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YK 624.015.5
OHNPEJAEJIEHUME ITPOI'MBOB CTAJIBHBIX 3JIEMEHTOB ITPHU
M3MEHEHHUU )KECTKOCTHBIX XAPAKTEPUCTHUK 110 JJIMHE

J.m.n, npogp. Jlanenxo A.U., unscenep @omuna U.11.
Hayuonanvnulii Asuayuonnwiii ynueepcumem, 2. Kues,

Beenenne. IloctanoBka npodJemsbl. JlepopmupoBanye 3JI€MEHTOB € PE3KO
M3MEHSIONMUCS  JKECTKOCTHBIMH ~ XapaKTEepUCTHKaMH H3J[aBHAa MPHUBJIEKAIO
BHUMaHHE HCCIIeA0BaTeeH, MOCKOIbKY OHM MMEIOT INHPOKOE PaclpoCTpaHEHHe.
OT0, B IEPBYIO OYEpPE/Ib, KOJIOHHBI U PHTeIN KapKACHBIX 3/[aHUMH, Tosica (hepM U T.II.
Meroauku  pacueTra, pEKOMEHJOBAHHbIE ICHCTBYIOIIMMH  HOPMAaTHUBHBIMHU
JIOKyMEHTaMH, HE BCETJa JAl0T BO3MOXKHOCTH INPABMIBHO OIEHHTH HAIPSHKEHHO-
nedopmupoBarnoe cocrosiare (HAC) m peanpHbIi 3amac Hecymield COCOOHOCTH
KOHCTPYKIIMH WM COOPYKeHHS (B JalbHEHIIEM — CHCTEMBI), MOCKOIBKY B HX
OCHOBY TIOJIOKEHBI TIPEANOCHUIKH 00 ympyroit pabore Matepuana. Ilomoxenne
ycyryomnsercss eme W TeM, 4YTO pacdeThl BeAyTcs B OONBIIMHCTBE CIy4acB C
MIPUMEHEHUEM HeAC()OPMHUPOBAHHBIX CXEM.

Mexny TeM, YyCHIMA B CTaTHUECKH HEONPEJCNECHHBIX  CTabHBIX
KOHCTPYKIMSIX OT HArpy30K M BBIHYKICHHBIX II€pPEeMCLICHH HEo0XOmMMO
ompeaeNATh ¢ ydetom Heynpyrux aedopmarmii (m. 1.1.3.7 [1]). Tlpu srtom,
HEOOXOIMMO HCHOJb30BATh PACUYCTHbIE CXEMbl, KOTOpble Hauboiee MOJHO
YUUTBIBAIOT BCE CBOWCTBA KOHCTPYKLMH, B T.4. U pa3BUTHE IIACTHYECKHX
nedopmaruii (Ui KoHCTpyKuuit 2 u 3 knaccoB cornacto 1. 1.1.3.7 [1]). Harpy3ku,
UX KOMOMHALMM, TNpeleibHble BEIMYMHBI INPOrMOOB M NEpeMElICHUH,
XapAKTEPUCTUKN JKECTKOCTH 3JEMEHTOB CHCTEMBI CIEAyeT ONpeneNsiTh B
COOTBETCTBUH € TPEOOBaHUAMM JCHCTBYIOIINX HOPMATHUBHBIX JTOKYMEHTOB [1-5 u
np.]. Henuneiinas pabora CTaJIbHBIX JIEMEHTOB MOXET ObITh Y4TEHA C IOMOLIBIO
IKCIIEPHUMEHTABHO MONTYYEHHBIX 3aBUCHMOCTEH «o,—&,» [6, 7 1 Ap.], KOTOpbIEe OKa
eIIe He BKITIOYCHBI B ACHCTBYIONINE HOPMAaTHBHEIEC JOKYMCHTHL.

W3meHeHne ycnoBUHI 3aKpEIUICHUs pPaccMaTpUBACTCA KaK BO3ACUCTBHUA CO
CTOPOHBI OCHOBAHHMSI: BEPTHKAIBHBIE WIJIM TOPU3OHTAIBHBIE NIEPEMEIICHUS] U YTIIbI
MOBOPOTA OIMOp. YUeT HEeMMHEHHON paboThl M M3MEHEHHs YCIOBHI 3aKpeIUICHUS
o3BONIUT Oostee 000CHOBaHHO NoxoiTH K orienke HJIC coopykeHns.

AHAJIU3 NOCTEIHHUX JOCTHKEHHMH M NyO0JMKauMil. AHAIU3 TOCIEIHUX
JIOCTIDKCHUN M MyOJHMKaUWil (PEeIIeHUI0 TaKuX MpoOJIeM MOCBSIIEHBI PETYISIPHO
MPOBOJIMMbIE KOH()EPEHIIMHU KaK B CTPaHe, TaK U 3a pyOekoM) CBHIETEIbCTBYET O
HEOOXOIUMOCTH TPOAODKEHHsI HCCIICNOBAHMH, HAlPaBICHHBIX HAa peLICHHE
BAXXHOM HApOJHO-XO3AHCTBeHHON 3amaun — ouenke HJIC u  BO3MOXHOCTH
MPOJVICHUSI CPOKa CIY)KObl KOHCTPYKIHMH 3AaHMN U coopyxeHuit [1-5 u mp.].
Pemenne 3roif 3amauM BOSMOXKHO pa3inu4YHbIMM MeTomamu. [Ipu stom yuer
YIPYTOIIACTUYECKUX CBOMCTB MaTe€pUaioB KOHCTPYKLUUN M HM3MEHEHHUS YCIOBUM
3aKpeIUICHUs] MIPOU3BOAUTCS HE BCErja aJeKBaTHO, YTO HE JAaeT BO3MOXKHOCTH
ClleTIaTh INPaBUIIbHBIC BBIBOJBI O HECYIIEH CIOCOOHOCTM M OCTaTOYHOM pecypce
COOpYKEHUSL.

OnuH U3 coco0OB pelIeHns ATO! 3aJa4d IPUBE/ICH B HACTOSIILCH CTaThbe.
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Heﬂb paﬁOTbl - pa?,pa60TKa METOAMKU pacy€Ta CHUCTEM, COCTOALIUX U3
CTaJIbHBIX D3JIEMEHTOB C HU3MCHAIOLIIMMUCA KECTKOCTHBIMH XapaKTEPUCTHUKaAMH, C
YUETOM YIPYTOIUIaCTHUYECKUX CBOICTB MaTepuajioB U UBMEHECHUA yCHOBI/Iﬁ 3aKpeI-
JICHUA JUIA PCIICHUS IPAKTUYCCKUX 3a7a4, B TOM YUCIIC U JUIsL OIPEJACIICHUST HECY-
H.Ieﬁ CIIOCOOHOCTH M OCTATOYHOI'O pecypca COOpYyKECHUs.

OcHOBHAsI YaCTh. ﬂed)OpMHpOBaHHe JIF000r0 CTEPIKHEBOI'O DJIEMEHTA MOXKHO
OITMChIBATh C ITOMOIIBIO ypaBHeHI/Iﬁ METOZla HaYaJIbHBIX ITapaMETPOB, IMOJIYYEHHbBIX
Ha OCHOBE alllIpOKCUMAallUu YpaBHCHUS H?)OFHYTOFI OCH Ky6I/I‘-{eCKI/IM CIJTAHOM [7,
8 1 j1p.]. TIporuGsI 1 yriibl MOBOPOTA OMPEAEIIAIOTCS TI0 CIIEAYFOIAM (OPMYJIaM:
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BBIOOpE YMCIIA YJACTKOB CIIEAYCT YYUTBIBATh, YTO TOYHOCTH IOBBIIIACTCS IPH

71 —> 00, JIyist IpaKTUYECKUX LIEJIEH JI0CTATOYHO, eClT 71 > % , Tae h - BeicoTa

CEUYCHUSI OAJIKM).

¥

4111{ 1 ‘Pl F.l’ i i+l B‘m—l N

AT B ! I T .

N ‘;Rl iRl Rn+1
nAl=1

Puc. 1. Pacuemnas cxema cucmemvl

3HaueHHs1 KPUBU3HBI CeUCHUIT onpenesnsitores mo Gopmynam [8]:
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M,
Kpi=p' (©)
L2 i—1
Mi:Ml+?-Z(i—])-Rf—MW.; )
=k y;; ©

rie K, ; - KpUBH3HA CeYeHHs OT BHewHed narpysku; M, B, — coOTBETCTBEHHO
M3rHOAIOIIMI MOMEHT M JKECTKOCTH B 1-M CE€UeHHMH Oanku;, K y; ~ HadalbHAs
KPHUBU3HA 1-TO CEUECHUs], OOYCIOBJICHHAs] HAJMYHEM OCTaTOYHOIO HAIpPSHKEHHOTO
COCTOSTHUS, R — peaxuys j-i ornopsl Ganku (MPU OTCYTCTBHU ONOP B CEUCHHUSAX
Oanku R = O) Y k — COOTBETCTBEHHO COBMECTHOE MEPEMEIICHUE j-i TOUYKH
Oanmku ¢ onopon u Koatb(bHuHeHT KecTKocTH j-i omopel; M, - usrubGaroumii
MOMEHT B [EPBOM ceyeHnu Ganku (npu wapHupHoM onupannu M, =0); M pi”
M3ru0aromuii MOMEHT OT BHELITHEH Harpy3Ku.

BennurHa M3ru0aronero MOMEHTa OT BHELIHEH Harpy3KH HILETCS I BCEX
CEYCHHMIT OT CHJI, PACHIOJIOXKCHHBIX CIIEBA OT CEUCHHsI, HA OCHOBAHMH OOIIMX MPaBUII
CTPOUTENFHOH MEXaHMKH. B mporiecce pacyeToB OHHM HE M3MCHAIOTCS, 32
UCKIIIOYCHHEM TEeX CIllydacB, KOIJia IO YCIOBHIO 3aJa4d HM3MEHSCTCS XapakTep
Harpy>KeHHsI.

[Noncranoska ypasaenwuit (3)—(6) B ypaBaenus (1) u (2) mo3BONSET MOTYIUTH
CHCTEMY JINHEWHBIX anreOpandecKux ypaBHCHUN BHIA:
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B omux ¢opmynax: ¥ —cymma npoekumii Bcex cun ma ock Y; M| -
usrubaromuii MomeHT B ceuenuu i=1 (npu wapHupHom omupanuu M, =0);
M ,,, - wsrubarommii MOMEHT B CeueHHH i=n+1 (MpHM IAPHUPHOM ONMUPAHHHU

n+1 =0); M 2+l — W3THOAIOMIMIT MOMEHT B CEYEHHMHM [(=n+] OT BHEIIHEH
uarpysku; @ (v, k, 6, M|, ¢, ) = 0 — 1pu OTCYTCTBUHM 3a/I€NIKH B CEUeHUM i=n+1;
(¢, — yron mosopora ceuenus i=1 (upm xectkom samemnennn @, =0, npu
HAIIMYWM 33/[AHHOTO WM MPOTHO3UPYEMOrO YIjia MOBOpOTa (O = 91 ). Eciu B

ceuenun i=n+1 pacnonoxena sanenka, dynkuust @ (y, k, 6, M, ¢, ) nmeer Bux:
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rae Qn 41 — 3aJaHHBIA (IPOrHO3UpPYEMBIH) Yroa oBOpoTa i=n+/ ce4eHHsL.

Kak BuaHO, I8 pacyeroB IO MNpPEIIOKEHHBIM (opMylIaM HEoOXOIIMMO
obnanate nHpopManuel 00 N3MECHEHHN KPUBH3HBI B CEYECHHSX II0 JUTHHE JIEMEHTa.
3aBUCHMOCTH «MOMEHT—KpPHBH3HA» ONpENeNsIroTcst 3apaHee. [ CTaJbHBIX
JJIEMEHTOB TAaKHE 3aBHCHMOCTH MOTYT OBITh ONpEAENCHBI II0 H3BECTHBIM
meTtomukaM [7 u ap.]. JKecTKoCcTHBIE XapaKTepHCTHKN OHNOp ONPEEIIIOTCS B
TepBoM TMpHOMMKEeHHH 1o u3BecTHhIM MeToaukaM HUMCK u pekomenmarmusim
HOPMAaTUBHBIX JOKYMEHTOB [5 1 1p.].

Jns  MeTalmM4YecKHX SJIEMEHTOB OHPEAENSIOT 3aBUCHMOCTH  «MOMEHT—
KpHBH3Ha» €  HCHOIb30BaHMeM  upaeammsupoBanHod  (IIpamarns)  wm
YHUPHIUPOBAHHOM (YCIOBHO-TOYHOM) quarpamm aedopMupoBanus cramu [6, 7, 8
u np.]. Orto mno3somut onpexenutb HJC cucrembl ¢ IOCTaTOYHONW AJst
MPaKTUYECKUX 1ieJel TOYHOCTBIO.

Hecymias ciocoOHOCTh CHCTEMbI CUMTACTCS HCUEPITAHHOM, €CIIH:

a) paspyuleHO XOTsI Obl OJHO CEYEHHE dJIEMEHTa (B KauecTBE KPUTEPUEB
pa3pyLIeHUs] CEYCHUsI PacCMaTPHUBAIOTCS MOTEPsS MECTHOM YCTOHYMBOCTH MOSICOB
WU CTEHKH U T.IL.);

0) TOCTUrHYT MakCUMYyM Ha KpUBOH cocTosiHui [7, 8 u 1p.];

B) pa3pyIleHa XoTs ObI 0J[Ha oropa Oaiku;

r) nporuObl W TepeMemeHWs TPEBBICHIN IpeJeibHbIe  BEJINYHHBI,
OrOBOPEHHBIC HOPMAaTHBHBIMHU JIOKYMEHTaMH.
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PacueTsl 1o ompezeneHHI0 Hecylled CHOCOOHOCTHM M NPOTHO3Y pecypca
COOPYKEHUSI BBIMOTHSAIOTCS KaK AJIsI SKCIUTyaTHUPYEMBIX, TaK U AJIsI IPOEKTHPYEMBIX
KOHCTPYKIIUH.

JUis  KOHCTpYKLHMH, HaxoQsIMXCA B OSKCIUTyaTallMd, YCTaHABIMBAIOTCS
IapaMeTpbl TEXHHYECKOrO COCTOSHUS (T€OMETPUYECKHE pa3Mepbl, apMHpPOBaHUE,
MPOYHOCTHBIE U 1e(OpMATUBHbIC  XapaKTEPUCTHUKH  MAaTepuajioB, CXEMbI
JIEHCTBYIOIMX HArpy30K, peajbHble HpPOruObl W IepemerueHus u T.1.). Ha
OCHOBaHHHM COOpPAHHBIX MaTEPHAJIOB OIPEACISIOTCS 3aBUCUMOCTH «MOMEHT—
KpuBu3Hay». [Ipy Hanuumy JaHHBIX (B TOM 4YHWCJIE M NPOTHO3HBIX) O Xapakrepe
JIeTpajlalliil  MaTeprajia ONpEeAesIIoT 3aBHCHMOCTH «MOMEHT—KPHBH3HA» IS
OIIpEe/ICIEHHBIX MOMEHTOB BPEMEHH C y4eTOM Jerpamanuu. Vcromesys cucremy
ypaBHenuit (7) u Gpopmyiy (8), popMupyeTcs cucreMa JIMHEHHBIX anredpandecKux
YPaBHEHUH ¢ KOTMYECTBOM HEH3BECTHBIX, PAaBHBIM KOJIMYECTBY ypaBHeHHM. Kpome
9TOrO, HEW3BECTHBIMHU SBISIIOTCS Takoke JKECTKOCTH (KPHBU3HBI) CEUCHWH U
KECTKOCTHBIE XapaKTePHUCTUKHL.

3agaga pemraeTcss HTEPaoOHHBIM IYTEM IO CIEIYIOMEMY alrOpUTMY.

1. 3amaroTcs MCXOMHBIMU JAHHBIMU: ITapaMeTpaMU CEYEHHS MPOYHOCTHBEIMHU
n aehOopMaTUBHBIMH XapaKTEPUCTUKAMH MATEpPHAJIOB, CXEMOH MPHIOKCHUS
Harpy3Kd H T.II.

2. OmnpenensioT 3aBUCHMOCTH («MOMEHT—KPUBH3HA» ISl CEUCHHH W
JKECTKOCTHBIE XapaKTEPUCTUKH OHOP B MEPBOM MPUOTHKCHUH.

3.  @opmupyroT cucreMy ypaBHeHHi. Ha mepBom sTamne 3aia0Tcs ynpyrumMu
KECTKOCTHBIMHU XapPAKTEPHUCTUKAMU CEUEHHH U OTIop.

4. Ilo pe3ympbTaTaM BBINOJHEHHBIX pPACUETOB YTOYHSIOT ~BEIMYMHBI
JICHCTBYIOIINX YCUIIUH U KECTKOCTHBIE XapaKTEPUCTUKU CEYESHUH U OIop.

5. Pacyer no myHktam 3—4 NpOAOIKAIOT 1O TEX IOp, MOKa Ui ABYX
CMEXHBIX MTepalii pacueTa pacrpeieieHne )KeCTKOCTEH U KPUBH3H OIPEIEINTCS
C IOCTATOYHOMU JUTS TIPAKTUYECKUX IIeNei TOTHOCTHIO.

6. Ilpm sHammumm wuHbOpPMAMU O NeGOPMUPOBAHWH OIKCILTYaTHPYEMOH
KOHCTPYKIIMHM TIOCJIEJIOBATEIFHO YTOUHSSI JKECTKOCTHBIE XapaKTEPHUCTHUKH OIIop,
JTIOOMBAIOTCSI COOTBETCTBHUSI pEaTbHON KOHCTpYKmMH H  Monenu. OleHuBaroT
COCTOSIHHE KOHCTPYKIIMH, IOJMYy9eHHOE IO pe3yinbTaTtaM pacdeTa. Ilpm Hammamm
JTAHHBIX O MPOTHO3€ JIeTpajallii MaTephaja W/WIN Pa3BUTHS OCAJOK OCHOBAHUS
BEITTOJTHSIOT PAacyeT Ha MMPOTCHO3HBIE BO3JICHCTBHSI.

7. Pacuers no 1. 3—6 IPOU3BOAT 70 TEX MOp, ITOKA HE BBITIOIHUTCS JTIO00H
13 KPUTEPHEB MCUEPIaHHs Hecymel criocobHocTH. Ha OCHOBaHMYM BBITIOTHEHHBIX
pacdeToB JENaloT BEIBOABI 00 OCTATOYHOM PECYpCe COOPYKEHUsI, HEOOXOAUMOCTH
YCHJICHUSI MU 3aMEHBI KaK OT/IEBHBIX 2JIEMEHTOB, TaK H COOPY>KEHHUS B LIETIOM.

IIpoexTupyemble KOHCTPYKIMM PACCUUTBHIBAIOTCS MO TPEIOKEHHOW BBIIIE
pacyeTHO cxeMe ¢ TOH, OJHAKO, pa3HUIEH, 4TO B MPOLIECCE PacuyeTa MMEETCs
BO3MOXHOCTb MOJENUPOBATh IETPAJallMI0 »IEMEHTa M yXKE Ha CTaauu
MIPOEKTHPOBAHUSI BHECTU KOPPEKTUBBI (II000paTh CEUSHUS HIIEMEHTOB C 3allacoM,
MPeyCMOTPETH 3aIIUTHBIE MEPONIPUATHSA H T.11.).
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BoiBOaBI

1. IlpennokeHa MeTomUKa  Je(OPMALMOHHOIO  pacyeTa  CTaIbHBIX
CTEPI)KHEBBIX DJIEMEHTOB C YYETOM YIPYTOIUIACTUYECKHX CBOICTB MaTepPHAIIOB U
BO3MOKHOCTH WX Jerpajnanuu. PaccMaTpuBaeTcs BOSMOKHOCTh ydeTa M3MEHEHHUS
apaMeTpoB  dJIEMEHTOB M  (PU3MKO-MEXaHMYECKUX CBOMCTB  MaTepHajioB.
OnpeesneHsl KpUTEPHH HCUepIIaHis Hecyleld CioCOOHOCTH.

2. Pe3ynpraTaMu pacderoB IO JaHHOH METOIMKE MOTYT OBITH HE TOJIBKO
OIIpeICNICHHE  HaNpPsLKEHHO-IS()OPMHUPOBAHHOTO COCTOSIHUS, HO H  IPOTHO3
MOBEICHUSI KOHCTPYKIIMM BO BPEMEHH W OIEHKa OCTaTOYHOrO pecypca, T.e.
CyMMapHOH HapaOOTKH 3JeMEHTa OT MOMEHTa KOHTPOJII €ro TEXHHYECKOTrO
COCTOSIHHS JIO TIEPEXO0/Ia B MPEICIILHOE COCTOSHHE.

HNCIIOJIb30BAHHBIE HICTOYHUKH

1.  JBH B.2.6-163:2010. [lepxxaBui OyniBensHi HOpMu Ykpainu. Koncrpykmii
Oymisenb 1 cmopyn. CrameBi koHcTpykmii. Hopmum mpoextyBanHS,
BHUTOTOBJICHHs 1 MOHTaxy / Minperion6yn Ykpainu. — K.: Minperion6yn
VYkpainn, 2010. — 202 c.

2. JBH B.1.2-2:2006. Cucrema 3a0e3meyeHHS HATIMHOCTI Ta OC3MEKH
OyniBenbHux 00’ektiB. HaBaHTakenust i BmmBu. Hopmu mpoextyBaHHs /
Miubyn Ykpainu. — K.: Minbyn Ykpaiuu, 2006. — 60 c.

3. JCTY b B.1.2-3:2006. Cucrema 3abe3rneucHHs HaAIMHOCTI Ta Oe3meKu
OyniBenbHUX 00’€kTiB. [IporuHu i mepemimieHHs. BUMoOru mpoekTyBaHHS. —
Beeneno Bnepiue (i3 ckacyBanusM B Ykpaiui po3ainy 10 CHull 2.01.07-85);
Bgen. 01.01.2007. — K.: Min0Oyn Ykpaiuu, 2006. — 10 c.

4. JIBH B.1.2-14-2009. Cucrema 3a0e3neucHHsA HATIWHOCTI Ta Oe3MEeKH
OyniBenmbHHUX 00'ekTiB. 3aranbHi NpUHUWNK 3a0e3MeueHHs] HAAIHOCTI Ta
KOHCTPYKTHUBHOI Oe3neku OyiBelb, CIOpyH, OyOiBeIbHUX KOHCTPYKLIH Ta
ocHoB. — K: Minperion0yn Ykpainu, 2009. — 32 c.

5. JBH B.1.1-5-2000. 3pmanus u coOpyXKeHHs Ha moxpabaThIBaeMbIX
TEPPUTOPHSX U MPOCATOYHBIX IpyHTaX. HacTh 2. 3#aHUs U COOPYKEHHS Ha
NpOCaJiouHbIX TpyHTaX / L OCYHapCTBEHHBIH KOMHTET CTPOHMTEIbCTBA,
ApPXUTEKTYpPbl U )KWIMIIHON nonuThkH Ykpaussl. — K., 2000. — 87 c.

6.  Merammyeckue koHCTpyKimn. OOmmit kypc: YueOnuk mist BY3os / E.N.
Benens, B.A. banaun, I'.C. Benennukos u ap./ [Ton oom. pen. E.U. benenmn. -
6 n3x., mepepad. u por. - M.: Crpoiinsmat, 1985. — 560 c.

7. TonomHoB A.M. PerynupoBaHHE OCTAaTOYHBIX HANpPsOKCHUI B CBapHBIX
JIBYTaBPOBBIX KONMOHHAX H Oankax. — K.: Bun-Bo «Cranby, 2008. — 150 c.

8. TomommoB A.M. Pacuer KOHCTpYKIMH C pe3KO H3MEHSIOMIUMUCS
JKECTKOCTHBIMH  xapaktepuctukamu / AWM. T'omomguos, O.C.bamamosa //
30ipHUK HAyKOBHX TpaIb YKPaiHCHKOr0 HAYKOBO-AOCITIJHOI'O Ta IIPOEKTHOT'O
IHCTUTYTY CTayeBUX KOHCTpyKuii imeni B.M. Illumanoscekoro. — K.: Bua-Bo
«Cranby, 2008. — Bum. 2. — C. 18-24.





