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B noMorJ.lb nPoEKTl4PoBlql4 Kv

n.rc. MATA\ KaHO. mexH. HayK (Ph.D.), dotl. (flueaucxuit yuueepcumem, e. Eeilpym, llueau);
T.P. EAPKAfl, A.B. EPOBKI4H, xaududamH mexH. HayK, dot4eumu, A.B. EEMUflOB, ttttx.

(Teepcxoil eocydapcmeeuuafi mexHuqecxuil yu-m)

noTEPu n PEABAPI4TEn bHOrO HAn P f,>KEHUfl B nOCTHAfl P,XEH H blx
XEflE3OEETOHHb|X KOHCTpyKql4f,X EE3 GqEnIEHt4f, APMATyPbI C EETOHOM

Ognuvr ras e$$exrraBHblx cnoco6oe cHilxexua ra6a-
pl,lTOB, MaTepilanOeMKOCTl4 14 CTO[4MOCT14, a raKxe nOBbl-

[ueH l49 SKonnyaTaqroH H blx xapaKTepilcrl4 K MOHOn ilTH blx

neperpurrrfi sgauwia FBflFercq ilcnoflusoBaHile B Hilx

npegBapilrenbHo HanpsxeHsoil rr6roil apnaarypsr 6es

cLlenneHue c 6erouona [1, 2]. ,[auuutfr rrlterop nperqBapil-

renbHoro HanpexeHufl ("unbonded post-tensioning"), no-

nyqrB pacnpocrpaHeHile e Eepone u CtllA, Ha nporexe-
srr 6onee 60 ner 3apeKoMeH4oaan ce6s xax nar6onee
e$$erla au st fi cnocob coopyxeH ilH 6on uu:enpofl erH blx

neperpurrril [3, 4]. Hecnlorp, Ha Manyo pacnpocrpa-

HeHHocrb gaHnofr rexHonorl4il e Poccilfi, sce 6onuuJee il
6onuuree Koflt4qecrBo o6texroe peanr3yercn c npl/Me-

HeH[eM gaxHofr cilcreMbt: 3a nocnegHLle rogbl Bo3Be.qe-

Ho nopeAKa 1 000000 tu'nepexpstrrfi c rcnonmoBaHr'l-
eM npeABaprrenbHoro HanpffxeH]4e B nocrpoeqHblx yc-

noB[Fx. Cpegra Bo3BeAeHHbx a Haueil crpaHe o6uex-
ToB, BbtnoflHeHHbtx c ilcnonb3oBaHileM 4aHHoti TexHono-

rur,r, TPK "I4KEF" a Mocree r Exareprr6ypre, TPK
"PilO" B Mocxee, TPK "CnapraK" B YflbflHoecxe, TPK
"f1lOHb" a gepenoaqe fi MHorile Apyrile o6uerrut.

Kax useecrHo, Ha o6uerrax, nocrpoeHHblx B CCCQ

nogo6Hure KoHcrpyKqt4x He Halrfll4 cxonuxo-nr6y4b cyqe-
crBeHHoro npilMeHeHilfl . Sruu o6tscnsercfl orcyrcrBile
ua,qexuofi, npoBepeHHotZ onutrou HopMarilBHoh 6asd,
pernaMeHrrpyrou-1erZ nopr,qoK pacqera roHcrpyrqri 6es

cBn3fi apMarypbt c 6erouorra, qro flBrflercfl oAHrlM 143

rflaBHbrx qAepxilBalou{ux QaxropoB pasBilTl4n nocrHan-

pnxeHHbrx xoncrpyrqufr a Poccilil ceroAHe. Teru ue ue-
Hee, nepcneKTHBHOCTb npuMeHeHilg t4 OKOHOMl4qeCKaq

qenecoo6pa3Hocrb nocrHanpflxeHHilF 6eroua yxe He

Bbr3brBaloT coMHeHilF H14 y OTeL{ecTBeHHblx npoeKTklpoB-

rJ.p4KoB, Hr y npor3Bogrrenefi pa6or, Hil y 3axa3qilKoB.

OnpegeneHre norepb npegBapmrenbHoro Hanpexe-
HilF B apMarype - gro xnpqeaofi Bonpoc npoeKrupoBaHurl

nrc6urx npegHanpnxeHHblx KoHcrpyxqrft [1, 5]' Hanrvne e

HopMax qerK[x yxasanril no onpegeneHilto norepb -o6s'
3arenbHoe ycnoBre co3AaHilg HaAexHoro r gKoHoMl4qec-

xr qenecoo6pa3Horo KoHcrpyKrl4BHoro pelueHrle.

Ha cerogHnunufr geHu Bonpocbl onpe.qeneHme no-

repb npeflBapilreflbHoro HanpflxeHilf B KOHCTpyKI-lLlex

6es cqenneurs apMarypu u 6eroHa Ha npaKrilKe o6utq-

HO peuatorcF c npilMeHeHHeM CfleAypl{l4x MeTo,qilK'

Bo-nepesrx, ilcnon*oBa Hne SaBucvttuocrefr noco6rs x

CHr,rl-l 2.03.01-84* - "floco6ue no npoeKrilpoBaHilK)

npepBapurenbHo HanpsxeHHblx xenego6eroHuutx
xoHcrpyrqufi il3 Tnxenblx n nerKilx 6eroHoB" [6]. Bo-

BTOpbrx, norepil npeABapnrenbHoro HanpgxeHfiF MO)K-

Ho onpegennrb, non*yflcb Marepfiafiaur o6ssarens-
Horo npilnoxeHilfl PCn 35.13330.2011 "Mocrbl r4 rpy-
6u. Arryanil3upoBaHHan pe4aKlltle CHral-l 2.05.03-84'

[7]. OaxrrvecKil, npilBeAeHHHe B sroM HopMarilBe pac-
qerHbre saBilct4Mocril - ero Qopnaynu Bce roro xe noco-

6rs x CHrall 2.03.01-84., Ho c HeKoropoil cnequQnrofr'
MHorre cepbe3Hbte npoeKTHHe r crpo[TenbHble

opraHn3aqilil, nocrorHHo pa6oraoqre c texHonoruefi
nocrHanpnxeH[e, onilpatorcfl Ha pa3nilqHHe sapy6ex-
HUe HopMbt. Har6onee qacro nprMeHeeMblM sapy6ex-
HbrM HopMarilBoM a HauletZ crpaHe FBrlflerce DIN EN

1 992-1 -1 -201 1 " Eapoxog 2. fl poexrr poBa H re 6eror n utx

xoHcrpyxqnil. I{acru 1-1. O6qre npaBilna u npaBnna
pna agaanit' [8, 9]. 3ro geilcrayrou4afi eaponeficruft
craHgapr, orpaxaou-1l4 fr ece eon pocH n poeKTilpoBaH ue

rar xeneso6eroHHbtx xoHcrpyrqrfi 6es npegaapurenb-
HOrO HanpFxeHug, TaK 14 npeAHanpfxeHHblx.

lzls pocrynubtx xe sapy6exHutx HopMarilBoB cneAy-

er orMerhrb pyccKofl3blqnutfr craH4apr pecny6nuru 5e-
napycb CHE 5.03.01-02 "SeroHHble r xenego6eronxHe
KOHCrpyKL{l4l4", rge eonpoc onpeAefleHil, noTepb npe4-

BapilrenbHoro Hanpsxeqli'fl npv HaTexeHilu apMaTypbl

Ha 6erou ocBeu-leH Eocraro.{Ho xopoLuo [10]. Kponae

ynoMf,Hfroro BHUe HopMarvBa, a pecny6nrxe 6ena-
pycu peilcrByer eu-le oEilH rqoKyMeHT, nocBtulenHutil

npoeKTrpoBaHlalo IMeHHo KoHcrpyKqufr c nprnaeHeHileM

nocrHan pexeu us : TKfl 45-5. 03- 1 35 -2009 (02250 ) "Xe-
neso6eroHHbte flpegBapurenbHo HanpexeHHble KoHcr-

pyKr-14r/ 6es cqenneHuc apMarypu c 6eronou. flpaarna
npoeKTilpoBaaua" 1111.

Kax ocHogHofi Hopuaruaustil 4oxyueHr PO, co4epxa-
u1ufi pexonle*Aaqw no npoeKrilpoBaHilrc npe.qBapilTenb-

Ho HanpexeHHbtx KoHcrpyrqrli - Cn 52-102'2004, rar r
Epyrre oreqecrBeHHble HopMaTilBbl, opueHrilpoBaHH B

nepByo ol{epeAb Ha KoHcTpyKIll4l4 C HaTFXeH[eM apMary-
pH Ha ynopbt, a He Ha 6eron [12]. V1 xots B reKcre errx
EoKyMeHroB Her nprlMbtx yxasaauil Ha ro, qro npilBe,qeH-

Hbte pacqerHbte 3aBucl4Mocril He uoryr 6sru npilMeHeHbl

Ann KoHcrpyxqrafr 6es cllenneHilg apMarypbl c 6eronona,

oTcyrcTBile MHorofleTHero onblTa npHMeHeHue 3T14X MeTO-

AilK B MaCCOBOM npoeKTilpoBaHur He,qaeT Bo3MoxHOCTl4

nonyqeHils oEHO3HaqHOrO OTBera no AaHHOMy Bonpocy.

l-lens pa6orul
OcHoeHoti qenbo 4aHuoil pa6oru FBnflercn vl3yqe-

Hue norepb npeABapilrenbHoro HanpexeHrg apMaTypbl

B KoHcrpyKqilflx, He uMetol4ilx cBrl3t4 apMarypu c 6ero-

HOM, 14 ycTaHoBneHile Bo3MOXHOCTH npilMeHeHl4g pac-

10 Eerox u xeneso6eroH. - 2015. - Ne6



qerHbrx saBilcl4MocTer cyulecrByloulr4x Ha ceroAHgrx-
Hilli AeHb oreqecTBeHHblx 14 3apy6exHbrx crpoilrenbHbrx
HOpM Anq OnpeAefleHile noTepb B TaKilx KoHcTpyKql4gx.

CpaeHrrenusufi anan13 HopMaruBHbrx AoKyMeHroB
il conocraBneHt4e 3Haqeurfi norepu, noflyqeHHbtx Ha ilx
ocHoBe, c AocToBepHbrMil onbrTHbrMl4 .qaHHblM]4 - 0To,

oqeBr4,qHo, sar6onee npocroil nyru aut6opa ilcro..tHilKa,

B KoropoM aflroprrM ocBerqeH xar6onee nonHo, .qocro-
BepHo 14 AocrynHo Anq pnAoBoro npoeKrt4poeu-1rra. flnn
peueHtan nocraBneHHbrx 3a,qaq 6sno npoeegeHo eKcne-
pilMeHTanbHoe ilccneAoBaHre npeAHanpgxeHHbx ene-
MeHroB, He laMercqilx cqenneHre apMarypbt c 6eronou.

Pexouex,qaqh[ HMeKrult4xc, HopMaruBHbtx Ao-
KyMeHTOB

B AaHHoft pa6ore ilcnoflb3oBaHH cneflyouttle HopMbt:

- Cn 52-102-20041121. flauuuti HopMarilBHbril gory-
MeHr opueHrupoBaH Ha onpeAefleHile noTepb npeABapil-
TenbHoro HanpgxeHilF B KoHcrpyKqhflx c HaTflxeHileM ap-
Marypbr Ha ynopbr, a He Ha 6eron. Teu He MeHee, Mero-

rqilKa, np]4BefleHHag B eToM AOKyMeHTe, BnOflHe COOTHO-

cr4rce c Sopnaynanau Apyrilx oreqecrBeHHutx ttoptvt [6, 7],

npeEHa3HaqeHHbrx Ane onpeEeneHue norepb B KoHcTpyK-

Llflqx KaK c HarexeHueM Ha ynopbt, raK il Ha 6eroH.

,Qnn eurcoronpovHofr npoBofloKr/ norepil or penaK-

caquv HanpnxeHurl B apMarype onpegensorcn no

$opn,tyne:

Lo sp1 = (0,229!l--0,l)orp. (1)' 
Rr,n

Tapxe Cfl nosaonser npr4 Hafiu,vuv 6onee roqHbtx

iqaHHbrx o penaKcaquil Hanpexeuufr apuarypH npuHt4-

Marb rx 3a ocHoBy: TaK,,qne BbtcoKonpoquoh cta6unu-
supoearxofi npoBonoKil, cornacHo FOCT 7348-81*, ee-
flr4r{uHa norepb or peflaKcaqur He rqoflxHa npeBHllarb
2,5yo l13l.3ro o6croqrenbcrBo .qaer Bo3MoxHocrb cy-
r4ecTBeHHO CHr4314rb paCqeTHHe norep[ or penaKcaqilil
orHocilrenbHo BeflilL{rrH, nonyqeHHbtx no Qopuyne (1).

llorepr npe4BapnrenbHoro HanpcxeHrfl B apMary-
pe or non3y,recril 6eroHa onpe4eflslorce no $opuyne:

0,8Q b,"rao bp
/\o spg -

t+ a 1t,o(r.ry}:)(t+ o,Bq 6,u)

- CHrl'l 2.03.01{4* u CII 35.13330.2011[6, 7]. B or-
nv.rtte or Cll 52-102-2004 err .qBa AoKyMeHra paccMar-
puBaor cnyvafr HarexeHue apMarypbr Ha 6eroH il npilBo-

AerAfle BbrqilcneHilF norepb or penaKcaqrr uanpnxeHrfi
3aBrcilMocr[, nonHocrbro ]4AeHTrL{Hute Qoptuyne (1 ).

[lorepr, Bbr3BaHHbre non3yqecrbo 6erosa, corflac-
Ho noco6ro x CHrfl, cneAyer onpe,qenerb no cneAyo-
qrru Qopruynana:

os=128afu,
Rop

os=256a(9oP -0,375),
Rup

Cn 35.13330.2011 "Mocrbr u rpy6sr" npe,qflaraer
cxoxile Soprrlynu Ans onpe.qerreHile norepb, Ho c I4Hbt-

rr,rr xos$$rqreHraMr: 150 u 300 BMecro 128 tt 256 e

Soprraynax (3) u (a) coorBercrBeHHo.
Kporue eroro, gauuuttZ ,qoKyMeHr no3Bonqer yqurbt-

Barb rgMeHeHile norepb or non3yqecru 6erona Bo Bpe-

MEHU:

os(t) = (l- 
"-o''{)oe(r 

-+ oo;. (5)

Cnegyer orMerilTb, qro Bce oreqecrBeHHble Mero-

A14K14 OpileHrupOBaHH Ha pa3AeflbHoe onpeAeneHile no-
Tepb OT peaaKcaquil il non3yqecTu B 3aBVCt/iMOCTtl OT

ypoBHF npe4HanpexeHr4n B apMarype il o6xarilc e 6e-
TOHE COOTBETCTBEHHO.

- cHE 5.03.01-02, TKn 45-5.03-135-2009 n
EH 1992-1-'l:2004 [8-11]. [lepeure ABa AoKyMeHra, KaK

I nocnyxlaBwrtiit pna Hux ocHoBoil Eapoxog 2, eagena-
or norep[, BHsBaHHble yca4xoft r nonsyqecrsrc 6ero-
Ha, a ra$t<e gnrrenuHorZ penaKcaqueil xanpnxeHril e

apMaType, B oTflenbHylo rpynny peonofl4qecKr4x norepb.
l-lorepr or Bcex rpex $axropoB BB[rqy rx B3a[MocBfl3tl
yr{r4rHBaprca egnaoil Sopruynoil, Koropag e CHE eur-
nflAvtr cneAyrcug4M o6pasou :

e"r(t,to)Et* L,o pr
O p,c+s+r =

11g pf. O+ 4 ,?p)U+o,8rp(t,70)l

d pq(t,ti(o "p* 
o rp,o)

(6)

| + a o 
b + O. t r',,)lt + o,8rp(t, 7 s)f

(2)

Penarcaqrn cranil 3aBr4cr4T or AeQoprraaqur 6ero-
Ha Bcne4crBile non3yqecrn v ycaARV. B TKn r Eaporo-

Ae,qaH Hoe asar naogefi crBile,qonofl H ilTenbHo ytt 14TU Ba-

erce noHilxaoqilM roeQSrqueuronl 0,8 nepe4 cflara-
eMHM Loo, (adcontorHoe 3HaqeHile h3MeHeHile Hanpn-

xeuril B HanpqraeMofr apuarype B pacqerHoM ceqeHilI4

:r B MoMeHT BpeMeHu l, Bbr3BaHHoe peflaKcaqneil tan-
pnxeHri B apMarype) a vrcnurene $opuynu (6). B oc-
ranbHoM pasnnunit e $optuynax uer.

Eenopyccxre HopMbr nperqnaraor onpe,qeflerb no-
repu or penaKcaqr4il nanpRxeuufr B apMarypHoil ctanu
o7: Loor no ra6nrqHstM .qaHHblM unn no.qaHHUM npo-

143BOA14Ten9.

EH 1992-1-1:2004 Eapoxo4 2 nouruo Meroflr4Kt4,

aKnoqeHHofi a 6enopyccxile HopMbr, coflepxrr MeroAl4-
Ky, no Koropofi norepr or peflaxcallilr4 Moryr 6urrs on-
peAeneHbr B npoLleHTHoM orHolueHilil KaK BapvaqvtA
npeABaprTeflbHoro HanpsxeHil9 orHocilTerbHo Ha-
qaflbHoro HanpflxeHilF. Ans 2-ro Kflacca apMarypbl no
penaKcaLlril BHpaxeHile uMeeT B[,q:

npu 9_bp- < g,75.
Rbp

ouo ro,75.
Rbp

(3) L,o pr

6pi

(4) He p1000 - 3HaqeHhe penaKcaqiloHHbrx norepb, o/o, ea 1000 q nocfie

MoMeHTa HarqxeHur npra cpe4neil TeMneparype 20'C, nonyvennoe ua

=o,66prooorrrr(,h)o'"t'-"to-r, (7)

npu
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nacnopra Ha craflb. ,Qnn asrcoronpo.tHofi cra6hnilsnpoeatxoil npoeo-
JroKr4 3HaqeHne penaKcaquoHHbtx norepb, comacHo TOCT 7348-81-,

P t OOO 
: 2,5o/o 11 3). AHanoru,{Hyro Ben uq il Hy Ane 2-ro xnacca apMary-

pbr npeAnaraer u Eaporog 2.

Crorr oco6o orMerilTb ror +aKT, t{ro eBponeilcrre
il 6enopyccKhe HopMbt npil pacl{eTe norepb yqilTHBalor
xapaKTephcTr4Kil 6eroHHoro ceqeHre, a He npilBeAeHHo-
ro, KaK oTeqecTBeHHHe. onpeAerleHile floTepb no oTl4M

HOpMaTUBHbtM rqOKyMeHTaM, KaK il nO pOCCl4frCXOrvry

Cn 52-1 02-2004, 6asupyercn Ha npe,qnocbtnKe paBeH-
crBa oTHocl4refl bHblx AesopMaLlil il Han pr raenaofr ap Ma-
Typbr, ycTaHoeneHHofi B ceqeHilr, u oTHocl/TenbHbtx Ae-
Sopuaquft yKopoqeHile 6eroHa K HexoropoMy npou3-
BOnbHOMy MOMeHry BpeMeHil t> tg.

Meroguxa tacnbrraHhf
B ra.{ecree oKcnepilMeHraflbHoft Mogenil 6unu npr-

Hsrbr qeHTpalrbHo cxarbre 6erossure npilgMbl pagMepoM
160x80x800 runa 6ee KoHcrpyKnlBHoro apMilpoBaHrq.
I-{eurpanuuoe cxar[e B HHx co3AaBaflocb 3a cqer Hars-
xeHIn napbr npyrKoB aurcoxonpovHofr npoBofloKt4
5Bp1400 no FOCT 7348-81* (51400 no sapy6exHofr
xnaccuSuraqur), nponyu{eHHbtx qepes KaHanu, o6paso-
BaHHbre saxnagrofi e onany6xy .qo 6eroHtlpoBaHuc nnac-
Tr4KoBoro xena6pura. ,Qnn yrr,teHsuteHun rpeHils npoBoflo-
Kil O CTeHKU KaHarra npOCTpaHCTBO Mex(qy npyrKaMil t4 Ka-
nanoo6pasoBarefleM 3anonHflnocs rycrofr cMaexotz.
Cxenaa ilcnbffarefi bnoi ycraHoaKil npilBe4eH a ta puc. 1 .

Puc. 1. Cxeua ycraxoBKr Anr onpe4efleHufl nonHbtx norepb
npegBaplrrenbHoro Hanpflxexnn (o2 + o3)

,[nn onpegefieHiln norepb or peflaKcaqril Hanpflxe-
nri a apuarype ilcnonb3oBaflilcb or4errbHue ycraHoB-
rr (prc. 2). Harnxenile BucoKonpovHofi npoBonoxil B

Hefi npouseo4rTcs ne Ha 6erox npil3Mbt, a Ha Heno.q-
Br4xHyro cranbHyro pauy. Ilorepr npe4Bap[reflbHoro
HanpqxeHfifl, perilcTpl4pyeMbte c noMotJ]bK) AuHaMo-
Merpa, B rqaHHoM cnyqae o6ycnoBneHbt ronbKo FBneHr-
eM peflaKcallilil Hanprxetuil B HanperaeMori apn,tarype.

1-1

Pnc.2. Gxeua ycraxoBxx AnR onpegeneHxe norepb npegBapx-
TerbHoro Hanp9xeHhq oT penaKcaqxr

,[nn rsyveu tar norepb n pe4Bapfi ren bHoro Han pexe-
Htafl apMarypur 6srnr co6paHbt 10 ycraHoaoK - trecrb
AflF l43yqeHun o6qrx norepb il qerupe -.qflF norepb or
pefl aKcaqr r ( puc. 3 ). KoHrpon s y cv nu+ npv Har ArKeHVu tA

perucTpaqfir ero n3MeHeHrg Bo BpeMeH]4 ocyt4ecTBnF-
II14Cb C nOMOl4blO Al4HaMOMeTpOB.

Pnc, 3. 9rcnepnuexrans-
Hbre ycTaHoBr(lr Ang o]lpe-
AeneHhe norepb npeABa-
p[TenbHoro Hanpf,xeHrn

OcHoaofi rax,4ofi ycraHoBKr4 flBnrerce cranbHafl
paMa, cocroeulas vs AByx cranbHbrx uraHr 427 wttt c
pe3b6ofi il rpex onopHbrx nnvr us uBennepa 10n.

Bo ecex ycraHoBKax o6a npyrKa npoBonoKm npeAc-
raBnelor co6ofi egrnurZ crepxeHb, corHyrufi no4 yrfloM
180' r AilaMerpoM earn5a 89 uru. finn o6ecneqeHur
nnaBHoro neperu6a K HuxHeMy uBennepy npr4BapeHbr

cerMeHrbr rpy6ur 89x5 tvrrvr (puc. 4). To, .{ro npyroK egil-
Hurfi, noeeonner coKparilTb r{ilcno cBapHbrx coqgrueHrfi

f h
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AO AByx - rOnbKO Aflff KpenneHurr 6oflroB, c noMou-lbro Ko-

ropbrx ocyqecrBneercfl HarexeHile. KpoMe 3roro, raKae
KOHCTpyKT.[49 nO3BOnreT yCtAntAflM B BerBflX nepepacnpe-
Aenflrbcfl (e Hexoropurx npe,qenax), coxpaulan BepoflT-
Hocru o6puaa npil HepaBHoMepHoM HarsxeHilil sereefr.

Pnc. 4. Opraxnlaqnn uec-
ra neperu6a npoBonoxx

excnepunaeHranbHafl npoqHocrb 6erona rcnbrrye-
rraulx o6paauoB Ha oceBoe cxaTue cocTaBnflna oKo-
no 29 Ml-la, qro coorBercrByer Knaccy 822,5
(Eb: 28500 Mlla; q6,r,: 2,65) [12]. I-locxonbKy Hanpe-

xeHue 6eroHa npoil3Bo.qunocb B Bo3pacre 35 cyr, ne-
peAaToqHyo npoLrHocTb R6u npvH[Manil no Qarrrvec-
KoMy Knaccy 6eroua. Harsxerue npoBonoril ocyqec-
TBngnocb 3a cqer npilBapeHHbrx BcrbrK 6onroe
M10x0,75 (c o6urvHurn,t uaroM pess6sr) Knacca npoq-
aoqu 12.9. KoHrponu ycvnvi+ npr HarexeHVL u perncr-
pa[vfl ero il3MeHeHilg Bo BpeMeHm ocyqecrBnflnilcb c
noMor4bro .qilHaMoMerpa.

['l pr Hasuav e+uv y cvnvn n pegBapurefl bHoro o6xa-
rilrr, reoMerpilqecKilx pa3MepoB o6pasqoe il cpoKoB
npoBe,qeHun ucnurranri t4cnorb3oBanilcb peKoMeHEa-
qr4r4 HopMaruaoe [14, 15]. l-lpegaapilreflbHoe Hanpflxe-
Hue apMarypH, nplaHnToe B sKcnepilMeHTe, 6srno orpa-
HuqeHo 980 Ml-la c qeabo Heflonyl4eHr4e pa3pyuJeHilq
cBapHoro cruKa npoBonoKil r/ HarqxHbrx 6onroe.

lnn rsyveur4e norepb npepBapilTefl bHoro Hanpflxe-
HVA sa cqer .qnurenunoi penaKcaqfi[ Hanpnxeunfi a

apMarype (o"7) r ecnegcrBile non3y.{ecril 6eroF{a (o9) e

oKcneprMeHransHofr Mogenr 6utnr rcrnoveuut (unr
M14H14Mr43r4poaansr) $arropu, Bbr3brBaoult4e npoque no-
Tepr: npilMeHeHile KoHrponilpyeMoro HanpgxeHilfl no3-
Bonil.no He yqilrHBaru o6xarre uafi6 nog HarqxHbrMr4
raitxattn; rpeHile HanperaeMofi apuarypu o creHKta Ka-

uanoo6paeosareneil npaxruqecKr orcyrcrBoBafl o; 3Ha-
qeHilq norepb or ycaAKil 6eroua 6srno rrarnrruaflbHbrM,

npilHhMaF Bo BH]4MaHile BO3paCT np[3M Ha MOMeHT Ha-
qana oKcnepilMeHra (35 cyr); HarexeHtae o6oxx crepx-
neri npouseo4rnocb oAHoBpeMeHHo.

lns AannorZ excnepnnaesransHofr Mogenta o6rqre
noTepil n peABap l4Tefi bHoro Han pgxeH ils cKnaAbr Ba ]orcg
nfi}llub 143 AByx l4x Bfi,qOB: o7 vl og.

SxcneprrueHT MoxHo pa3AenilTb Ha ABe qacril: on-
peAefleHile cyMMapHbrx norepb npeABapilTenbHoro
HanpexeHils (o) sa cver penaKcaquil Hanpnxenufi e ap-
Marype (o7) u ecnegcrBilee non3yqecrr 6erona (o) n

onpeAeneHile noTepb ronbKo 143-34 penaKcaqnv Hanpc-
xeHrfr B apMarype. Torga, onpeAenhB o.B nepBoM onbt-
TA V o7 BO BTOpOM, noTepil og MOrIT 6UtrU nerXO Bbrtrl4c-

fleHbr KaK ilx pa3HocTb.

Pesynurarur tacnbrraH[fi u pacueroe
Ha pnc. 5 noxasaHo HapacraHile norepb npegBapil-

TerlbHOTO HanpFxeHr'rf, BO BpeMeHil.

8peffi i kflem qrpyaets4a i, {

Puc. 5. Paeer,rrue norepb npe4Bap[TenbHoro HanpgxeHtal B x3y-

eaeMbrx o6paaqax Bo BpeMeHu

Flpo4onxnrefibHocrb (4nrrenuuocrs) rcnurraurR
o6paeqoa 6srna onpegeneHa il3 cnegyou.lrx coo6paxe-
nril. Ilorepr or penaKcaqrr, oro6paxeHHue ua prc.5,
6urnr sa$rxcrpoBaHu B TeqeHile nepBbrx 25 cyt eKcne-
pilMeHra. BenNquHa npilpocra norepb, r4sMepeHHas no
ucreqeHilLr ororo cpoKa (gaxe qepes 1,5 roga r 6onee),
6urna conocraBil Ma c norpeu Hocrbp r43Mep eauit. T axas
"KoporKag" penaKcal.Il4fl o6ugcHqercq orHocilTen bHo He-

BbrcoKr4M HaqanbHbrM HargxeHreM npoeonoxu nr6o
n pe.qBa prren s Ho fr sa eo4cxo fr "cra6iln vle,aqtAeiA" cr antA.

llorepr or non3yqecr$ vsuepflnn B Te xe cpoKt4, B

Bmpacre 6eroHa or 35 Ao 60 cyr. Bospacr 3arpyxeHilq
6onuuifiHcrea c6opHsrx xoHcrpyxqlril, AocraBflseMbrx
Ha crpo[renbHyro nnou_laAKy, KaK npaBilno, cooTBer-
crByer npilHsroMy B gKcnepilMenre. 3ro rerra 6onee
cnpaBeAnilBo pnq MoHonhrHbrx flnAT v 6anor, KoropHe
crpoilTenlt cneuar BBecr[ a pa6ory KaK MoxHo cKopee,
.{ro6ur ocao6ogrru onany6ry. ,flpyrrnlr cnoBaMil, onpe-
AeneHile norepb or nofl3yqecrv a usru6aeMoM eneMeH-
re B Bo3pacTe, npr KoTopoM B 3oHe npeABapilrenbHoro
o6xatna yxe npilcyrcrByer pacrexeHile or co6creexHo-
ro Beca (sro o6srvno, KaK Mr,,rHl,rMyrvr, 30-40% or nonnoil
xarpysxu), eABa nil MoxHo Ha3Barb qenecoo6pa3HbtM.

Ben il.{ il x H norepb n peABapilrea bHoro Han psxeH rfl ,

Bbrr{ilcneHHbte Ha ocHoBe ynoMgHyrbrx Bbil.le MeTofl]4K,

a raKxe onpe.qeneHHHe oKcnepilMeHTanbHo, cBeAeHbl B

ra6nu4y.

Gonocrasuren uxur[ aHanu3 pe3ynbraroB ucnbr-
tanuh H pacqeroB

flonyvexxure oKcnepilMeHTaflbHue gannure 6urnu
conocraBneHbr c pacqerHbrMr4 3HaqeHtAflMvt, onpeAe-
fleHHbtMl4 Ha ocHoBe saBrcilMocrefi Hag-BaHxbrx paHee
uecrr HopMaril BH brx AoKyMeHToa. lzl cxogx ur M r/ .qa H H br-

MV AnA pacqera qBrrnhcb napaMerpbr o6pasqoe u rc-
nbrrarenbHbrx ycTaHoBoK: npl4HgTbre B onbrre Harpy3Kl/,
reoMerpr4g il xapaKTepilcfl4Kil MaTephanoB.

florepu or peflaKcaq[[ HanprxeHufi e apMarype
Kax uoxso yBLr4erb re ra6nrqur, norepil, nonyqeHHbte
no Cl-l 52-102-2004 r no noco6rro r CHral-l 2.03.01-84.,
ropaqAo Bbrlue KaK nonyqeHHblx oKcnepilMeHTaflbHo Be-

rr4qr4H (e cpegHena e 1,7 pasa), TaK il noflyqeHHbrx no pac-
qeTHbl M 3aBuC14 MOCTfl M ApyrilX HOpMaTl,t BH blx AOKyMeH-
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PacqerHsre ta oxcneplaMeHTarbHbte 3HaqeHu.fl norepb npef,BaplrenbHoro HaflpflxeHuq

BUA

norepb

Teoperuuecroe 3HaqeHhe norepb no HopMarilBHbtM goxyluenrarvr, M[1a

TOCT
7348-81-

CN
52-102-2004

floco6ue r CHufl
2.03.01-84*

CN
35.1 3330.201 1

UHb
5.03.01-02

TKN
45-5.03-1 35-2009

EH
1992-1-1:2004

Srcnepuueuransusre
.qaHHble

oj 42.54
42,54

80,22
64,88

82,22
84,88

40,12
42.45

31 ,40
34.24

31,40
34.25

o.1u(5c.//)
6,97(38,22\

47,65
47,10

og
Jb,/J

-
17,68

...'.-
6,57(17,46) --33.31

-..:
26.77 9,24(25,83\ 8,85

o7+og
121,61 102,56

:
49,02(60,16)

.....-
67,55 61,01 --16,21(64,04\

.-..-
58,35

llpruevaxur: nag veprofi yKa3aHa BeflilquHa norepb.qne o6paeqoe npu3M, no4 veprofi - gnn o6pasqoe npoBonoKil; 3HaqeHhs, yrasaxxue 6es
cxo6or, coorBercrBylor MoMeHTy 3aBepuJeHmg ucnrl,tauui, qra$pur e cxo6rax coorBercrByror oKoHqarerbHbtM BenuquHaM norepb

ToB. eTo MoxHo o6bqcHr4Tb reM, qro nphBeAeHHbte B Bbt-
ureHa3BaHHbrx HopMarrBax sopMynbr cnpaBeAn[Bbt cKo-
pee Eng HecTa6ilnh3ilpoBaHHoil npoBonoKil il KaHaroB.

Cn 35.13330.2011 BBr/Ay npilBe.qeHHbtx peKoMeH-

Aa]+Ah cHuxarb AnA cr a6vn t43il poBaH Hofr apuarypur no-
repu, nonyqeHHbre no sopMyne (1), aaer ropa3,qo 60-
fiee 6nr3Kilfi peeynurar: oTKnoHeHile ilToroBbtx 3Haqe-
Hilrz noTepb oT SKcnepr,rMeHTaIbHbtx AaHHbtx cocTaBilno
flns o6pa3qoB npoBonot/t or 14,6 go 17,2o/o.

Hecnrrorpr Ha 6onee Hr3Kyto HaqanbHyro Harpy3Ky
(0,648-0,669 or pa3pbrBHoro ycunils Afle rcnbtryeMbrx
o6pasqoa), Qaxrrvecxrfi ypoaenu norepb or penaKcaqrr
oKa3ancc Bbrlxe npefleflbHbrx noTepb, npeAnilcaHHbrx
fOCT 7348-81*, onpe4eneHHbtx npfi ypoBHe HaqanbHoi
Harpy3Kr4 0,7 or pa3pbtBHoro ycunue. OrxnoneH[c cocra-
aunu 6,6-14,1%. llonyveHHbril pesynbrar Moxer 6btrb
o6ycnoBneH 6onee BbrcoKr4M SaxrrvecxuM pa3pbtBHbtM

ycr/flileM npoBonoKr (sror napanlerp onpeAeneH nepeg
ilcnbrraHilsMil He 6bn) ilnil npoil3otueA[xt4MLl B 3oHe Har-
peBa npu cBapKe cTpyKTypHbrMl4 l43MeHeHileMt4 B cranil.

Taxxe cne4yer orMerilrb, qro norepil, noflyqeHHbre
pacqerHbrM nyreM Ann o6pa3qoB npoBoaoKil no
FOCT 7348-81* r Cn 35.13330.2011, oqeHb 6nilsxr
MexAy co6of: 42,54 u 42,29 Mlla coorBercrBeHHo
(paenmvue 0,6%). Cne4oaarenbHo, BbrrueHa3BaHHHe
peKoMeHAallvu cn B oTHoueHilvi cHtfixeHVR noTepb oT
peflaKcaLlu14 6urnu gxnp.reHU B aKTyanil3ilpoBaHHoe il3-
,qaHue "Mocrbt r rpy6H" onpaBflaHHo 14 AocraroqHo
TOr{HO OTpaxaOT Tpe6OBaHile CraHEapTa.

Benu.{14Frst oKoHl{arenbHbx norepb npeABapurefl bHo-
ro HanpflxeHile or penaxcaqw HanpsxeHilf B Hanpgrae-
Moil apMarype, nonyqeHHbre no eceu sapy6exHbtM
cTaHAapTaM, oKa3aflilcb Hilxe KaK SKcnep[MeHTanbHbtx
BenuqilH, TaK il nonyqeHHbx no oTeqecTBeHHbrM HopMaM.

Ilorepu or penaKcaqru no CHE 14 TKn a o6pasqax
npoBonoKr MeHb[ue SKcnepilMeHTaflbHbtx BenilqilH Ha

31,1-37,3o/o.
Meroprra Eepoxoga 2, yvrruaaouiae Bo3pacr

KOHCrpyKUl4l4 C MOMeHTa HarpyxeHils, noKaSana CneEy-
rou.lile pe3ynbraru. OroHqarenunure (vepe3 57 ner c
MoMeHra HarpyxeHhrr) snavenrn norepb oKa3an[cb
MeHbue cooTBeTcTBytoltlt4x oKcnepuMeHTanbHbrx Ha

23,2-26,8%. 3Ha,.teFr ils xe, nonyqeH H bre AnF o6pa3lloB
Ha MoMeHT gaBepueHrs rcnurraxuil, MeHblue raKoBbrx
no SaKTrqecKr4M rlcnbrraHilqM B cpeAHeM e B pas. Pac-
xoxAeHilfl orqHo3HaqHo npeBUUaoT norpeuHocTl4 143-

MepeHhfi r no3BonqtoT cAenaTb BbrBoA, qro npilMeHil-
rerbHo K AaHHofr 3aAaqe MeroAHKa Eaporoga 2 uexe-

narenbHa K npilMeHeHilo. He ilcKflroqeHo, vro Qopruyna
(7) arryanuHa npu Bo3pacre KoHcrpytqt u t > 1000.{, Ho

oror Bonpoc rpe6yer AanbHeriuero il3yqeHile npil 60-
nee BHcoKLrx HaqanbHbrx HanpqxeHilgx.

Llro racaerc, AilHaMilKr4 pocra norepb npegBapil-
TenbHoro HanpsxeHils, To oHa 6nhsxa c.qaHHbtMt4, Koro-
pbre npilBogercfl B 6enopyccrrx il eBponefrcKilx HopMax.

llorepn or non3yqecru 6erona
ercnepunaeHTafl bH bte norepil, orHeceH H bte K non3y-

qecTu, Bbrr{l,lcneHHbre KaK pa3HocTb nonHHx noTepb il
norepb or penaKcaqun, cocraannr 8-9,7 Ml-la.

Benil.{r4r-rur oKoHqareflbHbrx norepb or nofl3yqecril,
BblqilcneHHbre no BceM paccMoTpeHHHM MeToAilKaM,
npeBocxoAgT AaHHHe, nonyqeHHbte K oKoHqaHilrc oKc-
nepilMeHTa.

Kax il e cnyqae c norepflMur or penaxcallur4, norepr or
non3yqecril, nonyqeHHbre no Cfl 52-102-2004, oKa3aflucb
caMbrMt4 BbrcoKr4Ml4 no cpaBHeHuK) cflpyrilMu HopMarilBa-
ur. SxcnepilMeHrafibHbre norep[, 3a$ilKcr4poBaHHbre B

6eronHslx npr3Max, oKa3anilcb Huxe B 3,74,7 pasa.
3Ha.{eH[g norepb or non3yqecrr 6erora, noflyqeH-

HHe B coorBercrBr4r c noco6ueu r CHufl 2.03.01-84 n

Cn 35.13330.2011, raKxe npeBurualor eKcnepuMeH-
TaflbHHe Befl]4qhHbr: Ang npil3M eTo npeBulneHile coc-
TaBnter 1,8-2,3 pa3a. TeM He MeHee, HecMorpn Ha 3a-
ryxarculri xapaKrep rpa$rroa norepb, B cnyqae ecnil
o6xarre ne 6yger norauleHo eHeLUHerZ narpyaxoil, 6e-
ron 6y4er nporqonxarb "nofl3T14", t4 c reqeHileM BpeMe-
Hr4 norepr MoryT Aocn4vs nogo6nsrx BenilqilH. Teope-
TrqecKile norepil, BbrqilcneHHbre no eapy6exnunlt CH6,
TKI-I r Eeporogy 2, oxa3anucb BbuJe eKcnepilMeHTanb-
xurx a 3,76; 3,87 n2,92pasa coorBercrBeHHo.

14s paccuorpeHHbrx floKyMeHToB nilub flBa no3Bo-
n9toT yLtl4TbtBarb pa3B[The nofl3yqecril Bo BpeMeHI/.

Cornacso Cn 35.13330.2011, Ha MoMeHr oroHqa-
Hr4F ucnbrranrri norepu or non3yqecru B o6pa3qax
.qonxHbr 6urru nuxe Ha 16,8-33,20/o no orHor.reHro K

oKcnepuMeHTanbHbrM 3HaqeHilffM. He rcxnpqeHo, vro
AnF spenbrx Bo3pacroB 6erona Qopuyna 4aer 6onee
TorrHbre 3HaqeHilrr, Ho gauHuril Bonpoc rpe6yer 6onee
fqn ilTen bHoro SKcnepil MeHTaI bHoro ilccneEoBaH il9.

llorepu no Eaporogy 2 xo BpeMeHr oKoHqaHun r4c-

nuraxufi 6onee Bcex coorBercrByer onbrrHbrM p$ynb-
TaraM - flaHHUe onbrra 6onsure ecero aa 4o/o.

Cyrunaapnure norepil o7 + c9, onpegeneHHbre no

Cn 52-102-200, Ealor 3anac Ane npil3Mbr 104,5-
112,4%. He ncxnp.{eHo, qro cronb BbrcoKr4e "3anacbt"
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obycnoBneHbr cnellilSilKofi c ro,{xil speHtas pacqera rc-
nbrrbrBaeMbtx o6pasqoa, a ilMeHHo orcyrcrBreM B Ht4x

KOHCTpyKTyTBHO!-O apMupoBaHuF 14 orHocrrenbHo He-
6onuu:ofr nfloqapbrcl HanperaeMoil aprrlarypu (no orHo-
lueHr]o K nrou{agr 6eroHHoro cevenun),

Ben uq u Ha o6u1,rx norepb, on peEereH Has corfl acHo
Cn 35,13330.2011, 6onee Bcex coorBercrByer onHr-
HHM pegynbraraM: AaHHbte onbtra 6onurue Bcero Ha
1,2-4,8o/o. Ornilqaercq rqoflF, 3aHilMaeMan norepfiMt4
Kax(Boro auga (ercnepilMeHTanbHo noflyqeHbt sHaqil-
TerbHo 6onee BHcoKre 3HaqeHrF norepb or peflaKca-
tlun), a onbrrHbre norepil or nofl3yqecru, Hanporl4B, Ht4-

xe pacqeTHbrx.

BennquHur cyMMapHbrx norepb, noflyqeHHbtx no
CHE, TKn r Eapoxogy 2, raxxe He oqeHb npeBocxo-
AflT AaHHbre oKcnepuMeHTa. Ho, KaK il B cnyqae c
Cn 35.13330.2011, ero Aocrvraerc+ 3HaqilrenbHo
naeusulefi flonefi norepb or peaaKcaquil apMarypbt B

o6qeu ypoBHe norepb.

Buraogur
Taxuvt o6pasoru, MoxHo cAenarb BbtBoA, t{ro onpe-

.qeneHile norepb B coorBercrltAt c Cn 52-102-2004
npuMeHilreabHo K,qaHHofi sa4aue gaer Heo6ocHoBaHHo
autcoxilfr 3anac - 6onee AByx pa3. Taras pa3Hilqa B

ypoBHe reoper[qecKilx il npaKrilqecKux norepu o6yc-
floBfleHo, B nepByro oqepe4b, renlt $arrona, L{To pacqer-
xan Sopnayna rqnl onpegeneHns norepb or penaKcallht4
cn paBe4a uBa .qrre Hecra 6nnusupoaaHuorZ apuarypbt, o
qeM roBoplrr gpyroil AoKyMeHr - Cn 35.13330.2011.
Taxxe 3anac gaKnagbrBaercs il Ha grane onperqeneHt4n
norepb or non3yqecru 6eroua.

Kporrae roro, rqaHHbrfr Hopuarra He no3Bonfler onpe-
EenFTb cneqrQruecxre Anfl nocrHanpnxeHHbtx
xoncrpyrqrfi norepil: HanpilMep, Bbt3BaHHUe rpeHileM
apMaTypbr o cTeHKLl xaHanog ilnr npocKanBHBaHueM
HanpflraeMofi apuarypur B aHKepHbrx ycrpoficraax.

florepr npegBapfirenbHoro HanpnxeHile, onpe4e-
neHHHe no MarepilanaNa o6ssarenbHoro npunoxerur P
BcrynilBruero B crny Cn 35.13330.2011"Mocrbt u rpy-
6u. ArryanusrpoBaHHafl pe4aKqrfl CHrl-l 2.05.03-84',
HecMoTpn Ha npocToTy npilBeAeHHUx 3aBilcl,lruocrefi,
noKa3arta nyquJee coorBercrBr4e eKcnepltMeury. Benr-
qilHa norepb npeABapureflbHoro HanpqxeHilE oT penaK-
cawvi nan prxexr il a ct a6nnuaupoaax uoil n poBonoKe,
onpe,qefleHHafl no AaHHoMy EoKyMeHTy npu paBHbtx
ypoBHfl x HaTqxeHufl , cooTBeTcTByeT Benilql4HaM, nony-
L{eHHbrM no IOCT 7348-81*. B pauHoru HopMaruBe npil-
BeAeHH pacqeTHbte 3aBilcl,tMocril npaKThqecKil AnF
BCeX Bil.qOB noTepb, BO3HUKato[q]4X B npeAHanpexeH-
Hbrx KoHcrpyKt{Lrex. Orcyrcreyrot4ile noreph or ynpyrofi
geSopuaquu 6erona npil nocaegoBarelrbHoM Harqxe-
HVn Hanp*raeruori aprraarypH Moryr 6srru onpegefleHbt
tas reoMerpuqecK]4x coo6paxenril no o6r.urru npaB[naM
conpoTilBneHile MaTepilafioB t4t'|l/ no rqpyrilM AoKyMeH-
ranlt (CH6, TKH rnu Eapoxo4 2).

Tarru o6paaou, ocHoeHoft npo6neuoil Bbtr{t4cne-
Hilfl flOTepb npeABapilrenbHoro HanpsxeHrr no eBpo-
neficruu r 6enopyccKr4M HopMaM crarro 3aHilxeHHoe

(ua 30-40% no cpaBHeHrH) c erenepruenranuHurrvr)
3HaqeHue norepb or penaKcaqt4u Hanpsxenufi a apua-
Type. Bo3MoxHo,,qaHHoe HeQoorBeTcrBile BHSBaHo
reM, L{r,o n pu MeHneM as ct adunnoupoBaH Hafl npoBo:lo-
Ka He BnonHe coorBercrayer 2-uy Kaaccy no penaKca-
qrr. Baugy caoxHocn4 14 Kponornt4Bocru pacqeroB, He
noAKpenneHHbrx BbrcoKl4M cooTBeTcTBl4eM oKcnepIMeH-
ry, ilcnonusoBaHile rqaHHbtx aapy6exuurx HopM npilMe-
HUTenbHO K TaKUM HeCflOx(HbtM 3aAaqaM He OnpaBAaHO.
Heocnopurvroe xe npeuMyqecTBo Bcex erilx .qoKyMeH-
TOB 3aKnOqaeTCF B TOM, r{TO B HilX npeACTaBneHH pac-
qeTHbre €aBilc]4 MocTr4 .qfl g Bcex BUAoB noTepb, Bo3Hu Ka-

rorqt4x e nlo6srx npeflHanprxeHHbtx KoHcrpyKqr4ex, - KaK

c HarsxeHileM apMarypH Ha ynopbt, raK il Ha 6eroH.
Oveer,quo, qro nepcneKT[BHbrM Moxer crarb KoMn-

neKcHoe nprMeHeHt4e MeroAr4K Cn 35.13330.2011 n
Eaporo4 2 grn onpegefleH!4n norepb or peflaKcallilr4 14

non3yqecT14 cooTBeTcTBeH Ho.
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