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CTPOMTEJIbBHBIE KOHCTPYKIINHN

YIK 624.072.2:624.014

A. H. KPETUHUH, acn., U. . KPBLJIOB, kaua. TexH. HayK, npod. (HoBocubup-
CKHI TOCYAaPCTBEHHBIN aPXUTEKTYPHO-CTPOUTENbHbINA yHUBepcuTeT (CubcTpun))

OCOBEHHOCTH PABOTbI TOHKOCTEHHOY BAJIKH
W3 THYTBIX OITMHKOBAHHBIX IPOPUJIEN

[IpuBoasiTcsl pe3yJsbTaThl SKCIEPUMEHTANbHOTO HCCJAENOBAHUSI TOHKOCTEHHOU OajiKh U3
THYTBIX OLMHKOBAHHBIX MPO(U/IEH C IesJpl0 M3y4eHHs HampsiyKeHHO-Ae(hOpMHUPOBAHHOTO CO-
CTOSIHUSI U BbISIBJIEHUS 0COOeHHOCTeH paboTbl TAKOW KOHCTPYKLHMH.

HHTepec K N€rKUM MeTaNlJHUUECKUM KOHCTPYKLHSIM TOI OT roja pacTeT
BBHY OOLIMPHON 06JIaCTH NMPUMEHEHUS TaKUX KOHCTPYKUMHA U 060CHOBAHHO
TpebyeT pa3pabOTKH HOBbIX KOHCTPYKTHUBHBIX (POPM U TexHoJ0orui. [Tonck my-
Tel yJelleBJeHHUs CTPOUTENbHBIX KOHCTPYKUHMH [J/151 HauboJiee pacmpocTpa-
HeHHbIX TposieToB (10 12—18 M) mpuBes K Wiee TEXHUUECKOTO DEIleHHsi C
UCIIONb30BAHHEM TOHKOCTEHHBIX THYTHIX MPO(UIEH, H3TOTABJUBAEMBIX W3
CTaJIbHBIX OLIMHKOBAHHBIX JUCTOB ToMHON 0,6—2,5 MmM. PaspabaTbiBaembie
TOHKOCTEHHble Oa/jiIKi MpPeNCcTaBJsiOT COO0H KOHCTPYKLHIO, COCTOSIILYI0 W3
TM05ICOB, AJIS KOTOPBIX MCIOJMb3YIOTCS THYThle C-06pa3Hble TPOMUIN U CTEHKH
B BHUJle€ CTaJbHOTO MpouaupoBaHHOTO JucTa. Maes 3aluuiieHa AByMs naTeH-
tamu PO [1, 2].

3a noc/jenHue HECKOJbKO JIeT aBTOPaMH ObLIM MPOBeNeHbl JKCIEPUMEH-
TaJibHble U TeOPeTUYECKHUe UCCeJ0BaHUs 0aJ0K U3 THYTBIX MpoduIel, a Tak-
JKe COeIMHEeHHH 3/J1eMeHTOB, UCII0Jb3YeMbIX B TAKUX KOHCTPYKLUHMsX. B Kaye-
CTBE IOMCKOBBIX HCCJEN0BAaHUH ObIM INPOU3BedeHbl HCIbITAHHS UeThlpex
KPYITHOMACIITAOHBIX MOJEJeH TPOoJeToM 3,2 M, BKJIHOYas BapUAHTBI C OIHO-
CTEHUYaTOH U JIBYCTEHUATOW KOMIOHOBKAMHU CeueHHs [3, 4] va medicTBUS co-
CpeloTOUeHHbIX cUJI. BenencTBue mocsentero pakropa ncyeprnaHre HecylleH
CrOCOOHOCTHU TMPOUCXOAMJIO H3-32 TMOTEPU MECTHOH YCTOHMUHMBOCTH CXKAThIX
TM05ICOB MO/ COCPENOTOYEHHBIMH CHJIAMH, YTO He T03BOJISI0 afeKBAaTHO Ole-
HUTb pe3epBbl HECYILEH CMOCOOHOCTH TAKWX CHUCTEM MpH OoJiee paluoHaJb-
HOU IJIT HUX PaBHOMEPHO paclpefieleHHOHW Harpyske.

BrinosiHeHHBle HcCe10BAHUS 0COOEHHOCTEH paboThl 6aNoK U3 TOHKO-
CTEHHBIX OLUMHKOBAHHBIX MPO(UIEH W PAa3JUUHBIX THUIIOB COEIMHEHUH TaKHUX
3/eMeHTOB [3, 4] M03BOIMAM YCTaHOBHTH, 4TO Haubosee 3PPEKTUBHBIM TH-
MIOM TOSICHBIX COeJIMHEHMH M COeJMHEHWH 3JeMEeHTOB M0 [JIMHE SBJSITCH
60/1TOBble (DPUKLHMOHHBIE COEIMHEHHS] C HCIOJb30BAHHUEM IMpPeABAPUTEJBHO
HanpsiKeHHbIX 601TOB M8, M10, M12 knacca mpounoctu 8.8.

JI1s1 mupokoro BHeIpeHHUs1 6a/l0K U3 THYTBIX NPO(UIeld B CTPOUTENBCTBO
JKeJlaTesIbHO TIPOBeIeHHEe SKCIIEePUMEHTANIbHOTO UCCIe0BAHNS TOHKOCTEHHOH
GaJIKH IPUMEHsIeMbIX B CTPOMTENbCTBE pasMepoB (IIposieT, BBICOTA CeueHus 1
T.I.) C Y4eTOM He MPUMEHSBIIMXCS paHee KOHCTPYKTHBHBIX DeIIeHHH.

Llesnb sKcrepuMeHTa: M3ydyeHHE NEUCTBUTENbHOHM PabOThl TOHKOCTEHHOH
Oa/IK{ U3 THYTBIX OLIMHKOBAHHBIX Mpodunert. OCHOBHbIE 331241 IKCIIEPUMEHTA:

1. Ouenka HanpsKeHHO-1e(POPMUPOBAHHOTO COCTOSTHUSI 3JIEMEHTOB 6aJl-
KU B YIPYrod CTaguu paboThl MaTepuasa.

2. OueHka BepTHKAJIbHBIX Ae(OpMaLMid KOHCTPYKLUHH B MpoLecce 3arpy-
JKeHHS.

3. [IpoBepka coBmecTHOU paboTsl C-06pa3HbIX MpoduIel B COCTaBe CxKa-
TOro rnosica GasKH.
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4. OnpenesieHre BJAUSIHUS XapakTepa 3arpykeHust Ha paboTy KOHCTPYK-
WU U ee 3JeMeHTOB. PaBHOMEPHO pacHpefie/leHHOH HarpysKoH, IpHJIOKeH-
HOH KO BCeMy IpOJIeTYy, U Ha IOJIOBUHY IIpoJieTa.

5. OeHKa HeOOXOAMMOCTH YCTAHOBKHM COEIWHEHHH B CTBIKAX JIHCTOB
npo(HaCTU/IA CTEHKH.

6. CpaBHeHHe TEOpPeTHYECKHX W IKCIIEPUMEHTAJbHBIX Pe3y/bTaTOB.

B BEINOJIHEHHOM HCCJIeIOBAaHUU NPOJIET SKCHePUMeHTaNbHOU OalKU OblI
orpaHuyeH rabapuTaMy CHJIOBOTO MOJa UCHBITATENbHON 1a00paTOPUU U MPHU-
HAT paBHBIM 9 M. IIpu npoeKTUpPOBaHUU 3KCHEpHMeHTaNbHON OaJKU Mpearo-
Jlarajacb BO3MOXKHOCTb €€ Ha3HaueHHsl B KayecTBe CTPONUJIbHOH KOHCTPYK-
LIMH MOKPBITUS 3[JaHUS CKJAACKOTO JMOO MPOU3BOACTBEHHOrO Ha3HAueHHS.

C6opka 6anku MpoU3BOAMIACH HA IJIOLIAAKEe CHIOBOTO IMoJa B JabopaTo-
pun HTACY (CubcTprH) ¢ npuMeHeHHeM TOJIbKO PydHOro uHetpymenTa (06-
pesHas MallWHa, 3JeKTPOAPe/b, LIyPyNOoBepT U AMHAMOMETPUYECKUH KJII0Y).
Tpynosarpatel Ha c60OPKY GaNKH COCTABUIU NPUMEPHO 4 desoBeKko-aHsA. Pac-
XOJl MeTaJjlia [/l SKCIepUMeHTalbHOU 6aku coctaBua 250 Kr; mpH miare 6a-
JIOK 3 M pacxoj MeTaJna coctaBut 9,3 kr/m2. B c/aydae UCMOJb30BaAHUS /IS
TeX XK€ YyCJOBUH 6aNK1 U3 MPOKATHOTO ABYTABPA PACXOM MeTasIa YBEJUUUTCS
npruMepHo B 1,8 pasa, /sl aHaJOTHYHOUM COCTABHOM CBApHOW OasKH, a TaKxXKe
aHasora M3 nepopHpoOBAaHHOrO AByTaBpa NpuMepHo B 1,6 pasa, mis 6as-
KHM-aHaJora M3 CBAapHOTO JByTaBpa ¢ ropHpoBaHHOU cTeHKOW B 1,4 pasa.

Ceuenue GaJKH UMeJIO ABYyCTeHYaTyi0 KoMmoHoBKy (puc. 1). Beicora ce-
ueHus «B cBeTy» (A) mpuHUManach paBHoi 750 MM, UTO COOTBETCTBYET pealib-
HOMY /151 CTPOUTE/IbHOU MPAKTUKH COOTHOLLEHHIO BEICOTHI CEUEHHS K TTPOJIETY
h/ L ~1/12. KoMnoHoBKa ceueHHsl GaJKH U NPOBEPOUHbIE pacyeT ObLIH Bbi-
TOJIHEHBI C UCTIONb30BAHUEM MH(OPMALKUH, NosydeHHoi panee [3, 4]. OcHos-
Hble pacyeTHble MPEANOCHIIKH ClelylollMe: TOHKas roppupoBaHHAs CTeHKa
He BKJIoyaeTcsi B paboTy Ha U3rub, U3rudaioumi MOMeHT B 6ajike BOCTIPUHHU-
MaeTcsl TOJBKO Tosicamu. [Ipu aToM cTeHka paGoTaeT Ha BOCIPHUSATHE MOIe-
pPeYHOH CHJIbl U PAaCCUUTBHIBAETCS HA NPOYHOCTb U MECTHYIO YCTOHUHUBOCTb OT
JeHCTBUS KacaTe/bHbIX HAalPSIKeHUH. YUUTbIBas (DAKTHUYECKUU MpeJes TeKy-
YeCTH CTa/M TOSICOB, pacdeTHas (MpoeKTHasi) PaBHOMEPHO pacrpeje/eHHas
Harpyska Ha 6a/ky cocrasuaa P ~ 880 krc/m. HopmaTusHas npoekTHas Ha-
rpysKa 1o KpuTepHo 1e(OpPMaTHBHOCTH COCTaBUIA Py, & 620 kre /M (K mpu-
Mepy, AJS OTallJMBaeMOro 3JaHMs, BO3BOAMMOro B ycsaoBusix IV cHerosoro
paloHa, TaKWe HArpy3Kd COOTBETCTBYIOT LIAry CTPOMUJBbHBIX OAJOK 3 M).
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C uesblo yMeHblLIEHUS YPOBHS HaNpsi)KeHHH B CKAaTOM BepXHeM Mosice
U TIPeI0TBPALLleHUS TOTePU UM MECTHOH YCTOMUYHMBOCTH ceyeHHe OajK{ MpPHU-
HTO HECHUMMETPHUHBIM. BepxHUH mosic 6ajku — KOpoOYATOro CeueHus W3
nByx C-06pasHbIX Mpodusield, HHUKHUU — B BHAE OJUHOUHOTO MPOQUIIS.
Bce npouan, ucnosb3yeMble B KauecTBe IMOSICOB, UMEIOT TOPHU30HTA/bHYIO
opueHTauui0 cTeHoK. [l mosicoB ucmosb3oBaituch C-o6pasHble NpouIH
no TY 1120-100-47515705-00, ¢ BbICOTOH ceueHHsi 152 MM, LIMPUHOU MOJIOK
40 MM ¥ TouHON 2 MM. CTHIKH PO UIeH Mo AyIMHe GaJKH BHITOJHSINACH Ha
npefBapUTebHO HampsiKeHHbIX 6oaTax M10 kniacca mpouynoctu 8.8 ¢ Ha-
KJIaJKaM{d M3 JIUCTOBOH CTA/NH TOJLUIMHON 2 MM, PACHOJOXKEHHBIMH C 00euX
CTOPOH CThlKa 3/eMeHTOB. [y BepXHero nosica HaK/JalK{ YCTaHABJIUBAJINCh
TOJIbKO B CTEHKax Mpodu/ed, A1 HUXKHEro 1osica COOTBETCTBEHHO HA CTEH-
Kax M Ha MoJKax npodusen, Ipyu 3TOM 4acTb OOJTOBBIX CO€AHHEHUH UCIOJb-
30Bajlacb OJIHOBPEMEHHO U B CTbIKaX 3J1€MEHTOB IOSICOB, U B MOSICHBIX COEMHU-
HeHUAX OaJsKu.

B kauecTBe CTEHOK Ga/KH MCIIO/Ib30BaH MPOMGUAMPOBaHHBIH JauCT (pod-
nactui) C44-1000-0,7 mo TOCTy 24045-94. Tohpsl npodHACTHIA OPHEHTH-
pPOBaHbBI TIOMEPEK MPOAOJABbHOU oCH 6anku. JIucTh mpodHACTHIA CTEHOK CABH-
HYTBI BJIOJIb MTPOJOJBHON OCcH OaJKK OfHA OTHOCHUTEJNBHO APYTOH HAa LIUPUHY
NOJIKK npoHaCTUIa, IPUKpenseMol K nosgcaM (cM. paspes 2-2 Ha puc. 1).
Kak nokasa/no unc/jeHHOe MOJeNHpOBaHHE, TAKOe KOHCTPYKTUBHOE pelleHHe
B OTJIMYHE OT CUMMETPUYHON KOMIIOHOBKH MO3BOJISIET YMEHBIINUTD J0KaJIbHbBIN
U3ru6 MosICOB B MJIOCKOCTH 0asloK Ha ydacTKe MeXXay MoJKaMU MpoHaCcTHA,
NPUKpeINJIsieMbIMM K T105iCaM.

Bri6op THnmopasmepa npohuaMpoBaHHOTO JIUCTa CTEHKH 00YCJ/I0BJIeH He0O-
XOIUMOCTbBIO YMeHbLIEeHHSs JIOKAJbHOTO U3ruba MosiCOB MPH MUHUMH3ALMHK pac-
xona Metasia. B mpogune C44 B oTsiuMe OT APYTHX THIIOB MPO(PHUIMPOBAHHBIX
JIUCTOB LIMPHUHA TJIOCKUX MOJIOK NPO(U/Is paBHA LIMPUHE TO()PUPOBAHHON yac-
TH U TI03TOMY TIPH CABUTE CTEHOK HA 3Ty BEJMUYHMHY yHaeTcs 00ecredrThb MOJ-
KpeIJIeHHe MOsICOB Ha BCeH AyiuHe Oanku. TosmHa npouIMpoOBaHHOTO JIUCTA
MPUHSATA U3 pacyeTa MPOUHOCTH Ha cpe3 U oOecreueHrnss MECTHOM YCTOHUMBO-
CTH «OTCEKOB» — Y4aCTKOB CTEHKH, OrpaHHYeHHbIX ropaMu NPopus CTEHKH
U rosicaMu OasiKu, OT NEeHCTBHUS KacaTesbHbIX HaNpsKeHHH.

Jns onpeneneHust akTHUECKUX XapAKTEPUCTUK CTaU TOSCOB U CTEHKH
OblIM TIPOBe/IeHbl HUCIBITAHUS CTAHAAPTHBIX 00pasuoB. /s mosicoB moJyde-
Hbl CjefylollMe MeXaHM4YeCKHe XapaKTepUCTUKH CTa/H: Mpefies TeKydyeCTH

. = 2850 krc/ cM?, BpeMeHHOe CONpOTHBIEHHE ,, = 4210 krc/cM?, oTHOCH-
TenbHOE yanuHeHHe = 23%; COOTBETCTBEHHO JJISl CTEHKH Mpe/esl TEKYYeCcTH

. = 2900 krc/ cM?, BpeMeHHOe cOmpoTHBIeHHe ,, = 4200 krc/cm? 1 OTHO-
cuTenbHOe yaauHeHne = 22%.

Bce Hecylme coenrHeHuUs BbINOJHEHB! (DPUKLHMOHHBIMU Ha MPEIBAPUTEb-
HO HampsipkeHHbIX Oostax M10 kmacca mpounoctu 8.8 mo 'OCTy 7798-70.
Bri6op nuamerpa 60/TOB Obl1 MPOAUKTOBAH KOHCTPYKTHBHBIMH TpeOOBaHUSMU
M0 UX pacrnoJ/ioxkeHuto B noskax C-o6pasHblx Nnpodusned. B kaxnom coenuHe-
HHMH TI0J] TOJIOBKY 60J/ITa U railKy ObIM YCTaHOBJEHbI alObl ¢ BHELIHUM AHa-
MeTpoM 20 MM M TOJIMHON 2 MM. BosThl, Wak6el U rallKu UMeJd LUHKOBOE
MOKPBITHE. DONTHl 3aTATHBaMUCh MPOTAPUPOBAHHBIMU AWHAMOMETPHUYECKUMHU
KJII0YaMH ¢ KPYTSIIAM MOMeHTOM 6,2 Krc-M, P KOTOPOM B 60JITax HOCTHra-
Joch ycunue pactskenus Py, = 0,7 Py, te P = A, ) (A, — nomwanp
ceueHHs: GOJITA HETTO, ,, — BPEMEHHOE COMPOTHBIEHHE Marephana GoJTa).
B kayecTBe KOHCTPYKTHMBHBIX (CBSI3YIOIIMX) COEIMHEHHMH /I OOBEIUHEHHs
npoduel BEpXHEro Mosica NPUHSATHl COeIUHEHHUST Ha CaMOHAPe3alolInX BUHTAX
d = 55 MM.

[Tpu c6opke 6a/iKu B epBYIO ouepellb yCTaHABIUBANUCh OOJTHI 1151 00be-
IUHEHWs HUXKHEro Mpogu/s BEepXHEro nosica U HUXKHEro mosica 6ajKku co
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CTEHKOH, 3aTeM ycTaHaBjuBajcs BepxHUH C-o0pa3Hblil MPOPHUIb BEPXHETO
nosica, NMpUKpeIJsieMbll K CTeHKe M0 TeXHOJOIMYeCKHM CO0OpaKeHHsSIM Ha
camoHapesaolMx BUHTax (cM. puc. 1). Tako# THM KpermseHus MpeanoJaraln
pasinuHyto 1e()OpMaTUBHOCTb COeJUHEHUH U COOTBETCTBEHHO Pa3HbIM Xapak-
Tep BKJIOUeHUS podusen nosicos B paboTy 6anKu. BeisicHeHUe 1eHCTBUTENb-
HOU pabOThl COCTABHOTIO C2KATOr0 Mosica ObLIO ONHOW M3 3aJa4 UCC/e0BaAHUS.
Jpyro# 3afayert skcrnepuMeHTa ObLJIO ONpee/eHHe BJAUSHUS HAJUUUs Coelu-
HEHMH B CTBIKAX JIUCTOB MPO(HACTHIA CTEHOK Ha HECYLIyI0 CIoCOOHOCTh Has-
KH{, IJI 4Yero Takue COeIMHEHWs BBUIY NepBOHAYa/bHbBIX MPEANOJIOKEHHH O
UX HeCyLIeCTBEHHOH pOJIM YyCTaHOBJeHbl He OblIM. [losicHble coenMHEHUSs
yCTaHaBJIMBAJMUCh B COOTBETCTBUU C YPOBHEM MOMePeYHOH CUJbl. MakcuMalb-
HOe KOJIMUeCTBO MOSICHBIX COeJMHEHWH [OCTHUrajoch B INPHOMOPHBIX 30HAaX
6aJsiKu, rae B KaxKJI0d MoJike ro)pa CTeHKH pasmelasock mo 4 6osra. B cepe-
IVHe TpoJeTa 6aJKH B KaKIOM COeIHHEHHH CTEHKH C MOJKaMH MOSICOB yCTa-
HaBJ/MBa/NOCh MO fABa OOJTA.

C uenbio BbIsIBIeHHS 3(D(HEKTHBHOCTH YCTAaHOBKM HAKJIOHHBIX pebep B
OIHOW M3 OMNOPHBIX 30H Oa/NKH € ABYX CTOPOH MO05ICOB ObIJIM YCTAHOBJIEHbl HAC-
Xonslpe packochl n3 jucra 2 120 mwm.

Kaxnas onopHas yacTb 6a/qKu BKIOUYala B ce6s 1Ba BEPTUKAJIBHO yCTa-
HOBJeHHbIX C-00pasHbIX MNPOQUIS, COeIUHEHHBIX CTEHKAaMH C MOJKaMH
npogu/el NoscoB U OAHOW U3 MOJOK C ONOPHBIM TOPLEBBIM JIUCTOM TOJIILH-
Hoit 6 MM (cM. puc. 1). Banka ycranos/ieHa Ha CTOMKH CHJIOBOTO 110J1a, OfHA
U3 OMOp — KAaTKOBOTO THMA AJ5 KOMIEHCALUHUHU NPOJOJbHBIX AepopMalui
OasKu.

O611ast ycTONYMBOCTb BEPXHETO M0sIca KCIIepUMeHTaNbHOH OaKH B MPO-
ecce HarpykKeHusi o6ecreyrBasacb HACTUIOM M3 TPO(UIMPOBAHHOTO JHCTA
H60-845-0,8, npukperneHHOro K BepxHeMy MOsicy GalKH caMOHape3allMH
BHHTAMH B KaXKJ0H BOJIHE, YTO UMHTHPOBAJIO HAJIW4YHe KPOBEJbHOTO HACTH/IA
B [IOKPBITUS IPU GeCIIPOrOHHON KOMIIOHOBKE. Y CTOMYUBOCTD 110J10KeHHs 6as-
KW ofecreyrBanach paMaMM U3 JepeBsSHHBbIX OPYCKOB, YCTAHOBJIEHHBIX C IlIa-
rom 1,3 M Brosb Ganku (puc. 2). JlepeBsiHHbIE DaMbl He NPENATCTBOBAIM Bep-
TUKaJbHbIM TepeMellleHUsIM OajlK{d B MpoOllecce HCIbITAHUS.

JI151 oLleHKH HamnpsiKeHHO-1e()OPMUPOBAHHOTO COCTOSIHUS OAKH HUCIOJb-
30BaJ/ICsl TEH30MeTpUUeCKUH KoMiieke. Ha nosica 6a/iku B ceueHHH, pacmoJio-
XKEHHOM Ha PaccTOsHUU X = L /2 0T onop, HaK/JIeMBaJHCh TEH30PE3UCTOPHI C
6asort 20 MM 1O TPU TEH30pPE3UCTOPA HA CTEHKY U 110 OIHOMY Ha KaXKIyIO M0JI-

Puc. 2. Banka B mpolecce HCIbITAHHS



Ky C-o6pasHoro mpoduss. Takue xe TpHU TeH30pe3UCTOPa HaKJIEHUBAIUCh Ha
HaKJIOHHBIE pacKockl. Kpome ToOro, B OMOpHBIX 30HaX 6a/KH Ha JJIHHE 10 1,5 M
OT OTOp Ha MOoJIKaX To(POB CTEHKH, IPUKPETIIIEMBIX K HHKHEMY MOsICY, yCTa-
HOBJIEHBI PO3e€TKH M3 TPeX TEH30pe3UCTOPOB ¢ 6a3ou 5 MM. Takue po3eTKH
pacrosiarasuch Ha paccTossHHH 10 ¢M OT OCH HMIKHEro Tosica.

OnHOBpeMeHHO 3aMepSINCh TPOTHOBI 6ATKH B CEUEHUSX X = L/4,x=L/2
oT ormop ¢ nomolikto nporudomepos tuna [TAO-JINCH u nonepeunsie nedop-
MallMH TO(pOB CTEHKH B OMNOPHBIX 30HaX Oa/JKH C MOMOLIBIO MWHAMKATOPOB
YacoBOro THUMa C LeHOH JeneHust mkanabl 0,01 mm.

Banka B mpouecce ucnbiTaHus padoTasna 1Mo OAHONPOJETHOH Pa3pe3HOU
cxeme. HarpyxeHue 6anku OCyLIECTBJ/ISIOCH B BA dTAra: C HECHMMETPHU-
HBIM U CHMMETPUYHBIM pacrpeleeHdeM Harpy3KH Ha IPOJeT.

Ha nepBom sTamne 6ajnka HCIBITBIBaNaCh HECUMMETPUYHBIM HarpyKeHH-
eM paBHOMEpHO pachpeje/eHHOH Harpyskoi Ha ydacTke L /2, Mpu/I0kKeH-
HOU CO CTOPOHBI HAKJOHHBIX pebep 10 MaKCHMaJbHOrO 3HaUeHHUs Harpy3Ku
P = 650 xrc/ M, 4TO 10 NpefBapuTeNbHOMY pacyeTy obecrneyuBajso paboTy
CUCTEMBl B YNPYrod CTaauH.

B KauecTBe HarpysKku UCMoJ/b30BaMUCh CTaHAAPTHBIE THPH Maccol 20 Kr 1
6axu emKocTbio 1,2 M3, 3anosnusemsle Bogo# (cum. puc. 2). CTyneHu Harpyxe-
uus coctaasiau 5—10% oT npeanonaraemMoi npeae/bHOR Harpy3KU Ha GanKy
C BBIIEPXKKOU Mexny 3arpykeHusimu 15—20 muH. Ha kaxknou cTynenu Harpy-
JKEHHUS TPOU3BOAMIACH PETUCTPALMS TOKa3aHUH TeH30PE3UCTOPOB U APYTHX
npubopoB. I'paduk mporn6oB GajKu MOKasaH HA pHC. 3.

1200 | |
P ax= 1050 krc/m
(LLS PRy vy g — i s =1
np)= KIC/NM—— Y
max YR T T —T | Cragusi
P,=810 krc/m Craauns ynpyronnactu4eckom nnacTu4eckomn
s 800 paboTbl -+ pabotbl
© Otan |
: R .
g 6001V 3
> [ / 3
© ! / 3 +3
T 4004 —— =
1 N g
>
! i
200 ! &
) -
f \E?Tan Il O
0

0 20 40 60 80 100 120 140 160 180 200 220
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Puc. 3. T'padukn nporu6oB Gajnxu

Ha BTOpoM 3Tame ucnbiTaHHe MPOU3BOAMIOCH PABHOMEPHO pacIpeaeseH-
HOU Harpy3Kou Harpy»KeHueM Ha BecChb IPOJIeT 0 MOJHOTO hcueprnaHus Oal-
KOH Hecyllel CoCOOHOCTH, KOTOPOe HACTYIHJIO BCJEACTBHE BSI3KOIO paspy-
LeHUs HUxKHero nosica (puc. 4, 6) ¥ MPaKTHYECKH OJHOBPEMEHHO MOTEPH Me-
CTHOH YCTOMYMBOCTH CTEHKHM BepXHero npouisi cKaToro mosca.

Ananusupys rpaduky nporu6oB 6anKu, MOXKHO BbIIETUTb HECKOJBKO CTa-
IUi ee paboTHI.

Aran I [lpu 3arpyxeHnu 6askd paBHOMEPHO paclpesieleHHOH Harpys-
KOU, MPUJIOKEHHOH K TI0JIOBHHE TIPoJieTa, 10 YpoBHS 650 Krc /M, 3aBUCHMOCTD
o0UMX neopMalri OT Harpy3KH JuHeHHas. MakcuMasibHble OTHOCHTEJbHbIE
nedopmauyu cocrasuiu [/ L ~ 1,/690. [Tocae pasrpysku ocTaTouHble nedop-
MaluM He npeBbimany yposHsi [/ L ~ 1 /3000 (B npesesax mOrpemHoCTH U3Me-
DEeHHMI), 4TO TOBOPUT 00 YMpyrok paboTe GasKH.
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Puc. 4. TloTepsi MeCTHOH YCTOHYHMBOCTH TIOJIKHM MPO(MHACTHAA Y TPOAOJIBHOTO CThiKa rodpos (a);
paspylleHHe HMXKHero nosica 6anku (6)

Atan Il Tlpu sarpyxenun 6anku Harpy3kou, paBHOMEPHO pacripeje-
JIEHHOW Ha Becb MpoJsieT OajikKh, OTMeualoTcs cJjelylolive CTaiud padoThL.

1. Cragusa ynpyroél pa6oTbl 6anku, B KOTOPOH MOXKHO BBIIEJIUTb JBa
ydacTia:

1.1. YuacTok JMHEHHON 3aBUCHMOCTH MeXXJ1y Harpyskou u aepopmauus-
mu (P —[) no yposus marpysku P ~ 600 krc/m (f/L = 1/370).

1.2. Yyactok HenuHedHoH 3aBucumoct P — [ ot P =~ 600 Kre /M
(f//L~1/370) no P~ 850 krc/m (f/L ~1/150), Ha npOTSKEHUH KOTOPO-
ro Ha6JsoanuCh feopMalliy MOJN0K NMPo(HACTUIA CTEHOK OalKU B CeYeHH-
X C HepacKpelJeHHbIMH rodpaMu B CThIKax JHUCTOB mpodHactHia (cMm.
puc. 4, a).

2. Craus ympyroniacTuieckoi pa6otsl, ot P~ 850 kre/m (f/L = 1/150)
no P~ 1050 krc/m (f/L = 1/56), xapakTepuayioleics pasBUTHEM M1aCTHYE-
CKUX Hne(OopMalyi B HHKHEM MOSICE Y HHTEHCHBHBIM POCTOM TIPOTHOOB.

3. Craaus niacTuueckoi pa6oThl 6aaku npu Harpyske P~ 1050 krc/m,
¢ pasBuTHeM nporu6os a0 f/L ~ 1/40, 10 MOJHOro McuepnaHUs Hecyllel
CMOCOGHOCTH B pe3ysbTaTe BSI3KOTO paspylleHHsi HWXHero nosica (cwm.
puc. 4, 6) B CeUEHHH C MaKCHMaJbHbIM H3THOAIOIMM MOMEHTOM M OIHOBpe-
MEeHHOH MOTepU MeCTHOH ycToH4yuBoCcTH cTeHKH C-o6pasHoro mnpoguJs
BEpPXHEro mnosca.

[IpenenvHoe cocTosiHME BTOPOH TPYIIBI, COOTBETCTBYIOLIEE PA3BUTHIO
nporu6oB [0 MpeaesbHOr0 HOPMAaTUBHOTO 3HAYEHUs], HACTYNUJIO TIPH HArpys-
ke P ~ 810 krc/m (f/L = 1/225).

[Tocne nemoHTaXa 1 pazdopku GaMKH Ha OTHAEJbHbIE 3J€MEeHThl TPOU3BO-
JIUJIaCh OLIEHKAa OCTATOUYHBIX Ae(OpMalLUU B CO€IUHEHHUSX 3JeMeHTOB, B pe-
3yJibTaTe 4yero OblJ CAesaH BbIBOA, YTO YIIPYTroONIacTUUECKUX CABUIOB B COEMIU-
HEHMSIX He TIPOUCXOIHI0. B ciyuae UCK/IIOUEHHS TTOTEPH MECTHON YCTOMYHBO-
CTH TI0JIOK NPO(HACTH/IA Y TIPOAOJBHBIX CTHIKOB JIMCTOB cTeHKH (cM. puc. 4, a)
y4aCTOK HeJUHEeHHOW paboThl B CTaAUM YNPyrod paboThl GaslkH, BEPOSITHO,
Obls1 Obl HCKJIIOYEH U00 YMeHblleH. B nanbHedeM Hcc/ieJ0BaHUU HeEOOXOAHU-
MO pa3paboTaTb peKOMEHAALMH 10 BBINOJHEHHIO COeMHEHUS CTblKa JIMCTOB
CTEHOK.

OKcrepuMeHTa/bHble U TeopeTHUeCKHe 3HAaYeHHUs HOPMaJsbHBIX Hamps-
J)KeHUH B ceyeHUM OasJKM B cepeluHe IpoJeTa MpU 3HAYEHUM Harpys3Ku
P =600 kr/m nokasanbl Ha puc. 5. CX0AMMOCTb Pe3y/ibTaTOB YI0BJIETBO-
pUTe/JbHAsA U HaxoAMTCH B mpenenax b5%. Hampsrkenus mo BbicoTe ceue-
HUS TI0SICOB paclpefensiloTcs HepaBHOMepHO. PasHuua opauHat GpuopoBbIX
HanpsKeHUH cocTasaser npumepHo 10% oT cpenHero sHaueHus Hamps-
JKEHUH.

KacaresnbHble Hanps:KeHUsI B IPUOMOPHOM «OTCEKe» CTEHKH OasKH pac-
npeessiioTCs MPaKTHYeCKH PaBHOMEPHO; CpeqHHMe 3HAYeHHs KacaTeJbHbIX
HaNpsKeHHH, COOTBETCTBYIOIMe ypoBHIO Harpysku P = 600 xrc/mM, cocra-
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-1068,1  -1068,1 -1085,5 Buan 540 xrc/cMm?.
[1aBHBIE pacTdruBaronme

-1058,3 -1058,3 HOpMaJ/IbHble HaNpsKeHHUsI
v v v OpPHEHTHPOBAHbl 110 OTHO-
-995,3 > K 10604 jjrenmio K MPOAOMBHOM OCH

A
JL

ropoB CTEHKH TOJ YIJIOM
< -820,1 35—-39°.
Ananmus paGoTbl Ha-
KJIOHHBIX PacKoCOB Oa/KH
s CBUETENbCTBYET O MaJoH
7857 8022 8142 ux 3(p(PEeKTUBHOCTH TpHU
MPUHSTOM B 9KCIIEPUMEHTE

KOMIIOHOBOYHOM M KOHCT-
E{ % g PYKTHBHOM pelleHHHd. TaK,
© ~ © HaKJ/JOHHBIE pedpa yMeHb-

1786,2 1786.2 LMY 3HAUEHHUS KacaTeJlb-
< = - HBIX HaNpsKeHUH B CTEHKe

tonbko Ha 10—-12% 1o
CpaBHEHHUI0O CO BTOpOH
onopHod 30HoH. OpHako
He0OXOIMMO UMETb B BULY,

4TO B APYrHX caydasx (Ha-
Puc. 5. dmiopsl TeOpeTHUECKUX M OPAMHATBI IKCIIEPUMEH-

TaNbHBIX HOPMasbHBIX HanpspkeHud (krc/cm?) B mosicax MPUMED, TPH HATHIHNH CHE-
npu P = 600 kre/m FOBBIX MELIKOB B ONHO- U

JBYXCKaTHBIX GalKax) yc-
TAaHOBKA HAKJOHHBIX peGep MOMKET OKas3aThCs KeJaTeJbHOH W HeOOXOMHUMOH.

CpaBHeHHe TOJyUYeHHBIX B X0/€e IKCIEpPUMeHTa 3HAaUeHWH HecyIleH CIio-
COOHOCTH Ga/JKu C pacueTHHIMHU (POEKTHBIMM) 3HAYEHHSIMH MOKA3bIBAET, UTO
(bakTHYecKas Hecyllasl CIOCOOHOCTh 10 KPUTEPHIO NOCTHXKEHUS HaNpsiKeHUH
B M05Icax YpOBHS Mpefesa TeKy4yecTH MpeBbICUIa PACUETHYIO, BBIUUCIEHHYIO
o (haKTHYeCKUM XapaKTepUCTHKaM cTaju, Ha 5%. [IpenesbHble mepemele-
HUSl Oa/JKH MPH MaKCHMaJbHOW Harpyske MPEBBILIAIOT 3HAUYEHHS TepeMelle-
HUH, COOTBETCTBYIOILUX HaYaJ y Pa3BUTHS MJIACTHUECKUX NedopMmanuil, 6osee
yeM B 4 pasa, 4TO CBUJETENbCTBYET O HAJUUUU B KOHCTPYKLMH 3HAUUTENbHBIX
3arnacoB MJAaCTHUECKHUX AehopMalui.

BoiBoabl. 1. DkcneprMeHTOM MPUHLUMIIHAIBHO f0Ka3aHa paboTocnocob-
HOCTb HOBOTO KOHCTPYKTHUBHOTO peIlIeHHS TOHKOCTEHHBIX 6a/oK M3 THYTBIX
OLUMHKOBAHHBIX CTAJbHBIX MPO(QUIEH C MOSCHBIMH GOJNTOBBIMU (DPUKIMOHHBI-
MM COeJIMHEHHUSIMH U BO3MOYKHOCTb MX HCIOJb30BAHUS B KaUeCTBE CTPOIMHJIb-
HBIX KOHCTPYKUHMH B MOKPHITHSX 3MaHUH U COOPYKEHWH Pa3JMYHOTO Ha3Ha-
YeHHs.

2. CpaBHeHHe TMOJY4YEeHHBIX B XOJe 3KCMEepUMeHTa 3HAaueHWH Hecylleh
CMOCOGHOCTH GajiK C pacyeTHBIMH (POEKTHBIMH) 3HAYEHHUSIMH CBHIETEJbCT-
ByeT O KOPPEKTHOCTH TEOPETHUECKUX TMPEAINOCHIIOK, HCIOJb30BAHHBIX MPH
NPOEKTUPOBAHUM OaJKH.

3. PacnpocTpaHeHure nosydeHHBIX pe3yJ/IbTaTOB SKCIEPUMEHTA HA APYyTHe
KOMITOHOBOUHBIE, KOHCTPYKTHBHbIE PEIIeHHs, B TOM UHCJe Ha MPOJeThl 6oJee
9 M ¥ BUIBI HArPY30K BO3MOXKHO TOC/Ie IPOBEIeHUST KOMIJIeKCa AOMOMHUTENb-
HBIX TEOpPeTHUYECKHUX W YMCJAEHHBIX HCCJel0BaHUH.

V — MecTa yCTaHOBKM TEH30PEe3NCTOPOB
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TEOPHUSA MHXXEHEPHBIX COOPY2KEHUH

YIK 539.3

B. I. TEJINYKO, kana. texH. Hayk, A. A. TPEIIEB, n-p TexH. HayK, npod.
(Tyabckuil rocyaapCTBEHHbIH YHUBEPCHTET)

OIIPENEJIEHHUE
HAIIPA2KEHHO-AE®OPMHUPOBAHHOI'O COCTOSIHHUSA
TPYBYATDBIX 2KEJIEBOBETOHHBIX OBOJIOYEK
INPA YUCTOM KPYYEHHUH
METOAOM KOHEYHBbBIX 9JIEMEHTOB

PaccmatpuBaercsi 3ajaua onpejesieHUs HaNpsKeHHO-1e(OPMHUPOBAHHOTO COCTOSHUS
LUMJIMHAPHYECKHUX 2Kese300€TOHHbIX 000J/I04eK ¢ MOMOLIbI0 pa3pab0TaHHOU aBTOpaMU KOHeu-
HO-3/1eMeHTHON Mozesu. [IpencTaBieHbl NpUMepbl pellleHUs 3a4ad O YUCTOM KPy4YeHHH LHU-
JUHIPHYECKHX 00pasloB dKcrepuMeHTanbHO HccaenoBaHHbix B HUMIKD, cnenan cpaBHu-
TeJIbHBIM aHaJ/u3 T0JyYeHHBIX Pe3yJ/IbTaTOB C pe3y/bTaTaMM IPYrMX MeTOJO0B pacueTa U IKC-
NepUMEHTOM.

B npencraBieHHol cTaTbe paccMmaTpuBaercs neopMuUpoBaHHe TpyOua-
TBIX 2KeJ1e300€TOHHBIX 000/I04eK C YYETOM YCJIOKHEHHBIX CBOUCTB: nedopma-
LU TIOTIePEeUHOTO CIBUTra, HEJUHEHHONW COMPOTUBJSEMOCTH OCHOBHOTO MaTe-
prasa, pa3HOCOMPOTHUB/SEMOCTH MaTepHasa, TPeLMHO0Opa30BaAHUEM.

Pelrenue mocrtaBieHHOHW 3alayd OCYLIECTBJSIOCH C HMCIOJb30BAHUEM
KOHEeUHO-3/1eMeHTHOH MOJIeJH, TIPeJIoKeHHo# apTopamu B [1]. DTta MaTema-
THYecKass MoJeJsb, OCHOBaHHAas Ha uccaenoBaHusax Kyka—IIuana—Tonra
[2, 3], mosBossieT y4ecTb PSAA YCAOKHEHHBIX CBOMCTB MaTepHasoB, TAKHX
KaK Pa3HOCOMPOTUBJ/SEMOCTb, CTPYKTYPHAsi aHU30TPOMHUS U T. 1., TO3BOJSET
NPOBOJAUTb aHa/IU3 Mpoliecca o6pa3oBaHus TpelinH. CrneunansHo paspado-
TaH W HCII0JIb30BaJCS TMOPUIHBIM KOHEUHBIH 3J€MEeHT, I0MYCKaIOUH Mpo-
U3BOJIbHYIO TPeYyroJibHyl0 (OpMy /5l MOBBILIEHHUS YHUBEPCANbHOCTH IpPH-
JIOJKEHHS] K peLIeHHUI0 Pa3JUUHBIX 3a/ay, C MATbIO CTelNeHSIMH CBOOOIBI B
yaae [1, 4].

Mopgens gedopmupoBanusa xkene300eToHHOU 000d0uKH. OueBU-
HO, UTO MaTeMaThuecKasi MoJe/b 1e(OPMUPOBAHUS KeJe300€TOHHBIX TpyOUa-
TBIX 000/104eK NO/KHA HOCTATOYHO TOYHO YUYMTHIBATH CHelH(HUUYEeCKHe 0CO-
OeHHOCTH CJIOXKHOU cpefibl «0eTOH — apMarypas Ha pas3/jM4YHBbIX CTagUsX
paboThl KOMIIO3UTA, ObITb BIIOJNIHE 0003PUMOH M MPAKTHYECKU peasn3yeMOH,
T.e. MOJe/Jb He MOXKeT ObITb MOJHOCTbIO CBOOOAHOW OT AOTMOJHUTEJBbHBIX
TeXHUUYECKHUX THUIIOTE3.

3anaun ﬂeqoopMHpOBaHHH Kese300eTOHHBIX 000/I04eK OyneM paccmar-
pPHUBATb B YCJOBUSX AKTHBHON IlquOpMaLLI/IH M TIPOCTOTO HArpYKEHHH, UTO To-
3BOJIsSIeT MPeICTaBUTb OETOH KaK HeJUHEeHHbIH MaTepHuaJs ¢ MPUCYLIUMU eMy
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yIPYyTronjacTH4ecKHMH CBOMCTBAMH, BIOJIHE YKJ/aIbIBAIOLIUMHUCS B «PAMKHU»
noTeHurasna neopmalui, npeanoxertoro B [5]:

W, =(A, +B,E)c? +(C, + D,E + E,ncos3p)t? + (1)
+[(4, +B,&)c” +(C, + D, &+ E,ncos3p)t?]",

rne A,,B,,C,,D,, E, w A,,B,,C,, D,, E, — KOHCTaHTBl NOTeHLHaNa;
€, N — HeKOTOpble rapMOHHUYECKHe (DYHKIHH, KOTOPble MOXHO TPaKTOBAaTh
KaK HOPMHPOBaHHble HOPMaJIbHble U KacaTeJsbHble HaNpsKeHHUS Ha OKTadpH-
YeCKOHU TJIOIIAMKE;

O, T — HOpPMaJ/lbHble U KacaTe/bHble HaNpSKeHUS,;

¢ — (Qasza HampsKeHUH.

Jedopmaunu mossydectd He yunTeiBaeM. OTpaHUYMMCS aHAJH30M Ha-
NPSKeHHO-1e(pOPMHUPOBAHHOTO COCTOSIHUS 000/104€K C OPTOTOHAJIbHBIM apMH-
poBaHueM cTepxKHAMU. PaccmMoTpum 060/104KH, pasMepbl KOTOPBIX B IJaHe
BEJUKH TI0 CPaBHEHHIO CO CPeIHHM pacCTOSTHUEM MeXIy apMaTypHbIMH
CTepKHAMHU. B KauecTBe Monesn /15l CTAAbHOU apMaTyphbl MPUMEM HeaNbHOe
ynpyromiactuueckoe Teso. [lpenmnosoxum, 4To apmaTtypa BOCHPHHUMAET
TOJIbKO HOpPMaJibHble HalpsiKeHHs B TMOMePeYHbIX CeYeHUsX, a ee KO3 PULHU-
eHTbl [lyaccoHa npumeM paBHbIMH HyJ/10. HanpsikeHus B npenesnax apMUpo-
BaHHbBIX CJI0€B 000JI0UKH ONpeNesuM KaK CyMMY HanpsiKeHUH B OeTOHe U ap-
MaType, a 3a yCcJ0BHe COBMECTHOCTH 6eTOHa U apMaTyphl IPUMeM pPaBeHCTBO
nedopmaui 3TUX OByX cpen. CpeluHHYIO MOBEPXHOCTb O0OOJOYKH MpeacTa-
BHM CeTbIO TMOPUIHBIX KOHEUHBIX 3/JeMeHTOB, pa3paboTaHHBIX B HUCCJ/EN0Ba-
HUM MoauuKauuu 12, ¢ yueToM pa3OueHHs 110 TOJIIKMHE Ha P (PUKTUBHBIX
c/0eB n.. 2KeCcTKOCTHble XapaKTEPUCTUKH, PACCUMTAHHBbIE AJIs LEHTpa (PUK-
TUBHOTO CJ/1051 JAHHOTO KOHEYHOrO 3J1eMeHTa, PaclpoOCTPAHUM Ha JIIOOble TOY-
KA (PUKTUBHOTO CJIos. 32 KPUTEPUU TOSIBJIEHUS TPELIMH B KayKIOM (DUKTHUB-
HOM cJioe GeToHa mpuMeM Kputepuii Banannuna [6]. Tak kak Ha yuacTke Mex-
Iy TPeLlMHAaMH CLeEIJeHHe MexXAy apMaTypod U OeTOHOM COXpaHseTcs, TO
BJHSIHUE PACTAHYTOro 6eTOHA yuTeM MpU momoiiu ko3dgduuuenra B. M. My-
pawesa. [Ipu HamUuKK TpeluH 6€TOH MOJeHpyeM TPaHCBePCaNbHO-U30TPOII-
HBIM TeJIOM C IJIOCKOCTbIO H30TPOINHUH, Mapasyej]bHOH MJIOCKOCTH TPelHH.

B 3aBuCHMOCTH OT KOHKPETHBIX YCJOBUH HANPSKeHHO-Ie(POPMHUPOBAHHO-
o COCTOSIHUST (PUKTHUBHBIX CJIOEB BbLAENUM CJIEIyIOLIMe TPYIIbL: a) GeTOHHbIE
cqou 6Ges TpeluH, 6) apMupoBaHHble (Ke/1e300eTOHHbIE CJI0M) 6e3 TPellyH,
B) GeTOHHbIE CJIOM C TPelMHAMH, I') apMUpoBaHHbIe (3ke/1e306eTOHHbIE CJI0H
C TpelIMHaMH, 1) apMUpOBaHHble (XKeJe300eTOHHbIE CJIOHM) C MepeceKaroly-
MHCS TpelldHaMH. PaccMOTpUM MoJeNHpoBaHHE KayKIOro U3 3TUX CJO0EeB.

BeronHbie ciou 6e3 TpemuH. [y 6eTOHHBIX CaJIOGB OyneM cuuTaTh Cripa-

BeIJIUBBIM 3aKOH Ae(DOPMUPOBAHUS = Y = , e , , =1,2 3.
0o ot
Torna, BBIIENMB KOMIOHEHTHl MaTpPHIbl TOAATIWBOCTH, TOJYUHUM
{e} =[Al{c}, (2)

rne A — marpuua 5 5.
Ay ={2(R, +2Ry) /3 +RE(3-2E%) / 3+ R, [E(Q2-7?) +
+4(5,; —265) /98y 1+ Rs[ncos 31 +£2) +2+/2E —2c0s 39 —v26 5 / S, 1} / 3
Ay =2(R, —Ry) /3 +(Ry +R, / 3)E +Rslcos3p (1-&) —/2E]} / 3;
A =R, /3 +2R) Ty /3Sy; Ao =Ars; Ay =R, /3 +2R) 1,5/ 3Sy:

A15 22(R4 /3_\/§R5)T23 /380, A24 22(R4 /3_\/§R5)113 /380,
Ay = (2R, /3+\/§R5)T23 / 38;



Ay ={2(R, +2R,) / 3+ R5[E(3-2E2) / 3+ R, [E(2-n?) +
+4(6 99 —201,) /98, 1+Rs[ncos 30 (1+E2) + 242 —2cos 30 —+/26,, / S, I} / 3;

Ags =22Ry —R3E3 + R, [E(2—1?) — (0, +09) / 35,1+
+Rs[V2n(0,, —049) /2 —mPcos3o 1} / 3;
Agy =\/§R5T23 /So; Ags =\ER5T13 /So; Ass =\/§R51712 / So;
Ay =202Ry —RM? +R,[E(2-1?) — (0, +0 )/ 3S, ]+
+Rs[\2n(01; —2655) / 2 —Peos3pl} / 3;
Ass =2{2Ry —R3M> +R,[E(2-1?) —(0,, +0%) / 3S, 1+
+R[N2n(6 4y —26,,) / 2 —n’cos3ol} /3,

rae R, — KOHCTaHTH MoTeHumana aedopmauui, npuBeaeHHble B [5];

Sg — MopyJ/ib BEKTOpa MOJHOrO HANPSKEHHUsI HAa OKTAdAPHUUeCKON MJI0MIaKe.
OueBUIHO, YTO MATpHLA YIpyrocTu [B] ajs Kaxaoro us HeapMUpOBaH-

HbIX GETOHHBIX C/J0€B KOHEYHOTO 3JeMeHTa MOeT OblTb BblpakeHa uepes

MaTpully nopatauBoctTed A:

[B]=[A]"". (3)

ApmvupoBaHHbie (kKene300eTOHHBIE) CJIOH. B Cry MPUHSTHIX BbIIIE I'H-
NoTe3 MMeeM

O11 =0pB11 7Os115 Og92 =092 +O0s22; Tio=Tpgres T13 =Tpi3, Toz =Tpaos, (4)
rae Oyy, gy, T; — HaNpsKeHUs B KeJe300eTOHHBIX CJIOSX; Opgos, Opiy,
O p;j — HanpsbKeHHUst B OETOHE »Kele300€TOHHOTO CJI0si; Ogyy, O g9 — HAIpsl-
JKeHHWsl B apMarype.

YcnoBue coBMecTHOCTH AedopMaldil 6eTOHA U apMaTypbl /15 Kese300e-
TOHHBIX CJ0€B MOXKHO MPeICTaBUTh C/AeLYIIUM 00pasoM:

€11 =€p11 =€s11; €22 =€R2 =€s22; Yi2 =V B12 =7 s125 (5)
Y1z =YB13="s13; Y23 =7 p23 =V s23:

Tae ey, €99, Y12, Y13, Y93 — KOMIIOHEHTBl ne(opMaluil »KeJe300eTOHHOrO
CJI0SI; €p11,€592,Y B12,Y B3, Y o3 — Aedopmannu 6eToHa B Kesne300eTOHHOM
CJI0€; €511, €592, €512, €513, €593 — HAePOpPMaLUU apMaTyphl.

Ha ocrose Boipaxenu#i (4), (5) moayynm MaTpuily ynpyrocTy A/si apMH-
DOBAaHHBIX CJIOEB:

[Bl=[AI"" +[Bs], (6)

rie Bgy = Esltyy; Bsgy = Esll g9; IpHYEM MpOYHe 3/1eMeHThl MaTpulsl 5 5 [Bg]

paBHBI HY.JIIO;

Es — Mopysb YIpPYrocTH Marepuasa apMaTyphl;

Wi =As / Siihs, Loy =A; / Sigohs — KO3(DPULKMEHTH apMHPOBaHHS B Ha-
TMpaBJeHUH OCEH X; U Xy COOTBETCTBEHHO;

A, — mnJowans ceyeHUs] apMaTyPHOTO CTEPIKHS;
Sty Sisg — 1Iar crep:kHeH, MapasiesbHBIX COOTBETCTBEHHO OCAM X| H Xo;
hS — CyMMapHasi TOJIIIMHA apMHWPOBAHHbLIX CJIOEB.

3ameTuM, 4TO KOMMOHeHTh MaTpuubl [A]™ B Bhipaxenuu (6) onpenens-
i0Test 110 hopmynam (2), B KOTOPEIX BMECTO HANIPSKEHHE O, IOKHBI (PUTYpPH-
pOBaTb HAMPSIKEHUS O g, .
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BetoHHBIN caoi ¢ TpemuHOu. [losaraem, 4To TpeuuHbl 6yayT 06paso-
BBIBATbCS, €CJH BBIMOJHSETCS YCJIOBHE!

04 +03 +3(1h +13; +18) (0,10 9) —(Ry, +R,)(0,, +0 99) +R,R, >0, (7)

rie Gy, Og9, Ti9, T3, To3 — HaNpsiKeHUs] B OeTOHE B MOMEHT TpellruHooOpa-
30BaHUS, pacCUUTaHHble HJIs LEHTPa (PUKTUBHOTO CJOS;
Ry, R, — mpezes npoyHOCTH GeTOHA MPU OCEBOM PACTSKEHHUH U CXKATHH CO-
OTBETCTBEHHO.

Bynem cuutath, uTo ¢ MosiBJAeHUEM TpeLIMHbl HeapMHUPOBAHHBIH O€TOH-
HBIU cJI0d B 06J1aCTH JAHHOT'O KOHEYHOTO 3JIeMeHTa MepecTaeT paboTarh, T.e.
npuMeM

[B]=0. (8)

Jonymenue (8) MOXKHO pacnpoCTPaHUThL U Ha Cjydail GETOHHBIX CJIOEB C
nepeceKaUMUCs TPeLMHaAMH.

2Kese300e TOHHBIN CJI0M C TPEMUHOM. B KauecTBe KpUTEPHUS MOBPEXK-
IeHus 6eToHA TpelIMHAMH TPUMeM YyCJOBHe

2 2 2 2 2
Oh11+C oy +3(Tfy + T35 +T13) — (9)
—(0 5110 p22) —(Ry + Ry )G g1y +0 pgs) +Ry, R, >0,
e O p; — HanpsukeHus B OeTOHe »KeJe300eTOHHOTO CJIOf;
Ry, R, — mpenes nmpouHOCTH O6eTOHA MPU OCEBOM PACTSIKEHUHU U CKATHHU CO-

OTBETCTBEHHO.

Yroa MeXy HOpMaJiblo K TPELIWHE U OCbIO Y| MOXKET OBbIThb orpeneJsieH us
COOTHOILIEHHUA

x1 =arctgl(o gy —011) / T19),

roe Cpy — IlepBble IJIaBHble HaMNpsi)KeHUs1 B OeTOHe, OlpelessieMble I10
dhopmyse

Oy =0 g +0 5y +\/(0'B11 —Opp)’ +41h1/ 2.

3aMeTHM, YTO MPHU BO3HUKHOBEHWH TMapasl/iesbHbIX OPYT APYTy TPELIrH B
00/1aCTH apMHUPOBAHHOTO CJ1051 JaHHOTO KOHEUHOTO 3JleMeHTa Haya/bHO-H30-
TpOMNHbIK 6eTOH MprobpeTaeT CBOUCTBA OPTOTPONHHU. B ¢BSI3U ¢ 3TUM yTpauu-
BaeTCsl NMPUeMJIEMOCTb MOTEeHUHA/bHbIX ONpeAessOlUX COOTHOLIEHUH, OpH-
€HTHUPOBAHHAS HA yNPYrolJacTHYeCKHUH, pa3HOCONPOTUBJISIOLANACS U30TPOII-
Hbl MaTepuaJs. [loaTomy 17151 TpecHyBILEro B apMHPOBAaHHBIX CJ0sIX GeToHa
NpoBeeM HEKOTOpOoe H3MeHeHHe MOJIe M, 3aK/uaiolleecss B CleAyIoLIeM.
[IpumeM cripaBeJMBOM IPUEMJIEMOCTD OTeHUHANbHBIX OTHOWeHuE (1) Tos1b-
KO [/ HalpaBJeHUH BOJb TPELUH, [le He HapylleHa 11eJ0CTHOCTh GeTOoHa.
B ykasaHHOM HamnpaBsieHUM (pU3HYeCKH HesHHeHHble CBOUCTBA OeToHa OyneM
annpoKCHUMHPOBATb CEKYLIUM MoayJ/eM Ep U ceKyLUM KO3(P(PHULHEHTOM Mole-
peuHbIX nedopMauui Vg, ONpeNesnsieMblX U3 ypaBHeHHSs

9;2 =A1*25211 +A;257322 =(0;22 _VBGZII)/EBv (10)

* Ed * * *
1.e. Eg=1/A5; Vg=—A15/ Ay, tie Ay, Ayy — KOMIOHEHTH MaTpPHIIbI
NOAATIMBOCTEH, pacCUUTBIBaeMbie 110 GopMyJiaM (2), B KOTOPbIX HAMPSKEHHs!
* * *
011,099 H€O6XO,£[I/IMO 3aMEeHHTb Ha O g1, O ggo COOTBETCTBEHHO, GBL'/' —_— HaHpH-

J)KeHusi B 0eTOHe, pacCuMTaHHble B OPTOrOHAJMbHOH CHCTEeMe KOOPAWMHAT
* * o g
X,0X,, moBepHYTOH OTHOCHTE/BHO UCXOAHOU cucTeMbl X OX, Ha yroa ;.

C Y4E€TOM H3J02KE€HHOTO 3aBUCHUMOCTHU MEXKIY ﬂeq)OpMaLH/IHMI/I W Harpsd-
XKEeHHUAMHU B HOBepHyTOIjI CHUCTEeME KOOpAuHAT MNpeACcTaBHUM B BUIE

e’} =14"l{o3}, (11)



rue

el _A1*1 A, O 0 0 | O sl
€5 Ay O 0 0 O poo
=17 1A'= A, 0 0 [ios)=1Tho
Yis Sim Ay O Thi3
Y2 A5*5_ Thos

Al =1/ (Ego); Ay =—vy / Ep; Agy =1/ Eg;
Ay =Ag =2(l+vy) /(Egw); Asy =2(1+V)/ Epg,
rje MoAy/ib AepopMaliy 6eToHa onpenesum BenrudnHokl Egzw (0 — ynkuus,

XapaKkTepusylolilasi cTeneHb paspyiuenust 6etona 0< @ < 1). Torna, BbINOJHUB
#* *
npeo6pazoBaHue KoopauHat U3 cucteMbl X; OXy B UCXOAHYIO, TOJYYUM MaT-

pUILy MOAaTIMBOCTel 115 TpecHyBiuero Getona (13) [AC]
OueBuaHo, 4to Matpuua [B] /s apMaTypbl TpecHyBILEro »KeJne300eTOHHO-
ro CJIOs B MCXOAHOM chcTeMe koopauHat X, OX, umeer Bun Matpuul [BS | pas-
s C c
MEPHOCTbBIO & 5, B KOTOPOH B = Eg Uy, Bsoy = Egooll 99, T11€ Egpy, Egg9 — cé-

Kylllie MOy feopMaluil MaTepraJsia apMaTypbl COOTBETCTBEHHO BJOJIb OCEH
X, v X,; ocTajbHble 3/eMeHThl MaTpHubl [B§| paBHbl HYyO.

Matpuiuy ynpyroctu ke/jie300€TOHHOTO CJI0sl MpelNCcTaBUM B BHUIE
[Bl=[B51+[Bs], [Bsl=[A°]". (12)

Jlnst Toro uto6bl ypaBHeHHe (12) GbLIO 3aMKHYTBIM, HEOOXOAMMO 3a1aTh
(PYHKLHMIO TOBPEXKIEHHOCTH ®. DTy (YHKUHUIO ONpeesuM depe3d KOd(PpHLHU-
et B. M. MypaiueBa y 5, yuuTbIBalOIKMK paboTy pacTsHyToro 6eToHa Ha y4a-
cTKax Mexay TpewmuHamu [7, 8]:

WS:ESH/(EB(")+ESH)’ (13)

rie E,, — MOAyJb yIPYrOCTH apMaTypbl B HANpaBJeHHH BIOJb HOPMAJU K
TpPeLIVHE,

E,, 25311H11C054X1 + Egoolt 2QSiU4X1- (14)

Pewasi coBmectHo ypasHenus (13) u (14) OTHOCHTE/NBHO ®, MOJYYUM

® =(Egi11c08" x; + Espoll posin® x,) (1/ g =1)/ Eg. (15)

Jlns BbYMCIEHHS] KO3(Q(HULMEHTa g BOCHOJIb3yeMCS 3SMIUPUYECKOH
bopmymon [8]:

Vs =1-07R, /oy, (16)

o % # #
B KOTOPOU O gy, =0,7R,,, TIe G|y, O g;; — HOpPMaJsibHble HAMIPSIKEHUS B 2KeJ1e30-
OeToHe W OeTOHe Ha MJIOLIANKAX, COBNAJAKIIMX C TPEIIMHOM.

PacnucaB ypaBHenue Gp, =0,7R,; ¢ ydyeToM mnpaBu/a npeobpa3oBaHUs
KOOPAMHAT HAamNpsiKeHUH O p;, MOJYyYUM HEJIHHEUHOe ypaBHEHHe OTHOCH-
TEJBHO O :

c c c 2 c c c L2
(BEi1e11 +BE12e2s +BisY 12) cos“yy +(Bioe12 +Biase s +BagY12)sin g + (17)
c c c ; —
+(Bjise11 +Basess +BhgsY 12)8in2x; = 0,7Ry,.

Pelilenre 3TOro ypaBHeHHSI CTPOUTCSI B paMKax MeToJa IMOC/el0BaTe b
HbIX IpUbaMKeHUH. [Jo paccuuTbiBaeMol (PyHKUHUH ® U IapamMeTpy ¥ omnpeje-
astotes Matpuua [A¢] u kommonenTs Matpuunl [B]

XKese300eTOHHBIE CJIOM C MepeceKarmuMucsd TpemuHamu. OueBH -
HO, UTO [IJIS1 7K€/1€300€ TOHHBIX KOHEUHBIX 3JIEMEHTOB C TPEIMHAMH MPH yBenuue-
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HHUU Harpy3kH MPOMCXONUT Oosiee MHTEHCHUBHBIM POCT IJIABHBIX HaNpsKeHHH B
HamnpaBJIeHUAX BJ0Jb TPELIUH, TJie He HapylleHa CILIOWHOCTb O6eToHa. B obuiem
cly4yae TeOpeTHYeCKH 3TH HaNpsKeHHsT MOTYT OKasaTbCsl PaCTSATUBAIOLLMMMU.
[Tocsie 06pasoBaHus EPBUYHBIX TPELLMH U BBINOJHEHHS CBSI3aHHOTO C 3TUM PO-
ueccoM orpanuuenus (16) nist ciyuas, Koraa HanpsKEHUs C gy U O gy SBJSIOT-
CSl PacTATMBAIOLIMMHU, HA HEKOTOPOM 3Tale Harpy>KeHHsl CTaHOBUTCS BO3MOXK-
HBIM MOBTOpPHOe cpabatbiBanue kputepusi (9). [Ipu nanbHeiliuem yBejnueHuu
BTOPOTO IVIABHOTO HAIPSIKEHHUsI B OETOHE O,y KeNe300€TOHHOIO 3/1eMeHTa MpH
O gy > O gy MOTYT BO3HUKHYTb BTOPUUHbIE TPELLMHbI, TepeceKarollile epBUYHbIE
U IepreHfUKyspHble HalpaBJeHHI0 BTOPOro IVIABHOTO HamlpsiKeHUs

O o =[0 511 +0 g —\/(0311 —0322)2 +4T122]/ 2.

[Ipu HaMMYUK TepeceKaIIUXCcs TPelIrH clielieHne 6eTOHa ¢ apMaTypoH
CTaHOBUTCS MeHee MPOYHBIM, Kak Mokasano B [4]. [TosTomy caenaem caenyro-
liee yNpolleHHe MOjeH. DymeMm cuuTaTh, YTO B Cjydyae MepeceKalolnuxcs
TPeLIMH B paMKaX IaHHOI'O KOHEUHOTo 3JieMeHTa paboTaeT TOJNBKO apMarypa,
T.e. MaTpHUlla yNPYroCTH NMPUHHUMAaeT BUJI

(Bl =B, (18)

rae mMaTpuua [BS] ompenensercs, Kak NOKa3aHO BhlLLe.

AJroputM pemeHHs 3agadyd o0 ompejesleHUH HaNpsKeHHO-Ie-
¢opMHPOBAHHOTO COCTOSHUSA TPyOUATBIX XKeJjie300eTOHHBIX 000J0-
yeK. B 1iesjoM 3amaua peirasach METOIOM TIOIIATOBBIX HATPYKEHUH B coueTa-
HHUM C METOIOM «IlepeMeHHBIX apaMeTPOB yIPYroCTH» — BAaPUAHTOM MeTola
nocJie0BaTeNbHbIX MPUOIHMKeHNH. Pa3paboTaHHbIA aJrOPUTM peLleHHs pea-
JIM30BaH HA aJTOPUTMUYECKOM OOBEKTHO-OPUEHTHPOBAHHOM $I3bIKE BBICOKOTO
ypoBHsi C++, ¢ mpuUMeHeHHEM cpelbl pa3paboTKH gpp pa3pabaTbiBaeMoro B
pamkax GNU Project u cBo6onHo pacnpocrtpansemom mno jaunueHsud GPL
(General Public License).

Omnpenenenne HIAC tpyOUaThiX 3/J1€MEHTOB HpPU YHCTOM Kpyue-
HUM. [l NpoBepKH TEOpHH, aHa/NU3a U CPaBHEHMS MCIOJb30BAINCh JaHHbIE
3KcrepuMeHToB, BoinosHeHHbX B HUMKDB 3. I'. Enarunem [7, 9]. Dkcnepu-
MEHTBI MPOBOMMJN Ha 06pas3lax KOJbLEBOTO CeYeHHs HapYXKHBIM JHAMETPOM
0,3 ™, BHyTpeHHum — 0,2 ™, pauHOM 3,34 M. Apmarypa AJsi TPOAOJBHBIX
crepxuer — kaacca A-IIl (npenen Tekydectn 6, =390 MIla, mony.ib ynpyro-
ctu E; =2-10° MIla), nuamerpom 12 MM, nomepeunas — knacca A-I (npenen
Teky4ectn O, =235 MIla, monynb ynpyroctu £ =21-10° MIla), auamerpom
6,5 mm. Ky6rkoBasi mpouHocTh 6eTOHA MpUHKUMAanach paBHoH ot 27 no 44 Mlla,
TaK»Ke BapbHPOBANUCb TaKHe MapaMeTphl, KaK KOJUYeCTBO CTEP:KHEH B ceue-
HUH /151 TPOLOJIbHON apMaTypbl U PacCTOSTHHE MeXKIy apMaTypPHBIMU CTePKHS-
MU /151 TIOTIepeYHON apMaTyphbl. BesnunHa MakcHManbHOTO KPYyTSILIEr0 MOMEeH-
Ta, /51 KOTOPOTO MPOBOJIUJICS pacyeT, B 3aBUCUMOCTH OT o6pasia KoJsebasach
ot 25 1o 28 kH - M. OnuH 13 TopioB 06pa3iia Gpascs KeCTKO 3alleMIeHHbIM.

Brlo uenbiTaHo fecsaTh 06pasloB: LIeCTb U3 HUX C HEHANpPsSTraeMoOd apMa-
typoit (OK-7, OK-2, OK-4, OK-8, OK-14 u OK-15) u ueTbipe — ¢ Hanpsrae-
moi (OHK-7, OHK-8, OHK-14, OHK-15), B KOTOpBIX MpeaBapuTeIbHOMY
HanpsKeHuo noasepraauck 50% NpPOAOIbHBIX cTepxKHeH. McmbiTanue Ha
KpydeHHe Mpou3dBoauan Ha creuuanbHoll yctaHoBke HUMZKB. Ilonpo6Heie
JaHHBbIE OMBITHBIX 00Pa3LOB, a TaKKe MeTONMKA X HCIBITAHHUS TPUBEIEHBI B
pabotax . I'. Enaruna [9]. B pa6ote pewens sagauu aas o6pasuos OK-14,
OHK-7. TlapameTpsl 00pa3loB MPUHUMAJIUCh CJEYIOIIHE:

1) OK-14 — npononbnas apmatypa kiaacca A-IIl 12 mm, 16 crepxued B
CeueHHH; ronepeyHast apmMarypa kiaacca A-I - 6,5 mm, mar 0,09 m; ky6uKoBas
npouHocTH 6eToHa Ha cxkathe 37 MIla; mpenHanpsiKeHWe apMaTypbl OTCYTCT-
ByeT; Koa(hduuuentsl apmupoBanus W ; =0,0369, Wy =0,0462;
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2) OHK-7 — nponosibHas apmarypa knacca A-III 12 mm, 10 crepxHei
B CeueHHH; nonepeuHas apmatypa knacca A-I 6,5 mm, war 0,05 m; Ky6uKo-
Bas TMpoyHocTH OeToHa Ha cxkartue 37 MIlla; mpenHanpsiKeHue apMartyphl;
Ko3(ppuuneHTs apmupoBanus W, =0,0664, W4 =0,0289.

3HayeHHs1 KOHCTaHT moTeHuuana (1) ompeneseHsl Mo JaHHBIM 3KCIIEPH-
MeHTa, KakK nmokazaHo B pab6orax JI. A. TosmokonnukoBa, A. A. Tpewesa u
H. M. Maruenko [5].

B cBoeit pa6ore H. WM. Kapnenxo [7] mokasan, 4To npaBuIbHOCTL MOJie-
JI1 B 00IIeM BUJe MOTYT XapaKTeprU30BaTh YIJbl 3aKpyunBaHusi. Pe3ynbraTel
pacyeTra yryioB 3aKpy4HMBaHHUsl 10 pa3pabOTaHHOW TEOPHUH [Js1 HEKOTOPBIX
BBILIEYTTOMSTHYTHIX 00pa3lioB MpuBeAeHbl Ha puc. 1, a, 6. Ha atux pucyHkax
LWITPUXMTYHKTHPHOH JINHUEH TIOKA3aHbl Pe3yJ/bTaThl, MOJYUEHHbIE C TPUMeEHe-
HUeM paszpaboTaHHOU Teopuu pacuera HIC, cniomHoNd JUHUEH — pe3yJib-
TaThl o Teopun H. M. KapneHko, nyHKTHPHOU JIHUHUEH — NAHHbIE KCIEPU-
meHta HUMZKDB.
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Puc. 1. O6pasupt OK-14 (a); OHK-7 (6)



ux10% m Ha puc. 2 BuaHbl nM3MeHeHUS
2,5 \ IJIMHBL 06pasia OT IeHCTBUS KPYTs-

mwero MoMmeHta M, ana o6pasLoB
OK-4, OHK-7. Cnenyetr 3aMeTHTb,
\ ) YTO U3MEeHeHHe JJIUHbI 00pasua sB-

15 Jagercss 9(pPpeKToM, IPUCYLIUM pPas3-
N HOCOTIPOTUBJISIIOILMMCS U [IUJIATH-
\ pYIOLIMM MaTepuasaM, TaKUM Kak
MoN 6eToH. B ciyuae HeyueTa pasHoco-
N \ MPOTHUBJASIEMOCTH 3(h(deKT H3MeHe-

0.5 N N HUSl IJIMHBI 00pasla OT YHCTOro

'~ :\ KPY4YeHHS] OTCYTCTBYeT.

= Cxema TpelMHOOO6pa30BaHUA
0 05 1 15 2 25 3
I m IJIS UCClelyeMblX 00pasLoB MOJHO-

Puc. 9 TI 5 _ CTBhIO COOTBETCTBYET AAHHBIM, yCTa-
uc. 2. epeMelleHus BAOJb 00pasyrolnux LU
IMHIpa 06pasua HOBJIEHHBIM B XOJIe 3KCIePHMEHTOB
| — OK-14, 2 — OHK-7 HUWXKDB, n pesynbraTtam, nosydyeH-
ubiM H. . Kapnesnko [7, 8] (puc. 3).
Ha puc. 4 nokasaHa 3aBUCUMOCTb YTJIOB 3aKPYUUBAHUS (0 OT KPYTSAIIETO MO-
MeHTa M, Ha pas/AM4yHOM paccTOsHMM oT 30HbI samemiaenus: 20, 40, 70 u 90%
JUTUHBL 06pa3ua [ =3,34 M.
CpaBHeHHe C 3KCMepUMeHTaNbHbIMU TaHHbIMU U Teopuert H. M. Kapnen-
KO CBHUIETEJbCTBYET 00 aleKBAaTHOCTH Pa3paboTaHHOW MeXaHHKO-MaTeMaTH-
YeCKOU MOJe/H, MPaBUJIbHOCTH PabOoThl pa3pabOTAHHOTO AJTOPUTMA M €ro
peanusaunu Ha DBM, a Tak:ke BO3MOXKHOCTH €€ MCIOJb30BAHHUS MPHU pelle-
HUM 3a7ayd 00 OmpejesieHUH HampsiKeHHO-1e(OPMUPOBAHHOTO COCTOSTHHUS
KeJsie300eTOHHBIX 000JI0UeK MPU KPYUEHHH.

JIMHUW, BOONb KOTOPbIX 06pasytoTcs TPELLUHbI
(TeopeTnyeckre aaHHble, NOMyYeHHbIe
C nomoLLbio paspaboTaHHOM MOAEnu)
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1 — 02334 wm; 2 —04-334 M 3 —0,7-334m; 4 — 093,34 m
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A. B. MUIIIEHKO, kann. TexH. Hayk, gou., 0. B. HEMHUPOBCKHUH, I-p
¢us.-mar. Hayk, npod. (HoBocmOGUPCKHMI TroCcyaapCTBEHHBIH apXUTEKTYPHO-
crpoutenbHbii yHuBepcurer (CubGcTpun))

YCTAHOBJIEHHUE CPOKA JOIYCTUMOM 3KCILIIYATAIIUHA
CJIOUCTBIX CTEPXKHEH B YCJIIOBUAX IMOJI3YYECTH"

,H.HH MHOTOCJIOHUHOTO CTEPKHsA NepeMEeHHOIro ceuyeHud 3agadya JTUTEJIbHOH NPOYHOCTH pe-
IaeTcqd Ha OCHOBE SHEPreTU4YeCKOro KpuTtepusda U MO}II/I(LpI/IL[I/IpOBaHHOI‘O 3aKOHa yCTaHOBHBmeﬁ-
Cd TMOJI3YyUEeCTH. AHHPOKCI/IMaLLI/IH KPUBbBIX MOJ3YUECTH JIMHEHHBIM 3aKOHOM C HayaJibHbIM CKau-
KOM l[qu)OpMaHI/II/I IMO3BOJISAET CYLUIECTBEHHO YNPOCTUTHL PelleHHe HadaJbHO-KPaeBbIX 3ajad U
npu 60JIbLIUX CpoOKax 3KCIJayaTalluu MOJy4aTb pe3yJbTaThbl y[[OBJIeTBOpI/ITe.}'[bHOI;I TOYHOCTH.

3anaua AJUTENbHON MPOYHOCTH MHOTOCJOUHOTO CTEPXKHS M CTePKHEBOU

CHCTeMBI pacCMaTPUBaeTCsl Ha OCHOBE HepreTHueckoro kputepus [1] u momu-

(UIMPOBAHHOTO 3aKOHA YCTAaHOBUBILENCS MON3YYECTH ¢ HaYaJ bHBIM CKAYKOM

nedopmamuu nonsydectu [2]. Kpusyto nonsydectu €, (f) matepuana anmpok-
CUMHPYEM 3aKOHOM

o B

e (t, T, 0)=e'UT, ) +n(T, 0)t. (1)

3mech BeJMUHHBI HayaJbHOTO CKauyka nedopMaiyu S(CO) U CTallMOHapPHOU

CKOPOCTH TIOJI3YYECTH 1 = € OTIPelesITI0TCS YPOBHEM JIE€HUCTBYIOIIEr0 HaIpsixkKe-

" PaGoTa Bbio/HeHa TpH (MHAHCOBOH mMopnepyxke rpanta PDDU, Homep mnpoekra
07-08-00152.
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HUst O U TemnepaTypel T. Boipaxkenwue, ananorudnoe (1), npumensinocs B [3, 4]
115 YCTAHOBJIEHHS Tpefesia 10J3ydecTH no mertony Maxk-Bertu. OGbHO
npsmas (1) coBmelaercs ¢ KacatenbHoH K KpuBOH €,(f) Bo BTOpo# craauu
MoJI3ydecTd JAMGO Ompeje/eHHBIM 00pPasoM anmpoKCUMHPYeT BCIO KDPHBYIO
T0JI3y4ecTH B UCIO0/Ib3yeMOM HHTepBase. rHopupoBaHHe epBOro caaraemo-
ro B (1) maeT WKMPOKO PacrpoCTPaHEHHYIO MOJIe/b YCTAHOBUBIIEHCS M0/I3yYe-
cru [2, 5]. Onnako ans MaTepuanoB ¢ HeGOJBIIMM 3aMacoM MJIaCTHYHOCTH
HeyueT AeopMaLMil IePBOK CTaAUM MOJN3YyYeCTH MOXKeT MPUBECTH K OLLyTH-
MBIM TIOTpelnHocTsIM [3], a ydeT uX, BHIIOJHEHHBIH Ha OCHOBE MOJeJel Heyc-
TaHOBHUBILIEUCS TOJ3YUYECTH A/ CUCTeM 061ero Buaa, obaagaer CyuecTBeH-
HOU TPYLOEMKOCTbIO. B cBfI3M ¢ ueM 31ech paccMaTpUBaeTCsl YIPOLIEHHbIH
JIMHeHHbIH 3aKoH (1), npuMeHeHHe KOTOPOro ABJASETCS BIOJHE ONpPaBAaHHbIM
TNPU PaCCMOTPEHMH IJIUTEIbHBIX CPOKOB SKCIIyaTallMh. PacueTsl, BBITOJIHEH-
Hble Ha OCHOBe 3akoHa (1) M 3aKOHa yCTaHOBHBLIEHCS MOJI3YUECTH, M03BOJIS-
0T T0J1yyaTh ABYCTOPOHHHME OLEHKH NapaMeTpPOB HampsiKeHHO-1e(opMHpO-
BAHHOTO COCTOSIHUS MIPU JJIUTEJNBLHOM Harpy»KeHWH M B CHJY HCIIOJb30BAHHS
ONHOTHUIHBIX 3aBUCHUMOCTel (Kak OymeT MoKasaHo HHKe) 00/1afaloT MasaoH
TPYAOEMKOCTBIO.

BesnvuuHy HauanbHOH nedopMalyi U CKOPOCTH AeOpMalMK ammpOKCH-
MHpPyeM CTeleHHBIMH 3aBUCHMOCTSMH BHA

e (T, 0) =B.(T)5"* ", n(T,c)=B,(T)c"", 2)
p=poe”, pelB,, By, ne,nyl 6=0/060, T=T/T,, t=t/t,. (3)

B (1),(2),(3)T, G, t — 6e3pasmepHble BeJHUUHBI TEMIIEPATYPBI, HATIPSXKeE-
HUSL ¥ BPEMEHH.

Bgegenve B mogeanb (1), (2) QyHKUMOHAJIBLHBIX MapaMeTpPoB M03BOJISET
peluaTh 3a1ayu pacueTa KOHCTPYKLMH, HCIIBITHIBAIOIMX BJIHSHHE HEOIHOPOI-
HOTO TePMOCHJI0OBOTO BosaekcTBus. [Tapamerpsl (3) mosyyaoTcss 06paGoTKOM
OTIBITOB, BBIMOJHEHHBIX /Il CEPUM DPAa3JHMUHBIX TEMIEepaTyp M HaNpsKeHUH
[3,4, 6, 7 u np.]. B HekoTopbIX M3 HUX [3, 4] HemocpeacTBEHHO MpPHBEIEHbI
BeJMYMHBI Hadya/JbHOH AeOpMalMK U YCTaHOBHUBILEHCS CKOPOCTH Aedopma-
LMK NP Pa3/JMUHbIX 3HAUEHHsIX TeMIepaTyphl M HanpsukeHUs. B quTepatype
W3BECTHBI M APYTHE CHOCOObI alMpOKCHMALKMHK TapaMeTpoB MOJeJel Moa3y-
YeCTH, 3aBUCALIMX OT TeMmepaTypsl [5, 7], Hallenye npuMeHeHye B IPaKTH-
YeCKMX pacuerax.

JToGasasist k (1) MrHOBeHHbIe Ie(hOPMALKUHU €,, TIONYUUM MOJHYIO nedop-
MaLMIO MPH JJIUTENbHOM T€PMOCHIOBOM HArpy’KeHHH.

et, T,0)=¢,(T, o) +£' 2T, 0) +n(T, 0)t. (4)

Cor/1acHO BbiiesieHHbIM B (4) TpeM 4seHam, pacCMOTPUM (PH3HUECKHE CO-
OTHOLIEHHS /IS CJIOMCTOTO CTEPXKHSI B MTHOBEHHOM, HauanbHOM (¢ (UKTHE-
HBIM CKa4KoM Ae(OpPMaUMi MOJN3y4eCTH) M YCTAHOBMBILEMCH COCTOSHHSAX.

B sokanbHOM cHcTeMe KOOPAMHAT XYyZ TeOMeTPUUECKYI0 OCh CTEPXKHS CO-
BMECTHM C OCbIO X, a TIOCKOCTb CUMMETPHH CJOUCTOTO MaKeTa, SBJISIOULYI0CS
TaKyKe U CHUJOBOU MJIOCKOCTBIO, — C MJIOCKOCTbIO yx. OTcUeTHAsl MIOCKOCTh
y =0 nMeeT NPOU3BOJBHYIO T€OMETPUUECKYIO TIPUBS3KY K CIOMCTOMY TaKeTy.
S CJI0EB CTEp>KHSI H3TOTOBJEHBl W3 PAa3JUUHBIX OMHOPOIAHBIX MaTepHuasoB
c obecreyeHHeM HJ€aJbHOTO MEKCJIOWHOTO KoHTakra. lllupuHa u BeICOTA
CeyeHMH CJI0eB 3aaHbl B (DYHKUMOHaNbHOM Buue b, =b,(x, y), h, =h, (x),
k=1,...,s. Yepes y,(x),..., s, (x) 0603HAUMM KOOPAMHATHI PAHHLL CJIOEB, IPO-
HYMepPOBaHHBIX CHHU3Y BBepX.

Cobutofjast M3BeCTHblE TeOMeTpUYecKue M (PU3NUeCKHe OrpaHuYeHwUs,
NpUMeM JIJIST OMUCAHUSI COCTOSIHUSI CTEPXKHS TPaJUIMOHHBIE COOTHOUIEHUS

e (x, y)=¢go(0)-x()y, e,(x, »=0 v,y =0, (5)
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N':_qxa Q’:qyy M':Q—i—mzy (6)

u'=¢g,, 0'=0 0=x, (7)
rae €y, K — gedopMalus U KPHUBU3HA OTCYETHOH OCH CTEPIKHS;
U, U — CMeIIEeHHs] TOYEK OCH CTePXKHs B HAlNPaBJIEHHH OCEH X, U
q., q,, M, — VHTEHCHBHOCTH BHELIHMX CHJ B HAIPaBJIeHHH OCEH X, y H

MOMEHTOB B TIJIOCKOCTH XY;
WTPpUXOM 0003HaueHO Au(depeHUnpPOBaHNEe 110 KOOPAUHATE X.

[IpononbHasi cuaa v U3THOAIOIIUH MOMEHT B S-CJIOMHOM CEUeHUU OTpefe-
JISIOTCS BBIPaKEHUSAMU

s Yk+1 s Yk+1

N(x) =) jokbkdy, M(x)==Y" jckbkydy. (8)

k=1 y, k:ka

MrHoBeHHOe coctosiHue. Dynem moJsiaraTb, 4TO COCTOSIHHUE CTepIKHS
B MOMeHT BpeMeHH ¢ =0 siBjsieTcs JuHEHHO-ynpyruM. [lpumem mns Hampsi-
XKEHHsI ¥ TeMIepaTypbl JUHeklHble B npenesnax kro caos (R=1,...,s) cooTHO-
LIeHHUS

o, (x, y) =E,[eo(x) —x(x)y —o,T(x, y)], 9)
T (%, ¥) = pos (X) + pi (X)y. (10)

[TapameTpsl TemmepatypHoi (ynxuuu (10) ompegenuM M3 cjeaylOLIKX
YCJIOBUH:

7—‘1()6, yl):tl(x)y 7’;()6, ys+1):ts(x)y
T, (x, Z/k+1)=Tk+1(x» !/k+1)» k=1..,s-],
Ay Pii (2, (x, _l/k+1) =7Vk+1plk+1(X)bk+1(x7 _l/le+1)a k=1..s-1]

rae E,, 0l,, A, — MOJIyJIb YIIPYTOCTH, KOS(D(PULMEHT TeMIepaTypHOro Pacilu-

DEHHS ¥ TerJoNpOBOJIHOCTb MaTepuaja k-ro CJos;

t, t, — TIpupallleHHe TeMIepaTyphbl Ha HAPY KHBIX TOBEPXHOCTSIX CTEPIKHS.
[Toncrasus B (8) coornowenus (9), (10), mosydum cucTeMy paBeHCTB

€9Dy —xDs =N + N;, (11)
—€9Ds +xD; =M+ M,,

Nt(x) = ZEkOtk [po,kAk +p1,kSk ], M[(x) =— ZEk(xk [pO,kSk + D1k ]k]
k=1 k=1

C KEeCTKOCTHBIMU XapaKTepPUCTHUKAMU YIPYToro CJOUCTOTO CeueHHS

DA(X):ZEkAk’ Ds(x)ZZEkSk, D](x):zEk[k, (12)
k=1 k=1 k=1
Yrv1(x)
(A, S, I, )(x) = J' b (x, YL, y, y*ldy.
yr(0)

[TosyyeHHas 3aMKHyTasi MuHelHas Kpaesas 3agada (6), (7), (11) umeer
clIeflyollee pelleHue

N(x)=N, —Iqxdx, Q(x) =Q, +qudx, (13)
M(x) =M, +Qox +Im2dx +”qydxdx,
u(x) =u, +NOISAdx+QOISSxdx+M0I65dx—

—jSAIqxdxdx+Jﬁsijydxdxdx+J85Im2dxdx +u®,

(14)
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0(x) =0, +N0I85dx+Q0I8,xdx+M0I8,dx—
(15)
—ISSqudxdx +IS,Iqudxdxdx+.[8,Im2dxdx +67

v(x) =0, +60x+NOII65dxdx+QOJISdexdx +Mojjﬁldxdx—

—J.J.Ssjqxdxdxdx+II8,quydxdxdxdx+J.J'8,'[mzdxdxdx +0", (e

u(”(x)zj'(NtSA +M,85)dx, 9(7)(x)=j(N[85 +M,8,)dx,
o () = [ [(V85 + M5, )dxdx, J'(...)dxzjg(...)dx.
0

3nece Ny, Qy, My, ug, 0y, vy — HauasbHBIE TAPAMETPHI, OTPaKAIOLINE CUJIO-
Bble U KHHeMaTudecKue (akTopbl npu x =0, a BeJUUUHBI

8,(x)=(D, -D2/ D))", 55<x>:%, 8,(x)=(D, -D2/ Dy (17)

0603Haua0T MOJATIUBOCTH cjouctoro ceuenus (D(x)=D;D, —D2).

Jlns onpefesieHHsl HauyalbHBIX MapaMeTpOB, BXOASLIMX B BHIPa’KeHHUS
(13)—(16), sanuceiBaroTcs 3 + 1, KWHEMATHYECKUX U 3 — 1, CTATHYECKUX IPa-
HUUHbIX ycaoBui. 0 <n, <3 — CTemeHb CTaTHYECKOH HEOMNPeeUMOCTH
crepxHs. [Ipy Hanmmumu NeOpPMHUPYEMBIX CBSI3eH (DOPMHUPYIOTCH YCJIOBHS
CMeIIaHHOTO THIIA.

CocTosiHME Ha4aJbHOTO CKauyKa aedopmanuit noasydyectu. Jlan-
HOe (MKTMBHOE COCTOSIHME COOTBETCTBYeT BTOPOMY C/laraeMoMy B COOTHO-
wenuu (4). Ilpunumas a1 Hero anmpokcumauuio (2), BHIpasuM Hampsixke-
HHE B k-M cJioe

l/”e,lz(T)BSk (T)*I/”e,/e(T). (18)

o, =sgn(ai°))00| e (yx, y)|
[Toncrasus ero B (8) npu yuete runorel (5), moJyuMM HeJMHeHHbIE CO-
otHomenus otHocutenbHo €1 (x), k' (x). Pemenue BosHMKalOmIeH TaKuM
06pa3oM HeJMHeHHON KpaeBOH 3aJaud MOXKEeT OBbITh BBINOJHEHO UMCJeHHbI-
MH croco6aMH, KaK MPaBUJIO, OCHOBAHHBIMU Ha HTePALMOHHBIX MPOLeLypax
MOCJIeI0BaTeIbHOrO YTOYHEeHUs ne(opMalui. YUuThBasA CKa3aHHOe, CPasy
JUHeapusyeM (hM3HMUECKHe COOTHOLIEHHS Ha OTAE/JbHOM IlIare, CBOAS HX K
cucreme pasencts tuna (11). 3anuiem nis storo Hanpsikenue (18) B 5kBuU-
BaJEHTHOM BHJe

1/ng -1

Or = Eer(£)el?, E.,(e?)=c,B, /" -|8(C°)(x, y)| (19)

C TMepeMeHHbIM /IS k-ro MaTepuasna MopyneMm E.,, 3aBUCALIMM OT Jedopma-
wnn €9 Cornacro (5), npunnMas a5 1eOpPMALMHK Ha i-M IIare UTePaLHOH-
no#t npouenypsl € =¢lll —xly sapukcuposas mopyan Eg, (1) o
pesyJ/ibTaTaM MpeablayIIero mara, noayuum Ha ocHose (8), (19) kasunvnen-

HYIO CHCTEMY
8[(;'][)2‘—1] _xli [)gifll — N[il7

S | (20)
_8[6] D,[SL_I] +KMD£L_1] = Ml

C CeKyIIMMU KeCTKOCTHBLIMH XapakTtepucTukamu ceuenuii DI (x), sapucsamm-
Mu 0T 0606menHbx nedopmari el 1l (; —1)-ro mara. Onyckas unmexc i,
yKaSbIBaIOHH/H‘/)I Ha HOMEp HuTepaluu, BbiBeAeM [IJisd CEKYIIUX JKECTKOCTeH
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D; =- iKk[fA (Yt) = fa ()] Ds == iKk[fS(ka) —Is(g) (21)
k=1 k=1

’

1/ng 1
0 0 .
8(0) —K( )y|

Dy ==Y Kl (o) =11 ()) [(9) =sgn(e®)n
k=1

b,G n el®
Ky =—00 [s@)=1a(9)| y+—"—| =G -y ||,
Bsk E 1+ﬂ£k K
2y (EQ new (&5

I (9 =Fa ()] y? y

1+7g, | k@ 1+2n,, (k@

TakumM 06pa3oM WMeeM JMHEapU30BAHHYIO HAa HTEPALMOHHOM Iuare Kpae-
BYIO 3a1auy (6), (7), (20), anamOrMUHy0 MTHOBEHHOMY YIPYTrOMY COCTOSIHHIO.
Peurenne ee umeer Bun (13)—(16) npu samene xapakrtepuctuk (12), onpene-
asioumx nonatauoct (17), Ha xapakrepuctuku (21). B xone urepauuonto-
ro TpoLecca yTOYHeHH s XKeCTKOCTHBIX XapPaKTePUCTHUK BBIMOJHSAETCS OThICKA-
HHe MapaMeTpOB HamnpsKeHHO-1e(OPMHUPOBAHHOTO COCTOSTHHUS.

CocTosiHME YCTaHOBUBIIEHCH MOJ3YY€CTH. DTO COCTOSIHHE COOTBET-
CTBYyeT KO3((ULMEHTY B TPeTbeM cJaraeMoM CooTHolleHHus (4) u onucbiBaeT
T0JI3y4eCTh CJAOMCTONO CTEPXKHSA TPH TOCTOSHHBIX CKOPOCTAX M3MeHeHHs ra-
paMeTpoB 1e()OPMHUPOBAHHOTO COCTOSIHUS ¥ CTALMOHAPHBIX (DYHKLMSAX HAPS-
xKeHHoro cocrosinusi. C yueToM annpokcuMauuu (2) HanpskeHue B k-M cjioe
3amuieTcs Kak

1/”Tlvk(T)B (T)—l/ﬂh,k(r)
nk :

o, =sgn(é,)og|é.(x, y)

OueBHJHO, UTO, UCTIOMB3Y$ A5 JHHeAPH3aLMH 334l BhIIIePacCMOTPEH-
HYIO HTepallMOHHYIO MPOLeAypy M NMPUHUMAs A1s cKopocTell nedopMaliuil,
corniacho (5), Boipaxenne ¢V =g lil g ®.lily nogyuum pewenue, anarno-
FMUHOE COCTOSIHMIO Hauya/lbHOro cKauka AedopMaluil. B nanHoM caydae cie-
JyeT 3aMeHHTh napameTpsl B, n, Ha By, n,, a GyHKUHH 1eOPMUPOBAHHOIO
cocrosinus e, k9, u, v, @ ma €Y, k0, 4V 0 6Y coorercTBenHO.

O6DbeIMHUB Pe3yabTaThl TPeX PACCMOTPEHHBIX COCTOSIHHE, Ha ocHoBe (4)
MOJy4HM CyMMapHble (DYHKIMH Ae(OPMHUPOBAHHOTO COCTOSHHS

A=A, +A9 +AD .t Alx, y) elu, v, 6, g, ] (22)

Lt omHOMMeEHHBIX (DYHKLHH, BbISIBJEHHBIX HA OCHOBE 60Jiee TOUHBIX MOJeNen
HeyCTaHOBHMBILEHCS MoJa3yuecTH, petenue (22) naet BepxHiow oueHky. Hux-
HsS OLIEHKA MOXKET OBbITh TAKXKe I10/JydeHa Ha ocHoBe pewenus (22), B3aroro
6e3 ydeTa cJjaraeMoro A(CO).

Hanpskenust u BHyTpeHHHe cuioBble daktopnl S(1) € [o, T, N, Q, M|,
NeACTBYIOIIME B KOHCTPYKIMH (B OT/iM4Me oT o6pasua), 6yayT pasiidHbIMU B
Tpex cocTosHMsX. Kak ussecTHo [5], mpu MmocTOAHHBIX HAarpyskax OLEHKOH
JNEUCTBUTEJNBHBIX (PYHKIUN S(¢) sBasitoTCst COOTBETCTBYIOIIME (PYHKUUU Ha-
YaJIbHOTO COCTOSIHUS S, W COCTOSIHUSI yCTaHOBUBILeHcs noasydect S,. Ilpu
60JIbLION IJIUTENBbHOCTH IKCILIyaTallui CUJIOBble (DaKTOPBI CTPEMSATCS K yCTa-
HOBHUBLIUMCS S, .

B ofuem cayyae [jsi CJAOMUCTOrO CTEpPXKHS MEPEMEHHOT0 CeueHHs U
CTepPXKHEBOU CHCTEMbI BBIMIOJHSIETCH YUCJEHHOE pellleHHe TMPH TOCIe0Ba-
TeJbHOM YTOYHEHUH (DYHKUIHH >KeCTKOCTHBIX XapaKTePUCTHUK W HaTpsKeH-
HO-Te()OPMHUPOBAHHOTO COCTOSTHHUS.

YcraHoBieHME cpoKa HONMYCTUMOM 3Kcmayatamuu. COOTHOIIEHHUS
(22) onmMCHIBaOT HEOrPaHMYEHHYIO MOJN3YYeCTb CJAOMCTOrO CTEpPXKHS MPH
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0<1?< . JIn5 ycTaHOBJIEHUS TNpeJe/IbHO JOMYCTHMOro CPOKa 3KCIIyaTaluuu
{« cJedyeT HCIOJNb30BaTh CllelHa/bHble KPUTEPUHU IJIUTEJIbHOW MPOYHOCTH
[1,5, 8 u ap.]. [Ipumem 3mech kputepuit [1], oramyarommitcs ot apyrux mpo-
CTOTOW M 6a3UPYIOMIMNCS HAa MUHUMAaJbHOM YHCJIe OTBITHBIX JaHHbIX. Anpoba-
LUSl ero Ha pasJMYHbIX CTEPXKHEBBIX W TOHKOCTEHHBIX MPOCTPAHCTBEHHBIX
koHCTpyKuHsAX [9—11 u np.] nokasana ynosneTBopuTebHbIE PE3y/IbTATHI, CO-
rJIaCyIOLIUECs ¢ TOYHOCTBIO OMBITOB Ha MOJA3Y4eCTb U AJUTEIbHYIO IPOYHOCTD.
Ynenbuyio suepruio nedopmauuu marepuana U(t., T) npu 3amaHHO#
Temnepatype 7 B MOMEHT pa3pylleHHs f» NpPeACTaBUM B BHIe

Ut., T)=U,(T) +UNT) +U (t., T) =U(T), (23)

rae U,(T), UAT), U,(t., T) — KOMIOHeHTbl 3HepruH, cornacHo (4), 0603Ha-

YaolIKe COOTBETCTBEHHO MITHOBEHHYIO SHEPTHIO; SHEPTHIO, IUCCHITHPYEMYIO B
MOMEHT Ha4a/IbHOTO CKauka Ae(popMalHi [0/13y4eCcTH, a TaKKe SHePrHIO, TUC-
CHITMPYeMYIO B X0Jie Ia/bHeHIIero npolecca ¢ MoCcTOSTHHOM CKOPOCThIO nedop-
MHUPOBaHHS K MOMEHTY f.;
U.(T) — BenvuuHa 3Hepruu, NpUBOAslIeH K paspylieHuio MaTepuana. B [1]
TpeaJIoKeHO ONPeesIATh €e Ha OCHOBE ONBITOB MTHOBEHHOIO PacTsKeHHUs 06-
pasLoB 0 pasphbiBa.

YkaszauHble KoMroHeHTHl Hepruu (23) npu neopMUPOBAHKH, COTNACHO
(4), onpenensoTcsi BhIPaXKEHUAMH

€e E(CO)
U = jcds U — IG(O)dezc(O)s(O)
ol 0
t £
U, (t)=fccndt=Wct, U. = jode, (24)
0 ol

rue WC =0, — MOIIHOCTb 3HEPTUH JUCCHUIIAIMU Ha 3Tare CTaLLI/IOHapHOIjI

CKOPOCTH MOJI3Y4eCTH;
€« < €, — AedopMaLusi, NpUHATAS MJIS UCUHCJTEHHUS NMpPeleJbHON SHEePTUH
U: < U
U nax — TIOJHAS TJIOIIAAb MTHOBEHHOH IMarpaMMBbl pacTsiKeHHs: o6pasua 10
necdopmauuu €,,.. B KauecTBe €: pekOMeHAyeTCsl MCIO/Mb30BaTh AedopMma-
{0, TIPY KOTOPOM HAYMHAETCS MHTEHCHBHBIH MPOLECC PA3BUTHS MIACTHUHO-
ctu. Jedopmauuu €,, €. comepaT MeXaHUUYECKyl M TemnepaTypHyw oT
KOMIIOHEHTBHI.

Jlist CJIOMCTOrO CTepKHsl, 3aHUMaiwliero mnpoctpanctso x e [0, /],
yelyy, ys,1] Kputepuit mmuTeNBHON TPOYHOCTH 3AMUIIETCS B BUIE

max [U,(x, y) +U(x, y) + W, (x, y)t.1=U.(y). (25)

Ha ocHoBe ero ycraHaBiuBaeTcsi IONYCTHUMBbIH CPOK 3KCIJIyaTaLUK
U.(y) -U,(x, ) ~U(x, y)

t. =min (26)
5y WC (x9 y)
Yuutnisas (2), (24), nns komnoneHToB 3Hepruu B (26) moaydnmm
U, =0502E", UL =0,B,|50[*", W, =0eB,[5.[™.  (27)

[Mpouenypsl Makcumusauuu (25) u muHumusauuu (26) UMEIOT CMBICT yCTa-
HOBJIEHHSI SHEPreTHYeCKH HauGoJjiee HarpyKeHHOH TOYKH B TPOCTPAHCTBE
KOHCTPYKLHH.

IIpumep pacuera. Onpenejaum CpoK IOMYCTUMOH IKCI/yaTalUH ABYXCJIOHHOTO CTEpXK-
Hsl epeMeHHoro TaBpoBoro ceuenus (puc. 1) npu Temmepatype 500°C. TIpuHATH caenyomme
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Puc. 1. CxeMa cTep:KHS

HCXOMHbIE MaHHbIE: Ay :hf“)(l -X)+ hfb))?, hf”) =100 ™M, hfb) =40 MM, x =x /[, HWKHHT
(mepsbii) cs10# BeIMOAHeH U3 cTanu DU-69, sepxuuit (8Topoit) caoit — us ctamu 10I2C.
CoriacHo OMbITHBIM AaHHBIM [3, 9] uMeeM cienyolive mapameTphl.
Cranp IU-69: Us =2 MIla, E; =200 ITla, B = 2471072, ne; =1,093, By =124-1075,
1 =3,098, o¢ =225 Mlla.
Cranmp 10I2C: Us =12 MIla, Ep =192 ITla, B9 =60,3 1073, g9 =492, Byo =767 - 1073,
nno =12,66, oo =138 MIla.

B cusy ogHopoagHocTH TemmepartypHoro nosst T(x, y) 1 NpakTHUeCKH OIMHAKOBBIX KO3(-
(hULHMEHTOB TeMIepaTypHOIo pPaclIMPeHHs O] U Lo B IAHHOHM OMCTa/bHOM Oaske Bblpa’keHHe
(10) npunumaer Bun T(x, y) = T u TeMnepaTypHbIX HAMPSIKEHUH He Bo3HUKaeT. OTCUETHYIO T10-
BepXHOCTb y = 0 COBMeCTHM C IpaHHUlel pasiesna ABYX cjoeB. st IUcKpeTH3aUuy (HYHKLHUH
HamnpsiKeHHO-1e(pOPMHUPOBAHHOTO COCTOSIHUST B MPOIOJbHOM HAMpPaBJIEHUH CTEPKEHb ObLT Pas-
6ut Ha 10 paBHbIX yacted. Ha puc. 2 mokasaHbl pacrpenesieHHsi HOPMaNbHBIX HampsiKeHHH
6 () Ha HapyKHBIX MOBEPXHOCTAX Y = y; = — hy(X), y = y3 = ho, BHIUMCJEHHBIX B TPEX COCTOS-
HUAX: MrHOBeHHOM ynpyroM (Y C), npu HauanbHoM ckauke medopmanmii (HC) u ycraHoBHB-
wemcs (YTT).

Pacnipenenenne HanpsKeHUH B IIONePeYHOM HANpaBJeHMH XapaKTepU3YIOT TrpaduKu
o(y) Ha puc. 3, MOCTpPOEHHBIE [/I5 3AIIEMIEHHOTO CedeHHsi CTepKHs. [lokasaHHbie rpauKy
OTPaXKalT KyCOUHO-TMHEHHOe pacrpeneneHne pu MruoBeHHoM coctostauu (YC), cnado Hesu-
neiinoe (8 cuny n2! ~1 115 MaTepua/ia, 3aHMMAIOLIEr0 GOJBLIYIO YACTh IPOCTPAHCTBA B TIOTIE-
peuHOM HaNpaBJeHUH) B COCTOsIHMM HauaibHoro ckauka (HC) u cyiectBeHHO HesmuHeHHOe
(nﬁyI =3,098) Ha stane ycranosusieics noasydectu (YI1). [Ipu pacdere B yTOUHEHHOH MOCTa-
HOBKE C y4eTOM MEePBOH CTaAuH MOJ3yIeCTH MPOUCXOAUT HEMPEPIBHOE H3MEHEHHEe (POPMBI Ipa-
dukos o(x, y,f) B ananasonax oy O(x, y) — oY (x, y). Bo Bcex COCTOSHMAX HA TpaHULAX
C/I0eB HaMpsKEHHs TEPHST pasphiB.

Jl1s 3a1aHHOTO TEPMOCHJIOBOTO BO3JIEHCTBUS BBIYMCJEHBI KOMIOHEHThl 3Hepruu (27),
4TO MO3BOJIMIO TpH Moo (26) onpenesuTh CPOK AOMYCTHUMOH 3IKCIIyaTalMH CTepKHs
t- =1040 cyr. PernameHTHpyeT ero sHepreTHuecKH HanOoJjiee Harpy:KeHHas TOYKa, pacrio-
JIO’)KeHHAsl Ha HUXKHEH MOBEPXHOCTH y = y| B 3alleMJIEHHOM CeYeHHH. DTO HJIIOCTPUPYETCS
rpayKaMHd HTOTOBOTO pacIpelesieHHs MOJHOH SHEePrud Ae(OpMalMH, BBYMCIECHHOH B MO-

o, MMa
300
MMa
200 P~< 4002
t\
100 “o = = : 300 pra :
05r-=n=-=-=a- >3 200 = —r
/n//n' =E&.‘E-E‘ﬁ.’=p 100 P;Vﬂ’/, = —
-100 0 -
-100 7
200 / v Vo 20— = ""ﬁ(C;
-300 & ——YC -3005= -
—~—HC Y=y, — VY
-400 : : -400 '
0 05 ] 15 2 100 -80 -60 40 -20 O
X, M Y, MM

Puc. 2. ®yHKUMH HOPMAJIBHOTO HAMpsiKeHHs O (x)
Ha HApPYXKHBIX MOBEPXHOCTSX Y = yj, Y3 AJIsI MTHO-
BeHHo ympyroro coctosiuus (YC), cocTosHus Ha-
yanbHoro ckauka nepopmamuu (HC) u npu ycrano-
BUBIIENCS TMOJ3yUeCTH (Y1)

Puc. 3. DyHKIMK HOPMANBLHOTO HAMpPS-

KeHus G,(y) B 3alIeMIeHHOM CeueHHH

B MTHOBEHHO yrpyrom coctosiauu (YC),

MpM HayajlbHOM CKadke aepopMaluH

(HC) u npu ycTaHoBMBLIeHcs MOJI3yde-
cru (YII)
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MEHT BpeMeHH f, IJIsl YeTblpeX TpaHUll cJoeB. B Toukax oObeMa MepBOro CJOSi HMeeM
Ulx, y, t,) < UM = 2 MITa. B 3auieMIeHHOM CedyeHHH npu y =y; =—100 MM 1 y = yo = 0 m0-
aydeno U(t,) = 2MIla u U(t,) = 1,88 MIla cooTBeTcTBeHHO. Bo BTOpPOM CJI0€ BCIOMY BBIMOJIHSAET-
cal(x, y, t,) < Ulor2C — 19 MIla. B CHJTy 3HAUUTEJBHOTO 3araca MJIacTHIHOCTH y MaTepraJa
BTOPOTO CJ1051 B HauGoJlee Harpy>KeHHOH TOUKe Ha BepXHEeH IIOBEPXHOCTH B 3a/e/IKe JOCTHTHYTO
qaums U(t,) = 0,81 MIla.

OTMeTHM, UTO OMacHble TOYKH, PErJaMeHTHPYIOILIHe CPOK HOMYCTHMOH 3KCIIyaTalun
(26), He Bcerma pacrosiaraloTCsl Ha JIMUEBBLIX MOBEPXHOCTsX. [loJoxKeHHe MX B CJOMCTOM
CTepIKHE OMpeesieTcsi KOMIIEKCOM CTPYKTYPHBIX, (PM3UUECKHUX U CHIOBBIX mapaMeTpoB. Tak,
HanpUMep, YMeHblIeHHe TOJIMHBI HWXKHEro c/ios A(x) B OKDECTHOCTH 3ale/IKH CHHXKAeT (-
(eKT 3alleMIeHHs], YTO MOKET MPUBECTH K CMELIEHHIO OMACHOH TOYKH B MPOJET Ha BHYTPEH-
HIOIO TPaHMIy HMXKHEro cjosi y =yo (cM. skcTpemym Ha puc. 4).

Ha puc. 5 oTpakeHa 3aBHCHMOCTb Nporu6a, OJH3KOr0 K MaKCHMaslbHOMY, B CeYeHHH
x =1,5 M. Toukoil Ha rpaduke oTMeUYeH MOMEHT BpeMeHH f,. B COOTBETCTBUHU ¢ MPUHSITOH MO-
nenbio (1), (22) saBucumocTs V(f) JMHeHHas ¢ HadaJbHBIM TIPOTHOOM V;_( =V, + V(CO) =
= 5,13+13,6 = 18,73 MM npu BenuuuHe mojHoro mporuba V;—; = 35 mm. Taxum o6pasom,
B PACCMOTPEHHOH CHTyalMH pacueT 10 MOJAEJH YCTAHOBHUBLIEHCS MOJ3y4eCTH TMpUBesa Obl K
TMOrPELIHOCTH B MIPOrU6ax 0Koso 53%. IT0 06BACHAETCS CPABHUTENBHO MAJIOH CKOPOCTBIO MOJI-

3yuecTH xKaponpouHoi cramu IM-69

U, MMa (crenka taspa). C mepecTaHOBKOK MaTe-
2 I puaoB Mexay caosMu (CM. MCXOmHble
—O—y=y, JlaHHBIE K TIPUMepy) BJIMsIHUE Haua/bHo-
15 == ¥=Y,, ro ckKkauyka Oe(popMaLMH [O0J3Yy4eCTH B
' ——y=Y,., mozenu (1) ymeHbluaercs.
2 V=Y, v(1,5), MM
] 50
40 —
e
0,5' 20 L—
10
I 0
0 05 1 15 2 200 400 600 800 1000 1400
' Tooxm t cyt
Puc. 4. Pacnpenenenve sHeprud neopManuy Ha Puc. 5. 3aBucumoctb nporuda B ce-
rpaHMIaX CJIOEB B MOMEHT BPeMEeHH f, YyeHWH X =1,5 M OT BpeMeHH 3KCITya-
TalUu

[ToxkasaHHble Ha puc. 4 pacrpejiesieHHsl SHePruu feGopMaluH OTPaxKarT (haKT Hemorpy-
JKeHHOCTH MaTepHasIOB CTepPKHS B CYLIECTBEHHOM oObeMe. YKazaHHOe 00CTOSTe/NbCTBO M103BO-
JisleT ONTHUMHU3HPOBATb reOMeTpHUeCcKHe napameTpel cTepxHs. [las 3Toro Moxer ObITh chopmy-
JMpOBaHa o6paTHas 3afaua npoektHoro tuna [10, 11]. B ueil Gnaropaps cneuuaibHOMy BHIGODY
reoMeTpuyeckux (PYHKLUMH B MOMEHT BpeMeHH f, JOCTHraeTcsi KyCOYHO-HelpepblBHOe MO Ipo-
JOJIHOM KOOPAKHATE X PaBeHCTBO sHepruu nepopmaunu U x, Yj, t,) B IBYX YPOBHSIX Y = Yeys Yty
npejiesibHOMY 3HaueHuto U, 1J1s MCIIOJIb3yeMbIX MaTepHaJsoB. 3alpoeKTHPOBaHHbIe TaKUM 00pa-
30M CTepKHEBble CHCTEMBI I03BOJISIOT IOJy4aTb SKOHOMHIO MarTepuanos B 1,4—1,8 pasa.

BI)IBOII]:I. paCCMOTpeHHaF{ MOJeJb MOJ3Yy4eCTH C HadaJlbHbIM CKAaYKOM
nedopMali XapakTepU3yeTcss CPaBHUTEIbHO HeOOJBIION TPYALOEMKOCTHIO
BbI‘-II/ICJIeHI/If/)I, B COYETaHHUH C MOJeJIbIO YCTaHOBI/IBLUEI/UICH MOJI3Yy4eCTH MO3BOJIA-
€T BbINNOJIHATL IBYXCTOPOHHHE OLEHKH ,U,eq)OpMI/IpOBaHHOI‘O COCTOAAHHSA U MPHU
60J/IbLION JJIUTENbHOCTH 3KCIyaTalUU XapaKTepu3yeTcsl YAOBJETBOPUTE/b-
HOH TOYHOCTBIO.
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CTPOMTEJIBHBIE MATEPHAJIbI U U3AEJINA

YIK 691.31:678.06

A. ®. CEPEHKO, kaHxa. TexH. HayK, non., A. M. XAPUTOHOB, kana. TexH.
HayK (IlerepOyprckuil rocyiapCTBEHHbIN YHUBEPCUTET MyTEH COOOLIEHU)

OILIEHKA BJIUAHWS TEXHOJOI'NYECKHUX ®AKTOPOB
HA CTPYKTYPHBIE TAPAMETPBI HAHOYPOBHS
A MPOYHOCTDb HEMEHTHOTO KAMH4

PaccmoTpeHbl BOTIPOCHI, CBSI3aHHbIE C OLEHKOH BJIHSHUS PA3/JHUHBIX TEXHOJOTHYECKHX
dakropos (Bpems u ycnosusi TBeprenusi, B/ 1L, MomuduKaums XuMUIeCKMMU 106aBKaMH) Ha
pacripejiesieHHe TIOp 10 pa3Mepy B leMEeHTHOM KaMHe. Y CTaHOBJIEHO, UTO HCCeJ0OBaHHbIE TeX-
HoJIOTHYecKHe (PaKTOPBI OTIpeleNIFIOT pacipeneneHHe op 10 pasMepy Ha HAHOYPOBHE H BeJH-
YHUHY NPOYHOCTH LEMEHTHOTO KaMHS, UTO I103BOJIsIET, KOMOMHUPYS Ha3BaHHble (haKTOPHI, Ha-
TNpaBJIeHHO (POPMUPOBATH HAHOCTPYKTYPY U MAKPOCBOHCTBA LIEMEHTHOTO KaMHs1. [Ipy 3ToM He
BBISIBJIEHO KAKUX-THOO0 KaueCTBEHHbIX H3MEHEHUH BHYTPEHHETO CTPOEHHS LIEMEHTHOTO TeJis
(o mapametpam nopucrocts). HauGoubiuuii 06bem npeacrasiaed nopamu paguycom 0,85 Hu,
KOTOpbIE COCTABAAIOT Nopsiaka 35% 0T 0611ero o6bema 1op LeMeHTHOTO KaMHs 28-CyTOYHOro
BO3pacTa.

HeCMOTpH Ha MHOTroOJIETHHUE H O6LLII/IprIe hccJe10BaHud, BOIIPOCHl, CBS-
3aHHbIe CO CTPYKTypOﬁ LIeMEeHTHOIro KaMH#, 0c0oOEeHHO Ha YPOBHE HECKOJIbKHUX
HaHOMETpOB, U IO HaCTOHLU,PIﬁ MOMEHT OCTAaKTCHd AMUCKYCCHUOHHBIMH. B To xe
BpeMd MPUXOAUT OCO3HaHHUe TOro, HTO BOSMOXKHOCTH lIaJ'[bHef/JILHGI‘O COBeplIeH-
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CTBOBaHHS TEXHOJIOTHH GETOHA JiexKaT B 00J1aCTH yIpaBJieHHUs] CTPYKTYpPOOoO-
pasoBaHHeM Ha HaHOYPOBHE.

Taxue TpagWLHOHHBIE TEXHOJOTHUYECKHE OTIepPAlMHU, KaK TEMJOBJIAXKHOCT-
Hasi 06paboTKa, BapbUpOBaHHe BojgoLeMeHTHoro oTHowenus (B /11) u Moau-
(pUKaLKs LLeMEHTHOTO KaMHs ITyTeM BBeIeHHS PA3JUUYHBIX XHMHUECKUX 100a-
BOK MOYKHO pacCMaTpHUBaThb KaK 3J€MeHTbl HAHOTEXHOJIOTUH B CTPOUTEJbHOM
MaTepuasoBeneHuH. [loaToMy mpencTaB/isieTcss BaKHBIM ONpeNesNeHHe BJIHS-
HUSI TEXHOJIOTMYeCKUX (PAKTOPOB Ha paclpelesieHHst HAHOMOP MO pa3Mepy H
yCTaHOBJIEHHE MX B3aHMOCBSI3U C TIPOUHOCTHIO LIEMEHTHOTO KaMHS, UTO U SIBU-
JIOCh 1IeJIblI0 HacTosIlEeNd paboThHI.

dKcnepuMeHTaJbHbIE JaHHBIE. VccenoBaHye pacnpenesneHUst HaHO-
Mop B LIEMEHTHOM KaMHe OCYIIECTBJSJIOCH MO0 METOAHMKaM, OCHOBAaHHBIM Ha
npoToHHOM MarHuTHoM pesoHance (ITMP) [1] u necop6uuu Bomwr [2].

J11s1 BEISIBJIEHUS] CTETeHH BJHMSIHUS Ha MOPUCTOCTb BHIA LIeMEHTa B HC-
CJIeIOBAaHUHM OBLIM HCIOJb30BaHbl TPU PA3HOBHUAHOCTH MOPTJIAHALEMEHTA:

Benropoacku# (ITLL 500 J10), Oc-

MuHepanoruyecKuil cocTaB kosbckuil (ITLL 500 J10) u Jluneu-

AccIeTyeMBIX HeMeHTOB, Yo KHUH (HL[ 500 II()) MHHepaJIO-

Bun uemenra C3S CoS C3A | C4AF rMyeCKhe COCTaBbl KJHHKEPOB II0

Bearoporckaii | 61 16 6 19 JaHHBIM JIOKYMEHTOB 3aBOJOB-H3-

OeKOMbCK 59 14 | 74 | 193 TOTOBHTeNeil O KadyeCTBe LeMeH-
JIumenkui 61 17 4 12 TOB NpPHUBEAECHDbI B Ta6.HI/II_Le.

Tak kak maacTupUUUpPYIOLIUE
106aBKH 3aMeJIII0T TBEpAEeHHE LIeMEeHTHOr0 KaMHSl B HauaJbHbIH T€pPHOJ, TO
B MCCJIe0OBaHUsIX Obla MOCTaBJ€HA 3a7adya OLEHWUThb BJIHSHHE KOMIIJIEKCHBIX
YCKOPSIIOIIE-TINACTU(GUIMPYIOIUX N00aBOK Ha CTPYKTYpHble TapaMeTphl U
MPOYHOCTHbIE MOKa3aTeJH.

B kauectBe miacTHhUIMPYIOMKX 106aBOK MPUMEHSJIUCH CYTepIiacTH-
¢duxartop C-3 HoBomockoBckoro, Bragumupckoro u ¥ paabcKoro 3aBoJ0B, JIUT-
nocyabonar texuuueckuid (JICT). B kadecTBe ycKopuTeJed NPUMEHSTUCH
3JIEKTPOJIUTBI C OJMHAKOBBIM KaTHOHOM — THocyabhaT Hatpus (TD), xaopu-
croiit Hatpuit (NaCl), autput Hatpus (NaNOs), cyabdar vatpus (Nay,SO,).
Jlo6aBKy BBOAMMH C BOAOK 3aTBopeHus B koaudectse 0,2% (JICT); 0,25, 0,5,
0,7% (NaCl, NaNOs, Na,SO,); 0,5, 0,7, 0,9% (C-3) u 0,5, 0,7% (TP) ot
Macchl LleMeHTa B IepecueTe Ha cyxoe BellecTBO. [Ipy 3ToM BopoLeMeHTHOe
OTHOILIEHHE COXPAHSJIOCh TOCTOSTHHBIM, COOTBETCTBYIOIMM HOPMaJbHOU TycC-
TOTE IIeMEHTHOTO TeCTa, JUO0 YMeHbIIaN0Ch B 3aBUCUMOCTH OT BOAOPENYLH-
pyloIled CrocoOHOCTH N00ABKH C COXpaHEHHEM HCXOAHOHM MJIaCTHUHOCTH.
Be3no6aBouHble COCTaBBl TOTOBUJHUChL C JBYMSI B/l — 0,28 (HopMasbHas
rycrtora uemenTHoro tecta) u 0,3.

WHTerpanpHasi MOPUCTOCTD OMPEEsach 10 MOTePe MACChl TIPH BBICYIIH-
Banuu (¢ = 105°C). B kauecTBe re/ieBbIX M0OP pacCMaTPHBAIMCh TTOPBI PaIHy-
com 10 4 HM [3], 06BEM KaNUANAPHBIX MODP MOACYHTBHIBAICS KaK PasHOCTb
UHTErpasbHOH U TejIeBOH MOPUCTOCTH.

Jl1si ompenesieHUs MPOUHOCTH TOTOBHJIMCH 00PAa3lbl-KyObl 1I€MEHTHOTO
kamHs1 pasmepoM 2 2 2 cm (puc. 1), a cTemeHb rugpaTalMy ycTaHaBJIMBa-
JIaCh 1O JAHHBIM W3MEHEHHsI Macchl NpU npokanusanuu (1 = 600°C), ucxons
U3 TPEeANOJIOXKEHHSs, YTO TOJHOCTbIO THAPATHPOBAHHBIA LIEMEHT CBS3bIBAET
ox0/10 25% Bombl [3, 4]. [ToMMMO 3TOrO B LeX KOHTPOJIS /151 HEKOTOPBIX CO-
craBos ¢ nomouplo [IMP onpepensiiock yaenbHOe colep:KaHHe CBSI3aHHOU
Bozbl (r Bombl /T 06pasua) u pacnpee/ieHye Mop 1o pasmepy B Bozpacte 12 4
(puc. 2-4).

JIns BbISIBNIEHUS] pacrpenesieHUs] HAHOMOP IO pa3Mepy B Bo3pacTe 3 H
28 cyT MCmosb3oBasICcs METOA 1eCOPOUMH BOIBI HAl PacTBOpPAMH CEPHOH KH-
CJIOTBI PA3JMUHON KOHUEeHTpauuu. ['pacduky, onmuchiBawlIde pacrpeneseHne
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HaHOMOP, NMPOYHOCTb U CTeNeHb MMApaTalUU B 3aBUCUMOCTH OT HUCCJedyeMbIX
(bakTOpOB, NpUBENEHBl HA pUC. dO—8.

OO6cyxaeHne pe3yabTaToB. Ha 0CHOBaHWHU MOJyUeHHBIX JAHHBIX yCTa-
HOBJIEHbl 0O0IIMe 3aKOHOMEPHOCTH BJMSIHUS PA3JUYHBIX TEXHOJOTHYECKHUX
(hakTOpOB Ha CTPYKTYpHbIE MapaMeTPhl LLEMEHTHOTO KaMH$ U X B3aUMOCB$I3b
C MPOYHOCTHBIMM T10KA3aTeNsIMHU.

Kunertuka Habopa MPOYHOCTH LIEMEHTHOrO KaMH$§l M3 TeCTa HOPMaJbHOU
rycToThl 6e3 106aBOK Ha MPUHSATHIX TPeX BUAAX MOPTAAHALEMEHTa CyLIeCTBEH-
HO oTsinyaercst (cm. puc. 1), mpu 9TOM HaGIOAAETCS XOPOLIast KOPPEJIsilUOH-
Hasl CBSI3b CO CTeIeHbI0 TMApaTalrH, BeJUYUMHON KalWIISPHON U rejieBOH Mo-
PHCTOCTH LIEMEHTHOTO KaMH$ (Ko3(puurenTsl Koppeasimu He meree 0,93).

R._.,MMa
100 =
3 — | TBO 8/u=0,29
%0 = 2 0,016 C-3+T® (0,5%)
g [e) 1 Kontpon. B/U=0,24
60 g @2 0,012 s/u= ozs C-3(0,5%)
1 2 & 5 i B/U=0,24
40 g £ 0,008/
& & 0,004
20 gg i ]
od 0 .
0,51 3 28

BoapacT, cyT

Puc. 1. Bavsinve Buia lieMeHTa Ha KHHETH-
Ky Habopa MPOYHOCTH LIEMEHTHOTO KaMHS 13
PaBHOMOJBHKHOTO TeCTa

Homep cocTaea

Puc. 2. YnenbHas 10751 CBSI3aHHOH BOJbI 110
macce B Bo3pacte 12 u, onpesesieHHasi ¢ HC-
noJab3oBanueMm ITMP

1 — Ocxkosbckui; 2 — bBeqroponckuit; 3 — Jlu-
MeLKUH

Koppe/sMoHHbEIA aHa/IM3 JaHHBIX CBUAETEIbCTBYeT 0 ToM, uto B /L aB-
JISeTCST OHUM M3 OTNPeNeNsionX GaKTOPOB /s BCEX MapaMeTPOB LEMeHTHO-
ro kamHs. Vlck/oueHHe coCTaB/IsieT CTeNeHb THAPATALMH LIeMeHTa B BO3pacTe
1 u 3 cyrt, KoTopas B GosbllIed Mepe 3aBUCUT OT BHMA LIEMEHTA U MpHUMeHsie-
MbIX 100aBok. CHuxenue B/ 11 conpoBoxkaaeTcsi yMeHblIEHHEM CTENeHH THI-
paTtauuu, 4To Xopoulo corsnacyercs ¢ aaHHeiMU T. Ilayspca u oObsicHsieTcs
CTECHEHHBIMH YCJIOBHSIMH.

B Bo3pacTte 28 cyT mis Bcex GecrnponapoyHbIX COCTABOB XapaKTepHa Tec-
Hasi cBs3b Mexny B/ 1l u creneHbo ruapataumu: KO3(QPQMUIUEHT TTOJO0KHUTENb-
HoW koppeasuuu r = 0,83.

Cremyet OTMeTHTB, YTO CTeNeHb THApATAlMK B Bo3pacTe 28 CYT XOpOIIOo
KOppEJUPYeT ¢ MHTEerpabHol, Kanumaspuoi (r = 0,9) u reseBoil mopucTo-
cteio (r = 0,83)

PaccmaTpuBasi B OTIEIBHOCTH KaXKAyi0 IPYIIY 100aBOK BHE 3aBUCHMOCTH
OT BHMJA LIeMEHTa, MOXKHO OTMeTHTb, uTo mobasku-yckopurean (NaCl, NaNOs,
Na,SO,) ¢ yBeJHYeHHEM HX TO03UPOBKH CIOCOOCTBYIOT MOBBILIEHHIO CTEIEHH
rUapaTalyy B paHHEM BO3pacTe, UTO 00YCIOBIUBAET CHUKeHHE 00 beMa Karlul-
JISPHBIX TIOP ¥ POCT MPOYHOCTH. B Bospacre 28 cyT kanu/isipHas u rejenas 1o-
PHUCTOCTb COCTABOB € N00aBKaMM U 0e3100aBOYHBIX MPAKTHUYECKH OIMHAKOBBI.
CoOTBETCTBEHHO OJM3KM WU BeJMUYMHBI NPOUHOCTHBIX XapaKTE€PUCTHK.

B cooTBeTCcTBUH € MOJTyUeHHBIMHA TaHHBIMH 3(P(PEKTUBHOCTD MJIACTHPHUIIN-
pyroumx 106aBok (C-3 pasnvuHbIX 3aBOJOB MPOU3BOAMTENEH) B OTHOLICHHUH
TMOBBIIIEHUST TTPOUYHOCTH OTIpPENe/IieTCsl, ¢ OAHOHW CTOPOHBI, UX BOAOPENYLH-
pyiollel crnocobHOCTbIO, U C APYrod — OJOKUPYIOLUM 3(PdekToM paHHEH
CTaJMU TUIPATaALMHU.

IIpu 3TOM, KaKk OTMeYeHO BbIllle, TP CHUKEHUN B/11 YMeHbIlIaeTcsl CTe-
MeHb THApaTalyy, 9TO COMPOBOXKAAETCS YMeHbIIEHHEM TeJIeBOH TOPUCTOCTH
(r=10,9). OcoGenHo yeTKo 3T0 HabM0OAAETCS B MO3AHEM Bo3pacTe. B yc/ioBu-
SIX PE3KOTr0 MaleHUs KaluJISPHON TIOPUCTOCTH TIPOUCXOIUT MPUPOCT MPOUHO-
CTH LIEMEHTHOTO KaMHs. Puc. 2 1mo3BoJisieT CpaBHUTh yIesNbHOE COIepKaHue
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CBSI3aHHOM BOJBI B KOHTPOJBHOM o6pasie (coctas 1) u B 06pasie, conepxa-
uem C-3 (cocras 2).

[Tpu ucnosbzoBanuu no06aBKK C-3 B PABHOTIOABHKHBIX CMECSIX yMEHbIlIa-
eTCsl KaK CTeneHb rMAPaTaly U 00beM rejIeBbIX MOP, TaK U 00beM KaruJIsIp-
HbIX 1Op. B 3TOM c/1yuae Bo3HMKaeT 1Ba pasHOHANpaBJ/IeHHBIX Mpolecca: MpH-
POCT TPOYHOCTH 32 CUET YMEHbIIEHHS KAMUJISIPHOH TOPUCTOCTH U MafeHHe
MIPOYHOCTH M3-32 CHUKEHHUS CTENeHHU THAPATALNH, UTO TpebyeT ONTUMHU3ALNN
pacxona n06aBKH.

CosmecTHOe npuMeHenue muactudukartopos (C-3) u yckopuresei TBep-
nenus (T®) mosBo/isseT MONYYUTh 3HAUMTENbHBIA NPUPOCT MPOYHOCTH (110
30%) B panHeM Bo3pacTe. [Ipu 3TOM BbICOKAsl paHHsIsl TPOYHOCTh 06YCIOB/IH-
BaeTCs MOBBILIEHHON CTeNeHbio ruapatamuu (cM. puc. 2 coctas 3) U CHUXKe-
HMEM KalW/ISPHOH MOPUCTOCTH.

YTounenue pasmepoB nop ress B Bo3pacrte 0,5 cyt metonom [IMP mnosBo-
JIMJIO YCTAHOBHTb, UTO B TPOMAPEHHBIX COCTABAX, a TAKXKE COCTaBax C J00aB-
KaMH-yCKOPUTEISIMHA HanOO0JIbIINE 06'beM TOPOBOTO MPOCTPAHCTBA COOTBETCT-
ByeT nopam ¢ paauycom 0,85 um (puc. 3 cocraen 3, 4). B 6e3n06aBounom
[IeMEHTHOM KaMHe WM C J00aBKaMHU-TIaCTHU(HUKATOPAMH MOMHMO BBILIE
HA3BaHHBIX MTOP XapaKTEPHO HaIW4Ke GOJbLIOT0 06beMa mop paxuycom 1,2 Hm
(cm. puc. 3 cocrasbl 1, 2).

OTHOCHTENBHO BBICOKOE COlepKaHue Top paauycom 1,2 HM yKa3biBaeT Ha
JIOCTATOYHO pasymioTHeHHYI0 cTpykTypy C—S—H B pannem Bospacte (B oc-
HOBHOM IJii cocTaBoB ¢ nob6aBkor C-3), KoTopasi ¢ TeueHHEM THIpPATALUH
croco6Ha npuobpetaTb 60Jiee BBICOKYIO MJIOTHOCTD.

C B03pacToM BO BCEX COCTABAX YBEJHUMBAETCS KOJIUUECTBO MOP PAaUyCOM
0,85 um. CHuxkenue obbema mop pasmepom 1,2 M mMuHuManbHo (puc. 4).
MoxHO chenaTh MpernoJoKeHHe, YTO TE€PBOHAYAIBHO CYOMHMKDPOKPHCTAJIIBL
(hOpMHUPYIOTCS B HAHOATPEraThl ¢ BHYTPeHHUMH nopamu paguycom 0,85 HM, pu
3TOM 00pasyeTcsl CHUCTeMa C MexKarperaTHeIMH nopamu paguycom 1,2 Hw. [o
Mepe MPOoTeKaHUs IMAPATALHK KOJTHUECTBO YIIOMSHYTBIX arperaTtoB yBeJH4HBa-
ercst (pacter o6bem mop 0,85 HM), a cUCTeMa HECKOIBKO YILJIOTHSETCS 32 CYeT
(akTopa CTeCHeHHBIX yc/I0BMH (CHUXKeHHe oObeMa 1mop pasmepom 1,2 HM).

0.09 AVIAr, r-1um-1 | 014 AVIAr, um-1
X
0,08 I\ 1 0,12 X
0,07 I \ -2 01 I\ ——0,5 cyT
0,06 3 ’ I —-X=-28 cyT
0,05 II —x-4 0,08 I
0,04
00! Y 0,06 I )
’ "\ 0,04 P==0

0,02 =EN I / \
0,01 W \h 0,02 Y =

0 < &‘E 0 x’-zg B——

0 1 2 3 0 1 2 3

Pagwnyc nop, Hm

Puc. 3. [ubdepenunanbHoe pacrpenese-
HUe nop B Bozpacte 12 u (Homepa cocTaBoB

Paguyc nop, Hm

Puc. 4. npdepeHupanpHoe pacnpeneseHre
nop B Bospacte 0,5 u 28 cyr (cocras 1)

CM. Ha puC. 2)

Jo6aBka JICT samennsier cxBaTblBaHHE LIeMEHTHOTO TeCTa: CTeNeHb I'U-
paTauuM W TejieBasi MOPUCTOCTb MeHbIIE, YeM Yy KOHTPOJIBHOTO COCTaBa.
B cBoto ouepenb, 3TO CONPOBOKIAETCS YMEHbILIEHHEM IPOYHOCTH LEMEHTHOTO
kKaMHsl. OfHAaKO B MO3[HEM BO3pacTe CTPYKTypHbIE MMOKa3aTesad U MPOUHOCTh
cocraBa ¢ JICT mpakTHuecKM COOTBETCTBYIOT 6e3100aBOUHOMY.

3aKOHOMEepHOCTBIO, 00IIeH 1151 BCeH BbIOOPKU NAHHbBIX, SBJSETCS 3aBUCH-
MOCTb CTeNeHU THApPATAUUU U BEJUUHHBbl I'eJIeBOW MOPUCTOCTH OT YCJOBHUH
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TBepAeHus, 0cobenHo B panHeM Bospacte (r = 0,93). Kak u cienoBano oxu-
JaTh, TEMJIOBJAXKHOCTHAsE 06paboTKa B 3HAUUTEJbHOHW Mepe TOBBIMIAeT CTe-
neHb ruapatanuu uementa (cum. puc. 2 cocras 4). [Ipu 3TOM nponapeHHsble co-
CTaBbl XapaKTePU3YIOTCS 3HAYMTEJNbHBIM MPHUPOCTOM JOJH IefeBbIX MOpP, YTO
CBUETEJbCTBYET O pocTe obbeMa (passl C—S—H.

YckopuTeau TBepAEHHS BJHUSIOT Ha NMPOYHOCTb B paHHEM BO3pacTe 3a
CYeT yBeJM4eHHs1 00beMa MPOAYKTOB ruapatauuu (rejesas mopucTOCTb BO3-
pacraer). COBMECTHOE HCIOJNb30BAHHE YCKOPUTEIEH M MAACTH(HUKATOPOB B
ONTHUMAaJbHOM COOTHOLIEHWH TII03BOJIIET B paHHEM BO3pacTe IOCTUTHYTh
YBeJMUEeHHS CTeleHH Tuapatauuu npu Huskom B/ 1.

Taxkum o6pasoM, xapakTepuaysi o6paslibl LIeMEHTHOTO KaMHS 110 HAHOIO-
PHUCTOCTH B 3aBUCUMOCTH OT TE€XHOJOTMYECKHX (haKTOPOB, LiesecoobpasHblM
BUAMUTCS pasiesieHue Ha MponapeHHble W GecrnponapodHble COCTABBl. DTO He
HCKJII0UAeT TOrO, YTO PA3JIMUKs B BeJUUHHE I'eJIeBOU MOPUCTOCTH 00yCJ0BJIE-
Hbl TOJIBKO 00BeMOM 00pasylollerocss UeMeHTHOro ress, 0e3 KaueCTBEHHbIX
HU3MeHeHUH CTPYKTypel camor ¢pazsl C—S—H. JlanHoe 06CTOATENBCTBO OTHO-
CUTCSl M K COCTaBaM, MOAM(HUIMPOBAHHBIM PA3JIUYHbIMH NOOABKaMH.

[Topsl B nuanasone pasmepoB oT 68,7 m0 5,1 HM OTHOCSITCS K KamuJIsIp-
HBIM, I09TOMY BIIOJIHE 06bsiCHUMA 3aBUcUMOCTb oT B/ 11, T.e. 06bem nop naH-
HOTO pasMmepa B Bo3pacTe 3 CyT NpONOpLHOHaNeH 0o0lleld KamUMIspHOH MOo-
puctoctu (puc. 5). Cpenn Bcex COCTaBOB MOXKHO BBIIEJHMTh 0€3100aBOUHBIE
u coctabl ¢ JICT, B KoTOpbIX 06beM Ha3BaHHBIX IOP HAUOOJMBIIHNH, a TaKXKe
COCTaBbl, IPUTOTOBJIEHHBle Ha JIUMeLKOM LeMeHTe, XapaKTepu3YIollhecs
HavMeHbllled BEeJUUMHON KaMWJISPHOU MOPUCTOCTH. B 1esom obbem mop
pasmepoM 68,7—5,1 um koae6aerca or 1,3 1o 3,5% ob6bema obpasua.

B xauecTBe 0coGeHHOCTH, 3aBUCSLIEN OT BUIA NMPUMEHsIeMOU 100aBKHU U
yCJIOBUH TBEpAEHUS, MOXKHO OTMETHTb J0J110, KOTOpas MPHUXOAUTCS Ha MOpbl
67,8—5,1 HM B 0OlIeHd Kamnu/JISPHOU TOPUCTOCTH. Tak, B 6e3100aBOUHBIX
COCTaBax HOPMAaJbHO-BJIAXXKHOCTHOTO TBEPAEHHS M B COCTaBax ¢ Ao0aBKa-
MU-YCKOPUTEJISIMU IaHHbIe TOPBI B Bo3pacTe 3 ¢yT coctasasoT 10 20%. B oc-
TaJbHBIX COCTaBaX O0O0BbEM JAAHHBIX MOp MOPSiAKA YETBEPTHU KAMUJISPHON
MopUCTOCTH. To ecTh MpUMeHeHHe TJIACTU(PUKATOPOB U TEIMJIOBJIAKHOCTHOU
00paboTKN B HEKOTOPOH CTEMeHH CMOCOOCTBYET (POPMUPOBAHUIO G0Jiee MeJKO-
MIOPUCTOH CTPYKTYpPhl B paHHEM BO3pacTe.
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Howmep cocraea

Puc. 5. TIpouHOCTb Tpu CKATHK U 00beM mop pamuycoMm 68,7—5,1 HM B Bo3pacte 3 CyT
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Homep coctasa

Puc. 6. O6vem nop pamuycom MeHee 1,0 HM W cTemeHb I'MApaTalliH B BO3pacTte 3 CYT

Cnenyet o6paTUTh BHUMaHHe Ha MPEBANUPYIOLLYI0 aGCOMOTHYIO BEJTHUH-
Hy o6bema nop paarycom MeHee 1,0 HM cpenu Mop BceX OCTaNbHBIX HCCJ/IEN0-
BaHHBIX JMaNasoHoB pasmepoB (puc. 6). MoXKHO MpPEeanoNOKUTb, UTO MOPHI
UMEHHO 3TOTO MOpsiiKa Pa3MepoB pas3fe/siioT OTAe/bHble YCTOHUHBBIE CYyO-
MHUKPOKPUCTAJIIbl THAPOCUIUKATA KAaJIbIHS.

B 28-cyrouHoM Bo3pacTe KamMJJsipHas MOPUCTOCTb (pamuyc mop
68,7—5,1 HM) 1O CpaBHEHHIO C CYyTOYHBIM BO3DACTOM CHHMKAeTCs BO BCEX CO-
CTaBax, HO C pa3HOH MHTEHCUBHOCTbIO. MeHee Bcero yMmeHbllUeHHe 00beMa
NOp IaHHOTO pa3Mepa B LIeMEHTHOM KaMHe ¢ 106aBKaMH-ycKoputeasamMu. Kak
U B paHHEM BO3pacTe, KOJHUECTBO MOAOOHBIX MOP B 28 CyT yBSA3aHO C MPOYHO-
CTblO, YTO HAIJISIIHO OTPaXK€HO Ha pHUC. 7.

B cTopoHy yBesnnueHns n3MeHsIeTCS 1015 MOTOOHBIX MOP B OOLIEH KaIHJI-
JISIPHOM MOPUCTOCTH LIeMEHTHOro KaMmHs, nocturas 30% MpaKkTHUecKH BO Beex
cocTaBax. DTO CBUAETENbCTBYET O 3aTMOJIHEHHH HOBBIMHU TPOAYKTAMH I'MapaTa-
UMM YacTh oObeMa KPYMHbIX KaMUJJIsSPOB.

CHMxeHMe o6beMa NOPOBOTO MPOCTPAHCTBA B Bo3pacTe 28 cyT Hab/oaa-
eTcsl U OTHOCUTebHO mop pasmepom 3,1—1,8 um u 1,8—1,0 HM, yTO yKasbiBa-
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Howmep coctasa

Puc. 7. O6wem mop paguycom 68,7—5,1 HM ¥ NpoYyHOCTH B Bo3pacte 28 cyT
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Homep cocTasa

Puc. 8. O6bem nop pagumycoMm MeHee 1,0 HM M cTemneHb TMApaTalUUd B Bo3pacTe 28 cyT

eT Ha YIJOTHEeHHEe HAaHOCTPYKTYPHI Iejisl, BbI3BAHHOE (DAKTOPOM CTECHEHHbIX
ycaoBui. [1py 3TOM, Kak M B paHHeM BO3pacTe, KOJMYECTBO HA3BAHHBIX MOP
HaXOJQUTCS BO B3aUMOCBSI3M CO CTENEHBbIO THApATaluH, T. €. 06beMoM (pasbl
reqst. B cBoio ouepenp, 06beM HauMeHbIIMX Mop reqs (¢ paguycoM MeHee
1,0 HM) ¢ Bo3pacToM HapacTaert, yBeJMuMBasich B cpeaHeM B 1,5 pasa (puc. 8)
M0 CPaBHEHHIO C 3-CyTOYHBIM BO3PACTOM.

BoiBoabl. MccienoBanHble TeXHOMOTHYeCKHe (DaKTOPhl BAUSIOT Ha KHUHe-
THKY TPOLIECCOB TBEPIEHHs LieMeHTa (CTerneHb rHApaTalkh) U 00beM MeX3ep-
HOBOTI'O MPOCTPAHCTBA 1IeMEHTHOr0 TecTa, 3aroJ/HSIeMOro BIOCJAEACTBUU MPO-
nyktamu runpatanuu. Cuvxkenune B /1l ymMeHbliaeT Kak cTeneHb rHApaTalyH,
Tak ¥ 00LMH 00beM KamU/JISpPHOH MOPUCTOCTH LieMeHTHOro KaMmHs. Jlo6aB-
KH-yCKOPUTENH TBEPAEHHS YBEJUUUBAIOT CTeleHb FMIpaTaluu B PaHHUH Ie-
pHUOI TBepleHUs, He BJMSAS Ha OOLIMH 06beM MeK3epPHOBOrO MPOCTPAHCTBA
eMeHTHoro tecta. [lnactuduuupyiomre 106aBKH 0Ka3bBalOT OJOKUPYIOLLEe
nelcTBUe Ha paHHeH CTaiuu TBepAeHMS LEeMeHTa, HO IT03BOJSIOT CHHU3UTh
B/1l. TemioBnaKHOCTHAsI o6paboTKa obecrneyuBaeT yBeJHYEHUE CTeleHH
rUpaTallid B paHHEM BO3pacTe.

B cBolo ouepenb, cTeneHb ruapaTalui U 00 beM MeK3epPHOBOTO MPOCTPaH-
CTBa 1IeMEHTHOrO TeCTa ONpeessioT paclpesesneHue mop rno pasMepy Ha Ha-
HOYpPOBHE U BeJIMYMHY MTPOUHOCTH 1IeMEHTHOT0 KaMHsl, 4TO M03BOJSET, KOMOU-
HUPYS TeXHOJOrnueckue (PakTopbl, HAPaBJAeHHO (POPMUPOBATH HAHOCTPYKTY-
Py ¥ MakpOCBOHCTBA LleMeHTHOro KaMHs. [Ipu 3ToM He BbISIBJIEHO KaKUX-THO0
KayeCTBEHHbIX U3MEeHEeHHH BHYTPeHHero cTpoeHus (1o mapameTpam mopHcTo-
CTH) LIeMeHTHOro reJjist. Haubosblini 06beM IpeAcTaB/IeH OPAMH PAAUYCOM
0,85 HM, KOTOpble COCTABJSIOT Nopsaka 35% oT obliero o6bema mop LeMeHT-
HOTo KaMH$ 28-CyTOUHOTI0 BO3pacTa, UTo COTJIacyeTcsl ¢ JaHHbIMU HUCCJe0Ba-
HUH MeTofaMM MaJIOyIJIOBOM HeHTPOHHOM mudpakuuu [5].
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YIK 691.327:620.18

C. ®. KOPEHBKOBA, 1-p TexH. HayK, npo¢., B. I. SMUMHMWHA, JI. H. BE3TUHA,
E. B. PEHKAC, unnxenepsl (CaMapCKuW TrocygapCTBEHHBId apXUTEKTYp-
HO-CTPOUTEJNbHBIN YHHUBEPCHUTET)

CTPYKTYPA Y CBOVICTBA IIEMEHTHOI'O BETOHA
C TOBABKOH MUKPOJIUCIIEPCHOI'O KAPBOHATA
KAJIBIIN A

paCCMOTpeHa JWHaMHUKa Ha6opa NPOYHOCTHU 6eTOHa, B TOM 4HHCJe aﬂresnom{oﬁ, npu AJau-
TeJbHOM XpPaHEHWUH O6p33L[OB C pasJHUYHBIMHU TUIIAMU 3aMOJHUTENEH.

B pa6ore [1] uccenosano BaMsSiHHE MUKPOAMCIIEPCHOTO KapOOHATa KaJlb-
1M Ha MPOYHOCTHBIE XaPAKTEPUCTUKH OETOHOB C KPYMHBIM 3aroJHHUTeNeM
pasMMuHOM MpUpoabl (rpaHuT, MpaMop, H3BECTHAK U KePAM3UTOBbIH IPaBHi).
YcTaHOB/EHO, UTO NPH BBeJeHUM KapOoHaTa KajbLHsl B BHUJIE lLljJaMa BOJO-
YMSATYEHHS TeIJIOBOH 3JeKTPOCTAHUMM HaOJMI0aeTcsl HEKOTOPOe MOBbILIeHHE
28-1HeBHOW MPOYHOCTH GETOHA HA CXKATHE, a TaKXKe MPOYHOCTH KOHTAKTa Me-
Ky 3aroJIHUTeNeM U PacTBOPOM.

Pa6oTa 6bl1a npoo/’keHa B HalpaBJeHUH OLIEHKH JMHAMHUKH Tpoliecca Ha-
6opa NMPOYHOCTH OETOHA, B TOM YMCJ/e aAre3HMOHHOH, IPH IJIUTEIbHOM XPaHEeHUH
06pasLOB, WIEHTHUHBIX PEIbILYIIMM, 32 HCKIIOUeHHeM KepaM3auTobeTona [1].

Pesysbratel onpenesneHns NMpoyHOCTH GETOHHBIX 06pasloB mocsie 9 mec
XpaHeHHs X B HOPMaJIbHbIX YCJIOBUSAX MpUBeeHbl B TabJs. | U B Buge rpadu-
KoB Ha puc. l.

[TosmyyeHHble pe3y/bTaThl MPeACTABJASIOT MPAKTHUECKUH HHTepec, Tak
KaK T03BOJISIIOT OLEHHUTh BKJAaA LaMa B (OpPMHUpPOBaHME IPOUYHOCTHOIO
Kapkaca 6eToHa B 3aBHUCHMOCTH
OT BUJIA TJIOTHOTO 3aMOJHUTES.
Cyns mo pesynbratam tabua. 1,
BBeJleHHe KapOOHATHOrO lljama

Ta6auma 1

Anre3us pacTBOpHOH yacTH GeToHa
K 3aNoJHHTEJII0

c _| AdresuonHas B 0eTOH e eco00pa3Ho B KOJIH-
Onepxa MPOYHOCTh, | Xapakrep 0
Ne Bun HHe IIaMa MIla paspy- yecTBe 5—7 /0 OT MacCcChl LIeM€eH-
coc-|  3amos- | OT MACCHL | g pogpacTe | pepms ta. Hanbosblias npoyHocTh ag-
TaBa HUTeJIA LieMeHTa,
% 28 9 |obpasuos  Te3uu HABJIONAETCS Y METAMOP-
AHEH | Mmec (hUUeCKUX U OCATOYHBIX TMOPOL,
0 02 | 03 HMEIIHUX XUMHYECKOe U MUHe-
|| Tpasur 5 03 | 05 Io pajiornyeckoe CpPOACTBO C Kap-
. 09 | |Pacteopy 6oHaTHBIM 11aMoM. [lopucras
. U TpeLIMHOBATas MOBEPXHOCTH
0 03 | 04 o OCaXKIeHHOro KapOoHaTa KaJb-
2 | Mpawmop 5 1,8 | 1,8 pactsopy LS, BBICOKHH MHHepaJbHBIH
7 1,3 1,9 YPOBEHb OpPraHM3alMM BeEIIECT-
0 0,2 0,4 Ba 0CaJ04YHOI0 MPOUCXOKIAEHHS,
3 |Mssecthsik 5 18 | 18 Io HepreTHYeCcKas HaChIILEHHOCTh
- 1’1 1’5 pactBopy

34 ISSN 0536—-1052. H3B. By30B. Ctpoureancrso. 2008. Ne 6
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Puc. 1. ,HI/IHHMI/IKH HU3MEHEHHs NTPOYHOCTHU 6eTOHHBIX 06p83LLOB Ha 3aroJiHuTeJie, aKTUBUPOBAH-
HOM IIJIaMOM TIPA Pa3JHUYHBIX CPOKax TBEpPAEeHHUs

a — 28 cyr; 6 — 9 mec; I — rpaHuT; 2 — Mpamop; 3 — M3BECTHSK

3THUX TOPOJ ABJSIOTCS OCHOBOW YJYYIIEHHOTO CLEMJeHHUs] pacTBOpa K 3arod-
HUTEJIIO.

AbconoTHast BeTUUMHA aAre3MOHHOH MPOYHOCTH B O€TOHAX Ha TPaHHT-
HOM ILleOHe B CPaBHEHHH C JAPYTUMH 3aMOJHUTENSIMU 3HAUNUTEJIbHO MEHBILE,
onHako 7% maMa mo3BoJsiorT noBeicHTh ee ¢ 0,2—0,3 no 1 MIla. MoxHO
MPEANOJIOKHNTh, YTO YCJIOBUS 00pa30BaHUS MIOTHOKPUCTANINYECKOH, XUMHU-
YeCKH MaJI0aKTHBHOU CTPYKTYPBI I'PAHUTOB JIeKaT B OCHOBE HU3KOW alre3uu
K HUM pacTBOpPOB 0e3 IlJlaMa M CO 1LIJaMOM B Bo3pacte 28 CYT.

Hab6atonaercss Bo3pacTaHue MPOYHOCTH OETOHHBIX 0OPA3LOB Ha CxKaTHe
BO BpPEMeHH, UTO CBSI3aHO C XHMHUYECKHMH IPOIeCCaMH MeXIy MHUHEpPasoM
KJIMHKepa LieMeHTa M KapOOHATOM KaJbLHs, a Takke 00pa3oBaHMEM HOBBIX
MHMHEPAJIOB BOJOKHHUCTOH WJIM TIACTHHUATOU CTPYKTYpbl. OHOBPEMEHHO MO-
BBIIEHHAS! MPOHULAEMOCTb LIEMEHTHO-IIJIAMOBOH CYCHEH3WH B MOBEPXHOCT-
Hble MTOPbl KAPOOHATHOTO 3aMOJNHUTENS co3aeT 3PdeKT «060HUMBI», KOTOPBIK
OTCYTCTBYeT Ha TPAHUTHOM M MPaMOPHOM 3allOJHHUTEJSX.

MopenrpoBaHue NpoLecCOB CaMOOPTaHU3AUMH AWUCIIEPCHBIX MHHepaJb-
HBIX YaCTHUI, Pa3JUYHBIX 110 COCTaBY, (DOpPMe M pa3Mepy, a TaKxKe YCJIOBUIM
ux o6pasoBanusi, B paGote [2] mokasasno, 4To MIOTHOCTH YMAKOBKH YaCTHIL
(KO3 pULKMEHT ONHOPOAHOCTH) B CHCTEME «LEMEHT — IIaM» 3HAYUTEJbHO
GoJibllle, UeM TIPH HCIOJb30BAHUKM MOHOAMCIEPCHBIX MOPOIIKOOOPA3HBIX Be-
LIEeCTB, MOJyYeHHBIX MeXaHMYECKUM H3MejbdeHueM (TpereJ, onoka, Auato-
MHT, U3BECTHSIK), ¥ TIPUPOIHOTO MPOUCXOXKAEHHUST — [JIHHBI, 8 TAKXKe BbICOKO-
IMCIIEPCHON MBIIM-YHOCA U3 3JEKTPO(HUIbTPOB.

Kosdhduument ogHoponHocTr KapbonatHoro uiama coctaBua 0,16; rau-
Hel — 0,19; nbiu-yHoca n3 anekTpoduabTpoB — 0,21; MOJOTBHIX KpeMHe3e-
mucTbix nopox — 0,27-0,28. CpaBHeHHe NONYyYeHHBIX Pe3y/bTAaTOB MOKa3a-
JIO, UTO MHUKPOAMCIIEPCHBIE HAMOJHHUTENH, MOJY4YeHHBble MyTeM OCaXKAEHHS
TBEPAbIX YaCTHULl U3 BOAHOH CPefibl B MPHPOJE UM TEXHOTEHHBIM CIIOCOOOM,
MOXKHO OTHECTH K HaHOMponaykTaM. [ls1 HUX XapakTepHa camasi BEICOKAs CTe-
MeHb CaMOOPraHM3allly U TMPUCYTCTBHE aiCOPOLMOHHO CBS3aHHOU Bonbl. [lo
onpenenenuto M. M. Ceruea f/] Takhe HaMOJHHUTEJIU OTHOCSTCS K MHHe-
pasIbHBIM KJIesIM.

[TpounocTs 06pa3uoB B BospacTe 28 cyT HauboJblIast y 6€TOHOB U3 Mar-
MaTHYECKHX U MeTaMop(UyecKHUX TOPHBIX MOPOA, a HAWMeHblIas — Ha M3-
BeCTHSIKOBOM lie6He. OObsiCHEHHEM CYIIeCTBEHHON PAa3HULEBI 10 TOMY MOKa-
3aTeNl0 MOXKeT ObITh Pa3JWYHOE KOJUYECTBO BOJBI, BBOAUMOE B COCTaB 6€TO-
Ha. B cocrtaBe Ha M3BeCTHSIKOBOM ILleOHe IOCTHXKEHUE PABHOIOABHXKHOU
GETOHHOH CMeCH MPOUCXOUT TP PacXofe BOAbI Ha 15—20% 6ouble, yeMm Ha
3aMONHUTE/ISIX BBICOKOMJIOTHOM CTPYKTYPhl M C BeCbMa IVIQJKOH MOBEPXHO-
cTbio. [TocKoIbKY KOJMUECTBO BOAB HA THApaTalHMIO LIeMeHTa NPUMEePHO OJHO
U TO e BO BceX MapTusx 0eToHa, U3OBITOYHAs Boxa c(PopMHUpOBa/Ia MOBBI-
[LIEHHYI0 MAKPOMOPUCTYIO CTPYKTYpPy O€TOHA Ha H3BECTHSKOBOM lile0OHe B paH-
HUe CPOKH TBepleHHs. KoCBEHHBIM MOATBEPKAEHHEM TOMY MOXKET CJYKHUThb
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CpenHss MJOTHOCTb 6ETOHHBIX KyOOB B Bo3pacTe 28 cyT, KOTOpas BO3pacTaer
B M0CJ/IeI0BaTebHOCTH: Kap6oHaTHEIH mebenb (= 2170 xr/ M%) mpamop-
Helil webenb (= 2360 kr/m3)  rpaHuTHBIA mwebens (= 2420 xr/m3).
OpHako co BpeMeHeM B pe3yJbTaTe 00pa3oBaHHs THIPOKapOOasOMHUHATA
KaJIbLHsl TOPOBOE MPOCTPAHCTBO OETOHA MOCTENEHHO YIJIOTHSETCS, CAeACTBHU-
eM uero W sBJIsieTCsl Bo3pactaHue npousoctd (cm. puc. 1).

B cootBercTBuM ¢ Tabsa. 1 paspyueHue 6eToHa HE3aBUCHUMO OT BHAA 3a-
MOJIHUTEJS TPOUCXOMUT 1O PACTBOPY, T. €. BBICOKAsi MPOYHOCTb TPAaHUTA U
Mpamopa B PSIOBBIX Mapkax OeToHa Ha 1eMeHTe ¢ mpoyHocTbio 40 MIlla
npakTuueckd He peanusyetcs. Llesecoo6pasHo HUcnoJ/b30BaTh OoJjiee felle-
BBbIH, PacrnpoCTpaHeHHbIH, XUMUYECKH MOBEPXHOCTHO-aKTUBHbBIA M3BECTHSKO-
BBl Lle6eHb, KOTOPBIH M0 COCTABY U CTPYKTYpe UMeeT MHOro ob11ero ¢ kap6o-
HaTHBIM HarosHuTeseM [1]. TlosyueHHble pe3y/bTaThl elle pas MoATBepkK/Ia-
I0T pPa3/UUHBIA XapakTep pas3pylieHHusi OETOHOB W HEOOXOAMMOCTb MOUCKA
MyTed yIpoOuHEHHUS] KOHTAKTHOW 30HBI IPU HUCIOJIb30BAHNUH MJIOTHBIX, BEICOKO-
MPOYHBIX, XUMHUECKH U (PU3UUECKU MAJOAKTUBHBIX 3anosnHuTened. Ha puc. 2
NpUBeieHa MaKpOCTPYKTypa 00pasloB 6eTOHOB B Bo3pacTe 9 mec, KOTOpbie
MOATBEPXKAAIOT OTJAHUYHS CTPYKTYPbl KOHTAKTHOH 30HBl B 3aBUCHMOCTH OT
BUJIa 3alOJHUTEJS.

OnHUM U3 TOJIOKUTEMbHBIX (DAKTOPOB BBEIEHHUS LIaMa SIBJASETCS MOHHU-
JKeHHasl cerperaudsi 6€TOHHOHM CMeCH Ha CTaJdd ee MPUTOTOBJEHUS U Kak
CJIeICTBHE yMeHblIeHHasl 1e(eKTHOCTb CTPYKTYPbl. AIre3noHHasi IPOUHOCTb
BO3pacTaeT He TOJIbKO y dHepreTHuecKkH 0ojiee aKTUBHOTO M3BECTHSKA, HO Y
Mpamopa M IpaHHTa.

Puc. 2. MakpocTpyKTypa 00pasuoB 0eTOHOB B Bo3pacTe 9 mec
a — TpaHuT; 6 — MpaMop; 8 — H3BECTHSK
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Tabnuma 2

Pe3yabTaThl NPOM3BOACTBEHHBIX MCIBITAHUN JKeJ€300€TOHHBIX M3XENMIU IJIUT
IITK Ha ocHoBe GeroHa mapku 200

ITo mpouHoCTH [To xecTkocTH ITo TpeuHOCTOMKOCTH
KOH- KOH- KOH- KOH- | (akru-
Ne KOH- TpPOJIbHAS Xapaxre-
® |TposibHas| pacuer- | GakTH- |TpoMbHasm| oo | QaKTH- | 000 TpOMbHAS| YecKas | pucruka
COC-|narpyska| Hast Ha- | 4eckasi [Harpyska guﬁ 4eCKUH HOPTY o | WMPHHA | WIMPHHA | " pagpy-
TaBa| o mpou- | rpyska, | Harpys- |mo xect- nporwuo, P packpei- | packpsi- [IeHHsT
nporuo, LIHUHO-
HOCTH, I1a ka, [1a | xoctu, cM . THUS Tpe- | TS Tpe-
Ia I1a M CTOHKO™ |1y MM | umH, Mm
cty, Ila ’ ’

1| 64,0 80,0 1200 640 2,24 | 0,550 | 640 0,2 0,152 | Paspy-

LIeHHe

2| 64,0 80,0 1200 640 2,24 | 0,442 | 640 0,2 0,130 |43mennit
He Ha-

3| 64,0 80,0 1200 640 2,24 | 0,428 | 640 0,2 0,110 65?&}1:'

[Ipumeuanune. CocraB Ne 1| — Ge3 no6aBseHus maama; coctaBsl Ne 2, 3 — ¢ no6aBKoH
uiama 5 1 7% COOTBETCTBEHHO. B KauecTBe 3aIMOJHUTENS HCIIOIb30BAH J0JOMUTOBBIH Ie6eHb
Cokckoro kapbepa Camapckod 06JaCTH.

B Xome mpou3BOACTBEHHBIX WCHBITAHUNA ObLIM H3y4YeHbl MPOYHOCTHBIE U
nedopmatuBHble xapakTepucTuku miauT [ITK xak omHoro u3 cameix pacrpo-
CTpaHeHHbIX BMI0B 0eTOHHOM mpoaykuuu [4]. X HopMaTHBHbIE MoKasaTesu
npuBefieHbl B Taba. 2. [IMUTBl UCHBITHIBANM AEHCTBHEM HArpy3Kd udeThlpex
pPaBHBIX COCPEeIOTOYEHHBIX CHJI, CHMMETPUYHO PACIIONOKEHHBIX OTHOCUTEJb-
HO MPOJIOJIBHOH OCH TI0 CXeMe OJHOMPOJIETHON [IapHUPHO onepTol 6anku. Ha-
rpy3ky cosgaBanu npeccom TPM-1.

W3 npuBeneHHBIX pPe3y/bTaTOB CJedyeT, YTO BBedeHHe KapOOHATHOTO
mgamMa B KoiudecTse 5—7 % TMpPUBOAMT K CHHXKEHMIO BeJHMUMH NPOTHOOB H
PAaCKpBITHSl TPELIMH 0 CPaBHEHWIO C MJIUTOW M3 OeToHa 6e3 n0OaBKH.

PesynbTatel 1a60paTOpPHBIX UCC/AEI0BAHUE T10CJ/E IJIUTENbHOTO XpaHEHUS
00pasIoB, a TaKKe MPU HATYPHBIX UCIBITAHUSIX OETOHHOTO U3Ie/Hs T0Ka3aln
1es1ec006pa3HOCTb BBeIEHNUS KapOOHATHOTO LjlaMa AJisl yJydlleHHs MPOYHO-
CTHBIX M Je()OPMATHBHBIX XapaKTEPUCTHUK OETOHA Ha 3aMOJHUTENSIX Pas/iuy-
HOU TIPUPOJIBL.
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HCCJIENOBAHHUE BJIHUAHUA
BEJKOBOI'O IIEHOOBPA3OBATEJIA
HA ATPETATUBHYIO YCTOMYHUBOCTD IMMOPTJAHAIIEMEHTA

HcenenoBaHo BaMsiHHE GEJKOBOTO EHO06Pa30BaTe s PU KOHIEHTPAIMH Ha [Ba MOPsIKa
BbIllle, YeM TPH UCIO0Ib30BAHHU TPAAHIMOHHBIX TOBEPXHOCTHO-aKTHBHBIX BELIECTB, Ha CBOUCT-
Ba MOPTJAHALEMEHTa. ¥ CTAHOBJIEHO, UYTO CyXasi CMeCh TOPTAaHALEMEHTa U TeH000pa3oBaTels,
cogepxamas 10 15% BoJHOTO pacTBOpa GEJKOBOrO KOHIEHTpaTa, He KOMKYeTCsl U He 3aTBep-
JIeBaeT B TeueHHe ropasno GoJiee AJIUTENBHOTO BPeMeHH, YeM OOBbIUHBIA CYXOH MOpT/aHMILe-
MeHT. BBenenue 6e/KoBOro neHoo6pa3oBaTesisi B UCCAENOBAHHBIX KOJHYECTBAX NMPHUBOIUT K
YMEHbIIEHUI0O HOPMAJIbHOH I'YCTOThI, COKPAIIEHHUIO CPOKOB CXBAThIBAHHS, TIOBHIIEHUIO arperar-
HOHM YCTOMYMBOCTH TMOPTJAHALEMEHTa MPH COXPAHEHMH HCXOAHOH MPOYHOCTH.

BeikoBblit neHoo6pasosartens (BI10) mupoko npuMeHsieTcs B oceaHee
BpeMsl AJisl MoJiydeHHs neHobeToHa. Bynyun no cBoedl pU3MKO-XUMHUYECKOH
CTPYKTYpe MOoBePXHOCTHO-aKTHBHBIM BelecTBoM (ITAB), on urpaer posib mia-
CTHU(HUKATOPA LIEMEHTHOTO TeCTa U BBOIAUTCS B CHCTEMY «LEMEHT — BOJa» B
3Ha4uTe/bHO GoJiee BHICOKMX KOHIEHTpaUusX, ueM TpaguuronHele [TAB. Tak,
M3BECTHO, YTO JINTHOCYIb(DOHATHI, IacTU(HUKATOPhl THNA C-3 1 UM MOog06HbIE
[TAB opraHu4eckoro mpoucXoxKaeHHsl MPUMEHSIOT B KOJHUECTBE 0,1-0,5%
OT MaccChl [IeMeHTa. Y BeJIMueHre KOHIEHTPALNH ITHX MIaCTU()UKATOPOB CBBI-
we 0,5% TNpPUBOIMT K 3aMe//IeHHI0 CXBaTbIBAHMA M TBEpPJEHHs LeMeHTa, a
TIpHY KOHLeHTpauuy cBeitie 1—2% — Booblie K npekpalieHuto Teepaenns [1].

BITO B KauecTBe meHooGpa3oBaTessl IPUMEHSIOT B KosvuecTBax 3—15%
OT Maccel eMeHTa. [Ipy 3TOM 3aMenyieHUs] WM TpeKpalleHUs] TBEPAEHUS Lie-
MeHTa HUKTO He Habuonasn. HeBbICOKYIO MPOYHOCTD TeHOOETOHA 110 CPaBHEHUIO
C TIPOYHOCTBIO TsKesloro 6eToHa, He comepxkaiiero BITIO, o6b9HO 00BSACHSIOT
BJMSIHAEM CTPYKTYPHOro (pakTopa, a UMEHHO BBICOKOW TIOPUCTOCTBIO EHOOETO-
Ha. Biusiane e BIIO Ha mporecc TBepaeHHs eMeHTa HUKTO He M3ydadl.

[Ipu nosnyuenuu cyxux nenoderonunix cmeceid (CITBC) [2] mbl 06paTtuiu
BHMMaHHe, UTO cyxas NeHoGeTOHHas cMech, comepxkawmas 10 15% BomHOro
pacTBopa GesJKOBOro KoHLeHTpata [3], He KoMKyeTcss M He 3aTBepjeBaeT B
TeueHHe ropasao OoJiee NJIUTEJNbHOTO BpeMeHH, yeM OObIYHBIH CYXOH MOPT-
JIAHJIIEMEHT, XpaHSAIIMNACS B TeX Ke ycaoBUsAX. Tak, noptaanaueMeHt ['opHo-
3aBoficKoro nemeHTHoro 3aBoga [111400/120, naxonsmuics B CyXOM OTaIlJIH-
BaeMoM nomelleHuu npu temnepatype 20 2°C U OTHOCUTEJbHOU BJIAXKHOCTH
65-75% BO BCKPHITOM OYyMaxKHOM MellKe, mocjie 4 MeC XpaHeHHs B 3Ha-
YUTeJNbHON cTeleHU oKoMKoBajcs. IIpn sTom o6pasoBaBlivecss KOMKHU pas-
Mepamu 5—50 MM MpPH CMeLIMBAHUM LIeMEHTa C BOLOH He pa3pylIaloTcs U B
JanpHeHleM NpPH 3aTBepAEeBAHMU LIEMEHTHOTO TecTa OKa3blBAIOTCS CYXHMH.
B CIIBC, xpaHUBIIEHCS B TaKHX Ke yCJOBHUSX M B TaKOU Ke Tape, XOTb U
OKOMKOBBIBaeTCsl, 0JHaKO KOMKH 00pa3yloTcs B MeHblleM KojudecTBe. M 4To
camoe BakKHOe, pa3Mepbl KOMKOB He mpeBbimaioT 10 MM, a Ipy CMeLIMBaHUHU C
BOJOH KOMKH JIETKO Pa3pyLlalnTcs U MepexolsiT B 00pasyoLLyocs CyCleH3HI0
(LLleMeHTHOE TeCTO0), YTO M OMMCAHHBIM BbILIE MOPTAAHALEMEHT.

3ameueHHOe OOCTOSITE/NBCTBO MPUBEJIO K MbBICAH MOAPOOHEe H3YyUHUThb
Biausine BIIO Ha cBoWcTBa MopT/IaHALEMEHTA.

Llesnb onuckeiBaeMou pa6oThl — uccaenoBanue BausHust bI1O Ha arpera-
TUBHYIO YCTOWYMBOCTb MOPTJIaHALEMEHTA.

B skcnepumeHTe TpUMEHSNH CJeyIOLHe MaTepHasbl:

— ropnodaBojckui nopraanauement 1111400120, xpanuBiuiics B jsa6o-
patopuu B Teuenue 1,5 Mec ¢ MOMeHTa BbilycKa ieMeHTa (1o nacropty);

38 ISSN 0536—-1052. H3B. By30B. Ctpoureancrso. 2008. Ne 6



— GesKoBBHIA neHooGpasoBateas no natenty [3] B Buge 30% BomHOrO
pacTtBopa.

BITO cmemnBamu ¢ CyxuM MopT/IaHILEMEHTOM B COOTHOLIEHUSIX, TIPHUBE-
IeHHBIX B TalbJHle.

Y Kaxno¥ cMecH U nopTyaHaueMenTa 6e3 106aBKH ONpeneIsiii HopMasb-
HYI0O TYCTOTYy W cpoku cxBaThiBanus no I'OCTy 310.3-81% [4].

W13 nopraanaueMeHTa ¢ 106aBKo U Oe3 Hee TOTOBUJIM 00pa3Lbl-0a104KH
no [OCTy 310.4-87* Ha BosibcKOM mNecke. bamouyku TBepaen npH yca0BUSAX,
npeaycmoTperasix [OCTom 310.4-87% [5].

PesynbTaThl 3KCIIEPUMEHTOB JaHbl B TaOJHlle, OTKYAa BHIHO, UTO BBeJe-
Hue BI1O npuBoaUT K COKpalleHHI0 CPOKOB cXBaThiBaHUS. [Ipu 3TOM H3MeHe-
HMS BpeMeHHU Hauajia U KOHIA CXBATbIBAHUS CYLIECTBEHHO MPEBBIIAIOT BeJH-
YuHYy pa3bpoca 3KCIepUMeHTaNbHBIX 3HaYeHHH.

SKcnepnmeHTaanme COCTaBbl U pPE3yJdbTaThbl UX HCIBbITAHUH

Cpoku cxBaTbiBaHus,| [IpouHOCTb CTAaHAAPTHBIX

Cocras HT, % 4 : MUH o6pasuoB B 28 cyt, MIla
HC KC R28 R2
111400120 (nanee ITLL) | 25,0 1:25 4:00 12,3 35,2
M1+ 2,5% BI1O 22,5 0:20 1:30 12,3 35,4
ML+ 5% BIIO 21,25 0:15 1:05 12,4 34,2
ML+ 7,5% BIIO 18,75 0:15 1:10 12,5 34,8
[+ 10% BITIO 16,25 0:10 0:50 12,6 34,6
I+ 12,5% BIIO 13,0 0:08 0:45 12,8 34,8

[IpounocTh 06pa3uoB Kak MpH U3rubde, TaK W MPH CKATHU MPAKTUUECKU
He MeHsieTcs. HeGosblire OTKJIOHEHHUSI TIPOYHOCTH OT KOHTPOJIBHOTO 3Haye-
HUSl He MPEBBIIAIOT OLIMWOKU IKCIEPUMEHTA.

Jst BeisicHenus BnusHus BI1O Ha cBoiicTBa LleMeHTa NMpU XpaHEHUH Ta-
KOU 2Ke 9KCIepUMeHT OblJ1 NOBTOpPeH 4epe3 4 Mec XpaHeHHUs LeMeHTa 0e3 J0-
6aBku BIT1O u cmecedt Toro xe nementa ¢ bI1O B KosMuecTBax, yKa3aHHbIX B
TabJIUle U HAa PUCYHKE.

Bce yc/0BHs sKcriepruMeHTa ObIM CTPOTO UAEHTUYHBI YCIOBUSIM, OTHUCAH-
HBIM BBILIE.

Crenyer OTMETHTb, YTO U3MEHEHHS COCTOSIHUS MCXOAHOTrO MOpPTJAH/ALe-
MeHTa 1 cMeceld ¢ BITIO cooTBeTcTBOBaNM 3HAUEHHUSIM, ONTUCAHHBIM BbILIE /151
[111400420. TTostomy IILI 6e3 moGaBKHM MPHUILJIOCH MOABEPTHYTH MpeaBapH-
TeJibHOMY ApobJieHUIO U npoceBy 4epe3 cuto 0,63. B To ke BpeMs HMKaKoOH
npensaputebHou o6pabotku cMecedt [111 ¢ BITO He notpe6oBanoch, Tak Kak
UX KOMKOBaHHe OBIJIO He3HAYUTE/JbHbIM M KOMKH JIETKO pa3pyllajuch MpU
CMELIMBAaHUM C BOJOH M TECKOM.

PesysibraTel IOBTOPHOTO 3KCIEPUMEHTA TIPUBEEHBl HA PUCYHKE, Te BUI-
HO, UTO aKTHBHOCTb lleMeHTa C 100aB-

ko BIIO u 6e3 cHu3uiach 3a Bpems Rex, MMa

XpaHeHHUs! He3HaunTesbHO. Hebosbioe 35

MOBBILIEHHE MPOYHOCTH MOXKHO 00bsiC- — ] ~
HUTH C TIO3HLME TEOPHH arperaTHBHOH SF 7 AN
YCTOMYHMBOCTH JMCIEPCHBIX CHCTEM. 33 P A\
M3BecTHO, UTO MOPT/IaHALEMEHT SIBJISI- 3 va N
eTcsl arperaTHBHO HEYCTOHUMBBIM B / M
CUCTeMe «l[eMEeHT — BO31yX». DTa He- 31

YCTOUUHBOCTb KaK pa3 W MpPOSIBJSETCS 0 2 4 & 8 10 12 14
B Bujie KoMKoBaHus 1L npu xpaneHuw.
[Ipy 3TOM HeEyCTOHUHBOCTb CHCTEMbI p

€3YyJIbTaThbl OIpeaesIeHUdA HpO'{HOCTI/I 06[)33-

TEM BbILIE, HEM BJIAKHEE OKPY?KAOIIHAKN  0p-Ganouek HA CXKATHE M3 CMecel, XPaHHUB-
BO3AyX: TIPH OTHOCHUTEJIbHOU BJIa?KHO- muxes 4 mec

CopepxaHue BIMO, %
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ety Bosmyxa, npesbimaioiieil 70%, XpaHsauuica B 6yMaXXHOM MeIKe T0pT-
JIAaHALEMEHT CJIeXKUBaeTCsl 0 COCTOSIHUS CIJIOIIHOTO TBEpAOro TeJa.

Beenenue BIIO, comepxautero 1o 70% mno macce BOjbI, B3aUMOAEHCT-
BYIOLLETO C MOBEPXHOCTBIO YACTHUL LIeMeHTa, BbI3bIBAET MOSIBJI€HHE BOKPYT HUX
cJ1051 6eJKOBBIX MOJIEKYJI, TIPENSITCTBYIOMNX CaAunanuio yactul. OqHako npu
3TOM Boga, copepxkatasics B BIIO, He B3auMomeHCTBYeT ¢ MOBEPXHOCTHIO
yacTul. ['napartauus KJAMHKePHBIX MUHEPAJOB He MPOUCXOAUT, UTO MPOSBJIS-
eTCsl B COXpPaHEHWM CIIOCOOHOCTH TAKOTo LieMeHTa K T'MapaTaluyd U TBepje-
HUIO NPH CMeLIMBAHUM C HOPMaJbHBIM KOJUYECTBOM BOJIHI.

CokpallleHHe CPOKOB CXBATbIBaHMS LIeMEHTa TPH HOPMAaJbHOH TyCTOTE
TecTa TakKe MOXKeT ObITh 00bSICHEHO B3aUMOIEUCTBUEM OETKOBBIX MOJIEKYJI C
MOBEPXHOCTBIO IEMEHTHBIX YacTull. [Tocko/ibKy HopManbHas ryctorta (HT) cy-
LIeCTBeHHO MeHblle, yeM B /Il npu onpeje/eHUn MapKd LeMeHTa, epexos
CyclieH3nHu lieMeHTa, comepxkailed BIIO, M3 coCTOSIHUS TICeBAOMIACTUYHON
JKHAAKOCTH B COCTOSIHME OWHTaMOBCKOH MPOUCXOAUT OblcTpee. DTOT MeEPexof
Kak pa3 M cooTBeTCTByeT Hauasy cxsaTeiBanus (HC). Ilo Toi e npuunne
YCKOpPSIETCSl U Tlepexo]l LeMEeHTHOTI0 TeCTa U3 COCTOSIHUS OMHTaMOBCKOH XKHUJI-
KOCTH B COCTOSIHME TBEPIOIJIACTHYHOTO TeJsa, YTO COOTBETCTBYET KOHILYy CXBa-
TBIBAHUS.

Takum 06pas3om, MOKHO cuMTaTh, yTo BBefeHHe BIIO B uccienoBaHHBIX
KOJIMUECTBAaX IMOBBILIAET arPeraTHBHYIO YCTOHMUMBOCTb MOPTJAAHILEMEHTA.
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METOJIMKA OBOBIIIEHHOW OILIEHKH
JEKOPATHBHDBIX XAPAKTEPHUCTHK
JIAKOKPACOYHBIX MOKPBITHH
HA OCHOBE KOMIIBIOTEPHBIX TEXHOJIOTUH

[TokasaHa BO3MOXKHOCTb HCIIO/Ib30BAHUSI IPOrPAMMHOIO KOMILIeKca «CTaTUCTHUECKUH aHa-
JIU3 1IBETOBBIX COCTABJISIOLIMX JIAKOKPACOUHBIX MOKPBITHH» [JIs1 KOJHUECTBEHHOH OLEHKH M3MeHe-
HMUSI IeKOPATHBHBIX CBOHCTB JIAKOKPACOUHbIX MTOKPBITUH T0J JIeHCTBHEM KJIUMaTHUECKHUX (PaKTOPOB.

O6061IeHHYIO OLEHKY 1eKOPATHBHBIX XapaKTePUCTHK JaKOKPACOUHBIX TOKPBITHH Tpea-
raeTcsi BBHIIOJNHATb C y4eTOM H3MEHEHHs KaK CPeIHMX apH(MeTHYeCKHX BEJHUHH 1IBETOBBIX
CMYK-cocTaBasiomux, Tak U CTeleHH HeOTHOPOAHOCTH OKPACKH, OLleHHBAaeMOH uepe3 Ko3(-
(bULIMEeHT BapHaLHH.
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Kak usBecTHO, ¢ TeueHHeM BpeMeHM MOJ BO3LAEeHCTBHEM KJIMMATHUECKHX
(haKTOpOB — COJIHEUHOH pajualuu, Iepernaga TeMIepaTyp, MOBBILIEHHON
BJIQXKHOCTH, aTMOC(ePHOH MBLIW U IPSI3U U T. M., @ TaKxkKe Pa3JIUYHbIX arpec-
CUBHBIX CpeJ MPOUCXOAUT paspylleHHe JAKOKPACOUHBIX MOKPBITUH CTPOHU-
TeJbHBIX KOHCTPYKUHWH. B coorBercTBUHM ¢ TpeboBanusmu ['OCTa 9.401-91
«[ToxpeiTs makoxkpacounele. O6ure TpeGOBAHUS U MeTOAbl YCKOPEHHBIX HC-
NbITAHUH HA CTOMKOCTb K BO3JEUCTBHIO KJIMMATHUECKHX (DAKTOPOB» OLEHKY
3aLUUTHBIX W JEKOPATHUBHBIX CBOWCTB TMOKPBITUH TMPOU3BOAAT MO METOIHKE
[OCTa 9.407-84.

MHorue coBpeMeHHble JaKOKPACOUHble MOKPHITHS 00/1a4al0T BBICOKMMH
3alUMTHBIMU MapaMeTPaMH, a CPOK UX CJyKObl B O0JbLIEH CTENEHH 3aBUCUT
OT cTabUIBHOCTHU IeKOPaTUBHBIX XapakrepucTHk. CorsacHo [OCTy 9.407—-84
«[ToxpbiTHs NakokpacouHble. MeTox OLEHKH BHELIHero BHAa» 00O0OLIeHHYIO
OlLIEHKY JeKOPATUBHBIX CBOUCTB MOKPBITUH BBIYUCJISAIOT MO (hopMyJie

AD=X-ab+X -all+X -al +X -aM, (1)

rae ab, all, al', aM — oTHOCHUTeJbHBIE OLIEHKU CTENEeHH U3MeHeHHs 0JecKa,
[BeTa, MeJIeHUs] U Tpsi3eyaep:KaHus;
X — K03(h(PUIMEHT BECOMOCTH Ka)KJIOT0 BHUAA Pa3pyIIeHUS.

O1eHKy 1[BeTa JaKOKPACOYHBIX MOKPBITHH MPU ITOM, Kak MPaBUJIO, MPeJ-
JlaraeTcsl BBITIOJHSATh BU3yaJbHO U OLIEHHUBATH 1O MATHOAJIBHOM 1LIKajle WU
MO0 pe3ysbTaTaM, MOJYy4aeMbIM C MIOMOIIbIO CITEKTPOGOTOMETPOB UK KOJOPH-
METPOB U UCIOJIb3ysl TabJHUUHble 3HAYEHUS yIeJbHbIX KOOPAWHAT LIBETA MOHO-
XPOMaTHUECKOTO H3Jy4eHHs] U OTHOCHUTENbHBIX CIEKTPaJbHBIX pacrpepese-
HHH 3HEePruM M3JydeHHs MCTOYHMKOB cBeta [1, 2].

[upokoe npuMeHeHUe NJs1 KOJUUECTBEHHOIO U3MEPEeHHSs 1IBeTa MOJyUHU-
Jla KOJIOpUMeTpHUYecKasi CUCTeMa, yTBepXKaeHHas MexkIyHapoqHOH OCBETH-
tesbHOM Komuccued (MOK) B 1931 r. Kpome KoJopuMeTpUUeCKOK CHCTEMb
[[BET MOKHO U3MEPHUTh C MOMOIIBIO IIBETOBOTO TOHA, YUCTOTHI LIBETA, KOIPDH-
uxeHTa oTpaxKeHus u apkocty [3]. [Ipy 01MHAKOBBIX 3HAUEHUAX TOMHHHPYIO-
IeH JJMHBI BOJIHBI, YUCTOTHI 1IBeTa U KO3(D(HUIMEHTa SIPKOCTH HJIH OTpaxKe-
HUS TTOKPBHITHS NOJ/DKHBI UMeTb OAWH W TOT ke 1BeT. OQHAKO YCTaHOBJEHO,
YTO MeXKIy LBETOBBIM OLIYIIEHHEM UeJOBEKA U CIEKTPAJbHbIM COCTABOM LIBe-
Ta HeT npsiMo cBsi3u. MccesenoBanus 1BeTa JJAKOKPACOUHBIX TTOKPBITHH MOKa-
3aJ¥, YTO JaHHble 1IBETOBble XapaKTEePHUCTHKU He BCerja AaloT MpaBHJIbHOE
npejcTaBJeHMe O ero LBEeTOBOM TOHe, HaChlleHHOCTH U cBeTsoTe [4]. Ecau
pPacmoJioXKUTh 06pa3ibl B Psijl M0 BO3PACTAHHUIO JJIUH BOJIH, TO OKa3bIBaeTcs,
YTO OHH He BOCIIPOM3BOJAST PABHOMEDPHBIA PSiMl 1IBETOB MOKPLITHUH, TOJydae-
MBIH B pe3yJ/ibTaTe BU3yajbHOTO OCMOTPA [3f K tomy ke, ucnoJsib3oBaHue Ko-
JIODUMETPOB U CTeKTPO(OTOMETPOB TIPH NMPUEMOYHOM KOHTPOJIE KauecTBa 3a-
[IMTHO-IEKOPATUBHBIX MOKPHITUHA M MPOBENEHUM HCCJEN0BATENbCKUX PabOT
MPeCTAaBJSET ONpeeNeHHble TPYAHOCTH, CBSI3aHHBIE C JIJTUTENbHOCTBIO U Je-
(PUIMTOM CpenCTB M3MepeHHs Ih[)5].

Jlnsi pelieHusi 3TOM MPoGJEMbl B MOCJAEHHAE TOMIbl BCe 4Yallle MpefyiaraeTcs
HCII0/Ib30BaTh KOMIIbIOTePHbIe TexHosMoruu [5—9]. B ocHoBe mpemnaraeMbix mog-
XOJIOB JIEXKUT BO3MOXKHOCTb TOJYUEHHS] PACTPOBOTO HM300payKeHUSI CTPYKTYPh
Marepuasa Mpd CKaHWPOBAHUM M3yuaeMOW IMOBEPXHOCTH, BbIPaXKAeMOW B BHIIE
¢yHKumu uBeta. [Ipy 1BeTHOM BapuaHTe CKaHMPOBAHHS, UCIIOJIB3Ysl OMpeesIeH-
HYIO L[BETOBYIO MOJEJb, TIOJ KOTOPOH IOApa3yMeBaeTcst Crmocod (popMasbHOTO
OIMCAHMS 1BeTa Ha OCHOBE COCTABJISIIOLIMX €r0 KOMIIOHEHTOB, IMOSIBJISIETCS] BO3-
MOKHOCTb PAa3JIOXKHUTh KaXK/IBIH [IBET HA COCTABJSIOLIME LBETA U CIIEKTPHI OTpe-
JIeIEHHOH 4aCTOThI, aHAJIU3 KOTOPHIX JaeT BO3MOXKHOCTD TOJNYYUTh OG'bEKTHBHbIE
JIaHHbIE O JIEKOPATUBHBIX XapaKTEPUCTUKAX JIAKOKPACOYHOTO TTOKPHITHS.

HecwmoTpsi Ha cX02KeCThb MOAXOI0B K OLEHKE CBOMCTB JIAKOKPACOYHBIX MO-
KPBITHH METOOM MPSMOT0 CKAHUPOBAHHUS MOBEPXHOCTH 006PA310B, 1JIs OMUCa-
HUS 1IBeTa UCIOJb3YIOTCS pa3inyHble 1BeToBble Mopean: CMYK [6, 7], HSB
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[5, 8], RGB [9] u 7. 1. [TurmeHTHbBIE KpaCKH, HCIIO/Ib3yeMble B CTPOUTEILCTBE,
TakK »Ke KaK U KPaCKH, IPUMeHsIeMble B MOJUTPAPHUH, OTPAKAIOT CBETOBOE M3-
JydeHue, SIBJSSCh CYOTPAKTMBHBIMH LBeTaMH. AHA/IM3 MCIOJMb3yeMbIX MIJIsI
onucanus useta mogeser (Lab, RGB, HSB, CMYK) nokasaun [10], uto Han6o-
Jiee TIPUEMJIEMOH /IS JTAKOKPACOUYHBIX MOKPBITHH SIBJISETCS CyOTpaKTHBHAs
usertoBast mogesr CMYK.

BHenpeHne KOMIbIOTEPHBIX TEXHOJIOTHH TO3BOJISIET TTOJYUHUTh KOJHUECT-
BEHHYIO OLEHKY HM3MEHEHHS LBeTa TOKPBITHS TOJ NEHUCTBHEM arpecCHBHBIX
(hakToOpOB M KCIpecc-UH(OPMAIHIO, He YCTYALLYIO 10 JOCTOBEPHOCTH Tpa-
IWLUHOHHBIM MeTonukaM. Ha ocHOBe yxe MMeOIMXCcs HapabOTOK U MOSBUB-
IIUXCS TEXHUYECKHUX BO3MOXKHOCTEH Ha Kadepe CTPOUTEIbHBIX KOHCTPYKIMN
MoproBcKOro rocynapcTBeHHOTO yHHBepcHTeTa Obll pa3paboTaH Mporpam-
MHBIH KoMIIeKC «CTaTHCTHUECKHH aHaJH3 L[BETOBBLIX COCTABJSAIOILIMX JAKO-
KPaCOUHBIX MOKPbITHH» (cBUmeTenbeTBO Pocratenta Ne 2006610820). Hntep-
(elic pa3paboOTAaHHOTO MPOTPAMMHOTO KOMILJIEKCa TpeacTaBJdeH Ha puc. 1.
Kpome o6paboTku 11BeTOBBIX cocTaBasooumx B pexxume CMYK-popmara mno-
GaBJieH KaHaJ «SPKOCThb».

[Iporpamma BkitouaeT B ce0si cienyrolde OJOKH:

a) ouugpposka 6 pexcume CMYK-gpopmama:

1) 3arpyska UCXOQHbIX (paraoB (HpeILHOHTI/ITe.HbHee B (popmarte PSD), no-
JY4EHHBIX METOAOM IPSMOr0 CKaHMpoBaHMsl (myis ymoOCTBa peasnu3oBaH
TNPUHLMIT MHOXKECTBEHHOT0 BhIOOpPa);

(l?-_‘ CrarHCTHYE CHHH aHa M3 LIBeT0 BbIX COCTaRIAH L HX JIaHOK pacoYHbIX No... E]|E|E

Main O Nporpavte
HnpagneH9e fafdnanid

HoGsEuTE | HsrmenuTe | Yaanure |

O8patoTk.a pesyneTaToE

CrarHcTika | |‘:Pa|fm ges mmnpeccwu|

Faiin: |C0chaB 84-5. pad

HM=otpakeHie Ecero nukcenei CragLeHHE
100=100 10000 7EER

YpoeeHe 208 Cuer lIl

Upoeers [IBOSN]  Cer [NENN  Ypceors [N Cier [

Uposers [ 250 Coer [0 ] Ypoeen: TN coor I
P acwrad

HaszeaHwe 0nA rpapuKos © ||—|JEI¢'HK o,

[ Cozpagare tet-pakine [T Cosgaeare pik-paline

Bece 84 psd J Cocras 84-2 psd J Cocras 84-3.psd J Coctag 84-4.psd  Cocrae 84-5.psd

Ecero daiinoe : 5

Puc. 1. Uutepdeiic nporpammHoro Kommiaekca «CTaTHCTHYECKHH aHA/W3
LBETOBBIX COCTABJISIOUIMX JAKOKPACOUHBIX MOKPHITHH»
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2) BO3MOXHOCTb (NMpy HEOGXOAMMOCTH) HOGABJEHHs, M3MEHEHMs HJIH
y6aB/IeH|s KOJHYeCTBa NapaJieJbHO aHaJIU3MPyeMbIX OBEPXHOCTeH (MakcH-
MasibHOe YHMCJI0 00pabaThiBaeMbIX MapasenbHo (hainos — 25);

3) mojcyeT KoJMMUeCcTBa MUKCeJNeH OHOTO U TOTO XKe YPOBHS I/Is1 KaXK10M
LIBETOBOU COCTAaBJISAIOLIEH;

4) rpauueckoe NpeacTaBIeHHE PaClpeeeHHs] UBETOBBIX COCTABJS-
LMX B BUJIE TUCTOrPAMM /IS KAXKI0K CKaHUPyeMo# nosepxHocTH (puc. 2);

(i CratncTHia

OpueHTaumMa nucTa B WORD
Wraa "Word-paiina ;| v Mepenare & Word " KHu#Han (* AnedorHan [paduk B draiin
MmaA Excel-gaiina: |eee Nepenars 6 Excel | pupr: (10 3 [padur & Gydep obmeda |

[w Bcraenare Tafnuuel rucTorpare 5 Word |v Beragnare Tadnuuel noseprHocTel 6 Waord W BoTaenare rpadukm B Word

Mpadhmk XXX

P
U

T T T '
60 80 100 120 140 160 180 200

|-1 e 2 a3 #* 4 +5 & CpEfHEE I

YHOBEHE XEeNTOA LEETOBOM COCTABNAKLWER

i = odn) = g

1.0 )

HazgaHuwe 4nA rpafukoe © |I'pa¢'u|< o

7 Cozpagate tt-gpatine [T Cozgaeare pik-gaiine

Bece B4.psdJ Cocrae 84-2.psd I Cocras 84-3.psd ] Cocrae 84-4ped  Cocras 84-5.ped

Bcero dakinos : 5

Puc. 2. Fpaq)quCKoe npeacTaBJ/JeHrHe pe3yJbTaTOB aHa/M3a LUBETOBBIX COCTABJAIOIIUX
JIAKOKPACOYHBIX HOKprTI/II:I

5) GopmupoBaHKe 6a3bl JAHHBIX A5 TOCTPOEHHsI TOBEPXHOCTEH pacrpe-
JleJIEHHS LUBETOBBIX COCTABJISIOUIMX B 3aBUCUMOCTH OT KOOPAMHATHI KaxKIO0T0
MUKCeJIS;

6) 06pabomKa NOAYUEHHbLX Pe3YAbMmamos:

1) ompenenenue cpemHero apu(gpMeTHYECKOro, AMCIEPCHH M CPEIHEro
KBaIPAaTHUHOTO OTKJOHEHHUS I/ KaXKA0U I[BETOBOM COCTABJSIONIEN KaXKI0Tr0
o0pasua B OTHENbHOCTH;

2) BBINOJHEHHE CTATHCTHYECKOH 00PabOTKH Pe3ysbTaTOB — OMNpeseJie-
HYe MUHHUMaJbHOH U MaKCUMaJbHOW BEJHUHHBI JOBEPUTENBHOTO HHTEPBAJA C
YUeTOM 3aJaHHOH [IOBEPUTENbHOH BepOATHOCTH (MO yMOJYAHHIO TPHHSTO
0,95) u cpeaHero apu(dMETHYECKOTO MOC/Ie OTOPACHIBAHMS «HE3HAUMMbIX»
3HaUeHWH MIJI KaXKAOTO IIBETOBOTO YPOBHS;
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3) moCTpoeHHe CBOAHBIX TUCTOrPAMM HU3MEHEHHS YaCTOThI MOSIBJIEHHUS OT
YPOBHSI LIBETOBBIX COCTABJSIOLIMNX /IS BCeX NapaJ/es]bHO oOpabdaTbiBaeMbIX
00pasLoB MOC/e CTaTUCTHYECKOH 06pabotku (cM. puc. 2);

4) BO3MOXKHOCTb nepenayy BeIXOAHBIX naHHbIX B Microsoft Word u Excel,
a TakXKe COXpaHeHMs rpauuyecKHX 3aBUCHMOCTEH B rpapuueckux (popmaTax
u Oydepe oOMeHa O/ MCIOJAb30BAHHS B APYTMX MpOrpaMMax-peiaKkTopax.

Hcnosnb3oBanre pa3pabOTaHHOrO NPOrPAMMHOIO KOMILIEKCA I103BOJISeT
NpoaHa/lU3UpPOBaTh He TOJbKO U3MeHeHHe CpelHHX apu(MeTHYECKUX BeJH-
YUH LBETOBBIX COCTABJSIOLLMX, HO U CTelleHb HEOAHOPOJHOCTH OKpacku. s
yueTa HeOJZHOPONHOCTH OKPAcKM, Ha Halll B3IV, LejecooO0pa3Ho HUCIOJb30-
BaTh Kos(duuuent Bapuauuil (%), onpenensieMblii Kak

V=+D/X-100, 2)

rae X u D — COOTBETCTBEHHO CpefiHee apudMeTHUeCKOe U TUCTIEPCUS UCCJe-
IyeMOH LIBETOBOH COCTaBJISIIOLLEH.

O0600111eHHYI0 OLIEHKY JI€KOPATHBHBIX CBOMCTB JIAKOKPACOYHBIX MTOKPBITHH
B JIAHHOM cCJlyyae OIpenessiioT Mo (opmyJe

All=Xg -ab+ X -al + Xy -aMJT+ X -(06-aC+04 -aV,) +
+X,y-(06-aM+04-aVy)+Xy,-(06-aY +04-aVy) + (3)
+ X4 (06-aK +04-aVy)+ X -(06-aB+04-aVy),

rae ab, al', aMJl — oTHocuTesbHBIE OLIEHKH H3MeHeHHUs1 OJecKa, rpseynep-
xKanust ¥ Mesenus (tabn. 1);

aC,aM, aY,aK,aB — oTHOCHTe/IbHBIE OLIEHKH U3MEHEHHS CPeIHUX apudpme-
THUECKUX LBETOBLIX COCTAB/AIOMMUX (roay60i, MypnypHOH, XKe/ITOH, uepHOk)
u apkoctd (Taba. 2);

aVe, aVy, aVy, aVy,aVg — oTHOCUTE/IbHBIE OLIEHKH H3MeHeHUsT KO3 huLH-
eHTOB BapuaLMi LBETOBBIX COCTABJAIIIMX U ApKocTH (Tadm. 2);

Xg, Xr, Xmm Xey Xus Xy, Xi, X — K03(DpHULMEHTH BECOMOCTEN KOHTPO-
JUpyeMbix mapametpos (taba. 3).

Ta6auma 1
OTHOCHTENbHBbIE OLIEHKH M3MeHeHHUs OJieCKa, MeJEeHUs U

rpsiseyaepxaHus
Bann cornacHo TOCTy 9.407-84 1 2 3 4 5
OrHocHTeNbHAS OlIeHKa 1 0,7 1051 0,1
Ta6auma 2 Ta6auma 3
OTHOCHUTENbHBIE OLEHKH H3MEHEHHS Beanuunbl K03(h¢UIIIEHTOB BECOMOCTH
cpenHux apucgpMeTUYECKUX CBOWMCTB 3aIIUTHO-JE€KOPATHUBHBIX
U KO03(pHUIIMEeHTOB Bapuanuu MOKPBITUYA MO LEMEHTHOH MOMJIOKKE
L[BETOBBIX COCTABJSIIONUX U SAPKOCTHU
3aIUTHO-I€KOPATUBHBIX MOKPBITUH Hyozﬂsg(;_ If{o:ﬁcl);e—-
Bun paspymenns 1
Hsme- K 3Haue- co-
HeHue cpell-|OTHOCH- OZ?}?rH_ OTHOCH- HHe MOCTH
Bann| Hero apud- |TenpHas au iy, | TEPHAS
MeTHue- | ouenka | B PPLOHH“, oLeHKa Hamenenue Gsecka b 0,25
CKoro ['psizeynep:kaHue r 0,25
1 0 2 1 05 1 MeJjienue MJI 0,25
9 9 5 0.8 5 10 0.8 Llgero-| ronaybas C 0,05
3 06 06 Vsme-|  2P€  |mypnypuas| M 0,05
coCTaB-
5 10 ’ 10 15 ’ HeHMe| jqio. | JKeaTas Y 0,05
4 10 15 0,3 15 20 0,3 UBeTa| ppe yepHast K 0,05
5 |Bosbwe 15| 0  |Bosbwe 20| 0 SPKOCTh B 0,05
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OnpenesuM rpaHylbl XOPOLIEro U YAOBJIETBOPUTENBHOTO COCTOSHUU Je-
KOPATHUBHBIX CBOMCTB JIAKOKPACOYHBIX MOKPBITHH. BepxHss rpanudua xopolie-
ro cocTosiHUSI cocTaBaseT A/ =1, HUXKHAS:

AI=025-0,7+025-0,7+0,25-0,7+0,05-(0,6-0,8 +0,4 -0,8) +
+0,05-(06-08 +0,4-0,8) +0,05-(0,6-0,8 + 0,4 -0,8) +
+0,05-(06-08 +0,4-0,8) +0,05-(0,6-08 + 0,4 -0,8) =0,725.

HyokHsist rpaHuua yaoBJIEeTBOPUTENBHOTO COCTOSIHUS:
Al=025-05+0,25-05+025-0,5+0,05-(0,6-0,6 +0,4-0,6) +
+0,05-(06-06+0,4-0,6) +0,05-(0,6-0,6 +04 -0,6) +
+0,05-(0,6-0,6+0,4-0,6) +0,05-(06-0,6 +04 -0,6) =0,525.

HeynosneTBopuTenbHOe COCTOSIHME MOKPBITHH MO A€KOPATHBHBIM Xapak-
TepucTHKaM Hactynaet npu A/ < 0,525, 4To XOpPOLIO COracyeTcsi ¢ pe3ysib-
TaTaMmu, MOJyYeHHbIMH B padorax [3, 11].

Hcnonb3oBaHue 1aHHOrO MPOrpaMMHOrO MPOAYKTa JaeT BO3MOMKHOCTb IMOJTY-
YUTb KOJMYECTBEHHYIO OLEHKY H3MEHEHHsI NeKOPATHBHBIX CBOUCTB JIAKOKPACOY-
HbIX TIOKPBITHH MO IEHCTBUEM KJIUMATHUeCKHX (paKTOPOB, a TaKKe B 3aBUCHMO-
CTH OT CTPYKTYPHBIX U TEXHOJOTMYECKUX MapaMeTpoB. [IpuMeHeHne METOIOB CTa-
TUCTUUECKOW 00pabOTKH TO3BOJISIET TOJNYYUTh OOBEKTUBHYIO HH(OPMALHUIO 10
HU3MEHEHMIO IeKOPATHBHBIX XapPaKTEPHCTHUK TOKPHITHH, UTO 0COOEHHO BayKHO MPH
HaHeCeHHWH KPAaCOUHbIX COCTABOB Ha GETOHHbIE TOBEPXHOCTH, 00/1a/1alollHe 3HaYH-
TeJIbHOH HEOJHOPOIHOCTBIO CTPYKTYPbl M OOJBIIAM KOJHUECTBOM JAe(PEKTOB.
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JI. ®. MYBAPAKIIUWHA, acn., JIl. A. ABAPAXMAHOBA, n-p TexH. Hayk,
npo¢., B. I'. XO3UH, n-p TexH. HayK, npo¢. (KasaHckuil rocyrapcTBeHHBII
APXUTEKTYPHO-CTPOUTETBHBIN YHUBEPCUTET)

CTPYKTYPA Y CBOUCTBA KAPBAMMJIHBIX ITEHOIIJIACTOB
C XUMHYECKHA AKTUBHBIMH HAIIOJITHUTEJIIMH

Paspa60TaHb1 Kap6aMI/Iﬂ,HbIe IeHOoI/IacCThl, MOI[I/Iq)I/IU,I/IpOBaHHbIe TOHKOOUCIIEPCHBIMH XH-
MHYECKH aKTHBHBIMH HAIIOJIHUTEJIIMU, U U3YyUEHbl KX OCHOBHbIE TEXHOJOIMYeCKHe U 3KCIlJya-
Tal¥OHHbIE CBOHCTBA. I/ICCJ'IelIOBaHO BJAUAHAE XMMHUYECKOTO HAMOJIHEHHUS Ha CTPYKTYPHO-MeXxa-
HUYECKHEe U TeHJIOCpI/ISI/I‘—IECKI/Ie XapaKTepUCTHUKH Kap6aMI/IHHbIX TIeHOIIJIaCcTOB. HpOBeHeHbI Hc-
CJIeJOBAHUA HOpI/ICTOﬁ CTPYKTYPbI Kap6aMI/I[LHbIX IMEeHOIJIaCTOB C XHMHYECKH aKTHBHBIMH
HaMOJIHUTEJIIMH MeTOdaMH ONTHUECKOH U 9JIEKTpOHHO§I MHUKDPOCKOIIHUH. BoisiB/IeHBI OCHOBHBIE
3aBUCUMOCTH U3MEHEHHUS SUEUCTOH CTPYKTYPbl XUMHUYECKH HAINOJTHEHHbIX KapéaMI/IﬂHbIX IeHo-
IJ1aCTOB.

Hawnbosee pacnpocTpaHeHHBIM COBpPEMEHHBIM KapOaMHUAHBIM IEHOTIa-
CTOM SIBJISIETCS TIEHOU30J1, XapaKTePU3YIOLIMHICS BBICOKUMH TEMJI03aILUTHBIMU
CBOMCTBAMH, TEXHOJOTHUHOCTBIO, NOCTYIMHOCTBIO U HU3KOH CTOMMOCTBIO Chbl-
pbsi. OnHAKO MEHOU30/1 He HAXOMUT MIHPOKOTO MPUMEHEHHS B CTPOUTENbCTBE
13-32 HU3KOU MeXaHUUeCKOW MPOYHOCTHU M 3HAUUTEJbHOU yCaaKu MPH OTBep-
JKIEHUH.

UsgectHo [1], uTo Mexanuyeckue CBOHCTBA MEHOMOJIUMEPA ONPEENAOT-
csl KaK MeXaHHUYeCKHMH CBOMCTBAMHU CaMOM MOJHMMEPHOH MaTpHLEl, TaK U Ma-
paMeTpaMH, XapakTepU3YIOIIMMHU sUeUCTyIo CTPYKTypy. [loatomy mpunHuMn
(hu3uuecKol MOIU(PUKALKNN MOHOJUTHBIX MJACTMACC 32 CYET BBEJIEHUS HAMOJI-
HUTEJSE MOXKeT ObiTh 3()(EeKTUBHBIM U [JI51 MEeHOMIacToB. HanomHuTe b, BBe-
JeHHbIH BO BCIIEHWBAEMYIO KOMITO3ULMIO, BAUSIET HA IPOLIECCHI, TPOTEKaIILHe
Ha BceX CTaausix GOPMUPOBAHUS MOJHUMEPHOH TeHbl, UTO IPUBOIUT K U3MeEHe-
HUIO MaKpPOCTPYKTYPBI H, CJI€I0BATEJbHO, CBOMCTB IEHOIMOJUMEpA.

M3yyeHuto 4eUCTON CTPYKTYpPbl IE€HOMNIACTOB PA3JUUHOIO TUIA MOCBS-
LIeHO MHOTO padot [2—5], u auIb B HEKOTOPLIX U3 HUX [5] yneneno BHuMa-
HUEe 0COOEHHOCTSM MaKpPOCTPYKTYPbl HAMTOJHEHHBIX NTeHOMNIacTOB. [laHHbIE 0
SUEUCTON CTPYKType HAMOJHEHHbIX KapOaMHUIHBIX MeHOIJIACTOB, MOJydeH-
HBIX BO3JYyLIHO-MeXaHUUeCKUM CrMocoOOM, MPaKTHUUeCKH OTCYTCTBYIOT.

Hau6osee kayecTBeHHYI0 MaKpPOCTPYKTypy IMeHONJACTa ¢ PaBHOMEPHO
pacrpe/esieHHbIM HAMlOJHUTENEeM BO3MOXKHO MOJYYUTh XUMUUECKHUM HaroJHe-
HUeM, IPH KOTOPOM B MaTpHlie MeHbl 00pas3yloTcst TBep/ble YaCTHLIbl HHOU XH-
MHYeCKOH mpupomsl [5].

B nanHo# paboTe npoaHaIM3MPOBAHO BAUSIHUE XUMHUUECKOT0 HAMOJHEHU S
TOHKOJIHUCIIEPCHBIMU TIPOMBIILIJIEHHBIMH OTXOZaMH Ha CTPYKTYpPHO-MeXaHHue-
CKHe U TelslopU3nYecKre CBOUCTBA KapOaMUIHBIX [1€HOMJ/IACTOB, H3TOTOBJIEH-
HBIX B MPOMBILIJIEHHbIX YC/I0BUSAX Ha ycTaHoBKe «[lena-2000». [Tpunuun mno-
JydeHHs] KapOaMHUIHBIX TTeHOMJIACTOB 3aKJ/104aeTcsl BO BCIIEHUBAHUU CXKATbIM
BO3yXOM KapOaMMIHOH CMOJBl B Ta30’KUAKOCTHOH yCTaHOBKe IPH MOMOILLH
NeHoo0pasyollero pacTeopa M IMOCJAeAYIOLIero OTBEepPKIAEeHHS IM0JyuYeHHOH
cydeoO6pas3HOl eHOMACCHl KATaJnu3aTOPOM OTBEPKIEHHS, BXOISLIUM B CO-
CTaB 3TOr0 pacTBOpaA.

XuMHueckoe HanosJHEHHe KapOaMHMIHBIX IEHOIIACTOB NOCTHUTaeTcs 3a
cueT 00pa30BaHUS HAMOJHUTEJS B XOle PeaklUHUH B3aWMOAEHCTBHS KaTaslu-
3aTopa OTBepKIeHHUS KapbaMUIHOU CMOJbI — OPTOPOCHOPHOU KHUCJIOTHI C
pPeaxkUMOHHOCIIOCOOHBIMM KOMIIOHEHTAMH, KOTOpble MpelBapUTeNbHO AUCIIep-
TUpyIOTCS B Kap6aMUAHOU cMoJjie. B KauecTBe peakLMOHHOCIIOCOOHBIX KOMIIO-
HEeHTOB OblJIM BbIOPaHbl TOHKOAUCIIEPCHbIE alIOMOHATPUEBBIN OTXO/ FabBAHHU-
YeCKOTO MPOU3BOACTBA U 0TXoA BomoouncTku TILL. Illnam ranbBaHuueckoro
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POU3BOJCTBA, MPEACTABJIAIOIINN COO0H 0CaOK U3 BAHH XUMHUYECKOTO (hpe3e-
pOBaHWsl M M3 BaHH TpaBJeHHUs Mepej aHOAMpPoBaHHeM, Ha 96% cocTouT u3
ruapapruanuta (AI(OH);) ¢ ynenbHoit mosepxnocTbio 22400 em? /. ITo nan-
HBIM MMHEDAJOTHYeCKOro anaausa otxon Bogoourctku TAL coctout Ha 90%
u3 kpapuuta ¥ Ha 10% W3 KBapua. YeJbHas MOBEPXHOCTb OTXOA BOJIOOUH-
ctku TALL — 13000 cm? /r. Kputepuem oT60pa 106aBOK SABJSETCS COOTBETCT-
BHE CKOPOCTH MX B3aUMOJEHCTBUS C KUCIOTOH U CKOPOCTH OTBEPXKAEHHUS Kap-
6aMUIHOM CMOJIbl B HayaJbHBIHA TEePUOL.

Mukpockonuyeckre UCCeI0BAHUS TOPUCTON CTPYKTYPbl XUMUYECKH Ha-
MOJIHEHHBIX KapOaMHIHBIX TI€HOIIACTOB MPOBOIUIUCH HA 3JEKTPOHHOM MHUK-
pockorie EVO 50XVP—ZEISS, nonosHUTeNbHO OCHAIIEHHOM 3HEpProAuCIep-
cuoHHbIM criekTpomeTpoM INCA-350, ¢ moMolbio KOTOPOr0 KOHTPOJIUPOBAI-
Csl 3JIeMEHTHBI COCTaB MEeXKIIOPOBBIX MepPEropoJoK.

Ha puc. 1 nokasansl 3/1eKTPOHHO-MHKPOCKOIIMYECKHE CHUMKH MEHOU30/1a
(a) ¥ Kap6aMUIHOTO MEHOMNJIACTa, HAMOJHEHHOTO aJIOMOHATPUEBBIMHM OTX0/1a-
MH TaJbBaHHYECKOro mpousBoacTBa (6) m otxomom BomoouucTku TILL (8).

Puc. 1. MukpodoTtorpaduu CTpyKTypbl KapOaMHIHOTO MeHOMJIacTa
a — 6e3 HaIMoJIHUTeJId; 6 — HaroJIHEHHOTO AJIOMOHATPUEBBIM OTXOAOM; 8 — OTXOL0OM BOLOOYUCTKHU T9]_1

Jl1s1 HeHAMOJTHEHHOTO TEeHOU30J1a XapakTepHa ne(OpMUPOBAHHAS KPYII-
HOSTYEUCTasl MOpPoBasi CTPYKTYpa, UTO OODBSCHSET HU3KHE (PU3UKO-MeXaHHue-
CKHe MoKasaTesd Kapb6aMuaHBIX meHomsactoB. CTpyKTypa sueek OJHM3Ka K
CTPYKTYype «BBITEKILEro» N0AeKadapa, KOTOPbIA 1e(OPMHUPOBAH B pe3yJ/bTare
JIpeHaxka KapOaMUIHOW CMOJIBL.

HanosnenHble kap6aMuaHble MEHOIIACTbl UMEIOT PEryJ/sPHYI0 CTPYKTY-
py ¢ 6oJee mpaBuabHOU (hopMoH sueek. OTHOLLEHUE IJNHHBI CTEPKHEH sueeK
K UX lIKMpUHe ymeHbliaercs. CTepkHeBOH Kapkac 6osee MacCHBEH, YTO 00b-
sicHsieTCsl yToJeHreM pebep (TsKel) U y3J0B siueek H3-32 BCTPOEHHBIX B
HHMX YaCTHI HAMOJHUTeNs. DNeMeHTHBIH aHa/au3 [0Kasas, u4TO YacCTHLBl Ha-
MOJIHUTEIS pacrosiaralotes B pebpax (Tspkax) W ysaax siueex.

FI/ICTOI‘paMMbI pacripeneseHudd op 1o pasMepam IeHoru30Ja U HalloJTHEeH-
HbIX Kap6aMI/II[HbIX [I€HOIlJIaCTOB MPUBEAEHBI Ha pHUC 2. U3 Hux cJjaenyer, uTto
Cpe,ZIHI/Iﬁ pasMep d4yeeK HalloJHEHHOTO Kap6aMI/I[1HOI‘O MEeHOIJIacTa MOYTH B 2
pasa MeHblle CpeaHero pasmepa g4eeK MeHOM30J1a.

a) 6) B)
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Puc. 2. TucrorpaMmbl pacrpejeseHust sideeK 110 pasMepaM KapOaMMAHOTO IMeHONJIacTa
YcoBHBIE 0003HAUEHHUS Te 2Ke, 4TO M Ha pHuc. 1
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Pacripenesnenne sueek meHou3oJa MO pa3MepaM MOHOMoJasbHOe. AHa-
JU3UPYsT MUKpPOdoTOrpaduu U THCTOTpaMMy ¢ GMMOJAIbHBIM pacrpeneseHu-
€M 0P MO pa3Mepam J/1s1 KapOaMUIHOTO MeHOTIacTa, HallOJTHEHHOTO aloMO-
HaTpUeBBIM OTXOAOM, MOXKHO YTBepKIaTb Ha/lWyMe B HeM MHUKposueek
(3—13 MKM), n0KaIM30BaHHBIX B cTeHKax Makposdeek (16—26 Mkm).

[mcrorpamMma pacrpenesieHus siueek Mo pasMepam AJst KapOaMUIHOTO Ie-
HOTJIaCTa, HAOJHEHHOTO OTXOJA0M BOAOOYHCTKH TIALI, MOHOTOHHO yOBIBaIO-
was. [peo6aananommi pasmep nop (80%) — no 16 mxm. [losyuenue ToHKO-
JIMCIIEPCHON CTPYKTYpbl KapOaMMAHOIO MEeHOMJsacTa B MPUCYTCTBUM OTXO1A
BonoourcTky TILL cBsizaHO ¢ HCMOb30BAaHUEM COUETAHHU ST BO3AYIIHO-MEXaHH-
YeCKOro BCIIEHWBAHHUS C ra3000pa30BaHUEM 3a CYeT XUMHUYECKOTO B3aUMOJIeH-
CTBUSI KOMIOHeHTOB. Posib rasoo6pasoBartesisi UrpaeT OTXOA BOAOOUHUCTKH
TOU, cocTosiuii mpuMepHO Ha 87% wu3 KapOOHATOB KaJbl¥sl U MarHus, Ko-
TOpble B pe3y/bTaTe XMMHUUYECKOH PeaklHH ¢ OpTOPOCHOPHOU KHUCIOTOH, SB-
JISIOIEHCS KaTaln3aToOpOM OTBep:KIeHUS KapOaMuIo(hopMasbIeruIHOH CMO-
JIbl, BBIIEJISIIOT YIJIEKHUCBIN a3, a obpasyolurecs coad — dochaTbl Kaablus
U MarHus UrpaimT poJib HalOJHHUTEJS.

YcraHOB/IeHHblE U3MEHEHHS SYEUCTOH CTPYKTYphl HalOJHEHHBIX KapOa-
MUIHBIX TEHOMJIACTOB, BEPOSTHO, CBS3aHBl ¢ 00Opa3oBaHHEM anCOPOLHOH-
HO-COJIbBATHBIX CJIOEB IOJUMepa Ha MOBEPXHOCTH HamosHuTess. [lonBuxk-
HOCTb MOJIEKYJI CMOJIbl B TPAHUUHBIX CJI0SIX HUXKE, UTO 00BbSICHSIeT yBeNHUeHHe
BSI3KOCTH CMOJIbI B TPUCYTCTBHH HAMOJHUTENS. POCT BSI3KOCTH TPUBOIUT K
YMEHBILIEHHIO CKOPOCTH peHaka »KUIKOCTH U3 MeHbl, YIyUllIeHHI0 arperaTrs-
HOHW YCTOWYUBOCTH U ONHOPOAHOCTH KapOaMHUIHOW IEHHI.

B pesyabTate uccaenoBaHus pacnpeneseHus MJIOTHOCTH B 06beMe OJ10Ka
nenousosna pasmepamu (1 1 1 M%) mo BeICOTE yCTaHOBJIEHO, YTO MIOTHOCTb
HUKHETo ¢J1051 TeHousoaa He GoJibiie 25—30%, yeM BepxHero. B cayuae Ha-
MOJIHEHHOTO KapOaMMIHOTO TeHOIMJacTa W3MeHeHHe IJIOTHOCTH IO BBICOTE
6/0Ka He HabJofaeTcs.

OnHako MJIOTHOCTb HAMIOJHEHHBIX KapOaMHUIHBIX EHOMIACTOB BbILIE, YeM
y neHousosa. VI3 mpencraBieHHBIX B TabJ/IHlle JaHHBIX OUE€BUIHO, UTO yBEJH-
YyeHHe MJIOTHOCTH MPOUCXOIUT He 32 CUET CHHUKEHHUS MOPUCTOCTH, T.€. YBEJHU-
YeHHs MOJUMEPOEMKOCTH, a 338 CUeT Ha/JIU4Ms B MOJHUMEPHOH MaTpHlle BBICO-
KOTIJIOTHOTO HAarOJHHUTES.

[ToHmxeHHe COPOIIMOHHOTO YBJIaKHEHHUS TIPU HAMOJHEHUH KapOaMUIHBIX
MeHOT/IACTOB OOBSICHSETCS OTCYTCTBHEM B CTPYKTYype TaK HA3bIBAEMbIX Ka-
nusipoB ['n66ca, MeLUX TpeyroabHOoe ceueHre U 06pa3oBaHHbIX MIPU POC-
Te, CONPUKOCHOBEHHH U THoc/eaymolled nedopMaluy IMy3bpbKOB BO3MYIL-
HO-MeXaHHUECKOH TEeHBI.

CBoiicTBa KapO6aMHIHBIX MEHOIJIACTOB

Kap6amunHei#i neHomnsact,
MOAU(UIHPOBAHHBIN
[okasaress TeHouson | grxonom Bomo- ANFOMOHATPHEBBIM
ouncTkr TALL 0TXO0JI0M
(5 mac. %) (3 mac. %)
[lnoTtHOCTD, Kr/ M3 20 28 30
[opucrocts, % 98,3 98 97,8
[TpounocTb Ha cxatue npu 10%-# uHeiiHo 0,007 0,065 0,055
nedpopmanuu, MIla
Monyab ynpyroctu, MIla 0,07 1,1 1,3
Cop6uUHOHHOe yBIaXKHeHHe 3a 24 4, 00. % 20 10 13
Koadduuuent rennonposoanocts, Br/ (m-K) 0,032 0,034 0,035
Ycanka auneiiHasi, % 10 0,8 1,3
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Bksiag mpoBoaMMocCTH moJuMepa Ha Ko3((HULUMEHT TelJoNpOBOAHOCTH,
3aBUCSIIMH OT MOJMMEPOEeMKOCTH, MeHbllle BKJ/aaa ra3oBod (pasel, comepxka-
Hue Kotopoil nocturaet 6ogee 90%. [IpUcyTCTBHE B SUEHCTOH CTPYKTYpe Ile-
HOTIJIaCTa MUHEPAJbHOTO HAMOJMHUTE/S] IPUBOIUT K YBEJHUEHHUIO KO3 PHULH-
eHTa TemJIOoNpPoBOAHOCTH. OnHAKO OOMIMH POCT TEMJIONPOBOAHOCTH HEBEJHK
BBUJYy yMeHbIIEHHUS BKJIaJa KOHBEKTHBHOTO NepeHO0ca TelJa B s4elKkax MeHb-
IIMX Pa3MepoB HAIMOJHEHHbIX MEHOMJIACTOB.

C uesbio ornpenesieHdst BAUSHUS MOP(OJIOTHH HA (DHU3UKO-MEXaHHUECKHe
CBOWCTBA XMMHUUYECKH HAMOJHEHHbIX KapOAaMUIHbIX MEHOMJIACTOB OBl U3yUeH
xapakrep nedopMalUU W paspyllieHHs T[eHO-
nnactoB. Ha puc. 3 mnpuBeneHbl auarpaMmbl
CXKaTHS KapOaMMIHBIX TEHOMIacToB. KadecT- (o7l 3
BEHHO JMarpaMMbl MPAaKTHIECKH HEe Pas3IuyaoT- ¢ gel
csl, M KaX/ylo U3 HUX MOXKHO Pasfe/uTh Ha TPH ¢ o5
y4acTKa: Haua/bHbIH KPYTOH Y4aCTOK; TUIATO HA (gl
BTOPOM Y4aCTKe; y4acTOK BO3PACTaHHs HaNpsi- o4l
KEHHS. HauasbHblit yuacToK oTpaxaer cxathe g, |
TSOKEH U CTEHOK siueeK IMeHOomsacTa A0 JOCTH-

Oy MMa

. 0,01 —
JKEHHUSI UMH TOTEPU YCTOUUHUBOCTH; HA BTOPOM -
y4acTKe paspylialoTcs TSXKH, YTO TPUBOIUT K 0 5 10 15 20 25 30 35 40
BO3HUKHOBEHHIO IJ1aTO; Ha TPeTbeM YydacTKe & %

IIPOUCXOAUT OKOHYATEJIbHOE CMSATHE pa3pylIeH- Puc. 3. [lnarpammsl aepopMupo-
HBIX STUeeK U MOCTelNeHHbIH fepexon K CxKaThl  BaHusd KapGaMHIHOrO NeHOMIaCTa

caMoro mnoJiMuMepa. 1 — 0e3 HamMoJHUTENS; 2 — HaroJ-
HEHHOTO a/JIOMOHATPHEBBIM OTXOJOM;

Pocr MOAYJIsT YIPYrOCTH KODPpeJaHpyeT C 3 — oTx010M BOMOOYHCTKH TIL]
TTOBBILLIEHUEM HpOLIHOCTI/I Ha cxKXaTue. BepOHT-

HO, 3TO CBSI3aHO KaK C yBeJWUYEHHWEM TOJIIHHBI TSKEH siueeK HaloJHEHHbIX
KapOaMHUIHBIX TEHOTIACTOB, TAK U C MOBBILIEHHEM HUX KECTKOCTH B MPUCYTCT-
BHHW HAMOJHUTEJS, YTO MPUBOANUT K YMEHbIIEHNUIO BHYTPEHHNUX HATIPSKEHUH U
yCafouHbIX Ae(opMalnid, BO3HUKAIOUINX BCAEACTBUE YAaJeHHs BOIbl U JIPY-
T'MX HU3KOMOJIEKYSIPHBIX MPOAYKTOB MPU OTBEPXKIEHUH U BbICHIXaHUH KapOa-
MHUIHOH IIE€HHI.

[IpoBeneHHBIE HCCIENOBAHUS BJIUSHUS MOP(OJOTHH XUMHUECKA HATOJI-
HEHHBIX KapOaMHIHBIX TEHOTJIACTOB Ha MX OCHOBHbIE 3KCIJIyaTalMOHHBIE
CBOUCTBA CBUIETEJIbCTBYIOT O 11€716CO00Pa3HOCTH HUCTOJIb30BAHU S XUMUUYECKO-
rO HaTOJHEHUS C LEeJbI0 YJydlleHns (hU3UKO-MeXaHUYeCKHUX XapaKTePUCTHUK
NpYU COXPAaHEHHWH HX BBICOKMX TEIJO3aIlIUTHLIX CBOHUCTB.
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9KOHOMHUKA U OPTAHMU3AIHNA CTPOUTEJIbCTBA
ABTOMATHU3AIIUA U TEXHOJIOI'A
CTPOUTEJIBHOTO IMPOU3BOJACTBA

YIK 69.003:012.12

|A. T. KY3BbMHUHCKHH|, a-p sKkon. Hayk, npod., B. A. HU3ATOB, KaHA. 9KOH.
HayK, gon., B. B. YEPEHKOB (HoBocu6GMpPCKHUil roCyIapCTBEHHBIA apXHUTEK-
TYPHO-CTpOUTENbHBIN yHuUBepcuter (CubGcTpun))

0 ®POPMHPOBAHUY HOPM HABOPOB PECYPCOB
HA OIUH KBAJIPATHBINI METP
KOHCTPYKTUBHOI'O 3JIEMEHTA ITPH BO3MOXKHbIX
BAPHAHTAX KOHCTPYKTHUBHOIO PEINIEHUS

[TpennoxkeHa MeToAMKa (OPMHPOBAHHS HOBOH TPYIIbl CMETHBIX HOPM, MCIOJ/b30BaHHE
KOTOPbIX M03BOJISIET pellaTh 3aJaud 9KOHOMMYEeCKOro 060CHOBaHMS BbIOOpa HHBECTOPOM KOH-
CTPYKTHUBHOIO pellIeHHs 3JaHMS.

YpoBeHb KayecTBa CTPOUTEbHON MPOAYKLHH ONPEAESETCsSI CPOKOM CJIY K-
Obl 00BbEKTa, YPOBHEM 3KCIJIyaTAllMOHHBIX 3aTPaT, YPOBHEM KOM(OPTHOCTH U
IPYTHMU TOKAa3aTessiMH.

B coBpeMeHHBIX yC/IOBUSIX MHBECTOPA HE YCTPaUBaeT 1O Py 0OBEKTHB-
HbIX TMPUYMH CTPOUTENbHAs MPOAYKLUHS C ypPOBHEM KayecTBa, 3aJaHHBIM
KeM-1160. OH OyneT npruobpeTaTh CTPOUTENBHYIO TPOAYKIHIO C TEM YPOBHEM
KayecTBa, KOTOPHIH COOTBETCTBYET €r0 MHBECTHLHOHHBIM BO3MOXKHOCTSIM.

B kayecTBe KpUTepHs OLEHKH UHBECTHLMOHHBIX BO3MOKHOCTEH HHBECTO-
pa, Kak MpaBUJ/O, BbICTyNaeT CMeTHas lleHa Ha CTPOUTEJbHYIO NPOAYKLHUIO.
OueBHIHO, YTO KOHKPETHBIH YPOBEHb CMETHOM LieHbl OTPakaeT KOHKPeTHHIH
YPOBEeHb KauecTBa CTPOUTENbHOH TMPOLYKLHH.

YpoBeHb KauecTBa CTPOUTENBbHOU MPOAYKIHH (POPMUPYETCs B Ipoliecce
MPOEKTHPOBAHUS 00BbEKTA.

[IpuemsieMblll 1711 HHBECTOpPA YPOBEHb KAueCTBAa CTPOUTETbHOH TPOAYK-
M obecreunBaeTcss KOHKPETHBIM Ha00pPOM KOHCTPYKTHBHBIX DEIIeHHH MO
KOHCTPYKTHBHBIM 3/JeMeHTaM 3naHusi (pyHIaMeHTbl, CTeHbl HapyXXHbie |
BHYTpPEeHHUE, MEPEropoaKH, NepeKPbITHs, OKOHHble U IBEPHBbIE 3alOJHEHHS,
MOJIbl, OTHAENOYHble PAaGOTBl U T.I.).

3anaya BEIOOpa MHBECTOPOM YPOBHSI KaueCTBa CTPOUTENbHOU MPOLYKLHH
SIBJIIeTCST MHOTOBaPHAHTHOW B TOCTaHOBKE.

Mertonrka «BelGOpa HHBECTOPOM KOHCTPYKTHBHOTO pellleHHs 3IaHHs MO
CBOMM HMHBECTHIHOHHBIM BO3MOXKHOCTSIM» TNpUBefeHa B paborte [1].

Ho piist mpakTHuecKoro HCmoJsib30BaHUsl pEKOMeHIyeMOH METOIUKH Heob-
XOJIMMBI CIelHa/bHble CMeTHbIE HOPMbI HAG0POB pecypcoB Ha 1 M? KOHCTPYK-
THUBHBIX 3/JIEMEHTOB.

HoByto rpynmny cMeTHBIX HOPM MOXKHO pa3paboTaTb TOJbKO IIPH YCJIOBHH,
4TO B KauecTBe HCXONHOU MH(pOpMalLXU OyoyT MUCIONb30BAHbl TOCYyIapPCTBEH-
Hble 3JEeMEHTHble CMEeTHble HOPMbI (TACH).

[Ipouecc ¢opmupoBaHUs HOBOU TPYMIbI CMETHBIX HOPM TpeOyeT paspa-
60TKU KOHKPETHOW METOIUKH.

[Ipennaraemasi mMetoauka (OpPMHUPOBAHHUS HOPM HAaOOPOB pPecypcoB Ha
1 M? KOHCTPYKTHBHOTO 3JIeMEHTa MPH KOHKPETHBIX BapUAHTAX KOHCTPYKTHB-
HOTO pelIeHHs TOCTPOeHa Ha HjJee BO3MOXKHOCTH mnpeoOpaszoBanus [DCH.

I'9CH npennasHavensl 1151 GOPMHUPOBAHUS CMETHBIX eIMHUUHBIX paclie-
Hok no BugamMm CMP. PacueHnka onpenessieT CMETHYIO CTOMUMOCTb MPSIMbIX 3a-
Tpat no Bugam CMP, ucuncsieHHbIx B 6a3MCHOM yPOBHE 1IeH Ha PeCypPChl B CO-
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Bbibop nogmHoXecTBa
3CH

P NogmHoxecTBo MNOCH P Knaccudmkauma NOCH —‘

v

Tpebyetcs
npeo6pasoBaHune?

Mpynna 1 pynna 2

Mpouenypa
pasyKkpynHeHus rpynn

TpebyeTcs
pasykpynHeHve?

Tpebyetcsa
pasykpynHeHve?

Ipynna 1 Ipynna 2

v v

Mpoueaypa noabopa

M3CH Ha 1 m2 napametpa-npusHaka npeobpasoBaHus
KOHCTPYKTUBHOIO 3fieMeHTa ¢
no suay pabot

4_| Mpoueaypa npeoGpasoBaHus

Anroputm npeo6paszosanus TCH B [TACH na | M2 KoHCTpyKTHBHOTO 3/eMeHTa 1o Buty CMP

OTBETCTBYIOLIMX MOTPEOUTENBCKUX EIMHUIAX H3MEPeHHs, Halpumep, B M2,

M3, ToHHax, wTykax u ap. [To otaenbHeiM rpynnam CMP pacuieHk# yKpyrnHe-
bl (a caenoBaTesibHO, ¥ HaGopwl pecypcos) B 10, 100 uau 1000 pas. Umenno
3TH feTanu B conepxkanuu ['DCH npenonpenensor aaroput™ GopMUpPOBaHUS
HOpM Habopa pecypcoB Ha 1 M? KOHCTPYKTHBHOTO 3JeMeHTa (pUCYHOK).

AsropuTM (hopMupoBaHHS HOPM HaGopa pecypcoB Ha 1 M? KOHCTPYKTHB-
HOTO 3JIeMeHTa 10 BUAY paboT MpeaycMaTpUBAET MsATh 0053aTeNbHbIX MpOLe-
nyp, Kotopele noskHa npoutn 'DCH B mporecce nmpeoOGpasoBaHus:

— BBIOOP 13 Bcero MHOoxkecTBa [DCH noamuoxectsa I'DCH, ncnosnbaye-
MOTO B BBIOPAaHHOM BHIE CTPOUTEJbCTBA;

— KJaccupuKauus;

— pasyKpyIlHeHHUE;

— BBIOOp MapamMeTpa-lpu3HaKka NnpeoOpa3oBaHuUs;

— npeo6pasosanue (nepecuer) IACH B HopMy HaGopa pecypcos Ha 1 m?
KOHCTPYKTHBHOTO 31eMeHTa — [IDCH (npeo6pasosannas sneMeHTHas cMeT-
Hasi HOpMa).

[Incdpsl HOBEIX HOpM cooTBeTcTBYIOT mUdpam [DCH.

Heo6xoauMocTb BbINOJNHEHHUS] MepBOM NpoLefypbl — BbIOOpPa M3 BCEro
mHoxkectBa [DCH nonmuoxectBa '9CH, nenonmbayemoro B BEIOpaHHOM BHIE
CTPOUTENBCTBA, OOBSCHSAETCS TEM, UTO B 3TOU CUCTEME HOPM TOJBKO 110 HOBO-
My CTPOUTENBCTBY UMeeTCs 0K0JI0 27 Thlc. HOPM HabopoB pecypcoB. PacueH-
ku, copMmupoBaHHble Ha 6aze 'DCH, mo3BossiOT (OpMHPOBATH CMeETHBIE
LeHbl Ha J100yI0 MPOAYKUHMIO OTPAC/H, T.e. Ha J0Oble BUIBI CTPOUTENbCTBA:
JKUJIAIIHOE, TPaXKAaHCKOE, CeNbCKOe, MPOU3BOACTBEHHOE, THAPOTEXHUUECKOE,
IOPOXKHOE, CTPOMTENbCTBO MOCTOB M TOHHEJEH H [p.

Hannble ananmza [DCH mosBossioT creaTbh BBIBOMI, YTO KAaCCH(MUIUPO-
BaTh CMeTHBbIe HOPMbI HA/I0 Ha JBe rpymnmbl. K nepBo rpymnme 6yayT OTHECEHBI
HOPMBI, KOTOpPble MPH HCIOJb30BAHUU He TPeOyIOT Mpolleaypbl mpeobpasoBa-
HHUS, a KO BTOPOM — Tpebylollle TaKoU Mpolenypbl. B KauecTBe KpuTepus
KJIaCCU(pUKALMKU CMETHBIX HOPM INpPHUHHUMaeTCsl yCJOBHe «COBIMANEHHs» WU
«HECOBMNAJeHHsI» eIUHULbl U3MePeHHUs] Habopa PecypcoB Ha KOHCTPYKTHBHOE
pellieHre C eIUHHUIEH M3MePeHHsl KOHCTPYKTHUBHOro 3jementa (tadu. 1).
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Ta6nnua 1 [Tpouenypa pasykpynuenus [DCH
ExnHna u3Meperns | Heogxo. ~ ©CTP MPOLECC NeJieHHs 00beMOB pecyp-
crl\ngnHTI); KOHCTPYK- |\ o erpykTuBHOTO ngéVIOO@Cg; COB, CONEPIAILIXCA & HOPME HaGopa,

Hopm | THBHOTO pememin | he00Pa Ha TOKasaTesb YKPYMHEHHS HOPMbI.
S7EMeHTa [Tpeo6pazoBanne 'DCH pomxkHO
1 | 2 1 a2 Her BBIIIOJIHSITECSI HAa OCHOBAaHUHU Mapa-
JloGast MeTpa-NpU3HaKa — OCHOBHOT'O OTJIH-
(kpome 1 m2) Ha YUsl TEXHOJOTHYECKOW HOPMAaJd HOp-
Mbl KoHKpeTHOH CMP ot TexHomoru-

YeCcKUX HopMaJsJed HOpM B onHod rpynmne CMP.

[TosicHUM CMBICJ TIOHATHH «ITapaMeTp» U «[lapaMeTp npeobpa3oBaHUs».

[Tapamerp (rpeu. parametron — OTMepPUBAILIME) — [OCTOSHHAS BEJIH-
uKMHa, BbIpaXKeHHast OyKBo# (Uudpoi), coxpaHsioas CBOe MOCTOSIHHOE 3Ha-
YyeHHe JIMLIb B YCJAOBUSIX NAHHOU 3aauH FQ, c. 287].

B 3anaue npeoGpasoBaHHs CMETHBIX HOPM Habopa pecypcoB K eAHHHMIIE
¥3MepeHHst KOHCTPYKTUBHOTO 3/ieMenta (1 M?) B KauecTBe mapamerpa mpeoo-
pa3oBaHUs BBICTYNAET MapaMeTp-MPU3HAK — OCHOBHOT'O OTJIHYHS KOHKpET-
HOU HOPMBI OT HOpM ofHoH rpynmel CMP.

[Ipouenypa npeobpazosanus [DCH ectb mpouecc yMHOXKEHHS 00BEMOB
pecypcoB, cofiepxKalliixcsi B HopMe Habopa Ha NPUHATBIM NapameTp npeobpa-
30BaHHUS.

['9CH, no npuHsiToN KnaccuruKauuyu OTHECEHHBIE K TI€PBOH TPYTIIIe CMeT-
HbIX HOpM (ec/M pasyKpyrHeHHe HeOOXOAMMO — pasyKPYIHSKTCS), MepeHo-
CSITCSl B MACCHB HOBBIX CMETHBIX HOPM 06e3 M3MeHEHHs C TeM e LIH(POM.

['9CH, no npuHATOH KIaccH(UKALMH OTHECEHHble KO BTOPOH TpymIe
CMEeTHBIX HOPM, MOJABEPTraloTCsl BCeM 0053aTesbHBIM MpoliefypaM npeo6paso-
BaHMS U IEPEHOCSATCS B MACCHB HOBBIX CMETHBIX HOPM C T€M 2Ke LIH(POM.

[Tpouenypsl pasykpynHeHUs U peobpa3oBaHUsl HOPMbI Habopa pecypcoB
(TACH) Ha 1 M® KOHCTPYKTHBHOTO 3JeMeHTa IPH YCJIOBUHM HeCOBNALeHHMS
eIMHULL U3MepeHHUs] KOHCTPYKTHUBHOIO 3JeMeHTa PEKOMEHIYeTCs BbINOJNHATh
Mo MOJe/H, NMpeAcTaBJIeHHOH B 0O0LleM BHIE:

2 1 m2

i

_ Hracn, I
Y

K3

rne Hy,,, — npeo6pasosannas Hopma HaGopa pecypcos Ha 1 M? KOHCTPYKTHB-
HOTO 3JeMeHTa BHOA I;

[ — BHI KOHCTPYKTHBHOro 3saementa (i=1,m);

k — TOpSAAKOBLIA HOMep HaGopa PecypcoB, BK/IOUEHHOTO B BAPHAHT KOHCT-
pYKTHBHOro peiienus (k=1m);

Hrscn, — Hopma Hatopa pecypcos no 'DCH Ha enunuily uaMepeHHs KOHCT-
DYKTMBHOrO peruenust (M1 Buma paGoT) KOHCTPYKTHBHOIO 3J€MEHTa i-ro
BUJA;
[1, — napameTp npeo6pasosanus ucxoanok HopMel ((ACH) Ha 1 M? KOHCTPYK-
THUBHOrO 3JIeMeHTa ]
Y — mokasaTe/ib yKpynHeHHs HOpMbI Ha6opa pecypcos (mo TACH) mo Buay
CMP — k£ (¥ =1 1000).

[IponeMoHCTpUpPyeM pe3yJ/bTaThl MPAKTUYECKOTO HCIOJAb30BAHUS MpejJa-
raemont MeToguku Ha rpymnne CMP — «KoncTpykunu U3 kupnuua u 610K0B» [3].

IMPUMEP 1. ChopmupoBath HOpMy Habopa pecypcos Ha 1 M2 KOHCTPYKTHBHOTO 3JIeMeH-
ta — «[leperoponxku» Ha ocHoBaHuM AaHHbIX [DCH.

[To nawmett knaccupuxanuu FOCH 08-02-009 «Knanxa neperoponox rosmuHou 120 MM 13
KaMHeH KepaMHU4YeCKUX UJAU CUJIUKATHBIX KJAaA0UYHbIX, U3SMEPUTEJb 100 M2 neperoponok (33 BbI-
YeTOM TPOEMOB)» OTHOCHTCS K TepBoH rpymme (Tada. 2).
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Tabnuma 2
I'aCH 08-02-009
Knanka neperoponok TosuuHo# 120 MM U3 KaMHElH KepaMHUeCKUX MJIM CHIHKATHBIX KJ1aJl0UHbIX
Cocmas pabom:
01. 3aroToBKa M ycTaHOBKAa apMaTypbl MPH KJIagKe apMHPOBAHHBIX IMepPEropofioK.
02. Knagka KOHCTPYKUMH H3 KaMHeH.
H3amepurean: 100 M2 neperopoaok (3a BbLIUETOM NMPOEMOB).
Knanka meperoponmok tosmuHo# 120 MM M3 KaMHeH KepaMHUYeCKHUX WJIH CHJIHKATHBIX:
08-02-009-1 apMupoBaHHBIX NpPH BBICOTE 3Taxa 10 4 M;
08-02-009-3 HeapMHpPOBAaHHBEIX MPH BBEICOTE 3TaxKa 10 4 M.

Iudp Haumenosanne Enmununa 08-02-009-1 |08-02-009-3
pecypca 3JIEeMEHTOB 3aTpaT H3MepeHust
1 3arparbl Tpyaa pabouyux-CTPOUTEeH YeJs.-u 148,75 122,57
1.1 Cpenuuii paspsig paboThl 2,8 2,7
2 3arparsl TPyLa MALIMHUCTOB qeJ.-4 3,29 3,30
3 MAIIMHBI 1 MEXAHWU3MBI
020129 |Kpaus! GameHnHble mpu paboTe Ha APYTHX BH-| Mall.-d 3,18 3,30
JIaxX CTPOMTEIbCTBA g{pOMe MOHTaXa TEXHOJIO-
rMYecKOoro 060pyn0BaHUs) 8 T
400001 |ABromoOHIH GOPTOBbIE TPY30MOIBEMHOCTBIO| Malll.-4 0,11 —
o0 5T
4 MATEPHAJIBI
404-9033 |Kamuu kepamudeckue uau cunrkatHele Kja-| 1000 mr. 2,6 2,6
JOYHBIE
402-9070 |PacTBop roToBbIi K/1aa0uHEIH (cocTas U MapKa M3 1,4 1,4
110 MPOEKTY)
204-9038 |Apmarypa kiaacca A-1 T 0,09 —
102-0026 |ITunomarepuansl XBOHHBIX NOPOL. bpycku 06- w3 0,016 0,016

peaHble JHHON 4—6,5 M, wupuHo# 75—150 MM,
TosmHou 40—-75 MM, IV copra

411-0001 |Bona M3 0.2 0,2
101-0782 |IIokoBKM M3 KBagpaTHBIX 3aroTOBOK MacCOH T 0,005 0,005
1,8 kr

Jlnsi nosyueHusi HOpMbl HaGopa pecypcoB Ha | M2 KOHCTPYKTHBHOTO 3Jie-
menta — «[Teperopoaku» (ITACH) mo anroputmy (cM. PUCYHOK) HCXOMHYIO
Hopmy [DCH 08-02-009 nano npeo6pasoBats, T. €. pa3yKPYINHUTb U MepecUu-
TaTh. BBHIMOJHUB 3TH MPOLEAYPHI, TTOJYYHM HOPMBI Habopa pecypcos Ha 1 m?
KOHCTPYKTHBHOTO 3JeMeHTa — «[leperoponku» (ta6a. 3), a umenno: [19CH
08-02-009-1 u II9CH 08-02-009-3.

Ta6nuna 3
II3CH 08-02-009 (npeoGpaszoBaHHas)
Knanka neperoponok TosuuHon 120 MM U3 KaMHElH KepaMHUeCKUX MJIM CHITHKATHBIX KJ1aJl0UHbIX
Cocmas pabom:

0l. 3aroroBka M ycTaHOBKA apMaTyphl IIPH KJaAKe apMHUPOBAHHBIX IEPErOpOLOK.

02. Knagka KOHCTPYKUMH H3 KaMHeH.

Hsmepurenb: M2 neperopoiok (3a BHIYETOM MPOEMOB)

Knanka neperopomok TosuuHod 120 MM M3 KaMHeHd KepaMHM4eCKUX WM CHJIMKATHBIX:
08-02-009-1 apmupoBaHHBIX NP BBICOTE 3TaxKa 10 4 M;

08-02-009-3 HeapMHpPOBAaHHBEIX MPH BBEICOTE 3TaxKa 10 4 M.

Uugp HammeroBatiiie s7eMeRTOB sarpar Enunuua g6 69 009.1 | 08-02-009-3
pecypca H3MepeHHst
1 2 3 4 5
1 3arparThl Tpyaa pabouux-CTpOUTEIeH yeJs1.-u 1,48 1,22
1.1 Cpennuii paspsin paboThl 2,8 2,7
2 3aTpatsl TPyLa MAIIMHHUCTOB qeJ.-4 0,0329 0,0330

3 MAIIIMHDBI 1 MEXAHW3MbI

020129 |Kpansl GamenHsle npu padore Ha Apyrux Bu-| mamr-4 | 0,0318 0,0330
JaX CTPOHUTE/bCTBA (FI){pOMe MOHTaa TeXHOJIO-

IHYeCKOro 060pyHoBaHHst) 8 T
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OKxoHyaHue Taba 3
1 2 3 4 5

400001 |ABTOMOGHIH GOPTOBbIE TPY30MOABEMHOCTBIO| Malll.-u 0,0011 —
o0 5T

4 MATEPHAJIbI
404-9033 |Kamuu xepamuueckue WM cuiukatHble kaa-| 1000 wr.| 0,026 0,026

JOYHbIE

402-9070 |PacTBop roToBBIH KAafo4HblE (cocTaB M Mapka M3 0,014 0,014
110 MPOEKTY)

204-9038 |Apmatypa kiacca A-1 T 0,0009 —

102-0026 |IInnomartepuansl XBOWHBIX Mopoxa. bpycku o6- M3 0,00016 | 0,00016
pesHble AauHON 4—6,5 M, wHpuHON 75— 150 MM,
tosuuHol 40—75 MM, IV copra

411-0001 |Boma M3 0,002 0,002
101-0782 |IlokoBKM M3 KBafpaTHBIX 3arOTOBOK MacCOH T 0,00005 | 0,00005
1,8 kr

IIPUMEP 2. CdopmupoBaTh HOpPMBl HaGopa pecypcoB Ha 1 M2 KOHCTPYKTHBHOTO
aneMeHTa — «CTeHBl HapyXHble» Ha OCHOBaHUM AaHHbIX [DCH.

ITo knaccuduxauuu [ICH 08-02-008 «Kianka HapyKHBIX CTeH U3 KAMHEH KepaMHYeCKUX
WKW CHJIMKATHBIX KJAaJAO4YHBIX» OTHOCHTCHA KO BTOpOIjI rpymnrme.

Jlnst mostyyeHust HopM Habopa pecypcoB Ha 1 M? KOHCTPYKTHBHOTO 3Jie-
meHTa — «Crenbl HapyxHble» ([TICH) mo anroputmy (cM. pucyHok) uexon-
nyio Hopmy ['DCH 08-02-008 (ta6.1. 4) Hamo npeoGpas3oBaTh, T. €. MOA0OPATH
«I1apameTp NnpeoOpa3oBaHUs» U NepecyuTaTh. B KauecTBe mapameTpa-npeood-

Tabanuna 4
I'3CH 08-02-008
Knanka Hapy:KHBIX CT€H H3 KaMHeH KepaMHYeCKHX WM CUJIMKATHBIX KJaZOYHBIX
Cocmas pabom:
01. Knagka KOHCTPYKUMH W3 KaMHeH.
02. YcTpoHCTBO HUIL /151 OTOMJIEHHS], BEHTHJ/ISILIMOHHBIX U ILIMOBBIX KaHAJIOB C pas3jeakaMu 6o-
P03/, 0CAOUHbIX M TeMIepaTypPHbIX LIBOB, apXHTEKTYPHBIX ¥ KOHCTPYKTHBHBIX feTasnel (Hop-
Mbl 1-6).
03. PacuwvBka WBOB KAafKd HapyxkHbix creH (Hopmbl 1—6).
HN3mepureas: 1 M3 KJaaJakKu
Knanka Hapy:KHbIX CT€H U3 KaMHeH KepaMHYeCKMX WM CHJIHKATHBIX:
08-02-008-1 mpocTeix mpu BBICOTE 3Taxa a0 4 M;
08-02-008-3 cpenHel C/I0XKHOCTH TIPH BLICOTE 3Ta)ka 10 4 M;
08-02-008-5 c/i0XKHBIX MPH BHICOTE 3Ta)ka 10 4 M.

Lugp HaHMeHOBaHHE 3JeMEHTOB 3aTpar Enunnua | o8 09 008-1 | 08-02-008-3 | 08-02-008-5
pecypca U3MepeHHst
1 3arpathl Tpyna pabounX-CTPOUTENEeH | UeJs.-d 4,58 4,80 5,30
1.1 Cpenuuil paspsin paboTsl 2,7 3,1 3,6
2 3aTpatsl TPya MalIHHUCTOB qeJ.-q 0,35 0,35 0,35
3 MAIIMHBI 1 MEXAHU3MBI
020129 |Kpanbl OalleHHble Tpu paGoTe Ha| Mall.-d 0,35 0,35 0,35

JPYTHX BHIAX CTPOHMTeabcTBa (Kpo-
Me MOHTaa TeXHOJIOTHYECKOro 060-
pynoBanust) 8 T
4 MATEPHAJIBI

404-9033 | Kamuu kepamuueckue uau cuaukar-| 1000 wr. | 0,195 0,197 0,202
Hble KJ1aI0UYHble

402-9070 | PacTBop roTOBHI KaagouHbii (co- M3 0,22 0,223 0,226
CTaB M MapKa 110 MPOeKTY)
102-0026 | [TutomaTepransl XBOWHBIX IOPOI. w3 0,0011 0,0011 0,0011

Bpycku o6pesHble aanHOH 4—6,5 M,
wupuHo# 75—150 MM, TOJIIIHHON
40-75 mmM, IV copra

411-0001|Boaa M3 0,2 0,2 0,2
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pasoBaHMA 3[eChb NPUHATA TOJIIMHA CTeH, KpaTHasi KUpNU4y. BeimoaHUB me-
peyuc/eHHble MPOLeAYPbl, OJYYAM HOPMBI Ha6o%)a pecypcoB Ha 1 M? KOHCT-
pYKTHBHOTO 3jemMeHTa — «CTeHbl HapyxHble» (Tabm. 5-7).

Ta6auna 5
II3CH 08-02-008 (mpeoGpasoBanHas)
Knanka Hapy:KHBIX CT€H H3 KaMHeH KepaMHYeCKHX HJIM CHJIMKATHBIX KJaZOYHBIX
Cocmas pabom:
01. Knagka KOHCTPYKUMH W3 KaMHeH.
02. YcTpoHCTBO HULL 1151 OTONJIEHHS], BEHTUISILMOHHBIX ¥ IbIMOBBIX KAHAJIOB C pa3ieskaMu O0po3y,
0CaJIOUHbIX ¥ TEMITEPATyPHBIX LIBOB, aDXMUTEKTYPHBIX H KOHCTPYKTHBHBIX feTanel (Hopmbr 1—6).
03. PaciuvBKka WIBOB KMaiK¥ HapyXHbIX cTeH (Hopmbl 1—6).
Hsmepurenb: 1 M2 cTeH HapyXKHBIX
Knanka Hapy»KHBIX CTeH W3 KaMHEeH KepaMHYeCKHX WM CHJIHUKATHBIX ApPOCMbLX TIPU BBICOTE
sTaxa g0 4 M:
08-02-008-1.1 Tomumuuod 0,25 Mm;
08-02-008-1.2 Tommumuon 0,38 w;
08-02-008-1.3 Toauunor 0,51 M;
08-02-008-1.4 rtosmwuunon 0,64 M.

[ucbp Hanwenosarue Entnua g 69 008-1.1(08-02-008-1.2|08-02-008-1.3|08-02-008-1 .4
pecypca 3JIEMEHTOB 3aTpaT U3MepeHust
1 3artpaTbl Tpyaa paGoOUUX-CTPOU-| UeJ1.-d 1,145 1,74 2,33 2,93
Tesled
1.1 CpenHu# paspsn paboTsl 2,7 2,7 3,1 3,1

2 3arpathl Tpyaa MAlIHHKUCTOB | YeJsl.-d 0,086 0,13 0,18 0,224

3 MAIIIMHBI U MEXAHW3MbI
020129 |Kpanb! 6awennsle npu padote| maur.-y | 0,086 0,13 0,18 0,224
Ha JIPYTHX BUAAX CTPOUTEILCT-
Ba (Kpome MOHTaXkKa TeXHOJIO-
TMYeCcKOro 060pyI0BaHus) 8 T

4 MATEPHAJIBI
404-9033| Kamun kepammyeckue uiu cu-| 1000 0,049 0,074 0,0995 0,125
JIMKaTHbIE KJaJ04yHble LIT.
402-9070| PacTBop roTOBBIH KJ/aM0YHbIH M3 0,055 0,084 0,112 0,141
(cocTaB M MapKa 10 MPoeKTy)
102-0026| [Tnomateprasisl XBOHHBIX T10- M3 0,00026 | 0,00042 | 0,00056 | 0,0007
pon. Bpycku o6pesHble njMHON
4-6,5 M, wupuHon 75—150 MM,
roukHon 40—75 mm, IV copra
411-0001|Bona M3 0,05 0,076 0,102 0,128

Tabnuma 6
II9CH 08-02-008 (mpeoGpa3osanHas)
Knamka HapyXHBIX CT€H M3 KaMHeH KepaMHUYeCKUX HJH CHJIMKATHBIX KJIAJ0UHbIX
Cocmas pabom:
01. Knagka KOHCTPYKUMH W3 KaMHeH.
02. YcTpoHCTBO HHUII /151 OTOMJIEHHUS], BEHTHJISILIMOHHBIX U IHIMOBBIX KaHAaJIOB C pa3jenkaMu 6o-
PO3JI, 0CaNOUHBIX H TeMIepaTypHbIX IIBOB, aPXUTEKTYPHBIX U KOHCTPYKTUBHBIX AeTanel (Hop-
Mbl 1—6).
03. PacuiBKa IIBOB KJaAKUd Hapy»KHbIX cTeH (HopMbl 1—6).
Hameputenn: 1 M2 cTeH HapyXKHBIX
Knanka Hapy»KHBIX CTEH U3 KAMHEH KepaMHYeCKHX U/ CUJINKATHBIX Cpedrell CII0XKHOCTH TIPH
BBICOTE 3Taxka 10 4 M:
08-02-008-3.1 Toamuuoi 0,25 Mm;
08-02-008-3.2 Tommmuon 0,38 w;
08-02-008-3.3 rtoummmuon 0,51 M;
08-02-008-3.4 rtommumuon 0,64 M.

Ungp Haumenosanne snementos satpar | LAMHHI2 168 09 008.3.1{08-02-008-3.2(08-02-008-3.308-02-008-3.4
pecypca H3MepeHHs
1 2 3 4 5 6 7
1 3atpaThl Tpyaa pabGoUYMX-CTPOHU-| Yesl.-u 1,2 1,82 2,45 3,072
Tesen
1.1 CpenHuil paspsin paboTsl 2,7 2,7 3,1 3,1
2 3aTtpaThl TPyaa MalIKHHUCTOB yeJl.-y 0,088 0,13 0,179 0,224
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OKoHyaHue TabJg 6
1 2 3 4 5 6 7

3 MAIIMHBI U MEXAHW3MDbI

020129 |[Kpanbl GamenHble npu padorte | mamr-u | 0,088 0,13 0,179 0,224
Ha JPyrux BHIAX CTPOUTEJbCT-
Ba (KpomMe MOHTaXka TeXHOJIO-
TMYECKOTo 060pyNoBaHUs) 8 T

4 MATEPHAJIBI
404-9033| Kamuu kepamuueckue uiau cu-| 1000 0,049 0,075 0,1005 0,1261
JINKaTHBIE KJIaJ04yHble IIT.
402-9070| PacTBOp TroTOBBIH KaaAOuHBIH| M3 0,056 0,085 0,114 0,1427
COCTaB U MapKa I10 TPOEKTY)
102-0026 | [TutomaTepuasbl XBOUHBIX T10- M3 0,00028 | 0,00042 | 0,00056 0,007
pon. Bpycku o6pe3Hble THHON
4-6,5 m, wuprHo# 75—150 MM,
tosuHou 40—75 mm, IV copra
411-0001|Bopna M3 0,05 0,076 0,102 0,128

Ta6bauna 7
II3CH 08-02-008 (mpeoGpasoBanHas)
Knanka Hapy»KHBIX CTeH M3 KaMHeH KepaMHYeCKMX HJIH CHJIMKATHBIX KJIAI0UHbIX
Cocmas pabom:
01. Knagka KOHCTPYKUMH M3 KaMHeH.
02. YcTpo#CTBO HULL AJIs1 OTOIJIEHHS], BEHTHJISILHOHHBIX U ABIMOBBIX KaHaJIOB C pasjiesKaMH 60-
PO3JI, 0CaNOUHBIX H TeMIepaTypPHbIX IIBOB, aPXUTEKTYPHBIX U KOHCTPYKTUBHBIX AeTaned (Hop-
Mbl 1-6).
03. PaciuvBKa WIBOB KJaiKK HapykHBIX cTeH (Hopmbl 1—6).
Hamepureans: 1 M2 cTeH HapyKHBIX
Knanka Hapy>KHbIX CTeH M3 KaMHEH KepaMHUYeCKHX HJIM CHJIMKATHBIX CAONCHbLX TPH BBICOTE
staxa g0 4 M
08-02-008-5.1 rtosumnon 0,25 M;
08-02-008-5.2 Tommuuoi 0,38 w;
08-02-008-5.3 Toaumunaor 0,51 M;
08-02-008-5.4 TosumHo# 0,64 wm.

[ugp Hauvenosanie Extinua g 09 008-5.1[08-02-008-5.208-02-008-5.3|08-02-008-5.4
pecypca 3/IeMeHTOB 3aTpar M3MepeHHus
1 3aTpathl Tpyaa pabouUX-CTPOU-| Yesl.-u 1,33 2,01 2.7 3,39
Teslel
1.1 CpeaHui paspsig padOThI 2.7 2.7 3,1 3,1

2 3aTtpathl TpyAa MalIHHHCTOB | YeJsl.-u 0,09 0,133 0,18 0,224

3 MAIIMHDBI U MEXAHU3MBI

020129 [Kpanbl 6auieHHble npu padore| Marl.-u 0,09 0,133 0,18 0,224
Ha IPYTHUX BHIAX CTPOUTEJBCT-
Ba (KpoMe MOHTa)Ka TEeXHOJIO-
THYECKOTO 000pyN0BaHUs) 8 T

4 MATEPHAJIBI
404-9033|Kamun kepamndeckue uiau cu-| 1000 0,051 0,076 0,103 0,129
JIHKATHBIE KJal04uHble LIT.
402-9070| PacTBOp TOTOBBIH KJaIOUHBIA| M3
(coctaB m Mapka Mo TPOEKTY)
102-0026 | [Tunomatepuasbl XBOHHBIX IO- M3 0,00028 | 0,00042 | 0,00056 | 0,0007
pon. bpycku o6pesnble IIHHON
4-6,5 m, wmpuHou 75—150 mm,
rosuaor 40—75 mm, IV copra
411-0001|Boga M3 0,05 0,076 0,102 0,128

B nanHoM cJsydyae Ha OCHOBAaHHWM HCXONHOU HH(POPMALMUK UeThIpex
['9CH cdhopmupoBaHo mo mapameTpy INpeoOpPa3oBaHUs «TOJIIMHA CTEH»
12 BapuantoB [I9CH no kKoHCTpyKTHBHOMY 3/7eMeHTy — «CTeHbl HapyX-
HBIE».
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BeiBoa. MaccuB npeo6pasoBaHHbIX HOPM Habopa pecypco Ha 1 mM? KOH-
CTPYKTHBHBIX 3J1IeMeHTOB, c(hopMUpPOBaHHBINA Ha 6aze 'DCH, mMoxeT ncmosb-
30BaThCsl 6€3 YTOUHEHUH ¥ MONIPaBOK Ha BCel TeppuTopun Poccuu, npu petie-
HUM 337124 BbIOOpA MHBECTOPOM KOHCTPYKTHBHOTO BapHaHTa 0ObeKTa M0 HH-
BECTHIIMOHHBIM BO3MOXKHOCTSIM.
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OPTAHU3AIIMOHHO-TEXHOJOTNYECKAS HAJE2XKHOCTb
CTPOMTEJIBHBIX ITPOIIECCOB

CopMynupoBaHbl OCHOBHble NPUHUHUIB ¥ MeTOAbl 0GOCHOBAaHHWS OpraHU3alLUOH-
HO-TEXHOJIOTMYECKUX pELIeHUH HaleXHOCTH CTPOUTENbHBIX TPOLECCOB, pa3dpaboTaHbl TEXHOJIO-
THM TNIPOEKTHPOBAHUS C y4YeTOM BJIMSHHS (DaKTOPOB pHCKA.

[Tpo6sema HageXHOCTH OpPraHU3aLHMOHHO-TEXHOJOTHYECKUX pelleHnH
(OTP) npoeKTOB 1OCTATOYHO TOJHO pa3pabaThiBaiach ISl AeTePMUHUPOBAH-
HBIX YCJOBHH U BKJOUaJda B ceOs METOAHUUECKYIO 6a3y, ¢ MOMOIIbIO KOTOPOH
yCTaHABJIMBAJMUCH ONTHMAJbHBIE TAapaMeTpbl OPraHHU3alMK MOTOKOB U TEXHO-
JIOTHH paboT, COOTBETCTBYIOIMX PA3JHUHBIM THIIAM 0O'bEKTOB CTPOUTENBCTBA
[1]. [Ipu 3TOM OpraHM3aUUOHHO-TEXHOJOTUYEeCKasl HAeXKHOCTh (OTH) ouenu-
BaJlachb Hay4yHO 0OGOCHOBAHHBIM YPOBHEM OPTraHU3aLMOHHBIX M TEXHOJOTHUe-
CKHX IePepPBIBOB MPOAOIKUTEIbHOCTH paboT HA BCEM TMPOTSKEHUH KHU3HEH-
HOTO LMK/, YTO COOTBETCTBOBAJO HOPMATHBAM 3aTpPaT U MPOLOJKHUTENbHO-
CTH CTPOMUTeNbCTBA 00beKkTOB. C mepexofoM Ha pbIHOUHBIE YCJOBHS 3amaya
ONTUMH3ALUK TapaMeTPOB CTPOUTEJbHBIX MPOLECCOB CTaja BaKHOW M3-3a
CJI0XKHOCTH TPOTHO3WPOBAHHUS PUCKOBBIX CUTYaUUH BBINOJHEHUS CTPOUTEJb-
HbIX padot [2]. D10 mpemonpenensier HEOOXOAUMOCTD PelieHHst TPeX KJIaCCOB
3aj1au: B TMPOEKTUPOBAHUH — pPa3pabOTKH MHCTPYMEHTOB ONTHMH3aLUH Ia-
paMeTpoB CTPOUTEJbHBIX IMPOLECCOB [Js BK/IIOYEHHUS HUX B OPTaHU3aLHOH-
HO-TE€XHOJIOTHYECKYI0 TOKYMEHTALHI0 TPOEKTOB; B MJIaHHPOBAaHHUM — paspa-
OOTKH HHCTPYMEHTOB ONTHMH3aLWH TapaMeTPOB TJIAHUPOBAHHUS PeCypcoB
IS BKJIIOYEHHS MX B IJIaH BBIMOJHEHHS CTPOUTENbHBIX paboT; B yIlpasJe-
HUM — pa3paboTKH MHCTPYMEHTOB ONTHUMH3ALMHU TapaMeTPOB perynnpoBa-
HUS M0 OTK/JIOHEHUSM [/l UCIOJb30BAHUS MX B CUTYalLIMOHHOM YTpaBJeHUH
NPU peasu3alidd CTPOUTEJbHBIX MPOEKTOB.

Pelenne 3anau npoekTupoBaHUsi 00yCI0BI€HO HEOOXOAUMOCTbIO BbIMTOJ-
HEeHMs MOC/IeI0BaTENbHO TPeX Mpolenyp: GOopMHUPOBAHHUS TTapaMeTPOB 3aTPaT
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U TIPOJIOJ/IXKUTENBHOCTH Pab0T Ha OCHOBE HOPMAaTHMBHBIX NaHHBIX; KOPPEKTH-
POBKHM MapaMeTpoB, 00YCJOBJEHHBIX BAUSHUEM PUCKA BHEIIHUX W BHYTPEH-
HUX (PaKTOPOB CTPOUTEJbHBIX MPOLECCOB; KOPPEKTUPOBKH MapaMeTpoB, 00y-
CJIOBJIEHHBIX OTKJOHEHHSIMH OT HOPMATHBHBIX PHUCKOB BBITNOJHEHHUS CTPOHU-
TeJbHBIX padoT. ONbIT NMOKa3blBaeT, YTO B KauecTBe 6a30BOH N0/’KHA ObITh
NpPUHSITA NepBasi 3a[aua, MOCKOJbKY MPH ee PelLIeHWH OINpeNessioTCs OCHOB-
Hble peCypChl CTPOUTEJ/IbHBIX IPOLIECCOB, a Ha NOC/AeYIOLMUX OCYILIeCTBASIETCS
MX KOPPEKTHPOBKA M peryiuposanue [3]. Bece Tpu 3agaum onpenensiioT mpo-
CTPaHCTBO CHCTEMbl Hale?2KHOCTH MPOEKTHO-CTPOUTENbHBIX PElIeHHH, a Kax-
IObIM HMHCTPYMEHTOM BBITIOJIHAIOTCS BO3IEHUCTBHS HA CHUCTEMY PECYPCOB C
NO3UIMHA WX 3((HEKTUBHOTO HUCIOJAb30BAHUS. YUUTHIBAS CJI0XKHOCTb U HEOOC-
TAaTOYHYIO pa3paboTaHHOCTb MPOBJIEMbl, HUXKe TIPUBEIEHBl OCHOBHBIE TTOJIOXKe-
HUusl MeTomosoruu mnoBbilieHnsT OTH mpoekTHO-CTPOUTENBbHBIX pellleHUH Ha
OCHOBe (DOPMHMPOBAHHS CHUCTEMBI CIELHASbHBIX METOLOB U HHCTPYMEHTOB B
OpraHU3aLMOHHO-TEXHOJOTMYECKOM MPOEeKTUPOBAHMH.

Meroponornueckuil noaxon ¢popmupoanus cucreMsl OTH crpoutesns-
HBIX TIPOLIECCOB OCHOBAH Ha MPEeACTABIEHUH TPOEKTHON CUCTEMbl HHXKEeHePHO-
ro NPOoeKTa B COCTaBe ABYX MPOEKTHBIX MOACHCTEM: 00BEMHO-KOHCTPYKTUBHO-
ro U OpPraHU3aLHUOHHO-TEXHOJOTMUECKOro NpoeKTHpoBaHus. [lepsas moxpcuc-
TeMa OpPUEHTHPOBAHA Ha (POPMUPOBAHHE OO BEMHO-KOHCTPYKTHUBHBIX PELIeHUH
00beKTa, BTOpasi — Ha (DOPMHUPOBAHHE KOMILIEKCA CTPOUTENBHBIX TOTOKOB U
TeXHOJIOTUHA PabOoT MO peaju3alUH pellleHUH MepBOM YacTH HHXKEHEePHOro
npoekTa. 3agaya OPraHW3alMOHHO-TEXHOJOTHUYeCKOro MPOEKTHUPOBAHMS KakK
CaMOCTOSITe/IbHOM HHTETPUPOBAHHON CTOXACTHUECKOHU MOACUCTEMBl — paspa-
60TKa ONTHMAaJbHBIX pellieHUH MPOCTPAHCTBEHHO-BPEMEHHOT0 paclpesie/eHus
CTPOUTEJIbHBIX PECYpPCOB AJISl OCYLLECTB/JAeHUS] 00beMHO-KOHCTPYKTHBHBIX pe-
wenui npoekta (OKIT). Ilpu sTom OKII BelicTymaeT Kak (yHKUHOHaJAbHAs
cucTeMa obecreueHus: 00bEKTa, & OPraHU3aLMOHHO-TeXHOJIOTHUECKUH TPOEKT
(OTII) kak paumoHanbHOe pelieHue ero peanusauuu. Ceoiictea OKIT — ne-
TePMUHHUPOBAHHOCTb, 0ObEMHO-KOHCTPYKTUBHASL UHTETPUPOBAHHOCTb, MaTe-
puanoemkocTb, a OTII — cToOXacTHYHOCTb, AMHAMUYHOCTb, TPYLOEMKOCTb.
Oco6eHHOCTSIMH 3THX THUIIOB IIPOEKTOB SIBJSETCS: B MEPBOM caydae — (op-
MHUpOBaHHeE MPOEKTHBIX PelleHHHd Ha HOPMAaTUBHOH, BO BTOPOM — Ha BEPOSIT-
HOCTHOH ocHose [3].

Hamu paspa6orku OTH ocHoBbIBasivch Ha TMpPHHLHMNAX:

— HOpMaJ/IM3aL{K MapaMeTPOB C y4ETOM BJIMSHHUS (PAKTOPOB PHUCKA;

— YTpaBJAsieMOCTH MapameTpoB B 30Hax 6e3omacHoctu OTH;

— CHCTeMHOH MHOTOKpuUTepuasbHocTH olleHKH OTP;

— sdekrunoctu OTP.

Crpykrypa OTP npencraBseHa cucteMol KpUTepueB, B KOTOPOH JI0OKa/lb-
Hble KPUTEPHUH YPOBHEH CTPYKTYPHU3ALUH U TEXHOJOTHUHOCTH CBEPTHIBAIOTCS
B cucteMHble kputepun OTH npouecca, BK/I0OYaolive ypoBeHb CTPYKTYpH3a-
LIUU KOMIIJIEKCHOT'O MIOTOKA B 00'bEKTE; YPOBEHb CTPYKTYPHU3ALUHU CIIeLUaNU3HU-
POBAHHOTO B KOMIIJIEKCHOM IIOTOKE; YPOBEHb CTPYKTYpPHU3aLMH ONepPaLUOHHO-
0 B CHENMANU3UPOBAHHOM TTOTOKE; YPOBEHb TEXHOJOTMYHOCTH KOMIIJIEKCHOTO
NOTOKA; YPOBEHb TeXHOJOTMYHOCTH CIIeLMaTu3UPOBAHHOTO TI0TOKA B 00bEKTE;
YPOBeHb TEXHOJOTHUHOCTH OIlepallMOHHOr0 noToka; ypoBeHb OTH kommieke-
Horo noToka; ypoBeHb OTH cneuunanusupoBanHoro mnortoka; ypoBenb OTH
onepaurdoHHOro notoka; yposenb OTH mpoekra.

B pa6oTe mpuHATH CJAeAyIOIINe MOHSTHUS:

— OpraHu3aLUMoOHHOe pellleHHe — mpolecc (OpPMHUPOBAHHS BapUAHTOB
ONITHMAJIbHOH CTPYKTYPbI IOTOKOB, 00€CMEeYUBAIOILNX ONTUMAaNbHYIO0 C TOYKH
3pEeHUs yCTAHOBJIEHHBIX HA MPeIPOeKTHON CTaUN PBIHOUHBIX HCCAeI0BAHUN
3aTpaT U NPOLOJIKUTEJNbHOCTH padoT;
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— TeXHOJIOTHYecKoe pellleHHe — Tpolecc (POPMHUPOBAHHS BapHAHTOB H
BBIOOP ONTHMa/NbHOM HHTEHCHBHOCTH TOTOKOB B COOTBETCTBHH C ONTHMaJlb-
HOU CTPYKTYPOH IOTOKOB;

— OpraHM3aLMOHHO-TEXHOJIOTYECKOe pelleHre — Mpolecc GOpMHPOBa-
HHSl BAPHAHTOB U BBIOOP OPraHMU3aLMOHHO-TEXHOJIOTHYECKUX T1apaMeTpoB I10
YCTAHOBJIEHHBIM Ha TPEINPOEKTHOH CTaIUH KPHUTEPHUSIM;

— OpraHM3aLMOHHO-TEXHOJIOTMYeCKast HaleXKHOCTb — CHCTEMHOe IOHS-
THE C KPUTEepPHEM, 0TOOPaKAIOLIMM YPOBEHb JOCTHKEHHUS UJIH TTOTEPh pacyeT-
HOW MpUGbLIH (yBeJUUYeHHs 3aTPaT) OT BHIMOJHEHUsS! paGOT B LIKAJIaX 30H 00-
JIaCTH OpraHU3aLMOHHO-TexHoJorrnueckol GesonacHoctd (OTB) ctpoutess-
HOTO TMPOEKTa;

— 00/1aCTb OpPraHM3aLUOHHO-TEXHOJNOTHUECKOH (e30MacHOCTH — Trpa-
HUYHbIE 3HAYEHHs yBeJuUeHnst 3aTpaT (CHUKEHHUsl PaCUeTHOH NPUOBLIN) B 3a-
BUCHMOCTH OT BapHaHTOB COYeTaHWs H3MeHEHHs OLEHOK OpraHM3alHOH-
HO-TEXHOJIOTHYeCKOH Ha/le’KHOCTH KOMIJIEKCHBIX, CTeLHalu31POBaHHbIX, OIe-
PaLMOHHBIX TPOLECCOB CTPOUTENBHBEIX PaboT.

O6o61menHas monens OTH umeer Bun:

YOTH = (yOH yTH) (1)
you=_ 3¢ (2)
35 +A3,
ym=_ 3 (3)
3% + A3,
rne YO™ — yposernp OTH mnpoekTHBIX peleHHH;

YOH YTH — yposuu ouerok OTH cooTBeTCTBEHHO OPraHU3alMOHHbBIX H TeX-
HOJIOTHUECKHX pellIeHHH;

3% — HOpPMaTUBHbIE 3aTPATh, ONpeeeHHble COOTBETCTBEHHO OPraHH3alHoH-
HBIMU M TeXHOJOTHYECKHUMH pelleHHsSIMH;

A3 — [OTOJIHUTE/bHBIE 3aTPAThl, OMPEeleeHHbIE COOTBETCTBEHHO PHUCKAMHU
OpraHU3alHMOHHBIX M TEXHOJOTHUECKHX pelleHHH.

Mogesb (1-3) BrIIOYaET HOPMATUBHBIE 3aTPATHI, KOTOPbIE OMPEIEAOTCS
CTPYKTYPHOCTBIO MOTOKOB U TEXHOJIOTHUHOCTBIO KOMIIJIEKTOB POLIECCOB, KOTO-
pble OMpPENesSIOTCS CYIIECTBYIOIIMME METOIMKAMH Ha OCHOBE pPa3dpaboTOK
[TOC u IIITP. HonosnHuTe/ bHBIE 3aTpaThl 00YCJ/I0BAEHbl (DAKTOPAMU BHELIHEeH 1
BHYTPEHHEH Cpelbl U OMpele/siioTCsl ClelHaJbHbIMU MeToAuKaMu. B cocras
(haKTOPOB BKJIIOUAIOTCS: IJIsT KOMIVIEKCHBIX TTOTOKOB — HM3MEHEHHS CTPYKTYPbI
00bEMOB U TPOLOJ/KUTEIBHOCTH ClelHaJM3UPOBAHHBIX [TOTOKOB; JJ/Isl Clelna-
JIN3UPOBAHHBIX TOTOKOB — M3MEHEHHS CTPYKTYPbl, 00BEMOB U MTPOAOIKHTEb-
HOCTH OIepPALMOHHBIX TIOTOKOB; VIl OINEPalMOHHBIX NMOTOKOB — H3MeHeHHe
MOIIHOCTEH OCHOBHBIX W BCIIOMOTraTe/bHbIX MAllHH ¥ MeXaHH3MOB TE€XHOJOTH-
YeCKOro KOMIUIEKTa. BHEIIHUMH YC/IOBHUSMH, ONPeNeIsIOIUMU 3TH (paKTOpHI,
ABJSIOTCH SKOHOMHMYecKue (M3MeHeHHe [eH Ha Marepuasbl), (PHUHAHCOBbIE
(pocT LeH Ha MHBECTHLMH), OpraHU3alMOHHbIe (POCT 3aTpaT Ha ympas/eHHe),
TexHoJoruueckre (pocT LeH Ha MallMHBl U MeXaHU3MbI).

BesmunHa 3aTpar XapakTepH3yeTcsl MapaMeTpaMy MpPOLOJ/LKHTENTbHOCTH
TPOLIECCOB, a 3aTPAThl — HAKJIAJHBIMU PACXOJaMH, 00YCJIOBIEHHBIMU H3MeEHe-
HUEM MPOAOJIKUTENbHOCTH MPOLECCOB. DTO MMeeT CJAEAYIOLIHH BHI:

A3 =" A3 (4)
A3 =3 A3, (5)
im
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A39" =D A3, (6)
k.l

A3} = f(AT), (7)

roe A3*", A3", A3°", A3™ — nmomnoJiIHUTe/bHBIE 3aTPAThl, OTIpe/ieieHHbIe PUC-
KOM COOTBETCTBEHHO B KOMIIJIEKCHOM, CIelHaJU3HpPOBAHHOM, ONepPaliOHHOM
U MOAYJbHOM TOTOKE;

T — n3mMeHeHHs 110 (PAKTOPY MPOAOTKUTENBHOCTH B MOLYJIbHOM TTOTOKE;
[, j, kR — WHIEKCBl COOTBETCTBEHHO CIelHaJU3HPOBAHHOrO, OMEPALMOHHOTO U
MOZYJ/JbHOTO TIOTOKA.

[IpoBeneHHBIM aHAMU30M OCHOBHBIX TEOPETUUECKHUX 3aBUCHUMOCTEH 3(-
(PeKTHBHOCTH OPraHM3aLHMOHHBIX W TEXHOJOTHUECKHX pEIleHHH psiia CTPOH-
TEeJIbHBIX NPOEKTOB YCTAHOBJEHO CJeIyIollee:

— 3aBUCUMOCTb BJIHSIHHSI U3MEeHEeHHsI 3aTPaT MOTOKOB OT MPOLOJ/IKHTENb-
HOCTH HMMeeT JIBé 30Hbl OTPHULATEIbHOU 3KOHOMHYECKOH 3(P(PeKTUBHOCTH MPH
UX OTKJIOHEHUSIX: OTKJOHEHHS MPOAOJIKHUTEJIbHOCTH COBMELIEHHS MOTOKOB OT
UX ONTUMAJbHBIX 3HAUEHUH MPUBOAAT K YBEJWYEHUIO AOTIOMHUTEBbHBIX 3aTPaT
Ha MOAJep!KAHHE ONTUMANbHBIX PEXKHUMOB WJIH K YBEJUUEHHUIO YUCJa OpraHu3a-
LMOHHBIX MOJYyJ/eH, WIH K YBeJUYEHHIO HaKJIaJHbIX PacXO[0B;

— 3aBHCUMOCTH BJIMSIHUS HM3MEHEHHS 3aTpaT OT WHTEHCHBHOCTH PadoT
UMEIOT JIB€ 30Hbl OTPHULIATEJbHOH 3KOHOMHYECKOH 3((eKTUBHOCTH: OTKJIOHE-
HUSI HHTEHCUBHOCTEH OT ONTHUMAaJbHOIO 3HAUEHUS TE€XHOJOTHH MOTOKOB MOTYT
MPUBOUTD K yBEJHUEHMIO AOMOJHHTENBHBIX 3aTpaT Ha MoIIepKaHWe OMNTH-
MaJIbHbIX PEXKHUMOB WJIH K YBEJHUEHHIO MPOAOIKHUTENbHOCTH TIOTOKOB C YBEJIH-
YeHHEeM 3aTPaT COOTBETCTBYIOLIMX MEPOIPUSATHH.

Ha ocHoBe 3KCnepHMeHTa/bHBIX aHAJUTHUECKHUX MOJesed pa3paboTaHbl
BapuanTbl OTP KoMIJIeKCHOTO, CleUHaNu3upPOBAHHOTO, OTIePALIMOHHOTO MOTO-
KOB CTPOUTEJbHBIX MPOEKTOB, B KOTOPBIX MPEICTAB/JIEHbl CHCTEMA OrpaHHye-
HUH, POPMHPYEMBIX Ha NPeNpoeKTHON CTaauy OU3HeC-IJIaHUPOBaHHUS, OIpejie-
asiemble B coctaBe [IOC BapuaHThl BO3MOXKHBIX CXeM, 0TOOPaXKAIOIIMX YPOBEHb
NIPUHAMAaeMbIX pellleHUH 10 BeJMuriHe 00beMOB, 3aTpaT, MPOJOJKUTEIbHOCTH,
pHCKY, chopMHUpPOBaHHBIX B Matpuuax (radn. 1).

Ha ocHoBe mnpuBeneHHBIX METOAMYECKHX IMOJOXKEHUH HUMHUTALMOHHOIO
mozenupoBanus OTP paspa6orano maTematHyeckoe U MpPorpaMMHOe ofec-
nevyeHWe aBTOMATHU3aLMU MPOTHO3UPOBAHHUS MPOLOKUTENBHOCTH U 3aTpaT
CTPOUTEIbCTBA OOBEKTOB C MMOMOILBIO UMUTALMOHHON MOJEJH C UCIOb30Ba-
HUeM ceTeBoro rpaguka. [lon UMUTALHOHHBIM MOJENHPOBAHUEM TTOHHUMAET-
Csl BOCIIPOU3BEeJeHHE MPOLECCOB, IPOUCXOMSILINX B CUCTEME, C UCKYCCTBEH-
HOW UMHUTALMEN CAyUaHUHBIX BeJUYUH, OT KOTOPBIX 3aBUCSAT 3THU MPOLECCHI, C

Ta6aunma 1
Bapuautsl OT pemenuit (Ha mpuMepe KOMIIJIEKCHOTO MOTOKa
CTPOMTENBHBIX MPOEKTOB)

OrpaHuueHus
BIl o) 11 T P
npoekTa (06beMm) (ena) (MpOAO/IKHUTENBHOCTD) (puck)
Iapamempol
[10C Oi,t 3i,t ¢ pi,l
poeKTa
Bapuanmor cxem
Cxg 0;<0 3, <11 < T P, <P
CXQ Oi>O 3i>LI« tl'>T Pi>p
Cx3 0;=0 3, =11 =T P,=P
Mampuya umumayuu napamempos cyeHapues
CLL1 Oi’ 3i7 t; pi
Cu, O,, 3, ty, Py
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TunoBoe MaTtpuua OueHka
peweHne OT BapuaHToB OP BapuaHToB OP
MapameTpebi Vil o | Ym il oo | Ym
= . oTP Xj] o —> Xi | 3j 3im| _| BbiGop
a3a 3HaHUn OP*
Kputepum o <1 -
fodHHb N OTP Xp o Xp | 3in 3nm
AmopTusaumsa
Mogaenu ncxoa- MaTtpuua OueHka
Ton ] HbIX JAaHHbIX BapuaHToB TP BapuaHToB TP
Kputepum leHepaTop Vi ... [Ym Y, [ [Ym
e X[ o K [3 {om| [Beibop
OLIEHKM 0 <1 - P
Mpouenypbl Xn o Xp | 3in 3nm
Kputepus
peLueHmns
Bbi6op Bbi6op
OTH* OTP*

Puc. I. VImuraunonHas mopesnb Boibopa OTH mpoekTHBIX pelieHHH CTPOUTENbHBIX padoT

TIOMOILbIO aTUHKA CJAYYAHHbIX Unce/ . AJITOPUTM MJIaHHPOBAHHUS MPOIOJIKH-
TeJbHOCTH CTPOUTEIBCTBA COOPYKEHUH COCTABJEH C UCIOIb30BAHUEM METO-
na Moure-Kapsio [4]. MmurauronHas Mome/b MO3BOJAET YuecTh BJHSHHE
BO3MOXKHBIX PeaKUWH Ha pasJHuHble CHUTYallWH, BO3HUKAWOLIME MPU CTPOU-
TeJbCTBE Ha MPONOJIKHTEIbHOCTh BO3BeNeHHs coopyxkenus (puc. 1).

HMmuTauuoHHOW Mone/blo NpeaycMaTpuBaetcs (opMuUpoBaHHe 0a30BBIX
OrpaHUUYeHUH U HOPMATUBHOH 6a3bl 11 paspaboTku BapuantoB OTP u mpoue-
Nyp NPUHATUS pellleHHUH 00 ONTUMAIbHOCTU BAPUAHTOB; (POPMUPOBAHUE BapH-
antoB OP u TP, nposenenue npouenypsl oiieHok OP u TP; BeiGop onTuMasb-
Heix 3HauyeHud OP u TP; dopmupoBaHune HHTErpUpPOBAaHHOTO HHAMKATOpa
OTH, ortBeuarwiiero ontuMajbubiM oueHkam OTP.

JI1s1 mocTpoeHUs1 MHOrOpaKTOPHbIX MaTeMaTHYeCKUX MoJeseld HCI0J/b30-
BaH IIaroBbIA PerpecCHOHHBIM METO/ B COOTBETCTBHH C aaroputmom (puc. 2).

OnpepgeneHune orpaHnyeHuin pucka OTP
2
MogenupoBaxue cueHapues pucka OP

2
OueHka pucka OP

Mpremnemsbii .
puck OP
| Oa

MogenvpoBaHue cueHapueB pucka TP
¥
Ouenka pucka TP

Mprnemnemsbin
puck TP
[ fa

OueHka napametpoB OTH

MeponpusaTtus Het
no cCHWxeHuto pucka OP

Meponpusatus Het
no CHWxXeHwuto pucka TP

MeponpusTus Her
no ynyywenunto OTH

Mpuemnemoe OTH

Puc. 2. Anroputm peanusauuu Moznesnu puckoB OTH mpoextos
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I I H*; 0% Pl HMimuraunoHHoe MonennpoBaHHe
u| H~H* M~M* Pl BapUaHTOB IapaMeTPOB OPraHU3aLHOH-
3oHb! [TIIf------- < H<H*; M=0; Pl HBIX ¥ TEXHOJIOTHUECKHUX pelLIeHUH Mpo-
v { H<<H*; M<0; PIv  €KTa obecrie4ynBaeT BO3MOXKHOCTb H3Y-
OTH v OTH(Y")=0 YeHHs] BCEro TPOCTPAHCTBA CHUTYaLMH,

(bOpMHUpPYeMBIX BHEIIHHUMH W BHYTPEH-
HUMH (pakTopamu. ONITUMU3ALHS sTUeeK
MaTpULBl OCYILECTBSETCS H3BECTHBI-
MM MeTOJaMH MHOTOKPHUTEPHAIbHOU
ONTHUMH3ALMHK 10 (PYHKIUH MUHHMH3A-
LMK 3aTpaT U MPOJOJKUTEIbHOCTH pa-
60T CTPOUTEJIBHOTO MPOEKTa.

Ha ocHoBaHMM MOJyuUeHHBIX KCIepUMeHTaNbHbIX AaHHBIX IPOBEEHO 30-
HUPOBAaHHE OPTraHU3aLMOHHO-TEXHONOTMYECKOH 6€30MacHOCTH C LeJblo yCTa-
HOBJIEHHS] YPOBHS YBEJHUEHHS 3aTPAT MPH BO3LAEUCTBHUU BHELIHUX (DAKTOPOB
Ha Mmpolecc peaausauuy npoekra. [Ipy 3ToM HCMOJMb30BAHBI 3HAUEHMS Tpa-
HHIL, TPUBEIEHHBIX Ha pHC. 3.

O6aactu OTB Ha npruMmepe MporeccoB AJs 3eMJSTHBIX paboT OmpeneneHbl
B COOTBETCTBHH C Pa3pabOTaHHBIMU Bblllle METOIMYECKHMHU TOJNOKEHUSIMU U
npencTaByeHbl B Tabs. 2. AHanu3 o6JacTed MO3BOJMI YCTAHOBUTb CJeIYIO-
mee [5-7]:

— JJIST MOZLYJIbHOTO MOTOKA — 3eMJISIHBIX paGoT oTKJIoHeHuss YOP u YTP
B npenenax ot 0 no 0,2 cHHXKAIOT BeJUUHHY NMPUOBLLIM 33 CUET YyBeJUYEHUS
3aTpat, HO He NPUBOAAT ee 3HAaYeHHEe K «HYJI0»;

— HaunboJiblliee CHUXKeHHMe TTPUOBIIN TPOUCXOANT B 30HaX ypoBHed OTH,
paBHo#l 0,2, ¥ cocraBjsieT 10 50% npubbLIY;

— TporHosupyemoe npenesnsHoe 3HadeHue ypoHs OTH npu Hacrymie-
HUM YCJIOBHSI PABEHCTBA NMPHUOBLIM «HYJI0» HAXOAUTCS MPU 3HAYEHHSX, PaB-

weix 0,35—-0,4.

Puc. 3. Homorpamma 30H OpraHU3alHOHHO-
TeXHOJIOTHYeCKOH HeyCTOHUHMBOCTH CTpPOHU-
TeJIbHOTO IPOeKTa:

H* — wunmekc HOPMaJ/IM30BAHHOH Ha/leXKHOCTH;
I1 — npuGbinb (3atparthbl) mpoekTa; P — uHIeke
30Hbl pucka; ¥ — yposerb OTH

Tabnuuma 2
O6aacTu OpraHM3alMOHHO-TEXHOJIOTUYECKON 0e30MacHOCTH
CTPOMTEJBHOIO MOTOKA, BHIMOJHEHHBbIE HAa OCHOBE IKCIEPTHBIX
pacueroB (¢parment)
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['panuusl obnacten [Tpu6eLb Puck

0<yKIOP 01| 0<yKILIP (0] 0,09 <I1<0,18 I
0,1 < YKIILTP g 9 0,18 < I1< 0,31 |

0,2<yKLTP 04 | 0,31 <I1<0,43 I

04 <VXITP - 06 | 0,43 <1 < 0,58 1

0,1 < YKIIOP g ol < yKILTP . 0,58 < I1 < 0,62 I
0,1 < YKILTP 0 9 0,62 < I < 0,68 111

02<yKITP .04 | 0,68 <T11<0,76 11

04 <YKLTP 06 | 0,81 <1< 0,88 11

0,2 < YKIOP g4l 0 < yKILTP o] 0,88 < I1 < 0,91 11
01<YKITP (g9 | 080<I1<088 111

0,2< yKITP (g | ~OHI<IT<=008 1y

04 <yKITP (g | ~OIL<IT<-008 ) 1y

04 <yYKIOP c 06l 0<yKILTP <01 | -0l11<1II<-0,08 %
01 <YKITP (g9 | ~OM<TT<=0051 1y

0,2<YKITP (g | 7028 <TT< =021}y

04 <YKITP (g | ~0A3 <TT<=0211 1y




Hcnonb3oBaHue 3KCMEPTHBIX OLEHOK IJs1 onpefesnenus obaacteit OTbH
M03BOJIMJIO YCTaHOBUTb, 4To 30HE OTH

— OTpaKalT YYBCTBUTEJNbHOCTb HM3MEHEHHUS TeXHUKO-9KOHOMHUECKHX
nokasaresjel OT U3MEHEeHHs] CTPYKTYPHOCTH U TEXHOJOTHUYHOCTH CTPOHUTEJNb-
HOTO Tpolecca;

— SIBJISIIOTCS HHCTPYMEHTAMHU TPOTHO3WPOBAHUS TPOLECCOB PeaNu3aLuu
MPOEKTOB;

— MOTYT OBbITh MCIIOJNb30BaHBl B KayeCTBE HWHCTPYMEHTOB YIpaBJIeHUS
MIPOLIECCOM TIO/IIEPKAHUS CTPYKTYP MOTOKOB B HOPMAJM30BAHHOM — MPOEKT-
HOM COCTOSIHHH.

B cooTBeTcTBHU ¢ MpUBENEHHBIM BBIIIE MTOAXOAOM pa3paboTaHbl 00/1acTH
OTDb nprumeHHUTENBHO K CTPOUTENBHOMY MTpoeKTy. IIpu 3TOM mpuHUMAJIUCh BO
BHUMaHue obsactu coctosinuss OTH ¢ yueTom crenenu BausiHust prcka (cM.
1a6/1. 2).

Ha ocnoBanuu nposenenubix pacyetoB OTD ycraHoBieHB GHMHAPHbBIE CO-
OTHOLIEHHS, MOKasbiBawlme, 4To u3MeHeHHe ypoBHer OTH B mpenenax

— 10 0/0,1 cooTBeTCTBYeT NepBoil 30He MOTePH MPUOLLIH, KOTOPAs MO-
KeT OBbITh BOCCTAHOBJIEHA 32 CYET HCIMOJIb30BaHHUS ClELHAbHBIX MEPOMpHSs-
THH YIpaBJIeHUS], He SIBJSETCS OMACHOH U MOXKeT OBbITb OTHECEHA K CUTyalluu
6e3 pHCKa;

— 10 0,2/0,2 cooTBeTCTBYeT BTOPOH 30He MOTepPH MPUOLLIH M MOXKET
ObITh OTHECEHA K CHUTYallMHd C HOPMAJbHBIM PHCKOM;

— 10 0,4/0,2 cooTBeTCTByeT TpeTbell 30He MOTepPH MPUOBLIM U MOXKET
ObITb OTHECeHa K CUTYalUUM C IpelesbHbIM PUCKOM;

— 10 0,6/0,6 cOOTBETCTBYET 4eTBEpPTOk 30He MOTePH MPUOBLIH, MPEBbI-
[apled HOPMAaTHUB, U MOXKeT ObITh OTHECeHa K CHUTYalUUH ¢ KPUTHUECKUM
PHCKOM.

[IpenenvHoe 3Hauenue ypoBHs OTH, mpu KoTopom mnpubHLIL paBHA
nymo,— 0,4/0,2.

Paspa6oranHble 06/acTH OpraHW3aUHMOHHO-TEXHOJOTHUECKOH Oe30macHo-
CTH TMO3BOJISIIOT MO MCXOAHBIM TEXHOJOTMYECKHM HHIUKATOpPAM HaleKHOCTH
OCYLIECTBJISATh IeJl€eHANPABJEHHBIH TPOLECC UX PETyJHPOBAHHUSI C OLEHKOH
9KOHOMHYECKHX I[10KasaTeJseH.

HapnexHOCTb MPOEKTHON CHCTEMBI ONpeNeNnsieTcsi CHCTEMON HaleXKHOCTH
3JIeMeHTOB, Ka4eCTBOM BHIMIOJHEHUS (DYHKIHH, CTPYKTYPHI, IPOIeCCOB, obec-
MeUUBAOIIMX MaKCHUMaJbHO BO3MOXKHOE NOCTHUKEHHE TOCTABJEHHON LEJH C
MHUHHMAJIbHBIMHA 3aTpaTaMy U TPOAOJIKUTENbHOCTbIO pabot. [lpu stom mox
3(pPeKTUBHOCTHIO MOHUMAETCS CBOUCTBO CHUCTEMbI BBHI3bIBATH IOJE3HBIH pe-
3y/MbTaT MPU UCIOJNb30BAHUU ee 10 HaszHaueHUo. HagexHocTs U addekTUB-
HOCTb SIBJSIOTCS Pa3/IUYHBIMH M B3aUMOCBSI3aHHBIMU TMOHATHSIMH. [loBbile-
HHUe HaJexKHOCTH CrIocoOCTBYeT PocTy 3((eKTHBHOCTH 10 HEKOTOPOTrO Npeje-
Jla, KOTOPBIM OMpefessieTcsl COOTHOLIeHHeM 3aTpaT pe3yJsbTaToB.

Asroputm ynpasnenus OTB cTpouTesbHOr0 MpoekTa B CHCTEMe pas3pa-
6OTKU CTPOUTENBHOTO TPOEKTa MpeAcTaBJsieT coO0U 1esb ¢ 0OpaTHOU CBS-
3bl0. AJITOPUTM YIpaB/eHHS BKJOYAaeT HECKOJbKO 3TAroB.

Iman . KauectBenHas ouenka OTH ctpoutensHoro mpoekra. Ha stom
JTane OCyLIECTBJ/SETCS aHanu3 U (popmMHpoBaHue noptdess sapuantoB OTP.
Jl1si cormacoBanusi mopTdesst mapaMeTPoB CTPYKTYPHOCTH M TEXHOJOTHYHO-
CTH CTPOUTEJbHBIX paboT HEOOXOAUMO MPUBECTH UX B COOTBETCTBHE C KJac-
CU(pHUKALMSIMH MOTOKOB TIPOEKTA, B KOTOPBIX YCTAHABJIUBAIOTCS KaueCTBEHHbIE
OLEHKH CTPYKTYPHOCTH M TEXHOJOTHUHOCTH

B, e (I, }. (8)

Iman I1. KomuuectBeHHast oueHka Bapuantos OTP. Ha atom atamne ocy-
ILIECTBJSIETCS MOCTPOEHHE AHAIMTHUECKOW MOJENH 3aBUCHUMOCTEH 3aTpaTt H
nponoskuTesbHocTH OoT ypoBHst OTH cTpoutenbHoro npoekra. st Kaxmoro
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Bapuanta OTP cTpodTcss Momenu CTPYKTYpbl MOTOKOB MU Te€XHOJOTHUHOCTH
npoueccoB paboT

B = <KC, KT, 3, T, P>. (9)

Iman [ll. Boibop unrerpassHoro OTH.

Iman IV. Beibop cucremsl oueHok OTH. OcHoBaH Ha onpenesneHun Bek-
TOpa OLIEHOK OMNTHUMAJ/bHOTO pPelleHHs, ONpelesolluX HOpMaTUBHbEIE 3HaYe-
HUS TNapaMeTpoB OU3HeC-HCCJAeOBaHUS, M OLEHOK YPOBHEH OTKJIOHEHHH
OTH, onpenensomumx obaacte OTDB.

Iman V. Pacuet unrerpansnoro nokasaresnss OTH cTpouTtesibHOro npoekra.

HOT = KC KT, 3" <3P TH<TE Ppl<pby (10)

Iman VI. Pazpaborka oonactu OTD nisa popmupoBanus paznena npoekx-
ta OTDB cTpouTeIbHOrO MpoeKTa, BKIUAIOIIAs MEPOTIPHUSTHS 0 MUHUMHU3a-
My oTkNoHeHHH mapamerpoB OTP.

K ocHoBHBIM (hakTOpaM, 0OyCJOBJAMBAIOLIUM OTKJIOHEHUS [apaMeTpoB
OTH, MOXHO OTHECTH CJeAYIOILHE:

— PHCK HeI0CTaTOYHOH MH(OPMATHBHOCTH O MapameTpax Ha 3Ttare 6us-
Hec-o60ocHOBaHus. [IpuunHa nosiBjeHust pucka: HeahdeKTUBHBIe HH(DOPMALIU-
OHHble pelleHHs O peajU3alUM MPOoeKTa Ha PbIHKE;

— pHCK He3(P(PeKTHBHbIX MHHOBALMOHHBIX pelleHHH H3-3a HeJ0CTaToy-
HOTO YPOBHSI MH)KeHepHbIX peleHUd. [IprumHa nmosiBneHusi pucka: Heapdek-
TUBHbIE PELIeHHs 110 UCIONb30BAHUIO MaTepHaNbHBIX PECYPCOB, OPraHNU3alNN
U TEXHOJIOTUH IPOU3BOACTBA padorT;

— pUCK He3((PeKTUBHOCTH OPraHU3aLMOHHBIX pelleHHHd H3-3a HemoCTa-
TOYHOTO yPOBHSI OPTaHU3ALUMOHHBIX pelleHWH. [IpryuHa MoOsIBJEHUS pUCKa:
Hea((PeKTHBHAS CTPYKTYpPU3ALMS CTPOUTEJbHBIX MOTOKOB pPadorT;

— pHUCK He3(p(PEeKTUBHOCTH TEXHOJOTMUECKUX pelleHWHd H3-3a HemoCTa-
TOYHOT'O YPOBHS T€XHOJIOTHUECKUX pelleHUH. [IpuunHa nosiBjieHUs pyucKa: He-
a(ppeKTUBHAS TEXHOJOTU3ALUsl TEXHOJOTHH PaboT CTPOUTENbHBIX MOTOKOB.

Puck P omnpeneneH mogmenbio BHza:

P=A-B, (11)

rae A — OTKJIOHEHHs], OTpe/ie/isieMble YPOBHEM COOTBETCTBUS HOPMATHBHBIX
(hakTHUECKHUX MapaMeTpoB B mapamerpax YO, YT, YOT,

B — BeposiTHOCTb MOSIBIEHUS] PUCKA OTKJIOHEHHH A, onpejessieMasl SKCIepT-
HBIM METOJOM.

MeTtonukoi ynpaB/ieHHs] OPraHU3alHOHHO-TeXHOJI0IMYeCKOH 6e301aCcHO-
CTbI0 ofecrneyrBaeTCsl TeXHONOTHUECKUH MPOLeCC OLEHKH, IJIAHUPOBAHUA U
ynpasgaeHus: 6esonacHocTbio. Oxugaemass 3KOHOMHYecKas 3(PQPeKTHUBHOCTb
NPOBeJeHHbIX HCCJ/IEJ0BAHUH OIpeJesneHa KPUTepPHeM YPOBHS IOBBILIEHHUS
npubeltun g0 0,1-0,2.

OcHOBOH 3KOHOMHYECKOH 3(P(PeKTUBHOCTH pa3pabOTaHHBIX MeTOAHYe-
CKHUX MO0JIOKEHHH sBJIseTcs ToJaydeHne Tpex 3(p(eKToB: peIHOUHOTO — Ha Oc-
HOBe y4yeTa OFPaHHYEHHS 3aTPAT U MPOJOJKHUTENbHOCTH, YCTAaHOBJICHHBIX Ha
sTanax 6usHec-o60cHOBaHus npu pazpadotke OTP; mpoekTHOr0 — Ha OCHOBE
ydeTa B MOJEJH HOPMATHBOB 3aTpaT BEPOSTHOCTH BbINOJHEHUS Olepauui
TEXHOJIOTMYEeCKOr0 Mpolecca; NIaHHPOBAHUSl — Ha OCHOBe COKpAlLeHUs MOo-
Tepb MaTepHaJbHBIX PeCypCOB 3a CYeT MCIIOJb30BAHWS 30H OPTraHU3aLHOH-
HO-T@XHOJIOTHYeCKOH 0e30I1aCHOCTH.

BeiBoabl. 1. OpraHusalMOHHO-TEXHOJOTMYeCKasl HaleXKHOCTb CTPOU-
TeJ/IbHBIX IIPOLECCOB C yYeTOM PBIHOUHBIX (PaKTOPOB JOJI2KHA HUCIO0Jb30BATbCS
B KaueCTBe HHCTPYMEHTA OLIeHKH J0CTOBepHOCTH peanusaunu OTP perenus-
MM B MHXKEHEPHBIX IPOEKTaXx.

64



2. OcHoBHBIMM XapakTepuctukamu outieHnBanus OTP cayxat ypoBeHb
CTPYKTYPHOCTH TOTOKOB M T€XHOJOTHYHOCTb TIPOLECCOB, KOTOPbIE OMpeae/Is-
I0T OCHOBHBIE T10Ka3aTeJIM IPOeKTa — 3aTPaThl U MPOAOTKUTENBHOCTH PaboOT.

3. OrtknoHeHnus xapakrepuctuk OTP oT neTepMHHMPOBAHHBIX HOPMATH-
BOB MOTYT OBITh OIpe/IeJIeHbl C UCTI0Nb30BaHUEM IKCIIEPTHOTO aHA/IN3a, a TJia-
HUPOBAHHE MEPOIPUSATHH 10 UX yYeTy B IIPOEKTHOM U CTPOUTENBHOM IMpoLeC-
ce JI0JIXKHO OBITb NPeIyCMOTPEHO B IPOEKTHON OPraHU3aLMOHHO-TEXHOJIOTHYe-
CKOH JOKyMEHTAlHH.

4. O6aactu OTB mMoryT 6bITE HCIIO/IB30BaHbI /1 MJIAHUPOBAHUS U yIIpaB-
JIEHH$1 HaJIe?2KHOCTBIO TIPOEKTa B COOTBETCTBHH C pa3paboTaHHOH MeTOAUKOH.
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[Tosnyyeno mocse mopadorku 29.01.08

YIK 699.86.003.1

O. 1. CAMAPHUH, kaui. TexH. HayK, non. (MOCKOBCKHMU rocyaapcTBeHHbIN
CTPOUTENbHBIN YHUBEPCUTET)

OBOCHOBAHUWE OIITUMAJIBHOH I'JIYBHUHBI
PEAJN3AIINHN KOMIIJIEKCA
9HEPTOCBEPETAIONIUX MEPOIIPUATUNA
10 MAKCUMAJIbHOHN 9®®EKTUBHOCTH UHBECTUIINHN

PaccmoTpeHo TeXHHKO-3KOHOMHYecKoe 000CHOBaHHe HanboJlee Leaeco00pa3Horo coueTa-
HHSl Maslo3aTpaTHBIX 3HeprocteperamlMXx MepONpUATHH B OOLIECTBEHHBIX 3/aHUSX C TOUYKH
3peHHs TeOPHH Npe/e/bHON MoJ1e3HOCTH. [TprBeieHbl pe3ynbTaTbl MHOTOBAPHAHTHBIX PAaCUeTOB
10 OTpe/ie/IEHHIO OTHOCUTE/IbHON 9KOHOMHH 3aTpaT Ha TelJIOBYIO SHEPTHIO X HHTErPanbHON 3¢-
(heKTUBHOCTH MHBECTHLHMH B 3HeprocOepexkeHue NJs1 PA3/IHUHBIX KJAMMAaTHUECKHX YCJIOBUH B
3aBUCUMOCTH OT IVIyOMHBI peasiM3alldd KOMILIeKca pelleHHH MO CHHXKEeHHI0 Hepronotpebie-
Hud. JlaH aHa/ M3 MOJyYyeHHBIX JaHHBIX U peJCcTaB/eHbl 3aBUCHMOCTH, 03BOJSAIOLIME TOATBEP-
JWTb ONTHMaJIbHOCTb NIPe/1araeMoro CoO4eTaHusl MePONPUATHH 10 AU hepeHIHaNbHON U HHTe-
rpanbHON 6e3NHCKOHTHOH 3(P(PeKTHBHOCTH KalHTaJ0BJIOKEHHH.

Kak wnsBectno, B o6mectBenHom Cranpapre PHTO crpoureneit PO
«HopMmbl TenoTeXHHYEeCKOTo NMPOEKTUPOBAHHUS OTPaKAAILIMX KOHCTPYKLMH
¥ OLIEHKH 3HeprosdgektusHocTy 3nanui» (2005 r.) [1], B paspabotke koTo-
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pOro aBTOpP HaCTOSIIEH CTaTbU NMPUHUMAJ aKTHBHOE y4yacTHe, OBbLIO Mpeso-
XKeHo, a B ony6aukosanHoi B 2007 r. MoHorpaduu astopa [2] o6ocHoBaHo
NpUMeHeHHe CJIeIYIOIero KOMIJIEKCA Maso3aTpaTHbIX 3HeprocHeperariinx
MepOTIPUSITHH B T'PaXKTAHCKUX 3MaHUSX:

— YrTenjeHHe HECBETOMPO3PAYHBIX HAPYKHBIX OT'PaKAEHHUH N0 OMTH-
MaJIbHOTO YPOBHS, OMpPee/IieMOr0 B 3aBUCUMOCTH OT CTOUMOCTH TEIJIOU30-
JSIUMOHHOTO MaTepHasia U CTOUMOCTH PaboT MO YTEMJEHHIO C TIOMOIIbIO Me-
tonuku [3]. TIpu 3TOM ypoBeHb Tem/I03aIlKMThl YBEJUUMBAETCH B CPENHEM B
2—2,4 pasa mo CpaBHEHHWIO C CAHUTAPHO-THTMEHWYECKUMU TpeGOBaHUSMHU
[2], Ho ocTaeTcs Huxe yKasaHHOro B Tabauie 4 [4] na 10 — 40% B 3aBucu-
MOCTH OT pervoHa.

— 3aMeHa 3aMoJIHEHHUH CBETOMPOEMOB Ha 0oJiee 3HepProdpheKTUBHbBIE.
OO6blyHO MMeeTCsl B BUy YCTAaHOBKA TPOMHOIO OCTEKJEHHUS WK CTeKJOoMakKe-
TOB C CONPOTHBJEeHHeM Tersonepenade B npegenax 0,55 — 0,8 m2-K/Br
(B 3aBMCMMOCTH OT CTOMMOCTH) BMECTO ABOMHOTO.

— YTuausauus TemNOoTH BBITS2KHOTO BO3ayxa. HanmeHee 3aTpaTHBIM
SIBJSIeTCS TNpUMeHeHHe CXeMbl C TNPOMEKYTOUHBIM TeMJIOHOCHTEJeM TMpPU
MaKCUMaJbHO BO3MOXHOH TeMIepaTypHOH 3((PEKTUBHOCTH YTUJIU3ATOPOB
(mo 0,5).

— YcTaHOBKa B CUCTeMax ropsiuero BOLOCHAOXKEHHUS WHIUBHUIYaJTbHbBIX
BOJOCUETYHMKOB, CMeCHUTeJIeH ¢ JIeBbIM PaCIooKeHHeM KpaHa ropsiueil Boabl U
KPaHOB C peryJ/JupyeMbIM HallopoM, a Takxe npuMeHeHue THY nns nogorpesa
BOJIbI.

— YCTaHOBKa aBTOMaTHYeCKHUX TEPMOPETYNSTOPOB Y OTOMUTENbHBIX TTPH-
60poB, nawIasi BO3MOXKHOCTb yUeCTh ObITOBbIE TEIJIOBbIAENEHHS, a TAKKE Te-
TJIOTIOCTYTIIEHHSI OT COJIHEYHOH pafualvi depe3 OKHA.

TexHUKO-9KOHOMHUECKOe 00OCHOBAaHHE TIPENJIOKEHHOTO KOMILJIeKca
3HeprocOeperawoImx MeponpuaThi B [2] paccmaTpuBasoch npu Kcnosb3oBa-
HUH COBOKYIHBIX TMCKOHTHPOBAHHBIX 3aTpat [5] B KauecTBe OCHOBHOrO pac-
yeTHOro nokasaressi. OnHako 1enecoo6pasHO MOATBEPANUTH ONTHUMAJTbHOCTD
MPUHATOU IyOUHBI peasn3alny UHXKEHEePHBIX pellleHUH B paMKax chopMHupo-
BAHHOTO UX MepeyHsl KaKHMU-TU60 UHBIMH MeTofiaMu. Bocrnosb3dyemces crnoco-
6oM MakcHUMHU3alUKH 3()P(HeKTUBHOCTH HHBECTULHH U TeOpHel MpefesabHOH Mo-
nesHoctu [6, 7).

Ha pucyHke mokasaHbl pe3y/ibTaThl PacueTOB TEXHHKO-3KOHOMHUECKHUX
nokasaresel A5 BOCeMHaAUAaTH OOLIECTBEHHbIX 3MaHWU pPA3NHYHBIX pasMe-
pOB M Ha3Ha4YeHMs C UCIOJb30BAHHEM TapaMeTPOB HAPYKHOTO BO3MyXa /IS
Mocksel. [l cpaBHEHHS ObLIK TaKKe MPOBeJeHbl BEIYUCAEHUS N1 BOPKyTHI
u KpacHonapa, npeacTaB/siiolMX TUITHUHBIE KIUMaTHYecKHe yca0Bust CeBepa
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3aBHCUMOCTb OTHOCHTE/IbHOH S5KOHOMUH PACXOI0B Ha TEMJIOBYIO SHepruio D' (HuX-
HSIS1 JIMHHKST) K OTHOCUTEIbHOU 3((DEKTUBHOCTH KaMUTANOBI0KEHUH B SHEProCOepe-
xenue D'/ K' (BepxHss JMHHUS) OT OTHOCUTEJIBHBIX 3aTPAT HA SHEProCOHEperamwiue
meponpustus K' masi Mocksbl
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u [Ora Poccuun. CootBeTcTByO1IME IPa(QUKH UMEIOT aHAJOTHUUHBIA BUJ, OTJIH-
YasiCh JIMIIb HEKOTOPBIMHU AeTaasiMU. [Ipu BelUKCAEHUSAX HCIOIb30BANACH Pa3-
pa6oraHHas aBTopoM mporpamma aias [I9BM Ha anroputmMudeckoMm si3bke
Fortran 6.6 ¢dupmbl Compaq. s cOMOCTAaBUMOCTH AaHHBIX 1O Pa3JUUHBIM
3MAHUSAM TOJydaeMble MapamMeTpsl NPUBOAUIUCH K Ge3padmepHomy Buay. [lo
0CH a0CLHMCC B KaueCTBe HEe3aBUCHMOH MepeMeHHOH BO BCeX Caydasix OTJI0xKe-
na sequunHa K = K, /K, T. e. oTHOIIEeHHe NOMOJHHTENbHBIX KaHTaNbHBIX
3aTpar Ha 3HeprocbepexkeHre MPU TeKYLIeH ryOruHe peaqu3alidyd Meponpus-
tui (x) K 3aTpaTam npu rayouHe, IPUHATOM 32 eIUHHILY. EqHHKIE COOTBETCT-
ByeT ONTHUMaJbHbIF KOMIIJIEKC MHKEHEPHbIX pellleHUH, epeync/JeHHbIX B Ha-
yaje CTaThH.

[Ipu x 1 KanuTa/MOBJIOXKEHHUS ONpeNeNsIoTCs CaelyIOLUM 00pasoM: Mo-
CTOSIHHBIE COCTaBJSIOLIMEe, HalpUMep, 3aTpaThl Ha YTelJeHHe HeCBeTOINpo-
3payHbIX OIpaKAeHHUH, He 3aBUCSLIME OT TOJIIMHBI YTeIJIUTe/s1 U BblUMC/Ise-
Mble Yepe3 CTOMMOCTb PabOT 10 yTeTIeHHIO, YIUTHIBAIOTCS MOJHOCTBIO. To XKe
KacaeTCsl ¥ 4aCTH PACXOJ0B Ha TeMJOyTHIH3alMOHHOe 06opyaoBanue (B pas-
Mepe MPUMEPHO TOJOBUHBI OT MaKCHMAaJbHBIX), KOTOPble 6Y1yT UMETh MECTO
npu M1060H, fake MUHUMaJIbHOU TeMIepaTypHOH 3(pPeKTUBHOCTH yTHUIN3ATO-
pos [8]. B To e Bpemst mepeMeHHbIe YACTH, T.e. CTOUMOCTb yTEIIUTE/Is, 3a-
TPaThl Ha 3aMeHy OKOH M OCTaBILAsCs YACTh PACXOMOB Ha TEIJOYTHUIU3ALMIO
MPUHUMAIOTCS IPOTIOPLUHOHANBHBIMU NTapaMeTpy x. CHKeHMe 3aTpaT Ha Tell-
JIOBYIO HEPTHI0 O PacCUUTBIBAETCS 110 MeTOAMKe obOuiecTBeHHOT0 CTaHmapra
PHTO crpoureneii [1], mocae yero B 6e3pasmMepHOM BHe MOJyYaeM OTHOCH-
TeJIbHYI0 9KOHOMHI0 D' = 3, /3,. Pacxoapl Ha yCTaHOBKY TePMOKJ/ANaHOB U
COOTBETCTBYIOIlee CHUKEHHE SHEePTronoTpeOeHHs He YUUTBIBATUCH, TOCKOJIb-
Ky JIaHHO€ MEpOTPHUSITHE BCEerga JAOJ/KHO OCYIIECTBJSATHCS C MaKCHMAaJsbHO
BO3MOXKHOM MOJIHOTOH [8].

[To rpachukam Ha pUCYHKe JIeTKO BUJETh, UTO pacyeTHble TOUKH [/151 BCEX
3MaHUU MOCTATOYHO TECHO TPYIIHUPYIOTCS BOKPYT anmpoKCHMHUPYIOUIEH
KPUBOH. DTO CBUIETEJIbCTBYET O €IMHOM XapaKTepe H3MeHEHHS OTHOCH-
TeJbHOH SKOHOMHH Ha Temso3aTpaTaxX B 3aBUCHMOCTH OT IMyOUHBI peannsa-
1M 9HeprocHeperarLx MeponprusaTui. Bua KpuBod HeC102KHO OObSICHUTD,
€CJIM ydecTb, uTo npu x ~ 0 BesuurHa D Takxke MaJja, HO KalUTaJOBI0XKe-
HUS yKe HMeloT MecTo (HX IMOCTOSIHHAS YacTh), a 3aTeM CHHXKEeHHe SHepro-
norpe6yeHNs NMPOUCXOAUT ObICTpee, yeM pacTeT K, HO 10 onpejieseHHOro
npenesa, TMOC/Ae Uero KamUTajbHble 3aTPAThl OMSITh HAYMHAIOT OMeEpexkKaThb
nagexnue 3.

KpuBble mis D' DOCTAaTOUHO XOPOLIO MPUOMHKAIOTCA KBaApPaTHUHBIMH
nonuroMamu Buaa A-K'2? + B-K' + C, rae A, B u C MOXHO NPUHATL B COOT-
BeTCTBUU C TabJa. 1.

Kak BumHO, KO3((HUUHEHTH MOJUHO- Tabanna 1
Ma 3aKOHOMEPHO M3MEHSIOTCH B 3aBHMCH- Tapamerprt annpoxcumanu

o 3aBucumoctd I’ ot K
MOCTH OT pPalOHa CTPOUTENbCTBA, OMHAKO

00K XapaKTep KPUBBIX U aBGCOMIOTHbBIE Topon A B c

3HaueHus D' MPU ITOM MaJjio MeHSIOTCS. Mocksa 1,47 | 408 | -1.61
[Mpoussognass  dd'/dK'  wumeer Bopxyra —1.14 | 351 | =137

cumblcs Tekymed (auddepenuuanbHoi)  Kpachoxap -1,8 | 4,66 | —1,86

3(pPeKTUBHOCTH NOMOJHUTEJNbHBIX Ka-

MUTAJNOBJIOKEHUH 110 CPABHEHHIO C YXKe JOCTUTHYTBHIM YPOBHEM, T.€. TIpeel
OTHOILIEHHST 9KOHOMHHM 3aTPaT Ha TemnoTy AD' 3a cueT 3JleMEeHTapHOro Iara
Mo OpraHu3alyu 3HeprocOepekeHusi, TPeOYIOUIEro NOMOJHUTENbHBIX KalH-
tanoBiaoxxkeHud AK', K BequunHe 3TMX KanurtanoBaoxenud npu AK' 0.
B cooTBeTCTBUM C TeopHel NpefebHOM mosne3HocTH [6, 7] nononHuTebHbIE
UHBECTHLHH HMEIOT CMBICJ TOJBKO IO TeX TOp, MOoKa UX 3(PPeKTUBHOCTD
GoJiblile eIMHUIBI, HHAUE TOBOPS, MOKA MoJyuyaeMasi IpU 3TOM JOTOJHUTENb-
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Hasi 5KOHOMHS PACXOJ0B Ha TEMJOBYIO SHEPruio 6oJblie, YeM JOMOJHUTENb-
Hble KanuTa/dbHble 3aTpaThl. C MaTeMaTHUeCKOW TOYKH 3pEHHUS 3TO O3Ha-
yaet, uto d3'/dK' > 1. Jlng KkBagpaTHuHOH (DYHKUMH MPOM3BONHAS HMeeT
Bun dd'/dK' = 2-A-K' + B, MO3TOMY MaKcHMaJjbHOe 3HaueHHe K' mosyuaem
u3 cooTHoweHnus K'y,, = (1-B) /(2-A). lns MockBshl pesynbTaT paseH 1,05,
nns Bopkytel 1,1 u niast Kpacnonapa 1,02. Takum o6pasom, B npenenax Tod-
HocTH pacueta K'\ ., 61M3KO K eTUHHIE U, CJAEL0BATENbHO, HMEHHO MPHUHS-
Tasg paHee TJyOWMHA peasu3alMM KOMILJIEKCA 3HeprocOeperamiinx Mepo-
NPUSTHH NeHCTBUTEJbHO SIBJASETCS ONTHMAJbHOH, MOCKOJBKY HajbHEHIIHe
KalHuTaN0BJ/I0KEeHUS B paccCMaTpHUBaeMbIX YCJOBHSAX AAIOT yxKe MeHbLIYIO
9KOHOMHIO Ha TelJso3aTparax.

Kpome BenuuunHbl ' Ha pHUCyHKe TOKa3aHbl TaKXKe 3aBUCHUMOCTH IS
3'/K' — OTHOCHTe/NbHOH WMHTErpajbHOH 06e3IMCKOHTHOH 3(h(eKTUBHOCTH
CyMMapHBIX KalWTaJ0BJI0XKEHWH B 3HeprocbepekeHue, T.e. 0OpaTHOH BeJsH-
YUHBl 0€3IUCKOHTHOTO CPOKa MX OKYMaeMOCTH 10 OTHOLIEHHIO K aBCOMIOTHON
sppextuBHocTH (D /K), moJHOro Kommsekca 3HeprocGeperamoiiyx Mepo-
NpUSATUHA TIpU TAyOHWHe MX peanusalluy, paBHOU enunHulle. MHaue rosops,
' /K = (3/K),/(3/K),. dcHo, uTo onTHMH3aLKs 110 JaHHOMY NapaMeTpy
OyneT o3HauaTh MOMCK 3HaueHus K', mpu kotopom oTHomenue ' /K' 6yner
MakcuMasbHbIM. [lo cBoeMy cMbIC/ay 9TO 0603HayaeT, 4TO NPH AajbHeHIIeM
yBeJWYeHNH KalUTAN0BI0KEHUH UX HHTerpabHast 3pPeKTUBHOCTb HAYMHAET
najgarh.

CriemyeT BCe »Ke 3aMeTHUTb, YTO PaHee 3KOHOMHUYeCKasi 3(h(PEeKTHBHOCTD
WHBECTUIUH B 3HeprocOepekeHHe B yKA3aHHOW TPAKTOBKE pacCcMaTpHBa-
Jacb B OCHOBHOM Ha MakKpOypOBHe, T.e. J/1 HalMOHA/JbHOH 3KOHOMHUKH B
LeJIOM WJIM, IO KpaitHed mepe, ans otpacau [9, 10], mpuuem B kauectse I
¢urypupoBasa NnpuObLIb, MOJydyaeMass OT peaju3allld COOTBETCTBYIOLIMX
MeponpusTii. OnHaKko crenuprKa sHeprocoepekeHNs 3aKA0UAETCS B TOM,
4TO 37eCb BOOOIe BeCbMa 3aTPYAHUTENbHO BHISIBUTH MPHUObLIb, MOCKOJbKY
BO BCeX BapHaHTaX Te WJM HHble 3aTPaThl UMEIOT MeCTO W peyb HAET B
MePBYIO OUepelb O CHUMKEHMM 3KCIJyaTaUHOHHBIX pacxonoB. [lostomy Ha
YPOBHE COMOCTaBJ/IeHUS BADUAHTOB HHKEHEPHBIX pellleHUH /15 KOHKPETHOT0
3MaHUS HCIIOJNb30BAIUCh B OCHOBHOM KAaTeropwM IpPHUBENEHHBIX 3aTpPaT U
cpoka okymaemocTH. OnHaKo B HacTosillee BpeMsl MOHSATHE 3(PPEeKTUBHO-
CTH UCIOJb3YyeTCs U /IS KaXKI0TO OTAENbHOT0 00'beKTa HHBECTULIUH U CYyOb-
eKTa X03aHMCTBeHHOU gmesitesbHocTH [7]. TlosTomMy mop 3h(peKTHBHOCTHIO

MOHUMaeTCsl UMEHHO OTHOILEHHe 10C-

Ta6nnua 2 tyraeMoll SKOHOMHH K KalHMTaJOBJIO-
ITapameTpsl annmpoKCUMaLuH SKEHHUSM.

saBucumoctua J'/K' or K Kak u s ', rpaduku 3'/K' Xo-

Topoa A B c pOLLIO anmpOKCUMHUPYIOTCS KBaipaTHU-
Mocksa 395 | 755 | —2.62  HbIMH mosuHOMamu (tadi. 2).
BopkyTa -352 | 68 | —2,29 Kak u B mpenbiiyliem ciyuae,
Kpachomap | —4,37 8,3 -2,94 rpaduKu 17151 pa3HbIX PalOHOB CTPOU-

TeJbCTBA MPAKTUYECKH COBMAZAIOT U
KaueCcTBEeHHO, a B JAaHHOM CJlyuyae U KOJHUYEeCTBEHHO, TTOCKOJIbKY KO3((PULHU-
eHTbl B TabJs. 2 BecbMa OJIM3KH, 3HAUUTEJSbHO OJIMXKe APYT K APYTY, YeM B
taba. 1. OntuMym, oueBUAHO, OYIET UMETb MECTO MPH d(d'/K")/dK' = 0,
otkyna K',.,x = =B/ (2-A). IToc/ie N0ACTAHOBKM UMC/EHHBIX 3HAYEHUE MOJY-
gaem 17151 Mocksol 0,96, niisi BopkyTer 0,965, a nis Kpacunonapa 0,95. 3nech
pe3yJsbTaThl ellle GJHXKe APYT K IPYTY U ONSTb-TaKW B Npeesax TOUHOCTH
pacueToB He OTJIHUYAIOTCH OT €AMHULBL. TaKuM 06pa3oM, U Mo JaHHOMY MOKa-
3aTeJil0 TIPUHSTAst paHee TJIyOWHA KOMIJeKca HeprocHeperarwiimx Mepo-
MPUSTHH SIBJASETCS ONTHMAaJbHOH.
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K pemenuio naHHOro Bomnpoca BO3MOXKeH U cjelyolui noaxod. Homyc-
THM, UTO OTHOCHTE/bHOE CHHKEHHe 3aTpaT Ha TeIJOBYI0 9Heprui J' mpej-
CTaBUMO B BHJe HEKOTOPOH (PYHKLUMHU OT OTHOCHUTEJbHBIX NOMOJHUTEbHbIX
KaluTalbHbIX 3aTpaT Ha sHeprocGepexxenue K': ' = f(K'). B atom cayuae,
He JleJias I0KAa HUKAKUX IPeNO0J/I0KEeHHH O TOM BHJe, KOTOPbIM UMeeT (yHK-
uust f(K'), u3 ycsioBUS MaKCHUMH3AUUU Oe3AUCKOHTHOH 3()()EeKTHBHOCTH
CyMMapHbIX KallUTa/IbHbIX BJOXKEHUH B 9HeprocbepekeHue 1o/y4aeM Bblpa-
JKeHHe

d@/K) _d(fK')/K) _Kdi(K')/dK'-f(K')
dK' dK' (K')?

[Tockonbky 3aBegomo K' 0, umeem f(K') = K'df(K')/dK'. Orciona se-
mensienHo caenyet, uyto npu f(K') = C-K', T.e. npu JMHeHHON 3aBUCHMOCTH
MeXKy CHUXKEHUeM 3HepromnotpebaeHHs U JONOJHUTENbHBIMH UHBECTULU MU
B 3sHeprocOepekeHHe NaHHOE pPaBEHCTBO oOpallaeTcsi B TOXKIECTBO MPH
mo6bx K'. B atom ciydae roBoputh 06 ontuMyme 3h(HeKTUBHOCTH KAUTAJO-
BJIOXKEHUU yKe He MPUXOAUTCS, TaK KaK OHA OYIeT BeJUYHUHOU MOCTOSTHHOH,
He 3aBUCAILLEN OT KOHKPETHOW IJyOUHBI peanu3alrdyd 3HeprocoOeperaroiimnx
MEpPOTNPHUSTHH, a CBSI3aHHOW TOJIBKO ¢ UX codeTaHneM. OnHAKO Bhille OBLIO
M0Ka3aHo, YTO Ha caMoM Jiesie D' 3aBUCHUT OT K' HeJIMHEeHHO, U NIPH anlpoKCH-
vauun [(K') B Bume AK? + BK' + C noayuaem:

AK'?+BK'+C =K'd(AK'? +BK’ +C) /dK' =K'(2AK’ +B) =2AK'? +BK’, (2)

0. (1)

OTKyJla CJIelyeT, 4To B ONTUManbHbIX yeaosusax C = AK'2  um K’ =+/C /A.

[ToHsiTHO, YTO IUISl CYyIIECTBOBAHHUS pelleHus: mapameTpbl A U C IO/DKHBI UMETh
ofMHaKoBble 3HaKW. M3 Tabus. 1 BUAHO, UTO B paccMaTpUBaeMbIX YCJIOBHSX 3TO
NeUCTBUTENMBHO Tak, U 1yt Mocksbl, BopkyTsl u KpacHonapa Haxonum cooTBert-
ctBenHo K' .. = 1,046, 1,096 u 1,017.

IT0 noATBepKIAeT CAeJNaHHble BbIlIe BBIBOAbl U MPAKTUUECKH COBHALAeT
CO 3HAYeHUSMH, MOJNyYeHHBIMHU 110 OLeHKe IuddepeHIHanbHON 3(PPeKTUBHO-
ctu d3'/dK'. OnHoBpeMeHHO M3 paBeHCTB K/ .., Onpeje/seHHbIX ABYMS CIIO-
co6aMu, HaXOJUM, YTO B KBagpaTUyHoH annpokcumauuu D' = f(K') nomkHo

co6monatbesi cootHowenue 4/C /A = (1-B)/(2A), uu ¢ ydeToM 3HaKOB

2+ AC = B—1. BblukcyieHHs MOKa3bIBAKOT, YTO MPU UCIOJIb30BAHUN 3HAUEHHH

napameTpoB M3 Tabs. | naHHOe PaBeHCTBO NEHCTBHUTENBHO BBIMNOJHSETCS C
tTogHocTbio 10 0,01. DTo roBOpUT 06 OTpeneeHHON 3aKOHOMEPHOCTH B cOue-
TaHWU KO3(P(UIMEHTOB aNlpPOKCHMALUM /s CHHUXKEHHS OTHOCHTEJbHOTO
9HepronoTpe6/eHHUs], 3aBUCALLET0 OT OTHOCHUTE/bHOH IVyOHWHBI peanu3alnu
sHeprocOeperawumx MeponpusiTui. B camom pese, ecau MOACTABUTB MOJY-
YyeHHOe cooTHolleHHe Mexny A, B u C B ypaBHeHHe anmnpoKCUMaLHH, M0C/Ie
HEKOTOPBIX TPeoOpa30BaHUN MOJydaeM:

AK'?2 +BK'+C =AK"? +(1+2JAC)K' +C = (3)
=K' -(K'yJ|A]-4IC])? =K' - (A K'-C,)?,
roe A, =\/m, (ON =\/H. Taxkum 06- Ta6auua 3
pasom, AJs 3amaHus QyHKUMH D' = Mapamerprr Ay, C u D nasa

_ ' annpoKcuManvu 3aBUCHUMOCTH 9" or
= f(K') noctaTouno TONLKO ABYX Ma- K' g qopmyae (3) u seamunna Ky,

pamerpoB A, u C,. Ix 3Hauenus ans

paccMaTpHUBaeMbIX DAKOHOB CTPOH- Fopo A G D | Kmin
TeJbCTBA TPUBEeHbl B TabJs1. 3. Mocksa 121 | 1,27 | 1,54 | 0,46

[Tockoabky A, u C, orsmuatorcs Bopkyra 1,07 | 1,17 | 1,25 | 0,42
He Gonee uem Ha 10%, B mpemenax Kpacwomap | 1,34 | 1,36 | 1,82 | 0,48
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TOUHOCTH Hallero pacueta MoxxHo mosoxuth D = ((A; + C))/2)? ~ (A +
+C)/2 v cuurate D' = K' — D(K' — 1)2. 3Hauenusi D Takxke mokaszaHbl B TabJ. 3.
W3 nosryyeHHOTO BhIpaXKeHUs B iBHOM Buje caenyeT K' ., = 1 u To o6cTosiTeNb-
CTBO, YTO OTHOCHUTEJIbHOE CHUXKEHHE SHEePronoTpe6aeHUsi COCTOUT U3 IBYX CO-
CTaBJSIOINX: JUHEHHOH, TMPONOPIHUOHAIBHON TOTIONHUTENbHBIM KalHUTalbHbIM
3aTpartam, 1 KBaapatuyHou. [locsenHsst BIUMTAETCS U3 JMHEHNHON U XapakTe-
pH3YeT TO yXKe OTMeueHHOe OOCTOSITEJbCTBO, YTO CYIIECTBYET HEKOTOPOE MH-
HUMasbHOe 3HadeHue K'\;,, HeoOXonumMoe st M060H, naxKe MUHUMANbHOHU TJIy-
OWHBI peanu3aluy sHeprocoeperarmx MeponpusiTui. Ero MoXKHO BBIYHUC/INUTD,
nojarasgs D' = 0. Pe3ysbTaThl NpUBeieHbl B TOCTeIHENR KoJoHKe Tabu. 3. He-
TPYOHO 3aMEeTHTb, UTO OHH NPAKTUYECKH COBMANAIOT C IOJY4YaeMbIMH IO MO-
CTPOEHHIO Ha Tpadukax puc. 1—3 u BooOlIe Masio 3aBUCAT OT KOHKPETHOTO pai-
OHa CTPOMTE/bCTBA. TakUM 00pasoM, Kak MUHUMYM 42—48% WHBeCTHULHMH B
sHeprocOepexkeHre B NpefiesaX paccMaTpUBAeMOro KOMILIEKCa MHKEeHEepPHBIX
pelIeH’H COCTaBJISIOT MOCTOSHHYIO YacTh, KOTOPYIO HEBO3MOXKHO MCKJIOUHTD,
MOCKOJIBKY OHa CBsSI3aHa C KOHCTPYKIHEH OrpaKIeHUH U CUCTeM oOecredyeHus:
MUKPOKJIHUMATA.
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