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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
MpornG, mm

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

CIIMCOK JIMTEPATYPBI

1. ITat. P® Ne 40758. KoHCTPYKIMSA U3 THYTBIX OLUMHKOBaHHBIX npoduieit /H. U. Kpblios,
A. H. Kpernann.— Omy6a. 27.09.2004 r.; Brom. Ne 27.

2. [Mar. P® Ne 55394. Packochast 6ajiouHasi cucTeMa K3 THYTBIX OLMHKOBAHHBIX MPO(MH-
neii/U. Y. Kpoiios, A. H. Kperunun.— Ony6a. 10.08.2006 r.; Bron. Ne 22.
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[Tosnyyeno mocse mopadorku 19.03.08

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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Puc. 4. 3aBUCUMOCTb YIJIOB 3aKpyUMBaHHs @ OT KpyTamero Momenta M, OK-14 (a); OHK-7 (6)
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.

24

5,00 : 180
T .
== MNopwncTocTb w Q3 3 H S .
4,50 S @ o S 9 9 = [ N
) —o— poYHOCTL § e 8 8 5 o 8 2 2 2 & S B 514160 ©
9 ST S8 g gg®aw & a2z :
S [ c I 3 LT &N I = R+ I =
400 g 2 o 95 5 3B W B EEE oL @ 8+ 1 =
’ @ R 5. ¥ T8 2T % 3 8 S S S T + o & =& N ~
- T g e @ &8 8 T b = b = ~ & ~ o 2 = Ao N B
S oL TR Ee IS =8¢ 58 Y Blq40 S
350?8»3«7 o ek gRec R P gh TS geLt g ¢ s
’ T 8 06 o 3 " %22 20 §J 352 5 22 =0 = a @ o 5O ® 2 ©
2 3 2 1L 258350838 3525959858 00c|/lc% s vg+ X
) - S F ¥ N S8%g z2 8 Z2 &8 & s 70§ T Lk 82 { <1120 &
- 3.004s 2285 8 ez %" 2 5z w8 S S 20 5 & el S ¢ © =T
1o | > - = 2 B S s
g 88S295°8 3¢5 8 d4d=408088%7%° = sl 3% ¢ 3
2 K} S5 9 0 42 2 &8 B g2 48 % %G8 s £ R S a
g 38 ©Q g8 4 g8 % E5 2 5 8 5 8 § E 8 S T 6
250___7 - E 0 n 8 £ 2 | | - | | L < 1005
s Z, 5 6 & - g e— =8 gt & £ £ 9 G g = —
5} 92 858 5 cmimsd s s g e S 3]
0 F F © 5§ _ i M = — = = = o
© 2 00HH 8 HAN._ N || L] A = I
[ORE 180 Z
< a
* Net f« =
1,50 N H H e 4 — K c
60 <
o
1,00+ HHHAHHHHHH B o — @
=%
0,50 40 =
)
0,00+ i i L L I I L P D D R L D I P D D Ly 20

12348910 12 14 16 18 20 22 24 26 28 30 32

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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YIK 691.56:666.971

B. C. BATAJIUH, n-p TexH. HayK, nupo¢., 1. P. TASETAUHOB, acn. (Ilepmckuit
rOCyJapCTBEHHBI TEXHUYECKHN YHUBEPCUTET)

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);
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— 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.

CIIMCOK JIMTEPATYPbI

l.Patunos B. B. lo6asxu B 6eton/B. b. Patunos, T. Y. Posen6epr.— M.: Ctpoiius-
nat, 1973.— C. 126—141.

2. TTat. Ne 2284308 nmpuoputer ot 17.02.2005. Crioco6 mosyueHHs: HeHooOpasoBaTeist U Ie-
HOOOpa3oBaTesb, NOJNyYeHHbIH 3THM crnioco6om/B. C. Baranun, U. I1. [Mpsixun, U. A. Kos-
J0B, 2006, Ne 27.

3. ITat. Ne 2288203 npuopuret ot 25.04.2005. [TeHoo6pa3oBaTesb A5 TEMIOU30MLHUOHHO-
ro 6erouna Br-20/11. T. Kynpsisues, b. C. baraaun, A. H. Henyros, Y. H. Koporaes.—
Omny6a. b. M., 2006, Ne 28.
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B. II. CEJIFIEB, ua.-kop. PAACH, n-p TexH. HayK, npod., T. A. HU3WUHA, kaux.
TexH. HayK, nou., H. O. 3YBAHKOBA, acn. (MopaoBCKHii rocyapCcTBeHHBIN
yHuBepcurer, r. CapaHck)

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.

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



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

44



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).

51



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.

CIIMCOK JIMTEPATYPBI

l.Kyspmuuacku# A. . Meroarka sKOHOMUYECKOr0 000CHOBAHHSI BbIOOPA HHBECTOPOM
BapuaHTa KOHCTPYKTHBHOro peinenusi smanus/A. T. Kysbmunckuii, B. A. Hsatos,
B. B. Uepenkos/ /H3B. By3os. Crpoutenbctso.— 2007.— Ne 7.— C. 46—51.

2. Kpatkuit cioBapp uHocTpanubix cjaoB.— M.: TUMuHC, 1952.— 488 c.

3. '9CH-2001. F'ocynapcTBeHHble 3/1eMeHTHbIe cMeTHBle HOpMbl. C6. Ne 8: KoHeTpykuun us
Kkuprnuua u 6m0koB.— M., 2001.— C. 23.

© Kyssmuuckun A. T., H3aros B. A., Uepenkor B. B., 2008
[Tonyueno 06.02.08

YIK 69.002.5:658.52.011.54

C. M. KY3HENOB, kaua. TexH. HayK, gou., O. A. JIETOCTAEBA, KaHja. TexH.
Hayk (CuOuUpCKUI rocylapCcTBEHHbI YHUBEPCUTET MyTed coobmenus, r. Ho-
BOCUOHUPCK);

0. 0. MUXAJIBYEHKO, E. C. JIABYTHH, acnupautsel (HoBocuGupckui
rOCYAApPCTBEHHBIA aPXUTEKTYPHO-CTPOUTENbHBIN yHUBepcureT (CubCTpuH));
K. J. YYJKOBA, kanxa. TexH. Hayk (Cubupckasa rocygapcrBeHHass aBTOMO-
OMIBHO-IOpOKHAA aKaxemud, r. OmMcK)

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.
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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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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

3, 9K

S

0,4 0,5 0,6 0,7 0,8 0,9 1 1.1
K'
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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THAPOTEXHHUYECKOE CTPOUTEJIBCTBO

YIK 626.882

A. A. KAPAIIETYH, acn., E. H. KOHOIIJIEB, kaHA. TeXH. HayK, gou., M. A. CKO-
POBOTATOB, n-p texH. HayK, pou. (FOY BIIO «TBepcKoi rocy1apcTBeHHBIHN TEX-
HUYECKUI YHHUBEPCHTET» )

AHAJIN3 PE2KUMOB PABOTbI OJHOKAMEPHOTO
JIECTHUYHOTIO PBIBOXOJA C CH®OHHBIM BOOOCBPOCOM

IIpensoxkeHo au¢epeHLManbHOe ypaBHEHHe, OMMCHIBAIOLee NPOLeCcCh HAMOJHEHUS U
OMOPOXKHEHHsI TOJIOBHOH MaplleBOH KaMepbl 0JHOKAMepPHOro JIeCTHUUHOrO pPei60X0aa ¢ CU(OH-
HBIM BOZOCOPOCOM, MPUBOJUTCS aHA/IN3 pabOoThl prIOONPONyCcKHOro coopyxKeHusi. Ha KoHkpeT-
HOM IpUMepe MOKA3aHO, UTO MPH 3aAAHHBIX MXTHOJNOTMUECKUX NAHHBIX (6POCKOBBIX CKOPOCTSX
/Il IPONyCKaeMblX BHJOB Pbi6) BO BpeMsi paboThl CH(QOHHOTO BOAOCOPOCA BO3MOXKEH MPOXOJ
pEIO B OJIOBHYIO MapllieBYI0 KaMepy, a IPH BHIK/IIOUEHHOM CH(OHe — BBHIXOJ UX U3 TOJOBHOH
MaplleBO¥ KaMepbl B BepXHHUH Obed.

[TpoBeneHHbIN aHaIN3 PaGOTHl MOCTPOEHHBIX PHIOOMPONYCKHBIX COOPYKe-
HUU 10KasaJj, 4To AJIs1 NpoIlycKa peld K MecTaM HepecTa yepe3 MJIOTHHbBI IPH
nepenajgax ypoBHeH BOIbl MeXK1y BEPXHUM U HHKHUM He 6ojiee 10 M Ucnosb-
3YIOTCS PBIOOXOMIBI Pa3NUuHON KOHCTPYKuKH [1—3 u ap.]. TIpu atom Giaronpu-
SITHblE THJPaBJHYeCKHe YCJI0BUS NPOXOAa pblb MO TpaKTaM pbIOOXOL0B UMEIOT
MeCTO, eC/Id CpeJJHHe CKOPOCTH TeUYeHHs BO BILIbIBHBIX OTBEPCTHUSAX He TPEBBI-
AT OPOCKOBBIX CKOPOCTeH MJIsl MPONYyCKaeMbIX BHIOB.

OnmHUM M3 MepCrneKTHBHBIX KOHCTPYKTHBHBIX pPelIeHHH MporycKa puib B
TaKUX YCJOBHUSAX SBJSETCS YCTPOUCTBO pbiboxona ¢ cupOHHBIM BOgOCOPOCOM
[4], B KoTOpOM 3a cueT ycTaHOBKHM CH(OHA M CO3aHMSI FOJOBHOH MaplieBoH
KaMepbl yMeHbLIaeTcsl AJUHA PeIO0X0aa U CO3MAITCS HEOOXOIMMBbIE THAPAB-
JMYEeCKHe PeXXKMMbl B POTOYHOK YacT coopyxenus [5, 6]. Kak mokassiaer
NPUBEIEHHBIN HMXKe aHA/IU3 TeXHOJOTMYeCKHUX PeXKMMOB PabOThl TAKOTO CO-
OpY2K€HHS, B HEM C03JaroTcs OJaronpusaTHble TMAPABIUYECKHUE yCA0BUS /IS
nponycka pblObl Ha BceM MYTH ee CJeJOBaHHS.

B paGote [7] mns o6ocHOBaHMS mapamMeTpoB TMAPaBJIMUECKHX PEXUMOB
NPOLIECCOB HAMOJHEHHUS U OMOPOXKHEHUS IOJOBHOM MapllieBOH KaMepbl OIHO-
KaMepHOro pbi6oxoza ¢ cuOHOM OBLIO MOJNyYeHO ypaBHeHHe (pacueTHas cxe-
Ma npuBeneHa Ha puc. 1):

2
2 2 2
(dZBJ __ 2Qw,  dZ, Q*-jewiZ, (1)
2.2 2 2.2 2 ’
dt (X'!J’BO“)B-’-Q)K dt (XMB(DB+0)K
7 4
2 NZY
H
ZH
L ; A 4
(’OC
Wy -+ Q, QC
Oy +— Q,
1/ 3 2/
Puc. 1. PacuetHas cxema
! — BIJIBIBHOE OTBEPCTHE BEPXOBOH CTEHKH; 2 — BIUIBIBHOE OTBEPCTHE HU30-
BOU CTEHKH; 3 — TOJIOBHAsl MaplieBas kamepa; 4 — CH(OHHBIH BOLOCOPOC
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rie Z, — pasHOCTb yPOBHEH BOJbl B BepXHeM Obede U TFOJOBHOH MaplleBOU
KaMmepe;

« — TJIOIIAb MOBEPXHOCTH BOIBI MapIleBOHW KaMephl;

» — K03 (dULUMEeHT pacxofa BILJIBIBHOTO OTBEPCTHUS BEPXOBOU CTEHKH;

— koapduunent Kopuoauca;
(Q — pacxopn Bofbl, NOCTyNawllel B HUKHUK Obe U3 MapllieBOl KaMephl.

Bennunna pacxonga Boabl @ onpenessieTcsl U3 CJAeAYIOLUIMX YCJIOBHH:

— eCJIM B HHXXHUK Obed Ha MpHBJeUeHHe MOCTYyNaeT BOAA TOJbKO U3 BIJIBIB-
noro oteepcrus (Q,), TO

Q = Qy; (2)

— eCJIM B HHXKHHH Obed) Ha MpUBJeYeHHe ToCTynaeT Boaa us cudona (Q.) u
U3 BIbIBHOrO oTBepctus (Q,), TO

Q=0+ Qu (3)

Pacxonbl cudonHoro Bogoc6poca (Q.) U BIILIBHOTO OTBEPCTHS HU30BOK
crenku (Q,) OMpemensOTCs MO CJIEAYIOUIUM 3aBUCHMOCTSIM:

Qc = ¢ (QgZH)O’B; (4)
QH H H (QgZH)O‘S, (5)

rie ., » — KO3(p(ULHEHTbl Pacxoia COOTBETCTBEHHO CU(OHHOro BOLOCOPO-
Ca W BIUJIBIBHOTO OTBEPCTHS HU30BOW CTEHKH;
e u — COOTBETCTBEHHO MJIOILA/b BIJIBIBHOTO OTBEPCTHS HU30BOU CTEHKH U
NONePeYHOro CeyeHUs: CU(OHHOIO BOAOCOPOCA;
Z, — Ppa3HOCTb ypPOBHeH BOJBl B MapllieBOH Kamepe U HUXKHeM Obede.
Js peleHns YHCI€HHBIMU MeToAaMHu ypasHeHue (1) mpuBeneHo K BULY

2
AZB _ Qcpo“)K _ Qcpwx _ c2p _2H§gw1223cp At, (6)

oplo? +o? oplo? +o?2 oplo? +o?2

rie Qcp, Zyp — COOTBETCTBEHHO BEJIMYMHA PACXOJA, MOCTYMAKOIIEr0 B HUXK-
HUU Obed rUapoy3na, pasHOCTb YPOBHEH BOJbl HA BEPXOBOU CTeHKe pPbl60xoia
Ha cepeluHe BPEeMEHHOro HMHTepBana Af.

I[Ipu pacuerax B Bhipaxkenusix (4) u (5) Bennuuna Z, Takxke 6epercs Ha
cepelMHe BpeMeHHOro MHTepBana Af.

Kax nokasanu uccienoBanus [8], n1s HopmaibHOH PabGOThl JaHHOTO CO-
Opy»KeHHUsl HeoOXOAUMO, YTOObl COOTHOLLIEHUS MJOLIaAeH BIJIBIBHBIX OTBep-

ctuit BepxoBok (), HU30BOH () CTEHOK W MJIOLIANH MOMEPEYHOro CeYeHHUs
cudonnoro Bomoc6poca ( ) ONMpenessINCh U3 CAEAYIOIIMX BbIPAXKEHHH:

(7)
(DC = _1 MJ» (8)
wH l’LC
rne H — pa3HoCTb ypoBHEH BOJAbl B BEpPXHEM W HHXKHeM Obedax;

Zy Ly — COOTBETCTBEHHO Ilepelajibl YPOBHeU BOJbl HA BEPXOBOW M HH-
30BOM CTeHKax, NPH KOTOPbIX MPOUCXOAWUT NPOXOM Pbl6 yepe3 BILJIbIBHbIE
OTBEpPCTHS.

Benuuunsl Z,,, Z,, onpefesiioT CpeHHe CKOPOCTH TEUEHHS BO BIJIbIB-
HBIX OTBEDPCTHUSX, TMPH KOTOPHIX PBIOBI HA OPOCKOBBIX CKOPOCTSIX MPOXOAST
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yepe3 HUX BBEPX MPOTHUB TeUEHHS COOTBETCTBEHHO M3 T'OJIOBHOW MaplleBOU
KaMepbl B BepXHUH Obed M M3 HUKHero Obea B MaplleByI0 KaMmepy.

AHanu3 TeXHOJOTHYEeCKUX PEXHUMOB BHIIIOJHEH Ha TIPUMepe MPHU CJIeIyto-
IIMX UCXOAHBIX NAaHHBIX: PA3HOCTb YPOBHEH BOJbI MEXKIY BEPXHHUM M HKHUM
obebamu H = 1,5 M, momanb BIJIBIBHOTO OTBEPCTHUS] HUXKHEH CTEHKH

« = 0,36 M2, nuio1aab BIJILIBHOTO OTBEPCTHSI BEPXHEH CTeHKH , = 0,72 m?%;
MJIONIA/Ib MOTIepeYHoro ceuenust cudona = 1,17 M2, KoahpuLKEeHTH pacxo-
7la BILIBIBHBIX OTBepPCTHH , = , = 0,65 [9], koshduumenT pacxona cudoHHO-
ro Bomoc6poca ( ) Mo mpenBapUTeNbHBIM pacuyeTaM, BBIOJHEHHBIM 110 MeTO-
nuke, uanoxxennou B [10], npunsat pasubim 0,6. PacueTHas cpeiHsisi cKOpocThb
TeyeHHs BO BIILIBHBIX 0TBepcTHAX 2,0 M/ c. DTO MaKCHMaJ/bHasi CKOPOCTh Te-
YyeHHs, TP KOTOPOU BO3MOXKeH NMPOXoJ pbl6 yepe3 orBepcTHs. [1pu pasHocTu
YPOBHEH BOIbI HA HU30BOU cTeHKe pbiboxona Z, = 0,3 M B TaHHOM NpUMepe
npefanoJaraeTcs Bolk/aIodeHHe cudoHa u npu Z, = 0,3 M Ha BepXOBOH CTeH-
Ke — BKJIOYeHHe CH(OHa.

Pacueramu ycTaHOBJIEHO, UTO MPOAOIKHUTEIbHOCT PaboThl CH(OHHOTO
BogocOpOCca 3aBUCHUT OT pa3MepoB MaplieBod Kamepbl. [Ipy M3MeHEHUH MJI0-
gy moBepxHocTy Bojbl B kamepe oT 50 1o 1000 M? mpomo/KUTENBHOCTD ee
HamoJiHeHUs1 yBequuuBaetTcss B 40 pas.

TexHosornueckasi cxema padoThl JTAHHOTO COOPYKEHHSI MOXKET OBITh Pa3-
6WTa Ha HECKOJbKO omepauuu (puc. 2).

1. 3axo0 poib 8 poiboxod u HakonieHue 8 mapuiesoli kamepe. B atom
c/lydae B HYXKHUU Obed THAPOY3/a NOCTyNaeT BOJAA U3 BIJILIBHOIO OTBEPCTUS
U 13 cudonHoro Bogocopoca. [lo naHHBIM pacyeToB AJISt MPUHSATHIX HCXOAHBIX
JaHHBIX CPEeJIHSIsI CKOPOCTh TEUEHHS Ha BbIXOJl€ U3 BIJILIBHOI'O OTBEPCTHS PaB-
Ha 1,6 M/ ¢, u3 cudonnoro Bogocépoca — 1,5 m/c. Cpennss cKopocThb Teye-
HHUS B BIILIBHOM OTBEPCTHH BepxHel cTeHKH 3,2 M/ c. [IponoKUTeNbHOCT
9TOY OMepPaLUy OTPeeeTCs MPOIOIKHTENbHOCTEIO paboThl cupoHa. Crudpon
MOXKeT OTKJ/JII09aTbCsl ABTOMAaTHYECKH MPU TOCTHKEHUU OTIPeIeJIEHHOTO YPOB-
HSl B MaplIeBOH Kamepe WJIM BBHIKJIIOUATBCS 110 ONpeIesieHHOU TMpOorpamMe.
Priba, npuB/ieueHHass B HHUXKHeM Obede THAPOY3Ja, 3aXOAUT B PbIOOMPOMYCK-
HOe COOpYKeHHe U HAKalJUBAeTCsl B MaplLIeBOH Kamepe, MPU 3TOM CKOPOCTH
TeUeHHUs B BILJILIBHOM OTBEPCTHH BEPXOBOW CTEHKH HE TO3BOJISIOT €d MPOXO0-
IUTb B BepXHUU Obed ruapoysJa.

2. Hanoanenue mapwesoii kamepo.. [locne Boikaouenus cudona (apro-
MaTHYeCKH WJIM 110 ONpeeeHHOH IporpaMme) MPOMCXOAUT HaroJHEeHHe pa-
6oueit kamepsl. [lepenan ypoBHEel BOAbl HAa HU30BOW CTEHKe YBeJHYMBAETCS,
Ha BEPXOBOH yMeHbIIaeTCsi, a CPEIHSSE CKOPOCTb TeYeHHs B BIJILIBHOM OTBep-
CTMH HM30BOK CTeHKH yBeauuubaercs ¢ 1,6 1o 3,2 M/ ¢, a BepXOBOK CTEHKH

Bbixon pbl6 B BEpXHUA Hakonnexue Bbixoa pbi6
vT Obed B MapLLeBOW kamepe B BEpXHUI Bbed
g 1
m/c
F-————-- h \ Lemmmm== i —
3 r \
\ 4 \
s L ! \
2 \\ L :' <
17T 2/-
—t L S —
012 3 4 012 3 4 01 2 3 4 T, MuH
Q=Q,;+Q, l Q=Q, Q=Q,;+Q, Q=Q,

Puc. 2. UsmeHenune cpeaHeii ckopoctd TedeHus (V) B BILUIBIBHOM OTBEpPCTHM HM30BOH
crenxu (1) u Bepxopoil ctenku (2) mpu paboTe priGoxoaa
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yMeHbiuaetcsi ¢ 3,2 10 1,6 M/ c. 3a cueT yBeJuueHus cpefHel CKOPOCTH Teue-
HUSl Ha BBIXOJE M3 BILJIBIBHOTO OTBEPCTHS yBeJIMUYUBAETCs IJIHHA U ILIUPHHA
pHIGOTIPUBIIEKAIOLIETO IITeH(a.

3. Boixo0d poib6 us mapuesoii kamepol 8 sepxrnuli bved. Ilpu noctuxe-
HHUM Tlepenaja ypoBHeH Boabl Ha BepxHed crenke 0,5 M (B 3ToM cayuae cpen-
HSIl CKOPOCTb TeYeHHs BO BIJILIBHOM OTBEPCTHMH JOCTHraeT Bequunnbl 2,0 M/ ¢,
YTO COOTBETCTBYET MPUHSATOH BepXHEH rpaHuile GPOCKOBBIX CKOPOCTEH) MH-
rpaHTbl HAYMHAIOT BBIXOAUTh U3 MaplleBOH KaMephl B BepXHUH Obed. Boixon
pbi6 MPOIOJIKAETCS U MPU TOCTHKEHHUU CPEIHEH CKOPOCTH TeUeHUSs B BILJIbIB-
HOM OTBEDPCTHH BEPXOBOU CTeHKH 1,6 M/pC. [Tocne BbIXOOA BCexX puIO B BepX-
HUU Obed TPOUCXOOUT 3apsiaka cUQOHA.

4. Onopodxcrernue eoro8roil mapuiesol Kamepol. Ilpu pabore cudona
MIPOHUCXOUT OMOPOKHEHHE TOJMIOBHOKM MaplleBOH KaMepbl, TPU 3TOM CKOPOCThb
TeUeHHUs B BILJIBIBHOM OTBEPCTHM BepXHEH CTeHKM H3MeHseTcs oT 1,6 1o
32m/c. CriemyeT OTMETHTB, UTO TIPH U3MEHEHUH CKOPOCTH TeueHus oT 1,6 1o
2,0 M/ ¢ (nmpu M3MeHeHUH Tlepenaja Ha BILILIBHOM OTBEPCTHH BepXHeH CTeHKH
ot 0,3 10 0,5 M) BO3MOXKeH BbIXOJ MUTPAHTOB U3 MaplieBOH KaMepbl B BEpPX-
HUM Obedp. B mepuon M3MeHeHHsl cpefHEH CKOPOCTH TeUEHHUS B BIJILIBHOM
oTBepcTuM HUKHel cTenku oT 2,0 1o 1,6 M/ ¢ Takke Bo3moxHa (npu usmene-
HUM Mepernaja Ha HUXKHeM BIUbiBHOM otBepctud oT 0,5 10 0,3 M) murpaums
pblO6 U3 HUXKHero Obeda B MapllieBYIO Kamepy.

[Ipu nmoctuxkeHuM mepenasna ypoBHeH Boibl Ha HUXKHeH creHke 0,3 M
MOBTOPSIeTCS MepBast ornepauus U T...

BoiBoxa. IlpuBeneHHble BBl AaHHBIE TMOKA3bIBAIOT BO3MOXKHOCTH HC-
M0J/1b30BAHUS JAHHOTO PHIOONPOMYCKHOIO COOPYKEHHS /IS MPOMycKa pbld U3
HUKHero 6beda ruapoysna B BepxXHUH. [Ipy 3TOM B BIJIBIBHBIX OTBEPCTHUSAX
BO3MOXKHO CO3/l1aHHe CKOPOCTEeH TeYeHUs, T03BOJISIOLMX MATPaHTaM, HAYLIUM
Ha HepecT, NPOXOAUTb M3 HHXKHero Obeda TMIPOy3/a B BePXHHH.
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CAHUTAPHAYd TEXHUKA

YIK 697.932.3:536.92

M. . ITAJIFIEB, n-p TexH. HayK, npoc., E. M. XPOMOBA, kaHa. ¢us.-maT. HayK.,
pow., A. B. TYMAIIIOBA, acn. (ToMcKHil rocyiapCTBEHHBIM apXHUTEKTYpP-
HO-CTPOUTEJNbHBIN YHHUBEPCUTET)

PU3NKO-MATEMATHYECKAA MOJAEJIb
INPOIECCA TEIIJIOMACCOOBMEHA
B ®OPCYHOYHbIX OPOCHUTEJIBHBIX KAMEPAX
ITPHU BBICOKHX BJIATOCOIAEP2KAHUAX

Ha ocHoBe mpezncTaB/ieHHH O B3aHMOIPOHUKAIOIIMX Pa3HOCKOPOCTHBIX H PasHOTeMIIepa-
TYPHBIX KOHTHHYAJbHBIX Cpefiax c(hOpMyIHpoBaHa (PU3UKO-MaTeMaTHueCcKast MOLEJb IBHKEHHUS
U TerjioMaccooOMeHa [1aporazoBoi CMeCH C Kal/JIsgMH B OPOCHTeJbHbIX (DOPCYHOUHBIX KaMepax
IPU BBICOKHX BJarocofep:kaHusx. IIpoBeeH aHanM3 Molesau LJs1 BepTHKANbHBIX KaMep.

B [1] npencrasiena ¢usuko-mMaTemMatTHueckas MOJe/b TelNjoMaccoobMe-
Ha MaporaszoBoro MOTOKa ¢ KaMJsiMH XKHUAKOCTH B OPOCUTEJbHBIX KaMepax pas-
JIMUHOTO Ha3HaueHWs. B Mopenu yuTeHO B/MsSHHME MOBBILLIEHHOW KOHLIEHTpA-
IMH NapoB Ha TeNJoMaccoOOMeHHBble MPOLECCHl C MOMOLIbI0 CTe(haHOBCKON
MOMPaBKK, a TaKXkKe CYIIeCTBEHHOe IMposiBieHHe 3P(PeKTOB HCMapeHUs-KOH-
JIeHCalUU Ha MapaMeTpbl COCTOSIHUS M1apora3oBoro NOToKa. YuTeHa MepeMeH-
HOCTb MacChl KarneJsb B UX YPABHEHUSAX NBUKEHHUS. DTH ypaBHEHHUS TIPEACTaB-
JIeHbl B JlarpaHKeBOH cHCTeMe KoOpAuHAT. Takas moctraHoBKa HeynoOHA AJIs
aHa/M3a TOPU30HTANBHBIX KaMep, KOTa 3HAauUNTe/IbHAs YaCThb KamneJb MOA AeH-
CTBHUEM CHJIBl TS?KECTH MOXKeT BbIlaJaTh U3 MOTOKA B MOMJOH, HE AOXOIs 10
BBIXOJAa U3 KaMepbl. B 3Tol CcBfI3U Leseco00pasHO pacCMOTPeTh MOCTAHOBKY
9TOM 3ala4¥ B KOHTUHYaJIbHOM IIpeJCTaBJleHNH KOMIIOHEHTOB CUCTeMBbI Mapo-
raszoBasi CMeCb — KarllJii, IPY KOTOPOM «pa3MasaHHast» MJOTHOCTb KameJb 0y-
IeT MEHSITbCS 10 BCEMY MPOCTPAHCTBY B 3aBUCHUMOCTH OT TUHAMHUKH UX IBH-
JKeHMS] M BbINAJeHUsl MO AeUCTBUEM CHJIBI TsKecTH. B Hacrosimen pabote
cchopmynrpoBaHa (PU3HUKO-MaTeMaTH4ecKasi MOJe/b ABMXKEHHUS ABYX(paszHOH
TPEXKOMIIOHEHTHOH TreTepOreHHOU Cpelbl KalJd >KMIKOCTH — Iaporasonasi
CMecCh B OPOCHUTEJbHBIX (DOPCYHOUHBIX KaMmepax. KoMIoHeHTHl cpesibl paccmar-
pUBAIOTCSl KaK pa3HOTeMMepaTypHble, Pa3HOCKOPOCTHbIE B3aUMOMPOHUKAIO-
1iMe KOHTHHHUYMBbI. ¥ DaBHEHHUS MOJEIU UMEIOT CJEeAYIOLIUH B!

— ypaBHeHHe JBUKEHUS IJi KareJsb XXUIKOCTH C YUETOM MepeMeHHOCTH
UX Macchl 3a CYeT IPOLECCOB HCNapeHUs-KOHAEeHCALUU

dV, :§+R—V“ Ude; (1)

dt m, dt

— YpaBHEHHE HEPa3pPbIBHOCTHU OJid 2KUAKOCTHU

dp,  py dm =
£ =21k £ — KVVK ; (2)
dt  m, dt P

— ypaBHeHHe MaccooOMeHa Kallu KUAKOCTH C MOTOKOM Mapora3oBou
CMeCH 3a cyeT McrapeHusi-koHaeHcauuu (ypasHenue MakcBesia ¢ monpas-
KaMu Ha cTedaHoBcKUH MOTOK K, M Ha HHEpPUMOHHOCTL 06TeKaHus Kanau P
(®Ppoccaunra))

dm, 2nM,K.Dd
dt RT
ISSN 0536—1052. U3B. By3oB. Ctpouteascrso. 2008. Ne 6 75

. (Pl _an)q) (3)




U
dm,

1T Z_ani(pnx _pl); (3')
— ypaBHeHHe MJI51 BJArocoaepKaHus
ad _W. (4)
dv py
— ypaBHEeHHe [/l CKOPOCTH MaporazoBOd CMeCH BJI0JIb 0CH Kamephi [1]
U=u, I K+d (5)
Too K+d,
— ypaBHeHHe TemyooOMeHa KamJjud ¢ TOTOKOM Mapora3oBOd CMecCH
c)KmKd—(a:—aKnﬁi(@n —T) +r, dm, —(c 40, —CIT)de ; (6)
dt dt dt
— ypaBHeHHe /5 TeMIepaTypbl MaporasoBod cCMecH
2 _
der) _ | 0:m(0,=T) (o o —c;1)|d4P2. (7)
dt dm, dt p

dt

Ypasuenusi (1)=(7) no/KHBI peruaThest MpU CAEIYOUIMX HAYa bHBIX yC-
JoBusx: mpu T =0

VKZVK(), U=U0, mK :mKo, dzdo, 9=90, T=T00,

l{jo((;:oh)) (mporuBoTOK, cM. puc. 1). (8)

Cucrema ypasnenu#i (1)—(7) nononHsierTcs ypaBHEHUSMU COCTOSHHS 1151
KOMIIOHEHT CMEeCH MaporasoBoro MOTOKa:

P =Pxo =GP (IPAMOTOK), P o =GP

P=P2 — K P1; (9)
MP, d
= ; P =B : (10)
PR T K
BM,
P20 BT
, =B, (12)
RT
a TakkKe ypaBHeHHsMH A5 Ko3((hHUUeHTa CONPOTHBJIeHHs Kanesb [2]
é=§=(1+0,0152ReK +1,08Re 9?) (13)
¥ K03(D(ULUEHTOB Tem1000MeHa ¥ Maccoobmena [3]:
Nu =2 +Re %55pr 033, (14)
Nu’ =2K ®. (15)
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KOS(p(bI/IU,I/IeHTbI BA3KOCTH M TEIJIOIPOBOAHOCTH BbIYUCJ/IAIOTCA Ha OCHOBE
KHHETHYECKOH TEeOpHU ra3oB IJisd 6I/IHaprIX cMecen:

P n Polbo | (16)
P1+PpaPyy  po +p Py

A= Pl " P (17)
Pr+pPoAy P +piAy

rae pl’ p2 — IJIOTHOCTHU KOMIIOHEHTOB CM€CH, BbIUHUCAGEMbIE 110 YPAaBHEHUAM
(10) u (12), D, u Ay

M
12 = @ tZWQM (18)
1 My
o)
M,
M 3/47? M 3/4
1+ “1( ‘] 1+ /H?(Q]
Wo My w M,
12 = =—, Ay = . (19)

L3 I (3

B (16)=(19) u, uwy, A, uA, — IHHAMUYECKHE BS3KOCTH H TEILIONPO-
BOJAHOCTH KOMIIOHEHTOB CMECH, KOTOPbI€ MOTYT ObITh BBHIUMCJIEHBI 110 (GOPMY-
nam CartepJieHna:

3/2
W=y ot [Tott) g o (20)
(Ty +t) +c; \ T,

rae aas mapa ¢; =961, uo, =10,0-10"° Ma-c npu T =T, =273K, B=B, =

=101325 Ta, M, =18 " nns Bosmyxa c, =124, g, =17,3-10° Ma-c
KMOJIb
npu T =Ty, B=B,, M, =29— X,
KMOJIb
3/2
M =hog hoter [T+t (21)
(Ty +1)+c,\ Ty

rae ans mapa A (¢ =10°C)=1,89-IOQBIZ npu T,y =283K, B=B;
M

I/ BO3ayXa

3/2
Ny = Aoy Ty +¢o Ty +t , (29)
(Ty +1)+cy\ Ty
re x02=2,44.10-QBIT< mpu T =T,, B=B,.
M

YPaBHeHI/IH MOlearn MOTYT peliaTbCda B CTaU,I/IOHapHOIZ MMOCTAaHOBKe IJIsA
npAMOTOKa (saaaHHe Ha4daJlbHbIX yCJIOBI/IIjI IJd KaleJb XKUAKOCTH U ITaporaso-
BOHM CMeCH Ha OILHOIZ CTOpOHE ammapaTta Ipu )CZO) W MIPOTHBOTOKA (SHILHHI/IG
Ha4daJIbHbIX YC.HOBI/II;’I JJId KalleJib 2KUJKOCTH Ha OJIHOH CTOpOHE alrnapara npu
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x=0, a 15 maporasoBoil cmecd Ha Apyroil npu x=h). Ilpu stom st:o

d;(...)
dt
BOJHYVIO.

I[JIH pacqua TeMHepaTypr [TOBEPXHOCTH KallJih MO2KHO BOCII0JIb30BATbCA
npubMKeHHBIM ypaBHeHHeM |1

u =V;V(...), tme uHmeKkc i ompejesseT CyOGCTAHUHOHAJIBHYIO TPOH3-

M, (P, P
4N, (0, -0)=ANu(®, -T) + Dr, Nu'—L| —m __ 1L (23)
R . T
Obo3nauenus, npuramole 8 GOPMYLAX:
P — MaccoBasl KOHLEHTpaLHsl KareJb;
m, — Macca Karlu;
M,, My — MoJieKy/sipHble MacChl MAPOB YKUIKOCTH M CYXOrO rasa;
K=M, / M,;
6m,
o, = — JMaMeTp Karuiy;
TP
Bo(T)"
D — xosdpduuuent auddysuu napa (s sogsHoro napa D =D, EO ]
0
Dy =216-10"° m? /¢ npu 6apomerpuueckoM nasienuu B=B, =101325 I1a,
T, =273K);
Py — TUIOTHOCTb KHUAKOCTH;
R =8,314-10% kJIxx / kmosb - K — YHUBepcaJbHasl TrazoBas MOCTOSIHHAS,
T =Ty, +t — abconoTHas TeMmIlepaTypa Mapora3oBOd CMeCH;
® — abcoJ0THAsl cpefHeMaccoBasi TeMIepaTypa KareJb;
P +P )
K, =1+# — IMIONPaBKa Ha CTe(PaHOBCKUU IOTOK;
d — BJyarocojep:xaHue;

P, — naBjeHHe HACBILIEHHbIX NAPOB Ha MOBEPXHOCTH KAIJX MIPU TeMIepary-
pe ee MOBEPXHOCTH ®, onpenesseTcs Mo 000OLUIEHHBIM SMIUPUYECKHUM 3aBH-
cumoctsim [1, 3] nmubo mo TepPMOJMHAMHUYECKHUM TabJHLaM;

® =1+0276Re25Sc %% — nonpaska ®poccvnra;

V, -U|ps .
Re =w — uncao PeliHoabaca oO0TeKaHHsT Kalliu;
u
Se=" — yueno [munara;
pD

lL,p — OMHAMHUYeCKasi BS3KOCTb M IJIOTHOCTb Tapora3oBOH CMeCH;
Too =Ty +to;

C,,C1,C9,C — TEMJOEMKOCTH XKHUIKOCTH, I1apa, CyXOro rasa, 1naporasoBou
CMeCH: C =Cqy +Cd;
Tw — YHeJbHas TeloTa (asoBbIX MEPeXOL0B;

NuA
O, =—— — KO3(p(HULUEHT TeIIOOTAauH KaIlIu;

K

A — KO3 (PUUMEHT TENJIONPOBOIHOCTH MapOrasoBoOy CMeCH;
Pr =L;TC; Ax — KO3(p(UIHEHT TEINJONPOBOLHOCTH KHMAKOCTH;

78



- (V, -U)

R=-¢ — BEKTOp CHJIbl CONPOTUBJIEHUS, JeUCTBYIOILEH Ha KaIlIo U
TK
NpUXOAslledcss HA eIUHUIY ee MAaccChl;
2 L .
_ PS5 : : .
T, = Y U, V., — BeKkTOpbl CKOPOCTeH Mapora3oBOd CMeCH U KareJb;
u
g — BEKTOP YCKOPEHHS CHJIbl TSKECTH;
§.=—— — CTOKCOBCKHMH KOI(D(UIHMEHT COMPOTHUBJEHHS KareJb;
Re
q — K03PPULHMEHT OpOLIeHUS: § = Q) / Q.0, Qx — 00beMHEIH pacxof XKHJ-
KOCTH, o — OOBEMHBIH pacxXoj raza Ha BXOIE;
x=0 Yo @S0 9
Nu — uucao Hyccenbra tennoobmena; AT

o
Nu’:B—K — yucao Hyccenbra maccoobmeHa;
— K03 PHULHEHT MacCOOTAAUH KarlJIH, OTpeieIsieMbIH

M0 KOHUEHTPAlUMOHHOMY Haropy Mapos;
Pk = M
RO,
CTH Ha MOBEPXHOCTH KaIlH.
Ha puc. 1 npencrasiseHa cxema BepTHKaJbHOU Ka-
Mepbl OPOILEHHSI ¢ MPOTUBOTOUYHBIM ABHKEHUEM KarleJib
JKHJIKOCTU U TIapOTa3oBOM cCMecH. Pe3y/ibTaThl pacueToB

MO MPEeJJIOKEHHOM MOJe/IM B CTAlMOHAPHOM OJHOMEp-  ~IF T
HOH MOCTAaHOBKe MPHUBEeAEHBl Ha puc. 2—5. Ilis 3TOro treet

— IIJIOTHOCTb HACbILIE€HHbIX MMapOB XKHUIAKO-

caydyass us ypasHenus (2) caemyer Up» do- Too
Us Voh =2 = 9 Puc. 1. Cxema 3a1anus
Px =qP « =0 Zx 5{?, 8K =—= (24) IPAaHUYHBIX YCJOBHUH
U Vi O IS BEPTHKAbHOMN Ka-

Mepbl OpOLIeHHS
YucaenHoe pemieHre TIPOBOAUJOCH METOAOM

ctpenbObl. [Ipu 3TOM B ypaBHeHHH TemnooOMeHa Kamesb TeMmIeparypa To-
BEPXHOCTH KareJsb MPUHUMA/ach PAaBHOH HUX CPeIHEMAacCOBOH TeMIepaType
(®, =0). B[1] nokasano, 4to 3T0 yc0BHe MOXKHO € JOCTATOYHOH TOUHOCTBIO
npubath aasg o, < 700—800 mkm. IlprBeneHHbBIE PUCYHKH WJIIOCTPUPYIOT
BeCbMa CJI0KHOe M3MeHEeHHe TePMOAMHAMHUUECKHX MapaMeTPOB CUCTEMBI Kall-
JI1 — MaporasoBasi CMeCb, YTO YIPOIIEHHBIMH METOAAMH TpeICcKa3aTh HEBO3-
moxHo (puc. 2).

[Ipu BBICOKMX BJarocopepxkanusx (puc. 3) 3a cueT KOHIEHCALMM MapoB
Ha KamJsix MpU OMpe/ieIeHHbIX UX HadajbHBIX TeMIepaTypax H MaporasoBou
CMeCH UMeeT MeCTO CYLIeCTBEHHbIH POCT Pa3MepoB KareJb, CHUXKeHHe GoJiee
yeM BJIBOE BJIArOCOJAEPKAHUS M CKOPOCTH Maporazosoro notoka Ha 20—25%.
Oco6eHHO 3HAYMTE/bHbI U3MEHEHHS TeMrepaTyphl Kamesb (Gosee yeMm B 17
pas) W TemmepaTypbl Maporazosoi cmecu (6osiee yem B 2 pasa), UTO CBA3AHO C
BbIIEJIEHUEM TelJa MpHU KOHAEHCALUH IMapoB.

[Ipu MeHblIMX Barocoaepxanusx (puc. 4) U Tex ke OCTaNbHbIX Mapa-
MeTpax MIeT MpOoLece McrnapeHus Kamne/b (pasmep uX yMEHbIIAETCs); 3a CUEeT
UCrapuTebHOro addekra ux Temnepatypa B °C 3aMeTHO CHHXKAeTCsl, B aH-
HOM cJaiydae ropsiaka Ha 19%. 3a cueT KOHBEKILMHU OT KareJb fiepejaercs Terl-
JIO TIapOTa30BOH CMECH U TIPOUCXOIUT ee HarpeB N0 TeMmmepatypel B 1,8 pasa
6oJiblliell ee 3HAUEHUS Ha BXOJeE.

[Tpu mpyrux Haya/JbHBIX TeMIepaTypax KareJb U 1aporasoBOH CMeCH U BJia-
rocopepxanuu (A =2 m, Ty = 293 K, 8§, = 700 mxm, ¢ = 1 1/Mm3, @y = 333 K,
Uy=15m/c, Vio=20m/c, dy= 0,2 Kr/Kr ¢.B.) pocT TeMrepaTypsl KaneJb 3a
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®-273

©,-273 a) Uiy, 6) V/Vio B)
1,25 : : ‘ 1,04 — 1,0
1,20 100l > 0,8} S
1,15 ‘ : : 06l e
0,96 ‘ 4
1,10 [0 )07 S— w3
2
1,05 0,92 02} AN
1,00 0,88 : : : 0,0 : .
0, 00 05 10 15 20 00 05 10 15 20
X, M X, M
did,, e)
1,0 1,4
0,9E
’ 1,3}
08}
07 1,2
0.8 111
0,5
0,4 : : : 1,0
00 05 10 15 20 00 05 10 15 20

X, M X, M

Puc. 2. VlameHeHne mapaMeTpoOB MapOBO3AYIIHOTO MOTOKA M Kamesb BIOJb OCH BePTHKaJb-
HOl KaMmepbl BeicoToit 2 M npu Uy =1 m/c, Vo =20 m/c, @g=293 K
a — TeMIepaTypa Karejb, 6 — CKOPOCTb [APOra3oBoro MoToKa, 8 — CKOPOCTb Karlelb, & — BJAroconepKa-
Hue, 0 — TeMIepaTypa NapoBO3IYLIHOrO MOTOKA, € — pas3Mep Kanesb; I — Tog = 333 K, dg = 0,1 kr/xr,
840 =500 mMrm, ¢ = 0,1 1/M3; 2 — Tog=293 K, dg= 0,1 kr/kr, 8,9= 700 Mmxm, ¢ = 1 1/m3; 3 — Ty =333 K,
do=0,1 xr/xr, 8,9= 700 mxm, ¢=0,1 1/ M3; 4 — Ty =333 K, dg= 1 kr/kr, 8,0= 700 MKM, ¢ = 1 71/ M3

®-273
@,-273  a) ViV 6) did, B)
20 1,0 1,10
1B o o i i e N 1.08
P : I 1,06
1) - 2 0,5 = - e &
- ™ 1,04
o= 00— . 1,00 L
0,0 02 04 06 08 1,0 00 02 04 06 08 1,0 00 02 04 06 08 1,0
x/h x/h xlh
T-273
T,-273 ") uy, A did, e)
25— 1,0 ——— 1,0 :
150 R I I
o 087 R
oor 2
0,0 o7b— ool
00 02 04 06 08 1,0 00 02 04 06 08 10 00 02 04 06 08 10
xlh x/h x/h

Puc. 3. MlaMeHeHHe napamMeTpoB MapoBO3AYIIHONO MOTOKA M Kareb BAOJb OCH BePTHKANbHOH
kamepbl BbicoTol 2 M npu T = 378 K, 8,0 = 700 Mxm, ¢ = 1 1/m3,0¢ =278 K, Ug=1,5M/c,

Vo = 20 m/c
a — TeMmepaTypa Karnesb, 6 — CKOPOCTb KareJlb, 8 — pas3Mep Kafle/lb, 2 — TeMIepaTypa MapoBo3IyIIHOro
noToKa, 0 — CKOPOCTb MAPOBO3JYLIHOTO MOTOKA, e — BJarocofepxkaunue; | — dog = 0,1 kr/kr; 2 —
do=1xr/xr
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5x10%m  a) V,, m/c 6) U, mlc B)

7,000 : : : gg , . 2,80
i : i 14 1. 275 ; i i
6,990 N et b 121... : : :
6,980 : : i al. \\ :
6,975 . . . 2 H H H 2,60 . . .
00 05 10 15 20 00 05 10 15 20 0,0 O, 1,0 15 20
X, M X, M X, M
d, r/kr c.B a) 0K e)
312 0,108 - - : 334
308 0,106 1 i 3321
304 0,104 - 330}
0,102 328}
800 0,100} f 326}
292 322

N N N , 6 H H H H H H
00 05 10 15 20 0,0 05 10 15 20 00 05 10 15 20
X, M X, M X, M
Puc. 4. IameHenre napaMeTpoB MapoBO3AYIIHOTO MOTOKA U KaleJb BAOJb OCH BePTHKAJIbHOU
KaMephl BbicoToH 2 M mpu Tog = 293 K, 8,9 = 700 Mxm, ¢ = 1 1/m3, @y =333 K, Uy=2,6 m/c,
Vo = 20 m/c, dy = 0,1 xr/xr
a — pa3Mmep Karejb, 6 — CKOPOCTb KalleJb, 8 — CKOPOCTb MapPOBO3/YLIHOrO NMOTOKA, & — TeMIepaTypa
MapoBO3AYLIHOTO IOTOKa, 0 — BJIarocoepxKaHue, e — Temiepatypa KaleJsb

CUeT KOHJIEHCALMH CYIIECTBEHHO Hixke (Mmopsinka Ha
2,5%), Temmeparypa maporasoBoil CMecH TMOBHILIA- 4 4
ercsi B 2,65 pasa, 4TO OMpenessieTcsl B OCHOBHOM 12
KOHBEKTHBHOH COCTABJISIIOLIEH MpoLecca Temnoos- 1,0
MeHa. 0,8

[Ipu onpesesieHHBIX COOTHOLIEHUSX MapameT- 08
POB Ha BXO[€ MPHU MPOTUBOTOKE CO3AAIOTCH YCJIO- 8"2"
BUSl 3aBUCAHHUS KarleJb, O UeM CBUIETEJNbCTBYET
peskuil pocT ux KoHueHtpauuu (puc. 5) w mpu 0 05 10 15 20
GosblIMX 3HaueHHUssXx U, CYeT OCTAHABJIMBAETCS. o
Takuve peXHMbI MOTYT OBITb YHMCJEHHO YyCTa- )

o HOCTH KHUIKOH Q)aSbI 110 BBICO-

HOBJIEHbl Ha OCHOBE NPEJCTABJEHHOH MOMEMH. ¢ wavepn mp napamerpax,
Ux omnpeneseHde HUMeeT H3BECTHBIH MpaKTHYe- JaHHBIX HA pHC. 4
CKHH HHTepec.

Ananus Monesu 1Jist TOPU3OHTAJIBHBIX KaMep OyIeT MPOBEeH B CJAEAYIO-
e padore.

P, Kr/M3

Puc. 5. Pacnpenenenue mior-
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CTPOMTEJIBHBIE 1 NOPO2XKHBIE MANIWHDI

YIK 621.878.001.24

®. &, KUPUJIJIOB, kKauja. TexH. HayK, npod. (ToMcKuii rocyaapcTBeHHbIN ap-
XHTEKTYPHO-CTPOUTEJIbHBIN YHUBEPCUTET)

OCOBEHHOCTH BBIBOPA
BECKOBIIIOBBIX TPAHIIIEEKOIIATEJIEX
JJI9 9®PEKTUBHON PA3PABOTKH T'PYHTOBBIX CPE]]

YcTaHOBJIEHO ONTHMaJbHOE COOTHOIIEHHe MOIIHOCTH ABHUraTess K Macce 6eCKOBIIOBOIO
TpaHIleeKonaTessi ¢ y4eToM KOHCTPYKTHBHEIX 0COO@HHOCTeH MCIOJHUTebHOTO OpraHa U Tex-
HOJIOTMYeCKUX NapaMeTpoB pabouero mnpouecca paspaGoTKH TpyHTOBEIX cpel. IlpeasnoxeHo
NpUMeHeHHe KOMOWHMPOBAHHOTO LEMHOI0 MCIOJHUTEIbHOTO OpraHa, IM03BOJISIOIIEro CyIiecT-
BEHHO YBeJUUYUTh 3((PEeKTUBHOCTb Pa3dpaboTKH IPYHTOB GECKOBIIOBLIMU LETHBIMH TPaHIIEEKO-
naTesMH.

M3BecTHO G0JbIIOE KOJUUYECTBO O€CKOBIIOBLIX MHOTOPE3LOBLIX TPaHILIee-
KonareJsed /151 pa3pabOTKU Mep3JblX U MPOYHBIX IPYHTOB, OTJIMYAIOLIUXCSH
KOHCTPYKIHMEH U pasMepaMu UCTOJNHUTENbHBIX 0pranos [1, 2]. Bee 310 pasHo-
o6pasue MOXKHO CBECTH K JBYM I'pyIIaM MallWH: LelHble U (pe3epHO-pPOTOP-
Hble TpaHueekonateau (puc. 1).

Onpenenenve HanboJiee COBEPLIEHHBIX U MePCHEKTHBHBIX KOHCTPYKLHUH
TpaHlleeKonare/ed, 00ecrneynBaIIUX HauOO0bILYI0 3((heKTUBHOCTb UX MPHU-
MeHEeHHSsI [IPU Pa3JIMUHBIX NPOU3BOJACTBEHHBIX YC/I0BHUSIX, BO3MOXKHO 110 KPUTe-
PHIO PallMOHAJIBHOIO BbIOOPA, KOMILIEKCHO MOKAa3blBaKOLIero HauboJee coBep-
ILIeHHble KOHCTPYKLUHH UCIIOJHUTENbHBIX OPTaHOB U CXeMBl B3aUMOJEHCTBHUS C
paspyliaeMol cpenoi, HaUMeHbIIYI0 SHEPTOEMKOCTb Pa3paboTKH U HaubOJIb-
Y10 TTPOU3BOAUTENBHOCTb MPH OAWHAKOBOW MOLIHOCTH 0a30BOT0O IBUTaTe/Is.
Takoiél KpuTepuil MoxkeT ObITh C(HOPMYJHUPOBAH U3 aHAIU3a TATOBOTO HasaHca
TpaHlleeKonare/s.

YpasHeHue TsAroBoro 6ananca umeeT Bun [2]

Fo=F+X+F, +m-—, (1)
dt
roe FK — KacaTeJibHasi CuJla THArv, HallpaBJeHHas rnapaJjie/JibHO TIOBEPXHOCTHU

MyTH, SBJSETCS IBUXKYILEH CUJIOH, BbI3bIBAIOLIEH MepeMellleHre TpaHIlIeeKo-
naresns;

"

Puc. 1. Cxema cu, neficTByiommx Ha uenHou (a), Gppesepro-poropusiit (6) Tpanuieekonare,iu
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F; — ropusoHTa/bHas COCTAB/SAOIIAS TATOBOTO CONPOTHUBJEHHUS;

f

X — cujia COMPOTUBJIEHHS UCTIONHUTENBHOTO OpraHa IpH B3aUMOAEHCTBUH C
paspylaeMol cpeou;

F(x — CHJIa COINPOTUBJIEHHUA NBHXKEHUIO MNPU NOAbEME HJIKU CITYCKE;

du o
m-—— CHJia I/IHepI_lI/II/I HpI/I HpHMOJII/IHeI/IHOM HOCTyr[aTeJIbHOM JOBU2KEHHUH.

KacarenbHas cuna tsaru F, o0yc/aoBieHa peakldeld MOBEPXHOCTH TPyHTA
U MMeeT MaKCHMaJsbHOe 3HaueHHe

F. =u-(G, +G, +G, +Y), (2)
rae G, — cuenHoil Bec 6a30BOH MaiMHbl (TpakTOpa);
G, — Bec pelyKTopa NMPUBOJAA MCIIOJHUTENBHOrO OpraHa;
G, — BeC WCIOJHUTENBHOTO OpraHa;
Y — BepTHKaJbHAs COCTABJSIONIAS CHJI COMPOTHBJIEHHS DE3AHUIO CPEIb;
U — K03(p(PULUHEHT CLEMNJeHUs IBUKHUTEJS C MOBEPXHOCTHIO T'PYHTA.

DKcrepuMeHTalbHble UCC/IENOBaHMs TOKA3bIBAIOT, UTO CHJBI COMPOTHBJIE-
HUSI IBUKEHUIO X M3MEHSIIOTCS U HOCSAT CJAYYalHBINA XapaKkTep, MPeacTaBasoIMM
nepuoIUecKue KojeOaHusl, U ONpeNessioTcs B OCHOBHOM HEPaBHOMEPHOCTbBIO
paboThl ABMKUTESA. PasMax 3THX KoseGaHUHU MOXKeT ObITh 3HAUUTEJbHBIM U Olle-
HUBAeTCsl KOI(PPHUIMEHTOM BO3MOXKHOU Meperpysku K ,, MpeacTaB/IsiOLIMM CO-
6oi1 OTHOILIEHWE MaKCHMaJ/bHO BO3MOXKHOTO 3HAYeHHST CUJIbI COTIPOTHBJIEHHU T IBU-
XKEHHI0 pabodero oprana X ,, K CpelHeMy 3Ha4eHHI0 3TOH CU/bl K, = X /X.
Jlns paccMatpuBaeMblX THIOB TpaHileeKkonartesed KospduuueHt K, Moxer
MPUHUMATb 3HaUeHWs M3 auanazona ot 1,2 mo 1,5 [2, 3].

BpemeHHBIe Teperpy3ky NpeojoJeBaloTCsl MyTeM MCIIOJAb30BaHUS 3araca
KWHEMATUUECKOH SHEPTUH IBUTATE sl U ABMKYIIMXCS Macc TpaHlleeKonaTeJs,
U 103TOMY 1Jis obecrieueHust 6€30CTaHOBOYHOHN paboThl TpaHLleeKonaTess yc-
TaHABJIMBAIOT KO3(D(MULMEHT SKCIIyaTalMOHHOH Harpy3ku 1, = 0,85 — 0,90 [3].

DKCcIlyaTallMOHHAs Macca TpaHIleeKonaTeass B YCJIOBUSX YCTaHOBHB-
MIMXCS ABUXKEHHUS U Mpollecca pa3paboTKU TPYHTA, UCXOMS U3 YCJOBUU paBeH-
CTBa CHJI COMPOTUBJIEHUS U TATOBBIX YCUJIUH 0Aa30BOW MAllIMHBI C yUETOM CJy-
YalHBIX MEePerpy30K Ha TOPU30HTATBHON TTOBEPXHOCTH, OMPeesieTCsi C TTOMO-
wpio popmya (1), (2) us ypaBuenus

A-u-(G, +G, +G, +Y)=K, - X +[-(G, +G, +G, +Y), (3)
roe [/ — KO3(pPHUIHMEHT CONMPOTHUBJIEHHUS TMepeKaThIBAHHUIO;
A — K03(h(HULHEHT Harpy3KH BeLyLIMX KoJsec, A, =1 1Ji TPaKTOpPOB CO BCe-

MU BEAYLIMMH KOJeCaMH M T'yCEeHMYHBbIX TPakTopos [3].
C yuertom Toro, uto m =G/ g, e g — yCKOpeHHe CBOGOHOTO NajeHHus,

ypasHenue (3) MOXHO TpeoGpa3oBaTh K CJAENYIOIIEMY BHIY:

Ky - X+Y-(f=h-p)
g-y-u—=p)

Topusonranbias X v BepTHKa/JIbHASA Y — COCTABJSIONINE CUJl PE3aHUS 3a-

BUCAT OT 60JbIIOr0 ukcaa (hakTopos (cM. puc. 1) m onpemensoTcs U3 BhIpa-
JKEeHUH

(4)

m, +m, +m, =

X =Z -(sinf+ K -cosp), (5)

Y =Z -(cosP—- K -sinp), (6)
rne Ky =Py / Z — Ko3(phHLHeHT, XapaKTepH3YIOLIKi OTHOILEHHE HOPMaJlb-
HOU CHMJIBI pe3aHusi Py K TaHreHuuasnbHOH (OKpy»KHOH) cuie pesaHus Z;
B — yroJs Mexxay BepTHKAJbIO U TaHTeHIMAIbHOH CHIION pe3aHus ppe3epHO-po-
TOPHBIM HCIIOJIHUTEJ/IbHBIM OPTraHOM B TOYKe MPUJI0KEHHS PaBHOAEHCTBYIOLIEH.

Cunbl Z v Py 3aBUCAT Kak OT IPOYHOCTH pa3pabaThiBaeMOU cpelibl, TaK U
OT KOHCTPYKTUBHBIX OCOGEHHOCTEH HCIIOJHUTEIbHOTO opraHa (IJIOTHOCTH H
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CXeMbl yCTaHOBKH PE3II0B, COCTOSIHUSI M Pa3MepoB Pe3LOB) M TeXHOJOrHye-
CKHX MapaMeTpoB Tpoliecca pa3paboTKU rPyHTOB (CKOPOCTH pesaHwsi, CKOpO-
CTH TepeIBHKEHHS TPaHILeeKOonaTes).

Ymenbiienve X 1 yBesnyeHHe BePTHUKANbHBIX CUJ Y CHHXKaeT HeOOXOAHU-
MYIO MaccCy TpaHLIeeKonaTeJssi, a TO YKa3blBAET, YTO B KauecTBe 6a30BOH Ma-
LIMHBl MOTYT TPUMEHSITbCS O0Jiee dHeproHacheilleHHble TpakTopa. K n3mene-
HUIO cual X U Y TakKe MPUBOAUT U3MeHeHHe yria 3, KOTOpPbIH 3aBUCHUT OT CXe-
Mbl B3aUMOJIECTBUS UCIIOJHUTENBHOIO OpTraHa ¢ paspabaTbiBaeMOH CpefoH.

YuuTeIBas, UTO MOLIHOCTb, PACXOAyeMasi Ha TepeMellleHre TpaHIleeKomna-
tenst Maccoit 20000 Kr B pab6ouem pexkKHMe O CKOpOCThio nogauk 60 M/ u, He
NpeBoCXoUT 3 KBT, TO OKpy»KHOE ycH/IMe MOXKHO ONpeaeqUThb 110 3aBUCUMOCTH

_ Nﬂs'ns'np (7)
(I+Ky )V,

rie N,, — HOMHHa/JbHass MOLIHOCTb JIBHMIaTes;
M, — KII npxBosa HCHONHUTENBHOTO OpraHa;
f. — Ko3(dHUIHEeHT CONPOTHUBJEHUS LeMNy;

V, — ckopocTb pesaHusi, M/ c.

C yuetom opmy.1 (5—7) Beiparkenue (4) MoxKeT ObITb IPEACTABIEHO B BUJE
My +m, +m, =

_Nyom,om, sinB-(K, =Ky -f+X;-u) +cosP-(K, - Ky +[ =N -] (8)
Vpg(l'l'KNfu)(}\’lp‘_f) .

YpaBHenue (8) nossossieT ycTaHOBUTb ONTHMA/bHOE COOTHOLIEHHE MOLL-
HOCTHU JIBUTATeJIsl K Macce TPaHIleeKomnaTe sl ¢ y4eTOM KOHCTPYKTHBHBIX 0CO-
6eHHOCTEH UCIOJHUTEJBHOTO OpraHa U TeXHOJOTHYeCKUX MmapameTpoB pabo-
yero mpouecca pa3paboTKH IPYHTOBOU cpenbl. Haubosblee BAMSIHHE HA 3TO
COOTHOILIEHHE OKAa3bIBAIOT KOIPPHULUHEHT K , Yo/ B ¥ TAroBble BO3MOXKHOCTH
6a30BOM MaIlIWHEI, OMNpeaessieMble KO3((MUIUEHTOM CIENJIeHHs L.

Kosdduunent K, 3aBUCHT OT TOJLIMHBI Cpe3aeMOH CTPYXKKH A, yraa
pe3aHusi O, U3HOCA PE3I0B Ha 3aJHEH TPaHU A U MO HAIIKUM HCCJIeTOBAHUSM
usmensiercs ot 0,2 1o 2,3 (puc. 2), nocturas HauGoJbIIEro 3HaUeHUs: ~ 3,0
npu h =0.

Jlnis HaubGoJiee pacnpocTpaHeHHbIX YCJAOBUN SKCIIyaTaluu 6€CKOBIIOBBIX
uenHslx TpaHuweekonarenei (W=06; V, =2 m/c;f~0L A, =1, K, =15) Ha
6ase tpakropoB T-130 ¢ momHoctbio asuratesns N, =118 kBt u maccon
m, +m, +m, =20000 Kr MOXHO OLEHHTb LEeJeCO00PaZHOCTb MPUMEHEHHUS

W2-25
01,52
01-1,5
m0,5-1
bo-0,5

hib 1 1,2 A=2

Puc. 2. 3aBucumocTb K OT TOJIIMHBI CPe3aeMOU CTPYXKKH A TIpU
IIMpPHHE pe3nab =15 MM U JIMHeHHOro U3HOCa A 110 3aHeH IPaHH
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0 12000-14000
® 10000-12000
W 8000-10000
[ 6000-8000

@ 4000-6000

0 2000-4000

W 0-2000
1-2000-0

0 -4000-2000
[l -6000—-4000
O -8000-6000

Puc. 3. 3aBucuMocTh HeOOXOIUMOH MacChl TpaHIIeeKomaTess Ha ryce-
auunom xony (T-130) ot kosdduurenta K y u yria  ycTaHOBKM HEMHO-
r0 WMCIOJHUTEJBHOrO0 OpraHa OTHOCHTENbHO BepPTHKAJH

3TUX TPAaKTOPOB B KayecTBe 6a30BOM MallMHbBI [/ TpaHlleeKonarenel. Pac-
YeThbl MM0KA3bIBAIOT, YTO MPU CaMbIX HeOJArONPUSATHBIX YCJAOBUAX IKCIIyaTa-
uur (B=30°; Ky =2; A=8 MM) P OTCYTCTBUM 3aLITHIOOBAHMS HCIIOJIHH-
TeJIbHOTO OpraHa, KOT/a POU3BOANUTENBHOCTD 110 BBIHOCY I'PYHTA U3 TpaHILUEH
6oJibllle, YeM MPOU3BOAUTENBHOCTb 10 OTHAEJEHHI0 €ro OT MacCHBa, MaccChl
TPaKTOpa U Macchl paboyero opraHa A0CTaTOUHO JJI51 HelpepbIBHOTO Mpolecca
3KCKaBallMk TpaHiueekonatesnem (puc. 3).

WHasa curyauusi Bo3HUKaeT, Korjga B KauecTBe 6a30BOH MalLKMHBI UCIOJb-
3yeTcs ApYyrod HauboJiee PacnpOCTPAHEHHBIH TPAKTOP HA MHEBMATHUYECKOM
xony T-150K ¢ wmomHocTeio nBuratenss N, =121xBt u o6umell maccon
10300 kr. B cBsizu ¢ TeM, UTO Macca TpakTopa U Macca padodyero o6opynoBa-
HU$1 3HAYUTEJbHO MeHbllle, UeM y TpaHileeKonaressi Ha 6aze Tpakropa T-130,
1 Koa(ppuureHT cuenaenns W =03, TO cyllecTByIOlIMe TpPaHIIeeKonaTean
MOTyT 3(heKTUBHO paboTaTh TOJILKO IPH ONpeleeHHbIX yeaoBusax (puc. 4).

0 25000-30000
@ 20000-25000
O 15000-20000
W 10000-15000
J5000-10000
0 0-5000

m -5000-0

O -10000-5000

Puc. 4. 3aBucuMoCTb HEOOXOAMMOH MacChl TpaHIleeKkonare/st Ha 6ase
koJsiecHoro tpakropa T-150K or Ky u B
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3HauUTeNbHO MOXKHO YMeHb-
IIKMTb Maccy TpaHlleeKonaTeJss,
€C/M LENHOW HCMONHUTEbHBIN
opraH B paboyeM MOJ0XKeHUH
pPa3BepHyTb B MPOTHUBOIMOJOXK-
HOM HarnpaBJieHHH OTHOCHUTEJBbHO
BepPTHUKAJU U 33aTh OTPULIATE/b-
Hble 3HAaUeHHs yr/ia 3, T. e. BeJ1o-
MyI0 3Be3[I0YKy IeNu YCTaHO-
BUTb BIEepeIr Belylled Mo XOmy
IBUKEHUSl. YCTOMYMBOCTb HC-
Puc. 5. Cxema K0M6HHHpOBa1E1g]oro MCTIOMHUTENLHOTO 0 1 TeIBHOTO  OPraHa  MOKHO

oprasa o6ecrneunTb YCTAHOBKOH Y3KHX

LeMHbIX HCIOJHHUTE/bHBIX Opra-

HOB M0 60KaM IIMPOKOro LeHTpasbHoro oprana (puc. 5) [5]. Tpennaraembiii

KOMOMHMPOBAHHBIA HMCIOJHUTENbHBI OpraH IO03BOJISET PELUTb HECKOJbKO
CJIO’KHBIX 3a/au:

— obecneuuTb 3PPeKTUBHbIH croco0 yaaseHHs TPYHTA U3 TPaHLIeH, UC-
KJIIOUMB 3alUThIO0OBaHUE;

— YMEHBIIUTb HEOOXOAUMOE TATOBOE YCHUJHME H, CJeI0BaTebHO, Maccy
TpaHIleeKonaTe/s;

— YMEeHbIIUTb CKOPOCTb Pe3aHUs U COo3aTh HauboJsiee 3(h(PeKTUBHbIE yC-
JIOBHSI OTHeJIeHHsl T'PyHTa OT MacCHBa.

DpesepHO-POTOPHBIN HCIOJIHUTE/bHBIA OpPraH B OTJIHYKE OT LIe[THOTo HMe-
eT cylllecTBeHHOe orpaHndenue o yray f3. [Ipu yrie konrakra ¢ 3a6oem, pas-
HbIM @, = 120°, 3HaueHue P npespimaet 40°. DTo 03HayaeT, UTO Jaxe MPH yc-
JIOBUM HaXOXKJEHHUS OCH BpalleHUsl (ppe3bl HUKe NTHEBHOU MOBEPXHOCTU Tpe-
OytoTcs OoJiblLIMe TSArOBble YCUJHS U HeoOXOAMMasi Macca TpaHlleeKonaTess
IpU MPaKTUYECKHU OCTPbIX pesnax, korga Ky =02 -04 u MOWHOCTb ABUra-
Tesst KosecHoro tpakropa 121 kBr, cocraBasier oxoso 30000 xr.

Ha ocHOBaHMHM H3/10’KEHHOTO BBbILI€ MOXKHO CA€JATh 3aK/MIOUEHHe O MPHU-
MEHUMOCTH Bbipaxkenust (8) B KauecTBe KpuTepHst A5l BbIOOPA 3P (HEKTUBHBIX
6eCKOBIIOBBIX TPaHIlleeKonaTeael, TaK Kak OHO BKJIOUAEeT BCe OCHOBHBIE (pak-
TOPBI, ONpee/Isiole COBEPIIEHCTBO HCIIOMHUTENbHBIX OPraHOB, TEXHOJIOTH-
YyecKue nmapaMmeTpbl pabodero npoiecca pa3paboTKU TPYHTOBOU Cpefibl, Maccy
TpaHlleeKonaTesed U MOIIHOCTb JBUraTe/sl.
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YIK 621. 542.001.24

A. B. TPETYBEHKO, B. 3. JIATHOB, acnupantsi, JI. 3. ABPAMEHKOB,
3. A. ABPAMEHKOB, nokropa TexH. HayK, npocgeccopa (HoBocubupckuii rocy-
JapCTBEHHBbIH apXUTEKTYypPHO-CTpouTeabHbIil yHHBepcurer (CubGcTpuH))

MHEBMATHUYECKOE YCTPOHUCTBO YJIAPHOIO JIEMCTBHUA
C NPOCCEJIbBHBIM BO3AYXOPACIIPEAEJEHHUEM
C IEPEITYCKOM H ®OPCAXKEM

[TpenmeT paccMOTpeHHUS OTHOCUTCS K 00/1aCTH CTPOUTENbHBIX MALIHH y1apHOro JeHCTBUS
U MOXKeT ObITb MCI0JIb30BAH NIPU CO3AAHHUHU TAKeJbIX THEBMOYIapHbIX MalIMH AJ5 Pa3pylleHHs
CKaJ/IbHBIX MOPOJ, MEP3JbIX IPYHTOB, MPOXOJAKHM MOA3E€MHBIX CKBAXKHMH, a TaKXe IIPH CO3[aHHH
MMTHEBMATHUECKHUX PYUYHBIX MAIUWH /15 MAIIHHOCTPOCHHS.

H3BecTHO MHEeBMAaTHUECKOE YCTPOUCTBO yIAPHOTO NEUCTBUS C APOCCEJb-
HBIM BO3myxopacnpenesnenuem [1], conepxaiee ceteByio Kamepy, MOJbIH K-
JIUHIP, pa3MelleHHbId B HEM yIAPHHUK C LEHTPaJbHbIM KaHAJIOM U pasiessio-
MK TOJMOCTb UMJMHAPA Ha KaMepbl X0JI0CTOTO U paboyero XonoB, TPYOKy ¢
JIpOCCebHBIM KaHAJOM, COeIUHSIONINM MOCTOSHHO CETeBYIO KaMepy C Kame-
PO XOJIOCTOTO XOHa, KPBILIKY C LIEHTPAJbHbIM CKBO3HBIM OTBEPCTHEM [JI51
MpomycKa uyepe3 Hee TPYOKH C 3a30pOM, 0OPA3YIOLIUM KOJIbIEBOU APOCCE/Ib-
HBI KaHaJl, COeUHSIOLIUN ceTeBYyI0 KaMepy ¢ KaMepol pa6oyero xona, BbIIY-
CKHBIe KaHaJ/Ibl B 00KOBOW CTeHKe LMJIUHAPA U paG0Urni MHCTPYMEHT C XBOCTO-
BUKOM. Mex/ly CTeHKOH cTaKaHa U BHELIHeH GOKOBOU MOBEPXHOCTBIO LUJIHH-
npa obpasoBaHa HempoTouyHasi (opcakHas kKamepa, a (hopcakKHble KaHaJbl,
coob1iawlre nepuoauuecku GopcaxkKHy0 KaMepy ¢ KaMepod padouero xofa,
BBHIMIOJIHEHBl B CTE€HKe LUJMHApPA B BUJAE paAvasbHbIX KaHAaJOB.

HepocraTku yerposicTsa [1] — 3HaunmTeIbHBIH yuacTOK cxKaTHs BO3LyXa,
OTCEUeHHOro B Kamepe paboyero xofa focJje MepPeKpbITUS yIAPHUKOM (op-
CaXKHOTO KaHaja W BO3AyXa, MOCTOSTHHO IOCTYTMAIOIIEro 4yepe3 KOJbLEBOH
Jpoccesib BIycKa B KaMepy, YTO CO3[aeT BbICOKOe MPOTHBOJABJEHHE, TOPMO-
3silllee YAApPHUK, U CHM)KaeT BeJMYMHY ero paboyero xoja; 3HauMTeJbHbIH
YyUacTOK CKaTH$l BO3yXa, 0OTCEUEHHOTO B KAMepe X0J0CTOr0 X013, U BO3AyXa,
MOCTOSIHHO MOCTYMNAIOLLIEro B KaMepy yepes IPOCCebHbIN KaHasu B TpyOKe, UTo
CO3[1aeT BbICOKOE MPOTUBO/ABJIEHHE, TOPMO3sililee YIAPHUK B KOHIle paGouero
X0J1a, a CJIeIoBaTeNbHO, CHUKAIOIIEr0 CKOPOCTb COyapeHUs yIapHHKA C UH-
CTPYMEHTOM W KHHETHUECKYI0 SHEPruio eIWHHYHOTO yaapa.

HenocraTku yCcTpoHCTBa MOXKHO MCKJIIOUHTD, €C/AM YacTb BO3AyXa W3 Ka-
Mepbl padoyero xona B KOHLE XOJOCTOr0 XOAa YAAPHUKA T0CJ/e TePeKPbITUS
UM KaHasla (opcaka MepemnycTUTb B KaMepy XOJOCTOrO XOHa, CHU3UB MPHU
3TOM NPOTHUBOJABJEHHE BO3yXa B KaMepe paboyero xona, a Takxke B KaMepe
XOJIOCTOTO XOJia 32 CYET YMeHbIIEHHOTO pacxojia BO3AyXa, MOCTYTMALIET0 B
Hee 10 IPOCCeJpHOMY KaHay TPyOKH U3 CETH, MOBBICUB T€M SKOHOMHYHOCTb
YCTPOHCTBA, CKOPOCTb COYAApPEHUS U COKPATHUB BpeMs IBHKEHHS yIapHUKa
Kak Tpu paboyeM, TaK U XOJOCTOM €ro Xope.

KoncTpyktueHo coBepiueHctBoBanue [1] obecrneunBaercss tem, uto Ha
TpyOKe KOaKCHaJbHO yCTAaHOBJEHA AOMOJHUTesbHAsi TPyOKa, KOJbLEBOH 3a-
30p MeXXIYy KOTOpPBIMU 00pasdyeT MmepemnyckKHON KaHas, cHaOKeHHbIH painasb-
HBIMH TepenycKHbIMH KaHajlaMM, W Tak, 4TO PACCTOSHUS MexIy Haubosee
yIa/leHHbIMH KPOMKaMH (DOPCaKHOro KaHasa W pafidajbHOrO MepernyCcKHOro
KaHaJsa CO CTOPOHBI KaMmephl pabouero xoja v HauboJiee yaajeHHble KPOMKH
(hopcakHOTro KaHa/ja M BBITYCKHOTO KaHaJsa, a Takxke HauboJjee ynajeHHbIE
KPOMKH BBIMTyCKHOTO KaHasa ¥ paguajbHOro MepemnyckKHOro KaHajma co CTOPO-
Hbl KaMepbl XOJIOCTOrO XOJ2a BBIMOJHSIOTCS MEeHbLUIMMH IJIHMHBI yIAapHUKA IO
ero o0pasylolen.
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- Ha puc. 1 moxazaHo mHeBMaTHuecKoe
YCTPOUCTBO YIapHOTO AEHUCTBHUS C OPOCCEIb-
HBIM BO3IyXOpacrpeaeseHneM ¢ YaCTHUHBIM

9 _'_. o g  TPOMOJIbHBIM Pa3pe3oM, ¢ KOaKCHAIbHO yCTa-

6 <51 ; HOBJIEHHOH JOMOJIHUTEbHOU TPYyOKOH, C pa-

13} 5  [IManbHBIMM KaHaJaMH Meperycka co CTOpo-

1 Hbl KaMep paGoyero M XOJOCTOrO XOJOB.

7 23 [THeBMaTHYeCKOE YCTPOHCTBO yIapPHOTO
12 10 nmelcTBUSA paboTaeT CJAEAYIOIIUM 0OPa3oM.

17 [Ipu Haxkatun Ha o6pabaTbiBaeMylo cpe-

24 Jly KoprycoM / 10 ymopa XBOCTOBHK 2 MHCT-

14 pyMeHTa BBbITAJKUBAET COIpPsiKeHHble TPyO-

3  ku 3 u4 B ceTeBylO IpeKaMepy H, yJIOTHHU-

TeJbHOE celyo OYpTHKA 6 TPYOKH OTXOTHUT

4 OT yIJIOTHUTEJNBHOTO Cej/1a KPHILKK 7 U IIPH

18 21 BKJIOUEHHH TYCKOBOro ycTpoucTsa (Ha

puc. 1 He MoKa3aHO) CXKAThIA BO3AYX MOCTY-

19 Z 20 maer mo kaHasny 8 B cTakaHe 9 B ceTeByIO

npenkamepy. M3 npenkamepsl 5 ceTeBoH BO3-

15 ,, AyX TOCTYIaeT B Kamepy paGouero xoga mo

1 ! KOJIbLIEBOMY BITyCKHOMY JPOCCEJbHOMY Ka-

‘ Haly /1 ¥ ONHOBPEMEHHO B HENPOTOYHYIO

16 ! tdhopcaxkHyto Kamepy /2, 4yepes3 ApoccesbHbINA

KaJ1MOpOBAaHHBIN paauaibHbl KaHas 13, a u3

(hopcaxxHOU KaMepbl /2 mocTynaeT B KaMepy
10 uepes popcaxHbIl KaHaa /4, ecay OH He
nepekpuIT ynapHukoM /5. Taxkxe u3 npenka-
¢ Mephl & ceTeBOH BO3IYX MOCTYNAaeT B KaMepy
16 X0J10CTOTO X012 10 BIYyCKHOMY IPOCCEJIb-
HOMY KaHany [7 B TpyOke J.

JlaBnenue Bo3nyxa B Kamepax 10 u 12

OyneT oCcTaBaThCs MPAKTHUECKH PABHBIM aT-

Puc. 1 Moc(epHOMY, TaK KaK BBIMYCKHOW KaHas /8,

a Takxke (opcakHblM KaHasa [4, uMeroline

TMJIOLIAIU POXOJAHOTO CeyeHHs, MpeBhIILaolMe MI0IAAN BIYCKHOTO KOJbLe-

BOTO apoccessi /1 U ApoCCebHOrO KaanOpOBAaHHOTO PaanaJbHOTO KaHamta 13,

OTKPBITBI, TO MOCPEACTBOM KaHasa /8 ¢ BbIMyCKHOU KaMepou /9 u liesieBoro

KaHaJsa 20 B Bo31yx00T60WHOM Kouiblle 21 kamepsl 10 u 12 cooO1IeHbl ¢ aTMO-
chepoil.

B kamepe 16 x0/10cTOr0 X0/, MOCKOJIbKY OHa pa3o0llieHa ¢ aTMoc(hepoH,
NaBJeHHe BO3lyXa yBeJWYMBaeTCs, U YAAPHUK /5 HayHeT mepeMellaTbCs I10
Tpybke 4 OT XBOCTOBHMKA 2, COBeplIasi XOJOCTOH XOJ.

[Ipu mocsienyolieM nepeMelieHUH YAapHUK /5 mepeKpoeT cBoel GOKOBON
MIOBEPXHOCTBIO BBIMYCKHOU KaHast /8, B pe3yJsbTaTe 4ero HayHeTCs TOBBILIE-
HUe JaBJIeHHs BO3[yXa, OTCeUeHHOro B Kamepax /0 u 12, a Takxke BO3/yXa,
BHOBb HaTeKaeMOro B 3TH KaMepbl Uepe3 KOJbLEeBOU BIYCKHOH APOCCEe/bHBIN
KaHan I/ u udepe3 mpoccesbHbIA KaJUOPOBAHHBIM paiuadbHbIA KaHand 3.

[Tepememiasicb B ctopoHy Kamepnl /0 pabGouero xopa, ynapHUK /5 OTKpOeT
panuasbHBIN MepenyCcKHOW KaHas 22 MOTIOJHUTEbHOU TPYOKH 4 ¥ 4acTh BO3ayXa
13 Kamepsl /(0 pabodero xoaa MOCTYMIHUT 110 PAIUATbHOMY MEPEyCKHOMY KaHaly
23, pooJbHOMY KOJIbLIEBOMY KaHany 24 mepernycka U kaHany 22 B kamepy 16
XOJIOCTOTO XOJa AJIs1 MOBTOPHOTO €ro HCIOJb30BaHHsl B paboyeM Ipolecce co
CTOPOHBI 3TOH Kamepbl. [Ipu 3TOM cHHXKaeTcst mMpoTHUBoxaBieHHe B Kamepe 10,
00yCJI0BIUBAst YAAPHUKY /5 GOJbIIYIO BEJUUUHY MOTEHLUUANbHON SHEPTHU ero
XOJIOCTOTO XOJa, 3a CYeT NPHPALIEHUs HMIyJbCa JaBJIEHHS BO3IyXa.
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[Tocsie oTKpbITHS yHapHUKOM /S BBITYCKHOTO KaHasia /8 naBjieHHe B Ka-
Mepe /6 xoJocTOro Xofa OyfeT CHUKAThCs A0 3HAUEHHUS aTMOC(EpHOro 1aB-
JIEHH$, HECMOTPS Ha IMOCTYIIJIEHHEe CeTEBOr0 BO3[AyXa 4yepe3 BIYCKHOH ApOC-
ceJIbHBIM KaHaa 7 B TpyOke 3 U3 KaMephl 5. [TockosbKy MpoxoiHOe ceueHue
BBIMYCKHOTO KaHa/ja /8 cyiiecTBeHHO 60JIblie TPOXOAHOTO CeUeHUs BITyCKHO-
ro IpOCCebHOr0 KaHana /7, TakoMy CHHXKEHHIO 1aBJIeHHs BO3yXa Cr1ocob6CT-
ByeT W OTKpPbIBAIOLIMACS BbIMYCKHOW KaHas I8. Takum o6pasom, oTpadoTas-
WA BO3AYyX M3 KaMmepwl /6 BhIIyCKaeTCsl B BHIMYCKHYIO Kamepy /9 u uepes
e eBod KaHana 20 B BO3AyXO0OTOOHHOM KoJjble 2/ B atmocdepy.

[To mepe coBepleHHSs] yIapHUKOM XOJIOCTOTO XOJa JaBJeHHEe BO3AyXa B
kKamepe /0 ¥ cOOOILIEHHOU ¢ HEH MOCPENCTBOM (POpCakKHOTO KaHasa [4 Kamepe
12 OyneT yBennuMBaTbCA He3HauWTebHO. [Ipu mocsenyiolieM nepekpbITUU
yIapHUKoM /5 ¢opcaxkHoro KaHasna /4 naBjeHue Bo3nyxa B kamepe 12 6ynet
MHTEHCHBHO TIOBBIILATLCS 10 YPOBHS CETEBOr0O OJ1arofapsi ero HermpepbBHOMY
MOCTYIIJIEHUIO B KAMepy uepe3 IPOCCe/bHbIA KaTuOPOBAHHBIN pagralbHbIN Ka-
Has 13 u3 ceTeBoU npenxkamepsl 5. [ToBeIlLIeHHOE 1aB/IeHNEe BO3/lyXa B KaMepe
12 He cKa3bIBaeTCsl Ha MOBBILLIEHUH NPOTHBOAABJEHHUS B KaMmepe /0, MOCKOJIb-
Ky OHH pa3oOuieHbl. [Ipy OTKPBITBHIX pagvajbHOM MepernycKHOM KaHale 23 B
3a3ope 24 Mex1y COTPSKEHHBIMHU TPYOKaMu 3 ¥ 4, paarabHOM MepernyCcKHOM
KaHaJse 22 BO3/yX BbITeCHsIeTCsl ynapHUKoM 15 nu3 kamepsl /0 B kamepy 16 u
Janee yepe3 OTKPBITbIHM BbIMYCKHOM KaHas /&, BEIMYCKHYI0 KaMepy /9 1 yepe3
meeBod KaHaa 20 B Bo3nyxooT60oiHOM Kodblle 21 B atmoctepy. Takum o6pa-
30M, CYILIECTBEHHOTO NPOTHBOJABJIEHHS BO31yXa HA yIapHUK /5 CO CTOPOHBI
kamepbl /0 He okasbiBaetrcs. [lon nelicTBHEM pa3HULBI UMIYJ/IbCOB NaBJIeHUN
Bo3nyxa B Kamepax /0 u 16 ynapHuk 15 6yneT 3aTOpMaKWBaTh CBOE IBUXKe-
HUe W OCTAHABJIMBATHCS B PACUETHOU TOUKE.

[Ipyr mosHOM WJIM YAaCTHYHOM IMEPEKPHITHH PaaMaJbHOTO TePernyCKHOrO
KaHaJsa 23 ¥ MOCTYIJIeHNH BO3/yXa Yepe3 KOJbLeBOH BIYCKHON APOCCENbHBIN
KaHaJs 1] co cTopoHbl Kamepsl /0 co3naetcs IOCTATOYHBIA UMITYJIbC AABJAEHUS
11 obecriedeHrst YCKOPEHHOTO IBHKEHHUS yIAapHHKA B CTOPOHY XBOCTOBHKA
2, cosepmasi pabounii XOp.

[To mepe mepemellleHus: yaapHuKa /5 naBjaeHue Bo3nyxa B kamepe 10 pa-
6ouero xoma OyHeT HECKOJbKO CHMXKATbCS. DTO BBI3BAHO TeM, YTO ObICTPO
yBeJMYUBaOLIMNACA 00beM Kamepol /() He ycreBaeT 3aroOJHATBCS CETEBBIM
BO3[YXOM, MOCTYTAIOLIUM U3 KaMepbl & uepe3 KOJNbLEBOH BIYCKHON 1POCCEb-
HBIM KaHasa /] 1pu OAHOBPEMEHHOM Mepenycke 4acTH Bo3ayxa U3 Kamepsl 10
yepe3 KaHagbl 23, 24 n 22, a TakKe Kamepy 16, kanan 18, kamepy 19 u kaHan
20 B atmocdepy. [TosTOMy npu nepeKpbITHH YAapHUKOM /5 KaHana 18 nasJe-
HUe BO3ayxa B Kamepe /0 pe3Ko MOHMKAThCS He OYIeT, a MPH MOBBIILIEHUH
NaBJIeHHUs BO3[yXa B KaMepe /6 yacTb BO3[yXa HayHeT [IOCTYyNaTh yepe3 KaHa-
abl 22, 24 v 23 B xamepy 10, nonnep:xuBasi B HeH NaBJeHHe, CHUXKAS TNpU
3TOM NPOTHBOJABJIEHHE BO3AyXa B Kamepe /6, UTO CrOCOOCTBYeT YAAPHHUKY
15 nepemerathbcs IpU MeHbILEM €r0 TOPMOXKEHUH CHJIaMHU IPOTHBOAABJIEHHUS.

[Ipu manpHelIeM MepeMelleHUH yAapHUKA /5 ero 60KOBast TOBEPXHOCTh
OTKpoeT (popcakHbli KaHas /4 ¥ NpakTHYeCKH OIHOBPEMEHHO IepeKpoeT pa-
IMaJbHbIA TePenyCcKHON KaHas 22, BCeACTBHE Uero HaKOMJIEHHBIH B KaMepe
12 BO31yX pe3KO HAMOJHUT 00beM KaMepbl /(0 U MOBBLICUT B HeH 1aBJeHHUE, UTO
CYIIECTBEHHO YBEJHUYUT HUMIYJbC JaBJE€HHS BO3AyXa pabouero xoma U CKo-
pocTb mepemelleHus yaapHuka. [IockosbKy ynapHUK 15 SB/sieTCS TOIBUXK-
HBIM, TO Ha TJIOLIANKY KPBIIKH /5 MPUXOAUTCS MEHbIIAS CHJIA, HEXKENH 3TO
Obl10 Obl TIPU HEMOJBMKHOM yIAPHHUKE WJM €ro BO3PACTHOM IepeMelleHnH
IpU CXKATHUU BO3dyxa B oObeMe Kamepbl 0.

B kamepe /6 xoJsocTOro xona npu nepekpbITUU KaHana 22 naBjeHHe BO3-
JyXa BCJEACTBHE €ro MOCTYIJIEHHUS 110 KaHany /7 U3 npeaKamepsl & U CKaTHd
MeHbIIero 00beMa ero B KaMmepe TOBBICUTCS MeHee 3HAaYMTe/bHO, YeM 3TO
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Obl10 OBl TIPU OTCYTCTBUH T€PEMYyCKHOTO KaHasna 22, KOTOPBIH MO3BOJUJ CYy-
IIeCTBEHHO YMEHBIIUTh YYaCTOK CKATHUS BO3/yXa B Kamepe. DTO 06CTOATENb-
CTBO TI03BOJIUT CYIIECTBEHHO CHHU3UTb HMIyJbC MPOTHUBOAABJEHHUS BO3LyXa,
IeUCTBYIOLIMH HA YIAPHUK 15, U He YMEHBIINUT €ro MpeayAapHy CKOPOCTb.

[Ipu nanbHelIIeM TepeMelleHUH yYaapHUKa /5 ero 60KOBasi MOBEPXHOCTD
OTKpOeT BbIMyCKHOW KaHas /8. Tak Kak CKOpPOCTb yIapHHKA BEJHKA, a MPo-
XOJIHOEe ceueHHe KaHajla /8 He Tak BeJMKO, TO Pe3KOro CHHKEeHHs NaBJeHHS
Bo3yxa B Kamepax /0 u 12 He MPOU30UJET, U 1aBJeHHe B HUX OyAeT MOAmep-
JKHBATbCsl PACUETHBIM.

[Tocsie oTKpBITHS GOKOBOW TMOBEPXHOCTH yHApPHUKA BBIMTYCKHOTO KaHaJsa
18 naBnenue Bo3nyxa B kamepe /(0 pa6o4ero xofa v B COOOIIEHHOH ¢ Hel (op-
CaxKHOU KaMepe /2 pe3Ko ynaleT 10 BeJHUUHHbI aTMOC(EPHOro, TaK Kak Kame-
pa 12 cooburaetcs ¢ Kamepo# /0 mocpeacTBOM BBITYCKHOTO /8 u (popcakKHOTO
kKaHasna /4, To obe Kamepbl COeJMHEHBbl C BHITYCKHOH Kamepod 19 u uepes
mweab 20 B BO3myX00TOOWHOM Kouiblle 21 ¢ atMmocdepon.

[IpeononeBast yMeHbILEHHBIH UMITYJIbC TPOTHBOAABJIEHHS BO3yXa CO CTOPO-
Hbl KaMepbl /6 XOJIOCTOTO XOfa MO NeHCTBHEM Pa3HHMIIbl UMITY/IbCOB NaBJEHHUS
BO3IyXa CO CTOPOHbI Kamepbl /0, 12 w 16, ynapHUK 15 HaHOCHUT yaap Mo XBOCTO-
BUKY 2 MHCTPYMEHTA U ONHCAHHBIN pabodnil mpoiecc OyneT MOBTOPSTLCS C TOU
JIMLIb PA3HULIEH, YTO XOMOCTOH XOJ YAapHHUKa OyeT (JOpMHUPOBATHCS TAKXKE MPU
y4aCTHUM HMIYJbCa OTCKOKA yIApHUKA OT XBOCTOBHMKA MHCTPYMEHTA.

PdusuKo-mMmaTeMaTHYECKOE ONMHUCAHHE pacCMaTPUBAEMOr0 YCTPOUCTBA Tpef-
CTaBJIEHO pacyeTHOH cxeMou (puc. 2) ¥ CHCTEeMOH ypaBHEHWH, OMUCHIBAKOLIEH
6apo- U TepMOAMHAMHUYECKHH IpoLecc.
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Puc. 2. PacyeTHasi cxeMa MHEBMAaTHUECKOTO YCTPOHCTBA
1 — xopnyc (uunnump); 2 — ymapHuk; 3 — Tpyoka; 4 — XBOCTOBHK MHCTPYMeHTa

B cooTBeTCTBUM ¢ ONHCAaHUEM U pacueTHOH cxeMOoU (PU3UKO-MaTeMaTHye-
CKOe omucaHue 6apo- ¥ TepMOAMHAMUKK pabouero npouecca JITY M(T) mox-
HO TIPeICTaBUTb TaK:

dp, _ k ;
dt - VH[(wno$n0 _O‘)Pﬂ(ppn ~ O xnPxn _(Dq)p(pcbp )],
4Pypn

k .
= ——[W(wyp@gp — (@500 +5ign(y,, W p)];
itV
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dp k : ,
dtp = Vp —xySy |:W((Dpn(ppn —Wap€aqp +Slgn(ysp\|jsp)+Slgn(yyx\|jyx)+

dx
+ sign(nyW yT) +(® pdPpop ) + Py T;Sy }

dpy _ k
dt Vi +x,S,

|:W(wxn(pxn ~MHax€ax +Sign(ysxw BX) +Sign(nyW YK ) +

dx
+ Sign(ny\V yT )) —DPx Ttysy :|;

de, 06,
dt B pT[W(U) 0P €2 o _an(anQPn — 0Py _('oipp(pCbPQCbp )]’

de@)p _ etrbp

[W(w Q. —(o Q)+
dt poVa, dpPop®2ap pdPpo=2pp (1)

+ sign (ypq)(qu;Qp(p NI;

e, 0, .
= W((D nP I'IQ n ~Hap€a Qa +Slgn(y8 Yy QB )+
dt pp(Vp _xysy)|: p p p p~ap p P p P

+sign(yYK\|; iy ) +sigr1(yw\|;w§2yT ) +(O‘)pcb(pp(pr(p ) +

d
+(k-Dp, ;tysy};

aoe 0

- = . W((Dxn XHQXH - axeaXan +si rl( BX BXQBX)-i-
it p(V, +xysy){ ¢ W gn(yuy

. . dx,
+sign(yy, W 1 Q) + sign(y,, v . Q) + (R =1p, ?Sy .

CucTeMa ypaBHEHHH YUMTHIBAET CJENYIOlIHMe TeXHOJNOTHH BKJIIOUEHHS U
BBIKJIFOUEHHS TIPOLIECCOB:

1) BbITeCHeHMe M Mepenyck W3 Kamep pabodyero M XOJOCTOTO XOIOB 10
KaHanaM BbiTecHeHHS! (sign (yy, o), sign (Y 5Qup), SIEN (Yoy o), sign
(yBX BXQBX));

2) BIyCcK BO3IyXxa B Kamepy (opcarka u BbIyCK U3 Hee B KaMepy paGoue-
ro xona (((qu); (ppq)), (ypq)y p(p)y ((‘qu)a (pp(pa Qp(p)) (ypcbv ph>s Qp(p))a

3) yTeUKH MeXIy YAapHUKOM M KOPIyCOM Kamepamu (opcaxka u paGoue-
ro xona yepea 3a30p (sign (yy i), SigN (g ), SIEN (Wpgr  pe)s SIEN (Y,

por po));

4) yreuku MexkIy yIapHHKOM U TPyOKoit uepes 3aszop (sign (y,, ), sign
(yy'r yTQyT))~

[Tpu wesecoo6pasHOCTH BhIKIOUeHHs yTeuek (. 3, 4) U3 mpoiecca ocy-
LIECTBJSETCS CTHPAHUE UX KOMILIEKCOB MJIM MPUCBOEHHE HYJIEBbIX 3HAYEHHUH

MapaMeTpaM: Yy, Yyr Ypy WIH  yy gy pp HIH Qu Qo Qg
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Cuctemy (1) [OMOJHMM ypaBHEHMSIMH [BHKEHMs MOJBHMKHBIX dacTel
JIIYM(T) B BUZE:

d’x, S,(px —p,)+sign(F, +F,)

npu x, >0,
dt? my P Ay
d d
Ay =—k, Ay npu  x, < 0,
at ), dt
y
d?x, :(Sy -S,)-(px —p,) +sign(F, +F,)—F, npit x>0,
dt® my (2)

ax, =—F, ax, npu x, <0,
dt ), dt ),

d*xc, S;-(px—p,)+sign(F,)
dt? m,

dx =—Fk, dx npu  x, <O0.
dt ), dt ),

B (2) BO3MOXHBI CJIefyIOlIMe BAPHAHTBl BBIK/IIOUEHHMS MPOLECCOB B pac-
YeTHOH CXeMe:
1) Tpy6Ka HemoaBMKHA B OCEBOM HANpABJEHHUH U MOJBHXKHA TOJILKO B PaH-

2
- X dx
aJIbHOM HATpaBJIeHHH, TIPU 3TOM BBIK/IIOUAIOTCH — =... U | —— | =...; Bbl-

dt* dt ),

TOJIHEHHME BBIK/IIOYEHHS OCYILECTBIAETCS CTHPAHHEM MX CTPOK B (2) WM mpw-
paBHMBaHWEM IPABOK YaCTH PaBEHCTBA HYJIO MPH OJHOBPEMEHHOM 3aJaHHH Hy-
JIEBOTO 3HaUeHHs1 apamerpam S,, F., Fy, 1715t Bcet cucteMsl ypaBHeHuH (2);

2) Tpy6Ka MoJABMKHA B OCEBOM HalpaBJeHUH U HEMOABHUXKHA B PafHalib-

d? x, dx,
HOM, paboTaiT — = H =....
dt dt ),

B Boipaxkenusix (1) u (2) npunsath cienyoume 0603HaUeHHS:

W/:Jile; ®, =const; o, =const; ®, =const;

R, kB — ra3oBasi MOCTOSIHHAs W TOKa3aTesb IMPOLECCa;

nos  pm xm bp pp — NPOXOJHbBIE CEUEHHsI IPOCCesier BIyCKa B MpeaKame-
Py Kamepbl paboyero M XOJIOCTOrO XOJAOB, B KaMmepy opcaxka U U3 Hee,;
Pu» Pp» Px» Po» Pa» Dpp — JABJIE€HHS BO3lyXa B IpeJikamepe, B Kamepax paGouero
M XOJIOCTOTO XOJIOB, B CeTH M aTMmocdepe, Kamepe Qopcaxa;
Vi, Vp, Vi, Vyp — 00beMbl Ipekamepel, Kamep paGouero U X0J0CTOr0 X010B U
(hopcaxa;
Pros Ppris Pxns Pyps Ppy — PYHKLMH BIYCKa B MPeJKaMepy Kamepbl paboyero u
X0JIOCTOTO XOJIOB, B KaMepy (opcaxka W U3 Hee;

ap» ax — (QYHKLMH BBITyCKa BO3lyXa U3 Kamep paboyero v XoJ0CTOro X010B
B aTMmocdepy;

apr  ax — (QYHKLMH IPOXOJHBIX CEUEHHH KaHAJ/IOB BBIYCKa BO3JyXa U3 Kamep
pabouero M XOJIOCTOTO XOJIOB;
Quor Qs Qs Qg — QYHKLUKK pacxojia BO3JyXa B 3aBUCUMOCTH OT H3MeHe-
HUSI TeMIIepaTypbl CO CTOPOHBI MpeaKaMephl, KaMep paboyero U XoJO0CTOro
X0J0B, KaMepbl (opcaxa;
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Q,p, Q,x — QYHKIMH pacxola BO3AyXa B 3aBUCHMOCTH OT U3MEHEHHsI TeMIle-
paTyphl Ha BbIIIyCKe B aTMoc(epy U3 KaMep pabouero U X0J0CTOr0 XOI0B;
Q,p, Qpy — QYHKIHMH pacxola BO3NyXa B 3aBUCUMOCTH OT M3MEHEHHS TeMIle-
paTypel 3a cueT BbITECHEHHS M3 Kamep padoyero U X0JOCTOrO XOMOB;
Qi Qury Qpy — (QYHKUMM pacxoiia BO3AyXa B 3aBUCHMOCTH OT W3MEHEHHs
TeMIepaTyphl 3a cueT NepeTeuyek MeXX1y YAapHUKOM M KOPIYyCOM, YIaPHUKOM
U TpyOOH 4Yepe3 3a30p, U3 Kamepsl (opcaxa;

m op ox o a gp — TEMIIEPATypa BO3[yXa B peiKamepe, B Kamepax pato-
4Yero M XOJIOCTOrO XOJOB, B CeTH U aTMocdepe, Kamepe (opcaxa;
Yspr Ynxy — QYHKUMM TUIOIIANEH IIPOXOJAHONO CeYeHHMs, 4Yepe3 KOTOpoe OcCy-
LIeCTBJ/ISIETCS BbITECHEHUE MeXKIy KaMepaMu pabodyero M X0JO0CTOro XOIO0B;
Yyer Yy Ypp — QYHKLMM IIIOLIANEH TPOXOAHOTO CeYeHHsl, Yepe3 KOTOpoe ocy-
LIeCTBJSIOTCS YTEUKH MeXAy YAAPHUKOM M KOPIyCOM, YIAPHUKOM U TPyOOH
yepes 3a30p, MexXay KamepaMu (opcaxka U pabouero xoua;

spr  sx — (QYHKIHS 6apO- U TEPMOJIMHAMMYECKHUX H3MEHEHHH B IPOLIECCE BbI-
TEeCHEHHS M3 Kamep paboyero u XOJOCTOTO XOMAOB;

yo oy pp — QYHKIHMSA 6apo- ¥ TeDMOAMHAMHYECKHX U3MEHEHHH B Mpoliec-
ce yTeyek MexX1y YIapHHKOM WU KOPIIyCOM, YAapPHHUKOM W TPyOOH, U3 KaMephbl
thopcaxa;
ky, Ry, By — K03(D(ULHMEHTBI «OTCKOKa» yIapPHHKA H KOPIyca OT OyPTHKA UHCT-
pyMeHTa U TPyOKHM OT KPBIIUKH KOpPIyCa, pacCUMThiBaeMble KaK OTHOLIEHMS

. X; dx;
ckopocredt moesne Uy, =| —- | u g0 coynapenust U, = COOTBETCTBEH-
dt ), dt ),
U U U
HO 1/ yIapHHKa, Kopryca u TPyOKH; R, =—1, Rk, =—2% kb, =—21;
U, U, U.

F ., Fy, — CcUIbl TPEHHS yIapHHKA O KOPIYC M TpeHHe TPyOKH 00 yAapHHK B
HaTpaBJeHUH OCH TepeMelleHHs KOopIyca;

F, — cusa HaTsOKeHUsI Ha KOPIyc;

Xy, Xy X, — TepeMelleHHe yIapHHKa, KOpIyca U TPYOKH;

Sy, Suy Sp, Sy — muIoIanK 1MaMeTpaNbHbIX CeYeHHH ylapHUKA, MHCTPYMEHTa,
TpyOku u mwimHapa (S, =S, — S,);

! — BpewMms;
my, My, M, — Macca ylIapHHKa, Kopryca U TPyOKH.
Bapo- u tepmoanHamMuueckue GyHKUMK @, , , Q: BIyCKa B IpeaKamepy,

KaMepbl pabo4yero U XoJ0CTOr0 XO0B, BbIITyCKa U3 KaMep, [epeTedek U BhITeC-
HeHHUs 6asupyiorcs Ha 3aBucuMocTH Cen-Benana—BanTuesns u umeror onnHa-
KOBBIM (DOpPMa/IM30BAHHBIN BUJ C COOTBETCTBYIOLIMMHU UHEKCAMH, LIHPOKO UC-
NOJIb3yeMBIH PSIIOM aBTOPOB, Hampumep [2—4].

DyHKUMU KOOPAMHAT KaHaJ/OB BbITyCKa U BbITECHEHUS], COMJIACHO PUC. 2 U
OMMCAHUIO, UMEIOT BHI:

(x, +L,)>H, 0,
Wo = |B>(x, +L,)>H, (B—(x, +L,))-e,
(xy+Ly)SH, (B-H)-e;
x, < H, 0,
W= |H<x, <B, (x, —H)-e,
x, >B, (B-H)-e:
(x, +L,)>M, 0,
Wy = |M2(x, +L,))>E, (M—(x,+L,))-z,
(x, +L,) < E, (M~E)-z;
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x, <P, 0,

Yox = | Xy > N, (N-P)-|,
N>x, >P, (N-P+x,)[;
(x, +L,) >0, 0,
xy +Ly)<C, (D-C)-m,
Yo =0 < (x, +L,)< D, (D-C)=(x, ~L,)-m,
N>x, >P, ((N-P)-x,) -m.

[IpenBapuTeIbHYIO OLEHKY (YHKIHOHAMbHBIX Bo3MoxkHocTel JITYM(T)
1e/1ecoo6pa3HO BBIMONHATE 6€3 ydeTa yTeyeK, UTO CYIIECTBEHHO YIPOCTHUT
pewenne (1).

CIIMCOK JIMTEPATYPbI

1. Tat. P® 2256544. TTHeBMaTHUECKHH MOJIOTOK C JPOCCEBHBIM BO3LyXOpacIpeeseHu-
em/JI. 3. A6pamenxos, . A. A6pamenxos, 0. H. Boposcxux u ap. — Omny6a. 2005;
Bioa. Ne 20.

2. A6pamenkoB JI. D. [THeBMaTHYeCKHH MeXaHH3M YHAPHOTO JEHCTBUS C MPOAYBKOH H
dopcazkem Kamepsl padouero xona/ Jl. D. A6pamenxos, J. A. A6pamenxos, H. A. Topui-
xoB u 1p./ /UsB. Bysos. Crpoutenbctso.— 2004.— Ne 9.— C. 74-82.

3. Burosckasa T. IO. Bapo- u TepmognHaMiKa IpoccebHBIX MHEBMOYIAPHBIX MeXaHM3-
MOB ¢ (hopcaxkeM M KaMepod MHeBMaTU4YecKoro Oydepa [jsi CTPOUTEJbHBIX PYYHBIX Ma-
mvH: ABToped. nmc. ... KaHm. TexH. Hayk.— Owmck, 2002.— 23 c.

4. AdpamenkoB D. A. Co3nanue pydHbIX MALIKH YAAPHOTO I€HCTBHUSI C IPOCCETbHBIM BO3-
nyxopacrpesneneHueM: ABToped. nuc. ... 1-pa TexH. HayK.— HoBocu6upck, 1989.— 48 c.

© Tpery6enxko A. B., Jlaguos B. 3., A6pamenkos [I. 3., AGpamenkos J. A., 2008
[Tonyuero 05.02.08

HAYYHO-METOJUYECKHHN PA3JIEJ

YIK 624.131

II. B. 3YBAYEB, acn. (HoBocuGMpCcKHM# roCyJapCTBEHHBIA apXUTEKTYpHO-
cTpoutenbHbiil yHuBepcuter (Cubcerpun))

BJINAHHE APMUPOBAHHOI'O OTKOCA
HA BEJIUYUHY CMEIIEHUH U BHYTPEHHHUX YCHJIUA
B IIITIYHTOBOM OI'PA2KJIEHHUHN

BhisiBleH palyoHaNbHBIN CIOCOO Pacro/IoKeHHsT apMUPYIOIIUX 3/1eMEHTOB B TPYHTOBOM
OTKOCE, TMOJIePKAHHOM ILIMYHTOBbIM OTPaKIA€HHEM. Y CTAHOBJIEHbI pa3Mepbl ¥ MECTOIMOJIOXKe-
HMe TMJIaCTHUECKHX 00JIacTell MpH pasiM4yHOM XapakTepe paclpeleseHHs apMHUPYIOLHUX 3Je-
MeHTOB. [losiyueHHble Pe3ybTaThl MOTYT ObITh UCIIOJb30BAHbBI IPH BBINOJHEHUH PabOT HYyJIE€BO-
ro LMK/Ja B CTECHEHHbIX YCJOBUSAX CTPOUTE/bCTBA.

B cTecHeHHBIX YCJOBUSIX TOPOACKOH 3aCTPOUKH, TPH HEBO3MOXKHOCTHU
BO3BeJ€HHs HOBBIX 3MAaHUH M COOPYKEHHWH B KOTJIOBaHAX C €CTECTBEHHBIMH
0TKOCaMHU OOBIUHO MPUMEHSIOT LIMYHTOBbIe orpaxaeHus. [1pu 6o.bi0# BbICO-
Te OrpaKAeHHUs U HEBO3MOXKHOCTH YCTPOHCTBA PacloOpOK MOAKPeIIeHne rub-
KHX OTpaKIeHUH OCYIIeCTBJseTCS C ITOMOILbI0 aHKepOB. ¥ aep:KHUBaollas
CMOCOOHOCTb aHKEPOB CPaBHUTEJNbHO HEBEJIHUKA, TaK UTO aHKEPHbIe TATH MpPHU-
XOJIUTCSl KPeNUThb K JOMOJHUTENbHBIM aHKEPYIOIMM YCTPOUCTBAM — IJIMTaM
WM CBAWHBIM KOHCTPYKLHSIM.
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Besnnuuna 60koBOro naB/jeHMs] TPyHTa Ha OrpakaeHHe NpPH YyCTAHOBJEH-
HBIX €ro pasMepax CyLIeCTBEHHO 3aBUCHUT OT Coco0a 3aaHKePUBAHUS Orpax-
neHusi. B psge caydaeB okasanoch BO3MOXKHBIM OTKa3aTbCsl OT NPUMEHEHHS
aHKepYIOIMX yCTPOUCTB, YMeHblllas 00KOBOe [aBJeHHe TPyHTa Ha orpaxje-
HUe MyTeM IMPUMEHEHHs TaK Ha3blBAEMOr0 HAareJbHOTO KpEIJeHHs OTKOoca
[1-3] C uesbio BbIIBJIEHUS ONTUMAJBHBIX YCJIOBHH PUMEHEHHsT 3TOTO METO-
11a, OCHOBOH KOTOPOTO §IBJIsSieTCS] apMUPOBaHKWe TPYHTOBOTO OTKOCA, NpOBefe-
HBl COOTBETCTBYIOLIME PacyeThl HAMpsiKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHUS
CHCTEMbl «TPYHTOBBI MAacCHB — OTpaKIeHHE».

Pacuetbl BbIMOJIHEHBl C HCIOJNB30BAHHEM MOje M Oe3[u/1aTaHCHOHHOTO
YIPYrouaea bHOMIACTUYECKOTO I'PYHTOBOTO MacCcHBa C AMCKPeTH3alMeHd Io-
CJIeHEr0 TPEeyToJbHbBIMH KOHEYHBIMH 3JjeMeHTaMH. CHcTeMa «TPYHTOBBIH
MacCHB — OrpaKJIeHHe» HCCJeJ0BaHa C TNPUMEHEHHEM pacueTHO-BbIYMCIHU-
TeJbHOU nporpamMmbl «Plaxis» [4]

Hcxonnble naHHble U1 paCUETOB MPHHSATHI PeaJIbHBIMH B COOTBETCTBUH C YC-
JIOBUSIMM Ha OJHOK M3 CTPOMTEJbHBIX Miomanok B r. Hosocu6upeke [2, 3] OcHo-
BaHHWEM CTPOUTE/bHOH IIJIOLIANKH CTYKHUIH YeTBEPTHUHbIE TPYHTBI, IEPEKPBITHIE
TPEXMeTPOBbIM cji0eM HachinHbiX (MID-1). [Ton HACHINHBIME IPYHTAMH 3a/€TaeT
cJI08 mecka MoIHOCTho 12 M (MI'D-2), HuxKe — TBepablil CYT/IMHOK YCTaHOBJIEH-
Ho# mouHoctd 5 M (MI'3-3). TpyHTOBBIE BOMIBI B Ipeesax UCCIeI0BaHHON TOJI-
M He oOHapy»xKeHbl. Pusy- -
KO-MEXaHWUECKHE XapaKTe-  Hamve- |0 croibl| Yroa | Cuem | Moxyzs | Kosqau-

BeC rPpyHTa| BHyTpeH- | JIEHHE, | nechop- | wUHEHT
PUCTUKH HA3BAHHBIX TPYHTOB Hr%i]a:;;e y KH  luero tpe-| ~ ¥H | vawun |Myaccona
. .

NpUBENEHbl B TabJHLE. M Hust @° w2 | E, MIla v
KotnoBan npOTmKQe(I){HOI/I — 16 30 | g 0.95

(opmbl umen wrpuHy 20 M U prg 9 17 34 1 30 0.25

ray6uny 8 m. lllnynToBoe or-  pra.3 17 29 8 20 030

paxkieHre 3arpoeKTHPOBAHO

13 OypoHAOUBHBIX CBaM, 3aryyOJeHHbIX HUXKe THA KOTJoBaHa Ha 7 M. PacueTsl
BBIMOJIHEHB U151 LIMYHTOBOTO OrPaKIeHHUs, SKBUBAJEHTHOIO TOJILMHE Orpax-
nawomed credkd 0,2, 0,3 M, 0,4 M, 0,5 M.

PaccmoTpeHbl BapuaHThl apMHUPOBaHUS TPYHTOBOIO OTKOCA «CTEPHKHIMHU»
(ruracturamu). Pasmepbl yKperisieMoro 0TKoca MpsiMOyTro/IbHOrO BEPTHKAJIBHO-
ro CeueHHs BO BCEX CJydasiX OMMHAKOBBI IIMPHHA ceyeHUs — 6 M, BbICOTa —
8 M (o BeicoTe OTKOCa). PaccMOTpeHBl C/ydad HE3aBUCHMOTO TOJOXKEHHs
«cTepKHek» B rpyHTe (6e3 CBA3M C OrpaxkaeHHeM) U CIydad CO CTepXKHAMH,
CBSI3aHHBIMHU C orpaxaeHueM. M3rubHas xKecTKOCTb U KeCTKOCTb apMUPYIOLIHX
TPYHT 3JIEMEHTOB Ha pacTsKeHHWe-CyKaThe COOTBETCTBOBAJIM SKBUBAJEHTHOW
xkecTkoctH myactus Tosmmuok 0,05; 0,10; 0,15 1 0,20 M. «Crepxuu» (mactu-
HB) B pacyeTax »eje300eTOHHble, KO3(D(PULMEHT TPEHHUS IO MOBEPXHOCTH
«CTep:KHEH» paBeH TaHTeHCY yrJia BHyTpeHHero TpeHus rpyHrta. llar «crepx-
Hel» 10 BblcOTe | M, HHTEHCHBHOCTb MPUIPY3KH Ha MOBEPXHOCTH OTKOCA —
g= 10 xH/m2,

B pacuerax mpuHSITH CJeAyIOLIME BAPUAHTHl apMHPOBAHHUS OTKOCA!

| — oTKOC He apMHUpOBaH;

2 — OTKOC apMHPOBaH rOpPU30HTA/IbHBIMH 3JIeMEHTAMH, He CBSI3aHHBIMU C
orpaxkieHueM;

3 — OTKOC apMHpPOBAaH BePTHKAJbHBIMU 3J€MEHTAMH;
4 — OTKOC apMHUpPOBaH FOPHU30HTA/NBHBIMU 3J€MEHTAMH, CBSI3aHHBIMH C
OrpaXKIeHUeM;

5 — OTKOC apMUpOBaH HakJOHHBIMU (IIOA yrioM 45° K BepTUKAIU) 3Jie-
MEeHTaMH, He CBSI3aHHBIMHU C OTpakKIeHHeM;

6 — OTKOC apMHUPOBaH TaK »Ke, KaK B BapHaHTe H, yroJ HaK/JAOHa 3J1eMeH-
TOB paBeH — 45° (0TKJIOHEHHE OT BEPTUKAIU — T10 X0y YACOBOH CTPEJKH).
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Pacyeramu ycraHoB/IeHB 3HAaUEHUS] MaKCUMaJIbHBIX FOPHU30HTAJIbHBIX CMe-
IeHUH A OTpaKIeHWH MPU Pa3NWYHbIX BapUAHTaX YCHJEHHS TPYHTOBOTO OT-
KOCa; MaKCUMaJlbHble BHYTPEHHHE YCUJIUS B OMACHBIX CEUEHHUSIX OrpaKaaiolien
KOHCTPYKIIMH; MECTOIOJI0KEHHE U pa3Mephl 06J1acTel MaacTuuecKux aedopma-
LUMH B TPYHTOBOM MacCHBE OTKOCA.

Bausinue croco6a apMHpOBaHKS OTKOCA HA CMeLIeHUs] BepXHEH TOUKH Or-
paxkpamouei KoHcTpykuuu (A), marubarommii moment (M) u momepeunyio
cuny (Q) nokasano Ha puc. 1 (¢t — TosumHa orpaxaenus; /—6 — BapuaHThl
pacuetoB). JKecTKOCTb «CTepXKHeH» Ha pacTsKeHHe-CXKaTHe W HM3rHOHas
JKECTKOCTb X COOTBETCTBYIOT MyacTuHe ToatnHou 0,15 M. Bausinue apmupo-
BaHUS OTKOCA C UHBIMU 3HAUEHUSIMH KECTKOCTH «CTEPXKHEH» 3[eCh He 00CyXK-
naeTcs.

Haubosee appeKTUBHBIM SIBASETCS apMUPOBaHME OTKOCA TOPHU30HTAJb-
HBIMH 3/J€MEHTaMH, COeIMHeHHbIMH ¢ orpaxaenueM (cm. puc. 1, Bapuant 4).
MakcrMa/bHble CMellleHUs] orpaxialleld KOHCTPYKLUHUH TIPU 3TOM, 10 Cpas-
HEHUIO C IPYTUMU BapUAHTAMH aPMHUPOBAHUS OTKOCA, YMEHBIIAIOTCS BO MHOTO
pas. BapuaHt 2 — apMupoBaHHe 0TKOCA FOPH30HTAJbHBIMU «CTEPXKHSAMU», HE
CBSI3aHHBIMM C OTpaxKieHHeM, MeHee 3(D(PeKTHBEH MO CPABHEHMIO C BapHaH-
TOM 4, OHAKO CYLIECTBEHHO BBIMI'PBIBAET 110 CPABHEHUIO C IPYTMMH BapHaH-
tamu. OTMedeHHble DPa3JUYUs yBEJMUHUBAIOTCS C yMeHbIIEHHEM TOJILHHBL
«CTepKHEeH».

OTKoC, He YCHUJIeHHBIH apMaTyPHBIMH «CTEPXKHAMU», TPH JIIOO0H TOJIILIH-
He Orpakaawlled KOHCTPYKUMH [ NMPUBOAUT K ee CMellleHHI0 A, KOTopoe BO
MHOTO pa3 MpeBbIIaeT CMeLIeHNsT aHAJOTHUHBIX OTPaXKIeHHUH, MOJ/Ie PKHUBAI0-
IIMX YCHJEeHHBIH oTKoC. McKioueHHeM sBJsieTCs JIMILb BapHaHT apMHpOBa-
HUSI OTKOCA «CTEepPXKHSMH», MapaJje/bHbIMM HalpaB/eHHI0 MOTeHLHUaNIbHON
MOBEPXHOCTH CKOJIbXKEHHUSI O0TKOCA, yAEPXKUBAEMOr0 OTpPaXKAeHHWEM; apMaTyp-
Hble «CTep:KHHU» B 3TOM CJydae MPAKTHUECKU He OKa3bIBAIOT HUKAKOTO BJIHS-
HUSl HY Ha BeJMUYUHY CMelLleHHH OrpaxkKieHHus, HU Ha BeJUUYHUHbI BHYTPEHHHUX
yeuaui B Hem (M u Q).

a) A, MM 6) M, KH-m
480 550
450 —5
\ 500 1
400 ~ - ~ ~
350 \ 350
3

300 300
\ A

250 \ 250

200 200 /

Q, KH

\ \ \ / 200
/ \ 5
150 \ \ \ 15 150 / ) 150 ;
L— ::
\\ ™ g | 4 — | — 4
50 ] 50 —— 50 —— 12
0 4 0 0
200 300 400 500 200 300 400 500 200 300 400 500
t, MM t, MM t, MM

Puc. 1. Tpadukn MakCHUMasbHbIX OPU30HTAJNbHBIX CMELIEHHH W BHYTPEHHHX
YCHUJMU B ILIMYHTOBOM OrpaKAeHHH
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Crosb XKe 4eTKO, KaK M B OlleHKe cMelleHuH (A), mpermyliecTsa Bap1aH-
TOB 4 M 2 CKa3bIBAIOTCS HAa BeJMuMHax BHyTpeHHuX ycuaui (M u Q). Usru-
6aiolie MOMEHTbl B KOHCTPYKLMH OrPaKIeHHs, CBSI3aHHOTO CO «CTePXKHS-
MM», BO MHOTO pa3 MeHblile, UeM y CBOOOIHO CTOSIIIMX OrPaxKAeHHH, 103TOMY
NOTpeOHbIA PacXol apMaTypbl B KOHCTPYKLHSIX OrpakieHHs B 3TOM CJjyyae
3aMeTHO yMeHbllaeTcsl. B HeCKOJ/IbKO MeHbllIel CTeleHH 9TO OTHOCHUTCS K OT-
paKIeHUsIM, He CBSI3aHHbIM C TOPHU30HTAJbHO PAaCIIONOKEHHOW apMaTypod
(Bapuant 2). OnHako ciefyeT OTMETHTb TeXHOJOTHYECKHE MTPEUMYILeCTBa Ba-
praHTa 2 1o CpaBHEHMIO ¢ BAPUAHTOM 4 — HCKJ/IOUeHHe B BapHaHTe 2 CJI0XK-
HBIX U TPYIOEMKHX paboT M0 3aKpenjeHHI0 KOHLIOB «CTepXKHEeH» B Orpakaaio-
el KOHCTPYKUMH. UTo KacaeTcsl conocTaB/eHHs] BeJIMYUH T10TIepEUHBIX CHII,
TO BapHaHT 2 HECKOJIbKO TMperouTHTe/bHEE «Iuaepa» — BapuaHTa 4.

OTMeueHHble BBIIE PE3YJbTaThl OOBSCHSAIOTCS OCOOEHHOCTSIMH Hamps-
JKeHHO-1e(DOPMHUPOBAHHOTO COCTOSIHUSI HEAPMHUPOBAHHOTO M apMHPOBAHHOTO
pasMUUYHBIMU crocob6aMu TpyHTOBOro otkoca. Crenu@rka HampsiKeHHO-JIe-
(hOPMHUPOBAHHOTO COCTOSIHUSI HEAPMHPOBAHHOTO OTKOCAa M OTKOCA, apMHUPO-
BAHHOTO TOPU30HTA/NBHBIMH, HE CBSI3aHHBIMHU C OTPaKIeHHEM «CTEPKHAMU»,
paccmotpena Hamu panee [2]. [Ipu 3ToM ycTaHOB/IEHO, YTO apMUpOBaHHas
4acTb 0TKOCA MpeCcTaB/sieT cO60H cBOe0Opa3Hylo MOANOPHYIO CTeHKY. ['pyHT
BO BHYTpPeHHeH 00/1aCTH 3TOU «CTEHKH» He HAXOQUTCS B MPeeJbHOM 0 MPOoY-
HOCTH COCTOSIHMH, a NpU3Ma 0OpYyILIeHHs, aHaJOTHYHasi TAKOBOH B cjydyae He-
apMHPOBAHHOIO OTKOCA, OTOABUraeTcsl B IyOb OTKOCA, 3a Mpefesbl 00/1acTH
apmupoBaHus. [lono6HOe «TeppUTOpHAIbHOE CMelleHHe» PHU3Mbl 00PYyLLIEeHUS
NIPUBOJUT K YBEJUUYEHUIO YCTOMUUBOCTH CUCTEMBl «IPYHTOBBIH OTKOC — Orpa-
JKIeHHe» 3a CUeT MOSIBJEHHS NONOJHUTEIbHOIO YCUIUS — TPeHHUS 110 001~
Be TPYHTOBO-apMaTypPHOH «CTEHKH». DTHM 0OCTOSITEJ]bCTBOM U OOBSCHSAETCS
ymeHblenre (B 3 paza) cMelleHHH orpakIeHHsl ¢ apMHPOBaHHBIM OTKOCOM (H
BHYTDEHHHX YCHJIMH B HEM) 0 CPABHEHHIO CO CMeIleHUsAMHU (M BHYTDEeHHUMH
YCHJIUSIMHU) OTPakJIeHHsl B Cjydyae HeapMHPOBAHHOTO OTKOCA.

YnomsiHyTble 0COO@HHOCTH MOBEJEHHUS IPYHTOBOIO OTKOCA M0CJIe ero ap-
MHUPOBAHHUS MPOSIBJISAIOTCS 00Jiee OTUETNNBO, €CJAU «CTEPXKHHU» CBSI3aHbl C OT-
paxnenuem (puc. 2, Bapuant 4). Ec/in MeXy «CTep:KHSIMH» M OTpaxKIeHHEM,
He CBSI3aHHBIMU YT C APYroM, BO3MOXKHbBI B3aUMHbIE CMellleHUs ¢ 06pa3oBa-
HUeM B TPyHTe IJIOILAL0K CABUIOB, TO BO B3aUMHO CBSI3aHHBIX 3JIeMeHTax CHC-
TeMbl TaKHe CMelleHHsI HEBO3MOXKHbI, I09TOMY I'PYHT B I'PYHTOBO-apMHUPOBaH-
HOW «CTeHKe» B yCJOBHUSX BapuaHTa 4 HAXOAUTCS LEJUKOM B HONpPeAe]bHOM
coctostnun. CUJIbl TPEHHS Ha MOJIOIIBE «CTEHKM» B 3TOM caydae (Ipu mpouux
PaBHBIX YCJIOBHSX) 110 BEJMYHHE MPEBBIIAIT aHAJOTHYHbIE CHJIbI MO «CTEH-
KOM» BapuaHTa 2, a 06/1aCTb CABUIOB (hOPMHUPYETCS JHUIIb 32 «CTEHKOH», CO
CTOPOHBI IPYHTOBOTO OTKOCA; padMephl 3TOH 00/1aCTH 3HAUHUTE/JIbHO MEHBIIIE,

? 16,00 2000 2400 28,00 32,00 ° 14,00 18,00 22,00 26,00 30,00

20,00 - 2000 ———

18,0@ o : .

16‘02: 16’0@ L

14,00: 14,02':

12,00 <Fiz 12,00

10,00 5 10,og%

8,001 8,00;

6,00 3 6,00

Puc. 2. O6aacTy nmiacTUYecKuX AedopMaLyil B TPyHTOBOM MaccuBe (BapuaHT 4), TO/LIMHA
orpaxaenus ¢ = 0,3 M (a) u 0,5 M (6)
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a) 6)

7,50 12,50 17,50 22,50 27,50 32,50 10,00 16,00 22,00 28,00 34,00
20,00, st . st 20,00 : :
175&' 18,0Q .

15.00 T g O panmang £ e 16,00 '_'" 1

T 14,00 é

12,50 12,00,

10,00- 10,00

7,50 8,00

5,00 6,00,

Puc. 3. O6aacTy miacTUYecKuX Ae(opMaLyil B IPyHTOBOM MaccuBe (BapvaHT 3), TOJLIMHA
orpaxaenus ¢ = 0,3 M (a) u 0,5 m (6)

yeM B YCJOBUSIX BapUaHTa 2, a B HalJIacTOBaHUSAX HackimHoro rpynta (UI3-1)
npefie/ibHOE COCTOSIHUE ero BooOlle He BO3HUKAET. YBe/JHYeHHe KeCTKOCTH
Orpaxkiamllied KOHCTPYKLUHUH Ha MeCTONOJIOKEeHHEe U pa3Mepbl 00/1acTed mpe-
JeJbHOTO COCTOSIHUSI MPAKTUYECKU He BJIMSET.

[Ipu BepTHKaNbHOM apMUPOBaHKUHK OTKOCA (BapuaHT 3) pasmMepbl U MECTO-
noJioxKeHue obJacTel MjaacTHYeCKUX Ae(opMalui Majlo OTINYAI0TCS OT TAKO-
BBIX B CJlydae HeapMHPOBAHHOTO OTKOCA; NMOJA0OHAA cXeMa apMHPOBAHHUS Ma-
J03(PeKTUBHA C TOUKH 3PEHUS] BO3MOKHOCTH yMeHbLIEHHUS FTOPU30HTATbHBIX
CMEelIeHNH OTpPaXKAe€HHS U BHYTPEHHUX YCHUJIUH B HEM.

Kax BuaHo Ha puc. 3, BepTHKa/IbHOE apMHUPOBaHHE OTKOCA €200 MpensT-
CTBYeT TOSIBJIEHUIO CIBUIOB B OOJIACTH, MPUMBIKAIOLIEH HENOCPEACTBEHHO K
orpaxzaenuto. C yBeJqMYeHHEM KECTKOCTH OTpaKIarolled KOHCTPYKLHMU Ha-
6/101aeTcsl yMeHbllIeHHe pPa3MepoB IMJIaCTUYeCKUX ob6jacTed, 0COOEHHO B
BepxHed yacTu oTkoca (B HachimHOM rpyHTe MID-1).

ApMHpoBaHHe O0TKOCA HAKJIOHHBIMU «CTePKHAMH» (puc. 4, BapuaHThl 5,
6), HanpaBJieHHe KOTOPbIX OJU3KO K MOJOKEHHIO IOBEPXHOCTEH CKOJbKEHHUS
nepBoro u Broporo cemeicts (o tepmunosoruu B. B. Cokososckoro [3]),
NPaKTUYeCKH He MPUBOJUT K U3MEHEHHIO OYepPTaHUH M Pa3MepoB TjiacTHye-
CKUX 00JiacTell MO CPaBHEHUIO C aHAJOTHYHBIMHU TOKa3aTeasiMU BapuaHrta [
(HeapMMpPOBaHHBIH OTKOC), XOTS TOPU3OHTAJbHbIE PAa3Mepbl MJIACTHYECKUX
30H B pacyeTax IO BAPUAHTY 6 MOJYyUH/IHCh HECKOJBKO MEHbIle, 4YeM B BapH-
aHTe J.

a) 6)

16,00 20,00 24,00 28’00.32’00 36,00 2,50 17,50 2250 27,50 32,50

20,004 = 20,00

18,00
17,50

16,00
14,00 15,00
12,00: 12,5(L;
10,00 10,00
800 750

6,00
5,00

Puc. 4. O61acTu niacTUYeCcKUX AehopMalyil B IPyHTOBOM MaccuBe (BapuaHThI 5, 6), TOMIUHA
orpaxaenus ¢ = 0,3 m (a, 6)

BoiBoabl. 1. OpreHTauus 3/7eMeHTOB, apMUPYIOLIUX TPYHTOBBIH OTKOC,
CYLIeCTBEHHO BJIMSIET HA BEJUYMHY CMEIIEHUH U BHYTPEHHUX YCHJIUH B I'HO-
KOM orpaxkieHuu. Haunbosblini 3(p(heKT 0T apMUPOBAHHUSI OTKOCA BO3HUKAET
B C/Iydyae FOPU30HTA/IbHOIO PACMONOKEHHUS apMUPYIOLIHX 3J1€MeHTOB, CBSI3aH-
HBIX ¢ orpaxaeHrneM. HanmeHbln# 3(hdeKT, BbIparkaroLUICS B yBeJHUeHHbIX
CMeLIeHHUSIX OrpakKieHUsl U MOSBJIeHHH HauOOJbLIMX BHYTPEHHUX YCHJIUH B
OrpakieHHH, YCTaHOBJIEH NP PacloNoKeHUH apMUPYIOLIMX 3JeMEeHTOB IO
HaTpaBJIeHUIO, COBIMAAIOIIEMY C HampaBJeHHEeM HHKHEH TPaHULBI TTPHU3MBI
00pyLLIEHHUS 3a OrpaxKAeHHeM.
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2. BeauunHa cMelleHUH OTpaKIeHWs U BeJWYMHbI BHYTPEHHUX YCHJIHH,
BO3HMKAIOIIUX B OTPaKIE€HHH, MPU TOPHU30HTANbHOM IOJIOKEHUH apMHPYIO-
IIUX 3JIEMEHTOB, He CBSI3aHHBIX C OTpakaeHWeM, B 1,5—2 pasa mpeBbIIIAOT
9TH M0KA3aTeJH 110 CPABHEHHUIO C OTKOCOM, YCHJIEHHBIM TaKHUMH XKe dJeMeHTa-
MM, CBSI3aHHBIMH C OTPaKIeHHEM.

3. C ymeHblIeHHEM U3THOHOH KECTKOCTH OTPakKAeHHUsT ero TOPU30HTAb-
Hble CMEIIeHHs WHTEHCHBHO YBEJHUMBAIOTCS, B TO BPeMsl KaK BHYTpeHHHE
ycuns (M3rubaroiime MOMEHTHI M TONepeyYHble CHJIbl) — yMeHbluaTcs. [1o-
JIydeHHBble Pe3yJbTaThl MOTYT OBITb HWCIOJb30BaHbI NPU BHIIOJHEHUH paboT
HYJIEBOTO LIMKJA B CTECHEHHBIX YCJOBHUSX CTPOUTENbCTBA.
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I0. A. KPABYEHKO, kana. texH. Hayk (HoBocmOGupckuii rocynapcTBeHHBIN
apXUTEKTYPHO-CTpouTeabHbIN yHUBepcurer (CubcTpuHu))

O EHKA CJIO2KHOCTH IIJIOCKHX KPHBbIX
U TOIIOTPA®UYECKHUX TOBEPXHOCTEHN

[Tpy npOU3BOACTBE HHKEHEPHO-TeONe3NUeCKUX U3bICKAHUH IJIsT CTPOUTENbCTBA BO3HHKA-
eT npobJ/eMa OLEeHKH CJI0XKHOCTH peasbHOH 3eMHOH NOBEPXHOCTH, MOCKOJBKY OT YKa3aHHOH
CJIOXKHOCTH 3aBHUCAT TPYLOEMKOCTb U CJIOXKHOCTb BblIOJMHSEeMbIX pador. IIpensaraercst op-
MaJ/IbHbII KPUTEPHUH CJI0XKHOCTH MPeJcTaBleHUs IJIOCKUX KPUBBIX U TONOrpaduiecKux IoBepx-
Hoctel. Mcnosb3oBaHue npejyaraeMoil Mepbl C/10:KHOCTH KPHBBIX U IIOBEDXHOCTeH M03BOJIsSET
00beKTHBHO OLEHUBATb TPYAOEMKOCTb U CTOMMOCTb TOMOrpadMyecKUX M KapTorpaduuecKux
paboT, co3faHUsl UH(OPMALMOHHBIX MoOjeJed 3eMHOH IOBEPXHOCTH.

B npouecce MonennpoBaHusl KPUBbIX U TOBEPXHOCTEH BO3HHUKAET BONPOC
00 UX CJ0XKHOCTH. B Tomorpacduu u kapTorpaduu ee OLeHKY IPUHATO OCYIIle-
CTBJISITb C TIOMOILbIO 9TAJOHOB B BUJe H300paKeHUH pesbeda pa3HOro THUMA €
ykazauuem Kateropuu cjoxnoctd (ot 1 mo 10). Onpenesnenue c/JI0XKHOCTH
KOHKPETHOH MOBEPXHOCTH MPOU3BOIUTCS BH3Yya/bHbIM CPaBHEHHEM C 3TaJIO-
HaMH, U PAaCXO0XKIeHHs B OlIEHKe HHOTIA COCTaBJSIOT 1Be KaTteropuu. [losaTomy
npo6/eMa 06beKTHUBHOU OLIEHKH CJIOXKHOCTH HH(POPMALUOHHBIX MOZIEJIEH 3eM-
HOU TIOBEPXHOCTH MMeEeT MPaKTHYeCKOe 3HaueHHe.

[TockoJ/IbKY He SICHO, UTO MOXKET CJYXKHUTb MepOll CAOHHOCMI KPUBBIX U
TIOBEPXHOCTEH, MOCTONBKY €e ONpefeseHHe Leaecoo6pa3Ho HadyaTb C KeJa-
TeJIbHBIX MJIM «Pa3yMHBIX» CBOHCTB. OueBHIHO, UTO Mepa CJI0XKHOCTH KPUBOH
N0JI2KHA 00/1a1aTh CJIelyI0IIMMHU CBOMCTBAMHU, KOTOPble MOTYT pacCMaTpUBaTh-
Csl KaK AKCUOMbL CAOHCHOCMU KPUBbLLX.
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1. Mepa cioxuoctH C KPUBOH JI0/12KHA ObITh HE3aBUCHMOH OT pa3Mepa
(M&CLUTa6a) W OpHUEeHTaluuH KpI/IBOIU/I, T. €. JOJ/2KHbI BBITTIOJIHATBLCS PaBEHCTBA

C(x, y) = Clkx, ky); C(x, y)=C(X,Y),
rie
X =xcoso — ysino

Y =xsina + ycosa

2. C/10’KHOCTb KPUBOHU HJIM ee yuyacTKa He MOXeT ObiTb OTPULIATENbHOU
BEJIMUHHOU:

C20; C;20(=1,.,n),

rae C; — CJI0OXKHOCTb j-TO y4acTKa KPHUBOH.

3. C/I0XKHOCTB j-TO y4acTKa KPUBOH He MOKeT ObITh OO0JbLIE CJI0XKHOCTH
KPUBOU:

c, <C.

4. Mepa cl0KHOCTH HOJ2KHA 00/1a1aTh ad0umusHoCcmyio; CJI0KHOCTb KPU-
BOY B LIEJIOM JIOJI?KHA PABHATbCS CyMMe 3HaYeHHH CJI0XKHOCTH ee Y4acTKOB:

c=Yc,.

ji=1

5. Mepa CJI0KHOCTH JIOJIKHA ObITb MPUMEHHMMOH AJISI OLEHKH TVIaIKUX H
HerJIaIKUX KPHBBIX.

6. 3a HyJeBoe 3HaUEHHE CJIOKHOCTH MOXKeT OBITb MPHHSATA CJI0KHOCTb
BBIPOXK/IEHHOM KPUBOM — TOYKH, T. €.

C(P)=0.

7. 3a eIMHUIy MOXKHO TIPHHSITH 3HaUEHHWE CJ0XKHOCTH KPUBOU L, mpen-
CTaBJSIOLIEH COOOU OTPE30K MPSIMOU:

C(L)=1

PaBeHCTBO 3HAUeHHH CJIOKHOCTH JIOOBIX OTPE3KOB MPSMOH CJedyeT U3
CBOHMCTBA 1, HO BOMPOC 0 KOHKPETHOM 3HAYEHUHU CJI0KHOCTH MPSIMOJHUHEHHBIX
OTPE3KOB TIPH 3TOM OCTaeTcs OTKPHITBIM. CJiefoBaTesNbHO, NJaHHAs aKCHOMa
SIBJISIETCS JOMOJHEHWeM K akchome 1.

8. CJIOKHOCTb 7 KPUBBIX SIBJISIETCS CYMMOH

c=Yc,
k=1

rie C, — CJOXKHOCTb OTHENbHOH KPHUBOH.

[Tocsie popMyIUPOBKM CBOMCTB MEpPBI CJI0KHOCTH MOXKHO 00PaTUThCS K
BbIOOpY camol Mepbl. Ha puc. 1 usobpaxensl nBe KpuBble. MHTYyUTHB-
HO KpuBas b npexacrtas/sercs 6oJjee CJA0KHOH, UeM KpHBas a. JTa UHTYH-
151 OCHOBBIBAETCS HA CMYTHOM OLLYILIEHUH CBSI3U CJOKHOCTH KPUBOH C ee
KpuBH3HOH. CiienoBaTe/IbHO, B KaYeCTBe Mepbl CJI0XKHOCTH KPUBOH MOXKHO
6b1710 OB U30paTh MHTErpajs KPUBU3HBI

Cj [7"(2) |
o (L+(f1(2))2) %2
roe ! — HEKOTOpBIM MapameTp, HarpuMmep, AJHHA KPHUBOH.

Ho npu takom pelieHUM BO3HHKaeT NpobJseMa OLEeHKH CJI0XKHOCTHU He-
TJIaJKUX KPUBBIX, TaK KaK KDPHBH3HA KPUBOH B TOUKe H3/I0Ma paBHa OeCKOHeu-
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N N :
) a)A/\ /—/\_XF
b)/\/\——\/\ E

Puc. 1. KpuBble pasHo# CJI0X- b) 4 F
HOCTH

A F
d) 4 D
b) C B E
D e) A D F
B
A C
Puc. 2. OTKJIOHEeHHE OT MPSIMOU Puc. 3. K onpejiesieHU0 CJI0XKHOCTH KPUBOK

HOCTH. YTOObBl M30aBUTBHCS OT 3TOr0 HEAOCTaTKa, MOXKHO CUUTATbh OTAENbHOU
KPUBOU KaxKIblH IVIaIKMH KyCOK KpuBOH. Ho Torma Bo3HMKaeT cienyrolias
npobJsieMa: ecau U300pakKeHWe TMpeAcTaBJjsieT COO0M MHOXKECTBO MPSIMOJIH-
HEeHHBbIX OTPE3KOB W MHTerpaj KPUBHU3HbI KaXKAOTO M3 HUX PaBeH HYJIO, TO
CyMMapHas CJI02KHOCTb TakKKe OyleT PaBHA HYJIIO, C 4eM HeJlb3$51 COMJIACUTbCS.
[To sTo¥ mpuurHe, a TakKe B COOTBETCTBUU C AKCHOMOU 8 MOKHO TIPEAIOJIO-
JKUTh, YTO CJIOKHOCTb KPUBOH MOXKET ObITb BbIpaxkeHa (PopMyJoH

j 7@
o (L+(f(1))*)?

[Ipu BhIMOHEHUU TOMOTPaPUUECKUX WU KapTorpaduueckux paboT aHa-
JIUTHYECKOEe TpeICTaB/JeHNe KPUBBIX Hen3BecTHO. Heo6X0onuMo HAWTU HEKO-
TOpoe NpUO/IMKEeHHe K HHTerpasy KpUBU3HbI JTHO0 3aMeHy eMy, a TOUuHee To-
BOPHUTb HE O CJ0XKHOCTH KPHUBOH, & O CAOHCHOCMU €€ NnpedcmasAeHUs.

B kauecTBe 3TasnoHa 1715 OUEHKH CJI0KHOCTH KPUBOH IMOACO3HATEJBHO HC-
noJib3yeTcst 06pas mpsiMoi: KpHUBasi TeM CJI0XKHee, ueM 60Jblie OHA OTJINYAeTCs
ot npsMoi. [103ToMy MOXKHO MOMBITATbCS BbIPA3UTh CJI0KHOCTb KPUBOH uepe3
oTKJIoHeHHe oT npsmok (puc. 2). [lepBoHayaNbHO KPUBYIO MOXKHO 3aMEHHTD 3a-
MblKatomed AB wiu JomaHo! JuHUed. MakcuMasbHOe OTK/JIOHEeHHe A KpUBOH
OT JIOMaHOH MOXKHO pPacLEeHUBATh KaK MpUpAlleHHe CJ0KHOCTH MPeICTaBAeHNS
KpHUBOU. KaxX/iblii 0Tpe30K JIOMaHOU MOKHO I10C/Ie10BaTeNbHO 3aMeHSTh IBYMS
oTpeskamu (CM. puc. 2), CYUTas, UTO CJOKHOCTD MPEACTABJICHUS KPUBOK Ha Ka-
JKJIOM 1are yBeJMUMBAeTCs Ha COOTBETCTBYIOLIee OTKJIOHeHHe A;. Ho rtakoe
pellleHHe BbI3bIBAET COMHEHMS, TOCKOMBKY A XapakTepusyeT B 00JbLIEH CTerne-
HU MOYHOCMb npedcmasAeHl s KPUBOH, a He ee CJ0XKHOCTb.

[TycTb uMeeTcsl HeKOTOpast pasoMKHyTas miockasi Kpusas AF (puc. 3),
KOTOPYIO HY2KHO TPeICTaBUTb B BUIE JIOMAaHOU C TOUHOCTHIO He XyxKe A —
MaKCHUMaJIbHOTO OTKJOHEHUS KPHUBOH OT aNMpPOKCUMUPYIOIIEH JIOMaHOU Ha
BCEM ee MPOTsKeHUU. B mepBoM npub/IMKeHUH KPUBYIO MOXKHO 3aMEHUTD 3a-
mbikaoied AF. Usmennm macmrab (cucteMy KOOpAMHAT) TakuM 00pasom,
yTOoObl IJIMHA 3aMbikatolled AF 6bia paBHou 1. [l1s1 3TOr0 10CTaTOUHO H3Me-
HUTb MPSMOYToJbHBIE KoopauHatel X, ¥ mo ¢opmynam

x=X/L
y=Y/L

rae L =\/(Xn - X))?+(Y, -Y,)? — nnuna 3amblkabomed AF.

’
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Hopwmupys kpuyio AF, mosydaeM BO3MOXKHOCTb CPAaBHHUBATb KPHUBbIE pas-
HOM JUIMHBI, HO OTKJOHEeHHe A TakKe NOJUKHO ObITh HOPMHPOBaHO: O =A/ L,
rIe  — OTHOCHUTeJbHas OLIMOKA TpeiCTaBJeHUs] KPHUBOH.

C npakTH4YeCKOW TOUKM 3peHHS BBbI3bIBAET HHTEPEC HE CTOJBKO CJIOXK-
HOCTb KPHBOH cama 1o cebe, CKOJIbKO CJI0XKHOCTb KPUBOU NPH HEOOXOIUMON
TOYHOCTH ee MpejacTaBseHus. [Ipeanosoxkum, 4To TOYHOCTb MPeACTaBIEHUS
Ha pHC. 3, @ HEYNOBJETBOPUTENbHA U HAaHOOJbIIEE OTKJIOHEHHE OT 3aMBIKAIO-
e AF xpuBas uMmeet B Touke E. [TosToMy 3aMeHHUM 0Tpe3oK npsiMout AF J1o-
manoit AEF (puc. 3, b). Cnoxuocts C 4z noManol AEF Bbillle CJOXKHOCTH

C4r otpeska AF u MoxeT ObITh NpeacTaBjeHa Kak cymMMa C,r U HEKOTOPOTO
npHUpalleHus
Cagr =Car +Caer- (1)

[Ipupawenue cro0HHOCMU C;, TIDU 3aMeHe MPOU3BOJNBHOrO OTpeska [K
JoMaHo# [JK mpepncTtaBuUM B BHIE BbIpaXKeHHSsI

Cijk :Cl/ +C]k _Cik' (2)
Torna cioxHocTb nByX oTpe3koB I/ u JK Gyner paBHa
Cijk =Cl-k +(Cl] "f‘C]k —Cik)ZCij +C]k

B kauecTBe 3HaueHHsI CJI0XKHOCTH IPOH3BOJIBLHOTO OTpe3Ka [J joMaHOH,
NpeacTaB/soOlLled KPUBYIO, PUMeM HOPMHDPOBAHHYIO IJIHHY 3TOTO OTPe3Ka

C.He,llOBaTe.HbHO, yBeJHUUEHUE CJO0KHOCTH 6y11€T paBHO MpUpalleHHUI0 OT-
HOCHUTEJJbHOHN JJIMHDBI JIOMaHOH Ipu 3aMeHe OJHOT'0 OTpe3Ka ABYMA APYTrUMHU

Cijpe =Lij + 1 =L
Uto6bl 0OBSCHUTD TaKOE pellleHHe, pacCMOTPUM [Ba npumMepa. Ha puc. 4, a
CJI02KHOCTB JJoMaHOH ACB WHTYUTHBHO MPEACTABJ/ISETCS BBILIE, UeM JIOMAaHOH
ADB, nockosbKy Touka C oTcTOUT OT oTpe3ka AB Ha GoJblliee paccTOsHUE,
a) c b) yeM Touka D.
c__ R Ha puc. 4, b Touxku C
AB D’%B u D ynanensl o1 AB Ha
A A OJMHAKOBOE pacCTOsIHUE,
Puc. 4. JlomaHble pa3HOH CJIOKHOCTH Ho ACB 6oJiee n3/aoMana,
MO3TOMY OHAa «CJIOXKHEe».
CneBa u cnpaBa Jomanble ACB 60/iee HCKPUBJIEHBl U UMEIOT OOJIBbIIYIO AJH-
Hy, yeM ADB. EcTecTBeHHO NPUHSATH, UTO YeM 60JIbllle HCKPUBJIEHA KPUBAs,
TeM Bblllle ee CJA0KHOCTb. Ho yeM GoJibllle KpUBU3HA KPUBOHU, TeM O0Jblile
ee nauHa. HopMupoBaHHast I/JMHA JIOMAaHOH [103BOJSIET CYAUTh O CI0KHOCTH
anmnpokcuMupyeMod KpuBou. [To3ToMy ecTb OCHOBaHHS CUHMTaTh, UTO YBe-
JIMYeHHe CJAO0KHOCTH MpeACTABAEHUS] KPUBOH MOXKeT ObITh BBIPAXK€HO OTHO-
CHUTeJNbHBIM TMpHpalleHUeM AJWHBI TPH 3aMeHe OTpe3Ka NBYMs OTpe3KaMH
(cm. puc. 4).
Ecnu Ha npsimosiMHeHOM oTpe3ke [/ MOCTaBUTh AONONHUTENbHYIO TOUKY
K, To HaijeM npupalleHHe CJI0XKHOCTH

Cijpe =lip +lpy — 1. (3)

Ho l;, +1,; =1;, mostomy ¢, =0. Takum 06pasom, laHHOE pellieHHe He MPOTH-
BOPEUUT 3IPaBOMY CMBbICJY.

BepHemcsi K npeacTaBaeHUI0 pa30MKHYTOW KPUBOH Ha puc. 2. Ecau Tou-
HOCTb €€ almnpOKCHMAaLHH Mo-NpeKHEMY HeI0CTaTOYHa, TO, MOC/Ie10BaTENbHO
3aMeHsIs1 KaXKIblH OTPe30K JJOMaHOH IBYMs, MOXKHO JIOCTHYb 3aaHHOU TOYHO-
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CTH NpeacTaBiaeHUs: KpuBod. OleHKa CJI0XKHOCTH KPUBOH Ha KaxKIOM TaKOM
lIare MpoU3BOAUTCS MO (opMmy.Jie

C; =Cii +cy, (4)
rne C,_; u C; — COOTBETCTBEHHO MpPebIAyIee U TeKYIee 3HAUEHUE CJIOKHO-
CTH TIpeICTaBJeHUs KPUBOH;
¢; — TpHUpALIEHHe CJI0XKHOCTH, BbIUMCAseMOH 1o (opmye (2).

[Tyctb naHa 3aMKHyTasi KpuUBas W [IBe TOUKW Ha Hed A u B Takue, 4ToO
AB — HauGosbluni auametp. Torma 3amaya OLEHKH CJ0XKHOCTH 3aMKHYTOH
KPUBOH CBOAMUTCS K 3a7aue OLIeHKH CJA0KHOCTH IBYX PA30MKHYTBIX KPUBBIX L,
U Ly. Boluucaum 3HadeHHe CJA0XKHOCTH 3aMKHYTOH KPHUBOH

Cip =C +cyy, (5)
rie C;y — CJOXHOCTb 3aMKHYTOH KPHBOH;
C, — CJlIOXHOCTb KPUBOH Li;
Cig — TpUpalleHHe CJO0XKHOCTH NpU H00aBAeHUU KpUBOH L, K L.

Ho 3HaueHue mpupalleHus CJA0XKHOCTH PaBHO
g =Cy,

MO3TOMY CJIOXKHOCTb 3aMKHYTOH KPUBOH MOXKeT ObITh MPEeNCTaBIeHa Bblpaxe-
HUEM
Cp, =C, +Cy, (6)

KOTOpPO€ MOKeT HCIIONb30BAThCS AJISI BBIUMC/AEHHUS CJA0KHOCTH CYMMBbI ABYX
KPHUBBIX.

Omnbka A mpenctaBjieHHs] KPUBOH B BHUJE JIOMAaHOH yMeHbIIaeTCsl TPH
yBeJMUEHUH YHUCJa N 3BeHbeB JoMaHOH. Ecin n— o, To A—> O u

n
C =lim Zci =1, (7)
n—>0 i=1
rie | — HOPMHUpOBaHHAs [JHMHA KPUBOH.

CJ/10:KHOCTb KPUBOH MOXKeT OBITb COINOCTaBJeHa C MH(pOpMaUHueld O KpH-
BOH, €CJIM IPUAEPKNUBATHCS PA3HOOOPA3HOCTHON TPAKTOBKH HH(POPMALUHU, KO-
roa KOJWYeCTBO MH(POPMALUMU CAYKHT MEPOH MHOroo0pasusi, CJA0KHOCTH.
OueBHOHO, YTO KOJIUYECTBO MH(OPMALMH, COIdeprKalleecss B JOMAHOH, ar-
NPOKCUMHUPYIOLIENA KPUBYIO, HE MOXKeT ObITb 60JIblie, UeM KOJUYeCTBO HH(OP-
MaluM B caMod KpuBoH. Ecsiv ¢ 3TOH TOUKM 3peHHsl TOCMOTPeTb Ha OLEHKY
CJI02KHOCTH JIOMAHBIX, TO MOXKHO COTJIACUTHCS C TEM, UTO BO3MOXKHA TPAKTOB-
Ka CJI0XKHOCTH JIOMAHOH KakK KOJMYeCTBa UH(POPMALMU O MPEACTABJEHHH all-
MPOKCUMHUPYEMOU KPUBOU.

[Ipu olieHKe CI0KHOCTH MOBEPXHOCTEN OyIeM pacCMaTPUBATh TOJBKO T10-
BEPXHOCTH, He 00513aTesIbHO BBINYKJblE, roMeoMop(dHble cdepe. Takoe pelie-
HUe JaeT BO3MOXKHOCTb BBECTH Ha cpepe CHCTeMY KPHUBOJUHEHHBIX KOOPAHU-
Hat (4, v) ¥ BBIPaXKaTh NMPOCTPAHCTBEHHOE MOJIOKEHHE TPOU3BONBHON TOUKH
Yyepe3 KPUBOJMHEHHbIE KOOPAUHATBI U BBICOTY TOUKH — PacCTOsIHUE OT HaH-
HOU TOYKH 0 C(ephl.

[Tonxon K OLieHKe CJ0XKHOCTH MpeicTaBJJeHUs] KPUBBIX MOXKeT ObITb pac-
NPOCTPaHeH Ha OLEHKY CJIOXKHOCTH MoBepxXHocTel. [Ipon3BO/MbHBIA yyacToK
MIOBEPXHOCTH B MEPBOM MNPUOJUKEHHUH MOXKET OBIThb INpeNCcTaBJ/eH IJI0CKO-
CTbIO, IPOXOJSIIEN Yepe3 TPU TOUKH, IIPUHAJIeKALMe TTOBEPXHOCTH U He Jie-
JKalue Ha ofHou npsimod. [loaToMy B KauecTBe pocTellleld reOMeTPUUECKON
(Urypel, NpeacTaBJsIoOLIeHd TOBEPXHOCTD, BbiOepeM TpeyrobHUK. [Ipu no6as-
JIEHMH HOBOM TOUYKH K TpeM MMeloluMces (BeplinHam TpeyI‘OJIbHI/IKES MoBepX-
HOCTb U ee CJ0XKHOCTb MOryT u3MeHsiTbcsl. [Ipu Gosee TOuHOM mpexncTaBie-
HUU TIOBEPXHOCTH MyTeM N00aBJeHHUs] TOUeK OJHOBPEMEHHO C yCJ0KHEHHEM
MIOBEPXHOCTH TIPOUCXOIUT yBeJUUeHHe ee mioiaau. [loaTomy MOxHO cuu-
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TaTb, UTO an/IpaLueHHe CJIO2KHOCTH HOBerHOCTI/I CBfI3dHO C yBE€JIMHEHHEM €€
IJouagu
C,=C,, +c,, (8)

rie C,_; — CJ0XKHOCTb TOBEPXHOCTH 10 A00aBJEHUS 71-H TOUKH;
C, — CJI0XXHOCTb TIOBEPXHOCTH, MPEACTABJIEHHOW 7 TOUKAMHU;
C, — TIpUpallleHHe CJOXKHOCTH NpPHU N00aBJNEHUH 7-U TOUKH.

[Ipencras/ieHreM MOBEPXHOCTH MPH STOM SIBJISIETCS MHOTOIPAHHUK, He 005-
3aTeJIbHO BBIMYKJ/IbIH, KaXKaasi rpaHb KOTOPOrO — TPEeyroJibHUK. JlaBast OLeHKY
CJIOXKHOCTH KPHMBBIX (OIHOMEPHBIX TeOMEeTPHUECKHX OGBEKTOB), BHIOMPaeM B
KauecTBe Mepbl X CJI0KHOCTH HOPMHPOBaHHYIO AnkHy. [ToaToMy Gymet Joruy-
HO TIPH OLIEHKE CJOXKHOCTH MoBepXHOCTeH (IByMepHBIX 0OBEKTOB) B KayecTBe
Mepbl CJIOXKHOCTH HCIOJb30BaTh HOPMHPOBAHHYIO IUIOIIA/b MOBEPXHOCTH.

3a eIMHHUILY CJIOXKHOCTH MPUMEM CJOXKHOCTb TPOEKIHUH MOIEJUPYEeMOH
MOBEPXHOCTH Ha «II0BEPXHOCTb OTHOCHMOCTH», T. €. MJIOLIaib 001acTH Omnpe-
neneHust (YHKUMH, TMPEACTABJSIONEH OLEeHMBAaeMylo MOBEPXHOCTb. Torma
CJIOXKHOCTb TIOBEPXHOCTH OLEHMBAETCS CJIEAYIOLHM 00pPA30M.

[TpearosIoKKuM, U4TO HCCIeyeMast HMeIlas KOHEeUHYIO MI0LaAb OBEepX-
HOCTb S 3aaHa B TPEXMEPHOM €BKJHMIOBOM IMPOCTPAHCTBE H MOXKET ObiTh
npeacrasiaena GpyHkumen z = f(x, y), ¢ obnactoio onpenenenus D. Ilyctsb Ha

MOBEPXHOCTH S 3a7aHa HEKOTOpPash TPUAHTYJISLHS, TPOEKLHs KOTOPOH Ha KO-
OpPIMHATHYIO MJOCKOCTb XY C JOCTATOYHOHM TOUHOCTBIO MpeJcTaB/sieT 00/1acTh
onpeneneHus D.

O603HauuM MJIOIAAb NPOEKIMH TPUAHTYAILNH Sy . CnoxHOCTb C; KaxX10-
ro TpeyroJbHHKa Ha NMOBEPXHOCTH MPEACTABUM KaK OTHOILLUEHHE ero IMJOLAAN
S; K TJIOIaAN ero MpoeKUMH S; Ha KOOPAHHATHYIO MJIOCKOCThb

Ci :Si /Si‘ (9)
Omnpenemum c0xkHOCTE C BCEH TOBEPXHOCTH B LI€JIOM
c=13s. (10)
N

C/10’KHOCTb HECKOJIbKHUX TIOBEPXHOCTEN MOXKeT ObITh TOJydeHa CyMMHPO-
BaHHEM 3HAYeHHUH CJO0XKHOCTH /IS KaXKIOW OTHeNbHOH MoBepXHOCTH. CJ10XK-
HOCTb 3aMKHYTOH MOBEPXHOCTH MOXKET MPUHUMATLCS PABHOU CyMMe ABYX He-
3aMKHYTBIX NTOBEPXHOCTEH, T. €. TOBEPXHOCTEH C KpaeM.

He uck/itoueHo, UTO MOXKHO yCTAHOBUTb Pa3Hble Mepbl CJA0XKHOCTH KpHU-
BBIX W MOBepxXHOCTeH. B naHHON cTaThe mpepsaraeTcsi OOUH W3 BO3MOXKHBIX
BapUAHTOB.

© Kpaguenko 0. A., 2008

[TorygeHo mocse popabotku 26.02.08
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YIK 624.131.52/.54

A. B. CABUHOB, kaHua. TexH. HayK (CapaToBCKUil rocy1apCcTBEHHBIN TEXHUYE-
CKMU YHUBEPCHTET);

H. H. MEJIBHUYYK, kaua. TexH. Hayk (BopoHexkckuil rocyrapcTBeHHbIN ap-
XHATEKTYPHO-CTPOUTEIbHBIH YHUBEPCHUTET)

MOJEJIUPOBAHHE CTATHYECKOIO HATPY2KEHHUA
CBAH MAJIOTO TUAMETPA OCEBOY CHJIOU

[TokazaHa MPUTrOAHOCTb OCECUMMETPUYHON BEPCHH YIPYTONNaCTHYeCKON MOJEIH TeOPUH
nacTuueckoro TeueHus rpyutos npod. . M. lllanupo nss unc/aeHHON UMHTALUK CTaTHUECKO-
rO UCINBITAHUS CBal BAAB/JAMBAaHUSA Ma/Oro AMaMeTpa MPU M3BECTHbIX 3HAUEHHSX MeXaHH4eCKHX
XapaKTepUCTHK TpyHTa Tocje ymaoTHeHHs. [losyueHO yHOBIETBOpPUTENbHOE CXOACTBO AHA-
rpaMM «Harpyska-ocagka» 10 JaHHbIM CTATHUECKUX MCIBITAHUHA U PACUETHOr0 MOJENHPOBAHHUS
ONMHOYHBIX CBal BIAB/JMBaHMUS.

Ha ocHoBaHMM KCnepUMeHTa/IbHBIX M PACYETHBIX MCCJ/IEN0BAHUN NPeI0KeH HOBBIH KPH-
TePUH OLIEHKH HeCylleH CIOCOOHOCTH CBal MO BeJMYHMHE OCAIKH.

[Ipu coBpeMeHHOH MJOTHOCTHU IOPOACKOH 3aCTPOUKHU HeH30eKHO pacTer
I0JIsT CBAaUHBIX (PYHAAMEHTOB, BBIMOJHSEMBbIX C NpPUMeHeHHeM Oe3yTapHBIX
TexHosorud. [IprumMepoM MOryT C/y»KUTb CBaW BIABJIHMBAHHS MAJOro IHaMeET-
pa, LIHPOKO BHeJIpsieMble IIPHU CTPOUTENBCTBE B CTECHEHHBIX U CJ0XKHBIX TPYH-
TOBBIX YCJOBHSIX, 8 TAKXKe NIPU PEKOHCTPYKIHMH 31aHUH ¥ cOOpYKeHHi [ 1].

[Irpokoe npuMeHeHHE STOTO TUIA CBAH CHAEPXKHUBAETCS OTCYTCTBHEM J0OC-
TOBEPHOTO METOJa pacueTa Mo HecylleH CIOCOOHOCTH U Ae(opMalHUsM C UC-
M0JIb30BAHKEM TIPSIMBIX TIPOYHOCTHBIX U 1e(DOPMAIIMOHHBIX XapaKTePUCTHK OC-
HoBaHus. [loaTOMYy mpUMeHeHHe BIABJIMBAEMBIX CBAH COMpPOBOXKIAETCS, KaK
MPaBUJIO, TOPOTOCTOSIIIUMH M TPYAOEMKUMH HATYPHBIMU HCIIBITAHUSIMH, [a10-
IUMHU 0ObEeKTHBHOE MpEeNCTaBJEHHE O MOBEJeHUM CBaW MOJA BO3AeHCTBHEM
BO3paCTAOLIMX CTATHUYECKUX BIABJMBAIOIIMX HArpy3o0kK.

MopnenupoBanue paboTel OCHOBaHHS CBAH MOXKET OBITb yCIIEIIHO TPOM3-
BeIeHO YMCJAeHHBIMH MeTomaMu. OMHAKO TOYHOCTb TaKHX PacyeTOB CHJIBHO
3aBHCHUT OT MPABUJIBHOTO BBIOOPA MOJEJH IPYHTA U 3aKOHOMEPHOCTEH pacrpe-
NeJIeHHs] YTIJIOTHEHHBIX 30H OCHOBAHHUS B OKOJIOCBAHHOM IIPOCTPAHCTBE, B Mep-
BYI0 OYepelb, BOKPYT HHXKHETO KOHIA CBaH.

B Hacrosieil cratbe npuBeleHbl pPe3yJbTaThl CONOCTABJIEHHUS PacyeTOB
CBAWHOTr0 OCHOBAHMS 110 Hecylled CIOCOOHOCTH U Ae(opMalUsIM YUCAeHHbIM
metonoM (MK3) ¢ ucrnonb30BaHHEM yHPYroniacTUYeCKoW MOJeJH TPYHTa B
COOTBETCTBUU C OmnucaHueM [2] W MO DaHHBIM CTATHUECKMX MCIBITAHUH.

[Ipu yCH/IEHMH JIEHTOUHBIX (yHaaMeHToB 3nanusi Akagemuu [Ipasa (r. Ca-
paToB) yCTpauBaacCh CILIOLIHAS XKe/1e300eTOHHAs peGpUCTast [JIUTA Ha ecTe-
CTBEHHOM OCHOBAHHUH, Uepe3 TeXHOJOTHUECKHEe OTBEPCTHSI KOTOPOH Ha IyOu-
Hy 6,1 M BIaBIMBaNUCh MeTalMHuecKre TpybyaTble cBaW auaMetpom 159 Mm
C TJIOCKUM HHXXKHUM KOHLOM. Ha miomanke peKOHCTPYKLHUH MPOU3BOAUINCH
KOMIIJIEKCHble MCCJIeIOBAHUS TPYHTOBOIO OCHOBAHHS KOHCOJMIMPOBAHHOTO
YeTBEPTHYHOrO CYTJIMHKA JabopaTOPHBIMU H TOJIeBBIMKM MeTofaMu (mpeccro-
MeTpHsl, CTaTHYECKOEe 30HAMPOBAHHE) B MPUPOJHOM COCTOSIHUU M TOCJE T10-
TPYy?KeHHS CBaH, a TaKKe UCIbITAHUS CBAH CTATHUECKUMH BIABJIUBAIOLIMMU U
BelepruBatoumu Harpyskamu no I'OCTy 5686-94.

B ra6s. | nprBeneHbl pacueTHble apaMeTpPbl HHKeHePHO-Te0J0rHueCcKUX
snementos (M), ciaramoumx HexonHoe rpyHToBOe ocHoBaHue. Jledopmariy-
OHHble XapaKTePUCTHUKU MPUHSTH MO pe3yJbTaTaM MpecCHOMeTPUYECKUX HC-
NbITAHWH, TPOYHOCTHBIE — MO JabopaTopHbIM NaHHBIM. [lapamerp nunaras-
CHM 1/ BCEX CYNJIMHKOB NpuHsaT A=o /2 =(sing)/6 [2].

Ha puc. 1, a I/I306pa}KeHa pacyeTHas O6JIaCTb, I[IOKa3aHO IeoJIorn4ecKoe
CTpOE€HHEe OCHOBaHHUA, YJACHEHHUE pvaeTHOIU/I 00J1aCTH Ha KOHEYHbIe 3JIEMEHTHI.
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Tadnuma 1 Tabnuma 2
PacueTHble XapaKTePHUCTUKU TPYHTOB PacueTHble XapaKTePUCTUKH

Homep P — £ ]e o IPYHTOB YMJIOTHEHHOMN 30HBI
Ura Hra MIla | kIla | rpan Homep obnactn E

B COOTBETCTBHH MI—’[ lc—i P,

.| 17,0(17,0] 21 |0,35 cpuc. 1,6 a| xia \rpai

CyryMHOK 06BOJHEHHBIH

2 17,0119,0| 16 (0,35 1 610165021
[Ipumeuanue. E — moaysp nedopMaluu IpyH- 2 45,01 50,0 | 21
Ta, ¢ — YyJeJbHOe ClLIeNlJIeHHe, ¢ — YroJ BHYTPeHHero 3 30,0 1 35,0 | 21
TpeHus, — Koapduuuent Ilyaccona 4 20,0 [ 25,0 | 21

Hcnonb3yioTest KoJibLieBble OCECHMMETPHUUHbIE KOHEUHble 3/J1eMEHTbl TPeyroJb-
HOTO CeUeHHsl: yIpyrue, NpecTaBIsIoONe Ha pACUeTHON CXeMe CBalo, U yIpy-
rornJacTHUecKue, MOJIEJNHUPYIOLIMe IPYHTOBYIO Cpeny.

Ha puc. 1, 6 mokasaHbsl npruHSTEE B pacueTax 00/1aCTH YIJIOTHEHHOTO OC-
HOBaHHUSl BOKDPYTI HMXKHEro KOHLA CBaW, U3MeHEHHble XapaKTePUCTUKH KOTO-
pBIX IpeACTaBJeHBl B TabJ/1. 2.

Harpyska na cBato mpukaaneiBanack crynensmu no 0,03 MH, makcu-
MaJibHasi BAABJAMBAWOIIAs cuia orpanndeHa sennuunou 0,27 MH. B pacuerax
YUUTBIBAJIOCh H3MEHEHHE XapaKTePUCTHK TPYHTA MO HHXKHHUM KOHLIOM CBaH,
noJlyyaeMoe B pe3y/bTaTe BJAB/JIMBAHMUS.

Ha 60k0BO¥ MOBEpPXHOCTH CBaW KacaTe/bHble HAMPSKEHHs] OrpaHUUHBA-
JIUCh TTOJTy4eHHOU 3KCIePUMeHTabHO MakCUMaibHOU BesnuuHou 27—31 kl1a,
CTyNeHuaTo Bo3pacrawlled ¢ rayounoi (ctymenu mo 2,0 kI1a Ha kKaxable 1Ba
MeTpa I‘JIy6I/IHbI§

[To pesynbTaTaM pacyeToB onpejeseHbl 001aCTH C MpefesqbHbIM Hamps-
YKEHHBIM COCTOSTHMEM 10/l HU?KHUM KOHIIOM CBaH, MpeJICcTaBJIeHHbIe Ha pHC. 2.
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i\ Puc.1. PacueTHble cXeMbl CBaH U IPYHTOBOTO OCHO-
5 BaHUS
a — pacyetHast 06/1aCTb, YieHeHHe Ha K, rpaHuuHble yc-
qoBusi; 1, 2 — Homepa UI'D B coorBeTcTBUM ¢ Tab.s. 1;
3 — MeTa/MvecKast cBasi BIABJAMBaHUS; 4 — QyHIaMEeHT-
6x0,04 10x0,086 Has MuTa; 6 — 06J1aCTH C U3MEHEeHHBIMH XapaKTepHCTH-
11 KaMH TPYHTa 10, HHXKHUM KOHLOM cBau; /—4 — HoMepa
: obsacter 1mo Taba. 2
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dl2=0,08

Puc. 2. O6nacty npenesbHOr0 HaNPsKEHHOTO

COCTOSIHUSI TMOJ HUXKHUM KOHLOM CBau
// /-4 — mpu nHarpyske P coorBerctBeHHo 0,09; 0,12;
/7 0,15 u 0,18 MH
% <
8 57 005 010 015 020 P, MH
I 50 v
2 1\2\ S \\ 1
N X
—~ 3] AN o 3)\
3] SRNANS 10
O N 2
2 P —
ol | N a
I N 20 \
o NN
3 3
- \ \
o«
N - 30 \
N < S, Mm
© Puc. 3. Tpaduku 3aBUCUMOCTH «Harpys3Ka-ocaj-
4 Ka» S = f(P)
1, 2 — 1o JaHHBIM MCNBITAHUH CBAl CTATUYECKOH BAB-
JIMBAIOLEH HArpy3kod; 3 — MO pe3yJbTaTaM YIpyro-
[JIaCTHYECKOro pacuera 6e3 ydera YIJIOTHEHHS TPyHTa
2,60=0,498 oKoJiocBakiHoro npoctpanctsa (raba. 1); 4 — 1o xe, ¢

y4eToM yIJIOTHeHHs TpyHTa (Tadst. 2)

Ha puc. 3 nmpuBeneHbl 5KCrepUMeHTa/lbHble 3aBUCHMOCTH «Harpyska-ocaj-
ka» S = [(P), a TakxKe aHaJOrMYHble PaCUeTHblE TPApUKU, MOJIYUeHHbIE IS
UccielyeMbIX CBal MPU UCXOAHBIX M U3MEHEHHBIX MapaMeTpax IPYHTOBOTO OC-
HOBaHMS.

C/ieyeT OTMETHTb, UTO pacueTHasi Kpubasi 3aBucumoctu S = f(P) ocra-
eTcsl MJaBHOM Ha BCeM NPOTS’KEeHUM, HeCMOTpsl Ha o0pa3oBaHHe o00./acTel
TNpeJe/IbHOTO HaNpsiKeHHOTO COCTOSIHMSA IOJ, HHUXKHHUM KOHLIOM CBaH.

Ha puc. 4 noxasaHo usaMeHeHHe KacaTe/bHbIX HaNpsiKeHUH Ha OOKOBOU
MIOBEPXHOCTH CBau B 3aBUCHUMOCTH OT BeJIMUMHBI BJABJAMBAIOLIEH CHJbl. M3
aHa/M3a NPUBENEHHOM AMarpaMMbl BHJHO, YTO KacaTe/bHble HANpPSKEeHHUS
BHauaJle JOCTUral0T CBOMX MAKCHMaJIbHbIX 3HaUYEHHUH TOJIBKO Y HUXKHEro KOH-
Ia CBau M JIMIIb 3aTeM IOCTeNeHHO JOCTUTaloT
MaKCHUMYyMOB 110 BCeHd OOKOBOH IOBEPXHOCTH.

Tosbko Mpu HOCTHKEHMH MaKCUMA/bHBIX 3HA- N flo 02 1, MMa
YeHUH KacaTe/bHbIX HANPSDKEHUH 110 BCeH AJIHMHE [ 13
ctBosia (Mpv BesMuMHE BHABJMBAIOLIEH CHJIbI Hi

L
1
1
LN
| |
h 1
| |
|
L Y
1
]

P =0,15 MH) npousowL1o noHoe ucyeprnaHme He-
CylleH CocoOHOCTH IPyHTA 10 HOKOBOM MOBEPXHO-
ctu. Ha puc. 3 xopolo 3ameTteH nepesom rpagukoB
MPH PaCUeTHBIX «CABHUTOBBIX» OCaigkax B 6—8 mMm.
[Ipyn BbIMOMHEHUM paCUeTHOrO MOAEJIUPOBa-
HUSl Harpy»KeHusi CBal MOCJe «OTAbIXa» CTYIEeH-
YaToO BO3pacTalolled OCEBOM CHUJIOU KpUTEpUEM i
UCUepraHus Hecylled crnocobHOCTH F, CIyKH/I0
noctkenue ocanku S = 0,05d. B nannom ciyuae
S = 7,95 MM, UTO XOpOILIO cOryacyeTcs ¢ IKCIePH- 7
MeHTa/JbHBIMHA 3HAYeHHUSIMU BEJIMYMH «CIBHUTOBBIX» ¥
0CafoK. ; L
KocBeHHBIM KpUTepHeM HcUeplaHUs Hecylled li.
| N
o |

5,9

~2

-

L=

CITOCOOHOCTH CBAaH MOXKET CJIYXKHUTb HeCXoadmasicd

Puc. 4. VlameHeHre KacaTeJbHbIX HaNpsKeHUH T Ha OOKO-
BOH MOBEPXHOCTH CBaW B 3aBHCHMOCTH OT Harpysku P

/-3 — mnpu Harpyske P coorercrenno 0,06; 0,12; 0,15 MH ]

oy
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n, waros ntepaunu

uTepaLus Npy 3aJlaHHON HOpMe HeBsi3-
KH 83 YCJIOBUSX JaHHOM 3aJlaud uTepa-
200 1Sl CUYUTAETCS HEeCXOMSLIENCs TMpHU
HopMme HeBsidkd 0,03 u uwncse waros
urepauuu n 6oaee 50). B xone uccae-
/ JOBAaHUH OTMeyeHa XOpollasi CXOAH-

100 MOCTb HUTEPALMOHHOI'0 Mpouecca IpHu
Harpy3kax MmeHee 0,15 MH u peskoe
yBeJruYeHrue 4Yucja IaroB UTepalru

/ npu Gosblied Harpyske. Ha puc. 5 mo-
-———'/ KazaHa auarpammMa 3aBUCHUMOCTH YHC-
0,06 0,12 0,18 P,MH Jia [IaroB UTEepPaLMHU 1 OT Harpy3Ku P.
Puc. 5. JluarpaMma 3aBUCHMOCTH 4HCJIa B rabus. 3 npexncrassieHbl nokasa-
IaroB MTepaluu 1 OT Harpyskud P TeJHn HecyHleﬁ CIOCOOHOCTH HCCJIe-

JIyeMOH CBau MO yCJOBHSIM OrpaHHue-
HUS ee ocanku BesnunHod S = 0,05d W ucuepnaHus Hecylled cocOOHOCTH
CBau 10 GOKOBOH MOBEPXHOCTH, IPUBOAUTCS CPaBHEHHE C pe3yJ/bTaTaMH CTa-
THUYECKUX HCIBITAHUH.

Ta6auua 3
Hecymasa cnmoco6nocTh cBam F;, MH

[IpenesnbHOE ycaoBHe Fq4, MH
Ocanka csau S = 0,054 0,144
Hcuepnanue Hecyuell ciocoGHOCTH 110 GOKOBOH MOBEPXHOCTH 0,150

Hcuepnanue Hecyllell cmocOOHOCTH 110 Pe3yJ/IbTaTaM HCIBITaHUH:
no GoKOBO# ToBepxHOCTH (mepesiom rpaduka mpu «casurook» ocamke)| 0,135—0,173
M0/ HWXXHUM KOHLOM (Tpu «cpbiBe» BCel cBau) 0,141-0,191

BeiBoapl. 1. BoinonHeHHOe Hcc/e0BaHHE T10Ka3a/10 MPUTOAHOCTb Oce-
CUMMETPHUYHOH BEPCHU YNPYTOMJIaCTHYeCKON MOJENH TeOPHUH MJIaCTHYeCKOro
TeUeHHUs TPYHTOB /IS YHCJIEHHOM MMHUTALMU CTATUUYECKOTO UCIBITAHUS CBAH
BIABJMBAHUS MaJiOrTO AMAMeTPa MPHU M3BECTHBIX 3HAYEHHUSX MeXaHHYeCKHX
XapaKTepUCTHUK TPYHTa mocJe ymaoTHeHHs. [losyueHo ynoBieTBOPUTEbHOE
CXOJCTBO IHAarpaMM «Harpyska-ocaaka» 10 AaHHBIM CTATHUECKUX HUCIBITAHUN
U pacyeTHOr0 MOJEJNUPOBAHUS OAMHOYHBIX CBaH BIABJIMBAHMUS.

2. Ilpu cTaTUUeCKOM HUCMBITAHWH U PaCUeTHOM MOJIeJMPOBAaHUM HUCCIeye-
MOH CBau JOCTHKeHHUe KacaTeJbHbIMH HaNpPSKeHUSIMH MaKCUMaJ/IbHbIX 3Haue-
HUHU M0 BCeH BbICOTE OOKOBOM MOBEPXHOCTH CBaH MOJNy4YeHO OJU3KUM K HCUep-
NaHUI0 HecylleH CIOCOOHOCTH.

3. Ha ocHOBaHMM 3KCIepUMeHTaNbHBIX U PACUETHBIX UCC/Ie0BAHUH Mpe-
JlaraeTcsl B KaueCTBe KPUTepPUs Hecylled CMOCOOHOCTH CBall MCCJeNyeMOro
THNA JOCTHKeHHe cBaed ocamku S = 0,05d.
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YIK 532.5.011

E. 1. MAKAPOB, kana. ¢us.-mar. Hayk, gou., I'. JI. CJIABO2KAHMH, E. I1. JIAIII-
KUBCKHMU, kanauaatel TeXH. HayK, noueHntsl, JI. I. CJIABO2KAHUH, acn. (Tom-
CKUI TOCYHapCTBEHHBIA aPXUTEKTYPHO-CTPOUTENbHBIA YHUBEPCUTET),

H. E. MAKAPOB, unxk. (000 «Pemxoaoxcepsuc», r. Tomck)

MATEMATHYECKOE MOJEJINPOBAHHUE
T'MAPOANMHAMHYECKOTIO I10JI,
BO3MYIIIEHHOTO IIJIOCKOH
KOJIEBJIIOIIEVCY IJIACTUHOH

Ha ocHOBaHMH 9KCNepUMEHTANbHBIX JaHHBIX [0 H3MEPEHHUIO TapaMeTPOB THAPOIMHAMHYE-
CKOTO TI0JIsI, CO3IaHHOT0 KOJleOaHUSIMU TJIACTHHDI, HAXOISIIEHCs B JKUIKOCTH, C(HOPMYJIHPOBa-
Hbl MaTeMaTHYeCKHe 3aBUCHMOCTH, OIUCHIBAIOLIME T10JI€ TTyJIbCALKH CKOpoCcTH. [1pH BEIBOIE 3a-
BUCHMOCTEH HCII0JIb30BAJUCh KJIaCCHUYECKHe noaxoabl MeXaHUKHU )KH[[KOCTGﬁ W TasoB. HOJIY-
YEeHHbIe 3aBHUCHUMOCTH IMO3BOJIAIOT OLUEHUTH 3HEPTHIO HyJIbcaU,I/Iﬁ B XXKHJIKOCTH, BOBMyILLeHHOﬁ
YKa3aHHBIM CIIOCOOOM.

B paGote [1] npeacrasnennl pesynbrathl 9KCIEPUMEHTA MO0 HCCEN0BAHUIO
TUAPOIMHAMUUECKUX TOJIEH, CO3JAHHBIX B XKHUAKOCTH KOJEOAHHUSIMU IJIOCKOH
MJIaCTHHBI. 3aaua O TIOBeIeHHU HECKHUMAEMOU KUAKOCTH, COTPHUKACAIONIEHCS
¢ Kosie6IoleHcs HeorpaHHYeHHOH IJIOCKOH MOBEPXHOCTbIO, onucaHa B [2].

YpaBHeHUe, MOeJUpYIOLee NAaHHBIM NpoLEecc, UMeeT BUI

2
X

C I'PAHUYHBIMH YCJOBUAMU

0 _ —iwt 0 _
Azo_u’oe ’ %:OO_O, (2)

rje U — CKOPOCTb »KMAKOCTH (Hanpap/eHa napaJieabHO CKOPOCTH KOJeB.Io-
weficsl MOBepPXHOCTH), M/ ¢;

V — KHHeMaTHhudecCcKasad BA3KOCTb 2KUIAKOCTH, MQ/C;

Uy — aMILJIMTyAHas CKOpOCTb, M/C;

a, — aMIJINTyda H prrOBaH qacToTa KOJI€6aHI/If/)I TBep}Ioﬁ HOBerHOCTI/I,
M, '

X — KOOpIMHATa BIOJIb OCH, HAallPABJEHHON MepPIeHIUKYISPHO KoJebatoiien-
Csl TIOBEPXHOCTH;
t — BpeMm4, C; [ = \D
Pelienvie naHHOro ypaBHeHHS B BeleCTBEHHbIX BeJUYMHAX MPeNCTaBJIs-
eTcsl B BUIe
v=uge Scos(x/8-wt), (3)

rie 8 =4/2v/ @ — mapaMmertp, onpene/sOWIKE TJyGHHY MPOHUKHOBEHHS BOJ-
Hbl, BO3HHKAIOLIEN B HAMPABJIEHUH OCH OX. 31€Chb HHTEHCUBHOCTb KOJeGaHUN
NoJ IeACTBUEM MOJIEKYJISIPHON BSI3KOCTH MajaeT BAOJb OCH OX MO KCIIOHEHTe.

B paccMoTpeHHON Monesu MpearnoaraeTcst JaMUHAPHbBIM PEKUM IBHKE-
HUS KUAKOCTH, a CaMO IBMKeHHe — Oe3blHEePLHOHHBIM.

Ha npaxTuke npu uccienoBaHUM MOBEIEHUS XKUIKOCTH HEOOXOIUMO YUH-
TBIBATb HA/JWYHe OTPAaHUUYMBAIOLIMX ABHUKEHHE TBEPHABIX IIEPOXOBATBIX CTe-
HOK, MPUCYTCTBHE HEOTHOPOTHOCTEH B peabHOM »KUIKOCTH, OTKJIOHEHHE OT
UIeabHOrO IMJOCKOTO ABHUKEHHs TBEPHOH MOBEPXHOCTH U T.1. [lepeuncren-
Hble (PaKTOPBI, KaK MPaBUJIO, TOPOKIAIOT MyJIbCALUH KUAKOCTH, TPAHC(POPMHU-
PYIOT MX MHOTOKPAaTHBIMH OTpPaKeHHSIMH OT CTEHOK W BJIMSHHEM Je(eKTOB
CTPYKTYPBI )KMAKOCTH, TaK 4TO 0011asi KApPTHHA MOXKeT pacCMaTpHUBaTbCS HC-
KJIOUUTENbHO KaK Pe3yJabTaT CjydalHbiXx coObiTHi. Bosee Toro, aBrops [3]
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paccMaTtpuBas B MIeasbHOU NMOCTAHOBKE MPOLECC BOBJEUEHHS HelOABHUKHON
JKMIKOCTHU B IBHKEHHEe C MOMOLIbI0 KOJeOJIOLEeNCs B CBOGH IJIOCKOCTH I10-
BEPXHOCTH M YYUTBIBAs] TAHTeHLHaJNbHbIE PA3PbIBBI CKOPOCTEH, MOKA3bIBAIOT,
YTO 3TO BeeT K MOSIBJAEHHI0O HOPMAJbHBIX 110 OTHOILEHHIO K TBEPAOH MOBEPX-
HOCTH COCTaBJISIIOIIMX CKOPOCTEH KUAKOCTH U B KOHEUHOM UTOre HeyCTOHUH-
BOCTH TEUeHHS.

[TosTomy nsist onMcaHus MpoLeccoB, B KOTOPHIX CYILIECTBEHHO MPOSIB/ISET-
cs BJAUsHUAE (PAaKTOPOB, HAPYILIAIOLIMUX YCTOUUUBOCTD XKUAKOCTH, €CTECTBEHHO
UCIIO/Ib30BATh BbIPAXKEHUS], CBS3aHHbIE C TypOYJEHTHBIMH TEUEHHUSIMH.

C yueToM 0OLIMX MpeNCTaBIEHUH O BO3MYLIEHHUSX B KMIKOCTH, a TAKXKe
pesyJbTaToB IKCIIEPUMEHTOB, MPEACTaBIeHHbIX B padoTe [1], chopmymupyem
3aja4yy O MOBeIEeHUHU I10Jisl, BO3MYLIEHHOIO KOJ/1eOJI0ILeNCs MI0CKON MJIacTH-
HOH, U IOCTPOUM YIPOLIEHHYI0 MaTeMaTH4ecKylo MoOjeJ/b, OMNHCBIBAIOLLYIO
JAHHBIA TIPOIIECC.

[IycTb myiocKas miacTuHA, COMPUKACAIOILASICS CBOEH TOBEPXHOCTBIO C XKU/-
KoCThIO (BOZIOK), HaXonsILIe st B eMKOCTH B BHIIE TapaJliesienuieaa, Koaes,ier-
Csl BIOJIb TOPU3OHTAJNBHOH MJIOCKOCTH MapasljiesbHO BEPTHKAJNbHBIM CTEHKaM
eMKOCTH. Pacro/sioxKum nekapToBy MpsiMOYTOJIbHYIO CUCTEMY KOOPAWHAT TaKUM
o6pasom, uToObl OCb 0x Oblia HalpaBjJeHa BHU3 MEPIEHIUKYISIPHO MOBEPXHO-
CTH IJIACTHHBI, @ OCH OY U 0Z HAXOAUJIHUCh HA TOBEPXHOCTH, COMPUKACAIOIIEHCS
C XKUOKOCTbIO, MIPUUYEM OChb Oy COBIajfajna C HarpaBjeHUeM KojebaHuid. s
OMMCAHMs AAHHOTO Mpoliecca OyaeM HCIOJb30BaThb B KaueCcTBE MaTeMaTHue-
CKOU MOJeNH ypaBHEHUs THUAPOAMHAMHUKU B (opme PelHosbaca.

Cunras mpolecc KBa3MyCTAaHOBHBIIMMCS, NpeHeOperass MOJeKYJspHOH
BSI3KOCTbIO 110 CPaBHEHMIO C TYpOyJeHTHOH ICEBIOBSI3KOCTbIO, a TaKXKe HC-
KJIK04asi BO3MOXKHbIE LMPKYJ/ISLUUOHHbIE TedeHus (mosarast, 4To CpemHsist CKO-
pOCTb TeYeHHsI paBHA HYJII0), MOXKHO 3alHcaTh ypaBHEHHE

op 0 ,
_i——(puiuj)-i—)(i =0, (4)
ox;  0x;
TIe p — CpenHee 10 BPeMEHH CTaTUYeCKOe NaBJeHHe KUAKOCTH, [la;

— IJIOTHOCTB KHUAKOCTH, Kr/ M
U/, uj — COCTaBJSAIIIME MyJbCAIMOHHOH CKOPOCTH JKHMAKOCTH, M/ c;

X, — npuBeaeHHble K 00beMy MaccoBble cuJbl, H/wm®.
Kak 06bIuHO, M0 MOBTOPSIIOIIEMYCS MHIEKCY MPOU3BOAMTCS CYMMHPOBA-
Hue. B mpoekuuu Ha ocb 0x cooTHouenue (4) Gymer uMeTb BUL:

_87[7_5 2 _Q pu)’cu'y —Q pu)’cu"z +pg=0. (5)
oy 0z

R uX
ox Ox P

YuuTBIBask MHOTOKPATHOCTb OTPaKeHWH IMyJbCALMOHHBIX KOJeOaHWH OT
CTEHOK, a TaKyKe CHMMETPHIO BO3MYIIAIOIIETO BO3AEHUCTBUS C NOCTATOUHOU
JJI51 TPAKTUUYECKUX OLleHOK TOYHOCTBIO, MOKHO TOBOPUTH O MOCTOSIHCTBE CpeJi-
HUX TypOyJEeHTHbIX HAanpsiKeHWH BAOJb OCEHd Oy U 0Z, T.e.

O puuy |=00 2 pulul |=0. 6)
oy 0z

Torna ypasuenue (5) mepenuiuercst B BHue

op 0| o
- ——|puy |+pg=0 (7)
o  ox pu, pg
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WJIK, nepexonsd K 0OBIKHOBEHHOU HpOH3BO,U,HOﬁ:
d({_ —
| p+pu? |=pe (8)
dx

[Tocsie WHTerpuUpoOBaHUS MOJYUUM
p +pul =pgx. (9)

HCHOJ’[I:SYH 9KCIIEPUMEHTAJIbHbIE TTOKA3dHUA NaBJCHUS ﬁ B 3aBHUCHUMOCTH
OT paCCTOAHUA N0 IJIACTUHBI BAOJb OCH OX [1], MO2KHO IMOJYYHUTb HOIIO6Hy}O

3aBUCHUMOCTDL OJid BEJHYHHDI LL)?.

EcTecTBeHHO BO3HMKaeT Bompoc 00 00/1aCTH NPHUMeHEHHs BbILIEeIpUBe-
JIEHHBIX 3aBUCHMOCTEHN, TeM 6oJjiee UTO Ha TPaHUIlE C TBEPAOH MOBEPXHOCTHIO
NPOUCXOISAT IJIOCKHE KoJieOaTesbHble ABHXKEHUS KUAKOCTH. Kak mokaszasa
5KCIIEPUMEHT, MPOCTPAHCTBEHHAsH TYPOYJIeHTHOCTD (Ha uuKe COCTABJISIONIUX
NMy/IbCALME BIOJIb OCH 0X) BOSHMKAET YK€ Ha PACCTOSHUH HECKONbKUX MUJLIH-
METPOB OT MOBEPXHOCTU T/ACTHUHBL. [Ipy oLeHKe BJIUSHUS MOJS HA HAXOAS-
LIyI0Cs B HEM YaCTHIY 3TOT Y4aCTOK, €CTECTBEHHO, HeOOXOIUMO YUHUTHIBATh.
C 1pyro# CTOPOHBI, MJIOCKOE IBHKEHHE HA IPAHUIIE C TBEPLOH MOBEPXHOCTHIO
M03BOJISIET MOJIYUUTh YIeJbHOe 3HaUeHHe KHHETUYeCKOU SHEPTUH IBUKYIIEH-
Cs KHUAKOCTH npu 3HadeHuun x = 0.

B nanHol 3amaue MOXKHO NPEANOJI0KHTb, YTO yYMeHblIeHHe UHTEeHCUBHO-
CTH TypOYJIEHTHBIX MyJibCAUUH TPOUCXOIUT TOJBKO B HalpaBJjeHUuHU ox. Torna
KUHeTHYecKast dHeprus TYpOyJNeHTHBIX MyJbCalUd B 0ObeMe IKCIEepPUMeH-
TaJbHOU YCTAHOBKH paBHA

C u'g
E:ABJ 3p == dx,
22

rie A, B — ropusoHTa/bHbIe pa3Mephl eMKOCTH, B KOTOPOH MPOBOMUICS IKC-
MepUMeHT, M;

C — rayOHHA >KUIKOCTH B €MKOCTH, M.

u?

3aBucuMocTb p—— =@ (x) MOXHO mosyuuth U3 pewenus (9), ucnoabsys

9KCIIepUMEHTAaJIbHbI€ NAaHHbIE IO U3MEPEHHUIO CpeaHero CTaTH4eCkKoro naBJie-
HHsA Ha pasJHMyHBbIX PACCTOAHUAX OT KOJIeOJIIOIIEACST TIJIaCTHHBEI.
CneﬂyeT HUMEeTb B BUAY, UTO B TOUKe X = Oc y4eTOoM YyCJA0BHUA NPUJIUTIaHUSA

2
x=0 2’

rae V, =2nfa — aMmuTyaHas CKOpOCTb, M/ c;

[ — uacrora Ko/JieGaHUU TJIACTHHBI, 1/c;

a — aMIUIATyAa KoJeOaHWUW IMJIACTUHBI, M.

[TosmyyenHast ¢ HMCroMb30BaHHEM 3SKCIIEPUMEHTAJbHBIX JAHHBIX 3aBHUCH-
MOCTb MHTEHCHBHOCTH TYpOYJEHTHbIX MYJbCallMH OT PAaCcCTOSHUS 10 KoJeb-
Jiollelcs TJIAaCTUHBI M03BOJIUT pacCuUTaTb 3HAaYeHUs CHUJbl TypOodopesa,
NeHCTBYIOIIEH Ha OQMHOYHYI YacTHIly, HaXOMALLYIOCH B NaHHOM mose [4].
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. A. XAPJIAMOB, npenon., A. . KPUBOUIEWH, kaua. texd. HayK, gou. (Cu-
6upCcKasa rocylapCTBEeHHAass aBTOMOOHMJIbHO-IOpPOKHas akagemus, I. OMCK)

NH2KEHEPHAYd METOOHUKA
PACYETA ITPUBEJEHHOI'O COIIPOTUBJIEHUA
TEILJIONIEPEJAYE CBETOIIPO3PAYHBIX KOHCTPYKIINHA
C YYETOM KPAEBBIX 30H

V3/105KeHbl OCHOBHbIE IMOJIOXKEHHST MHXKEHEPHOH MEeTOIWKH pacyera MPHUBEIEHHOr0 COMpo-
THBJIEHHUS Teljionepeaaye CBETONPO3PauHbIX KOHCTPYKLHMH, OCHOBAHHON Ha MCIIO/JIb30BAHUH H3-
BECTHbIX XapPaKTEPUCTHK NMPOMHUIbHBIX CUCTEM U CTEKJIONAKETOB, C BBEIEHHEM JIMHEHHOTO KO3(]-
(uLyeHTa TenJonepenayd KpaeBoOH 30HBI, MO3BOJSIOUIET0 YYUTBIBATD OCOOEHHOCTH TEINJOBOTO
pexuMa OCTeK/EeHHs B KpaeBbIX 30Hax. [IpoaHa/su3upoBaHbl (haKTOPbI, BAUSIOLIME HA 3HAUEHHE
JIMHERHOr0 KO3((ULHEHTa TemJonepesayl KpaeBOH 30HBI, NpPHUBEIEHbl MPUMEDPBl PACUYETOB.

[IpuBeeHHOE COMPOTHB/ICHHE TeMoNepeaaye ABAAETCS ONHHM M3 OIpe-
NeJIIOIIMX [I0KasaTesell COBPeMEHHBIX CBETONPO3PaYHbiX KOHCTPYKUKK. Tpe-
Gyemast BeJMUMHA 3TOTO MOKAa3aTe/sl M3MEHSIETCS B JOCTATOUHO LIHPOKMX
npenenax [1] u savactyro npenonpesenser BLIGOP TOrO MM HHOTO KOHCTPYK-
THBHOTO DeIIeHHUS.

B macrosiiee BpeMsi OLeHKa MPUBEIEHHOTO COMPOTHBJIEHHS CBETOIPO-
3pauHbIX KOHCTPYKIHMH MPOM3BOAUTCA B OCHOBHOM IO pe3ysbTaTaM HCIbITa-
HUI B KiuMaThdeckod kamepe cornacto [OCTy 26602.1-99 [2]. Pacuernbie
METOJIbl OTPaHHYMBAIOTCS MO0 TepecyeToM Pe3yJabTaToB MCIBITAHHE C yde-
TOM OTHOILIEHHS IJIOIIAAH OCTEKJEHHs K TJIOWAIu OKOHHOro 6soka [2, 3],
160 MOJIe/IMPOBAHUEM TEMIEPATYPHOTO PeXKUMa KOHCTPYKIHMH C TPUMEHeHH-
eM CIelHaJbHBIX KOMIBIOTEPHBIX MPOrPaMM pacyeTa ABYX- HJIH TPeXMepHbIX
TeMnepaTypHbIX noaei [3, 4].

BwmecTe ¢ TeM Ha MPakTHKe AOCTATOYHO YAaCTO BO3HUKAET HEOOXOIUMOCTh
ONepaTUBHOK OLIEHKH TEMJIO3alIUTHBIX Ka4eCTB CBETOMPO3PAUHBIX KOHCTPYK-
WU Pa3JUUHOTO KOHCTPYKTUBHOTO pelLIeHHUs, aHaau3a 3(PPEKTUBHOCTH TMPH-
MeHEHH$s TeX HJIM MHBIX MPO(HUJIbHBIX CHCTEM, CTEKJIOMNAaKeTOB, NUCTAHIUOH-
HBIX PaMOK M T.II.

HsBecten psip pabot B 310k obsactu [5—7]. Onnako HekoTOpbIE M3 HHUX
OTPaHHUUMBAIOTCS PACCMOTPEHHEM TOJBKO CBETONpPO3pauHok 4acTh (cTekJio-
NakeToB), APyrHe He MO3BOJSIOT yYecTb BeChb KOMIIEKC (haKTOPOB, BJHSIO-
IIMX Ha TENJo3allMTHble KauecTBa CBETONPO3PAYHBIX KOHCTPYKIIMH.

CHUTyauusi OC/JOKHSETCS ellle M TeM, UYTO HCIBITaHUs MPOMUIbHBIX CHC-
TeM, CTEKJIONAKeTOB ¥ OKOHHBIX GJI0KOB MMEIOT ONpe/e/leHHble MeTOAHYeCKHe
0COGEHHOCTH, 3aTPYAHSIOIIME NPSIMOEe UCIOJIb30BAHUE Pe3y/IbTaTOB HCIbITa-
HUH NPH TPOBEJeHUH PacyeToB. B uacTHOCTH, MPH MPOBENEHHH HCIBITAHUH
NPO(QHUIBHBIX CHCTeM corsacHo [2] cBeTompospauHasi yacTh OKOHHOTO GJ10Ka
3aMeHsieTCsl TeMJIOM30JAALUMOHHON MInTOH. COOTBETCTBEHHO MOJNyYeHHbIe pe-
3yJIbTaThl IPUBEEHHOTO COMPOTUB/IEHHs Terionepenade WK Hempo3payHok
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YacTH OKOHHOTO 0JsioKa (MpO(QUIBHON CHCTeMbI) MOJYYaKTCH HECKONbKO
BbIlIe, YeM IPH aHAJOTHYHBIX HUCIBITAHUSX CO CTEKJ/ONaKeTOM.

B cBoto ouepenb, pe3y/sibTaThl UCTIBITAHUN CTEKJIOMAKETOB, OKOHHBIX GJIOKOB
CYLLECTBEHHO 3aBUCAT OT UX pasMepoB, GOpPMbl, TUIA U MaTeprana AUCTaHLHOH-
HBIX PaMOK, IVIyOMHBI MOCANKK CTeKJ/ONaKeTa B NepernJserax. He roBops yxe o
Pa3/MYHBIX BapHaHTaX 3aroJHEHHS HEMPO3PAauHOM YaCTH OAJKOHHBIX OBepeH.

Llesb 1aHHOW CTATbU — U3JI0XKEHHWE OCHOBHBIX TOJIOXKEHUN UHKEHEPHOU
METOIUKH pacueTa MPUBEJEHHOTO CONPOTHUBJEHUS TelJolepenaye CBETONPO-
3pauyHBIX KOHCTPYKLUMH, OCHOBAHHOW HAa MCMOJb30BAHUH M3BECTHBIX XapaKTe-
PUCTUK NPO(UIBHBIX CUCTEM U CTEKJ/OMNAaKeTOB, C BBeJeHHEM JIMHEHHOro KO-
s(puuMenTa Tensonepenaun kpaesok 3oHbl ¥, Bt/ (M-°C), nossossiomero
YUHTBHIBATh OCOOEHHOCTH TEMJIOBOTO PexKHUMa OCTeKJ/JIeHUS B KPAeBbIX 30HAX.

Mertonrka 6asupyeTcs Ha BbINOJHEHHbIX PaHee UCC/eI0BaHUAX TeMIlepa-
TYPHOTO pexkMMa KpaeBblX 30H [8] W U3BecTHBIX 3aBMcHMOCTAX [4, 7.

CJ10XKHOCTb pacyeTa TMPUBEIEHHOTO COMPOTHUBJIEHHS TelJonepenade Jio-
60l CBeTONPO3pPayHOH KOHCTPYKLUHMH 3aK/l04aeTcsl B ee TelJOTeXHHYeCKOH
HEONHOPOAHOCTH, OOYCJOBJEHHOH Ha/JWYUeM TelJONPOBOAHBIX BKJIUYEHUN
(apmupyroumx npodusel, TUCTAHUMOHHBIX PAMOK, 3aMKHYTBIX BO3LYLIHBIX
NPOCJAOEK U Mp.) U CJHOKHOHW MPOCTPAHCTBEHHOH (POPMBI.

B ofuiem ciydae BesnurMHa MOTEPDb TelJsa yepe3 CBETONPO3PAYHYIO KOH-
CTPYKLHIO @, MPSIMO NPOMOPLHOHANbHA PA3HOCTH TeMIlepaTyp M0 ee CTOpo-
Hbl, TIJIOLIAAY KOHCTPYKUUH F o 1 00paTHO NPOMOPLHOHANbHA €e CONPOTHUBIIe-
HUIO Temsonepenave R

Qu =L (1)
0

THeE fini, Lext — PACUETHBIE TEMIIEPATYPbl HAPYKHOTO U BHYTPEeHHETO Bo3ayxa, °C;
F,, — mowaab OKOHHOro OJI0Ka, M
R$" — npuBeJeHHOe COMPOTHB/IEHHE TellIonepesaue OKOHHOro 6ioka, M2-°C / Br.

Ecnu paccmoTpeTh pacrpefesieHde TEMJOBLIX MOTOKOB U TeMIepaTyp Mo
MJI0IAAH OKOHHOrO 6s10Ka (puc. 1), MOXKHO YCJIOBHO BBIIEJIUTD: OTEPH TEIIa

4
e
jg_p\ /
L
LEL'D; i
tint
i e T e T )
TENANND
My, 0T Yy
X
RERNRRRRRANAD
J'LLLLW—LL Pacnpenenenne
TEMNIOBbLIX NMOTOKOB
Qnep
é
N N i
~ KpaeBas soHa
Mepennetsbl OcrtekneHne —

Puc. 1. PacripegeneHue TenJoOBEIX MOTOKOB MO MJOLIATH OKOHHOTO
6J10Ka ¢ OJWHAPHBIMHU IepeneTaMu U CTEKJ/JIO0NIaKeTOM
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Puc. 2. YupolieHHast cxema paclpefie/ieHdsl TEIUIOBbIX MOTOKOB B
KpaeBOd 30HE OKOHHOTO G/IOKA € OfMHAPHbIMM Mepenyeramu (mist
onpenesenus BeHunuH AQy, u )

yepe3 mepereThl (Hempospaunyo 4actb) Que,; MOTEPH TeM/Id Yepe3 CBETO-
MPO3PauHYI0 4acThb Q,; AOMOJHUTENbHbIE IOTEPH TeMJIA B KPaeBbIX 30HAX —
Ha yyacTKax CONPSKEeHHUS MepPerieToB ¢ 3aMoJHEHHeM CBETOIIPO3PAauHOH yac-
tH AQ,, (puc. 2).

CymMMapHBle TIOTEpPH Tell1a Yepe3 OKOHHBIA OJIOK B 3TOM C/Iyuyae MOXKHO
NPeICTaBUTh B BHAE CYMMbl OTHEJBbHBEIX TEIIONOTEPb

QOK = Qnep + QOCT + AQKp- (2)

HOCKOJIbe COIpA2KEeHHE OCTEKJIEHHS W IMEePEelJeTOB OKa3blBA€T BJAUSHUE
KaK Ha [epemnJseTbl, TaKk U OCTEKJIeHHEe, TO BEeJUYHUHY AQKp MO2KHO Mpencta-
BUTb B BHIE

AQyy =AQ" + AQYT, (3)
rae AQ" — NOMOJIHUTE/IbHbIE OTEPH Tella B KpaeBoU 30He rnepernJeTos, Br;

AQy" — JIOTIOIHUTE/IbHBIE TIOTEPH TeIIa B KPaeBOU 30He OCTeK/IeHusl, BT,

B nanHOM ciyuae mom ClIOBOM «JIOMOJHUTEJNbHbIE» MOHUMAIOTCS TOBBI-
ILIeHHbIe TIOTEPH TelJa B KpaeBOH 30He 10 CPABHEHHIO C LIEHTPAIbHON YaCThIO
CTeKJ/IONAKeTa U C MOTePSIMHU Telia Yepes MeperieThl IPH OTCYTCTBHH OCTEK-
nenus (B coorBerctBun ¢ [OCTom 26602.1-99 npu npoBeneHUH UCMbITAHUM
Npo(UIBHBIX CHCTEM CBETONPO3PayHasi 4acTh 3aMeHSIeTCs TeIJOU30SLHOH-
HOU TIMTOM).

Tako#t monxon OTKpbIBaeT BO3MOXKHOCTH OYeHb MPOCTOrO pellieHHus 3aa-
Yy pacueTta MPUBEIEHHOrO COMPOTHBJIEHHUS TellIoNepenaye OKOHHOrO OJ0Ka
M060# (OPMBI U pa3MepoB Ha OCHOBE HM3BECTHBIX HAHHBIX MO MPOPHUILHBIM

OCT

cucremam (RJ® — B coorsetctBuH ¢ [2]) u crekmonakeram (R§" — ro ueH-

TPaNbHOM TePMHUYECKH OIHOPOAHOH 30HE).
Ecau pacrucatb Beipaxkenue (2) B BHze

Q — tim _text .F = tint _text .F + Ztint _text F+ Z‘int _text (4)

OK nep OCT )

ng R(r)xep R(())CT v. L

114



ocJe HeCJJOXHBIX npeo6pa3013aHHf51 MO2KHO IOJIYUHUTb

Ry =— If ox , (5)
L e L £
Rol'lep RSCT

rie W — MuHEeHHbIH KO3 (ULMEHT Terionepeaadn Kpaesou 30ubl, Bt/ (m-°C);
L — pnnvHa KpaeBOW 30HBI, M.

[Tox KpaeBo¥ 30HOK MOHMMAeTCs JMHEHHbIH y4acToK (30Ha) compsiKeHHUs
3arOJIHEHUS] CBETONPO3PAaYHOH YACTH OKOHHOrO OJI0Ka C TepernseTaMu.

®dusnyeckust cmpica1 ¥ — yBesauueHue Kod(pduLHUeHTa Temjonepenayu
CTEKJIONAKeTOB U Meper/eToB B KPaeBbIX 30HaX, OTHECEHHOE K UX JIMHEHHbIM
pasmepam.

B o6uewm cayuae (cum. puc. 2) Beauunna W MoxeT ObITb NpPeCTaBJIeHa B
BUJE

\P = AQKP/[(tint - tex‘[)'L] . (6)

CJ/10KHOCTb peasii3allii BbILIEU3/102KEHHOTO0 110X0/1a 3aKJ/I04yaeTcs B He-
00XOMMOCTH YCTAHOBJEHHUS 3aBUCUMOCTH BeJUUMHBl ¥ OT THUMa cTeKJomaKe-
TOB, TePeIJeToB, MaTeprasna ANCTAHLMOHHBIX PAMOK, IMyOUHbI TOCANKH CTEK-
JIOTIAKETOB B MepensieTax M IMp.

Pertenue 3Toil 3amaun ObLIO MOJYYEHO HA OCHOBAHHUU CEPUH PACUYETOB
OKOHHBIX 6JI0KOB 110 KoMmbioTepHoU niporpamme « TEMPER-3D» npu Bapbupo-
BaHUM psia MapamMeTpoB. B yacTHOCTH:

— K03(pULHeHTa TeNJIONPOBOAHOCTH MaTepHasa IUCTAaHLMOHHBIX PAMOK;

— THIIOB CTeKJIONakeToB (0IHO- U JIBYXKaMepHBIX);

— ryOUHBl TTOCAIKHU CTEKJOMAKETOB B MeperJerax;

— KOHCTPYKTHBHOTO pelleHus Mepernieto (OmMHapHbIE, pasiesbHbIE,
CMapeHHble M T.IL);

— MaTrepuaJja MepernJeTos.

Mertonvika onpene/nenus Beiuunnbl W 3akiouanach B caeyroueM (puc. 3):

— 7151 OKOHHOTO 0J/10Ka OTpeJe/IeHHOr0 KOHCTPYKTHBHOIO pelleHUs OIl-
penensiiuch motepu Temna Q,, B LIeJOM C YUeTOM AOTOJHUTENbHBIX TeIJIOMNo-
Tepb B KPaeBbIX 30HAX;

text=-37°C t,.=-37°C
Creknonaket
MeHononucTupon- 4M1-12-4M1-12—4M1|
/ 5 =236 Mm |
2l i
[
|
I
. |
t=+20°C |
|
|

!
!
!
|
|
!
| t = +20°C
|
!
!
!
|

Puc. 3. Ilpumep pacueTa TeMIepaTypHOTrO pexkHMMa OKOHHOro 6soka u3 [IBX-npodunen mo
nporpamme «TEMPER-3D» ¢ onpenenenvem BennuuHbl P:
Quep = 00124 Br; AQu, = 00119 Br; AQ,, = 00124 +0,0119 = 0,0243 Br; ¥ =0,0243/
[20 = (=37)] 0,01 = 0,0426
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— OTIeJIbHBIM pacueToM OIpefessIuCh OTEPH TelJsa yepe3 MepernsieThl
Qnep TP 3aMOJTHEHHUH CBETONPO3PAYHOM YACTH TEIIOU30/ISALMOHHOM ILIUTOM C
Koa(pduureHtom TerymonpoBoaHoctd 0,035 Bt/ (m-°C);

— OIpefieIJINCh OTePHU TelJa Uepe3 CBeTONPO3PaYHyI0 YacTb OKOHHOTO
6s0Ka Q,., TIPU COTIPOTUBJIEHUH TeIlIoTepeade OCTEKIEHHUSs, PABHOTO COTPO-
TUBJIEHHIO TeIJionepenaye LeHTPaAIbHOU 30HBI;

— 10 pasHocTH (Qu — Quep = Qocr) BBIUMC/ISIACH BEJMUHMHA IOMOJHH-
Te/JbHBIX MOTEPb B KPaeBbiX 30HAX AQ;

— no ¢opmyse (6) paccuutbiBanach BesuunHa V.

Taxo# moaxo Mo3BOJINAI UCK/IIOUHTb HEOOXOAUMOCTD ONpeaeseHUs LIHpPHU-
Hbl KpaeBbIX 30H U CTeNeHH B3aMMHOTO BJIHSHUS CTEKJIONAKeTOB U MepereToB.

[Ipu mpoBeneHHWH pacueTOB 3a4aBajUChb HOPMAaTHBHbIE T'DAHHWYHBIE YC-
noBua (. = 8,0 Br/m2-°C u o = 23,0 Br/m2-°C) cornacuo I'OCTy
26602.1-99.

3HaueHust ¥ 1/ HEKOTOPBIX CTEKJONAKeTOB MPH Pa3iuyHOM KO3(DPULH-
eHTe TeIJIONPOBOAHOCTH AMCTAHLUMOHHBIX PAMOK M MX PasjMuHOM 3arjybse-
HUM B IepernieTax, MoJyyeHHble HA OCHOBAHWH CEPUM PaCyeTOB TeMIepaTyp-
HBIX TOJIeH, MpencTaB/JeHbl B Tabjule, Ha puc. 4, 5.

AHanu3 pe3ysnbTaToOB pacyeToOB MO3BOJIMII CAEIATh CleAYIOIIHe BBIBOIbL:

— Ha BequunHy W cyllecTBeHHOe BJIMSTHME OKA3bIBAIOT THUIM AWCTaH-
LIMOHHOM paMKH, KO3((HULUUEHT TelNONPOBOAHOCTH MaTepHana, U3 KOTO-
poro oHa M3roTOBJIEHA, THI CTEKJOMNAaKeTa U TJyOHWHA €ro Mocaikd B mepe-
nieTax;

— He3HayuTeJbHOE BJHUSIHUE Ha BeJUYUHY ¥ oKas3biBaeT MaTepHal mepe-
nietos ([IBX miu npesecyHa), IUMPUHA BO3AYIIHLIX IPOCJAOEK B CTEKJONAKe-
Tax, KoauuecTBO Kamep [IBX-npodunedt, coyetranus «pama-cTBOpKa», «pa-
Ma-UMIOCT»; 3TUMH NepeMeHHbIMH MOXKHO NpeHeOpeyb;

— B OKOHHBIX 6JI0KaxX C pas3fie/ibHbIMH, pa3/lesbHO-CIIapeHHbIMH U/ Cla-
PeHHBIMM MepernJyeTaMy ¢ IpUMeHeHHeM JIHCTOBOrO CTeK/a, a TakxkKe MpH 3a-
MOJIHEHUW OKOHHBIX TEePErJeTOB TeMJOU30ASIUUOHHbIMU MmiuTamu V¥V =~ 0.

Pacuer mnpuBeneHHOTO COMPOTHBJAEHHS TeIJoNepeaaye OKOHHOTO WJH
JIBepHOro GaJKOHHOTO OJI0KA MO BBIILIENW3/JI0KEHHOH MeTOAHWKE MOXKeT ObITb
BBHIIIOJIHEH B CJEAYIOLIeH MOCJeN0BaTebHOCTH:

— onpepessiiores (3anaoTcst) uCxonHble faHHble (pasMepsl U KOHPUTYpa-
1S PAaCCUUTBIBAEMON KOHCTPYKIMH, XapaKTePUCTHKA 3aM0JHEHHS] CBETOTPO-

¥ v
/1
0,06 0.054]0,0560,057 | 0,060 0,068~
: 0.041| 0,042 oo /1
00415 \ 0,04 L
0,03D 2 0,030
Ji 0,027 0.025
0,02 0,029 ¢ 0,
0.02 0,02 //
2
0 0
0 50 100 150 200 250 0 5 10 15

KoadhpmumeHT TennonpoBogHoOCTH

IMy6uHa nocaaku cTeknonakera
pamku, BT/(m-°C)

B nepennete, MM

Puc. 4. iamenenue Benuuunbl Y B 3aBU-

CUMOCTH OT KO3(pHULHEHTa TemJIonpo-

BOJHOCTH MaTepuasa JAHWCTAHIMOHHOU
paMKH CTeKJomakeTa

1 — ry6uHa nocajky creksonaxkera b =0 MM;
2 — ray6rHa nocanku crekonakera b = 10 mm
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Puc. 5. Iamenenuve Benuuunsl ¥ B 3aBU-
CUMOCTH OT FJ'[y6HHbI nocagKu HABYXKa-
MEPHOTO CTEeKJIOIaKeTa B Iepernserax
O nns tpexkamepHeix ¥ O NATHKaMepHbIX

[IBX-npocusneli; | — mucTaHLUMOHHBIE PAMKH U3
aNIOMUHHKS; 2 — [ucTaHUMOHHble paMKu «TPS»



3HayeHUs JTUHEHHOro Ko3()(PUIMEHTa Temjomepenayu AJs OTHOKaMEpPHBIX
U JByXKaMepHBIX CTEKJONAaKeTOB C Pa3jMYHbIMU THIAMHU AMCTAHIMOHHBIX

paMoK
Besnunna sartyGienns JluHefiHblll K03 (UUMEHT Temnonepesaul Kpaesoi 306, Br/m * °C
cTeKsonakera JIByxKkamepHble, MM OpnHOKaMepHble, MM
B MeperJere, MM 39 | 36 | 40 18 | 924
Jucmanyuonrole pamku — QAOMUHUL
0 0,060 0,062 0,075 0,049 0,056
5 0,048 0,051 0,062 0,038 0,043
10 0,041 0,044 0,052 0,029 0,032
Jucmanyuonnote pamxu — [IBX
0 0,023 0,025 0,033 0,026 0,019
5 0,023 0,026 0,029 0,024 0,019
10 0,022 0,026 0,029 0,022 0,019
Hucmanyuonnole pamxu — TPS
0 0,030 0,033 0,039 0,026 0,025
5 0,027 0,029 0,033 0,023 0,023
10 0,025 0,027 0,032 0,022 0,020

[Ipumeuanue. JJaHHBIe COOTBETCTBYIOT CTeKJ/OMAKeTaM M3 OOBIYHOTO CTeKJa C KO03dd-
¢duuventoM smuccuu 0,8 IpU 3aMoNHEHMH MeXKCTEKOJbHOI'O MPOCTPAHCTBA BO3LYXOM.

3pauHOU YacCTH, THI AUCTAHLUMOHHBIX PAMOK, KOHCTPYKTHBHOE pelleHue Tepe-
TJIEeTOB, TyOMHA MOCAAKU CTEKJOoNakeTa B Meperuiere);

— M0 CIPaBOYHBIM AAHHBIM HUJIM TPOTOKOJIAM HCIIBITAHUH OTpeNessoTCs
NpUBEJIEHHOe COMPOTHUBJIEHHE Terionepenade npohuIbHON cucTeMbl (mepe-
n1eToB) RJ®P W LEHTpaNbHON 4YacTH ocTekaeHUst R§";

— TI0 CNPaBOYHBIM TabJuLaAM oTlpejessieTcss BennunHa W,

— B COOTBETCTBUU C UCXOAHBIMHU JAHHBIMU paccuuThiBaTcs L, Fo Fo..
F

nep»
g no qopmyae (5) paccuuTeiBaercs BeanmurHa RE*.

IIPUMEP 1. Onpenenthb NpUBeIeHHOE CONMPOTHBJIEHNE TellJIoNepeade OKOHHOTO 6JI0Ka
u3 [I1BX-npocunent pupwmsl «Plafen» cepun «S-Line» OIT OCIT 12-8 TOCT 30674-99 ¢ nByxKa-
MEepHBIMH cTeKJonaketraMud U3 obbiuHoro creknaa CITI 4M;-12-4M;-12-4M; TOCT 24866-99
(puc. 6, a). JIMCTaHUMOHHBIE DAMKH CTEKJIOMAKETOB — W3 AJIOMUHHS.

[IpuBeneHHOe compoTHB/IEHHEe Teljonepenade NPOQUIbHON CHUCTEMBl —
oo pesyJabTaTaM HUCIBITAHUU B KJAHMaTHYE€CKOH KaMepe B COOTBETCTBHUU C

a) 6 10 760 180 480 110
I 1 L
S RH T _E
= s
R [y
I Q
& i S
- VAN -
2 A0 Yl 8
| N \ [aY
o1 4 — |lo1
~ M ~—
i (=}
(2}
y h o]
; ~ A [ ot / [
L S [§Y B NIk d
20| 610 1129 =]
850 900 I1d 480 | [110

Puc. 6. OcHoBHble pa3Mepbl oKoHHOTO Osi0ka U3 [IBX-npodunen «Plafen»
cepuu «S-Line» (a) nis npumepa 1 u aepHoro GankonHoro 6Joka (6) as
npumepa 2
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TOCTowm 26602.1-99 — R} = 0,84 m?-°C/Br. [IpuBeseHHOe COMPOTHBIIEHUE

TernJionepeaaye EeHTPaIbHOH 30HBI CTeKI0nakeToB — R{" = 0,53 m?- °C/Br.

B cooTBeTCTBHH C MCXOAHBIMU AaHHbIMK (cM. puc. 6) onpenensiem: Fo, =
= 1,063 mM% Fo, = 0,616 m% F,, = 0,447 m% L = 3,24 m.

[To Tabauie mpuHUMaeM JJIsl IBYXKaMEPHOTO CTeKJOoMakeTa ¢ TUCTaHIIU-
OHHBIMM paMKaMH u3 amoMuHus  ~ 200 Br/(m-°C) npu ray6uHe mocaiaku
cTekJonaketa B mepemyaerax b = 5 mm, ¥ = 0,05.

PaccuutbiBaem BeJMUUHY TIPUBENEHHOTO COTIPOTUBJIEHUS TeTlonepeaaye
OKOHHOTO 6Ji0Ka B LEJIOM:

= 5’10663 =057 M2 °C/Br.
’ + = +0,05-3,24
084 053

ITo pesysbTaTam HUCNBITAHUN AHAJOTUYHOTO OKOHHOTO OJI0KA B KJAUMATH-
YeCcKOH Kamepe BeJMUMHA MPHUBENEHHOr0 COMPOTHUBJIEHHUS Telonepenaye co-
craBuna: R " = 0,59 m? - °C/Br. PacxoxeHue ¢ pe3ybTaTaMu pacueToB
A= 34%.

IIPUMEP 2. Onpenenuth NpuBeeHHOE CONPOTHBIEHHE TEIJoNepenaue IBepPHOro Hal-
KOHHoro 6/10ka u3 [IBX-npoduieit pupmsl «Plafen» cepun «S-Line» ¢ 1ByXkaMepHBIMH CTEKJIO-
nakeramu CIT] 4M[-12-4M-12-4M| TOCT 24866-99. Huxusist yacTb OaNTKOHHOU JIBEPHU 3a-
TMOJIHeHA TerIOM30AMOHHON TnuTol «Stadurs Tonumuo# 36 mMm (cm. puc. 6, 6).

[IpuBeneHHOE COMPOTHBJEHHE TemJonepenade NPopUIbHONH CUCTEMBl —
Ry =0,84 M2 - °C/Br; creknonaketoB — RS = 0,53 m2- °C/ Br; Tenouso-
JALUMOHHOM muThl «Stadurs — R¥™ = 1,26 m2-°C/Br.

B co0TBETCTBUH C MCXOIHBIMH TaHHBIME ompenesseM: Fgq, = 2,730 m?;
Foer = 1,643 M?; Fre, = 0,904 M%; Fp = 0,283 M2 Lo, = 7,44 M; Loy, = 2,14 M.

[lo rabauue nas ABYXKAaMEpPHOTO CTeKJOMakeTa € JUCTAHIIMOHHBIMH
paMKaM¥ U3 aJIOMUHHUS TPU TJyOWHE MOCAIKK CTeKJOoNaKeTa B Mepernerax
b=>5wmMm, ¥ = 0,05. s Tenson30gUMOHHON IIJIUTHI B HUKHEH 4yacTH OaJ-
KoHHOU nBepu ¥ = O.

PaccuntbsiBaeM BeJIMUMHY NIPHUBENEHHOrO COMPOTUBJ/EHUS Telsonepenaye
6aIKOHHOTO 6JI0KA B IEJOM:

o _ 273
* 70904 L1543 0283
084 053 126

=0,60 m2 - °C/Br.

+0,05-7,44
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YIK 624.072.014.2

A. 1. CAITIO2KHHUKOB, x-p dunoc., npoc., A. . MUIIINYEB, x-p TexH. HayK,
npod. (AcTpaxaHCKU WHKEHEPHO-CTPOUTEIbHBIA HHCTUTYT)

YCTOUYHUBOCTb U HAIPI2KEHHO-IE@OPMHUPOBAHHOE
COCTOSHHUE JIBYTABPOBOU METAJIIMYECKOM BAJIKH
C OTBEPCTUAIMH B CTEHKE IIPHU JEVICTBUHU
MONEPEYHOW PACHPEIEJEHHON HATPY3KH

PaccmoTpeHbl ycTOMYHMBOCTb U HANpsKeHHO-Ae(OPMUPOBAHHOE COCTOSIHHE IBYTaBPOBOU
6asKki, ocsabJeHHON BbIpe3aMHM, PaclosoKeHHBIMU BJOJb OalKH MO ee oceBOH JMHUM. Hau-
6oJIblliee BJIUSHUE HA TPOYHOCTh U YCTOMUUBOCTb CTEHKH OaJIKW OKA3bIBAIOT OTBEPCTHUS BOJIU3U
ee Omop, B 30He MaKCHMAJbHBIX KacaTeJbHbIX HaIpsKeHUH.

Mertannudeckue 6anku IByTaBPOBOU MK KOPOOUATOW KOHCTPYKLHH IIH-
POKO HCIIOJIb3YIOTCS B CTPOUTENbCTBE U NTePEKPHIBAIOT 3HAUUTEJIbHbIE TTPO-
JaeTbl. VX cTeHKa, XOTS MOXKET UMeTb BBICOTY A0 2—3 M, OCTaeTCs TOH-
KOU, CIOCOOHOH TepsiTb YCTOMYMBOCTb MPH HArpy3kax, HaMHOI'O MEHbIIMX
npefe/bHbIX A5 6anky B LesoM. TeM He MeHee CyLIeCTByeT He0OXOAUMOCTh
YCTPOHCTBA TEXHOJOTHYECKHUX OTBEPCTUH B CTEHKe B Pa3/IMUHBIX MecTax Io ee
noBepxHocTH [1], BbI3bIBaOIIMX elle GoJbliee CHUXKEHHE YCTOMYHBOCTH H
IIPOYHOCTH OaAJIKH.

[InacTvHa BOKPYr OTBEPCTHH B HUXKHEH WJM BepPXHEH YaCTH CTEHKH
6a/IK1 BBICOKOTO CeYeHHS UCIbIThIBAET PACTsKeHHe UJIM CXKaTue, a MPHU pac-
MOJIOKEHUH OTBEPCTUH MO 0CEeBOU JUHUM Oalku — 06a BULA BO3AEUCT-
BUS OfHOBpeMeHHO. B6/M3u onop 06/1acTh CTEHKH BOKPYT OTBEPCTHS TIOMaaa-
€T OJHOBPEMEHHO MOJ AeHCTBHE IJIaBHBIX PACTATMBAIOILUX U CXKUMAOLIUX
Hanps>KeHWH, UTO He MOXKET He Bbi3BaTh 3aMeTHoro uaMeHenus HJIC
cTeHKM. B naHHOW paGoTe mpuBeneHa cepUsl YUCJEHHBIX 3KCIEPUMEH-
TOB 10 aHAJMM3y YCTOMYUBOCTH M MPOYHOCTH CBApPHOH ABYTaBPOBOH Liap-
HUPHO OnepToy 6a/Ku ¢ MaJbIMH U OOJNBLUIMMU OTBEPCTHUSMH, a TaKXKe MPHU
UX Pa3HOM KOJMYeCcTBe U 6e3 HUX; KpOMe TOTO, MPH HAJUUNN U OTCYTCTBUH
nomnepevyHelx pebep Mo AJauHe OaTKH.

[Ipumem a/1s1 uccaef0BaHUS IBYTaBPOBYIO OanKy U3 MajoOyT/ePOAUCTON
cTasv ¢ mapaMmetrpamu: ajauHa 6anku L = 12 m, obwas Beicota A, = 1160 MM,
TOJILIMHA CTeHKH f., = 10 MM, mmpuHa U To/umHa ook B, = 380 Mm u ¢, =
= 20 mM. Banka mapHUpHO omepra Ha OMOPBI B BHIE IMJIOCKUX TOPLOBHIX pedep
TPaIULMOHHON KOHCTPYKUMHK. Ha GasKy feficTBoBana BepTHKaJbHAS IOTOHHAS Ha-
rpyska g = 150,0 kH /M. [opr30HTaIbHOMY CMeLIeHH IO BepXHeE MOJIKHU TIPerNsTCT-
BYeT MpeANoaraeMblil TOPU30HTANBHBIN HACTUIL. B cHsly cUMMeTpUH KOHEUHO-3.1€e-
menTHast Mogesb (KOM) crponnach mist MooBUHbBL ANUHBL Gaiku. LIeHTpsl 0K-
PY2>KHOCTeH OTBEPCTHUH PACIHOJIOKEHBI 110 AJHHE HA PacCTOSHUAX 1, 3 U H M
0T omop OaJjKHu.

Maunble oTBepcTHs B cTeHKe BbiosHsAAUCh R = 0,125 M, Gosblire —
R = 0,3 M; oHM pacnojiarajquch mo ocu 6aiku. [lonepeyHrle pe6pa cedeHHeM
h b =356 16 MM XeCTKO 3aKpeNJsiJIuCh MEXKIy OTBEPCTHUSMHU Ha PaccTosi-
Husax 1,8 u 3,8 M ot Topua 6anku. KIM nns 6anku ¢ oTBepCTUSIMH CTPOHU-
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Ne Ry, |Tlomepeunsie| Yuesio orBepeTuit [Tapamerp JlaHHble CTaTHYECKHX PacueToB
.11 M pebpa Hal/2 L YCTOHUYUBOCTH vm, MITa | TTy, mm |, MIla
1 0,125 Her 3(6) 1,206 239,58 14,7 176,7
2 0,30 Her 3(6) 1,001 358,54 16,6 170,3
3 0,30 Ectb 3(6) 1,087 346,40 16,6 169,7
4 0,30 EcTpb 2(4) 1,291 293,76 15,6 171,9

[IpumeuaHue. y, — HauboJblIKE HANPsKeHUs 110 Mu3ecy B CTeHKe; ., — HanO0/b-
1IHMe CKMMalollye HanpsiKeHus B 1oJkax; 77y — HauGoJblke cyMMapHble epeMelleHH s LieH-
TPa/IbHOTO CeUeHHs]; B UeTBEPTOH N03UUMH OJMKallIMe K OIopaM OTBEPCTHSI OTCYTCTBYIOT, B
cKoOKax YKa3aHO YHCJIO OTBePCTHH M0 BCeH NJHMHe GasKH.

JIaCh C UCIOJIb30BaHUEM JHUHEHHbIX d1eMeHToB BAR u miockux PLATE. Pewre-
HUe 3a1ady NPOBOJUJIOCH B PaMKaX JUHEHHBIX TEOPUH YIIPYTOCTH U YCTOWUH-
Boctu gpedopmuposanuss MKD B CAE-cucreme FEMAP-NASTRAN [3, 4].
Pasmepbl ¥ THUI KOHEYHBIX 3/1€MEHTOB, 0COOEHHOCTH pa3bHeHUs 00/acTH
Ha KO, B ToM unc/ie Ha ydacTKax Mpe.roJaraeMblX BBICOKHX TPaiveHTOB
HaNps2KeHUH, NPUHUMA/IUCh U3 COOO0paKeHUH OJM30CTH 3HaUEHUH CpPelHUX
U MaKCHUMaJIbHbIX HaNpsKeHWH B 3dJIeMEHTax.

B nepByto ouepenb 6bli1 npousBeneH moadop MOTOHHOM HArpy3KH, OTTaJl-
KMBasICh OT MCXOMHOH ,o = 150 KH/M, cooTBeTCTBYyIOLIEH pacyeTHOMY Ha-
npseKeHHOMY cocTosiHuio. [Ipu 3TOM mpuUHUMaJIOCh, YTO OTBEPCTHUS] B Oajke
OTCYTCTBYIOT. PacueT Ha yCTOHUMBOCTb [10KA3aJ, YTO MapamMeTp yCTOHUHUBOCTH

= 0,92, T.e. ycroiiuuBocTb neopmMrupoBaHus He oOecreueHa. CienoBaresib-
HO, [UIsl CTATUYECKOro aHaln3a MPOYHOCTH HeOOXOAUMO ObIJIO CHU3UTh YPOBEHb
MIOrOHHOH Harpys3ku. B HamMeueHHOH cepuM UMC/IEHHbIX SKCIIePUMEHTOB Haubo-
Jiee cnaboy fBJsIACh KOHCTPYKLMS € OOJBLIMMU OTBEPCTUSMHU 0e3 romepey-
HbIX pebep. AHa/mU3 1Mokasan, YTO KPUTHUECKUH yPOBEHb YCTOMUYHMBOCTH > |
IS 3TOH KOHCTPYKLMH obecreder npu ¢ = 107,1 kH /M. [lanbHefimune pacue-
Thl ObIJIM NTPOBeeHBl UMEHHO /ISl 3TOT0 YPOBHS HAarpy3kH U OTpaxKeHbl B Ta0J/I1-

a)

Puc. 1. Tlons nanpskeHu#d no Mwusecy Ha ne(pOpPMHPOBAHHOW TOBEPXHOCTH CTEHKH OasKH
a — mpu otBepcTusix ¢ pamuycom R = 0,125 m; 6 — npu orBepctusx ¢ paauycoM R = 0,3 M
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ue. [Tpu aToM crefyeT oTMeTHTb, UTO PH HCXOAHON HArpy3Ke yCTaHOBKa IOMe-
peuHBIX pebep ¢ napameTpaMH, NMpPUBEJEHHBIMU BbIlle, oOecrednsa yCTOHUH-
BoCTb Ganku 6e3 orteepctuit (= 1,05), HO oKaszanach HENOCTATOYHOM ISt
0aJKu C OTBEPCTHUSMH.

KapTuna Hanpsi>keHHOTO COCTOSIHUSI CTEHKH BOKPYT OTBEPCTHH MOKasa-
Ha Ha puc. 1. [Tose cymMapHbIX nepeMelleHUH OanKu MpU NoTepe YCTOUYH-
BOCTH NpeaCTaBaeHo Ha puc. 2. [lapameTp yCcTOHUHMBOCTH  ONpefessieT Be-
JIMUMHY KDUTHYECKOH Harpysku no gopmyse q,,= ¢. B nepsyro ouepenb Bbl-
TIOJIHAJICS PAacueT YCTOMUUBOCTH M NpH ee obecnedenuu (> 1) nposonuscs
aHa/M3 CTaTHKH.

Paccmotpenue nanHbix Tabsuinsl ¥ noiedt HIIC nokasbiBaet, uto ¢ yBesu-
yeHHeM panuyca otBepcTus ¢ 125 no 300 MM cyliecTBeHHO MOBbILIAETCS YPO-
BeHb HJIC v yMeHbIIaeTcs yCTOHUHMBOCTb OalKU. ¥ CTAHOBKA TMOMEPEYHbIX pe-
Hep MpakTHUECKH He U3MeHseT 3HaueHuH Haubosblnx napamerpos HIC, xors

a)

Puc. 2. Tlons cymMMapHbIX MepeMelleHUH I/ CTeHKH OajKu NPHU MoTepe yCTOHYHUBOCTH
a — B Ganke ¢ orBepcTHsiMM R = 125 Mm; 6 — B Gaike ¢ oTBepctusaMH R = 300 MM
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Puc. 3. Kapruna nehopMrpoBaHus CTeHKH 6aIKH 6€3 OTBEPCTUH NpU TOTepe YCTOHUHBOCTH
a — Oanku Ge3 momepeyHbix pedep; 6 — OGajku ¢ pedGpamu

MPUBOAMT K TepepacrpeeseHno HanpskeHUH B 6anke. [Ipu 3akpuiTun ABYX
KPalHKUX OTBePCTHH (T.e. IPH HAMMUKMK TOJBKO ABYX OTBEPCTHH Ha MOJYIIHHE
6aJIKK) UMeeT MeCTO CYLIECTBEHHOe y/IyullleHHe CUTyalllh KakK B YacTH CTaTH-
4YeCKOH MPOYHOCTH, TaK U B OTHOLIEHUH YCTOHUHMBOCTH. OTMETHM TaKxKe, 4TO
IPU OTCYTCTBHUH IE€PBOrO OTBEPCTHS HaNpsizKeHHe BOKPYT BTOPOTO OTBEPCTHS
HECKOJIbKO YBEJMUHBAETCS, a BOKPYT TPETbEro, HAa0OOPOT, CHHKAETCS.

H3BecTHO, 4TO B ABYTaBpax, KOPOOUATHIX KOHCTPYKUHSAX, UMEIOIIHUX TOH-
KyI0 CTEHKY U Pa3BUTbIe MOJKH, CYIIECTBYET peasbHasi yrposa mnosiBJe-
HUSl 3HAYUTEJIbHBIX CABUTOBBIX AeopMauWil B CTeHKe BOJU3U OT OMOP,
rie KacaTe/bHble Halpsi)KeHUs UMeIOT MaKCHMaJibHble, OJIM3KHe K Mpe-
IeJbHbIM 3HaueHHs M3-32 He3HauUTeJbHOU ee ToJLIMUHLL. [lo 3TOH mpuunHe
ocsiabjieHue CTEeHKH TeXHOJIOTMUeCKUMU OTBEPCTHUSMHU B 3TOH 4acTd OajKu
IOJ)KHO BBI3BaTb 3HAUMTeJbHOE OCJa0JsIollee BAMSHUE HA KOHCTPYKIHIO,
ropasno 6oJiblliee TOTO BJHSHHS, KOTOpPOEe OKa3blBalOT Ha Hee OTBEPCTHS B
LeHTpa/bHON YacTH 6anku. UHCJeHHBIN aHa/IM3 MOATBEPAUJ 3TO MPEAIoJo-
xenue. U3 pacyeros (cm. Tabauiy, Ne 2, 3) caieayer, 4To BOKPYT OTBEPCTHH,
pacroJio’KeHHbIX BOJIM3M OMOp, HeOOXOAMMa YCTAaHOBKA MOAKPENJEeHHs, Ha-
npumep, B Buue KoJel [3].

[lo pesysnbTatam paccMOTpPeHHs] KapTHHBI Ne(OPMHUPOBAHMS TIPH IOTEpe
YCTOMYMBOCTH CTEHKOM GaJIKH ¢ monepeyHbIMU pe6pamu (puc. 3, 6) u 6e3 HUX
(puc. 3, @) MOXKHO OTMETHTD, YTO YPOBEHb Ne(GOpMaLKK GaNKH TIPH YCTAHOBKE
pebep, BOMpeKH CYLIECTBYIOUIUM MpeACTaBJIeHUSAM 00 MX 3HAUUTEJbHOM
BJMSIHUU Ha YCTOWUMBOCTb CTEHKH, CHHU3WJ/ICS JIHIIb HE3HAUUTEJNbHO.

BeiBoabl. 1. YBenuuenue pazmepa orBepctu ¢ 0,125 no 0,3 m npuso-
IUT K CHUXKEHMIO YCTOWUYHUBOCTH CTeHKU B 1,2 pasa, MoBbILIEHHIO Ha-
npsixkenu# B 1,5 pasa.

2. YcraHOBKa MonepeyHblXx pebep He MpHUBeJsa K CyLIeCTBEHHOMY YBe-
JIMUEeHUI0 YCTOMYMBOCTH U He Bbl3BaJsla 3HAUUTE/IbHOIO CHUXKEHUS HalpsizKeH-
HOTO COCTOSIHUSI CTE€HKH OaJjIKH.

3. HanGousee 3arpy>keHHbIM OKasaJjcsl y4acTOK OaJKh BOKPYT OTBEPCTHS,
PAacIoio;KeHHOTO OKOJIO OTIOPHI, B 30HE HAUOOJIBILINX CIBUTOBLIX Ae(opMaLHH.
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4. B uenrtpe 6a/ku, rae caABUrosble feopMallid MHHUMAaJbHbI, OTBEPCTHE
MOUTH He TOBJMSIO Ha HaNpsiKEeHHOe COCTOsIHMe OajiKH.

5. I[lpn nuKBHIAUMK OTBEPCTHS, PACIONO0KEHHOTO OKOJIO OMOpbI, Ha-
Npsi?KeHUs! BOKPYT CJEyIOLIero OTBEPCTHUS YBEJHUHJIUC.
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P. II. MOUCEEHKO, kauja. TexH. HayK, aou. (Tomckuit rocymapcTBeHHBIN ap-
XHUTEKTYPHO-CTPOUTEIbHBI YHUBEPCUTET)

ONTUMHU3AIINA PEBPUCTON IJIACTUHBI
INPHU BbIHY2KJTEHHbBIX KOJIEBAHUNAX

[TokasaHo, 4TO aJrOpUTMbl, pa3paboTaHHbIe Ui ONTHMH3ALUH PeOPUCTHIX MJIACTHH C 3a-
JIAHHOH T1epPBOH 4YaCTOTOH COOCTBEHHBIX KOJeOaHHH, NOCTATOUYHO 3(P(HEKTUBHBI KaK CPEACTBO
ONTHMH3ALMHU TIPU BBIHYKAEHHBIX KOJeOaHUSX, eC/IM OrPAHHUYEHHE 110 YACTOTE SBJISETCS aKTHB-
HbIM OTpaHUYEeHHEM, a OTPaHUYEHHUS 10 POYHOCTH — MaccHBHbIMU. [1pu onpenesneHHbIX ycio-
BUSIX ONTHMaJbHBIA MPOEKT, MMes MHHHMYyM Beca, 0e3 yBeJHueHHMs yuc/aa pebep obnanaer
GoJibllIed MPOYHOCTBIO MO CPAaBHEHHIO C HEONTHMAJbHBIM MPOEKTOM.

B crarbax [1, 2] npuBopsiTcs paspaGoTaHHble aBTOPOM AJrOPUTMBbI ONTH-
MHU3aLUU PeOPUCTBIX TJACTHH MPU OTPAHWUYEHHHU MEePBOM YACTOThl COOCTBEH-
HbIX KosiebaHui. [IpuknagHoe sHayeHHe ONTUMHU3ALUU KOHCTPYKLUHUH B pexKu-
Me COOCTBeHHBIX KoslebaHui 060cHOBaHO B padotax [3, 4]. Onnako o6macTh
npUMeHeHust paspaboTanubix B [1, 2] anropurmos paciupsiercs, ecau Ux uc-
MOJIb30BAThb JJIs1 OTITUMU3ALMU PEOPUCTHIX MJIACTHH MPH BBIHYKIEHHBIX KOJIe-
6anusx. Takas BO3MOXKHOCTb oTMedaeTcs B [5]: «MeTon, mo3Bossiionmil usbe-
JKaTh TOUKH, COOTBETCTBYIOIIEH PE30HAHCHBIM SIBJIE€HHUSIM, 4acTo 3(h(eKTUBEH
NpU NPOEKTUPOBAHUH KOHCTPYKLUMH, MOJBEPKEHHBIX TePHOJUUECKOMY Harpy-
JKEHHUIO».

Huke mpencraB/ieHa mocTaHOBKA 3a/layd ONTHMHU3alMKA peOPUCTOH Tia-
CTUHBI NPYU BBIHY>KAEHHBIX KOJeOaHHUsX, YUYUTbIBAKOLIasl 0COOEHHOCTH MOCTa-
HOBKM 3alaud ONTHMH3aLMK B PEXUMe COOCTBeHHBIX KoseGauui [1, 2].

ITocraHoBKa 3agauu. [Ipu BbIHYKI€HHBIX KOJle0aHUSX 3a/la4a ONTHMHU-
3allMK MOXKeT ObITb MOCTaBJeHa CJeAyolUM 00pa3oM: AJIs MIaCTHHbBI 3alaH-
HOH MOCTOSTHHOW TOJILIMHEL /Ay, MOAKPENJIeHHOH NPSIMOJIHHEHHBIMA pebpamH,
OTpeleNuTh MHHUMYM Beca MPU OTPaHUYEHWH BEJUYMHBI MEPBOH YACTOTHI
COOCTBeHHBIX KosebaHui (W, = ®, rae ® — 3aJaHHOe 3HAUeHHe) U BLIIOJHe-
HUU YCJOBHUH MPOYHOCTH. Pebpa UMEIOT psSMOYTobHOE MOMepeuHoe ceueHne
C 3aJaHHOM OJMHAKOBOM BBICOTOH f,.

ISSN 0536—1052. U3B. By3oB. Ctpouteascrso. 2008. Ne 6 123



B Tako#l mocTaHoBKe MUHHMYM Beca PeOpPUCTOH MJACTHHbI CBOAUTCS K
MUHUMYMY CYMMBbI TOJILIMH MOTIepeYHOro cedeHus pedep b,. OrpaHudeHue mo

MepBOU YacToTe COOCTBEHHBIX KOJIeOAHUN BBOAUTCS /11 TOTO, UTOOBI 0becre-
YUTh OTCYTCTBHE pe30HAHCAa. BeMurHa epBOU YAaCTOTHl HA3HAUAETCS B COOT-
BETCTBUM C 3aJaHHOH YacTOTOHM BbIHYXKAEHHBIX KoJjeOaHu#. Ecau ycioBus
MPOYHOCTH BBIMOJHAIOTCS C 3aMIaCOM, TO 3TO 03HAYaeT, UTO B paMKax MOCTaB-
JIEHHOW 3a/laud ONTHUMH3allM{ yCJIOBUS TMPOYHOCTH BBIMOJHSIOTCS B BHJIE He-
paBeHCTB. B Takux ciayudasix pazpaboTaHHble aJrOPUTMbl ONTUMU3ALUU B pe-
JKUMe COOCTBEeHHBIX Kosebanuil [1, 2] 6e3 uameHeHu#H MPUMEHSIIOTCS B 3a/1aue
ONITHMHU3ALMU TPH BBIHYKIEHHbIX KOJeOaHUsAX. TaKo! MOAXOA COOTBETCTBYET
peKoMeHaLuu, naHHo#H B [5]: «[Ipu pelueHnn npakTHYeCKHUX 3a1a4 ONTHMAJb-
HOTO TPOEKTUPOBAHUS TpeOyeTcs MOJYyUHUTb MPOEKT KOHCTPYKIHMH, KOTopas
obsagana Obl BecoM, OJU3KUM K MUHUMAJIbHOMY, a He MPOEKT, KOTOPbIH Obl
TOYHO YJIOBJETBOPSJI MaTeMaTHUECKUM KPUTEPHSM ONTHMAaJbHOCTH. DTOTrO
MOKHO, BOOOILIE TOBOPS, JOCTUTHYTb, CIIPOEKTHUPOBAB KOHCTPYKLHIO C YUETOM
OJHOTO WJM JIBYX HanOoJiee BaXKHBIX OTPAaHUUEHHH W MPOBEPUB, HACKOJIBKO
MIPOEKT YAOBJIETBOPSET OCTAJbHBIM OTPAHUUYEHHUSM».

Ecau ke yc/aoBHS MPOYHOCTH HAPYIIAIOTCS, TO ONTHMM3ALHI0 MOXHO
MPOBOAUTDL 110 ABYM HAMpPaBJEHHUSM B 3aBUCUMOCTH OT TEXHOJOTHUECKUX yC-
Josuil. [lepBoe HampaBJ/ieHUe CBS3aHO C TEM, UTO BBIIIOJIHEHHE YCAOBUH IPOY-
HOCTH OCYLIECTBJISIETCS B BHJE PABEHCTB, a OrpPaHHYeHHe TePBOH UaCTOTHI
NepexXoquT B Pa3psil MacCUBHBIX OTpaHUUEHUH. B 3TOM ciydyae aaropuTmel om-
THMH3aLKK, paspaboranHbie B [1, 2], mpumeHuTh HeBO3MOXKHO. BTopoe Ha-
MpaBJieHre OCHOBAHO HAa TEXHOJOTMUeCKOM BO3MOXKHOCTH YBeJUUeHUs YucJsaa
pebep, 4TO MO3BOJISIET YBEJUYUThb Hecyllylo crocoOHocTb. [Ipu yBeuueHUH
Hecyllel CoCOOHOCTH OTPaHUUEHHE 0 YacToTe COOCTBEHHbIX KOJeOaHui me-
PEXOIUT B pa3psil aKTUBHBIX OTPAHUUEHNH, TO3TOMY ONTUMH3ALUS TPOBOAUT-
cd MO YIOMsHYTHIM anroputmam [1, 2].

B npumepax mokazaHnbl BapHaHThl ONTUMH3ALHUH C BBITOJHEHHEM OT'PaHU-
YeHHs 110 TepBOU YyacToTe COOCTBEHHBIX KoJIeOaHNWU B BUJle paBEHCTBA, a Orpa-
HUYEeHHUs 10 MPOYHOCTH B BHJE HEPABEHCTB.

IIPUMEP 1. PaccmatpuBaetcs NpsMOYToJibHAS MJIaCTHHA CO CJAEAYIOLUIMMH HCXOTHBIMH
naHHbIMH. Onopbl — 1wapHupHble. COOTHOLIEHHE CTOPOH — ly/lx =0,1. Bocemb pebep pacro-
JIOXKEHbI HA OMHAKOBOM PACCTOSIHMU Mapaj/ienbHo och y. A = A =32761, rue A — mepsoe
CcOOCTBEHHOE 3HAYeHHe TJIAaCTHHBI C pe6paMH, )\.% — J€BATOE CcOOCTBEHHOE 3HAaYeHHe IJIaCTHHBI
6e3 pedep, A = pholf;a)Q / D. OtHocuTenbHas Beicota pebep H = h, / hg = 2. JluHaMudecKas Ha-
rpy3Ka — paBHOMEPHO pacrpejieJeHHasi ¢ C UaCTOTOH BLIHYKACHHBIX Kolebauui = /2.

OTHoCHTe/IbHAS WHPHHA ceuenns peGep (B =bL /[,) onTHMaJbHOI IIACTHHBI OMpEese-
Ha M0 a/ArOPUTMY, NpejcTaB/ienHomy B [1]. B naHHOM npuMepe HpHHA Beex pebep ONTHMAJb-
HOM cucTeMbl onrHakoBa — B = 0,01618533. dyHkuus uesu paBHa F = ZBL» =0,1294.

L

[Tpu cUMMeTPUYHON Harpy3Ke HauOOJbIIME H3THOAIOIIHE MOMEHThI BO3HUKAIOT B CEUeHHH
C KOOpPAMHATOH Yy = 0,5ly:

M =0,02135 (8¢l / nt), MJ™ =0,02623 (8ql7 / m*).

Ec/v o yc/I0BUSIM MPOUHOCTH 3TH MOMEHTHI TpeOyeTCsl YMEHbIIHUTh, TO, HCMOJb3YsT BO3-
MOXKHOCTH pa3pabOTaHHBIX aJrOPUTMOB ONMTHMH3alLMH, MOXKHO BBECTH HeBsToe pebpo. [lapa-
MeTpbl ONTHMaJbHOU cucTeMbl: my = mg = 0,909, mo = mg = 1,05924, m3 = m; = 1,00204,
my = mg=1,022692, ms = 1,014041; B = 0,0123213; dhyHKLMS LeH BEUUCISIETCS 10 POPMY-
ne F= BZmi= 0,1108918. Marubamiire MOMEHTbl yMEHbIIAKTCS:

 MP=00186(8g7/nt)  MP =0,02108 (8¢l / 7).

CpasHenue (yHKUMH Leau F MokasplBaeT, 4TO SKOHOMHS MaTepHasa MpH yBeJHYeHUH
yucaa pebep cocTap/seT okoao 15% ¢ olHOBpeMeHHBIM yMeHblIEHHeM pacueTHbIX H3rHOato-
mux Momentos: M, Ha 12,88%, My Ha 19,63%.
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IIPUMEP 2. PaccmatpuBaeTcs MJIaCTHHA C 3alleMJeHHBIMH Kpomkamu: x = 0, y = 0,
y =1, Kpomka x =1, — cBoGonna. [lnacTiHa ¢ 1eBATHIO pedpamMu NP1 OrpaHHUeHHH = X?O =
=7990379,1073). OtHocuTesbHAs BhicoTa cedenus pebep H = 1,5. PeGpa pacrnosioeHbl 1o
Y3JI0BBIM JIMHUSIM 1eCATOH (DOpPMbl COOCTBEHHBIX KoseGaHUH. OTHOCHTE/IbHbIE KOOPAMHATBl 3THX
yanoBuix Jmanb: & = 0,12194, & = 0,226, & = 0,32963, & = 0,43353, & = 0,53794,
& = 0,643, &7 = 0,7487, Eg = 0,8545, &g = 0,9585. Harpyska — B Bue COCPEIOTOYEHHOH
CHJIbl, PACIIONIOXKEHHOH MocpeanHe ceIpMoro pebpa. HactoTa BHIHYKIEHHBIX KOJI€OAHMH paBHA

= /2

[TapameTpbl onTuMaabHO# macTunbl: my = 0,4382, mo = 0,9855, m3 = 1,1088, my = 0,9226,
ms = 0,5253, mg = 0,7979, m7 = 1,2809, mg = 1,5827, mg = 1,3579; B = 0,0149. Bec ontumasns-
Hol TiacTuHbl Ha 10% MeHblle Beca MJACTHHBI C OJMHAKOBBIMU peGpaMu.

Wsrubamonme MOMEHTH B CeYeHHH ¢ KoOpauHaTol y = 0,5 [, B ToUKe MPUJIOKEHUS CHITbI
ISt TIIaCTHHBL ¢ peGpamu oauHakoBod wwpunbt: M, = 0,021Fy, M, = 0,052F¢, rne Fo —
aMIUIMTY/HO® 3HaueHHe JMHaMMuecKoH cuubl. Marubarourye MOMEHTHl ONTHMAJbHOM IJIACTH-
wpt: M, = 0,018Fy, M, = 0,046Fp. B ontumanbHOd mniacTuHe MOMeHT M, yMeHbIIH/ICS
Ha 14,28 %, MoMeHT M, na 11,54%.

[To pesysbraTaM pacyeTa yCTaHOBJEHO, YTO ONTHMANbHBIN IPOEKT MOKET HMEThb OOJBIIYIO
HeCyLI1yl0 CIIOCOGHOCTb 110 CPAaBHEHHUIO C HEONTHMAJ/bHBIM MPOEKTOM. B naHHOM mpuMepe 3TO
0OBSICHSIETCST TEM, UTO CHJIa PacIosiozKeHa Ha pebpe, UMeloleM KodhduureHt my = 1,2809 > 1
(B7 = m7B). Ecam cuna pacnosaraercst Ha pedpe ¢ Kosduiuentom m; < 1, To Hecymas crnoco6-
HOCTb ONTHMAJIbHOH IJIACTHHBEI MEHblle, UeM IUIACTHHBI C OfMHAKOBBIMU peGpamu. Torma mpu
HeoOXOAMMOCTH yBe/MYeHHs] HeCylleld COCOOHOCTH MOXKHO YBeJHUHTh KOJIHYeCTBO pebep, Kak
MoKasaHo B mpumepe 1.

BoiBoabl. CoriacHO MPUBELIEHHBIM TpUMepaM c(hopMyIHpPOBaHHAS 3a/1a-
4a OIITHUMH3alMH pe6pI/ICTOﬁ [JIaCTHUHBI IPHU BbIHY2KAEHHBIX KoJe0aHUSIX UMe-
eT I0CTaTOUHOe MpaKTHueckoe o00cHOBaHUe. Eciiu TpebyeTcs yBeJUYUTh He-
CyLIy1o CIIOCOOHOCTb ONTHUMAaJbHOIO npoeKTa, TO HCIIOJIb3YIOTCA KOHCTPYK-
THBHbIE NTPUEMBl HATIPABJEHHOTO XapaKTepa, BhITEKAIIie U3 pa3paboTaHHOU
ABTOPOM TE€OPHH ONTUMHU3ALNHU p€6pI/ICTbIX JaCTHUH MPHU COOCTBEHHBIX KOJIe-
Ganusx [6]. PacueTsl moka3bBalOT, UYTO B HEKOTOPBIX CJIy4YasiX NOCTUTAeTCs
HUCKJIIOUYUTETbHBIN pe3yJqabTaT — TIIOBbLILIEHHUE HeCYHleIU/I CIIOCOOHOCTH npu
yMeHbIlIeHUU Beca peOPUCTOU TMJIACTHHBI.
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BHEJIPEHUE HAYYHBIX JTOCTUXEHHUU
B I[TPOU3BOJACTBO

YIK 628.132.34

E. J. BOUTOB, kana. texn. Hayk, 0. JI. CKOJIYBOBHY, n-p TexH. Hayk,
A. 10. CKOJIYBOBUY, acn. (HoBocn6Gupckui rocyfapCcTBEHHBIN apXUTEKTYP-
HO-cTpouTeabHBbIN yHuUBepcuter (CubcTpun))

OYHCTKA MAJIOMYTHBIX BBICOKOIBETHbBIX ITPUPOJHBIX
BO B PEAKTOPE-OCBETJIHUTEJIE

Paccmotpens! mpo6/1eMbl OYMCTKY MaTOMYTHBIX BBICOKOL[BETHBIX MPUPOAHBIX BOJ U3 T0/3EM-
HbIX U TTOBEPXHOCTHBIX HCTOUHHKOB /ISl TUTbEBOI0 BOOCHA0KeHuUs. [IpeoxKeHO HOBOE coopyxkKe-
HMe BOJONOATOTOBKU — PeaKTOP-OCBET/IUTE b, TO3BOJISIOINHA HHTEHCU(DHLIMPOBATD OUUCTKY BOJIbI
OT 2KeJle3a, MapraHia, OpraHM4ecKruX CoeMHeHHH, 00yC/IOBIUBAIOILMX IBETHOCTDb BOAbL. [IpescTas-
JIeHbl pe3ysbTaTbl PabOoTbl PeaKTOPa-OCBET/IHUTe/Ns] B MPOU3BOACTBEHHBIX YCJOBHUSIX.

[ToBepxHOCTHBIE BOIBI GOJIBIIYIO YACTh TOA XapPaKTEPU3YIOTCSH HU3KUMHU
TemnepatypamMu. OpraHUueCKUH COCTaB BOJBl MHOTHX ITOBEPXHOCTHBIX UCTOU-
HUKOB BOLOCHAOKEeHHUST POPMUPYETCS TMPH yUyaCcTUX TTIOUBEHHOTO U TOP(SIHOTO
rymyca, 60JI0THOTO MUTAHUS PEK; Pa3/ioKeHUs MJIAaHKTOHA, BbICILIEH BOAHOU U
MOYBEHHOW PACTUTENbHOCTH B BOJAOXPaHMUJMILAX M o3epax. OpraHuueckue
KOJIJIOU/Ibl B IPUPOJHBIX BOJAX U, IIpeXKJie BCero, r'yMyCOBble BellleCTBa Npuaa-
I0T BOJ€E LBETHOCTb — XKE€JTOBATyI0 OKPACKy pas3iWyHOM HHTEHCHBHOCTH.
Taxk, usetHocTb Bogsl p. Omb B T. Kyii6biiese HoBocnbupcekoi obactu noc-
turaer 500 rpajg. mpu MyTHOCTH MeHee 3 Mr /..

Kpome Toro, mnoBepXHOCTHbIE BOMIbl 3aUACTYI0 XaPaKTEPHU3YIOTCS MOBBILLIEH-
HBIM cofeprkaHueM xesesa (1o 20 mr/.1), mapranua (10 4 Mr/J1) ¥ Ipyrux npy-
Meceld MPUPOIHOTO M AHTPOIOreHHOro MpoMucxXoxneHus. 2Kesne3o W MapraHel
NPUCYTCTBYIOT B NPUPOAHBIX BOAAX B (popMe MHUHEepaJbHbIX HJU OpraHuye-
CKHUX KOMIIJIEKCHBIX COEIMHEHHWH TYMHUHOBBIX HUJIM HEKOTOPBIX KHPHBIX KH-
caot. Bo BTOpOM ciydae 3TO BOABI C MOBBIILIEHHOH OKHCJSEMOCTBIO, UMEIO-
ILIMe arpecCUBHBINA XapakTep. B gactHocTH, B Bome p. OMb comepxkaHue xe-
Je3a gocTuraet 3 mr/ ., mapranua — 1 mr/ /1, 3HaYeHHe nepMaHraHaTHOH
oxucaseMocTd — 50 mr/ .

TpanuuyoHHbIE IBYXCTYyTIEHYAThble TEXHOMOTUH MOATOTOBKH TIPUPOIHON BOIbI
U151 TIMTbEBOTO BOIOCHAGKEHHS HE PACCUNUTAHBI Il OUUCTKH MaJOMYTHBIX BBICO-
KouBeTHbIX Bo [ 1, Ta6u1. 15]. Crenens nepechiiieHus MaJOMYTHOH BOJIBI IPOMYK-
TaMH T'HAPOJN3A MPU OOBIUHBIX 103aX BBOAUMOrO KOATyJIsiHTa COOTBETCTBYET Me-
TacTaOUIbHOH 30He U SIBJSIETCS HEJOCTATOUHOH /15 BOSHUKHOBEHHS 3aPOIbILIeN
TBEpHOU (hasbl B cBOOOAHOM 0ObeMe OTCTOMHHUKOB. Kpome Toro, mpu o6paboTke
LIBETHBIX BOJ T'YMHHOBble BelleCTBa, COpPOHpyeMble Ha MOBEPXHOCTH KOaryJ/u-
pyIOlIed THAPOOKUCH, MPUAAIOT €l YCTOMYMBOCTb, MPEMSITCTBYS COpOUMHU. -
(beKTHBHOCTb Tpoliecca KOaryJsilMOHHOM OYMCTKH OTCTavBaHWeM ellle OoJjee
CHMXKAeTCs TIPU HU3KOU TeMIlepaType BOJbl, KOTIa 3aMeJISIOTCs CKOPOCTH [IBHU-
JKEHMsI B3aUMHOTO COyIapeHHs U arperaiyy 06pa3oBaBLINXCs YACTHL THIPOKCH-
n0B. [Ipy Manoll MyTHOCTH BOJIbI ITPOLIECC MTPOCTPAHCTBEHHOTO CTPYKTYpoo6paso-
BaHUS 3aTPyOHEH TaKXKe B OCBETJHUTEJNSX CO B3BELUEHHBIM CJIOEM, BCJEICTBUE
HENpepBIBHOTO BHXKEHUSI B HUX OTHEJNbHBIX PBIXJBIX XJOMBEB OCAMIKA.

[IpumeHeHMe KOHTAKTHBIX OCBETJUTEJEH C OZHOCTYMEHYATOU CXeMOH
OYMCTKH WM KOHTAKTHBIX Pe(UIbTPOB Mepes CKOPBIMU (PUIbTPAMHU MO ABYX-
CTyNeH4YaToh cxeMe 00pabOTKH BHICOKOLBETHBIX BOJ B CBSI3U C BBICOKUMH 10-
3aMM KOaryJisiHTa CBSI3aHO C UX YaCTBIMU MPOMBIBKAMU U GOJIBLIUM PACX0A0Ba-
HUEM TPOMBIBHOH BOJbI, UTO CHHKAET MOJE3HYI0 MPOU3BOIUTENBHOCTD BOJO-
OYUCTHBIX COOPYXKEHHH.
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[Tpo6semy npenBapuTe/bHOM OUMCTKH HHU3KOTEMIEpPaTypPHBIX MaJOMYT-
HbIX BBICOKOLIBETHBIX BOJ YAaCTMYHO pellaeT NpPUMeHeHHe OCBeTJHTeNeH-pe-
LIUPKYJASITOPOB, B KOTOPbIX YaCTb C(DOPMUPOBAHHOIO OCA/Ka M3 B3BELIEHHOIO
CJIOS1 93KEKTHPYeTCs] B UCXOAHYIO BOAY U XJIONbSl KOTOPOTO CJY»KaT JOMOJIHH-
TeJIbHBIMM LeHTPaMH KOHAEHCALUUH MPOLYKTOB HAPOJIN3a. DTO MO3BOJSET MO-
BBICUTb MPOM3BOAUTENBHOCT ocBeTuTesed Ha 30—60% u o6pabaTbiBath
Bomy ¢ uBeTHOCThIO 10 300 rpan. OmHAKO MTPH HU3KUX TeMIlepaTypax U MyTHO-
cTu ucxonHou Bogbl 10 20 Mr/J1 CKOPOCTh BOCXOMSLIENO MOTOKA OUMIIAEMOK
KHIKOCTH He mpesbiaer 0,8 MM/ ¢ ¥ POM3BOAUTENBHOCTD OCBETIHTENS-pe-
LMPKYJSATOPA OCTAETCsl HEBBICOKOH [2].

YcKopeHHIO KoaryJssiiuy Croco6CTBYeT n00aBjeHHe B BOAY HMCKYCCTBEH-
HbIX 3aMYTHHTeJIEH, YaCTHLbI KOTOPBIX UTPAIOT POJIb AOMOJIHUTE/IbHBIX LIEHTPOB
KOHJIEHCALIMU TPOAYKTOB THAPOJH3a. YCHIUBaeTcsl Takxke (JIOKyJaHpylollee
NEUCTBHE MOJUI/IEKTPOMUTOB. 3aMyTHeHHe 00pabaTbiBaeMOK BOJIbI IPUBOAUT K
YTS2KeJeHHUIO XJIONbeB KOaryJMpOBaHHOHN B3BeCH, YBEJIMYEHHUIO UX THIpaB/Inye-
CKOH KPYMHOCTH U TOBBIIIEHUIO 3(p(heKTa OuMCTKH Boibl. OMHAKO MOCTaBKa Ma-
Tepuasa, OTBeyalollero CAaHUTapHbIM U TeXHUYECKUM TPeOOBaHHUSIM, CJI0XKHOCTD
TMIPUTOTOBJIEHHS], 1O3UPOBAHUS CYCIIEH3UN 3aMyTHUTeEJS, YAaNeHHUs: U YTHIU3a-
LMK 60JbLION Macchl o0pasytollerocs (pUTolIaMa 3HaUUTENbHO YBEJHUHBAIOT
CTOMMOCTb 3KCILTyaTalHdH BOJOOUMCTHBIX COOPYKEHHH.

C uesblo MOBBILIEHUS 3(P(PEKTUBHOCTH pabOThl U yCOBEPIIEHCTBOBAHUS
COOPY?KEeHHH /151 IPeIBAPUTENIbHON PeareHTHOW OYMCTKH HHU3KOTeMIepaTyp-
HbIX MaJOMYTHbIX BBICOKOLBETHBIX MOBEPXHOCTHBIX, a TaKxKe KeJje30-Mapra-
HeLCOlePKALIMX MOA3EMHBIX BOJ 1/l MUTbEBOTO U TEXHUYECKOTO BOAOCHAO-
»KeHMsl Ha NPUHLMIE KOHTaKTHOH Koaryasuud B HTACY (Cu6ctpun) paspa-
60TaHbl PEAKTOPBI-OCBETIUTENM HOBOM KOHCTpyKuuu [3].

Peakrop-ocsetaurenb (PO) w1t ouncTKY BObI PabOTaET CAENYIOUIUM 00-
pasom (pucyHok). [To Tpy6onpoBoay mogauu Bofbl HA OCBETIEHHE 3 UCXOAHAST
BoJa, oOpabGoTaHHasl peareHTaMH, MOAAeTCs] B BO3AYXOOTAGIUTENb [H, KOTO-
pBIH TIpeloTBpAllaeT MOoNajaHue My3blpbKOB BO3AyXa BO B3BEILEHHBIH CJIOH
KOHTAaKTHOH Macchl, U 110 ONyCKHOH Tpy6e /6 paBHOMEPHO paclpesesieTcs no
TJIOLIAAU 30HBl OCBETJ/IEHHS] YCTPOUCTBA. 3aTeM OCBeT/sieMasi BOoAa MPOXOAUT
CHM3Y BBepX uepe3 CJOH KOHTAaKTHOM Macchl 2 cO CKOPOCTbIO, 00ecreynBalo-
el ee MUHUMaJbHOE TICeBAO0KUKeHHe. [Ipr 3TOM yCTpaHsSIOTCS 3aCTOHHBIE
30HBI, IPUCYTCTBYIOIINE BOJIM3U MeCT

KacaHHs YacTHUL[ B HEMOABHXKHOM CO- 15 i
CTOSIHUM CJIOS, U TIOBBILIAETCS MOPHC- ]
TOCTb 3arpy3Kd. B KayecTBe KOHTAaKT- "I
HOW MacChl UCMOJb3YyeTCs] KBapLeBbIH =

MecoK WM JI000U APYyrol MeJsko3ep- _%g
HUCTBIA MaTepHaJl, yIoBJIeTBOPSIOLIHH =

Tp€6OBaHI/IHM M0 MeXaHHYeCKOH npoy-
HOCTH M XHMHYECKOH CTOHMKOCTH. 3a

A
//
—
—

Cxema peakKTopa-oCBETAUTEA

I — xopmyc peakTopa-ocBeTJIHTeNs; 2 — KOHTAKT-
Hasl B3BelllMBaeMasi Macca; 3 — TPyOONPOBOL HCXONI-
HOH BOZIbl; 4 — COOpPHBIH XKeJj100 0CBeT/JeHHOH U IIpo-
MBIBHOH BOIbI; & — TpyOONpPOBOJ OCBETJEHHOH
BOMbl; 6 — TPYyOOMPOBOA OTBEAEHHS MPOMBIBHOH
BOZbl; 7 — TPyOONPOBO/ MOJAuU IPOMBIBHOH BOJBI K
TUapo3seBaTopy; 8 — ruppoanenatop; 9 — Tpy6o-
MPOBOJ, TPAHCIIOPTHPOBKHU MYJIbIbl KOHTAKTHON Mac-
cbl; 10 — xonuveckasi nuadparma; 1/ — Tpy6ornpo-
BOJI BBINYCKA MYJIbIIbl KOHTAKTHOK Macchl; /2 — Ko-
HUYeCKHH TOHKOCJIOHHBIH MOAyJab;, [3 —
TIOJTYTIOTPYKHOH UHJIUHAP; /4 — BO3LYLIHBIA 3KeK-
TOp TaHMeHLHMAbHOTO BBOAA MYJIbIIbl B MOJYOTPYXK-
HOU LMJHHAP; /5 — BO3AYXOOTHENHUTENb; /6 — OIy- 8 7
CKHasd pacrpefenuTenbHas Tpy6a; 17 — tpy6ompo-

BOJ TOlaull KOHTAKTHOW MaccChl B THIPO3JEBATOD

2

1
|
|
i
|
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CUeT MOBBIIEHHS 00BEMHOHN KOHLEHTpalUMH TBepAOH (Dasbl BO B3BelLIEHHOM
C/10€ OCBET/IMTEeJS MPOUCXOAUT aBTOKATAIUTHUECKOe YCKOpeHHe Ipolecca
TU/IPOJIM3a KOaryJ/siHTa, KOHTaKTHasl KoaryJ/siuusi NpOAYyKTOB T'MAPOJU3a, a-
copOUUS TUIPOKCUIOB MeTaJ/JIOB 3epHAMH B3BelleHHOH KOHTAaKTHOH Macchl U
o06pa3oBaHUe B CJI0e 0CalKa, KOTOPHIA caM sBJ/sieTcs COPOEHTOM I/ MpHUMe-
cell Bombl. YacTb XJI0TIbEB OCAKa BBIHOCHUTCSI U3 CJIOSI, 3alleP:KUBAETCS TOH-
KOCJIONHBIM MOIyJIeM /2, CrloJI3aeT 10 HAKJIOHHBIM CTEHKaM ero KoJell BHU3 U
ocellaeT Ha MOBEPXHOCTb KOHTAKTHOM Macchl. B pesysibTare moCTHraeTcs BbI-
cokné 3(h(eKT OYMCTKHU BOIBI, CHUKEHHE PaCXOfa PeareHTOB, MOBBIIIAETCS
NPOHU3BOAUTENBHOCTb ycTporcTBa. OcBeT/IeHHas Boja coOupaeTcsl »Kesno00M
4 v BoIBOOMTCS TpyGONpoBOAOM S U3 ycTpoicTBa. [lo ncTeuennn Bpemenu 3a-
LIUTHOTO 1eHCTBHUSl B3BeleHHON KOHTAaKTHOHW MaccChl M yXyIlIeHWH KauecTBa
OCBETJISIEMON BOJbl POMU3BOAUTCS TMPOMBIBKA KOHTAKTHOH MaccChl B CJIEIYIO-
1€l ToC/eN0BaTeIbHOCTH. 3aBUKKaA Ha TPYOONPOBOLE OTBEIEHHS TPOMBIB-
HOU BOJIbl 6 OTKPBIBAeTCS, a HAa TPYyOOIIPOBO/IEe OTBEIeHUS OCBETIEHHOU BOMIBl &
3akpeiBaetcsl. OTKpBIBAIOTCS 3a[BUKKHM Ha TpyOorpoBose 7, coeiuHSIOLIEM
9KEKTOp MOfauH MyJbIbl 8 ¢ HUKHEH YacTbio KOpIyca yeTpoHcTBa U Ha TPy6O-
NpoBoJe 7 MOofauu K 3:KeKTopy 8 npoMbIBHOH Bojbl. [Tonaua ocBet/1sieMoil BOfibl
no Tpy6onpoBony 3 uepes BO3AyXOOTAETUTENb /5 U ONYCKHYIO TPYOY /6 B KOH-
TaKTHyI0O Maccy 2 mpu 3ToM Tnpopo/ikaercs. [lomaercss mpombiBHAasi Boia B
9kKeKTop 8. 3arpsi3HeHHasl KOHTAKTHAsl B3BellMBaeMasi Macca B BH[E IYJIbIIbl
no Tpy6onposony /7 U3 HUKHEH 4acTH KOpIyca yCTPOUCTBA MOACACHIBAETCS B
9KEKTOp MOaYH MyJbIbl 8, TPAHCIOPTHUPYETCS B BEPXHIOIO YacTh KOpIyca yCT-
poricTBa mo TpybonpoBoay 9 U yepe3 BO3AYIIHBIN 3:KeKTOp /4 TaHTeHIHMANbHO
BBOJMTCS B MOJYNOIPYKHOU LUMJMHAP I3 HHXKe YPOBHS BOABI MOJ YIJIOM K ee
noBepxHoCTH. [TocTynieHre KOHTAKTHOH Macchl B 3:KeKTOp 8 perysaupyercs ¢
MOMOIIIBIO 33[IBM2KKH, YCTAHOBJIEHHOW Ha TpyOomnposoae /7. BBomumblid B myJib-
Ty C MOMOLIbIO 3:KeKTopa /4 BO3aAyX BbIIENSETCS B BOLY B BHJE My3bIPbKOB U
MIPOMCXOAUT BOLOBO3MYIIHAS POMbIBKA KOHTAKTHOU MacChl, yCHUJIeHHAs pasyie-
JIEeHHeM YacTHL 0caJKa U 3epPeH KOHTAKTHOH MaccChl B M10JIe LIeHTPOOEXKHBIX CHJI
B LIEHTPaJ/bHOM LMJIUHApe-cenapatope /3. [IpoMbiTble 3epHA KOHTAaKTHOH Mac-
Chl OCaXKJIAIOTCS BO B3BELIEHHBIH CJIOW, @ OCAJ0OK OTBOMUTCS C OTpPabOTaHHOU
MIPOMBIBHOW BOZIOH. BEIHOC KOHTAKTHOM Macchl B COOPHBIN xkej100 4 mpenoTBpa-
IaeTCsl TOHKOCJTOUHBIM MofysieM. [Toc/ie MpOMBIBKH MePeKPbIBAIOTCS 3aIBUKKH
Ha Tpybonposopax /7, 7, 6. Ilpu aTom npekpariaercs nojgaya npoMbIBHOH BOJBI
B 9)KEKTOp MOJAUH MyJbIbl § U YCTPOUCTBO BHOBb TPOAO/KAET OUHILATH BOLY.
KonrtakTHas B3BelllMBaeMast Macca HUCIOJb3YeTCsl B MPOLECCe OUUCTKH MHOTO-
KpaTHO. [Ipu He06X0AMMOCTH 3aMeHbl KOHTAKTHOW B3BELIMBA€MOM MAacCChl HUJIH
OTMOPOXKHEHUU YCTPOUCTBA [JIS OYMCTKH BOJbI MYJIbIIA BBITYCKAETCS U3 HETO MO
Tpy6omnposony I1.

DKCreprMeHTa/lbHble UCCIeIOBAHHS [0 OUMCTKE MOBEPXHOCTHBIX BOJ Ha pe-
AKTOPaX-OCBETJIUTESIX MPOBOAKIACh HA BOJOOUYUCTHOHM cTaHUMU T. KyHObieBa
HoBocu6npcekont o6mactu. OuncTKe nojasepranach BEICOKOLBETHAS MalOMyTHast
Boza p. OMb. DKclepyMeHTa/bHAsT YCTAHOBKA BKJ/II0YaMa B ceOst MOJIe/Ib PeaKTo-
pa-oCBeTJIUTENS], CKOPOro (PU/IbTPa, COPOLIMOHHOTO (PUIbTPA, OAKK U HACOCHI pea-
FeHTHOTr0 X03s1icTBa. OCBET/IUTENb Ol 3arpy»KeH KOHTAKTHOW MaccoM U3 Apob-
JIEHOH ropeJsior mopoasl Gppakumu 0,5 MM, BbIcOTOH MI0THOTO cjosi 1,05 M. Pa6o-
yasi CKOPOCTb BOCXOJISILIErO MOTOKA OCBET/ISIEMOK BOABI cocTaB/sina 2,5 MM/ c,
BBICOT@ B3BeLIEHHOro cJjosl coctaBuaa 1,4 M. PesynbraThl nccienoBaHuil a¢-
(heKTUBHOCTH OUHUCTKH peUHOH BOIbI IpHBefieHbl B TabsuLe. [IpuponHas Boja xa-
pakTepH3oBasach BbICOKOH LBeTHOCTHIO (mo 270 rpam.), okucaseMocTbio (10
17 mr/ ), Manoi MyTHOCTbIO (10 16 Mr /1), NOBbILLIEHHBIM CONEPIKAHUEM 2KeJle-
3a (1o 3 mr/n), mapranua (no 0,2 Mr/.1). B KadecTBe peareHTOB MCCJIeI0BAIHCEH
B CPaBHEHMH KOAryJ/ISIHTbl OKCUXJIOPHI aTIOMUHUS U CyIb(aT antoMUHHS, (DIOKY-
JISHTB noMakpunamun U [paectos, nyis o6e33apaxKMBaHUs BOABI THIIOXJIOPUT
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Pe3yabTaThl 3KCNIEPUMEHTAJIbHBIX HUCCIAEIOBaAHUM

Mecto T TTokasaTe/ii KauyecTBa BOJIbI
OUKH
 BPEM3 POBEACHHA | 1505, fpog | MyrtHoeTs, |LiseTHocTs, | Feogy, Mn, Kooy, |[Penoibl,
ucce10BaHul mr/ 1 rpaj. Mr/ a1 mr/a  |mmosb/a|l wmr/a
Hcxopnas Boja| 13—15 |250-2700,6-0,7|0,1-0,2|7,6—8,1|<0,001
H®C peunsix Box, U3 peKu
r. Ky#i6biies
HoBOCHOHPCKO# 061 Ounennas | 0,3-0,5 | 15-18 |0,2-0,3(0,07-0,1{7,2-7,5|<0,001
BOJa

HATpHSl JEKTPOJIUTHYECKHH M XUMHUeCKUH. B cioe nceBmnOOKMKEHHOH KOH-
TaKTHOU MacChl peaKTOpa-OCBET/INUTE/SI IPU BBEIEHUH KOaryJIsiHTa U (JIOKYJIsIHTa
NIPOUCXOAN/IO0 00pa3oBaHKe U BblieseHHe U3 BOAbl OCHOBHOHM 4aCTH OcCaaKa I'Mi-
pOKCHIA aTIOMUHHUSL, COPOLMS Ha OCa/iKe IYMYCOBBIX U IPYTHUX YACTHLL, IpeaBapH-
TeJbHOe o0eclBeUMBAaHME W OuMcTKa Boapl. OcBeTsieHHast BOAA, coleprKalias
MeJIKMe XJIOMbS 2KeJITOT0 0CalKa, U3 YCTPOUCTBA MOCTyNa/la AJ1s OKOHYaTeIbHOH
OYHCTKH Ha CKOpble 3epHUCTble U COPOLUMOHHBIE (UILTPHL. JOCTUrHYTO HOpMa-
TUBHOE KayeCcTBO MMUTbeBOX BOAbl. Koary/siHT BBOAMJ/ICS B 00pabaThiBaeMyl0 BOLY
IBaXKIBL: TIepell PeaKTOPOM-OCBETJIUTEIEM U Tlepel CKOpbM (pumbTpoM. Obiias
1032 OKCHXJIOPUIA alIOMMHHs cocTaBuia 14 mr/n. Jlo3bl cyabdata aloMUHHS
Ob1d B 2 pasa Bbille. OfHAKO TPOJOIKUTENBHOCTH (DPUIIbTPOLIMKIOB C PUMEHe-
HHeM cyJib(aTta aJtOMHUHUS U1 CKOPOro (hU/IbTPA YBEJIUUHUBANUCH IIPU 3TOM TaK-
xe B 2 pasa (10 2 cyT) 3a cyeT 06pa3oBaHus B €ro (GpUILTPYIOLIEH 3arpysKe 6o-
Jiee TIJIOTHOHM CTPYKTYPHI OCajKa. D:KeKTOpHasl MPOMbIBKa obecreunBana 3pdek-
TUBHYIO pereHepalyi0 M MHOTOKpPaTHOE MCIOJ/b30BaHHE KOHTAKTHOH Macchl
OCBeTJIMTe 1 0e3 HaKOIJIeHHs] B Hel OCTaTOYHBIX 3arpsi3HeHHH. B nesom npume-
HeHHe PeaKTOPOB-OCBEeTJIMTe €N AJIs1 IPeIBAPUTEbHON OUUCTKH BOJbI MIO3BOJIH-
JIO COKPaTHThb pacxonoBaHue peareHToB 10 50%. OCHOBHAsA Macca X/IOMbeB TH-
POKCHIIOB U NpHMecel BOABI 33aePKUBAETCS B PeaKTOpe-OCBeTIUTE/Ie, YTO I0-
3BOJISIET COKPATHUTb HArpy3Ky IO 3arpsisHEHUSIM Ha CKOpble (DHJIbTPbl M BIBOE
YBEJIMYNUTb WX MPOU3BOAUTENbHOCTB.

Ha ocHoBaHMU mosyyeHHBIX B pe3yJ/bTaTe TEXHOJOTMYECKOro MOJEJIHPO-
BaHUS apaMeTpoB paboTbl peakTopa-0CBeTAUTE S IPOU3BeIeHbl pacyeT U Oll-
TUMH3aLUS er0 KOHCTPYKTUBHBIX U T€XHOJIOTHYeCKUX napaMeTpoB. Pesynbra-
Tbl UCCJI€0BAHUS HUCIOJb30BaHbl /151 KOHCTPYHPOBAHUS NPOU3BOACTBEHHBIX
PeaKTOpOB-OCBeTNUTe/ed B KaueCTBe COOPYKeHHUH MePBOH CTYNEHH OYUCTKH
BbICOKOLBETHBIX PEUHBIX BOJ IIPH pa3paboTKe NPOeKTa PEKOHCTPYKLHMH HACOC-
HO-(PU/IBTPOBaNbHON cTaHUUU T. KyiObllueBa.

CIIMCOK JIMTEPATYPbI

1. CHull 2.04.02-84. BonocHa6xenue. HapyxHeie cetu u coopysxenus /Tocerpoit CCCP.—
M.: Crpoituzpat, 1986.— 136 c.

2. PekoMeHnaluu 1o NpUMeHeHHIO TEXHOJOTHH OUMCTKH BOJBI HAa OCBETJIMTEJISX CO B3BElleH-
HBIM CJI0eM pelHpKyaupyemoro ocanka.— JI.: Mumknnkomxo3 PCOCP, Jlenunrpanckuit
HWU opnena Tpynosoro Kpacxoro 3namenu Akamemuu koMmmyH. xo03-Ba uM. K. J. [Tandu-
soBa, 1985.— 10 c.

3. Tar. 2307075, Pd®, MKW C 02 F 1/52. Yerpoiictso ansi ounctku Boawl / E. JI. BoiiTos,
[O. JI. Ckony6oBnu.— Omny6a. 27.09.2007; Bron. Ne 27.

4. Cxoanyo6osuu lO. JI. MccnenoBanus no noAroToBKe MUTbeBOH BOIbI U3 MOJ3€MHOTO HC-
TOYHHKA C TOBbILIEHHBIM COEPXKAHUEM COJIEH x)ecrkoeti /1O, JI. Ckosy6oBuu, E. JI. Bo#i-
toB/ /Ws3B. By3os. Crpoutenbctso.— 2002.— Ne 1-2.— C. 22-26.

5.Cxony6osuu 0. JI. OuncTka BHICOKOIBETHBIX MAJIOMYTHBIX peunsix 8o/ FO. JI. Cko-
ny6osuu, E. JI. Bositos, M. B. Unnvkud u ap./ / Tp. IX MexayHap. Hayu.-NpaKT. KOH®.
«BonocHa6keHHe U BOLOOTBeEHHE: KauecTBO U 3(h(heKTUBHOCTh».— Kemeposo, 2005.—
C. 47-48.

© Boiiros E. JI., Ckoany6osuu 10. JI.,, Ckony6osuu A. 10., 2008

[Tosyueno 10.03.08
129



IMNAMATHA YYEHOTI'O-3KOHOMHUCTA

2 mast 2008 rona Ha 78-M ropy yuues u3 Xu3Hu Anatosu# [puropbe-
Buu Ky3bMUHCKHNA — NOKTOP SKOHOMUUYECKHX HayK, npodeccop kaden-
PBl SKOHOMHUKU CTPOUTENbCTBA U WHBeCcTULUMUA HoBocubupckoro rocynap-
CTBEHHOTO apXHUTEKTYPHO-CTPOUTENBHOTO YHUBEpCHUTETA (CI/I6CTpI/IH§,
JNEeUCTBUTEJbHBIM UleH MexXIyHapoaHOHW aKaleMUW UHBECTHLHUH U 3KO-
HOMMKH CTpOUTeJbCcTBa, MexIyHapoiHOH akaleMHHd HayKOBeIeHHS.

BoinyckHuk HoBocuOHpCcKOro MHKeHepPHO-CTPOUTENBHOTO HHCTUTY-
ta uM. B. B. Ky#i6biieBa, on 6osee 50 et mpopabotan B CuOCTpUHE, B
pasHble ToAbl BO3rJaBJjsisi Kadeapy OpraHU3aldd W IKOHOMUKH CTPOU-
TeJbCTBA U (PAKY/JbTETHl — CTPOUTEJbHBIH U 320YHBIH.

M3BecTHBIN yueHblIH, aBTOPUTETHBIN CIIELMATUCT B 00/1ACTH CMETHOTO
HOPMHPOBaHHUs U 1leH00Opa3oBaHusi B cTpoutenbctse, A. I, Ky3bMuHckuin
ony6sukoBas cBeie 150 megatHeix pabor, B ToM uucae 10 moHorpa-
(Ui, KHUT U yueOHBIX TOCOOWH, YCIEIIHO BeJ MOATOTOBKY KaHIUAATOB
HayK uepe3 aclupaHTypy H couckartesbctBo. [Ipodeccop A. I'. KysbmuH-
CKMH aKTHUBHO COTPYAHHYaN C pelakuued XypHana «M3BecTusi By30B.
CTponTe/IbCTBO» — PEryJsSPHO PelleH3UpoBaj CTaTbH MO BOMPOCAM KO-
HOMHKH CTPOUTEJbCTBA U OMyOJHKOBaM B KypHase 6osee 20 co6CTBeH-
HBIX PadoT.

KOJIJIETH, COPATHUKH W YUYEHHKKW CKOPBSAT 10 BE3SBPEMEHHO
YHEOMEMY YYEHOMY
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N3 OIIBITA ITPOEKTUPOBAHHSA CTPOUTEJIbHbBIX
KOHCTPYKIIUY HA OCHOBE TOHKOCTEHHBIX
OIIMHKOBAHHBIX ITPOPUJIEN

CoTpyaHukaMu Kadeapbl MeTANIMYECKMX M JepeBaHHbIX KoHcTpykuui HTACY
(CubcTpuH) paspaGoTaHbl CTPOUTENbHBIE METANINYECKAE KOHCTPYKIMH, COCTOSIHE U3
OIMHKOBAHHBIX mpoduieii. birarogaps HOBoM KOHCTPYKTHMBHOM ¢opmMe mMarepuas Hc-
noap3yerca Gonee 3pGeKTUBHO, YeM B OOBIYHBIX KOHCTPYKuuaXx. K momoanutenbHoi
3KOHOMHMHM NPUBOJAT HU3KHME TPAHCIOPTHBIE PAaCXOAbl, PAcCX0Jbl Ha M3rOTOBJEHUE U
MoHTaXK. Biarogapsi tMHKOBOMY MOKPBITHIO B OOBIYHBIX YCJIOBUAX 3KCIIyaTallid KOHCT-
PYKUMH He NMOABEPIKEHBI KOPPO3UHU B TeueHHe HecATKOB JeT. [IpumeHenne paspaboTku
M03BOJISeT NPOEKTHPOBATh U BO3BOJUTh 9KOHOMUYHbIE 3JaHUS PA3JUYHOIO Ha3HAYCHHUS
npoaeramu ot 6 no 18 m. Ha KoHCTpyKuum moJsyyeHbl maTeHTbl P®.

O6aacTe MpUMEHEHUS:

» NpPOM3BOACTBEHHBbIE, CKJIAJICKHE M CEJIbCKOXO3fNCTBEHHbIE 3JaHHS;
» 31aHUf CIOPTHBHOrO, TOProBOr0 Ha3HAYeHMHS;

» rapaxu ¥ 3JaHHUS TeX. 00CIyXKHMBaHHUS TPAHCIOPTA;

» HaJACTPOUMKHM (MaHCApAbl) CYWECTBYIOUMX MKHUJIBIX JOMOB;

» OQHO-, IBYX3TaMHbIe KUJIble U HEKHUJIble 3XaHUS.

KoHCTPpYKTHBHBIE CXeMBbI MOKPBITHI

War 3-4 m
6000-12000 6000-12000

|‘='\/7 5

\\IHIHI\HII\IHIHM1n
II

Jr

s ) : o

War 3-4 m 3arskka

12000-18000
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HajexHOCTh METOAMKHM pacyeTra NMOATBEPHKIAEHA B X0Je MHOTOJETHHX
HayYHBIX MCCJeI0BaHHUM:

> TeOopeTHYEeCKNMMH pa3paboTKaMM, BKJIOYasi YHCJIEHHbIE HMCCJIEJOBaHUS;

» MCHBITAHMAMH GAJIOK C LEJbI0 H3yueHUs: 0COGeHHOCTEN NX PaGoThl (IPOBEIEHbI UC-
NbITaHUS KPYIMHOMAaCWTAaOHBIX MojJenell 6ajoK npoxerom 3,2 M U HATypPHOH OaJKH Mpo-
aerom 9 m);

» ONBITOM NPOEKTHPOBAHHUS, CTPOUTEJIbCTBA M 3KCIJIyaTalMM KOHCTPYKIUM.

B KauecTBe HeCymUX COeJMHEHUN JEMEHTOB HCIOAb3YIOTCH TaK Ha3biBaeMble (PPUK-
LMOHHBIE GOJTOBBIE COEAUHEHNS, KOTOPble 00Jafal0T 3HAYMTENBHO JYYIWUMH IKCILTYya-
TALMOHHBIMU M TEXHUKO-IKOHOMUYECKNMH XapPAKTEPUCTUKAMM 10 CPABHEHHIO C OOBIYHO
MPUMEHSIEMBbIMU B OLIMHKOBAHHBIX KOHCTPYKIHSAX COEIVMHEHUSIMU HA CAMOHAPe3aoUUX
BUHTaX. Pa60oTOCIIOCOGHOCTD M HAJEKHOCTh TAKHX COEJUHEHU MPOBEPEHA IKCIIEPUMEH-
TaJbHBIMA HMCCIETOBAHUSAMM.

OxHUM M3 NOCJIeIHUX 3JaHUH C IPUMEHEHNEM NPeJCTaBIEHHON Pa3paboTKy SABIsAETCS
JKUBOTHOBoOJUYeCKUi KoMmmiaekc B HoBocuOupckoit o6aactu obuieit miomaasio 8 Teic. M2,
B KOTOPOM 6J1arofapsi HOBBIM KOHCTPYKTHBHBIM pelieHUsM 3HauuTeabHo (10 25%) cHu-
JeHa CTOMMOCTh HECYIHUX KOHCTPpYKuui. IIpu npoeKkTupoBaHuu GbIIU UCIIOJIb30BaHBI IKC-
MepuMeHTaJbHbIE JaHHbIE, IPOBEPEHHAs] METOAMKA pacyeTa, KOMIBIOTEPHOE MOJIEIHPO-
BaHue. M3roToBieHre KOHCTPYKIMI IPOM3BOJUTCH HA CTPOUTEJIbHOM MJIOUA/KE C IIPUMe-
HEHMEM 3JeKTpouHcTpymeHTa. HMcnouab3yemMble THYTbie OLMHKOBaHHBbIE NPoduIn
npeJBapUTEIbHO MOATOTABIUBAIOTCS NMPEANPUATHEM-U3TOTOBUTEEM JJsi MUHUMHU3ALUHU
pa6oTr mo c60pKe KOHCTPYKIIMU.

ABTOpBI pa3paboTKu:

KPBIJIOB H. H., npodeccop, kKana. texH. Hayk, KPETUHHH A. H., accucreHt

Appec: 630008, r. HoBocubupck, yua. Jlenunrpaackas, 113, HoBocubupckuii rocy-
JapCTBEHHBIN apXUTEKTYPHO-CTPOUTENbHDbIA yHuBepcuteT (CubGCTpUH)

E-mail: ntio-ngasu@yandex.ru
Internet: www.sibstrin.ru
Tea./paxkc: 8-(383)-266-28-89

N3 TITPABUJI IIOATOTOBKH PYKOIIMCH

3. MuumrocTpauyiv mpeacTaBsioTesl B pelakUMio B BUle (haH/IoB, CO3NAHHBIX B
nporpammax Corel Draw uiu Microsoft Word, 3anucanHbIx ¢ paciiupenuem *.cdr
(npeanouturensHo) uau *.doc, dororpaduu — TIFF uiu JPEG. Hagnucu u uud-
pbl Hab6path wpudToM Arial. JIunuu yeprexka — He ToHble 1 nt. Mamoctpauu,
B TOM 4duciie (oTorpaduu, NOKHBl OBITh UepPHO-OeJBIMU ¢ XOpOoIlIed mpopadorT-
KOH JleTaJseid.

PrcyHKH 10/IKHBI OBITh BBITIOJHEHB! TaK, YTOObI KX MOXKHO OBIIO OTPeNaKTH-
poBaTh (BHECTH H3MeHEHHM$, UCIIPABJIEHHUS, T.e. U3MEHHTb IPU(DT, HCIPABUTD
BO3MOXKHbIe opdorpaduyeckue OLIMOKH).

Wnmoctpauun f0/KHBI ObITh pacredyaTaHbl B ABYX 3K3eMIIspax, a (oTo
NpUCBIIaTh B OpWUrHHaje. PasMep H/MIOCTpAaLWK He [OJ/KEeH MpeBblIaTh
20 30 cwm, ux ob1ee yncI0, Kak npasuno, He 6osee 4. Ha o6paTHO# cTOpoHE Ka-
JKIOHW U3 HUX IIPOCTBIM KapaHAALIOM IIPOCTABJISAIOTCS NOPSIKOBLIH HOMEp U dha-
MUJIUA aBTOPOB.

PucyHku He caeyeT BCTaBJ/IATb B TEKCT CTAThH, HO HA MOJSX TEKCTA YKa3aThb
MeCTO BCTAaBKH PHUCYHKA.
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IPABHJIA IOJATOTOBKH PYKOIIMCH

(ucnpaBieHHbIE U JOTOJHEHHBIE )

1. K pykomucH, npeicTaBseMoi B pefaKiuio, HeOOXOAMMO TPHJIOKHTD:
— conposodumenstoe NUCLMO PYKOBOACTBA OPraHM3allMM, OTKY/1a MCXOIUT PyKOIHCH:

K COTIPOBOMTENLHOMY IMCHMY JIOJKHA OBITh MPUIOKEHA TAPaHTHHA OTIATEI ny6AMKALMH CTAThH U3
pacuera 550 pyGueit 3a 1 xXypHaNbHYIO CTPAHHAIY 06beMa cTaThu (BKIIOUAS MIMIOCTPAIMH, TaGmHIbI
M CTIIMCOK JIUTepPaTyphl) 3a MOAMKCHIO aBTOPA HMIIM PYKOBOAHUTENA npencTaBisAIONEN CTaThlo OpPraHMu3a-
uu. TapanTuiiHoe TMCBMO He TPebYeTCsl, eClM CTaThs MPEeACTaABAACTCA opraHu3anyen, oCymecTBIAI0-
meli LeJeBbie B3HOCHI Ha M3JaHMe Hallero XypHaja

— pekomerOayuio cOOTBETCTBYIOMIEN Kadephl By3a (3aBepeHHYI0 BBITHCKY H3 IPOTOKOJIA 3ace/laHus Kaenpbi);
— ‘aKcnepmroe 3aKarU4eRUe O BOSMOXHOCTH ONy6/IHKOBaHHS, 0POPMIIEHHOE B OPraHH3alH, OTKyla nexo-
JINT PYKOMHCh;

— paspewerue PocriaTeHTa Ha OTKPHITYIO MyGJHKAUMIO MdATepHANOB MO 3aABKe Ha 1306peTeHHe;

— QHHOMAYWIO, KPATKO H3Naralolilylo OCHOBHOE coflepKaHne pyKOmneH, o6bemom 10 0,3 cTpaHHLbl TEKCTa;
— nassanue cmamoi W (GAMAIAKH aBTOPOB Ha AHEAULCKOM A3bLKE.

2. PyKonHch 0JKHA TOTOBUTLCS HA KOMIbIOTEpE M NPeJICTaBIATHCA B PEAAKIMIO pacrmeyaTaHHOM B IBYX 3K-
seMIUISpAX C MpPHJIOMKEHHeM ee 3arucH Ha auckete 3,5" uan CD (3", 5"). TexcT pyKonucu HaGUpaioT WPHQ-
rom Times New Roman Cyr pasmepom 14 NT. ¢ MEXCTPOUHBIM HHTEPBAJIOM 1,5. YUncs10 3HaKOB B CTPOKe — JI0
70, cTpok Ha cTpanuie — 1o 38. O6bem pykonyci — a0 10 crpannn. Obs3aTenpHa HyMepalls CTPAHHLL.

o [Topsjiok OOPMIIEHHST TUTYJILHOH YACTH CTaTbu (cM. B HalieM KypHane):

— wnnpexke YJIK;

— uHMuMaNbl, haMUIHH, YUeHble CTelleH! H 3BaHKs aBTOPOB (3BaHus B HerocynapcTBEHHbIX aKaleMHUsIX HayK
He yKa3blBaTb); HaHMeHOBaHHE YYPeX[EeHHs, B KOTOPOM paGoTalT aBTOpPHI;

— Ha3BaHHe CTaTbH;

— aHHOTALMS.

e Ha nosisix pyKomMcH TNpPOCTHIM KapaHIauoM YyKasblBaloTCS MeCTa PHCYHKOB H TabJuL.

o CTaThsl A0JUKHA GbITh TILATENbHO OTPELaKTHPOBAHA W MOAMICAaHA BCEMH aBTOpaMH (c ykasaHuem faThl OT-
npaBkn ctaTbu). [1pUBOAATCS TOUHbIE MOYTOBbIE ajpeca, TenedoHbl 1 e-mail aBTOpOB.

3. WnocTpauny TPEICTABISIOTCS B PeAAKUMIo B Biie (aisios, CO3NAHHBIX B MporpamMmax Corel Draw wnin
Microsoft Word, samicadnbix ¢ paciuipenyem *.cdr (npeanoutntensHo) mn *.doc, dororpaduu — TIFF nmm
JREG. Hammuicn u undpbi Habpatb wprdrom Arial. JInHuu deprexa — He TOHbLUE 1 nt. WUnmocTpauny, B TOM
uncne doTorpaduu, JOMKHbI ObITh YepHO-Oe/IBIMH C Xopoleil npopaGoTKOH JeTasei.

PHCYHKM JI0JKHBI GbITh BBITIONHEHbI TaK, 4TOGH HX MOXKHO Obl/IO OTPEAAKTHPOBATD (BHECTH H3MEHeHHUs,
MCTpaBJieHUs!, T.€. H3MEHUTb WPHGT, HCTPaBUTL BO3MOXKHbIE oporpaduyeckue OIHOKH).

WasiocTpalni A0JDKHB GHITh pacneyaTaHbl B ABYX SK3eMmulspax, a OTO MNpHUCHIIATL B OPHTHHAJE.
PaaMep masocTpauyu He fokeH npesbiat 20x30 cM, ux oflulee 4MeNO0, KaK MPaBHIO, HE Gosee 4. Ha
06paTHOl CTOpOHe KaxI0oi M3 HMX MPOCTHIM KapaHAaLIOM MPoCTaBIAIOTCs NOPSAAKOBBIA HOMEp H (haMHJIHH
aBTopos. [loanucn K MIUIOCTPAUMAM MeYaTaloTCsA Ha OTAE]bHOM JHCTe.

4. TaGuuilsl MeyaTaloTCs Ka1as Ha OTAeJbHOM JucTe. Bee HaUMEHOBaHMS B HUX AAI0TCA NOJIHOCTBIO, Ge3 co-
KpalleHHs CJIOB.

5. dopmyJibl crieflyeT HabKupaTh Ha KoMIbloTepe wprdrom Times New Roman pasmepom 14 nr. Pycckue W rpeye-
cKue GYKBbI M HHIEKCI, a Takke UHQpbl, a60peBraTypbl i CTaHAapTHbIE dynkunm (Re, cos) HaGupatoTCst IIPAMbIM
wpudprom. Jlatunckue 6yKkBbl HaGHpaTh Kypeipom. Bo nadesxakne cMelleH s CXOHbIX 1306paXkeHHH NPOMHUCHBIX
u ctpounbix 6yks: Vi o, Sus, Ono, Kk ap., artakxe TpyAHOPAS/IHIHMbIX 6yxs [, e, | (uacpa), nun, [n/u
T.1. TIOSICHeH sl B HEOGXOMMMBIX CJIydasiX BbIOJHAIOTCS MPOCTHIM KapaHIalloM Ha MoJifx. B cratbe o/mKeH GbiTh
Heo6XoauMblii MHHHMYM opMmyJl. Bee BTOpocTeneHHble W MPOMEXYTOUHbIE MaTEMaTHHECKHE npeobpasoBaHHs
BLIHOCATCSA B MPWJIOXKeHHe K cTaTbe (W17 pelleH3enTa).

6. CiiefiyeT npuMeHsiTh (pH3HUECKHe BeJIHHHbI, COOTBETCTBYIOLHE CTAHIAPTY CT. C3B 1052—78 (CH 528-80).

7. Bubanorpaduueckyii ykasateib noa HazpanueM «CrHCOK JHTEpaTyphl> MOMELIACTCS B KOHUE CTATRH. He-
TOUHHKH PACTIONATAIOTCS B HEM B MOPSI/IKE MOCIIE0BATE/IBHOCTH CChIIOK B TEKCTE. CchlIKH Ha JInTepaTypy
(HoMepa HCTOUHHKOB B CTIHCKE) B TEKCTe 3aKJIOHAOTCA B KBalpaTHble cKo6KH. CHUCOK JIHTepaTyphl COCTaB-
nsietcest B coorBetcTsur ¢ TOCT 7.1-03 u TOCT 7.80-2000. B cnucok siMtepatypbl BHOCATCS TOJBKO Te pabo-
Thl, KOTOpble 0NYOAUKOBAHLL 8 Ne4amu.

[Ipumepbl OQOPMIIEHHS MOXKHO HAWTH Ha INTERNET-caiite HFTACY (Cu6cTpus) no aapecy
http: / www sibstrin.ru/izv.html

8. Ecan cTaThs GbiIa WK Gy/eT HanpaBJieHa B Apyroe Wajianue, Hiu xe Gblia paree onyG/iHKoBaHa, Heo6xo-
MO 06513aTeJIbHO COOBIIMTL 06 5TOM pejakiu. Matepuansi yxke ny6aHKOBaBIIMXCA pa6oT K paccMoTpe-
HUIO He NpPHHUMAIOTCS.

9. PeneHseHTos st cTateil peaakius Ha3dHa4yaeT [0 CBOeMY YCMOTPEHHIO. an uopa6oTKe CTaTbH MnocJie pereH-
31MM Ha ﬂepBOl:'l CTpaHHLe YKa3blBaeTCs €€ pellaKLlHOHHbIﬁ HOMEp, YHCJI0, Mecsll, Tol W NOMeTKa «pYKOIHCh MO~
cJe ﬂOpa6OTKH>>. llopa6oTaHHy}o cTaTblio HEOOXOAUMO NpHCHIJIaTh B IBYX JK3eMIsipax ¢ NpHJI0KEHHEM ee 3a-
[MUCH B _3JIEKTPOHHOM BHJE. K }10p260TaHHOI;I PyKOMHCH o6a3aTeNbHO NPHKJIAAbIBAaTh OTBETHI Ha BCE 3amMevyaHHA
peleH3eHTa. ﬂaTOlj] NMoCTYNJEeHHUs CTaTbH CHHTAETCS MOMEHT MOoJIy4eHH penaKuHeﬁ ee OKOHYaTeJIbHOTO TeKCTa.

10. PyxonucH, He NpUHSATbIE K ONyGAHKOBAHHIO, aBTOPAM HE BbIChIIAIOTCH. Pefiakuus WMeeT MpaBo NPOH3BOAHTD
COKpaLeHHs H peiakLOHHbIe H3MEHEHHS TeKCTa PYKoNHCeH. Koppekmypa cmameti asmopam re npedocmas-
ASEeMCSL.

11. Fonopap 3a onyGaMKOBaHHbIE CTATbH He BbLAAALUBAEMCA.

12. Pykonucu, He YIOBIETBOPSIONIME H3JOXKEHHbIM TPEGOBAHMUSM, OTNPABISIOTCA ABTOPAM HA
HOpaGoOTKY, 4TO 3aMe[JIsieT CPOK MX ONyGIMKOBaHMS.



Hupexc 70377

NMPUHUMAETCA MOAMNUCKA

Ha 2-e¢ moxyroxue 2008 r.

HA HAYYHO-TEOPETHYECKHH XKYPHAJI

HN3BECTHUA
BbICIIUX YYEBHbIX 3ABEJIEHHUHA

«CTPOUTEJIBCTBO»

MUHHUCTEPCTBA OBPA3OBAHHA U HAYKH P®d
ACCOIIMAIIMH CTPOUTEJBbHBIX BY30B CHI

HOBOCHBHUPCKCGIO TOCYJAPCTBEHHOTO
APXUTEKTYPHO-CTPOUTEJBHOIO YHUBEPCHUTETA

(Cubcrpun)
H3pnaercs ¢ mapra 1958 roga
ZKypHan paccuuTaH Ha MPOGECCOPCKO-NPENoNaBaTENbCKUI COCTAB, aCIIAPAHTOR,
a TaKKe CTYXEeHTOB CTAPIHX KYPCOB CTPOMTEJbLHBIX BY30B H (PaKyJbTETOB, PaGOTHH-
KOB COOTBETCTBYIOHMMX HAYYHO-MCCIEAO0BATEILCKHX M POEKTHBIX HHCTUTYTOB, HHIKE-
HEPHO-TEXHHUYECKHUH TMEPCOHAN CTPOUTENbHbIX OPraHM3aUMH M MpeXnpPUATHM.

O6bem xypHana no 10 meyaTHBIX JHUCTOB

XKypHan umeer paspenbl

CtpoutenbHble KOHCTPYKUHHA

Teopusi MHKEHEPHBIX COOPYKEHUH

CtpouTesnbHbIE MaTepHatbl ¥ H3je-
aus

JKOHOMHMKA M OpPraHM3alus CTPOH-
TeJbCTBA

ABTOMAaTH3aIMs U TEXHOJOTHS CTPOU-
TeJbHOT0 NMPOU3BOACTBA

T'mapoTexHUYECKOE CTPOUTENbCTBO

CaHHTapHas TeXHHKa

B XYPHAJUIE NNYS5JUKYIOTCH4:

CTaThbH O PE3yNbTATAX HAYYHBIX UCCAENOBAHUH, COOOIEHHS O IEPEOBOM OTEYECTBEH-
HOM M 3apy6eHOM OMbITE B CTPOUTEIbCTBE, pa6GOTHI 10 ABTOMATHKE M aBTOMATH3AIHH
IPOHU3BOACTEEHHBIX MPOIECCOB, MATEPHAbI MEKBY30BCKHX HAYYHBIX KOH(MEPEHIHH 1
COBEWAHMM{, OT/eNbHBIE PA3NENbl [HCCEPTANHN, MATEPHANBI O BHEPEHHH B IPOU3BO/-
CTBO 3aKOHYEHHBIX HayYHBIX PalboT, a Takke 0630pHBIE CTATHH, CTATHH HAyYHO-METO-
AMYECKOro XxapakTepa, MPeJJIOKEHHS IO PACYEeTy M NPOEKTHPOBAHUIO CTPOUTENbHBIX
KOHCTPYKUMH H MHIKEHEPHDBIX COOPYXKEHMMH.

Karanoxnas uesa 3a 6 mecaues — 540 p.
Iena orpensHoro nomepa — 90 p.

Ilonnucka npuauMaercs ¢ 1060ro Mecana 6es orpaHUYeHAs BCEMH Ar€HTCTBAMH
Pocneyaru u oraenenusimu cBasu. Ungexc 70377.

2Kypnan uspaerca HoBoCHGHPCKHM rocyaapcTBeHHBIM ApPXUTEKTYPHO-CTPOM-
TeabHbIM yHuBepcuteToM (Cuberpun).

Anpec penakunun: 630008, Hosocubupck, Jlennnrpanckas, 113,

ten./dakc (8-383) 266-28-59; e-mail: izvuz_str@sibstrin. ru

CTpouTenbCcTBO aBTOMOGHABHBIX AOPOT
U MOCTOB

CrpouTenbHble W JOPOIKHBIE MalIMHbI

Hayunpie npoGuembl apXuTEKTypbl H
3KOJIOrUH

Hayuno-meToxuueckuia

B na6opaTtopusix By30B

Brenpenne HaydHBIX JOCTHKEHHH B Ipo-
HM3BOJCTBO

Hayuynas undopmauus

1052. Hse. Bysos. Ctpouteanctso. 2008. Ne 6 (594). 1-132.

ISSN 0536



