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V r6ipunry sucsirmolorrcf, pe3yJlbrarr;r exc[epnMerrrilJrbHo-Teoperr{qHr{x
IocniAxerrs dyliuenrnror uarepianin i roucrpyrrnfi, rexuonorifi iiruoro
BtrroroBreHnrr ra ercruryarar{i reopii onopy eneirenTin 6yainenrnrx
roHcrpyxqift sosnimniM BrrJrr{BaM, ueroAin ixrnoro po3paxyilcy.

Ilpmna.reur.rfi IJr{ HayKoBrm npaqierrmin, cnegiaricris qpoeKTHrD(
ycranoB i n4po6nrvrx ni,4npneucrn GyAiremnoi ranyri, gorropanrie,
acnipanria i cryaenrin Buqr{x HaBqarrbHriD( earuaAir.
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MEXAHI3MI,I PO3BITTI{Y CTPITKTYPI,I EETOITY IIPil
MAJTOTU{nJIOBr,D( yTOMrrrD( HABATTTA}r$HrIfl(

MECIIANISMS OF TIIE STRUCTI'RAL DEVELOPMENT OF
CONCRETE WITH LOW-FATIGT'E FATIGUE INFLUENCES

Kopo6ro O.O., x.r.R., ,qoqelrr (OAABA' u. Ogeca)' Bnpoeofi B.M.'
A.T.rr.r npoQ. (O.{ABA, u. O,qeca), Bapuv I.C. (O.{ABA' ru. Ogeca)'
Jtrxonenro I.O. (OAAEA, nr. O4eca).

Korobko O.O., Ph.D., senior lecturer (Odessa State Academy Civil
Engineering and Architecture, Odesa), Vyrovoy V.M.' DSc in engineering,
professor (Odessa State Academy Civil Engineering and Architecture,
Odesa)o Varych H.S. (Odessa State Academy Civil Engineering and
Architecture, Odesa), Yakovenko I.O. (Odessa State Academy Civil
Engineering and Architecture' Odesa).

,{ocni,qxena Arnauira sMiHfi fiolrrKo,DmeHocri 6erony B yMoBax

sHarcosrdiHHlD( 3oBHiltrHix e[IrlrBis 3 ypaxyBaHrrJ{u pirnouanitnoc:ri
crpyKrypu ra npoanaJligoeaHo r.rexaHisl,t yroMHoro pocry :rpirqxn r
o6'eui rrrarepiairy.

The work is devoted to solving the problem of increasing the

resistance of concrete in conditions of low-cycle fatigue influences. The

material of the building construction adapts to the actions of climatic
factors through structural changes. Cracks are structural elements, which
are capable of instantly responding to changing external conditions.
Fatigue growth of cracks depends on their initial parameters and occurs
according to a certain mechanism. It is possible to set the complex of
cracks by changing the parameters of the characteristic elements of the
macrostructure. The difference in values of the concrete damage

coefficient through cycles of alternate wetting-drying and freezing-
thawing was from 10-57% in the detached cells. Under the experimental
conditions, the strength of concrete was doubled and the modulus of
elasticity was increasedby 40Yo with a decrease in water absorption by
2.5 times. The variety of structure contributes to the preservation of the

functional properties of the material.
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Krloqosi cJroBa: 6eron, crpyrcrypni 3MiHu, yroMna rpirquHa,
nolrrKoAxeHicu, uarorgannoni silrnBl-r.

Keywords: concrete, structural changes, fatigue crack, damage, low-
cycle fatigue influences.

Bcryn. Ercruryaraqix 6eromrll xoncrpyrqifi i nxpo6ir anpiopuo
uepeg6avae nepuanenrnrafi BnJIHB Ha HID( rninratrlqnrx t[axropia. Bci
wqlr nepio4I{TIHID( nmuein, nos'r3arilD( g Aiero BoJIorH Ta reMneparyp,
cnpnfiruae 6eron, xtc:zrit peary€ Ha 6araropa.soni nepena4n
TeMneparypHo-eororicHoro pexnMy trrJID(oM nepioguvH n gT\,riH l\,racu

m o6'ervry. I{e B}rKJr}rKae nocrifuri sMiuu crpyrTypu 6erony, IrrJUtxoM

rKrD( Marepial npncrocoByerbcs Ao HoBIitx yMoB eKcrllq/ararlii. flpore
e$exrin a"qarrraqii 6erony y nrmr4i cilorrranHlD( crpylcrypHlD(
nepe6y4on e pe3yJrbraroM cBo€qacnoi euirrn napanrerpin KoHKperHI{x

cKJraAoBrD( crpyrtypn, rri rAami aAeKBafi{o riAxlrmarncs Ha gonHimHi

BruruBr,r. .{o noua'rry eKcrllryarallii r crpyrrypi 6erouy nxe npucyrnift
nenrnrfi na6ip rarr.rx aKTr.IBHIix elenaeutie, Ao fKI{x eignocxrrcx
rexlorori.mi (cnaxroni, noqarKoBi, sarumxoei) rpiIqruna. flpoqecra,
rorpi nig6yearorrcr s o6'eldi rpirynr npu sarrropoxcyeanui-
po3Mopo)rqFBanni ra ssorox(enni-BucyttryBanHi, nepemoprcIorb Koxuy

ryiqnrry s Hecra6inrruni eneuerrr crpyKTypn. Hecta6insnicrs rpiqruI
noB'q3asa si s6immerrHtM mlIpHHH ix po:lcpurrr ra sMiHon rucKy
ncepe4uni ryrnrmu. I{e crnoproe ).MoBIr Ant pocry :rpilqm sHacri,qox
ronqerrpaqii Ha[py)r(eH6 s soHi ycrt npr nepinnouipHorr,ry posno4ini

ae$oprvraqifi i aarrpylrenr Ha 3Bl{Brcrr{x 6eperax tpirqrnr ra s o6'e}ri
ororryroqoro uarepiany. Cyruapna rinmicrs rpirqnn s pisnouanirnrnvru
napaMerpaMrr Ba3naqae 3araurblry nomro,ereHicm 6erorry, flKy B po6ori

[] nponorycrrcr po3nrrrarrr rK xapaKrepr.Icrlilcy crpyKTypu. B nepio.q
excnrryaraqiT sMiHa nomroAxeuocri naatepiairy 3,uIe)KHrb si,4

noqarKoBnx ua6opin ryiwnr.3alani na6opu cnaAKoBID( rpirqIlH MoxHa
o4eplr{Warla rrurrxoM KepyBarrnr [por{ecaMr{ 6araropinneroro
crpyrrrypoyrBopeHHfl roMnosrris uonicrpyxrypnol 6y4onu.

Aualig ocrarrsix AocriAxenr. V cneqialurifi niteparypi npree4eHi
npuftoura i cuoco6n KepyBaHHt nolrrKo,ryKeHicno uatepia-nin: na pinri
qacroK B'.nxgrqsps (rvrirpocrpyrrypa 6erony) 3a paxyHoK BuKopucraHrrt
paqionalmmr nanosnronaqis i xirraiqnrx go6aeox, Ha pieni
MaKpocrpyKTypl{ 6erony rrur.flxoM sMiHa reouerpii Ta Qi:N.*mr
naparvrerpin crpyrcrypHlu( qapyno& yrBopeHLD( 3epHaMH sanonHrosa.Iis
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B MarpprqHoMy uarepiani, Ha pinni nupo6y qepe errainy ftoro
reoMerprl.moi $oprr,rn. Ha naury AyI!{Ky, 6inrru .{erarbnoro po3rrlt4/
norpe6ye AocriA:xenns Annauircn :uinu rollrnoA)KeHocr:i 6erouy ni,q

dero nepeuiHmax ruIiuarx.nrrx qlrr*rrrcie 3 ypaxyBaHntrM

pisnouaHiruocd xaparrepucrrlK cKnaAoBI{x crpylcryp}r ua rvrarcpopirHi.

Ilpu.rauaura 3apoIxeHIUI Ta pocry r?irqaH creqialicna BBtD{€Iorb

eracHi o6'euni ge(fopnralrii ruarepiany B IIinoLry r:a fioro oKpeMI4x

KoMrroHerrrin, rpagienrr.r reMneparyprux i noloricnrm 4etpoprr,raqift,
cmcneni 4e$opruauifini e{ercm, ocrumnqni m nopo:iftni xrrarya fi r.n.
IIpn rpor,'ry tlrexanisMn 3apogxenHr i poerrncy rpilqm B rereporeHHrD(
rpy6o4ucnepcHr-Tx Marepiarax, rK rrpaBl4no, He po3ur{Aarorbcf, . flpore,
caMe rereporer*dcrt nrarepiania nrrry 6erony loxanisye :apo.qxoni
rpirqnuu n cepeqnui ce6e na pinnrx crpynTyprrlrx neo4nopignocrefi gi

r6epexeHruru ix noremlifrnoi rrroxcrnrsocri B )[uoBax sHaKosr{inruD(

snrllBie 3pocrarr,I Ao ne6esne.ililD( NIs Aamrry, crpyKTyp tpilqnH.
flocranosra MerH Ta 3aAarl Aocrirotteur. 3osHirtrHi BrrJIrIBu, rqo

nog'rsaxi s qriluiqHoro guinoro reMnepar)pn i nolona, Be4yrb Ao
yroMr{ uarepia.rqr, tKa Bu3Haqaerbct na6opamn noqarroBax rpiurn.
Bnxolrqr,r 3 llboro, 6yna nocraueHa Mera po6orn - nilnrarqenns
cr:ifinocd 6erony nprr MaJror{HruIonift yrorvri 3a pa}r5n{or oAepxaunt
saAaHoT crpyrcrypu ua:repiarry rlrJrfioM sa6esneqerulr eiA[osi,4Horo
na6opy xapaKTepHlD( cKIIa.qoBID( Ha pieni MaKpocrpyrTypr. EW
Aoc,rrrreuur nocraBreuoi tusrpr cni,q enpilur.rra nacrymri saAaqi:

npoanaliryranr Lrexanisn pGBI{rKy sto}rHoi rpirql.rrru e o6'e}ri
6ylinenrur.u< ronanosl,ITin; - AocliAuna srr,riny nomnolpmenocri 6erony s
Br{xoAoM na pinem BJracraBocr€fi e yuorax uonepenrirrroi aii rryrrurin

3BoJro)KeHHf, -Bl{cylrryBaurrt i ranaopoxrysaHHr-po3Moporl(yBarfit.
Perynsratu AocliAxenr. fIiA ytoMHrIM pyitr{yBaHHtM 6erony

posyuirors nocrynoBe HaxorrrrFleHrul [olrrKoAt(eHb B peeynrrati
nepiogn nroro BrrJrlrBy Hanpytrcnr a6o ge$oprr,raqifi s nepenainuoro

aurmirygoro Ao BHHr{KHerlrs He6esne'nroi rpilqrann m ii nerroporHono
pocry. Heo6xirno crtsoprcBarn crpyKTJiplr, xxi 6ygyrc zafiezneuTuarn
c4ycryprmft po3BunoK, crpxxrrrrcrft glr s6epex<eHrrfl BJracrlitBosrefi

rr,rarcpiarry. ,{nr qroro tueu4rcicm si.4nosiAnrx peaKqifi crpyrTypl{ y
nurnxgi 3apoA)KeHHt i pocry tpirqnn Mae cnirni4nocr.rmcx s

inrencunuicrro gosHiruHix snruBis B oAHoMy teunopunrai.
Yrorrani rpirryrnu yrBoprcrcTbcfl 3 TexHoJloriqnr.or rpirryrn IITJIfioM

ik ni.qpocraHw. frrx xirrsxicnoi oqinxx ursaAxocri pocry nrounoi
rpirqunu BrrxoA{Tb 3 rrpnnyqeHus, rqo Aon:rttlHa rpirqunu a 3a oA*rH
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rIr,rKIr 3HaKosMiHHrax Hanpyr(eHb N sl,{iHroerbcr B 3aJrexHocri sia guinN

xoe$iqierry irrreucrlsHocri nanpyrnenr s qlaKri AK : K,*, - K-;o ra
Korrcrarrr uarepiarry C i m. BrxoAxqlr 3 AaHoro rvrexauisuy po3Brff(y
rpfuIrrnrl 3a oAnH r1r.rKrr, npononyerbc{ cninni4nocnrra rusuArdcrr pocry
rpirqxril,r 3 BeJrr{qlrHoro if porpnrrx. O4nar, rK rroKzr3irJrrn AocriAu,
yroMHa rr,riqnicrr naarepianir 3 o.qHaKoBr4M MoAyJreM lonra Molr(e Marlr
pisni anaueunr (pisny msprlKicrb pocry rpilqvur).

,{nr rvrarepiarin, qo 3a3rralor6 nenmi gnaxogruinni geSopMaqii,

sseAeHi ,uetlopuaqifini rpratepii yroMHoro pyftnyeaunx, nig xxuun
poayuirorrcr rpurepii, non'r3asi s lp[Kri.urm{u ge$opuaqicMu. Ha
ocnosi rlboro BcranoBireno 3B'r3oK uix nnacrrqnoro gerfopuaqiero sa

rprxJr erJr, arraruriry1oro aeSopuaqil Ae, arrluliryroa Ha[pyxel{b ra
MoAyJreM upyxuocri ruarepiairy.

flpu anali:i nprfinmo uacrynni o6Mexenns ra AorqqeHHf,: -

uir<pocrpyrrypa {Brse co6orc 6esnepepnne cepeAoBl,Ilqe 3

Br.BHaqeHr,rMn eserrl{Bnnrvru xapaKTepHcTHKaMH; - rpfuruil{ B

rvrixpocrpyrrypi sBrsrorb co6oro nuyrpiruni npruo.ninifrni nonepxni
po3ArJry 3 Bu3HaqeHvMr,r reoMerpftqnr{Mrr xapaKTepI,Icr}IKaMI,I (.uonxmra

a, fir4pllrma po3Kpr-rr:rr b, paliyc ycrt g, AoBx(HHa Sporry l); - o6'euui
.qe$opilraqii rrainpocrpyrrypn npatrrl,ruHo He rlpo.rBJrtlorbct Ha

soeHimuix no ei4uoueHnrc Ao neT uonepxHrx po3rlrry; - nrIacrlmocri
rr,rirpocrpyr<rypll npaKTra.fio ne s[ririlororbct rlportroM oAHoro qnKry
snaxosMiHnr.rx o6'eusrx euin; - o6'euni ae$oprr,raqii smil{Karorl 6es

rpa4iernin rlo neperar{y :parxin.
3osniruHi BrrJrrlBE BlrKrrurarorb nnyrpimai 4er[oprraaqifiHi

flpoqec[, rrci npoxnnxrorbct na 6eperax rpiqmr. Orxe, sHarosr,rinni
o6'eivrni :uilu nrarepiany e nnyrpiuniura cnonrar*nrMrr npoqecaMu
yroMHoro pocry noqarxonoi rpirqarm npu 6arar:opa3oBr.D( o6'euruol
guinax s pisrnau 3HaKoM (puc. 1).

flpe4cranurao nauisHecninueny rrJlacrlruy s tpiqlnroro, tKa
po3TamoBaHa no oci cnrraerpii. Ilmcir pocry ryiqunn no.nilraerrcs gi

s6ir6merffir o6'euy nrarepiany. B curry nprdilrrrlo( Aorq/rqel{6 r{a

6epera rpiqnn 6yle airra pirno*ripno poenogineua 4e$oprr,raqix
o6'eirrie *rarepiany, 3BepHeuax Ao cBoro 6epery (pnc. 1, a). IIia aierc
4e$oprr,raqift 6epera rpirqwrl,I noqltHarorb s6rIDKyBarI,Ict Ha BeJII{qru{i

Lb*. y Br,rrraAKy, ronu ge$opuaqii, xxi rryorarxlorbct Ira 6eperax
rpir{urur, AD'n, rraemne a6o 4opinnororu e{ercnnuifi rnuplaHi po3Kpl,Irrt
tpu{nnn br, Lb',
,qetbopMyrannx (pnc. 1, 6, e).
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Prac, 1. Mexanig*r yroMHoro pocry rroqarKoBoi rpiil{ru{H:
a - reoMerpHqHi napaMerprr rpirynna;6 - sMiHa reoMerpiT
rpirqrarra npn rpotrBi ruracrr{rrrru)( AeSopMaIIifi B 3oni ycrn;

B - 3MrHa napaMeTpB TpIIIS.II{H npH IIIIacTI{tIHoInry

Ae$opil{y*aHni *rarepiany B soni ycrfl Ta Ha 6eperax rpirgnHn;
r - 3MiHa napaMerpiB Tpirrymu 3a paxynox ir pocry.

flpu Lb',
rlacrnHa ryiluraHn rrorrnHae nparyoBarn ffK caM Marepia-rr r&, Ha rriei

Rinsnrli, nplmHi ae$opMarli'i tnp nepeBaKalorb rrnacrl{rrHi too, tnp } t217.

Y eHraAKy rapafieJrbHocd 6eperis rpiunril,I, ix 3MHKaHHI ra 3aranbr{y

Ae$oprrlaqiro MorKHa Br{pa3*trfi rrepe rrrracrr{tluy €rut Ta rrpyxrny tnp
TTACTHHH.

Ilnacwr'+re Aer0oprvryBaHr{fl Mo}KrrHBe ti.nrrn B 3oHi IITHpHHT{

po3Kpvrrrfr rpiurHK) ToMy Lb * : t* Mon(H a sarrr4carr4 flK:

\
q

I
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E=b, 1€nn.

3urraHrr xnunonoAi6trrrx rpirqnn e [paKTurIHo HeMo)Krrr{Br{M, 3a

Br{KrrroqeHH{M Hacryrrurr,rx nunagxin, sKi s uamifi po6ori Brlxogrrb 3a

paMKH po3rnrly: - rrJracrl{quoro 4eSopl\,ryBaHntr rr,ra'repiarry 6eperin
Tprrlr,rHlr, ryo BeAe Ao sr{iHn ik cepegnix BJlacrl{Bocrefi s soHi

4eiloprvrynannx; - $oprraorrraiHu rpannrp po3AlJry; - uapnipuoro
rroBopory rrnrasrr EM HaBKoJro ycrx rpirq*rHll. B iHIuux BItnaAKax rroBHe

3MrrKaHHr 6eperin tpirqruilr ne nig6ynaerrcx.

,$rr ninrricHoi oqimu qacrKr,r rrJracrrfmoro geSopMyBaxnx 6yro
BBeAeHo noHrrrr eQerrNnnoi runpr.rHr{ po3Kpr{Trt rpirqrana, -rre Mo)KI{a

BlrsHarII,ITrr rK cepe.(Hifi poauip ii mNplcm. E$ernrnna rrMplrHa

po3rpr,rrrr rprqnrul 6 3aJlerclrrb Bu ii AoDIs4r{r,I s ra rnr4p*rnr
po3xpzTrr D, tolwy rtaoxe 6yru_rz:naveua reoMerpr4rlrrre{ TITJUD(oM:

6:ocos(e/z).
Toai geQopnraqi-s 3pa3na r rpiug&ral,{r{ nr npu s6inrmexni o6'euy

rraarepiarry 6yAe Aopinrnoratr:
a = nr .a Cos(q12).

flpn riraenmenui o6'eivry Vo Ao 3naqerrb V0 /AVy < I 4e$opruaqii
ycamu BraKrrr{Karorb po3Kpl.rrrfl ryirqrn. .{e$opMaqii 6eperin Ao
3naqeub E Mo)Icra e|srecrn Ao npyxnol qacrllHl,r ycaAoqHID(

aer$opuauifi. flicns rlboro Hacqmae erarr rrJracrl'Trrl{oro 4e0opuyearnrr.
B crury npmhurrar .qoqqerr6, rpiqlnra rre Moxe emprrrru cnoi
6epen4 a nrarepian sMirrrrn sracHi cepe4ni xapaICrepI,IcrI,IKr,I. Torrry, y
nun4Arg Lb'y > bm, ewfynaerBct g6imruenHs ToBTKHHI,I rpiqranu na

Beil{.n{r4/ Aq, (prac. 1, r). 36irrrueHnt.4oBxrrHrr tpiqmm peari:yerrcr
oAxorracHo si s6irblreHHsM [rupr.rHr,r i'i po:xpnrrr Abr. A6comorni
3HaqeHrr;r Lb, ta Aa, ranexarr siA no.rarKorrx 6s i as ra BeJITTIHHn

.qeibopnarlifi ycaAKr{, xxi npornnnorrcx na 6eperax tpirrynm Aqr. Mix
g6irmurennsM mnpnHr,r po3KpuTrfl rpiqurm Lb, ra npnpoc:rarurru if
AoBxc.rHr,r icrrye saaexcnicru:

La, = Lby 12 tg('12)'
Ilftaprna po3Kprrrrr Br{3naqaerbct BeJrlrq}rHoro 4e{opnraqifi ycagru

Ta, B HarrroMy BlrnaAr(y, 4opiruroe ifi, rouy MoxHa 3anrlcarl{:

Lo, = n'er/2tg(9/2)'
5x nacnigox, 3ararrbma finifuia yea4na 3pa3ra s r:piulzHoro npu

guennrenni o6'euy uarepiany 6yre Aopiaruonarr,r:
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t: n-\,t, /ztg(qlz).
Koxc*rfi qr,rnir gnarosMiHurx 4e{opruaqifi 6yae BnKrrr{Kar}r

nigpocrannx rpirqnHra Ha Bernrrrany Aa". 3uina AoBxuHH'rpirqurur sa

oAHH rs.rxJr La, I dNza:te)Kr4rb ni4 Ab, ra Lq:
LorldN=Lb,IA,er.

.f,xqo npr.rfiirrru pinnorvripnicm ycaAotlHr{x aei[oprr,raqifi ri4 qlnciry

Ao r+rKrry, ro Aosroriqnicrr B yMoBix Manors,rKrroBoi eroruu a6o
rinsxicrs q[xnis ,l/ 6yge 3aJre)Karrr siA uoqarKosoi Aonnrril{ rpirqlrnr,r

a0, IIIl4pwJgin if posr(pu'rrx b6, BaIWIEII0HT4 ycaAoqHr.Ix 4e$opMarlii E ra
eiAnomenHr rmorqi rpiqnnn Ao fleper?firy 3pa3Ka S, / 5o6 (npN ynroni,
rqo $polrr rpirqmrll rBJr{e co6orc nptMy liHito; ilpu a7 : 0,25a
nprnftnaeuo, trIo 3pa3oK eriftrtros g ra;ry). Beauvrury dTMo;KHa Bn3HalII{Trr

3 ).MOBH:

ar 10,25ai ar 3 M, N.

Kpirvr ni4pocrannx rpilqxn, B yl\,roBax sHaKosruiHHLTx 4eifoplraqift
He BLTKnK)qeHi crryaqii, nplr rKrd( na 6eperax rpirqfiH 3apoA)K)ix]Tbcr ra
po3BlrBarorbc"tr Honi AJrf, AaHoro crpyrcrypnoro pirru tpilqmnn, Iqo BeAe

Ao euilru no[KoAx(eHocri naarepiany eKcrJryaraqifrnnnau rpiquHanau.
flponegerrrfi anaris [oKa3aB, qo Aosrosiunicrr, rIpH [pm:iHrfl{x

AorryqenHna, Br{3Haqaerbcr napaMerpaMu florlarKonoi rpirryrrur ra
aivmniryloro i rcinmicrro sHarosil{iHHtor o6'eunr.ut ae$oprrraqifi .

B pqurbr{r{x 3pa3Kax ni.q6yBaerbc.r nepinnouiprurfi posno4ir
aetfoplraqifi na 6eperax rpirurrna. B crury reoMerpl{tlHl{x oco6fiaeocrefi
B3aeMopo3rro4irry rpuqmr pisnrx posrvripin Ha ix 6eperax npotBntrorbct
ge$opl,raqii, pirni sa BeJrr{tIHHoIo. Hepinnouipttd posuogin BI,IKIIHKae

aefiopuauii 3cyBy tc, xri uoxgrm Br{ril,rrcry[r Ha [porl{JlexHrax 6eperax
rpiqrnrx ra n soni iT ycrx. Ha 6eperax rpiqnrrtr e" sAarui yrBoproBarpr

dnxrils,r BuAaBilroBaHHs ra BAaBJrroBaHrrr, r{o BeAe Ao yrBopenHt
BToMHTD( 3apo,uKoBr{x rpiryrr. fpaaierr 4er[opuaqifi Br43Haqae raKox
HarrprMoK po3Brrncy mroi rpirqrrm. flpr.r s6inrmenni o6'euy rraarepiany
broxsmasrft picr ra flotBa 3apogKoBl'rx rpilqun, Iqo BeAe Ao nosHoi str{iHn

posnoginy geQopMarlift Ha eraui yca.qrul rvrarepiarry. YcaArcoei

.qe+opMaqii npoflBJrrrorbcr Ha HoBrD( rroBepxHfi posginy, u1o rocrrlrroe
rpa,qiexru geifoprvraqifi 3a BeJrr{qr.IHoro ra HanptMKoM. Taruft npoqec
cnpr,rre HaKonrdlreHHro norrrKo4xerrb e oArHlrltri o6'euy crpyKTypr{.
HarormqenH.f, IrorrrKoAxeub Ao KpHTr.ilIHoro 3HaqeHHt, rrpl{ tKoMy BoHI{
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gAarni 3nnBarr,rcr n naaricrpa-nruy rpiqnrry, Br,r3naqae criftlricru
uarepiany B yMoB:x snarcoguinmrx ge$opMaqift.

Eeron e ruarepiarou, oprani:oBaurrM 3a nplrurrnrroM (crpyrflypa B

crpyrrypi> sa sxicHo siAr{iHHuMr,r uexaniguauu $oprvryeanHr oKpeMr,rx
pinnin crpyKrypHr.D( neo4uopignocrefi. Torvry naixpocrpyKTypy 6erony
Mo)KHa rrginurra rK cKJraAoBy rracrrany MaKpocrpyKTypra. B po6ori [2]
noKa3aHo, rqo xapaKTepHr-rMr,r cKJraAoBrdMr{ rraarpopinur e cr"pyrrypHi
qapynrc{, xni yreoprcrorbcr npu crarncrrrtr{o nilrnolry poarauryeanHi
3arroBuloBarrin o qeuerrnrifi ruar:pnqi. rlapynrcu, nanirr npn o4uouy fi
ToMy xe cxlaAi 6erony, ei,43Haqalorbcx pi:uouanirrxu reouerpn*il{x
napauerpia ra cnirsiAHomenr a4reaiftiro-roresifrHlD( cuJr 3s'.rary ua
rr,rixQasnrul rpaHErID( posAilry. Eyro nrauraveHo, Iqo nraxpocrpyrcypni
rrapaMerpu e ifarroparvrll KepyBaHHs nine, raxoro npoqecin opranisaqii
rrrirpocrpyrrypu ra iT [orrrKo.emeHicrro no.rarKonran'm rpir{nxarrau.

Crynenr norrrxoAxeHocri naircpocrpyrrypu (ueuenmoi cxna4oroi)
B c'rpyrcrypnrD( rrapynKax Br{3naqaJrrr ueper xoeSiqierrr nomrcoAxenocri
KrF S1S0 cr cnissiluro[reHHf, nnorqi, o6uex<enoi rpirqNuauu, S,, Ao
rrnorqi 3pa3Ka, na srifi 3'frrrwrncs rpirqnrnr, So. AocliaxeHHfl [oKiBanI{,
rqo ilorrrKoAxenicn qeuerrrnoro KaMeHr n pisrrrx qapyr{Kax piaHwracr
po 1,5-2,5 parin. B JroKaJrbHrD( o6'euax Maxpocrpyrcrypu yrBoproBannct
uenonropni ua6opN rrorrarroBr{x rpirrynr, sxi Ha pinni crpyrryplr
6erony noeprmri in:rerpanmno BlraHaqarn r[yrmuionarsruft norenqian
rr,rarepiarry Ta yMoBr,r fioro sgaeMoaii s ororrymqlrM cepeAoBurqeM nu
Aiero sHaKosuirnuar srrrrlBiB TeMneparypu Ta BoJlorfi.

Pesynrrara locli,{xrenr Ha MoAeJrfx a pisrmu na6opou qapynoK,

rroKa3:un, rqo rricns 3BoJroxexrur-Br,rcJrmyBaHufl 3naqenaf, roeSiqierrra
rorrrro,qxeHocri epasnin nigpisurrrucr, Ha I0-577o sanexHo ni4 rrny
yKJraIXu 3aroBr*oBaqin ta crary ix nonepxHi.

Aocnipmenns Ha 3pa3Kax-ry6ax noKa3aJrlr (pnc. 2), qo naft6inrm
MoHoroHHo, 6er pisrurx nepenagir eiA ${Kry Ao Itrilcrry, sMirilonaracs
norrrKoA)KeHicrr rpasrcin, xi ualn pisHouauinri ra cnirri4uomeHr{rMr.r
nrix$a:nlo cut sn' nzrgr na6opu crpyKryprrra( rrapyHoK.

I-{e, na Harny [yMKy, noB'.f,3aHo 3 TI,IM, rqo 6ararosapiarrrnicrs
napauerpin qapyHon crpure npof,By eftercrie a,qarrraqiT Ao soeHiuHix
rrrnllsis. 3a6egneqeHnx pisnouanirrr vapynoK Ao3BoJrte nigrpmrnynaru
pirenr BJracrrirBocrefi laarepiarry B Aorrycrr,rMrrx HopMaMr,I Mexiax.

flpone4enuri ananie ra AocniAxenns rroKa3arn, IrIo Nts,
ni4rNulennx crifirocri 6erorry npn MaJrorIHKJIonra< Airx reM[eparyplr ra
BoJrorn neo6xigno sa6eeneuyrarl,r KoHKperHi crpyrrypra uatepizury.
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Pnc. 3. 3rvrina nourKoAx(eHocri 6erony r pirHHMH rapaMerpaMu

MaKpocrpyKTypHr{x qapyHoK npH Ma.IroqHKJroBifi yronai :

I-R.q,>Rr; f -Ra<Rr; r-Ra:Rr.

RA - BeJrr{qHHa arre3il Marpuqi ,qo rroBepxHi sanoBuloBauir,
RK - BeJrHr{HHa KorffiiffHoi nrirlnocri nnarplaqlrof cKJraAoBoi.

E$enrHBHHM $axropoM KepyBaHlur crpyrrypoyrBopeHHrr Bucr)ruae
HarrpaBJreHa 3MiHa napaMerp in 6 araroBapiaHTHlrx crpyKTypH}rx rrapyHoK

rK xapaKTepHrD( crcrraAoBr{x MaKpocrpyKrypH. flpoaHarisoeaHo
Mexanigna po3BHTr(y BToMHT{x tpiqnn rrpn ypaxyBal{Hi ix reHe3ucy 3

noqarxoBr,rx rpiquH niA BTJTHBoM BJracHr/rx ge$opMarlifi Marepiary. t{e
AO3BOJTHJTO BCTaHOBHTH 38'fl3OK MbK 6eSneKOrO sy"*tliOrryeaHH.f,
Br4po6y ra 3MiHolo rexHonorirnroi nomKoA)I(eHocri 6erony flK rpo;rBoM
e$exris aAarrarlil. B yil{oBax nepiogr,rrrHoro 3BoJrox(eHH;r-BucyrrryBanr{fl

a6o 3aMopoxqfrar{Hfl-po3Mopoxg/BaHnf, g6iJrbmeHns pi:Honrauirnocd
cTpyrffypr,{ 3yMoBHJro ni4rprrr,rKy piBr{fl BJracrHBocrefi 6eromrr{x 3pil3ris
3 OAep)KaHHffM nigeHrleHprx roKit3rilarcie uiryrocri Ta MoAyns
rpyxcHocri, xo 2 pasin, ilpH 3HrDKeHHi BoAorrorrrnHeHHltr, Ao 3 pasin, ra
pisHnx 3HarreHnflx nolrrKo,qx(enocri. Tanrrr,r IIHHoM, t6epex(eHHt
3aAaHrD( $israro-TexHirrHr{x xaparTopncrrrK e SyHnqielo crprdflTJruBr'D(

crpyrffypnr,rx nepe6yAoe Marepiany rpu gouirryroqifi poni cnagKoBr{x
rpirqnH i nrryrpirunix noBepxoHb po3Arrry.

1. Brrponofi B.H. Konano3rars,roHHbre crpoHTeJIbI{bIe Marepuanbr H

KoHcrpyKrlrlr.r. Crpyxrypa, caMoopraHn3aryrfl,, ceoficrBa / B.H. Buponofi, B.C.

Aopo$eeB, B.f. CyxanoB. - OAecca: T3C, 2A10. - 169 c. 22. Kopodxo O.A.
BsannnocBfi3r crpyKt5p w3xerrnfr H Marepwura / O.A. Kopodro ll yrpfiy3T:
s6ipnran HayKoBlD( rrpar+. - 2Al7 . - Bnu,68. - C. LI7-I24"
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