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HECYYA CITPOMOXHICTb ITAJIMBHOI'O PE3EPBYAPA B
CUCTEMI 3 3AXUCHOIO EMHICTIO

JlociifkeHo HanpykeHo-neOpMOBAaHHIl CTaH Ta CTIHKICTh MAJMBHOTO pPe3epByapy €MHICTIO
200 xy6. M, B CHCTEeMi 3 3aXHCHOIO €MHICTIO. 3a JOIIOMOr0I0 METONY CKIHUCeHHUX €IEeMEHTIB m0o0y-
JIOBaHAa MaTeMaTH4Ha MOJeb KOHCTPYKIIl y BHIIISAI CHCTEMH JBOX 3’€IHAHHMX LMIIHAPHIHHUX
00osioHOK. Po3B’s13aHi 3aja4i CTaTHKU Ta CTIHKOCTI CHCTEMH IIpU Ail Bard HaJlBa Pi3HOrO 00’ eMy.
BUsIBIIEHO BILIMB 3aXUCHOI EMHOCTI Ta €JIEMEHTIB 3’€[HAHHS Ha HECY4y CIIPOMOXKHICTb NAJIMBHOIO
pe3epByapy. Jlana omiHka 3amacy MilHOCTi Ta CTIHKOCTi CHCTEMH.

Bertyn. B paMkax oIiHIOBaHHS TEXHIYHOTO CTaHy iHQpacTpyKTypH yKpai-
HCHKOI aHTApKTUYHOI CTaHlil AkaaeMik BepHaacbkuil 3 ypaxyBaHHSIM BaKJIH-
BOCTI 3a0e3MeUeHHS i1 JKUTTEMISTTBHOCTI Ta SKOJOT1YHOI Oe3MeKH B AHTapKTHII
[1] HamionansHUM aHTapKTUYHUM HAayKOBUM IIEHTPOM YKpaiHu pa3om 3 Kuis-
cekuM [lomitexniyanm [HcTuTyTOM B motomy 2011 p. OyB mpoBeneHnit MoHi-
TOPHHT pe3epByapa 3 JU3eJIbHUM MaMBOM Ta 3aXUCHOI IMTIHAPHYHOI EMHOCTI,
SIKi 3’€/IHaHI M) COOOIO TEXHOJOTTYHNM 00maHaHHsM [2]. TexHIYHHuI POeKT
Ha MAJIMBHUK pe3epByap po3podneHuit BAT YkpH/InpoekTcTambsKOHCTPYKITis
iM. B.H. IllumanoBcekoro. byniBensHO-MOHTa)KHI pOOOTH BUKOHAHI OpraHiza-
mieto TOB «3aBox TexHonoriyHoro oOmamHaHHs» M. KipoBorpam B ce30H
2006-2007 pp. Becroro 2007 p. manuBHHHN 1 3aXUCHUI pe3epByapH BBE/IEHI B
eKCILTyaTaliro. Bussieno, mo sk Ha crajii iX IpOEKTyBaHHS, TaK 1 IIPU MOH-
TaXki Oy JOMyIIeHi BiIXWIICHHS Bl AIFOYMX HOPMATUBHUX AOKYMeHTIB [3]. B
pe3ynbTaTi TEXHIYHOTO OIIISAY ABOX PE3epBYyapiB CHCTEMATH30BAHO IIICTh I'O-
JIOBHHUX XapaKTEPHCTHK, sIKi CTAHOBIISITH KOHKPETHI 3arpO3H JUIsl KHUTTS M1EpCo-
HaJly CTaHIii, HABKOJMIIHBOTO CEPEelOBHINA Ta iHPPACTPYKTYPH CTaHIi, 110
MOXYTb IPU3BECTH JI0 aBapiil 31 3HAUHUM PO3JIMBOM NayiuBa [4]:

1. HeBiamoBigHicTh MapKy CTaii, 3 SKOi BUTOTOBJIECHO MAJIMBHUN PE3EpBY-
ap, yMOBaM HOTO EKCIUTyaTarfii.

2. BiacyTHicTh TEXHIYHOI JOKyMEHTAli Ha pealbHy KOHCTPYKIIO CHCTe-
MU JIBOX 3’€THAHUX pe3epByapiB.

3. BigcyTtHicTs po3paxyHKy HECY40i CHPOMOXHOCTI peallbHOI KOHCTPYKIIii
CHCTEMH JIBOX 3’€JJHAHMX pe3epByapiB Ha [0 CTATUYHHMX Ta IUHAMIYHHUX Ha-
BaHTaXXCHb.
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4. HeMOXJIMBICTh KOHTPOJIO TEXHIYHOTO CTAHY 3BapHHX IIBIB B IPOCTOPI
MiX 30BHIIIHBOIO 1 BHYTPIIIHBOIO €MHOCTSIMH pe3epByapy (TOOTO ITOJIIOBUHH
BCiX 3BapHUX MIBIB pe3epByapy).

5. IixBuIIeHe HaBaHTa)KEHHS HA 3BapHi IIBU B KPUTHYHUX €JIEMEHTaX Ia-
JIMBHOTO Pe3epByapy.

6. HeBUKOHAaHHS HEOOXIAHUX pErIaMEHTHHX, NPO(QITaKTUYHIX, PEMOHT-
HUX poOIT Ha pe3epByapax MPOTATOM BChOT'O Yacy HOro eKcIuryararii.

3pobieHo BUCHOBOK ITPO T€, IO IS 3a100iraHHs aBapiii Ha aHTApPKTUYHIH
CTaHI] 1 OMIHKM KOHCTPYKIIHHOI Oe3NeKH pe3epByapy HOTPiOHO JOCIIANTH
Horo HampyXeHo-1eOopMOBaHMIA CTaH Ta CTIHKICTh MpPHU Jii CTATUYHUX Ta JIU-
HaMIYHMX HaBaHTakeHb. [Ticisi ceMu poOKiB eKCIuTyaTalii peasibHa KOHCTPYK-
IIist pe3epByapa 3a3Haia aedopMariiii, siki Ha TENepiliHii Yac e He JOCIipKe-
Hi. ToMy Ba)XJIMBUM KPOKOM B OLIIHIOBaHHI TEXHIYHOTO CTaHy 1H(PACTPYKTypH
CTaHII1 € JOCIIHKEHHSI HECY4YOi CIIPOMOYKHOCTI Ta CTIHKOCTI ITaJIMBHOT'O pe3ep-
Byapa 0e3 ypaXyBaHHS HEJOCKOHANIOCTel Horo ¢opm.

B crarri [4] 3a O0MOMOror MNpPOrpaMHOTO KOMIUIEKCY CKIHYE€HHO-
enementHoro aHanizy MSC.NASTRAN [5] aBropamu nobysoBana MaTeMaTH-
YHa MOJIETh KOHCTPYKI{ y BUIIISAAI CUCTEMH JBOX 3’€IHAHHUX IMTIHAPHYHUX
00OJIOHOK 1 BHKOHAaHWH ii MOmajbHUI aHami3. /loBeneHO, 10 HA MOBEIIHKY
MAJIMBHOTO pe3epByapa BIUIMBAE XapaKTep HOro 3’€JHAHHS 3 3aXMCHOIO €MHIC-
TI0. B naniii po6oTi gociipkeHo HarpykeHo-1eOpMOBaHHU CTaH Ta CTIHKICTh
CHCTEMH JIBOX 3’ €JJHAHWX LWJIIHAPUYHUX OOOJIOHOK ITpH Jii Baru mnajiusa, sKe
3aiiMae pizHUI 00’€M pe3epByapa. BuzHaueHi eneMeHTH KOHCTPYKIIii, B SKHX
CIOCTEpIraroThCsl MaKCUMaNbHI HanpyxeHHs Ta nedopmaii. Orpumano ¢op-
MU BTPATH CTIHKOCTI CUCTEMH Ta KPUTHYHI 3HAYeHHs HaBaHTakeHHs. OOunc-
JIeHi KoeilieHTH 3anacy MIIHOCTI Ta CTIMKOCTI MaJMBHOTO pe3epByapy.

§1. JocaixxeHHs HANPYKeHO-1e)OPMOBAHOI0 CTAHY KOHCTPYKIIiI IpH
il Barm najuBa

HamnpyxeHo-nedopMoBaHuii cTaH CHCTEMH JIBOX HWIIIHAPUIHUX 0OOIOHOK
TIpHU CTATHYHIHM 1ii Baru manusa, ske 3amoBHIOE 4/4, 3/4, 1/2 ta 1/4 yactuny
00’eMy MaJMBHOTO pe3epByapy (EKCIUTyaTalliiiHe HaBaHTaXCHHS), JOCIiDKe-
HUHA 3a JormoMoror0 mnpoueaypu Linear Static mporpamMHOro KOMILIEKCY
NASTRAN. HapaHTakeHHS BiJl MajdHBa MOJCIIOETHCA Y BHUIIIAII PO3IIOJIIC-
HOT'O 32 TPUKYTHHUKOM OOKOBOTO THUCKY Ha BHYTPIIIHIO ITOBEPXHIO MAJIUBHOTO
pesepByapa 3 ypaxyBaHHSIM MATOMOI Bard AM3enbHOro maamsa y 1000 xe/i’.
Ha puc. 1-4 npexncrasneni aedopmanii (¢) Ta HanpyKeHHs, 110 BUHUKAIOThH
TIpY Jii Baru najiMBa B CTiIHKax MaJMBHOTO pe3epByapa (6) i 3aXMCHOI €EMHOCTI
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Puc. 4

Jl1s 90THPHOX BHIIB 3alOBHEHHS pe3epByapa MaKCHMAIIbHI HalpyKEHHS
Ta nedopMallii CoCTepiraaucs B eIEMEHTaX WOTO CTIHKH OLS HIKHBOI KPOM-
Kd. B CTiHII 3aXMCHOI €EMHOCTI Majia Miclie KOHIIEHTpalis HanpyxeHnb. OTpu-
MaHi pe3yJabTaTH HaBe/eHi B Ta0u. 1. MakcuMaibHi HalpyXKeHHS 3MiHIOBAJIMCh
Bix 87,39 MIla no 19,63 Mlla B CTiHIII TaJUBHOTO pe3epByapa Ta Bim 2,65
Mlla no 0,41 MIla B criHui 3aXucHOi €eMHOCTi. MakcuMainbHi gedopmarii Ha-
OyBanu 3naveHHs Bin 1,4 mm 1o 0,4 mm ta Big 0,04 no 0,01 »mm BiAIOBIMHO B
CTiHKaX BHYTPIIIHBOI Ta 30BHIIIHBOI 000JIOHOK.

Ha puc. 5 HaBeneno aedopmartii (puc. 5,a) Ta HAPYKESHHS B CTIHIN MaJIUBHO-
ro pe3epByapy (puc. 5,0) i 3aXUCHOI EMHOCTI (PHC. 5,8) B MICIIIX KPITUICHHS TaT-
pyOKa JUIsl 3TMBY MAJTMBA, SIKI BHHUKIIH TIPY HaBaHTaxeHi 1/4 00’eMy pe3epByapa.

a [

Puc. 5

Jnst Bu3HaveHHsT Koe(illieHTIB 3amacy MIIHOCTI IMaJUBHOTO pe3epByapa
pO3B’s13aHa HelNiHiHA 337a4a CTaTHKH, SKa peayi3oBaHa 3a JOINOMOIOI0 IIpo-
nenypu Nonlinear Static y nporpamaomy komiuiekci NASTRAN [5]. 3acroco-
BaHHMH METOJ MOKPOKOBOIro HaBaHTakeHHs1 HbioToHa-Padcona no mocaraeHss
HanpyxeHHs y 210 MIla B criHui nmanuBHOro pesepyapa. Otpumano xoediri-
€HT 3anacy MinHocTi (Tabu. 1), skuii Hoka3ye y CKiJIbKH pa3iB HaBaHTa)KEHHS,
TIpY SIKOMY BUHHKae HarpyxeHHs y 210 MIla B cTiHII NanuBHOTO pe3epByapa,
TIepEBHUIILYE EKCILTyaTalliiHe.
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Tabmums 1
XapaKTepUCTHKH HaBaHTaXeHHS BiJ| NaJMBa, AKe CKIaNa€ YaCTUHY Bij
HJIC cucremn mBox 00’€My BHYTPILIHBOI OOOIOHKH
3’€HaHUX 00010~
HOK 44 ] 34 | 12 | 14
JliniiiHnii po3paxyHoK
Hanpyxenns, Mila
(BHYT./3081.) 87,39/2,65 | 64,58/1,89 | 41,78/1,24 | 19,63/0,41
Hedopmartis, ymm
(BiyTp./30B11.) 1,4/0,044 1,1/0,032 0,65/0,027 0,4/0,01
Heniniiinnii po3paxyHok
Hanpyxenns, Mila
(BHYT./3081.) 210/10,33 | 210/10,84 210/11,13 210/12,45
Hedopmartis, ymm
(BiyTp./30B11.) 2,85/0,19 2,26/0,18 3,71/0,25 2,46/0,21
Koed. 3amacy mirs.
BHYTD. MATIHIPA 2,7 34 5,6 6,5

BumHo, 1o mpu BCiX BapiaHTaxX 3aBaHTa)KCHHs MAJIMBOM 3arac MIITHOCTI
pe3epByapa 3a0be3neUcHuI.

§2. JocaigxeHnHns cTilkocTi cMcTeMHM ABOX 3’€IHAHMX HMJIIHAPUYHUX
000JI0HOK NIPH CTATHYHIN il Baru najausa

CTilKiCTh CHCTEMH 3’ €THAHUX IHIIHAPIB JOCIiHKEHA 3a JOIIOMOT OO TIPO-
nenypu Bucling nporpamuoro xommiekcy NASTRAN. ®opmu BTpaTh CTifiko-
CTi Ta KPUTHUYHI 3Ha4eHHs OOKOBOTO THCKY BHU3HA4eHI MU pO3B’s3aHHI 3a/adi
Ha BJacHi 3HaYeHHs MeTonoM Jlanmoma. Ha puc. 6-9 npencrasneni mepmri ¢o-
PMH BTpaTH CTiHKOCTI CHCTEMH JIBOX 3’€IHAHMX OOOJIOHOK TPH 3arlOBHEHHI
nanuBoM 1/4, 1/2 Ta 2/3 gacTuH 00’ eMy pe3epByapa, sKi € HalOiIbII HeOe3Ime-
YHUMH.
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Puc. 9

3 aHajizy pe3ysabTaTiB MOXKHA MPOCTEXHTH, IO 10 repurii Gopmi aedop-
MYETHCSI JIMIIE BHYTPINIHA OOOJOHKA, I CTIHKA Mae SK BHUIIYYUHH TakK i
BM siTuHH. Jledopmarii MatoTh HeperyIIpHUI XapakTep B3J0BX KoJa MpH 3a-
noBHeHH] 1/4, 1/2 Ta 2/3 006’emy pe3epByapa, a Ipy IIOBHOMY 3aIlOBHEHHI CIIO-
cTepiratroTeest IUKIiuHI aedopmaiii. B3moBxk TBipHOI CTiHKa BHYTPIIIHBOL
00O0JIOHKH Ne(OPMYETHCS Y BUTJISII MIBXBHJII, JOBXKHUHA KO 301IBIITYETHCS
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ipu 301IbIIeHI 00’ eMy mamuBa. B MicIiax 3’€JHaHHS TPYOOIPOBOIIB 3 000IOH-
KaMH CIIOCTEPIraloThCsl HE3HAYHI JIOKAIBHI AedopMartii.

KputnyHi 3Ha4eHHs HaBaHTaXXEHHSI, TIPU SIKUX CHCTEMa BTpayae CTIMKICTh, Ha-
BeJieHi B TaOnmuy 2 y BUNIIiL KOeillieHTiB BTPATH CTIHKOCTI, SIKi TIOKa3yIOTh Y CKi-
JIKY pa3iB KPUTHYHE HaBaHT)KEHHS! IIEPEBHIITYE 200 MEHIIIE 3a eKCILTyaTalliiHe.

Tabnurs 2
Ne 3HaveHHs Koe(illieHTy 3amacy CTIKOCTI CHCTEMHU TPH 3aI0B-
HEHHI MMTAJIMBOM YaCTUHH 00’ €My pe3epByapa
1/4 1/2 3/4 4/4

1 4,8816 1,0592 0,4450 0,2420

2 5,0337 1,0624 0,4455 0,2423

3 5,0352 1,0706 0,4455 0,2425

4 5,0521 1,0734 0,4461 0,2429

5 5,0840 1,0776 0,4575 0,2547

6 5,1178 1,0802 0,4580 0,2549

7 5,1368 1,1158 0,4641 0,2648

8 5,1671 1,1192 0,4649 0,2654

9 5,2439 1,1193 0,4796 0,2729
10 5,2818 1,1220 0,4802 0,2731

PesynbraTy mocii/DKeHHs TAJTMBHOTO pe3epByapa B CHCTEMI i3 3aXHCHOIO €M-
HICTIO 32 JJOTIOMOTOI0 MO0Y/I0BaHOI MaTeMaTHYHOI MOJIENI TiATBEPAMIIH, IO Mill-
HICTh CHCTEMH TP HAITOBHEHHI MaJMBOM 3a0e3redueHa. CTiiKicTh cuctemu 3a0e3-
TICYCHA JIMIIIE TIPH 3aTIOBHEHHI NaymBoM 1/4 ta 1/2 yactuH 00’ €My pe3epByapa.
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HECYIIASI CHOCOBHOCTD TOIIJIMBHOT'O PE3EPBYAPA B CUCTEME

C 3ALLIUTHOM EMKOCTBIO.

HccnenoBaHo HanpsHKEHHO-Ie()OPMHPOBAHHOE COCTOSIHHE W YCTOHYMBOCTD TOILIMBHOTO PE3epBY-
apa oobemoM 200 ky6.M B cHCTeME C 3aIMTHON EMKOCThIO. Ha OCHOBE METO/1a KOHEUHBIX 3JIeMe-
HTOB IOCTPOEHA MAaTeMaTH4ecKash MOJEIb KOHCTPYKIMH B BHJE CHCTEMBI JBYX COCIHHEHHBIX
[IJIAHIPHIECKUX 000JI04eK. Pellens! 3ajadn CTaTUKH M YCTOHYMBOCTH CHUCTEMBI NP JEHCTBHU
Beca TOIUINBA Pa3JIMYHOrO 00beMa. BEIBIEHO BIMSHYE 3aIUTHOW EMKOCTH U JJIEMEHTOB COEJH-
HEHHsl Ha HECYIIYI0 CIIOCOOHOCTh TOILIMBHOTO pe3epByapa. JlaHa OlleHKa 3amaca IPOYHOCTH U
YCTOHYHBOCTH CHCTEMBI.

Kyrychuk A.A., Lukianchenko O.O., Kuzko O.V.

CARRYING CAPACITY IN THE FUEL RESERVOIR WITH PROTECTIVE CAPACITY
The stress-strain state and the stability of the fuel reservoir capacity of 200 m® in the system with
the protective capacity is investigated. Using the finite element method a mathematical model of
the design as a system of two coupled cylindrical shells is constructed. The problems of statics and
stability of the system under the action of fuel weight of various sizes are solved. Revealed the
influence of the protective capacity and connection elements on the bearing capacity of the fuel
reservoir. The estimation of safety and stability of the system is given.



