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YIK 620.17:666.972

[leyaTaeTca MO peNeHWD CEKLUM XelXe306eTOHHHX KOHCTPYKLMRA HTC
HUMEE or 2I mwas I983 r.

PeroMeHalMU MO ONpBAeXeHHD NMPOYHOCTHHX M NefODMALMOHHHX Xapak-
-TEepUuCcTHK GeTOHAa MpH HEOXZHOOCHHX HAMPAXEHHHX COCTOAHMAX. M., HUMEE
T'ocerpos CCCP, I985, 72 c.

CoflepmaT OCHOBHHe MOJOXEHUA MO METOAMKE CTATHYECKMX WCNHTaHMH
NpH HEOJHOOCHHX HAMPAXEHHHX COCTOAHMAX AJNA OMpeAeNEHMA  MexaHWyec-
KMX CBOACTB TAXENHX, JETKMX HA MOPUCTHX SAMNOJNHUTENAX, aBTOKA&BHHX
AYEHCTHX, CHIMKATHHX M ADYTMX BUAOB GeTOHA AN COODHHX M MOHONMTHHX
GeTOHHHX M Xele30GEeTOHHHX KOHCTDYKUMA M COOpPYXEHM/A DASHHYHOTO  Ha-
SHAY eHNA .

[lpeAHasHaueHH NJA MHXEHEDHO-TEXHMYECKUX DAGOTHHKOB HAYYHO-MCCIe-
ZOBATENbCKHX M MPOEKTHHX OpPraHW3alui.

Taéa. 3, nan. 35,

(:) Opaena Tpyaosoro KpacHoro 3HameHu
HAayYHO-MCCIEeI0BATeNIbCKMA MHCTHUTYT
GeToHa M eldesoberoHa I'ocerpoa CCCP,
1985
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[TPEIUCTIOBUE

DeTOHHHe M Xele306eTOHHHE KOHCTDYKUMM SIAHHA W COODYHeHMHd pas-
JMYHOTO HA3HAYEHWA KAK MPABHNO MCIHTHBANT HeoXHOocHHe (BBYX- M Tpex-
OCHHE) HanpAXeHHHE COCTOAHMA, KOTODHE MPUBOAAT K M3McHEHMD MX MEXa-
HMYECKOI'0 COCTOAHMA ¥ MpelelbHHX yCIOBMHA, & CIELoBATEABHO, TpedyeT
yyeTa Npu paspacoTKe HODMATUBHHX AOKYMEHTOB MO MPOEKTHPOBAHUD u
TEXHWIECKUX yCJNOBUA TMO NMPMMEHEHMD TAKUX KOHCTDYKLMH.

[lpy pacyeTe GETOHHHX M Xele300eTOHHHX KOHCTDYKLMA [0 MPOYHOCTH,
Yy CTOMYMBOCTH M XECTKOCTH CIELyeT MCXOAMTE W3 SAKOHOB W ypaBHEHUA
MEXaHUK# TBepAOr'o HefopMMpyeMOr'0 Tella C yYeTOM Heynpyrux Aedopmatmi
GeTOHA, HEAMHEAHOCTM M HeoOpaTHMMOCTM MX DASBUTHA, HADYNEHUA CIIOm -
HOCTM ¥ M3MEHeHWA o0peMa MaTepMala B MpoUecce HAaUpyKeHW:.

OnHaK0 OTCYyTCTBMEe HEOOXONMMHX SKCMNEPUMEHTANbHHX AAHHHX MO MpOYy-
HOCTH M JiehOpMaLlMOHHHEM XapaKTepHcTHkaM CeTOH& [DH HeONHOOCHHX  Ha-
NpAKEHHHX COCTOAHUAX, OCOGEHHO ANA cTalAud, CIM3K0A K paspyleHusm, Mpu-
BOZMT K TOMy, 4YTO B MPOEKTMDOBAHWM 38Y&CTYyW DACYETH MaCCHBHHX H
MJIOCKOCTHHX GeTOHHHX M XeNe30CEeTOHHHX KOHCTDYKUMM Mo MPOYHOCTH, yC—
TOKYMBOCTU U KEeCTKOCTH MPOU3BOTAT MCXOLA M3 TEOPUM yNpyrocTH,  4TO
TIPUBOJMT K MePepacxoly MaTepualioB Jaxe IJf iele30CeTOHHHX KOHCTDYK-
UMA MepBO/ KATETOpDUM TPEMMHOCTOMKOCTH. [[02TOMy HACTOATENbHOW He0O-
XOAMMOCTBD SABNAETCA DA3BUTHE JKCMNEPUMEHTANDHHX MEeTON0B MCCAeA0BaHUM
ANA TMONyYEeHUA W HAKONJIeHME ABHHHX O MNPOYHOCTHHX W ZedopMalUMOHHEX
XapakKTepucTHEex OeroHa (CKANADHHX M TeHSOPHHX), BKJINUAKLMX COOTHO-
DeHWA MeXAy HanpAXeHWAMM W AedopMaLuAMH [OpH OAHODOAHHX HAMPAKECHHHX
COCTOSIHWAX, BH3BAHHHX DABJIUYHHNY KIACCAMH HeONJHOOCHHX HarpykKeHun, &
TaKkxe pasBUTHE COOTBETCTBYDNETO DACHETHOrO amnnapara. [lpy aTow  4aA
MOXy4YeHHA HAUGONee AOCTOBEPHHX SKCMEPMMEHTANBHHX DESyNBTATOB ¥ olec-
revyeHnA BO3BMOXKHOCTH MX COMOCT&BASHWA NPOCTEANHE HEOZHOOCHHE WCMHTa~
HUA clelyeT NpOBOIMTH MO ENMHCH METOLWRE C MPUMEHeHMEM yRUPUUMEOEBAH-
HHX METOJOB, NPUEMOB WCIHT&HWHA, ¢ pas’spaCOTKOW COOTBETCTLYHMErD 000-
pyOOBAKUA ¥ 06pA3LOB CTAHAADTHOIO pasMepa W QOpMH.

Hacroamue PeroMeHZAIMM COLSPXAT OCHOBHHE MOJNOXEHWA 110 METOAMKE
DASIMYHHX HEOAHOOCHHX MCMHTAHMA M NPEACTABNANT OMNT NPOBENEHMA CHC-
TeMaTHYe CKUX BKCMEePYMeRTOB M De3yJabTATH AHANW38 WCClelOBaHUM TLex-
ABYX- 4 OZHOOCHHX HAMPAKSHHNMX COCTOARMA GeToHA.

PexoMenZauuu paspadoTads JaéopaTopued Teopuu xenesoderora HUMKE
Tocerpoa CCCP (kamz.Texs.uayk A.B.Audn).



Bce sameuaHus M mpeAnoxeHMA MO coZepmaHun PeroMeHpauui mpochGa
HanpapiaTh B HUMEE no azpecy: 109389, Mocksa, E-389, 2-3 HHCTHTYT-
cKaAd yll., A.6.

JIuperuna HUMEE

I. OBJACTH [PMMEHEHMA

I.I. Hacroamue peKOMEHAANMH DACNPOCTDAHANTCA HA pasiM4yHHE BUAH
ROHCTDYKUMOHHOI'O GerToHa (TAXenNe, XerKMe Ha NMOPHCTHX SAMONHMTENAX,
aBTOKJABHHA AYEeNCTHA, MIOTHHA CHIMKATHHA M T.[.) AXA COODHHX M MO-
HOJHTHHX GeTOHHHX W Xele306eTOHHHX KOHCTDYKUMA M COAep¥AT OCHOBHHE
NONOMEHHA MO OMpeZeNeHHD MPOYHOCTHHX W ZAedOpMALMOHHHX X&PAKTEPHCTHK
NpM PasIMUHEX KIaccax HeOZHOOCHOro (AByX- M TDEXOCHOT'O) HAUDYXEHUS
(cM. m.2.4 HacTommmx Pexomenzaumii).

OcHOBHHE TepMMHH ¥ ONpellelleHMA NpHBENeHH B mpuA. I.

2. OCHOBHHE MOJOX EHHUA

2.1. Mpousocraue M AedopmwanuonuHe (CRaNApDHHE M TeHSOpHHe) xa-
PAKTEPHCTHKN ONMpEAENADT MO DPESyAbTATAM MCNHTAHHA CEPHH CTAHAADPTHHX
06pasioE-GXUSHELOB MPKH MPOCTEAmMHX HEOAHOOCHHX HATDYMEHMH C HCiiOJXb-
SOBAHKEM METOAOB, MNOSBOMANEMX C AOCTATOYHOA TOYHOCTHD W HAKEXHOCTHD
nojyyarh AaHEHe AAA paspaCOTKH HODMATHBHHX JIOKYMEHTOB M0 MPOEKTHPO-
B&HHN GeTOHHHX W XeJXe306eTOHHHX KOHCTDYKLUMHA HIM TEXHHYECKUX ¥ CAOBHHA
Ha OTZeNbHHE BHIH KOHCTDYRUMA M COODYXeHMA, MCHHTHBANMMX HEOAHOOC-
uie (cnomHHe) HaNpAXEHHHE COCTORHMA .

2.2. HeomHOOCHHE MCMNHTAHWMA B SABMCHMOCTH OT MMPOMSBOZACTBEHHHX
yCHOBUA MOTYT OCYymECTBJIATHCA MO ABYM NMpOI'DAMMAM :

nporpaMMa MUHHMMYM [PeZyCMATDHBAET OMpeAelieHWEe TOJABKO NMPOYHOCT-
HHX XapaxTepuCTHK CeTOHa C MSMEDEHWEM B Npollecce HArPyXeHMA TOABKO
CcHA, AeliCTBYDmMX B HaNpaBieHun Kaxioh ocu odpasua (ZeAeHuem MX Ha
COOTBETCTBYNNYyR MJIOMATh CEeYEeHUA OCPASLOB MNOJYYANT KOMIOHEHTH IJaB—
HHX HaNpAKeRWd 6, , 6, , 65 );

nporpaMMa MaKCHMyM NpeAyCMaTDUBAET OmpeliedeHMe MPOYHOCTHHX M
ZTeQOpMALMOHHHEX XapaKTepHCTMK GeTOH& ¢ M3MEepeHMeN B mpollecce Harpy-
KEHHMA KaK CUJ, Tak M JMHe#HHX Jefopmaumid ofpasua B HanmpaBieHWH Kax-
Zod ero uenrpaxsHoii ocM (MOCAeAHME NMPEACTABAADNT KOMIOHEHTH TNABHHX
OTHOCHTEJNBHHX Aedopmaumd &, , ¢, , €3 ok

2.3. K npouHocTHHM ¥ AePopMauMOHHHM (CKANADHHM M TEHSODHHM) Xa-
PAKTEDHCTHKAM, MONyYyaeMHM Ha OCHOBE MDOCTEANMX HEOZNHOOCHHX Harpyxe-
uuit o6pasuos (cM. M.2.4 HacTOAmMX PeKOMeHZaUMiA) OTHOCATCA: TEHSOP
zebopmarmit (£) w Tensop manpamennd (S) (zeBuaTop um mapomoir) M mux
raasHde komnoxentd (&, , &, &; ¥ 6,, 6,, 65 ) Ha NIDGOM ypOBHe Ha-
IPpyXeHus, B TOM 4YKClIe B COCTOSHWM, GAMSKOM K y TPy TOMy (é‘,,, €200 €50
M G ,,0p, 6’”) ¥ B MpelelbHOM COCTOAHHH (&, E;5 & mEB, o @, &)



YpaBHeHHe CBASH AesuaTopa Hanpaxenwd (J;) M Zesmaropa Zedopma-
it (D) ;

TO Xe, WApPOBOro TeH30pa HaNpAmcHMi (6) M WADOBOrO TeHSopa Aedop-
waimi (&) ;

HaYaXbHHA MOAYXb yNpyrocTH GeToHa mpw camure 6, = £,/2 (1 + V,)
W uomyns nebopuaumdi now casure & =G (e , €, , M, ) B 3aBMCHMOCTH
OT cTeneHyu Aedopmaumy;

HaY@JbHHA MOAYJB YNPYTOCTH GETOHA NpM OGBHEMHOM CEATHH K= E42
13 (71-2,) u monyas o6sesuux nebopwaunii A = A ( ¢ & 3 ) B
SaBHCHMOCTK OT CTeneHH Redopnaimu;

HHHAA 6;,; /& W BepxuAm 6y, /& TpAHWIN MMEDOTDEmMHOOGpA-
SOBAHNMA MPH DASAMYHHX KJACCAX HEORHOOCHOI'O Harpyxenusa (cM. m.2.4
HacroAmmux Pexomenzaumii).

2.4, Vrasannue B n.2.3 Hacrosmux PeKOMEHAALMA OCHOBHHE XapaKTe-
PHCTHEN ClEAyEeT OnpeAeiATh [0 PeSyXAbTaTaM MCNHTAHWA 06pasuoB  mpu
CJeLyDmUX KAACCAX MPOCTeAmero HEOAHOOCHOI'0 HATPYBEHWSA :

ABY XOCHOM ONHODOZHOM CEATHH;

: X PacTAXeHUM;
" = CEATMU~DACTARECHMUH ;

YHCTOM CABHI'E;

)’rpexocuon OZHODOAHOM DABHOMEPHOM cxaTHu (TMADOCTATHYECKOE CEa-—
THe);

5 b PABHOMEPHOM pPACTAXCHMH;

. -+ HEepaABHOMEPHOM DACTAXEHUM ~CEaTHH;
. = PacCTAXEeHUH—CERATHN~CEATHH ;

" L

PACTAXCHHH~-DACTAXKECHUU~CEATHH .

[lpumeyanmne. JonoIHWT eAbHHE XAPAKTEDHCTHEH MO M.2.6 ClefyeT Om-
peAeNATb MO pesyJbTAaTaM MCIHTAHMA O6pPASLOB  IpH
NpoCTeidleM OAHOOCHOM HAU'DyXEHWH — OCeBOM CEATHHU M
0CEBOM pacCTAXEHUHM.

2.5. [lpocrefimne KAacCH AByXocHOro Harpyxenuf (oM. m.2.4 HacTOA-
mux Pexomenzaumii) moxHo ocymecTsuTh (IpH COOTBETCTBYDmEM o6opynoBa-
HWM) Ha GeTOHHHX opasuax TpyCuaTodi §opmH. OnHAKO TDYAHOCTH MX M3~
rorosnesns (ToNXmuHE CTeHOK TpYOH AOANHA GHTH MeHbIe InaMeTpa Ha
NOPAZOK ¥ GONBNe) M IPOMOSAKOCTD MCNHTATENBHOTO 0GODYNOBAHMA M3-38
Tpedyemoro: GONbWOrO AuAMeTpa TpyS B GOJBMOA CTEMEHH OT'DAHMYMBANT HX
NpUMEHEHHE
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2.6. K npoyHOCTHHM ¥ AedopMALMOHHHM XapakTEepMCTMKaM GeTOoHa, noAi-
Texamum ompeZeNieHHn (TOMMMO MepeuuCAEHHHX B M.2.3 HACTOAMMX PeKOMeH-
Zammil) CREeAyeT OTHECTH:

a) cOnpoTHBIeHME GeTOHAa OXZHOOCHOMy cmaTun R mo I'0CT IOIB0-78 u
conpoTHBAeHNe GeTOHA OLHOOCHOMYy cxaTun A, = R, WM pacTAmeHuD P,’ -
onpeAeafeMHe H& OCHOBE OJHOOCHOIO HArpyXeHMA 00pasioB B yCIOBUAX,
UIEeHTUYHEX yCHOBMAM HArpyXeHWA, yKasaHHHM B mi.4.3 ¥ 4.4 HacToAmuX
Pexromenaaumi;

6) HauaNbHHA MOZYJb yupyroctd GeTOH& MNDH CHATHH E, & Ey , pac-
TAXEHNH fl:th,u KOMIOHEHTH OTHOCHTedbHHX Aedopmaumii odpasuos (mpo-
IOMBHHE &, M TOMepeyHHe &, = &, ) HA JANGOM yDOBHE HATDYHEHUA, Of-
pellelfieMie H& OCHOBE OLHOOCHOT'O HAI'DYXEHHMA B yCIOBMAX, YINOMAHYTHX
B n."a";

B) HauyaJbHHA MOAYJb YyOPYyrocTH GeTOHA NpU CXATHH L, , €rO MpH3-
MEHHYD MpOYHOCTH Rpr WM KOMIIOHEHTH OTHOCUTeRbHHX Aepopmaumi obpas-
uos (npomoabHHe ¢, ¥ monmepeunse €y = ¢; ) Ha ANGOM ypOBHEe HArpy -
xeHnA, ompeleddemie mo I'OCT 24452-80 nns BOSMOXHOCTHM MOJYYEHWA CO-
MO CTaBUMHX DPE3yJALTATOB.

2.7. llpu ompeleNeHWM NPOYHOCTHHX M HedopMALMOHHHX XapaKTEepHC -
TUK GETOHOB MOXHO He yYMTHBATH BAWAHME HA HHUX TEMIEpPaTypPHO-BAAKHOCT-
HHX yCHUBMHA, T.€. He NpeAyCMATPUBATH NDOI'DAMMOA MCMHTAHWA BHIEDIN-
BaHMe OGpPA3sLUOB B CHELMAJAbHHX TEMIEeDPATYPHO-BJAKHOCTHHX yCHOBHAX, €C-
MM OTH yCIOBMA COOTBETCTBYNWT HOPMEIbHHM yCIOBMAM MPUMEHeHMA GeTo-
HOB B KOHCTDVRLUWAX. 38 HODMAGNbHHE YCJIOBMA TDUMEHEHHA CeTOHOB B KOH-
CTPYKUMAX NPAHAMANT JCAOBMA C MHTEDBAIOM DaCOYMX TEMIEpaTyp EO:IOOC
¥ OTHOCHTeNbHOW BIaxHocTM Bo3Zyxa 65+I10%. B ocTambHEX cIyyasx mpo-
rpaMMoii MCHHTAHWA ClelyeT MpeAyCMATPUBATH CleUMaNbHHE TEMIepaTypHO-
BIAXHOCTHHE yCIOBMA XpAHEHHA U WCMHTAHMA 06paslUoB.

2.8. lcnuranua no onpeleleHUD MEPEYMCAEHHHX B M.2.3 U 2.6
HaCTOAMUX PeKOMEHZALMHA OCHOBHHX X&paKTEPHMCTMK MPOBOMAT MMyTeM CTYMEH-
4aTOr0 HACpyKeHUA 06pPASUOB CTaHAapTHOA dopms M pasMepor (cM. m.3.I

HacTosmux PexomeHmaiuit) onHOBpEMeHHO Mo OofHOM, NBYM MJM TDPEM TIJaBHHM
0CHAM, K&K MPABWJIO, [0 Pa3pymeHUs [0 THUIly MPOCTOTO MDPONOPLMOHEIBHOTO
Harpy®eHus (ecau nporpammoft MCrHTaHMM He NpeLyCMOTDEHO CJOXHOE Harpy-
KeHue), T.e., Korge AeftcTBypmue Ha ofpasel] CHIH BO3PACTANT OT HYJA
MPOTIOPLMOHANBLHO OfIHOMY TApaMeTpy WaM TEeH30p HanpaxeHu# pabeH (S)=(5)A.
llopsAfok HarpymeHus o6pasljoB TNpuBeneH B M.6.7 HacTosuMx PexomeHnaiuit.



Cnoasoe HarpyxeHue mpeAnojaraeT HENpOMOpLMOHANBHOE BO3pACTAHME,
ZeHCTBYUmMX H& TeXO CMI, T.€., KOTZA TEHSOp HampAxeHua (S5)# (5)- A.

[Ipy HaIM4MK COOTBETCTBYNMEro OCODYAOBAHMA WMCMHTAHUA NOTYT MPOBO-
AMTHCA NPU HEMPEPHBHOM HAUDYKEHHWH C MOCTOAHHOA CKODOCTBO H AJNA BOS -
MOXHOCTH COMOCTABIEHWA DPESyIbTATOB NDOAONEHTENBHOCTBD, COOTBETCTBY -
omed crynenuaroMy (cM. n.6.7 HacroAmux PexomeHAauMA) .

3. ®0PMA M PASMEPH OBPA3LIOB

3.1. $opmwa ¥ pasmepH NMPMHHMAEMHX AXA MCOHTAHMA 00paslLOB AONEHH
coorBercrBoBaTh ['OCT IO0IBO-78 u 24452-80.

Iipn >Tom HaHGOJee MPEAMOYTHTEXAbHHMK ABIANTCA OOPaSUH CEYEHHEM
150xI50 uu (Gasosse o6pasim).

3.2. OrxzoHenne PopmH, pasMepoB 06pasUOB OT MPOEKTHHX HE AONAHH
NpeBHEATS :

N0 AXMHe CTOPOH ¥ Amawerpy +I% (TOCT I0IBO-78);

MO HEMJIOCKOCTHOCTH ONMOPHHX rpasedl, HENMpAMOJMHEHHOCTH W Meperocy
peGep Ha yuactke pmanoft 100 — 0,05 mm. Bumoarenue aTux ycaopuit
nposepspT mynamu no I'OCT 882-75.

3.3. Jxa xaxpoii TpPAERTODHH HATDYyEEHUA B MPOCTPAHCTBE 6, , 6, , 65
pexoMeHAyeTCA NMPUHMMATH He MeHee ABYyX- Tpex o0pasnoB.

3.4, DeTOHHHE CMECH M MCXOAHHe MATepHaNH AN MST'OTORIEGHHA 06pas-
OB AOAXHH OTBEYATh TPEGOBAHUAM COOTBETCTBYDNMX CTAHAAPTOB U TEXHM-
YECKUX yONOBMA™ .

3.5. Cnoco6 M3roTOBIEHMA, & TAKXEe yCJIOBHA TBEDAEHWA W XpaHeHHA
06pasioB AOAXHH COOTBETCTBOBATH, yRasamnuM B I'OCT IOIB0-78,  ecanm
nporpaMMoil MCMHTAHWA He MpeAyCMOTDEHH JpyTHe creuuaibHHe TpedoBaHNA .

Bce usroTopieHHHe 06pasiH MAPKHDPYKT.

3.6. lanHHe, KacammMeci COCTABA M MOABMXHOCTH GETOHHOH CMECH AJA
MSPOTOBNEHUA 06pasuoB, MIOTHOCTH ¥ Bospacra GeTOHa, & mpH HeOOXOAH—
MOCTH T&KXe ero BIAXHOCTM, BOZOMOTJIOMEHHMA, MOPUCTOCTH M BOAOHENpPOHM-
UaeMocTH cleAyeT SAHOCHTh B KyDHAN MCIHTaHMI.

3.7. MnoTHOCTE, BIAEHOCTH, BOAOMOrJOmMEHWEe, MOPHCTOCTH W BOJOHE-
npoHumMaemocTs GerToHa ompeAersnt no I'OCT I2730.0-78 - 12730.5-78.

3.8. BiuaHue BospacTa GeTOHa, KaK COMyTCTBynmero gakropa Ha ero

bl JleJIeHHD MeXaHH4eCKMX XapakTepuc-
eToAMuEecKUe DEKOMEHAALMHA M0 Ompe
THK gerouoa NpA KPATKOBPEMEHHOM M JJHTENBHOM HArDYEEHHM. M.,
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NPOYHOCTHHE M AedOpMalMOHHHE XapAKTepDHUCTHKH, MoiyyaemHe HE OCHOBe
HEONHOOCHHX HarpyXeHHW#A o6pasioB, clAelyeT CBECTH A0 MHHMMyMa, Ha3Ha-
yas TaKoi MHTEDBAN BPEMEHW MCIHTAHWA, B TeueHMe KOTOPOrO MpAKTHYEC-
KM coXpaHdeTcd HEeH3MEHHOCTh MeXAHWYEeCKMX CBOWCTB GeToHA.

[IpoBepKy BAMAHWA BOSpacTa GeTOH& M ADYTMX comyTcTBynmux axTopos
(sanpumep, ero TemmepaTypH M BAAEHOCTM) Ha ONpelelsieMHe XapDAKTEepMCTH—
KM [POBOAAT MyTeM CDABHEHWA SHAYEHHWH CONPOTHBACHHA OBGHOOCHOMY CMATHD
R B Hauaze u B KoHue onura (cM. m.2.6 HacroAmux Pexomenzaumit).

3.9. [lpy HCONB30BAHMM ANA HEOAHOOCHHX MCMHTAHMA OCpPASLOB MpM3MA-
THYECKOft WIM UMAMHApMuecKod dopmu cormacHo 'OCT IQIBO-78 u 24452-80
MOoNy4YeHHHE Pe3yAbTATH MO MPOYHOCTHHM XAPAKTEPUCTURAM HeoGXOAMMO CO-
NOCTABNATH C AHAJNOTMYHHMM pESyNbTaATAMA MCIHTAHMA HE ORHOOCHOE CEATHE
(cM. m.2.6) 06paszoB-KyGOB TOTO Xe CeYeHMA, USNOTOBIEHHHX M3 OAHOI'O
samMeca.

4. OBOPYAOBAHME, [PMBOPH, MPUCIIOCOBNEHMA

4.1. ObopyZopanve (MamMHH M HATDyXapmMe yCTPOACTBA), MpelHA3HA-
YeHHOe IJA ABYyX- M TPEXOCHHX MCMHTAHMA AOAXHO 0GeCNEYMBATH NAABHOCTD
HATPYKeHWA C 3848HHOM CKODOCTHW, IEHTPAIbHOE U PABHOMEPHO DACNpe/eaeH-
HOE N0 CEeUEHWD NPUJIOKEHHe CHI OTHOCUTEJNBHO HATDYEAaeMwX ocefl oOpasua.

Ins UeHTpPANbHOTO M PABHOMEDHOT'O paclpelelieHWA NPHIOKEHUA CUJ pe-
ROMeHAyeTcA ucnonbsosars (oM. puc.I-2):

NpY CXATMM - CTAaNbHWe WMApOBHe omopu AuameTpoM 300+I0 MM ¢ mecTkM-
MM OMODHHMH MIUT&MHM; DE3MHOBHE KAMeDH YCTAHABAMBAEMHE B SaMKHYTHe
cranbHHe GopMH, c mepeAauedi AaBlEHWA Yepe3 ONMODHHE XECTKHE CTANbHHE
MJIMTH, M03BOJANMME 0CeCrneynTh PABHOMEPHOCTB Er'0 MepeZayd Ha Kamuyn
rpaHp odpasua;

NpH pacTAXEHWM - CAMOLEHTDHpYDNMe CTalbHHe 3aXBaTh, HeBpamanmu-
ecs B Npollecce HarpyxeHMA ofpasua, ¢ nepefavyedl CuiH pacTAXeHHMA 4yepes
aHKepHHe XeCTKMe LJMTH, MO3BOXANMMEe OGECNEYUTh DaBHOMEPHOCTH €€ me-
pellay¥ Ha Kaxlyn rpaHb odpasua.

4.2. MoBepxHOCTh BCEX OMODHHX [UIMT HAIDY®ANMEr0 yCTPOWCTBE W Ma-
WMH [0 YMCTOTe AOJNXHA COOTEETCTBOBATH kilaccy He Hume 7 (I'OCT 2789-73)
¥ o6NanaTh LOCTATOYHOA XeCTKOCTHO (CM. CHOCKY Ha cTp.8).

4.3. Ina paBHOMEPHOIO CXaTMA M CO3ZaHMA B o6paslie COCTORHUA,GAu3-
KOT'0 K OLHODOZHOMYy HANpPAKEHHOMYy — AJA CHMUXEHWA KOHUEHTpALMM Hampamxe-
HUA M yMEHBUNEHMA TPEHMs B MeCTaX KOHTAKTa ofpasiua ¢ OMOPHHMU MJ ~2AMH
HarpyXanmero yCTPOACTBA - clefyeT NPUMEHATDH MPOKJAAKA M3 TOHKMX aH-
TUPPURLMOHHHX MATEDUaNOB C HAHECEHMEM Ha MX MOBEPXHOCTH CMA30YHHX
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Puc.I. Cxema yCTaHOBEKM IJIs HCAHTAHHA o6pasuos
Ha AByxocHoe cmarue (a) u ZByxocHoe cxaTHe-
pacramenue (6). 0GoSHAuEHHR CM. HA PHC.2

uatepuanos (uampumep, 2-3 cios ueanyiouza rommuHo# 0,5-0,8 MM ¢ rpa-
HTOBOA CMASKOH MEHLy HHMM), & TaxXe pasivuHHe NPUCHOCOGNEHMA THIA
"meTru" .

[lpn BHGOpEe NMpORAGAOK U3 AHTUPDUKLMOHHHX MATEDHANOB MAM MDPHCMO-
coGNeHni AN yMeHBUEHWA TPEHMS B MECTAX KOHTAKTa& cAeldyeT MCXOAMTH
K3 ofecneyeHuA KpaeBOr'0 yCAOBHA MO MPOYHOCTH OCpasua-kyda

B Ry, @
rae R, - conpoTuBieHue oGpasiua-ky6a OJZHOOCHOMYy CHATHD C MpHUMeHe-—
HHEM TOI'0 HAM MHOI'O cmocoda yueﬂbmem TPEeHHA B MeCTax €ero

KOHTAKTA C ONODHHMM MIWTAMA HATDYXADMETO yCTpOACTBa; Agf— MpPHU3-
MeHHas MpOYHOCTH GeTOHA, OmpeAeliemas mo Metoamke I'OCT 24452-80.

4.4, Jnn paBHOMEDHOr'O pacTAXeHWA M ofecrneueHui B ofpasile COCTO-
AHWA, GAMSKOI'0 K OAHOPOAHOMYy HANPAXEHHOMy - CBOGOAHOI'O DPABHOMEDHOT'O
NomnepevyHoOro pacmMpeHHs BOJOKOH OeToHa y Kpad ofpasia - cTalbHHe 38—
XBATH DEKOMEHAYeTeAd KPeNnuTh K ONOPHHM TpanAM ofpasia uepe3 mpucno -
co6XeHuA Thna "meTKu" WAM yepe3 NPOKRJAAKM, BHMOJHEHHHe M3 MOAATIH -
BOT'0 MaTepuala Tuna ApeBecHHH. [IpORJNAZRM M3 ApeBecHHH TOAMUHOHK 50 MM
clefyeT ycTaHaBIMBATH TakWM 06pasoM, 4TOCH HampaBieHKMe BOJNOKH& COB-
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Puc.2., Cxemwa ycTaHOBXM AN MCOHTAHMA OGpPA3LOB IPAM TPEXOCHOM
czaTu (8) ¥ TPEXOCHOM DACTAKEHUM—CEKATMA-CKATHH

I - rpysoBas Tank; 2 U 3 ~ 2AEMEHTH MOABECKM; 4 M 4' - asdemeHTH
paMh; 5 - KOJblleBOA AMHAMOMETD; 6 — NpOKJAAKA MEXAy OGpasUOM ¥ LM~
TOA; 7 - DNEeMEeHT Hecymero kopmyca; 8 - pesMHOBHE KAMEDH, Mepelanmiue
InaBniesve Ha o6pasel; 9 - onopHse nauTH; 10 m I0' - ruapozomkpaTs ¢
mapoBHMu omopamu; II - TpyGonpoBOAH K HACOCHHM CTaHUMAM; I2 — GeTOH-
ubii odpaseu; I3 - Galka KpemNeHua pamd; I4 — mpokJaaskM M3 GpyCKOB
ApeBecuud (OZHWM TODUOM MPHKAEMBADTCA K 06pasly, ADYTHM — K TJMTE
aHKePHOT'0 3axsaTe pesepca); I5 - peBepc ANA CO3ZAHMA paCTATMBaDmEf
culd B ofpasle

nazaio ¢ HampaBIEHWEM DACTATMBANMETO YCHJIHA.

[Tpn BHCOpe MaTepHaNOB M MpPUCNOCOCNeHMA ANA CBOGOZHOTO MOMEPeYyHO-
ro pacmWpenns ofpasua cAelyeT MCXOLMUTh M3 ofecneyeHMA KpaeBOI'O YC-
NOBMA MO ero Aefopmanmam:
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7
rae &y , &y - OTHOCHTEJNBHHE NefopMaluy H& paccToAHWM 20 MM OT Kpad
M B cepeAnHe olpasilia COOTBETCTBEHHO.

4,5, Jna usvepeHus B npouecce WCTHTAHUS NPANOKEHHHX CHI M JUHEHA-
HHX Aedopmaunii odpasua HeOGXOAUMO MpPEAYyCMOTPETH METPOJOIMYecKoe obec-
neyeHrne :

a) ANA WSMepEeHMA CHIH C MOTpEmHOCTBN He Golee 2%: TapupoBaHHHE
ARHAMOMETDH ¥ MAHOMETDH;

6) Ana W3MepeHWs JAmHelHHX AePopMaLMI ¢ MOTpENHOCTHD He GONEE
LD 1.10°6: rensomerpi (POCT I8957-73) M NpOBOAHMKOBHE TeHSODESHC-
ropu (TOCT 21616-76).

[lopAAOK pasMemeHMA ¥ YCTAHOBKM H3MEDHTEJBbHHX NPHOOPOB NMpUBEAEH
B m.5.7, 5.8, 5.9 u 6.3 HacroAmux PexomeHAALMHA .

4,6. CratTuyeckue MCMNHTAHMA MpPH ABYXOCHOM DaBHOMEDHOM W HEpaBHO-
mepHom cmatuu (&, > 6, ) peKOMeHAyeTCA MPOBOIAKTH HA yCTAHOBKE, KOH-
CTPYKTMEHA# cXema KOTODOA NpuBeleHa Ha puc.I,a. Harpyxenue oGpasuos-
Ky60B ¢ peSpom 150 MM MpOMSBOZMTCA coraacHo m.6.7 HacroAmux PexomeH-
saumit (ecam nporpammoii MCIMHTAHMA He NpPELYCMOTPEHO CIOXHOE HAIpyXe—
Hue) Ha ocHOBaHMM rpaduxos (cM.puc.3,a-Juuun I-4) M B COOTBETCTBHH
¢ NpHN.2 C MOMONMBN ABYyX ruapozomkparToB - 2000 xH, neperanmux pasBu-
BaeMoe HM# IABIEHMEe yepes CTalNbHHe NAPOBHE OMOPH C XECTKMMM OIODHH-
MM NJMTaMM H& HarpyXaeuie rpaHd o6pasua. JlaBieHde B CHCTeMe NOAAEp-
EMBAETCA C NMOMOMBD ABYX ABTOHOMHHX HACOCHHX CTAHLMA. .

B ycraHoBRax noAioGHOTO THNA BEPTHURAJBHAR HECYNMAA paMa ABIAET CH
HenoABHXHOA (MOXET RDENMTCA K CMNOBOMY MOXy); TOPHSOHTANLHAA MOABHX-
Had - KDEMMTCA K MepBOH ¥ AOJKHE MEepEeMemaThCsl OTHOCHTENBHO HENOABHE-
HO pawt BMecTe ¢ OOpASLOM MpPH HATDYXKEHWH.

B rauecTBe CMIOMSMEDHTENedl CIYyXAT AB& TADHPOBAHHHX KOJBLEBHX AH-
HEMOMETpa, DACCUMTAHHHX Ha BOCIPHATHE cHid ~ = 2000+20 xH.

4,7. CraTHyecKMe WCTIHTAHMA NPH ABYXOCHOM CXATHM - DaCTAXEHHM
(6, >6; ) w ancrou capure (6, =-6; =7 ) DeKOMEHAyeTCA NPOBOAUTH
Ha yCTAHOBKe, KOHCTDYKTMBHAA CXeM8 KOTODOA mpuseneHa He puc.I,C.
Harpyxesne o6pa3suos-ky6oB ¢ peGpom 150 MM MpOMSBOAMTCA - COTAACHO
n.6.7 HacToAmux Pexomenzauuit Ha ocHoBaHMM rpadukos (cm.puc.3,a — au-
AN 5-8) M B COOTBETCTBAM C MPUA.2 C TMOMONBD ABYX THMDOLOMKPATOB:
%A coszanuA pacraxenns - 100 xH n cwatus - 2000 xH.

PaspuBaeMoe MMM JaBleHue NepelaeTcs Yepes CTalbHHe NAPOBHE Ono-
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PH C XeCTKMMM ONODHHMM MJIMTAMM HENOCPEACT BEHHO Ha Harpyxacmbe TpaHK
ofpasiia ¥ 4epe3 peBepc AJA CO3TAHWA DACTAMEHWMA .

Ins oGecrieueHns KpaeBOr'O yCIOBMA MO M.4.4 HacroAmux PeroMmeHZauM#
cTaNbHHE 38XBATH PEKOMEHAyeTCA MPUKAEUBATH C MOMOMBD BMOKCHAHOIO
KJef K ONEJIEHHHM B COOTBETCTBUM C M.5.2 HacroAmux PexomeHZauui onop-
HEM rpaHAiM ofpasla yepes NPOKJAZKM M3 ApeBecHHH TOoMMHOHA 50 MM
(moxs Bomoxon).

B rauecTBe cuIOMSMepUTeleidl CIyXaT AB& TAPHPOBAHHHX KOJBLEBHX AW-
HaMoMeTpa: OAMH pacuuran Ha F = 2000+420 kH AN M3MepeHMA CHIH CXa-
THA, Apyrod - ma / = TO0+IO KH AmA MSMEpeHWA CHJIH paCTAXEHWA.

4.8, CraTMuecKue MCIHTAHWA MpDH ABYX— M TPEXOCHOM DACTAKEHMH Dpe-
KOMEHAyeTCA MpPOBOAMTH HA YCTAHOBKE MO KOHCTDYKLMHM, QHANOTUYHOA yKa-
SaHHOK Ha puc.l,6 ¢ To#A JMmb pasHMUed, YTO HArpyxawmue yCTPOACTBa

OOMXHH CO3[ABATbH PACTAKEHME MO [OBYM MM BCEM HATPYRAEMEM IpaHsM 06-
pasua. [laBieHHe MOXET NepefaBaThCA C MOMOMbD ABYX (NpH HBYXOCHOM Ha-
rpymeHdH) # Tpex (mpM TPEXOCHOM HATDYKEHHM) TWIPOJOMKDATOB uUepe3 pe-
BEPCH JJIfi CO3M8HHA NByX- M TPEXOCHOT'O DACTAXEHHA ol6pasua.
[lpumeyanve. Taro#l ycCTAHOBKOA MOXHO MONB3OBATHCA M ANA NpOBEAE—
HMA CTATHYECKMX MCNHTAHMA 06pa3LoB-KyGOB MDA TpeX-—
ocﬂoz CEATHM M JPyTMX KJaccaX HeOZHOOCHHX Harpyxe—
A (cM. n.2.4 Hacroamux Peromenpaumit). OnHaxo mpw
HEKOTOPHX BUAAX TPEXOCHOI'0 HAUDYyXeHWs MpPeANOYTHTEeNb-
Hee KCIONB30BATH yCTAHOBRM GoNee MPOCTOA KOHCTPYK-
wan (eM. mn.4.9 u 4.I0 Hacroamux PexomeHzauwii).

4,9, CraTWueckue MCIHTAHWA NPH TPEXOCHOM HepaBHomepHoM ( &, >6,>

6, ; 6,>6G, =65; 6, =6,>65;) n paBHoMepHoM (6, =6, = 6;) cxa-
THM Ha oOpasuax-npusMax cedeHneM 150xI50 MM u BHcOTOA - 434 MM pe-
KOMeHZyeTcad NPOBOAMTH Ha yCTAHOBKE;, KOHCTDYyKTMBHAA CXeMa KOTODOW
npuBelieHa Ha puc.2,a. CorzacHo m.6.7 HacrToAmMX PexOMeHZaLMi Harpy-
KeHue cleAyeT NPOBOZUTL H& OCHOBAHMM I'padUKOB (cM. puc.3,6 - JmHMM
I-I4) ¥ B COOTBETCTBMM C NpHUA.2 C MOMOMBN HArDyXADMUX yCTPOACTB:
THADOLOMKDATA, PACCYMTAHHOI'O Ha BOCHpHATHe cuid ~ = 2000 ki c me-
pelaueii AaBleHMA Ha TODLUEBYD r'paHb o6pasia B HANDABJIEHWM MPOAOTBHOHA
HeHTPANbHOA OCM ¥ THAPEBIMYECKOTO yCTPOACTBA 38MKHYTOT'O THNA C ue-
THPBMA ONODHHMM CTANBHHMM MAMTEMU W Pe3uHOBHMA KaMepamu — 40 Mia ¢
nepesauell ZaBleHWd Ha GOKOBHe I'pDaHM OOpasiia aBTOHOMHO B HampaBIeHMU
AByX ADYTMX LEHTpalbHHX oceli. JaBienve B cHCTeMe MOANEPAUBAETCA TpE-
MA 8BTOHOMHHMM H&COCHHMY CTAHLMAMA.

B rayecTBe CUIOM3MEpUTeNed MCMONB3YNTCA: AJA M3MEPEHUA CHMMan-

medl CMIH TADADOBAHHHA KOJBlLEBOW AMHAMOMETD, DACYMTAHHHA Ha ycuiue

I4

£ =2000+20 xH u Gonmee W ANA MSMEDEHHA CHI&-AaBIEHUA, MeperaBAEMO—
ro Ha ofpasell, ZIBa O6pPasUOBHX MAHOMETp&.

BepTuransHas pama,fABIAACh Hecymed,HenonBuxxa (MOXeT KpenmuTheA K
CHXOBOMY MOAY); TADABIHYECKOE yCTPOACTBO NMOABENMBAETCA K BEPTHKANb-
HOW paMe M MOXET NepeMemaThbcA BMECTe C 06pasloM OTHOCHTENBHO Hernoa-
BUXHOA pamMd NMpu €r'o HAUpyXeHHH.

4.I0. CraTMueckMe WCMHTAHHUA MPH TPEXOCHOM CHATHU-CHATHU-DACTANE-
mun (6, > 6, > 6;) pexOMeHAyeTcA NPOBOAUTEH HA ofpasuax-npu3Max ceyeHH-
eM I50xI50 MM, BHCOTOH - 454 MM H& yCTa&HOBKE, KOHCTDYKTHBHAA cXeMa
KOTOPO#A mpuBelleHa Ha puc.2,0. Harpyzenue corzacHo m.6.7 HaCTOAMMX
PekOMeHZALMA CHAeAyeT MPOBOAUTh He OcHOBaHMM rpafuxos (cM. puc.3,6 -
aumuu I5-I7) ¥ B COOTBETCTBMM C MPUN.2  C NOMONMBD HALDYXAKMMX
yCTpOACTB: TMApoZoMKpaTa, paccyuraHHoro Ha £ = I00 kH c nepenaueit
JIaBIEHUA YepeS peBepc AAA COSAAHWA CHAH DACTAXEHWA B HaNpaBIEHWUM
MpPOLOJBHOA LEHTPalbHO! OCH ofpasia W TMAPaBIMYECKOr'O yCTPOACTBA 3aM-
KHYTOTO THMA C YETHDBMA OMODPHHMM CTANBHHMM [UIMTAMM W DEe3MHOBHMH Ka—
umepamu 40 Mlla c nepenaye# naBleHMA Ha GOKOBHe I'paHu 00pasua-MpH3MH
aBTOHOMHO B HAMpaBleHUW ABYX ADYTHMX LEHTpalbHHX oceil. JaBredne B
cHCTeMe MOANEePIHBAET CA TPEMA ABTOHOMHHMU HACOCHHMA CTAHLUAMM.

B rauecTBe CHAOM3MEDHTeNledl MCMONb3YNTCH :

A%S W3MEPEeHWA paCTATHMBaNmed CHIH — KOJbLEeBOW AMHAMOMETD, paCuM-
ranHEA Ha BocnpuATHe £ = TOO+IO kH, AJNA M3MepeHUA CHIH AABICHUA,
nepeZaBaeMoro Ha ofpasel, - ABa 00pasuUOBHX MAHOMETDA.

4,11, CraTvueckMe MCNHTaHMA 00pasLOB-UMIMHADPOB AnameTpoM 150 mM,
BHCOTO! 600 MM HA& TpeXOCHOe HepaBHOMepHoe cxaTue ( ¢, >6, = G5 "
G, = @, >€;) MPOBOIAT Ha yCTaHOBKE, MPEACTABIANMEA COCOM KAMEpYy BH-—
COKOTO ZaBlieHwi. HarpyxeHue cornacHo n.6.7 HacTosmux PexomeHznauui
cleflyeT MDOBOAMTH Ha ocHoBanuu rpagukoB (cM. puc.3,6 - nummu I-7 u
S-T4) U B COOTBETCTBMM C MpPUI.2 C MOMOMBN TMADPOAOMKpATE, DacCCyu—
ragHoro Ha £ =2000 kH u Gonee,c mepellauedl BaBIEHWS H& TOPLEBYD
rpasb UMIMHADE B HAMDABIEHMM ero ofpas’ypmed ¥ KaMeps BHCOKOI'O ZaBle-
HuA, co3Zaomed paBHOMEpHOe TMAPOCTATHYECKOe JABIEHWE MMAKOCTBD B
NonepeyHOM HarnpaBleHWH HuIMHApa. Bo m3dexaHWe NPOHMKHOBEHMA HKALKOC-
T B MopH GeToHa ofpa3ell clelyeT M3OJIMPOBATH CIOEM MIEHKH WM  [0-
MECTMTH B TOHKY® 3aMAeHHYD MeTalJMyecKyo OoGOJOYKy. B Takux ycTaHoB-
KaX MOXHO CO3ZaTh JWNEL OI'DAHMYEHHHe KIaccH Harpyxenuid (6,>6,= 05 W
G, = G, >6, ), 4TO CyXAeT 06JacTh MX NPUMEHEHHS .

4,T2. CraTMueckMe WCIHTAHMA NDU DABIMYHHX Kiaccax HarpyxeHu#
COTJIACHO M.2.4 HacToAmUXx PexomeHAALMH MOTYT MPOBOAMUTHCA HA Yy CTAHOB-
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Kax APYyrod KOHCTDYKLMM, HalpuMep, Ha yCTaHOBKAX MEeMODAHHOTO THma, B
KOTOpHX ZaBleHMe Ha rpaHu odpasia nepefaercA uepes MeGpaHH, BHION-
HeHHHE M3 A0CTATOYHO MPOYHOI'0 M yNpyroro marepvana. OZHAKO HEBHCOKOE
coSmaBaeMoe MMM JaBIeHHE, TDYAHOCTH H3TOTOBAECHWA ¥ HelOCTATOYHAA Ha-
AEFHOCTh OI'DAHNYMBAST UX MpPUMEHEHHeE.

4.13. Harpymaomue ycTpodcTBa, MANMHH M MSMepUTeNbHHe MPUCODH
noxxHH OHTH &TTECTOBAHH M MpOBEpPEeHH opraHusaiuAMu [OccrTaHZapra WJM
BEIOMCTBEHHHMU METDOJOTMYeCKUMM CIyx0amMu B COOTBETCTBMM C roct
8.00I-80 u 8.002-7I.

4.1%. Popus ANA MSTOTOBJEHHA OMHTHHX 0GPA3LOB AOAXHH OTBEYaTH
TpeGoBanuaM I'OCT 22685-77. OGopyroBanue ANA JRIAZKM M YIIOTHEHHRA Ge-
TOHHO# CMecH, & TakKXe MHCTDYMEHTH, MpPHUCMOCOCNEeHMA ANA MSMEDEHHA ¢
enbn OnpellefieHUA PasMepoB olpasia, BHABIEHUA OTKIOHeHMA ero dopm
A pasMepoB OT NMPOEKTHHX, B TOM YucAe NG HEMIOCKOCTHOCTH OMOPHHX Ipa-
He#l, - TpedomanuaM T'OCT IOIBO-78.

4,15. [lpy npoBeleHUM MCNMHTAHWA C ledbD OMpeZeNeHud MPOYHOCTHHX
4 AedopMalMOHHHX CKAXAPDHHX M TEHSODHHX XapaKTePUCTHK [pH HEOZHOOC—
HOM HarpyXeHWM GeToHa, NoJABepranmerocsi B Mpollecce IKCIUyaTalun Ha-
rpeBy, HacHmeHHD BOJZOHA, HefrenmpoAyKTAMW M ADYTMMM IMIKOCTAMM, CHEZdy-
€T MpeAyCM8TDHBATE AOMONHATENBHO O0GODYAOBaHME B COOTBETCTBUM C TpPE-
6osanmamu I'OCT 24452-80.

5. IOAT'OTOBKA K MCIHTAHUAM

5.1. Ilepen ucrHTaHneM o6pasell ocMaTpuBanT. CBEAEHMA O HANNYMM
OKOJNOB pefep, PaKOBMH ¥ MHODOAHHX BKINYEHWH 3AHOCAT B EypHal Ias
WenuTaHnA. Menxue ZBeferTH B BMJEe HANJIHBOB yCTPAHADT C NOMONMBD HaX—
AAYHOTO KamHA. [[pOM3BORAT HeOOXOZMMHE MSMEDEHMA A Y CTAHOBJIECHUA
pasmepoB o6pasua, OTEAOHEHWHA ero GOpMH W pasMepoB COrIacHO TPedoBa-
HuAM 11.3.2 HacToAmux PexomeHnauui.

Tlpn HeoGxoaumocTy onpeleranT usuueckue napaMeTps GeTOHa Mo
n.3.7 HacTOAmMX PeKkOMeHZaUMi IyTeM COOTBET CTBYNNMUX MCMHTaHMA o6pas-
110B.

5.2. [lepen ucnHTaHueM K I'paHAM olpasua ANA COSJAHMA DPaCTAXEHUA
¢ MOMOMBD SMOKCUAHOIO MAM APYTMX BUAOB KJesd KpenAT CTajbHHe 3aXBaTH
(cMe m.k.4 HacTOAmUX Pexomenzaumuii). C oTOR UedbD ANA Golee HAAEHHO-
ro KpenieHds 06pasel-MpU3My OMATHBANT A0 MPOEKTHHX DPASMEPOB Ha KaM-
HEPEeSHHX CTAHKAX, CHAOKEHHHX AMCKOBHMA IMJAMA C alMaSHHMU syGuamu,
USTOTOBJEHHHMY M3 TBepAHX cCnjaBoB. [lpy 3TOM 3axBaTH CJNeAyeT HAZEAHO
LIEHTPUPOBATH OTHOCHUTENbHO HATpyxaeMOA OcH ofpasiua, MOTPENHOCTE He
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Zoxxxa mApeBHmaTh I JMHeAHOTO pasmepa MOMEPEYHOTO CEYEHUR oGpasiia.

5.3. Ha GoroBo# noBepXHOCTH OGpasia HAHOCAT LEHTpalbHHE JMHUM
ANA NpaBUJBHOA yCTAHOBKM MO HHM NPOBOAHWKOBHX TEHSOPESHCTOPOB MIH
TEHSOMETPOB M AJA LeHTDUPOBAHWA ofpasua Mo BCEM HAUDyXAEMHM OCAM
(TpeM, ABYyM WIM OZHOA, B SABUCMMOCTH OT KJACCA HATDYKEHHMH, CM. m.2.4
HacToAmMx Pexomenzammit).

5.4. llepen ucrmHTaHMeM Ha OAHO- M ABYyXOCHOe HAIDyXeHHe OMOpHHE
rpaHd 06pasioB BHOMpDANT TAK, YTOOH CHJH GHJIM HaMpaBieHH NapaiieabHo
CNOAM yRJALKM CeTOHHOW cMecH B GOpPMH.

B ucnuTaHMM NP TPEXOCHOM HAIDYXEHWM, KOTZ& OfHE MJH ABEe  CHJH
pacTATHBapmie, OMOPHHe I'paHM 06pASIOB BHOMPANT TAK, YTOOH 3TH CHIH
OHJIM HanpaBieHH napaldlesibHO CHOAM yKJAGZKH CeTOHHOA cvecH B gopm, a
cxKMManmas cwia NeprneHAMKYJIApHa WM. B MCNHTAHMAX NpPU TPEXOCHOM Hepas-
HoMepHOM (DABHOMEDHOM) PACTAXEHMM OfAHAa CHJIa OyLeT HampaBlieHa MepreH-
AWKy IADHO CNOAM yKJaZKuM GeToHHO# cMecH B fopmH. Bo Bcex aTux cayuaax
HeoOXo#MMO npoBecTy ucnurarune no I'OCT IOIB0-78 ana onpelelieEus COMpO-
THBJEHUA GeTOHA ONHOOCHOMY CXaTMD A  BHOJH M MOMEpPeK CIOEB yKJIALKM
GeToHHOM cMecH. [IpM pacXoxleHWM B COMPOTUBIEHMM GeTOHa BAOIL M MNO-
nepek yKJIAAKM GeTOHHOH cMecu B Gopuu Goiee 8% clelyeT ZOTONHUTEABHO
MPOBEDHTH BJIMAHVWE 8HWSOTPOMMM CBOACTB Ha HOBOW cepuu olpasuoB. [Ipu
MOBTOPEHVM PeSyAbTATOB MCNHTAHMA O6pasiH HOBOA CEpHUU MOTYT OHTH MC-
NMHTAHH C yYEeTOM AHW3OTPOMHHX CBOACTB MaTepHala, 4YTO JAOJKHO GHTH Mpe-
Ly CMOTPEHO TNpOI'DaMMON M CIHTAHUA .

5.5. OnopHHe rpanu o6pasioB MAPKMPYDT. B ZypHaN HCMHTAHWA SAHOCAT
CBENeHUA O HampaBIeHUM CUJ MO OTHOMEHUD K CJOSAM YRJIANKU GeTOHHOIM
cuecn B Gopmy.

5.6. basy npu usmepenuu Zedopmauuii clreyeT NpUHMMATH He MEHee,
yeM B 2,5 pasa Goibme pasMepa HauGOIbMero 3epHa KPYMHOTO 3AMONHUTE-
JA, HO He MeHee:

IJA NMPOBOJHMKOBHX TEH30MeTPOB — 50 MM;

AN ADYTUX MSMEPUTEJNBbHHX ycTpodcTB — I00 MM.

Bo Bcex ciyuyasx uamepenue nedopmaumii cielyeT MPOM3BOAKTE C MO-
TpelHOCThY, cocTaBiAnmed He Goiee &; = I-I07-.

5.7. IlpoBOAHHKOBHE TEHSOPESHCTCDH KDEMAT C MOMOMBN KJed Ha I0-
BEPXHOCTDH o6paslia MIM B clelUalbHHe MasH I'IyCUHOA M WUDUHOA 3-4 MM,
NpeABAPUTENBHO BHMUJISHHHE € MOMOMbBK AMCKOBOA MUJNH C aiMa3HHMM Des-
LaMM.

5.8. TeH30pe3sucTOpH ycTaHaBIMBANT B HANDABIEHWAX TPeX IJaBHHX
oceit odpasua ( j =1, 2, 3):
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NPl ABYXOCHOM HATDYXeHMM - HA YeTHpeX ONnopHHX rpansx (B nasax)
¥ Ha ABYyX HeHarpymaewux rpaHax oGpasna (cu.puc.4,a);

OpH TPEXOCHOM HATDYyXeHHH - Ha BceX WeCTH ONMOPHHX I'paHAX o6pasiua
(s nasax) (cw. puc.4,6,3).

5.9. Tensomerpu ycraHaBANBADT B HANDBBIEHMM TpPEX T'IABHHX Oce#
odpasua (/ =1,2,3):

NpH AByXOCHOM H&TDYXEHWM -~ Ha ABYyX HeHATpyEaeMHX I'paHAX olpasua
B HampapreswE oceli j = I ¥ 2 M BAOAB peCep B HanpaBAeHUWM OcH = 3
(cu. puc.5,a);

OpH TPEXOCHOM HArpyXeHHH- BAOXG NecTM peCep ofpasiia B HanmpaBie-
muax oced j=1, 2, 3 (pme.5,6).

a 7 o 26 %
2 2 3
4
3| |

|5 J g
L 4 ! i |8

g |

50 ny; 50

Puc.4. PaspepTRa W OXeMA DACTIONOXEHHA TEHSOPESNCTOPOB HA Ipamax OG-
pasiia AnA HSMEPEHHA ero JMHedHHWX Aefopmaumii mpu AByxocHom (a) ®
TpexocHon (6, B) Harpyzenuy

0 8 2 Puc.5. Cxemd Kpenxemms
o 3 TEHIOMETPOB AAA MSNepe-
7 HUA JMHeAHHX Zedopmarmid
T (1, 4 ofpasua mpu ABYXOCHOM
= AL @ -
. s ,, @) TpexocuoM (6,8)Ha
![ = % > £
2 j : by \,79 TDyXeHUH
O 4 J
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5.10. 3a HopMambHbe yCHOBMS NPHMEHEHUA TOHIOMETPOB BCeX THNOB
NPHHAMARTCA YCJAOBMA, COOTBeTcTByDmMe Tpedopanmam [OCT I8957-73, co-
MISCHO KOTOPEM HWTEPBAJX DASOUMX TOMIEPATYP NOAXOH MNOQNEPEMBATHECA B
npejelax 20;10°C npd OTHOCHTENbHOR BJIAXHOCTH BOSJYX& B NOMEMEHMH He
Gosee 70%.

5.1I. OGpasun nepep MCIMTAHWEM CAELYeT B TeueHHe 2-4 U BHIEPEATH
B NOMGWEHHH, ©CAM He MPEefyCMOTDPEHH NpyTrHe TpeGoBaHHA.

6. TMPOBEJEHUE MCIHTAHMIA

6.1. lepen mcnuTaHueM HEOOXONMMO H& OCHOBE JMAHMHX [0 CONpPOTHBIE-
HHMD GeTOH& OfHOOCHOMY CEATHD A. M pacTAmeHun P, , HANETHTH NpPENeAb-
Hhe 3HAUEHUA [JABHHX Hanpsmesuft 6, , 6, M 6; Ha OCHOBE ONHTHHX NAHHHX
MO BJMAHMD ABYX- H TPEXOCHOCTH HANDAKEHHOrO COCTOAHMS (cM.puc.3).

llpn HamMuMM JEHHHX JMEb O KyOuKoBo#t mpouHocTH GeToHa A ero compo-
THBIEHNE OJHOOCHOMY CRATHN K, DEKOMEHIYeTCH NPUHMMATDL DPABHHM
(80:85)% oT R , a compoTMBIEEHHMe oJHOOCHOMY pacTaxenmn (B Mlla) ompepe-
aats no gopmyae™

S5R
Ry = i (3)

6.2, Ilpi BHGOpe Harpyxammero ycTpoiicTBa M WRAJH CHIOH3MEPHTENA
caeqyeT MCXOmuTh M3 kiaacca (cM, m.2.4), Buga (cM. m.2.8) M cxeMm
(cu. n.7.1) HarpyxeHuWsd, & TaKxe ¥3 HaMeUeHHHX MNpEJleNBHHX SHAYEHW{H
rA8BHEX HanpsaxeHu# B o6pasue (cM. m.6.]1 Hacrosamux Pexomenpaimft) «
COOTBETCTBYDIAX NpENEJbHHX CHN, BHUYACHEHHHX AJiA kamno#t onopHoft rpaHa.

[lpn BHGOpe mkaaH caenyeT coGiappgaTh Tpefosamus I'OCT 24452-80.

TlorpemHOCTh M3MEPEHUS CHJH He HOJXHA NPeBHmaTh 2%.

6.3. llpn npoBenenun ucmuranuft nmo cxede B (cm.n.7.1 Hacrosmux Pe-
xoMeHpauui) O6pasiH OCHAmADT TEH30PEe3UCTOPeMU MIM TEH3OMeTpaMu A
namepenun pedopmarmil,

TeH30peaucTOpH yCTaHABAMBADT corjacHo mn.5.7 m 5,8 HacroAmux Pe-
KoMeHmaimit, McrnpasHocTh paGoTs TeH3omeTpuueckoR cramumu AWMll-4 u apy-
roft anajorsuHoft annapaTypH Npd MCINOAB30BAHHM TEH30PEe3HCTOPOB CJAENYeT
KOHTPOJMUPOBATH B MPOLIECCE MCMHTAHHA T0 NOKA38HMAM KOHTPOJLHHX TEH30-
Pe3HCTOPOB, HAKIEMBAEMHX HA MOBEPXHOCTh HEHArDYEREHHHX 06pasijos, [lo-
Ka3aHug TPAGOPOB ZONEHH OCTABATHCA MPAKTHYECKH HEM3IMECHHHMH B TEYeHHE
BCEr'0 BpeMEeHH WCHHTAHUA.

* fuvn A,B. llpouHocTb GETOHA M €ro CTPYKTYPHHE M3MEHEHMs B mpolecce
HarpyxeHusi, — B KH.: [ipouHOCTb, CTPYKTYPHHE W3MEHEHMS M JedopMalmu
GeroHa. M., I1978.
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TeHSOMETpH yCTaHaBIMBAWT cOTAacHo n.5.9 HacToamux PexomeHzaumi
¢ MOMOmBD NpPUCHOCOGNEHWA B BHAE METAXAVUECKHX OMOPHHX CTEPXEHBKOB,
saxpenuseMHX HEMOCPEACTBEHHO HA CBOGOAHHX TpaHAX ofpasua WIX B Tele
GeToHa C BHBOAOM 4Yepes pe 0 p & B HanpaBJeHWH, COOTBETCTBYNmEM
ZIMaroHa)M TPAHM C TeM, YTOGH OHW SaHWMANM NONOXEHWe MeXAy ABYMA Omop-
HHMM [AMTAMM HArpyXxammero yCTpOWCTBa (cM.puc.5). YunTHBaA TPYAHOCTH
pasMemeHus ONOPHHX CTEPXEHBKOB M CHOXHOCTH MX 38KpENJIeHUA ANA M3Me-
penus ZAebopMaiuii NpeANOYTHTENBHEE MCMONBIOBATH TEHSOPESHCTOPH, Ha-
knensaemie B nasy (cM.prc.4).

6.4. [lpn ycraHoBKe B Harpyxanmee yCTpOKCTBO O6pasell THATENBHO
HEHTPUDPYDT MO HArpyXaeMHM OCAM; C MOMONMBN OTBeCa& NMPOBEPANT connanes
HMe UEHTpaNBHHX Ocedl ofpasia C DADHMpAMM SaXBaTOB (npu pacrameHMU
WIn ¢ mApHMpaMu onopuux namt (mpu CXATMM), OPMEHTUDYfch MO DHUCKaM,
HaHeCeHHHM Ha MIWTaX Harpyxavmero ycTpoicTsa.

$.5. AHTHOPUKUMOHHHE MATEepMAXH WMIM NMPOKJALKM AAA yMEHBNEHWL Tpe-
HUA yCTEHABIWBADT SANOAJMLO ¢ I'paHAMM ofpasia B MecTax KOHTAkra ¢
OMOPNHMM NIMTaM¥ Harpyxapmero ycrpodcrsa. [lpd aToM OmopHHe MAMTH He-
0GXOZMMO THATEABHO OYMCTHTH OT vacTHll GeToHA, OCTABUMXCA OT NpEAHAY-
mero MCMHTaHHA .

YcraHOBleHHHA B Harvymaumee yCTPOACTBO 06pasell HarpyxawT culami
He Gonee 2% oT oEMZAaeModi paspymavmeil, NpOBEPADT MCMPABHOCTH MpHOO-
POB, CHMMAA ABAXKAN NOKa3aHUA BCEX TEH30METPOB (rensopesucropos). [ipn
HEOGXOAMMOCTH rOKAsaHus NpUGOPOB KOPPEKTHPYNT, AOGHBAACH COBMENEHWA
CTPENKYM C HYEHHM ZeleHUEeM MSMEPUT eNBHOH WKATH npudopa.

6.6. llenrpupoBakue ofpasua NPOBOAAT MOCAEAOBATENBHO MO BCEM HA-
TpyXaeMiM OCAM NYTEeM NPOCHHX MCMHTAHMA A0 MONYdeHHA onunnno:ux no -
xasauuit MpUGOPOB, DacrolaragMHX Ha NPOTHBOMOJNOXHEX TpaHAX oopasua.
OrkioHenne B mpupamenuu Aefopmaumit &, , €,, €5 He AONKHO NpeBHNATH
15% oT cpeAHero 3HAYEHWA NpW CuXe, PABHOHA 40+5% or paspymanmedt 6no
xamnoi ocu. Ilocie MATH HeyAayHHX MOMHTOK LieHTpupoBakud ofpasen Gpa
KyDT.

6.7. Harpyxenue ofpasua clelyeT MPOMSBOZMTE MO THUITY npocT;go
MPONOPIUOHANBHOrO HArDYXeH!A (cM. m.2.8 Hacroamux PexomeHnaumi), ;
MOCTENeHHO yBelUuuBad HArPySKYy CTYNEHAMH, DaBHHMH 10% ot onunaeuoa
paspymapme/i CHJH MO Kaxiod ocu ofpasua, NpU TKOPOCTH HATpYyXEHMA H
xaxzod crynemn 0,6 Mla/c mpu cxarwu u 0,05 Mlla/c npu pacraxenut. )
[[poROAMATENLHOCTD BHAEPKKA GTYMEHH 4-5 myH (B McnHTAHMAX C Harpeno“
10 I5 mut). C teabn GoJee AeTaNbHOT'O HCCAELOBAHUA npellelbHO# CTAnMM,
HAUMHAA C YPOBHA HATDYSKM, pABHOH 85% or paspymawmed, peKOMEHZAyeTCcd

20

——

03¢

Ha KaMiofi CTYNEHA CHHEATH HArpysky ¢ I0 zo 5%.

llpn HArpyXeHME TO NMpPOrpaMMe MaKCHMYM B EypHaJ MCNHTAHHWA 38HOCHAT
TNOoKasaHuA CHIOM3MEPHTEJNel, TeH30PEe3HCTOpOB (Tensoue'rpon) B ZIDYTHX TpH
GopoB, CHATHE B Hauale M B KOHNE KaXKIOH CTYyNEeHH, & NP HArpyEeHHHE IO
NpOoTrpaMuMe MMHMMYM - TOJNBKO cmiomsuepwuretenr (cu, m.2.2 HacTosmux Pe-
KOME HIANHH) «

[Ipr HEeNPEpPHBHOM HArDYXEHHM C MOCTOAHHON CKODOCTED MOCJEIHDD CJe=
IyeT BHOWDATB C TAKWM DacueToM, 4YTOGH odmee Bpeus MCHHTaHuUfi odpasua
COOTBETCTBOBANO BPEMEHM CTYNEHUATOrO HArpyXeHMA. CJeIyeT OpeAycua -
TPHBATD aBTOMATHYECKYD 3ANKCH NOKA3aHW{ CHAOH3MEDHTENEHl ¥ TEH3OMET —
poB.

6.8. Harpyxaomue ycTpoicTBa ZoaxHH OTBeyaTh OOCMMM TeXHUYEeCKHM
YCJOBUAM M NpaBuiiaM SKCIAyaTALMM WUCMHTATENBHOI'0 0GODYAOBAHMA M MANHE,
JOJ¥HH OHTH CHAGKEHH NPHCIOCOGNEHUAMH, T'a CAMUMM fpy paspymeHuH 06—
pasua HaKonMBUYDCA KMHETMYECKYD OHEePIMD. Bo M3bexaHWe HeCcuacTHHX
ciyyaeB padoyee MPOCTPAHCTBO BOKDPYT HATPyXADLErO YCTDOACTBa AONAHO
CHTH OrpaxlieHO METaNJU4yecKOd CeTKOM.

6.9. Jluua, AomymeHHHe K MpOBENSHMD MCNHTEHWA, AOMMHH NpoATH co-
OTBETCTBYbmee OCyueHMe, WHCTPYKTAX, B TOM YMCIE W3YYEHHE HACTOSMUX
Peromenganuit, NPaBUJ JKCMIyaTaUWA Harpy30YHHX yCTpOHCTB, CpeLcTB
usMepennii zedopmaimii, cuiH, NapieHu#, a Taxxe MHCTDYKUMM 110 Gesomac
HOCTH TpyZa.

7. NMOICYET PE3YJETATOB

7.1. llp uenuTaHWM 06pa3LOE, MOAENUPYDLEM HaIpAXEHHOE COCTOosgHNe
B HeGoAbmOM 06BeMe KOHCTDyKUMM (B TOuke), W SaZaHW¥ 3aKOHE MSMeHe-
HUA NpU HATPyKeHuu Tewsopa Hanpaxemud () (6, ij= I, 2, 3)¥, nox-
HOCTBD ONpeAeNsNmero HaNpAXEHWs B OKPECTHOCTM INGOA TOURM, ClenyeT
WSMEpUTH TeH30p Aefopmaunit (£) , mOMHOCTHD onpezenanmui IehopmMaLnn
B OKPECTHOCTM TOA Xe TOYKM. [IpM 3alaHWM B OMHTEe 3aKOHA W3MEHEHUA
Tensopa Zefopwauni (£) cremyeT M3MEpHTH TeHSOp HANpAXeHWHA. B nep-
BOM clydae HATpyXeHMe ofpasiia MPOMSBOAMTCA MO cXeMe A, BO BTOPOM -
no cxeme B. HauGoxee pacnpocTpanen mnepsui ciayuait. [ipu MPOCTOM HATpy
XeHUH OTHONEHMS IJIaBHHX KOMIIOHEHT TEH30pa HaNpAXeHHA &, /¢, H
Gy /6, coXpaHieTcs MOCTOAHHHM. MeHASA OTO OTHONEHWe OT OMHTA K OMH—
Ty USMEHANT BHeNHWEe YCNOBAA W yCTAHABIMBANT BIWAHME WX HA 3AKOH CBA-
3¥ MEeXny TeHsepamu (E) u (S) .

*Teﬂsop MMEET TP MHBApUAHT& MPeOoCpasoBaHWiA, & BEKTOp MMeeT TOABKO
OIIMH MHBAPHAHT Npeobpa3oBakus .
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7.2. B saBucMNOCTH OT RIACCE MPOCTEANMX HEOAHOOCHHX HAI'pyZeHMi
no n.2.4 NpMHAMANT creXywmue cooTHomeHus (cM. mpua.2 HacroAmux Pe-
KOMEHAAUMA) TIaBHHX KOMNOHEHT TeHSOpa HAMpAXeHWA, MSMeHADMME BHem-—
HMe yCIOBMA NMpOBeleHUA ONMHTOB M mpoueccH Aedopmauuii 06pasmos.

7.3. Ina oZAHOPOAHHX HANMDAXEHHHX ¥ AePOPMUDOBAHHHX COCTOAHMA, KO-
TOpHe co3janTcA B 00pasuax B NpoHecce UX HAUpDyXeHUs, AONXHH  OHTS
onpelelieHH CBOACTBA COOTHOWEHWA MeXAy TeH30DaMH HalpiXeHMA W TEeH30-
pamn ZePopmaumui GeTona (B OTAeNBHHX OMOBOPEHHHX CIYYaSX C y4eETOM
noAsyyecTH GeTOHA, TEMIEDATYDH W CNOKHHX HATDYXEHWA) M BHSCHEHN He-
SaB/CHMHE HHBADHEHTHHE XADAKTEDHCTUKM DTUX COCTOSHMA, OTHOCAMMECA K
yApyro-naacTHYeCKOMy MOBeAeHMD GeToHa. JTO MOSBOJAET yCTAHOBUTH [pa-
BUJNBHHE COOTHOMEHWA MeXAy HampAxeHusAMu u Zedopmaunamu CeToHa AN
paHee He MCCAEAOBAHHHX IpPOLECCOB ero AefopMMpoBaHMA W TpPaHMLH 060C-
HOBAHHOT'O NMPUMEHEHWA HX Ha NMPAKTHKE AJA DPAcCuYeTOB XECTKOCTH, MPOYHOC-
TH, YyCTOWYMBOCTH GETOHHHX M XeNe300eTOHHHX KOHCTDYKLUMHA, CHHTE3a HX
MMHMMAJBHOT'0 Beca U T.I.

7.4. [lpy ompeneNeHMH CBOMCTB COOTHOMEHWA MEXAY HAMPAXEHUAMU MU
nedopManMaAMu MPU TPOCTOM HATDyXeHWd TeHsop Zedopmaiumii (HanmpsxeHuR)
CNeXyeT MPEACTABATH B BULe CyMMH WIApOBOr'0 TeHsopa Aedopmaumu (Hanpi-
EeHumR) :

(&) uau g = 3’—6;- =—37—0 < )

(6) unu 5=Ji6j 5 )
AesuaTopa Aebopmaumii (HanpameHus) :

("@8) unu i = €. — J[j &8 ®)

(Ds) umv Sij =6;;,— 6,56 , ™M

eci 0, - moxoxarenssne Beawumnn (0, =1 mpy i=j, 0Oy =0 mou i#j).

$U3MUECKN DTO 03HAUAET, UTO M3MEHEHHe OGBEMa M IUIOTHOCTH KBa3H-
M30TDPONHOTO Tela B HAUANLHOM COCTOSHMM OMNpENeNseTCH TOJbKO [MADOBHM
TEH30pOM WIM MHBapuaHTOM & = 0 /3, a W3MeHeHWe yTIOB MexAy JNCHMM
poxokunamn (mnOcKocTAMM) OnpeAelsieTcs TONbKO AeBAaTOPOM Aedopmaumi
(De).

B rauecTBe mHBADMAHTOB, kpome & =6/3 = (& +& +€5)/3  (B)
u 6 = (6, +6, + 6;)/3 (8), creayer ucnonb30BaTH UHBAPUAHTH JAEBUA-
Topa Aedopuaimi

a5 1/(61_6')2* (‘5'2‘5)2 ¥ (SJ_S)z

(10)
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U LeBHaTOpA HAMDAXEHMUI
S = V(6,-6) +(6,-6)"+ (65 -6)* an

8 Takxe ILpyrue dKBMBaleHTHHe uuBapuauTd (cM.npun.I), xapaxTepusyomue
cocroAnve Aedopuaumii cABMra CeToHa M HA3HBAEMHE MOAYIAMA AEBMATOPOB.
7.5. s HArAARHOrO MpeZCTABIEHWS O CBOWCTBAX HEOAHOOCHHX Hamnps-
XEHHHX COCTOSHMA GETOHA, O 3ABUCHMOCTAX MEXLY KOMIIOHEHTAMH Hanpame-
Huit 1 pedopmaimit GeToHa Mo HampaBIeHWsAM ocell koopmMHAT 06pasuoB (B
KaKof-M60 TOUKe MMUTMPYeMOH MMM KOHCTDYKUMHM),2 TAKEE O KOJAYECTBEH-
HOMl XapakTepUCTHEE BSTHX COCTOAHMA NpolleCcC HATPY®EHMs [DEICTABJIADT
reoMeTpUYecKd JaM60 B NMPOCTPaHCTBE PIaBHHEX HanpsaxeHult 6, ,6,, 65 ,
6o raaBHEX pedopmarmil ¢, €, , E;. BoamomHO Takxe nmpejcTaBieHue mponec—
ca HarpyxeHus B Buie ZesuaTopa Aeopmaumit €; (7 ) W mOMOMHUTENBHO
cpeAHero TuapocTaTHieckoro Aamnenus ¢ (¢ )*. Tocneanee mpescrasrenne
YZOOHO mp¥ MHTEPNpEeTAlMM ONHTOB B KAMEDEe BHCOKOI'O AABNEHUA NpH MSMe-
HEHUH CABMIOBHX Zefopmauui o6pasuoB mpH ANGOM J&BIEHWM B KaMepe.

Taxum o6pasom mpolecc HarpyXeHus o6pasua BO BPEMEHM NpH IO CTOAH-
HOW TemmepaType OMpelle]ANT KOMMOHEHTH TeH3opa Aeopwaumn &, (7 )
WIN KOMIOHEHTH AeBMaTopa Aedopmauun ¢; (?) n cpemusis medopmamms
& L) [lpn mepemeHHOW TewmmepaType ero AOMONHUTENBHO ONpeZelsieT ByHK-
uust TemnepaTypd 7 (? ). 3Tv m Apyrme aHaioruuHHe MaxpodusMuecKue Xa-
PaKTEePUCTHEN HANMPAXKEHHO-ZedOPMUPOBAHHOIO COCTOAHMA JNEXAT B OCHOBE
CHHTE3a KOHCTPYRUMA M CIyXaT AAA OnpeleNieHHA MOJNHOA CHCTEeMH WX ONTH-—
MAJbHHX MEXAHWYECKMX CBOMACTB.

7.6. Ilpu ompeleneHH OFUZAEMHX MpefeNbHHX 3HAYEHUHA HANPAXEHUA Ha
OMHTHHA OGpa3ell BAMAHMC DA3IMYHHX HANpPAXEHHHX COCTOAHWA cAeAyeT ycTa-
HaBIMBATh H& OCHOBaHMM rpadukoB puc.3 WIM HA& OCHOBAHWHM 8HAJHTH-
yeckux nofcueros (cM.mpun.3), UCMOAB3YA 3aBUCHMOCTH THMA

S, /V2/3 -Plyp6)(g+(1-9)F(6)/F) = R = Ros .

llonyueHHHe B MCNNTAHUAX PE3YAbTATH NO CONPOTMBIEHUD GETOHA MpU
Pa3IMUYHEX OBYyX- X TPEXOCHHX HANDAXEHHHX COCTOSHUAX clelyeT HaHeCTH Ha
COOTBETCTBYDMAE DUCYHKH M MO CPEIHUM 3HAUEHUAM, BHUUCJIEHHHM [JISA OT-
JeNbHEX cepuit 00pasoB-GIM3HENOB, MDOBECTH COOTBETCTBYDNME KDWBHE,
XapaKTepU3yomyue OCOGEHHOCTH CONPOTMBJIEHUS MCClelyeMoro GeToHa  MpH

I2)

* Bo Bcex paccMATpMBAGMHX CIyyadx MepeMeHHas Bpewa [  XxapakTepusyer
JAUDS [OCJe0BaTeNbHOCTh COCTOAHUA, & HE CKOPOCTH MX M3MEHEHMd.



PasSAAYHEX KABCCAX HAT'DYXEHWA B COOTBETCTBHM C M.2.4.

7.7. PesyabraTd no nedopmauuAM GeTOHE NMpPU DPASIHYHHX HANPAKEHHHX
COCTOAHMAX CJAEeAyeT NpeACTAaBAATh B BuAe TACAML KOMIOHEHTOB Zedopmauui
U rpafuxoB, M306pameHHHX HA puc.6 u 7, MCMONBSYA CpeZHHe SHAYEHMA Ne-
dbopuaumii mo cepuaM 06pasuOB-CAN3HELOB. [IpH AHANTUTHYECKOM OMMCAHMM T10-
JAy4EHHHX COOTHOMEHWA DEKOMEHAyeTCsS MCMOJb30BATH SAKOHH CBASU MEXAY
HampAXeHuAMA U AedopMaLMAMMA OTAENBHO 71 1 4 K € BH AT ODa S§.-&
M THADOCTATHYECKOA cocTABAANmEd o - ¢  (CM. mpHa.3L

7.8. Ha ocHOBaHMM MONYYeHHHX COOTHOmEeHWA S, = S; (&) n 6 = 6 (&)
cleAyeT ONMpeAeATh HavyalbHHA MOAyAS yOPYTOCTH IpM CABUTe G,z M OOBEM-
HoM cxatuu A, . Ha puc.6 #u 7 OHM mpeAcTaBIANT COGOX TAHTeHCH  yria
HaKJIOHA KacaTelbHOA K HaAyalbHOMY Y4YaCTKy KPUBOH (¢ ToyHOCTBD A0 MO-
CTOAHHOT'O MHOXWTENA) U ompeAeiAnTcs mo Hopmyram:

S
G’=2€I: H /(,=%=% . (I3)

M AedopMaLMOHHNE XAPAKTEPUCTHKN HADAAY C HAYANBHHM MOAYJIEM yIi-
pyroctu GeTOHa mpu cxaTHU L = 6, , /&x e » RoaDIUUMeHTOM [lyaccoHa
V = €,,/Exe , OnpeRentemumu corxacho I'0CT 24452-80, ABIANTCA BaX-
Helil¥M4, KOTODHE MPUMEHANTCA MDA pacyerax KOHCTPYKUMA, HaXOAAMMXCA
B yCNOBMAX HEOAHOOCHHX HANDANEHHHX COCTOAHMHA. Mexfly ykasaHHHMA Be-
AMYVHAMU HaGANZAnTCA COOTHOMEHWS :

= 3/(058 = EiGF = g/(fﬁf 5
i AR K 96,-3E, ° G, + 3K, Gt

KOTOpHe CleZyeT MpOBEPMTH IJA MCCNEZOBAHHOTO GeTOHA Ha OCHOBAHWM I0-
JyYeHHHX SKCTEePUMEHTaNbHHX DPEesSyJIbTaTOB.

7.9. lnn onmcanus 3axoHOB AefopMMpOBAHMA W COOTHOMEHMH MeXAy
uHBapranTamu Zedopmaumii ¥ HaNpAKEHHW# NpPU MPOCTOM HArpyxeHW: o6pas-
uos no cxeme A (em. m.7.I HacrTosammx PexoMeHAauui) peKoMeHAyDTCA Cle-
Zyomue aHamMTHYeckue BHpaxeHus (cM. mpuii.3):

SI =26—;'BI'F}(SI)//:2 (‘S'I:gI)./ud'), as)
& =3/(,-/(,(6)//(2(6,€’, ge Yo (16)_
rae /:1(\5'1:)=(7*‘715;)/(7+a2312),

Folss Se, ) =1+8,(2+m,)(S,/5,),
K,(e) =(1+c,6%)/(1+c,6%),
Ky (6,6,5,) = 1-d,(6/8)" (dy+ 87 flo + dy)*) ;
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Puc.6. Ipaduru "Zedopmauun-Hampaxenue"

a - AA ZNeBMaTopa S, = ;3 O = LIS MADOBOTO TEH30PA 6 +¢
Tae ¢ =6/3

IuI' - HauansHHe Aedopmauun GeToHa; 2 m 2' - yCpeAHEHHHE
nebopmaumu npu Golee BHCORMX YPOBHSIX HaNpAKEHWH (3a ncrapyeHueM
npesensHod cremuu); 3 u 3' - mpU OZHOOCHOM pACTAXeHWM; 4 u 4' -
[p¥ OLHOOCHOM CEATMM; 5 M 5' — IpH ABYyXOCHOM DABHOMEDHOM CEATHM;
66, 7TuT - npi TPeXOCHOM HEpPABHOMEPHOM CHATHM NPK DASHHX

HANPAKEHWAX; - - — SHAUYEHMd, MONyveHHHe npu pacyere no dopuyram
(15) u (16).
Ing yaoGcTBa pacyeTOB WX PEKOMEHAYeTCA MPMBECTH K BUAY :
s ( 5 '(3/2)5')_ RRNGH Jab s YTy
=21 (7L L 2f o= k=123 1% GD
=26, \" " 26, P Q)] T 265, 5., mp)
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6/Ke _ _ 8
I+62/6“§, K(c,?,/us)
rae dyuxuun nepopwaunit P, m K, , BRANUAUmMME B KAYECTBE HeSABMCHMHX
NepEMEHHHX NpefieibHHe SHayeHnA Zepopuammii €, u € , a B ofmeu ciyyae
¥ XapaxTepucTMKy BuAa AesnaTopa AefopMalui m, , OMMCHBANT HelWHeH-
HHe COCTABIANMME WSMEHEHWA OTHOCHTEIBHHX CABMIOBHX £, M CPeIHHX OT-
HocHTeabHHX nedopuaimit GeToHa ¢ . B gopuyanax (I7) u (I8) Mexny BeJu-
uHaMH & , X W £ ,ABNADNMMMCH MOLYIAMM COOTBETCTBYDUMX NOJHHX nedop-
Maiu#l, npM NPOCTOM HArDYXEHMM HAGADIAETCH 3aBACHMOCTb Thna (I4).

7.10. Ana npocTOTH pacyeroB mo n.7.9 HaCTOAMUX Perouenzauni Mox—
HO NPUHATE, YTO CpeAHHE OTHOCHTeXbHHE ZedopMalM¥ & H3MEHADTCA Mo
ynpomennuM saxoHam (puc.7,a) u omucuBanTes Y PABHEHUAMH :

A0 yPOBHA HANpAXeHWHA, DABHOT'O BepXHell I'pAHMlE MHKDOTDEmMHOOOpa-
30BaHMA 6 = 6, /é (B nepsoM NpUGIUEEHWH MOXET GuTH MpHHATA
pamio 0,80) i

Je=6= > (18)

£E=6/3Ks , 19)
C YPOBHA HampsXenud 6 = 65, /6 W pume
[ 6 — 6 3u,
E =55 — L
5K, ~ T3k, s

rge £ =8/3 - Texymas cpennAf OTHOCHTeXbHad Aedopwmauns Gerora,
€p - TO We, NpeAeNbHad CPENHAA NP pacUNpEHUH, K, — MOAYEB 0GB~
euHEX Aedopwaunuit pacmupeHnss GeToHa (MOAYAB AMIATANNE)

C a7T0f ueAsn no pesyibTATAM BKCMEDHMEHTA ANA TOTO WIM MHOMO Kjiacca
HeONHOOCHEX Harpymenuid (cu. m.2.4 HacToAmux Pexomenzammii) clenyer
OMpeAe UTE AONOJHUTENBHO €r0 XapaKTEPUCTHKA HaNpAXeHHO-AebopMupoBaH-
HOT'O COCTORAHWR Sy , 6 g4y ¥

K, = E#:'P 3 @D
7.I1. Jan onMcaHus COOTHOMEHM/ MeXAy MHBADHAHTAMH TeH3opa Je—
$opuaimil ¥ RanpameHMH, COACDXANNX HUCXOAAMMHA yuaCTOK, NoAyyaeMHx
npu HarpyxeHud oGpasua mo cxeme B (cm. m.7.I Hacroamux Pexomenzaimit)
M peayusauMu B ONHTE W3MEeHeHuA TeH3opa AePopMaumu C MOCTOSHHOA CRO—
pocrsn de;; /Al = (onst , pexomenaywTCA BHpAXeHUS :
AN NeBUATOPHOA cocraBisumed Aedopmanmi
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a) ¢

S (er /B )m
Rey (er/%:)"+8, @2)
AXA COCTABIANWEH MAPOBOTO
rensopa AePopmanuii (8 cooTBer-
CTBMM C YMPOMEHHHMA DACYETHHMHU
cXeMaMn, ODUBEACHHHMH HE
puc.7,6)B mpelenax yuacTRa Ana-
rpauus:
p o e a) Bocxomamero - & =6/34,
g | 6) mWcxoRsmero - &=6/JA}
+(6-6%)/3K,,
rie ¢ =6/3 - cpezrne Aedopma-
mm Gerona; £, - TO Xe,
IpenenbHHe npu pac-
e MU pEeHMH ; 6" - MaHMMATBHOE
HAnpAKXeHAe HA HUCXOAAmeEM
yuacTke Avarpammi (3 mep-
BOM NPHOIMKEHUH MOXET
GHTBH MPUHATO, DaBHHM
0,80 & , cm.puc.7,6);
Ko - MoZyNb AMTaTAUMM ANA
HUCXOZAMEr0 yYaCTKa, DPaB-
HHA

K=

Es

Nl
= b
l
[}

om Ssup Ssup

@
IEY)
:

+
|

|
|
|

& 3

€2 z | 7 |

Puc.7. Cxeus ANA OMUCAHMA M3MEHe-
AuA cpeAuux Aedopmauuit GeTona ¢
POCTOM CpeZHEr'o HanpAXeHWA MpH Ha-
IpYXEeHUH

a -~ no cxeme A; 6 - mo cxeme B

*

g -6
Jey

7.12. Iaa onpeliefieHns MaJHX MpUpDamEHMH XapaKTEpUCTUR HENpAKeHHO-
ZeBOPMUPOBAHHOTO COCTORRMA €;; » € 5 6y (Bo3moxHO ¥ TemmepaTypH T)
cllelly eT: USMEPEHNA WX B OMHTAX MPOMSBOIUTH C KOCTATOYHOA TOYHOCTHR
(cM. nm,5.6 ¥ 6.2 HacroAmux PexomeHzaumii).

7.13. B npouecce HaTpy#eHUS DeKOMEHAyeTCA SAUKCHDOBATH: MOMEHT
paspymenus ofpasua; npelleibHHe SHaYeHMs BCEX KOMIOHEHTOB HAMPAXEHHA
u nebopmaumii o6pasla; yrol HakJOHa MIONANAOK, N0 KOTOPHM MpOUSONIO
pespymenne odpasua.

7.14. Mo pesynbTaTaM IKCIEPUMEHTANBHOTO OMpENeNeHUA CONMPOTHBIE-
HUA GeTOHa MpM pasAMYHHX KAaccax HEOLHOOCHHX HarpyXeHuil (eMa M2k
HACTOAmUAX PexoMeHZauMid) M Bcex ero KOMIOHEHTOB TeH3opa Aedopmaumit
cIeyeT OLEHWTH Me[y TOYHOCTHM MONYyYeHHHX XapaKTepHCTHK GeToHa CTa-
THCTMYECKAMA METOLAMK (CM. CCHIKY Ha crp.8).

(23)
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OCHOBHHE TEPMHHH W OIPEZENEHUS

[Tpunoxenve I

Tepwus, cooTHOmeHMe Onpenenenue
I 2
Cuxa B MOMEHT MCIHTAHUS Cuna F; , medcTBynmas BAOXB KaxAOM
F;, =H HarpyXaeMoll KoopAuHaTHOR ocu (j =

[Ixomans nomepevyHOro ceyeHus
o6pasua 4, , M

Basa usmepenns nedopuaimii
1j , uu

CummeTpUuHHN TEH30D HanpAxe-
auit Il parre (S )
Kor slames Cid
(8)= |64 Gy Gyz
G,x 624 64

HoMmOHeHTH cHMMEeTPHYHOTO
TEeHsopa nan'paxennn 6ij
Ilpanre (i,j=x,y,2),
MIla

I'zaBHHe HanpAXeHUA
G,, ¢ ,6;, Mla

28

I, 2, 3) o6pasua B MOMEHT MCHHTA-
HUA

[Inomans ceuenma 4; , cooTBeTCrBy-
pmas Harpysaemod KOODAMHATHOR OCH
J =1, 2, 3 o6pasua

Basa WsMmepenns MuMeiiHHX Zedopmalmi

[j npH HAIpDyXeHUM BAOJG KaXEOA
ocu j =1, 2, 3 o6pasua

COBOKYMHOCTH BCEX BEKTOPOB HAMpA-
XeHHA, ONpeAeNsNmHX HANPAKEHHOE

COCTOSIHME B HEKOTODO/ TOYRE  ITDH
NMOBOPOTEe Ocell KOODAMHET OT X , y
z x x', 4,2 . Ynoszersopser

npeoGpasoBauun 6, [ + Gy +6,n=
6,L%+6,m"+6,1"+2(6,,m+6,, mng,nl);
Cocrapiinmue MOPMENBHHX M KacaTeNb-
HHX HanpAXeHWA OTHOCHTEALHO Oceil

X ,Y, Z (y HOpMANBHEX HampAXeHui
6; WHAEKC yKasHBAeT OAHOBPEMEHHO
HanpaBlcHNe ¥ HODMANbh K Niomatke,
H& KOTODO/ JefCTByeT HaNpAXeHMe;

Y KacaTelbHHX HaNpAXEHWA 6,; mep-
BHH MHAEKC yKasHBaeT HamnpaspeHue,

a BTOPOA - HOpMaNb K MIomanKe)

HopmanbHHe HanmpAxeHnd, leiicTBybmue
H& PJIaBHHX Miomaixax. [lpy Harpyxe-
HMM ofpasla ompelelANTCH OTHOMEHU-
eM cuiH f; , nHedicrBypmedl BAOND Kax-
Zoi xoopaumatHoW ocu (/= I,2,3)

e e el 1 e s

103%

2

Cpeanee HODMANBHOE HAMpPAXE-
Hue 6 , Mla

6 =(6,+6,+6,)3=(6,+6,+6,)3

llapoBoii TEeH30D HaNmpAXeHH#

(¢ )

s 0 0
(¢) =[0 ¢ 0
0 0 ¢

Iesnarop mampaxenun ( Js )

G,—6 Gy Gxz
(Ds)=| 6ux 64-6 Gy
Gy G zy 6, —6
WHTeHCUBHOCTD KacaTelbHHX
nanpaxenud 7; , Mia
1= % @ "62)2+ (6, ~5.!)2*(63—‘51)2

JlHBapHaHT AeBUATODE HampAXe-
Hut, S; , Mla

9T 17% (6,~6,) +(6,~65)" +(65-6,)°

MHTeHCHBHOCTD HAMPAKEHHH,
6; , Mla
7 2 2 2
g; =y_2 (6,-6,) *(, ~Gs) +(65~6,)
Napamerp Jlone-Hanan ply
265~ 6163
Ju6 B G, — 63

[lapameTp ¢

S~ My
p = arccos :
23 +p]

odpasiia, K COOTBETCTByDmeHA MAOMAAK
[OMEPEYHOT0 CeYeHUA A, , TeCe

Fi /A;

Hanpsaixenue, YMCAEHHO paBHOE HODP-—
MAJBHOMYy HANMPAXEHMD HA OKTadApUYec-
KO/ maomazke ¢ HOPDMAJNBD paBHOHAK-
JIOHHO# K TJIABHHM OCAM HaNpAXeHWA

COBOKYMHOCTH BCEX BEKTODPOB HOpMalb-
HHX HanpaxeHuii, oCecredMBaANmMUX BCE-
CTODOHHee pamHomepHoe cxaTue (pac-
TAKeHWe) B KAXA0A TOUKE TBEDAOTO
Tena

TeHsop, PaBHHA PASHOCTM TEH30DA
nanpsxenwii (S ) m maposoro (6 )

KacaTenpHoe HampsixeHMe Ha OKTAdZPU-—
yeckoll maomazke (OKTasApUYecKoe Ha-
npAxeHue)

HanpaxeHue, MPOMOPLUHUOHANBHOE OKT&-
3ApUYECKOMy C KODPIMLUMEHTOM Npomnop-
LMOHANBHOCTH V'3

HanpAxenue, NpOMOpPUMOHANBHOE OKTa—
SAPUYECKOMy C KOa(PUuMeHTOM mpomop-
uMonansHocTn J/V2

Bemmumua -1 < u < I, onpenendnmas
HarnpaBlicHie AeBUATOPA HampAxeHWH
(25

Yron -5i/3<yp<7/3, o6pasyemuil Bek-
TOPOM-MHBADUAHTOM ZeBMATOpa Hamps-
KEeHH! 3: C HampaBlIeHMEeM [POeKUMK
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2

Humiaa rpanula MMKDOTpEmMWHO-
o6pasoBanus Gerowa 6, /G ,
Mla
BepxsAa rpasulia MUKDOTDEMMHO-
ofpasoBaHuA GeToHa
E.ﬂlp / & » Mm
CummerpuuHuii TeHsOp Aedopmaumit
1l paira (£ )

Eeorebug)/ 2 a2
(E)= ey,/z Eyon Sl

)2 ey)2 &

KounoHeHTH CHMMETDHYHOI'O TeH-
sopa Aepopwaumit &;; Il paura
Cisy T el )

AGcoxnTHHe SHAYEHUA I'NABHHX
Aedopmaumuit BAOAL I'IABHHX Oce#
4 11 ) A 12 » A lJ

OTHOCHTENbHHE SHAYEeHWA TAABHHX
Aebopuaumi &, , &, , €5 BROAB
TIaBHHEX OceR

Cpennss oTHOCHTeNbHad Aedop-

wamA €
E=(g+6,48,) /3= (e, +&,+¢,)/5

O6nemHOE OTHOCHTENBHOE CEaTHE
(pacramenne) 8 = Je

30

rIaBHOW OCHM 6, Ha IIOCKOCTH

g %6+ 6m 0

YpoBeH» HanpaxeHwid, XapaxTepHSyD-
WM cTazun Hayaia o0pasoOBAHMA MUK-
poTpemuH B GeTOoHe

YpoBeHs HANpAXeHHA, XapaxTepusyD-
HHA CTEAMD NMPOrpDECCUPYNEHEro MUKPO-
TpemMHOOGpasoBanua GeToHa

CoBoKymHOCTh BCeX BeKTOpoB Aedop-
mauuid, ompeZexanmux AedopuupoBan-
HOe COCTOSIHHE B HEKOTODOH TOYKe
TelAa INpU NOBOPOTE OCed KOODAMHAT
o X ,¥,2 & x',y4', 2 VRon-
AeTBOpAET NMpeolpasoBAHHN, yKasaH-
Homy sume ama (S )

Cocrapispmue HOPMAJIBHHX OTHOCHTEAB-

HEX Aedopwaumit u Aedopmaumit caBM-
ra OTHOCENTENBHO oce#t Xx,y,IL.
MHZeRCH cM.BHEE AN & ;;

AGcoXnTHHe SHaYEHHs JMHEAHHX YKO-
poueHMA MWIM yAINHeHuE olpasua
BIOXh I'I&BHHX OcCei

OTHOCHTEeNBHHE SHAUYEHMA AMHEHHHX
YRODOUYEHUA HIM yAJIMHEHHA ofpasua
BAOAB I'JAGBHHX Ocel

OTHOCuTenbHasA Aedopmvaunsa, GHCIEH—
HO paBHAsA HODMAJBHOA cOCTaBIADMEH
Aefopmaumii Ha OKTA’APHYECKOA nAO—
maaxe

YrpoexHas Beauuuta cpefiHed OTHO-
cHTeXbHOH Aedopmanuu

103%

I

2

Haposo#t Temsop Zepopmammit (&)

( &g 0)

(¢)=10 ¢ @

0.0 ¢
HHTencuBHOCTD Aefopmaimit caBuIa

=5 Ve e e, o) (es-e)

HuBapranT Aesnartopa Aedopmaimit

o= e Yle 67 (e + (6,6

HurencursnocTs Aedopmannit &;
1@—1/ 2 et 2
el (£,-€,) +(£,-65) * (&5 ¢,)

Resuarop aedopuamit ( 7,)
8,_6 é‘,y/Z e,(z/Z
(De)=| e /2 &y=€ €42
Eax/2  e,/2 &p-€
llapanerp 4.
- 28— &~ E3
ﬂe €,-¢;
Mozyab ynpyrocTH NMpH CABHIeE
G‘ ’ Mlla
$r . I b
6'_ 2e; 3 Je; ¥i
Momynp ynpyrocru npu cOmem—
HoM cxatuu A, , Mla

-l &
/('—Js_ 8

CoBOKymHOCTS BCEX BEXTODOB HODMANb-
HHX COcTABIADNMX Aefopmaimid Ha OK-
TasApHuEecKoil niomazxe

OrHocuTensHHe Aefopmaumn casura,
COOTBETCTByDMMe YABOEHHOMy YI'Xy
CABMT'& OKTASADHYECKOH NAOMANKH

To =me, ¢ xoodfuuMenTOoM mponOpIMO-
HampHOCTH 3/2-V/3

To xe,c xoadduumenTom mponopumon-
HampHocTH I/V/2

Tensop, paBHHF pasHOCTH MGEAY TEB-
sopoM Aedopuanm® (£) ¥ MAPOBHM (&)

Bexwumna -1 < 4 < I, onperexan-
mad HampaBieHue AeBuaropa Zepop-
Man i (d@g)

KoadduumeRT mponopuMOHANBHOCTH
mexay 7; u y, npn 7; = 0,37, ;

T, - npeneNsHAs BENHYMHA, OnpeAe-
asemas u3 ycaosus (I2)
Koa@duumeRT NpoOmOpUMOHANBHOCTH
Mmexny 6 w 6 npu 6 = 0,35, rae
& npeleNbHAs BeJMYHHE, OMpeAe:-
emas #3 yciaosua (12)
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[lpunoxenve 3

SKCIEPYMEH TATIEHO-TEOPETUYECKHE MCCIELOBAHMA JESOPMALA
U TIPOLECCOB PAS3PYIEHWA BETOHA IPH PASIMUYHEX HATIPAREHHHX
COCTOAHMAX

I. OcHOBHHE COOTHOmMEHMA TEOPMM TPOUHOCTH M Hedopmarmit
6eToHA M WX SKCIEPUMEHTAJIbLHAM TPOBEpKA

lleabw JaHHHEX WCCAENOBAHKNA ABIAETCA NMPOBEPKA MpEfeJbHOI'0 CONpo-
THBJIGHNA DA3JMYHHX BHJOB GeToHa (TAMENOro MENKO- W KPYMHO3EPHHCTO-
ro, KepaM3¥To6eTOHA W SAUEHCTOr0 GETOHA) NBYXOCHOMY CRATHD,  IByX-
OCHOMY CRATHD-DACTAXEHWD, B TOM uucje uMcToMy cpsury (puc.8),Tpex-
OCHOMY HepaBHOMepHoMy cxartup (puc.9), TPEXOCHOMY CRATHR-CERATUD-PAC-
TAXeHHD (puc.I0) ® B APYrEX CAYY&SX HEOAHOOCHOTO HANMPAECHHOTO COCTOS-
HMS® , TNpH KOTODOM GETOH NMepecTaeT CONMPOTUBAATHCH BHEWHAM Bosgedt -
CTBUAM M DA3PYmAETCH. JCNEPUMEHTH BHIOJHANMNCH H& yCTAHOBK&X, KOH-
CTDYKTUBHHE CXEeMH KOTODHX NMpUBENEeHH B ri.4. B rauecrse o6pasrob
OHIM NMPUHATH KYOH ¢ peGpom IS0 »m mam npuamu ceuenuem 150xIS0 mm.
O6pasii HArpy®ajd 1O HBYM MAM TPEM LICHTPAJBHHM OCAM CEAMANIMMUA CH-
namu (ByX— M TPEXOCHOE CXATHE) HIM CEUMANNMMA M DACTATHBADMIMA
cunamyu (QByXOCHOEe CEATHE-DACTAKEHWE, UMCTHA CIBAT WIM TPEXOCHOE
CRATHE-CRATHE-PACTAREHNE) o

lns cosmanusA OJHOPOJHOTO HANPAKEHHOT'O COCTOAHUA U OGECHEeUEHUS
kpaeBux ycuopuf#t (cM. mm. 4.3 u 4.4 HacTosumx Pexomennaimit) mpuMeHs-
J¥ UeTYyNOWIHEe NMpokjenxu ToumpHo# 0,5-0,8 MM B coueranuu c rpadu-
TOBO# cmasrolt uiM npyro# sxBMBajeHTHHIt crmocol.

Us rpaguxos puc.8-I0 crenyer, uTO peaylbTATH SKCIEPUMEHTOB ymo-
BJIETBOPUTEJIBHO COTJIACYDTCA C NpENeNbHHEM ycaoBueM (24), yuuTHBaNmuUM
BIMSHWEe TPeX MHBAPUAHTOB TeH3opa HanpaxmeHu#t - ¢ = (6,+6,+ 6, )/3,

1 2 2
5y =75 V(6,00 + (6, -6+ (6y-6) u ¢ = orceos (5-py)/ 2V T
BHPaxXEHHbHM Uepe3 IJIaBHHE HanpAReHUsd G,y g s K 6; &

S /VE[S - ®(w.6)(g+(1-9)F(6)/F.) =R, = Ry , (24)

¥ SKcnepuMeHTANIbHAA MpOBEpKA OCYMECTBICHA B n860paTopud TEOPHH EKe-
aesoferoHa HUMEB asTopoM HR" YUacTH¥ B OTHEJbHEX 3KCIEPUMEHTAX
.M.Buua, P.l'.Hacumona, D.A.Bopo6népa, J.d.Bycaepa, A.K.Kymmano-
Ba, B.H.I‘Iepnaxona, B.B.Ceucrynosa, 0.1.B
BA.

uHOKypoBa U M.A.Cynrano-
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Puc. 8. K npoBepke mpefenbHOro COMPOTUBNEHUA GETOHOB ABYXOCHOMY
cmarup-cxaruo (a,6,8,r) ¥ cxaTHo-pacTsxenun (n,e,X, Ime TOouka B -
COTIPOTHBJICHHE UACTOMY CLBULY);

_ a,6 - LA TAReJOr0 KPYNHOSEPHUCTOr'0 GeTOH& COOTBETCTBEHHO -
R = 58,7 u 36,7 MIIA; B - QJA TAKEIOTO MEJKO3EPHUCTOT'O GETOHE -

R = 43,3 Mlla; r - pia KepamauToGeroHa - R = 35,0 MIA; n,e - mas
KPYNHO3EPHUCTOr'0 GeTOHa COOTBETCTBEHHO R =65mu 35 Mla; x - s
KepamsuToGeTona - A = I7,5 Mla (£ ,A) n s menkosepHcuToro Gero-
Ha - R =21 Mla (o, &);

0 ,0,4, O - NMPOCTOE HATDYKEHUE; @ , W, A , 4 , ® - CJIOKHOE Ha-
Tpy®eHue

I - npegenbHoe compoTuBNeHMe GeToHa; 2 M 3 - IPEHMUHHE 3HAUE-
HUA, MpuHATHe no raase CHull 2.03.0I-85
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l e Puc. IO. K nposepre npenesbHOTo CONMPOTUBIEHUA TAXENOTO
N E kpyTHoaepHcuToro (a) m mesnxozepuucToro (6) GeroHa
i s C (R =42,5 Mlla) TpeXoCHOMY CRATHD-CRATHO-PACTAKCHUAD
L e 9
‘e 9
N TR s, THe:
TS =
s, = 2] a) gyuxma @ (y ,6 ), B 0TIMUKEe OT paHee TPUHATON 'x‘paLx'romm’,E
= : © " npuHMMBETCH B 3ABACUMOCTH OT [BYX TIEDEMEHHHX - ¢ ¥ 6 ¥ MOHOTOHHO
P BO3pacTaeT C YBEJIMUEHUEM ¢ ; B UACTHOM cjyuase — ompefensercs mo fop-
‘\'\:i~ Myne :
nY IS b = gin (25/3 - B)/ Sin(27/5 — B +¢) , (25)
a2 [ XapakTepusywne# “3MeHeHne [eBUATOPHOI'O CEUeHWA NOBEPXHOCTH paspyme-
E o HUS 6eToHa, rje yron # - HOBaf He3aBUCHMOA TNepeMeHHas, orpefejfAe-
[SE ™~ == MaA no (Qopmyae
' 2
ﬂ B = aracos{8(7)—7/2)/]/3/4+{9{/z)—7/2) 4 (26)
\ % I @(y) - dyHKIMA NEpPEeMEHHO! OTHOCUTENHHOT'O CPEJHEro HANpPAXEHUR, ONpe-
\ (5 ) mexsemas mo (opmyse
Oln)=1=4,*full-expisn) +y, (1 -exp ¥ 7). (27)
Torpga Jjs cayuas OOHOOCHOTO DPACTAKEHUS
< Ky =14, g [1-exp (-450/9)] * 8, [1-em (£, /)]s (28)
s s
?“ - = * Juun A.B. Hpurepun npounocts u nedopMupoBanyusi 6eTOHA NpU MNPOCTOM
HarDYREeHUM IJIA Das3JMUHHX BUOB HANDAKEHHOTO COCTOAHMA. B KH.: Pac-
- UeT U KOHCTDYWPOBE&HME MeJS306eTOHHEX KOHCTpykRuu# (M., I977).
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6) QyHKIMA F (6) MOHOTOHHO BO3PACTAET C YBEJHWUGHHEM 6 ; B UACTHOM
caiyuae omnpejenasderca no QGopmyne

F(e)=tg(y(y) +«q+ Bp") , (29)

XapakTepuayomel M3MEHEHHWEe MEpUIMaHANLHOT'O CEeUeHHWs NOBEPXHOCTH paspy-
menns GeToHoB. Torna MpH OJHOOCHOM CRATHH ¥ DACTAKSHWM:

Fe=1g(y(x) *+</3 + B/3); (30)
fo =g (y(3)—2x/3 + Bx*/9 (31)
B gopuyaax (25)-(31): g =6/R., x=Rs/Rc, o, B, () —

KOHCTAHTH MaTepuasa;
B) mapameTp ¢ omnpeleasercH mno Qopmyrne
9=(1/Ke = F/F)/(1-Fp/R). (32)

Kpome Toro, ycnoeue (24) mpoBepAIM C yUETOM SKCNEPUMEHTAJBHHX
JI8HHBX, TIONYUYEHHHX IPYTMMM aBTopamu - cM.puc.ll, rpe Hapagy c mpe-
nenbHbMd 3HaueHusMu 1 U 2 HumHuR noBepuTenbHHR MHTEpBan 3 M 4 TPUHM-
masu c pepoAaTHOcTED 0,95. CorsacHo pesynbTarTam aHajgu3a TOJBKO CpaB-
HUTEJbHO HeCOJbIOe UMCJO TOUSK JIERMUT 3a NpejesoM HUXKHEro MHTepBaja.
MoaTomy, yunTuBas Gojee GIAroNpUATHHE YCJOBMA PAGOTH KOHCTPYKLMM IO
CPABHEHMD C ONHTHLMW, 3HAUEHUA, COOTBETCTBYOIME KPUBEM 3 ¥ 4 wmoTyT
GHTb MPUHATH B KAUECTBE HOPMATUBHOT'O CONPOTMBJIECHUA GETOHA NMPU NBYX-—
W TPEXOCHOM HAIpPAMEHHOM COCTOAHMH.

BhumM BHMOJIHEHH BKCNEPUMEHTAJbHHE WCCJENOBaHMS 38BMCHMOCTU HAIDSA-
xeHnna oT nefopmarmit, Goxbmelt nan MeHbwefl o6paTMMOCTH NOCHENHMX, HX
HenuHelHOCTH, BKJOUAA CTANM0 JuiaTaiymy (3aKPUTHUECKYD CTAIMD MUKDO-
TpemMHOOGPa30BaHMA ¥ MOSBJISHUA o6JacTell PasynIOTHEHUS U NOBPERIEHUA
6eToHA) B 34BUCUMOCTH OT THUIA HANPAKEHHOTO COCTOAHWS, & TaKKe HCcle—
[JOBaHMA MO MPOBEPKE OCHOBHHX TMIIOTE3 TEOPUM MAJHX YTIPYyroO-IUIACTHUYEC-
knx pefopmarmit. Kpome TOro aHaNM3XpOBANA COOTHOMEHMA, OTHOCANMECH K
nefopMalMOHHEM TEOpUAM MJIACTAUHOCTH ¥ TEOpWAM npupamenns medopmaumit.
YcraHoBleHH HOBHE COOTHOMEHUA MERILY TEH30POM HampsexeHult U TeH30poM
KOHeuMHX medopMaumit 3a npefesaMd YUPYrocTud MY MPOCTOM HATDYREHUU M
MEexIy NpHpameHusAMA TeHsopa nedopmaimit 1 TeHsopa HanpaxeHuRt (mau mnoj-
HEM TEH30DOM HAIPAKeHMH) NMpU CHOXHOM HATPYReHUM. [lOCKONBKY MCTIHTAHUA
NPOBOJMIUCH MPU KPATKOBPEMEHHOM HArDYREHMM, B 3TUX COOTHOUWEHUFX MOJ-
3yuecThb B ABHOM Buie He Qurypupyer.

Boabmas uyacTb HEOJHOOCHHX MCNHTAHWA MPOBOAUIIOCH B YCJIOBMAX MPO-
CTOr'0 HarpyKeHUs NP MOCTOAHHOM COOTHOMEHMY IVIABHBX HAMpA®eHM? 1o
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Puc.II. K mposepke ycaosusi (24) mpu gByxocHoM (a) ¥ TpexocHom (6)
HANPAKEHHOM COCTOSHUH

I u 2 - npenenbHHe 3HaueHns u3 ycuoBus (24); 3 M 4 - Humuuit
ZoBepHTEeabHER MHTepBaa c BeposTHocTbD 0,95; 5 - mo I.luxepry;
6-7 - no A.B.flmuny u B.B.CBucTyHOBY; 8 - no A.B.fmumy u Il.M.Buuy;
9 - no I'.Kynpepy; 10 - no B.U.EpmoxmmoBy; II-IS - cooTBEeTCTBEHHO
no A.®.Mapenuny, B.M.Kapmncrkomy, B.I'.T'onuaposy, JI.H.lyxmx =
®.E.[urmany; 16 - no A.B.flmny u P.l.Kacumopy; I7 - nmo T.Marysu-
me un C.Harasme; I8 - mo [J.Xamaury; I9 - mo C.Ko6asmu u B.Hosnaru;
20 - no A.B.flmuny u Il.M.Buuy; 2I-25 - coorsercreeHHc mo I'.I'pacca-
Ma, K.[.Bepuruny, U.I'.T'oHuapoBy, B.I'enpu-Hapun u I'.Cuuty

MOMEHTa paspymeHus o6pasia. B HEROTODHX cayuaax (cM.Hume), B ompe-
JIeICHHHX MHTEpBAllaX HarpPymeHMs, €ro W3MEeHANM B COOTBETCTBMM C INpo-
rpammoff, UTO COOTBETCTBOBAJO CJIOXHOMY HAT'DYXEHHD.

BuNOJHEHHHE BKCNEPHMEHTAJIbHNE MCCHEeNOBAHHA 38BHCMMOCTH HalpsAme-
Huit or nedopmaimit, BrIOUEA CTANMD NEepej] PaspymeHMEM, NpH DPa3IUUHEX
HANPAKEHHHNX COCTOSHUAX HACUMTHBADT GOJbEOE YMCIO JAHHHX, BCe HX He-
BO3MOXHO BKJDUATb B HacTosmee MpUIOmEeHue. [IpvBefieM HECKOALKO MpuMe-
PoB, 4TOOH NPOMJIDCTPUPOBATH WX XapaKTEpHHE O0COGEHHOCTH, BRINYAA
HCcnefoBaHne BIMAHMA Ha JefopMalMi Pasrpy30K W LMKIMYECKOI'0 Harpy-
XeHus, cleiyoumero 3a ocrtarouHoll nefopmanuell GeToHa, a TakEe HCCle-
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DoBaHUe W3MEHEHWs 3HaueHu# HauanbHHX Momynell yrmpyroctu GeToHa £, ,
Gg s Ky B COOTBETCTBYOIMX UM KacaTeJbHHX Mmonyiae#t neopmarmit, Luxmau-
YyecKoe HarpymeHMe INpU HAaJUUMM OCTATOUHHX mnefopmaiit GeToHa YCJIORHS-

€T MHTEPNPeTaUMD MOJNYUSHHHX N8HHHX, OCOGeHHO MNpH CJORHHX TPaeKTOpH-
sX HarpymeHus (TpeGyeTcs 3aNOMMHAHME MCTODUH HATDYKEHHS) .

\\

Puc.I2-1I5 oTHOcATCA K JBYXOCHOMY CEATUD-CEATHD U CEATHO-DPACTAXS—

HUO GEeTOHa, O8HH 3aBHCHMOCTH HanpsxeHult oT nefopmauuit naA TAREIOrO

(KpynHO3EpHHCTOr0) GeToHa WM KepaMauToGeToHa. Ha puc.IS mpusenenn

3,7

3
o6o6meHHHe KpuBHe gedopmanuii 6 — & ® § - £, TpU IBYXOCHOM CRATHM- S
pacTAXeH!H, KOTOPHEe XOPOmO ONKCHBaOTCHA cooTHomeHusama (25) u (26), E

KaKk NpH MPOCTHX, TaK M NpPU CIOMHHX HArDYKEHHAX, XapaKkTepu3yOLuXCH
He6oJbmMMi pasrpysxamu (kpuBae 4 1 5).

. N
Puc.I6 npencrasnser co60f rpafMky M3MEHeHMS BPEMEHH NDOXORIEHMA <3 \
yAbTPA3BYKOBHX UMMYAbCOB Uepe3 GETCH NpM  LBYXOCHOM  HAUDYREHUH -

llonyyeEO T 0 &I H 0 €  COIJIACOBAHME TOCJEIHUX JAHHHX C peayJabTaTa-
MU M3MEpeHHs O6BeMHux aefopmaimit, CBUIETENBCTBYNIMX O CEPbEe3HHX

R = 35,5 Mla (B,r)

CEATHH TAXEAOr'0 KPYNHO3EPHHCTOTr'O

CTDPYKTYDHHX M3MEHEHMSX B GeTOHe NpH JBYXOCHOM HarpymeHmu. CrencTsu-

€M DTOro SBJAETCHA ¥ YCKOPEeHHHA pocT ZefopManui B HaNpaBJeHWM TJaB -
Holf HeHarpyxeHHOM och o6pasla &, , NPEBHCHBIMX COO0-BETCTBYDNME [e-
dopmarmu npU OJHOOCHOM CRATHH.

Prc.I7-27 oTHocATCH K TPEXOCHOMYy HEPaBHOMEDHOMY CEATUR GeToHa,

LT
24
1,
1

6,/6, = 1/1

6

rIe JaHH 3aBMCHMOCTA MeRiy HanpsikeHWsMd ¥ Iedopwammsmu (6, - &, ,

6, -6y 6,-&; U 6,~ 6 ) pna ramenoro (KpynmHOSepHMCTOro) GeToHa

NPy PasIMUHHX COOTHONEHUAX TJIABHHX HANpAXSHUR G, : 6,: 65 , P OTOM = ¥

puc.17 u I8 xapakTepusynT o6pasus cepud 4, puc.l9-22,a - cepum 5, N
puc.22,6 u 23 - cepun 6, puc.”24-27 - cepuu I (B TOM uMcie HpU OJHO-

ocHoM cmaTui - puc.l7,a; I9,a; 23,a; 27,6); puc.24,6 - 25,r; 26,6 - AN
27,8 xapakTepusyoT neupMaly NpM Pasrpy3Ke U NOBTOPHOM MJM LMKJIM- N

UECKOM HarpyXerud, BKJINUAS CJIOKHHE TPaEeKTOpHM HarpymeHus. Bce rpagu-

,5 Mla (a,6) 1 xepamsuro6eToHa

6,/6, = 1/2; G,r -

KA HOCAT HEJMHENHH# ¥ [O0CTATOYHO CJOXHHA XapaKTep.
Ha puc.28 mpusefeHn cGoCmeHHbe NaHHHE N0 JefopMaln d, - €r #

¢ - 8 Tpy TPEeXOCHOM HEDPABHOMEDHOM CHATHM IJA 0GpPaslioB CEpUu O, KO-
TOpHE MOB3BOJANT BHABHTH WX ofmMe 3aKOHOMEpHOCT4. [loMyueHo Xopomee

corjacoBaHve ONHTHEX W TEOPeTHUECKUX NaHHBX MPK TMPOCTHX HArPyREeHHAX R

8,B -

. |
C pasrpyskamy ¥ TOBTOPHHMM Harpy®eHUAMH, JTA JaHHHE M JaHHHe puc.Id e A
[03BOJIANT PACHPOCTPaHUTE MOJYyUEHHNEe 38BMCHMMOCTY HA DASJUYHHE KJIBCCH
Harpymenus (cM. m.2.4 Hacrosmux Pexomenpaumit) .
Puc.29 npencraBaser coOoi 3aBACHMOCTb HampsmerinsA OT gefopmanuit
B IByX KOOPAMHATHEX [UIOCKOCTAX i TAResoro (KpynHosepmucroro) Ge-
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Puc. I2. HampszeHusA-pedopmaidi NMpH ABYXOCHOM

GeroHa K = 40
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42
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-08



G /Re

TAKENAOro KpyrnHO3ep-

R = 37,7 Mlla (B,r)

—~ {0

Gi/Re

P

| o

6,/6, = -I/12

40

YXOCHOM CEATHH-DaC

G, /Re

6,r

R = 33 Mlla (a,6) n KepamauToGeToHa -

6; /6, = -1/3;

3

&;52,%0

Pue.I3. Hanpaxenns-pedopmamuu npu gm

HHCTOrO GeToHa -
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Puc. I4. Hampaxenns-gefopmaiiii TAXEAOr0 KPYNHO3EPHMCTOIO GETOHa -
R = 40,2 Mlla - mpu JBYXOCHOM CEATMH-DACTAXKEHWH (8,6,B - COOTBET—
CTBEHHO NMpu 6; /6, = -1/30; 65;/6, = -1/12 u 6, /6, = -1/1),
NPH ONHOOCHOM pacTaxeHumu (r,n) M ogHoocHoM cxatuu (e,x)
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Puc.I9. Hanpswenus-pedopmain THXEIOr0 KPYMHO3EPHUCTOrO
GetoHa - R = 48,6 Mla

8 - O[HOOCHOe cxaTue; 6,B - TPEXOCHOE CKaTHe- 6, :0,:6;=

1:0,0I:0,0I u s6,:6,:65; = 1:0,03:0,03 coorBeTcTBEHAO
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¢.20. Hanpsmenms-pedopMampu TAEENOro KpyNMHOSEPHHCTOTO GeTOHa-

= 48,6 Mlla - B yCNOBHAX TPEXOCHOTO CEATUS NpH: 0, : 6, : 65 =
0,08:0,08 (a); ¢, : 6, : 6; = 1:0,09:0,09 (6); ¢,: 6, : [ -
0,10:0,I0 (B); ¢, : 6, : 65 = 1:0,12:0,12 (r)

0
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Puc.2I.Hanmpsaxerus — 1 e § 0 P M @ I ¥ ¥ TAKEJOro KPYNMHOSEPHUCTOTO
GeroHa - R = 48,6 Mlla - B yCJHOBMHAX TPEXOCHOrO CRATUA

a-npu 6,:85p:06,=1:0,15:0,09 (a); ¢,: & :65=1:0,3:0,08
(6); ¢,:6,:65=1:0,45:0,08 (B)

a) G, Ma
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Puc.22. Hanpsaxennsa-pefopMali TAXEJOT'0 KPYNMHO3EPHHCTOTO GETOHA —
R = 48,6 Mla - B yCHOBMAX TPEXOCHOTO CEATHUA
npu 6, : 6,:6; = 1:0,5:0,06 (a); & :6,:6;=1:0,5:0,I1 (6)

TOH& NPM TMOPOCTATAYECKOM ¥ HEPABHOMEDHOM TPEXOCHOM CEATHM. CrUIOEHHE
JuHun 0T O mo Touku A M mocie pasrpysku oT O [0 TOUKM A XapakTepu-
3yDT T'MIPOCTATHUECKOe CEATHE NPU 6, = 6, = G5 = 40 Mlla, ocraibhHhe -
HEPaBHOMEPHOCTb TPEXOCHOI'O CEATHA NPH CJOXHOM HarDyXeHWH MPU ¢, =
=6,>6; (a) u 6,>6,>6; (6). 'mupocTaTuueckoe CEATHE CONpPOBOXLA-
€TCS OTHOCUTEJIbHHM yMeHblleHHeM o0beMa GeToHa M0 Mepe pocTa CpejHero
HanpsAmeHus, GJM3KWM MO XapakTepy k 3akoHy 1 - 3¢ =6 - ﬂ~a2, rne
o = 0,025 MIa~L, B = 0,00025 MIla~%.
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Puc. 23. H_a.npnxeﬂnn—,ned)oma:mu TAXenoro (xpymHo3epHHCTOro) . A £
Gerona - # = 36,8 Mila b B z’f’ i/
8 - OJHOOCHOe cxaTve; G,B - TDPEXOCHOE CXaTUe- 6, : 6,: 6= N\ (
1:0,IR:0,I2 u 6,:6,:65 = 1:0,5:0,I1 COOTBETCTBEHHO . \ v /
\‘ 7 20 i //
CornacHo puc.30 Tamens#t KpyMHOSEpHUCTHRA GETOH B YCIOBMAX IIOC— \ \ &//! ‘}Z 3
xoit nedopmarmu &, = O mpu _6,/6} = (onst  MCHHTHBAET TPEXOCHOE He— — ? 1A gﬁm
PaBHOMEDHOE CEATHE G, >¢, >G3 5 CO3LAHHOE CIOXHEM HarpyxeHueMm, llpu k: ‘
3TOM, B OTNMuME OT YNpYTOrO pemeHMs 3auauwi 6, = Y - (g, +6;), Beaen- Puc.24. Hanpswerus-nedopmamyn TARENOro KpyMHO3EPHUCTOrO GeToHa -
CTBHE NMPOABICHUA B MCINTAHMAX 3HAUMTENbHHX HEYUpyrux peopMaluii Ge- R = 44 Mla
ToHa (NIACTHUECKMX W KPATKOBDEMEHHOM MOJN3YUecTH),HauGojee 3aMeTHHX 8 --1pu ‘¢, 2 o,: 6 ="1:0,105:0,105; 6,8 u r - ¥o W, TG ABS
K KOHLY paspymeHHWA 06paslioB, MPUXOAAJOCH CO3[EBATH 3HAUATEJBHO GOJb— (omia) pasrpysku # HarpyXemme mpn 6, 6z : 6; = 1:0,75:0,016

mMe HANpPARSHAS 6, (B OTAENbHMX caydyasx GoJee ueM B 2-2,5 pasa). B
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Puc.25. Hanpsaxenusa-peopMaiyu TAXENOro KPYNHOSEPHUCTOro GETOHA -
R = 44 Mla

8 - TPEXOCHOe CEaTHe Ipu 6, : 6, : 65 = 1:0,105:0,105, pasrpyska
M MOBTOPHOE HArpyXeHWe - OJHOOCHOe cxaTue; 6 - To Ee, LOrpyskKa
npu 6, : G,:63=1:0,75:0,0I6; B - TO ®e, pa3rpyska X Jorpyska
npu 6, :6,:6z=1:0,75:0,0I6; r - To ®e, Jorpyska IpH G, : 6, :65=
= 1:0,75:0,016, pasrpyska W HarpymeHude Npu 6, : 6, : 63 = 1:0,105:
0,105 - coorBercTBeHHO KpuBHe I-4

] F; e

Puc.26. HanpameHus-nefopMery TAXEIOTo KpynHO3epHucTOTO GeToHa -
R =44 Mla

a - TPEXOCHOe CEAaTHe TNp4 6,
IBe pasrpysKH M HarpymeHue NpU o,

TO ®e, pasrpysKa M HarpymeHde Tpd Gy % 9
r - -r; xe,lB€ Pas’rpy3Kd C Da3HHX ypoBHell U HarpyseHue mpH &, 26, 0y

1 6,:63= 1:0,75:0.016; 6 - T0 =e,
1 6,3 65= 1:0,105:0,105; B -
6, 63= 1:0,105:0,105;

= 1:0,105:0,105
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Prc.30. Hanpsmenus-medopMari TAXeNOr'o KpYNMHOSEPHUCTOTO GeToHa -

R = 41,2 Mla - B ycnosuax nuocko#t mefopmauumu mpu &, /65 = 1/0,08
(a); 6, /65 = 1/0,050:. (6) u &, /6; =1/0,064 (B)

1037

pe3ynbTaTe HaNDAXEHHA 6, W 6, HOCTHINIM SHaueHuH, NMpPeBHmADmMX COIpPO-
TUBJEHKEe GEeTOHAa OJHOOCHOMY CEATHD cCooTBeTcTBeHHO B 1,7-2,6 u B 0,46-
1,2 pasa, llosyueHHHe [JaHHHe MMEDT GoJbmoe 3HAUEHHE IJA 0GecrneyeHHs
pacueTHO# HaNEXHOCTH HEKOTODHX OTBETCTBEHHHX COOpPyXeHMH.

Ananmaupys naHHHe mo gefopMaimAM GeTOHA MOXHO CHeJaTh 3aKiInye-
HME, UTO UEeM BHmE cpefHee I'MIPOCTATHUECKOE HAaNpAXeHWe, TeM GoJbme
CTEHOBUTCA IJIOTHOCTb GETOHA 38 CUEeT ero CXMMAEeMOCTH, UTO CONpPOBOXIAa-
eTCA yMeHbmeHueM ero ofrema, H KOHIy paspymeHus o6BbeM GeTOHa BHOBb
YBENMUMBAETCH, UTO COOTBETCTBYeT CTAIMA NUIATAIMH M XOPOWNO OMMCHBA-
eTcA COOTHONEHHEM

g " 2p
Je=06 /(,-/(,(6)//(2(5,3,.;1) 6/K(6,6,5z) - (33)

rae c nomompo Gynxmn A, (€)= (I+ ¢,6°)/(1 +€2-o‘2) YUATHBAETCA  yMEHb-
meHKe OTHOCHTEJBLHOI'0 OGBEME H BO3PACTAHME CEMMAEMOCTH GETOHa, 06yC—
IOBJEHHOE DOCTOM CpPEJHEro HaNlpAKeHWsA; C nomompo QyHkumn K, =1 - d,-
(/& Vel dy+s; /(e + d, )’ - sfipexT yBesnueHns oGneMa GeToHa K
KOHLy paspymeHus .

Hamenenne pefopmaimit copura BHUMCAAEM M3 COOTHOMEHMA

Sz &
e_t Z'GJ'FI(SI)/FZ(SI;Sz;ﬂi) SI/Z ( I I)./“U)t( )

rie c nomompn Gynkmau £ (5.)= (I+a,5%)/(I+ a,$}) yuuTsBaem obmym
HeauHe#tHocT nedopmaimit €, B 3aBUCHMOCTH OT CTENMEHHM MX Pas3BUTHA,KO-
TOpas OJHAKO HE CBA3&HA C THIIOM HANPAXEHHOI'O COCTOAHMA (KJIACCOM Ha-
rpymenus) ; ¢ momompd GymKmmm Fp (S;, 8, ) = I+ 0-(2+ we ). (S /)"
HeauHe#HocTh jgefopmaimit €, raaBHHEM 06pasoM B CTAIMH IAIATALAH ;NO-
caepHsAd B Goabme#t Mepe CBA3aHa C THUNOM HANPAXEHHOT'O COCTOAHUA. Yuc-
JIEHHHE 3HAUEHUS KOHCTAHT MOI'yT OHTb MPMHATH Mo TalN.2, COTJNACHO KO-
Topo#l HauGosee CTPYKTYPHO UYBCTBATENbHLHMM ABIANTCH KOHCTAHTH &, , C,,
R,

Hax caenyer u3 puc.IS u I8, onHTHHE HaHHHE yAOBAETBOPUTENBHO CO-
TaacyoTcs ¢ TeopeTHueckumu. Kak mia nesuaropa medopmaimiht Gerona,Tax
¥ JJs mapoBorc TeH3opa ero mefopmaiyit nojyueHHHe HeJMHeRHHE muarpam-
MH nedopMHpOBaHHMA B CTeIuH, GIMSKOR K paspymeHnw, B GOJbLmOK cTeneHu
38BUCAT OT TWNA HANPAXEHHOT'O COCTOSHMA, B TO BpeMd K&K 00 3TOr0 MO-
MEHT8 MOXHO CUMTATb, UTO OHM HE 38BHCAT OT THIIA HANDPAKEHHOI'O COCTOA-
HUs,

Ins ynoGeTea pacueToB NMpefCTABAM COOTHOWNEHHS MEXNY medopMalpsmu
W HanpAXKEHUAMM B APYTOM BULE:

*nbomm A.A. [lnacTuunocTb.M., I963.
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Ta6nuua 2. KoHcTaHTN mus onpegenenns nedopmarm#t Gerosa
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2-(q)”

F
26, ~ "xe  PLQ)" + P, (3/2)" (3%)
i U i L R L (36)

rae £, - HaualbHHR MOJYJs YNPYTOCTH GETOHA
npu cpsure; A, = k-lgd=6/0 - cexymuit Momyab
o0beMHEX fedopmanuit, saBHcAmEi OT CTENEeHH HX
pa3BuTHa; M = (Sg,, /6 ¥ r= 1,2,3,4,5,...-
LlelouMCIeHHNe 3HaueHusa; P = 0,00338 u @ = 2/3
Ias o6pasloB cepuu 5.

B orpesbHEX 3ajauax 3aKOH OTHOCHTENbHOI'O
O0BEMHOI'0 M3MEHEHUA GeTOHA MOXHO 3HAUMTENHHO
YTIDOCTATL , IPHHAMAA B Hauane JuHeHHmt Xapakrtep
38BHCHMOCTH MEX[y OGhEMHEMA AefopMaipamu 6, u
CPefIHUMA HANPAKEHUAMA 6 (C HAuaIbHEM MOLYyJEM
o0vemHoro cmarus £,>0) 8, =6 /K, . Hauunas
CO CTaIMM NUATAUMK M Jalee NMpH ¢ > 6, TpH-
HMMAEM, UTO 38BHCHMOCTb MEXIy OGBEMHMMHA  Je-
GopMaiMAMA pacmMpeHns ¢, U CPEHUMM Hampsxe-
nusMn 6 (c Mmopyrem munarauun £, <0) 6, =
(6 = 6y,)/ Ky umeer Taxme mMHeHHlt xapaxrep.
Torpa BupaxeHHe IJf PACUETA MOJHMX OGBHEMHEX
Aejopuaimit GyneT nmMeTsh BUf,

« 5. f " Gsup .
Kg K
€$Gsup 0‘>5$np

llo peaymbraTam McnNTaHMA IIA PASIMUHBX
KJIACCOB HATPYReHM} KpOMe TOr0 GWJIO NPOBEDEHO
yCHOBHe KOAKCH&NLHOCTH KOMIIOHEHTOB REBHATODA
Heopmarmit KOMMOHEHTaM JeBUHATOPa HampAXeHM

£, =€ £3-& 1

wnllints 2. el 3063%)
6,~6 Gy rud 6576 26 (s;, 5., pg)
UTO BKBMBAJIGHTHO COOTHOWEHHD
P Sy (38)

193¢

T.e. paBeHCTBy mapameTpoB Jome-Hamau mo mepopmarmam - m, = (R¢, - ¢,-
~¢&,)/e,~¢,) u nanpamermaM - w, = (26,-6,-6, )/(6,-65).

Kar BupgHO M3 puc.3I, sKcCHNepHMEeHTalbHHE TOUKH DPACIOJaramTCf BOJIU-
3u MpAMOR . = p. .

OnHaro B CTAUUM [MIATAIWH MDY OCYMECTBJIEHHH DASJIMUHBX CJIOKHHX
HarpymeHn#t B OCOGEHHOCTH C TPAEKTOPUAMM GOAbmOR KPUBAGHH HauGolbmee
COOTBETCTBHE TEODHH C ONHTOM JANT COOTHOMEHHS, YYATHBANIKE PA3JHUHOE
B3aMMHOEe BIMAHME TJIABHHX HANpARSHUN WM MX TpupameHuit Ha npupameHue
nefopmanuit B 3aBACHMOCTH OT KOMGMHAUMHM 3HAKOB HANpAXEHHH, Jarmdumen
BTH COOTHOMEHMS NMPUMEHHTENBHO K CJy4Yal, KOrla NpUpameHHd HANpAReHWi
ds, > 0, d6,>0, d6,<0
K TIONyunM
de, = f"’f [do = n} (1-E,/€. ) ds,~ V(1] +n; ) do, -3 (m]+n]) o’a‘,],.‘.(sg;

dgxré.,{a’r’g— V(m,m, + 1 n,)de, - V(1,1,+n,n,) ds,~ np, (1-E, /El‘,t) ds,],,,, (40)
s

rae 1,2,3 OTHOCATCHA K TJABHHM OCAM, & X , Y , Z — K NMPOM3BOJbLHEM;
Li » My N - HanpaBIADOME KOCHHYCH, ONpefesmmje MOJOKEHHe IJABHHX
ocefl OTHOCHTENbHO Ocelt X , Y , Z COOTBETCTBEHHO; Y , il Esgi m

¥l s Eg ~ xooddunment nonepeunsx pedopmarpft u xacaTenbHe# Monynp medop~
Manu#t GeToHA COOTBETCTBEHHO IJIF CJHYyuaeP NOJIORATEJbHEX nmpupaueHu#
TJI2BHBX CRYMAOIUX PACTATHBANIX HANPSXEHAN U OTPULATENbHHX TpUpa~
meHuit TraBHEX CRMMaomMX (pacTATMBaDNMX) HANpPAKEHMR.

B cooTHomenusx (39) u (40) ecTh uneHHW B BULE NMpOU3BENeHMHA Ha-
NpPaBIARMUX KOCHHYCOB W NPHPANMEHMA TJIABHBX HanpsAKeHuit, KOTOPHE ABJAA-
prea PyHKUAAMM DACCMATPUBAEMOTO HAMPAXKEHHOT'O COCTOAHHA. B ofmem cay-
yae MOTyT OHTH CJEIyDI{e KOMOHHAIMK 3HAKOB npYpameHuit TIaBHHX Hanpf-
Xeuu#i: Bce TpHpAmEHus HAIDAKEHAR - CRMMADIMe WIA PACTATHBADIHE, Of-
HO MJW [Ba TIpUpAMEHWs - CKUMAaomye, OCTAJIbHHEe - PACTATHBALIMES. 3nave-
HUSA TAABHHX NpUpameHdR Hampamenud 0J6, , ds, , d6; ¥ HANPABAANIAX KO-
CMHyCOB [; , M; 5 N, , BXOAFWME B COOTHOMEHAR THIA (39) u (40), on-
peneaswTcs no gopmynaMm MpeoCpasoBaHWA KOMIIOHEHTOB Hgnpnxeuﬂn npu ne-
pexope oT ruapHHX oceft kK oCAM X 4 J 5 Z . Taxo#t Mopxom no3BoJaseT B
CTANMY JUIATAUMA yUNTHBATH DPE&JbHOE M3MEeHEHHe IePopMAHOHHHX XapaKTe-
pucTuk GeToHa (mospieHue 8HW30TPONUN) B TPOLIECCE CHOXHOI'O HATPYREHMH
NPH DEleHHd NMPaKTAUECKUX 38[au N0 ONpefeeHvp MPOUHOCTH K nedopmatyi
KOHCTpyKUu#t, UTO BechM& CYmECTBEHHO.

B xauecTBe NMpMMepa PACCMOTpHMM ciyualt uucTOTO CHBATA (de, =-d6, =
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Puc.3I. K nposepre ycnoBHA KoaKCHANLHOCTH MEXIY KOMIIOHEHTaMH
feBuaTopa pedopmaimit X KOMIOHEHTaMM AleBMaTopa HanmpaxeHul mpu
NPOCTOM HATDYXEHWM [Jf TAXENOrO KPYNHO3EPHUCTOTO GETOHA U
KepaM3HTo6eToOHA

8,0 - COOTBETCTBEHHO ABYXOCHOe craTie (4,4) M cxaTMe-pac-
raxenue (0 , 6 , @ ); B - TpexocHoe CRATUE-CRATHE-DACTAXEHAE
(a - mpn yposne Hampsmenuit, paBHOM 90% oT mpepenbHOTO, 6,B -
T0 xe, 95-100%)

=dr). B aTOM Ciyuae B CTAMM [HIATAIMH M3MEHEHHE OGHEMHEX Jepopma-
k¢ yuerom paseHcTs (39) m (40)

46 = 3de - (121 _ 1)
Eq Ege

(41)

tbodE

ey

He papHO Hymo. Taxoft JaxT HaGNDJajCs Hamu B OmwTe™.

JpyTMM NpUMEpOM MOXeT CJIyRAThL H3MEHenue jefopmauuit GeToHa B yc-
JIOBMAX JBYXOCHOT'O CRATHA DK CJOXHOM Harpymenuu. llocie nocTHxeHMs
BHCOKMX ypoBHell HanpameHul u nocienyomel pasrpysku, npupameHds Ha-
npaxeHuit B GeTOHe MIMEHAJIX TAKUM OCpasoM, UTOOH O6ecneuuTb yCaSBMA
ds,< 0 u d6 = (onst . Tlpn STOM NPOUC..ONUT WIMEHEHWE HANPABJEHUS KpH-
BHX, XapaKTEepUsyDmMX NpHpameHvs TyaBHHX NefopmauuM ¥ HanpsameHu#t ,ko-
TOpHe MOTYT GOuThb ompefieqeHs mo (39) u (40). locae nposieaennst ygau-
HeHu#t o6pasua mo ojHo# M3 rIaBHHX ero oceit, c LeJbD NpeKpameHHs 3TOo-
ro npounecca HArpysKy CHUMAJM, UTO NPUBOAMIO K YMEHbIEHHD mMApOBOTO
TeHa3opa Hampsmeru#t (6 ) u mesuaropa ( Dg). [lpu srom HauGosee cy-
meCTBEHHHe NpupameHus o6heMHEX nedopmalmit NMpOABAAJMCH MOCJAe COOTBET-
creyomux npupameHuRt nefopmanm#t cnsura. Takue sddexTH He MoryT OHTH
onucaHu cooTHomenueM (37).

Taxuu 06pasoM, NMPOUHOCTHHE X AefopManMOHHHE XapaKTepHUCTHKM GeTo-
Ha B Goxbmo#t cTenmeHd 34BUCAT OT DEXWMA, CTAIMM M Kjacca HEOJHOOCHO-
ro Harpyxeuus (cM. m.2.4 Hacrosmux Peromempaimit). Ilpu aToM compoTnB-
JeHHe GeTOHA B OJHHX ciyyanx (NP ABYX- MJM TPEXOCHOM CEATHM) 3HAUM-
TeAbHO yBeJWUMBaeTcA, B Jpyrux - (NpH TpexocHoM DaCTAKEHHH, HBYXOC-
HOM CEATHM-DACTSREHHH, TPEXOCHOM DACTAXEHUU-CRATUM-CEATUM ¥ DACTARE=
HUM-DECTAKCHUN-CRETHN) MpH HeACTBNM HUBKMX CRMUMAOmMX HANpAXEHHRA co-
XpaHfeTCA M nanaeT, HaudHas ¢ ypoBHA 0,4 u Gojiee OT mpefeJbHBX A, .

Hs coorHomenus (24) caepfyeT, uTO OCHOBHHMHM (G830BHMM) XapaKTe-
PHCTHKAMA ABIAETCH - CONPOTHBAEHHe GETOHA OHOOCHOMy cxaTp . =R/,
BEJMUMHA KOTOPOro GAM3KAa MO BeAMuUMHE K €ro NpPM3MeHHOH mpouHocTH, H
OIHOOCHOMY DaCTAXeHMD R, , a M3 cooTHomenu#t (33) u (34) - HauaibHHe
MOZyaM ynpyrocTH GeroNa mpu cmatuu £, (pacramenmu £, ¢ ), npu uMc-
ToM cupure (G, u o6wemom cxatuu (pacramenuu) Ky M cooTBeTCTByDmHE
Monynn mombx nedopmamyit ~ £, ( 4, Rop )y Ega 1, Ry ), 6,(n,5, 4) u
Kg (4,6,5.) - saBucsmpe OT ypOBHS / W MNpejeJbHHEX 3HAUGHH] Hanps-
mewut R, ., R, , S, ué.

PaccMoTpuM XaparTep M3MEHEHHS 3TUX X8PAKTEDHCTHK C DOCTOM HATDYy3-
KM Ha NpyMepe MOMYJA NOJHHX NPOJOJNbHHEX Nedopmaimit Tamenoroe GeToHa
PasiMyHEX MapoK MpPH OJHOOCHOM CEATHM, MOJYUEHHHX H8 OCHOBAHWM SAaBH=
CHMOCTH MEXLy HANPARCHHAMH M ZeQODMAINAME

%) B.Amm. Bausmme HEOJHOOCHHX (CJOKHHX) HANpsAXEHHHX COCTOAHMA Ha
NPOYHOCTbL M ,neﬁopnmma GeToHa, BKJNUaA 061aCThb, GJIU3KYD K paspyme-
HUD. - B KH.: [lpouHoCTH, WECTKOCTb M TPEmMHOCTOMKOCTDH Xeae306€TOH-
HEX KOHCTpykuuit, M., 19%
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2 8
Eo(n,Res) = Eo /(1% F(1,R)) = L) {14y (4+,—,—,,‘)),(42)
rae ‘= 0,I; B=24; y=2 Mla; 723,

Kax u panee™ amecs £, = 52000- R,/ (I8+ Rgz),a mpomoxsrue nedopua—
UMM MPECTABAGNM B BMEe CYMMM YIPYPHX &, , M MOYNPYrmx ¢, , nofopma-
i, Symxmus f (7, Rop) = €40/ €4 ¢ OMACNSACT N3MEHOHME MEYTIDYTHX
NpoRoAbHuX fefopuaiuit GeToHa ¢ pocToM npowsocTm R.. (puc.32). Tamoft
nojxo[ WomeT OMTh [PHUMOHUM K NpPH 3KCIGPHMOHTAABMOM ONPONGASHHH APY-
rux uonyxell nomMmx nedopuaipi GeToHa, MCNOAbIYEMEX B PACUSTAX MEOJ-
HOOCHMX HANDARGHMMX COCTOAHMR KoHCTPYXUMAd.

2. OCHOBHHE COOTHOWEHHA U3 TEOPHH [EQOPNALDE

Hecaeporanne nefopuaupi® NpoBOAMTCA C LEABD YCTAROBAGHHA 3&BHCH-
MOCTM MORLY KOMNIOHOMTaMs4 TOH30pa HanpsmeHMH &, M Tensopa medopma-
it ¢ij + WCXOZA U3 yCJOPNA, NTO COTOH B MAKDOOOBEME OJHOPOAEH K
W30TPONeH, T.e. 6ro MexaHWueckue cBOMCTBA OIHOPOJHH HE 3IABHCAT OT
OPHEHTAIMM CHCTEeMN KOOpIMHAT. [JIA GOJbWHHCTBA GeTOHHHX M xeje300e -
POHHMX KOHCTDYKIMA 3TH [ONymMeNHA He NMPUBOLAT K GOJbEAM NOTPEmHOCTAM.
OTcTynaeHus OT 3TUX ycIOoBUR MOTYT OHTL yUTeHH HA OCHOBEMHM GoJiee
CJIOXHOA TEOpUM W 3KCTEDPUMEHTA B 38BHCHMOCTM OT BUIa GETOHa,KIacca Ha-
TPYREHUA ¥ COOTHOMEHMS TJABHBX HaNpAXeHu# 6,: 6, : 6, .

B o6pasue ¢ ofHODOIHNM HAINPAREHHHEM COCTOFHUEM MOXHO BHOEIHTS
NPAMOYTONLHYD CUCTeMy koopmunar ¢ ocamm (¢, = I,2,3), B xoTopoit
raaBHMe nedopmanuu 0603HAuUMM uepes ¢&,, €, W &, . MX MaMepenue npome
BCEro MPOM3BOJWTH, HAMDHMED, C MOMOMbBO HAKJIE!BACMHX H& CBOGONHYD OT
HATPYSKA NOBEPXHOCTb 06pasiia (MMM B CMEUMANBHO BHIOJHENHHE Na3H-yT-
nyGneHua) MPOBOJIOUHHX TeHaopesucropos (I'OCT 21616-76) wau ¢ moOMoOmpD
3aKpeluieHHHX Ha ofpasle Temsomerpos (I'OCT I18957-73).

B ofmem cayuae Bokpyr moGO# TOuKM NpM HATDYESHWM NedopMHDOBAHHOE
COCTOSHME TeJia onpefelserTcA TeHsopoM mAedopmarm#t ( £ ) (cm.mpun.l),
KOTOPHI! MOXHO Da3JIOXHTL H& [Ba TeH30pa - mapoBo#t (& ) u JLeBHATOD
(2¢).

Bcecroponnee paBHOMEpPHOE CEATHE WM pACTAREHME XapaKTepusyeTcs
cpenHel BeNWUMHOR OTHOCUTENbHEX medopmarmit

®mun A.B. Hekoropue panmue o nefopMauMsX ¥ CTDYKTYDHHX M3MEHEHUAX
GeToHa MpH OCEeBOM CXATHM. - B kH.: HOBoe 0 MpOUHOCTH Eese3o6eToHa,

62

:—‘—Erp
£I,€
N
‘ x
AN
N
/ \\ o
NCE ]
= ‘\;\\\5 bod X
—— e2 L
B R = S
10 E7 50 10 Reg

Puc.32. 3aBHCHMOCTb MEXIy NPAIMEHHOR MpOUHOCTEM K g M OTHOCHTEJNLHOM
peauuMHOA HeyNMpyrux NMpojoabHuX nedopMaipi f = é',,,/ &y e TAEENOTO

KpYTHO3EPHHCTOro GeToHa
E "Z =Jx/kef = 0,98; 2 -7 =5x/paf= I

€= (6, 4Egt ) =6, * £, + E2)/T ,

KOTOpas UMCAEHHO PaBHa HOpMalbHOH cocrapasomelt nedopmaimii Ha OKTash-~
PUYECKOf TUIomanKe, PaBHOHAKJOHHOK K OCAM Lyasads

llpn axsnuse HedOPMMPOBAHHOTO COCTOAHUS LEBHATOD nepopuaruit Tena
XapaxTepuayeTcH WHBADUAHTHHMM BEIMUMHAMA £, U &, « OKBUBSJIEHTOM IO-
crepmHelt sBaseTca napamerp Joje - Hapau mo mepopmaupad - m, , Onpe-
nensompu#t HanpaBieHue fesuaTopa AedopMaipit (D, ) mpx ycnoBhM,  UTO
WX T'JaBHHE OCH W3BECTHH.

3. OCHOBHHE COOTHOUEHMA ¥3 TEOPWMA HAIIRFKEHWMA
o ananorux c TeHsopom Aefopmaiyit HaMpPAXEHHOe COCTOAHAE BOKPYT
J060/ TOUKM HATPYREHHOTO Tela ONpefelAeTCH TEH30DOM HAanpsmeHuR (5}
(cM.npua.1), KOTOpHA MOXHO DASJONATH Ha WAPOBOR (6 ) u mesuarop (2s).
BcecToponHee paBHOMepHoe cxatde (pacTsmeHWe) XapaKTepU3yeTcA
CPEJHUM HANDPAKEHUEM



6=(6,%6,%63)/3=(6,+6,+6,)/3 ,
UHCAGHHO pABHHM HODMAJNbHOR COCTaBIAMmE! HANPAKEHUA HA OKTaBpHuUEcKol
MAOCMANKS, DPaBHOHAKJIOHHMOR k ocsam I,2,3.

llpy aHaaM3e HANDAREHHOI'O COCTOAHHA NEBHATOD HATpsXeHult Tena xa-
PAKTEPH3yEeTCA MHBADMAHTHNMY BEJMUMHAMA S; U S, . JKBMBAJEHTOM MOCJEM-
Hell spaseTcs napamerp Jogme - Hagam no nanpsmeHusM - Ms » Omnpenenso -
myuil HaripaBienMe neauBTOpa HampsXeHm# (D ) NPU YCIOBMH, UTO WX TJIABBHHE
ocH H3BECTHH.

Tlpu Harpyxennn mo cxeme A (cM. n.7.I Hacrosmux Pexomenpauuit)kom-
MONGHTH TEeH30pa HANDAREHHI U3MEHADTCHA NMPONOPUMOHANBHO, & KOMMOHEHTH
TeH3opa Jedopmaimit — HEMpONOPLUMOHANBHO .

4. BIMAHME CIONHOI'0O HATPYEEHMA U PASIPY3KW HA
JIEGOPMAL[M ¥ COMNPOTHBIEHUE BETOHA

Kax yme rosopunoch pame, sabucumocTn (33) u (34) nossonspT yuop-
JIETBOPUTENIBHO ONUCATL 38KOHOMEPHOCTH MemILy AefopMaimsaMu U HanpameHH-
AMH NPH TPONOPLMOHANLHOM M MNPH HEKOTOPHX BHAAX HEMNpPOTOPLMOHAIBHOIO
HarpymeHns (C TPaEKTOPUAMM MaO! KDHBMSHH)HE CUMTAA CTANMD IMIATAIAX.

Tlpn nByXOCHOM CRATMM~DACTSMeHUM GHIO TPOM3BEIEHO HEMPOIOPUHONATh-
HOe Harpy®eHue,B TOM UACJe MPOCTOE JO YPOBHA NpPU OTHOMEHHU: OJf CRA-
Mapmux Hanpsamenuit - 6,/ A. (nporpamma A , ToukM A u Ay m T.5.), pas
PELCTATHBAOIMX - 65 /R, (nporpamms By, Touxu Br n By u 2.n.).
Harpymenue rnpoussomuan no cxeme, ykasaxHo# Ha puc.33 a,6 mpu pacno-
JIOREHHM TPAGKTODUA OTHOCHUTENBHO HANPABNEHHS OCH a6CUMCC HA MIOCKOCTH
6, /R. % 6;/R; nog yrnamu o u & = [+ F| , m.e. no mocTvmeHmn
HEKTOPOr'0 YPOBHA CRMMANMMAX UJY DACTATUBADIMX HanpsxeHu#t B  ofpasie
B COOTBETCTBHM C 3ajaHHOR TpaexTopueR MaMeHEHMS ONHOBDEMEHHO HAINpsA-
XeHER 6, K 6; . B sapucuMocTs OT TDAEKTODUM HATDYXEHUS 00e MHBADUAHT-
HH@ BOJMUHHH 6 M S; JM00 yBEJIMUWBAJMCEH, JHOO yMeHbWAJUch, JU60 G
YMOHBERNACH, & S, - YBEJUUMBAJACH

B npouecce rakoro Harpymenus sasiucumoctd (33) m (34) coxpaHsoT
CHIy NMpDH MOHOTOHHOM yBEJHUEHHH 6 U Sr (cM.puc.ID). [lpu peskodt uau
noxHofl pa3rpyske OHM He NpUEMIEMH, B oToM ciyuae 3aBHCHMOCTL Mexmy
HefopualiaMu ¥ HANDAKEHUSMA MORHO C M3BECTHHM MPUGIUEEHUEM MPUHATH
B BUfie npaMoR (cm.puc.I5, nuuus 6), HauMHammeNcAs OT TOUKHM, COOTBET-
cTByOmel Haualy pasrpyaku, M NpOXoiAmed MapaiiensHO NpsMoRt, coOTBeT-
cTByomel HaUAAbHOMY HATDYXeHUD (eM.puc. IS5, mnHus 9). MomHo oTMeTHTH
OCOGEHHOCTH CONPOTHBIEHHS GeTOHa IBYXOCHOMY CRATHO-DACTSKEHAD, KOTO-
pHe B OTOM Ciyuae ONMUCHBANWTCA ycjopueM (43) - cM.Huxe.
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Puc.33. TpaekTopHH CIOEHOT'O HArpyxe-
HMA GeTOHA B OIHTAX Ha JBYXOCHOE
cxaTue-pacTaxenne (a,6) 4 Ha Tpexoc-
Hoe HepapHoMepHoe cxaTue (B)

I - npefienbHOE CONMpPOTHBJIEHUE Ge-
TOHA NPH NPOCTOM HATDYXEHWH

Tlpw TPEXOCHOM HEPABHOMEDHOM CEATHM HENPOTOPIHOHAJILHOE HAmpyXeHue
OCYMECTBIANM [0 OCHOBHHM TDPAGKTOPUFAM, yKA32HHHM H& puc.33,B.

B COOTBETCTBMM C NEepBO# M3 NPUHATHX NPOrPaMM CHayaja NPOH3BOIMIM
PONOPLMOHANBHOE HATPYXEHUEe M0 TPACKTOPUAM, GepymuM Hauaso B Touke O,
KOTOpHE COOTBETCTEYNT DA3JMUHEM 3HAUCHUAM MapamerTpa i, (iyu OE mpu
Mg =1, ayu OF - mpu 0,5). llocae HOCTUREHWS OMNpPEAENEHHEX ypoBHeR
nanpsmenns (Toukn E u F) HarpymeHue MPOM3BOJMIN HENPOTIOPLMOHAJIBHO o
rpaekTopusM EB u FA mo paspymenus o6pasua. MomHO OTMETATH M3MEHEHHe
3HaueHut 6 , S; U M6 K HenpepHBHHI pPoCT HanpsXeHHA 6 4 Sr1 .

B COOTRETCTBMM CO BTOpoll mporpammoff NMpH HATPYEEHMM 1O JydaM CB
1 [B M3MeHANM TOJbKO 3HAUEHUS Sy U Sy TIpH 6 = Const 3 Te€e TPAEKTOPHA

HArPyReHUA MEeHAIach B [eBMaTOPHO! MIOCKOCTH.
Rapucumoctd  (33) u (34) geicTBUTENbHH W MPYX TPEXOCHOM HEPABHO-
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MEDHOM CRATHH, KOT[& B NpOLECCe CIOXHOTO HATPYKEHUS NPOUCXOLMT He-
NpepHBHOE yBeJWueHWe a3HaueHu#t ¢ u s, (cM.puc.24,a). llpu nocrenyomeit
pasrpyske 38BMCHMOCTb MEXLY HANPAXECHMSMH U nefopMalMAMM TAKEES MONHO
cunTaTh JMHehHON, T.e. NMpUHMMATbL B BuIe mpAMo#, BuXxonsme#k U3 ToOukH,
COOTBETCTBYNIEd Haually pasrpyakd W npoxojsmed napasUiesbHo mpAMolf,co-
orBeTCTByDUER Hauany Harpyxeuus (puc.24,B u 26,6,B,T).

[lpy HENponmopIMOHANbHOM HATDYyXeHWH 1o nporpamme A, (< = Q) -
[BYXOCHOE CEaTHe-DACTSAEeHUe 10 DasHHM TpaekTopusm - (puc.34,a) ycra-
HOBJIEHO, UTO €CJM HarpyxeHHe NPOMIBOJHUTL M0 TPAEKTOPUSM HUXE YDOBHA
AB 43 pas3HHX TOUEK OCM OpPJMHAT M TOJ DASHHMM YIJI8MH K TOPM3OHTAJH,TO
paspymeHde 0CpaslioB CleAyeT OXANaTh Ha ypoBHe kpuBoi 1. llosTomy ypo-
BeHb AB MOXHO Ha3BaTb KDHTHUECKWM, BHIE KOTODOTO B CTPYKType GeToHa
TPOMCXOJAT HeoGpaTMMHe WaMeHeHHA. [IpM HATPYXEHMM N0 TPAEKTOpPUAM, Je-
RamyM Bhle ypoBHA ABD, HauMHasd,HAnpUMEep, C YPOBHA AIBI nwm ABo, w3
PasJMuUHEX TOUEK OCH OpmMHAT mnop yraom « >0 (puc.34,a - ToukH ApsA.
«ee), OOPA3UN pA3pPYNADTCH PAHBNE — COOTBETCTBEHHO JHMHAM AOA' u AAT.
llpuuem TpaekTopUsM, OGpasylomUM YT/ AIA'O % A2A'IO, COOTBETCTBYIOT
ONHTHEHE TOUKM Ha& OCH aGCLHCC.

Junun paspymenus AjA', A AT onucuBawTch Popmyioft

6J=(Rt—{.61)€0$a(/(7“{)h’ (43)
rae 7 = 1/2; 5 = R, /R. - XapawTepHCTHKA XpyTKOCTH GeToHA; « -
yrom, OTCUMTHBAEMHA [0 UACOBOH CTpeike OT TODU3OHTEJM M XapakTe-—

pu3yomu#t cTeneHb M3MEHEHWA  OTHOWMEHWA HANpsmeHWi 6,/ g 3 To mpor-
pamme Ay

« = arctg n/m = arcly n/(f-{)"- Cosod = qrely {61/6J . (44)
llockoabky uucno Harpymenu#t B oTOM Ciyuae GyHeT 38BUCETb OT ypOB-

HA W yTJia HArDYyREeHUA « , TO MOXET OHTb NOCTPOEHO JGoe uUCO JuHMiA,
8HAJIOTMUHEX JMHMAM AJA' H AOA'I, XapaKTepU3ynmuX CONMPOTUBJIEHHE GeTo-

Ha paspymeHMD; Ha& OCH abCLMcC MM GynyT COOTBETCTBOBATH Touku A' u A’I
(cM.puc.34,a), KOTOpHE CBA38HH C yTJIOM o (OpMyJIoH

m=65/R, = cosf(1-71)" (45)

¥ KOTODHM, B CBOD OuU€pejib, COOTBETCTBYOT TOUKM, JEKALME He OCH OpIH-
HaT ¥ OMNpeJiejiAeMHe KaK

n=6,/Rc=sinad/(1-7)" , (46)
OTKyna tgsd = n/m, (47)
rne L=3/%.
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Puc. 34. K npoBepke COMpPOTHBIEHHS GETOHA B YCJOBMAX CJOXHOTO HArpy-
XEHUs TpU_ NBYXOCHOM CRATUM-DACTAXEHMM Ha O6DA3LAX M npemmngnxenm
?g.nxax) a) ¥ NpM TPEXOCHOM HEpPABHOMEDHOM CEATHM TOJbKO Ha 00pasuax

B,TI

"o ,4A,0,[0 - npocroe Ha.rgyteuue TP [OBYXOCHOM CEATHW-DACTAXEHUH,
o6pasny CcOOTBETCTBeHHO cepult 2,5,6 u 8 (a);

~ TO Xe, NP TPEXOCHOM HEePABHOMEDHOM CXaTuu - 00pasuH Ccepuu

I (6,8) u cepuu 2 (r): '

e 54,8, - To Xe, CIOXHOE HArDYXeHHE;

o, comm, ==m=m= - CJOXHOE HarpymeHWe NpH NBYXOCHOM CESTHU-
pacTaxenun (nBa TUMa MpeIHANDAKEHHHX 0aJIOK, PAa3IMUalIMXCA ypOBHEM
NPeIHAIPAREHNUS, COOTBETCTBEHHO BOJMSH M Ha HeATpanpHOM ocH, a Takme
V CmaThHX nook J-1o naHHeM A.B.flmuHa v JI.2.Bycaepa;

x - 10 xe, Ha HeltrpaiabHoW ocu-mo jaHHEM A.B.fmuna u 0.A.BopoGbe-
BA,
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[lo dopmynam (45) u (46) u 3anaPmUCh YrJIOM o MOWHO JErKO ro-
CTPOUTHL JWHUM paspyleHus.

[Ipy HenpOMOPIMOHANBHOM CJIORHOM HAIDYXEHWY 110 pA3TIUUHHM TPASKTO-
pusM no mporpamme B ( «,<7/2) - gByXoCHOe CraTME-paCTAReHue, a
TaKXe NPU TPEXOCHOM CXATHM [0 MpOrpamMMme, Korjga B OfHOM cCliyuae 6 =
Const npu Sy # Const w py; # (onst, 8 B LNPYrOM — BCe 3TH  [8paMeTpH
He CYTb KOHCTAHTH, YCTQHOBJEHO, UTO M0 CPaBHEHWD CO CJIy4aeM MpocTo-
ro HarpyXeHWd CHWREHUT COMpPOTHBIEHMS GEeTOHA MPaKTUUECKHM HO ITPOUCKO-—
gut. AHanmoruuHm#t QaKT yCTAHOBJNEH M B ONHTAX Ha JBYXOCHOe CmaTHe Ge-
TOHA& B MMPOKOM OMana3oHe HarpymeHWd.

TakuM 00pasoM, MCCHENOBAHUS OBYX— M TPEXOCHHX HAIPAKEHHNX COCTO—
AHMR GeTOHA MpU CXATUM B MMPOKOM WHTepBale U3MEHEHWA I'IaBHHX Hampi-
ROHUN , BKIYAA CIOKHHE HAPDYHREHW:,l0Ka3ald, UTO TAKMEe HANpAXKOHHHE CO-
CTOAHUA O6EeCIeuMBAaNT NOCTATOYHO BHCOKYI IapaHTHO HaJIeXHOCTH OeTOHa
N0 MPOUHOCTH MpH YCHOBUM COXPAHEHMA NAHHOI'0 HANPAKEHHOI'O COCTOSHMA.

B ToM cnyuae, xorma OfHO M3 IVIABHHX HANpKEHWR ABIAETCA DPACTArU-
BamMM Taxo# rapaHTun HeT. [loaTOMYy IIs COXpaHEHWH HALEMHOCTHM KOHCT-
pyKuMH HeoOBxomuMo ImMG0 ofecrneunTs BOCHpUATHE apMaTypolt pacTaArdBan-
mUX HampAmeHuR, aM60 NMyTeM NpenBapUTElbHOTO HANDAKEHWA apMaTypH He
HNOTMYCTUTH PACTAMEHUS.

5. OBECIEYEHME TOYHOCTH ¥ HAIERHOCTH
OKCHEPYMEHTAJIEHEX JIAHHHX

O6ecneuenne TOUHOCTH M HANEXHOCTH SKCNEPMMEHTAJbHHX NAMHHX HMe-
eT Goabmoe 3HaUeHHe IJIA IPOEKTHPOBAHMA, W3FOTOBJEHHS M 06ecneueHds
TpefoBanuit no pacuery mene300@TOHHHX KOHCTDYKUMA MO NMpefenbHEM CO-
CTOSMMAM repsoit U BTOpo#t rpymm, & Takme [JIA CHAXEHMA KoadduuueHTOB
3anaca M ONTHMH3AIMM MOJYUSHHHX De3yJbTATOB C 3aJaNHON SKCILIyaTalm-
OHHOR HANENHOCTBO KOHCTPYKLMH.

Or npapusbHOro pemenus 9Toft 3gmaun 3aBMCUT ycrex paGoTH Mo yh-
PaBIeHHD KauecTBOM CTDOMTEJIbCTBA M 10 3HOHOMWM MATEPHAIOB - GeToHa
¥ Mene3o6eToHa, OGBLEM KOTOPOTO HENPEPHBHO yBEIMUMBAETCH M K KOHLY
OJIMHHAIIATOR NATUIETKM COCTABAT OKOJNO 250 MuH.M°.

HeoGxoguMoCTE OGEcrieUeHuss TOUHOCTM M HANERHOCTHM PacueTHHX Xapak—
TEPUCTUK OETOHa NPMMEHMTENBHO K HEOJTHOOCHHM HANPSKEHHEM COCTOSHWAM
BO3JHMKAET B CBASH C ITPUMEHEHMEM DP3JMUHHX HECTaHOaPTU30BAHHEX &
CPeICTB M YCJHOBMA MCIHTAHUA M, KaK CHELNCTBME, B CBA3M C HEHUIEHTUU—
HOCTBD HANPAXEHHHX COCTOAHHA BOSHMKAWWMMX NPHU HUCNHTAHWM o6pasuoB. [lo-
3TOMy Cepbe3HOe BHHUMAHHMe NOJRHO GHTbL YNeJeHO paspaGoTKe Da3lIMUHHEX
METOJ0JIOrHUYECKMX ACTEeKTOB N0 yHMPUKalMu CPENCTB M CNocoGOoB HATpyme-
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HUA K namepenus Jedopmaru® GeToHa M ycuauii, a Takke MO CTATMCTHYEC-
Kol 06paloTKe BKCNEPUMEHTANBHEX [AHHHX M KDUTEPUEB UX OLICHKH.

OnHuM M3 TEPBOCTENEHHHX YCJHOBUHA TpM 3TOM SABISETCA BHIIOJHEHHWE MO-
nomenu#t nn.3.1 u 3.2 Hacrosmux Pexomenpammit, kacawmuxcs fopms u pas-—
Mepa ONMHTHHX 06pAasloB, JONYCKOB HA& MX OTKJIOHEHUA, HA OTKJIOHEHHS Mo
HEeMJOCKOCTHOCTH ONOPHHX T'paHeil M HempaAMoiuHelHocT# pedep (mepekoc).

He MeHee BaxMBHM yCJOBHEM ABJIAETCH BHIMOJHEHKe MNOJOMEHMA n.4.3
HacTosmMx Pexomenpaimit no oGecneveH¥o B o6paslie B HANDPABIEHWH CKATHA
ycuoBmit, GIM3KAX K OJHOPOJHOMY HANPSKEHHOMY COCTOSHUO (CHUXEHHE KOH-
LIEHTPALMA HANpPAMEHu#t ¥ TPEHMA MO ONOPHHM IDaHAM B MECTa8X KOHTaKTa
06paslia C ONOPHHMA MUIMTAMM HAIDYRADNEro yCTpoACTBA) MyTeM MCNOJNb30-
BaHWA PASIMUHHEX CNOCOG0B, B TOM UMCJ]e MPOKJA&NOK M3 2-3 CJlOeB LelLry-
JIOHJ& CO CMAa3KCH MX MMOBEPXHOCTH TEXHUUECKAM Ba3€JMHOM WJIM COJHMO0JIOM.
Ilpy »TOM, MOCKOJbKY NPM3MEHHASA IPOUHOCTD ﬁef ABJAETCH OCHOBHHM IOKa-
3aTejieM COMPOTHBJIEHHA GeTOHa CRATHD, MPUHATHM 38 OCHOBY IpHU pacueTe
KOHCTPyKuu#, ee oGecrneuesde JExXUT B OCHoBe yciaoBus (I).

Puc.35,a npencrapaser coGol TMMMUHHI rpadUKk 3aBUCHMMOCTH MERLY
cpepHelt xyGuropoit mpouHocTso Gerona R mno I'OCT I0I80-78 u ero compo-
THBJEHHEM CEATMD K. = Ror , ONPEeJeHHHM Ha OCHOBE MCTHTaHMA MHOIMX
cepuit 06pasioB B COOTBETCTBMM C M.4.3 Hacrosmux PekxomeHzaumii. Jra
3aBHCHMOCTb MOXET GHTb BHpaxeHa fopmyioft

R, = (0,80 -0, 001 *R) «R , (48)

rie pemuunHa A,, = R /R, s T.€. MO 3HAUEHMD GIU3Ka K KoapduuMenTy
TIPU3MEHHO# NpPOYHOCTH.

Jins o6ecrneueHHs aHAJNOTHIHHX ycJjoBut npu pacTaxeHuu (cBoGomHOTO
PABHOMEDHOT'0 PACHMpEHMs B TONEpPeuHOM HampaBlieHHd y kpasd ofpasla) He-
o6xouMMo coGJONAaTh MOJIOXEHHMA N.4.4 HacTosmux PexoMeHjpaumit.

He MeHee BamHuM ABISeTCH NoJoxeHde n.7.I14, kacapmeecs NpOBEpKH
TOUHOCTH MOJYUEHHHX XADAKTEPUCTHK GETOHA C TIOMOmbI CTATUCTUUECKUX
MEeTONoB., M mpu OJHOOCHHX ¥ NPU HEOJHOOCHHX MCNHTAHUAX OHUIM TNOJYUeHH
TIPAMEPHO OJMHAKOBHE OTKJIOHEHMA N0 MpouHocT# GeToHa: Npu AelcTsuu
TONBKO CRMMALIMX HanmpsxeHufl KooQPUIMEHT Bapuauyn He TpeBHmaeT=8%,
Mpu melicTBMM XoTA GH OJHOT0 pAcTArMBanNEro HanmpsxeHus = 12%, Ha puc.
35,6 B xauecTBe NpUMEpa JaHa TUIIMUHAA I'MCTOrPAMMA UACTOTH CONPOTHB-
JIeHns GeToHa CXATUO, NOJYyUEeHHAs NMpU MCIHTaHuM <8 06paslioB, KOTOpas
B CpeJiHeM COOTBETCTBYET HODMaJIbHOMY 3aKOHy pacmpenenenns (cpepgHee

SHAUEHME 6, M ero CpPefHeKBAJpPATHUECKOE OTKJOHEHWE S NPUBEEHH B
Ta6n1.3).
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