMITOHEHTaX HampsbkeHuii B apmatype. Co-
MOCTAaBIIAS ATH 3HAYCHUS C MMOKA3aHUSMH AaTUH-
KOB KOHTPOJBHO-U3MEPHUTENBHON armaparypsl,
YCTaHOBJICHHBIX B 3aIUTHBIX 00O0JIOYKAX, MOXK-
HO TIOJTyYUTh JE€TANBHYIO0 KapTHHY paboThl 000-
JIOYKH M TIPOBOJUTH OIIEHKY €€ paboTocroco0-
HOCTH Ha KQYECTBCHHO HOBOM YPOBHE.

Kpome Toro, paszpaboraH airoput™ 3allaHHs
HEpaBHOMEPHO paclpele/ieHHOW Harpy3ku Ha
000JI0YKY OT JeHCTBUS KAaHATHOW CHCTEMBI
NpEHANPSIKEHUST C y4eToM paszdpoca ycuimi
B K&KJIOM M3 KaHATOB, [TOTEPb YCHUJIMHI B KaHaTe
u3-3a JEMCTBUS CWJI TPEHHS MEXAYy KaHaTOM U
KaHalooOpa3oBaTeneM, pelakcallui HampsKe-
HUI B TIPOBOJIOKaX KaHaTa, TPACCUPOBKH U Te€0-
METPHH KaHATOB, MOJ3y4YecTH OeToHA.
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Ha Tperbem 3Tame pabOTHI BBIOJIHEH aHAIU3 BO3/ICHCTBUY aBapUHWHBIX HATPY30K JJI COCTOS-
HaMpsHKEHHO-1e(OPMUPOBAHHOTO  COCTOSTHHS HUSI KOHCTPYKIMH, KOTJa B HEWl OTCYTCTBYIOT
3aIUTHON 000J0uku 3-T0 3Heprodmoka Kamu- apMmatypHbie KaHaTel Ne 26, 62, 74 u 96.

HUHCKOW ADC B mnepuon npeaHanpsKeHus,
MPOBENEHHs MPEAIYCKOBBIX MCIBITAHUM U NpU

g -2.2a A
-2.51 285

-2.51 -209

-2.61 118

-2.58 -1i0

NN -2.67 NT 131
-2.13 184

276 -150

=275 111
§ 272 -156
2173 147

-2.13 -13s5

-2.67 -1

-2.61 Rk

§ -2.56 462
-2.64 4&0

Puc. 9. Dnopbl MepUANOHATBHBIX U KOJbLEBbIX yerinii (MN/m) B BepTHKAIbHOM CEYEHHH 3aLIUTHONW 000I0YKHY MpU
BO3IEHCTBHUHU HCIIBITATENBHON HArpy3KH, cedyenue 135,1 rpax

E -202 243
323 =04
a2 =207
126 4136

g -283 LT

L] =285 NT -ana
-102 233
-30% 2.4t
-102 2.1
-300 -1ar
201 -128
-303 203
244 270
224 -4 TE
-270 £ 0&
-2.44 1211

Puc. 10. Dnropsl MepUIMOHATIBHBIX U KOJIBIEBbIX ycuinuidi (MN/m) B BepTHKATBHOM C€4eHHU 000I0UKU
B HayaJIbHBIII MOMEHT aBapui, cedenue 135,1 rpan
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Mexanuxa npeonanpscennvlx 3auumnsix obonovex A2C

Tpyovt HUBPAD PAH. Beinyck 6

Tak ke, Kak ¥ B TEPBOM Ciy4ae, Harpy3ka oOT
NpeIBAPUTENBEHOTO HAMpsKeHHs GopMupoBanach
B /Ba dTana. [lepBoHavyajabpHO B KaHAaTax 3a/iaBa-
JIMCh YCHJIMS, NEHCTBYIOIIME HA TSHKHOM KOHIIE
apMaTypHOro KaHata (Ha JOMKpare), KOTOpBIe
npuHIMaIch paBHeiME 1000 T, a 3aTeM yUUTHI-
BaJIOCh CHWKEHUE YCWINH TI0 JJIMHE apMaTyPHbIX
KaHATOB M3-3a JICHCTBUS CHJI TPEHHS UX O CTEHKH
KaHajgooOpa3oBareneil  (KodhQUIMEHT TpeHUS
npuHUMaics paBHeIM L = 0,09).

Ha BropoM 3Tamne yuuThIBaJKCh MOTEPH yCHUINN
B KaHaTax Ha aHKepoOBKY. IIpu 3TOM Ha TSKHBIX
KOHI[aX apMaTypHBIX KaHATOB C YCTaHOBJIEHHBI-
Mu gataukamu cuiibl HB0O0S ycunus 3agaBanuch
B COOTBETCTBUHU C JAHHBIMU M3MEPEHHUH, MOIy-
yeHHBIX Ha 29 ceHts6ps 2003 r. B apmatypHBIX
KaHaTax, KOTOpble He 0oOecredyeHbl AaTYMKaMu
cwisl HB0OS, mpyuHUManuch cpenHue 3HA4eHUs
YCHJIMH, MOJy4YEHHBIE MO PE3yJbTaTaM yIoMsi-
HYTBIX U3MEPEHUH, KOTopble cocTaBuin 837 T B
mmHApe 00004kH U 831 T B Kymore.

XapakTep pacopefieNieHus] YCWINH Mo JUJIMHE
apMaTypHOTO KaHaTta, MPUHATHIN MpU 3arpyxe-
HUM KOHCTPYKLUHMM Harpy3kamu OT MpeIBapH-
TENBHOTO HAINPSHKEHUs, IPEACTaBJIeH Ha puc. 8.

Puc. 11. HanpsikeHHOE COCTOSIHUE B BEPXHEH 4acTu
3aIIUTHON 00OJOYKH OT BO3AEHCTBHS CHBITaTEIbHOM
Harpy3kd Ipu OTCYTCTBMM HayaJlbHOI'O IpajiieHTa
TeMnepaTypsl

Pe3ynpTaThl BBINONHEHHBIX PacyeTOB MOATBEP-
I paboTOCTIOCOOHOCTD 3aIUTHONH 00O0JIOYKH
IIpA OTCYTCTBUM YKa3aHHBIX apMaTypHBIX KaHa-
TOB, KaK MPU UCHBITAHUAX, TaK U MPU BO3IECHCT-
BUM aBapUIHOW Harpys3ku Ha coopyxkenue. [lo-
JyYUB TOJOKUTENbHBIA Pe3yabTaT IS 3alluT-
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HO# 000JI09KH, B KOTOPOU OTCYTCTBYIOT YETHIPE
apMaTypHBIX KaHaTa, MOXHO TOBOPHUTH O EIIIe
OoJplIell HAIE)KHOCTH KOHCTPYKIIMHM B CiIydae
BOCCTAHOBJICHHUS BCEX apMaTypPHBIX KaHATOB.

Puc. 12. HaripsbkeHHOE COCTOSTHHE B BEPXHEW 4acTh
3aIUTHONH 000JIOYKHU OT BO3JEHCTBUS UCIIBITATENBHOI
Harpy3KH C y4eTOM IpaJieHTa TeMIIepaTypsl

B kadecTBe KpuTEpHsA OIEHKH SKCILTyaTallMOH-
HOM 0€30IMacHOCTH 3aluTHON obOomoukun ADC,
COIJIacHO peKoMeHaalusM ['eHepaabHOro MpoeK-
TUPOBIIKKA 3aUTHBIX 000mouek PI'YII «ATtom-
SHEProNnpoeKT», MPUHATO, YTO YCUIHS B JIOOOM
XKeJe300€TOHHOM CeYeHUH 000JI0UKU HE AOJKHBI
OBbITh PACTATMBAIOIIMMU. Pe3ysbTaThl pacyeros,
npuBeneHHbIe HAa puc. 9 1 10, MOKa3pIBAIOT, YTO
[IPU UCHBITAHUSX U NIPU BO3ACUCTBUU aBapUIHON
Harpy3KH Hecyllas ClioCOOHOCTh 3allUTHON 000-
JIOYKHM  yJoBjieTBopseT npuHiIThiM  DPI'YII
«ATOM3IHEPTONPOEKT» KPUTEPHSIM.

[IpuauMas BO BHHMaHHE TO OOCTOSTEILCTBO,
YTO Ha HaMNpsSKCHHO-Ie(HOPMUPOBAHHOE CO-
CTOSIHUE OOOJIOYKH CYIIECTBEHHOE BIHSHHC
OKa3bIBAa€T TEMIIEPATYPHBIM I'PaUeHT B CTEHKE
000JIOYKH, BO3HHUKAIONIMH H3-3a 3HAYNTEILHON
pa3HOCTH TeMmImepaTyp MEXAYy HapyXHOH U
BHYTPEHHEH MOBEPXHOCTSIMHU CTEHKH COOpPYKe-
HUSI, JIOTIOJTHUTEIBHO PAcCMOTPEHO HaNpSKEH-
HO€ COCTOSHUE 3aIUTHOW O0OOJIOUKH C y4eTOM
TPEIMHOOOpa30BaHUsI B Kele300€TOHE H3-3a
TeMIEPATyPHBIX HAMPSKEHUMN.

PesynbraThl pacueToB TOKa3amM, 4TO B CiIydae
HCIIBITAHUS 3aI[UTHOM O0O0JIOYKM B 3MMHHMH Iie-
PHO, XapakTep TPEUMHOOOpa30BaHUs B OETOHE
XOTS W HE SBIAETCS KPUTHYECKUM (CKBO3HBIC
TPEIIMHBl OTCYTCTBYIOT), HO BO3HHKAIOT JOCTa-
TOYHO MPOTSKEHHBIC 30HBI TPEIIUHOOOPA30BAHUS
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KaKk B KOJIBLIEBOM, TaK M B MEPHUAMOHAIBHOM
HampaBneHusx (Ha puc. 11 u 12 crmon OetoHa ¢
TpelHaMH N300pakeHbl TEMHBIM [[BETOM ).

[TosToMy, mpu HEOOXOIUMOCTH TPOBEACHUS
WUCIBITAHUI 3alUTHOM OOOJIOYKM B 3UMHHUI
MEePHO, PEKOMEHIOBAHO JIFOOBIMH JOCTYITHBIMH

Bbi800bI

1. Pe3ynbTaThl pacdeToB HaIpsHKEHHO-
1e(OpPMUPOBAHHOTO COCTOSIHMS 3allUTHOH 000-
nouku 1-ro sHepro6noka PocroBckoit ADC mo-
CJIC€ UX COINOCTaBJICHUA C OaHHBIMH HaTyPHbBIX
U3MEpEeHHH MOKa3aly, 4TO MpHUMEHseMas MEeTo-
KA PacyeToB JOCTATOYHO XOPOIIO OTpa)kaeT
JNEeUCTBUTEIBHOE COCTOSIHME 3alMTHON 000J104Y-
KA ¥ MOET OBITh MCHOJBb30BaHa JJIsl pacyueToB,
BBITIOJHAEMBIX C LIETbI0 MPOrHO3WPOBAHUSA IO-
BEIICHUS aHAJIOTMYHON IO CBOMM KOHCTPYKTHB-
HBIM TapaMeTpaM 3allUTHONH 000J04Yku 3-To
sHeprobioka Kanunaunckoit ADC.

2. AHanM3 TEXHOJOTUU HATSHKEHUSI apMaTypHBIX
KaHaToB Ha 3-M »3HeproOnoke KamunuHckoi
ADC nokazan, 4TO MOTEPU YCWIMH B HUX MPH
3aaHKepUBAaHUHM MOTYT OBITh 3HAYUTEIHHO CHH-
JKEHBI 32 CYET HE3HAYMTEIbHONU KOPPEKTUPOBKU
TEXHOJIOTUM BBITIOJNIHEHUS paboT, mocie dYero,
0e3 yBenMuYeHHUs YCWIHS Ha JOMKpaTe BHIIIe
ycTtaHoBieHHoro Ha cerofgHs (1000 1) Ha TsX-
HOM KOHLIE KaHaTa IOCJIe €ro 3aaHKEPHBAHUS
MOTYT OBITh TIOJTy9I€HBI YCHITUS, paBHBIE 850 T.

3. BrinonHeHHbIE pacyeTsl HaIpsKEHHO-
nehOpMUPOBAHHOTO COCTOSIHHS 3aIIUTHON 000-

Jlumepamypa

CpeICcTBaMH MAaKCUMAaJIbHO BO3MOKHO MOHU3UTH
pa3HOCTh TeMIepaTyp BHYTPH M CHapyXH 3a-
IIUTHON 00OJIOUKH HE MEHEe, UeM 3a 5 CYTOK [0
HayaJla MPOBEACHUS UCIBITAHUNA, U TOIACPKU-
BaTh 3TH YCJIOBHS B MPOIECCE NCTIBITAHMM.

nouku 3-ro dHeproOmoka Kammauackoit ADC
MO3BOJISIIOT MOATBEPAUTE  OKCIUTYaTalIHOHHYIO
MIPUTOJTHOCTh COOPYKEHUS Jake MpU OTCYTCT-
BUW apMaTypHbIX KaHaTtoB Ne 26, 62, 74 u 96
KaK MpH NPOBENACHUW HCHBITAHWNA, TaK U TIpHU
BO3/ICIICTBUM aBapUHHBIX HArpy30K.

4. O4eBHIHO, YTO B CiIy4ae BOCCTAHOBJICHHS
BCE€X apMaTypHBIX KaHAaTOB B COOPYXEHUM Ha-
MPSDKEHHOE COCTOSTHUE KOHCTPYKIMU YITYYIITUT-
Cs1, IO3TOMY IPOBEICHUE TAKUX PaCUueTOB COUYIN
HeIeIeco00pasHbIM.

5. [lonoyiHUTENbHBIE  pacueThl  HAIMPSAKEHHO-
ne(OpPMHUPOBAHHOTO COCTOSIHMS 3al[UTHOW 000-
JIOYKU C YYETOM TPEIIMHOOOpPa30BaHUS B JKeJe-
300€eTOHe, POBEIEHHBIE C LENBI0 OTNpeNeIeHUS
BO3MOYKHOCTH HCIBITAHUHM 3aI[UTHOH 000JI0YKHU
B 3UMHUN NEPUOJ, TOKA3alIK, YTO U3-3a MOsBIE-
HUS TPEUINH B O€TOHE, 0OYCIIOBICHHBIX TEMIIe-
paTypHBIMH  HaNpPsSOHKEHUSIMH, IeJecoo0pa3Ho
MaKCHUMaJIbHO BO3MOKHO CHHU3HUTh Pa3HOCTb
TEMIEePaTyp, OXJIAXKAsk Cpey BHYTPH 000IOUKH
HE MEHEee YeM 3a 5 CyTOK JI0 Hayaljla UCIIbITaHUuM
Y TIOJIEP KUBATh 3a/laHHbIE YCIOBHS B Ipoliecce
UX MPOBEACHMUS.

1. Kucenes Anexcanodp C., Kucenes Anexceii C., Kowmanog E.A., Meoseoes B.H., Yivsanos A.H. TloBbllieHue
OKCITyaTallMOHHBIX KadecTB 3aMTHBIX obosoyek ADC. Ilpenpunr NSI-22-94. — M.: UBPAD PAH,

1994. — 19 c.

2. Vavanoe A.H., Meosedes B.H. DxcriepuMeHTalIbHOE oOMpejeieHrue Kod(dHIueHTa TPeHHs apMaTypHBIX
KaHTOB O CTEHKH KaHajlooOpa3oBaTesiell B 3aMTHBIX 000104kax ADC // DHepreTHuecKoe CTPOUTENBCTBO.

1994. — Ne 12. — C. 70-73.

3. PexoMeHnnmaunu mo ydeTy mona3ydecTH U ycaJku O€TOHA Mpu pacyeTe OETOHHBIX M XKeIe300€TOHHBIX KOHCT-
pyxuuii / HUWXB Tocctpost CCCP. M.: Crpoiinznat, 1988. — 120 c.
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AHanus npeaenbHON MPOYHOCTU 3ALMUTHOMN OOONOUKHM
3Hepro6noka BBIP-1000

B. H. Meoseoes, A. H. Ynvanos, Anexcandp C. Kucenes, Anexceii C. Kucenee (MBPAD PAH)
A. A. Jlonanuyk, C. C. Hegheoos (Konyepn « Poconepeoamomy)

1. BeedeHue

Jlns aHanM3a COOTBETCTBHUS 3AlMTHBIX 000JO-
gek (30) ADC ¢ peaktropom BBDP-1000 Tpebo-
BaHWSIM HOPMaTHBHBIX JOKYMEHTOB 10 Oe3omac-
HOCTH M ONpenesieHusl pe3epBa Oe30MacHOCTH
BBITIOJTHEHBI pacyeThl, TO3BOJISIONINE OTpelie-
JIUTh CXEMBbI Pa3pyILICHUS 3aALUTHON 00O0JOYKH
Opy  BO3IEWCTBUM 3alPOEKTHOTO ABAPUHHOIO
JIABJICHUS] Y BBISIBUTH MPOLIECC HAKOIUICHUS TIO-
BPEKACHUI B KOHCTPYKLUMOHHBIX Marepuaiax
10 Mepe Pa3BUTHS MPEAETHHOTO COCTOSHHUS 000-
JIOYKW: 0Opa3oBaHUE TPEIIMH B OETOHE, Pa3BU-
THE IUIACTUYECKUX JedopMaiii B apmarype,
o0OpazoBaHKe pa3pbIBOB B OOJIMIIOBKE U COpOC
BHYTPEHHETO IaBJICHHUS B TEPMETHYHOM 00BEME.

AHanu3 npeneabHOM MPOYHOCTH 3alUTHOU
000JIOUKH BBITIONHSICS Ha OCHOBE MOAPOOHON

2. Memoduka aHanu3sa

AHanu3 BBIMOJHSUICS C UCIOJIb30BaHUEM TPO-
rpammHoro kommekca «CONT», ocHOBaHHO-
ro Ha Meroze cynepanemenTos [1]. Mcmons3o-
BaHHAasl BEPCHsl KOMILIEKCAa MO3BOJISET MPOBO-
UTh pacueThl TapaJIeNIbHO Ha HECKOIBKUX
KOMIIBIOTEPaX, OOBEIUHEHHBIX JIOKAJBHOU
BBIYMCIIUTENIBLHOMN CETHIO.

s BEIMOTHEHMsT aHanm3a Oblaa paspaboTaHa
noapoOHas Maremaruueckas monens 30 (mo-
psinka MWUIMOHA cTeneHeidl cBobOonel). Ha
puc. 1 mpuBeneHa pacdeTHas Mouenb 1/4 gac-
TH 3aIIUTHOW 00omouku. Mopaens chopmupo-
BaHa C TIOMOLIbIO TPEXMEPHBIX JJIEMEHTOB,
OMHCHIBAIOIINX KaKk OETOHHBIM KOHTHHYYM,
TaK M PACIOJIOKEHHYI0 B HEM CTEP)KHEBYIO
apMaTypy. Y4€T apMaTypbl MO3BOJAET Oonee

122

MaTeMaTU4eCKONH MOJIENH 3alUTHON 000I0YKH
sHeprobnoka Ne 3 Kamununckoit ADC, yuu-
THIBAOLIEH TOYHYIO TPACCUPOBKY apMaTypHBIX
KaHaTOB, T€OMETPUYECKHE XapaKTepPUCTUKU
000JI0UKH, HallMuhe KPYIHBIX TEXHOJOrHYe-
CKHX OTBEPCTHi, YCUJICHHUS 30HBI 3TUX OTBEP-
CTUH, T€pMETU3UPYIOLIYI0 OOJIULIOBKY U apMU-
poBaHuE OO0OJIOYKH. YUYHUTHIBAIIOCH B3aWMO-
neiicTBue OOOJOYKM C KaHaTaMU CHUCTEMBI
NpeIHANpPSKeHNs, BKIoYasi ydyéT MoTepb Ha-
TSKEHUs] KaHATOB, CBSI3aHHBIX C TPEHHEM O
CTEHKH KaHajooOpa3zoBareiss W 0OyCIOBIEH-
HBIX Nlepenavyell Harpy3K C JAOMKpaTa Ha aH-
Kep, a TakKe y4ET caMOHAIPsHKEHUsT apMaTyp-
HBIX KaHaTOB MpPH MOBBIIICHUH BHYTPEHHETO
JaBJICHUS.

TOYHO BBIINOJHATH pacdye€T IPOLECCOB II0JI3Y-
yecTu OETOHa U OnpeacIATL NPEACIbHBIC CO-
CTOSIHMSL 3alUTHOM 000JI0UKH C YUCTOM ILj1a-
CTHYHOCTH CTaJIBHBIX 3JICMCHTOB.

Ha pwuc.2 npuBenena TpexMepHas cucTeMa
CTEPKHEBOM  apMaTyphl,  pacloj0KeHHOU
BHYTPU CTEHKH 3aIIUTHOW 00OJIOYKH BOJIM3U
€€ BHYTPEHHEH W HapyKHOW IOBEPXHOCTH.
[Tar MepuaMOHANBHOW U KOJBLUEBOM apMary-
pBl B MOZIEIM 33/1aH B /iBa pa3a OOJIbLIMM, YEM
B peaJbHOW KOHCTPYKUUH, JUId CHUXKEHHUS
qucia crerneHeil ceobonpl moxenu. Ilmomans
MONIEPEYHOr0 CEUEHUs apMaTyPHBIX CTEpKHEN
B MOJENHU MPOMOPLUOHATBHO YBEJIWYEHA IS
MOJTy4Y€HHUs] IKBUBAJIEHTHOTO CYMMAapHOTo KO-
JIMYECTBA apMaTyphl B CTEHKE 000I0UKH.



Ananuz npedenvHol npoYHOCmU 3auumHol 000104KY dHep2obroka BBOP-1000
B. H. Meoseoes, A. H. Vnvsinos, Anexcandp C. Kucenes, Anexceti C. Kucenes, A. A. Jlonanuyk, C. C. Hegpedos

Puc. 1. PacuetHast Mozienb 1/4 4acTu 3alIMTHOMH 000I0YKH C H300paKEHHEM YaCTH KOHCTPYKIMH, BKIIOYAIOIIeH Be
KPYITHBIE TEXHOJIOTUYECKUE MTPOXOJIKU TUaMeTpoM 3 M U 4 M (B CHApY>KH 00OJIOUKH)

Puc. 2. TpexmepHast ccTeMa CTEPXKHEBOH apMaTyphl BHYTPH CTEHKH 3aIIUTHON 000I0UKH
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PacueTHbli aHanu3 mpenenbHOM MNPOYHOCTH
3aIIUTHON 000JI0YKH MPH BO3JACHCTBUU 3aIpo-
€KTHOW Harpy3Kd MPOBOAMJICS B JBa dTama. Ha
MEPBOM dTare OINpeAesUINCh HAIPSKEHHO-
nedhopmupoBannoe cocrosuue (HIAC) 3amuT-
HOW O00OJIOYKW W BEJIMYUHBI YCHIUH B apma-
TYpHBIX KaHaTaX B KOHIIE MPOEKTHOTO CPOKa
CIYOBI KOHCTPYKIMH. 30 HaxXOIWUTCSA IO
BO3JICHCTBUEM HArpy30K OT CHCTEMbI MpeHa-
MpsDKEHUs,, COOCTBEHHOTO Beca W HEpPaBHO-
MEPHOTO TEMIIEpaTypPHOTO IIOJIs, BO3HUKAIO-
IEr0 M3-3a pPa3HULBI TEMIEPaTyp BHYTPH
(+40°C) u cHapyxu o6osouku (—30°C — B
3umHee Bpems U +20°C — B seTHee BpeMms).
[Tocne oOaTtwst 000JIOYKM B HadalbHBIN Te-
pUOIl DKCIUTyaTallud B OCETOHE, CTEP:KHEBOM
apMarype U B METAIUTMYECKOW OOJIUIIOBKE BO3-
HUKAIOT CKUMAIOIINE HATPSKEHMS, a B apMa-
TYPHBIX KaHaTaX CHUCTEMBI MpeIHANPSKEHUS
— pacTsruBarolie HanpsbkeHus. B mporecce
IKCILTyaTallMd MPOUCXOANUT CHIDKEHHE YPOBHS
HanpsOKEeHU B OETOHE W POCT CHKUMAIOLIUX
HaTPSOKCHUH B CTEP)KHEBOW apMaType U Me-
TaJUTUYECKON OOJHUIIOBKE 3a cUeT AeopMaruii
MOJI3y4ecTH OETOHA W peraKcaluyd HarmpsKe-
HHUM B KaHaTaX CUCTEMBI MpEaAHAIIPAKCHUSA.

Ha puc. 3 mpencraBieHsl pacyeTHbIE 3aBUCH-
MOCTH OKPYXXKHOW W MEPUIANOHAIBLHOW KOMIIO-
HEHTHI HAIPSHKEHUH B OETOHE OT HOMepa miara
pacuera c y4eToM IMOoJI3y4ecTH OeTOHa.

[TomydyeHHOE Ha TIEpPBOM JTale aHajaM3a pac-
npefeneHre HanpsHkeHud U aedopmaunuii Ha
KOHELl CPOKa 3KCIUTyaTalu OOOJNOUYKU C yde-
TOM TPEABAPUTENHHOTO HANpsDKEHHs (mpu
MPOTHO3UPYEMBIX YCHUIHAX B apMaTypHBIX
KaHaTaX, JCMCTBYIONIMX Ha MEPUO]] OKOHYAHUS
MIPOEKTHOTO CPOKa CITYKOBI 000JIOYKH), COOCT-
BEHHOTO0 Beca KOHCTPYKLMH W BO3IEHCTBUSA
9KCIUTyaTallMOHHON TeMIIEpaTypbl HCIOJb30-
BaJOCh B KaUeCTBE MCXOIHOTO COCTOSHUS IJIs
OTICHKHU TIpenenbHON TpodHocTd 30 TpH BO3-
JIECTBUM BO3PACTAIOLIET0 BHYTPEHHETO OaB-
nenus. Harpyska OT BHYTpEHHEro AaBiICHUS
YBEJIMYMBANACH TI0 IIIaraM [0 aBapuiHOTO [aB-
JICHUA U Jajec BIUIOTh A0 JOCTHUXKECHUS OOAHOTO
W3 TIpelIeNbHBIX COCTOSHUN 3aIIUTHON 0007104-
ku (Tabm. 1). B cTonbmax Ne 3 u 6 manHOM Tab-
JINLBI TIPUBENECHBI BEJIMYMHBI, XapaKTepU3YHO-
1K€ OTHOILLIEHUE ABICHUS B 000IOYKE Ha Kax-
JIOM IIIare pacyera K MPOEKTHOMY aBapHHHOMY
nasiernto (I1A), papaomy 0,4 MIla.
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Puc. 3. I'padukn n3MeHEHNS] MEPHUNOHAIBHEIX HANPSHKEHUH B CPEIMHHOM CJIo€ OETOHA B NIMHAPHIECKON JacTH 000I0UYKH
U KyTIoJie ¢ ydetoM nomsydectd (mar Ne 1| — HavaneHOe o0kaTue, mocienHuii mar — depes 30 J1eT sKCIuTyaTarun)
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Tabauya 1. Ularu no Harpyske, NPUKJIAAbIBAEMbIE K 3aIIMTHON 000JI0UKe
MIPH ONPEAEICHUH MTPENENBHON MPOYHOCTH

Ne miara P, [MIIa] IIpum. Ne miara P, [MIlIa] IIpum.
1 0,0000 [IpennanpspkeHue 19 0,9500 2,375 TIA
2 0,0000 OKCIIL. Harpys3Ka 20 1,0000 2,500 ITA
3 0,2000 0,500 TTA 21 1,0500 2,625 TTA
4 0,4000 1,000 ITA 22 1,1000 2,750 TTA
5 0,4500 1,125 TTA 23 1,1500 2,875 T1A
6 0,5000 1,250 ITA 24 1,2000 3,000 TTA
7 0,5500 1,375 TTA 25 1,2500 3,125 T1IA
8 0,6000 1,500 ITA 26 1,3000 3,250 TTA
9 0,6300 1,575 TTA 27 1,3500 3,375 1A
10 0,6600 1,650 ITA 28 1,4000 3,500 TTA
11 0,6900 1,725 TTA 29 1,4500 3,625 TT1A
12 0,7200 1,800 ITA 30 1,5000 3,750 TTA
13 0,7500 1,875 ITA 31 1,5500 3,875 I1IA
14 0,7800 1,950 ITA 32 1,6000 4,000 ITA
15 0,8100 2,025 TTA 33 1,6500 4,125 TTIA
16 0,8400 2,100 ITA 34 1,7000 4,250 TTA
17 0,8700 2,175 1A 35 1,7500 4,375 1A
18 0,9000 2,250 ITA 36 1,8000 4,500 ITA

[Ipy Ha3HAaYeHWHM KPUTEPHEB MpPEIENTbHBIX
COCTOSIHMH 3alTUTHOW 00O0JIOYKH YUUTHIBAIUCH
pe3yabTaThl AKCIEPUMEHTOB Ha MOJIENSAX 3a-
HIUTHBIX 000JI0YEK, B TOM YUCIIC TIPOBEAEHHBIX
B naboparopusix Poccuu [2] u CIHA (1abopa-
topus Sandia) [3—6].

B xadecTBe KpuTEpHUs MPOYHOCTH OETOHA TPHU
CKATUM TPUHUMAJIOCh JOCTIKEHUE HaIpshKe-
HUSIMH B OE€TOHE pPacYEéTHOTO COMPOTHBIICHUS

R, . B xauecTBe KpuTepus 00Opa3oBaHHUs Tpe-

muH B O€TOHE NPUHUMAJIOCH IOCTH)KCHHE
HaNPsHKCHUSIMA B OCTOHE COINPOTUBJICHUS O€-

TOHA pacTshkeHuio R, . B kaudectBe kpuTepus

paspylleHusi HeHamnpsraeMod apmMmaTypbl, 00-
JUIOBKY WJIM apMaTypHBIX KaHATOB MPUHUMA-
JOCh JOCTHXKEHHE TMpejiesia MPOYHOCTH TI0
HanpspKEHUSIM WK AeopManusM apMaTypHOR
cramu. Mcdepmanue Hecymeil crocoOHOCTH
000JI0YKH COOTBETCTBYET MOMEHTY OOpBIBa
apMaTypHbBIX  KaHaTOB  CHUCTEMBI  IMpen-
HanpspkeHus.  [IpenensHOe  OTHOCHUTENBHOE
YIUIMHEHWE KaHAaTOB CHCTEMBI IpeTHampsKe-
HUs cocTaBiseT 4%.

Jlns MonmenupoBaHUs pacTpecKWBaHUsS OETOHA
Ha Ka)KJIOM IlIare pelieHrs peajnu3oBaH CIelu-
aJbHBIA UTEPALMOHHBIA AJICOPUTM, 3aKIIO-
YaIOUIUICS B CIEIYIOUIEM.

[Tocne pacuera HIC Ha odepegHoM miare mo
Harpyske JJis KaKI0ro «OeTOHHOT0» KOHEYHO-
ro JJIEMEHTa MPOBEPSETCS YCIOBHE €ro pac-
TpecKUBaHUs (TPEBBIMIEHUS Mpeiena MPoYHO-
CTH) OT HAIPSDKEHUH CXKATUS WM PACTSKEHUS
B MEPHIMOHAIFHOM W OKPYKHOM HarmpaBJe-
Husx. Ecim pacTpeckuBaHMe —MPOU3OILIIO
B pe3yibTaTe PaCTSHKEHUS, TO MOJYJIb YIIPYTro-
CTH «OETOHHOTO» 3JIEMEHTa MPH PaCTHKEHUU
cocrapisier 0,001 OT HCXOMHOTO MOIYJIS
B IaHHOM HaMpaBJI€CHUHU — OKPYKHOM HIIU
MEpHIMOHATBHOM. B ciydyae mpeBbIIIeHUs
MpeJiena MPOYHOCTH Ha PACTSHKeHHE B 000HX
HalpaBJICHUAX MOIAYJIb YIPYIOCTHU J3JIEMECHTA
3a/1aeTcs OJIM3KUM K HYJIIO B 00OUX HampasJe-
HuAx. OQHAKO pacTpeCKaBLIMICS B pe3yibTare
pacTSKEHHUS dJIEMEHT paboTaeT Kak OOBIYHBIHA
«OCTOHHBIN» MPU CMEHE 3HaKa HaNpsHKCHUH,
T.e. IpU CXATUM STOro 3JeMeHTa. B ciyuae
MPEBBIIICHNS CKUMAIOUIMMH  HaNpsSKEHUAMA
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npejesia MPOYHOCTH Ha CKATUE TPOUCXOJUT
€ro pas3npo0IieHue, U MOIyINlb YIIPYTOCTH CHH-
)kaetcst 10 0,2 ot mcxomHoro 3HaueHus. llpm
9TOM, €CIIM 3JIEMEHT Pa3pyLIWICS OT CXKaThs
TO Ha PaCTsSHKCHHUE OH PaboTaTh yxKe He OyJIeT.

Ecnu xoTs OB B OZJHOM U3 3JIEMEHTOB YIIPYTHe
CBOMCTBa U3-32 PACTPECKUBAHUS U3MEHWINCH,
TO Ha TOM JK€ IIare Harpy>KeHUs BBITIOIHIETCS
CIIeyIoIas UTepalys: CHOBAa pacCUHUTHIBAETCS
MaTpulla >KECTKOCTU C YYETOM HOBBIX 3Haye-
HUI MOMYNA YNPYTrOCTH PaCTPECKaBIINXCS
3JIEMEHTOB M peIIaeTcsi CHUCTeMa KOHEYHO-
SJIEMEHTHBIX YPaBHEHUU, PaCCUUTHIBAIOTCA

3. Pe3ynbmamebl aHanu3a

Pe3ysnbrarel pacueToB MOKa3aid, YTO IMEPBBIE
TpelMHbl B O€TOHE Ha HApYKHOH MOBEPXHO-
CTH 3alIUTHOH OO0OJOYKM OOpa3yloTcs elre
B OKCIUTyaTallMOHHOM COCTOSIHUM KOHCTPYK-
uuu. TpemnHooOpa3oBaHKue MPU ITOM CBSI3aHO
C BIMSHUEM IMIPEIBAPUTEIBHOIO HANpPSHKEHUS
KOHCTPYKLIMM B 30HE COMNPSDKEHUS LHAJIUMHApA
C OCHOBaHHMEM UM TeMIIepaTypHbIM IpaJueHTOM
B MECTe BbIX0Ja 000J0YKH U3 00CTPOHKH. DTH
TPEIUHBl UMEIOT Majylo TIyOUHY MPOHUKHO-
BEHHUS U HE CKa3bIBAIOTCA Ha XapakTepe Jaib-
Helimed paboThl COOPYKECHUS.

[Tocne yerBepTOro mara pacdera, MpU KOTO-
POM BHYTpPEHHEE JIaBIICHUE PAaBHO aBapUIHOMY
(P =0,4 MIla), 3ammuTHass 000JI0YKa HE HUMEET
CKBO3HBIX TpemwH. OJIHAKO Ha HapYyXHOU IO0-
BEPXHOCTH B BEPXHEHW YacTH IWJIMHIpPA H3-3a
3HAYUTENEHOTO TPaJMeHTa TeMIepaTypsl IIO0
TOJIIIMHE CTEHKHU MPHU SKCIUTyaTalluy B 3UMHUAN
nepuoa B OETOHE BO3HUKAIOT MEPUIMOHANb-
HBIE ¥ OKPYXHbBIE TPEIIWHBI TITyOWHOW OKOJIO
150 Mm.

NanbHeliliee yBeTUUEHUE BHYTPEHHETO JaB-
JIeHHsI TIPUBOJIUT K TOMY, YTO TPEUIMHBI MPO-
pacTaroT Ha OOJIBILIYI0 TIYyOHMHY CTEHKH 000-
JIOYKH ¥ PACTPOCTPAHSAIOTCS Ha OOJbIIEH MMo-
BEPXHOCTH IIMJIMHIIPA.

[lepBBIie CKBO3HBIE TPEUIUHBI B CTEHKE 3aIlUT-
HOM 000JIOUKH TTOSBIIAIOTCSA Ha 12 1mare pacde-
Ta (puc. 4), KOrJa NaBleHHUE JTOCTUTAET BEIU-
yuHel 0,72 MIla, yto B 1,8 pa3a mpeBbliaet
MPOEKTHOE aBapuiiHOe MaaBjieHue. Pactpec-
KaBIIMECs OCTOHHBIE 3JIEMEHTHI Ha puc. 4 yc-
JIOBHO VYJAaJCHBI, YTO HATJIATHO TO3BOJISICT
CYyIIUTh O MecTe 00pa30BaHHS CKBO3HBIX Tpe-
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3HAUCHUS HANPSDKEHUH B LIEHTPE DJIEMEHTOB.
Ecau Ha ouepenHOM UTepanuu CBOICTBA HU B
OJHOM M3 DJIEMEHTOB HE HM3MEHSJIHCh, TO IIe-
peXoIAT K cleAyromeMy mary pacuera. [Ipu-
MEHEHHE CYINEPANIEMEHTHOr0 MOoAXoJa K pea-
JIM3allid ONUCAHHOW WTEPalMOHHOMN MpOIEeay-
pbl  J@eT CYIIECTBEHHBIE BBIYUCIUTEIILHBIC
MPEUMYIIIECTBA B CIydae JIOKaJIbHOTO pacTpec-
KuBaHug OeToHa, T.K. HET HEOOXOIUMOCTH
TIePECOCTABIICHNS TIOJTHOW MAaTpPHIIBI KECTKO-
CTH MOJETH O0OJOYKH — TIePEeCTPanuBaOTCs
TOJIEKO MaTpPHUIIBI TEX CYMEPIIIEMEHTOB B KOTO-
PBIX coepKaTCs pacTPECKABITHECS JIEMEHTEHI.

OIMH ¥ TPOTSDKEHHOCTH 30H OOOJIOYKM CO
CKBO3HBIMU TpelIMHaAMU. B janbHeiieM Tpe-
mKUHOOOpa3oBaHWe B CTEHKE 3alUTHOW 000-
JIOYKH aKTHBHO Pa3BUBAETCS, YTO MPUBOIHUT K
00pa30BaHMIO CKBO3HBIX TPELIMH B 30HE CO-
MPsKECHUA HUJIMHAPA C OIIOPHBIM KOJIBIIOM Ha
18 mare pacuera npu aasienun 0,9 Mlla, B
2,25 pa3a npeBbILIAKOLIEM JABICHUE IPU OPO-
eKTHOIl aBapuu, U B 30HE CONPSDKEHUs LIUIMH-
Jpa ¢ ocHOBaHMEM Ha 19 miare pacdera npu
nasienuun 0,95 MIla (2,375 T1A).

[opsimox HacTymieHHsl MIACTHUECKUX Aedop-
MalMid B 3MEMEHTaX CeYeHMs 3aILMTHON 000-
JIOUKH CIIEAYIOUINN: NEPBOHAYAIBHO, IIPH AAB-
neann 1,05 MIla (2, 625 [1A), HaumHaercs
Npolecc IIAaCTUYECKOro  IeGopMUpOBaHUS
apMaTypHOTO KaHaTa M JIOKAIBbHBIX 30H CTaJlb-
HOUM o0nuioBKku. IIpu BHyTpeHHEM naBiIeHHU
1,1 MIla, Texy4decTb OOJMIOBKHA pacmpocTpa-
HSETCS TPAaKTUYECKM Ha BCIO TOBEPXHOCTH
LUAJIMHAPAa M KYyIOJAa 33 HUCKIIOYEHUEM 30H
CONPSDKEHUs] LIWIMHIPA C KYIIOJIOM U OCHOBA-
HueM. [lnactuueckue nedopmanmu B CTepxk-
HEBOU OKPYXKHOM apMmaType MOSABJISIIOTCS Tak-
ke npu gasiaeHuun 1,1 Mlla, uto mpeBbImmaer
MIPOEKTHOE aBapuifHOE JaBleHue B 2,75 pa3a.

Ha puc. 5 npuBenensl maMeHeHus: nedopma-
LU B apMaTypHBIX KaHaTax CHUCTEMBI ITpegHa-
NpPsOKEHUST 110 MEpe pocTa BHYTPEHHEIo AaB-
JIEHUSL.

BenuurHa BHYTpEHHETO HABJIEHUS, IIPU KOTO-
poil apMaTypHble KaHaThl AOCTHralOT TIpe-
nenvHOW — nedopmauuun  (4%), paBHseTCA
1,6 MIla, uto B 4 pa3a mnpeBbllIAET JaBJICHHUE
IIPYU NIPOEKTHOW aBapuu.
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Puc. 4. Obnactu GeToHa ¢ TpelIMHAMY B HIWIMHAPHYECKOH YacTH 3alIUTHON 000I0YKY MOCIe ABEHAAATOro I1ara pacuera,
P =0,72 MITa (1,8 TTIA)
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Puc. 5. 3menenue nedopmanuii B KaHaTaX CUCTEMbI IPEIHANPSHKCHUS B 3aBUCHMOCTH OT BEJTHYMHBI
BHYTPEHHETO JaBICHHS
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4. ConocmaesieHue pacdyemmHbiIX U dKCriepumMeHmalJibHbIX OaHHbIX

[Mony4yeHHble pe3ynbTaThl pacyera CpaBHUBA-
JUCh C pPe3yJbTaTaMH MCIBITAHUSA MOJICIIN
MPEIHANPSKCHHON 3aIlUTHOW OOOJIOUKH B
Macmtabe 1/4, mpoBeneHHbIME B Harmonams-
Hoii 1abopaTtopun Sandia (CILIA).

HcneiTanuss Moaeny BEITIONHSINCH B JIBA OTa-
na. Ha nmepeoM sramne B okts10pe 2000 r. ompe-
nenanock mnpenenbHoe coctosHue (LST —
Limit state test) ¢ HCITONB30BAaHUEM a30Ta IS
CO37aHUsl HArpy3KW OT BHYTPEHHETO JaBJie-
Hus. [locne AOCTHXXKEHUS BEJTUYMHBI BHYTPEH-
Hero pasnenust 1,295 Mlla, npeBblaroiiero
MMPOEKTHOE aBapwWifHOE JaBJIEHHE, paBHOE
0,39 MIla, B 3,3 pa3a, UCIIbITaHUS OBLIM MPH-
OCTaHOBJICHBI W3-3a pa3repMEeTH3aIli KOHCT-
PYKIINH, BBI3BAHHOW OOpa3oBaHUEM TPEIIVH B
METaIJTINYECKOM OOIUIIOBKE.

Pesynbratel LST mokasanm, 4To OTKa3 MPOH30-
Ien u3-3a paspyuieHust OONUIIOBKHY, 33/I0JT0 JI0
OTKaza [MpeaHarpsraeMoil apmarypel [3—06].
[lepBble TpelwHbl B OOIUIIOBKE MOSBUINCH IPU
nmapmennn 1,1 MIla (2,8 ITA), mocne dero pas-
Mep U KOJIMYECTBO TPEIMH OBICTPO yBEIMYHBA-
uck. OcMOTp OOJMIIOBKM TOKa3aj, YTO BCE
TPEIIHBI OBUTH B BEPTHUKAJIBHBIX CBAPHBIX IIBAX
B 30HE JIFOKa 000pyI0BaHMS M3-3a IBYX TJIaBHBIX
MIPUYHH:

— 3Ta 00JaCTh UMEJIa CaMblii HU3KHH ypo-
BEHb NpEAHANpPSKEHUA H3-32 MOTEPh Ha
TPEHUE, BbI3BAHHBIX JIONOJHUTEIbHBIMU
oTrubaMu HampsraeMoil apmMartypsl;

— W3MEHEHUs! TOJIIMHB! OOJIMIOBKU B 30HE
oTBepCTHst 8—12 MM, 4YTO BBI3BIBAJIO MO-
MEHTHOE HaIPsKEHHOE COCTOSHUE B CBap-
HBIX LIBaXx.

(a) 180" Azimuth

(b) 270° Azimuth

Puc. 6. MoMEHT pa3pyIeHUs] MOAENH C Pa3IHYHBIX TOYEK HAOTIOACHHS
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[Tocne npoBeneHus aHanu3a COCTOSHUSA MOZEH
OBLIO MPHHSATO PElICHHE O MPOBEACHUN JIOTION-
HUTEIFHON TepMEeTH3aliK, U UCIIBITAHUS ObLIN
NPOJOJDKEHBl 10 PAa3pyLIEHUS] KOHCTPYKLHH.
[Ipu 3TOM HarpyxeHue MOJEIM BBIIOJIHAIOCH
MyTeM 3alloJIHeHHUs ee BooH Ha 97% oObvema u
CO3JIaHUEM CTYIEHEH Harpy3ku nojaded B oc-
taBmmecs 3% oOwema azota. Pazpymienue mo-
JeTM TPOM30IIIO MPU JOCTHKEHUU JIaBJICHHS
1,423 MIla (3,65 [TA) u3-3a pa3pbiBa KOJbLie-
BOM HampsTaeMoil apMaTyphl, OOJHIIOBKH M
CTEP)KHEBOW apMaTyphl B MecTe OCIa0JIeHUs
NpEeBAPUTENBLHOTO HANpsDKEHHs, BBI3BAHHOTO
oTrnbamMu apMaTypHbIX KaHAaTOB B 30HAaX TeX-
HOJIOTHUYECKHUX MPOXOAOK OOJBLIOr0 Auamerpa

Bbi80O0bI

1. TpemmHOOOpa30OBaHWE HA HAPYXHOU TIO-
BEPXHOCTHU CTEHKM LIMJIMHIpPA B 30HE BbIXOJA
13 00CTPOMKHM MPOUCXOIUT YK€ TPH dKCILTya-
TAllMOHHOM PEKHUME HATPYKEHHUS.

2. Obpa3oBaHie NEPBBIX CKBO3HBIX TPELIMH
NPOMCXOAUT B 30HAaX OTIMOOB apMaTypHBIX
KaHAaTOB 3a MpeleslaMi YCUJIEHUH KpPYIHBIX
TEXHOJIOTUYECKUX TMPOXOAOK IpH JABJICHUU
0,72 Mlla, 4ro B 1,8 pa3a mpeBbIIIAET MPOEKT-
HOE aBapWifHOe HaBieHWe. B kymosie oGpaso-
BaHME CKBO3HBIX TPEUIMH TMPOUCXOIUT TPHU
nasneHuu 0,78 Mlla, B 1,95 pa3a npeBblato-
IIeM JaBlieHHe TpY MPOeKTHO# aBapuu. OOpa-
30BaHME CKBO3HBIX TPEIIMH B 30HE COMpsIKe-
HUSI UJIHHIPA C OMOPHBIM KOJIBLIOM MPOUCXO-
qut npu nasinerun 0,9 MIla, B 2,25 pa3a npe-
BBILIAIOLIEM JABJIEHHWE INPU HPOEKTHOW aBa-
puu. B 30He conpsikeHHs HUINHIpa C OCHOBA-
HHEM 00pa3oBaHHE CKBO3HBIX TPELIMH MPOMC-
xoauT mnpu npaieHun 0,95 Mlla, uyto B
2,375 pa3za mpeBbIIIaeT MPOEKTHOE aBapUiHOE
JaBlICHHE.

3. TexyuecTb apMaTypHBIX KaHaTOB U MeTal-
JMYecKOH OONMLOBKHM HACTyIMaeT MpH JAaBie-

Jlumepamypa

(puc. 6), KOTOpbIE YBETMUMBAIOT TOTEPU Ha
TPEHHE W CO3AAIOT IOMOJHUTEIbHBIE YCHIHUS B
TUIOCKOCTH CTE€HKH 3aIIUTHOIN 000JIOUKH.

OueHka [3] pe3yapTaTOB UCHBITAHUN IMOKa3a-
J1a, 9YTO TPEABAPUTENLHBIA aHATN3 TpeAcKa3al
HEeJNMHEHHOEe MOBEJCHNE MOJAEIU J0 paspylile-
HUS C XOPOIIeH TOYHOCTHIO, KpOME HEOOJIBIIIO-
r0 pa3Inyusi B MOMEHTaX Hadaja TPEeInHO00-
pazoBanus. [IpoBelneHHBIE MOCIE OKOHYAHMS
WCTIBITAaHUN MOJIETN PACUEThl C YUYETOM YCaJIKU
¥ TIONI3y4ecTH OeToHa TOKa3alld, YTO B JTOM
cllydae MOMEHT Hadajia TPEIIMHOOOpa30BaHuUs
JIOCTaTOYHO XOPOUIO COIJIaCyeTcsl C 3KCIepH-
MEHTAIbHBIMA JaHHBIMH.

HuK 1,05 MIla, yto B 2,6 pa3a BbIllIe NPOEKT-
HOTO aBapuiiHOro. TekydecTb CTep:KHEBOU
apmatypsl — npu naieHuu 1,1 MIla, B
2,75 pa3a IpEeBbILAIOLIEM JaBIEHHE MPH MPO-
€KTHOH aBapuu.

4. PazpymieHre 3amuTHOW 00OJOYKH TIpO-
M30HeT TMOCHe JOCTHXEHHS apMaTypHBIMU
KaHaTaMH MpeaenbHoil e opmMaTrBHOCTH NpU
nasiaenud 1,6 MIla, 4To mpeBbIMIaET MPOEKT-
HOE aBapuiiHOe JaBJIECHUE B 4 pasa.

5. Ilony4yeHHbIE pe3yabpTaThl XOPOLIO COIJIA-
CYIOTCS C 3KCIEPUMEHTaIbHBIMU HCCIIEI0Ba-
HUSAMH, NpoBeAcHHbIMU B HanuonanbHOW na-
6opatopun Sandia (CIIA) Ha MomeIN 3aIIUT-
Holl oOonouku B Macmrtabe 1:4. Paspymenue
MOJENHN MTPOU3OIILIO pu JTABJICHUN
1,423 Mlla, B 3,65 pa3a mpeBBITIAIONIEM IPO-
EKTHOE aBapUiHOE JaBJIeHUE H3-3a pa3pbiBa
MpeHANpATraeMOl apMaTypbl, OOJUIIOBKH W
CTep)KHEBOM apMaTypbl B MeCTe HapyIIeHUS
OOHOPOOHOCTH apMHpOBaHus, BBI3ZBAHHOT'O
0TrH0aMU apMaTypHBIX KaHATOB, CO3JAIOIINX
JTOTIOTHUTENBHBIE YCUIIHS B IIOCKOCTH CTEHKH
3aIUTHON 000JIOYKH.

1. IHocmnos B.A., [mumpues C.II. MeTog cynep31eMEHTOB B pacueTaX MHKEHEPHBIX COOpy:keHHH. JI.:

Cynocrtpoenue, 1979. — 287 c.

129



Mexanuxa npednanpsaxcentvix 3auummnulx odoonovex A2C
Tpyowr HBPAD PAH. Buinyck 6

2. Vawanoe A.H., Meosedeg B.H., Kucenes Anexceti C. BiusHre oTTHOOB apMaTypHBIX 3JIEMEHTOB Ha Ha-
MPsDKEHHOE COCTOSTHUE 3alUTHOW 0007109kl ADC B 30HE TEXHOJOTHUYECKUX MPOXOIOK // DHepreThye-
cKoe ctpouTenbeTBo. 1993. — Ne 11. — C. 74-75.

3. Kenji Yonezawa, Katsuyoshi Imoto, Masaaki Ohba, Toshihiro Ikeuchi, Masanori Kozuma, Yasuyuki
Murazumi, Kunihiko Sato. Analytical Study on Structural Failure Mode of 1/4 PCCV Test Model. —
SMiRT 17. — Prague, Czech Republic. — August 17-22, 2003.

4. Dameron R.A., Rashid Y. R., Hessheimer M. F. Posttest Analysis of a 1:4-Scale Prestressed Concrete
Containment Vessel Model. SMiRT 17. — Ibid.

5. Hessheimer M.F., S. Shibata, J.F. Costello. Functional and Structural Failure Mode Overpressurization
Tests of 1:4-Scale. Prestressed Concrete Containment Vessel Model. — Ibid.

6. Nawal K. Prinja, David Shepherd. Simulating Structural Collapse of a PWR Containment. — Ibid.

130



OueHKa Hanps)KeHHOro COCTOAHUA 3aluTHOM 060o5no4yku A3SC npu
BO3eNCTBUM BbICOKUX TeMnepaTyp, BbI3BaHHbIX FrOpeHUeMm
TonsiMBa ynasLlero camMmorsieta

B. H. Meogedes, A. H. Ynvsnos, Anexcandp C. Kucenes, Anexceti C. Kucenes,
A. C. 3anecos, B. ©. Cmpuoicos

1. BeedeHue

Jlo HacrosIero BpeMEHHM TaKoe TEXHOTEHHOE
cOOBITHE, KaK TMaJIeHHe caMmoJieTa Ha 3/IaHus
repmMoo0osiouku ADC paccMaTpuBaioCh TOJIBKO
B BHJIC JIMHAMUYECKOHN Harpy3ku. OJHAKO Tpak-
THKa IOKa3ana, YTO TOCIEACTBHS TMOXapa, BbI-
3BAaHHOT'O TOPEHUEM TOIUTMBA YIIABIIIErO CaMmoJie-
Ta, MOTYT TIPUBECTH K 00Jice pa3pylIUTEIbHBIM
TIOCIIEICTBUSM, YeM HETIOCPECTBEHHO yap MpH
naJieHnu camosieta. Hampumep, pu CTOKHOBE-
HUM a3pooOyca bounr-737 co 3nanusmu Beemup-
Horo ToproBoro mienTpa (WTC1 u WTC2) ux
oOpyIIeHne TPOM3OILIO0 CIycTdI 56 MUH H
1 443 MUH, COOTBETCTBEHHO, OT BO3JICHCTBHS
TEMITEpaTypHOI Harpy3KH (Toxapa).

IIpomomkUTeTFHOCTE TOXKapa U TeMmIepaTypa
TOPEHUS] BO MHOTOM 3aBUCHT OT THIIA CAMOJIETa
¥ KoJW4ecTBa TorumBa Ha Oopty. CnemoBa-
TEJIbHO, TIPU MAJCHUM CaMoJieTa Ha 3allUTHYIO
000JI0YKY KpOME MEXaHUYECKOTO BO3/ICHCTBHUS
TBEPJOTO Tena OyAeT OKa3blBaTh BIHSHUE U
JIEUCTBUE JIOKaJbHBIX TeMIeparyp. Bomnpoc

BIIMSIHMSI TEMIIEPATYPHOM HAarpy3KH, BBI3BAHHOU
FOpEHHEM TOIUIMBA YIABILIErO CaMoJIeTa Ha 3a-
LIUTHYIO 000JI0YKY, paHee He pacCMaTpUBAJICS.

B 3To# CBA3M BO3HHMKAET HEOOXOAMMOCTE OLie-
HUTb TIOCJIEJCTBUS TOPEHMSI TOTUIMBA YIABIIETO
camMoJieTa Ha 3JIaHusl TePMOOOOIOYKH U OIpe-
JIEJIUTh, MOXKET JIM 3TO MPUBECTH, HAIIPUMEP, K
pasrepMeTH3anMy BHYTPEHHEH 3alllMTHOW 000-
JIOUKH, HApYIIEHHUIO LEIOCTHOCTH KOHCTPYKIMU
WJIM €€ YacCTH, BBIXOJY W3 CTPOS OTHENIbHBIX ap-
MaTypPHBIX KAHATOB CUCTEMBI MPETHANPSKEHUSL.

B pabote npencraBieHbl HEKOTOPBIE pe3yibTa-
Thl KOMIIBIOTEPHOTO MOJEIUPOBAHUS TMPOLEC-
COB paspylieHus 3amuTHOH obomouku ADC ¢
BBOP npu jokanbHOM pa3orpeBe (parMeHTa
€€ Hapy>KHOU MOBEPXHOCTU HA UWIMHIAPE U B
KYTOJIbHOM 4acTHU, KOTOPBIM MOXET UMETh Me-
CTO IIpHU BO3HMKHOBCHUH I10Kapa B6HI/ISI/I CTCH-
KH 00OJIOUKM BCIIEACTBUE, HANIPUMED, MaJICHUS
CaMOJIETa WIH TEPAKTA.

2. [Tapamempbl meMnepamypHOU Ha2py3Ku

Harpy3ka Ha KOHCTpYKUMH M 00OpYyIOBaHHE,
BO3HHUKAIOIIasi OT TOPEHUS TOIIMBA YIABLIETO
camoJieTa, JOJDKHA ONPENeNsIThbCsl B 3aBHUCH-
MOCTH:

e OT KOJIMYECTBa TOILUIMBA HAa OOPTy camoJera
(mpu moJHOW 3arpy3ke TOIUTUBHBIE Oaku
aspobyca bounr-737 Bmematror 90 T Kepo-
CHHA);

e oObeMa TMOMEIIeHUH (BBICOTA, IUIOIIAMIb),
KOJIMYECTBA W pa3MEIICHUs NPOEMOB, HX
TUIOLA/b U BBICOTA;

e TEMJIOBOrO IOTOKA B UCTOYHHKE.

B nmanHOM pacdeTHOM aHanW3e TeMIeparypHas
Harpy3ka MpUHUMAJach KOHCEPBATHBHO B CO-
OTBETCTBUH ¢ pekoMeHpanusmu [1]. Ilpu Bo3-
HUKHOBEHHMH CTaHAAPTHOIrO MOKapa B 3AAHUSIX
o0miero HazHa4YeHHS TeMIlepaTypa BO3IyXa B
3aBUCUMOCTH OT BPEMEHH OIpeaessieTcss II0
dopmyne:
T =345-10g(480-t+1)+20,

rne 1 — TtemmepaTypa BO3/ayxa, Ompesense-
Mas B °C; T — BpeMs OT Hayaja aBapuu, 4.

Pe3ynbTaThl pacuera npuBeaeHbl Ha puc. 1.
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3. OcobeHHOCMU NocmMpoeHusi pacyemHol Modesnu

TpexmepHass KOHEUHO-3JIEMEHTHAass MOEIb

3amuTHOM 006osouku ADC ¢ BBOP-1000, mpe-

JICTaBJICHHAs Ha PHC. 2 aJIeKBATHO OTOOpaXKaeT

OCHOBHbIE KOHCTPYKTHBHBIE OCOOCHHOCTH CO-

OpYKEHHS:

e HaJIUYHE OTBEPCTHH quaMeTpoM 3 u 4 Mm;

e YTOJIIEHHUS CTEHKH 00O0JOYKH B 30HE STHX
OTBEPCTHUI;

e 3aKJaiHbIE JETAIIN;

e BHYTPEHHIOIO TepMETHU3UPYIOIIYI0 00JH-
LIOBKY;

e HagMuue BHYTPEHHMX U HAapYXKHBIX CIOEB
apMaTyphl;

e pEaNbHYIO TPACCHPOBKY apMaTypHBIX KaHa-
TOB CUCTEMBI IIPEAHANIPSKEHUS;

e peanbHbIE 3HAUEHUS YCUIIMI B apMaTypHBIX
KaHaTax.

1400

——T( C)

1200

W"

1000 M

3)
<= 800 -
=
=
o 600 -
a
B
= 400
200
0
0 5000 10000 15000 20000
Time, [s ]

Puc. 1. I3meHeHne TeMnepaTtypbl BO3AyXa IpU CTaHAAPTHOM I0XKape B 3aBUCUMOCTH OT BPEMEHU

PaccmaTpuBanych 30HBI JOKAJIBHOIO Pa3orpesa
B KYIIOJBHOM YacTH B BHJIE CEKTOpa, a Ha IH-
JVHIpPE — B BUJE MISTHA, KOTOPOE HA Pa3BEPTKE
UJIMHAPA UMeeT GOpMy TPSMOYTOJILHHKA.

PacuetHas Mozenp ceUyeHUs CTEHKH 3alUTHOU
obonouku (puc.3) s UAIUHAPUYECKON WU
KyTOJIBHOW YacTH Ha yJaJlleHWHM OT 30H pas3o-
rpeBa coctapiieHa U3 11 coeB KOHEUHBIX 3Jie-
MEHTOB, OTJIHYAIOLIUXCA APYT OT ApPyra CBOH-
MU CBOMCTBaMH, BKJIIOYas BHYTPEHHIOIO Me-
TayuTdeckyto oomuioBky (1 Ha puc. 2), ciaon
b6etona (2, 4, 6, 7, 9 u 11), ciou mepumano-
HanbHOH apmatypsl (3 u 10) u xonbpLEBOH ap-
MaTypsl (5 u 8). B 30Hax pazorpeBa BEHITIOTHE-
HO CTYIIEHUE CETKH KOHEYHBIX SJIEMEHTOB JIS

132

0osice TOYHOrO MOJEIMPOBAHUS TPAJTUCHTOB
TeMIeparypbl BOJIM3U I'PAHHUI] ITUX 30H H IO
Tonuue (puc. 4).

KoHeuHo-31€MEHTHAs MOJIENb 3allUTHOM 000-
mouykd BkarodaeT 113006 00bEMHBIX BOCHMH-
Y3JIOBBIX KOHEUHBIX 3JeMEHTOB U 122316 y31oB.
PaC‘-IeTBI BBIITOJIHAJIUCH C HpI/IMeHeHI/IeM HpO-
rpammHoro komiuiekca CONT, peanuzyroniero
CYTIEPIJIEMEHTHBIH alNTOPUTM U TIO3BOJISIOIIE-
o TPOBOAWTH AHAIU3 IMPOYHOCTH 3aNTUTHOM
000JIOUKH C yYETOM HEJIUHEHHOTO TMOBEICHUS
OeroHa mpu 0Opa3OBaHWM B HEM TPEIIUH
BCIIEICTBHE BO3JACHCTBHSA JIOKAIBHBIX IOJIEH
TeMIIEpPaTypBl.



Oyenka HanpsicenHo20 cocmostus 3auumnotl obonrouku AIC npu 030eiicmeuu 8bICOKUX MeMnepamyp,
BbI36AHHBIX 20PEHUEM MONIUBA YNABULE20 CAMONIeMA
B. H. Meogeoes, A. H. Yuvsinos, Anexcandp C. Kucenes, Anexceii C. Kucenes, A. C. 3anecos, B. @. Cmpuoicos

Wl ety PR 0 ITRAR

Puc. 2. TpexMepHas KOHEYHO-3JIEMEHTHAsI MOJieNb 3auuTHON 06oouku ADC ¢ BBOP-1000, koTopas BKIItOYaeT
113006 06beMHBIX 8-y3I0BBIX KOHEYHBIX 371€MeHTOB U 122 316 y3m0B

1 2 3llafls 6 &' 7 gllofio —t1-
R,=22500.0

R,=22508.0
R,=22637.182
R,=22638.818
R.=22660.956
R,=22663.044
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R.=23566.773 _
Re=23569.227
R,,=23590.66
R,,=23593.34
R,,=23700.0
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Puc. 3. PacueTHas Moenb ceueHHs TUIMHIPUIECKONW CTEHKH 3alIUTHON 000I0YKH. R — paccTOSHUE OT OCH LMJIMHAPA
JI0 TPAHHMIIBI KXKJOTO PACYETHOTO CII0SI CTEHKH 000JIOUKH, MM
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—30HbI JIOKAJIBLHOI0
pa3orpesa

o dractory £ TAETAOSTITAL

|

J

Puc. 4. Cryiienue KOHEYHO-3JIEMEHTHOM CeTKHU BOJIN3HU 30HBI JIOKAJIbHOTO Pa3orpeBa

4. OnpedeneHue uamMeHeHUsi memrnepamyp o ce4YeHUro CMeHKU

[Tpu ananuze nmoBegeHMs1 00OJOUYKH B YCIOBHUSIX
JIOKaJIbHOTO pa3orpeBa MepBOHAYAIBLHO PACCUH-
THIBAJICh HECTAIlMOHApHBIE TIOJNS TEMIepary-
pBI, CBSI3aHHBIE C 3a/laHMEM YCIIOBHH KOHBEK-
TUBHOIO TEMJIOOOMEHa HA y4YacTKe MOBEPXHO-
CTH MOJIENIM, COOTBETCTBYIOIIEM 30HE JIOKAJh-
HOro pasorpeBa. PacueTsl nosel Temmeparypsl
BBINIOJTHEHBI B HEJTMHEMHON MOCTAHOBKE C yue-
TOM 3aBHCHUMOCTH TETUTO(PHU3UIECKUX CBOICTB
MaTepuaaoB OT TeMIIEpaTypsl [2].

134

XapakTepHasi KapTHHA PacIIpeIeICHUs TeMIIe-
paTypsl MpH pa3orpeBe JOKaTbHOW 30HBI KY-
nojia npexacrarieHa Ha I[1.16a, a Ha 1. 10 ana-
JIOTUYHAs MHPOPMAIIHS JJIs JIOKATBHOTO pa3o-
rpesa wwinHapuyeckod dvactu. Ha II 1(0)
4acTh MOZEIH ylajeHa [ TOro, YTOObI oKa-
3aTh TPAJAMEHT TEMIIEPATyphl IO TOJIIIMHE
crerku obomouku. Ha IT 2 u I1 3 npencrasie-
HO pacrpeziefieHre TEMIepaTypsl M0 TOJIIIMHE
KynoJja ¥ [WIMHAPa B IIEHTPE 30HbI JJOKAIBHO-
ro pa3orpeBa B Pa3InYHbIE MOMEHTHI BPEMEHU
MoCIIe Havyalla pa3orpesa.
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B. H. Meogeoes, A. H. Yuvsinos, Anexcandp C. Kucenes, Anexceii C. Kucenes, A. C. 3anecos, B. @. Cmpuoicos
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Puc. 5. 3aBucumMocTs KO3®(1)I/IIII/I€HT8. TEIJIO0TAAaYn OT BPEMECHHU. Ha puc. 5 IpeacraBjicHa 3aBUCUMOCTDb
KO3(1)(1)I/ILII/ICHT3 TEIJIOOTAAYU OT BPEMEHH, KOTOPLIC 3a1at0OTCA B KAYECTBE MapaMETPOB KOHBEKTUBHOI'O TerioooOMeHa
Ha (bparmeHTe TIOBEPXHOCTHU L[I/IJTI/IHZ[pI/IIIeCKOﬁ YacCcTH WM KYI10Ja B 3aBUCUMOCTHU OT TEMIIEPATYPEI CPEIABI (CM. puc. ])

5. OnpedeneHue HanpsixXxeHHo-0eghopPMUPOBaHHO20 COCMOSIHUS

obos1ouku

[Momydennas wHpOpMaus O pacrpeneieHun
TEMIIEpaTyphl UCIOIB30BAIACH B KA4eCTBE Ha-
rpykaromero (akropa Ha CIEIYIOIIEM JTare
pacuera HJIC ¢ yueToM 00Opa3oBaHuUs TpeHIMH
B OetoHe. Kpome TemmeparypHOro BO3IEHCT-
BHsI B Ka4yeCTBE HArpPy3KH 3a7aBajiCsl BEKTOP
Y3JOBBIX YCHUJIMH OT CHUCTEMBI IpeaHamnpsixKe-
HHsI, oOecIeuuBarolmel o0kaTue 000IOUKHU.
Harpys3ka oT mpeaHampspkeHus: MpHIIOKEHA K
CpPEeIMHHON MOBEepXHOCTH 00oouku. [Ipu pac-
YeTe 3HAYCHUH YCUIIUI YUUTHIBACTCS peaabHOe
3HAYEHHE YCUIIMS HATSDKEHUS KaXI0TO KaHaTa,
€ro TPAaeKTOpHUs W TOTEPHU YCHIHS 1O JJIMHE
KaHaTa OT TpeHUs U aHKepoBkU. CpenHsisi Be-
JVYMHA YCUIIHS HATSDKEHUS KaXIOTO M3 KaHa-
ToB coctaBisier ~800 1. Ha HuxHeM Tople
MOJIENU 3aJal0TCS YCJIOBUS 3aKPEIUICHUs THUIIa
«3aJIeNIKay — 3alpellieHbl MEePEMEIICHUs Y3-
JIOB B HampaBjeHuu oceit XYZ.

B pacuerax yuuThIBaINCh H3MEHEHUS (PU3UKO-

MEXaHUYEeCKUX XapaKTEepPHCTUK OeToHa W ap-
MaTypBbl.

Pacuer HJIC 3amuTHONW 000710YKH, 00KaTOM
CHUCTEMOW MpeTHANpPSKEHUS, BBIMOJHAJICS 3a
HECKOJIBKO 1I1aroB (7 IIaroB pelieHus B cliydae
JIOKaJBHOTO pa3orpeBa UUIMHIPUYECKOM yac-
TA W 11 maroB peueHust B ciy4yae pazorpena
KYTIOJIbHOW YacTH) C MEPEMEHHBIM T0JIEM TeM-
nepaTyphl, BBI3BAHHBIM JIOKAJLHBIM pa3orpe-
BoM. [Ipu 3Tom s MomenvpoBaHus 00pa3o-
BaHMS TPEMIMH B O€TOHE Ha KaXKJIOM ITare pe-
IIeHUsT OBLT peain30BaH CHEIUATBHBIA UTEpa-
unoHHbIA anroputM. Ilocne pacuera HJIC Ha
OUepEeIHOM IIare Mo Harpy3ke ISl Ka)XOoro
«OETOHHOT0» KOHEYHOTO JJIEMEHTa IPOBEPS-
€TCsl YCIIOBUE €r0 PacTPECKUBaHUs OT Hamps-
JKeHUi ckaTtus (mpenen npounoctu 18 Mlla)
WM  pacTshKeHus  (Mpenen  MPOYHOCTH
1,5 MIla) B MepuaAMOHAILHOM U OKPYXHOM
HampaBieHusXx. Ecium pacTpeckuBaHue mnpo-
M3OIIJIO B PE3YJIbTaTe PaCTAKEHHUsI, TO MOJYJIb
YIPYrocTu «OETOHHOTO» 3JEMEHTa MpPU pac-
TsoxkeHuu coctaBiser 0,001 oT uCXogHOr0 MO-
IyJis B JAHHOM HANpaBJI€HUU — OKPYKHOM
WM MEpUJIMOHAIbHOM. B ciyuae npeBblilieHHs
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npezaena MPOYHOCTH HA pacTsHKeHUE B 000X
HaNpPaBICHUAX MOMAYJIb YNPYTOCTH SJIEMEHTa
3a/aeTcs OJIM3KUM K HYJII0 B 00OMX HarmpasJie-
HusX. OJJHaKO pacTpecKaBIIUiicsS B pe3yibTare
pacTsHKEHHs DIIEMEHT paboTaeT Kak OOBIYHBIN
«OETOHHBIM» TIPU CMEHE 3HAKa HaNpPsHKCHHMH,
T.€. TIPY CXKAaTHH 3TOTO 3JIEMEHTA, YTO OTpaXka-
€T MPOLECC 3aKPBITUS TPEILUH IPH CMEHE 3Ha-
Ka HampsikeHui. B ciydae mpeBbIlLIEHUs CHKU-
MAaromMMH1 HaIlpsKCHUAMU Mpeacia IMPOYHO-
CTH Ha C)KaTHE MPOUCXOAUT €ro paszpylLleHHe,
U MOZYJIb YIPYroctu cHmxaercs a0 0,2 ot uc-
XOTHOTrOo 3HavyeHus. IIpu aTom, eciu 37IeMeHT
pa3pyLImiics OT CXaTus, TO Ha pacTsyKeHUE OH
He paboraer. Tak Kak MOIYJb yNPYTOCTH 3Je-
MEHTa CHW)XXAeTCs He J0 HyJs, TO Ha ITOocIie-
OYIOIUX IIarax Harpy>keHus MpH IpeBBIIIe-
HUHM OKPYXHBIMHU HMJIM OCEBBIMHU HaNpsiKEHUSI-
MU TIpejieNia MPOYHOCTH Ha CKaTHE B ITHX
3JIeMEHTaxX TeKylllee 3HAaYeHHs MOAYNA YIpy-
FOCTH B COOTBETCTBYIOLEM HampaBiIeHUU
BHOBb yMHOaeTcs Ha 0,2, 4TO COOTBETCTBYET
yMHOXKeHHIO Ha 0,04 HCXOAHOTO 3HAYCHHS
MOIyNis. AHamorM4Has MpoLEenypa BbIMOIHA-
€TCsl Ha BCeX MOCIEAYIONIMX IIarax pacyera.

Ecnu xoTs OBl B 0THOM M3 3JIEMEHTOB yNpyTrHe
CBOHCTBaA M3-3a 00pa30BaHUs TPELIMH U3MEHH-
JIMCh, TO BBIIOJHAETCS CIELYHOLIas UTepaLus:
CHOBa paCCUYUTBLIBACTCA MaTpulia )XKECTKOCTU U
pemaercss  CUCTeMa  KOHEYHO-IJIEMEHTHBIX
YPaBHEHUH, DPACCUMTHIBAIOTCA 3HAUY€HHUsA Ha-
INpsDKEHUM B 2iieMeHTax. Ecnu cBOMCTBa He
U3MEHSINCh, TO TEPEXONAT K CIEAYIOLIEMY
mary pacueta. [IockonbKy pacdersl BBIOJHS-
JUCh C NPUMEHEHHUEM CYNEP3JIEMEHTHOro aj-
FOPUTMA, TO KOHEYHO-DJIEMEHTHAas MOJEINb
NpeACTaBIIseTCS B BUIE COBOKYNTHOCTH OJIOKOB
— CYIEPAIEMEHTOB. DTO AT CYLIECTBEHHbIE
BBIYUCJIIMTCIIBHBIC TMPEUMYIICCTBA B Cliydac
JIOKaJIbHOTO pPAacTpecKuBaHMsi OeToHa, II0-
CKOJIbKY IPOBOAMTE BHOBb PAacdeT MaTpUL Cy-
MEPIJIEMEHTOB HYKHO HE JUISI BCEX, a TOJIbKO
JUTS OTZIENBHBIX CYNEP3JIEMEHTOB.

Ha IT 4, 5 u 6 moka3aHa KMHETHKAa POCTa 30H

pa3pylieHHOro OeToHa NMpH BO3IACHCTBUM IO-

xapa. Homepa matepmanos, oTiaMYaroLIMecs

OBETOM, COOTBETCTBYIOT CJICAYIOLIIUM THUIIAaM

TPELLUH:

e Matepuain Homep 11 — TpeuruHsl B OeTOoHE
OT OKPYXHBIX HAIIPSKEHUN pacTsKEeHuUs;

e Marepuan HoMmep 12 — TpemuHsl B 6eToHe
OT MEpPHIMOHAIBHBIX HaNpsKEHWH pacTd-
KEHHUS;

136

e Marepuan Homep 13 — TpewuHsl B 6eToHe
OT OKPYXXHBIX U MEPHUIMOHAIBHBIX Hamps-
JKEHUH PACTKEHNUS;

e Marepuan Homep 14 — TpewHsl B 6eToHe
OT OKPY>KHBIX HalpsKCHUH CXKATHS;

e Marepuan HoMep 15 — TpemnuHsl B OeTOHe
OT MEPUIUOHATIBHBIX HAPSXKEHUH CKATHS,

e Marepuan Homep 16 — TpewuHsl B OeToHe
OT OKPYXXHBIX U MEPHUIUOHAIBHBIX Hamps-
JKEHUU CoKaTus;

e Marepuan Homep 17 — TpewuHsl B 6eToHe
OT OKpY>KHBIX HampsOKCHHH pacTSKEHUS U
MEPUIUOHATBHBIX HANPSKEHUH CKATHS;

e Marepuan Homep 18 — TpewuHbl B 6eToHe
OT MEPHUIMOHAIBHBIX HANpSKEHHH pacTd-
JKEHHSI M OKPY’KHBIX HANPSHKCHUN CKATHUS.

Ha IT 4 noka3zana nocnenoBaTeabHOCTh Pa3py-
nieHus OETOHa B 30HE JIOKAJIBHOTO pa3orpesa
KyIHOJBHOM 4acTH Ha MOMEHTHl BpemeHH 0,55,
1,30, 3,05, 4,90, 6,75, 8,60 yaca. CnpaBa Ha
PHUCYHKaX MPUBOJUTCS TabaMLa HOMEPOB Mate-
pHAaJIOB U COOTBETCTBYIOLIUX UM IIBETOB.

[IpencraBinennas wuH(pOpMAIMA TOKA3bIBAET,
YTO B HAYaJIbHBIE MOMEHTHI BPEMEHHU MPOHUCXO-
IUT 00pa30BaHKe TPELIMH B OETOHE OT CKUMAIO-
IIUX OKPYXHBIX W MEPUINOHAIBHBIX HaTpsDKe-
HUHA B TOBEPXHOCTHOM CJIO€ HEMOCPEACTBEHHO
B 30HE pa3orpeBa, T.K. 3/IECh W3-3a TeMIlEpaTyp-
HOTO paclmMpeHus OeToHa U 3HAYUTEIHHOTO
rpajlieHTa TEMIIEPATypPhl PeaTn3yeTcs BBICOKHN
YPOBEHb CKUMAIOIIUX HATPSHKEHUI.

Ha IT 5 noka3zaHa mocienoBaTelibHOCTh pa3-
pylLIeHus: OETOHA B 30HE JIOKAJIBHOTO pa3orpe-
Ba IMJIMHAPUYECKON YacTH Ha MOMEHTHI Bpe-
menu 1,20, 1,80, 2,70, 3,65, 5,50, 7,40 yaca.
Ha I1 6 mpencrariena aHanoruyHasi H”HGpopma-
Ul Ha BUJAE M3HYTPU 000s104kH (0OJUIIOBKA
yaAalieHa, 9TOOBI MOKa3aTh «OETOHHbIE JJIEMEH-
THI) JUIsi MOMeHTOB Bpemenu 1,80, 2,70, 3,65,
5,50, 7,40 yaca. Kunetuka pocTta paspyllieH-
HBIX 30H aHAJIOTMYHAa TOW, KOTopas Habmona-
Jlach TMPH pa3orpeBe KyIMoJdbHOM vacTu. Paznu-
YHe 3aKJIYaeTcs B TOM, YTO B 3TOM Ciydae
pacTpecKMBaHUe BHYTPEHHHX CIIOEB OETOHA OT
HaNPsHKEHUH pacTsXKEHHS Ha TTO3IHUX CTAAMSIX
paszorpesa CBSI3aHO MOSBIEHHEM TOJIBKO KOJIb-
LEBBIX TPEIIUH OT ACUCTBHS MEPHUIMOHAIBEHON
KOMITOHEHTBI HANpPsDKeHHH. DTO OOBICHIETCS
Oosiee BBICOKMM YPOBHEM CXXHMMAIOMIAX OK-
PYXHBIX HampsHKEHUH OT TNpenHanpsHKEHUs,
KOTOpBIE MPAKTHYECKH B [IBA Pa3a MPEBbIMAIOT
MEpPUAUOHAIBHYK0 KOMIIOHEHTY. Takoe coot-
HOLICHUE MEPUAMOHATIBHON U OKPY)KHOH KOM-
[OHEHTHl HANPSXKEHUH OT MNpeaHANpPSHKEHUN
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00yCIIOBJIGHO HEOOXOIMMOCTHI0 KOMIIEHCAIIUN
MOBBIMICHUS JaBICHUS TOA O0ONOYKOW TpH
aBapuu. B TO e BpeMs MPH JIOKAIBHOM pa3o-
rpeBe 3HAYEHUS KOMIIOHEHTOB OKPYXHBIX H
MEPHUIMOHATBHBIX HAMPSHKEHUH BO3pacTaroT B
oAuHaKoBoM creneHu. Ilpu >TOM pacTiaru-
Barwo1Ive Opr)KHI)Ie KOMIIOHCHTBI KOMIICHCHU-
PYIOTCSl CUCTEMOW MpeTHAnpsHKCHHsI, a MepH-
IAOHAJILHEIE — HET.

Takum obpas3om, pa3paboTaHHbIE METOJIUKU U
IporpaMMHoe obOecrieueHre MO3BONAIOT IPo-
BOJIUTH aHAJIM3 IPOYHOCTH 3AILUTHON 00605104-
KU C y4€TOM HEJIMHEHHOro MoBedeHHs OeToHa
C ydyeToM O0pa30oBaHUS TPELIMH BCIEICTBUE
BO3JICHCTBUA JIOKAJIBHBIX MOJEH TEMIIEpaTyphl
CBSI3aHHBIX C Pa30rpeBOM (parMeHTOB BHEII-
HEU NOBEPXHOCTH CTEHKH.

Peszynomamul uccnedosanuil noxazvleéarom, 9To
IUIS pa3pabOTKU pEeKOMEHIAIMH 10 Ha3Hade-
HUI0O MEpPONPHSTHH, CHIDKAIOIMINX YPOBEHb
ONAaCHBIX TOCJEACTBUHA OT BO3ACHCTBHS IIO-
BEIIIEHHBIX ¥ BBICOKUX TEMIIEpaTyp, HEOOXo-
JUMO BBITIOJHUTH JeTaidbHbId aHamu3 HJIC
3alUTHON OOOJIOYKH, a HOPMATUBHBIA JIOKY-
meHT HII-010-98 «IlpaBuna ycrpoiictBa
SKCIUTyaTallii JIOKAJM3YIOMHUX CHUCTEM 0e30-
MAaCHOCTH aTOMHBIX CTaHIUW» He 8 NOAHOU Me-
pe ompadcaem CcO8peMeHHble MmpebosaHus

Bbi800bI

1. PazpaGoTanHbie METOAMKHA W MPOTPaMMHOE
oOecriedyeHne IMO3BOJISIFOT MPOBOJUTH aHAIU3
NPOYHOCTH 3allUTHOH OOOJIOUYKH C y4YEeTOM
HEJIMHEWHOro moBeneHus O0eToHa mpu o0pa3o-
BaHWUU TPCIIUH BCJICACTBUE BO3JCHCTBUS JIO-
KaJbHBIX MOJIEH TeMIepaTyphl.

2. Pe3ynbTaThl pacuera mokasaiu, YTO MPU BO3-
JEHCTBUN BBICOKUX TEMIIEpAaTyp OT FOPEHUs TO-
TUTMBA YIABILIETO CaMoJIeTa 3aluTHAs 000JI0UKa
MOXKET MOTEPSTH HECYLIYIO CIIOCOOHOCTb.

Jlumepamypa

6 Yyacmu GHEWHUX B030elicmeuti u mpebyem
nepecmompa.

B 10 e Bpems Hopmel MAI'ATO no 6e3omnac-
Hoctu Ne NS-G-3.1 «BremrHue coOBITHS TEX-
HOTEHHOT'O MPOUCXOXIEHHUsT B OLEHKE TIIOo-
MaJKA JJIi aTOMHBIX 3JCKTPOCTAHIUI yKa-
3BIBAIOT Ha HEOOXOIMUMOCTh Yy4eTa BO3IEHCT-
BUH, BBI3BAHHBIX TOPEHHEM TOIJIMBA CaMoJIeTa
(m. 5.16-5.19). Amnanoruuseie  TpeOOBaHUS
yka3aHbl U B Hopmax MAI'ATO Ne NS-G-1.10
«Design of Reactor Containment Systems for
Nuclear Power Plantsy u Ne NS-G-1.5
«External Events Excluding Earthquakes in the
Design of Nuclear Power Plants» B ciyuae,
€CIT PacrojoKeHUe aTOMHOM CTaHIMH TpeOy-
€T PacCMOTPEHMsI BO3JCHCTBHUs aBHALMOHHON
aBapHH.

[Toxapel B pe3yJsibTaTe TakuxX CLEHAPUEB, KaK
aBHAllMOHHAs aBapusi, JOJKHBI paccMaTpH-
BaThCsl B TOM XK€ KOMOWHAIIMKM HArpy3KH M C
TEMU K€ MPOEKTHBIMHU MPEIANOIOKEHUIMHU.
[TocTynupoBaHHbIE XapaKTEPUCTUKHU MOKAPOB
IS MOJEITUPOBAHMSI MOTYT OBITH OMHCAHBI B
TEepMHUHAX H3Iy4aeMOW DHEpPruu, IUIOLIAan
BO3ropaHus u GOpPMBI IJIAMEHH, YTIOBHIX (hak-
TOPOB, CKOPOCTH PaCHpOCTpaHEHUs U JJIU-
TEJILHOCTH BO3JEHCTBUS.

3. B Hopmax MAT'ATD no 6e30macHOCTH yKa-
3bIBACTCS Ha HEOOXOMMOCTh y4eTa BO3JEHCT-
BHI, BBI3BaHHBIX FTOPEHHEM TOILIMBA CaMOJIeTa.

4. g y4yeta BIWSHUS TEMIEpaTypHOW Ha-
TPy3KH, BBI3BAHHON TOPEHHEM TOIUIMBA yTIaB-
IIEr0 caMoJieTa Ha 3allUTHYI0 0007104Ky ADC,
B Poccuiickue HOpMaTHBHBIE JOKYMEHTHI IO
0€30MacHOCTH HEOOXOAMMO BHECTH COOTBET-
CTBYIOIIVE U3MEHEHHSI.

1. CHulI 2.03.04-84. beToHHBIE Xee300€TOHHBIC KOHCTPYKIIMH, MPeIHA3HAUYCHHEIE 111 paOOTHl B YCIIO-
BUSIX BO3JEHCTBHS MOBBIIEHHBIX 1 BbicOKMX Temneparyp / HUMXB IN'ocerpos CCCP. 1985.
2. PexoMeHmamuy MO pacueTy IMPENeNIOB OTHECTOMKOCTH OETOHHBIX W Kele300eTOHHBIX KOHCTPYKIUMA

/ HUNXKB Tocctpost CCCP. 1986.
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Expert System for Evaluation of the Stress-strain State of
Containment at Nuclear Power Plants with VVER-1000

R. V. Arutyunyan, A. N. Ulianov (NSI RAS (IBRAE RAN)),
Alexander S. Kiselev, Alexey S. Kiselev (RRC «Kurchatov Institutey)
and V. N. Medvedev (NSI RAS (IBRAE RAN))

An expert system of evaluation of the Stress-
Strain State (SSS) of VVER-1000 Nuclear
Power Plant (NPP) containment has been de-
veloped at the Nuclear Safety Institute
(IBRAE) of the Russian Academy of Sciences.
Its prototype — specially adapted to the sec-
ond power unit of Kalinin NPP — has been
installed at the NPP.

The developed procedure of evaluating the
containment SSS based on elements of the
control equipment and the control system of
tendon efforts embedded into the construction
together with the CONT Code allows conduct-
ing expert evaluations of containment’s SSS
and drawing statements on its operational ca-
pability at any moment of its operation as well
as during Control & Preventive Works (CPW)
at the containment pre-stress system.

Using the proposed expert system SSS evalua-
tions of two types are conducted.

The first-type evaluation consists in estimating
the current SSS of the containment. Calcula-
tions of operational stress state of the contain-

1. Introduction

To control the Stress-Strain State (SSS) of
containments during the construction period,
special Control-and-Measurement Equipment
(CME) is installed within the construction
body. In total arrangement of about 300 CME
sensors in containment is provided for includ-
ing: String Reinforcing Force Converters
(SRFC, or «PSAS» — Russian-spelled abbre-
viation) designed to measure stresses in bar
reinforcement; String Converters of Linear
Deformations (SCLD or «PLDS» — Russian-
spelled abbreviation) to measure deformations
in concrete; and String Temperature Convert-
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ment with consideration for both current tem-
perature conditions inside and outside the con-
tainment and efforts in tendons according to
CPW data are conducted.

The second type is the evaluation of suffi-
ciency of the level of tendon tension to ensure
strength in a case of accident. The following
calculations are performed: SSS due to
prestress, proper weight, the worst weather
conditions (winter period: temperature differ-
ence along the wall width up to 60°C) and
emergency inner pressure. Based on the
achieved values of efforts in sections of the
containment the relevant statement on oper-
ability of the construction is issued.

The wuse of -calculated-experimental SSS
evaluations of the above two types makes it
possible to reduce CPW costs since it allows
revealing the weakest areas of the construction
and performing purposeful tightening of ten-
dons of the pre-stress system to establish nec-
essary compressive stresses in these areas.

ers (STC or «PTS» — Russian-spelled abbre-
viation) to measure temperature of concrete.

In the course of the last decade «HBOO5»-type
force sensors have been arranged at anchors of
tendons of the containment pre-stress system to
perform control over efforts in tendons.

In compliance with References [1 and 2], Con-
trol and Preventive Works (CPW) are per-
formed at the containment pre-stress system at
regular intervals. During CPW acting efforts at
some tendons are determined using the screw-
nut-separation method.
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The application of powerful computer facilities
has enabled development of appropriate soft-
ware to perform detailed calculations of the
stress-strain state of containments at Nuclear
Power Plants (NPPs).

The above factors have allowed developing an
expert system for evaluation of the stress-strain
state of NPP containments comprising the
CONT Code that in automatic mode obtains, as
input data, information from «HBO0O5» force
sensors and CME sensors.

2. Work with the database on readings of CME sensors

In the course of the expert system development
a database on readings of CME sensors is be-
ing generated for which graphic representation
appropriate algorithms and program modules
have been developed. Such modules provide a
temporary-scale format enabling analysis of
readings of CME sensors both during a spe-
cific period of containment operation and in
the course of its long-term running. By way of
example, P. 1 illustrates increments of bar rein-
forcement stresses during preoperational tests
of the containment at Volgodonsk NPP Unit 1
from 7.09.2000 to 17.09.2000; P.2 demon-
strates readings of CME sensors under long-
term running of the construction. Lettering of
both figures are corresponding to position and
direction ff the sensors in reinforcement:
hin— hoop inner; hout — hoop outer;
m in — meridian inner, m out — meridian
outer; rad — radial;

Such potentialities of representing information
allow not only evaluating the containment SSS
at a specific period of time but also determining
rheological characteristics of the reinforced-
concrete construction. The possibility of deter-
mining the operational ability of the sensors is
also provided for. For instance, in the course of
the first two years the sensor PSAS-1143 h_out
operated in a stable way, but then its readings
became scattered evidencing the sensor failure.

A more accurate estimate of the operational
ability of the sensors is performed on the basis
of comparisons of the data achieved in-situ
with the relevant calculated information (e.g.,
on stresses in reinforcement) within sensor
location areas obtained via the expert system.
P. 3 illustrates the type of temperature distribu-
tion in the containment wall at Kalinin NPP
Unit2 depending on ambient temperature
variations inside and outside the containment
during 13.09-29.12.1999. According to the
results achieved, the values of readings of PTS
sensors are quite close to calculated curves
virtually at all measuring cross-sections. After
completing the calculations with consideration
for both temperature variations during the pe-
riod indicated and their comparison with the
data of measurements using PTS sensors,
stresses in the containment body were calcu-
lated and compared with readings of PSAS
sensors for the relevant period.

P. 4 illustrates the character of stress variations
over time in the containment body during the
same observation period using the results of
calculations and in-situ measurements (PSAS-
3122). The results depicted show a rather good
agreement between the calculated and the ex-
perimental curves evidencing proper operation
of the sensor.

3. Work with the database on readings of «HB005» force sensors

To evaluate the containment SSS over time, at
first one needs to follow the dynamics of varia-
tions in tendon efforts using the results of in-
situ measurements based on «HBO005» force
sensors being presently the most reliable indi-
cator of the status of the pre-stress system.

The results of measurements achieved using
«HBO005» force sensors at Unit1 of Vol-
godonsk NPP during 05.09.2000 through
16.04.2006 evidence that for the most part the
character of variations in readings of these sen-
sors over time appears rather convincing.
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Seasonal variations in efforts related to
temperature variations in sensor installation
areas are reflected along with rather stable
readings characterizing the type of effort
decrease due to relaxation of reinforcement
and creepage of concrete (P. 5).

A minor group of sensors installed in both the
cylindrical and the domical parts of the con-
tainment is the only exception: their readings
vary step-wise in proportion to 1/6th of the
effort. This phenomenon is due to specific de-
sign of the sensors wherein the acting effort is
first measured by six elements and then is
summed up. At such design of the sensors fail-
ures of one or two elements in the course of

operation are quite probable. This phenome-
non, however, is easily traced via unreasonable
jumps of readings as seen in P. 5 (sensor «C-
35 b»). By way of example, P. 6 represents
variations in efforts in segments of «HB005»
force sensor installed at tension anchor of ten-
don «Ts-111» of the containment at Kalinin
NPP Unit 2. Analysis of the readings of efforts
in each of the six segments of the sensor has
revealed variations in the Sth segment only at
the early period of its operation, the remaining
segments being operating in a stable way. Thus
the efforts in tendon «Ts-111» have been in-
variable but restoration of the sensor operabil-
ity is required.

4. Work with the database on results of CPW at the containment

pre-stress system

To maintain the containment pre-stress system
of NPPs with VVER-1000 in operable condi-
tion, a control over residual effort in tendon
tension is performed at regular intervals. The
work scope and schedules are regulated by the
Rosenergoatom Concern’s Regulations «RD
EO-0129-98» and «RD EO-0130-98».

The control over efforts in tendons is per-
formed by means of standard hydro-jacks of

«DG 650/1200»-type using the method of
separation of screw nut of anchor.

Based on the results of CPW at the contain-
ment pre-stress system, predicted efforts in
tendons by the time of next-in-turn CPW are
calculated.

By way of example, several results of CPW at
the containment pre-stress system of Vol-
godonsk NPP Unit 1 (since the end of squeez-
ing up to now) are demonstrated in Table 1.

Table 1. Results of CPW at the pre-stress system of containment cylinder at Voldodonsk NPP Unit 1

since the end of squeezing up to now

Tendon | Tension 2000 CPW-2002 CPW-2003 CPW-2004 CPW-2005 CPW-2006
number | jyack | HB | Jack | HB | Jac HB | Jack | HB 005 | Jack HB Jack | HB
005 005 k 005 005 005
1 1000 | 835.5 821.5 817.5 824 819.5
2 990 900 880
3 1000 | 811.5 940 784 785 790 793
5 990 900 895
8 1000 | 863.5 832 833 834 836.5
9 1000 | 818.5 955 793 788 791 793
12 990 827 925 775 775.5 777 776
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5. Peculiarities of the developed containment model

To perform the SSS calculations, the finite-
element method is applied and a detailed
mathematical model of containment is used tak-
ing account of: exact tracing of tendons, geo-
metric characteristics of containment, sealing
liner and containment reinforcement.

A 3D model of the containment of Volgodonsk
NPP Unit 1 comprising 188652 linear volume
elements and 208716 nods is demonstrated
inP.7.

While modeling loads of prestressed tendons,
the force effect of each individual tendon is ac-
counted for. The tendon tracks are taken similar
to those of the full-scale construction.

A peculiarity of effort distribution along the
length of tendon consists in a decrease in ef-
forts at a segment of its length close to the ten-
sion anchor due to load transfer from jack to
anchor. This phenomenon is taken into account
in calculations.

Thus to calculate the load due to prestress, ten-
don efforts acting at the tension end of tendon
(at jack) are set, which are taken on the basis of
predictions by FSUE «Atomenergoproekt» for
the period of next-in-turn CPW. Then a de-
crease in efforts along the length of tendons due
to the effect of friction on walls of their housing
tubes is accounted for, the friction coefficient
being taken equal to «u = 0.09» with a possibil-
ity of its variation. Losses in tendon efforts by
anchoring are also taken into consideration.
Note that at tension ends of tendons equipped
with force sensors «kHB005» the efforts are set
in accordance with the data of measurements.

For tendons provided with no force sensors
«HBO005» average losses by the considered
point of time are taken calculated using the
measurement data of «HBO005» force sensors
installed at other tendons.

The character of effort distribution along the
tendon length taken while loading the construc-
tion with pre-stress loads is demonstrated
in Fig. 1.

As inner pressure inside the containment in-
creases (e.g. in case of a design-basis accident),
it undergoes deformations and expands in vol-
ume. Tendons of the pre-stress system are
lengthened concurrently that results in increase
in their efforts, i.e. in their self-tension. Accord-
ingly, changes in tendon efforts depending on
load variations on inner pressure are taken into
account in calculations. The calculated value of
the self-tension coefficient equals 1.1 for the
emergency pressure of 0.39 MPa.

Jack effort, tonn
000 -

»

The length of straight section of tendon ks tiken equal to 6 meters,
the friction coefMiclent at the stralght section equals: m - 0,001

&

Losses in effors
at tendedn anchoring. tonn
= % 2

6, Rad

Fig. 1. Variations in efforts along the length of tendon
in the cylindrical part of containment from the connection
ring to the base depending on the friction force between
tendon and its housing tube taking account
of the losses by anchoring

6. Operation of the expert system for evaluation
of the stress-strain state of containment at NPP with VVER-1000

The CONT Code representing an element
of the expert system enables: —calculated es-
timates of the containment SSS; —analysis
of sufficiency of its squeezing; —prediction
of both the needed level of efforts in tendons
of the pre-stress system and the due scope
of work on correction of tendon efforts in the
course of CPW at the containment pre-stress
system.

To estimate sufficiency of the containment
squeezing providing operability of the con-
struction in case of a design-basis accident, one
needs to calculate: the containment SSS due to
the action of prestress, its own weight, the
temperature gradient caused by the tempera-
ture difference inside and outside the contain-
ment by the instant of accident and the emer-
gency inner pressure. Through summation
of the contributions of individual loading fac-
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tors, components of hoop and meridian efforts
in containment wall are calculated. Using the
achieved values of efforts in sections of the con-
tainment one may consider the availability of
critical zones in the containment wall requiring
both strength analysis and operability analysis.

The input data generated at the phase of the

expert system adaptation to calculations at a

specific power unit that may not be varied by

user include:

o Containment geometry;

e Finite-element decomposition of contain-
ment volume;

e Tracing geometry of tendons of contain-
ment pre-stress system,

e Physical-chemical properties of contain-
ment materials;

e Super-cell representation of basic finite-
element model; and

e Description of surfaces of containment
model and boundary conditions.

The input data that may be varied by user of
the expert system while analyzing the con-
tainment operation comprise:

e Efforts in tendons;

e Coordinates of location of CME sensors;

e Azimuthal and axial coordinates of cross-
sections for which graphics of stresses and
forces in the wall are plotted;

e Pressure inside the containment in case of
accident;

e Friction coefficient for tendons of the con-
tainment pre-stress system in tendon-
housing tubes;

e Losses of tendon forces (%) of the con-
tainment pre-stress system while anchoring;

e Squeezing increase coefficient due to de-
formation of the containment while loading
with inner pressure;

e Mechanical properties of containment ma-
terials;

o Threshold sensitivity level of CME stress
Sensors;

e Value of critical level of effort components
in containment wall.

By default the last-mentioned parameter equals
«0». This means that critical zones in contain-
ment wall are determined through the criterion
of the absence of positive tensile strains. In
case of assigning other criteria of the contain-
ment operational ability, this parameter may be
changed in either positive compressing-effort
direction (tensile strains of a specified level are
admissible) or negative one. The calculations
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are performed in compliance with the CONT
Code User Manual (see below).

The calculation allows achieving the following
data:

— displacements of the model nodes due to
effects of applied loads, deformations and
tension in elements of the model,

— effort variations in tendons of the pre-
stress system (for prestressed containment)
in case of containment deformation;

— efforts (M, N) in elements of the model,

— load levels resulting in attainment of
various limiting states (cracking of con-
crete; yielding of liner and reinforcement,
plasticity exhaustion in reinforcement or in
liner); and

— crack-generation areas in concrete.

No physical constants are embedded into the
program text. All physical-mechanical and
geometrical characteristics are assigned explic-
itly in input data.

Supplementary program blocks have been also
developed that in automatic mode and with con-
sideration for the aforementioned input data
enable: —identification of zones with minimum
squeezing efforts by the instant of next-in-turn
CPW,; —identification of a group of tendons
which tightening is first-of-all necessary; —
prediction of the level of efforts in the said ten-
dons; and —visualization of the information
achieved on location of critical zones.

In a case that maintenance personnel discovers
a spontaneous rupture of one or several ten-
dons during the containment running, the ex-
pert system determines sufficiency of the
squeezing level of the construction necessary
for carrying the emergency load. If the needed
squeezing level is not provided, the expert sys-
tem indicates the need for undertaking urgent
actions on restoration of the operational ability
of the construction, such as: tightening of ten-
dons passing close to ruptured tendons or ur-
gent replacement of ruptured tendons.

If containment zones with positive tensile
strains in wall are discovered, the following
information is displayed in the protocol: —
a table indicating the numbers of tendons
of the pre-stress system passing close to criti-
cal zones; and —a figure (see P. 8) visualizing
the location of critical zones (red color) and
tendons passing through them (colored). By
way of example, P. 8 demonstrates the layout
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of tendons, the containment zone with tensile The expert system allows excluding unjustified
strains being colored red. The expert system tightening of tendons during CPW that pro-
determines the numbers of tendons passing duces adverse effects on the state of these ten-
through this zone and points out the need for dons as well as on that of concrete and metal
correction of efforts therein. liner of the construction.

Conclusions

1. Using readings of CME sensors and tendons as well as on that of concrete and
«HBO005» force sensors the expert system al- metal liner of the construction.

lows generating a database, graphic depiction 4. In a case that maintenance personnel discov-
of the data enabling evaluation of the opera- ers a spontaneous rupture of one or several ten-
tional ability of the sensors. dons during the containment running, the expert
2.In calculations of the containment stress- system determines sufficiency of the squeezing
strain state readings of both CME sensors and level of the construction necessary for carrying
«HB005» force sensors are used. the emergency load or indicates the need for

undertaking urgent actions on restoration of its
operational ability, such as: tightening of ten-
dons passing close to ruptured tendons or urgent
replacement of ruptured tendons.

3. The expert system allows excluding unjusti-
fied tightening of tendons during CPW that
produces adverse effects on the state of these

Abbreviations
CME = Control-and-Measurement Equipment
CPW = Control and Preventive Works
HBO00S = Sensors of efforts in tendons
NPP = Nuclear Power Plant
PLDS (Russian-spelled abbreviation) = String Converters of Linear Deformations (SCLD)
PSAS (Russian-spelled abbreviation) = String Reinforcing Force Converters (SRFC)
PTS (Russian-spelled abbreviation) = String Temperature Converters (STC)
SSS = Stress-Strain State
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11. 4. TlocnenoBaTeNbHOCTh PACTPECKHBAHMS O€TOHA B KYMOIBHOI 9acTH MPH JIOKAIBHOM Pa30rpeBe Ha MOMEHTHI BPEMEHHU:
0,55; 1,30; 3,05; 4,90; 6,75; 8,6 yaca

145



Mexanuxa npednanpsiicenHbx 3auumunlx obonouex A2C
Tpyovrt HUBPAD PAH. Beinyck 6

e B R R R

R B R R e

e B R R R

I1. 5. TlocnenoBaTeIbHOCTh PACTPECKUBaHUs OSTOHA B IIMIMHIPUYECKOH YaCTH MPH JIOKAJILHOM pa30rpeBe Ha MOMEHTHI
Bpemenu: 1,20; 1,80; 2,70; 3,65; 5,50; 7,40 yaca
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I1. 6. TlocnenoBaTebHOCTh PACTPECKUBAHKS OETOHA B IMITHHIPUICCKOM YaCTH MPH JIOKAJTBHOM Pa30rpeBe Ha MOMEHTBI

Bpemenu: 1,20; 1,80; 2,70; 3,65; 7,40 yaca
(BMI CO CTOPOHBI BHYTPEHHE MOBEPXHOCTH 1107 OOJIUIIOBKOI)
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Stress. Mpa: Temperature, oC
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P. 1. Increment of reinforcement stresses under impact of test load (07-17.09.2000),
Volgodonsk NPP Unit 1, cross-section #1, level mark 32 m
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P. 2. Increment of bar reinforcement stresses and temperature measurement results from 17.09.2000
(end of the containment tests) to 13.05.2005, Volgodonsk NPP Unit 1, cross-section #1, level mark 32.6 m
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P. 3. Temperature variations over time at different points over the containment thick during the period
of 13.09-29.12.99 according to calculations (achieved with consideration for the data
on ambient temperature variations inside and outside the containment) and in-situ measurements
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P. 4. Stress variations over time in meridian inner reinforcement at the level mark of 59 m
during 13.09-29.12.99 according to the data of calculations and in-situ measurements (PSAS-3122)
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P. 5. Variations in efforts at tension anchors of tendons in the cylindrical part of containment at Volgodonsk NPP Unit 1
during 05.09.2000-16.04.2006 achieved using «HB005» force sensors
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P. 6. Effort variations in segments of «HB005» force sensor installed at the tension anchor
of tendon «C-111» during 28.05.2004—14.04.2006 (Kalinin NPP Unit 2)
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