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KOMITIO3HUIIUH OJII PEMOHTA TOPOXKHBIX IIOKPBITHH
C UCIIOJIb30BAHMUEM TEXHOI'EHHBIX OTXOI0B
IIPOMBIIIJIEHHOCTHA

IIprBoasiTCS pe3ysbTaThl HCCAEI0BAHMH MO B3aUMOJAEHCTBUIO TEXHOTEHHBIX OTXOJ0B IMPO-
MBIIIEHHOCTH, B YaCTHOCTH 30JIbI-yHOCA | 1s1aMa (yrosibHbiE (PyTepOBKH), B COCTaBE KOMIIO3H-
UMM [JI51 PEMOHTA AOPOXKHBIX MOKPBITHH.

PaccmoTpeHo BiHsiHHe 1I1aMa Ha CTPYKTYpooOpa3oBaHMe U ONTHMAaJIbHYIO NO3UPOBKY B
cocTaBe KOMIIO3ULIMH, a TakxXe NPHUBOAATCS NaHHble PeHTreHo(as3oBoro M audQepeHLHAb-
HO-TEPMHUYECKOTO aHAJIM30B, BBIBOABI M0 pe3y/bTaTaM HCCJeN0BaHHH.

JloporkHble TIOKPBITHS IKCIIYaTHPYIOTCS B JKECTKHX KJAMMATHUECKHUX yC-
JIOBUSIX MIPU OOJIbLLOK AWHAMUYECKOU HArpy3Ke, UTO MPUBOAUT K UX MOBpeXK/e-
HUIO U TIOCTeNleHHOMY paspyiuenuio. [Touck martepranoB U pazpaboTka KOM-
MO3ULKH CO CrelMaJbHbIMH CBOWCTBAMH [/Is1 PEMOHTA AOPOXKHBIX TOKPBITUH
SIBJISIETCSl aKTyaslbHOH 3anaded. [loTeHIMAIbHBIM CHIPbEM /IS TOJyUeHUS pe-
MOHTHBIX KOMIO3HIHMH C BBICOKMMH 3KCILJTyaTalMOHHBIMH CBOMCTBAMHU MOTYT
CJIy?KMTh MHOTOTOHHaXKHBIE 3KOJIOTMYECKH Oe3BpelHble OTXOIbl TelJoIHepre-
TUKH U METaNIyprud, KOTOpble pacrnpocTpaHeHbl BO MHOTUX pernoHax Poccuu.

B naHHO# cTaThe mpeasioyKeHbl KOMIO3ULMU AJ5 PEMOHTA AOPOXKHBIX MO-
KPBITUH Ha OCHOBE UCIOJb30BAHUS 30/ OT CXKUTaHHs OypbIX yryed W 1jiama
aJIOMHUHHEBBIX 3aBOJIOB, MPEACTABASIOLINE COO0H MOTU(PULHUPOBAHHYIO TOHKO-
MOJIOTYIO YTOJBHYIO (DYyTEPOBKY 3JEKTPOJHU3HBIX BaHH.

OCHOBHBIM KOMIIOHEHTOM B PEMOHTHOW KOMIIO3ULIMH MPUHUMAIOTCS CMe-
IaHHbIE BSDKYIIUE, COAEPIKALLUE B CBOEM COCTaBE CMeCh MOPTJAAHALEMEHTA U
THAPABANYECKHN aKTHUBHYIO 30J1y-YHOC, B KaueCTBe 3aMOJHUTEJs UCI0Jb30Ba-
JIM KBapUEBbIH I1eCOK ¢ MOy/1eM KpynHoctd M, = 1,68 ¢ comepxanuem riu-
HucTeiX yactul Menee 0,1% u MHOTO(YHKIIMOHAIbHBIE TO0OABKH, MOBBIIIAI-
e neopMaTUBHbIE CBOMCTBA KOMIIO3ULIMH.

HccnenoBanusi nmpoBOAU/IKCh HA OCHOBe Muiama KpacHOSIPCKOTO amnoMu-
HUEBOTO 3aBOJIa U BBICOKOKAJbIMeBOU 30JbI KpacHosipckonn TILI-2, o6pasyro-
IIeHcs B Tpolecce CxKUraHus Oypuix yriaed Kancko-A4nHcKoro yrosbHoro 6ac-
ceiiHa, B COCTaBe KOTOPOH mpUCyTCTBYeT 7—9% CBOGOIHOrO OKCHIA Ka/bLUS
[1, 2]. [IpumeHeHye 307161 OT CXKHUraHHsl OYPBIX YIJIeH A/l IPOM3BOACTBA CTPOH-
TeJIbHBIX MaTepPHa/OB U KOMIO3ULKH 6e3 MOMOJHUTEbHBIX TeXHOJOTHUECKUX
ornepalnyi 3aTPyAHEHO M3-32 HEraTHBHOTO BJIMSIHUS OKCHAA KasblHs, HaXOIs-
merocst B cBO60MHON (hopMe, HA CTPYKTYypooOpa3oBaHUe U MPOYHOCTh 3aTBEp-
neBllero Matepuana. Hedrpanusosats orpuuaresnbHoe BausHue CaO,,,; BO3-
MOXKHO TepPMMYECKUMH, (PU3HUECKUMH UM XUMHYeCKHMHU crocobamu. B naH-
HOH paboTe BbIOpAaH XUMHUECKHH CIOCO0 HeHTpaau3aluy CBOOOJHOIO OKCHAA
KaJlblIMsl 32 CUeT IPUMeHEeHH s aKTUBHBIX 106aBOK, CIIOCOOHBIX BCTYNATh B peak-
UMM MIPUCOeIUHEHUSI U oOMeHa ¢ MHUHepaJaMHd U XUMUYECKHMH 3JeMeHTaMH
30JIbl.

J17151 coBeplLeHCTBOBAHHUS CTPYKTYPBl COCTaBa B PEMOHTHYIO KOMITO3ULHIO
BBOJU/NCb MHOTO(YHKLHMOHa/NbHble A00aBKH, B TOM 4YMCJe MHUHepaJsbHBIE,
B3aHMOJEHUCTBYIOLIME C MPOAYKTAMH THAPATALMH 30Jbl-YHOCA U MOPTJIAH/ALE-

70 ISSN 0536—-1052. H3B. By30B. Ctpoureancrso. 2008. Ne 4



MeHTa. B KauecTBe MHHepa/JbHOrO HAMOJHHUTEJNS HUCIOJb30BAICS MOAU(HLH-
POBaHHBIN 1IJIaM TOHKOMOJIOTOH yTOJbHOU (hyTEepPOBKH, 06pabOTaHHBINA B CTe-
XMUOMETPUUECKOM COOTHOILIEHWH TMIICOCOAEPKAILIMM [IJTaMOM T'MAPOJH3HBIX
MPOM3BOACTB. YTOJMbHAS (PYTEPOBKA SIBJSETCS TOMYTHBIM MPOAYKTOM MPOU3-
BoacTBa amoMunus [3]. TIpu mpousBoxcTBe aqOMHUHHS 00lIee KOJHYECTBO
TBEPIBIX OTXOJIOB COCTABJISET 10 85 kr/ T MeTtasna, u3 Hux 10 40 kr/ T — Jom
YTOJbHOH (PyTEPOBKU 3JeKTPOM3epoB. KpymHble Kycku (PyTEpPOBKH HCIOJIb-
3YIOTCSl Ha MPEANPUSATHSIX YePHOH MeTasJIypriuy B3aMeH MJIaBUKOBOTO LIMATa.
Meusikue no pasmepam (< 1,25 Mm) ppakimu yroJbHON GyTepoOBKH COmepKaT
TMOBBILIEHHOE KOJMYeCTBO 605 — OCTATKOB CIEKILIMXCS TJIHHO3eMa U [IaMOT-
Horo kupnuya (>10% mno macce), He yTHIM3HPYIOTCS M MOCTYNAOT B OTBa-
JIbI-HAKOIIUTENH U COCTABJ/ISIOT 3HAUHUTEJBHYIO BEJHUHHY.

[TepepaGoTka U yTHIH3aLMs TBepPHOro oTxona (0TpaGoOTaHHOH yroJbHOH
(QyTepOBKH) SIBIAETCS OQHUM W3 HAyYHBIX HANpPaBJIEHHH B PeLIeHHU MPobJIe-
Mbl 3KOJIOTHYECKOH 0e30MacHOCTH U IKOHOMHUYECKOH 3(h()EeKTHUBHOCTH.

CorsacHo naHHbIM xuMu4ecKoro aHaiuda mo [OCTy 5382-73 B yrosbHOH
(yreposke comepxurcs g0 12,6 mac.% F; 18,8% — Na; 21,2% — Al;
1,82% — Ca; 0,92% — Mg; 1,89% — Fe,03; 8,61 % — SiO,; moteps mac-
el ocsie npokanuBanus 6osee 30%.

J17151 OLIeHKH BO3MOXKHOCTH PUMEHEHHSI YTOJbHOH (DyTEPOBKH B PEMOHTHBIX
KOMITO3ULIUSIX M3Yy4asach MOJHOTA CBSI3bIBAHUSI (DTOPHUA-MOHOB C 30JI0H-YHOCOM
TAL-2, comepxarueit 8,4 mac. %

CBOOOMHOI0 OKCHIA KaJblUs, U Bpewms,
HEOPTraHMYeCKHUM LIJIaMOM Hel- 0 200 400 600 800 1000 1200
Tpa/M3alyu TUAPOJHU3HOTO IPO- 05

U3BOJCTBA, comepxxkaiiero CaSO, 1;

1o 75 mac.%. KommuectBo mo- .
6aBKH B KaXKJIOM CJaydae ObLIO 225 BN ~

N
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JOCTATOYHBIM [JIsl CTEXHOMETPHU- 32 AN —
4eCKH 00OCHOBAHHOTO CBSI3bIBa- -4 \\

HHSl HOHaMM Ka/blKs BICBOOO- 2 —
KIAIIMXCs HOHOB (ropa (pu-

[ <= vcx. YO —a—YO+3-Y (1:3) ==Y +1UH (1:1)]

CYHOK).
YcTaHOBJIEHO, UTO TIPYU KOH- ~ BiMsHMe W1ama HelTpanusauny u 30/bl-yHoca TILL-2

TAKTe TOHKOMOJIOTOH VIOJIbHOM H@ BblllenauuBaHue (TOpa M3 YrosbHOM (hyTepOBKH
ron 'y TIPU PA3/IMUHBIX COOTHOLIEHUSX YTOJBHOH (DyTePOBKH
(hyTEPOBKH C BOJAOU MPOUCXOTUT U 10GaBKH

aKTHBHOE BblllesayuBaHue (pro-

pa. dta cTanus B3aUMOJeHCTBHUS, BePOSITHO, 00YCJ/I0BIE€HA pacTBOPEHHEM (PTO-
pyaa HAaTpHsi, HAXOASILET0Cs HAa TOBEPXHOCTHU W3MeJIbUeHHBIX YaCTUL YTONbHOU
(hyTepOBKH U IMpOTEKaeT M0 CXeMe

NaF(s) + ag > Na/, + Fgy. (1)

DKCcrnepuMeHTaNbHasl 3aBUCUMOCTb JIOTapu(Ma PaBHOBECHOH KOHLEHTpa-
unn dpropun nonos (IgCy ) B pacTBope oT BpeMeHu Bbiieaunsanus ( , ¢) B
npejesax OWMOOK SABJSETCS NPSIMONHHEHHOH, T.e. CKOPOCTh PeaKLHH BbIlle-
naunBanust dropa (Y,) Ha NaHHOW CTagHH MPAKTHYECKH HE H3MEHSETCS CO
BpeMeHeM IIpu Temmepatype 22°C

Y, =ACp/A  2-107* mosb-a! el (2)

JlaHHOe 3HaueHHe CKOPOCTH COOTBETCTBYET OBICTPOMY Nepexony (hropa B
pacTBop B TeyeHHe 1—2 MHH, 3aTeM CKOPOCTb IIpoliecca BblllesayMBaHUs 3a-
MeTHO cHUKaeTcs. MccnenoBanus nokasasu, 4To Npu yBJAaKHEHUH TOHKOMO-
JIOTOW yTOJNbHOU (hyTEPOBKU T'MIICOCOAEPIKAIIUM LIJTAMOM MOJHOCTBIO UCKJIIO-
yaeTcsl BBIMbIBaHMe (PTOpa B OKpyxKaiollyio cpeny. Haxoxsumiics B coctaBe
PEMOHTHOW KOMIO3ULMH OKCHJ KaJblHs 30Jb-YHOCA KAK OCHOBHOTO KOMIIO-
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HEHTa BSKYIIEro TakkKe OyleT CBSI3bIBATb (PTOPUA-HOHBI, BEICBOOOXKAAKOLIIHE-
ca npu rugpoause coneit NaF, AlF;, Nag[AlF,] yroabnoit dhyTteposkw.

B npouecce ypaneHus ¢propa KaJbUHHCOAEPKALIMMH BelllecTBaMU (HTO-
PUI-MOHBI, HAXOASIIIHECS B COCTAaBE MPOCTBIX COJEH, CBSI3bIBAIOTCS B MaJopac-
TBOPUMBIH 0CAIOK:

Clry) * 2F (g — CaFy) (TIP = 4-10711, 298 K). (3)

Konuenrpauus propa nagaet B 2,5-10%u 3 - 10% pa3, cooTBETCTBEHHO T1pU
cpaBHeHuHu BbiMbiBaHUs U3 NaF u AlF; He mpeBbiaer 1,5 Mr/ 1 — KOHILEH-
tpaunn [IJK no ¢ropy mis Bomoemos u nous [4]. D10 cBUgETENBCTBYET O
TOM, UTO C IKOJOTHYECKOH TOUKH 3PeHHs] TaKhe PeMOHTHblE KOMIIO3ULHUH SIB-
JSI0TCS a0CO/IIOTHO HEOMacHBIMU /IS OKpYyXKalolleH Cpebl.

YuutbiBas 9K0J0THUECKYI0 6e30MacHOCTb IPUMEHEHHUs] TEXHOTEeHHOr0 OT-
X0/la aJIOMUHUEBOTO MPOU3BOJACTBA /1T PEMOHTA JOPOKHBIX TOKPBITHH, HC-
CJIeI0BaHO BJAUSIHUE 1IJlaMa Ha CTPYKTYpooOpa3oBaHUe U ONTHUMAJbHYIO 103U~

POBKY B PEMOHTHOW KOMIIO3H-

Ta6nuna 1 jyy. dddexTrBHOCTD AeficTBUSA
BausHme pacxoja miaMa Ha HOPMANBHYI0 [/ gMa OlleHMBAa/lach MO ero

TYyCTOTY M CPOKH CXBAaTbIBAHUA PEMOHTHBIX
S —— BJHSHHUIO Ha HOPMaJ/bHYIO TycC-

. TOTY, CPOKM CXBAaThIBAHHA U Ha
M8 |Conepanre, wac. % i‘;P'rV‘yaCJ;‘g_ expatasamis, «  TIPOUHOCTB 06PasLOB, 3adopmo-
TaBa| 3o,1a |Llement| Ulmam | T4 %  [Hauaso| Koren BaHHE’IX 43 PEMOHTHBIX KOMIIO-
suLMi. PesynbTaThl HCC/eN0Ba-
; 88 18 I ggg 85(3); 81‘218 HUH BJAMSHHS pacxoia Ilaama
3190| 10 | 2 | 283 |0037|01.28 HA3TH HgKan‘TeQ‘”“ HpeacTaB e
49| 10 | 3 283 |00.24|00.58 ~HM B TAOM. 1, 2.
5 | 90 10 4 28,5 00.22 | 00.55 YcraHoB/seHo, uTO mo6aBKa
6 |90 10 5 28,5 00.16 | 00.40 lJjamMa B KOJHYECTBe 1—5% B

komnosuimu (ceepx 100% mo
Macce) COKpalllaeT CPOKH CXBATbIBAaHHUsI B 2—3 pasa, [PU TOM [OBbIIIAET BO-
nonoTpe6HOCTh B 1,5 pasa npu coxpaHeHHH MOABMXKHOCTH cMecH. Llnam oka-
3blBaeT MOJIOXKUTeJ/bHOE B/IMSHHME Ha IPOYHOCTb 00PA3LOB KaK B paHHMeE, TaK
U B OoJiee MO3HUE CPOKU TBepieHUs. [losoxuUTenbHOe BJAMSHHE LlJaMa Ha

Ta6nuua 2
BiusHue cocraBa Ha HPOYHOCTHh 00pPa3I0B PEMOHTHBIX
KOMIIO3U LA
C o [TpouHocThb [TpouHocThb
Ne OAEpHAHHE, MAC. /o npu cxatuu MIla npu usrnde MITA
cocrasa 3ona |Llement|Ilecox | Ulmam | 1 eyt | 7 cyr |28 cyT| 1 eyt | 7 cyT |28 cyT
1 40 10 50 242 | 2.74 | 3,62 | 0,81 | 0,93 | 1,22
2 40 10 50 1 2,60 | 3,02 | 3,84 | 0,88 | 2,08 | 1,41
3 40 10 50 2 2,78 | 3,30 | 4,16 | 0,94 | 1,20 | 1,49
4 40 10 50 3 2,96 | 3,64 | 4,42 | 1,01 | 1,27 | 1,58
5 40 10 50 4 13,18]386]|4,74|1,07|139] 1,70
6 40 10 50 5 3,36 | 4,16 | 5,04 | 1,14 | 1,52 | 1,81

N0Ka3aTe/ U MPOUHOCTH 3aTBEPAEBIUUX KOMIIO3ULHHN MTOATBEPKAAETCS TaHHbBI-
MU peHTreHo(a3oBoro U audQepeHUHaNIbHO-TEPMHUUECKOro aHannu3oB. JJo6as-
JIeHHWe 1I71aMa Ha PeHTreHOrpaMMax TBEPAEIOIMX CHCTEeM: KOHTPOJbHOH (30-
Ja + LeMeHT + BoJa) U ONBLITHOH cMecH (30412 + HeMeHT + wiam + Boja) Ha
31 28 cyTKHM NPUBOIUT K 00pPa30BaHHUIO HECKOJbKO MeHbLIEro KOJMYEeCTBa
rUApaTHON u3BecTH. JlU(ppakUMOHHbIE MAKCUMYMBbI, COOTBETCTBYIOLINE MeXK-
IJIOCKOCTHBIM paccTosiHUsIM, xapakTepHbiM a5 Ca(OH), — d /n = 0,492 uwm,
0,311 um, 0,263 uM, 0,193 HM, B KOHTPOJbHOM 00paslie HHTEHCHBHee. ITO
00yCJIOBJIEHO, BEPOSATHO, CJAEAYIOLIMMHU TPUYHHAMHU: BO-NIEPBLIX, 32 CUET CBA-
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3biBaHMs cBoGoAHOHN CaO 30/bl-yHOCA aKTUBHBIM KpeMHE3eMOM U (DTOPHUI-HO-
HaMU 111aMa Koauuectso o6pasymowericss Ca(OH), npu cMauMBaHuHU U ruapa-
tauuu CaO cHMKaeTCsl, BO-BTOPBIX, 3aMe/JIeHHEeM B IPUCYTCTBHUH L1JIaMa TH]I-
paTauuu OCHOBHOrO MMHepana amuta C;S.

Ananornynasi 3aKOHOMEPHOCTb MPOCJIEKUBAETCS TIPH PACCMOTPEHUH Jie-
pMBATOrpaMM KOHTPOJILHOTO M OMBITHOrO 06pasiia, cofepxaliero 5% niama.
[Tpy HarpeBaHHU ONBITHOrO 06paslia MOXKHO YeTKO Pa3jWUUTh IBE CTyIEeHH
ynanenust Bomsl npu 135 u 180°C, compoBoxkaaroiiyecs COOTBETCTBYOUMMH
9HI03(P(eKTaMH.

D¢ (HeKTUBHOCTb HCIMOJMb30BAHUS 30Jbl-yHOCA M IIJIaMa TOHKOMOJIOTOH
YToJbHOW (DYyTEPOBKH B COCTaBE PEMOHTHBIX KOMIO3WULMH 00yCJOBJIEHA pe-
3y/JbTaTaMH UX B3aUMOJEHCTBHUS U BO3MOXKHOCTBIO YACTUYHOTO pellIeHHUs KO-
JIOTHYeCKHUX NPo6JieM, CBI3aHHbIX ¢ YTHIU3aLHeH MPOMBIIIIEHHBIX OTXOI0B.

[Ipennaraemble KOMIIO3ULMK aPOOUPOBAHbI TPU MPOBEAEHUH PEMOHTHbIX
paboT Ha aBTOMOOUJIBHBIX IOpOrax B pasHblX paioHax KpacHosipckoro kpas.
C yJeToM pasMUHBIX KJIMMATHUECKHX YCJIOBHH ObIIN BBIOPAHBI MECTHOCTH C
HU3KUMH TeMIlepaTypaMH; C TOBBIILIEHHOH BJIa)KHOCTbIO B TIEPHOM TMOJIOMKH-
TeJIbHBIX TeMIlepaTyp; C OTHOCUTEJNbHO yMepPEeHHbIM TeMIepaTypPHBIM U BJlax-
HOCTHBIM BO3/IEUCTBHEM M C JOCTATOYHO CYXHM KJIUMAaTOM M BO3JeHCTBHEM
BBICOKMX TeMmmepartyp. PerynspHele HaO/M01eHUS 32 OTPEMOHTHPOBAHHBIMHU
y4aCTKaMH TOPOXKHBIX TMOKPBITHH MOKa3bIBAIOT, UTO pa3paboTaHHbIE COCTABHI
KOMIIO3HULIMH C MCMOJb30BAHHEM 30JIbl-yHOCA U 1JaMa yroJbHOHW (PyTepOBKH
MOATBEPIUNN UX 3IKCIJIYaTALMOHHYIO HaleXKHOCTb.
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COBEPIIEHCTBOBAHHUWE TEXHOJIOTU¥ YIIJIOTHEHUSA
HA BA3E AHAJIMTHYECKHUX UCCJEITOBAHUN HAINIPAXKEHUA
B T'PYHTOBBIX CPEJAX

PasBuTHe TeXHOJOTHH B 06JIaCTH OCHOBaHWUH H prH[[aMEHTOB BUIUTCA CBsASAHHBIM HeE
TOJIbKO C YCOBEPLIEHCTBOBAHHEM MHAYCTPHAJbHBIX METOL0B BO3BEACHUA (pyHLLaMeHTOB, HO U C
nepexoaoM B JlaJibHeHIIeM K 6ECKOTJIOBaHHOMy CTPOUTEJNLCTBY, YTO obecrneunT MUHUMHU3ALUIO
pacxXxonoB CTPOUTEJbHBIX MaTe€pHaJ/iOB, YMEHbIIEHUE 3aTPaT TPyAa U BPEMEHU C ONpeaeJeHHbI-
MU TapaHTUSAMH 3aJaHHBIX HeCYLIUX Harpysok.

ISSN 0536—1052. H3B. By3oB. Crpouteascrso. 2008. Ne 4 73



AKTyanbHBIMH 10 CHX TIOP OCTAIOTCS TaK:Ke BONPOCH! pa3paboTKH MaTeMaTH-
YeCKH CTPOTMX METOOB pacyeTa COBMECTHOH paboThl (DyHAAaMeHTOB, HaA(pyHIa-
MEHTHBIX CTPOEHHMH M CXKMMaeMOH TOJILIYM TPYHTOB OTPaHMYEHHbIX pasMepoB (Ko-
HEYHOH TOJIMHBI) C TMOJHBIM yu4eToM HX AeopmaThBHbIX cBokcTB [1]. Cosep-
IIEHCTBOBAHME MOUCKA PaUMOHAJbHBIX (DOPM CBAWHBIX (DYHAAMEHTOB, CO3IAHUE
NPOrpaMMHBIX KOMIIJIEKCOB [/l KX pacyeTa U MPOeKTUPOBAHUS He YTPATU/IN CBO-
el BaxKHOCTH [2] M 1OJKHBI TPUBECTH K COBEPLIEHCTBOBAHUIO TEXHOJIOTHYECKHX
TMPOLIECCOB YIJIOTHEHHSI TPYHTOBBIX CPEN.

OnmHo W3 HampaB/eHUH YBeJHUEHHUS yIeJbHOW Hecylled CHOCOOHOCTH
CBaUHBIX (PYHOAMEHTOB — pa3paboTKa UX KOHCTPYKLUHUH C pa3BUTOH GOKOBOU
MIOBEPXHOCTBIO, T.e. MONEepPeyHoe ceyeHHe OCHOBAHHUS NOJKHO UMeTh MaKCH-
MaJsIbHO BO3MOJKHYIO BeJIMUMHY OTHOLLEHHS TepuMeTpa MOoMNepeyHoro ceyeHus
K ero nsouand. B nonHo# mepe 1aHHbIM TpeOOBAHUSM yIOBJAETBOPSIET CBAsl C
TnonepeyHbIM CeueHHeM B BUIE YKOPOUeHHOH runouukaonsl [3]. C momouisio
paspaboTaHHOK MaTeMaTHuecko# Momesu [4, 5] GblIo Wccae0BaHO BIUsSIHKE
napameTpoB XKEeCTKOro ILITaMIa 33JaHHON IJI01Iaa1 B (hopMe YKOPOUEHHOH TH-
MOLUMKJIOWIBl U 3aJaHHOW HAaTPy3KW HA Hero Ha MPOCTPAHCTBEHHOE pacrpene-
JieHue BEPTUKAJbHOrO CXKUMAIOLIEro HaNpsiKeHUsl B YIPYroM MOJYNPOCTPaH-
cTBe. PesysbraTsl pacueToB NpeaCcTaB/ieHbl B BUIE CeYEHUH MOJYTIPOCTPAHCT-
Ba BEPTHKAJbHBIX CXKHUMAWUIMX Hanpskenud (puc. 1).

B ocHoBe HCIO/Ib30BaHHON MaTeMaTHUeCKOHW MOZE/N JIeXKUT pelleHue 3a1a-
YU 0 JeUCTBUM BePTHUKAJIBHOM COCPEIOTOYEHHOH CHUJIBI, TPUJIOKEHHON K MOBEpX-
HOCTH YIPYTroro MoJIynpocTpaHcTBa, nosyueHHoe B 1885 r. 2K. Byccuneckom.
HMcnosb3oBanue NpUHLMNA CYNEPrO3ULMH I03BOJMJIO ONpPeNeIUTb 3HaueHHe
BEPTHUKAJIbHOTO C;KUMAIOLIEro HampsiKeHHsl B KaXKA0H TOUKe yIPyroro Mmosymnpo-
CTPaHCTBA NP AeHCTBUH COCPEIOTOYEHHOH CUJ/Ibl P Ha MOBEPXHOCTb abCO/IOTHO
JKEeCTKOTO LITaMMa 3aaaHHoH (opMbl. B KauecTBe MCXOMHBIX AaHHBIX OBIIH MPH-
HSTBI: BEJIMYMHA HArPy3KM Ha LITaMIl P, aGCOJIIOTHO »KeCTKui wrtamn (popma B
njiaHe — YKOPOUEHHAs! TUITOLMKJ/IONA) 3aIaHHOH MJIOany S, TIOCKOCTb Ceye-
HUS IPOCTPAHCTBA HAMPSKEHUH, ee T10J10’KeHHe OTHOCUTE/IbHO OCHOBHBIX TJIOC-
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Puc. I. PesynbTaThl pacueTa paclpejie/leHUs BepTHKANbHOIO C:KHMAIOLIero Ha-
npseKeHUs Ha riayouHe z = 0,1 M 1Js KecTKoro mramna B opMe TpexJyueBoH

YKOPOUEHHOH THIOLMKIOUIB ¢ KO3(QdHULUHMEHTOM cKosbKeHus = 0,85 miorua-
a0 0,152 m2. Bepruka/ibHas cxxumamolias Harpyska P = 100 H
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KocTel. B Xozie vcce10BaHui OLeHHBAIOCh BIUSIHHE KOI(D(MHULMEHTA CKOJIbKE-
HUSL W uucsia BeTBed N yKOPOUeHHOH MUIOLKMKIIOUb! HA PAacCTIpeieieHie BePTH-
Ka/JbHBIX CXKUMAIOIIMX HAMPSKEHUH , B YIPYroM TMOJYIPOCTPAHCTBE.

Ananu3 noJy4eHHbIX NaHHBIX 03BOJIHJ YCTAHOBUTh XapaKTep 3aBUCHMO-
CTH MaKCUMaJbHOU TJIyOUHBI Z,, PACIpe/eJeHHs] BEPTUKAIBHOTO CKUMAIO-
LIero HAMpsKeHUusi , oT uncsa BetBed N (puc. 2) u KoapduLmeHTa CKOIbXKe-
uust  (puc. 3) yKOPOUEHHOH THIOLUMKIOUIHI.
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Puc. 2. 3aBUCHMOCTb MaKCUMaJ/IbHOH IVIyOUHEL 2 paclpesiesleHHs] BePTHKa/IbHOIO
CXKMMAIOLLEro HaNpspKeHs  , ISl ITamna B (hopMe YKOPOUeHHOH THIIOLHKJIOH-
OBl C Pa3/IMUHBIM uMcJIOM BeTBeH N U Koa((ULMeHTOM cKoubxeHus = 1,0,
mnowanpio S = 0,152 m2. BeprukanpHas cxumawomias narpyska P = 100 H
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Puc. 3. 3aBucuMOCTb MAaKCHMAJbHOH IIyOHHBI pacrpe/e/ieHHsl BePTHKAIbHO-

ro CXKHUMAIOIIEro HaNpsuKeHUs 17151 wramna miomansio S = 0,152 M2 B popme

YKOPOUeHHOU runotmkaouab (N = 3) 1151 pasnuunbix K03(QHUUHUEHTOB CKOJIb-
KeHusi . BeprtuxanbHas cxumaromasi Harpyska P = 100 H

[puBenennsie rpaduku (cM. puc. 2, 3) NO3BOJSIOT Ca/IATh BHIBOJ O HE3HAUH-
TEJIbHOM BJIMSTHUU KaK UHCJ/IA BETBEH YKOPOUEHHOH IMIOLMKAOUIB! NV, TaK U Ko3(-
(pULMEHTA CKOJIbKEHUST  Ha MAKCHMAJIBHYIO TVIyOHHY 2., PaclipeeeHHst BEPTH-
KaJIbHOIO C2KMMAIOLIEr0 HalpsKeHHs O, [/l XKeCTKOro IITamna B (popme yKo-
POUEHHOH THIOLMK/IOWIB 33afaHHOM IIoaad S moj [AeHCTBHEM 3aJaHHOU
BEPTHKANbHON CXKUMaIoLleld Harpy3ku P. Kak paHee Obio ycTaHOBJIEHO, MPAKTH-
YeCKUH MHTEpPeC MPeCTaB/ISIOT CeueHHsl CBall B BU/Ie YKOPOUEHHOW THITOLMKJ/ION-
1Bl ¢ KoahpuureHToM cKobxkenns 0,7 < <1 [3]. [ToaToMy nanbHEHUIIHHA aHAJN3
3aBUCHUMOCTH MaKCHMaJIbHOU TVIYOUHBI 2y, PaClpe/iesieHUs] BEPTUKAIBbHOIO CXKHU-
MAIOILIEro HaMpsKeHHst G, OT MapaMeTPOB YKOPOUeHHOH rumompkions (N, )
OyieM MPOBOAMTD /15 STHX 3HaYeHuH Koa(duumenTa ckobxkenus (0,7 < < 1).
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CpaBHUM MakKCHUMaJbHYIO TJyOUHY 2., PaclpeieseHusi BEPTUKANbHOTO
CKHUMAWOILEro HamnpsiKeHUs O, . AJAS lITamMIa B (QopMe NPaBUIBHOIO
N-yroJibHUKA U COOTBETCTBYIOLIEH eMy YKOPOYEHHON TUMOUMKIOUIb ¢ N BeT-

BSIMU ¥ Ko3(puurentoM ckombxkenus = 1,0 (puc. 4). [lns yno6ersa cpaBHe-
HUsI Pe3yJIbTaThl [IPEICTABJIEHbI B BUe OTHOCHTE/IbHOK OIHOKH A (Tabiuua):
Zun —2
A = Srun A , (1 )
ZA
rie 2., — TJAyOuHa pacrpeneseHnst BePTHKAIbHOTO CXKUMAIOIIEro HampsixkKe-
HHUA O] LITaMIoM B popMe yKopodeHHO# runouukaounsl (N =3, =1,0);
2, — ruyOuHa pacrpeneseHnss BEPTUKAJbHOTO CXKHUMAKOIIEr0 HaMpsKEeHHUs
MOJ ILTAMIIOM B (hOpMe MPaBHJIBHOTO TPEYTrOJbHHKA.
0,9
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Puc. 4. 3aBUCHUMOCTb MaKCHUMaJbHOH TJIyOUHBI pacrpeneseHusi BepTHU-
KaJIbHOTO CKMMAIOILETO HaMPsIKEHHUs Oy, . 1151 LITaMIa MJIoIaapo S =
= 0,152 M2 B dhopme yKopodeHHO# runouukiouns (N = 3) nis pasnuu-
HbIX KO3(PULHUEHTOB CKOJMBXKEHHST U B (pOPMe MPABUIBHOTO TPEYTOJib-
HUKa. BeprtukasnbHas cxumaromas Harpyska P = 100 H

[Tpusenennsie rpadguku (cM. puc. 4 u TabJIUILy) MO3BOJSIOT CAEAaTh BbI-
BOJ 0 HE3HAUUTEJIbHOW Pa3HHULE MAaKCUMAJ/bHbBIX TJYOUH 2, pacnpeneseHus
BEPTUKANBHOIO CKHUMAIOIIEro HaNpsixKeHUs 1/ lITaMna B ¢popMe MpaBUIIb-
HOro N-yroJibHUKa U COOTBETCTBYIOLIEH eMy YKOPOYEHHOU MMIOLUUKIOUABL C
N BeTBsAMH.

3HauyeHUs pacnpenesieHNs BEPTHKAJbHOIO CKHMMAIOIEro HamnpsKEHUs AJs ITamia
B (popMe MpaBUIbLHOTO N-yroJibHUKA M YKOPOUEHHOW TMIOUKJIOUAbI, Yo

Hagp’”“e““e/ N=3 | N=4 | N=5 | N=6 | N=7 | N=8 | N=9 | N=10
arpyska
10 -1,5 -0,5 -0,1 0,0 0,1 0,5 0,1 0,4
50 -3,3 -1,8 -0,4 -2,1 0,0 -1,7 0,0 -0,7
90 -10,5 —4.6 -0,9 -0,9 0,0 0,0 1,8 -2,6

Takum o6paszom, 1151 onpeieNeHHs] MAKCUMaNbHOU TJYOUHBI Z,,,, pacipe-
JleIeHUs] BEPTHKA/JIbHOTO CKHUMAIOLIETr0 HaMpsiKeHWs AJs LTamna B (opme

YKOPOUEHHOH THNOLUMKAOUIB! ¢ N BETBSIMU U KO3(D(PULHEHTOM CKOJbXKEHUS
C JIOCTAaTOYHOH TOYHOCTBIO MOXKET OBbIThb HCIOJb30BaHa (opmysaa [4]

2. =265-/s - —0308-In % +078 |, ()
p

TIe 2. — MaKcHMaJbHast TJyOHuHA pacrnpeeeHusl BEPTUKAJIbHOTO CKUMaI0-
ILIero HampsKeHUs, M; S — MJIOIIALb KEeCTKOro LiTammna, M>; O, . — 3alaH-
Hoe HamnpsikeHue, [la; sz/s — HHTEHCHUBHOCTb Harpysku, Ila; P — co-

cpenoTodyeHHad cuJa, H.
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BeiBoabl. 1. MakcumasbHasi rnyOuHa 2.,,, BEPTUKAJbHBIX CXKUMAIOLIUX
HanpsiKeHWH J/151 TOCTOSTHHBIX 3HaYeHUH 1eHCTBYIOLeH cubl P 1 mowanu S
’KeCTKOTro LTaMia B (hopMe YKOPOUEHHOH MMITOLMKJIONAB TPAaKTUYECKH He 3a-
BUCUT OT uncaa BeTBed N U Kodp(ULMEHTA CKOJbKEHHUS

2. XapakTep 3aBUCUMOCTH 2, = [(s,P) OMMHAKOB U /151 )KECTKOTO LITaM-
na B (popMe YKOPOUEHHOH FMITOLMKJIOWAB], U A/ LITaMna B (hopMe COOTBETCT-
BYIOLIEr0 NPaBUIbHOTO N-yroJbHHKA.

3. UcnosbzoBaure (opMmysbl (2) 3HAUYUTENBHO YIPOLIAET BBHIYHCIEHHE
MaKCHUMaJsIbHOH TJIyOUHBI pacrpene/eHnst 3aIaHHOT0 BEPTUKAJIbHOTO CKUMAI0-
ILIer0 HamnpsKeHUs AJIS 2KeCTKOro LiTaMna B (hopMe YKOPOUEHHOH T'MIOLUK-
Jgounel. OTnagaeT He0OXOAUMOCTb B MCIIOJNb30BAHUU CIIELMANBHBIX METOIUK U
tabaun kKosppuuuentos [6]. OTHocuTesbHas owmubKa oOnpejeeHUs
|2 < 11%.
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10. A. HUKUTHUH, kaua. apxut., npod. (IletepOyprckuit rocygapcTBeHHBIN
VHUBEpPCHUTET MyTed COOOImEeHuUs )

IIPOMBIIIJEHHBIE BBICTABKH POCCHUH —
YPOKH NCTOPUHA

Cratbst IOCBSILIEHA MUCTOPHU OTE€UECTBEHHBIX BBICTABOK, HauMHasi ¢ [lepBo# my6anuHON
BblcTaBKM Poccuiickux ManydaktypHblx usnenuid 1829 r. B Canxr-IlerepGypre u mo 1917 r.
PaccmoTpeHo 3HaueHHe 3THX CMOTPOB [/ CTUMYJHMDOBAHHSI Pa3BUTHS IPOMbILIJIEHHOCTH,
CeJIbCKOTO X03fHCTBA, KyCTapHOrO M DeMecJeHHOTO MPOMU3BOACTBA, OXKHUBJEHHSI TOPTOBJH, a
TaKxKe UX POJIb B OOIIECTBEHHOH U KyJ/IbTypHOH K13HN Pocenu B XIX — nauane XX cromerusi.

Hcropust npombllyIeHHbIX BbICTaBOK B Poccuy Hepa3pblBHO CBfI3aHa € UCTO-
puell peMec/IeHHOTO U MaHy(aKTypHOTo IPOM3BOACTBA B Halllel cTpaHe. Hauamno
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OTeyeCTBEHHOM MPOMBILIJIEHHOCTH ObL10 noJoxeHo emle npu [lerpe 1. Onnako
J0JITOe BpeMsi MaHy(paKTypHOe MPOU3BOACTBO Pa3BUBAJIOCH AOBOJBHO MeIJIEHHO,
9acTo CylLIecTBYsl OJsaronapsi TOCylapCTBeHHbIM notanrsiM. Beenenue B 1822 r.
TaMOKeHHOro Tapuda Ha BBO3UMbIE TOBAPbl 00ECIIEUN/IO BbITObl OTeUeCTBEHHON
NPOMBILLIJIEHHOCTH, OTPaMB ee Ha BpeMsl OT MHOCTPAHHOro cornepHuyecTsa. Pyc-
CKHe MaHy(aKTypbl CTaJIH ObICTPO PACTH U yKe uepe3 HECKOJIbKO JIeT NOCTHIN
eBPOINeHCKOro ypoBHs. JIydlllMe M3 OTeUeCTBEHHBIX TOBAPOB MOPOM CMeLIMBa-
JIUCh B Mara3uHax ¢ UMIOPTHBIMH M YAacTO 3a Takue npoaaBaauch. «O6MaH cel
XOTSI U CJTY2KMJI K 4YeCTH PycCKOro (abprKaHTa, HO BPeuJ o0LieMy AeJy: YCIexu
Halmx (abpUK OCTABANMCh 3aKPbITHI, U Bceobllee npenybexaeHHe, YKOPEHHB-
11eecsl BeKaMHy U MOAAEP:KUBAeMOe YMBILIJIEHHO, HE XOTeJ0 BEPUTh, YTO U Y HAC
yKe BbIpabaThIBAIOTCS M3EJHs, He YCTyNaloLye Jy4YlIuM UHOCTpaHHbIM. Han-
JIe’Kalo paccesiTb cHe OCKOpPOUTEsbHOe IJIl PyCCKUX MpenybOexneHue, U SBUTb
CBETY yCIleXH HallMX MaHy(paKTyp B IMOJHOM HMX OJecke M Bejuuud» [1].

Bot torzna, B 1820-x rr., ¥ Bo3HUK/Ia MOTpe6HOCTb OpraHusauny B Poccuun
N0 MpUMepYy Pa3BUTBHIX €BPOMENCKHUX CTPaH MPOMBILIJIEHHBIX, WJH, KaK OHH
nepBOe BpeMsl Ha3blBa/IHWCh, MaHY(aKTypHBIX BbICTAaBOK. [lnaHupoBanuem u
OpraHusaluel 3THUX CMOTPOB 3aHMMaJjcs JlemapTaMeHT MaHy(paKTyp U BHYT-
peHHeH TOproBau MuHHCTepcTBa (PUHAHCOB, KOTOPBIHA MyTEM BBICTABOK CTpe-
MUJICS] «03HAKOMHUTb MYOJIUKY C YyCIIeXaMH OTeYeCTBEHHOH NMPOMBILINEHHOCTH,
no6equTh MpeapacCynKkH, AAIOLIHe MPEUMYILECTBO BCEMY HHOCTPAHHOMY, U
OTJIMUUSIMU U HarpajiaMu 3a U3siliHeHIlHe NPOoH3BeleHUsl BO3OYIUTh AyX CO-
pPeBHOBaHUS MexXAy (pabprHKaHTAMH U MOOLIPUTb UX K NaJbHEHIIEMY yCOBep-
LIEHCTBOBAHHUIO CBOMX M3zienuii» [2]. MiHTepecHo, 4To yxKe Toraa npemnoJara-
JIOCh TIPOBEeJIEHHE BBICTABOK He TOJIbKO OTeUeCTBEHHBIX IPOU3BOAUTEEH, HO U
MeXKIYHapPOAHBIX 3KCIO3ULMH.

[TepBasi my6sruHast BbICTaBKa POCCUMCKUX MaHY(DaKTYpPHBIX U3MEJIUH CO-
crosinack B 1829 r. B Cankr-Iletep6ypre. OHa pasMecTunach B «DKCIO3ULHU-
OHHOW 3aJjie» — CIlellHaNbHO MOCTPOEHHOM /151 3TOH LieJIH 30aHUHU Ha CTpeJsKe
BacusbeBckoro octposa [3]. BricTaBka siBUach ONHMM M3 KPYNHEHIIUX MO-
JUTUYECKUX, SKOHOMHUYECKUX U KYJbTYPHO-IPOCBETUTEJbHBIX MepPONpUSITHH
nepsort Tpetu XIX crosetus B Poccun.

Bropasi Beepoccuiickasi MaHydakTypHast BeIcTaBKa cocrosiiach B 1831 r. B
Mockse. Ona pasmecTtunuch B Jlome Baaropoasoro co6panus (oM cowo3os) [4].

Havano maccoBoro BBICTABOYHOTO IBHMKEHUS B MPOBUHLHHU TOJOXKHI B
1836 r. «FiMmeHHOU yKa3 06 OTKPBITHH B IyOepPHCKHUX rOpPOAaX BBICTABOK HM3e-
JIUH», B KOTOPOM NPUBOAMIUCH 00pa3LoBble MpaBUia /s NOA0OHBIX CMOTPOB
[5]. MuHHCTEPCTBO BHYTPEHHHX JeJ OOBABJAANO OCIOAAM HaYaJbHHKAM Ty-
H6epHUU BbICOUAlIliee TTOBeJeHHe 00 yUpeXKIeHUU B CJAEAYIOIIEM TOdy BbICTa-
BOK MECTHBIX H3JIe/IUH, TJie HallexkKaJsl0 IPeCTaBUTh «BCe, YTO ryOepHUS HMe-
eT HauboJsiee 3amMeyaTe/bHOIO». DTH CMOTPbl HOJKHBl ObLIH, MO MHEHHIO
MBJI, «pacnpocTpaHsiTb Ha MeCTaX CBeEHUS O COCTOSIHUN U YCOBEPILEHCTBO-
BAaHUSX 3aBOACKON, MaHy(aKTYpPHOH, CeJbCKOH M AOMAalUHEH MPOMBILLIEHHO-
CTH, U TeM BO30OYyXKIaTb U MOANEPKUBATH MeXKIY BCEMH IMPOU3BOASLIMMHU
KJlacCaMM MOXBaJIbHOe COPEBHOBAHHUE K YJyUIlIEHHIO CBOMX NPOU3BOACTB U U3-
nemwit» [6]. [Tpoenenue ryGepHckux BoicTaBoK B 1837 u 1838 rr. mosso.unio
MPAaBUTENbCTBY OLEHUTh YPOBEHb XO3SIMCTBEHHOTO PA3BUTHSI PETHOHOB. AK-
TUBHAsl OPraHM3YIOIAsl POJIb MPABUTENbCTBA B IKCIO3ULHOHHOH AeATeNbHO-
CTH B MPOBUHLMH MO0Ka3bIBaeT, UTO NPOMBILJIEHHBIE BbICTABKH CTA/IH [€J0M
roCy1apCcTBEeHHON BaXKHOCTH.

OpraHuzanusi TOCAeAYIOUMX BCEPOCCHHCKHX W MECTHBIX BBICTABOK
IIPOXOIHUT y2Ke €O cCcblKOd Ha npasusa 1836 r. Tak, B uacTHOCTH, ObLI OMy6-
JqukoBaH «Yka3 Ero Mmneparopckoro BennuecrBa Camonep:xia Beepoccuit-
CKOro 00 OTKPBITHH BBICTABKHM MaHy(akTypHbIX usfenui B C.-IletepOypre
B 1839 romy», B KOTOPOM TOBOPHJIOCH, YTO BBICTaBKA MPOBOIUTCS «HA OCHO-
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BaHWM YCTaHOBJIEHHBIX MpaBuJ, NoMelleHHbXx B CBome 3akoHoB T. XI,
crp. 109—121» [7].

B 1843 r. MHUHHCTEPCTBO TOCYAAapPCTBEHHBIX HMMYIIECTB OPraHHW30BaJIO
MePBYIO OMBITHYIO CEJbCKOXO3SIHCTBeHHYI0 BbicTaBKy B Opmecce. B cienyio-
11eM oAy TPOLLIO yKe [Ba TaKUX CMOTpa: B ceje Besnnkoe fpocnaBckoi ry-
6epauu u onaATh B Opecce. Ycrnex CMOTPOB MpeB3olIes Bee oxupanus. Haua-
JIOCh BblleJleHHe CeJbCKOX035HCTBeHHbIX 3KCIIO3ULHMHA B CaMOCTOSITEJbHBIN
THUIl BbICTABOK.

B 1845 r. nmocsnenoBaso «Bbicodailiiee MOBeJeHHE», KOTOPBIM MPEINHCHI-
BaJIOCh!

1. BricTaBKM CeJbCKUX MPOM3BENEHUH yUpeXKaaTh B TEX MecTax, Ile Co-
CTOSIHHE CEeJIbCKOTO XO3SHCTBa TOTO TpebyerT.

2. PyKoBOJCTBO BBICTABKaMH MMOPyUYaTh KaXAblH pa3 0cOOOMY BpeMeHHO-
My KOMHUTETY.

3. K cocrs3aHuio Ha BbICTABKHM JOMYCKaTb BCE COCJIOBHUS.

4. Ha u3nep:kKu Kaxkaou BeICTaBKH accurHoBaTb o 1000 py6aeit cepeb-
poM K3 cyMM MUHHCTEPCTBA TOCYAapPCTBEHHBIX HMYIIECTB.

5. 3a mpexacTaB/ieHHe JYUIINX POU3BEEeHUH BbIIABATh MO ONpeaeseHUIO
KOMMTETa BBICTABKHM MeaJH, IeHeKHbIe IPEMHUH U TT0XBaJIbHbIe JHCTHI [8].

C 1843 no 1849 r. mo pacnopsiKeHHUIO TPaBUTENbCTBA ObLJIO OPrAHU30BAHO
yxe 23 mofo6HBIX CMOTpa B pa3HbixX uacTax Mimnepun. B HUX npunsio ydactre
5802 skcmoneHTa, npencrasusiive 14076 npenmeros; 1918 6blin mooripeHsl
Harpagamu. BoJblyio yacTb y4aCTHUKOB HA HUX COCTABJISIIH FOCYIapPCTBEHHbIE
KpecThbsiHE TI0 PACTOPSKEHHI0 CBOEr0 MECTHOTO HadasibCcTBa. MUHHCTEPCTBO
rocylapCTBEHHBIX UMYILECTB YCTaHOBUIO B 1849 r. mecTb okpyros (mo 5—6 ry-
OEpHUI B KaXKIOM) B €BPOIMEHCKOK YacTH Poccuu /st PEryssipHOro mpoBefe-
HHUS CeJIbCKOXO3SIMCTBEHHBIX BhcTaBoK [9]. B suBape 1849 r. BeTynua B cuiy
«BBICOUAUIIINH YKa3», 10 KOTOPOMY Ha BBICTABKH CEJbCKUX MPOU3BENEHUU JI0-
MyCKa/JIUCh ¥ MeCTHble (haOpuuHble M peMecseHHble npousseneHus [10].

B siuBape 1848 r. yTBepxk/IeHO HOBOe TOJIOXKEHHE O MPOMBILIIEHHBIX BbI-
CTaBKax, KOTOPOe «CONEUCTBYS M CTeleHW HACTOSILIEr0 PasBUTHSI MPOMBILIJIEH-
HOCTH, U NMOTPeOHOCTH BPeMeHH, 3akK/wodalo B cebe eIrHOOOpasHble NpaBU/Ia
IUIsT YIpexKIeHNsT Cero poja, Kak B crosuuax Mvnepun, Tak v B Bapiuase» [11].
[To HOBOMY TMOJIOXKEHHIO BBICTABKH OPraHM30BBIBAJNHCH TOTIEPEMEHHO B
Cankr-Ilerep6ypre, Mockse 1 Bapinase yepe3 Kaxkiple 4eTbipe rofga Ha MSTHIH.
K yuacTtuio B 3THX cMOTpax IomycKaJuch xuteau Bced Mmmnepuu, T.e. Poccun,
[Tonbum u @unnaumun. Ha ocHoBanun stux mpasui 1X Beepoccuiickas many-
(bakTypHas BblcTaBKa Obia mpoBeneHa B 1849 r. B Cankr-Iletep6ypre, X — B
1853 r. B Mockse, XI — B 1857 r. B BapmaBe u XII — B 1861 r. cHoBa B
Cankr-Iletep6ypre. HoBble mpaBu/ia 3aKOHOAATENBHO 3aKPETISI 0OHOBIEHHbBIA
TIOPSIOK MPOBEIeHHs] BCEPOCCHUCKHUX MaHY(DaKTYPHBIX CMOTPOB U MPUCYKIEHHUS
Harpan. Haubosiee OT/IMUMBIIMMCS y4YacTHMKAaM BBICTABOK IPeNOCTaBJISIOCH
«IIpaBO YMOTpeO/eHHsl TOCyIapCTBEHHOrO rep6a Ha BbIBECKAX W M3IENHUSX».

Ha npoxonusiieir B MockBe MaHy(aKkTypHOH BbicTaBKe 1853 r. ¢ paspe-
mweHusi MuHKCTepCcTBa (DMHAHCOB BIIepPBble OBbLIM BBEIEHHI TJIATHBIE BXOAHBIE
6ueThl [12]. BolpyuyeHHBIMM JleHbraMu Tpeano/arasoch XoTh Kak-T0 KOMIeH-
CHUPOBATb MPABUTENbCTBEHHbIE 3aTPaThl HA YCTPOUCTBO cMoTpa. C 3TOro Mo-
MEHTa BBICTABKHM Haudaju npuobpeTaTb KOMMepuecKoe 3HaueHue. B nanbHel-
IIeM 3TOT aclekT OyeT UrpaTh 3HAUUTEIbHYIO POJIb B 9KCIIO3ULMOHHOM JeJIe,
TaK KaK BXOJ Ha OOJIbLIMHCTBO BBICTABOK CTaJl MaTHEIM. Hano oTMeTHTb, 4TO
IPU 3TOM KaK B CTOJIHLAX, TAK U B IPOBUHLUH YCTPaUBaJUCh OeclaTHble THH
WJIM 3KCKYPCHUHM JIS1 yyallleHhcsl MOJIOfEXKH, pabouux U KpecTbsiH, a Ha Kues-
CKOH BBICT@BKe CeJbCKOXO3SHCTBEHHBIX U (pabpUUHO-3aBOACKHUX NPOU3BeJe-
Hui 1880 r. ee opranusaTopsl CrelyasbHO 0TKA3a/lHUCh OT MJIATHBIX BXOAHBIX
Ou/eTOB, YTOOB «HE CTECHSATh HEMMYIIHMX KJIACCOB HAPOJA U MPHE3XKAILIMNX B
rOpOJl KPeCThbsiH B CBOGOIHOM TOCElleH|H BbicTaBku» [13]. Dta obieobpaso-
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BaTe/JbHAsl U JleMOKpaTHUecKasi HalpaB/JeHHOCTb Obl1a XapakTepHa MJs BbI-
CTaBOYHOH JesiTeJbHOCTH B Poccum.

BypHoe pasBuTHe kKanutanu3ma, HadyaBlleecsi nocjae pedopm 1861 r., mo-
BJIEKJIO 32 COOOH CTPEMHUTEJNbHOE YBeJHYeHHe KOJIUIECTBA PA3HBIX BbICTABOK,
0coOeHHO CeIbCKOX03IHCTBEHHBIX. IHUIIMATHBA B 3TOM JieJie Mepellia B pyKH
MECTHBIX HAy4YHbIX OOIIECTB W 3eMCTB. BbICTaBKH CTa/j M yCTpauBaTbCs He
TOJIKO B CTOJIMLIAX U I'yOEpPHCKUX FOPOJax, HO U B ye3[HbIX FOPOax U cesax.
Bcero ¢ 1843 no 1887 r. 6bl10 npoBeneHo 588 cesbCKOX03SHCTBEHHBIX BBICTA-
BOK, U3 HUX 27 — B ry6epHusx u obnactax Asuarckoit Poccuu [14]. [Tpasu-
TEJbCTBO OTKA3aJ0Ch OT CAMOCTOSITENBHOTO YCTPOUCTBA CENbCKOXO35HCTBEH-
HBIX BBICTABOK, HO BBIAEJSN0 CyOCUIUU A/s1 UX opraHusdatopoB. [lo obuemy
NpaBUJy MeCTHble CeJbCKOX035HUCTBEHHbIE BBICTABKH OO0bEIUHSJINCH C IPO-
MBILIJIEHHBIMH CMOTpaMM. BblpaGoTasicsi pacrnpocTpaHeHHBIH THUN MeCTHOH
CeJIbCKOX03SIUCTBEHHOH U KyCTapHO-NPOMBILIJIEHHOHN BbICTABKH.

OrpoMHy10 poJ/ib B pa3BUTHH BBICTABOYHOTO Je/1a Chirpajiyi pasjiuyHble Ha-
yUHbIE U JIeJIOBble 0011ecTBa, B 6OJbIIOM KOJHUYeCTBe BO3HUKIIHE B Poccru B
XIX B. Cpenu HUX BbIEJSATUCH BosibHOE 3KOHOMHUecKoe 061iecTBO, Pycckoe
TexHu4yeckoe obuectBo, Poccuiickoe ofuiecTtBo canoBoacta, MocKoBcKoe
00I11eCTBO CEJMBCKOT0 X035HCTBa U Ap. B ycTaBax GOJBILMHCTBA 3TUX O0ILIECTB
HUMEJIUCh TOJI0KEHNUS O BBICTABOYHOU [E€STENbHOCTH.

BarkHoll BeX0H B UCTOPUU OTeUeCTBEHHOI0 BEICTABOUHOTO AeJa ctaja [lo-
JIUTeXHUYecKasl BoicTaBKa B Mockge, opraHu3oBaHHas B 1872 r. O6iiecTBOM
JoOUTeNeH eCTeCTBO3HAHUS, aHTPOIOJOTUU U 3THorpaduu npu MockoBCcKOM
yauBepcurtete. OHa 6bi1a npuypodena K 200-netnto co nHs poxaenus [letpa
Besnkoro — ocHoBatessi pyCcCKOH MPOMBILITEHHOCTH.

BaucratenpHbift yernex BcepocCHHCKOM MPOMBILIJIEHHO-XYI0KeCTBEHHON
BoicTaBKM 1882 r. B MocKkBe BbI3BaJ K KH3HHU PS KPYMHBIX 00JaCTHBIX CMOT-
pOB, CTaBIIMX 3HAYUTEJbHBIMU COOBITHSIMU B JKU3HH PyCCKOH MpoBUHUMHU. Cpe-
IM HUX HeoOXOOMMO HasBaTh MepBYIO [IpHOAITHHCKYIO MPOMBIIIJIEHHYIO BbI-
craBky 1883 r. B Pure, TypkecTaHCKyl0 CelbCKOXO3SIMCTBEHHYIO U KycTap-
HO-TIpOMbIlIIeHHY10 BbicTaBKy 1886 r. B Tamkente, CubupcKo-YpasbCKyio
Hay4HO-TPOMbILIIeHHY0 BbicTaBKy 1887 r. B Exatepun6ypre, KaBkasckyio Bbl-
CTaBKY IIPeIMETOB CeJIbCKOr0 X03UCTBA U npombiiyieHHoCTH 1889 r. B Tudau-
ce u T.A. BaxHbiM cobbiTHeM cTasa U Beepoccuiickas cesibCKOX035UCTBEHHAS
BeicTaBKa 1887 r. B XapbkoBe — TMepBasi BCEPOCCHICKAs BHICTABKA B ITPOBUH-
MM, OpPraHHW30BaHHAsl He MPaBUTENbCTBOM, a XapbKOBCKUM OOLIECTBOM CeJb-
cKoro xossucrBa. Kaxaplii Takol CMOTP CTAaHOBHJICS TOJJIHUHHBIM MPAa3IHUKOM
B JKHM3HHU r'y6epHCKUX roponoB. [loAroToBKa 1 npoBeaeHHe BLICTABOK MOAPOOHO
OCBeIlA/JUCh B Te4aTH — M He TOJbKO B MECTHOH, HO M B LIeHTpaJbHOH.

BricTaBkH, a 0cO6eHHO NMPOBHHLMAJNbHbBIE, UMEJIN IPOMafHOe obiieobpa-
30BaTe/IbHOE 3HAaYeHHe, CTIOCOOCTBOBAJNHU LIMPOKOMY OOILEHHIO TPOHU3BOIUTE-
JIeH, MHOTOCTOPOHHEMY OOMeHY OMBITOM B 06JIACTH MPOU3BOACTBA, MPOMBILI-
JIEHHOMY M colua/bHOMY nporpeccy. Hanpumep, KaBkasckoe o61iecTBo ceJlb-
CKOTO XO39HCTBa, IOABOAS WMTOTH BBICTAaBKU 1889 r., coobmajio, 4To OHaA
«TIpoOyAnIa B MECTHBIX MPOMBILIIEHHUKAX CTPeMJ/IeHNe K YCOBEPIIEHCTBOBA-
HHUIO CBOEro MpPOM3BOJCTBA, BbI3bIBA€MO€ KOHKYpEHLHEH... W pacKpblia C
IOJKHOH MOJTHOTOIO HalllM GOTAaTCTBA, HbIHE BTYHE JieXKallne, U 4TO B TO Ke
BpeMs OHa MpeACTaBUJIa HaCeJeHHIO yIOOHBIH CayUal MOHATh BCe TIpPeuMylile-
CTBa YCOBEPIIEHCTBOBAHHOHN TeXHUKU U 03HAKOMUTHCS CO MHOTUMHU OPYAHSIMHU
¥ MallMHaMK, KOTOpPble MOIJIM Obl HAHTH NPHMEeHeHHe B ero xo3aucTse» [15].

3HauYUTeNbHYIO POJIb ChIFPal BbICTAaBKU B (DOPMHPOBAHUH OTeUYeCTBEH-
HOTO My3eHMHOTO JieJla. DKCIOHATbl MHOTHX U3 HUX MOCJYKUJIU OCHOBOH IJ151
CO3aHMS NYOJUUYHBIX My3eeB B CTOJNHLAX U B MpoBUHUMH. Tak, Pycckas 31-
Horpaguueckas BoicTaBka 1867 r. B MockBe mocsyKu/aa OCHOBOH 1/ KOJI-
JekIuu DTHorpadudeckoro Mmysesi, Bcepoccuiickass MaHydaKTypHasi BBbI-
craBka 1870 r. B Cankr-IletepOypre sBHIaCh TOMUKOM K co3naHuio Myses
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NpuKJAagHbIX 3HaHu#, [lomuTexHuueckasi BoicTaBka 1872 r. B Mockse ocTa-
Busa nocye cebss Ucrtopuuecknit u [lonurexHudyeckust mysen. M3 npoBUHIU-
aJbHOU TPAKTHKHU MOXKHO MPHUBECTH NPUMepP OpraHu3alud AMypCKOU CeJb-
CKOXO035IUCTBEHHOH U NpoMbllleHHON BbicTaBkU 1907 r. B Byiarosemencke
M0 HHULIMATHBE MECTHOTO HAYYHOTO OOLIECTBA, YUaCTHUKH KOTOPOH TOJIXKHBI
OBLIM YKa3aTb, «[IpeJHA3HAYAIOTCs JIH IPeAMETHl TOJbKO JJ/I51 BBICTABKH HJH
MPOJNAXKH, WJIH Ke MpeIHa3HAualTCs A/ MOCTYIIeHHS] M0 OKOHYAHHUIO BBI-
cTaBKHU B BJiaroseueHcKuil ropoackoit mysei» [16]. Ha MHorux BhicTaBKax
yCTPauBa/IUCh XyNO0XKECTBEHHBbIE OTAEJBl, MOJOXKHUBIIME HA4alo CO3[AaHUIO
KapTHHHBIX Tajlepedl B TyOepHCKMX ropoaax. Bo Bpems pa6otsi Cubup-
CKO-Y pasbCKOU HayudHO-POMBIIINeHHOH BbicTaBKH 1887 r. B Ekartepun-
Oypre, rae uUMeJscsl XyNOXKECTBEHHBIH OTHeJs, MPOXOAU/IA U MepeaBUKHAS
BBICTAaBKa AKafeMHM XyIO0XKeCTB. 3/1eChb 3KCIIOHMPOBAJUCh MPOU3BELEHHUS
H. K. AuBasosckoro, A. I[1. Boroaw6osa, b. H. Busiesadnnne, I1. K. Kionra,
B. I'. IlepoBa, I'. . Cemupanckoro, M. Y. lllumkrHa U Opyrux U3BECTHHIX
PYCCKHX XyH0KHHUKOB. [loc/ie 3aKpBITHS BBICTABKH FOPOAY ObLIN TepeaaHbl B
nap 14 kaptun u 9 akBapeseil. Torna e Bo3HHUKJIA Hes co3naHust B Exare-
puHOypre mKosbl pucoBanus u Jenku [17]. Tlomo6HBIX MpPUMEPOB MOXKHO
MIPUBECTH ellle MHOTO.

MaccoBble o6uieo6pasoBaTesbHble 1€ BbI3BaNM K KH3HH M TaKylo
(hopMy 3KCNO3ULHOHHOH NesiTeNbHOCTH, KaK NepelBHKHble BblcTaBKU. Cpe-
I¥ HUX HaJgo Ha3BaTb Bcepoccuiickyo moxapuywo 1897—1899 rr., kycrap-
Hyto 1903 r., BoeHHbix TpodeeB 1916 r. u T.1. B Hauasne XX B. pycckue npen-
IPUHMMATE/H OPraHW30BaJMH HECKOJbKO BICTABOK-NIPOJAXK Ha Mapoxojaax 3a
rpaHuLeH.

[ToHuMasi 3HaYUTENBHYIO POJIb BHICTABOK B PA3BUTHH IPOMBILLJIEHHOCTH
ToproBau, MunuctepcTBo prHancoB BBesio B 1891 r. «BpemeHHble npaBusa o
NpefoCTaBJeHUH TaPU(HBIX JIBIOT Che3/laM U BBICTABKaM», KOTOpble yCTaHaB-
JUBa/X GecaTHBIA 0OpaTHBIM NpPOe3s Yy4acTHHKAM BBICTABOK U IIPOBO3 IKC-
nonaToB ¢ Hux [18]. dra mpaBuTenbcTBEHHAs Mepa CrOCOGCTBOBANA AKTUBH-
3alMM BHICTABOYHOHU JesiTesibHOCTH B Poccnn. Hamo ckasarte, uTo JIbroThl Ha
TPAHCIOPTE MPEIOCTABIAINCH YYaCTHHKAM OTAEJNbHBIX KPYMHBIX CMOTPOB
yxe HauuHas ¢ 1869 r. [19].

KpynHetie# BeicTaBKOU nopeBostouroHHod Poccuu crana XVI Beepoc-
CUHCKasl MPOMBILIJIEHHAsl U XYyHoxecTBeHHasi BeicTaBka 1896 r. B Hurknem
Hosropone. OTauuuTe/bHON UepPTOH 3TOH IKCMO3UIUM OT MPEXHUX MPaBHU-
TeJbCTBEHHBIX MepPONPUSTHH MOLOOHOro poia Obl1a Hiest NMPOBeleHHUSs ee B
npoBuHLKMH. [To OCHOBHBIM MoKasaTe 1M (pasmMep TepPUTOPHH, MJIOLIAAb KPbl-
THIX TOMELIeHHH, KanuTanoBaoxxenus) Hukeroponckas BelcTaBKa IpeB3oL-
Ja BecemupHyto napuxkckyto BbicTaBKy 1889 r. n npubnusunace K Bcemupron
BbicTaBke 1876 r. B @unanensbhuu [20]. OnbiT opranusanmy HEKOTOPHIX OT/E-
JoB Huxxeropoackoro cmMotpa 6Bl UCIO/Ab30BAH B JaJbHeHILIEM APYTUMU OTe-
YeCTBEHHBIMM M MeXKIyHapOAHBIMU BhICTaBKaMu [21].

B nauane XX B. Poccus nepexuBana cBoeoOpas3HbId BbICTABOYHBIH OyM,
HEeHAaJ0J/IT0 TMPePBaHHBIN PeBOMIOUHMOHHBIMU coObITHsIME 1905 1. PasButue ka-
MUTaNU3Ma TIOBJUSIO0 HAa (POPMUPOBAHKE CIeLHATU3HPOBAHHbBIX MPOMBIIIIEH-
HBIX BBICTABOK. MeCTOM MX NMPOBeNEeHHs CTAHOBUJIUCH KPYITHbIE HHIYCTPHAb-
Hble HeHTpbl Poccun — Cankr-Iletep6ypr, MockBa, Bapmasa, Pura, Kasaus,
Opecca, Kues, XappkoB u gpyrue ropona. Hapsimy ¢ oOLUIMMHU MPOMBILIIEH-
HO-peMeC/JIeHHBIMH WM (pabpUUHO-3aBOACKUMH BbICTABKAMH OPTraHU30BBIBA-
JIUCb U y3KOCMeNHWaJU3UPOBAHHbIE SKCIIO3ULHUH, HANpPUMep, MALIMH U MeXa-
HHU3MOB, U300PEeTEHHUH U yCOBEPILUEHCTBOBAHUU, OPYAUH TPyAa U UHCTPYMEH-
TOB, 3JIEKTPOTEXHHYECKHE, aBTOMOOUJbHbBIE, BO3MYXOMJ/aBaTeNbHble U T.I.

[Tpouecc yp6aHu3aumu CTUMYJ/IHPOBAJ YCTPOUCTBO TMTHEHHUECKUX, CTPOU-
TEJIbHBIX U MOXAPHBIX BBICTABOK. POCT MpOM3BOACTBA MPEAMETOB AOMAIIHETO
00MX0/a BbI3BAJ K XKH3HH Pa3/JUUYHblE XYI10KeCTBEHHO-TPOMBIIIJIEHHBIE U KYC-
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TapHO-TIPOMBILJIEHHbIE BBICTABKH, ChIIPABLIHE CBOIO POJIb B 3aPOXKAEHUU OTeue-
CTBEHHOTO JM3aKHa.

TenneHIMs K y3KOU CllelHAMU3alMY B 3HAUUTENBbHOU CTEMEHH PaCcIIpoCTpa-
HUJIACh U Ha CeJIbCKOX03SIUCTBEHHYIO 3KCI03ULMI0. K3 061IMX cesbCKOX035UCT-
BEHHBIX BbICTABOK BBIIEIMIUCH IKCIO3ULMK CeMsIH M MAIHWH, CKOTOBOICTBA,
MOJIOYHOT'O »KUBOTHOBOJCTBA, KOHEBOJACTBA, NTHLEBOACTBA, CAOBOACTBA, JIO-
JOBOJCTBA U OrOPOAHUYECTBa, MUyesnoBoiacTBa U Ap. OnHako Haubosee pacrpo-
CTPaHEHHBIM OCTaJICSl THUI MeCTHOH YHHBepPCAJbHOH BBICTABKH — CeJbCKOXO-
3SIUCTBEHHOU M KycTapHO-poMbilieHHOH. Tak, B 1910 r. cocrosincs 633 Ta-
Kye ofllyMe ¥ CHelHaJu3upPOBaHHbIE BBICTABKH, KOTOPBIM ObLIO BBIIEJEHO
NpaBUTENbCTBOM B Bue nocodusi cBeiiie 200 Teic. pybiel [22].

Hctopus BeicTaBouHOTO fesa B Poccuu Hepa3pblBHO CBsI3aHa € OOIIEH UC-
TOpPHUEH PyCCKOro roCyNapcTBa U MOJUTHUECKUMH COOBITHSMH TOTO BPEMEHH.
ArHorpaduueckas BeictaBka 1867 r. B MockBe 6bisia npuypoueHa kK Cbe3ny
CJIaBSIHCKHX IpeNCTaBUTeNeH, KOTOPbIH J0/KEeH Obl1 «OTKPBITb HOBYIO 3IOXY
B UCTOPHHU CJIAaBSTHCKOTO MHpPa». DTO 00CTOSTENbCTBO BbI3BAJIO OYpIO HErojo-
BaHUS$ B aBCTPUHCKOH ITe4aTH, Ha3blBaBILEH BbICTABKY «[IOJUTHYECKON A€MOH-
crpauuer», a MockBy — «MeKKOU MaHC/JIaBHU3Ma» [23].

[Tosbckoe HanmoHanbHO-0cBoGOMUTENBHOE NBHXKeHHe 60-x rr. XIX B. He
NO3BOJIMJIO NpoBecTH ovepenHyo XIV Bcepoccuiickyo MaHy()aKTypHYIO Bbl-
craBky 1869 r. B Bapuiase. Ona 6bl1a nepenecena Ha 1870 r. B Cankr-Iletep-
Oypr non «6/aroBUIHBIM» IPENIOrOM — <«BBHIY COBEpLIAIOLIErocs, HO He
NIPUBEIEHHOTO ellle K OKOHYAaHHIO aJMMHHUCTPATHBHOIO NpeoOpa3oBaHUs B
[Hapctee ITosbCKOM M MOTYLIMX BCJAEACTBHE Cero MpeacTaBUTbCS 3aTpyAHe-
HUH K HajJieXKalleMy yCTPOUCTBY B OYIyIIeM rofny MaHy(pakTypHOH BbICTaBKH
B Bapmage» [24].

Pepostotiionnble cobbitisi 1905—1907 rr. MOBJAHSIM HA TeMaTHYeCKYIo
HarpaB/eHHOCTb BBICTABOK. BrICTaBOYHOE [€/10 JOCTUTIO TAKOH Cllelra n3a-
LIMH U COBEPILEHCTBA, YTO NPEBPATUIOCh B CEPbe3HOE CPENCTBO HAEOJOrHye-
CKOr'0 BO3[€MCTBUS Ha Macchl. XapaKTepHbIM MPUMePOM KOHKPETHOTO COLHU-
aJIbHOTO 3aKa3a MOXKeT ClyKHUTb ycTpoeHHas B Pure B 1907 r. BoicTaBka xu-
auiy pabouux u HapomHoro mnutaHusi. OHa TpecsenoBaja oONpeeeHHYIO
e/b — «yKa3aTb Manoo6ecredyeHHOMY KJacCy HacesNeHHs MyTH, Caeays Ko-
TOPBIM OH, TIPH JAHHBIX YCJIOBHUSX, OBLT OB B COCTOSTHUH YKPACHTh CBOE XKHJIHU-
Ie... ¥ HAYUUTb €T0, MPHU CKPOMHBIX CPEICTBAX, NENIEBO U 1eNec006pa3HO MHU-
tatbest» [25].

Opnecckass (adpH4yHO-3aBOACKAS U INPOMBILIJIEHHO-XYI0XKECTBEHHAs Bbl-
craBka 1910 r. oTKpbITO MpOBO3r/IacHIa IKCIAHCUOHUCTCKHE LeJIH PyCCKOro
KanuTagudMa — «3KOHOMHMYecKoe 3aBoeBaHMe cTpaH bumknero Bocroka»
[26]. 300-netre noma PomaHOBBIX, moMIe3Ho oTMedeHHoe B 1913 r., coBmasno
C LeJIBIM PSIIOM «BEPHOMOQTAaHHUYECKHUX» CMOTPOB KakK B CTOJHLAX, TaK U B
TIPOBUHIHH.

Poccusi 6bl1a opraHn3aTopoM LEJOro psiia MeXKIYHapOAHBIX BBICTABOK.
Onu npoBoauauch B ocHoBHoM B CankT-Iletepbypre u Mockse. Mnes npoge-
JIeHHsT MeXKIYHapOAHbIX cMOTPOB B Poccun Bocxomut K 1825 r., a mepBbi# Ta-
KOH cMOTp Obla ycTpoeH Poccutickum obuiectBoM camnoBoiactsa B 1869 r. B
Cankr-Tletrep6ypre B MuxaiJioBCKOM MaHeXe, KOTOPBIH C TEX M0P PeTyASIPHO
MCTIOMIb30BAJICS JINIS PA3JMUHBIX dKcno3uuui [27]. [IpooGpasoM coBpeMeHHbIX
«MuppbnipoMoB» cTana MexXayHaponHasi pbIOONPOMBILIIEHHAsS! BBICTABKA
1902 r. B Cankr-IleTep6ypre. 3ameTHBIM COOBITHEM B OOIIECTBEHHOU XKH3HU
o6enx croauu siBUIMCH MexnyHaponuble aBtocasnonsl 1907, 1908, 1910 u
1913 rr. OpHOM M3 KPYNMHEHIIMX W 3HAUUTEJNbHBIX MO pe3yabTaTaM Oblia
MexnyHaponHasi CTPOUTENbHO-XYI0KeCTBEHHAsI BBICTaBKa, OPraHu30BaHHAas
B 1908 r. O6iectBoM rpakmaHckux uUHXKeHepoB B Cankrt-IleTepOypre.

YacTHble 9KCIIOHEHTHI H3-32 IPAHUILBI yUACTBOBAJIA BO MHOTHX OTeYeCTBEH-
HBIX BBICTABKaxX KaK CTOJWYHBIX, TaK W MPOBUHLMAJIbHBEIX. [IprMepoM MoxKeT
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cay)uth CHOUPCKO-YpanbCKasi Hay4dHO-POMBILIIeHHAs BbicTaBka 1887 r. B
ExaTepun6ypre, opraH1M3oBaHHas ¥ pajbCKUM OOLIECTBOM JIOOHTEEH ecTecT-
BO3HaHHUS. B Hel NMpUHSIM ydacTHe NEBSTb MHOCTPAHHBIX TOCTeH W3 AHIIHH,
[epmanun, Uramuu, CILIA, ®panuumu, Lsermn. Ha BricTaBKY OblIM KOMaHIHU-
pOBaHbl O(PUIMATbHBIE TIPENCTABUTEN OT MpaBUTe bCTB ['epmanu, llBenwn n
Anonun. ExaTepuHOYprcKUA CMOTP MOCETHJIH ClleLHa/IbHble KOPPECIOHAEHThI
aHTIMACKUX, aMEePUKAHCKUX, UTAIbsHCKHX M Hemernkux raser [28]. Bee 3to
FOBOPUT O 3HAUUTEJNBHOM HHTEpece K HAIIUM BBICTABKaM 32 pPy0eXoM M HX
MeKIyHapOIHOM aBTOPHUTETE.

['oBOpst 06 OpraHU3aLMK pa3nUYHbIX MeXAyHapoAHbIX CMOTPOB B Poccuy,
He0oOXOAMMO CKa3aTh U 00 Hlee MPOBeleHHs] Y HaC BCEMHUPHOH BbICTABKU. Bo-
Ipoc YCTPOHCTBA TAKOro cMortpa B Poccun naBHO BOJIHOBAJ ONpejeseHHble
KPYTH pyccKol obuiecTBeHHOCTH. B cBoe Bpemsi Beepoccuiickyio mManydak-
TypHyto BeicTaBky 1870 r. B Cankrt-IleTepOypre coBpeMeHHHWKHM Ha3blBalu
npeiBecTHUIeH Oynyuiel BcemupHou. B Havasne 90-x rr. XIX B. KueB nmpoek-
THpPOBaJl CO3/laHKe y cebsl MOCTOSHHOH BCEMHPHOH 3Kcmosuuuu [29].

B 1894 r. B ['ocynapcTBeHHON AyMe OblJ TIOAHST BOIPOC O BCEMUPHOH BbI-
craBke B Cankr-Iletepbypre B 1903 r. B cBsi3u ¢ 200-neTHeM 0CHOBaHUS rOpo-
na. Jlyma onoGpuna npemnoxenue o ee nposenenuu B 1904 r. [30]. Beuia
Jaxke co3[aHa MOATOTOBHUTeJbHAs KoMHccHs. K coxkaneHuto, 3Ta uues He
ObljIa peanu3oBaHa. Takoe KOJOCCAJbHOE MepONpHUsITHe, KaK BCeMHUPHAs Bbl-
cTaBKa, TpeGOBaNO NMPEBOCXOJHON OPraHU3AMH U OOJBIINX KATUTAJOBJIONKE-
HU#. OfHAKO TPABUTEIbCTBO B 3TO BpeMs OBLIO 3aHATO APYTHUM: CTapasich
cOUTh HapacTaBIIyI0 PEBOJIOLUOHHYIO BOJNHY, OHO Haya/o NaJbHEBOCTOUHYIO
kamnanuio. [lopaxkenue Poccuu B Pyccko-snoHcKol BO¥HeE, ApaMaTHUYECKUE
COOBITUSI MEPBOU PYCCKOM PEBOJIIOLUUHU OblIN 0ObeKTUBHBIMU NMPUYUHAMU Bpe-
MEHHOI'0 3aTyXaHHS BBICTABOYHOH [esiTeJbHOCTH.

[TocenHuM MexXIyHApOAHBIM CMOTPOM CTaja BHICTABKAa CaJOBOJCTBA
1914 r. B Canxr-Iletep6ypre, ycrpoennas Mmneparopckum Poccuiickum 06-
IIeCTBOM CaNOBOJACTBA. BbicTaBKa pazMecTHsach B TOJNBKO YTO BBICTPOEHHOM
3laHUM 00IllecTBa U B TaBpuueckoM caiy.

Agryct 1914 r. npepBaJ BEICTaBOUHYIO AesiTeNbHOCTb B Poccun... OgHako
yxe B 1916 r. TocynapctBennsisi coBet ytBepaun «llosoxeHue o mopsiake
yCTPOHCTBA BEICTABOK M O 3aBeJOBAaHUH UMH», TIPOEKT KOTOpOro elle B 1912 1.
onob6puna ['ocynapcTBeHHas qyma. DTO HOBOE MOJIOXKEHHE NOIKHO OBIIO YIO-
PSIIOUUTb CUCTEMY OPraHU3aLMK BBICTABOK, NPOBeeHNEe KCIEePTH3bl HA HUX
U Ha3HaueHHWe Harpaln. PeleHue Bcex 3TUX BOMPOCOB BO3Jaranoch Ha CIelH-
ajbHble BbicTaBouHble KOMUTETH Mpu MUHHCTEPCTBE TOPTOBJAU U TPOMBIIL-
JIEHHOCTH Y NpH [/1aBHOM ynpaBJieHHH 3eMJIefle/iusl U 3eMaeycTpoicTsa [31].

B 1917 r. nnanupoBasoch NpoBeieHHe HOBOI'O BCEPOCCHUCKOTO CMOTpPa B
Mockse. 3aKoH 0 BbICTaBKe NpHHSH elle B HioHe 1914 r. [TpaBuTenscTBO Co-
6upasoch BHIENUTH /s Hee 23 MJH pyOsed. CTOMMOCTb CTPOUTEbHBIX pa-
6ot no cMete cocTasasaa 13 miaH pyoaed. [lo cBoum pasmepam npeacTosiiuas
5KCIO3ULMSA J0JKHA Obl1a BABOe npesbiaTh Huxkeroponckywo 1896 r. [32].
ITUM TJIaHaM He CYKIeHO Obl10 cObThes. [lepBast MUpoBast BOHWHA, PeBOJIIO-
Mg U 3aTeM ['paxknaHckasi BOWHA Ha JOJTHe TOIbl NpepBasyd XOPOIIO HaJja-
JKEHHYI0 M Pa3HO00pasHyl0 BBICTABOYHYIO HesiTe/bHOCTb B Poccuw.

O6uiee KOJIMYECTBO MPOMBILIJIEHHBIX, CeJbCKOXO3SHUCTBEHHBIX U Pa3J/INy-
HBIX CTeLHaIM3UPOBAHHbBIX BEICTABOK, MpoBefeHHBIX B Pocenn B XIX — Haua-
Jge XX B., TPYAHO noggaercs ydeTy. UHUCJI0 3TO OTPOMHO — HECKOJIBKO JeCsT-
KOB Thicsiu. M3yuasi apxuBbl U POHABI OUOMNOTEK, YAAJ0CH COCTABUTb OTHOCH-
TeJIbHO TOJIHBIA CITUCOK MeXAYHApPOJIHBbIX, BCEPOCCUUCKHX, OOJACTHBIX U
HanboJiee KPYIHBIX MECTHbBIX BBICTABOK, HACUMTHIBAIOLIMH 0K0JI0 500 e IMHHULL.

Bcepoccuiickre MaHy(akTypHble U POMBILIIEHHO-XY/102KeCTBEHHbIE BbI-
CTaBKH, OpPraHM30BaHHbIE NPABUTE/IbCTBOM, COCTABJSIOT HECKOJBKO 000C00-
JeHHyto rpynny. OHU OblJIM NOUCTHHE YHHBEPCA/bHBIMU 10 MpeICcTaB/IeHHON
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9KCIIO3UIMH, OXBaTblBaWOllel MpPakTHYECKH Bce cdepbl NefTeNbHOCTH pycC-
ckol Hauuu. Takux BbicTaBoK Obio 16. IllecTe M3 HUX NpOBefeHO B
Canxr-Ilerep6ypre, mecte — B MockBe, Tpu — B BapiiaBe u ogHa — B
Huxnem Hosropone. K ato# rpynne, B CylIHOCTH, MOXKHO oTHecTH [losuTex-
HuuecKyto BbicTaBKy 1872 r. B Mockse u Beepoccniickyio BeictaBky 1913 1. B
KueBe, X0Ts OHM 1 ObLIM OpraHU30BaHbI HE PABUTENbCTBOM, @ HAYUHBIMU 00-
IIeCTBAMH.

B oTnmesnbHyi0 rpymnmy MOXKHO BBIAENHTb BCEPOCCHHCKHE CHENMATHU3UPO-
BaHHbIE BLICTABKHU: CeJbCKOX03silcTBeHHble — 1850, 1860, 1864, 1887,
1895 rr., ckoroBomueckue — 1869, 1903, 1910 rr., xouckue — 1866, 1869,
1891, 1898, 1899, 1910 rr., cagoBoacTBa ¥ miaomosoactea — 1890, 1908,
1913 rr., rurnenuueckne —1893, 1913 rr., kycrapueie — 1890, 1902, 1907,
1913 rr., pemecaennsie — 1885, 1914 rr. u t.m. K 3to#i rpynmne oTHocsTCS
6osee 50 BHICTABOK, OPraHM30BAaHHBIX KaK MPABUTEJNbCTBEHHBIMH YupeiKie-
HUSIMM, TaK ¥ Pa3JUUHBIMA HayUYHBIMM HJIM KOMMepPUYEeCKHMH OOIIeCTBaMHU.
Kak mpaBusio, OHH COCTOSIIM TOJ «BbICOYAHIIUM» MOKPOBHUTENBCTBOM KOTO-
HUOYIb U3 UJIeHOB LAPCKOU (haMUJIUHU.

OO6J1acTHble BBICTABKH 3aXBaThiBaJU OJHM3Jexallue rybepHUH, OTJaHYa-
JIUCh CEPbEe3HOM OpraHu3alred U GOJbIIMM KoJuuecTBoM yuacTHHKOB (Eka-
tTepunOypr 1887 r. — 2500 yuactHukoB, Tamkent 1889 r. — 1300, Tudaunc
1889 r. — 2500, Kues 1897 r. — 1700, Onecca 1910 r. — 1400 yyacTtHu-
KOB). DTH BBICTABKH YCTPaMBAJHMCh Yalle BCEr0 MECTHBIMH Hay4HbIMH 00-
mectBamMu. Jlns UX npoBeneHUs TpebOoBasoch obOsi3aTesbHOE pa3pelleHHe
MPaBUTEIbCTBA, KOTOPOE OOBIYHO BBIIEJSNO CYOCHANN U3 TOCYTapCTBEHHON
Ka3HbI.

OrpomMHO€e KOJTMUECTBO MECTHBIX BEICTABOK He MPENCTaBIASAN0 COO0H OTHO-
POIHOU Macchl U MOAPa3iesoch Ha I'y6epHCKUe 1 ye3nHble. ['yGepHCKHe BbI-
CTaBKM OpPraHU30BbIBA/IM 3eMCTBa, pexe ropoiackue ynpassaeHus. OHM Npu-
BJIEKA/JIM J10BOJIbHO MHOrO ydacTHuKOB (Xepcon 1890 r. — 600 yuacTHHKOB,
Pura 1901 r. — 800 yuyacTHMKOB). Ye3aHble BbICTABKHM MPOBOAMJINUCH OUEHb
4acTo, 0COOEHHO CebCKOX03sicTBeHHble. OHU yCTPanBaNUCh Ye3IHbIMU 3eM-
CTBaMHM, CTPaja/ IJOXOH OpraHusauued U OTCYTCTBHEM KBaJU(HULHPOBAH-
HOU 3KCMepTU3bl. HacTo Takue BLICTABKH MPOBOIUINUCH BO BPeMs OOJIBIIUX I'0O-
POICKHX U CeJIbCKUX sipMapok. VX yuacTHUKaMH ObLIM B OCHOBHOM KPECThbsIHE
U KyCTapH.

B otpenbHyt0 rpynmy Hano BIIEJIUTh U MeKAyHapOIHble BHICTaBKH, Opra-
HU30BaHHble Ha TeppuTopur Poccun. OHU ycTpanBanuch U060 pasaMYHBIMU
HayYHbIMH OOIIeCTBAMH, JHOO TPABUTEIbCTBOM. DTa TPYMNa HACUHUTHIBAET
0k0J10 50 BBICTABOK.

Takum o06pa3om, BCce BbICTABKH, OPTaHU30BaHHbIE B JOPEBOJIOLHOHHON
Poccun, M0XKHO pasfesnuTb Ha YeTbIpe I'PYMIbL: MeXXAyHapOaHble, BCEPOCCHH-
cKue, o0J1acTHbIe U MecTHble. [[pOMBIlIIeHHBIEe BBICTABKH HaXOAMUJIHUCh B BeJe-
HUM MUHHCTEPCTBA TOPTOBJHU U TIPOMBIIIJIEHHOCTH. BBICTaBKM Ce/TbCKOX035H-
CTBEHHbIE, JIeCHbIE, »KMBOTHOBOAUECKHE, PbIOOMPOMBILINEHHBIE, OXOTbI, KyC-
TapHble U 3eMeJsIbHbIX YJIY4lleHUH COCTOSN B BeleHUH ['1aBHOro Y paBiaeHus
3eMJIeyCTPOUCTBa U 3eMJefends. Bce BbICTABKM MOAPAa3fessIuCh TaKXKe Ha
NpaBUTeNbCTBeHHbe (OpPraHU30BaHHbIE BbIIIEHA3BAHHBIMM MHUHMCTEPCTBAMH)
v yacTHble (ycTpauBaeMble Pas/MYHBIMU HAYUHBIMH HJIH TPODeCCHOHAbHBI-
MM 0OlIecTBaMH, KOMMEPYECKUMH UM TOPrOBO-MPOMBILIIEHHBIMH Yupex/e-
HUSIMM, 3€MCTBaMH, TOPOACKUMH OOILIeCTBEHHBIMHU YIIPABJEHUSMH U OTIEJb-
HBIMH JIMLAMH). EC/iv yacTHBIE BHICTABKM yCTPAMBAMKCh C COMCKAHHUEM MPABH-
TeJbCTBEHHBIX HAarpam, TO ISl 3TOT0 0053aTe/bHO TPeGOBAIOCh pa3pelleHne
COOTBETCTBYIOLLEr0 MUHHUCTepPCcTBA. OrpoMHOE KOJHYeCTBO Pa3IUYHbIX MECT-
HbIX BBICTaBOK, OpPTaHU3yeMblX 0€3 COHCKaHHS MpPaBUTeNbCTBEHHbIX Harpap,
MIPOBOJUJIOCH C paspelleHrsT MeCTHBIX BJIACTEH.
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[TpaBo n306pakeHHs rocyiapcTBEHHOro repba Ha M3JeAMSAX U TOoBapax
SIBJISIIOCH BBICIIEH BBICTABOYHOH HAarpafod, KoTopas NPHUCYKAanach TOJbKO
Ha NPaBUTEJbCTBEHHbIX BbICTaBKaxX. JTO OblI NMepPBBIM 3HAK KauecTBa B UCTO-
pun Poccun, KoTopbli Hauaa npumeHsTbes ¢ 1829 r.

3HaueHHe PYCCKUX MPOMBILIJIEHHBIX, CEMbCKOX03UCTBEHHBIX U CIeLHa-
JIM3UPOBAHHBIX BBICTABOK BEJUKO U pazHoo6pa3Ho. OHHU MpeacTaBsiiu cOO0H
HarJIsiAHYI0 KapTHHY COCTOSIHUSI Pas3/IMUHBbIX OTpacjed MPOMBILJIEHHOCTH,
HayKM, TeXHHUKH, CeJbCKOT0 X035HCTBa (a B OTHe/bHbIE ePHOMbI U H300Da3H-
TeJIbHOTO MCKYCCTBA) OTAENBbHOTO ye3/ia, ry6epHHH, 00/1acTH, BCel CTPaHbl B
LleJIOM 3a Olpejie/IeHHble TTepuofibl BpeMeHH. [ly6auuHOoe copeBHOBaHHE MPO-
U3BOJMTE/eH M YCTAHOBMBIUIASICA CHCTeMa MOOLIPEHUS JYy4lIMX NpPOU3Beje-
HUU NpeBpallia/f BBICTABKH B apeHy OCTPOM KOHKYPEHTHOU OOpbObI, BBIHYXK-
JaBILIYI0 MOCTOSTHHO COBEPIIEHCTBOBATb IPOHU3BOACTBO. BEICTABKU SIBJSIUCDH
TaKxKe JY4LIUM CrocoO60M BHeIpeHHs B MPAKTUKy H3o0peTeHui. MaccoBoe
IpUBJIEUEHHE TI0CeTHTeNed U NpelCTaBUTe el NeJ0BbIX KPYroB CIOCOOCTBO-
BaJI0 HarisgHOH peK/JaMe TOBAapOB. BBICTaBKM cTasud MECTOM 3aKJIIOUYEHHS
KPYIHBIX TOPrOBHIX CHEJNOK U PACIpPONaKU OTHAENbHBIX SKCIIOHATOB IMOCJe HX
3akpbiTHs. Takum o6pas3oMm, I1aBHOE U OCHOBHOE 3HAaYeHHEe 3THX CMOTPOB 3a-
KJII0YAJ10Ch B CTUMYJHPOBAHUU Pa3BUTHS MPOMBILIIEHHOCTH, CEJIbCKOr0 XO-
35IUCTBa, KyCTapHOIO MPOM3BOJACTBA, a TaKKe HAXOXKIEHHS HOBbIX PbIHKOB
cObiTa TOBApOB M OXHBJIEHHS TOPrOBJU B LIEJIOM.

BeicTaBky ObLIM OMHUM U3 CIIOCOOOB BbISICHEHUS CTATUCTUKH, TaK Kak Ka-
KIbIA yYaCTHHUK B aHKeTe-3asiBKe J0JKeH Obl cO00LIaTh NOAPOOHbIe CBelle-
HHSI O CBOEM MPOU3BOACTBE, HANIPUMED: KOJUUECTBO pabOUUX U MAllHH, CyM-
Ma 060pOTHOTO KanuTasna, MecTa MoJydyeHHsi CbIpbsi U CObITA TPOAYKLUHUH U T.1I.
Bce aTu naHHble MOCTyMa/au B 3eMCTBA M CJYXKHJIM HUCXOIHBIM MaTepHasoM
IJIsl COCTaBJIeHUS CTAaTUCTUYECKUX NaHHBIX 1o Bced Poccun. Ha HekoTophIxX
BBICTABKaX yCTpauBa/MCh CIelldajbHble CTATHCTHUECKHE OT/EJbl.

Bcepoccuickre U MeCTHBIE BBICTABKH UMeJIH 00JIblI0e TPOCBETUTEIbCKOEe
1 obuieobpasoBarenbHoe 3HaueHHe. CoefMHeHHe B OJHOM MecTe GOraTcTBa
CTPaHbl UM OTAEJNbHOU IyOepHUH, ee YMCTBEHHbBIX U POU3BOAUTEbHBIX CHII
3HAKOMHJIO LIMPOKHE MacChl HACEJNeHHUs] U CaMMX YYaCTHHUKOB C HOBEHLIMMH
JNOCTUXKEHUSIMU BceX cdep AesiTeNbHOCTH PYCCKOM Hauuu. Ha aTtux cMmoTpax
ObLJI0 MPOYUTAHO MHOTO JIEKIIMH, OpraHU30BaHO rocelleHue (pabpuk, 3aBOIOB,
CeJIbCKOX03SIUCTBEHHBIX (DepM M NMUTOMHHUKOB. JleMOHCTpalMOHHble MOKAa3Hl,
U3TOTOBJIEHUE HEKOTOPbIX BHULOB IMPOAYKLHH, HayuHble WU [eJ0Bble Cbe3Jbl
NIPOHU3BOAMTE/IEH IPOYHO BOLIJIM B NPAKTHKY OPraHM3allii BBICTABOK KakK BCe-
POCCHHCKHX, TaK U MeCTHBIX.

Bousbiioe, 10 cux mop He OLEHEHHOE MO TOCTOWHCTBY BJHSIHHE OKa3alu
OTeyeCcTBeHHbIe BbICTABKH Ha Pa3BUTHE apXUTEKTYpPbl, CTPOUTENBbHON TEXHHU-
K{, UH2XKeHEepPHOU MbIC/IH, Ha TPafOCTPOUTENBbHOE PA3BUTHE PYCCKUX TOPOIOB
koHIa XIX — nauana XX B. C BeICTaBKaMH CBsi3aHa aKTHBHAsI CTPOUTEJbHAS
NesiTe/IbHOCTb — CO3[laHHe YHHKAJbHBIX BBICTABOYHBIX KOMIIJIEKCOB U MOSIBJIe-
HUe COBepLIeHHO HOBOTO THUIA 3[aHUH — BBICTABOYHbIX NaBU/IbOHOB. [loncku
HOBOT'O XYL02KeCTBEHHOro o6pasa, HOBATOPCKHE HHXKEHEPHbIe pellleHHs], CMe-
Jible 9KCIIepUMEeHTHl B 00/1aCTH HCKYCCTBA SKCIO3ULUU U POMBILIJIEHHOH pekK-
JaMbl — BCe 3TO B IOJHOH Mepe OBbLJIO MpeIcTaBleHO HAa MHOTOYHCJEHHBIX
OTe4yeCTBEHHBIX BbICTaBKax. Pycckue 3o1une, HHXKeHepBl U XyI0KHUKH CO3/1a-
BaJIM OPUTHHAJ/IbHbIE BEICTABOYHbIE 3/JaHUS, COOPYKEHHUS U UX KOMIIJIEKChI, He-
CMOTPS Ha HUX BPeMEHHBIH XapakTep.

BrictraBouyHasi cTpouTesbHas NpakTHKa B Poccuu msa B HECKOJNBKHX Ha-
npasjaeHUsiX. Ee MOXXHO pasfe/uTb U Ha HeCKOJIbKO nepuonoB. [lepBriil atan
CBSI3aH C BO3BeJleHHEM MOHYMEHTAJNbHOU «DKCIO3WLUHMOHHON 3a/bl» B 1829 r.
B Cankr-IleTepOypre u ncno/sb3oBaHueM ee BIIoTh 1o 1861 r. Bropoi nepu-
Ol CBSI3aH C pa3MellleHHueM BbICTaBOK B KPYIHBIX CYLIECTBYIOLIMX 3AaHUAX —
MaHexXax, sK3epuupraysax u asopuax. OH Hauascs B 1831 r., korna B Mock-
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Be cTas ucnosb3oBathest Jom Baaroponnoro cob6panus. B Cankt-Iletepbypre
on Havascs B 1833 r., korna skcnosuuus [II Beepoceniickoin manypakTypHOr
BBICTABKHM Pa3MeCTHJ/IaCh TOMUMO «DKCIO3UIIMOHHOH 3asbl» ellle U B FOXHOM
nakrayse. mneparopckoe BonbHoe dxoHoMuyeckoe OO1IeCTBO OPraHU30Ba-
J0 B 1850 r. mepByI0 B CTOJHIIE BBICTABKY CEMbCKUX MPOU3BENEHUN B 3MaHUU
MaHexa Jei6-reapaun Konnoro mosika (HbiHe LleHTpasbHBIA BBICTABOUHBIN
3as1). Haunnas y>ke ¢ 3T0ro cMOTpa, Mbl CTaJTKMBAEMCs C PETYJISPHON MPaKTH-
KO CTPOUTEJbCTBA BPEMEHHBIX SKCIIO3UIIMOHHBIX COOPYKEHUH PSIIOM C MPHU-
criocabaMBaeMbIMU 31aHUsIMU. Hanbosiee moxkasaTebHBIM MPUMEPOM TAKOU
MPAKTUKKA MOTYT CJYKHUTb IPAHAN03HbIE TPUCTPOUKH 4-U MeKIyHAPOOHOH aB-
ToMo6usbHOU BhicTaBKU 1913 1. B Cankt-Iletep6ypre. Keratu, npakTuka pas-
MelleHHs] KCIO3ULHUH B KPYMHbIX CYLIECTBYIOIIMX 3AaHUAX NPOLOIKAETCS U
ceronHs. Konnorsapueickun manex B Cankt-Ilerep6ypre u Manex B Mock-
Be M0CJe PEeKOHCTPYKLHH MpeBpallleHbl B BBICTABOYHbIE 3aJIBl.

CTpoUTENbCTBO BPEMEHHBIX BbICTABOUHBIX MABUJIBOHOB M X KOMIIJIEKCOB
COCTaBJIsIeT TPeTHH U HauboJsee HHTepecHbIH nepuoa. OH Hauascs ¢ Beepoc-
curickod ManydaktypHou BbicTaBkH 1870 r. B Canxrt-IleTep6ypre u 3akoH-
ynicss Bcepoccuiickol peMec/eHHOM U (DaOpPUYHO-3aBOACKOM BBICTaBKOU
1914 r. B Mockae.

BricraBounasi gesitesibHOCcTh MMneparopckoro Pycckoro Texuuueckoro
O6uiecTBa CBsI3aHA CO CTPOUTENBCTBOM MOCTOSTHHBIX BBICTABOYHBIX 3MaHUN
JJIs1 pa3JUYHbIX 3Kcno3uuui. OHa Hauasack B 1887 r. u 3akoHunack B 1914 r.,
korga Mmmnepatopckoe Pycckoe 06111ecTBO cafloBOACTBA MOCTPOUNO s cebsi
MOCTOSIHHOE BhicTaBo4YHOe 31aHue B CaHkT-IleTepOypre B TaBpuueckom cany.
K coxanenuto, 3nech mpoliia BCero ofHa 3Kcnosuuuss — MexayHapoaHas
BBICTaBKa cajgoBoicTBa 1914 r.

Bceepoccuiickas (padpuuHO-3aBOJCKasl, TOPrOBO-NPOMBILIJIEHHAS], CENbCKO-
XO035IUCTBEHHAs U Hay4YHO-XYyHoxKecTBeHHasi BoicTaBka 1913 r. B Kuese u npo-
eKTHbIe TPeJIOKEHHS TeX JeT 3HaMeHYI0T co00H Haua/ o HOBOW TeHIEHIMH —
CTPOUTENBCTBO MOCTOSIHHBIX BbICTABOYHBIX KOMIIEKCOB. DTOT OMBIT MOJTYUYHI
CBOE IIMPOKOE pa3BUTHE yxKe B MOCIEPEBOMIOLHMOHHOE BpeMs Ha TpuMepe Bcee-
COIO3HOM CesIbCKOX035ICcTBeHHOU BeicTaBKU 1939 r. B Mockse, npeo6pasoBaH-
Hot B 1959 r. B BeicTaBky noctuxkenuit HapoaHoro xossigctsa (BJJHX CCCP),
M aHAJIOTUUHBIX KOMIJIEKCOB B CTOJIMLAX COIO3HBIX PECIyOJIHK.

ApxuTeKTypa BbICTABOUHBIX MAaBUJIbOHOB (POPMUPOBAJIACH MO BO3LEHUCT-
BHEM CYIIEeCTBYIOLIETr0 OINbITA OTEYECTBEHHOTO CTPOUTENbCTBA, a TaKxkKe
OTBbITA OPraHU3allM{ BCEMUPHBIX U MeXXIYHAapOAHBIX BBICTABOK. B mpoexTu-
POBAaHHU U CTPOUTEJNbCTBE BBICTABOUHBIX 3[J@HUH M UX KOMIJIEKCOB MPHUHHU-
MaJ/li yyacTHe KpylnHeHlle PyCCKUe apXUTeKTOPhl, HHKEHepPbl, XyI0KHUKH,
CKYJIbIITOPBI, CaL0BOJbI-I€KOPATOPHl, CO3/aBLINe SPKHe U CaMOObITHbIE MPO-
U3BelleHHs. BbICTaBKH OBLIM MECTOM, Tie YaCTO MPOUCXOAMUIIO IKCTIePUMEH-
TaJbHOE CTPOUTEJIbCTBO C NMPUMeHEHHEM HOBBIX PallMOHAJbHBIX KOHCTPYK-
[IWH, UCII0/b30BaIaCh MPOTPeCCUBHAS TEXHOJIOTHS, BCEBO3MOKHbBIE H300pe-
TEHHUS U YCOBEPIIEHCTBOBAHUSA. DTH MOCTPOUKH OKa3aJHd MHOTOCTOPOHHEE
BJIMSIHYE HA PAa3BUTHE OTEUECTBEHHOH apXUTEKTYPBl U CTPOUTENbHOHN TEXHHU-
KA B LIEJIOM.

C BBICTaBKaMH CBSI3aHO 3apOKIE€HHE U Pa3BUTHE UCKYCCTBA SKCIO3UILINH,
KOTOpPO€e CJIY>KHUT He TOJBKO LeJIsIM IPOMBILIJIEHHOH PeKJaMbl, HO U SIBJSETCS
Ba)KHBIM CPEJICTBOM 3MOLIMOHAJBHOIO U HIE0JOTHYeCKOro BO3IEeHCTBUS Ha
IIMPOKHe Macchl HacejeHUs. [ToMckyM HOBBIX (OpM pelleHHs] 3KCIO3ULHH
NPeBOCXUTHUHN MOSIBJI€HHE HEKOTOPbIX HalpaB/leHUH COBPEMEHHOT0 KOMMep-
4YeCKOro MCKyCCTBa, B UACTHOCTH, ION-apTa U ero apXUTeKTyPHOH Pa3HOBUI-
HOCTH.

CTpoUTENbCTBO MABUJIbOHOB B BHJIE YJYUIIEHHBIX UM 06PA3LOBbIX BapH-
AHTOB Pa3/JMUYHBIX TPOHU3BOACTBEHHBIX COOPYKEHHH COBEPILIEHCTBOBANO 3TH
THIIbl 3[aHUH U OJHOBPEMEHHO BBIPAOATHIBAJIO ClIeLU(pHUECKIEe YePTHI, TIPUCY-
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e UMeHHO 3KCMO3UIMOHHON apxuTeKType. Ha BbicTaBKax WHOTA BO3BOMIH-
JIUCh ¥ TI0JTydaJsu MyTeBKY B )KM3Hb COBEPILIEHHO HOBBIE MO HA3HAYEHUIO THIIbI
30aHUH.
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HAYYHO-METOJJUYECKHHN PA3JIEJ

YIK 691.4.001

B. I. BE3BBOPOMOB, n-p TexH. HayK, npod., JI. ®. MEJEHIIOB, kaHa. TexH.
Hayk, npod., O. b. BBIKACOBA, H. JI. MEJEHIIOBA, cT. npenoxaBaTtein
(HoBocHOUPCKHN roCy apCTBEHHBIN apXUTEKTYPHO-CTPOUTENbHBIN YHUBEPCH-
ter (CubcTpun))

MEX®A30BOE B3AUMOJIEICTBUE B CUCTEME
CYIJIMHOK — CTEKJIO ITPU CIIEKAHUU KEPAMHUKH

[TpencTaBieHsl 9KCNepyMeHTa/IbHbIE JaHHbIE M0 CMaYUBAHHIO TIOBEPXHOCTH KEPAMUKH U3
CYIJIMHKA pacI/laBaMU CUIUKATHBIX CTEKOJI. Y CTAHOBJ/IEHA CBSI3b IBJIE€HUS CMaUUBAHUS C BSI3KO-
cThIO pacniasa ctekos. CTek/a, 06Jafarolile Jyyllled cMauuBalolLlel CocoOOHOCThIO, obecre-
4yyBaloT GoJsiee BBICOKYIO MPOYHOCTh KepaMmuueckoro uepenka. Janusimu MK-cnexrpockonuu
NOATBEPXKIAeTCs XMMUUeCKHH XapakTep MexK(a3oBoro B3aMMoJeHCTBUSA B CHCTEMe CTEKJ/I0 —
CYIVIMHOK TIpHU 00KHre MaTepuasa.

YnpaBJ/eHue NpPOLECCOM CTIEKaHUs TUEUCTON KEPAMUKH U3 TJIUH SIBJISIET-
Csl CJIOXKHOW TeXHOJIOTUUECKOW 3a/auel, pellleHre KOTopou TpedyeT raybo-
KOTO MOHUMAaHUS (PU3UKO-XHMHUECKOH CYIIHOCTH SIBJE€HHH, NPOTEKaIoLINX
npu o6xure matepuasa. [1ockosbKy OCHOBHBIM TpeOOBaHUEM, MpPeNbsBIsIe-
MBIM K KepaMHKe TaKOro BHAA, SIBJSETCS NOCTHKeHHe MpelebHON MPOYHO-
CTH TIPHU COXPAHEHHH BBICOKOW MOPUCTOCTH UepenKa, TO 0co00e BHUMaHHe
CHEeLHaNHUCTOB JOKHO YIeJATbCS aAre3MOHHOMY B3aUMOIEUCTBUIO KUIKOU
(basbl ¢ TOBEPXHOCTBIO TBEPABIX YacTHll. B Hacrosiue#d paboTe B 3Kcrepu-
MEHTa/NbHO-TEOPETHUYECKOM aCMeKTe pacCcMaTpHUBaeTcsl MpUpoaa (PU3UKO-XH-
MHUUECKHUX SIBJIEHHUH, MPOUCXOASIIMX B KOHTAKTHOH 30HE MEKIY pacIaBoOM
CTeK/a WU MOBEPXHOCTbIO 3epeH CYIVIMHKA NpU 00XKHre MaTepuasa.

CrnekaHue KepaMHUKH C y4acTHeM KHUAKOH (Da3bl ONHUCHIBAETCS ypaBHEHHU-
em Kunrepu [1]

AV _4o-1
VO 91]'7’,
AV
rpe — — ycajka marepuada;

0
— I[IOBEPXHOCTHOE HaTsXKeHHEe CTEKJOBHUAHOTO pacIljiaBa, H/M;

— BSI3KOCTb pacmsasa, [la-c;

— CpeIHHH pajuyC yacTHLbl TBePHOHU (asbl, M;
— BpeMs M30TepPMHYeCKOH BBIIEPKKH 00pasua, C.

[IpencraBneHHass ¢opmyJsa ycaakd NPUMEHHMa TPH YCJOBUHM IOJHOTO
CMauMBaHUS PaCIliaBOM CTeKJia TTOBEPXHOCTH YacTHll TBepaou (asbl. CoBMe-
CTHOE BJIMSIHME OCHOBHBIX (pakTopoB (O, M, ) o6peTaeT (hU3UUECKHUH CMBICI,
€CJIU TIPeJCTaBUTh ypaBHeHHWe B BUJE:

AV 20 -cos® 1
= —p. = 7. T,
VO r' n

a >~ 3 Q

e & — TIOCTOSIHHASI BEJMUWHA, BKJI0YAOIIasi BCe MOCTOSTHHbIE MHOXKHTEJIH;
r'— cpenHu# pasmep 1op, M (7' HaXoAUTCS B MPAMOK CBA3H C pa3MepaMH dac-
THLl TBEPAOH (hasbl: r' =c -r);

® — KpaeBOHU YroJ CMauWBaHUS.
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HpI/IBe,ZIEHHOE BbIpaxK€HHWe COHEP2KHUT IPOU3BeNeHHE TpeX IMNepeMeHHbIX
BE€JIMYHH!

20 -cos®
— KaluJUIPHOTO NaBJeHus Ap="————;

’,!

— TeKy4yecTH CTeKJOBHIHOro pacmiasa 1/ m;

— BpeMeHHU BblIepKKH 06paslia Mpu TeMmIepaType 00XKHUTra,

BuinsiHre 0CHOBHBIX (haKTOPOB Ha IMpollecc CIeKaHHsl CBOAUTCS K CJIeyio-
emy.

Beauuuna kanuarsiproeo dagaeru s npu BBIOPAaHHOW NUCTIEPCHOCTH MO-
POILLIKOB CBIPbEBOM MAcCChl M NMPAKTHUECKOH HEM3MEHHOCTH IMOBEPXHOCTHOTO
HATSKEeHHUSl PaCIliaBOB CUJIMKATHBIX CTEKOJ B TeMIEepaTypHOM HHTepBaJe
700 1200°C (Ac npu wusmenenuu temmepaTypsl Ha 100°C cocrassser
1 1,5%) 3aBHCHT TOJMBKO OT TOKa3aTessl CMAaUMBaHHUS — KpaeBoro yria ®
(puc. 1, a). BosHukarwliee pu cMauMBaHWKM HCKPUBJEHHE MIOBEPXHOCTH Pac-
nnasa B (popMe BOTHYTOTO MEHUCKA BeJIeT K MOSIBIEHHUIO IOTIOJIHUTEIbHOTO OT-
pULATE/IbHOTO [aBJeHHs, O0OYCJOBJIEHHOIO [OBEPXHOCTHBIM HaTSKEHHEM.
CuJibl KanuJ//IsIpHOTO [aBJeHHs], HalpaBaeHHble K LeHTPY KPUBU3HbI MOBEPX-
HOCTH, BBITITHBAIOT KUAKOCTb U3 MeXK3ePHOBBIX KaHAJOB B MIOPbl, TEM CaMbIM
OKasblBasi CTATMBallee NeHCTBHe Ha 4aCTHLbI TBepaok ¢asel (puc. 1, 6).

a)

Puc. 1. Cxema mOBepXHOCTHBIX CHJI, I€ACTBYIOIINX Ha MeK(a30BOH rpa-
HHIlE KepaMHKa—pacrias cTekna — ras (a); cxema CTATMBAIOLIETO Jek-
CTBHS 3ePeH CyIJIMHKA, 00yCJIOBJIEHHOTO TedeHHeM pacrasa crekna (6)

Texkyuecmo pacniasa onpefensieT CKOPOCTb €ro nepeMelleHUs] B MexX-
3epHOBOM NPOCTPAHCTBE U, CJef0BaTe/]bHO, HHTEHCUBHOCTb IPOLecca Macco-
NepeHoca W pPacTBOPEHHs MaTepuana TBepAOd (asbl.

Bpems obxcuea — TeXHOJOTHYECKUN (HAKTOP, YCTAHABJIWBAETCS OIbIT-
HBIM IYyTEM.

AHanu3 (opMyJibl yCcanKyd MaTepuasa T03BOJSeT 3aKAYUTh, YTO CIIeKa-
HHUe TJIMHHUCTBIX Macc C ydyacTHeM KHIKOH (pa3bl 00YyCJOBJAEHO TeMIepaTyp-
HO-aKTHBHPYEMBIMH MPOLIECCAMU TeKY4eCTH pacljaBa U CMayuBaHUS UM IO-
BEPXHOCTH YacCTHUL TBepAOoH (asbl. 3aKOHOMEPHOCTH SIBJEHHS CMauHWBaHUS
NPUHSATO ONUCHIBATh ypaBHeHWeM IOHra mjs KpaeBOTO yrja CMayUBaHHUS:

cos® = Orrr O
O wr

U ypaBHeHHeM Jliomp3 N/ paBHOBECHOU pabOThl aAre3uu
W, =0,_,(1+co0s®),

TI€ O rrs Orroxs Ox_r — MeK(}a30Bble yleJbHble OBEPXHOCTHbIE 3HEPTUHU
(moBepXHOCTHBIE HATSXKEHMA) Ha TPAaHMLAX pasjesa: TBEPLOe TeJI0 — Tas,
TBEPJOE TEeJO — JKUIKOCTb U KHUIKOCTb — Tas.

JIs CUMMKATHBIX CHCTeM IIpHBeJeHHble TepMOJAHHAMHUECKHe COOTHOLIe-
HMS IPUMEHUMBI TOJIBKO IJIS KAUeCTBEHHOrO aHa/lM3a, TakK KakK Mex(has3oBble
B3aMMOJIECTBUSA HOCAT XUMHUeCKUH XapakTep. Creuucpuueckue ocobeHHO-
CTH CMa4YMBaHHS CHUJIMKATHBIMHU paclljaBaMH I10BEPXHOCTH TBEPAbIX TeJl CBA-
3aHBl C UX CTPOEHMEM, XapaKTePU3YIOLUIUMCS HaJUYMeM Pa3BUTOH B TOU HJIH
MHOH CTEIeHH MPOCTPAaHCTBEHHON ceTn (Kapkaca), 06pa3oBaHHOIO CoUJIeHe-
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uus tetpasapos [SiO,]4". [Ipouynas yBsi3aHHOCTb KPeMHEKHMCJIOPOAHBIX TPYTI-
NUPOBOK BJMSIET Ha SHEPIUI0 YACTHUIL TOBEPXHOCTHOTO ¢/1051. JI/Il CHIMKATHBIX
pacniaBoB, GJH3KUX 110 XMMHYECKOMY COCTaBY MPAKTHYECKUM CTEKJ/aM, 3Ha-
yeHHe MOBEPXHOCTHOTO HaTsXKeHUs (O ,_.) OTHOCHTE/ILHO BEJMKO ¥ HAXOIHT-
ca B npemenax 0,220 0,413 H/wm npu temneparype 1300°C. Ilpu mosHoMm
CMauMBaHUU PaGoTa aAre3uy JOCTHraeT BeJHUMHbI, PABHOH yIBOGHHOMY IO-
BePXHOCTHOMY HATSKEHHIO PACIIaBa, ¥ OKa3blBAeTCsl COMOCTABMMOM C YPOB-
HeM SHeprud XUMHueckuX cBsizeil (coTHU KJI>K / MOJIb), TpeBbIIAIOLIMM SHep-
ruio cBsizel cun Ban-nep-Baanbca Gosee yem Ha ABa nopsiaxa. Beicokue 3Ha-
UeHHS aAre3HOHHBIX CHMJ YKa3blBAalOT HA XUMMYECKYI0 NPUPOLY SABJEHHH
CMauyMBaHMsl B CHMJMKATHBIX CHCTeMaX. XHMMHYeCKMH XapakTep Mex(aso-
BOTO B3aUMOJEUCTBUS TOATBEPKAAET 3aBUCHMOCTh MOKa3aTessi CMayuBaHUsl
(yrna ®) or temnepatypsl. Kpusas ® = [(T) (puc. 2) umeer H3JI0M B TOUKe,
COOTBETCTBYIOILEH TeMIepPaType, Ha3biBAEMOM «ITOPOTOM CMauMBaHHUS», OC/IE
MPOXOXKAEHHSI KOTOPOH TPH HarpeBaHWM MHTEHCHMBHOCTb CMaYMBaHHsl PE3KO
Bospacrtaer. DTOT (aKT yKasbiBaeT Ha TO, UTO JJIS «3allyCKa» Mpolecca cMa-
UMBaHMS HEOOXOAMMA OTpe/ieJleHHAsl SHePrusl aAKTUBALMH, KaK U JJIsl IPOTeKa-
HUS JI0O0U XUMHUUECKOU peaklUH.

n \
140 |- Puc. 2. TemnepatypHas sa- 'a-c
\/2 \\,1 BHCHMOCTb KPaeBOro yria \\
N L \ CMauMBaHUsl MOBEPXHOCTH  10°
T 120 A MOIJIOKKH U3 CYTJIMHKA pac- \
o 3 \\ 4 \ MJIaBaMHM CHJIMKATHBIX CTe-
2 X KOJI MapokK \\ 1
—~ 5
= WAl - N
= 100 ! — M-4 (nucrosoe); 2 — \ A
= \\ \ \ C93-2; 3 — C97-1; 4 — C93-1
W)
s I\ WA\
& 80 \ \
2 \ \ 32\
> N
5 N SR\
> 60 10
E AN AN
% A \ N N\
S 40 \ Nd | Puc. 3. Temneparypnas 3a- 102 \
x \\ BHUCHMOCTb BSI3KOCTH CHJIH-
N KaTHBIX CTEKOJ MapoK 3 \
20 ™~ YcaoBHbIe 0003HAUEHHS Te XKe, \
900 1000 1100 uTO M Ha puc. 2 10

800 1000 1200

Temnepatypa, °C Temnepatypa, °C

PesysibTaThl MHOrOJIETHHX Mcc/IenoBaHui [2] Mo smanmpoBanuio meTal-
JIOB, UX CIIAWBAHHUIO CO CTEKJIOM JAI0T OCHOBAHMS CYUTATb, UTO MEXKAY sIBJe-
HUSIMM CMaYMBaHUS ¥ BI3KUM TeUeHHEM CHJIMKATHBIX PACI/IaBOB CYIIECTBYET
riy6okasi cBsidb. BSI3KOCTb KHUAKOCTH KaK CBOHCTBO, O0OYCJIOBJEHHOE MeX-
ATOMHBIM B32HMOJEHUCTBUEM, 3aBUCUT OT NPHUPOJBI XUMUUECKHUX CBSI3eH U reo-
MEeTPUUYECKHX OCOOEHHOCTEH CTPYKTYDHBIX 3/1eMeHTOB ((popmbl M pasmepos
aTOMHBIX TPYIMIHUPOBOK). XapaKTepHOH 0COOEHHOCTHIO PACIIABOB CHIMKATOB
SBJISIETCS UCKJIIOUNTENbHO OBICTPOE HapacTaHWe BSI3KOCTH MPU OXJaKIeHUH.
[TprurHa pasuTeNbHOrO OTJIWYMS B 3HAUEHHUSIX BSIZKOCTH CTEKJI000pasHBIX
CUCTEM OT pacljaBOB MeTaJ/JI0B U HOHHBIX COeIMHEHHUH 3aK/II0UeHa B CTelleHN
MOJMMEPU3ALMHU CTPYKTYPHBIX 3JeMeHTOB. OT THIA OKCHIOB, BXOASIIUX B CO-
CTaB CTEKOJ, U UX KOHLEHTPAUHUM 3aBUCAT BUA CTPYKTYPHBIX IPYIIHPOBOK,
XapakTep W pasMepbl HX COeJIMHEHHH MeXX1y co60# (LemoYKH, JEHTh, CJOHU),
THI U BeJIMUMHA SHEePTrH CBsI3U. Haubosblyio BA3KOCTh pacriaBaM MpUAaoT
cTeka006pasymwie okcuabl SiOy, AlyOs, ByOs, ZrO,. OKCHIBI LI€JOUHBIX U
LIeI0YHO3€eMe/IbHBIX MeTa/IoB U HeKoTopbix apyrux (PbO, Fe,03) asastorcs
MomupHuKaTopamu cTekos. OHM CHIKAIOT CTeTeHb oJMMePU3aliH, Pa3pbiBasi
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KPEMHEKHUCJIOPOAHYIO CeTb, U YMEHbIIAIOT TeM CaMbIM KOJH4YeCTBO 0000LIeH-
HBIX BaJIeHTHBIX cBs3el = Si—O_ B cTpyKrype crekna. C yBesndyeHHEeM UncIa
KHCJIOPOIHBIX aTOMOB, MPUXOMSLIMXCS HA aTOM KPeMHHSs, CHUXKAeTCs CTPYK-
TypHasl yBSI3aHHOCTb CTeKJa W JoCTHraercsi 6osiee MOJHOE 3KpaHUPOBAHHE
LIEHTPaJNbHOrO KaTHoHa rpynnuposku [SiO,]*~. O6as sHeprus cuctems cra-
HOBUTCSI MEHbIIIE.

Bsiskoe TeueHMe CHUIMKATHBIX PACMJIABOB M3y4asoCh MHOTHMU HCCJIENOBA-
TesnsiMU. Pa3BUTHIO TeOpPeTHUECKUX OCHOB 3TOTO SIBJEHHS MOCBSIIEHBI pabOThl
[. Tammana, P. JI. Mwoanepa, C. B. Hemusosa, [I. C. Canpunosa. Haubosee
000CHOBaHHOH MPEACTABJISIETCS BaJeHTHAsl KOHIEMIHS BS3KOTO TEUEHHs CTeK-
na P. JI. Mionnepa [3]. Ee cymsocTb cOCTaBASIOT CleAyIOLIKe TTON0KEHHUS.

— BsaumopeiicTBUe aTOMOB B CTeKJle, 00pa3yOLLIUX CTPYKTYPHYIO CETb,
OCYLIECTBJISIETCS TMOCPEACTBOM JIOKAJIU30BAHHBIX KOBAaJE€HTHO-HOHHBIX CBSI-
3el, 006/1aa0IMX KEeCTKOCTbIO U OJM3KOAeHCTBUEM. DJIeKTPOHHAsS KOH(PUTY-
pauust kKatuoHa Si** 00yCJ/IOBIMBaET TETPAIAPUUECKYIO OPHEHTALMI0 XUMHUe-
ckux cBsased Si—O, jekalumx B OCHOBE MOCTPOEHHUS TPOYHBIX MPOCTPAHCT-
BEHHBIX COUJIEHEHUH U3 MOJUIAPOB. B OT/IMUME OT HOHHBIX KPUCTAJJIOB MaJsast
NPOTSKEHHOCTb MapHO3/IeKTPOHHBIX cBsideld = Si—O_ He obecrneuyuBaer nepe-
KPBITHS 3JEKTPUYECKUX MOJeH KaTHOHOB, HEOOXOMUMOTO A/ CMEIeHHsT KO-
HOB. [l1s1 aToro TpeGyeTcsl BbICOKAst SHEPTUS aKTHBALWH TETJIOBOTO IBHXKe-
HHUSI aTOMOB.

— Ilpu BbICOKHX TeMmIepaTypax B YCJOBHUSX MHTEHCHUBHOTO KoJebaTesb-
HOTO JBHXKEHUS] MPOUCXOAUT cOJMKEeHHe aTOMOB KpPeMHHsI Ha pacCTOsIHHE,
IIpU KOTOPOM CTAHOBSITCSl SHEPreTHMYeCKH BBITOJHBIMH 3J1€KTPOHHBIE MEePexo-
IIbl, COIPOBOZKAAIONIMeCs: 0Opa3oBaHHueM HOBBIX cBsizel = Si—O_. HoBas cBs3b
(hopMUpyeTCs KaK aKT TMepeKJI0UeHHs CBSI3HW KPEMHHUS C aTOMa KUCJI0POaa Ofl-
HOU IPYNIMPOBKHM Ha aTOM KMCJI0poaa Apyro# (cocenHeit) rpynnuposKy. ToT
KpPaTKOBPeMeHHbIH Tpolecc He TpeOyeT 3aTpaT 3HEPruH, PaBHOW 3HepPruu
noJiHOTO paspbiBa cBsi3u Si—O. ComnpsikeHHOe TepeKaUeHHe KPeMHEKHCJI0-
POIHBIX CBfI3eH B 00bEMe pacrjaBa PaBHOCHJIBHO CTPYKTYPHBIM H3MeHEHH-
SIM — OTHOCHUTEJbHOMY CMELIeHHI0 aTOMHBIX TPYMIHPOBOK.

TekyuecTb CUJIMKATHBIX PacClaaBOB, 00YCJAOBJEHHBIX TpaHcpopMmauuen
cBsa3ed =Si—0O —, MoguUHSeTCs TeMIepaTypHOMY BJIMSHUIO 110 YPaBHEHHIO

_Eym

I/n=c-e AT,

rie Eyr) — 9SHeprusi akTHBU3aUMH Bsidkoro Tedenust (kDK /Moiib);
R — yHuBepcasbHas ra3oBasi MOCTOSTHHAS (Ixx / moaib - K);

T — remmneparypa (K);

C — mnocTosiHHAs BeJHYHHA.

OHeprusi akTHBALMM BSA3KOTO TEUEHHS 3aBUCHUT OT TeMiepaTypsl. [Ipu ox-
NaxJaeHuu pacniasa E ) noebiiaercs u npu npubarxeHuu K T, oHa CTaHo-
BUTCS OJIM3KOH K 3Hepruu paspuiBa csisu Si—O (430 kI[x /moub). SHaue-
Hue E 7 pacriaBoB IPOMBILIIEHHBIX CTEKOJ HaXOAUTCs B npefenax ot 80 1o
400 xJIxx/moub. Tlo Muenuto P. JI. Mioaiepa, MeXaHU3M BSA3KOTO TeUeHHUS
JIEYKUT B OCHOBe siBJIeHUH AU(DY3HUH, MUTPALMH, PesaKCalliy, ClIeKaHUs U IPY-
THX MPOLIECCOB, CBSI3aHHBIX C IBMKEHUEM YaCTHI B CUJIMKATHBIX pacriaBax.

[IpunoxeHue MPUHLMIIOB BSI3KOTO TeUEHHUS CHUINKATOB K PelleHHI0 3a1au
TEXHOJIOTMH KePaMUKH Ha OCHOBE CYTJIMHKA CBSI3aHO C HEOOXOAMMOCTBIO BBI-
SICHEHMS BJMSIHUS CBOUCTB CTEKOJ Ha XapaKTep MexK(a3oBOro B3aMMOIEUCT-
Brs. C 3TOM 11esibl0 ObIM BBITIOJIHEHBI 3KCIEPUMEHTasbHble Pa0OTHI:

— W3Yy4YeHO CMayMBaHUe MOBEPXHOCTH MOJJIOXKEK W3 UHUCTOTO CYrJMHKA
pacmiiiaBaMM CHJIMKATHBIX CTeKOJ TpoMmbllIeHHbx Mapok C93-1, C93-2,
C97-1 wu amcrosoro crekaa mapku M-4 (TOCT 111-2001);
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— onpefeJsieHbl IPOYHOCTb Ha C)KaTHe W OrHeBas ycaaka 00paslLOB U3
CMeCH CYIJIMHKA CO CTeKJIOM YKa3aHHbIX Mapok;

— uccJiefioBaH Matepuan Kepamuku Mmetonom HK-cmekrpockonuu.

XUMHUUYECKUH COCTaB M CBOWCTBA CTEKOJ W CYIJIMHKA MpPeACTaBJEHbl B
TabJuLe.

Xumuuecknit cocras, Bec. % Tlpyrue
Marepuan
SiOy | AlOs | MgO | CaO | BaO | PbO | NayO | Ky0 [Fe 05|  OKCHABI
Crekjo M4 71,92(1,38 13,15 (7,89 — - 14,9 SO3 - 0,38
(ucroBoe)
Crekso C93-2 67,5 | 5,0 - - 12,0 - 70 [ 7,0 Fes — 0,9
Li;O — 0,06
Crekqo C97-1 64,0 | 4,0 - - 16,5 — | 50 (9,5 Li,O - 1,0
Crekqo C93-1 55,0 | 2,0 - - - 130,0] 3,8 [9,2] 4,0 -
CyrnvHOK KameHcKu# | 64,7 | 14,2 | 2,11 | 4,0 - - 1,7 |1,84|4,78 6,37

CmauyuBaHHe UCCJIe0BAJIOCh METOIOM <«TIOKOSIIEHCS» KaljJu CTeK/Jaa Ha
naocko# nomtoxke (cm. puc. 1, a). [TomI0KKOH CAYKUIHM TUCKH U3 CIIPECCO-
BAHHOTO CyrJIMHKa. Kanss creksa hopmupoBanach paci/iaB/ieHdeM LHJIUHAPA
(d = 4 MM, & = 4 MM) U3 CTIPECCOBAHHOIO CTEKJIOMOPOLIKA HA MOBEPXHOCTH
noanoxku. KpaeBoit yros cMaunMBaHUs ONpenessijics U3MepeHneM yBeJUdYeH-
HOU TPOeKLUMH KallJ¥ Ha 3KpaH.

OmnpeneneHre ycaakd M HCIbITaHWE HA TPOYHOCTb KEPAMHKH TPOBOJIH-
JIUCb Ha KyOukax ¢ pebpom 20 MM, c(hOpMOBAHHBIX U3 MacC, MOJy4eHHBIX XO-
JIOZHBIM BcreHUBaHUeM. O6paslibl U3 MeHOMacchl UCIOJb30BAMUCh C LIeJb0
ycusenus agdekra yraoTHeHUST MaTeprana npu o6xxure. COOTHOIIEHHUE CYT-
JINHKA U CTEeKJa B UCXOMHBIX Maccax MpPUHHUMaNoCh paBHbIM 4:1. MarotosJe-
HUe 00pa3LoB U U3MepPeHHe UX CBOUCTB OCYIIECTBJSAIOCH 0 METOAUKAM, OIH-
canHbIM B patorte [4]. MK-cnekTpbl MaTepHasoB CHUMAIKMCh Ha CIEKTPOMETpe
Scimitar FTS 2000.

PesysbTaThl OMBITOB 1O CMauWBaHHUIO MpeNCTaBIeHbl Ha pUc. 2. AHau3
TeMIepaTypHbIX 3aBUCHMOCTEH KpPaeBOro yIya CMauMBaHHUS U BSI3KOCTH pas-
JUYHBIX cTekos (puc. 3) MO3BOMMJ YCTAHOBHTH 1Ba BaxkHbIX (akra. [lep-
BBl — Habsonaetcs nonodue B xone Kpusbix @ = [(T) un=f(T), uto yKasbl-
BaeT Ha IMyOOKYI0 CBSA3b 9THX sIBJeHHH. Bropol — Ha Beex kpuBbix © = [(T)
UMeI0TCS TOYKU neperuda, COOTBETCTBYIOLLME ONpele/leHHON TeMIepaType —
Temnepatype «nopora cMmauuBanus> (T,,). [locie ee MpoXoXKAeHHUS HHTEH-
CHBHOCTb CMauMBaHHs pe3ko Bospacrtaet. M3 kpusbix N =[(T) cienyer, uto
temnepatype T, UCCeNyeMbIX CTEKOJ OTBeYaeT 3HayeHHe BSI3KOCTH pacllya-
BOB, npuMepHo paBHoe 103 [Ta-c. 3mech BaXKHO OTMETUTb U TO, UTO TIPU H3Y-
YeHUH IPYTUX KOHTAKTHBIX SIBJEHHUH, CBSI3aHHBIX C pacljaBaMH CTEKOJ, TaK-
’Ke Obla oOHapy»KeHa CBsI3b UX XapaKTePUCTHK C BS3KOCTbIO. Tak, TeMmmepa-
typam cnekanusi crekon (TCC) u Havana NMPUIMNAHHS UX K TBEPABIM TeJIaM
(TTIC) He3aBMCHMO OT MX XMMHYECKOTO COCTaBa COOTBETCTBYET BS3KOCTb,
paBnas 10% Tla-c [5].

BeIBOI 0 Ha/IMUKK CBSI3H MEXY BS3KOCTbIO M CMayMBaHUEM TOATBEPXKIA-
0T IaHHble paboThl [6]. ABTOpaMK ObLIO yCTaHOBJIEHO pasiddyde B CMauydBa-
HUM pacljaBaMH [IBYX CHJIMKATHBIX CTEKOJ TOBEPXHOCTH TBEPABIX CHJIMKA-
TOB: KBapla, MYJIJIUTa, aHOPTHUTA, lIaMoTa U auokcuaa. Oxkaszanoch, 4To Kpae-
BOM yroJl CMayMBaHHMs Ha BCEX MOAJIOXKKAX y JMCTOBOTO CTeKsaa MeHblue (B
cpeanem Ha 10%), yeM y TapHOro, OTIMYAIOLIEr0Cs MO COCTABY OT MEPBOrO
6osbiiuM conepkanrueM okcuaa AlyOs. O6BICHUTD TPEUMYILIECTBO JTHUCTOBOTO
CTeKJla B CMauMBAaHUM MOXKHO TOJIbKO Oo0Jiee HU3KOH BSI3KOCTbIO pacrjasa.
Jlnst muctoBoro creksaa npu temneparype onsita 950°C snorapudm Bs3KoCTH
cocrasJsieT 3,65, mis tapHoro 3,87.
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BimsiHue BSI3KOCTH CTEKOJI B HAIlIeM OTbITE MPOSBUIOCH B 3HAUEHHUSAX Xa-
DaKTEePUCTHKHM CIeKAaHHS — MPOYHOCTH 00pasuoB Ha cxkartue (puc. 4). Bu-
UM, UTO KepaMHKa, cofepzkaiias ctekao Mmapku Cia 97-1 ¢ HauMeHblIel Bs3-
kocteio npu 1050°C, o6mamaer mpH OAMHAKOBOH IJIOTHOCTH HaWOOJbIIEH
IPOYHOCTBI0. POCT BA3KOCTH CTeK/I0(a3bl BEET K CHUKEHHUIO TIPOYHOCTH Ke-
pamukd. OT KayecTBa CMayUBaHUS 3aBUCHUT LEMEHTHPYIOLee NeHUCTBHE pac-
nnaBa B (DOPMOBAHUH CTPYKTYpbl Yepenka. Kak u cjenoBano 0:XKumaTh, B Ta-
KOH JKe TOCJIe[IOBATENbHOCTH HAXOMSATCS 3HAUEHUS JPYTOM XapaKTepPUCTHKH
CrieKaHusi — ycanku o6pasuos. Kepamuka co creknamu mapok C97-1, C92-2,
C93-1 ¥ JMCTOBLIM MMeJH ToKasaTesu oobemuol yeanku (%) — 31, 12,5 10
U 7 COOTBETCTBEHHO. Pe3ysbTaThl 3KCMEPUMEHTa YKa3blBAlOT HA pellarollyio
poJib BSI3KOTO TedyeHMs CTeKJa B Mpolecce CIeKaHUs.

Ananus UK-ciekTpoB KepaMHKH ¥ HCXONHBIX MaTepuasos (puc. 5) moka-
3aJ1, YTO OCHOBHBIE KPUCTa/NIHUecKHe (Pasbl CyTJIMHKA JJKBapu, noJieBble MiMna-
Thl) COXPAHUJIUCH MOC/Ie 00KHMra B MaTepuaJe. Ha ux yacTuuHOe pacTBOpeHHe
B CTEKJIe YKa3blBaeT MUCUE3HOBEHHE CJa0bIX MOJOC MOTJIOUIEHHS, COOTBETCT-
Bylommx yactoram 792,4 u 647,1 cm~!. TTocKoJIbKY CHJIBI, 00YCIOBIMBAOIIHE
pacTBOpeHHE W AAre3ui0, UASHTHUYHBI, MPOLECC CIeKaHWs B CHUCTEMEe CYTJIH-
HOK—CTEKJIO B 3HAYUTEJbHOU CTENeHU 00YCI0OBJEH XUMHUUECKUM B3aUMOJIEH-
CTBUEM Ha MexX(a30BOU TI'paHHUILE.

YcraHoBJIeHHE B MpOLecce CTieKaHHs POJIH MTOBEPXHOCTHOTO HATSXKEHHS,
BSI3KOCTH CHJIMKATHOTO CTeKJIa U TTyOMHHOU CBSI3W ee C fIBJeHWeM CMadyuBa-
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Puc. 5. UK-cnekTpbl MOIJIOMIEHUS

| — KepaMHUKH U3 CMeCH CyTJIMHKA o cTeKaoM M-4; 2 — cyrauHKa
Kamenckoro mectopoxienusi; 3 — crekna M-4 (nucrosoe)

Puc. 6. CxeMa HaJIOXeHHsl MOTeHUHAaJbHbIX 01l B3aMMOAeHCTBYIOIIUX aTOMHBIX TPYHITHPO-
BOK CTeK/JI0(assl ¥ uacTul cyraunka (1, 2, 3)

E|, E9, E3 — ypOBHM 3HEpPIMH aKTHBAaLMK XHMHYECKOrO B3aMMOAEHCTBHS /Il PA3/IHYHOK CHJIBI MeKaTOM-
HOH CBS3M B TPYMNIIMPOBKAX TBePAOH (asbl
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HUS MO3BOJISIET C YYETOM MO0JI0XKEHUH BaJeHTHOHW KOHLENLHUH BSI3KOTO Teye-
Hus P. JI. Mioanepa copMmynupoBath npeiacTaBieHde 0 MeXaHHU3Me airesu-
OHHOTO B3aMMOJEHCTBUS B CHCTEME CHJIMKATHOE CTEKJIO — CYTJIMHOK.

[Ipu o6kure cCbipb€BOM MaCChl B COCTOSIHUM (PU3UUECKOTO KOHTAKTa OKa-
3bIBAIOTCST YACTHLBI CTEKJIA M CYIJIMHKa (KBapla, MojieBoro IumnaTa, OKCHIOB
pasMMuHBIX MeTasi0B). [Toc/ie 1oCTHKeHHs TeMIepaTypbl, COOTBETCTBYIOLIEH
«[IOpOTy CMayMBaHMS», Ha Mex(pa3oBOH TrpaHMLEe aKTUBU3UpYyeTcs (DU3H-
KO-XMMHUYecKoe B3aUMOJeHCTBHe, NPOsiBJsiolleecs B BUae cMayuBaHus. Cma-
YyhBaHHWE Kak mpolecc (OpPMHUPOBaHHS MeX(a3oBbIX CBSI3eH MPOTEKaeT M0
TPaHCASIUUOHHOMY MeXaHu3My. COBOKYMHOCTb CJIOKHBIX Ie(OpPMalHOHHBIX U
BaJIEHTHBIX KOJleOaHUH aTOMHBIX TPYNIHUPOBOK 00euX (a3 MPUBOAUT K «IIepe-
MelIUBaHHIO» aTOMOB KHCJ/I0POJa Ha MexX(pa3oBod nosepxHocTH. [Ipu Temme-
parypax 950 1050°C uHTeHCHBHOCTb KOJIeOAHHH aTOMOB IOCTHUIaeT TaKOTO
YPOBHSI, TIPH KOTOPOM B pe3yJbTaTe HaNO0KeHHS CBS3BIBAIOLIMX OpOUTasIel
rpynn = Si—O— 1oBepXHOCTHOrO cjiosi creknaa u rpynn = Si—O— u —Me—0—
CYIVIMHKA TPOUCXOIUT TpaHc(opMalus KPeMHEKUCJIOPOIHbIX CBSI3eH CTPYK-
TYpHOH ceTKH cTeksa. CBSI3b KDEMHHUS C «<MOCTHKOBOTO» KHCJI0POJA MEPEKJIIo-
yaeTcsl Ha aTOM KHMCJIOpOJa TBepHOH (hasbl, OKa3aBILlIerocs B MOTEHLHATbHOM
noJjie CHUbHOrO KatvoHa Si**. BosHHMKaiOT CBsI3bIBAIONIME [EMOYKH aTOMOB
Si,—0=Siy ¢ v Si—O—Me,, 4. Peanusauusa XxuMuueckod peakUMH MO TaKOH
cxeMe He TpeOyeT MOJHOTO paspeiBa cBsizelt = Si —O —Si = cTpyKTypHOH ceT-
K1 crekna. Ha 3To yka3biBaeT CpaBHUTEJbHO MaJsiast SHEPTUs aKTHBALMH TTPO-
mecca cMadyuBaHus. Hampumep, cMayMBaHWe OKCHAHBIX IJIEHOK Pa3/JHUHBIX
MeTasJI0B G0POCHUIUKATHBIM CTEKJIOM MPOUCXOAUT TIPH IHEPTUSAX aKTHBALMHU
or 180 mo 290 xJIx/wmoab [2].

OHeprus axkTHBAallMK pacCMaTPUBAaeMOH XMMHYECKOH peakLUMH — aKTa
TpaHchopMauuu (nepexnouenus casu Si—0) cOOTBETCTBYET MOTEHLHANBHO-
My 6apbepy repexoaa CUCTEMbI OT CTaAUH (PU3UUECKOTO KOHTAKTa K XUMHUe-
CKOMY B3aMMOIeHCTBUI0. PU3NUEeCKHH CMBIC] MTOTEHIMANBHOTO 6apbepa MOXK-
HO TIPeJICTaBUThb, pacCMaTpHUBasi CXeMy HaJ/0KeHHS KPHUBBIX 3aBHUCHMOCTEH
MOTEeHIMAJTbHBIX JHEPIHH B3aUMOIEHUCTBYIOIIMX ATOMHBIX TPYNNHUPOBOK
=Si—~O-8 crekne u =Si -0 —u —Me —O — B kepamuke (puc. 6). {ns1 s0Ka-
JIM30BAaHHOH KECTKOHU KOBaNeHTHOH cBsidu = Si —O — XapakTepeH KPyTOH X0
KpuBOU 3aBucumMoctd E=f(r), a 1/ MOHHOM [aJbHONEHCTBYIOIEH 3/1aCTHY-
Hol cBasu —Me—O— 6osee nmosoruit. [lepeceuenue kpusbix E = f(r) nosso-
JISleT OLIeHHUTb BEeJUYUHY SHEPTMU aAKTHBALMM aKTa IepeKJI0YeHUs CBA3U
KpeMHH$ ¢ kucaoponoM. Kak BUAKM, ypoBeHb NOTeHLHAIbHOTO 6apbepa 3aBH-
CUT OT 3HEPrHH XUMHUYEeCKHX CBSI3ed B3aHMOAEHCTBYIOLIUX aTOMHBIX TPYIINHU-
pPOBOK. DHepreTHYeCcKoe COCTOSIHHE KOHTAKTHUPYIOUIMX (a3 MOXKHO OTpeje-
JIUTb TI0 3Hepruu obpasoBanus coearHenuit (AG), BXOAAUIMX B MX COCTaB.
OmnbIT MOKa3bIBAET, UTO UeM MeHbllle BeudrMHa AG XUMHYeCKOTO COeINHEHHS
(cunvkaTa, okcuaa), TeM Jydllle OHO CMadMBaeTCst PacliaBoM cTekaa [2].
C 1pyro# CTOPOHBI, SHEPTUST KPEMHEKHUCJIOPOAHBIX CBSI3eHd CTPYKTYPHOU CeT-
K{ CTeK/a MOKeT OBbITh TMOHMXKEeHa BBEJEHHEM B €ro COCTaB MOAU(DULMPYIO-
IIMX OKCHIOB WJHM pPacTBOPEHHEM B HEM MaTepHasna TBepaod (aswl.

BeiBoabl. 1. PaccMoTpeHO BiMSIHHE MOBEPXHOCTHOTO HATSXKEHUS U BSi3-
KOCTH CHJIMKATHBIX CTEKOJI Ha TPOLecC ClleKaHUsl KePaMHUKH Ha OCHOBE TJIMH.
OTH CBOHWCTBA MPOSIBISIOT ce0s B BOBHUKHOBEHHWM TPH CMAUYMBAHUU KalHJI-
JISPHOTO NaBJIEHUS W TEKyueCTH pacIliaBa.

2. YcTaHOBJ/IeHA CBA3b SIBJIE€HUH CMayMBaHUS TOBEPXHOCTH 3€peH CYTJIHH-
Ka C BA3KOCTBIO pacraBa cTeksaa. [lyis uccaenyeMbX MapoK CTEKOJ orpeje-
JieHa TeMIepaTypa «lopora cMayuBaHUsI». DTOH TeMIlepaType OTBedaeT BS3-
KOCTh pacruiaBa B mpenesax ot 1032 mo 10%8 [la-c.

3. MUK-ciekTpockomnued moaTBEPKAEHO pacCTBOPEHHE MaTepHassa TBepIOr
(a3bl B pacryiaBe, YTO YKa3blBaeT Ha XUMHUYECKHH XapakTep Mex(azoBOro
B3aUMOEHCTBHUS.
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4. V3n10KeHbl IpeCTaBAeHNUs O MeXaHH3Me aiAre3HOHHOr0 B3aUMOIEHCT-
BHUS B CUCTEMe CYTJIMHOK—CTekJs0. [IpouHOoCTb KepaMUKH 06ecreunBaeTcs 06-
pasoBanueM MexdasoBbix cBszed Si—O—Si u Si—O—Me nyTtem nepekJroye-
HUSI CBSI3W KPEMHHS C «MOCTHKOBOTO» KHCJIOPO/Ja B CTEKJIE Ha aTOM KHCJIOPO-
JIa TBepaoH (asbl.
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IMOCTPOEHUE YIIPOIIIEHHOW MATEMATHYECKOW MOJEJH
IMPOILECCA OBXKHWTA TUIICA BO BPAIIAIOIIEVICY ITEYH

[IpuBeneHa MeTOoMKA MOCTPOEHUS MaTEMATUUECKOU MO/ BPALLAIOILENCS €YU TIPU 00-
JKUTe CHIIYUMX CTPOUTENBHBIX MaTepuasoB. Ha npumepe mpouecca npous3BOACTBA CTPOUTENb-
HOTO THIICa B NPSIMOTOYHOH MeyM MoKazaHa 3P(PeKTHBHOCTb 3aMeHbl HEJMHEHHON AHHAMMYe-
CKOH MOJI€JIM B YaCTHBIX TPOU3BOJHBIX MOJIEJbIO, COCTOSIILEN U3 HECKOJIBKUX MOCIEI0BATENbHO
BKJIIOUEHHBIX 30H HJEaJbHOTrO ITepeMellInBaHUs.

[Ipyn maTemMaTHUECKOM MOJENHPOBAHUU MPOLECCOB 00KNTA BSKYILIMX Ma-
TEpHaJIoB B MeUax ¢ COCPEOTOUEHHBIMU TapaMeTpaMH, HallpuMep ¢ KUTSALIUM
cJioeM, OOBIUHO HUCIOJIb3YIOTCS CUCTEMBl JUHEHUHBIX U HEJUHEHUHBIX airebpau-
YeCKUX U 0ObIKHOBEHHbIX AU (epeHLHalbHbIX YPaBHEHUH, B KOTOPHIX OCHOB-
Hble MapameTphl SBJASIOTCS (PYHKLHMEH TOJbKO OJHOHM HE3aBUCUMOH NepeMeH-
HOU: JM60 BpeMeHH, JM60 TemmepaTypbl obxura [1].

OnHako BO BpallalolIMXCs Neyax OCHOBHble NTapaMeTpbl, XapaKTepuaylo-
lMe TedyeHHe Tpolecca (TeMmmepaTypbl, KOHIEHTPALKMH Chipbsi M TPOLAYKTOB
00KHUra), 3aBUCSAT HE TOJbKO OT BPEMEHH, HO U OT MPOCTPAHCTBEHHBIX KOOP-
auvHart. Js1f TakUX arperaToB C pacnpefie/leHHbIMU TapaMeTpaMU MpesoKeHbl
TPU THUMA MaTeMaTHYeCKuX Mopened [2]:

— HJea/]bHOTO BBITECHEHHUS

C;/ t=- (C;/ L) (1)
— OI[HOHapaMeTpI/ILIeCKaH
C;/ t=- (C;/ L)+ Dy(2C;/ L»)+W; (2)
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— JBYXTapaMeTpuyecKas
Ci/ t=- ( CL/ L) +DL( QCL'/ LQ) +
+ D [(1/7’) ( CL'/ t) + ( QCi/ tQ)] = Wi,

roe L — xoopauHaTa, udMepsieMast BA0Jb OCH Bpallaillerocsi 6apabana neuu
(nmua arperara);

r — KOOpIMHATa, leprieH Ky IsipHast ock GapabaHa neuu (paauyc arperara);
D,;, Dy — x03(p(hULHEHTH TPOJOJBHOTO U PANHANBHOTO MepeMellnBaHus Ma-
Tepuasa B OapabaHe TeuH.

Kak BuAHO M3 MpUBEeLEeHHBIX MOJeJel BpallalolUXCcs Meued, CBs3blBalO-
[IMX TEXHOJOTMYEeCKHe MapaMeTphl ¢ HE3aBUCHMBIMU TlepeMeHHbIMH, BCe OHU
OIMHUCBIBAIOTCS YPaBHEHUSMH B YACTHBIX TPOW3BOAHBIX, aHAJTUTHYECKOTO pe-
ILI€HHUS KOTOPbIX NPAaKTHYEeCKH He CylecTBYeT. B aTHX ciydasix 0ObIYHO M0Jb-
3YIOTCSl YUCJEHHBIM MeTOJOM, COCTOSILIMM B 3aMeHe YacCTHbIX MPOU3BOIHBIX
Ha OTHOLIEHHs] KOHEYHbIX Pa3HOCTEH, B pe3ysbTaTe yero III/I?)(ﬁ)epeHLH/IaJIbeIe
ypaBHeHHUsl obpalaioTcs B anredpauyeckue, pasHOCTHBIE |3].

Bosiee yno6HbBIA MeTO UHMC/AEHHOTO pellleHHs], Pe3KO COKpaLLAILIMK YHC-
JIO BBIUUCJUTEJBbHBIX OMepalni, — Mepexo] 0T YPaBHEHWH B YaCTHBIX MPOU3-
BOJHBIX K CUCTeMe 0ObIKHOBEHHBIX AU (epeHUHa bHbIX ypaBHEHUH, KOTOPbIH
OCYILIeCTBJ/SIETCS 3aMEHON BCEX YACTHBIX MPOU3BOAHBIX OTHOLIEHHEM KOHeY-
HBIX PA3HOCTEH, KPOMe OJHOH, SBJSIOLIEACS He3aBUCUMON epeMeHHOU B CUC-
TeMe TOoJIy4eHHbIX HOBbIX ypaBHenu# [4]. IIpu Takom MeTone Bcs o6acThb, B
KOTOPOU HIIeTCs pellleHHe, pa3bruBaeTcs Ha psin 30H. B aToM caydyae matepu-
aJibHble U TellJIoBble OajlaHChl Tpoliecca 06KUra, cCocTaBJ/eHHble /15 [TeYel Ku-
MSIIEro CJI0s, MOTYT PellaTbCs [/ KaXK/A0H U3 30H MOC/Ae0BaTeIbHO, IPHUYeM
YUCJI0 YpaBHEHHUH B cHCTeMe JOJKHO COOTBETCTBOBATb UUC/IY IIPUHSATHIX 30H.

Yuceso 30H onpenessieTcsl TeXHOJIOTMUECKUMH NapaMeTpaMu U MPOSBJIS-
eTCsl B XapakTepe pacrpeje/eHHs BpeMeHH NpeObIBaHUS MaTepuasa B pado-
yeM MIPOCTPAHCTBE arperata. ATOT XapakTep paclpejeseHus M0JBEPKeH CTa-
TUCTHUYECKHUM 3aKOHAM U MOXKeT ObITh HAW/EH MO BUAY CUTHAJA, TPOXOASILIETO
yepe3 OapabaH Bpallamlleics nedyd. B kauecTBe TaKOTo CUTHaJjga HaMM HC-
M0JIb30Ba/ach MOfaua HHAMKATOPHOTO BelllecTBa Ha BXOJIE B T1eUb B BUJIE eJIb-
Ta-(yHKUMK (MMIYJIbCHBIH BBOJ HHAMKATOPA).

3HaueHUs1 KOHLUEHTPALMK UHAMKATOPA HA BbIXOJE arperata MnoJydeHbl Ha
KOPOTKOM Bpamaroleics neur (cymuasHom 6apabane) 1,6 8 M, paGoraro-
el M0 NPSMOTOKY:

Bpems ( ), mun 0 25 5 7,5 10 12,515 17,5 20 22,5 25 27,5 30 32,5 35

Kouuenrpauust uagn- 0 1,6 3 4 48 5 5 55 4 3 2 15 1 05 O
karopa (g), Bec %

(3)

Onpenenenre GpyHKUuU pacrpeneneHuss F( ) BBIIOIHAIOCH MO KPHBOM
otkauka (C — KpuBas), KoTopas Oblia 3amucaHa B BHJE

F=T F()d . (4)
0

Jlns 3TOr0 BHauase Obl1a BHIUMC/IeHA cyMMa 3HadeHui ( g)A I1pu UHTepBa-
Jie BpeMeHH oT6opa mpo6 A = 2,5 MUH:

( g)A =102,5 Bec. % -MmuH.

3nauenus GpyHkuuu pacnpenenenus F( ) =f/( g)A B 3aBucuMocTH OT
BpeMeHM JaHbl HHIXKeE.

, MHH 0 25 5 75 10 125 15 175 20 225 25 275 30 325
F(), mun~! = 2303 £ 2 2T 3 2 3 o T - 8
(] (=) (] (=) (] (=) S (=) (=) (=} S (@] S

3 3 3 3 3 & 3 3 S S S S I
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Jlna nonyuenus: (pyHKUMM F ObLIO BHIYMCJIEHO CpelHee BpeMsl NpeOblBa-
HUSl UHAMKaTopa B OapabaHe meywu:

"= g/ g=14 vun,
¥ 3aTeM TNPUBEJIEHO K 0e3pasMepHOMY BHIY:
= /"= /14,
a snauenne F( ) x F: F = F() = 14g/( gA .
Ha puc. | nokasana kpuasi pacrpejie/ieHusi, COOTBETCTBYIOLIAS TOJyY€eH-
HBIM 3Ha4YeHUsM BeJMuMH U F:
" 0,18 03 054 0,71 089 1,07 125 143 1,61 1,78 1,96 2,14
F 020 041 055 065 068 068 0,75 055 041 0,27 0,14 0,07

1,2
F 1
e A 08
- y hN
0,60 A1 Px 06
/ | | Iy, ,
0:45 — ﬂ I I \\
i | | | \ 0,4
Sl ol VA O I O R o
N |
0,15 -
Arprprprgo
I S S SRR B 0o 05 10 15 20 25 30
1 2 ,EII ‘E”
Puc. 1. IlocTpoeHue KprUBOH pacripefe- Puc. 2. CpaBHeHe 5KCIIepUMeHTaNbHON KPUBOK
JIeHUS (- - - -) u pacyernbix kpuBbix (1, 2,...,8) M0 HM-
MyJbCHOMY METOLY.
N — YHUCJ0 30H HI€aJbHOrO IepeMelInBaHUus

JLiist moslyueHHOH KPUBOH pacrpeneseHUsl HeOOXOAUMO 3HAHHE BeJHYUHBbI

kputepus [lexne (Pe = L/D,), XapaKTepH3YIOLIEro MPOJ0JIbHOE MepeMellHt-
BaHUe MaTepHaJIa B OapabaHe reuyu. C 3TOH LeJbi0 MO YpaBHEHHIO

=[x f(x))/ [CDl =1 x [/ )1, (5)

(rme  f(x) = gi xf(x)= g ;Zx?f(x) = gic?) 6bna Haiinena sesu-
YHUHAa [LI/ICHepCI/II/I G%, JOJI 9ero HpeL[BapI/ITeJIbHO 6bIJH/I BBIUHUCJIEHBI OTAEJIbHbIE

unensl ypasHenus (5): g, = 41 (sec.%); g, ; = 567,5 (Bec.% -Mun);
gic? = 9626,89 (Bec.% -Mun?), ciemobatesibHo, 67 = 38,9  39.

B GespasMepHbIX eIMHMLAX, COTJMACHO ypaBHeHuio, 2 =¢2/(')? =
=39/196=0,2 u npu 2= 2D,/ L =0,2 6b110 OTIpefie/IeHO 3HaYeHHe KpH-
tepus Ilekne: Pe = L/D, = 10.

YuuteiBas, uto npu D,/ L =0 (Pe = o) uMeeT MeCTO HjeabHOe BLITEC-
nenue, a ipu D;/ L = oo (Pe = 0) — ujeanbHoe nepeMelnBaHHe, CUUTAIH,
4yTo KpUTepun [lek/e 1715 MoydeHHOM HAaMHM KPUBOH pacHpe/eseHUs OKa3bl-
BaeT MPOMEXKYTOUYHbIA PEXUM, MeKIy HAeajbHbIM NepeMellInBaHuEM U HJe-
aJIbHbIM BBITECHEHHEM.

[Tpu ompenesneHUH KOHKPETHOTO YKCJA 30H WEAJBLHOTO TepeMellnBaHUs
OblT UCIOJB30BaH crnocob mnomdopa pellieHUsi, COOTBETCTBYIOIIET0 IKCIEPU-
MeHTaJIbHOH KPHUBOH pacrpefie/ieHUs] 10 yPaBHEHHIO:

F/go=n"( ) lexp(-n )/(n— 1) (6)

[paduueckass uHTeprnperauus peieHus ypasHenus (6) mpencrasieHa
Ha pUC. 2, aHalM3 KOTOPOTro IMOKa3aJs, 4TO Haujaydllas BOCIIPOM3BOAMMOCTD
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9KCTepPUMEHTAJbHOM KPHUBOM BO3MOXKHA TPH YHUCJe 30H, paBHOM 2 3, T.e.
(2<n 3). 3mech BaKHO OTMETUTD, YTO YeM OOJIblIe YHCIO0 30H, TeM OJHKe
MaTeMaTH4ecKasi MOJIeJib K OTHMChIBAEMOMY MPOLECCY 06XKHUTa, HO 3TO TpebyeT
60JIbIIOTO YUCJ/Ia OTIePAIMOHHBIX OJOKOB aHAJ0rOBOTO KOMITbIOTEPA UIH 60JIb-
WX 3aTPaT MAIIMHHOTO BpPeMeHM MpPU ee pellleHWH Ha UU(POBOH MalluHe.
B Hamewm csyuae ynoBJieTBOpHTE/bHAS TOYHOCTb PellleHUs TOCTUTAETCs TPH
pasfeseHuH 06J1aCTH CYIIeCTBOBAHUS PellleHUs Ha HEOXKHAAHHO MaJjioe YUCI0
30H. [Ipuuem paspeseHre 3TOTo MPOCTpPaHCTBA MO AJUHe GapadaHa TMeud Mo-
JKeT ObITb HEPABHOMEPHBIM: TaM, Ille TPAJIMEHT U3MePEHHU S TepeMEHHbBIX Mapa-
MeTpPOB 00KHTa BeJIMK, AJHUHA 30Hbl JO/KHA ObITh 0OJIbIlIE, a TAM, TIe MaJ,—
meHble. [ToaToMy Takoe peleHue Lesecoo6pa3HO MPUHUMATH NMPH Y4ACTHH
CTPOUTEJIS-TEXHOJOTAa — CIelrdannucTa B 00JaCTH MPOU3BOACTBA T'MIICOBBHIX
BSKYILMX MaTepHaJ/oB, KOTOPbIA MOXKET 3apaHee NPeiyoKUTh, KaK pa3ieuTh
BLIYUCJIEHHOE YHMCJIO 30H MO JJIMHE PEaKIMOHHOro MpocTpaHcTBa meuu. Tou-
HOCTb anmpOKCHMAIUK YCTAHOBJEHHOTO YUC/Ia 30H MeYH MOXKET ObITbh 3HaUH-
TeJIbHO MOBbIILIEHA 3a cyeT 0oJiee TOYHOTO OTpefieseHHsT UX JJIHHBI.

Takum o6pa3om, OCHOBOM 30HHOW MOJEJH SIBJASIeTCS MpeacTaB/eHHe 00
HJleaJbHOM TepeMellVBaHUM B Tpejiesiax 30H, PACIOJOXKEHHBIX TOC/el10Ba-
TeJIbHO, U OTCYTCTBHH NepeMellinBaHus MexXay 3oHamu. [lapameTrpom, xapak-
TEPU3YIOIHUM MOJEJb, CAYXKHUT YKUCTIO0 30H 7. [lo3TOMy MaTeMaTHyeckoe OIH-
CcaHMWe 30HHOU Mojesu 00KHUra T'UIca BO Bpallarolledcs Meyd JOJXKHO BKJIIO-
yaThb n nudepeHIHaNbHBIX YPABHEHUH MaTepHA/IbHbIX U TEMNJI0BbIX 6anaHCOB
npoiecca BHAA:

(dC;/dt) (1/n) = (1/t,) (Ci.y = C)). (7)

[IpensoxxeHHas MeTonMKa ONpele/eHHUs UMC/Ia 30H B MaTeMaTH4eCKOU
MoJe/J M 00XKHra TUICa BO BpALLAMOIIEHCS Meud MOXKeT ObITb MCIOJb30BaHA
IJIsT BCeX THIIOB Bpalamiuxcs arperatoB. OqHAKO B KaXKIOM KOHKPETHOM
cayuae HeoOXOAMMO TPOBeIeHHE NOMOJMHUTENBHOTO SKCIEPUMEHTA U OTpejie-
JieHre PYHKIUUU pacripeneseHus /5 meyeld Ipyrux rabapuTHbIX pa3MepoB.
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I0. A. KPABYEHKO, kana. texn. Hayk (HoBocmGupckuii rocynapcTBeHHBIN
apXUTEKTYPHO-CTpouTeabHbIN yHUBepcurer (CubcTpuH))

KOMITAKTHOE ITPEJACTABJIEHHE
MJIOCKOU TPUAHTYJIAIUU

Ilpennaraercst apheKTUBHAS CTPYKTypa AAHHBIX HJIs1 MPEACTaBIEHHST MH(OPMALMOHHBIX
Mofiesiell TormorpaUuecKux MOBEPXHOCTEN B BHAE CETKH IPOU3BOJBbHBIX HellepeceKalollnxcs
TpeyroJbHUKoB. Mcrosb3oBanue mpepsaraeMoi CTPYKTYpbl MO3BOJSIET YMEHbLIUTb HEOOXONU-
MBIA 06'beM MaLIMHHON NaMsTH 6oJiee ueM B 2 pas3a [0 CPABHEHHUIO C M3BECTHBIMU CTPYKTYypaMH
naHHbIX. KoMnakTHoe npejcTaB/eHHe TPHUAHTYJ/ISLUMH NIPUMEHHMO B Da3/UYHbIX NPUJIOKEHHSIX
MeTOJla KOHEeUHbIX 3/1eMeHTOB, eCJ/IH B KauecTBe TAKUX 3JeMEHTOB HCIOJIb3YIOTCS TPeYrOJbHUKH.

YHuBepcanbHOH MH(MOPMALMOHHOH MOMENbI0 TOMOrpapuUecKUX MOBepX-
HOCTeH SBJSIIOTCH NAOCKAS MPUAHSYAAYLS — HeperyasipHas ceTKa Herepe-
CeKalolIMXCs TPeyroJbHUKOB. [IpH TakoM MNpejcTaBJeHHH PasanyaiTcs TPH
CYLIHOCTH: Bepuiursl, pebpa WU mMpeyeoibHuKu W JBA BUAA OTHOIIEHHH:
cmexcHocmu v unyudernmrocmu. B mpolecce NoCTpOeHUs MJI0CKOH TPHAHTY-
JSLUM U PellleHus 3a/a4 C ee UCIO0/b30BaHHEeM NPUXOJUTCH OTBEUaTh HA CJie-
IyIollHe BOMPOCHI:

1) Kakve BepLIMHBI ABJSIOTCS CMEXKHBLIMH /ISl BEPIIMHBI U;

2) Kakue pe6pa MHLMAECHTHBI BepIIMHE U;

3) Kakue TPeyroJbHUKM MHLMAEHTHbl BepLIMHE U;

4) Kakye BepLIMHbl MHUMICHTHBI Pebpy e;

5) Kakue pebpa SABJAAIOTCA CMeKHBLIMH pebpy e;

6) Kakue TPeyroJbHUKH MHLMIEHTHB pebpy e;

7) Kakue BeplIMHbl HHIMIEHTHbl TPeYroJbHHUKY f;

8) Kakue pe6pa UHUUIAEHTHH TPEYTOJbHUKY I

9) Kakue TPeyroJbHUKH SBJASIOTCS CMEXHBIMH /ISl TPeyroJbHHUKA .

JI1s mpefcTaBeHUs TPHAHTYJIALMH OCYIIECTBJIAETCS HHAEKCAlUs Bep-
KH, peGep ¥ TPeyroJbHUKOB — O0TOOpa’KkeHHe Ha MOAMHOXKEeCTBO HaTypaJb-
wpix yncen [:V > {L 2, VL, :E>{, 2, |E}L, K: T > {1, 2,..,|T|}, roe

V, Eu T cOOTBETCTBEHHO MHOXKECTBO BepILIUH, pedep U TpeyroJbHUKOB. Huc-
JIO TPEYTOJbHUKOB #1; U UKCJI0 pebep 1, TI0CKOH TPUAHTYSLUUH, SBJSIOLIeRCS
OIHOCBSI3HOM 00J1aCTbIO, BbIPAXKAETCS PABEHCTBAMMU:

n, =2(n—1) —m; (1)
n,=3(n-1)-m, (2)

TJle 1 — YUCJIO BCEX BEPIINH; M — YHUCJIO0 FPAHUYHBIX BEPLIMH TPHAHTYJISLUH.

[IpencraBsieHre MAOCKOH TPUAHTYASLIMNA MOXKET OCYLIECTBJSATLCS Pa3HbI-
mMu crniocobamu. Hanbosiee mosiHO OHM OBLIM OMUCAHBI, BEPOSITHO, B CTaTbe
JI. ne ®nopuanu [1]. [To cyTH, onucanue MIOCKOH TPUAHTYJ/ISALMK CBOMUTCS K
MpelCTaBJEHNUI0 OTHOIIEHUH CMEXKHOCTH W/ WM UHUMIeHTHOCTH. B Taba. 1
nepeync/eHbl BCe BO3MOXKHbIE OTHOLIEHHS B IJOCKOH TPUAHTYJISLHHU.

Uucso 371eMeHTOB, HEOOXOOUMbIX OJsl MpPeACTaBJeHHs OJHOIO OTHOLIe-
uus, paBHo 6(n—1)—2m wuam 6(n—1)—3m. Kpome namaru, Heo6XoaUMOK
IJsl XpaHEeHUs TeX WM WHBIX OTHOLIEHUH, TpebyeTcsl MPONOpPLUHOHANBHBIN 31
00beM MaMATH [J151 XpPaHEHUS KOOPAMHAT M BBICOT MCXOOHBIX TOoueK. Takum
00pa3oM, AJis MpeicTaBIeHNs BCed HHPOopMaLUKK 06 OJHOU TOUKE TPUAHTYJS-
uuu Tpebyercs 21 snement. CienoBarte/ibHO, XpaHeHHe JAHHBIX O TPUAHTYJIS-
uuu Tpebyet moutu 100 6aiT Ha Kaxayio BepunHy. [losTomy npobsema pas-
pabOTKH CTPYKTYP AJS IPeACTaBJ/eHHs TPUAHTYJ/ISLUUH POJOJKAET OCTAaBATh-
ca akTyasabHOM [2].
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Tadnuma 1

OTHOmEHNS B TPUAHTYJIAIUA

Tabnuma 2
IpeacrasieHne perynspHONn

TPUAHTYASAUAN
Ne OtHoleHue CprKTyp% 932151?})1- - BepLZHHa
.11 OTHOLUEHHWHU TOB
Texy-| 3an- Tlesas [Tpa- |[Tepexn-
1 |Bepurna — BepiurHa Ui =Ty Uigronn | 201 luas | Had Basi | s
2 |Bepuwnna — pebpo Ui —€ji,€jys--n | 21 1 7 4 8 9
3 |Bepumna — TpeyrosbHuK | U; =l bey, .- | 31 2 0 0 7 5
4 |Pe6po — BepmnHa € — Uy, Uy 2n, 3 10 1 0 8
5 |Pe6po — pebpo € =€, €jgs .- | 2ne é g 8 (1) 2
6 |PeGpo — TpeyrosbHHK € —lpy s tny 21, 6 0 9 10 7
7 |TpeyronbHuk — BeplIMHA |l —Uj, Uy, Uy | 314 7 6 5 3 1
8 | TpeyrosmbHUK — pe6po e —€j.€jy,€j5 | 3m 8 3 9 0 0
9 | TpeyronbHUK — TPeYro/ib- | by — g, oy bey | 31 9 1 4 0 0
HHK 10 0 7 0 3

B dopmynax (1) u (2) MOXKHO 3aMeTHTb, YTO UHMCJIO TPEYrOJLHUKOB He
npeBbIIaeT 27, a UACI0 pebep TpUaHryasund — 3n. [1oaToMy MOXKHO MOTIBI-
TaThCS HAUTH B XaO0TUUHOM paclpefieleHHH BePLIUH KaKy1o-J1u00 3aKOHOMep-
HOCTb M KaXKI0HW TOYKE MOCTABUTh B COOTBETCTBHE He 6oJiee IBYX MHLIMAEHT-
HBIX €l TPEYToJbHUKOB U He 6oJiee Tpex UHIMUIAEHTHBIX pebep TakuM 06pasom,
yToObl UX HOMepa OblIM (DYHKIMEH OT HOMepa BepIIUHBI.

Taxyio 3aBUCUMOCTb MOKHO YCTAHOBUTB, €CJIM UCII0JIb30BaTh CTPYKTYPY,
Ha3BaHHYW «nTHYbei aanoi» (I1J1) u npeacrasienHyio Ha puc. 1, rae cTpes-
Ka yKa3blBaeT HalpaBJ/eHue NBWKeHus, B — 3annss, C — tekywas, L — Je-
Bas, R — npasasi U F — nepeaHsisl BepLIMHbI 10 X0Ay ABHKeHUd. [locrenoBa-
TEJbHOCTb CMEXXHBIX 3aJHHX W TepefHUX BeplIMH o0pasyeT mpasepc. Ha

puc. 1 mocnenosatensHocTs BepmuH (B, C, F) — y4acTok Tpasepca.
OF
>
2 5 4
6 Y ! 9
N:
OB 10 3 8
Puc. 1. CTpyKTypa «ITHUbS Jana» Puc. 2. PerynsipHasi TpuaH-
ryJjsinus

Ecnu Tekylias BepliMHa HMeeT HOMEP , TO el MOXKHO TOCTaBHTh B COOT-
BeTCTBHME TpH pebpa (e,, er u ep) u aBa TpeyronbHuka (f; W ty), MHUMAEHT-
Hble pe6py er. Homepa J1eBOro M mMpaBoro TPeyroJbHUKOB MPH 3TOM MOXKHO
OnpeneNMTh Kak (DYHKLMHM OT HOMepa TeKyIeH BepIUMHBI i:

tL(i):Qi—l} (3)

tp(i)=2i |

AHa/sorMyHoO MOXKHO YCTaHOBHTb MOPSOK UHAEKCALMH pebep, HarpuMep:
e, (i)=3i—-1
er (i) =3i (4)
epl(i)=3i+1
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B 13BeCTHBIX CTPYKTypax AJs NpeACTaBAeHUs TPUAHTYISLUU TpebyeTcs
ny6upoBaHue OfHUX U TeX ke oTHoweHuH. Ctpykrypa I1JI mosBossier xpa-
HUTb He Gosiee 47 37€MEHTOB: yKa3aTe/J U Ha 3a/HI0I0, JIEBYIO, IPaBYyI0 U CJie-
NYIOUIYI0 BepLIMHY TpaBepca. VM30BITOUHBIM B KaXKAOM 3K3eMILISpe 3TOU
CTPYKTYPHI SIBJISIETCS YKa3aTe b Ha 3a[HIOI0 BePIIHHY, U 00llee YUCJI0 TaKUX
yKasaTeJseld paBHO 7. DTO YUCJI0 MUHUMAJbHO U He TaK BEJHKO 110 CPAaBHEHHIO
C IAPYTUMH MpeACTaBJIeHUSIMHU.

[Ipumenenue ctpyktypbl [1JI nss npencraBjieHus perysnsipHOH TpUAHTy-
JISIUUY He BbI3bIBaeT MPo0JeM. XOTs TPUAHTYJSALUS HA PUC. 2 SBJASETCS pery-
JISPHOH, ee BepIlLUHHAM HOMepa MPUCBOEHBI CAYyUalHbIM 00pa3oM, KaK 3TO UMe-
€T MeCTO IPU HeperyyasspHOH TPHUAHTYJSLHH.

B naHHOM npencTaB/ieHUU TPUAHTYJSLMN HAOJMIOAaeTCs MOJHAS peryJsp-
HOCTb, 32 UCK/I0UeHHEM KOHeUHbIX BepIlluH TpaBepcos 4, 9 u 8. Ouu He nMe-
0T CJIEAYIOUIMX BePLIMH (M TPeyroJbHUKOB), UTO MOXKET CJYXKUTb IPU3HAKOM
KOHEYHOU BeplLIMHBI TpaBepca. HauasnbHas BeplivHa pa3oMKHYTOTO TpaBepca
He UMeeT Ipeablaylled TOUKH, T0ITOMY MPH3HAKOM HauaJbHOW BEePIIWHBI Tpa-
Bepca CJyXHUT 3HaueHue vy =0.

JIi1s1 Bcex KOHEeUHBIX BEPLIMH TPABEPCOB YKA3bIBAIOTCS TOJBKO JIEBblE HUJIH
TOJIbKO TIpaBble BeplUUHbL. Ec/iu yKasbiBaTh U Te U APYrUe, TO KOHeUHble ped-
pa OyoyT mpeacTaBASTbCS ABaXKIbl, IPHUEM C Pa3HBIMU HOMepaMu. Tak Kak
HOMepa pebep U TPeYroJbHUKOB SIBASIOTCS (DYHKIUSIMH OT HOMepa TeKyIIeH
BEPLUUHBI, NTPU UCIIONb30BaHUU CTPYKTYpbl [1JI oHM He ykasbiBaloTCsl, a BBI-
yrcssrores mo popmyaam (3) u (4) cootBercTBeHHO. PeryisipHas TpuaHryJis-
uus, U300pakeHHasi Ha pUC. 2, MpeacTaBjieHa B TabJ. 2.

B pery/isipHO# TpHaHTy/ISLMH BePLIMHBI 1000r0 TpeyroJbHUKA PUHALJe-
’KatT IBYyM TpaBepcaM. JlBa coceqHHUX TpaBepca OrpaHUUYMBAIOT P TPEYToJb-
HUKOB. TpaBepcy MoXKeT TpPHUHAMAJIEKATh TOJNbBKO OAHO pebpo TPeyroJbHHKA,
IBa JpYyrux peOpa COeNUHSIOT BEPIIMHBI Pa3HBIX TpaBepcoB. OYeBUIHO, UTO
OpUEHTALMS MJIOCKOH TPUAHTYJ/ISILMHU He BAUSET HA CTPYKTYPY AaHHBIX. Kpome
TOrO, PeryJasipHOCTb MJIOCKOW TPUAHTYJASLUMHA MOMKHO HApPYLIHUTh C TOMOLIBIO
J1060T0 TOMOJOTMYECKOT0 Npe0Opa3oBaHUsI KOOPAUHATHON MJIOCKOCTH, UTO He
OTpasuTCs Ha ee TpeAcTaBaeHUH. [IprMepoM TaKOW TPUAHTYJISLUH CIYKHAT
puc. 3, rze caeBa U306paxKeHbl TOPU3OHTAJH, a CIIpaBa — TPHUAHTYJISLHSA, MO-
CTpPOeHHas M0 BbIOPAaHHBIM Ha HUX TOoukKaM. HeTpynHo BuzmeTb, 4yTo B 3TOM
NpUMepe TOPU30HTAJHU UTPAIOT POJIb TPABEPCOB U UX H3JIOMAaHHOCTD He BJIUSET
Ha TpejCTaB/eHUe TPUAHTYJISLHUU.

Takum o6pasom, CyLIECTBYIOT «XOpOLUHe» MOBEPXHOCTH, MpelcTaBJsie-
Mble ¢ moMolbio cTpyKTypsl [1JI, HO BO3HHKaeT BOTIPOC O BO3MOXKHOCTH TMpeJ-
CTaBJIEHHS] C ee TOMOLIbI0 JI060H TpUaHryasund. WMiu: Kakum ycaoBHSIM
JOJ/KHA OTBEYATh MJIOCKAs TPUAHTYJISALHUS, UTOObI OblI0 BO3MOXKHO HUCII0/b30-
BaHue CTPyKTypsl [LJI?

Wnunnus, nomo6Hasi mpeacTaBAeHHOW Ha puc. 3, HapylLIaeTcsi, eCJH Ha
MIOBEPXHOCTH HMMEIOTCSI TOUKH JIOKAJBHBIX IKCTPEMYMOB M CeLJI000pa3HbIe
y4acTK{ JIUOO MCXOAHBIE NaHHBIE COMAEPKAT APYrHe XapaKTepHble TOUKH, He
npuHaaIexale ropu3oHTassam. MoxHo mokasatsb, uto ctTpykrypa I1JI He no-
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Puc. 3. TlocTpoeHHe TPUAHTYJSUMH 110 TOPU3OHTAMSIM
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3BOJISIET MPeICTaBUTb IPOHU3BOJIBHYIO HEPEryJ/IsipHYyIo TpUaHryasuuio. [Ipuun-
Ha 3aK/1I0YaeTcst B HapylleHusix (aHOMa/MsiX) PeryJisipHOCTH TPUAHTYJISILUH.
Mo2KHO BBIIEIUTD IBA THIA TAKUX aHOMAJIMH, OHY M3 KOTOPbIX Ha30BEM aHO-
MaJlied KOHIEBBIX BEPIIMH TPaBEPCOB UM aHOMAJIUEN PEryJIsiPHOCTH TIePBOTO
tuna. Jpyrow THN aHOMaJWH BO3HWKAeT MPH BCTaBKe BEPIIMH B CYLIECTBYIO-
LI1yI0 TPUAHTYJSLMI0. Ero 0cOOeHHOCTD 3aKJ0UaeTcsl B TOM, YTO TPUAHTYJIsI-
1S IOTIONHSIeTCS BEPIIMHOH, JeXKallleH MexKIy IBYMs TpaBepcaMH U He MpH-
HajjeXkallled HU OJHOMY M3 HUX. B oflueM ciydae MoxxeT noTpe6GoBaTbCs
BCTaBKa MeXMy ABYMS TpaBepCaMH HECKOJbKHUX CJAEAYIOLIMX APYT 3a IPYroM
BepIIUH, 06pa3ymolIUX HOBBIH TpaBepcC.

CuTyauuio ¢ aHOMa/JMSIMU MOXKHO paccMaTpPUBATh UHA4Ye U UHTEPIPETH-
pOBaTh Kak Mpob/ieMy He BCTABKH TPaBepCoB, a bugypkayuu (pasnenenus) u
causnus TpaBepcoB. Ecau Ha puc. 4 ABHraThcs cjaeBa Hampaso, TO Oynaer
UMeTb MecTO OM(ypKauus, NpU ABHKEHHUU B MPOTHBOINOJOXKHOM HalpabJe-
HUM — CJIMsSIHHE IBYX TpaBepcoB. TakuMm oOpa3om, GUdypKalus U CAUSHHE
TPaBepPCOB SABJSIOTCS 3ePKaJbHBIM OTpaKeHueM Opyr apyra. Ha puc. 4 cripaBa

14

16

18"

Puc. 4. Budypkauusi U CIUsiHUEe TPaBepCOB

NpeACTaBJEH CKeJIeT 3TOW TPUAHTYJ/SILMU B BUIe TpaBepcoB. Bepinny, B Ko-
TOPOU NPOUCXOAUT pasfiesieHHe TpaBepca Ha ABa, OyleM Ha3blBaTb BepPLIMHOU
6udypkrauyu (TpaBepcos), a BepLUIHHY, B KOTOPOH POMCXOAMUT CJAUSHHE IBYX
TPaBepCOB, — BEPILINHON CJAUSIHHUS.

BosmoxkHbl 6oJiee coxHBIE cayuan OUPypKaLUUK U CAUSHUS TPaBEPCOB.
Ha puc. 5, a u3 Bepiunbl A HCXOMUT HECKOJNBKO TpaBepcoB (HampasieHue
JBMXKEeHHsl YKa3aHO cTpeakoi). HazoBeM momoGHble TOUKM BepIIMHAMH 11-OH-
(ypKauuu UM MHOKeCTBeHHOU 6udypkauuu. Ha puc. 5, 6 nokasana Bepiuu-
Ha Nn-CJHSHUS UM MHOXKeCTBEHHOTo CaUsHUS. [lonoOHble cUTyalru BO3HUKA-
IOT uallle BCero B HauaJjie U KoHle TpaBepcoB. Ha puc. 5, 8 mokazaHa BHyTpeH-
Hssl BeplLIMHA TPUAHTYJ/SLWM, OJHOBPEMEHHO SBJSAIOIIASCS BEPLIMHON
CJUSAHUSA U OUPypKaLUH.

Urto6bl 060UTH NpOO6JIEMBI, CBSI3aHHble ¢ OU(DYpPKAUUSIMU U CJAUSHUSIMH,
MOXKHO MePeCcTPOUTb TPUAHTYJSLMIO TaK, UTOOBI OHA He COfepxKaja BepLIHH
ougypkauuu u cauguus. Ho takasg MoanpuKauus 3aTPOHET BCIO TPUAHTYJIS-
U0, faXke ecad W OyeT MPUHUMIHUANBHO BO3MOXKHOH.

Takum o6pasom, ecau B TPUAHTYJISILMU OTCYTCTBYIOT OU(pypKaUUU H
CJAUSIHUSL, TO TakKasi TPUAHTYJSLMS MOXKeT ObITb MpeAcTaBjeHa CTPYKTYpPOH

a) B)

Puc. 5. n-6udyprauys u n-cavsHue
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[1JI. BecraBka BepiivH MexkIy TpaBepcaMM BJjedeT 3a coO0HM GUPypKaLHUIO U
caugHue TpaBepcoB. CiefoBaTesbHO, NpobjaeMa NpeiCTaBAeHUs TPUAHTYJIsS-
UMM CBOAMUTCS K TPEACTaBAeHHI0 OUDypKAUMH U CAUSHUH TPaBepCOB.

B xoneuHoM utore npo6/jema COCTOUT B MpeICTaBJEHUH HOMEPOB MHO-
rux pebep U TPeyrosbHUKOB, UHLUMAEHTHBIX BeplIMHAM OH(ypKaLUH, Kax-
1asl U3 KOTOPBIX HUMeeT TOJbKO oIuH HoMep. CienoBaTe/bHO, BepllinHe OU-
dhypKaunu HeoOXOAMMO TMOCTABUTb B COOTBETCTBHE He OAWH HOMEp, a He-
CKOJIBKO HOMEPOB, SIBJSIOLIMXCS €e CUHOHUMAaMH. YHUCI0 TaKUX CUMHOHHUMOB
B BeplIMHAX OM(PYypKAUUHU U TOJBKO B HUX MOXKET YBEJHUMBATHCS M0 Mepe
HE0OXOAHUMOCTH.

Ecnu y HeKoTOpo# BeplMHBI HECKOJBKO CUHOHMMOB, TO OHH 00pasyioT
KOJIbLIEBYIO CTPYKTYPY. IIpH 3TOM CHHOHUMBI UrpalOT POJib yKazaTeJsed CIH-
cka. HoBomy cHHOHMMY 17151 HEKOTOPOW BepLIMHBI IPUCBAUBAeTCsl HOMep Ha |
6oJbllle, YeM YMCJI0 HOMEPOB BEPIINH, BKJOUasi ciHOHUMBL. [locse yero yuc-
JIO HOMEPOB BEPILMH TPHAHTY/IALKH (2 He UKC/I0 BEPIIMH TPUAHTYJISALMH) yBe-
auuuBaetcs Ha 1. CHHOHHM ¢ HaWMEHbBIIUM 3HaYeHHeM MOXKHO CYHTATb «pe-
aJbHBIM» UMEHEM BepIIHHBI, TI0 KOTOPOMY BbIOMPAIOTCS 3HAUEHHST KOOPAWHAT
U BBICOT U3 MepeyHs UCXOAHBIX ToueK. Co3naHne CHHOHUMOB BJleYeT 3a COO0H
MHMHHMaJbHOE yBeJMYeHHe HaKaIHbIX PACXO/I0B Ha MpelcTaB/leHHe TPUAHTY-
asuun. O6mMid o6beM MamsATH, HeOOXOAMMBIM /11 TaKOro MpeacTaB/eHHs
TPUAHTYJISILMK, CYIIeCTBEHHO MeHblie (B 2 pasa), 4eM TpH APYTHX MPecTaB-
JIEHUSX.

C uenblo peanusaudu HIeH CHHOHHMOB MOXKHO PaCILIHPUTb CTPYKTYPY
[1JI, no6aBuB K Hel moJie «CHHOHUM». HoBast cTpyKTypa P DaHHBIX O KaxKI0H
BepLUMHEe TPUAHTYJISALHUU, KOTOPYIO HA30BEM KOMNAKMHbLM NPeOCmasAeHIUeM
mpuarneyssyuu (KIIT), 6yner umets Bug P =(C, S, B, L, R, F), rtne C — Ho-
Mep TeKyllled BeplIMHbl, S — ee CMHOHHWM, B — 3aaHssl BepllMHA TpaBepca
111 TeKyIeH BepIuvHbl, L — seBas Bepiinna (Ha JeBom Tpasepce), R — mpa-
Bas BeplIrHa, F — nepenHss BepurHa. 3HaueHrne S = 0 yKasblBaeT Ha OTCYT-
CTBUE CUHOHHMMOB BeplIMHBI. [IpencraBieHue Bcel TPUAHTYJSLUU B TaKOM
cJlydae COIEepPKUT NepeyeHb KOOPAMHAT U BbICOT BEPLIMH TPUAHTYJISLUU U CO-
BOKYITHOCTb BCE€X CTPYKTYp P, BK/uass CHHOHHUMBI.

[IpencraBieHre TPUAHTYJ/SILMKM MOXKeT HAUWHATHCS C HEKOTOPOHW BHYT-
peHHeH BepLUMHbI, BOKPYT KOTOPOU CO34aeTCs MePBbIA TPaBepc, 3aTeM BCe T0-
c/ledylollle B MOPSiIKe MX yldaleHUs OT LieHTPaNbHOM BeplUUHbl. JBHKeHHe
10 BCEM TpaBepcaM OCYILECTBJISETCS TOJIbKO B OHOM HaMpaBJeHUH: JTUOO0 MO
4yacoBoH cTpeJike, aub60 npoTuB. Ho MoKHO, BbIOpaB B KauecTBe Haya/jbHOU
JI00YI0 TPaHUYHYIO BEpLIMHY TPHAHTYJSLHUH, MPeICcTaB/IsATb TPaBepchl pa-
30MKHYTBIMH.

PaccmoTpeHHOe KOMMAKTHOE MpeacTaBjeHHe TPUAHTYASLNAN TIPUMEHUMO
B PA3JIMYHBIX MPUJI0KEHHUSIX METOA KOHEUHBIX 3/J1eMEHTOB, KOrJla B KaUecTBe
TaKUX 3J€MEHTOB HCIOJb3YIOTCS TPeYyroNbHUKH.
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l1.De Floriani L. Surface representations based on triangular grids/L. De Floriani/ /
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uuxkenepsl, 0. 10. MUXAJIBYEHKO, acn. (HoBocu6upckuii rocygapcrBeH-
HBIII apXHUTEKTypHO-cTpouTeabHbIi yHHBepcuteT (CubGcTpun))

YIIPABJIEHHUE
OPTAHU3AIIMOHHO-3KOHOMHUYECKOHN HAIEXXHOCTbBIO
CTPOMTEJIbHBIX ITPOEKTOB

PaccmarpuBatorcsi MeTonHUECKHE MOJI0KEHUS aHAJUTHYECKOr0 MOAXO0AA MO YIpPaBIeHHIO
OpraHM3alHOHHO-3KOHOMHUUECKOH HaleXKHOCTbI0 HHBECTHULIMOHHBIX MpoekToB. [Toaxon BK/tOYa-
eT MOJIeJIM U MeTOfbl Pa3paboTKU MapaMeTpoB 30H OPraHH3aLUOHHO-9KOHOMHUYECKOH Ge3omac-
HOCTH MPOEKTOB C Y4YeTOM BHEIIHHX W BHYTPEHHHUX (PAKTOPOB pPHCKA.

YnpaBneHue 1eATeNbHOCTbIO CTPOUTENBHBIX KOMIIAHUH OCYIIeCTBASEeTCS
B (hopMe ymnpaBJ/eHHUs (PYHKUHMOHHPOBAHHEM W pa3BUTHEM. B mepsoM ciayyae
3ajiayedl KOMIaHUH siBJsieTcss PopMUpPOBaHUe MOPTheast 00BEKTOB, KOTOPbIMU
obecreyuBaeTcs NoanepxaHue 3(p(PeKTHBHOCTH AeSATeJSbHOCTH, BO BTOPOM —
(hopMHpOBaHHE MOPTQesss MPOEKTOB Pa3BUTHS, KOTOPBIMH 00€CMeYHBaeTCs
pPoCcT 3(PPEeKTUBHOCTH NeATENbHOCTH KOMMaHWU. YTpaBieHHe 3(PPeKTUBHO-
CTBIO 1eATeJbHOCTH CPeICTBAMHU NIPOEKTOB 00YCJIOBIEHO KaueCTBOM HaCTPOM-
KW/ ero mapaMeTpPOB Ha OXHAaeMble U3MeHeHHs] (DAKTOPOB BHELIHEH W BHYT-
peHHeH cpelbl, KOTOpPblE XapaKTepU3YIOTCS AMHAMHUKOH MX OTKJIOHEHHH MO
BCeM 3TanaM peasn3aluu NpoeKTa. BrigenstoTcss TpU COCTOSIHUS MPOEKTHBIX
napamMeTpoB: HOPMAaTHBHOe — 0e3 y4yeTa (DaKTOPOB pPHUCKA H3MeHeHHs Mapa-
METPOB BO BpeMeHH; pacueTHOe — C y4yeTOM (paKTOpPOB PHUCKa, YUTEHHOe B
nJaHe NpoeKTa; (pakTHuecKoe — C yueToM (haKTHUECKOr0 PUCKA peau3alnn
NpoeKTa. YueT BO3MOXKHBIX MOCJEICTBUH OT BJUSIHUS PUCKOB ellle He HUMeeT
JOCTATOUHO pa3paboTaHHOW HOPMATUBHO-METOAUUECKON 6a3bl, UTO MPUBOAUT
K HeIoyueTy 3THUX TOCJEeICTBUHA B MPOEKTHOW NOKYMEHTALMH.

B nacrosiiee Bpemsi B TEOPUM U MpakTHKe HauboJjee pazpaboTaHHBIMU
SIBJISIIOTCS METOJ0J/I0THSI OpraHU3aLMOHHO-TEXHOJNOITHYeCKON HaleXKHOCTH /151
JIeTePMUHHAPOBAHHBIX YCI0BUH UHXKEHEPHBIX IPOEKTOB U METOJ0JOIUSI IKOHO-
MHYeCKHMX PHCKOB MHBECTHULMOHHBIX MPOeKToB [1]. dTumu mogxomamu He pe-
lIaeTcsl 3aaya HHTerpaluy OpraHU3alMOHHbBIX pelleHUH B UHXKEeHepPHOH yac-
TH U 9KOHOMHUYECKHUX B 9KOHOMHUECKON YaCTH, KOTOPble JOJIXKHBI OTIpeNessiTh
eIMHYI0O CTOXaCTUUYECKYI0 XapaKTepPUCTHUKY MPoeKTa. DTO CHHUXKAEeT JJOCTOBep-
HOCTb MPOEKTHBIX PELIeHUH NMPU UX pa3paboTKe U CIIOCOOCTBYET MOBHIIEHUIO
LeH CTPOUTEJbHOU MPOAYKIMU TNPH peann3aludd MPOeKTOB.

[IpennioyKeHHBI METONONOTHUECKHH TOAXOA OCHOBAH HAa MpeACTaBJeHUN
OpraHU3aLKMOHHO-9KOHOMUYecKOoH HanexxHocTH (OQH) kak kayecTBa coCTOS-
HUSl 9KOHOMUUYECKUX U OpPraHU3allMOHHbIX pellleHHH MPOeKTa B YCJAOBUIX PUC-
ka. [IpoekTHble MapaMeTpbl MPeACTABASIOTCS B ABYX (opMaTax: pacyeTHBIH,
ornpeje/isieMbll B COOTBETCTBUM C METONOJIOTMEH MPOEKTHOIO PUCKA; (PaKTH-
YeCKUH, ompenessieMblid B COOTBETCTBHUM C MeTOAOJIOTHEH CHUTYaLUOHHOTO
ynpasjenus puckoM [2—4]. Jlsa ¢opmarta npoekTa sABJAAIOTCA STANHBIMU Pas-
paboTKaM{ NPOEKTHOro MOpTQesss U HUCIOJMb3YIOTCS Ha PA3JIMUHBIX CTaOUsX
JKU3HEHHOTO IMKJa MpoeKTa. 3ajada mepBoro (opmata — yCTaHOBJEHHE
02KMJ2eMBIX [T0TEPb, BbI3bIBAEMBIX PUCKAMH OPraHU3allHOHHO-9KOHOMHUYECKHUX
pelleHHH MpOoeKTa, 3aJauya BTOPOr0 — MUHHUMHU3AUUH (PaKTHUECKUX OTKJOHe-
HUHU TlapaMeTPOB OT WX TJIAHOBBIX 3HAYEHHUH.

3nauenne OOH ¢opmara miaHa omnpenesnsieTcss MOIEJbIO BHIA:
-ZA
H;-[:ﬂt II I[a,t; (1)
t
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AL, ;= (P(O, L, U, Uy), P(3,, 3y, Ay, 3,)); (2)

HéI _ ﬂt z:A»[Io,t : (3)
I,
A, =(P(ty, ty, te, t5), P(3y, 34, 3e, 35)); (4)
. e —EAL, +2Aﬂ~o,z)
HI = , (5)
I,
rne H), — opraHuW3alndOHHO-9KOHOMHUUYECKAss HaleXHOCTb ¢dopmaTa IMJjaHa
POEKTa;
Jl; — noxom mpoeKkTa B {-M TepHOME >KU3HEHHOTO LHKJAa MPOEKTa;
P — puck mpoekra;
A — VHJIeKC HU3MeHeHHs NapameTpa;
O — o0BeM nponax;
[l — ueHa mpoayKuuy;
M — WHBeCTHLHH MPOEKTa;
I/ch — HHIALMS,;
3, — MaTepuaJjibHble 3aTPaThI;
3, — 3apaboTHas mjaTa;
A, — amopru3sauus;

3, — 3aTpaThl Ha MHBECTHULHH;

ty, by to, T, — COOTBETCTBEHHO IMPOAOJIXKHUTEJNBbHOCTH 3TAIOB UCCJENOBAHMUS,
MIPOEKTUPOBAHUS, CTPOUTE/bCTBA, IKCIIyaTallly;

3. 34, 3¢, 3, — COOTBETCTBEHHO 3aTPaThl STANOB UCCJEN0BAHUS, TIPOEKTHPO-
BaHH$, CTPOUTENBCTBA, IKCILIyaTaLUHU MPOEKTA.

Ypasuenusmu (1)—(4) ycranasiuparoTcs napameTpsl JokaabHon OH,
onpeneNAoLIMe PUCK U BEJTMUYMHY CHHUXKEeHHs 10X0fa, a (5) — uHTerpuposan-
HOM, ompefessionled BeduuuHy xapakrtepuctuku OIH cramuu pazpaboTku
nnaHa npoekrta. Mnentupukauus GakTopos, onpenesoLMX 3TH U3MeHEeHHS,
OCHOBaHa Ha MCIOJIb30BAHUH CYIIECTBYIOIIMX METONOB KaUeCTBEHHOTO aHa/lH1-
3a C yUeTOM 3KCIIEePTHHIX OlleHOK. TakuM 06pa3oM, XapaKTepusyeTcsi ypoBeHb
OXKHaeMBbIX MOTEPb J0XO0MA, KOTOPble MOTYT OBITh CHHUXKEHBI 332 CUET CTPaxo-
BaHHUSI MPOEKTHBIX PUCKOB.

3nauenne OJH ¢opmara peanusauuu MpoekTa ONpenessieTcss MOIENbIO
BUJA!

n_(AH®
HY =Hah(,?H9), ectu H? <HY, 10 y=1,
H®>HI 10 y=0; (6)
AH} =H? -HY; (7)
n_(AH®
HY =H°[;?H°), ectu H® <HI 10 y=1,
HY>HI, 10 y=0; (8)
AH® =H® —H; (9)
—((A ¢ ‘A ¢
Hg; — ﬂt ((Aﬂ(AHQII)t-F(Aﬂ(AHO )t), (10)
t

rne H® — opranusalmoHHO-5KOHOMHMUYECKash HaJleKHOCTb Peasi3aliuy IPOeKTa;
Yy — pellleHWe Ha yIpaBJeHHe PHUCKOM IPOEKTa;
AH® AH® — cooTBeTCTBeHHO (DaKTHUYECKHe CHUXKEHHUs YPOBHS OpraHU3ally-
OHHOM M 3KOHOMHMUECKOW HaJeXKHOCTH IPOeKTa.
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YpaBuenusamu (6)—(9) ycranapaupaiorcs napamerpsl O9H, onpenensio-
IIMe OTKJIOHEHUS OT 3alJaHMPOBAHHOTO PHUCKA W BEJHUYMHY CHHXKEHHS J0XO-
1a, a (10) — coOTBeTCTBEHHO BeJHUMHY xapakrepuctuku O9H cragun pea-
Ju3aluy mJjaHa npoekrta. Mpentudukauus ¢(axkTopoB, ONpenessiiolluX 3TH
OTKJIOHEHHSI, OCHOBAHA HA UCII0Jb30BAHUM CYIIECTBYIOLINX METOOB CUTYaLHU-
oHHoro ymnpaBseHusi. Beqnuunowt O9H xapaxrtepusyercss ypoBeHb OXHIae-
MBIX MOTEepPb N0XO0Ja, KOTOPBIM MOXKeT ObITh MOBBILIEH 32 CYeT MePONPUATHH
M0 KOPPEKTHPOBKE MPOEKTHBIX PUCKOB.

Jlsist mocTpoeHust MHOTO(haKTOPHBIX MOJIEJIEN UCITOb3YyEeTCs [IATOBLINA per-
DECCHOHHBIH METON B COOTBETCTBMH C alropuTMoM (pHCYHOK).

McxogHble napametpbl (O3)
npoekTa

v

MopaenupoBaHue 3aBncnuMocTen
foxoaa OT PUCKOB NpoekTa

v

Pacuet goxonos oT puckos
npoekTa

Basa gaHHbIX
1 3HaHWI PUCKOB
npoekTa

Basa gaHHbIX
N 3HaHWUN
napameTpoB
npoekTa

v

Het

Puckn
nonyctumMble

Pa3paboTka nnaHa
CHIDKEHWS PUCKOB

Asnroput™ peanusauuu Monesu puckos O9H dopmara peanusaunu npoekra

OCHOBY aJITOPUTMa COCTABJSIOT CJAEAYIOIIHE TPOLENYPHl «U3MEHEHUST —
yIIpaBJeHUe»:

— ucxopnble nanHele OIH popmupyroTess Ha ocHOBe 6a3bl JAaHHBIX Mapa-
MeTPOB MPOEKTa U OPraHU3alUHOHHO-9KOHOMHUYECKHX (OPM IMPOeKTa, TpPHUBe-
IEeHHbIX B TabOJHLE;

— MOJIeJId PUCKOB peasiu3allid MPOeKTa OCHOBAHBI HA BBIUMCJIEHHUH KOP-
pesISILMOHHBIX 3aBUCHMOCTEH IOXOIOB MPOEKTa OT PUCKOB, OTpeessieMbIX
(haKTHUEeCKUMH OTKJOHEHHSIMH MapamMeTPOB OT HOPMATHBHBIX;

— MJIaHUPOBAHUE Peasnu3alyy MPoeKTa OCHOBAHO Ha pa3pab0oTKe KJIACCH-
(bMKaLUK CUTYaUUH OTKJIOHEHUH U MEPONPHUSATHHU [0 UX OCYLIECTBJIEHHUIO /IS
peanM3alMu MJaHa MPOEKTa.

[IpoBenenHbiMu uccaenoBaHusiMd ODH HWHBECTHUHOHHBIX TPOEKTOB Ha
npuMepe 00BEKTOB KHUJHUIIHOTO CTPOUTEIbCTBA PETHOHA YCTAHOBJIEHO Clle-
nyromee [5]:

— H3MeHeHHe OpPTaHMU3alUOHHBIX TaDAMETPOB MPOJOIKHUTENBbHOCTH KN 3-
HEHHOTO LHUKJ/a B OOJIbIIEeH CTEeMeHH BIUSET Ha Pe3yJIbTaT MPOEKTa Ha ero Ha-
YaJbHBIX 3Talax;

— W3MeHeHHe OpraHU3alMOHHbIX TapAMETPOB 3aTPAT BJUSET HA Pe3yJib-
TaThl TPOEKTAa KYMYJSTHBHO;

— H3MeHeHHe KOHOMHMUYECKHX TTapaMeTPOB C yUETOM BJIHSHUS BHELIHUX
thaxTopoB BausieT MU HepeHIUPOBAHHO HA Pe3yJ/bTAThl IPOEKTA B 3aBUCHUMO-
ctu ot TunoB O9P mnpoekra;

— H3MeHeHHe KOHOMHUECKHX MapaMeTpoB C yUeTOM BJIHSHUS BHYTPEH-
HUX (PAKTOPOB BJIHSIET HA Pe3y/bTaThl MPOEKTa Uepe3 SKOHOMHUECKHe Mapa-
MeTPBl THIIOB OpraHW3al{H MPOU3BOACTBA;
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Knaccugukanusa cBg3eil mapaMeTpoB M OPraHM3aLMOHHO-IKOHOMHYECKHX
¢dopM mpoekTa

Tun Kinacc Tun 03, 03Py 033
OUCHKH (haxTopos | apaMeTpoB | Gy | Py, | Dyg | Doy | Poo | Pos | Psi | Pso | Pas
DKOHOMHU- Breunue ) + | + +
qyecKHe 10 + |+ T
U + + + + + +
Wy + + + + + +
BuyTpeHHue 3u + + +
34 + + +
A, + + +
34 + +
Opranusa- | Bremnue ty + + +
LMOHHbIE i i + +
te + + +
t + + + + + +
BuyTpeHHue 3y + + +
34 + + +
3 + + +
3, + + + + + +
[Tpumeuatue. OpraHusaunoHHo-sKoHoMHUecKre popmbl (OID) mpoekra: | | — 3aem
uHBectHlui; P 9 — pennBectuuy; P 3 — uHaHCOBBIe HHBeCTHINH; P9 | — HENPEPEIBHOE OfI-
HOIIPOLYKTOBOE NPOU3BOACTBO; P9 9 — HelpepbIBHOE MHOTONPOLYKTOBOE MPOU3BOACTBO; Do 3 —
TIpepbIBHOE MHOTOIIPOIYKTOBOE NMPOH3BOACTBO; P3| — mponaxa oobekta; P39 — apeHna oobek-

1a; P33 — JIM3UHT 0OBEKTA.

— O3H peanusaunu npoekra UMeeT IUCKpPeTHbIE 00/1aCTH 3(D(HEeKTUBHO-
CTH, KOTOPbIE TOJ?KHbI KJIaCCU(DUUUPOBATHCS B 3aBUCHMOCTH OT CUTYalHUH 1O
obsacTsiM 3(h(PEKTUBHOCTH MPOEKTa C paclpeneseHHeM OLEHOK MO LeHTpaM
OTBETCTBEHHOCTH: BJIaJeblbl, TPYIINa yIPaBAeHUS IPOEKTOM, UCTIONHUTEH.

OcHoBHast 3agaua pa3pabOTKH HHCTPyMEHTAa YIpPaBJAeHHUS OTKJIOHEHHUS-
MM — oOecrieyeHHe MPOLECCOB PeryJHpOBaHUs apaMeTpoB UH(OpPMALKend o
KPUTUYECKUX COYETaHMAX MapaMeTpoB B KjaccaX CHUTyalWH, NMPUBOASLIMX
npoekT B HeadekTUBHOE cocTossHHe. OCOGEHHOCTbIO TAKOTO MOAX0AA SIBJIS-
eTcsl opMUpOBaHMe 3apaHee MOArOTOBIEHHON HH(OPMALIUH O HOJTOCPOYHBIX
OLleHKaX OKHIaeMBbIX PUCKOB M ONEpPaTUBHOM Pery/JMpPOBAHHH HX B peasbHOM
BpeMEeHH OCYLIEeCTBJEHHUS MPOEKTa.

[TpoexkTHpoBaHHe CUTyalMH OCHOBAHO Ha pacueTe aHaJIUTHUECKOH MOJe/r
IJIS1 PA3/AUHBIX COUeTaHWH (PaKTOPOB pHCKa B Ipelesiax MPUHATBIX NapaMeTpoB
TPOEKTa.

30HbI OPraHM3aLMOHHO-3KOHOMHUecKoi 6esonacHocTu (O3B) dhopmupy-
I0TCS /15 TpexX 00JacTed IPYNIMPOBKU CHUTYalUUH M0 yPOBHAM KOHOMHYe-
CKOM OLIeHKH NpoeKTa: 3, — Mpefie/bHas 30Ha, CO 3HaUeHHeM J10X0/1a, PaBHOI0
HyJ10; 3, — KPUTHUECKasi 30Ha, CO 3HaYeHHeM JI0XO0fla MeHee HyJIsl; 3, — 30Ha
JOTyCTUMbIX 3HAUEHWH, CO 3HAYeHHeM J0XOJa BBbIlEe TPeNesbHOTO YPOBHS.

Mopens obsnactedl O9b umeer Bun:

3,:AI 0, H<1, J1>0; (11)
3,:Al>0, H<1, J1=0; (12)
3¢: Al>>0, H<1, I <0. (13)

JuddepeHuranrs 30H MOXKeT OCYLIECTBJAATHCS MO OPraHW3alMOHHOU
CTPYKType HCIOJHUTEJEH, 10 3TanaM KH3HEHHOTO IMKJa TPOeKTa U IO
CTPYKTyp€ 3/IEMEHTOB J0XOAa.
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Ynpas/sioliye MeponpUsTHs Pery/upoBaHHs (HOPMHUPYIOTCS Ha OCHOBE
NPOrpaMMHPOBAHUSA NEHCTBUH, B KOTOPbIX (DUKCUPYIOTCSH MH(OPMALHOHHbIE
CBSI3H MeHe/KepPOB U PeCcypcoB B MPOEKTHOM MOTOKe, 06ecreuynBalolleM pea-
JIM3aLMIO PEeLIeHHH 110 yNpaBJeHHI0 pucKamu mpoekta [6].

BeiBoabl. OpraHn3aloHHO-9KOHOMHYECKAasi Hale?)KHOCTb CTPOUTEJbHBIX
IIPOEKTOB SBJISIETCS MHTETPUPOBAHHBIM KPUTEepPHUEM OXKHAAeMbIX MOTEPb pe-
3y/IbTATOB Ha BCeM MPOTSI2KEHUH KMU3HEHHOTO LIMKJA MPOeKTa, KOTOpble Bbl-
YUCJISIIOTCS Ha 3Tarle MJIaHUPOBAHUS U KOPPEKTHUPYIOTCS B IIpolLiecce yrpasie-
HUSl peanu3aluel MpoekTa.

OCHOBHBIMHU NapaMeTpaMH OLIEHKH OPraHU3alMOHHO-9KOHOMHUUYECKOH Ha-
J€’KHOCTH SIBJISIIOTCS] PeCypCcoeMKOCTb B 9KOHOMHUYECKOH c(hepe U MHTEHCHUB-
HOCTb HCIOJ/Ib30BaHUS PECYpPCOB B OpraHu3auuoHHou. MHTerpupymomum na-
paMeTpoM CJYXKUT 00beM paboT, a Pery/UpyoLUMA — pecypchl U BpeMs.
Kputepuu oleHKH Ha CTafuy NJIaHUPOBAHUS POEKTAa — yPOBEHb HAeXKHO-
CTH, COOTBETCTBYIOLIMH NPHUHATOMY CLEHapHI0 OKHAaeMbIX (PaKTOPOB pHC-
Ka, a Ha CTaJUU peasu3aluu — ypPOBEHb HAaeXKHOCTH C MUHHUMAaJIbHBIMU OT-
KJIOHEHUSIMU OT IIJIAHOBOTO YyPOBHS$, NOCTUraeMbld METOJAMH U HHCTPYMEH-
TaMHU YIpaBJeHHUS.

MertonoM MHTerpauyu 5KOHOMHMYECKUX M OPraHM3allMOHHBIX PelIeHHH Ha
CTaAUH{ IJIAHMPOBAHMSA NPOEKTA SIB/ISeTCS] MHTErPUPOBAHHBIM OA/aHCOBBIU Me-
TOJ, a Ha CTaJHH peanusalyy NpoeKTa — MeTOJ HMHUTALMOHHOIO MOJeJHpOBa-
HHUS1, KOTOPBIM 00ecreurBaeTCsl peryJaupoBanye napameTpoB. st yrpaB/eHus
peasnuaanyel NpoeKkTa MOryT ObITb HCIOJb30BaHbI M10JI0XKEHHUS, IPUBEIeHHbIE B
MeTOIMKe MCIO/b30BaHUS 06JacTell OpraHu3alMOHHO-9KOHOMUYeCKOH Ge3ornac-
HOCTH MPOEKTOB.
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YIK 624.131.

A. B. JIVBATHUH, ren. nupekrop HIIO «®Pyunament» (r. HoBocu6upck), B. K. PE-
JOPOB, kanx. texH. Hayk (HoBocmGupckuii rocyxapcTBeHHBIH apXUTEKTYPHO-
crpoureasHbiil yHUBepcuter (CubGerpun))

K BOITPOCY O KOHTPOJIE KAYECTBA
YIIJIOTHEHUSA TPYHTOB OCHOBAHHUH 3IAHHUH
U COOPY2KEHHUH C UCIIOJIb3OBAHUEM METOJIA
BBICOKOHATIOPHOW MHBEKIIUH

PaccmarpuBaioTes crenuduueckie 0COO€HHOCTH Cpelbl MHBEIHPOBAHHOTO OCHOBAHMS,
npeCTaB/IsoLed co60M TeXHOTeHHbIH Fe0KOMIIO3UT C Pe3KO BbIPaKEHHOH MPOCTPAHCTBEHHOH
HEPaBHOMEPHOCTBIO paclpelieieH|s] CBOUCTB, U (POPMYJUPYIOTCS HEOOXOAUMbIE YCJOBHS TPH
OLIeHKe CBOUCTB CpeJibl, T03BOJISIONINE yUecTh 3TH ocobeHHOCTH. Ha ocHOBaHMH K/accHuecKnx
MOIXOJI0B COBPEMEHHOH Te0TeXHHUKHU TPH OLleHKE CTeleHH HEOAHOPOAHOCTH CPE/Bl U ee CBSI3eH
¢ 06/1aCThI0 BHELIHETO BO3AEHCTBHUSA aHAIU3UPYIOTCS BO3MOXHOCTH MCIOJb30BAHUS TPATHLH-
OHHBIX METOJOB MCCJEI0BAHHUS CBOMCTB M MOKA3bIBAETCS HECOCTOSITENBHOCThL OOJBIIMHCTBA U3
HUX B NpPUMeHeHHH K HM3y4daeMoH cpene. Mamaraercss Meromnka ompenesieHHsl ToKasaTeseH
CBOKCTB Cpe/ibl MHbELUMPOBAaHHBbIX OCHOBaHHUH, npuMeHsemas B HIIO «DyHnameHT», U OCHOB-
Hble HalpaBJeHHs ee NaJbHEHIIEro COBEePLIEHCTBOBAHHUS. AKLEHT [esaeTcsi Ha ONpene/eHre
nokaszatesed ne@OpPMHUPYEMOCTH CpPEeMbl.

Co CTOpOHBI psiia CIELHUANUCTOB Fe0TEXHUUECKOTO MPOMUIIS BblpaXKaeTcs
HellOBepHe K HaleXKHOCTH paccMaTpUBaeMOro MeTola, KoTopoe 6asupyeTcs
Ha pe3yJibTaTaX KOHTPOJIS ero 3QQPeKTUBHOCTH C MCII0Jb30BAaHUEM TPaIHlIU-
OHHBIX METOJIHUK HCC/IeI0BAHUS (PHU3NKO-MeXaHUUECKHUX CBOUCTB IPYHTOB. B TO
JKe BpeMsl paccMaTpuBaeMbld MeTon o0safaeT psiaoM HECOMHEHHBIX IOCTO-
WUHCTB M0 CPaBHEHHUIO C TPAAHMLMOHHBIMH METONAMH YJ/yUlleHHS CTPOUTEJb-
HBIX CBOMCTB I'PYHTOB OCHOBaHMU U 00/1aaeT NOCTATOUHON CTETeHbIO HaleX-
HOCTH TIPH YCJIOBHUHU BHIIIOJHEHUS BCEX TEXHOJNOTHYECKUX TPeOOBAHUH TIPH €ro
peanusaunu. YTo e KacaeTcs KpUTHKU MeTOJa, OCHOBAaHHOH Ha TPaaULIUOH-
HBIX Croco0ax Ucc/e0BaHNs (PU3UKO-MeXaHUUECKHUX CBOHCTB IPYHTOB, HHXKe
MOKaKeM, UTO 110 OTHOLIEHMIO K Cpelle YIJIOTHEHHOTO pacCMaTpUBaeMbIM Me-
TOZOM MacCHBa 3TH METOMbl HE MOTYT NaTh OOBEKTHUBHBIX NaHHBIX B CBSI3U C
psiIoM ocoOeHHOCTEeH H3yuaeMoU Cpefibl, KOTOPble He YUHUTBIBAIOTCS TPAIULHU-
OHHBIMH MeToauKaMu. O60CHOBaHMEe JAHHOTO TOJOXKEHUS U SBJSETCS OCHOB-
HOU LeJ/blo HacTosilled paboTbl. [leTanbHBIM aHA/IM3 MOMBITOK pa3paboTKH
MEeTONUK KOHTPOJISI Ka4eCTBAa MHbELMPOBAHHBIX OCHOBAHHH, a TaKyKe Ha3Haue-
HUS PACUETHBHIX XapPaKTEPUCTHK CPelbl HA CTAIUM MPOEKTHPOBAHUS OCTaBJIS-
eM 3a paMKaMH paccMoTpeHusl. OTMeTHM TOJBKO, YTO Ha JaHHOM 3Tarle co3/a-
HUIO TaKHUX METOIMK, 00/1aIat0lINX BBICOKOH CTENMeHbI0 HaleXKHOCTH, TIPEMsT-
CTBYeT SIBHBI HEIOCTATOK 3KCIIePUMEHTAJbHbIX NAHHBIX.

1. OcHOBHBIE IPUHIMINIHAJbHBIE OJOXKeHUS MeToga. Mertof 3a-
natentoBaH B 1998 r. Asropnl natenta — A. B. Jly6sarun (ren. gupekrop
OOO HIIO «®yunament») u npod. B. C. Muponos (HFTACY). B nocaenyio-
MU TIePUOJ PSil MATEHTOB, CBS3aHHBIX C TEXHOJOTHYECKUMH OCOOEHHOCTS-
MM MeTOJa, a TaKxkKe 000pyLOBaHUEM [Jisl €0 Peann3aluu, ObLIH MOJYYEHBl
OO0 HIIO «®Pynpament». Heob6xomumo oTMETHTb, YTO 3TH MaTeHTYeMble
TMOJIOJKEHUS OBbLIM, Mpexae BCero, HampasJeHbl Ha ofecredyeHHe HaleXHO-
CTH MeTOAa.

Merton ocHOBaH Ha TMPUHLHUIIE pa3pyLIeHUs] HCXOAHOU CTPYKTYPhl TPYHTA
C TIOCJIeYIOLIMM €r0 YIJIOTHEHHEM 32 CUeT HHBEMPOBAHHUS B MACCHB TIOJ BbI-
COKHMM JIaBJIeHHEM TJIMHOMECYaHOro pacTBOpa C He3HAUUTesJbHOW 100aBKOH
[leMEeHTa, BBIMOJHSIOIIET0 POJb MJIACTH(HHKATOPA.

ISSN 0536—1052. H3B. By3oB. Crpouteascrso. 2008. Ne 4 109



PacTBop nHBELrpyeTCcs B yMJIOTHS€MBIH MAacCUB TPyHTa Yepe3 UHBEKTO-
pbl CMIeNMaMbHON KOHCTPYKIMH, TTIOTPYyKaeMble B TPYHT Ha HYKHYIO TJIyOUHY 1
pacroJsiaraloliiMucs B IIJ1aHe 110 CeTKe ¢ omnpefeseHHbIM wiaroM. [Ipensapu-
TeJIbHO C UCII0JIb30BAaHHEM 3TOrO Ke MeTO/a B IpefiesiaX MPOeKTHOH 30HBI YII-
JIOTHEHUS CO3[aeTCsl KOHTYP, MPeI0TBPAIlAOIIHI BbIXOA HHbELUPYEMOT0 pac-
TBOpa 3a Npejesbl NPOeKTHOU 30HHL. [locse 3TOro npoBoaUTCS MHbELHPOBA-
HUe BHYTpPEHHero o0beMa KOHTypa, HauWHasi C HHUXKHEr0 TOPU30HTA 30HBI
YIJIOTHEHHUSI C MIOCTENEHHBIM TIePexooM K BepxHel (KOHTaKTHOH) 30He 0CHO-
BaHus. C 11esIbI0 HCKIIIOUEHHS TIPOPBIBOB PAaCTBOPA HA MOBEPXHOCTD YILJIOTHSIE-
MOT0 MaccuBa B KOHTAaKTHOHW 30He ee HHBbEeLHPOBAHHE IMPOBOIUTCS IOCHE
BBITIOJTHEHUST (DYHAAMEHTHBIX KOHCTPYKIMH, WUTPAIOLIUX POJb «IPUTPY3a» U
M03BOJISIIOIIMX o6ecreynBaTh HYKHYIO BeJUUYMHY paboyero AaBjeHHUS HHBe-
uvpoBanus. Takas Meroauka ucnosnsdyercs HIIO «®ynnament». pyrumu
OpraHM3auusIMH{, UCMOJb3YIOLUMU paccMaTPUBaeMbli METO/, TIPeaiaraeTcs ¢
TOM 2Ke 11eJIblI0 yCTPOHUCTBO FOPHU30HTAJIBHOIO SKPaHa B KOHTAKTHOU 30He (yH-
nameHToB [8].

Ha craguu 060CcHOBaHUS MeTOAA U HAUaJIbHOM 3Talle ero NPakTHUYecKoro
NpUMeHeHHs TpeAroJaraioch, 4YTo MOBHIIEHHE M0Ka3aTeNeld MeXxaHH4yeCKUX
CBOHCTB Cpefibl MHBELMPOBAHHOIO MACCHBA NPOUCXOJUT TOJBKO 32 cyeT (hop-
MHMPOBAHHS YIJIOTHEHHBIX 30H MPU IEUCTBUHU H3ObITOYHOTO 1aBJEHHUS HHDBELH-
pyemoro pactsopa. Ilpu nanpHeleM npakTUYeCKOM MCIIOJNb30BAaHUM MeTOna
BBISICHUJIOCH, UTO TPH THAPATALNH [IeMEHTHOH 100aBKH B MacCHBe 00pas3yioT-
csl (pparMeHTbl 3aTBep/eBLIero pacTBopa pas/MYHOH (OPMBl U pPasMepoB C
SIBHO 00Jiee BBICOKHMH 10KA3aTeqsIMU MeXaHWYeCKUX CBOUCTB 10 CPAaBHEHHUIO
JaxKe C YIJIOTHEHHBIMU 30HaMH.

2. Oco0eHHOCTH Ccpebl YIJIOTHEHHOr0 MaccuBa. Maccus siBisieTcs
SIBHO BbIPaXKeHHOU Komnodummoil cpedoti. OctaHoBUMCS GoJiee TOAPOOHO Ha
HEKOTOPBIX €e XapaKTepPUCTHUKAX.

2.1. Peskue pasnuuns B MoKaszaTesnsX (U3MYECKHX W MeXaHHUeCKHX
CBOWCTB B Pa3/JM4YHbIX 30HaX. HeolHOPOAHOCTB Cpesibl, IpeXKe BCEro, onpee-
JsieTcs HannyveM (pparMeHTOB 3aTBepAEBLIEro pacTBOpa, MOAYJb Aedopma-
LMK KOTOPBIX Ha MOPSIOK GOJIblle, UeM B YIIOTHEHHbIX 30Hax [8]. [Tpu aTom
NPOCTPAHCTBEHHOE paCIoJioKeHHe, (opMa, pa3Mepbl YIJIOTHEHHBIX 30H U
(hparMeHTOB 3aTBepAEeBLIEro pacTBOPA ONpPeAe/SIOTCS IPUPOJIHON HEOTHOPO-
HOCTBIO HCXOMHBIX TPYHTOB. DTO MPHUIAET UM CTATHCTUUECKHUH XapaKTep U UC-
KJII0UaeT BO3MOXKHOCTb Ha[€KHOr0 MPOTHO3WPOBAHUS HA CTAAUH TPOEKTHPO-
BaHHUSI.

2.2. CnnoxXHasi KapTHHA <«HABEJEHHOTO» HAIpPSKEHHOTO COCTOSIHUS B
MacCHBe OCHOBAHMS 3a CUeT BBICOKMX 3HAauUeHWH H3OBITOUHBIX JAaBJEHHUH
HHBEIMPYEMOTO PACTBOPA, 3HAYUTEHHO TIPEBBILIAIIINX OBITOBbIE HATIPSKeE-
Hus. K coxaneHuto, 3KcrnepuMeHTa bHbIX TaHHBIX 10 KOMIIJIEKCHOMY HCCJIe-
JOBAHHUIO HATPSKEHHO-A1e(POPMHUPOBAHHOTO COCTOSTHUSI MHBELUPYEMOTO Mac-
CHBA IpH I'PYMNIIOBOM PACIMOJNOKEHUH UHBEKTOPOB 10 HACTOSIIETO BPEMEHH
HeT. MOXXHO TOJIBKO C JOCTaTOYHOH CTeleHbl0 BePOSTHOCTH Npeanosarars,
9TO B OTHOCHTEJBHO «OCJab/JeHHBIX» MPUPONHBIX 30HaX OCHOBaHHWSA, Kyna
npexkJe BCero MPOHMKAeT MHBbELUUPYyEeMbIH pacTBOp, pesakcalus U30bITOY-
HBIX HAMPSXKEHUHU MPOSIB/ASETCS MaKCHUMA/JIbHO U Pe3y/IbTHPYIOLIee OCTaTOU-
HOe JaBJieHHe MoXKeT OblTb He3HauuTe  bHbIM. Ho BHe Takux «oc/ab/eHHBIX»
30H M, MPEXJe BCero, B 30HaX BHEAPAEMOro pacTBOpa ocTaTodHble («HaBe-
NleHHbIe») HAMpPsKEHUsI MOTYT COCTABJSATh 3HAUMTENbHYIO O OT BEeJHYH-
Hbl U30BITOUHOTIO [aBJeHUS BHeIPSIeMOro pacTBOpPa W MpeBHIIATb ObITOBbIE
HanpskeHUs. TakuMm o0pas3oM, HaNpsKeHHO-Le(pOPMHUPOBAHHOE COCTOSIHHE
UHDBELMPOBAHHOIO MacCHBa, KOTOpPOe CJelyeT CYUTATb HCXOAHBIM Ha MO-
MEHT MPHUI0KEHHUS HATPY3KH OT COOPYKeHHSs, 3HAUUTEJbHO U3MEHSIETCS 10
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OTHOILUEHHIO K NPUPOJHOMY COCTOSIHMIO U He MOAJAAeTCs CTPOTOMY KOJHYECT-
BEHHOMY IIPOTHO3Y.

2.3. Oco6eHHOCTH YMJOTHEHHOTO MAacCHBa, OTMedyeHHble B M. 2.1 u 2.2
U SIBJISIIOIINECS CIeCTBHEM HeU30eKHOH HeOMHOPOMHOCTH MPUPOAHBIX TPYH-
TOB, TIPUBOAST K TOMY, UTO Ji00asi XapaKTepPHUCTHKA CpPelbl YIJIOTHEHHOTO
OCHOBaHHS, HCMOJb3yeMasi Ha CTaIWM TMPOEKTHUPOBAHHUS, MPU OLEHKEe BCeX
(GopM B3aMMOEHCTBHS OCHOBAHMA M 31aHUA (COOPYXKeHHMsI), N0/KHA UMETh
CpeIHeCTaTHCTHUECKOe 3HAUeHHe, HA/e’KHO OTparkalollee BCe BbILIeyKa3aH-
Hble BHIbl HEOTHOPONHOCTH YIJIOTHEHHOTO MacCHBA.

2.4. Bce cyuecTBymIlMe HOPMbI, pErJaMeHTHPYIOIIHEe MOPSIOK HH-
JKeHepPHO-Te0JIOTHUEeCKUX H3BICKAaHUH, W METONUKH OlpefesneHUs (PU3UKO-
MeXaHUYeCKUX CBOHCTB TPYHTOB OCHOBAHMU yCTAHABJIMBAIOT IMpaBUJIA HUC-
CJIeJ0OBaHUH MPUMEHHTEJNbHO K OCHOBHOMY COCTaBJSIOIIEMY 00bEMY MacCCH-
Ba TPYHTa B Ipefiesiax CKHMaeMOU 30Hbl OCHOBAHUSA — «MHXKEHEPHO-Te0J10-
rudeckoMmy 3ssementy» (MI'D). Kpurepuu Boinenenus WMI'D onpenensiorcs
tpeGosanusimu [4]. CoBepiieHHO 0YEBHIHO, YTO B CHJY BbIILIEOTMEUYEHHBIX
0Cc0O6eHHOCTEH I'PYHTOBOTO MacCHBA, YMJIOTHEHHOTO BbICOKOHANOPHOH HHB-
exkuuel, oH He siBasietcss MI'D ¢ Touku 3peHHsT yKa3aHHBIX KPUTEPHUEB KJjac-
CH(UKALHNH.

3. HeoOxoanmble yCJOBHS NMPHU OLlEHKE CBOWCTB Cpeabl MHBELM-
POBAaHHOrO0 MAaCCHMBA M BO3MOKHOCTH MCIOJb30BaHUS TPAAUIIMOHHBIX
MeTOaO0B HMccaenoBaHmi. 3.1. OmnpenesneHue nokasareseld CBOHCTB Cpebl
UHBELMPOBAHHOTO MACCHBa, U TMPeKIe BCETro MO/ ne(opMalliy, Mpearnona-
raeT pacCMOTpeHHe 3TOH cpelibl KaK K8a3uu30mponHou B MOCJeNYIOLIHX pac-
yeTax AeopMauuid ocHoBaHMS. TakuM 06pa3oM, Mbl CTaJKUBaeMcsl ¢ He00Xo-
JIMMOCTbIO OIIEHKH CTeleHH HEOIHOPOTHOCTH PeabHOU CPe/ibl MacCHBA U METO-
JaMH ee ydeTa IpH OMNpeleseHHUH JIOObIX MO0Ka3aTesjed CBOHCTB. B
COOTBETCTBMH C KJIAaCCHYECKMM MoaxonoM [7, 9] momsTHe HeoaHOpomHOCTH
TPYHTOBOH CpPeJibl HOCUT OTHOCHTEJbHBIN XapaKTep ¥ HEMOCPeICTBEHHO CBsI3a-
HO C OMpe/ieJIeHHbIM COOTHOLIEHHEM MEXKIY CTeNeHbl HEOMHOPOAHOCTH («ypo-
BeHb HEOJHOPOAHOCTH») U pa3MepaMu (hParMeHTOB CPelbl, TIPUHATBIX TIPH HC-
TBITAHHAX C LEJIbIO0 ONPEJIeIeHHs TOH U/ MHOKM XapaKTepUCTHKH («ompemelstio-
masi 06/1acTb 3KCrepuMeHTa»). ToJMbKO TpH OMpeIeseHHOM COOTHOLIEHHH
yKa3aHHbIX (PAaKTOPOB HCKOMasl XapaKTepUCTHKA MOXKeT MOJyYUTb HalexKHoe
CTaTHCTUYECKOe 3HauyeHHe, MMeTb HMHTerpajbHbId XapakTep, MO3BOJSIOLIMH
paccMaTpuBaTh Cpely Kak KBasHOAHOpoaHyko. Ha pucyHke mpuBeneHa H3BecCT-
Has muarpamma M. B. Paua [7, 9], Ha koTopoil «ypoBHH HEOTHOPOAHOCTH» M
«OTIpeJIeNISIoIIHe 001aCTH SKCIEPUMEHTA» MOAPA3AENSIOTCS B 3aBUCUMOCTH OT
UX JIMHEHHBIX pa3MepoB. [losie quarpaMmbl 1€ UTCS HAa TPH 30HBI, OMPENEsIo-
I1IMe BO3MOYKHOCTb TTOJy4eHHsT HAIeXKHOTO CTATHCTHUECKOTO 3HAUEHHS OTpejie-
JISEMOH XapaKTePUCTHKH CPEelbl U PACCMOTPEHMS ee KaK KBa3MOIHOPOAHOH.
HeonHokpaTHBIE BCKPBITHSI HHBELMPOBAHHBIX MACCHBOB KOHTPOJBHBIMH LIyp-
¢amu, nposeneHHbIMU B HI1O «DyHnamMeHT» U ApyrUMH UCCIeI0BATENSAMH, MO-
Ka3bIBalOT, YTO JIMHEHHble pa3Mepbl 30H SIBHO BbIPa’KEHHOH HEOIHOPOTHOCTH
((pparmMeHTHl 3aTBepaEBIIEr0 PacTBOPAa W 30HBI YIVIOTHEHHOTO TPYHTA MEXIY
HUMH) HaxoAsTCsl B OCHOBHOM B auanasone 1—100 cM. Ha muarpamme 310 coot-
BetcTBYeT Il ypoBHIO HeopHOpoaHOCTH. M3 Uero cienyer, 4To 30Ha yavmpare-
00HOpPOOHOCML, He TIPENSITCTBYIOLIEH PaCCMOTPEHHIO CPEMlbl B KAUeCTBE KBa-
3100HOPOOHOLL, COOTBETCTBYET TOJIbKO | KaTeropruu 06/1acTH BO3AEHCTBUS, TPH
KOTOpPOW paccMaTpUBaeTCsl B LEJOM BO3JEHUCTBHE COOPYXKEHHUS Ha TPYHTOBBIN
MaccuB. Muaue rosops, J106ble MOKa3aTesau CBOHCTB Cpelbl MOT'YT ONpeessiTh-
sl «OTKJAMKOM» (MJIH peakiueri) BCEro MaccuBa Ha BHeIIHee BO3NEHCTBHE OT
coopyxenus. [IpuMep Takoro «0TKJIHKa» MPUMEHHUTENBHO K MOIYJIIO fehopMa-
MK — (haKTHUeCcKast ocaka OCHOBaHHs. VcrbITaHns HeMocpeACTBEHHO B Mac-
CHBe — ILTAMIIbl, [PYHTOBBIE LEJUKHA ¥ MPU3MBI, UCTILITAHUS MOeJeH (hyHzaa-
menToB (I ypoBeHb 06/1aCTH BO3IEHCTBHUS C TMHEHHBIMU Pa3MepaMH B 1Manaszo-
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we 0,1—10 M) B OCHOBHOM MOMANaT B 30HY MUKPOHEOOHOPOOHOCMU, IJIst
KOTOPOW XapaKTepeH BbICOKUK CTAaTUCTHUYECKUH pa3bpoc ornpesiesisieMbIX Xapak-
TEPUCTHK, TUKTYEeMbId BBICOKOW CTeleHbl0 HEOOHOPOAHOCTU cpelbl. M3 sToro
cJeflyeT, 4To I/ obecriedyeHUss TpeOGyeMOH NOBEPUTENbHON BEPOSITHOCTU IPU
omnpesie/leHUH XapaKTePUCTHUK cpellbl HE0OXOAUMO MpoBe/leHHe 04eHb GOJIbLIOr0
KOJIMYECTBA UCMbITAHUH, YTO MIPAKTHYECKHU HEJOCTHKHUMO C YUEeTOM TeXHOJOTH-
4YeCKHX 0COOEHHOCTEH pacCcMaTpHBaeMOro MeToaa, yKasaHHbX B pasa. 1. U, Ha-
KOHell, TIPH HCMOJb30BAHUH METOJOB OMNpeleseHUs] XapaKTePUCTHK Cpelbl Ha
J1abopaTopHBIX 00pasLax UJIH T0JEBbIX METONOB C HE3HAUNTENbHOH 30HOH KOH-
TaKTa UCIBITATENbHON YCTAHOBKH C M3y4aeMOH CPeLoH, HalpuMep, MeTOM 30H-
nuposanusi (III ypoBeHb 06/1aCTH BO3AEHCTBHS C TMHEHHBIMU Pa3MepaMH B 11a-
nasore 10 mx — 0,1 M), nonagaemM B 30Hy MakpOHEOAHOPONHOCTH, MPH KOTO-
pOH TMoKaszaTeJsu JOOT0 CBOMCTBA CPeIbl MEHSIOTCS MPU Mepexofe OT OJHOU
00JIaCTH K IPYTOW W/ MPOSIBJISIOTCS B BHJE PE3KOr0 «BbIOpPOCA» XapaKTepH-
cTUK. TakuMm 06pa3oM, MPH KUCIONb30BAHUH YKA3aHHBIX METO/OB OMpe/eeHHUs
XapaKTepUCTUK Cpelbl MOJYyYUTb AOCTOBEPHBIH pe3y/bTaT, WMEIOILUH HHTe-
rpasibHBId XapakTep [Jsl BCEro MacCHBa, HEBO3MOXKHO.

3.2. Ilpu uccnenoBaHuu (PU3UKO-MeXaHUUYECKHUX CBOHUCTB JIOOBIX MaTe-
pHajioB CyLIeCTByeT HeOOXOAMMOe M OueBHUAHOe TpeOGOoBaHHUe, COCTOsllee B
TOM, UTO yCJIOBHS MU COCTOSIHME MaTepuasa MpH UCIBITAHUSAX NOJKHBl MAKCH-
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MaJsIbHO MOJIHO COOTBETCTBOBATb T€M YCJOBHSM U NapaMeTpaM COCTOSIHHUS, KO-
TOpble UMEIOT MeCTO NpH paboTe Marepuana B HecCylled KOHCTPYKLUHUH. DTO
COCTOSIHWE B YCJIOBHUSIX WUCIIBITAHWH NOJIKHO OBITH CMOJEIMPOBAHO C MaKCH-
MaJIbHO BO3MOXKHOH MOJHOTOH (MCXOHOE COCTOsiHMe MaTepuasa). B uucio
napamMeTpoB HCXOAHOTO COCTOSIHUS BXOAUT U HAMPS2KEHHOE COCTOSIHHE, KOTO-
poe 1Jisi TPYHTOBOU Cpeibl UMeeT UCKIUNUTENbHO BaXKHOE 3HAUeHHe, TaK Kak
OHa o6JsiafiaeT TOBBILIEHHON «UYBCTBUTEJBbHOCTbIO» OKa3aTesqeld MexaHHuye-
CKHX CBOHMCTB K U3MEHEHMSIM XapakTepa U HHTEHCHBHOCTH HAlNpPS)KEHHOTO CO-
crtosiHusi. B cuny ocobeHHOCTeM HWHBEUMPOBAHHOM Cpelbl, OTMEUEHHBIX B
pasz. 2.2, HanpsiKeHHOe COCTOSIHUE OCHOBAHHS 10C/e HHBEUPOBAHUS CYIlle-
CTBEHHO OTJMYAEeTCs OT MPUPOAHOTO U He IMOJJAeTCs CTPOrOMY YUCJIEHHOMY
IIPOTHO3Y. DTO UCKJIOYAeT BO3MOXKHOCTb €ro MOAENUPOBAHUS MIPU UCIIOMbB30-
BaHUU J1a00OpPAaTOPHBIX METOOB UCC/EN0BAHUM CBOUCTB IPYHTOB U JIMIIAaeT UX
HeoOXOAUMOH HafieKHOCTH. [IprHHMas BO BHUMaHHe TEeXHOJOTHYECKHEe 0CO-
GEeHHOCTH MeTOJa MHbELHWPOBAHUS, YUeT MCXOAHOTO HAIpPSi)KEHHOTO COCTOS-
HUSl BCTPeUaeT TPYAHONPEOAONHMble TIPENATCTBUS U MIPU UCIOJAb30BAHUN T10-
JIEBBIX METONOB OTpefiesNeHns] MOAYJs Ae(OopMalnu.

3.3. Ha ocHOBaHMH BBIILIEU3/I0KEHHOTO MOXKHO KOHCTATHPOBATb, UTO Ja-
H6opaTopHble METO/IbI OTIpeieieHUsT MOAY /s AeopMaliyd KOMIIO3UTHOU CpeIbl
MaccHBa, YIJOTHEHHOTO C10cOO60M BBICOKOHAMOPHON WHBEKLHUH, HETPUTOLHBI
KaK MeTO/bl KOHTPOJIS KauecTBa yI/oTHeHHs. [losieBble MeTOnBl HUCCen0Ba-
HUH BCTpeyaloT cepbe3Hble MPEeNsATCTBUS U B JyYlleM c/lydyae MOTYT AaTh pe-
3yJbTaT TOJNBKO C OUeHb IpyObIM MPUOIHKEHHEM.

3.4. AHanM3 BBILIEU3JI0KEHHOTO MaTepraJsa IPUBOAUT K BBIBOLY, YTO Me-
TOIbl KOHTPOJISI KauecTBa YMJIOTHEHUS] B pacCMaTPUBAEMOM CJlyuae, CIoco0-
Hble TIPUBECTHU K OOBEKTUBHBIM pe3yJibTaTaM, J0J/KHbl OTBeUaTh TPeM OCHOB-
HbIM TpeOOBaHUSIM:

— 06a3upoBaThcsl Ha aOCOIOTHO HANIEXKHBIX KPUTEPHUSX, 6€3yCJ0BHO MO/-
TBEPXKIAIOLIMX HAIEXKHOCTb BCEX pAaCUeTHBIX TapaMeTPOB yMJIOTHEHHOTO Mac-
CUBa W, NpexJe BCero, sHayeHUs MonyJs nedopMalMu Cpelbl;

— B CJIy4ae HCIOJb30BAHUS KOCBEHHBIX XapaKTEePUCTHK JAJIsI OLIEHKH Ka-
YecTBa YIJIOTHEHHS OHHM J0JUKHBl HMETh CPeJHeCTaTHCTHYeCKHH (MHTerpaib-
HBIHM) XapakTep, YUUTHIBAIOLIME BCE BU/IbI HEOAHOPOAHOCTH KOMIIO3UTHOM Cpe-
Ibl YIIJIOTHEHHOTO MacCHBa;

— BCe MapaMeTpbl UCXOAHOTO COCTOSTHUS YIJIOTHEHHOTO MacCHBa MpPHU UC-
NBITAHUSAX JOJ/KHBI ObITh MaKCHUMaJbHO COXPaHEHbI.

3.5. B cnyyae ncnosib3oBaHMs B POJIM KPUTEPHEB KauecTBa YIJIOTHEHUS
KOCBEHHBIX XapPaKTePHUCTHK Cpefibl OHU JOJKHBI YAOBJETBOPATH YKa3aHHBIM
TpeGOBAHUSAM U HaXOOUTbCS B KOPPEJSIUMOHHOW CBSI3U C MOAYyJeM Aedopma-
1Y, 3HAUEHUST KOTOPOTO 3aKJIaAbIBAIOTCS HA CTAAUHU NPOeKTUPOoBaHHus. basu-
pOBaTbCS 3TH KOPPEJSILMOHHbIE CBSI3U HOJKHBI HA COOTBETCTBHH PAaCUETHBIX
U (axTuueckd Hab/ogaeMblX neopMauusix OCHOBaHHS. EcTecTBeHHO, 4TO
IJ1s1 HaJeXKHOTO YCTAaHOBJIEHUSl YKa3aHHBIX KOpPPeJsLMOHHBIX CBsi3ed HeoO-
XOIUM JMOCTATOUHBIA MaTepuas IO NAHHbBIM HabJaAeHUH 3a nedopMalUsiMu
3MaHUHA U COOPYKEHHH B PA3JIMUHBIX UCXOIHBIX WHXKEHEPHO-Te0JOrHdyecKUX
YCJIOBUSX.

3.6. OueBupuHO, 4TO 0OCyXaaemas rnpobJsema AeJUTCS Ha [Ba 3Tana:

— Ha3HayeHHWe HaleXKHbIX 3HaYEeHHUH PacueTHbIX XapaKTEePUCTHK [eO0KOM-
MO3UTHON Cpefibl, B TOM YHUCJe U MOLyJ/s AehopMaLuii, HAa CTaguK TPOEKTHUPO-
BaHUS;

— MOCJ/Ie0nepaloHHbIA KOHTPOJb KaueCTBa YIJIIOTHEHHUS U TOATBEPKIe-
HUe 060CHOBAHHOCTH NPHUHATHIX 3HAUEHUH XapaKTepUCTHK.

4. KoHTpoJb KayecTBa YNJOTHEHUS MHbEIMPyeMbIX OCHOBAHUH,
npumMeHsieMbiil B onbiTe pa6orel 000 HIIO «®PyngameHnTt». K Hacros-
memy MmomeHTY OOO HITO «@yHnameHT» UMeeT 3HAUUTEbHBIH OMBIT TIPHUMe-
HEHHUsl pacCMaTPHUBAEMOro MeTOJa YIJIOTHEHHS TPYHTOB OCHOBAHHUH, a TaKxKe
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YCTPOHCTBA C UCIOJb30BAHHEM 3TOrO MeTOAa MPOTHBO(PUIBTPALUOHHBIX 3a-
Bec, Ha psine o0bekToB . HoBocubupcka, Anras, Kys6acca, Cankt-Iletep-
6ypra, Kanmununrpana, espornerickoir yactu P®. Beero k HacTosiieMy MoOMeH-
Ty BbinosHeHo cBbille 200 06beKTOB. KOHTPO/IbHBIM MOKa3aTeeM MJI0THOCTH
Ha CTaIUM NMPOEKTHPOBAHHUS B COOTBETCTBUH C PEKOMEHIALHNSIMH HOPM MPOeK-
tupoBanus [2] npurumaercs maoTHOCTH cyxoro rpynTa (p,). [Ipu npeasapu-
TeJbHOM OKOHTYPHUBAHHUH YIIJIOTHSIEMOH 30HBI OCHOBAHHUS, H3BECTHOM 0ObeMe
VHDBELMPYEMOro PacTBOpa BHYTPH KOHTYpa U ero (pacTBopa) hasosoro cocra-
Ba MOXKHO OIpEeNeNUTh cpenHee 3HadeHue (p,) B YIJIOTHEHHOM MacCHBe, KO-
TOpOe 3aKJ/JaJblBaeTcs B paboueM NpoeKTe YIIOTHEeHHUs. TakuM 06pa3oM, KOH-
TPOJIbHBIM [10Ka3aTeJseM sIBJIsIeTCs] 00beM (hakTHUEeCKH UHBELUPYEMOTO B Mac-
CUB pacTBopa, obecneurBarolini Tpebyemoe 3HaueHue p,. [lepexon ot p, K
MOAYJ/II0 Ae(OpMalLMK YIJOTHEHHOTO MAacCHMBa Ha CTAAWH NPOEKTHPOBAHUS
OCYIIECTBJISIETCS C UCTOAb30BAHHEM KOPPEJSIIUOHHBIX 3aBUCUMOCTEN MEXKIY
9TUMH TapaMeTpPaMH, UMEIOIIMMUCS B CIIPABOUHOU JHUTepaType.

Besyc/0BHBIMU DOCTOMHCTBAMH 3TOW METOIUKU SBJSETCS TO, YTO 3aJ0-
JKEeHHBIA B OCHOBY OLIEHKM KauecTBa YIJOTHEHHS apaMeTp Py AEUCTBUTEb-
HO HOCHUT MHTErpasibHbld XapakTep, YYUTbIBas BCE BUIbl HEOJAHOPOTHOCTH
cpenbl MaccuBa. HepocraTkaMy yKasaHHOW MeTOAMKH Ha NaHHOM 3Tale sB-
JSI0TCS Ba 00CTOSATeNbCTBA. Bo-epBhIX, UCNO/b3yeMble KOPPeISLUOHHbIE
3aBHCHMOCTH MeXIy P, U MoayJeM fe(opMallMH, UMelollMecs B CIpPaBOY-
HOW JsuTepatype, 0asupylOTCs Ha TPAAULMOHHBIX crocobax yMJAOTHEHUS
TPYHTOB, OTJUUHBIX OT paccMaTpUBaeMoro Metosa. Bo-BTopeixX, upe3Bblyai-
HO HHU3Kas nedopMHpyeMOCTb (DparMeHTOB 3aTBepAEeBILIEro pacTBopa, MO
CpPaBHEHHIO C TPYHTOM MeXX1y HUMH, HEMOCPEACTBEHHO He MOXKeT ObITb yu-
tTeHa. OHa y4HTBIBaeTCS JMIIb KOCBEHHBIM 00pa3oM 3a CUeT TOBBILIEHHBIX
3HauyeHUH p,. [Ipu yKazaHHOU MeTonMKe Ha3HAYeHHs 3TOTO MapameTpa ero
BeJIMUMHA IBHO OyleT HaXOAUTbCS MeXKIy 3HAUEHUSMH P, AJS 30H YIJIOT-
HEHHOTro TpPyHTa M (parMeHTaMM 3aTBepieBllero pacTsopa. besyciosHo,
yKa3aHHasi MEeTOAMKA HY>KJIAeTcsl B COBEPIIEHCTBOBAHUM M Takasi padora B
HITO «®ynnameHT» BegeTcsl MO Mepe HAKOIJIEHHS JAaHHBIX 338 (paKTHYeCKH-
MU feOopMalUsIMU HHBbEIIMPOBAHHBIX OCHOBAHUH, KOTOPbIE SBJSIOTCS abco-
JIIOTHO HaJeXHbIM KpUTeprueM 000CHOBAHHOCTH PaCUYETHBIX XapaKTePUCTHK,
MPUHSATBIX Ha CTaIuM MPOEKTHPOBAHHS.

Hau6osee coHBIM BOIPOCOM OCTaeTCs MOCJAEONePALHOHHBIN KOHTPOJIb
KauecTBa YMJOTHEHHUS MHbEeUWPOBAHHbIX OCHOBaHWH. C y4eTOM He TOJbKO
oneita pa6otsl HIIO «®DyHnameHnT», HO M APYrUX HUCC/E€IOBAHUH B 9TOM Ha-
npaBjaeHUH npobJeMa Halle’KHbIX METOL0B KOHTPOJIs 1ToKa He pelieHa. OCHOB-
HOU MPUYMHOW 3TOro SBJSETCS SIBHBIM Ae(UUUT KCIepUMeHTa/NbHbIX AaH-
HbIX, [TOJy4yeHHe KOTOPHIX CBSI3aHO C TPYAHOINPEOJOJUMbIMHU MPENATCTBUIMH.
Cnenyet nprsHaTh, 4YTO Ha JaHHOM 3Tare aGCO/I0THON HalleXKHOCThbIO obJ1ana-
eT TOJIbKO MeTOJ TeoJe3ndyecKoro MOHHTOPHUHTa 3a (hakTHUYeCKUMU nedopma-
IUSMHU OCHOBAHMUSI.
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[Tonyueno mocsie nopa6otku 06.12.07

Ot penakuun. Ommeuas HECOMHEHHYIO AKMYALbHOCMb NOCMAHOBKU 06CYHOaeMblx 8
cmamoe 80nPOCO8, Pe0aKyus cuumaem, 4mo ux peulerue HeusbeiHo c8aA3aAHO C Cepbe3Hol-
MU IKCNePUMEHMANbHbIMU 1L MEOPeMUIeCcKUMU UCCACO0BARUAMU NPOUECCO8, NPOUCXO0S-
WX 8 epyHnme npu YAywulenui e20 C8oLUCm8 MemooOoM BblCOKOHANOPHOU UHDEKUUU.

B JIABOPATOPHUAX BY30B

YIK 624.014.072.2

b. H. BACIOTA, kKaHja. TexH. HayK, nou. (HayuHo-uccienoBareabCKoe MpPoOeKT-
Ho-cTpouTenbHoe npeanpustue «PEKOH», r. HoBocu6upck);

I. B. YAJIKOB, unx. (HoBOCHOMPCKHUII TrOCyHapCTBEHHBIN apXUTEKTYp-
HO-CTpoUTeNbHBbINA yHuUBepcuter (CubcTpun))

IKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE
MOJIEJIEN MMOAKPAHOBBIX BAJIOK
HA OCHOBE ITPOKATHBIX ITPO®PHUJEN
INPU MECTHOM KPYYEHHWHA BEPXHEI'O IIOACA

CooOmenmue 1

[TpencraBiieHbl MeTOAMKA M Pe3yJbTaThl SKCIePHUMEHTA/IbHBIX HCCJe0BAaHUI HampsiKeH-
HO-Ie(pOPMUPOBAHHOTIO COCTOSIHHS BepPXHEH 30Hbl CTEHKH MOJeJ/1el OAKPAHOBbIX 6a/10K U3 [PO-
KaTHBIX JIByTaBPOB, C [05ICAMH U3 TaBPOB M CBApHBIX NPU MECTHOM KPy4YeHHH BepXHero rnosca.
[TpoBesneHbl OLleHKa OTKJIOHEHHH OT HOPMATHBHBIX TOJLIMH (aCOHHOIO M JIMCTOBOTO MPOKATa U
aHaJ/M3 NePeXOJHBIX 30H MPOKATHBIX U CBApHbIX MpodHiel. DKCIepUMEHTANbHO HCCle0BaHa
3aBUCHMOCTb MAKCHMAJ/IbHBIX HANPSIKEHUH O, OT 1ara NonepeyHbix peGep XKeCTKOCTH BO BCEM
BO3MOKHOM [HaNa3oHe ero M3MeHeHHs, a TaKKe UX 3aBUCHMOCTb B 0e3peGepHOM ciaydae OT
reoMeTPUUECKHUX XapaKTePHUCTHK 1105ICa U CTEHKH. DKCIIePUMEHTANbHO IOATBEPKAEHA BO3MOXK-
HOCTb HCIIOJIb30BaHMS JJIs pacyeTa Ha MECTHbIH M3rM0 CTEHKH MOJKPaHOBOU GajKH YHHUBEp-
CaJbHOH pacueTHOH MOJe/]H B BHAE YCJOBHOTO LUJMHIPHUYECKOTO H3ruba.

B cBs3u ¢ 3KOHOMHYECKUM pocToM B Poccuu Ha mpeanpUsiTHsX, SKCIIya-
TUPYIOLIMX MOCTOBbIE KPaHbl C UHTEHCHBHBIM PeKHMOM padOThl, BOSHUKAET He-
00XOMMMOCTD 3aMeHbl MoAKpaHoBbix Ganok (I1B), HcuepraBlMX HUKIHYECKHH
pecypc. M3BecTHO, YTO ceMeHCTBOM pelleHHH, 0OeCrneyuBalOLIMM [OBbILIEH-
HbIH pecypc, aBasiorcs [1b Ha ocHoBe npokaTHBIX MpodU/Iel: IBYTaBPOB U TaB-
poB [1=5 u np.]. UccaenoBaresn HeoIHOKPaTHO OTMEUAJIH, UTO B BEPXHEH 30He
crenkud (B3C) mpokaTHBIX 1BYTaBPOB U TABPOB HATPSKEHHS OT MECTHOTO Kpy-
YeHHs G ;, HUIKE, YeM B CBAPHBIX MPY PABHBIX HOMHHAIBHEIX (IPOEKTHBIX) ra-
Gaputax cedeHHH mosica ¥ cTeHKH. OHAKO OTCYTCTBYeT yOeauTe bHas dKCIie-
pUMEHTaJbHAsl U TeopeTHuecKas apryMeHTauus 3Tux (akroB. OrpaHuyeH-
HOCTb TIPUBEIEHHBIX BbIIIE€ MCC/AEIOBAHUH COCTOMUT B TOM, YTO HEIOCTATOUHO
noapoOHO HccJefoBaHa pabora 6asoK MPU MECTHOM KPYyUeHHWH BO BCEM BO3-
MOXKHOM [ManasoHe M3MeHEeHHMs Ilara nomnepeuHbix pebep xectkocT. Kpome
3TOT0 OTCYTCTBYeT 3KCIePUMeHTa/bHO-TeOpeTHUeCKOe 000CHOBaHHE (haKTo-
poB, 00YCJ/IOB/IMBAIOLIMX MeHbLIYI0 HarpyxeHHocTb B3C npokaTHbIX npoduen
0 CpaBHEHHUIO cO cBapHbIMU. COOTBETCTBEHHO He CHSIT BOIIPOC: HY>KHO JIM pas-
NeJISITh MEeTOUKH OTIpefle/IeHHs] HaNpsiKeHUH OT MeCTHOTO Kpy4eHHs J71g 6aloK
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CBapHBIX U NpokKaTHbIX? [lo 3TOH mpHuKHe OTCYTCTBYeT MHXKeHepHasi pacyer-
Hasl MeTOJMKA, YYUTHIBAIOLLAS BJMSHHE BBILIEYNOMSHYTBIX (haKTOPOB.

B 2005-2006 rr. B nma6opaTopuu cTpouTebHBIX KOHCTpYKuMd HIACY
(CubGcTpuH) aBTOpaMK HACTOSIIIEH CTATHH MPOBOIUIKMCH KOMILIEKCHBIE SKCIIE-
pHUMeHTa/bHble HCCJe10BAHUS HANpPSKeHHO-I1e(hOPMUPOBAHHOTO COCTOSIHHUS
HauboJiee epCrneKTUBHBIX KOHCTPYKTUBHBIX (DOPM MOAKPAHOBbIX 020K Ha OC-
HOBe MpoKaTHbIX npodusen. Lleaplo uccaenoBaHUH SIBASJIOCh KCIePHMEH-
TaJbHOE M3ydeHHe O0COOEHHOCTeH HarpsiKeHHO-I1e(OPMHUPOBAHHOTO COCTOSI-
Hust B3C KOHCTPYKTUBHBIX ()OPM MOJKPAHOBBIX 6aJ0OK Ha OCHOBE TIPOKATHBIX
npouedt BO BceM BO3MOXKHOM IHara3oHe U3MeHeHHUs 1liara MornepeuHblX pe-
Oep xecTkocTH. Ha ocHOBe 3KCIepUMeHTaNbHOTO U3YUeHHs MOJeiel MpoBe-
JleHbl YTOYHEeHHe TeopeTHYeCKOH pacyeTHOH MOJe/M U MpoBepKa ee afeKBaT-
HOCTH, a TaKxe pazpaboTaHa yHHBepcalbHasi UHXKeHepHasl MeTOIMKa Olpejie-
JIEHUsI KOMIIOHEHT HampsiKeHUH oT MecTHoro KpydeHuss B B3C. Kommiexc
9KCIIePUMEHTA/bHBIX HCC/EN0BAaHUM BKJOUYA/J] H3ydeHHe OCOOEHHOCTeH Ha-
npsiKeHHO-1edopMrpoBaHHOro coctostHusl B3C Mopesnell mpu 3arpykeHusx,
MOJEJIUPYIOLIMX MOJHbIH CIEKTP KPaHOBBIX BO3AEHCTBHH.

B Hacrosiem cooOuienuu 1 mpencrtaBsieHbl pe3ysbTaThl 3KCIEPUMEH-
TaJbHBIX UCCJAENI0BAHUN TPHU TIEPBOM BHJE 3aTrpPyKeHHSI — COCPeNOTOYEHHBIM
KPYTALMM MOMeHTOM. Heo6XomMMO OTMETHTb, UTO 3arpyKeHHe BepXHero
nosica COCpPe0TOYEHHBIM KPYTSLIUM MOMEHTOM 3KCIIJIYaTHPYEMbIX HATypPHBIX
MOIKPAHOBBIX 6a/MOK «B YUCTOM BHUIe» HEBO3MOKHO. OIHAKO 3TOT BUJ Harpy-
’KeHHSl pPH3HaH He0OXOAUMBIM B KauecTBe MEPBOro 3Tana KOMIJIEKCHBIX MC-
CJ1e[JOBAHUH J/151 TOTO, UTOOBI UMETh BO3MOKHOCTb B O0Jiee SIBHOM BHJE Bblje-
JIUTb BJHUSIHUE (PAKTOPOB, 00YCJIOB/IMBAKILUX 00Jiee HU3KYI0 HAarPy>KeHHOCTh
B3C mnpoxartHbix mpoduaed H HCCIenoBaTb PabOTy 3/M€MEHTOB CHCTEMBI
«I105IC—CTeHKa—peOpo» 6e3 MOrpelHOCTel, BHOCHMBIX OCOOEHHOCTSIMU B3aH-
MOJEUCTBUS 3JEMEHTOB CHCTEMBl «KOJIECO — peJbC — MOSCH.

3agaum 1 MeToAMKa KcnepumeHTa. Onucanue monenei. Ha srane
9KCIePUMEHTANbHBIX UCCAe0OBAHUN MIPH 3arPYKEHUHM MECTHBIM KPYTSILIUM MO-
MEHTOM [l TOCTHKEHHS TOCTaBJEHHOW LeJMH pelleHbl C/Aelylollde 3aaayu.

1. IIpoBeseH aHa/M3 U BHISIBJIEH XapaKTep 3aBUCHMOCTH NpeJe/IbHbIX 3Ha-
YeHHH MaKCHMMaJ/bHbIX HalPSAXKEHHH O 7, , OT T€OMETPUUECKHX [1apaMeTpoB I1o-
NepeyHoro ceyeHuss Mojesned 6anok B Ge3pebepHOM ciaydae.

2. Mccnenosan xapakTep 3aBUCHMOCTH MaKCHMAaJ/lbHbIX HaMpPsKeHUH O 5,
OT lIara NpoMexKyTOUHbIX MONepeyHbIX pedep KeCTKOCTH BO BCeM BO3MOXK-
HOM [Malna3oHe ero M3MeHeHHus: oT yactoro pacrnogoxenus (a = 300 mm) 10
6espebeproro caydas (a = [), nIpy¥ pasJMUHBIX COOTHOIUEHHUSIX KPYTHJIbHOH
JKeCTKOCTH M0SICAa U LUJIMHAPUYECKOH KEeCTKOCTH CTEeHKH.

3. HccrnenoBaHo BiMsiHME Ha HampshKeHHO-IE(POPMHPOBAHHOE COCTOSTHHE
B3C ocobenHocTel KpernseHnst pebep KeCTKOCTH K OCHOBHOMY CEUEHHIO OaTKH.

4. VlccnenoBaHo noajeprkuBalollee BAUSHHE TOPMO3HOH KOHCTPYKLMH Ha
HarnpsiKeHHOo-1epopMupoBaHHoe coctossHie B3C mnpu MecTHOM KpydyeHHH
BEpPXHero mosca.

5. BelmeseHbl U 3KCIEepUMeHTAbHO HCC/Ae0BaHbl OCHOBHBIE (DAKTOPBI,
00yCJIOBJIUBAIOLIME CHHKEHHEe MeCTHbIX HanpsixkeHHH B B3C npokaTHBIX Mpo-
(unel B cpaBHEHMH cO CBapHBIMK (IIPH paBHBIX HOMHHAMBHBIX PasMepax Mmos-
ca U CTEHKH):

— BBIKPY>KKHM TIPOKaTHOro AByTaBpa (TaBpa);

— (paKTHYeCKUX OTKJOHEHHUH TOJILUH 31eMEHTOB CeYeHHs OT HOMUHA/b-
HBIX 3HAYEHUH.

Kpome BrilIenprBeeHHBIX 3a/a4 B npolecce 06paboTKH U aHa/IM3a dKC-
NepUMeHTaNbHbIX TaHHBIX OblIM MOCTABJAEHbl U pelleHbl P pacueTHO-Teope-
THUECKUX 3aad. Bo-mepBblX, pacyeTHbBIM METOLOM OLIEHEHO BJIHUSIHHUE BBI-
KPYKKHA TIPOKATHOrO TPO(UIST HA TeOMeTpUUYeCKHe XapaKTePUCTHUKH Mosica

MOMEHT HHEDLUHMH TNpPH BEPTUKAJIbHOM WM3rHGE W TNPH YUCTOM KDPYUEHHH).

116



Bo-BTOpBIX, TeopeTHUECKH HCCAENOBAHO pacrpejieieHHe KOMIIOHEHT Hamps-
JKeHWH 0T MecTHOTO Kpydenus mo Beicote B3C. B pesyabTate monydeHo am-
MPOKCHMHUPYIOIee BbIpaXKeHHe /Il OTMCAHNSI U3MEHEHHUS 10 BBICOTE CTEHKH
TJIaBHOTO KOMIIOHEHTA HAIPSKEHHH O, , 8 TAKXKe BblpaXKeHHe st KO3 PULm-
€HTAa, MT03BOJISIIOIIEr0 IPOBOAUTh KOPPEKTHUPOBKY IKCIIEPUMEHTANbHBIX 3HAYe-
HUW HanpsKeHUH /151 ONpelesieHHs UX 3HAaUeHUH B pacyeTHOM CeueHUH.
B-TpeTbHX, TeopeTHUECKH TOJY4YeHO BbIpaKeHHWe [Js1 onpenesneHus: dddek-
THBHOHW BBICOTBI CeUeHUSs [BYTABPOBOU OaJKU C TepeMeHHOH TOJIIIUHON CTEeH-
KU M, [JIS1 BBHIYMCJIEHHS «XaPAKTEPUCTHKU pPacrpeleseHnusi» CTeHKH L.
[TocnenHsiss XxapakTepUCTUKA UCMOJNb3YeTCs B BbIPAXKeHUM /IS OMpeaeeHus
TEeOpeTHYECKUX HalzmeeHHﬁ O, B-4eTBepThIX, /15 OLEHKH BJMSIHUS haxTu-
YeCKUX OTKJIOHEHWH TOJIIMH 3JIEMEHTOB OT HOMUHAJbHBIX 3HAYEHUH MTPOBeJie-
HBI IeTaJbHble U3MEPEHHUS U aHaIU3 (PAKTUUECKHX TOJIIINH CeUeHUH MoJesel.

Jst vcnbiTaHUA OBLIM 3aPOEKTHPOBAHBI U U3TOTOBJEHbl B MHAYCTPHA/b-
HBIX YCJOBHSIX IIeCTb MOJeJeH MOJKPAHOBBIX 0AJOK TPeX KOHCTPYKTHBHBIX

dopm (puc. 1, a):

a) BM BMN2 BT1 BT2 BC1 BC2
Tasp n3 30LL1
172 200 ° 200 ©
200 ol NG @ % = 199
0 O3 S C# = G e <
S o o @ il 200 , < >
> | = N N w © T—T -
td , A —
o] 85 ; Ol | 1= 6.0
ol<60l 2|¢ 885 013 glgl L =l T\ $lg
ML S| ® © 58 1 82 I S
8,8 N 8,15 , NI
| E L ] C 1 C 1 L ] |
o
soun/ @ 2 | 8] k10 = 10} o) L1680} o) |1ss)
3561 a
1-1
TouKM NPUNOXEHNA HArPy3Kn ; 20,5 (ana b1, 6T1, BT2)
15 (ans Br2)
6) K KRKRKNK KN KN KPP ||
P4 P5 P6 P7 P8 P9 P10 P11*(P11™)
(P4) (P5) (PE)PT) (PB) (P)(P10'T [P11+(P11=) N
PILLPTTY o
1 — N
PITLPTT) gf
300 | 225 |150[150]150] 225 |150(150 o1 e
3000 AN )

600 450 300 300 300 450 600
3000
5 400
Jlnert t=2
40 1 75x6

AA

Bont M14, war 300, knacc npoyHocTn 8.8
(MomeHT 3akpyumBaHusa 210 Hw)

Puc. 1. 9KCHepI/IMeHTaJIbeIe MOJeJIU MOAKPAaHOBBIX 6aJloK

@ — pasMepsl TIONIepedHbIX ceueHni (cpeHecTaTHCTHIECKHE TI0 Pe3y/IbTaTaM 3aMepoB); 6 — pasMelleHue
PO3ETOK TEH30PE3UCTOPOB; 8 — CXeMa PAaCIOJIoKeHHs pebep KeCTKOCTH; & — TOPMO3Hasi KOHCTPYKLHS
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— W3 mpokKaTHBIX AByTaBpoB: BIIl M3 mpoKaTHOro MIMPOKONOJOYHOTO
nBytaBpa 30L1 u BI12 u3 npokaTtHoro 6asnounoro aBytaBpa 35bl1 mo CTO
ACUM 20-93; cramp C245 mo 'OCTy 27772-88";

— C BEPXHHUM TI0SICOM M3 ILHPOKOIOJOYHBIX TABPOB, H3TOTOBJIEHHBIX ITy-
TeM pocrycka mupokonosoynoro asytaspa 3011 mo CTO ACUM 20-93:
BTl ¢ HOMUHAIBHOU TOJIIMHONA CTEHKH-BCTaBKHU ¢, = 8,0 MM, paBHOH HOMH-
HaJIbHOW TOJIILIMHE CTEHKH MOSICHOTO TaBpa; B Monesau BT2 TosumHa cTeHKH
BCTaBKM yMeHbllIeHa J10 {, = 6,0 MM, mpy coXxpaHeHHH 0O11el BbICOTH CTEHKH;
HOMHHaJ/IbHasl BbicoTa cedyeHns Mofeau BbT1 npeseiana seicoty mopesnu BII1
B 1,53 pasa;

— B BHUJIe CBapHOTO [BYTaBpa, UCIOJb3yEMbIX B KauecTBe MOAEJNeH-3Ta-
nouo: BC1 u BC2; HomuHanbHble (MPOEKTHBIE) reOMeTPUUECKHE Pa3Mepbl
nosica u creHKH Monesnnd BC1 cooTBeTCTBOBAIM HOMUHAJNBHBIM pa3Mepam Mo-
nesu BIT1 (mo CTO ACUM 20-93); HoMUHANbHbBIE Pa3Mepbl 31EMEHTOB Ceue-
Husi Mozen BC2 Oblmu GJM3KM HOMHHAJbHBIM padmepam monesaun BII2.

Bce monmenu umenn panny 3000 MM, onopHble pebpa BBINOJNHSIUCH U3
aucta 10 200. 3HaueHns yCJOBHOU M'MOKOCTH CTEHKH [Jisl BCEX MOJeJseH He
npesblany 2,2 endHUb. [Ipu 3TOM B cooTBeTCTBUH C [6] He Tpebyercs yk-
PerIsiTh CTEHKY TNPOMEXYTOUHBIMU peOpaMH KeCTKOCTH. TakuM 06pasom,
IPOMeKyTOUHble pefpa KeCTKOCTH C KPeIJieHHeM K OCHOBHOMY CeUeHHIO IPH
MOMOLIX 60JITOB NPUMEHeHbl B KauecTBe 3/JeMeHTOB, pasrpyxawomux B3C ot
JIEeUCTBUSI MECTHOTO KPYTSlIero MoMeHTa. B cTeHkax mopeseldl 6asok Obliu
MpeLyCMOTPEHBl OTBEPCTUS JIS1 KPEIJIeHUSI ChbeMHbIX peGep »KeCTKOCTH MpPH
nomoiy 60aToB M12 Kacca npoyHocTH 8.8 ¢ MpeBapUTENbHBIM HATSIXKEHHU-
em M, =110 Hwm (puc. 1, 8). Boatel M8 3aTAruBaiuch «0T pyKH». ¥ CTaHOB-
KO pebep B pa3inyHbIX KOMOMHALMSIX 11O AJHHE MOJEJeH MOoJMyUeH WHPOKUN
psin 3HaueHWH AuHBI 0TcekoB cTeHKH: 300, 450, 600, 900, 1050, 1350, 1650,
1950, 1800, 2400 u 3000 mm.

AHanu3 OTKJIOHEHNH (PaKTHYECKUX TOJUIMH CEYEeHUN MOeIel OT
HOMHMHAJBHBIX 3HaueHUU. OnHUM U3 (DaKTOpOB, obecrneyuBaroLmx Gosee
HU3KYyI0 Harpyx)eHHOCTb B3C mpokaTHBIX mpodusier, HeoOXOMUMO CUHTATh
OTKJIOHEeHHE (DAKTHUUECKHUX TOJILIHUH 3/71€MEHTOB CeUeHHs OTHOCUTENbHO HOMH-
HaJIbHBIX pa3MepoB B 6OJIbILYI0 CTOPOHY. Jl1si H3yueHHUst 3TOro GakTopa rnepen
UCTIBITAHUSIMHU OBLIO TIPOBENEHO H3MepeHHe (PaKTHIeCKHX TOJIIMH JUCTOBOTO
U (pacoHHOro Mpokarta 3/JeMeHTOB CedeHHH Mopesel. VMamepeHus npoBoau-
JIUCh C MCIOJb30BaHHEM YJIbTPa3ByKoBoro ToqirHomepa A1207 ¢ morpeurHo-
ctbio uaMepenui * (0,005¢ + 0,1 MM) ¢ 1y61MpOBaHHEM H3MEPEHHUH [ITaHIeH-
uupkysaem (tounocts 0,05 mm). Onpenesenre (pakTHUECKOTO paauyca Bbi-
KPYKKH Jesanoch 1o ciaenkaM. O6Mep cJeNKOB BbINOJNHSICS C TOYHOCTbIO
0,1 mm. Basarue cienkoB npousBoausoch ¢ marom 300 MM BAOJb BepxXHEH
kpoMmku Monesneu BIT1, BI12, BT1, BT2 ¢ nByx cropon crenku. Ha puc. 1, a
NIpUBEJIeHBl CPeHNe 3HAUEHHUS PAJHYCOB BBIKPYXKKH, TIOJyUeHHbIE 0 Pe3yJib-
TaTaM CTaTHUCTHUYECKOU 00paboTKHU NaHHBIX OOMEpOB.

AHanu3 pe3ysbTaTOB U3MEPEHHUH MOKasas cjenyroliee. ToMIIHUHBL JTUCTO-
BOTO TPOKATa, COCTABJSIONIEr0 CeUeHUs] CBAPHBIX MOJEJEH, COOTBETCTBYIOT
tTpe6oBanusM [OCTa 19903-74: Bce 3HaueHHs 3aMepPOB HaXOAUJIHCDH B TIpejie-
JlaX CTaHAAPTHBIX AOMYCKOB; KO3(D(PULUHEHT BapualUUy 3HAYeHUH H3MepeHHH
He npesbian 3%; cpelHeCTaTUCTHYECKHE 3HAYEHHS TOJIIMH OT/JIHYAIUCh OT
HOMHHa/bHBIX. [Ipuuem dakTuueckre (CpenHue) TOMIIMHBI TTOSICOB CBAPHBIX
Mojie/Iel OTJIMUAMUCh OT HOMHHAJ/IBHBIX B MEHBIIYI0, @ CTEHOK B OOJBIIYIO CTO-
pony. Tak, dhakTudeckasi (cpenHsist) TOJIIMHA JUCTA ¢ HOMUHAJIBLHON TOJILIM-
HoU 6,0 MM cocTaBJasiaa 6,15 mMm.

[TpuHUMNHANBHO MHblE pe3yJ/bTaTbl MOKa3aJd 3aMepbl TOJIIMH MpOKaT-
HBIX IByTaBPOB U TaBpoB. Ha puc. 2 mpencTas/ieHbl pe3yibTaThl 3aMePOB TOJI-
IIMH 3J1IEMEHTOB TOMePeYHbIX CeYeHHH MPOKATHBIX ABYTaBPOB MOJEJEH B ce-
penvHe mpoJieTa. BHIHO, YTO CTE€HKa B IMOMEPEUyHOM CeYeHHH HMeeT (Hopmy
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Puc. 2. ®akTruecKue TOJIIMHBI MOSCOB U CTEHKH MPOKATHBIX ABYTABPOB 3KCIIEPUMEHTA/b-
HBIX MOJeJiel B cepeluHe MpoJieTa

a — BITI (nByrasp 3011); 6 — BI12 (nBytasp 3561); = — — KOHTYp N0 rpaHULAM NOMyCKa;
YeCKHi KOHTYP CeueHMsl; —— HOMHHaMbHBIH (POeKTHBIH) KOHTYp ceueHust

(hakTH-

rajTesy ¢ yBeJUUeHHEM TOJLIUHbI NPU NPUOMHKEHUH K BBIKpPYXKKe. 3Haue-
HUS TOJILIMHBI CTEHKHU B MecTe Mepexofia K BBIKPYKKe MpPEeBbILIAIOT BEPXHIO0
rpanuiy gomycka Ha 1,5—11%. [1pu 3ToM npeBbllIeHHe OTHOCUTEIbHO HOMM-
HaJIbHOU TOJIIHHBL focTUraeT 25 % . Besnunta oTKIOHEHUS 3HAUEHUH paIuy-
ca BBIKPY?KKH OT HOMHUHAJIbHOTO He persiaMeHTHpyeTcs cTaHaaptamu. PakTu-
YeCKHH paiyc BHIKPYKKH B npokaTHoM npoduie 3011 (monenn BIT1, BT,
BT2) npu HomuHanbHOM 3Hauenuu 18,0 mMm npunuman sHadenue ot 18,0 1o
27,5 MM, T.e. ObI He MeHee HOMHHAJBHOTO. ¥ mpokaTHoro mpoguis 35b61
(baKTHUECKUH pajuyc MPUHUMAJ 3HayeHUs oT 13 no 25,5 MM npu HOMHHAJb-
HoM 14 mM. Jlnsl 3HaueHUH paauyca BBIKPY2KKH MPOKATHBIX ABYTaBPOB MOJY-
yeHO HauboJblIee 3HaYeHHe Ko3(pduuuenTa Bapuaurd — 13 % . OTKI0HeHHS
TOJIILMH TOSICOB MPOKATHBIX NMPO(UIeH He MpPeBbIlIaNd MpeaesbHO IOMYyCTH-
MBbIX 3HaYeHUH.

AHann3 0coOeHHOCTel MepexoaHbIX 30H B CBapHBIX M NMPOKAaT-
HBIX npo¢guasax. [Ipy npoBeneHNH pacyeToOB MPOYHOCTH M BHIHOCIHBOCTH
B3C noxkpaHoBbIX 6a/OK HCMOIb3YIOT MOHSATHE «pacyeTHasi KPOMKa». YcTa-
HoBJsleHO [1], uto pacueTnas kpomka B B3C cBapHBIX 6a/0K pacnoJoxkeHa B
FOPU30HTANBHOM CeYeHUH, POXOSIIEM 110 TPaHHULe Tlepexoja MeTasla Mosic-
HOTO 1IBa K OCHOBHOMY MeTaJ1y cTeHKkH (puc. 3). B mpokaTHoM mpoduae pac-
yeTHasi kpomka B3C pacrnosioxkeHa B rOPU30HTANBHOM CEUEHHUM IO IPAHHUIE
BBLIKPYXKKH 1 cTenkH [1, 2]. CpaBHuBas reomeTpuueckye mapamMeTpbl 30HbI Ie-
pexofa OT mosica K CTeHKe CBapHOT0 M MPOKATHOro mnpouier, Heo6XOANMO
OTMETHTb JIBa acnekra. Bo-nmepBrIX, cyllecTByeT 3HAUHTEbHAS Pa3HHULA pac-
CTOSIHUS OT HHKHEH KDOMKH T105iCa 10 PaCYeTHOM KPOMKH /1,: B 00LLEM Cllydyae
B 5KCIIEPMMEHTA/IbHBIX CBAPHBIX MOAENAX A, = 4=7 MM; B 3KCIIe€DHUMEHTaJlb-
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6) '

TeH3opesuncTop 17 ‘.TI\\

_TeH3opesuncTop

L tw tw
Puc. 3. Oco6eHHOCTH MepexoHbIX 30H OT Mosica K CTeHKe B cBapHbIX (a) U B MPOKaTHBIX
(6) mpodusx

HBIX MPOKATHBIX IPH HOMHHA/bHBIX PasMepax BBIKPYXKKH A, = 13—22 mM; npu
OTK/JIOHEHHSAX FeOMeTPUYeCKHX NapaMeTpoB MPOKATHBIX MOJeNel A, 10CTHra-
eT 3HaueHnd 27—28 mM. B axcniyatHpyeMbix cBapHbIX 0OanKax 3TOT pasMep
cocraasieT 8—16 MM, a B npokaTHeIX 16—30 MM 1 6oJ/iee IpU BO3MOXKHBIX OT-
KJIOHEHHUSIX paauyca BBIKPYKKH B OOJBIIYIO CTOPOHY.

Bo-BTOpBIX, (hakTHUECKHE pa3Mepbl TeH30pe3rucTopoB (6asa b MM, AKHHa
noaoxkku 10 MM) He MO3BOJISIIOT pasMellaTh UX reoMeTPUYEeCKHH LIeHTp He-
MOCPEJICTBEHHO HA YPOBHE PACUETHON KPOMKH CTeHKH (Touka P Ha puc. 3)
KaK B CBAaPHBIX, TaK U B TMIPOKATHBIX MOAE/SAX. TakuM 06pa3oM, MpH KCIepPH-
MEHTAJIbHBIX HCC/IeJ0BAHHSAX PETHCTPUPYIOTCS Ae(OpMALK B CEUeHHH, pac-
T0JI0’KEHHOM HECKOJIbKO HHXKe pacueTHOH KPOMKH CTeHKH. B 3aBHCHMOCTH OT
pa3MepoB TEH30pe3UCTOpa LIEHTP JATUHKa pa3MellaeTcss Ha 5—9 MM HHxKe
pacuyeTHOU KpoMKH. [y onpenenenust nehopMaluil U HaNpsKeHWH B pacyeT-
HOM CeYeHHM HeOOXOAMMa KOPPEKTHPOBKA 3SKCIEePHMEHTA/bHBIX JAaHHBIX,
ompefie/IeHHBIX B TOUKE HaKJIeHKH TeH3ope3uctopa. [lisi mpoBeleHHsT TaKOH
KOPPEKTHPOBKH HEOOXOAMMO 3HATb 3aKOH M3MEHEHHs] KOMIIOHEHT MECTHBIX
HanpsKeHWH MO BBICOTE CTEHKH. [l/1s1 3TOro ¢ MCMo/b30BaHUEM MeTola Tepe-
MeLIeH I W PeLIeHHH TEOPHH YNPYTOCTH B OXHHAPHEIX TPHTOHOMETPHYECKHX
psanax [7] Gb1 ycTaHOBJIEH 3aKOH H3MEHEHMsI HampsKeHHH G, O BbICOTE
CTEHKH 1151 6e3pebepHOro caydast. AnnpokcuMalnel pe3y/IbTaToOB CEPUH BbI-
YUC/IeHUH Oblla YCTAaHOBJEHA 3aBHCHMOCTB!

(fg) =Cp My (1)

rae ny— HarpsKeHud B pacquHofﬁl KPOMKE;

(y) .
O}, — HamnpsXKeHHs Ha PACCTOSIHMH Y OT PACUeTHOH KPOMKH.
_03y
0,42
n, =e S (2)

(3)

rae L — XapakTepHUCTHKa pacrnpesesenus cedeHus 6anku (B popmyne (2) yu

L B cm). Kak Gyzmer mokasaHo mosxe, MoJydeHHasi 3aBUCHMOCTb JOCTATOUHO
YCIIEIIHO OMHCBhIBAET U Pe3yJ/JbTAaTbl 9KCIIEPUMEHTA U B [IaJIbHteIHIGM HUCIIO0JIb-
30BaHa Ipu O6pa6OTK€ IKCIIEPUMEHTAJJNbHBIX JAHHbIX. B 9KCIIEPUMEHTAJJbHBIX
CBapHBIX MOJIRJIAX ¥/ = 8 MM M KOPPEeKTHPYIOLMHA KOI(PPHULUHEHT I/ 3THX MO-
nened cocrasaser M, =0,936.

V3BeCTHO, YTO H3rHOHbIE HAMPSXKEHUsI B TOHKHUX IMJIaCTHHKAX (HaanMep,
B CTEHKE MOIIe.HeI/I 6aJ'[OK) BeCbMa «HYBCTBUTEJIbHbI» K USMEHEHHUIO 3Ha4YeHUH ee
TOJILIUHBI. HO9TOMy pu O6pa6OTK€ IKCIEePUMEHTaJ/JbHbIX NaHHBIX HeO6XOILI/IMO
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y4ecTb ellle OIUH acrekT. [JoBepXHOCTb MPOKATHBIX NPOoQUIeH B MecTe Mepexo-
Jla CTeHKHU K BBIKPYXKKe HMeeT HepOBHBIU pesbed. 15 obecrneueHns kKauect-
BEeHHOU HAaK/IeMKH TEH30Pe3UCTOPOB He0OXOAMMa UIIM(OBKA MOBEPXHOCTH.
B pesysbraTe MOAroTOBKM MOBEPXHOCTH TOJILMHA CTEHKU B MeCTe HAaKJIEHKH
TEH30Pe3UCTOPOB HECKOJIbKO MEHbllle «HETPOHYTOU» TOJILIMHBI CTEHKH Ha 3TOM
ypoBHe KpOMKH. JIoKa/lbHOe yMeHblleHHe TOMLIUHbl CTEHKH BHOCHT MOTPeLHO-
CTH B pe3yJbTaThl TeH3oMeTpupoBaHus. [Ipennosaras pacnpeneneHue U3rUoO-
HbIX HaNpsKeHWH MO TOJIIMHE CTeHKU 10 3aKOHY IJIOCKUX CeUeHHMH, 3Ty IOo-
TPELIHOCTD MpefJaraeTcs ydecTb BBeleHHeM KOPPeKTHPYIOLIero KospguimeH-
Tamn, =t,; / Lp» TH€ by, ; — TOJIIIMHA CTEHKU B MECTe HaK/eHKH TeH30Pe3UCTopa

nocJje 00pabOTKH MOBEPXHOCTH; £, ; — TOJILMHA CTEHKH Ha YPOBHE HaKJCHUKH
TEH30Pe3UCTOPOB. TakuM 006pa3oM, KOPPEKTHPOBKA IKCIEPUMEHTANbHBIX 3Ha-
YeHUH HaNpsKeHUH Agis pacueTHOH KpoMku B3C npoBoauiack mo dopmy.ie

G(fz) =G My M- (4)

Oco0eHHOCTH HaNPAKEHHO-Ie(OPMUPOBAHHOIO COCTOSHUSI
BEepXHeH 30HBI CTEHKH B 0e3peOepHOM ciayyae 3arpyxeHus. AHAIU3
npeAeJbHbIX HANPSIKEHUA Sty BespebepHblil ciyuan 3arpyKeHus aBTo-
pbl paccMaTpHUBalOT Kak 6a30BblH, M03BOJISIOLIMHI H3YUUTh XapaKTep B3anMO-
IeUCTBUS TMOsica U CTEHKH MPU MECTHOM KPyUEHHH T05ica B «9UCTOM» BHIE
6e3 «BMellaTeJbCTBa» B paboTy pedep KeCTKOCTU. PesynbraThl HacTOSIIEr0
JKCIIEPUMEHTA B LEJIOM TOATBEPIUIN XapaKTep pacrpeleseHrss KOMIIOHEHT
HanpskeHuid no aiuHe B3C 6e3pe6epHbiX Moje/el, ONMcaHHbIk B padoTe [8].
[TonpoGHee ocTaHOBUMCS Ha CPaBHUTEJNbHOM aHa/IM3e MAaKCHMAJbHBIX 3Haue-
HUH [JIABHOTO KOMIIOHEHTA HANPSKEHUH O ;, B LIECTH HCCIENOBAHHBIX MOJe-
J51x. B cBogHOM Tabsnue U Ha puc. 4, a IpelcTaB/eHbl 3aBUCUMOCTH KCIIePHU-
MEHTaJIbHBIX MaKCHMaJbHBIX 3HAaUeHHH Hanpspkenud o;, 8 B3C B cepennne
OTCEKOB OT PacCTOSIHUSI MeXay pebpaMu >KeCTKOCTH BO BCEM HCCJIENyeMOM
nvana3oHe uaMeHeHus. [IpuBeieHBl SKCTIepUMeHTa/IbHbIe 3HAUEHHUST HaTPsKe-
HUH npu cocpenotodeHHoM MomeHTe M; = 10000 Kr-cM, CKOppeKTHPOBaHHbIE
IJIs pacYeTHOM KPOMKH 1o dopmyJe (4). 3aryxawumi xapakrtep 3aBUCHMO-
CTH O, OT wara peGep NPOC/IeKUBAETCS /s BCeX Mojesed 6anok. [1pu Bos-
pactaHuu 1ara pebep 10 ONpeaeseHHON BeJIUYMHbI HANPSKEHHUS OT MECTHOTO
KPY4YeHHSs TOCTUTalOT CBOETro MpefiesIbHOTr0 3HaUeHHsl U 6oJiee He BO3pacTaloT:
0;,= const =0 ,. MareMaTH4eCKH IKCIEPUMEHTANbHAS 3aBUCHMOCTD Ha-
NpsKeHUH oT wara pebep MOXKeT OMMUCHIBaTbCS (DYyHKLMEH, M3MeHsIoleHcs
MO 3aKOHy TrurepGoMyecKoro Tanrenca 6, =6, , th(f(a)), uto nonrsepxma-
eT KOPPeKTHOCTb paHee MOJYYeHHBIX TEOPETHYeCKHX pesynbratos [9].

OKcnepuMeHTaNlbHble JaHHble CBHIETEJbCTBYIOT, YTO HANPSKEHHS O,
JNOCTHTAIOT MpefebHOro 3HadeHus yxke npu a = 1800 mm. B stom cayuae
6anka paboTaeT mo cxeme 6e3pebepHOU: pedpa He yUaCTBYIOT B BOCIPUATHH
KPYTSILIEr0O MOMEHTa — BeCb MOMEHT, MPHUJI0KEHHBIH K TOJIKe, BOCTIPUHUMA-
eTest TO/IbKO CTeHKOM. B 4 Moznessix npu a = 1800 MM HanpsikeHus G ;, Obliu
naxke Heckoabko (Ha 0,4—6,8% ) BbIle, yeM npu a = 3000 MM. DTO MOXKHO
00BSCHUTb Pa3zdpoOCOM 3IKCIepUMEHTAJbHbIX NaHHbIX.

BuaHo, 4T0 mpeesbHble HANPSKEHHUS O, , B IPOKATHBIX MOLEJISX CyILe-
CTBEHHO HHKe, UeM B CBApHBIX aHaJjorax: B npokaTHo# monenu BII1 mo cpas-
HeHMIo co cBapHou BC1 oHu HMKe Ha 21%, a B momesu BII2 mo CPaBHEHHUIO C
BC2 na 24%. IlokasaTe/ibHble BBIBOAbI MO3BOJISET Cle/NaTh CpPaBHeHHe pe-
3y/JIbTaTOB HUCIBITAHUNA MOJeNeH ¢ ONMHAKOBBIMM XapakTepucthkamu B3C u
nosica, Ho pa3HbiMH xapakrepuctukamu ctenku: BIIl, BT1, BT2. B monenu
BT ¢ 6osiee BbICOKOH CTEHKOH Mpejie/ibHbIe HANPSKEHUsI Oy, , CHU3UJIMCh Ha
14% mo cpaBHenuto ¢ BIIl. B momenu BT2, umeroieit 6o/iee TOHKYIO CTeH-
Ky-BCTaBKy 1o cpaBHeHMI0 ¢ BT1, nmpenesbHble HanpsiXKeHUSI CHU3UJIUCD ellle
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Puc. 4. Pe3ynabTaTel 00paG0OTKH 3KCIepUMEHTA/bHBIX JaHHBIX
a — 3aBUCHMOCTb 3KCI€PUMEHTaJJbHbIX HaHpH)KeHHIU/I 03 OT PacCTOAHUA MEXIYy pe6paMH
KECTKOCTH (= — — ypOBeHb MpeAeNbHbIX HAMpPSKEeHUH Gfay,u; —— aNnpOKCUMHUpYIOLIAs
KpHBAs 110 3aBUCHMOCTH G 7, = Gjy,u'th(kla'a/lef,f)é 6 — 3aBHCHMOCTb IKCIIePUMEHTANBHOTO
3HaueHud yC./'IOBHOl:I JUIAHBL pacrnpenesieHus KpyTALero MOMeHTa l@f,f OT XapaKTePHUCTUKH
pacrnpesiefienusi L; Touka co 3nauenueM l;= 86,6 uckiouena us o6paboTKu

Ha 14%. Takum 06pas3oM, sKCHepUMeHTalbHble JaHHbE MOATBEPXKAAIT 06-
LIMHA XapakTep B3aUMOAEHCTBUS 3JeMEHTOB CUCTEMbl MOSIC — CTEeHKa: yeM
HHXKE «[OTOHHash» (1Mo BbICOTE CeYeHHs) UMIMHAPUYIECKast XKeCTKOCTh CTEHKH
(ipu paBHOM KPYTHJIBLHOH XKeCTKOCTH M0sICa), TeM HHXKe Tpeje/bHble Harmps-
XKeHHs Oy, .

ITOT XapakTep B3aUMOJEHCTBUS TeOPeTHUYEeCKH MOXKHO OMHUcaTb C HC-
M0/1b30BAaHHEM PacYeTHOH MOJe/H MECTHOro U3rnuba cTeHKH OajnKy B BUIE yC-
JIOBHOTO LMJMHAPHYEcKoro usruba [9]. B sTom cayuae BeipaxkeHue st Hau-
GonbiuKx (MpenesibHbIX) HAMPsKEHHUE Ha YPOBHE pacyeTHOH KPOMKH B Ge3pe-
OepHOU OaJike 3aMMChIBAeTCs B BHIE

M, 6M, 1

Otyu = T : (5)
Werr  te Loy
Lo te .
rne W,; ; = 6 YCJIOBHBIH MOMEHT COMPOTHUBJEHHUS CTEHKHU OalKu Ha
YPOBHE pacyeTHOW KPOMKH;
l,;; — YyCJOBHas NJMHA pacnpeesieHust MECTHOTO KDYTSIIEro MOMeHTa B

CTeHKe 0aslKM Ha YpPOBHE PacyeTHOH KPOMKH.
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CBogHasa Tabauna 3KCIEPUMEHTAJbHBIX MOKa3aTeJeu

Mogenb pgéi;, Lw.ep: hor | L, L, 0?!(/!/)’ y ; 0?!/’ lgfvf’ e,
N MM MM o M MIla MITa cM
300 43,3 0,87 50,8
450 68,7 0,87 80,6
600 73,7 0,87 86,4
bIT1 900 9,7 | 228 |17,02| 20,6 94.7 0,98 0.87 1111 51,9 | 2,52
1800 103,3 0,87 121,2
3000 104,7 0,87 122,8
300 68,7 0,99 70,5
450 98,1 0,99 100,6
600 114,9 0,99 117,8
bI12 900 6,2 | 296 | 6,10 | 27,5 1487 0,985 0.99 152.5 86,6 | 3,15
1800 175,7 0,99 180,2
3000 170,8 0,99 175,2
300 54,7 0,96 58,7
450 69,1 0,96 74,2
600 81,3 0,96 87,3
bT1 900 9,8 [376*|15,44| 24,8 | 93,0 | 0,97 | 0,96 99,9 | 554 | 2,23
1350 97,9 0,96 105,1
1950 105,0 0,96 112,8
3000 98,3 0,96 105,6
300 42,2 0,98 44,6
450 56,8 0,98 60,1
600 . 72,7 0,98 76,9
bT2 900 9,4 [522" (14,96 30,7 80.4 0,97 0.08 85.0 72,5 | 2,36
1800 89,1 0,98 96,7
3000 86,4 0,98 90,9
300 62,0 0,96 68,7
450 80,4 0,96 89,1
600 102,3 0,96 113,4
BbCl1 900 8,2 | 257 |11,34] 23,0 195.9 0,94 0.96 1395 57,8 | 2,51
1800 139,3 0,96 154,4
3000 138,8 0,96 153,8
300 79,4 1,00 84,5
450 113,1 1,00 120,3
600 143,2 1,00 152,3
bC2 900 6,0 | 313 | 6,08 | 29,7 181.6 0,94 1.00 193.2 724 | 2,44
1800 215,2 1,00 | 228,9
3000 216,5 1,00 | 230,3

* T}
[TpuBeneHbl 3HaueHUs] (PUKTUBHOM BHICOTHI CTEHKH. B paMke MakcHMaJbHble 3HaYeHHs
Tpeie/IbHBIX HATIPSKEHUH O 4.

B pa6otax [9, 10] Ha ocHOBe TeOpeTHYECKOTO PELIeHHs U CEPHH PACYETOB
MK3 nokasaHo, 4TO yC/JI0BHAs AJIMHA PACTIPENeNeHH S [,; ; TPSIMO TPOMOPLKO-
Ha/lbHa XapaKTePUCTHKE paclpeleseHus:

Lis-h
ly;=c-L=c ng (6)
Ly
rae ¢ — K03(PUIMEHT MPONOPLUHOHATBHOCTH.
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[TousiTHe «XapaKkTepUCTHKa pacrpejeeHus» BBeneHo B pabdore [9] u or-
paxkaeT «pacrpeje/nuTe/bHble» KauecTBa M05Ca U CTEHKH U KOJHUYECTBEHHO
3aBUCHUT OT OTHOLIEHHS KECTKOCTH Ha KpydyeHHe Mosica K «[IOrOHHOM» LUJIHUH-
JIpUUeCKOH XKeCTKOCTH CTeHKHU. HeM Bhillle 3HaueHUe L, TeM Ha GOJBbILIYIO AJH-
HY CTEHKH pacrpeessieTcsi MECTHBIH KPYTSIMA MOMEHT, MPHUJIOXKEHHBIH K
nosicy.

JI1s1 IpUHATON TeopeTHYeCKOH MOJeIN XapaKTepUCTHKA paclpeaeseHus
L v x03p(hHLMEHT ¢ ABIAITCA 6a30BbIMM N0Ka3aTeasaMu. B pabote [9] Ha oc-
HOBe MPUOJNHKEHHOTO TEOPEeTUYECKOTo pelleHHs] 3HadeHue KodphuuueHTa
¢ = 2,11. Wcnonb3ys BelllenpuUBeNeHHbIE 3aBUCUMOCTH, MOXKHO YCTAHOBHTb
JKCIIepUMEHTAbHOE 3HAUEeHHe YCJOBHOH [JIMHBI pacripelesieHns KPyTSLlero
MOMeHTa Ha ypOBHe pacueTHOHW KPOMKH:

6M,
Lo g Zﬁ, (7)
Oyl

U 3KCIIepUMEeHTaJJbHOE 3HaueHHe Ko3(p(pULUHUEeHTa C:

=L (8)

5 .
L

B 3amac nosyyaembIX pe3y/bTaToOB B KaueCTBe Mpeae/bHbIX HAMPSKeHUH

G}, B hopmyJe (7) 6110 MPUHATO MaKCHMa/bHOE U3 3a(UKCHPOBAHHBIX IKC-

NepUMeHTaNbHbIX 3HAYEHHUH.

Ha puc. 4, 6 nokazaHa 3aBUCHMOCTb 3KCIIEPUMEHTA/bHBIX 3HAUEHUH yC-
JIOBHOH JJIMHBI pacrnpefeseHUs] OT XapaKTepPUCTUKH pacrpeneseHus L, a B
TabJiule NpHUBeieHbl 3HAYEHUS ¢, MOJYYEeHHble HA OCHOBE JKCIepUMeHTallb-
HBIX IaHHBIX 10 popmyie (8). [Ipu onpenenennn [ ; B popmyie (6) 3Haue-
HUS TOJILMHBl CTEHKH NMPUHHMAJHCh MO pe3yJbTaTaM oOMepOB KPOMKH Ha
YpOBHE HaK/JeHKH TEeH30pPE3UCTOPOB, a XapaKTepUCTHKA pacrpenesneHus L
onpepessisach ¢ y4eToM (PAaKTHUEeCKUX TOJLIUH T0SCa ¢ YUeTOM BBIKPYXKKH U
UCII0/Ib30BaHUEM (PUKTUBHOH BBICOTHI CTEHKH AJSI MOZeJeH C MoscCaMd U3
TaBpOB:

3
By =Eh, g=g((1_g)2+(1_g)+1)+(1‘of), (9)
3
rie p=—21; o = s , 31echb g ., t, . — BBICOTA W TOJIIHHA CTEHKH I0SC-
w w,T
HOTO TaBpa;
tys — TOJIIMHA CTEHKH-BCTABKH.

BunHo, 4TO mpakTHUUeCKH /151 BCeX MoJeJied 3HAUeHHUS YCAOBHOU JJTUHBI
pacrnpenesieHlst XOpOIIO «yKJIaiblBAKTCs» Ha oaHy mpsamyio [, =240L, a
3HaueHHs Ko3(h(hHUIMEHTa ¢ HaXOAATCS B IUanasoHe ot 2,23 no 2,52. MckJo-
yeHHe M3 3TOro psma coctaBuna mMogeab BII2 (¢ = 3,15), 4To MOXKHO 0OBsIC-
HUTb MOTPEIIHOCTSMH 3KCIepUMeHTa U U3 JasbHeHlled oOpaboTKU HCKJIIO-
YUTh KakK BbIOpoc. Takum o6pa3oM, MoJydeHHbIe TaHHblE SKCIIEPUMEHTA CBH-
JEeTeNbCTBYIOT 00 YHUBEPCANbHOCTH MPUHSATON PACYETHOH MOJE/H, a UMEHHO
0 BO3MOKHOCTH €€ UCIIOJb30BaAHHUS JIJIs1 ONpelie/ileHUs] HalpsoKeHHUH OT Kpyde-
HH$1 BO BCeX HMCCeyeMbIX KOHCTPYKTHBHBIX (DOpPMax MOAKPAHOBHIX 6aloK: U3
MPOKATHBIX ABYTABPOB, C IOSICAMM M3 TaBPOB M CBapHHIX. DBoJjiee BbICOKOE
CpefHee 3HaUeHHe JKCIePUMEeHTaNbHOro Koa(duuuenrta ¢ = 2,40 no cpaBHe-
HHUIO C TeOpPeTHYeCKHUM, noaydeHHbIM B [10], ykasbiBaeT Ha Lesecoo6pasHOCTb
YTOUHEHHUS] TEOPETHUECKOH PACUeTHOU MOJEJIH.
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YIK 624.131

A. M. KAPAYVYJIOB, kaHja. TexH. HayK, nou., A. A. CBIIIBIKOBA, nuxk. (CuGup-
CKMU TOCyJapCTBEHHBIA YHHBEPCHTET myTel coobuenus, r. HoBocubupck);
A. A. KY3HEIOB, ra. uaxk. (OAO «Crpoiusbickanusi», r. HoBocubupck)

IKCIIEPUMEHTAJIbBHBIE NCCJENOBAHUA BEJINYHHDBI
M 3IIIOPbI NIPEAEJBHOI'O JABJIEHUSA
KOJIBIIEBOI'O IITAMIIA HA IVJIMHUCTOE OCHOBAHHUE

[TpuBeseHBl pe3y/IbTaThl MOJMEBbIX OMNBITOB [0 ONpeeJ]eHHI0 pejeJbHOM Harpy3KH U 3I0-
pbI IPeJIesIbHOTO JaBJeHHsl KOJbLEBbIX LITaMIOB PAa3/HYHbIX PA3MePOB Ha CylecuaHoe OCHOBa-
HMe. ¥ CTaHOBJIEHbI XapaKTep 3MI0Pbl IPeJlesIbHOTO 1aBJAEHHUS U ONbITHAS 3aBUCHUMOCTbD I1pe/e/lb-
HOHM Harpys3ku OT BeJMYMHBbI BHYTPEHHEro paauyca KoJjblla IIPH HEM3MEHHOH ero LIMpHHe.

DKcreprMeHTa bHBIM HCCIEI0BAHUAM HeCyllel ciocOOHOCTH TPYHTOBBIX
OCHOBAHHH MOCBSILIEHO 3HAYUTeJbHOe KOoJUuecTBO NyOsukauuu. [Iupoxoin
M3BECTHOCTBIO Noab3yloTces onbiThl [1. JI. EBnokumosa [1], B. . Bepesanuesa
[2], YO. H. Mypsenko [3], A. I1. KpusopoTosa [4] u 1p., nocssiteHHble onpe-
JeNIEHUI0 TIPeIeTbHOTO NaBJEeHUS KPYTJIBIX, KBAAPATHBIX M IMPSIMOYTOJbHBIX
¢yHnameHTOB Ha ocHoBaHue. B onbiTax 0. H. Myp3aenko u A. I1. KpuopoTo-
Ba yCTaHaBJ/MBaJlacCh TakxKe (popMa 3MIOPHl MPeeNbHOr0 JaBJAeHHs, UTO Tpej-
CTaBJ/IsIeT 0COOBIM MHTepecC, MOCKOJ/bKY M03BOJSeT CYAUTh O TPaHC(OPMALUU
KOHTAKTHOTO [1aBJIeHHS M0 MOAOLIBe (hyHAAMEHTa B IpoLecce YBeJUUeHHs Ha-
rpy3Kd. Pe3ybTaThl NOAOOHBIX IKCIIEPUMEHTOB AAI0T BO3MOXKHOCTb 0O0CHO-
BAaHHO KOPPEKTHUPOBATb TEOPETHUECKHE METO/IbI OMPeie/eH s TIpeieTbHOH Ha-
TPy3KH (YHIAMEHTOB Ha OCHOBAHHE.
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B HacTosilee BpeMst ocTaeTcsl HEIOCTATOYHO BhISICHEHHBIM BOIPOC O TIpe-
IeJIbHOM JaBJeHHUH KOJIbIIeBbIX (DYHAAMEHTOB Ha OCHOBaHHe. B To e BpeMsd
KOJIbIIEBble (DYHIAMEHTBl HAXOHSIT NOCTATOYHO IIKPOKOE MpPUMEHEeHHWe IJIsi
KPYTJIBIX B IJIaHe COOpPyKeHUH. HekoTopble onmbiThl ObLIM MPOBEAEHB Ha Tec-
YaHbIX IPYHTAX B JJaGOPATOPHBIX YCJIOBHSX C TIPUMEHEHHEM IITAMIIOB MaJlbX
pasmepos [5, 6]. PesysbraThl 3THX OMNBITOB MOKa3ajH, 4TO C yBeJHYeHHEM
BHYTPEHHEr0 pajauyca KoJblla CpefHee JaB/JeHHe Ha IecyaHOe OCHOBAHHE
¥MeeT CHaya/ja TeHIEHIHMIO K yBeJuueHuto (IpU MaJbiX 3HAYEHHUsIX BHYTpPEH-
HEero paamyca), a 3aTeM yMeHbIIaeTCsl U CTPEMHUTCS K OCTOSIHHOH BeJMYHHE.
YKaszaHHOe yBeJMUeHHe CPeIHEero NaBJeHHs MPH MaJjblX BHYTPEHHHX OTBEp-
CTHAX KOJblla CBfI3aHO, Mo onpenenenuio B. I'. ®enoposckoro [7], ¢ addex-
TOM HeNpOAaBIHUBAHUS.

J1s panmpHeHIero M3ydeHUs Xapakrepa aeOPMHPOBAHHS OCHOBAHHS
Kpyrsoro hyHaamMeHTa HeOOXOAUMO OblIO TPOBECTH IOJIEBbIE OMbITHI, B TOM
qucJie Ha TJIMHACTBIX TPYHTAX, C UCIONb30BAHHEM KOJIbIIEBBIX MITAMIIOB G0JIb-
IIMX pa3MepoB. Taxkue OMBbITH OBLIM BBINOJHEHBl, U Pe3YJbTaTbl 3TUX OMNbITOB
MPUBOISTCS B NaHHOU CTaThe.

Hrak, uccnenoBanach Hecyllasi CIOCOOHOCTb OCHOBAHMS, CJIOKEHHOTO
CYTeChblo, TIPH BAABJHUBAHUM B HETO CIELHAJbHO M3TOTOBJEHHBIX KOJBIEBBIX
IITAMIIOB Pa3/HYHBIX PasMepoB ¢ MJoIaAbio moxoiisel 0T 707 1o 3534 cm?.
B ombITax MCMOMb30BaMUCh KPYTJIbIA MITAMI PagdycoM 15 C¢M U KOJblLEeBbe
IITAMIIbl C BHYTPEHHUM 7, U HapyKHbIM 7, pallyCaMH CJeyIOLHUX pa3MepoB:
r,=4cmur,=19cm,r,=10cmur, =25 cm, r, =30 cm u r, = 45 cm. [lupuna
KOJIblIa Y BCEX LITAMIIOB COCTaBJsIa 15 CM.

[TosieBble 3KCIEpPUMEHTBI NMPOBOAMIUCH Ha CTPOUTENBHOH IJIOLIaKe MO
ya. Jlexxena B r. HoBocu6upcke B oktsiope 2007 r. B kauecTBe ombITHOTO 10-
JIMTOHA MCIOJ/b30BAJ0Ch POBHOE THO KOTJIOBaHA, Pa3pabGoTaHHOrO IJIs COOpPY-
JKeHUs1 (PyHIaMEHTHOH 4acTH BBICOTHOro 3naHus. CKuMMaemasi ToJlla MOA
[ITAMIIOM Oblyia TIpeCTaB/IeHa TBEPIOH CYTeChbl0 eCTeCTBEHHOTO CJIOKEHHUS C

<H

XapaKTepHUCTHKAMH: YleJbHbIH BeC rpyHTa ¥ =17,8 —, yne/bHoe cleneHHe
M

¢ =146 x[1a u yron BHyTpeHHero TpeHus ¢ =25,2°. [lapamMeTpbl MPOYHOCTH
CYIeCH ¢ U ¢ ONpele/siIUCh B KOHCONHUANPOBAHHO-IPEHUPOBAHHBIX CTaOUJIO-
MeTPHUECKHUX UCMBITaHUsIX. MeTonuKa OTIAeJbHOr0 MCIBITAaHUS 3aKJ/io4anach
B Harpy»KeHuH o0pasla rpyHTa BepTHKA/JIbHBIM JaBJeHHWEM BIJIOTh 0 Paspy-
IeHHs MIPU TOCTOSIHHOM OOKOBOM AaBJIEHHWH, T.e. NPH 3HAUEHUU MapaMmeTpa
Jlome g =—1.

[TepBas 1esb OMBITOB 3aKJOUATACh B ONpeieNeHUH NIpeebHON Harpys-

. P
KH Pu U CpelHeru BeJWYUHBI NPpeae/JIbHOTO AaBJeHUd p, :Zu (A — IIJIOILadb

TOMIOIIBBI KOJIBLEBOrO IITaMIa) B 3aBUCHMOCTH OT BEJIHYMHBI BHYTPEHHETO
panuyca KoJbla 7,. Bropas Le/b ONbITOB 3aK/1i04adach B PerUCTPALUHU 3TI0-
pbl HOpMAJIbHOU KOMIIOHEHTHI MIPeIeIbHOTO AaBAeHUS 110 IIHUPHUHE KOJbLA.
OmnbiThl MPOBOAUIUCH C HCIHOJMb30BaHHEeM TexHHUeckod 6asznl OAO
«Crpoitussickanus» r. HoBocubrpcka. O6umi BUA ONbITHOM MJIOLIAAKH TTOKa-
3aH Ha puc. 1. McnbiTaTenbHbll CTEHA PEACTABIASAI COO0H CBAPHYIO MeTaJIHU-
4ecKylo KOHCTPYKUHIO (pamy) ¢ yrnopHo# 6anko# / W miomankaMu 2 /s 3a-
rpy304HblX MaUT 3. KosbleBol mwramn 4 ycTaHaB/AMBAaJCS Ha BBIPOBHEHHYIO
MJIOLIANKY C MTeCYaHOH MOATOTOBKOU TOIIMHON 2 cM. Harpyska Ha KosblieBoH
mITaMI co3faBajack ruapaBandeckum pomkpatom JI-100. Mexny momkpa-
TOM W YTIOpPHOHU 6anKo¥ Haxonu/cs koMmrneHcatop. lltammn TiiaTesbHO MPUTH-
paJsicsi K OCHOBAHMIO U TOPU30HTAJNBHOCTD €ro M0J0KEHNUS KOHTPOJIUPOBAIACh
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Puc. 1. O6wMHA BUI HCIBITATEJNbHOH yCTaHOBKH

I — pama ¢ ynopHo# 6aJKol; 2 — MJIOIaAKa [JIsl 3arPy304YHBIX IJIUT; 3 — 3arpy-
30UHble IUIUTHI; 4 — KOJIbLEBOH LITAMII

YPOBHEM, a LEHTPaJbHOCTb MPUJOKEHHUS HArpy3KH — OTBecoM. BepTukaib-
Hble MepeMelleH s [ITaMIa PETUCTPUPOBAIUCH B TPEX TOUKAX Mporubomepa-
mu Aucroa 6 [TAO JIMCH.

Hcnpitanus mramna Ha BIABJIUBAHKE MTPOBOJUINCH METONOM peslaKCalyH.
Harpyxenune ocyuectsasioch cryneHnsmu ot 5 1o 10 kH B 3aBucumoctu ot
pasMepoB LITaMMNa K cTaauu onbita. [Ipy npubimnkeHUU K npejie/lbHON Harpys-
Ke BeJIMUMHA CTyTeHed yMeHblnanack 10 2 kKH. Ha kaxno# cTyneHu BbloepKu-
BaJ0OCh BpeMs YCJOBHOW cTabu/IM3alrH AedopMaluuid U COOTBETCTBEHHO Mpe-
KpallleHHsl CHHXKEHHS] Harpysku. 3a NpefiebHYI0 HArpysKy NMpHHUMAasach Ha-
rpyska, IpH KOTOPOH Ocagka pe3Ko Bo3pacTaja MpH HEH3MEHHOM [aBJIEHHH.
JI1s1 mTaHHOTO OCHOBAHWS, TPENCTABJIEHHOTO TBEPAOW CYIEChIO, 3TO YCJIOBHE
NPOSIBJSJIOCh JOCTATOYHO SIPKO, YTO MO3BOJISIJIO HANEXKHO PErHCTPHUPOBATh Be-
JUYMHY paspyluamliel Harpy3ku. Mamepenue npeneabHON Harpy3ku ocyllecT-
BJISIIOCH C TPEXKPATHOU MOBTOPSIEMOCTBIO.

Ha puc. 2 noxasaHel rpadukd 3aBUCHMOCTH OCaiKH OCHOBAHUSA S OT
Harpy3ku P, MOCTpPOeHHble [0 OCpPeJHeHHbIM AaHHBIM. B Tabsauue npuse-
JeHbl BEJUYMHBl TPeIeJbHOTO AaBJeHHS OMBITHBIX MITAMIIOB Pa3/JHUHBIX
pasMepoB Ha cylnecuaHoe OCHOBaHHe. Kak B ombITax ¢ KOJbLEBBIMU LITaMIa-
MU Ha NecYyaHOM OCHOBaHHWH, TaK U B Ha-

0 50 100 150 P, kH
Odert vl vyt 1L CTOSIIIMX TTOJIEBBIX UCCJIEIOBAHUSX HMeeT
5] P | MEeCTO CHHXKEHHE CPeJHEero MpeaesbHOro
1, N | JaBJIeHUs] C YyBeJIMUeHHeM BHYTPEHHEro
10 NN i pamuyca Kogbla. DPHeKT yBeJrueHus
15 3 N i
20 22 AR\ i IpenensHbIe HATPY3KH Ha CylmecyaHoe
251 17 32\ & ! OCHOBaHHE KOJIBIEBBIX HITAMIIOB
3 | po | B | e
353 ! 75, A, xkH | klla
] I I 2
404 1 ! M M Onpit c
sl I I [l I enHee
; 1 2 3 .
S, MM ¢

0 |706,8| 53 62 55 | 57 | 806

pe3yJ/ibTaTaM OTBITOB 4 | 1084 | 67 72 73 71 | 654
I — xpyrabii wramn; 2 — ry =4 cM; 3 — rg = 10 | 1649 | 82 90 96 89 539
=10 cM; 4 — ry = 30 cM (KoJIbleBEIe [ITaMITB) 30 | 3534 | 132 | 141 | 140 | 138 | 390
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Puc. 2. Tpaduku ocanka — Harpyska o




Puc. 3. Annapartypa /sl U3MepeHHs] HOPMaJbHOTO NaBJEHUS B TPYHTE
1 —Mecno3nl; 2 — MUIMaMIIepMeTp; 3 — aBTOHOMHBIM OJIOK TMHTAHHS

npeneJsibHoro AaBJieHHsI MPU MaJblX BHYTPEHHUX paguycax 34eCb He ObLI 3a-

(DUKCHPOBaH.

Jasee, 15 n3MepeHUsi KOHTAKTHOTO AaBJEHHS M0 MOJOIIBE KOJbIEBbIX
LITaMIIOB HCIIOJb30BaJJMUCh NATUHUKHU OJaBJEHHUA — MECIO03bI ], PErucCTpUpyto-
mas anmnapatypa — MHJUIMAMIEPMeTp 2 W aBTOHOMHBIA OJIOK MUTAHUs —
GaTapeliku moctosinHoro Toka 3 (3 Bosbra) (puc. 3). Anmaparypa /st usme-
pEeHHs NaBJeHHUs OblIa MOATOTOBJEHA W TMPeJOCTaBJIeHa IJIsi MPOBENeHHs

p, klMa
700
600:/ <
500 2
400- r/—o\o\
3 h
1 == PR~~~ _
300 L= AN
] 3a
200 p—=0===o=—0=—o0=
::_O 36
1004 " C=—-ox—o==7"
3B
I I I I
0 3 5 8 12 15

b, cm

Puc. 4. OmnbITHBIE 3TIOPHI IPeLEIbHO-
ro [aBJIeHHS KOJIbLEBOTO LITamna Ha
OCHOBaHHe
I —rg=4cem; 2 —ry=10cm; 3 —
rs =30 cm
Tpancdopmarust sMOpel KOHTAKTHOTO JaB-
JIEHHS ¢ POCTOM HArpy3KH JJIsl LITaMmma J:
3a — 0,25 py; 36 — 0,5 p,; 38 — 0,75p,,
(p,— npenenbHast Harpyska)
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onbiToB corpynuukom HWJI «[eosorus, oc-
HOBaHMS U (yHIAMEHTHI, 3eMJISTHOE MOJIOT-
Ho» CIVYIIC 2. A. CamM0/1IeTOBBIM.

Mecno3bl ycTaHaBIHBAIUCh Herocpen-
CTBEHHO IOJ MOJOLIBOM LITaMNa M pacrnoJa-
rajJucb B paaudajbHOM HarpaBJeHUH PaBHO-
MepHO 110 LIMpPHHe KoJbla. Ha noske koJsbla
15 cM LIMPUHOH pa3MeIlasoch MSATbh JATUH-
KOB JIaBJIeHUs] 1uameTpoM 2 cM. Mexny nat-
YUKaMHU JaBJEHHS U MTOJOIIBON LITaMMa Obli1a
ycTpoeHa OydepHasi MPOCJOHKa CyXOro Mbl-
JIEBATOTO TeCKa TOMIIMHON 1 cM. dto obecre-
YMBaJI0 HANEeXKHYIO Mepefady NaBJeHHS Ha
JIaTYUKU U COOTBETCTBEHHO YCTOHUHUBBIE pe-
3yJbTaThl U3MepeHui. [IpenBapuresnbHo Mec-
103bl OBbLIM MPOTapUpOBaHbl B 6apokaMepe ¢
y4eTOM TeMIlepaTyphl U BeJUUYHUHbI HarpsKe-
HMS aBTOHOMHoOro 6Jsi0ka nutanus. [lepen Ha-
rpy2KeHHeM LITAMIIOB PerHCTPUPOBANUCH Ha-
YasibHble TOKa3aHHsl NAaTYHUKOB.

B pesysbrare mnpoBeneHHSI ONBITOB IO
B/IaB/JIMBAHUIO KOJBLEBbIX LITAMIIOB B TpYyH-
TOBO€ OCHOBaHHe C M3MepeHHeM KOHTaKTHO-
ro 1aBJsieHHs Obljia yCTaHOBJ/EHa (hopMa 3IIo-
pbl HOpPMaJIbHOHM KOMIIOHEHTBI Mpefie/IbHOro
nassenus. Ha puc. 4 nokasaHbl ONBITHbIE
SMIOPbl TIPENENbHOTO NABJEHHUS IS KOJbLe-



BBbIX LITAMIIOB Pa3/HuHbIX padMepoB. CjeayeT OTMETHTb, UTO XapaKTep 3IMI0p
TNpefieIbHOTO 1aBJeHUs /15 KOJIbLIEBOro (pyHIaMeHTa B paaualbHOM HarpasJie-
HUH TI0 [IKMPHHE KOJblIa B MPUHIIMIE MOBTOPSIET XapaKTep aHaJOTHUHBIX 3TIOP
IJ1s1 KPYTJIOTO M JIEHTOYHOTO (DYHAAMEHTOB, TOJYUeHHBIX /151 TleCYaHbIX OCHOBA-
Hui [3]. DTH smIOpBEI HMEIOT BBIMYKJIBIH XapaKTep ¢ MaKCHMAJIbHBIM 3Ha4eHHeM
B CpefiHeH yacTH wrtammna. [IpegenpHble Harpy3Ky, pacCudTaHHbIE MO KCIEPHU-
MeHTaJIbHBIM 3TI0paM, HE3HAYUTE/bHO MPEBBIIAIOT HHTETPANbHYI0 BEJIUYUHY
paspylIaoied Harpy3Ku, YCTAHOBJIEHHOW B OMbITE, YTO AOMOJHUTEJBHO MOJ-
TBePKIAET KOPPEKTHOCTh MTPOBEEHHBIX U3MepeHUH. B To ke BpeMst He0OX01u-
MO 3aMeTHTb, UTO OTIBITHI, IPOBeJ€HHbIe Ha CYTJIMHUCTHIX rpyHTax A. 1. Kpuso-
POTOBBIM, MTOKa3a/1 UHYIO (DOPMY 3MIOPbI NIPeeNbHOr0 1aBJAEHHS, BBITYK/IOCTb
KOTOpPOH MMeJ1a 06paTHOoe Hanpabjenve [4]. B 3To# cBA3KM 0TMETHM, 4TO MOJY-
YyeHHble 3/leCb JaHHble OTHOCSTCSI K ONeCYaHeHHBIM CYIecsiM, M0 CBOHCTBaM
NPUOIHKAIOLIMMCS K MTeCKaM.

B kauecTtBe npumepa Ha puc. 4 nmokazaHa TpaHchHOpPMALUs SMOPbl KOHTAKT-
HOTO NaBJIEHHs B TIPollecce yBeJaHdeHHUst Harpysku aust wrammna 3 (r, = 30 cm).

dniopa faHa Jjist TpeX CTaaud HarpyKeHus, coctapasionmx 0,25; 0,5 n 0,75 ot
npefieabHON Harpy3ku. Ha HayanbHOM 3Tare BBIMYKJIOCTb 3MIOPbl HE3HAUUTEb-
Ha W JIMIIb C POCTOM Harpysku ee opma nmpuoOpeTaeT xapakTep, CBOWCTBEH-
HBIH TIpele/JbHOMY NaBJIEHHUIO.

BriBoawbl. 1. [IpenensHas Harpyska KOJIbLEBOTO LITAMIIA HA CyMeCcYaHOe
OCHOBaHHE CHHWXKAeTcsl TPH YBeJWYEeHUW BHYTPEHHEro pajuyca KoJbla TpH
MOCTOSIHHOM ero IIUPHHE W CTPEMHUTCS K MOCTOSIHHOM BequuuHe. B oTinuue
OT OTBITOB Ha TeCUaHbIX TPYHTAX 3/1eCh He OblLI0 3a(DUKCUPOBAHO YBeJnYeHHe
npeaebHON HArpy3KW MPH MaJjoM paguyce LITaMIa.

2. dmiopa NpeNesbHOTO JNABJEHHS B PaaualbHOM CeYeHWH MO LIUPUHE
KOJIblla MMeeT BBIMYKJbIH XapakTep ¢ MAKCUMYMOM B CpeiHEeH YacTH KOJbla
(1711 pasMepoB LITaMIOB, MCIIO/JIb30BAHHBIX B OIBITAX).
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4 mapra 2008 r. Ha 79-m roay yuiesa u3
)u3Hu Banentnn MuxawnoBuu XpyneB —
OfMH M3 KPYIHEHIINX YyYeHbIX B 00/1aCTH
TEOPUH U TEXHOJOTHH KOMIIO3HULHOHHBIX
CTPOUTEJIbHBIX MAaTePHUAJIOB, 3aCJYKEeHHBIH
JlesiTeJib HAYKH ¥ TeXHUKU Poccuiickon Pe-
Iepalyn, TOKTOP TeXHHUECKHX HayK, Mpo-
(eccop, neUCTBUTENbHbIM useH Kuiuii-
HO-KOMMYHaJ/IbHOH aKaleMHH.

3AMEYATEJbHBIN YYEHBIW, NEJATOT, U30BPETATEJIb

B 1953 r., okoH4uB ¢ oTauuneM HoBOCHOUPCKHHE MHCTUTYT BOEHHBIX MH-
xkeHepos Tpancnopra (HUBUT), Banentun Muxaitnosuu XpyJses Hada/1 TPy-
JOBOU MyTh B JO/2KHOCTH MacTepa-cTpoutelisi, B 1956 r. mocTynus B acupas-
typy LUHHUHCK, B 1959 r. 3aumTua KaHquaaTcKyio, a B 1968 r. 1oKTOpcKyio
IWCCepTalru 10 NpobJeMe NOJTOBEYHOCTH KJEEHBIX CTPOUTE/IbHBIX KOHCT-
PYKLUHH.

C 1959 r. Banentun MuxainoBuu — COTPYAHUK 3anagHo-CHOUPCKOTo
¢unuana Akanemuu crpoutesbetBa ¥ apxutekTypbl CCCP, B 1971-1999 rr.—
3aBenyomni Kadenpon «[lomvMepHble W TEMIOU30MSLHOHHBIE MaTepHAaJbl»
HI'ACY. B nocsiennue ronsl oH pa6otan npodeccopom kadenpsl «CTpOUTENb-
Hble MaTepuasbl U CreluanbHble TexHosoruu» HoBocubupckoro rocynapcr-
BEHHOTO apPXHTEKTYPHO-CTPOMTE/bHOTO yHUBepcuTeTa (CHOCTPHH), YuTan
JIEKIIH 1T0 KOMITO3UIIMOHHBIM MaTepHasiaM CTYIeHTaM, MarucTpaHTaM U aclu-
pantam. Jlo nocaenHux nHed xusuu B. M. XpyneB noanep:kuBaj HaydHble
cBsi3u ¢ ydyeHbIMH Monroaun U 6biBiIuX pecny6ank CCCP — Ykpaunnsl, Be-
jgopyccun, JlatBuu, Y3b6exkucrana, Kasaxcrana, Kuprusuu.

OcHOBHOe HampaBJjieHHe ero Hay4HOU NesiTeJbHOCTH — pa3BUTHE Teo-
pUU U TEXHOJIOTHHM KOMIIO3ULIMOHHBIX MaTepuasnos. [lo 3ToMy HampaB/eHHIO
UM c(hopMHpOBaHa HayuHas ILIKOJa, CO3JaH KOMIJIEKC yuyeOHBIX AWCLUIINH
IJ1s1 TTIOATOTOBKH CTPOUTENEH-TEXHONOTOB COBPEMEHHON KBaNU(DUKALMH, MTOJ-
rOTOBJIeHB! 39 KaHAUAATOB U 6 TOKTOPOB TeXHUUeCKHX HayK. Cpenu ero yye-
HUKOB MHUHHUCTPbI, PYKOBOIUTEIN KPYMHBIX NPeANPUSITHH CTPOUTEIbHON HH-
LyCTPHH, DPYKOBOAHTENH BYy30B, 3aBelylollue Kadeapamu, npodeccopa H
IOLIEHTHI.

B cnucke Hayunbix TpynoB B. M. Xpy.ieBa 6osee 850 my6ukauumi, B ToM
yucse 89 KHUT — MoHorpaguH, yueGHUKOB, CIPAaBOYHUKOB, HOPMATHUBHBIX U3-
JaHUH 110 CTPOUTeNbCTBY, 60see 100 n306peTeHNH 10 MUOHEPHBIM T€XHOJOTH-
SIM. DTH pa3paboTKH HEONHOKpPATHO oTMeueHbl Mepansmu BJIHX, rpamoramu,
NoYeTHbIMM 3HakKaMu MUHBY3a. 3a UCII0/b30BaHUE eT0 H300peTEeHUH B HAPOI-
HOM XO35IUCTBE OH OTMe4eH HarpyiaHblM 3HakoM «KMso6peratesr CCCP».
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B. M. XpyJ/ieB BXOAU/ B COCTaB AMCCEPTALMOHHbIX coBeTOB Poccuu u
CHI, 6bu1 mpencenatesem Cubupckoro OTnesneHus Accouuaudy yuyeHBIX W
CIIELMATUCTOB B 06JIaCTH CTPOMTEbHOrO MaTepuanoseaenus (AYCCM), Go-
nee 30 ser cocrosa B penakuMoHHOM coBete Crpo#usmara, ObLI
OTBETCTBEHHBIM PEIAaKTOPOM, a 3aTeM YJE€HOM peaKoJIeruy XXypHana «M3sec-
THS BBICIIUX YyueOHBIX 3aBeneHu#. CTpouTenbcTBo». Ha mocty
OTBETCTBEHHOTO peJaKTopa XKypHaJja OH CII0COOCTBOBAJ PaCILIHPEHHUIO reorpa-
(UM HAy4YHBIX CTATeH; THPaXK JKypHa/Ja B 3TOT MEPHUOA AOCTHUTraT 6,5 ThIC. K-
gemmisipoB. B 1998 r. B. M. XpysieB Obl1 BKJIIOUEH B COCTAaB PEAKOJJIETHH
JKypHasa 060pPOHHOU NMPOMBIIIIEHHOCTH «KOHCTPYKIMU M3 KOMIO3UIIMOHHBIX
MaTepHuasoB». TecHble CBS3M y HEro CJ0XKHJINCH U C U3laTeNbcTBaMU «Bric-
was mkoJga», «Crporinsnar», «JlecHas NpOMBIILIIEHHOCTb», Il OBbLIW U3aHbI
MHOTHE ero y4eOHHUKM U MOHOTpaduH.

Banentun MuxaisoBuu opranu3oBaJ nposeneHue 28-mu BeecorosHbix u
MexnyHapoaHblX KOH(epeHIHH, CEeMUHAPOB, CUMIIO3UYMOB, TIPUHSJ yuyacTHe
6osiee uem B 130 HayuHBIX KOH(epeHUUAX. MHorue roael oH padorasn B [Ipas-
genun HTO Crpoitunayctpun 1 BXO um. 1. 1. MenneneeBa no HoBocu6up-
CKOH 00J/1aCTH.

B. M. XpyJieB nepcoHH(pUUMPOBAH B SHUUKJIONeAUH «CHOUPDb B JIULAX»
MexpernonanbHo# Accounanuu «Cubupckoe cornamenune» (2001 r.), BKaro-
yeH B cripaBoUyHUK AYCCM «KTo ecTh KTO B CTPOUTEJSBHOM MaTepHaIOBeIe-
uun» (2003 r.), B 2004 r. u3bpan B coctas HayuHoro cosera PAACH.

Hurepece Banentuna MuxainoBruua XpyJeBa He 3aMbIKa/JUCh Ha HaYyKe.
On xopowlo 3Ha/ M033MI0, KIaCCHUECKYIO JUTEpaTypy, IPEeKPacHO HUrpas Ha
TUTape U 1eJ, OblI TyLIOH 060U KOMIIAHHH BO BCeX perroHax ctpanbl. Obia-
nasi OTPOMHBIM Hay4YHbIM aBTOPUTETOM, HHUKOTJIa He HaBSI3bIBAJ CBOEro MHe-
HUSI, OIMHAKOBO YBa)KUTEJNbHO Y BHUMATEJbHO BBICJIYILUBAI U aKageMHKa, U
acnupanra. [TocnenoBarenu u yueHuku Banentrnna Muxaiaosuua npoaosizka-
I0T ero Hay4yHoe [eJ10 U TOPASTCS TaKUM YUuTeseM.

MAIIKHWH H. A., g-p TexH. HayK, npo¢., 3aBKadeapou
CTPOUTEJBHBIX MATEPHUAJNOB M CHELTEXHOJOTHUM
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HOBBIE HECYIIIUE CTPOUTEJIBHBIE KOHCTPYKIIUU
HA OCHOBE TOHKOCTEHHBIX OIIMHKOBAHHBIX
MNPODPUJIEN

PaspaGoraHHble KOHCTPYKIUHU cocToaT u3 C-o06pasHbix npoduiei (mosca 6anok)
¥ NpoPUINPOBAHHBIX JUCTOB (cTeHKH). CoeJMHEHUS 3J1€eMEHTOB KOHCTPYKIMH BBIIOJ-
HSIOTCS C IOMOIbIO BLICOKOIIPOYHBIX GOJTOB M cCaMOHape3aomux BUHTOB. Ha KoHCTpyK-
OHMHM [OJY4YeHbI MaTeHThl P®.

KoHCTpYKTHBHOE pemeHne MO3BOJSAET:

» mepeKpbiBaTh HpoJeTbl oT 6 mo 18 m;

» BO3BOJAMTH 3JaHUS Pa3JMYHOTO Ha3HAYeHNs U rabapUTOB B KOPOTKHE CPOKH;

» NPOU3BOAUTHh HM3rOTOBJEHHE KOHCTPYKIMH Ha CTPOMIIOIAIKE;

> oGecrednBaTh 9KOHOMUIO MeTajJa Ha MOKpbIiTHE 10 40% ¥ CHUKEHNWE CTOMMOCTH
or 15 o 35%;

> He NPOU3BOAUTH AHTUKOPPO3HMOHHYIO 3AIMTYy B TeYEHHE NECATKOB JeT.

O6GiacTp IpUMeHEeHHS:

IIpousBoacTBeHHBIE, CKIAACKHE U CEJIbCKOXO3SINCTBEHHBIE 3JaHUS; 3MaHUSA CIOP-
THBHOTO, TOPrOBOr0 Ha3HAaYeHMd; TapaXum M 3JAaHUSA TeXO0OCJHyKHMBaHHS TPaHCIOPTa;
HaACTPOURKHM (MaHCapAbl) CYNECTBYIOIMHUX KHUIbIX JOMOB; OXHO-, IBYX3TaKHbI€ JKHIbIE U
HEXUJbl€ 30aHUA.

MeTtoauKa pacyeTa NOATBEPKAeHA B X0J€e MHOTOJETHUX HaAyYHBIX HCCIEeN0BAHUI:

» TeOpeTHYECKHMMH pa3paboTKaMH, BKJIOYas YHCJIECHHBIE MCCJIEJO0BaHUS;

» MCNBITAaHUSAMHE GaJIOK C LEeJbI0 M3y4eHHns 0COOeHHOCTeN uX paGoThl (MpoBeaeHBI
HCHBITAHUS KPYMHOMAaCHTaOHBIX Mojeneil 6anoK mposgerom 3,2 M M HATypHOH OGaaku
npojerom 9 m);

> ONBITOM NPOEKTUPOBAHUHA, CTPOUTEJNBCTBA U IKCIIIyaTaluHu KOHCprKHI/Iﬁ.

ABTOpBI pa3padoToOK:

Kpouios U.U., kaua. Texd. Hayk, npo¢. (HFACY (Cubcrpun)),

Kpetunun A.H., accucr. (HTACY (CuGcrpun)).

630008, r. HoBocubupck, ya. Jleaunrpanckas, 113, HoBocubupckmuii rocygapcr-
BEHHBI apXUTEKTYPHO-CTPOUTENbHbIA yHUBepcuTeT (CubCcTpHH).

E-mail: ntio-ngasu@yandex.ru

Internet: www. sibstrin.ru
Tea./¢akc: (8-383)-266-28-89
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