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CTPOUTEJBHDBIE KOHCTPYKIIUU

YIK 624.012.45:620.169.1:620.193

B. H. MUTYHOB, kaua. TexH. Hayk, gou. (IleH3eHCKH# rocyaapcTBeHHBIN
VHUBEPCHUTET APXUTEKTYPbl M CTPOUTENbCTBA)

KOPPO3UY APMATYPBI
B TPEIIIMHAX XEJE30OBETOHHBIX KOHCTPYKIIUHA
B T'A30BO3IYIIIHOM ATMOC®EPE
INPOU3BOJICTBEHHBIX 3[IAHUM

[TpencraBiieHbl pe3y/nbTaTbl HATYPHBIX U 9KCIePUMEHTaANbHBIX UCCJE0BAaHUN Kese300e-
TOHHBIX KOHCTPYKUHMH B ra30BO3JYLIHON arpecCUBHOU cpejie, CofepxKalllel KucJble rassl. [Ipo-
BeJleH TeOPEeTHUeCKHH pacyeT, ONpee/sioIMi Neproj 3aMoNHEeHUS MOJIOCTH TPELUHbl yrije-
KHCJIBIM Ta30M.

HnvtenbHas pabora xesne300€TOHHBIX KOHCTPYKLUHU B YCJIOBHUSAX arpec-
CUBHBIX BO3J€UCTBUU NPUPOAHBIX U TeXHOTEHHbIX CpejJ 00eCclneyruBaeTCs Co-
BOKYITHOM KOPPO3HOHHOH YCTOMUYHMBOCTbIO Kak 0eTOHa, TaK U CTaJbHOU ap-
maTypel. KopposnoHHasi cToiiKocTb GeToHa omnpenessieTcss 0COOeHHOCTSIMU
BO3/eHCTBYIOLLEN Ha HEro cpeibl, XUMUUECKOH pPeaKLUHOCIOCOOHOCTBIO €ro
COCTABJISAIOMKX (BSIKYILEr0 U 3AMONHUTESIS) U CTENEHBIO TPOHUIAEMOCTH.

B obuiem cydae BO3MOXKHOCTb KOPPO3UH CTAJH B TSKEJOM IJIOTHOM Oe-
TOHE Ha LIeJIOYHBIX BSIKYILMX, He COJAepPKallUX XJOPUI-UOHOB, ONpeaesseTcs
BesiurnHOU pH mopoBo# Bjaru B 6eTOHE, 3AEKTPOXUMUUECKHUM MOTEHIINAIOM
MOBEPXHOCTH CTa/NU U TeMnepaTypou. Besnunna pH 3aBucut ot Buaa u konu-
YyecTBa LleMeHTa U XUMHUYeCKUX 100aBoK. JluTebHAsS KOPPO3HOHHAS 3allUTa
CTaJbHOU apMaTypbl obecrieueHa MpU YCJAOBUH, ecau BeauuuHa pH > 12,5.
[Tpu nonmxenun 3Havdenuss pH 1o 9 u MeHee 3auIMTHOe AeHCTBHE IlieJ0Uel
6eToHa JUIi CTajbHOH apMaTypbl cHuxaercs [1].

DJIEKTPOXUMHUUECKHH MOTEHLHAJ SBJSETCS CBOUCTBOM KOHTAKTHON 30HBI
ctaib — 6eToH. OH 3aBUCHUT KaK OT BHJA CTaJbHOH apMaTyphl U cocTaBa Oe-
TOHA, TaK U OT a0COJIOTHOH BJIAXKHOCTU O€TOHA U OTHOCHUTEJbHOH BJIAXKHOCTH
razoo06pasHoOro BO3lyxa Ha MoBepXxHOCTH cranu [1].

B arpeccuBHO! BO3AYLIHON Cpelie TPOM3BOJACTBEHHBIX NMPEANPUATHH Tpe-
obsanaet yraekucasii ras (CO,). Ero konuentpauus B 100—1000 pas npeBbl-
[aeT KOHUEHTPALMIO IPYTUX KUCJBIX ra3oB, TAKUX KaK CEPHUCTBIA aHTUIPUL
(SO,), cepnniit aurunpun (SO;), ceposopopon (HyS) u cepoyraepon (CS,) [2].
CorsiacHo Hay4HbIM AaHHBIM [ 1—3], arpeccuBHOe BaMsIHME ra3000pa3HOK Cpe-
Ibl, cofleprKalllell IBYOKHUCh YIyIeposia, Ha »Kese300e TOHHble KOHCTPYKLHUH 3Ha-
YUTEJNbHO YCHU/IMBAETCS B MPUCYTCTBUH 3THX Tas30B.

Tpewrtsl B 6eToHe 06JervyaroT AOCTYM BHEIIHEH Cpefbl K MOBEPXHOCTH
apMaTypbl ¥ CIOCOOCTBYIOT BO3HMKHOBEHHIO U Pa3BUTHIO ee Koppo3uu. [Ipo-
HULIAeMOCTb TPELIMH 1/ KUCJABIX Fa30B HAMHOTrO Bblllle, yeM y OeToHa 6e3
TpellH. DPhHeKTUBHBIA KOIPDULUEHT TUDDY3UN YTJIEKHUCJIOT0 Ta3a B TPelllt-
He 6eToHa mKMpuHOH a, = 0,20 MM paBeH KO3 dULHEHTY TUPPY3HUH ero B BO3-
nyxe Deo, = 0,14 cm?/c. D10 Ha TpH MOPsiIKA BEILIIE, YeM B GeTOHAX CPelHei
maoTHOCTH [2].

B rasoBosayiiHoi BaaKHOU cpelie, He 3arpsi3HEHHOH CYILECTBEHHO a’po-
30/15IMM, Ha0/I01aeTCsl HeMTpanu3alys 6eTOHA He TOJbKO y CTEHOK TPEeLIMHH,
HO M B 30He HapylleHHs ero KOHTaKTa ¢ apMaTypoH BIOJb ee MOBEPXHOCTH.
ITo NOATBepKAAETCS Pe3yJ/bTaTaMU KCIePUMEHTANbHbIX UCCIeJ0BaHUH, T0-
JIydEeHHBIX TIpH 00C/IeOBAHWN HECYILUX »Kejae300eTOHHBIX KOHCTPYKUHUHA H
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JJIUTEIbHBIMU HCIBITAHUSMU CEePUH XKe/ie300eTOHHBIX 00pa3lioB Ha CBUHOBO-
yeckoM Kommiekce «Tamanuuckuit> B [lensenckoi obmactu [4].
l'azoBo3nywHas atMmocdepa 3gaHUSl XapaKTepu3yeTcsl MOBbILIEHHOH OT-
HOCHTEJIbHOH BJIaXKHOCTBIO Bo3ayxa 10 95%, comepkaHHeM aMMHaKa 0
0,020 wmr/a, ceposogopona no 0,015 Mr/;, KOHUEHTpauUed YIIeKHCJOro
rasa 0,3% o o6bemy. Hecyummu KOHCTPYKUMAMHU SBASIOTCS XKej1e300eTOH-
Hble 0JlypaMbl, U3rOTOBJEeHHble W3 OeTOHAa HOPMaJbHOH MPOHHUIAEMOCTH.

Pesynbratel 06cenoBanns kene300eTOHHBIX MOJYypaM MOKa3bIBAIOT OIl-
penessiollee BAUSHUE HA NOJATOBEYHOCTb KOHCTPYKLHH COCTOSTHUSI apMaTypPbl
13-32 ee KOPPO3HOHHOH COXPAHHOCTH. 3a 13 JieT sKCIyaTauuy 30aHUH Cpef-
Hee 3HaueHWe TJIyOUHBI KapOOHU3ALMWH 3AlIUTHOTO CJ0si O6eTOHA TOJIIIMHOU
30 mM coctaBugo 15—17 Mm. M3 o6cienoBanHbiX 86 mosypaM Ha OMMHHAMILA-
TH B 3alIMUTHOM cJioe 6eTOHa BHOJb apMaTypHbIX CTEpKHeU 3a(pUKCHUPOBAHbBI
TPOJIOJIbHBIE TPEIIUHBI ¢ pacKpeiTHeM 50 MKM U IyIHHOH GoJsiee 1 M, 4TO CBHUIE-
TeJbCTBYET O NPOTEKaHUHW KOPPO3UOHHOTO Ipollecca Ha apMmarype.

B rasoBosnylIHOM cpefe 9TOro 34aHMs NPOBeJeHbl AJUTe/bHble HCIIbITa-
HUS [IECTH kKe1e300€ TOHHBIX KOHCTPYKIMU Ha MPeAMET UCCeI0BaHUS UX He-
cylled crocoOHOCTH U KOPPO3UOHHOMW CTOMKOCTH. B KayecTBe OMBITHBIX 00-
pasloB UCMOJb30BaHbl HaNKH U3 TsXKeaoro OeToHa kKaacca B30 monmxkeHHON
nponunaemoctu ¢ pasmepamu 1500x200x 70 mm. B kauecTBe BsKYyIIEro Mc-
N0/1b30BaH CPeJHeaNIOMHUHATHBIA NOPTJAaHILEMEHT ¢ 3((eKTHBHBIM K03((hH-
ureHToM IU((Py3uu yraekucaoro rasa B 6etone D = 0,17x107* em?/ c. Tpu-
MeHslach pabouasi apmMatypa kiacca A-111, ¢ mapkon cranu 35I'C u nuamer-
pom crepxHst 12 M. TosmumHa 3amuTHOTO cjosi 6etoHa & = 30 MM.

OmnbiTHEIE 06pasLbl UCTIBLITHIBAIOT BO3AEHCTBHE MEPHOANUECKH H3MEHSIO-
IIeHCS HAarpy3KW ¢ MUHUMAaJbHBIM M MAKCHMAaJbHBIM YPOBHSIMH 3arpyKeHHs
coorsercTBeHHO 0,4—0,7 M,,,, U pexXUMOM NPH/IOKEHHUs Harpysku 14 cyr.
Harpyska mozenupyeT Bo3aelicTBHe CHera Ha KOHCTPYKLHHU B peasbHbIX YCJI0-
BHUSIX 3KCIIyaTauuu. McnblTaHus OMBITHBIX 00Pa3L0B MPOBEAEHBl HA CUIOBBIX
YCTaHOBKaxX. YCTaHOBKA pacCyMTaHa Ha OJHOBPeMEHHOe 3arpykKeHue IBYX
6a/loK Ha M3rub B yCJOBUSAX AJUTE]bHOTO BO3LEHCTBHUS CTyINEeHYaTO-MOBTOP-
HOU Harpysku W arpecCHBHOH cpenbl [5].

Jlns cTUMYJISIUMKM KOPPO3WH apMaTypbl B TpelIMHax OeToHa ee TMOBEpPX-
HOCTb B TeYeHHe IMEepBOro rofia MCIBITAHUH ONWH pa3 B CYTKH yBJaKHSAIACh
pacTBopoM. XUMHYeCKHH COCTaB pacTBOpa aHaNOTMUYeH COCTaBY XKHUIKOH cpe-
IIbl, TIOJIy4aeMO¥ B MpOLECCe KU3HeIesATeNbHOCTH XKUBOTHBIX. 2KuaKas cpena
COMIEPIKHUT 95,7% Bombl 1 4,3 % Cyxux BemiecTs (MOYEBHHBI — 2%, MOY€eBO#H
kucaotel — 0,05, Hatpui-uon — 0,35, kanuu-uon — 0,15, MarHUH-HOH —
0,04, xanbunid-uon — 0,06, xmopua-uon — 0,6, docdar-non — 0,27, cynb-
tdar-non — 0,78%).

[Tocsie BoceMHaALATH JIeT UCIIBITAHUS ABYX 06pa3lioB MOJYyUEHbl CJeIyio-
liMe 3KCIepuMeHTasnbHble pesynabratThl. LllHprHa MakCHMasbHO PACKPBITBIX
TpewuH .. = 0,160 MM npu BepxHeM ypOBHe 3arpy:KeHHs yBeJIWUMUJIach B
1,80 pasa, mpu HuxxkHeM — B 2,27 pasa. ZKecTKocTb 6ajoK MPH BEPXHEM H
HIDKHEM yPOBHE 3arpyKeHusi ymeHbluunach B 1,82 pasa. JlaHHble H3MeHeHUs
JKeCTKOCTH Y ILIUPUHBI PACKPBITHS TPEIIWH TPH BEPXHEM M HUKHEM ypOBHE
3arpy»KeHus 10Ka3blBAIOT BJAHSHUE POAYKTOB KOPPO3UH apMaTyphl Ha 3aKPbI-
THE TPELIHH.

YeTbipe 6asKu CHATHI C UCIIBITAHUH U TTOABEPTHYTHI Pa3pyILIEHHIO C OTpe-
JeNleHHeM WX HeCylled croco6HOCTH, B TOM UHCJIe 110 Ba 06paslia COOTBETCT-
BEHHO TI0CJIe UeThIPeX U IBEHALATH JIeT SKCIePUMEHTaNbHBIX UCTIBITAHUH.

[Tocsie nBenanuaty (deTbipex) JIeT UCIBITAHKS TIOJYUEHbl CJAEAYIOLIME Pe-
gyabrathl. [IluprHa MakcHMalbHO PACKPBITHIX TPelwHH a.. = 0,160 MM mpu
BepXHEM ypOBHe 3arpyxenus yseawuusach B 1,70 (1,60) pasa, mpu Hux-
HeM — B 2,14 (2,0) pasa. BesnunHa ecTKOCTH GaJloK MPU BEPXHEM U HUXK-
HEM yPOBHe 3arpykeHus ymenbiuuaach B 1,78 (1,70) pasa. Hecymas crnoco6-
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HOCTb KOHCTPYKLMH oKasasnach Bbime Ha 12% (10%) xonTposabHo#. [Tpuun-
HOH §IBJISIETCSl YBeJMUYEeHHEe MPOYHOCTH OeTOHA BCJEACTBHE BO3AEHCTBHS Ha
HEero ra3oBO3MYLIHOW Cpefibl C BHICOKOM OTHOCHUTEJbHOW BJIAXKHOCTBIO U pac-
tBOpa. [IpouHocTb GeToHA MpPH CKATHUM U3MEHUJIACh K KOHIY MCIBITAHUH C
31 mo 37 (35) MIla.

[Ipy ucnblTaHHUM CTepXKHEH apMaTyphl, U3BJEUEHHBIX U3 Ke/1e300eTOH-
HBIX 3/1eMEHTOB, UX paspylleHHe TPOUCXOIUJO M0 yYAaCTKaM KOPPO3HOHHOIO
nopaxenus rayounord 100—150 mxm. OfHAKO MPH 3TOM NPOUHOCTb aPMaTYPhl
MPaKTHYECKH COOTBETCTBOBA/IA MPOYHOCTH B COCTOSIHUM MOCTaBKH. [1yOnHa
KapOOHU3aLMU OeToHa B cpemHeM cocTaBuaa 10 (5) mm.

KopposuoHHoe nopaxeHue apMaTypbl B 30HEe TpeLIMH OeTOHA JIOKa/H-
3yeTcsl Ha ydacTke, AJMHA KOTOPOTO C yBeJHYEHHeM LIHPHUHBI PACKPBITHS
tpemrn no 0,27 (0,25) mm pocturaer 60 (50) MM ¢ muioLIanb0 KOPPO3UH
14 (12) cm?. Cpeansis ¥ MakcuMasbHas IyOMHa KOPPO3HOHHBIX 3B HA apMa-
Type B 30He TpelMH cooTBeTcTBeHHO paBHa 120 u 240 (70 u 150) mxm.

Ha BocemHannaToM roay HCNbITaHUS HA TOBEPXHOCTH OETOHA 3ALIUTHOTO
CJI0S1 B 30He UUCTOro M3ruba BIOJb apMaTypPHOTO CTEPXKHS OTMEYeHO T0sIBJIe-
HUe OT[EeJbHbIX BOJIOCSHBIX MPOJOJBHBIX TPELIMH C LIHPUHOW PaCKPBITUS
20—30 MKM, UTO §IBJISIETCS C/I€ACTBHEM NABJIEHUS NMPOLYKTOB KOPPO3HUHU CTAJH
Ha 3alIUTHBINA c0ou 6eToHa. PacnpocTpaHneHue MPOAYyKTOB KOPPO3UOHHOTO T10-
pakeHHs CTa/ld Ha MOBEPXHOCTH apMaTyphbl BIOJb CTEPXKHS MEX/IY TpelldHa-
MM MOXKET 0KasaThb pellaiolllee BJAMSHHE Ha JOJTOBEYHOCTD KeJe300€TOHHBIX
KOHCTPYKUMH M3-32 HapylLIeHHUs CLeNJeHUs] apMaTypbl ¢ OETOHOM.

Pesynbratel uccien0BaHUE OKA3bIBAIOT HEOOXOAUMOCTb MPHUMEHEHHS B
ra3oBO3IYIIHBIX Cpe/laX C aHAJOTHUHBIMH NTapaMeTpaMHi MUKPOK/JIMMATa JKeJle-
300€TOHHBIX KOHCTPYKUHHA C OETOHOM MOHUKEHHOU MPOHUIIAEMOCTH U A006a-
BOK — MHTHMOHTOPOB KOPPO3MH apMatypbl [6].

JIMTebHOCTD 3alLMTHOrO A€HCTBUS 6eTOHA B aTMOC(epe KHCJBbIX Ta30B
CO,, SOy H,S paccuutsiBaercst no ypaBHeHUSIM AH(QY3UH B ra3oBod (ase
6etona [2]. XKeneso6eToHHbIe KOHCTPYKLUMH B MPUCYTCTBUHM 3THX a3oB I10-
BpeXKJIal0TCs BCJIEICTBUE KOPPO3WH CTA/JbHOHW apMaTyphl Mocje HehTpasausa-
UMM 3aLIUTHOTO CJ1051 OeTOHA.

CorsacHo [2], a1 pacdera riy6uHbB KapOOHH3aLMK 6€TOHA MCMONb3YeT-
csl ypaBHeHHe repBoro 3akoHa Puka. B pesysbrare nosydena ciaenymolas 3a-

BUCHUMOCTD:
x=+2D,C. T/ m,, (1)

rie x — raybuHa kapboHu3auuu O6eToHa, cM, 3a Bpems T, C;

C, — KOHIEHTpALMs yIJIEKUCA0ro rasa (OTHOCHUTE/IbHbIE eIHHHIIbI);

Ds _ sdpekTrBHBIH Ko3(phHUKMEeHT AU(QPY3HH yraeKucaoro rasa, cm?/c,

XapakTepusyeT MPOHUIAeMOCTb KapOOHHU3HPOBAHHOTO cJjiosi GeTOHa;

My — peaklHoHHas Croco6HOCTb GeToHa (06beM rasa, MorIoaeMbli eIHHH-

el o6beMa 6eToHa, 3aBUCUT OT MMHEPAJbHOIO COCTaBa, pacxoja U CTeleHH

rMApaTalUK LEMeHTa, a TakkKe OT CTPYKTYPhl IOP LEMEHTHOTO KaMHs).
OnpenenvM pacueTHbIM MyTeM KoJudecTBO yriekucsaoro rasa (CO,),

KOTOpOe MOCTyNnaeT K IOBEPXHOCTH apMaTypbl C y4eTOM ero IMOIJIOLEeHUS

CTeHKaMH OeTOHAa TpelUHBbI.

[Ipenmnonaraercsi, 4To ckopocThb noctymiaennss CO, B 30HY TPEIINH SIBJIS-
eTCsl COM3MEPHUMOM CO CKOPOCTBIO IOTJIOLIEHHUS] ero 6eTOHOM CTeHKaMM Tpe-
mMHbL. BesencTBre 3TOro KOHLUEHTPAUUS YIJIEKUCIO0T0 Ta3a B MOJOCTH TPellH-
HBl MOXKeT OBITb B TeUeHHE IJIUTEJNbHOTO BPEMEHH HHU3KOU.

Hcnosnb3yem 3akoH n1udy3MOHHOTO TepeHoca ra3a B BO3AyXe IS Olpe-
JleleHUsl BpeMeHH NOCTHUKEeHHsI COOTBETCTBYIOLIeH OTHOCUTENbHOH KOHLEH-
TpalMu rasa B IOJOCTH TPELWH C MapajebHbIMA OeTOHHBIMH CTEHKaMH.
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I/ICXOI[HbIe reoMeTpruyeckue rnapaMeTpbl TPELIHWHbL: IKUPHUHA PACKPBITUA — 4.,

TOJILIMHA 3alIUTHOI'O0 CJI0s 6eToHa — , MJIKHA TPelIWHbl — L.
KosnuectBo YIJIEKHCJIOTO0 ra3a, MoCTYyMNarIlero B rIoJ0CTh TPEIIHH OeToHa:
QIZDB(CQ_ Cx)-aT-L T/ y (2)

rae D, — kosdppuunent mupdysuu CO, B Bosmyxe, cM?/c;
Cy — coep>kaHHe yrJeKUCJOro ra3a B Bo3nyxe (0THOCHTE IbHbIE eIUHHIIbI);
C, — colep:kaHue yIJeKUCJO0ro ra3a B MOJOCTH TPELIMHBl Ha TpaHuLe Kap6o-
Hu3aluK (OTHOCHTE/IbHbIE €IUHHIIBI);

— TOJILMHA 3alIUTHOTO CJI0sl OeTOHa, CM;

@, — ILUUPHWHA PACKPBITUS TPELLUUHBI, CM;
L — n/uHa TpelMHBI, CM;
T — BpeMsl NOCTYIJIEHHUS rasa B [0JOCTb TPELLMHBI, C.

KosmuecTBo yraekucsoro rasa (Q,), moraomaemMoro 6eTOHOM CTE@HKAMU
TPELIUHBL:
QQ = 2m0-x L
rae mg, x, L, — To xe, uto u B Qopmynax (1), (2).
[Tpeanosaraercs, uto Bee KoauuectBo CO,, MOCTYMAKOIIEr0 B MOJOCTh TPe-
ILIMHBI, TIOTJIOLIAETCS CTEHKaMH 6eToHa TpH Q) = Q. [Tonyyaem ypaBHeHHe
D(Co-C)-arL T/ =2mgx L . (4)
Pesysbrathl pelenusi ypaBHenus (4):
. D.(Cy -C,)a.T

2m 8> ’ ®)
(Co-C,)? = 82@’235‘ c,. (6)

[Tpumem 8262’;1(2)76:1 =K. Torna ypasuenue (6) umeer BuI
- (Co — Co)?=KC,. (7)

Pemenvie ypasnenusi (7) nmpu samaHHbIX 3HaueHHsiX K M03BOJISET I0-
JY4YUTb CJelyloline (YHKLUHOHA/IbHble 3aBHCHUMOCTH.

I[Ipu K; =0 > C,=Cyp 1pu Ky =0,2 > Cy, = 0,786 Cy;
npu K3 = 0,4 - C3, = 0,540 Cy; mnpu K4 = 0,6 — Cy4, = 0,470 Cy;
npu K5 =08 > C5x = 0,420 CO; npH KG =1-> C6x = 0,380 CO;
mpu K7 = 2,0 = C7, = 0,270 Co;  mpu Kg = 4,0 — C, = 0,170 Cy.
ITo popmyane (4) naxoaum Bpems (c), 3a KOTOPOe B MOJNOCTH TPELLMHbI T10-
Jydaercss coorBetcTBytomee K coornomenue C,/ Cy:
T = 8D6m084
D2a’K
PesysbTathl pacyeToB, BHIIOJHEHHBIX 110 (opmyde (8), ¢ ydeTom npuHs-
ThIX 3HaueHu#d m = 50, Dg = 1-107* cm2/c, D, = 0,14 cm?/ ¢ [1, 2] nokassiBa-
IOT, UTO MOBBIIIEHHE KOHLEHTPALMH YIVIEKHUCIOTO ra3a B MOJOCTH TPEIIHHBI
NPOMCXONUT TOCTENEHHO U TeM ObicTpee, 4eM GOJiblle MJIOTHOCTh GeToHa.
B 10 e BpeMsi HeGOJIblIMEe 3HAYEHHS] BPEMEHH, [0 CPAaBHEHHIO C HOPMATHB-
HBIM CPOKOM 9KCILIyaTalHu, JOCTHXKEHHsI COOTBETCTBYIOLIEH OTHOCHTENbHOM

KOHUEHTpAalKKU rasa Ino3BOJIAIOT CAeJaTb BbIBOA O UX He pelHaIOHleﬁ poJiki B
IKCIJYaTallMOHHBIX YCJOBUAX. 310 HeO6XOJII/IMO YUYUTBIBATH NMPU YCKOPEHHBIX
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9KCIIEPUMEHTAJbHBIX HCCIe0BAHUSX, Korna KoHueHTpauus Cy B HCIBITATENb-
HbIX KaMepax IOJJepKUBaeTCs HENPOLOKHTENbHOE BpEMS.

Haubosee TUMMYHBIM NTPeACTABUTENEM U3 KHUCJ/BIX Ia30B, KPOME YTJIEKHCIO-
ro, sIBJISIETCS YaCTO BCTPEUAIOUIMHICS B MPOMBILIIEHHOCTH, CEJbCKOM X03SHCTBe
¥ TIPUPOAHBIX yCJIOBUSIX cepHUCThIN anruapun (SO,). CepHUCTBIE Ta3, B3aUMO-
IEUCTBYS CO LLeJIOYHBIMH KOMITIOHEHTAMH LIeMEHTHOT0 KaMHs1 B 6eToHe, oOpasyeT
CyJIb(PUT-Cy/b(aT KajbLUsi, KOTOPbIA Majo pPacTBOPUM B KHUAKOHU (hase.

[To MexaHu3My BO3JeUCTBHUS HAa KOPPO3HOHHBIM NPOLECC CTANTHU CePHU-
CTBIM aHTHIAPHUL OTHOCUTCH K 3(P(HEeKTHUBHOMY HENOJsSPU3aTOPY KaTOLHOTO
npouecca. [loaTomy yxe Npu He3HAUUTEMbHOM comepxkaHuu SO, B Bo3myxe
Co=0,015% ero KoHLEeHTpaLKs B 371€KTPOJUTaX CTAHOBUTCS COM3MePHUMOH
C KOHIleHTpauued Kucaopona. Bmecrte ¢ tem Hanuurne SOy Mano U3MeHseT
CKOPOCTb TMPOTEKaHMUsI aHOAHOTO Ipoliecca Ha apmarype.

Jl1s sKcrneprMeHTa/lbHbIX HCHBITAHUH B YCJIOBUSIX IJHTENBHOTO BO3-
NeUCTBUSI CEPHUCTOrO aHTMIpPHAA Ha Keje300eTOHHble KOHCTPYKLHUH C I0-
NepeyHbIMU TpeIIMHAMH B 3alUMTHOM cJjoe 6eToHa OblIM HU3roToBJeHBl 20
(B Tom ymcse 10 KOHTPOJIbHBIX) XKe/1e300eTOHHBIX 0aJoK ¢ pasMepamu
2000%x200x70 mM. Mcnosib3oBaH 6€TOH MOBBILIEHHON MJIOTHOCTH. B KauecT-
Be pabouell apMaTyphl IPUMEHSJICH OJUHOUHBINA CTepKeHb [uameTpom 12 Mm
kiaacca A-111. Dajnku ucnbITbIBasM BO3IEHCTBHE IJIUTENbHO NEUCTBYIOIIEH
MOCTOSIHHON M3TUbalollled Harpy3kd, MOJe/JHUPYIOLIEH 3KCIIyaTalHOHHYIO.

JI151 npoBeeHNs UCTIBITAHHUS B arpeCCUBHOU ra30BOM cpejie pa3paboTaHbl
¥ M3TOTOBJIEHbI HArpy»Kalolye yCTaHoBKH [ 7] u nath rasoseix kamep [8]. B ox-
HOU KaMepe OJHOBPEMEHHO pacIoJiaraTcs yeTbipe o6pasua. banku ucnsiTel-
BaIOTCS B ra30BO3/YIIHOK aTMoc(epe ¢ KoHUeHTpauuei rasa 100 mr/m3. Ilo
CTeleHH arpecCHBHOTO BO3JeHCTBUSA ra3000pasHON cpefibl Ha Keje300eTOH-
Hble KOHCTPYKLMHM OHa OLleHMBaeTcsl Kak cpeaHearpeccusHas [9].

Beino/iHeHHBIN pacyeT ¢ y4eTOM BeJHUHHbI 3TOH KOHLIEHTPALKH U TOJLIH-
Hbl 3aIUTHOTO CJ0st 6eToHa = 25 MM MOKa3blBaeT, YTO MEPUOA A0 Hauaja
KOPPO3MOHHOTO Ipollecca Ha apMmaType I/ TPeLIMH C LIHPUHOHN PaCKPBITUS
0,1-0,2-0,3 MM cootBeTcTBeHHO coctaBasetr T = 50—10—5 cyrT.

PesysbraTel 3KCMepUMeHTaNBHBIX HUCCAE0BAHUN B TeUEeHHE OJHOTO roja
MOATBEPKAAIOT JaHHbIE TEOPETHUECKOTO pacyeTa. 3a MepPHOL UCIBITAHUS TJIy-
OvHa HeUTpa/su3alUuu OeToHa B cpefiHeM cocTaBuia 8 MMm. KopposunonHoe mo-
pakeHHe Ha apMmaType 3a()UKCHPOBAHO TOJBKO B 30HE MOMEPEYHBbIX TPEIINH
6eroHa. OHO JIOKa/IM3yeTcsl Ha OTPAHHUEHHOM yd4acTKe, HJMHA KOTOPOro C
yBeJMUeHUEeM IIHMPUHBI pacKpbITHs TpeiiuH p0 0,30 MM cocTaBaser 27 MM.
CpenHsis ¥ MakcUMaJsbHas TIyOHHA KOPPO3UOHHBIX $13B HAa apMaType B 30He
MaKCHMaJsIbHO PACKPBITBIX TPELIMH COOTBETCTBEHHO cocTaBsieT 50 u 70 MKM.
CpaBHHUTENBHO HU3KAasi CKOPOCTb KOPPO3HOHHOTO MOPaXKeHHUsT apMaTypel 00b-
SICHSIeTCSl HaJMYMeM HHKYOalMOHHOTO MepHOoia, HOPMaJbHOH OTHOCHTEBHOH
BJIQ’KHOCTBIO Ta30BO3/YIIIHON CPe/ibl U MPUCYTCTBUEM B MOJIOCTH TPELIHH NPo-
IYKTOB KOPPO3WH IEMEHTHOTO KaMH$l C CEPHHUCTBIM aHTUIPHIOM.

BeiBoapl. 1. Ilo cremeHH arpecCMBHOrO BO3AEHCTBHUSI Ia30BO3AYLIHAS
cpefia CBUHOBOJUECKUX 3[aHUH MO OTHOLIEHHUIO K 9KCILTyaTHPYIOLIAMCS JKeJle-
300€TOHHBIM KOHCTPYKIMSIM C IMOMEPEeYHbIMHA TPEIIMHAMU B 3aIIUTHOM CJI0€
OeToHa ABJSETCS CHIBHOATPECCUBHOH M3-32 YCJIOBHH pPacrpoCTpaHEHHs KOp-
PO3HOHHOTO MPOLIECCa BAOJIb apMaTyPHOT'O CTEPKHS B 30HE BJIHSHHUS TPELIHH.

2. OnpepesieH pacueTHbIH MEPUOA BPEMEHH IOJyuYeHHs] COOTBETCTBYIO-
el OTHOCUTENbHOW KOHLEHTPALUWH YTJEKHUCJAOr0 rada B OETOHHOU MOJOCTH
TPEUIMH B 3aBUCHUMOCTH OT TeOMETPHYECKHX M TeXHHUECKHUX TapaMeTpOB.

3. KopposnonHoe paspyiieHue ctaqu B 6eTOHE C MOMEPEYHOH TPeIIHHOH
B 3aLIUTHOM CJ10e 6eTOHAa MMeeT WHKYOalMOHHBIH TepHoj, KOTOPHIH ompese-
JsileTCsl BpeMeHeM B3aMMOJEHCTBHs OeTOHAa C arpecCHBHOM Ta30BO3MYLIHOH
CpeloH B MOJOCTH TPELLUH.
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4. SKCHepI/IMeHTaJIbeIe HCCJIeIoBaHUS XKe1e300e TOHHBIX KOHCTPYKU,I/IIZ B
YCJIOBUSAX IJIUTEJBbHOTO BOSﬂeﬁCTBHH CEPHHUCTOI'0 aHruapuaa 1 MOCTOSTHHOH Ha-
F'PY3KH H€ BbIABUJIM OINPENe/IAIIEro BJANAHWA CEPHUCTOrO rasa Ha CHUXKEHHE
JOJITOBEHYHOCTH O6p83HOB BCJIEACTBUE KOPPO3HUOHHOI'O MOPAXKEHHA apMaTyphl.
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Bousblioe konnyecTBO 0630pOB MOCBSALIEHO HEJMHEHHBIM 3ala4aM TeOpHH
obosiouek U MetonaM ux pemenus [1—=3]. Cpenu paGoT, OTHOCALIMXCS K HC-
CJIeIOBAaHUI0 YCTOWYMBOCTH 3aMKHYTOW LUJIUHIPUYECKOH 0OOJOUKH B HEJH-
HEWHOW TIOCTAHOBKE IMPU HEOCECUMMETPHUYHOH nedopMalyu, MOXKHO OTMe-
tuth paboty H. Y. O6onan [4]. HacTosias paGota cTaBuT cBOEH Le/bIO MPo-
NOJKMTb HadaThle HccsenoBaHus [5—8] u pacmpocTpaHWTh MX Ha pelleHHe
3aja4y NPy AeUCTBUU CTAaTHUYECKHX HArpy30K.

B pamkax HeqMHEHHOHW KIaCCHUYECKOHW TEOPHUH TOJIOTHX 000J0YeK pac-
CMOTPHUM 3aMKHYTYIO LHUJHHAPUYECKYI0 060/0YKY KPYTOBOTO CeYeHHs] KOHeu-
HOU JIJTUHBI C TIOCTOSTHHOU KeCTKOCThIO U MJIOTHOCTBIO MPHU AeUCTBUU BHEIIHE-
ro JaBJIeHHS.

( U,I/I;II/IHIIpI/ILIeCKaH o6oJI0uKa KaK TpexMepHasi obJjacTb () omnpenessercs
puc. 1

Q={x, y, z|(x, y) €[0; {I1x[0; 2r], —h <2 < h}.

Puc. 1

VcXOnHBIMM SABJSAIOTCS YDaBHEHHs TEOPUM TOJIOTHX obosouek [9], Koro-
pble mpuBeleHbl K 6e3pasMepHOMY BUIY:

2 2 2
iawa(-)%gawa() o(1-p) @ 270,
A ox? ox? oy* oy* Oxdy oxdy (1)

+“(82w82(-)+62w82(-)ﬂ V2F - L(w, F)+k2q(2‘) (atJrgan:o,

ox? oy? oy’ ox’ ot

’F 2F\o(- 1 0%F Flo? F
XQO Q_MO 2 6(2)+728 2_M8 8(2)+2(1+M)6 0%() N
oy o0x* ) oy A° Ox oy® ) ox oxdy oxdy

+Viw +;L(w, w) =0.

Cucrema (1) npuBegeHa kK 6e3pa3MepHOMY BHIY C HCIOJNb30BAHHEM H3-
BECTHBIX Oe3pasMepHBIX MapameTpoB: w=hw, F=Eh’F, t=t,t, e=¢€/ 1,
_ _ — h _ Eh* LR | p L
x=LX, y=Ry, k,=k, — (k,=0), g=¢ ——, T= A==,

IR R =R s 70 R ‘h \Eg' R

10



roie £ — MonyJib YIpyrocTy;

w — xoapduurent Ilyaccona;
L v R=R, — NI1HA U pagryc 000JI0UYKY;
! — BpewMmsd;

€ — KO3(P(pULHUEHT CONPOTUBJIEHUS Cpelibl, B KOTOPOH NPOUCXOANUT IBUKEHHE
000JIOUKHY;
u=03, q(x, y, t) — nonepeunass Harpyska;
L(w, F) — wu3BecTHBbIA HeJMHEHHBIH OMepaTop.

B ypaBuenun (1) u Huke uepra Hajg Ge3pasMepHBIME BeJUUMHAMH MJI51
MPOCTOTHI OTYILEHA.

I'pannynble ycaosus [10]:

0%w 0°F O°F
ox? ox®  oy?
Canenys [10], nepenumem (2) B Buze
2 2
_9® 0, 9 F g e, =0 Tpm x=0; 1L (3)
ox? oy?

Takue rpaHUUHble YCJAOBUS SBJSIOTCS HUAeaNHU3aLUUeEN TOTO JOBOJBHO Yac-
TO BCTpeUaIoLIerocst Ha MpaKTHKE C/Iydasi, Korna Kpasi 000J0UKH COeTUHEHbI C
BbICOKHMH, HO JOCTAaTOYHO TOHKHMH pebpaMmu, U3THOHOH KeCTKOCTbIO KOTO-
PBIX B KacaTeJbHOH MJIOCKOCTH MOXKHO MpeHeOpeub. Kak MoKasblBalOT BbIYUC-
JIeHUs], TaKoe TpeHebpexKeHHe TOMyCTHMO, eC/IH TOJIIMHA CTeHKH pedpa npe-
BOCXONMT TOJIMHY 000J0YKH He Gosee ueM B 7 pas [10].

HauanbHble ycaoBUS:

w(x’ y) |[:0 :07 Zé)|[:() :0 (4)

=0 mpu x=0; L (2)

w

Ilnst pewenust ypasuenus (1) gpyuxumu @ u F NpeicTaB/siioTCs B BUIE
NpOU3BeleHUsl (DYHKUMH, 3aBUCSLIUX OT BPEMEHH M OT KOODPAMHAT:

NI No N No
w= Z ZAU (t)(Pij(X, y), F= Z ZBi/ (t)\lfij (X, y) (5)

i=0j=0 i=0j=0

Kesasg HaWTH NpUO/MMKEHHOe 3HAueHUe 3JeMeHTOB w U F, BrlOHMpaeM
KOOp/IMHATHBbIE CUCTEMBl (PYHKIUN {(pij-(x, y), \|Jl-]-(x, y)} G, 7=0,12.) B (5),

YIOBJIETBOPSIOLIME CJIEAYIOIHUM TATH TPeGOBaHHSIM.

L.o,;(x,y)e Hy, v, (x, y) € Hy, tie Hy — ruap6epToBO MPOCTPAHCT-
BO, KOTOPOe OyJeM Ha3blBaTh 3HEPreTHYeCKUM MPOCTPAHCTBOM.

2. Vi, j pyukumn ¢ ; (x, y), ¥, (x, y) — AMHEAHO HE3aBHCHMEI, HETIPEPBIB-
Hbl BMECTE CO CBOMMH YaCTHBIMM [POM3BOAHBIMM A0 YETBEPTOrO MOPSIIKA
BKJIIOYUTEJIBHO B 00/1acTH Q.

3.9, (x, y), y;(x, y) yrOBIETBOPSIOT rMaBHBIM KpaeBbIM ycJI0BHAM (H
HAuya/JbHbIM YCJIOBHSAM, €CJIM TaKHe UMEKTCs) B TOUHOCTH.

4.9, (x, y), v;(x, y) obragaioT cBOKCTBOM MOJHOTHL B H 4.

5. (pij()uc, y), v (x, y) LIOJKHDI [IPEACTABAATh cOG0H N nepBbIX siemen-
TOB MOJHOH CHCTeMBI (YHKIHMH.

Kosdpduunentsr 4; (¢), B, (1) aBnsiiorcst HCKOMBIMU DYHKLHSMH BPEMEHH.

[Tpumensis npouenypy by6nosa — lanepkuna B ¢popme B. 3. Brnacosa, ¢
yuetom (5) ypasuenusi (1) sanmceiBaroTCs:

Z ZAiszijklrs +ZBijC1,ijrs +k;QQrs +2AijZBle1,ijklrs +
if

rs | if kl ij Rl (6)
d*A; dA;
+>» | —L+e—L |Gy, | =0,
) dt? dt |’

ij



Z|:ZAZ] C2 Jijrs + ZBU ZR]klrs + ZAZ] zArs D2 t]klrs:| =y

rs if ij
3nech 3HaK X[*] mepen kaxmeiM ypasHeHueM cucTeMmbl (6) ykasbiBaer,
rs

4YTO IOA HAHHBIM ypaBHEHHEM INOHUMAETCA CHUCTeMa rS TaKOTO BHOA ypaBHE-

HHMH, a MHTerpansl npouenypsl by6HoBa — lanepkuHa uMeOT BHA:
N “ 1 0%, 0%y +7L252(Pij ’9u
Hysr col201- u?) A2 ox?  ox? oy® oy’
020 ..
92 (Plj a P ri (Prstdy’
Oxdy Oxdx
1§ LR 02
Cl ijrs :J.J. |:_ky IIIQZI _kx Vi }(P,stdy,
00 Ox oy* (7)
18 020 .. 0% .,
_ (PL/ (PL]
C2,ijrs _.(‘;.([ |:ky axQ +kx 6y2 :|‘~|Irsdxa,y’
g 1e 1
Dlzjklrs = I[ L((sz»Wkl)](P rstdyr DQL/klrs :J'J.gl‘((pijrq)kl)\l]rstdy’
0 00

1
0
L g 02 o2 o%w.. a2
Piiys = “‘ 1 Wtf 0* ‘Isz 12 Vi 0* W ) Vi 07y v .dxdy,
0 X2 oy oy* oxdy Oxdx

X2 Y2
Gijrs :II[_(Pij(P rs ]dXdy’ Qrs = J- J‘kqu(x’ Z/»t)(P rstdy'
00 4
[locsie mpumenenus npouenypsl byonosa — l'anepkuna B gpopme B. 3. Baa-
COBa MOJlyyaeM CHCTeMY OOBIKHOBEHHBIX AU(QepeHLHaNbHbIX YpaBHEHUH U

CHUCTEMY ajreGpandecKux ypaBHeHI/II/I OTHOCHTE/IBHO (pyHKLMI A;; (t) u B;, (t)
3alMCaHHbIX B MaTPHUHOH (hopMe:

G(A +eA) +HA +C,B+D,AB=Qq(t), (8)
C,A +PB+D,AA =0,
rae H= HHijrs ) G= Gijrs ) C1 = Hcl,ijrs ) CQ :HCQ,ijrs d Dl = HDl,ijklrs ) D2 = HDQ,ijklrs 4
P= ‘])ijrs — KBajJpaTHble MaTpullbl padMepHOCTbIO 2-N;- Ny x2-N,-Ny;
A=|A;|, B=|B;|, Q= ‘QU — MaTpuibl pazMepHOCTbIO 2+ N; - Ngy x L

Ianee BTOpoe ypaBHeHHe cucTeMbl (8) paspeliaercs 0OTHOCHTE/BHO B 1
peliaeTcss MeTOAOM OOPAaTHOM MAaTpHIbl Ha KaXIOM LIare Mo BpPeMeHH:

B=[-P'D,A -P'C,]A. (9)

YmHuoxas Ha G™! nepsoe ypasHenue cucteMbl (8) u o603Hauas A =R,
npuseM K 3anade Komwm a5 HeJMHEHHOW CHCTeMbl YpPaBHEHWH TepBOTO
nopsiaKa:

A =R,
. = 1 4 1 i (10)
R=-tR-[G'C,+G'D,A]-B-G'HA +G'Qq(?).

[IpoBeneHHoe mpeobpazoBaHUe BO3MOXKHO, TaK KaK 0OpaTHblE MaTpPHLbI
G 'u P! cymecTByoT, ec/ii KOOpAMHATHbIE (DYHKIMM JUHEHHO HE3aBUCHMBI,
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K ypaBuenusm (10) npucoenunsem kpaesbie ycaobus (3) v Haya/IbHbIE yC-
nosusi (4), Torna noaydennyio sagady Koumw pemaem metonom Pynre — Kyrra
yeTBepTOro nopsinka touHocTd. lllar mo BpeMeHH BBIGHpPaeTCs MO MPaBHIY
Pymre.

Hccnenyem xonebaHusl IAPHUPHO OMEPTOU 1O KPHUBOJHUHEHHOMY KPYTY
3aMKHYTOU LUJIUHIPUUECKOU 0OO0JIOUKH C OJHOPOAHBIMH TPAHWUYHBIMHU YCJIO-
BussMHU (3) M HyJIeBHIMH HadasbHBIMU ycaoBuaAMH (4). Pacnuumem sty mpoue-
nypy Gosiee moxpo6Ho. Jlist 5Toro mpeicTasuMm ¢, W, u3 (5) B BHae npous-
BeleHHs IBYX (QYHKUKH, YI0BJIETBOPSAIOUIMX KpaeBbiM yeaoBuaM (3) o x, ka-
XK7as U3 3THX (DYHKUMH 3aBUCHT TOJNBKO OT OJHOTO apryMeHTa:

N No N N2
w=Y > A;(Dsinlinx)cos(jy), F=> > B;(t)sin(imx)cos(jy). (11)

i=1j=0 i=1j=0

Torpma ¢ Y4€TOM BbIIIMCAHHBIX HHTErpaJ/ioB CHUCTEMa (10) 3allMuIeTcd B
BHIE:

Z ZZ I A + 1 4Bs +15q(t) + A By Lijears +
rs ij ki
+ €

i t _
W dt [rs _O’ (12)

SUSS £ B, + 1A +;Ai,,«Ak/1i,,«k/fs 0.

rs ij kI

Hsnoxxenuslit Bbllle aaroput™m byOHoBa—I'asmepkuHa mossoJsieT pelaTtb
IIMPOKUH KJIacc 3a7a4 Kak CTaTUYeCKHX, TaK U TMHaMHUeCcKuX. Pelienune cra-
THUECKUX 3a[a4 BO3MOXKHO C TIOMOILBIO METOJa YCTAHOBJIEHHS, BIIEPBbIE MPHU-
MeHeHHOro misi obosouek B. M. @eomocbeBbiM [11]. lns pellleHust CTaTHu-
YeCcKUX 3a7ay TEOPUM MJIACTHH W 000JI04eK TPAAHMLMOHHO NPHUMEHSINCh U
NIPUMEHSIOTCS Pa3/UyHble NPUOIHKEHHblEe MeTO/bl, M03BOJSIOLIME CBOAUTH
CUCTeMY ypaBHEHHUH B YaCTHBIX MPOHU3BOJHBIX K CHCTeMe HeJMHEeHHBIX anre6-
pavyecKux ypaBHEHMH, KOTOpasl B JajbHeHIlIeM KaKUM-IH00 006pa3oM JHHea-
pusyetcs. B MeTone ycTaHOBJIeHHUS pellleHHe CUCTEMbl YPAaBHEHUH B UACTHBIX
MPOU3BOAHBIX CBOAUTCS K pellieHnIo 3anayu Kol /s cucTeMbl OOBIKHOBEH-
HBIX HeJHHEWHBIX NU(phepeHINaNbHbIX YPAaBHEHUH.

Kpatko ocraHoBuMCSl Ha mpeuMyllecTBax nopo6Horo noaxoxa. C matema-
TUYECKOU TOYKH 3peHHSs], MeTOJl yCTAHOBJIEHHSI MOXKHO pacCMaTpUBaTh KaK UTe-
PaLMOHHBIN METOJ PEeLIeHHUs CUCTeM HeJIMHEHHBIX aarebpandyecKux ypaBHEHUH,
rJle KaX/IblH LIar Mo BpeMeHH §IBJSeTCS HOBbIM MPUOJMXKEHHEM K TOYHOMY pe-
leHHIo 3a1auu. M kak mo00d HTepalroOHHbIM METOM, METOJ yCTaHOBJIEHHUS 00-
JIaJlaeT BBICOKOH CTEMeHbI0 TOUHOCTH. B TO Ke BpeMs OH JIMIIEH TJIaBHOTO He-
JOCTATKa UTEPAUMOHHBIX METONOB — OOJIbILION UyBCTBUTENBHOCTH K BBIOOPY
Haua/MbHOTO MpUOMMKeHUs. Ellle OMHUM MpPEUMYLIECTBOM METOAA YCTaHOBJIE-
HUS SIBJSIETCS MPOCTOTA MOJYYeHUsS] HEeAWHCTBEHHBIX PElIeHHUH CTAaTHUeCKHX
3anau. [leficTBUTENbHO, 3aaB pasHble HauyasbHble YCJOBHS, MOXHO TMOJYUHTb
pas/iMuHble 3HaYeHUs] UCKOMBIX (PYHKLUHH. KpoMe Toro, npu pelueHUH OfHOPOA-
HBIX CHCTEM TPaIAMLMOHHBIMH METONAMH, AJIS TONyYeHHs HETPUBHAIBHOTO pe-
[IeHUs], B CUCTEMY ypaBHeHUH HeOOXOAUMO BBECTH KaKyHO-HUOYIb HauaJIbHYIO
HeNnpaBUIbHOCTE: JIUO0 MaJsylo MoMepeyHyto Harpy3Ky, Ju60 Maaylo KpUBU3HY,
60 MaJibli HavyasbHbA poru6 [5, 7]. BHeceHHe 3TMX HayasbHBIX HECOBEp-
IIEHCTB TaK WJM HHaye CKa3blBaeTcs Ha MoJyyvarolieMcs pelleHuu. [Ipu pere-
HMM CTaTUYECKUX 3aauy MEeTOAOM YCTaHOBJIEHHS pOJb HayaslbHbIX HecoBep-
IEHCTB UTPAIOT HEOAHOPOAHBbIE HAUaJ/bHbIE YCJOBHUS, a MaJjble H3MEHEHHUS Ha-
YaJbHBIX YCJIOBMM He BJHSIIOT Ha MOJydalolleecsl CTaTH4YeCKoe pelleHHe.

13



JlaHHOe 3aMeuyaHHe OTHOCHTCS K PelleHHIO 3a1ad CTaTHuecKOH yCTOMYMBOCTH
060/104€YHbIX CHCTEM TPU AEHCTBHU MPONOJBHBIX HArpy3oK.

Perast sanauy Kotun npu € = €,, 17151 psifa 3HaYeHHH IapaMeTpa forepey-
HOU MOCTOSTHHOH BO BpeMeHH Harpysk, nosaydum aas {g; } — {w;}, uto nosso-

JIUT TOCTPOUTH 3aBUCHUMOCTH ¢(w) ¥ HCCIen0BaTh HANPSKEHHO-1epOPMUPO-
BaHHOE COCTOSIHHE KOHCTPYKLHUHM Ha BCeM HHTepBaje MpearosaraeMblx Mmorme-
peyHbIX Harpysox.

Bocnosnb3yemes: 3TUM MOAXOAOM [J/151 3aMKHYTHIX LUJIUHIPUYECKUX 000-
Joyek. PaccMoTpuM cayuay npuiokKeHHs MolepeyHoro BHEIIHero AaB/leHHus
q(t) =q, =const, pacnpeneseHHOro B Mpeae/ax MoJOCh ¢ LEHTPAJIbHBIM yT-

JIOM @ ¢ =Zn, 01<x<0,5.

Hccnenyem noBeneHre LUMJIMHAPUUECKOH 0OOJOYKH B 3aBUCHMOCTH OT
IIMPHUHBI TIOJOCHl NaBJEHHS, T. €. OT PacTBOpa MOJIOCH HAaTPYXKeHUS @
(0 < x<0,5) n1a nuHedHbIX 3a1a4. YUHC/leHHbIe Pe3yJabTaThl COMOCTABUM C
aHaJMTHYECKMMH, TTOJy4eHHbIMHU 110 MeTomuke [12]. [lns storo B ypaBHeHH-
six (12) mosoxum HesuHelHbIe uneHsl, paBHeIME O, T. €. [, =0. Hcmoss-
3ys Takylo yIpOLIEHHYI0 MaTeMaTHYEeCKYI0 MOJeJb, MTOoJyuyaeM, UuTo /sl pas-
JIMUHBIX YIJIOB HATPYXKEHUSI 3aBUCHMOCTH W, (¢ ) HOCAT NMUHEHHBIH Xapak-
TEp, T. €. y=kx, THe y=W,x=q,. Takum 00pa3oM, mojydaeM y=u / gy x.
w

qR/ E

. w
UCII0/Jb30BaHWEM 0e3pa3MepHbIX TapaMeTpoOB CJAEAYIOIHUM 00pa3oM: W =—;

2h
L*R? w ©w (2h)1
—————¢q, Torja —=—— —
EQh)*k} g qR/E(R )M\

AnanuTtryeckoe pelieHue () npusonuTtcs K uncaennomy @ / g (o) ¢

(7:

w
qR/ E
uue) u@ / q (¢ o) (unceHHoe perenue), rie @ 1 g — Ge3pasMepHble IPOrko
¥ Harpyska B LEHTPajJbHOM Touke UuauHapuueckoi obosouku (0,5; 0,0).
B ta6.. 1 comocraB/eHbl YUCAEHHOE U aHATUTHUECKOE PeLleHHUs A5 HEKOTO-
PbIX KOHTPOJIbHBIX YTJIOB 3arpyKeHHs, a TaKxKe MpUBeIeHbl OTHOCHUTEJbHbIE
MOTPEIIHOCTH pe3ysbTaTtoB. Mcxons W3 JaHHBIX, NMPUBEIEHHBIX Ha pHUC. 2,
MOXKHO 3aKJIOUHTh, UTO Pe3y/IbTaThl YUCJEHHOTO SKCMEPUMEHTa ISl JTUHEH-
HBIX 32714 TPAKTHUECKN COBMAAIOT C aHATUTHIECKHUM pellleHHeM, YTO TT03BO-
JISIeT CYANUTB O JOCTOBEPHOCTH MOJMyYeHHbIX JaHHBIX. OTHOCHTE/IbHAS MTOTPel-
HOCTb CKJIa[bIBAETCS U3 TOTPELIHOCTH YHCIEeHHBIX MeTo10B (MeTon 06paTHOM
MaTpuipl, Metoa PyHre — KyTTa, MeTON yCTaHOBJIEHHS) ¥ MOTPELIHOCTH Bbi-
yucjeHud. Takum 06pa3oM, MOXKHO CYAUTb O TOJHOU JOCTOBEPHOCTH Pe3YJib-
TaTOB, MOJYUYeHHBIX C UCII0/Nb30BaHUEeM MeToia By6HoBa — ['asepkuHa B Bbic-
IIKX MPUOIMKEHUIX NPU PelIeHHH CUCTeM Au(epeHLIHanbHbIX ypaBHeHUH

IJIs1 CTaTHYeCKUX JHMHEeH-

Tabanua 1 pyx 3anau.

Ha puc. 2 npuBeneHbl 3aBUCMMOCTH (p) (anamutuueckoe perie-

Ananurnue- HucnenHoe CooTHO- Boabiioe IIpeumyime-
oo |CKOC pewenme | PEHTRAKE wenue | 110TPel-  CTBO METOM@ YCTAHOBJIEHHSI
w @/ qx HOCTb, Y%

10 CpaBHEHHIO C pAagoM
Apyrux MeTomoB, B TOM

GRJE | x(R/2m22 | ©/7

on 50 52,8417 | 0,058713 | 5 uncsie ¥ ¢ MeTonom Heroto-
3n/2 6,97 7,4808 | 0,008312 | 7 na — Kanroposuua, ortme-
n 101,07 108,9054 | 0,121006 | 7 ueHo B paborax [5, 7].

on/3 | —524,2 | —T744,2469 |-0,826941| 28 OueHb BaXKHBIM IS
n/2 | -47947 | -436212 | —0,48468 | 8 HeJTMHeHHbIX 3a1au SIBJIS-

n/4 | 388627 | 3948354 | 438706 | 15  ercq mompoc o KpuTHue-



CKMX Harpyskax. AHa/Ju3 cylie- wig
CTBYIOLIMX KpUTEepHEeB MOTepH
YCTOMYMBOCTH 000JI0UEK NTPUBE- 4 |
nen B [13]. B nacrosme# pa6o- w

Te TOJA KPUTHUECKOH Harpyskouw 34  }\ ~  =======--- qRT:-(‘P)
OyneM TMOHHMAaTb MpeaeJbHble
Harpy3ku HWJH TOUKY meperuba 2 -
B 3aBHCHUMOCTH @, (q) [9].
[IpoBeneMm uccienoBaHUs KpHU- 11
THUEeCKHUX Harpy3ok /s 3aMK-
HYTOU TMOKOU UUJIUHAPUUECKOU O v T : T
000/I04KH MPU HEUCTBUH JIO- e0 \_:-59/180 240 300 ¢
KaJlbHbIX TIOMEPeUYHbIX HArPy30K 11
(puc. 3) ¢ A=L/R=3. Tlo- Puc. 2.

nepeuHoe BHeluHee naasjenue ¢(f) =g, = const pacmpeneseHo B mpenesnax

W (9,)

OJIOCHl C LEHTPAJbHBIM YIJIOM @ =Zn, 01<x<05 (cm. puc. 3). B pas-

noxennu (11) nmomoxum N, =N, =N. PaccMOTpUM 3aBHCHMOCTb MaKCH-
MaJIbHOTO TPOruda OT aMIIUTYAbl MPUI0KEHHOU HArPy3KH B 3aBUCHUMOCTH
oT mpubauKeHnus Metona byonosa — lanepkuna (puc. 4). 3nech HabJIoO-
JaeTcs TNpakTHyeckas CXOAUMOCTb MeTO#a, C YBeJWYeHUeM TNpubInKe-
HUSl TIOTPEIIHOCTb BBIUMCAEHUS yMeHblnaeTcs. JlanbHellnee yBeauuenne N
(N > 11) npuBoauT K pesyabTaTam, OJM3KMM K pesyabraTy npu N = 11.

[Tpoananusupyem popMbl U3rHOAHUS TOBEPXHOCTH 000JOUKH B PA3IHUUHBIX
NPUOIMKEHUSIX B JOKPUTHUECKOM M 3aKPUTHYECKOM cocTostHusix (radi. 2).

0
03 035 04 045 05
qO

Puc. 3. Puc. 4.

TabOnuna 2
N=11

JlokpuTHueckoe
COCTOSIHHE

3akputuieckoe
COCTOSIHHE




AHanus mosydeHHBIX (POPM MOKA3bIBAET, YTO CXOAUMOCTb 110 (hopMaM H3rHba-
HUSI B pPeXXKHMMe YCTaHOBJIEHUS CHUTHAJa HocThraercs: yxke npu N > 5, npudem
KaK B JAOKPUTHYECKOM, TaK W B 3aKPUTHUUECKOM COCTOSIHHH.

BoiBoabl. 1. CpaBHeHHWe pe3y/bTaTOB, MOJyUYeHHBIX MeTOnOM DByOHO-
Ba — ['asiepkuHa B BHICLIMX NPUONHKEHUSIX, C AaHATUTUUECKUMHU PeLleHUSIMU
1151 000JIOUKH B JIMHEMHOH TOCTAaHOBKEe I0Ka3blBaeT XOpOllee COBMAaLeHHUe,
YTO JaeT BO3MOXKHOCTb pPaclpoCcTpaHuTh MeTos bybHoBa — I'anepkuHa Ha pe-
lieHHe OoJsiee CJIOXKHBIX HeJHHEHWHBbIX 3ajau.

2. AHanu3 TOKPUTHYECKUX U 3aKPUTHUECKUX COCTOSTHUH 00O0JIOUKU B He-
JINHEWHOU MOCTAHOBKE TPU NEUCTBUM JIOKAJIbHONW Harpy3KH MOKAa3bIBAET, YTO
CXOIUMOCTb COCTOSIHUM (POPM TOTepPH YCTOUUHMBOCTHU NOCTUTAETCS yKe TMPHU
N =5 Kak B IOKPUTHUYECKHUX, TAK U B 3aKPUTUUECKUX COCTOSTHUSIX 000TOUKH.

3. Ilpu yBennueHUH pa3MepoB MJOMIAAKH HATPYKEHHS COBTAeHUE pelle-
HUHA B pa3HbIX NMPUOIMKEHHUSX NOCTUraeTcsl NMPU MEHBbIIMX 3HaueHUsiXx N B
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CTPOMTEJIBHBIE MATEPHUAJIbI U U3JIEJINA

YIK 691.55

H. B. MOPEBA, kana. texH. Hayk, B. B. MEJJIHHK, kaHa. TexH. HayK, AOL.
(KasaHCKHMI rocyXapCTBEHHBIH apXHUTEKTYPHO-CTPOUTEJIbHBIN YHHUBEPCHUTET);
0. A. COKOJIOBA, n-p texH. Hayk, mpo¢., akax. PAACH (TocymapcrBeHHnas
aKajgeMus Npo()eCCHOHAJIbHOH NMEPENoOATOTOBKN M NOBBIEHUS KBaJupUKamuu
PYKOBOASIIUX PAaGOTHHKOB U CIEIMAJNCTOB MHBECTULIIMOHHOM cepsl, r. MockBa)

K BOITPOCY O KOMIIJIEKCHOW AKTUBAIIUH
KOMIIOHEHTOB ITPH ITOJYYEHHWUH I'HIICOBBIX BAXKYIIIUX

PaCCMOTpEHbI pasaruyHbIe Crocookb! MOJIyd4eHUd THUIICOBOr0o BAXKYILLEro B 3aBUCHUMOCTH OT
TEXHOJIOTHMH ITIOATOTOBKH M BBEIEHHSA MOILI/IqJI/IKaTOpOB. HOK&SaHO, 4yTo Haubosee uenecoo6pas-
HO 100aBJSITh B T'MIICOBOE CbIpbe Iepen ero 00KUTOM npeaBapruTeJbHO U3MEJIbUEHHYIO palno-
HaJIbHO HOILO6paHHy}O CMeCb MHHEPaJJbHOTO U XUMHYECKOTO MOﬂHq)HKaTOpa. DTO MO3BOJHUT MO-
BBICHUTDH IPOYHOCTL U IIJIOTHOCTb I'MIICOBOIO KaMHs, UTO O6yC.}'IOBJ'IeHO TepMH‘leCKOﬁ U MeXaHo-
XUMHUYECKOU aKTUBAlMed KOMIIOHEHTOB BSI2KYILLIEro.

PassmuuHoro pona Bo3aeHcTBUS Ha YaCTHLBI BSXKYILETO CITOCOOCTBYIOT MO-
BBIIIEHHIO €70 PEAKIIHOHHON CIIOCOOHOCTH U HHTEHCH(HUKALIUH MOC/Ie Y IOIIHX
TEeXHOJIOTHYECKUX npoueccos [1].

Kak mokaseiBaeT aHa/l3 0TeUECTBEHHOTO U 3apyOeKHOT0 OIbiTa, HanboJee
pacnpocTpaHeHHbIM, JOCTYMHBIM, SKOHOMUUYECKH M TeXHUYECKH liesecoobpas-
HBIM CII0COOOM MOAU(MUKALMH CTPYKTYPhl U CBOMCTB TMIICOBbIX MaTepHAJIOB SB-
JISleTcsl MexaHoXUMHUYecKasl akTuBauus. [Ipy 3ToM cyllecTBeHHOe BIMSIHHE Ha
CBOHCTBAa KOHEUHOTo NPOAYKTa OyleT OKasblBaTh MOPSIOK BBeIEHHS XUMHUe-
CKUX M MHHepasbHbIX 106aBOK [2]. DT0 mpenonpenesnao 1eb BbINIOJHEHHOH
paboThl — HCC/IEN0BATh BIMSHUE CIIOCO0A COBMEIIEHHS HAMIOJTHUTEJS U CYyTIep-
nacTu(UKaTopa Ha CTPYKTYPy M CBOUCTBA THIICOBBIX KOMIIO3HIIHH.

B kayecTBe cbIpbS OJs1 HCCJENOBAHUS HCIOJNb30BANUCh THIICOBBIH
kameHb (pakuuu 0—5 MM (oTxombl ¥ OTCeBBI ApOGJeHHs chipbsi) Kamcko-
YerbuHckoro Mectopoxnenusi Pecny6snku Tartapcran (PT), 6onoTHas xe-
nesuas pyna (BXKP) Bepesosckoro mectopoxaenus PT u kapGoHaTcomep-
x)auas no6aska (KCJ) us uniama Bonoymsiryennsi Kazauckoir TOL-1. B ka-
yecTBe MJIacTUDUUUPYIOLIEA N00AaBKU MPUMEHSJICS CylNeprnaacTuduKaTop
C-3 (TY 6-36-0204229-625) npoussonctea OAO «Ilosunaact» (r. Hoso-
MOCKOBCK TyJbCKOH 06J1acTH).

Bbl10 paccMOTpeHo 4eThipe TexXHOJOrMdecKue cxembl (crmocoba) mosyde-
HUSI KOMIIO3WLHOHHOTO THIICOBOTO BSIKYIIEr0, OTJIHYAIOIIHECS TOCJeI0Ba-
TEJBbHOCTBIO COBMELIEHHsI KOMMOHeHToB (puc. 1).

Cnoco6 1 npeaycmatpuBan Temnobyio 06pa6otky (TO) chipbeBoil cMmecu
(rumcoBbIi KaMeHb U MUHEpaJIbHast 106aBKa) 0 TIONyYeHH s TIOMyTHapaTa CyJlb-
(baTa KaJsblLiMs, €ro oxJaxaeHne 10 KOMHATHON TeMIepaTypbl U MOC/eyOLMH
TIOMOJ 10 CPefHeH TOHKOCTH B MPUCYTCTBUHM cymneprsactudukaropa C-3.

ITo cnioco6y 2 runcoBbiil KaMeHb noaBepraan TO 10 MoaydeHUs MONYTHA-
parta cynbharta Kajablys, 3aTeM OXJIaXKAAJH 10 KOMHATHOH TeMIepaTypsl, pas-
MaJIblBaJIM 10 CPeHEN TOHKOCTH ITOMOJIA ¥ TTePeMeIINBaH C TPeIBAPUTENBHO
M3MeJsIbueHHOH 10 HyJ/eBoro ocratka Ha cuTe Ne 008 cmechlo MHUHepasbHOH
no6aBku U cyneprnsiactugukaropa C-3.

Cnoco6 3 mpexmoJiara/n nepeMelirBaHyie TMIICOBOTO KaMH$ C TpeBapH-
TeJbHO Pa3MOJIOTOH 0 HYJEBOr0 OCTAaTKa CMeChbi0 MMHepasbHOHW N00aBKH U
cyneprnactudpukaropa C-3, TO nosydeHHOU CHIpEBOH CMECH 10 MOJNYTHAPA-
Ta cy/ab(aTa KajblLHs, ero oxJ/JaxaeHHe 10 KOMHAaTHOH TeMIepaTypsl U rocJe-
OYIOUIMA MOMOJ 10 CpelHEHd TOHKOCTH.
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| [osupoBaHue [osupoBaHue

MepemelwmnBaHne

KomnosununoHHoe
rmncosoe KomnoanumoHHoe -
BSXyLLEe rMNCoBOe epemeLuvBaHne
BSKyLLEe
Cnoco6 1 Cnocob6 2

MukeparnbHas c-3 Tuncoetii TMNCoBbIi MuHepanbHas c-3
no6aska - kameHb KaMeHb ,qogaBKa
: ' N
e |
i [ [o3unpoBaHne |
| Mowmon I—’| I‘IepememmaaHmel_,| TO | | MepemeLumBaHme I_,| TO , I'I0M0n|

KomnosauunoHHoe Momon KomMno3anumoHHoe
rMncoBoe BsaXyLlee rMncoBoe BsXyLlee

Cnoco6 3 Cnocob6 4

Puc. 1. CniocoGbl MoNy4eHHsT KOMIO3HLHOHHOTO THIICOBOTO BSDKYIIETO B 3aBUCHMOCTH OT
nopsinka BeeneHusi C-3

Cnioco6 4 3akJouajcs B TOM, YTO ChIPbeBasi CMeCh, COCTOSIIIAS U3 THIICO-
BOTO KaMHS$, MUHepaJbHOU N00aBKH U cyrnepriactudukatopa C-3, noasepra-
gace TO mo mosyruapata cynbdaTa Kajblys, OXJaxKAanacb 10 KOMHATHOH
TeMIepaTypbl ¢ MOCJAEAYIOIMM TTOMOJIOM A0 CpeiHEH TOHKOCTH.

B kayecTBe KOHTPOJIbHBIX ObIIM MPUHSATHI CBOMCTBA 'MIICOBOTO BSIXKYIIETO,

< < o, 0,
TOJIy4eHHOro TersioBok 06padoTkoil runcosoro kamus (90%) u BXKP (10%),
peNBapUTe/IbHO Pa3MOJIOTOM 10 HyJ1eBoro octatka Ha cute Ne 008 (puc. 2).

| Cyuwika |¢—| HaI'IOJ'IHVITeJ'Ib‘

'vncosbin
KaMeHb [NosupoBaHue .
Momon
y

A.

III<— MNepemelunBaHe ‘—| Aosnposanue
E KomnosuumoHHoe

Moman rMncoBoe BsAXyllee

Puc. 2. TexHojornyeckass cxema MOJIYHEeHUA KOMIIO3UIIMOHHOTO
TUIICOBOr0 BAXKYILEro, NMpUHATAasd B KadeCTBE KOHTpO.HbHOﬁ

®U3UKO-TEXHHYECKHE CBOUCTBA MOJYUYEHHBIX KOMIO3HIUH B 3aBUCHMO-
CTH OT criocoba UX MOoJydeHHUs TpejcTaBaeHbl Ha puc. 3. MIx aHanus noxasair,
gyTo cynepriactudurarop C-3 cHUKAaeT BOZOMOTPEGHOCTb THUIICOBOTO BSIXKY-
mero Ha 7% ¥ ycKOpsieT ero CPOKH CXBaThIBAaHHs, OJHAKO JaHHbIE OKa3aTe-
JIU CBOUCTB OT crioco0a BBeNEHUS] XUMUUECKOTO MOIU(UKATOPA HE 3aBUCHT.
Cymectsennoe nosbimenue npounoctd (Ha 40%) u miotHoctH (Ha 16%)
TUIICOBOTO KaMH$l HaOJIofaeTcs MPH TOJYyUYeHUH BSDKYIIEro Mo crocoby 3.
IToMy croco6CTBYeT KOMIJIEKCHOE BO3/IEUCTBHE HA KOMIIOHEHTBI CMeCH Tep-
MHUECKOH ¥ MeXaHOXMMHUYECKOW aKTHBalUWU. KpoMe Toro, peHtreHorpaduye-
CKOe HCC/leloBaHWe 00pasloB PYObl Pa3JW4YHON AMCIIEPCHOCTH, TOJBEpPraB-
wuxcst TO, mokasano, 4TO CTerneHb ee OKPUCTAIM30BAHHOCTH MpHU OoJee
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Puc. 3. Vsmenenue Bomonotpe6Hoctu (a), cpoxos Hauana [ u konna M cxsatbiBanus (6),
npounocty (8) u maoTHocTH (&) TMICOBOrO KaMHs B 3aBHUCHMOCTH OT CHOCO6a MOJyueHHs
BSKYIIIETO

TOHKOM TIOMOJIE Bbillle, 4YeM 6e3 MpeBapuTeIbHONH MeXaHUueCKOH aKTHBALMH
(puc. 4).

Pesy/ibTaThl MCC/IEI0BAHMI JIETVIH B OCHOBY CNOCO6 TIOJy4eHH sl THIICOBO-
ro BAXKYyIllero, nmo3BoJMBIIEro 3aMeNJJIUTh CPOKHU CXBATbIBAHHUA C OOHOBPEMEH-
HBbIM MOBBIIIEHWEM IPOYHOCTH [3] ﬂﬂﬂ €ro OCyuecCTBJ/JICHUA THUIICOBBIM KaMeHb

a)
1,00 3,342
i |
0,8 1
0,6
0,4
1 4,252
021 3412 3,189 2"‘|90 2,281
0,00 0,80 1,60 2,40 3,20 4,00 4,80
6)
32,89
1,007 |
0,8 1
0,6 4
0,47
4 2,962
q 2,456
0,2 3,1|00 ?,694| f
0,00 0,80 1,60 2,40 3,20 4,00 4,80
Puc. 4. Pentrenorpamma G0JIOTHOH Kesle3HOH pyzbl mocie TO
a — 0e3 TpeIBapHUTEJBLHOTO MOMOJIA; 6 — TIpH MOMoJie IO HyJseBoro octatka Ha cute Ne 008

19



(85%) u nob6aska-moauduxatop (15%), npencrapasiomas co6oi MexaHoaK-
TUBHPOBAHHYIO B 1IAPOBOM MeJbHHUIE CMeCh KapOoHaTcoaepxKallel 100aBKH
(99-99,5%) u C-3 (0,5—-1%), nogsepramucy TO o mosiyruapara cyabdhara
KaJIbIIMs C MOCJEeNYIOMINM OXJaXAEeHHEM W TIOMOJIOM [0 CpPelHEH TOHKOCTH
(TOCT 125-79). PaszpaGoTaHHblil croco6 MO3BOJIMI 3aMeLJIHTh CPOKH CXBAThI-
BaHHSs TUIICOBOTO BSKYIIEro ¢ 5 U 6 10 19 u 22 MUHYT 10 Hayaly ¥ KOHILY CO-
OTBETCTBEHHO, MOBBLICHTH MPOYHOCTh THNICOBOrO KaMHA Ha 38% Mo cpaBHe-
HUIO C BSDKYLIMM 0e3 N00aBKH.

BoiBoabl. V3yueHbl pa3iuyHble COCOOBI MOJYyYEHHUS] THIICOBOTO BSIXKY-
IIer0 B 3aBUCHMOCTH OT TEXHOJIOTWH TOATOTOBKH W BBENEHHS MOIU(PUKATO-
poB. YcTaHOBJIEHO, UTO HauboJee 1eecoo0pa3Ho n00aBJsATh B THIICOBOE Chl-
pbe Tepel ero 00XKHIOM MpPelBAPUTEbHO M3MeJbUueHHYI PalMOHAJIbHO T0-
10OpaHHYI0 CMeCb MHHEPaJbHOTO M XMMHUECKOrO MOAM(HUKATOPA.

YyulieHre CBOUCTB THIICOBBIX KOMIO3ULHH 00YCJIOBIEHO KOMIIJIEKCHBIM
BO3JEHCTBHEM, BK/IIOUAIUIUM KaK TEPMHUECKYI0, TaK U MEXaHOXHMHUYECKYIO
AKTHBALHUI0 WX KOMIIOHEHTOB.
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B. A. TYPBEBA, kaHx. TexH. HayK, gon. (OpeHOYprcKuii rocyxapcTBeHHBIIN
YHUBEPCHUTET)

INPUMEHEHHUE CHJIUKATCOIAEP2KAIIIHUX ITOITY THBIX
MNPOAYKTOB I'OPHO-OBOTATHUTEJIbHBIX KOMBHHATOB
B TIPOU3BOACTBE KEPAMHUKH

HccnenoBana BO3MOXKHOCTb MPUMEHEHHS MHPOPHUIIUTOBOTO TEXHOTEHHOTO CBIPbSI B MPO-
H3BOJCTBE CTPOUTENBHON KepaMHUKH C yUeTOM OCOOeHHOCTeH XMUMHKO-MHHepaJOTHYecKOoro co-
CTaBa. Y CTAaHOBJIEHO, YTO NPUMEHEHHe TaHHOTO BHa CHJIMKATHOrO Chipbs B HU3KOTEMIIEPaTYp-
HOU KepaMHKe MO3BOJIsIeT CHU3UTb KOMIIOHEHTHOCTD MJIMTOYHBIX MAacc, y/aydllaeT CBOMCTBA U3-
JeJIMH TI0CJIe 00XKHra.

[Tepen mpoMBbILINIEHHOCTBIO CTPOUTENBHBIX MaTePHAJIOB IOCTABJ/IEHbI 3a/1a-
4yM Mo pa3pabdoTKe, Pa3BUTHIO U BHEAPEHUIO PECYpPCO- U HeprocHeperamoinx
TEXHOJIOTUH. B CBSI3U ¢ 3THM OHOM U3 Ba)KHEHIINX 3a1a4 Pa3BUTUS IPOMBILL-
JIEHHOCTH CTPOUTENbHOW KepaMHKH SIBJSeTCS pacliMpeHHe ee ChIPbeBOH
6asbl, B TOM YHCJIe 32 CUeT PUBJEUEHNUS HETPAIULMOHHOTO CUINKATCOAEPKa-
111er0 TeXHOTeHHOTO CBIPbSI.

B npousBoncTBe KepaMUUeCKUX HU3AeJUH, B (DOPMUPOBAHUU UX CTPYKTY-
pbl ocoboe 3HAYeHHE UMEIOT pa3HooOpasHble MO CBOMCTBAM CUJMKATHI U TUI-
pocusnuKatel. K HUM OTHOCATCS Takue rOpHble MOPOABI, KaK Ta/bK, MUPOPUI-
JIUT — BOJIHble CHUJIMKATBI, BXOASIINE B €IWHBIHA KJIACC CJAOUCTBIX CHJIUKATOB.
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OHM NPUMEHSIOTCS B Pa3/IMUHBIX OTPAC/SX CTPOUTEJbHBIX MaTepHasoB U Kak
OTHEYNOpPHOEe Chipbe B NPOU3BOACTBE BbICOKOTEMIEPATYPHOH KepaMMKH.

Ha Tepputopun Hauie#d cTpaHbl HAPSAY C MECTOPOXKAEHUSIMH KOHAMLIHU-
onHoro nupoduaauta (BepesoBckoe MecTOpoXaeHHe, KOTOpoe pa3padaThbl-
BAeTCs C LeJ/bI0 UCTIOJNb30BAHHUS €r0 B IPOU3BOACTBE ClIeHabHbBIX OTHEYTIO-
pOB, 3aLUUTHBIX MOKPHITMH A/ HUX W T.A., OTHEYNOPHOCTb COCTaBJISET
1580-1650°C, Temnepatypa naasaenuss 1680—1720°C [1]) otkpeIThl Takxke
MeCcTOpOXKIeHHs nupoduaauta Ha ¥ pane, HanoHem Boctoke, Ha tore Cubu-
pu. OnHAKO B HUX MUPO(U/NNT 3a/1eTaeT NPeUMyILeCTBEHHO B OKOJIOPYIHbBIX
MeTacoMaTUTax U N00bIBaeTcsl TOPHO-000TaTUTEbHEIMM KOMOHMHATaAMHU Kak
MONYTHBIA MPOAYKT, CKJIAAUPYsCh 3aTeM B OTBajgax M OTPULATENbHO BJHSS
Ha 3KOJIOTHUECKYI0 CUTYalHI0 PerHOHOB. B onuvcaHuy JaHHBIX MeCTOPOXKIe-
HUH UCNOJb3yeTCs TEPMUH «IHPO(MUJIUTOBOE ChIpbe», YKa3blBas Ha IMOJH-
MHMHepaJbHBI COCTaB T€XHOT€HHOTO ChIPbSl U €ro OTJUYHEe B CBOMCTBAX OT
KOHAMLHMOHHOTO OTHEYNOPHOTO MUPO(UMINTA.

B pa6ote ¢ uesbio paciupennsi 6a3bl MECTHOTO CHJIMKATHOTO ChIPbS A/
KepaMHU4YeCKOH TMPOMBILINIEHHOCTH, YTHIU3AUUU MOMYTHBIX MPOAYKTOB FOPHO-
NOOBIBAIOIINX KOMOMHATOB HMCCJeN0BAI0Ch MUPOPUMIUTCOAEPIKALLEE TEXHO-
renHoe coipbe [alcKoro ropHo-060raTUTebHOr0 KoMG1HaTa (K0XKHbIH Y pad) ¢
1IeJIbI0 TIPUMEHEHHs ero B KauecTBe MOJU(PYHKLIHOHAIbHOTO KOMIOHEHTA Ke-
paMUYeCcKOW MaccChl [Jj151 KOHBEHepHOU TeXHOJMOTHUU MAUTOK. JlaHHOe chipbe Ha
aTane (pOPMOBAHHUS BBIMOJHAET (YHKLUMIO OTOLIUTENS, HA 3Tane o6xKura —
TMJ1aBHS, CIIOCOOCTBYIOLIErO CIeKAaHUIO MPH CKOPOCTHBIX peXHUMax CYIIKH U
o6xwura. [IpenBapuTesnbHO NpOBeNEHHBIH aHaNHU3 COCTABOB NHUPOMHUJIUTCO-
nep:xkauux otranoB [aiickoro 'OKa nmo3Bosna pazéuts nomyTHo 106biBaeMoe
Cblpbe Ha HECKOJbKO rpymnmn. Han6oJsblinid TeXHONTOTHYECKOH HHTepec sl
MPOU3BOACTBA U3JAEJUH CTPOUTENbHON KePAMUKH U3 HUX TIPEACTaBJIsAIA THPO-
(DUIIUT-CEPULIMT-KBApLIeBAasi MUHEpaJ/bHAsl acCcoLMaLHs.

Ha nepBowm sTamne uccaen0BaHUH U3ydaguch 0COOEHHOCTH XUMUYECKOTO U
MHUHEPasorHuecKoro COCTaBOB OTOOPaHHbBIX MO PYKOBOACTBOM I'e€0JIOT0B MPO0
C OTBaJ/JIOB KOMOHWHATa.

Kak BumHO 13 Tabuaulbl, faHHAsS PA3HOBUIHOCTb CHUJIMKATCOIEPIKAIIEro
TEXHOT'€HHOT'O ChIPbSl XapaKTePHU3yeTCsl OTHOCHTEbHO HU3KHUM B CPaBHEHUH C
KOHIMLMOHHBIM MUPO(UJINIATOM COfep:KaHUeM TJIMHO3eMa U CpPeJHHUM YpPOB-
HeM COflep:KaHMs KBapla. JDTO MO03BOJISET MPeanooKUTb OTHOCHTEIbHO HU3-
KYI0 OTHEeYTIOPHOCTb T€XHOT'€HHOT0 NPOAYKTa B OTJIUYHME OT BbICOKOKAUeCTBEH-
HOTO MUPO(UIINTA, KOTOPHIM NpPUMEHsIeTCsl B NPOU3BOACTBE OTHEYNOPHOU
KepaMHUKH.

XuMMHYECKHH COCTaB nnpotpn.n.nlnco;[ep)xamero TEXHOT€HHOTI0 ChIpbHA

Hassanue CoziepxaHue OKCHIOB, %
CHUJIHKATHOH TTOPOJbI SiOg TiOg Aly,O3 FesO3+FeO | MgO | 3R,0 | IlLmom.
[Mupodunnurcomepxka-| 73,91— | 0,47— | 12,07- 0,46— 0,03— | 2,06— | 2,84—
L[1Me MeTaCOMAaTUThI 7,21 0,56 18,72 3,56 0,80 3,63 3,81

CHIKEeHHIO OTHEYTIOPHOCTH HCC/IENYEeMBIX aTIOMOCHIMKATHBIX MOMYTHBIX
NPOAYKTOB CIIOCOOCTBYET TaKxKe COep:KaHHe OKCHJAOB KeJje3a, MarHus, Ha-
TPUS U KaJlusl, MOBBILIEHHOE COlepXKaHWe TUTaHa, CBS3aHHOE C IPUCYTCTBUEM
pyTHIa.

[To pesysbratam nerporpaguyeckoro aHa/in3a OCHOBHOH 6asuc Hccie-
JyeMbIX MOMYTHBIX MPOAYKTOB NpeACTaB/eH UellyHyaTbIMU arperaTaMy Mmupo-
(QUIINTa, UMEIOLIMMH MJI0OTHOE coxkeHue (comeprkanue B mopose 35—60% ).
Ha ¢one demyiluaTeix arperaToB NUPOPUIIUTA BBIAEJAIOTCS BKJIIOUYEHUS
KBAPLUTOB JUH30BHAHOH (hopMbl 10 10% . KBapuuThl XapakTepH3yoTcs Halu-
YyyeM arperaToB CJOAbl PA3HOU (POPMbI U PEIKUX CEKYLIMX MeJKOUYellyHUaThIX
MPOXKHUJIOK CBETJIO-ceporo nupoduauta. Hanuure ciaroasl naeHTUPUIUPOBA-
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HO I10 peaklWy OKpallMBaHUs Ha Ka/JuH MoJ BO3AeHCTBHEM XUMHUYeCKUX pea-
reHToB. Ofl1ee KOJIMYECTBO CJIOJBI B OPOJe, KOTOpas NpeicTaBjaeHa B BUJe
Da3HOBMIHOCTH MYyCKoBMTa, cepuluta, 10—23%. B paspese maccuBa npeoo-
JanalnT TUPOMUJIUTEL TEMHO-CEPOTO IIBeTa C OJHOPOTHOHM CJIaHLEBATOH
CTPYKTYpoH. PasHuua B 1Bere 00ycioB/AeHa HalWYHeM MUKpPoTpumecei. bo-
Jiee CBeTJIasi OKpacKa HaOJ/oaeTCsd Ha y9acTKaX Pa3BUTHS KAOJMHUTA, KOJIH-
4ecTBO KOTOPOro He mpesbiaer 5%. IloBceMeCTHO B MMKpOUeIIyHuaToM
arperate paccesiHbl OfMHOYHBIE 3epHa pyThaa 10 2%. MuHepasoruyecKui
COCTaB OCHOBHOTO 0asnca UCCJeyeMbIX MOMYTHBIX MPOAYKTOB MpeaCTaBJeH,
mac. %: nupoduanutr — 53; cepuuutr — 30; kBapu — 10; KAOJUHUT — 5;
pytun — 2.

Metonom HK-cnekTpockonuu B uccaefiyeMOH MHPOMUIIUT-CEPULIUT-
KBaplLeBOH MHHepa/JbHOM accolMallid YCTAHOBJIEHbl HauboJsee HUHTEHCHUB-
Hbl€e T10JI0CH TorJiolneHus nupoduaura — 1020, 970, 860 cMm™!, BrisBaHHbBIE
kosie6anusmu cBsizu Si = O B terpasape SiO, ¥ CUABHON LIMPOKOU MOJOCOH
B o0JsiacTH aepopmarmonnbix Komebauuu Si = O 500—300 cm~!. CpaBHenwue
MOJYYeHHBIX Pe3yJbTaTOB C MOHOMHMHEPAJbHBIM OTHEYMOPHBIM MHPO(UI-

JUTOM Depe3oBCKOTro MeCTOpOXKAeHUs

T,%% (puc. 1) ykasbiBaeT Ha TO, UTO MPO-
: eCChbl eCTPYKLUHUH TEXHOTEHHOTO CBI-
i pbsi TIPU TEPMHUECKOM BO3IEUCTBUHU

' npoucxonsit Ha 70—100°C Huxke. ITO
CBSI3aHO C U30MOP(HBIM 3aMelleHreM
yacTu UOHOB Si** nonamu AlP* | AlF

T DTA

550 700 853
4000 3200 2000 1200 400 cm- 200 400 600 80010001200 1400 7.°C
Puc. 1. VK-cnextp Puc. 2. ITA nupoduJIMTOBOrO TEXHOTEeH-
| — MUPOQUIIAT 1/t TPOU3BOACTBA OTHEYIIOPOB; HOTO ChIpbs
2 — nupo(UIIIUTOBOE TeXHOreHHOe chipbe [aii-
ckoro ['OKa

na Fe3*, Fe?*, Mg?*, npucyTCTBHEM B COCTaBE ChIPbS JOMOJHUTENbHO KATHO-
nos K!'*, Na'* u Ca®*, a Takke MoJieKyJ1 Bojbl. JlaHHbIEe Pe3y/IbTaThl MOATBEP-
KIAIOTCSH XMMHUYECKMM aHaau3oM (CM. TabauiLy).

[Tpu TepMuYecKuX HcCleNOBAHUSAX MHPO(UIIUTOBOTO TEXHOTEHHOTO CBIPbS
(puc. 2) na xpuso JTA npu HarpeBaHWM B HHTepBaje TeMIEpPaTyp
500—900°C peructpupytoTcsi 3HAOTepMHUECKHEe 3(PQPEeKTbl ¢ MUHUMyMaMH
npu 550, 700 u 853°C. OHU CBUIETEJbCTBYIOT O MpOLIECCaxX AerHapaTaluu B
MopoJie, CBSI3aHHBIX C PA3PbIBOM M'MAPOKCHIIBHBIX I'PYII B CTPYKTYpPe KaOJUHHU-
Ta, NUpoUIIUTa U cepuuuTa, nepexonom -SiO4B -SiO,, 1 epecTpolike ee
peleTku. Peructpupyemble 3HI03(P(PeKTbl MOHO(GPAKUHMN XapaKTepHbl /151
JaHHBbIX TOPHBIX MOPox [2, 3], a HeGosbIIOe CMeleHHe TeMIepaTypPHBIX HHTE-
BaJIOB CBSI32HO C Pa3HOH CHJIOH CBSI3M TMIPOKCHJBHBIX TPYIIl U CO CTENeHbIO
COBEpILEHCTBA CTPYKTYPbl UCCJIEI0BAHHOTO MHUPOGHUIIUTOBOIO ChIPbS. DK30-
TepMuueckuid adext ¢ MmakcumymoMm npu 982°C o6yc/oBIeH KpHUCTalIN3a-
nved (a3 MepBUYHOTO MYJJIMTA W3 KAOJHWHHUTA, KOTOPBIH XapaKTepH3yeTcs
HecoBepIIeHHOH cTPYKTypol. O6 3TOM CBHIETENbCTBYET Cla0bId 9K30TE€PMHU-
yeckuil a(dekr, uto cornacyercs ¢ [3—5]. [Ipu nanbHeliuem nogbeme Temrie-
paTypbl MOSIBJASIOTCS BAa 3K30TepMHUUeCKUX d(deKTa BCIeNCTBUE HaTbHEH-
mweld kpucraanndauuu mysauta npu 1190°C u kpucrobamura npu 1350°C u3
MPOAYKTOB pPas/oKeHUs MUPOpHUNINTA. JJlaHHbBIE MTPOLEeccH MUHEPano06paso-
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BaHUs TMOATBEPKAAIOT U Pe3yJbTaTbl PEHTTEHOCTPYKTYPHOTO aHa/n3a MHpO-
¢Gunaura. Ilpn nogveme temnepatypsl a0 1100°C Ha nudpakrorpamme moss-
JSI0TCA JIMHUHM, NpuHagnexamue Myaauty (5,4; 3,42; 2,96 A u n1p.), u cia-
Oble JINHUM HU3KOTEMIIePaTypPHOU Mou(HUKaLun G-kprucrtobanura (4,03; 3,88;
3,0 A u ap.). UHT€HCUBHOCTD 1M PAKLIMOHHBIX THKOB HECKOJIBKO yCHINBAET-
csl MU JajbHeHIIeM MOBBILIeHUH TeMmepatypsl 1o 1200°C.

H3yuenne 06:KUroBbIX CBOUCTB MUPOPUIIUTCOAEPKALIMX TTOPOJ MOKa-
3a/10, 4TO OTKPBITAs MOPHUCTOCTb CTPYKTYPbl COXPaHsSeTCs BIJOTb J0
1000—1050°C, o ueMm cBuAeTe/bCTBYeT BOAOMNOIJOLIeHHe Oosee 16% wu
cpenHsisi noTHOCTL nopsinka 1,7 r/em® (puc. 3). OnHako npu panbHekmeM
YBeJMUYEeHWH TeMIepaTypbl OTMeuyaeTcss Hauajo WHTEHCHBHOTO Ipolecca
CTleKaHHUs, YTO COIPOBOXKIAETCS CHHXKEHHeM BOJOIOIJIOLIEHNS, POCTOM
MPOYHOCTH ¥ MmioTHOCTH. Ob11as ycanka o6pasioB GUKCUPyeTCs HaUWHas C
1000°C u Buime u cocrasaser 0,9 1o 3,8%. B uHTepBase Temmepatyp
700—1000°C nabnionaercsi 0OpaTHBIA MpoUecc — yBeJWYeHHe JIMHEWHBIX U
00BEeMHBIX pa3MepoB 00pa3lOB M IOCTeNeHHOe YMeHbIIeHHe MPUPOCTa C
+3,0 10 0,0%. Ipenen MPOUHOCTH MPH CXKATHH TIPH TeMIepaType 00XKHUra
1300°C cooTBeTCTBYEeT aHAJOTMUYHOMY MOKasaTeso noaydapgopa (120 u
6osiee MIla). OrHeynopHOCTh MUPOPUITUTOBOTO TEXHOTEHHOTO ChIPbs —
1300—1350°C mo mokasaHHSIM CTaHIAPTHBIX MHUPOCKOIMOB.

Takum 06pa3oM, TpoBeieHHble Ha MEPBOM 3Talle MCCJAEIOBAHUS METPOrpa-
(v, MUHEPAJIOTHH U 06KUTOBBIX CBOUCTB MUPOMHUIIUTOBOTO TEXHOTEHHOTO Chl-
pbsi TIO3BOJIMJIM YCTAHOBUTH BO3MOYKHOCTb TPUMEHEHHST X B MPOU3BOACTBE HU3-
KOOGKHTOBBIX CTPOUTEJbHBIX H3/IeUH B KaueCTBe aKTHBHOTO KOMIIOHEHTa Kepa-
MHuecKod uXThl. [loaToMy Ha BTOpOM 3Tame pa3pabaThiBaIUCh COCTaBbl Macce
Ha 6aze MUpoUTUTOBBIX MeTacoMaTuToB [arickoro 'OKa Openbyprckoin 06-
JIACTH, 002KUraeMble 0 CKOPOCTHBIM Pe’KUMaM B YCJIOBHSIX LIEJEBOH POTHKOBOH
neun. [luxTta a1s CTPOMTENbHON Makonuku (pasivuHble BHIAB I€KOPATHBHO-
OTJIEJIOUHBIX TUINTOK) JOJKHA COAEPIKATh 50-60% TIUHHCTBIX MaTepuaJsos,
40-50% otowarommx Marepuanos u niasked [5]. [Ipu nanuposanuu u npose-
JI€HUH KCIIepPUMeHTa ObLTH UCIIOMb30BaHbI MATPHLbI MHOTO(DAKTOPHOTO SKCIIEPH-
menTa (2- u 3-pakroprbie). [Ipu 3TOM H3MeHsIaCh 10JIs1 IMHHCTOrO BELIECTBa,
IOJIsT CUJIMKATCOZIePKAlMX MHPO(MHU/IUTOBBIX XBOCTOB U TeMIlepaTypa 0GKHra
Macchl. B KayecTBe TIMHUCTOTO KOMIIOHEHTA HUCIO/b30Basach ryiMHa Kymakckoro
MecTopozkaeHns: OpeHOYprckoi 06/1acTH, TaK KaK AaHHBIA BUJ TJIHHBI BJISETCS
6a30BbIM B IPOM3BOACTBE MMTOYHOrO Lexa [aiickoro 'OKa u oTHocHTCS K MecT-
HbIM. B pesynbrate 06paboTKM 3KCIepHMEHTANbHBIX JAHHBIX OBIH ONpeesIeHbl
K03(h(HULUUEHTbl YPaBHEHHUH PErpecCHy U TMOCTPOEHbI TPahMKH, aHAIN3 KOTOPBIX
TI03BOJIUJI pa3paboTaTb MacChl AJIs MPO-

. Ry , ,
Bel€HHsI TPOMBIIJIEHHbIX HCIbITAHUHU o P Yoo

0,
MMa riem3 % o

B YCJOBHSX TMJIMTOUHOTO LieXa COCTa-
Ba, Mac. %: Kymakckas riuHa 45—60, T
MUPOPHUIIUTCOAEPKALIEE ChIPbe 35— T 4
45%, crekno60it 5—10%. 1307 2,1+
[ToMos1 CBIPbEBBIX KOMIIOHEHTOB, T ]
MX CcMellMBaHue, 06e3BoKuBaHHe 107207
LJIHKEepa U NPUTOTOBJEHHe mpecc-no- | | 37
pollIKa OCYIIEeCTBJSJIU MO CTaHOApPT-
HOHM TEXHOJIOTHH B na6opaTopHH03aBo- 70118 |
Ja TIPY YYaCTHH TIPEeCTAaBUTEJEH TeX- 17 5l
5011,7¢
Puc. 3. CBoricTBa MHPO(UIIUTCOMEPIKALIETO 304160
CBIPbSI MOCJIE€ 00XKMra 1 1]
1 — Boponoraomenue, %; 2 — obwas ycanka, %;
3 — cpemHsia TIOTHOCTb, T'/cM3; 4 — MPOYHOCTD 10¢ oS S S i
npu cxatuu, MIla 1000 1100 1200 1300 T,°C
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HOJIOTMYEeCKOH cJy»kKObl 3aBofa. [Iupogu/nnToBble MOMyTHBIE MPOAYKTHI
NpeiBapUTEbHO TOABEPraiu rpyooMy ApoOJeHHI0 Ha 11eKOBOH IpOOUJIKe 10
KpynHocTH He Oojsee 10 mm. IIpeccoBaHue NJIHTOK, yTeJbHBIH OOXKUT
(1050—1070°C), riasyposanue u noautou o6xur (950—970°C) npoussoau.-
cs1 B iutTogHoM 1exe ["arickoro [OKa Ha moTo9HO-KOHBeHepHOU JIMHUH TI0 pe-
JKAMaM, TPUHSTEIM B TEXHOJIOTHH 3aBoma. PU3HNKOo-MeXxaHHUeCcKHe CBOWUCTBA
MJUTOK cooTBeTcTBOBa M TpeboBanusiMm [OCTa 6141-91. Ha nauTkax ombIT-
HOTO COCTaBa OTMeuasoch CHUxKeHHe obwel ycanku 10 0,8—1,2%. B 1o xe
BpeMsi o0uIast ycaaka M3lesuid U3 3aBOJCKOHM MacChl COCTaBJIsIa 3,4-3,6%.
KanueBas ciawoga cepuluT, coaeprKalliasicss B MUPOPUANIUTOBON TMOpoae, Xa-
paKTepU3yeTCsi OTHOCHTE/bHO HHU3KOH 3BTEKTHKOH muiasjeHus [1] u B kom-
nsnekce ¢ 3((eKTHBHBIM MJaBHEM HCKYCCTBEHHOT'O MPOUCXOXKIEHUS CTEKJIO-
6oeM HHTeHCH(ULUPYeT Mpolecc CleKaHUs MUPOPUIIUTA 33 CUET yBeJuye-
HUSl KOJMYeCTBa KUIAKOH (hasbl.

BeiBoabl. [IprmeHeHre nUpoQUIIUTCOAEPKALLETO TEXHOTEHHOTO ChIPbsi
IJIs1 CTPOUTEJBbHOW KepPaMHUKH TEXHOJOTMYECKH M IKOHOMHUECKH Lesecoob-
pasHo mo caepywomuM ¢pakropaM. 1. Jlo6b4a NHPOMUIIUTOBOTO CHIPbSl HE
TpebyeT NOMOJHUTENbHBIX KallUTAMbHbIX BJI0KEHWH HA pPa3BelKy U pa3padoT-
Ky MecTtopoxkaeHuid. OHO W3BJEKAeTCs M3 HeAp TMOMyTHO C JOOBIUEH pPYyAbI
B BHJe LIeOHS, MeckKa, 4YTO CHHXKaeT ero ce0eCcTOUMOCTb.

2. XUMHUeCKUH 1 MHUHePaJbHBIH COCTAB MUPOMUIIIUTCOIEPKAIIHUX TTOMYT-
HBIX MPOAYKTOB T103BOJISIET NMPUMEHUTb UX KaK HeTPaAULMOHHOE MOJU(YHK-
LIMOHA/NBHOE ChIpbe B CTPOUTENBHOH KepaMHKe, a He TOJIbKO Kak IieOeHb /15
OTCBIIIKK JIOPOT, B NPOU3BOJACTBe GeToHA.

3. B ycnoBuSIX NMHPOreHHOro CHHTe3a NHPOMUINHTOBOE CHUIHKATHOE
ChIpbe MO3BOJISIET YMEHBIIUTb KOJUUECTBO CMelMaNbHO BBOAUMBIX IJaBHEH B
LIMXTE WX BOOOIIe OT HUX OTKA3aThCSl, CHU3UTh KOMIIOHEHTHOCTb MaccC [J1si
U3[eNUH 1eKOPaTUBHOW KepaMUKH ¢ 7—8 HauMeHOBaHUH 10 3—4, moJayduTh
U3[eNUsT ¢ MHHUMAJbHBIMH YCAIOUYHBIMU Ae(OpPMAUSIMU.

4. Vlcnosib3oBaHue NUPOQPUIIUTOBOTO TEXHOTEHHOTO ChIPbSI B aCCOLUALUU
C IPYTMMH MHHepa/JaMH{ MO3BOJHUT MOBBICUTh KOMIJIEKCHOCTb MCIIOJMb30BAHUS
HelIp U yJYULIUTh COCTOSIHME OKPY’KAIOIIeH Cpelbl Ha TEPPUTOPHUHU BJIUSHUS
TOPHOMPOMBILIJIEHHBIX KOMIIJIEKCOB.
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YIK 667.657.2:691.175

B. U. IOTAHUHA, n-p TexH. HayK, npod., H. A. IETYXOBA, acn. (Ilen3en-
CKMU TrOCYyJapCTBEHHBIA YHUBEPCHUTET aPXHUTEKTYPbl U CTPOMTENHCTBA)

MOINPHUKAILINAI PELNEIITYPbI
MNOJIMCTHUPOJIBHOTO KPACOYHOI'O COCTABA
JHUCIIEPCHBIMHA YACTHUIIAMH OPTAHOIJIMHDBI

HpI/IBeﬂeHbI pes3yJsabTaThl I/ICCJIe[LOBaHI/IiI BJIMAHUA OPTAaHOTJIMHBI Ha CBOHCTBA TOJUCTH-
POJIBHBIX KpPAaCoOK H HOKprTI/IfI Ha ero OCHOBe.

OnmHUM 13 MepCrneKTHBHBIX HalpaB/eHHH B HayKe O MaTepHaJIOBEleHUH
SIBJISIETCS TIOJyYeHHe MaTepHUasoB C KOMIIJIEKCOM 3aaHHBIX CBOHCTB, YTO JOC-
TUTaeTcsl MpUMeHeHHeM HaHOTEeXHOJIOTHH.

B ciyuae mosmuMepHbIX HAHOKOMIIO3UTOB B MOJUMEPHYIO MaTPULLy BBOAST
BEILleCTBA, COCTOSIIIME M3 HAaHOUaCTHL. Posib TaKHX BEIIECTB MOXKET BBINOJ-
HSITb OPraHOIJIMHA, NOJyuyeHHas MOAU(UKALKEeH! MOHTMOPH/INIOHUTOBBIX IVIMH
OpraHuyeckou n00aBKOH. MOHTMOPHJIJIOHUTOBAs IJIMHA HMeeT CJIOUCTYIO
CTPYKTYPY, pa3mep cjoeB coctapaset nopsaka 200 HM B AJuHY U 1 HM B 1LIH-
puny. Heoprannueckue KaTHOHBI BHYTPH TPOCJOEK MOTYT OBITh 3aMeIleHbI
HeroHHBIMH [TAB, KoTOpele CBfI3aHBI C TOBEPXHOCTBIO TVIHH BOAOPOAHBIMH
cBsa3siMu. [1py BBeleHUU opraHoOMUHepaJbHOM 100aBKU B MTOJIMMEPHYIO MaTpH-
1y MPOUCXOMUT pacllesylIMBaHHE CJI0EeB IVIHHbl ¥ 00pa3oBaHMEe OUeHb AUC-
nepcHbIX uyactul [1].

[Ipu pazpaboTke peuenTypbl OpraHOMHUHEPAJbHOU NOOABKU HAMHU MpPH-
MEHSIJIHCh MOHTMOPHJIJIOHMTOBAsE IJIHA [leH3eHCKOro pernoHa (MecTopoxk-
nenue Jlsrymesckoe) ynenbHOH nosepxuoctu S, = 4782,7 cm?/r. B kaue-
CTBe OpraHU4YecKod N00aBKH HCIOJb30BaJd MPOLYKT B3aUMOAEHCTBUS aj-
KWa(eHONOB ¢ OKHCbI0O 3THneHa — smyabratop OIl-4. Konuentpamwuio
no6aBku OIl-4 onpenensiiM 1Mo M3MEHEHHIO TOBEPXHOCTHOTO HaTSXKEHHS
pacTBopa. ¥ CTAHOBJIEHO, UTO Besn4yMHa ancopoumn no6asku OI1-4 Ha ranHe
cocrasaser 0,00038 r/cm?. PaspaGoTaHHas HaMH OpraHOMHHepaJbHas J0-
6aBKa SIBJSETCS aHAJOTOM OTeYeCTBEHHOT0 OpraHOOeHTOHHTA U 3apybOex-
HbIX GEHTOHOB.

[Tpenso’keHO MCMO/B30BATh OPTaHOMHUHEpAJIbHYIO N00aBKY NpH paspa-
60TKe pelenTypbl MOJUCTUPOJBHOTO KpacouHoro coctara. KpacouHslll co-
cTaB u3roTosscs Ha ocHoBe 10%-ro mommcTUposbHOTO J1aka. [l mosyde-
HUSl Jlaka TPUMEHSJICS YIaponpouHbld mosaucTupos Mapku ¥YIIM-0508-08
(TOCT 28250-89), B KauecTBe pacTBOPUTENST — COJbBEHT KAMEHHOYTOJIb-
noit mapku B (TOCT 1928-79). Ilpu paspaboTKe peLenTypbl KPACKH 4acTh
MUTMeHTa 3aMeHsIJIaCh HAaTlOJHUTENeM — MUKPOJoJoMUTOM Mapku MJI-10 u
omyacarb mapku S5VA.

JlucneprupoBaHue OpPraHOIVIMHBI B MOJMMEPHOH MaTpHlle CHOCOOCTBYeT
MU3MEHEHHIO CTeNeHH nepeTupa Kpacok. CTemneHb nepeTupa MoJUCTHPONBHBIX
Kpacok B cooTBeTcTBHM ¢ TY ¥ B. 2.7-05761614.028-2000 no/mxHa OBITH He
6osee 50 MkM. CTerneHb repeTHpa KPacKH onpeesiach 1o npudopy «Knuu»
no [OCTy 6589-57 «Meronnl ucneitanui. OmnpeneseHne CTeneH MepeTrpa
Kpacok MeToioM «KnuHa». ¥ cTaHOBIeHO, YTO KOHTPOMbHBIH cocTas (6e3 opra-
HOTJIMHBI) OCTUraeT CTeNeHu nepetupa 52 MM uyepes 20 MUH MepeTupaHus,
B TO BpeMsl KaK BBeJleHHe OPTraHOIVIMHbI CHUXKAeT BpeMs MepeTHpaHUs IMUr-
MeHTa 10 5—7 MHH INIpPU MOJy4YeHUH TOH Ke CTeleHH NepeTHpa. BBeneHue B
peLenTypy KpacKW OTEeUeCTBEHHOro OpPraHoOeHTOHHWTA TakKxkKe MPHUBOIUT K
CHWKEHHIO BPeMeHHU Ha TMepeTHpaHHe MUTMeHTa M0 CPABHEHHI0 ¢ KOHTPOJb-
HpiM K coctaasier 10 mun (puc. 1).
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s 120 Ta6aunna 1
£ 100 \ YcnoBHas BA3KOCTh
§ 80 \ JIAKOBBIX PacTBOPOB
5 1 No Yenoenast
8- 60 2 CocTaBbl BA3KOCThb
2 3 n/n .
2 40 i
% 20 1 |Kourposbnsii | 8,27
15 2 2 |OIl-4 riuHa 8,51
0 -
0 5 10 15 20 25 30 35 8 |OI-11 rimna | 8,53
t, MUH
Puc. 1. 3aBUCUMOCTb CTeNeHH IepeTHpa OT BPeMeHH
1 — xouTposbHbii (6e3 106aBOK); 2 — ¢ OPraHONIMHOK; 3 — ¢ Op- COKanleHHe Bpeme-
raHOGEHTOHHTOM HU TiepeTHpa KpacKu ¢ op-

FaHOTJIMHOM CYLIEeCTBEHHO
BJIMSIET Ha SHEPro3aTpaThl MPH MPOU3BOACTBE KPACKH H, CJIEI0BATEIbHO, CII0-
CcOOCTBYET CHMXKEHHIO ce6eCTOMMOCTH TOTOBBIX KPacCoK.

BBenenre MOIH(GULUMPOBAHHON MVIMHBI MPHBOAMT K M3MEHEHHIO DEOJIOTH-
YeCKHX CBOUCTB JIaKOBBIX PACTBOPOB. 3HayeHHMsl B3KOCTH COCTABOB C Opra-
HOTJIMHOK BbIlLIe, 4eM Y KOHTPOJIbHOTO cocTaBa (6es opranoramuer) (tad.. 1).

BbL10 yCTaHOBIEHO, UTO MPH BBEIEHWH OPTraHOIIMHBI HaOJ/II0NAeTCs yBe-
JM4yeHUe 3HAaYeHUH KPUTHUUECKOH OO0BbeMHOM KOHLUEHTpPaUWh MUIMeHTa
(KOKII). Tak, snauenuss KOKII (nmurment TiO,) cocTaBisieT COOTBETCTBEHHO
0,081 (koutposbHbii coctas), 0,091-0,095 (¢ opranoriuHok). AHanorMuHbIE
3aKOHOMEPHOCTH HabJI0Aal0TCA U IPU BBEIeHUM APYTUX NUrMeHToB (Tab.1. 2).

Tabnuma 2
3HayeHUs KPUTHYECKON 00bEeMHOW KOHIEHTPAIMUd MUTMEHTOB
KOKII

Ne CocTaBbl
n/n TiO, Oxpa Cypuk i Oxenp
2KeJIe3HbIU XpOMa
1 |KoHTposbHBIN 0,081 | 0,068 | 0,083 0,054
2 |C opranorinHo#, Monuduuuposannon OIT-4 | 0,091 | 0,067 | 0,093 | 0,063
3 |C opranorauHo#, moguduimposanton OIT-11 | 0,095 | 0,076 | 0,096 0,068

YcraHoB/I€HO, UTO BBEIeHHE B PELENTYPY MONHUCTHPOJBHON KPacKH Mpej-
JlaraeMOW OpraHOTJIMHbI MPUBOAUT K 3HAYMTENBbHOMY CHHXKEHHMIO YKPBIBUCTO-
et kpacku ¢ 160 mo 112 r/m? (taba. 3).

Jlomo/HUTeNbHBIM OATBEPKAeHUEM 00Jlee IUCIEPCHON CTPYKTYPHI BJIS-
I0TCS TIOJyUeHHble HAMH 3KCIlepUMeHTa/bHble NaHHble HACBILEHHOCTH LBETa
MOKPBITHH. [/ OLlEHKH XapaKTePUCTHK LBETa TOKPBLITUH Oblja MpPUMeHeHa
MeTOMMKa, 3aK/IUallascsi B CKAHUPOBAHWU OKpAlleHHOH MOBEPXHOCTH U
nocaenyoiiel padore ¢ usodpaxenuem [3]. Ckanuposanue 06pas3Los nNpous-
BOIMJIOCH B pexuMe LBeTHOro ¢oto ¢ paspemenuem 300dpi. Jas onucanus
[BeTa Obla HCIOJb30BaHa 1BeToBast Moxeab HSV (H — uBetoBoil ToH, S —

Ta6nunma 3 Tabanuua 4
YKpBIBUCTOCTh JaKOKPACOYHBIX HachlimeHHOCTh JaKOKPACOYHBIX
MOKPBITHH MOKPBITHHI

. Hanosmutens, % | YKpoi- Hanoanurens, % | Hacol-

Ne OpraH%— BUCTOCTb, Ne Oprch())— LLIEHHOCTh
n/n |ransa, %| MI-10 omyacarb| /2 n/n | rmna, % | MI-10 omyacarb| ygera
Koutp.| - - - 160 Koutp. - - - 0,875
1 2 - 5 110 1 2 - 5 0,903
2 2 - - 112 2 2 - - 0,906
3 2 5 - 142 3 2 5 - 0,889
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HACBILIEHHOCTb, V — spKoCTh). [Ipy Tako# MOeNM HACHILEHHOCTb H3MEeHs-
ercs ot O no 1. IlonydeHHble pe3y/bTaThl MpPHUBeldeHBl B TabJ. 4.

AHanu3 naHHBIX, TPUBENEHHBIX B TabJ. 4, CBUIETENbCTBYET, YTO MPUMe-
HeHMe OpPTaHOMHHepaJbHOU N00ABKM MPUBOIUT K YBEJHUYEHHIO HACBIIIEHHO-
cty useta ¢ 0,875 mo 0,906.

BBeneHune opraHOr/IMHBI B peLENTYPY MOJUCTUPOIbHON KPACKH U3MEHSIET
KUHETUKY OTBEPXKIEHHS MOKPbITHH (puc. 2

dopMupoBaHHe MOJUMEPHBIX MOKPBITHH MPOTEKAET B HECKOJIbKO CTANUH
[2]. Ha nepBoit cTaguu opMUPOBAHUS MOKPLITHS HAGII01AETCS MHTEHCUBHOE
UClapeHue pacTBOPUTEJISI, IPUBOJSIIEe K Pe3KOMY YMEHbILIEHHIO MacChl MO-
JIUMEPHOTO MOKPbITHS. BBeneHUe opraHoMHHepabHON 106aBKH U OpraHoOeH-
TOHHUTA NPUBOAUT K 60Jiee MOCTOSHHOM CKOPOCTH HCIapeHUsl pacTBOPUTEJIS.
B nepBble MUHYTbl OTBepXKAEHHUS MOJHMEPHOrO MOKPHITHS MOTEPs PacTBO-
putessi coctaBuna 30,56% ans KoHTposbHOro cocTaBa (6es mo6aBKu) H
18,75-22,86% nas MOKPBITUHA C OPTaHOTJIMHOW WU OPraHOOEHTOHHUTOM COOT-
BETCTBEHHO. DTO O00BSICHSETCS, HA Hall B3TJIsA, 6oJsiee MJIOTHOH yIaKOBKOH
NMUTMEHTAa B CTPYKTYype BCJeACTBUE ero 6oJblied nqucrepcHocTH. Ha nocaen-
Hel CTaJuM MJeHKOo0Opa3oBaHHUs BO3HUKAET CLelJIeHHe MOJMMEePHOro MOKPHI-
THS C MOJJI0KKOH, YTO MPUBOIUT K OPHEHTALUH CTPYKTYPHBIX 3JIEMEHTOB MO-
JUMepa ¥ BO3HUKHOBEHHIO B MOKPBITUM BHYTPEHHUX HaMpPSKEHHH.

M3aMeHeHHe CKOPOCTH HCMApeHHsl PACTBOPUTENSI MPUBOIUT K yBeJHue-
HUIO BPeMeHH BBICBIXaHHS MOKPhLITHH (Taba. 5

Ta6auma 5 =10
Bpems BbIchBIXaHUSA E"
JAaKOKpPAaCOYHBIX COCTaBOB e 80
3
Bpewms CocTaBbl ]
BBHICBIXAHHS, 5 60
MHH, 0 |KOHTPOJb-| C OpraHo- g 3
CTerneHu HbIM TJIMHOH © 40 —_
1 9 10 % 5 A AR—AR
% S~
2 15 34 g 20 ~ o———o
3 18,2 35,5 g 0 1
O
5 19,8 39,5 0 20 20 o " ot

t, MUH
BbIHBJIeHO, 4TO Bpe-

M$1 BBICBIXaHH$1 TOKPBITHH
10 CTeleHH 3 Ha OCHOBe
KOHTPOJIBHOTO COCTaBa (6e3 mo6aBKH) cocTaBasieT 18 MUH, B TO BpeMs Kak C
OpPraHoOTJMHOH — 36 MHH.

[IpuBeneHHble BbIllIe pPe3ynbTaThl UCCAEIOBAHUS MOKA3bIBAIOT, YTO BBEJE-
HUe B peLenTypy Kpacku pa3paboTaHHOW OPraHOTJIMHBL CIIOCOOCTBYET MOSIB-
JieHUto OoJiee OMCIEPCHBIX YACTHLL B CHCTeMe M NPUBOAWUT K JNOCTHKEHHIO
6oJiee YIyUIIEHHBIX CBOMCTB KPACKH M MOKPBITUH HAa €€ OCHOBE, UTO B LIEJIOM
6yneT crnoco6CTBOBATh YBENWYEHUIO MEXPEMOHTHOTO CPOKAa CJIYKOBbIL.

Puc. 2. KuHeTHKa HCMapeHHs pacTBOPUTEJIS
Yea. 0603H. cM. Ha puc. 1
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YIK 666.971

A. 1. ETOPOBA, kaHa. TexH. HayK, gpou., B. B. HAPOJOB, acn., A. E. MECT-
HHUKOB, x-p TexH. HayK, npod. (IKyTcKuii rocyiapcTBeHHbIi YHUBEPCUTET)

PACTBOPHBIE CMECH HA OCHOBE
PACHIMPAIONINXCH HEMEHTOB, TBEPJEIOIIINUX
B YCJIOBUIX BEYHOWU MEP3JIOThI

HpI/IBe[[eHbI pe3yabTaThl UCCJIEIOBAHKSA PACTBOPHBIX cMeced Ha OCHOBe pacIupAIINXCA
LHEMEHTOB M3 MECTHOI'O ChIpbsl, TBEPACIOLIUX B YCJAOBUAX BEUHOH MepP3JIOThI. OCHOBHBIMH KOM-
MOHEHTAaMH paACLIUPAIINXCA n00aBOK SIBJISIIOTCS ropedJibie nopoabl, HEOJUTCOAEPKALLLKE TTOPO-
Obl U THUIICOBOE BslXKYIIEe. Pa3p360TaHbI COCTaBbl KOMINOSUIIMOHHDBIX BAXKYIIHUX N9 TaMIIOHAXK-
HBIX ¥ TPYHTOBBIX PACTBOPOB, IKCIJIyaTUPYEMbIX B YCJIOBUAX BE€YHOMEP3JIbIX TPYHTOB. Honyqe—
HBI, aHpO6I/Ip0BaHbI U PEKOMEHIOBaHbl K MIPUMEHEHHIO COCTAaBbl TAMIIOHAXXHOTI'0 MaTepHaJsia OJs
HU3KOTEMIIEPATYPHBIX CKBAXKUH U 'PYHTOBOr0 pacTBopa AJd 3aMOHOJUYHMBAHUA CBaUHBIX (byH-
JaMEeHTOB.

BricokoadheKkTUBHBIE BSXKYIIME BELleCTBA, MOJydaeMble MeXaHOXUMHUe-
CKOM aKkTHBallMeH, NPeACTaB/SIOT NPAaKTHYeCKUH HHTepec 0COOEHHO MpPHU MOo-
CTaBKe MaTepHaJ/ioB B OT/a/leHHble PalOHbl TOJMBbKO B TIePHOJ HaBUTalUuu. B 1e-
JISIX CHY2KEHHS TTOTePH aKTHUBHOCTH LIEMEHTa BO BPeMEeHH Liesiecoo0pasHo 3a-
BO3UTb LIEMEHTHbIH KJIHUHKEP C €ro MNOMOJIOM B palOHe CTPOMUTEJNbCTBA.

[lepcrieKTHBHBIA BUJ PACIIUPSIOLIMXCS LIeMEHTOB — BSXKYILee HAa OCHOBE
nopT/aaHALeMenTa M paciumpsiiomed no6asku (PI). Ycranosiena mupokas
HoMmeHkaTypa Pl x uementy. Haubosee apdekTHBHBI paciupsiomnirie 106as-
K{ Ha OCHOBE TVIMHO3€MHUCTOrO KJIWHKepa U 6okcuta. OnHaKko 3TH 106aBKH 10-
porocrosimiye, 60KCUT Kak cbipbe AeuuuTeH. [JoaToMy IIMpOKOe MpakTHye-
CKO€e NpUMeHeHHe MOJMYYUIH 100aBKU Ha OCHOBE aJyHUTa U aJyHUTU3HPOBAH-
HOU mopoabl. McmosnbzoBaHue 3THX N06aBOK 3(P¢GeKTHBHO B palioHax, TIe
UMEIOTCSl TaKHhe IOPOJHI.

Hawubosee nemieBblM U JIOCTYTHBIM ChipbeM AJis nosydeHus P siBasiioTes
TJIMHA, U3BECTHSK, ropeJsble Nopoabl U Ap. D(P(HEKTHBHOCTb ITHUX PACIIUPSIIO-
KX 106aBOK HECKOJbKO HHKE, YeM BbIllIeyKa3aHHbIX, HO OHH BIOJIHE TIPUTO/I-
HBI /151 TIoJIydeHHs 6e3ycalouHblX U PaCIIMPSIOLIMXCS BOAOHENPOHULAEMbIX
pacTBOpoB U 6eTOHOB. [Ipu onHOM U TOM Ke pacxole BsKyllero senenue PJL
B COCTaB 6€TOHA 3HAUUTEJ/bHO yBeJHYUBAeT IPOYHOCTD NIPH C2KATHUHU U IIPHU U3-
rube, a TakxkKe MOBBIIAET MOPO30CTOMKOCTb M BOJOHENPOHHLAEMOCTb.

B nacrositee Bpems B AxyTIIHUHMC cosmectro ¢ HUMXKDB paspa6oran
cocTaB paclmpsiomeica no6asku [1]. dra pob6aska npencrasaser co6ok
CMeCh TOHKOMOJIOTOH cuitofbl u auoncuaa AO «Anpanceaona» ¢ runcom. Pac-
LIUPSIOLLYI0 100aBKY MOJYy4alT MeXaHUUeCKHUM MepeMellMBaHHeM TOHKOAUC-
MEePCHBIX COCTABJISIONINX B OTIPe/ie/IEHHBIX MPOMOPLUSAX, UCKJIIOUUB MTPeIBapPH-
TeJIbHYI0 00paboTKy ¢ e b0 XUMUYECKOU aKTHBAlMKU KOMIOHeHTOB. Cepuid-
HOe MPOM3BOJACTBO paclIMpsiiolled N06aBKU Ha OCHOBe MOJOTOH caoabl AO
«Anpmancmona» yxKe opraHM30BaHO, HO OHA BBITYCKAeTCsl MAJbIMU MapTHSIMH.
[Touck apyrux celpbeBbX MaTepuanos s noaydenus P orcyrersyer. [1po-
BeJleHHe HCC/ef0BaHUM MO MOJYYeHHI0 PACTBOPHBIX CMecel ¢ MpHMeHeHHeM
pacuupsifoiiel 106aBKKM Ha OCHOBE T'HIICA U TOPEJION MOPOAbL SBJSETCS aKTy-
aJbHBIM BOIIPOCOM.

Mecropoxnenre ropenbix mopon «KOHKIOH» HaXxOmUTCS Ha TEePPUTOPUU
TopHoro yayca PecnyGavku Caxa (SkyTtus). MectopoxieHue pacrioioeHo
B 30He MHOroJieTHeMep3/blx NopoA. CpeiHsiss MJIOTHOCTb TOPeJBbIX IOPOJ
coctasster 1610—2060 kr/ M3, uCTHHHAS MIOTHOCTD — 2610— 2750 Kr/ M3, mo-
pucroctb ot 19,01 no 41,45%, Bomonorsomenue 1o macce ot 5,09 1o 23,18%.
Kone6aHue CBOHCTB ropesbix Mopoj OOBSCHAETCS Pa3/MuHOM CTENeHbIO ITIpH-
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pOmHOro 006KWra. XUMHMYECKHH COCTaB TOPeJbIX MOPOH ObI MCCAENOBaH B
xumudeckor nadoparopur ['YIT PC(4) «LlenTpreosanautuk», %: SiOy —
65,06—71,41; TiO — 0,77-1,19; Al,O; — 16,62—24,80; Fe,O3 — 6,06—1,00;
MgO — 1,80-0,10; CaO — 2,45-0,51; K,O — 2,92-0,84; Na,0O — 3,16-0,13;
SO;, 06m — 0,25—0,65; CO, < 0,20; m.o.no. — 0,40—0,58.

JI1s1 ONITUMH3AaLMKU HUCCJIeI0BaHUS OBLIO MCII0JIb30BAHO MAaTeMaTHUYECKOe
MIaHUPOBaHWe IO IJIaHy MOJHO(PAKTOPHOrO 3KCIepUMeHTa ¢ 9 omblTamMu
(T3 3%). 3a nepemeHHbIe (haKTOPBI IPUHATHL: X| — COJePIKAHHE PACILMPSIIO-
el 100aBKH B LIEMEHTE, COCTOSILEH M3 TMIICOBOIO BSIXKYIIEr0 U MOJOTOH
ropeJsiolt moposiel, %; xy — co-
JiepXKaHHe TOpeJod TOpPOabl B
no6aske, %. [paHuLbl BapbUpO-

HaTypaJILHLIe 3HAYE€HUdA INMEePEMEHHBbIX

O603ua- | [lepemeHHbie

HanmenoBanue
BaHU$Sl yKa3aHbl B TalJHIE. HeHae 1 x X2
HcneiTanus IpOBOAUJINCH .
OCHOBHOH ypoBeHb 0 15 50
cornacto T'OCTy 11052'740 «[e- MuTepBa/i BapbUpPOBaHUS 5 10
MEHT THIICOTIMHO3EMHUCTBIH PAC-  Bepxuuit yposeHb +1 20 | 60
wypsiowuics». [Ipu 3Tom onpe-  Hukuuit yposews -1 10 | 40

JeJISJTUCh CJIeMyIOlHe CBOUCTBA
BSKYLIEro BelllecTBa: ¥ — HOpMaJbHash TyCTOTa LieMeHTHOro Tecta, Y%: Yy —
HayaJo CXBaTbIBaHHUsS, MHH; Y3 — KOHeI[ CXBaTbIBaHHUs, MUH; Y, — JINHEeHHOE
pacliMpeHye B BozpacTe 3 cyT, %; Y5 — JMHelHOe pacliMpeHHe B BO3pacTe
28 cyr, %; Yo — NpOYHOCTb Tpu cxkatuu, MIla.

[To pesysbTaTam UcCJ/IeIOBAaHUH NPENCTABJIEHBl MaTeMaTHYeCKHUe YpaBHe-
HUSA Ha 0ase MOJHO(PAKTOPHOTO IKCIEPUMEHTA:

Y, = 2276 + 0,168x2 + 0,103x3 + 0,958x; + 0,963x5 + 0,2825x,x9; (1)
Yy = 53,33 — 5x{ — bxi + 20xy; (2)

Y5 = 83,88 + 9,167x% + 1,67x5 — 5,83x; + 43,3x9 — 2,5xXo; (3)

Yy = 1,721+ 0,189x2 + 0,292x2 + 0,391x; + 1,559x9 + 0,48x,x9;  (4)
Ys = 1,733 + 0,315x2 + 0,424x2 + 0.353x, + 1,616x0 + 0,576x,%0:  (5)
Ys = 35,41 + 2,95x2 — 1,27x2 — 2,44x, + 1.26x0 — 0.23x,x9.  (6)

[To mosyueHHBIM ypaBHEHHSIM OBLIW TOCTPOEHbI TIOBEPXHOCTH OTKJIMKA.
Ha pucyHke mpuBeneHbl 3aBUCUMOCTH JIMHEHHOTO pacIlMpeHHs 00pasloB B
Bo3pacTe 3 ¥ 28 CYT OT COCTaBa PACIIMPSIIOLIETOCS BSIIKYILETO.

[1pu ananmu3e mosyueHHBIX TAHHBIX OBLJIO BBISIBJEHO, UTO YBeJHUYEHHE KO-
JIMUECTBA paclIUpsioneld 106aBKH 3aMETHO CHHXKAeT CPOKH Hauaja CXBaThl-
BaHU$ BsKYyIlero. Tak:ke MOXKHO CH€JATh BbIBOJ, UTO yBeJHYeHHE COLepKa-
HUS TOpesioN MOPoIbl B 106aBKe 3aMe//IsieT CPOKH CXBATbIBAHUS BSIKYILETO.

a) 6)

o 5 m4-5 e 5 m4-5

< z 3-4

4 034 g4 O

So o2-3 Sg o023

[~ 3 [ § 3

£& m1-2 €8 m1-2

$52 m0-1 £52 @0-1

g 8 1 8 1

8 60 g 60

¥ 0 10 50 Kormuectso < O 10 50 KonuuecTtso

nopogbl nopoabl
15 0 40 ,qo6gaﬂe, % 1520 740 5 posaeke, %
KonuuecTtso ao6asku,% Konuuectso no6asku, %

[ToBepXHOCTH OTK/HKA JMHEHHOrO pacuIdpeHHs o6pasuob B Bospacte 3 (a) u 28 (6) cyT or
COCTaBa PaCIIMPSIOLIErocs BSKYIIETro
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Hau6osbi1as npono/kuTebHOCTb Hayasla M KOHLA CXBaTbIBAHHUS BSIKY-
1eT0 HAOJI0aeTCs B caydae COIepXKaHUs pacllupsIoulel 100aBKH B KOJHUYe-
ctee 10%, a ropenoit mopoasl B Hell 60%. 3ameHa mnopT/iaHALEMeHTa
T111400-110 pacuupsiowed no6askoit 10 20% Ha 0CHOBe ropeJoil NOpoAbl U
CTPOUTEJNBHOTO TUIICA TPAKTUYECKH He BelleT K CHYXKEHNIO aKTHBHOCTH BSKY-
mwero. Beenenue B cocTaB mopT/aHIUEMeHTa paclInpsIomied 106aBKH Ha OcC-
HOBE rOpeJ/IoH NMOPO/Ibl U TUIICA HE3HAUNTEJ/bHO BJAUSET HA HOPMaJIbHYIO I'yCTO-
Ty LIeMEHTHOTO TecTa.

OnrtumanbHOe pacliMpeHHe 1IeMeHTOB IPOUCXOAUT NPH A006aBIeHUU pac-
wupsolei n1o6aBkyu B kKonuuectse 10—20% c comepkaHueM ropeJiok mopoisl
1o 45%.

Ha ocHoBe pa3paGoTaHHBIX BSKYILMX OBIIM MOJydYeHbl COCTaBbl TaMIIO-
HaXKHBIX L[eMeHTOB, cooTBeTCcTBYyOIUX TpeboBanusM [OCTalb81-96 «Ilopt-
JIAaHIIIEMEHTBl TaMIIOHaXKHble. TeXHUYeCKHe YCJIOBHS».

C npyroi croponbl, B PC(SI) npu ycTporicTBe GypoonycKHbIX CBall B CKBa-
JKUHY 3a/IMBalOT lLleMeHTHO-MecuaHbl pactBop. B mocobun k CHull
3.02.01-83 ykaszana mapka pactsopa — M100 u Bbiute. B fkyTun Beunomeps-
sbie TpyHTH (BMT) ocHoBaHui UMeIOT B cpeaHeM Temnepatypy —3°C Ha niy-
6une 10 M, T.e. ABJSIOTCA HU3KOTEMIepaTypHbIMU. M3BeCTHO, UTO GETOHBI
mapok M100, M200 u 300, ynoxenusle B BMI' ¢ Temnepartypoii He HHxe
—5°C, nHabupaiot npoyHocTb 15—=20% or Ryg 3a mecan u 35—40% R,s 3a
6 mec. Takum o6pasom, B Hu3koTemnepaTypHbix BMI' necuaHo-1ieMeHTHBINA
pactsop Habupaet 40% MapouyHO¥ NpOYHOCTH 3a 6 Mec.

[IpumeHeHMe NPOTHBOMOPO3HBIX XMMHUECKMX N00aBOK B MeCUaHO-lLe-
MEHTHOM pPacTBOPe HEAOMYCTHMO M3-32 BO3MOXKHOW MUTPauuu coselt B BMI,
CJeCTBUEM 3TOTO SIBUTCS MOHHKEHHE TeMIepaTypbl 3aMep3aHHUsl TPYHTOB.

Taxum 06pa3oM, 17151 MOBbILLIEHUS HeCyllel COCOOHOCTH OYpPOONyCKHBIX
cBail B BMI cioenyeT yBeJUUUTh MTPOYHOCTh CMeP3aHUs TPYHTOBOTO pacTBopa
co cBael. [IpumeHeHMe B HU3KOTEMIIEPATYPHBIX TPYHTAX LI€MEHTHO-TIeCYaHO-
ro pactsopa He 3(p(deKTHBHO. [ pyHTOBBIH pacTBOp s OYPOONYCKHBIX CBaH,
yCTpauBaeMblX B TBEPAOMEP3JbIX I'PYHTaX, JO/KEH OTBeuaTb CJeIyHLIUM
Tpe6GoBaHUAM: OBITb SKOHOMHUHBIM; OTeMJIsIollee BO3IEHCTBHE HA OKPYIKalo-
1€ TPYHTbI LOMKHO ObITb MUHUMAJ/IbHBIM; IPOUHOCTb CMeP3aHUs CO CBaeH He
HMJKEe TIPOYHOCTH CMeP3aHHUsl C TPYHTAMU OCHOBAHHH; HECJI0XKHAS TEXHOJOTHS
IIPUTOTOBJIEHHS U 3a/JMBKH B CKBaXKHHY.

JInst pelleHnst 3TOH 3a/1au POBOAUINCH UCCIEI0BAHHUS 110 BO3MOXKHOCTH
UCII0/Ib30BAHHS B TPYHTOBBIX PACTBOPAX KOMIIO3HULIMOHHBIX COCTABOB C ITPUMe-
HEHHMEM THIICOBHIX BSIKYILHX.

Ha ocHOBe KOMINO3ULMOHHOTIO THIICOBOTO BSIKYLLErO ObLIM pa3padoTaHbl
HOBBIE COCTaBbl PACTBOPOB AJis OypoonyckHbiX cBail B BMI'. M3yuens ux oc-
HOBHBIE TeXHOJOTMYeCKHe CBOHCTBA (MapouHasi POYHOCTh, CPOK M TeMIlepa-
Typa 3aMep3aHusi, IPOUHOCTb CMEP3aHHsl C MAaTEePUANOM CBaH), KOTOPbIE T10-
Kasza/Ju MPUrOJHOCTb HOBBIX PAaCTBOPOB /IS MPHMEHEHHUS B TBEPAOMEP3JIbIX
BMT npu 3a/MBKe MX HHXKE YPOBHS CJIOSl CE30HHOTO OTTaWBaHUs rpyHTa [2].

BoiBoabl. 1. 3HaueHHe COTNPOTHBJIEHUS] MEP3JIOrO pacTBopa CABUTY IO
MOBEPXHOCTH (pyHAaMeHTa R, MecyaHoro rpyHTa MeHbllle WM paBHO 3Haye-
HUIO R, pa3paboTaHHBIX PacTBOPOB, T.e. pa3padOTaHHble PAaCTBOPbl MOTYT
NPUMEHSATbCS B IMEeCUaHBIX TPYHTaX.

2. CokpallleHHe pacxofia BOJABl He HMKe MOJIEKYJ/JISPHOH BJIaroeMKOCTH
BeJIeT K YBeJHUEHHIO TIPOUHOCTH CMeP3aHHUsl PacTBOpa CO CBaeH; B pacTBOpe
TUIICOM3BECTKOBOIPYHTOBOM C yMeHblIeHHeM BoAbl B 1,6 pasa 3HaueHue R,
BO3pacTaeT B 2 pasa; Npu JAajbHeHIIeM yBeJWYeHWH BOIbl 3HaueHHe R,
yMeHbLIUJOCh B 2,4 pasa.
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3. 3Hauenus R, pa3dpaboTaHHBIX PACTBOPOB HAXOAATCS MEKIy 3HAUeHUS-
MM R, U3BECTKOBO-TIECYAHOTO pacTBOpa M MeCYaHOro IpyHTa, 4TO He MPOTH-
Bopeuut panHeiMm CHull 2.02.04-88.

ABTopamu cTaTbu pa3paboTaHbl COCTABbl KOMIIO3MLHMOHHBIX BSKYIIHUX
1J151 TAMIIOHaXKHBIX U TPYHTOBBIX PAaCTBOPOB, 3KCILIyaTHPyeMbIX B yCJOBHSIX
BMTI'. ITonyyensl, anpo6UpoBaHbl U PeKOMEHIOBAHbl K TPUMEHEHHUIO COCTaBbl
TaMIIOHa>KHOT'0 MaTepraJja /151 HU3KOTeMIIepaTypPHbIX CKBaKHUH U IPYHTOBOTO
pacTBopa aJ/isi 3aMOHOJIMUKMBAaHUS CBauHbIX (pyHmameHToB B BMI.
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9KOHOMHUKA N OPTAHMU3AIHNA CTPOUTEJIbCTBA
ABTOMATHU3AIIUA U TEXHOJIOI'A
CTPOUTEJIBHOTIO IMPOU3BOJACTBA

YIK 693.547.011.24

B. B. MOJIOJIUH, kauj. TexH. HayK, gou. (000 «Erpocutu», r. HoBocu6upck);
C. H. AHAPUEBCKHMU, nou., 10. A. IMHAEBA, unx. (HoBocuGupckuit rocy-
JapCTBEHHBIH apXHUTEKTYPHO-CTPOUTENbHBbIA yHuUBepcuteT (CubGCTpuH))

3UMHEE CHHXPOHHOE BETOHHUPOBAHHE
CMEXKHbBIX KOJIOHH U TUAPPAIMbI
C NOCJEAYIOIINUM BETOHUPOBAHHUEM IIJIUT
MEPEKPBITUHA MOHOJIUTHBIX KAPKACOB
JKHJIBIX U TPAXKITAHCKHX 3IAHUHA

O6ocHOBaHbI (PU3UUECKHE U MAaTeMaTHYeCKHe MOJEIN AHHAMUKH TeMIIepaTypHOTO TOJs U
NPOYHOCTH GeTOHA NpU 3UMHEM CHMHXPOHHOM OETOHHPOBAaHHMH JBYX CMEXKHBIX KOJIOHH W JHa-
(bparmbl ¢ MOCJAEeIYIOLUM GETOHUPOBAHHEM CONPSATaeMbIX MJIUT MEPEKPHITHH MOHOJNUTHOTO Kap-
Kaca XHJbIX M FPaKIaHCKUX 3[1aHME. PacCMOTpeHbl TPaaMLMOHHBIHA (C M30TEPMHYECKUM Bbl-
Jlep>KUBaHUeM GETOHa) M yIpaBJ/sieMblil TeMIIepaTypHbIi PesKMM Mporpesa GeToHa B ONTHMaJlb-
HOM TeMIlepaTypPHOM JManasoHe, a TakKe JABa a/jbTePHATHBHLIX MeTOJa MporpeBa 6eToHa —
3/IEKTPUUYECKHUMHU HarpeBaTe/bHbIMU IPOBOAAMHU U 3J€KTPOAHBIN 1porpes. TpexmepHble nudde-
peHLHaNbHble YPaBHEHHUS TENJIONPOBOJHOCTH OETOHA aNMpOKCHMHUPOBAHBI 110 HESIBHOH Pa3Ho-
cTHOH cxeMe Apo6HbIX maroB H. H. flnenko. Pazpa6oranHble anropuTMbl peann30BaHbl Ha al-
roputmudeckoM s3bike Object Paskal B cpenme Borland Delphi 7.0.

B patore [1] aBTropamu maHo peleHue 3amay, CBS3aHHBIX C PacYeTHHIM
060CHOBaHHEM MapaMeTpoB 3UMHEro 6eTOHMPOBAHMS OJMHOYHBIX KOJNOHH H
COMpsiraeMbIX C HUMH IJIMT MepeKPLITHE MOHOJUTHBIX Kapkacos 3nanui. Of-
HaKO HEMEeHbILYIO aKTya bHOCTb MMeeT pellleHHe TaKUX 3a1ad U [/ MOHOJIHUT-
HBIX KapKacoB 60J/1ee CJI0XKHOH (OPMbl, TEXHOJOTHUECKHE OTepalii BO3Bele-
HHSI KOTOPIX BKJIIOYAKT CHHXPOHHOE GeTOHMPOBAHHMe JBYX CMeXKHbIX KOJOHH
W TJIyXOH AuadparMbl MM AHadparMbl ¢ TPOEMOM € MOC/IeNYIOLIMM GeTOHHPO-
BaHHMEM COMPAraeMOH IJIMTHI MePeKPhITHS.
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Puc. 1. PacuetHas cxemMa 6eTOHHUDYEMbIX KOJIOHH W NPHUMBIKAIOLIEH K HUM MOHOJHMTHOH
nuadparmbl rayxo# (@) u ¢ mpoemom (6)

| — 6eToHMpyeMast KOJIOHHA; 2 — GeTOHMpyeMas riyxas nmadparma; 3 — GeToHMpyeMas nuadparma c
npoemoM; 4 — paHee 3a0eTOHMPOBAHHAS IJIMTA NEPEKPBITHS; 5 — paHee 3a0eTOHMPOBAHHbIE KOJIOHHbI;
6 — paHee 3a0eTOHMPOBaHHAs Iyyxas auadparma; 7 — paHee 3a6eTOHHPOBaHHas Axadparma ¢ mpoeMoM

CuHXpoHHOe O0eTOHMpPOBaHHE CMEXHbIX KOJOHH MU Auadparmsl.
Qusuueckas nocmanoska 3adauu. B COOTBETCTBUM C pacueTHOHW CXeMOH
(puc. 1) nBe cMekHBIX KosIOHHHI I ceuenueM A x B u quadparma 2 uiu 3 ToJ1-
MHOK O, GeTOHMPYIOTCS OJHOBPEMEHHO MPH TeMIepaType YKjalblBaeMoi
OeTOHHOH CMeCH fg.. YKa3aHHble KOHCTPYKUHUH B CBOEM OCHOBAHUH ONHPAIOT-
cs Ha paHee 3a06@TOHMPOBAHHYIO TLIUTY MePEKPHITUA 4 TOMIMHON &, , a Je-
pe3 Hee — Ha HHUXKe PACIOJI0XKEeHHble CMeXKHble KOJIOHHbBl & TAKOro e ceye-
uus (A xB) u quadparmy 6 u 7 TOIIIMHON d,,. Ha momenT Havana 6eTonupo-
BaHUs1 0eTOH paHee 3a0€TOHUPOBAHHBIX KOHCTPYKUHUH YcCreBaeT INPUHSATH
TeMIepaTypy, PaBHYIO TeMIlepaType OKpYy»Kalolllero Bo3ayxa . 3ajada oce-
CUMMeTpHYHasl Kak 1Mo ocu X, Tak W Mo ocu Y, T. e.

0ty (x=0,y,21) 01,(x=0,421) _ doulx=0421) _
ox oy oy

Pasmepbl 30H TemJOBOTO BIUSHUS Oemorupyemoblx KOHCTPYKIMH Ha pa-
Hee 3a0emOoHUpPOBaKHbie ONPENEeSIOTCS COOTHOLIEHUSIMHU!

KOJIOHHBL: 110 ocd X B, /2+A+X; mo ocu y B/ 2+Yy;

0.

auadparma: no ocu y 8, /2+Y;
BCce paHee 3a0eTOHMPOBAHHbIE KOHCTPYKLMH MO ocH 2 H +8,,, +Z,

roe X, Yy, Yo u Z — paccTOSIHUSA MO COOTBETCTBYIOUIMM OCSM OT GeTOHUpYe-
MbIX KOHCTPYKUHH IO TPAHHIl 30HBI TETJIOBOTO BJIHSHHS.

Ecan npoekToM Mpou3BOACTBA PaboT MpenyCMOTPEH 34eKmpOoOHbLL TIPO-
rpeB 6eTOHA KOJOHH ONHUM (10 CeueHHI0) CTPYHHBIM 3JEeKTPOLOM (KONOHHEI
KBa[PaTHOTO CeYeHHsl) WK ABYMsI CTPYHHBIMU 3JeKTPOAaMu (KOJOHHBI Mps-
MOYTOJIbHOTO CEYeHHsI), TO MOC/Ie YCTAHOBKH apMaTyPHOro KapKaca yCTaHaB-
JIMBalOT onanayoky (B ToM uuc/e onany6ky Auadparmbl C MOJOCOBBHIMU 3JIEK-
TPOIAMHU) H C TIOMOLIBIO KPIOKOB JIJIi BDEMEHHOTO KPEeMJIeHUs CTPYHHbIX 3JI€K-
TPOLOB MX 3aKpeIJsioT BHYTPU apMaTypHOro Kapkaca KOJOHH. Ecau
CTPYHHBIH 3JIEKTPOJA MO AJHHE COCTOUT U3 ABYX MJH TPeX 3JeMeHTOB, TO KPO-
Me KPIOKOB JJISi BpEMEeHHOr0 KpeIJIeHHsl MCIOJMb3YIOT U OTOTHYThIE MO IMpsi-
MBIM YTJIOM BBIBOJBI CAMHX 3/1€KTPOLOB. Ec/in mpexycMoTpeH nporpes 6eToHa
9NeKMPULECKUMU Ha2PeBameAbHblMU NPpo800amL, TO 10 YCTAHOBKH Onanyo6-
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K{ UX YKJIaIblBAlOT U 3aKPENJsioT BePTHKANbHO C paCUeTHBIM L1aroM Kak Ha
apMaTypHOM Kapkace KOJIOHH, TaK ¥ Ha apMaTypHOM Kapkace nuadparmel. 3a-
TeM YCTPauBaIOT BBIBOABI U OTBOJABI TAKUM 006pa3oM, 4YToObl Oblia obecrieyeHa
BO3MOKHOCTb BKJ/IIOUEHHS HarpeBaTe/bHBIX TPOBOJOB KaK Ha MOJHYIO pacyer-
HYIO TeIJIOBYIO MOLIHOCTb M, TaK M Ha YMeHbLIEHHYIO TeIJOBYI0 MOLIHOCTb
¢ -M npu pasorpeBe 6eToHa U Y -M Npu ero OCTHIBAHHHU.

BennunHa Ko3(h(UUMEHTOB @ U Y ONpefe/sieTcsl Ha CTaAuU NPOEKTHPO-
BaHUSl C TIOMOILbI0 Pa3pabOTaHHOrO aBTOPAaMM CIeLHabHOrO 0J10Ka IMpo-
rPaMMHOTO TMPOAYKTa M3 YCJ0BHUS COOMIOAeHUsT TpeOyeMOH CKOpPOCTH Iepe-
CTPOMKH TeMIIepaTypHOro MoJs OCJ/e BKAOUYEHUS U BBIKJIIOUEHHUS HarpeBare-
qei. [Ipu snekTponHOM nporpeBe 6eTOHA YMeHblIeHHe TelJJOBOW MOLIHOCTH
HarpeBaTeJsled NpU pa3orpese 6eTOHA WM YaCTUYHOE BKJIOYEHHE pacueTHOU
TEMJIOBOH MOIIHOCTH MPHU OCTBIBAHUU O€TOHA MOXKET OBITb BHITOJHEHO MyTeM
NepPeKJIIUeHHUs] HaPs2KeHHUs] TOKa Ha BbIXOJe M3 MOHUXKAKLIero TpaHchopma-
Topa.

Y4er npoema B nuacdparme mo cxeme puc. 1, 6 [0CTHUTaeTCsl ¢ MOMOIIbIO
[V III poma ¢ KOOpAMHATHOM NPUBSI3KOH TOPU30HTAIBbHOM M BePTHKAJbHBIX
rpaHed mpoema.

Mamemamuueckas modesv TUHAMUKH TeMIIePATyPHOTrO 10/ U MPOUHO-
cTH 6eTOHa B pelllaeMOH 3aaye Ha IpUMepe IJ1yXoH AuadparmMbl HUMeeT BUJL

Iayxas duagpaema:

ot (x,y,2,1) _ A | 0%y, 2,7) . %t (x,y,2,7) . O’ (x,y,2,7)

: ot Cu ox’ ay” 0z

+M+@, x€B, s Ayed, i rze HATe Ty
Cu al
9 0t (x,y=0,2,1) =0, xe B,y nze HATeTygy;
oy

3 0t (x :a;)’y’Z’T) =0,y€8,,y rnze HATeTry;

P Oty (xy 28,11/2,2,1) =Ko [ty (6,5 =8 ,1/5,2,7) 6],
xeBynze Hy/\t € Trr09;

5.0, Oty (x,y,2=H,1) — A ‘atmz(x,y,,z:H,T)’

0z 0z
xe€BoAyed, i AT E Trgy;

6.1,(x,y,2,1=0)=ts, x€B, s Anyed,ynrzeH,
tao(X,4,2,1=0)=6, xeB, /s AY€d,/5+Y A2€B 19;

7ot (x,4,2,1=0)=6, xeB, /9y AYEd, )9 +Y AZED,9;

8. tul(x,y,2,1=0)=0, xeB, )y Ayed, s nze (H+8 9, Z+8,,9 +Z);

9. R0 =0; R =RY, + AR,

sl nl

Aneopummuueckuil ducnemuep u3omepmuiecKoeo
sol0epacusaru s bemona:
ION =M, teT, nTeT,;
N=0, 1eT,.,.

(101)
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N=¢-M, ‘CETP/\alLZ(atJ :

o \ot
(102)
N=y-M, 1T, /\abg[atJ > abs[atj .
ot ot max

Aneopummuuneckutl ducnemuep ynpasisiemoo memnepamypHoeo
pexcuma 8 onMmuUMALbHOM MeMnepamypHom duana3one: (1)
N=M,teT,v(teT, np=2k k=12,.,S); }(111)

11
N=0,teT,.v(te Ty Ap=2-k, k=1, 2,...,5).

N=¢ -Mr1eT, /\61‘2[81} ;
ot \ 0t ), ..

(112)

N=y-M, teT,, /\abs(atj > abs(at] .
ot ot max

B marematuyeckon momenu (1): 1.1 — nudpepenimansioe ypaBHeHue
TEMJIONPOBOAHOCTH IVIYXOH AHadparMbl COOTBETCTBEHHO MJIUThI MIePEKPBITHS,
KOJOHHBI U quadparmel; 1.4 — T'Y III pona Ha coOTBeTCTBYIOILMX IPaHAX Oe-
TOHHPYEMbIX U paHee 3a0eTOHUPOBAHHBIX KOHCTPyKuwH; 1.6 — ['Y IV pona
(yc/10BMS TEMIOBOrO MPUMBIKAHUS GETOHHPYEMBIX KOHCTPYKLMH K paHee 3a-
6etoHrnpoBaHHbIM; 1.2, 1.3 — yCJIOBHS TEMIOBOH CUMMETPHUU C KOOPAMHAT-
HOW mpuBsisko#; 1.8 — HavanbHble ycnaoBus; 10.1 — asropuTMudecKui
JIMCIIeTdep HEeYNpaB/sieMOTr0 TeMIEePaTypPHOTO pexuMa ¢ H30TepMUYECKUM
BhinepxkuBanueM OetoHa; 10.1 u 10.2 — anropuTMuUYecKHe OHCIIETUEPHI,
YTPaBJISIOLINE TEMIEPATYPHBIM PEXKHUMOM TI0CJ€e BKJIOUEHHUS W BHIKIIOUEHHUS
HarpeBaTesiel; 11.2 — anropuTMUUYECKUH QHUCIIeTUEpP, YIPABJSIONINNA TeMIe-
paTypHBIM PEXXHMOM BBIIEP:KUBaHUsS GeTOHA B ONMTHUMaJbHOM TeMIepaTypHOM
IuanasoHe.

YucieHHas annpoKcuManusa MaremaTudeckoi momeau (1). Uwc-
JIEeHHas anmnpoKCUMauus TudQpepeHIraNbHbIX YpaBHEHUH U TPAHUYHBIX yCJIO-
BUH B Moae/u (1) BHIIOJHEHA 110 HeSIBHOK PAa3HOCTHOM cXeMe NPOOHBIX LI1AaroB
akanemuka H. H. duenxo [2, 3]. KoopauuatHas npussizka 3TOH cXeMbl K pe-
[1aeMOW TPeXMEePHOH 3a/ade ¢ BBIBOIOM BCEX MPOTOHOYHBIX KO3(DPULHEHTOB
npusenena B [4]. OuepenHocTs MpOroHoK:

1-5 npoeorka (n+1/3) mo ocu z ¢ TpaHMLAMH LHUKJIOB: CBEXEYJO-
JKeHHBIH 06eTOH OeTOHUPYeMBbIX KOJOHH U auadparmbl e M, rne
M, =ROUND(H / AZ); 6eTon paHee 3a6eTOHHPOBAHHOH TLIMTHI MePEKPbI-

tusii e (M;, My),rne My =ROUND((H +8,,5) / AZ); 6eToH HUKe pacroJio-

JKEHHBIX paHee 3a0eTOHHPOBAHHBIX AuadparMbl U KoJoHH i € (My, Ms), rue
M3 =ROUND((H +8,,, +Z) / AZ),

2-5 npoeorka (n + 2/3) 1m0 ocH X ¢ rpaHULAMH LMKJIOB: GeTOHUDPYeMasi
muadparma je Ny, rne Ny =ROUND((B, , +A) / Ax); panee 3a6eToHHPO-

BaHHasi MUIMTa nepekpbiths j € N3, rne N3 =ROUND((B,,, +A+X)/ Ax);

paHee 3aGeToHMpoBaHHas auadparma je€ N|; paHee 3a6eTOHMPOBaHHasl KO-
nonHa j e (N, Ny);

3-2 npozonka (n + 1) Mo ocy y ¢ TPaHMLAMM LMKJIOB: GETOHHpyeMas
muadparma je Uy, rne U =ROUND((B, ,,)/ Ay); GeToHnpyemasi KoJOHHA

K eU,, rne Uy=ROUND((B,,,)/ Ay); paHee 3aGeToHMpOBaHHas [IHTA
nepexpbituss K € Us, tme U; =ROUND((B /2 +Y,)/ Ay); nuxe pacrnoio-
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JKeHHas paHee 3abeToHUpoBaHHasA AuadparmMa K € U|; HUXKe pacrnosioxkKeHHas
paHee 3abeToHHpOBaHHas KoJoHHA K € U,.

Bce I'V III pona, pacrnosoxxeHHble Ha COOTBETCTBYIOLIMX OCSIX B Hauase
TIPOTOHKH, aNMpOKCHUMHUPYIOTCS MO HESBHOM Pa3HOCTHOH CXeMe, a pacoJo-
JKeHHBIE B KOHIIe TPOTOHKHA — T10 SBHOH. [leTalbHBIH BBIBOJ BCEX POTOHOU-
HBIX KO9(P(PHULHUEHTOB, B TOM YHCJ/e NIPOrOHOYHBIX KO3((PULUHUEHTOB Ha IPAHU-
uax, nad B [4].

IInuta mepekpwiTHHA, compsiraeMasl ¢ 3a0€eTOHUPOBAHHBIMU KO-
JOHHaAMUu M auadparmont. Pusuueckan nocmaroska 3adauu. PacuetHas
cXeMa paccMaTpuUBaeMOH 3aJaud NpeacTaBjgeHa Ha puUc. 2.

E
01 1
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g 1
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Puc. 2. PacyeTHasi cxeMa TeIJIOBOTO COMNPSKeHUsT GeTOHHPYeMOH
NJIUTHl TIEPEKPBITHS C paHee 3a0eTOHMPOBAHHBIMH KOJOHHAMH H
nuagparmamMmu

]— GeToHMpyeMas IJIMTA NePeKPBITHS; 2 — compsraeMasi KOJIOHHA; 3 — co-
npsiraeMasi iuadparma; 4, 5 — paHee 3a6e€TOHHPOBAHHbBIE COOTBETCTBEHHO
IJIUTA MEePEKPBITHS U HUXKE PACIOJOKEHHAs KOJOHHA

K mMomeHTy Hauana 6eTOHMPOBAHHUS MJIUTHI ePEKPBITUS OETOH BCeX pa-
Hee 320€TOHUPOBAHHBIX KOHCTPYKUMU yCIIeBaeT, KaK MPABUJIO, IPUHSATb TEM-
nepaTypy OKpY’Kalollero Bo3fyXa B COOTBETCTBHUHM C PacUETHOH CXEMOH U
BBHY OTHOCHUTEJbHO OOJbLIMX pa3MepoB GeTOHHPYEMOH IJIUTHI MO CpaBHe-
HUIO C pagMepaMu 00JacTH TEMJIOBOTO MPHUMBIKaHUS K paHee 3a0eTOHUPOBAH-
HBIM KOJIOHHaM M auvadparme. PaccMoTpuM pacueTHbId (pparMeHT MJIUTBL
AAx BB.

Ecsu npoekToM mpou3BOACTBA pabOT MPeayCMOTPeH 3JEKTPOIHBIA MPO-
rpeB 6eTOHa, TO BO3MOXKHbBI TPH BapHaHTa TAKOTo IMpOrpeBa:

1) mporpes MOJIOCOBBIMHU 3/1€KTPOJAMHU Ha HUXKHHUX IIMTaX onanyoku (oa-
HOCTOPOHHHH TPOTPEB CHH3Y);

2) nporpes 6eTOHA IJIMTHI CBEPXY C ITOMOILbI0 MHBEHTAPHBIX HAKJIAIHBIX
LIMTOB C MOJIOCOBBIMH 3JIEKTPOJLAMH;

3) IBYXCTOPOHHHH TPOrpeB 6eTOHA 3JEeKTPUYECKMMHU HarpeBaTeJbHbIMH
NPOBOJAMH, MX YKNAIbIBAIOT U 3aKPEIIAIT CBepXy HUXKHel 1 (M/1H) BepxHei
apMaTypHBIX CETOK.

Mamemamuueckan modensb TUHAMUKH TEMIIEPATYPHOTO TOJS U MPOUHO-
cTH 6eToHa MPU GETOHUPOBAHUHU IIJIUTHI TTePEKPBITHS MOHOJUTHOTO Kapkaca
uMeeT BMI:

1Ot (%, 9,2.7) Ao 82tm1(x,y,2,1)+62tm1(x,y,z,t)+62tm1(x,y,z,t) N
' ot Con ox? oy? 02?2
®, (1), Q1)

Cnnl CnJIl

_I_

, xe AAAyeBB/2nrzed,, AT eTrpu;
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2

ot (o ox? oy* 0z*

x€B, s Anyed,nze(d, +2);
3. athl(X, y’Z’T) z}\'mﬂl x
aT CKOJ‘II
2 2 2
N 0 tmm(x,y,z,r)Jra tKom(x,y,z,r)Jra teom (X, 4,2,7T) ,
ox? oy? 0z*

x€ (B, Byjo+A)AyeB/2rz2e @, 8y +2);

4. _xnnl . atnnl(x’ Y,2 :81'”11’1:) :_7\’111

0z

. atul(xv y,Z :8m11v T)
0z ’

5. _}\’ml .atﬂﬂl(xa Y,z :8m17r) z_xxon .atkonl(x; Y,2 =6m1, T)

’

0z : 0z
xeAnryeB/2;
6. —7\,m11 ‘atﬂﬂl(x’ vaZSHHI’T) anp3 '[tnﬂl(x,ya ZZO, T) _e]’
0z
7. _}\‘nﬂl _at“ﬂl(x’y’aZZSH.ﬂl’ T) =Knp2 '[tnﬂl()c,_l/,Z:O,T) _e]y
pa

xeAAANlye@,,,, BB/2)vye(B/2 BB/2);

8 A Otyon(x,4,2,7)
ox

xeAryeB/2rz2e (@, 8, +2);

9 Oty (x,4y=0,2,7)

%y
xe AANyeBB/2;
Ot eom (X, y,2=8,, +Z,7)
0z
11 ¢,,,(x,y21=0)=tsy, x€c AANye BB/2A2€8,,;

=0 '[tKoﬂl(xa Z/,Zaf) _e]v

=0, xe AAAZ €8 u1nps [t (2, y,2=0,7) -6,

10. =0, xe (B9, Byyo +A) AyeB/2;

12.¢,,(x,4,2,1=0)=6, xe B, ;s Anyed,o Az €@, 8, +2);

13. t (%, 4,2,T1=0)=6, x e (B, Bys+A) A
AyeB/2rz2e(B,,, 8., +2);

14, RT=0 —0: RUA —RT 4 AR:

il

} Anropurmudeckue aucneruepsl (em. 1.10, 1.11).

. oty (x,y,2,7) _ /. '{aQtﬂl(x, Y,z T)+62t,11()€, y,z,r)_'_a?tm(x, Y,2,7)

|

(2)

OuepeIHOCTh OMepaLMii M0 YUCJTEeHHOM anmnpokcumaiuu (2) Ta ke, 4To U NpH
ync/IeHHoH anmpokeumanuu (1). PaspaGoTanHble aBTOpaMu alrOpPHTMBI PeaIU30-
BaHbl Ha anroputmMuueckoM siseike Object Paskal B cpene Borland Delphi 7.0.
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PemeHne TeCTOBOH 3aa4yM Ha IPUMepe CHHXPOHHOTO GeTOHHPOBAHHUS
IBYX KOJIOHH U TJIYXOH nradparMbl MOHOJIMTHOTO KapKaca TPH CTPOUTEbCTBE
aJIIMHHHCTPATUBHOTO 3/1aHUs Ha nepeceueHun yaul CepamoBa — CoBeTckas
B r. HoBocuGupcke sumoi 2005/ 06 r. [Jarno: CHHXPOHHO GeTOHHPYIOTCS [Be
kosioHHBl 400x400x 3100 MM u rayxas auadparma 200x3000x3100 mm.
CaexeyJ/i0KeHHbIH 6eToH: Kaacc B25, niotHocTb 2450 Kr/ 3, K03 (PULHEHT
tenionposoanocty 2,8 Bt / (m-rpan). Hauanbuas temnepatypa 6etoHa (Tem-
mepaTypa ykaaapiaeMod GeToHHOM cmecu) 5°C. OmanyGka KOJOHH M aMa-
¢parmbl: panepa (8,, =18 MM, A, =017 Br/(m-rpan)), yrenaurens stadgon
(8, =10 mm, A, =0,05 B/ (m-rpan)). Yremmmre/b cBepXy — CJOH OIHJIOK
(,=100 MM, ,=0,9 Br/wm-rpan)). Paccuumamo: 1) Bpemsi HaGopa GeTo-
HOM KOJIOHH W IMa(parmbl MPOYHOCTH Rygo,; 2) H3MEHEHHE BO BPEMEHH CPej-
HeB3BeIlIeHHOH M0 06beMy TeMIlepaTypbl 6eTOHA U €ro TeMIepaTypsl Ha KOH-
takte (CHM3Y) C paHee 3a6eTOHHPOBAHHOM IIMTOH MEPEKPLITHS; 3) U3MeHe-
HHMe BO BpPeMeHM YJeJbHbIX 3Heprosarpar. TemmepaTypy H30TE€pPMHUECKOTO
BblIepKHUBaHus (a/1bTepHATUBHBIA BAPHAHT) U CPEJHIO TeMIepaTypy yrnpas-
JsieMOH TermyoBoH 006paboTku GeToHa mpuHATH 50°C.

Pesy/ibraThl pacueToB 1/ 3/E€KTPOAHOTO MporpeBa 6eTOHA MPH yIpaB-
JISEMOM U HeyIpaBJseMOM TeMIIepaTyPHBIX PexKMMax MpHUBeIeHbl COOTBETCT-
BEHHO Ha puc. 3, 4.

B cooTBeTcTBUM ¢ TAaHHBIMU CPABHUTEJbHBIX PacyeTOB, PUBEIEHHBIMU Ha
puc. 3, 4, Ipu 31eKTPoAHOM nporpese GeToHa (CKBO3HOrO mporpesa GeToHa Ko-
JIOHH CTPYHHBIMU 3JIEKTPOAAMHU MepuepUHHOT0 ABYXCTOPOHHETO Mporpesa be-
TOHA IyXo# AuadparMbl) Bpemsi Ha6opa 6eToHoM 70% MPOeKTHOH MPOUHOCTH
COCTaBWJIO: TIPH YIPAB/ISEMOM TEMIIEPATYPHOM pexuMe Tgyoq = 50 4 U mpu

a)

6) 8) 2)
(3]
A 5100
60 g 8 a5 T
@ N\ 3 S 7 80
SQ A T N g o6 T 55 60 4
£° 40 \ 8 @
8 g 5olf 1 2L 4 e 2= 20—
£ © 2of 85 o/ 5 & 20/
2 10 7o § &
= —~_ |2 g &5 o
0710 20 30 40 50 60 = 0 10 20 30 40 50 60 0 10 20 30 40 50 60

Bpewms Tennosou
o6paboTku, 4

Bpewms Tennosou
0o6paboTku, 4

Bpewms Tennosou

o6paboTku, 4

Puc. 3. CuHXpoHHOe OETOHHPOBAaHHME ABYX CMEXKHBIX KOJOHH M IJIyXOH Auacparmbl Ha pa-
Hee 320€TOHMPOBAHHOHU TIJIUTE TMEPEKPBITHS C 3JEKTPOAHBIM MPOrpeBOM GeTOHa MpH YIpaB-
JIIeMOM TeMIIepaTypHOM pexxuMe
@) MacwTaGHOe TeMIepaTypHoe MoJe; 6) M3MEeHeHHe CPefHeOOBEeMHO! TeMmepaTypsl 6eToHa (1) u
€ro TeMmepaTypbl Ha KOHTaKTe C MJMTOH nepekphiTHsi (2); 8) X0A BO BPEMEHHM MpoLecca HapacTaHwst
POYHOCTH GETOHA; &) M3MEHEeHHe BO BPEMEHH Y/IeJbHBIX SHeprosarpar
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a)

|
|
I

L LGOI S NNWL
Ll
52200090 0SH
300000000
88 [SIS1stol=te)

6) _ 8 2
60 £ 80 = 23120
8050 = £ 4 7 55100
S 7 o 260 e o X =
5°-40 O / Z i 80 —
S o 30 /| 2 40 o2 60 ~
o3 7 Q O / rog L~
c 9 . 20 2 3 40
s 520 N = /
T © / 2 by 4 5 20
R 10 3 0 é g o
0 20 40 60 = 0 20 40 60 >3 0 20 40 60
Bpemsi Tennoson Bpewmsi Tennoson Bpems Tennosoi
o6paboTku, 4 obpaboTku, 4 obpaboTku, 4

Puc. 4. CuHXpoHHOe GETOHHPOBaHHE ABYX CMEXKHBIX KOJOHH M IJIyXOH auacparmbl Ha pa-
Hee 320€TOHHDPOBAHHOH IIJIMTe MePeKPHITHUS C 3JEeKTPOAHBIM IPOrpeBOM OeTOHa IPU ero
H30TepPMHUYECKOM BbleP:KUBAHHH

a) macitaGHOe TeMIepaTypHoe roJe; 6) W3MeHeHHe CpeHe00beMHO TeMnepaTypsl 6etoHa (1) u ero Tem-
nepaTyphbl Ha KOHTaKTe ¢ MJUTON mepekpbiTus (2); 8) X014 BO BpeMeHH Mpolecca HapacTaHHs MPOYHOCTH
6eToHa; ¢) U3MeHeHHe BO BPEMEHH yJeJbHbIX SHeprosaTpar

HU30T€PMHUECKOM BbIIEePXKUBAHUHU OeTOHA Tg79y, = DO U, yIe/bHble SHEPro3aTpa-
ThI /15 YKa3aHHBIX TeMIIEPaTypPHbIX PEKUMOB COCTABU/IN COOTBETCTBEHHO 78 1

82 kBrt-u/ M3
CITMCOK JIUTEPATYPHI

1. MononuHn B. B. 3umHee GeToHMpPOBaHNWE OMUHOYHBIX KOJOHH ¥ TIUT TIePEKPLITHH MO-
HOJIMTHBIX KapKacOB MKMJBIX M IpaxaaHcKux sgauuil/B. B. Momomun, C. H. Auapues-
ckuit, 10. A. Ilunaesa/ /Usb. Bysos. CTpoutenbcTso (B meuaTu).

2. dunenko H. H. Mertoxn npoGHBIX IaroB pellleHHWss MHOTOMEPHbIX 338184 MaTeMaTHUeCKON
¢usuku/H. H. fuenko.— Hosocubupck: Msn-so HIY, 1966.— 364 c.

3. Camapckuii A. A. Beenenue B Teopuio pasHocTHeIX cxeM/A. A. Camapckuit.— M.:
Hayka, 1971.— 550 c.

4. Mononuun B. B. 3umHee GeTOHMPOBaHHE MOHOJHTHBIX CTPOMTENBHBIX KOHCTPYKLHME:
Yue6. nocodue /B. B. Mononun.— Hosocubupek: Uaa-s0 HTACY (Cuéctpun), 2007. —
184 c.

© Mouaoaun B. B., Augpuesckuit C. H., IIlunaesa 0. A., 2008

[Tosyueno 03.04.08
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YIK 624.132.345

JI. A. HEMYHUKOBA, unx. (HoBocuGMpPCKHMU TOCydapCTBEHHBIM apXHUTEKTYp-
HO-CTpouTeNbHBbINA yHuBepcuter (CubcTpun))

OIITUMHU3AIINAI CPOKA CJIY2KDBbI
PABOYMX KOJIEC TPYHTOHACOCOB
IMPHU THIPOMEXAHU3UPOBAHHOM PA3PABOTKE
OBBOJTHEHHBIX MECTOPOXKJIEHUY ITECKA

ITpoBeneHbl HCC/IeI0BAHHUS 110 H3YyYEHHIO BJIMSAHUA abpa3sUBHOrO U3HOCa paGoyero KoJjeca
TPYHTOHACOCOB Ha pabOTy 3eMCHapsa Mpy rMIPOMEeXaHU3MPOBAHHON yKJ/ajKe B 1iTabe/b mnec-
Ka U TecyaHO-TPaBUHHON cMecH. B pesysbraTe peannsaunu pa3paGoTaHHOW aBTOPOM MOAEJH
JTUHAMUKH KOOpPAUHAT padouel TOUKM PacCUMTAHBI ONTHMaJsbHble CPOKU CJYKOBI pabouux Ko-
JleC TPYHTOHACOCOB M0 HEeCKOJbKHM HHBECTHLHOHHBIM HpoeKTaM. [losnyuyeHHble pe3y/bTaTbl
NOATBEPXKIAIOT 3(PEKTUBHOCTb YCTAHOBKH PabOUMX KoJleC U3 M3HOCOCTOMKOH CTa/lH C yBeJH-
YeHHBIMH CPOKaMHU CayKObl pabouux KoJgec. IIpu s3ToM yBesnuuBaeTcs U Ce30HHas BbIPaOOTKa
3eMCHaps/I0B U NoBbIaeTcs 3(Q(heKTUBHOCTb THAPOMEXaHH3HPOBAHHOTO Cr10c06a JOOLIYU U VK-
JaIK1 B IITabesb HePYAHbIX CTPOMTEJbHbIX MaTepHasoB.

Hccnenosanusamu T. U. Tlensickuna [1, 2 ycraHoB/JIeHO, YTO HanopHas Xa-
pakTepucTuka 1 xapakrepucTuka KILJ[ cyliecTBeHHO 3aBUCAT OT CTeleHH ab-
pasuBHOro usHoca padouero xoseca (PK) rpynronacocos (I'H). Ilpu stom mno
Mmepe n3Hoca PK cHIkKaeTcs HamopHasi XapakTepUCTHKA, UTO TIPUBOIHUT K H3Me-
HEHHMIO KOOPJMHAT paGouell TOYKM ruapabauueckod cuctembl TH (puc. 1).

[TosTOoMy Lesnecoo6pasHO peluTh Ciaedylollde 3adauu:

1) o60ocHOBaHKE ONTHMAMBHOTO CpoKa 3Kcmayatauuk PK rpyHTOHACOCOB,
1ocJ/le MpeBbILIeHHsT KOTOPOTO BO3POCILHe TeKYIIHe 3aTPaThl PeBLILIAIOT MO-
JIydaeMyio NpUObLIb;

2) 060CHOBaHHE SKOHOMMUYECKOH 3(D(PeKTHBHOCTH NPUMeHeHHsl paGoumx
KOJIEC U3 HM3HOCOCTOMKOHM CTaJd NMPHU OOLIENPHUHSATOH MPOAOJIKHUTETbHOCTH
CpOKa CayKObl pabounX KoJieC TPYHTOHACOCOB U3 06biuHOM cTamu (300 u uuc-
TOH paGOThl 3eMCHAPSNIOB) C BAPUAHTHBIM PACCMOTPEHHEM MPENENbHOTO CPO-
Ka ux cayx06b 500, 700 u 1000 4 yncTOl paboThl 3eMCHapsiga U C ONTHMU3a-
uuen cpoka cayx0b PK B Ka)kmoMm HMHBECTHLHOHHOM TPOEKTE.

[O. A. [ToroBbiM 3, 4 nmoKa3aHO, YTO HATOPHAsT XapaKTePUCTHKA JIIOOOT0
LeHTPOOEKHOTO HarHeTaTessi ONHUCHIBAETCS YypaBHEHHEM

H =A4-Q*+B-Q+C, (1)
a B COOTBETCTBUHU C pPHUC. 1 3t0 H I 1
ypaBHeHHe TpaHCcHOpPMUPYeETCS i p
U
K BHUILY > N4
2

Hyy=A-Q*+B-Q+C(1). (2) B AN

Ne N

N, 5,

-y AN
] <N
~
Puc. 1. CxeMa M3MeHEHHs KOOPAMHAT 5 “q\\\\ \
pabouell TOUKH I'MAPABINYECKON CHUCTe- ~\, \\
Mbl TPyHTOHacoca Q \*_, mmm

I — yuacTox HopmasbHBIX, II — HckaxkeH- I v 4 117"
HBIX pabounx xapakrepucTuk; Il — xkpuru- —_—
yeckud, IV — CBePXKPHUTHYECKHH DPeXHM;
1, 2, 3, 4 — HanopHble XapaKTepPHCTHKH - Q
IPYHTOHAcOCa COOTBETCTBEHHO MpPH HOBOM 6
pa6ouem kosece ( | = 0), a Take TpH ero

9KCIIyaTallud B TeUeHHEe BPEMEHH o, 3, 4; |
5 — ruapaBiMUecKast XapaKTepuCTHKa Tpy-

GornpoBoja; 6 — BaKyyMMeTpHuecKas Xa- Heo 7
PaKTEePUCTHKA; 7 — KaBUTAalMOHHAsS Xapak- 4
TePUCTHKA Kae |
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B cospnannoi B HTACY (Cu6erpun) KoMnbloTepHOU Gase nanHbix [5] mpu-
Benenbl Koaduuuentsl A, B u C( = 0) 15 Bcex cepuiHO BBIMYCKAaEMbIX
IPYHTOHACOCOB TIPH WX PabOTe Ha BOJAE CO CMEHHBIMH PaBOuMMH KOJECAMH
pasHOTo AUaMeTpa.

CrpykTypHasi cxema ruapaBauueckod cuctemsl ['H umeer Bun:

IPYHTOHACOC > TPYOOMPOBOAHAS CeTh —> KOHUYECKHUH FPOXOT. (3)

IlByxcToponusisi cBsa3b Mexxny ['H u tpy6onposontoi cetbio () xapak-
TepU3yeT U3BECTHBIN MPUHLMIL: OO0 LIeHTPOOEKHBIH HarHeTaTe b Pa3BUBa-
eT TOJIbKO TAKOW HAarop, KOTOPbIH HEOOXOAUM /ISl IPEOAONeHHs THAPABIIHYe-
CKOTO CONPOTHBJIEHUS MTOACOEANHEHHON Tpy6onpoBoaHoH ceTu. [1pu 3TOM Ha-
npaBieHHoCcTh cBsisd () o3HayaeT, uyTO J0Oble HM3MeHEeHHs pPabGouymx
napamerpos ['H (B ToM umc/ie M3MeHEHHS THAPABJIMYECKHUX KadeCTB [0 Mepe
usHoca PK) npuBoasT K M3MeHEHHUIO MapaMeTpOB THAPOTPAHCIIOPTHOH JIMHHUH,
obparHas cBs3b () 03Hauaet, 4TO JKOObIE U3MEHEHHS MAapaMeTPOB THIPO-
TPaHCIIOPTHOH JMMHUHK (HapalMBaHHte MIaBy4ero rHOKoro Tpy6onposoa, yse-
JIMYEHHEe CTaTHYECKOrO Haropa) MPUBOASAT K M3MEHEHHIO KOOPAMHAT pabouer
touku (H,, Q4) cucrembl. Konndeckuit rpoxot (KI') B cTpyKTypHOU cXeme OT-
fieJieH 0T TPYGONpPOBOAHON CeTH OMHOCTOPOHHEH CBA3bI0 (—>), TaK Kak ycJo-
Busl pa6otsl KI' Ha mapameTpsl rMAPOTPAHCIIOPTA BAHSHHUS He OKAa3blBalOT, B
TO »Ke BpeMsl KadecTBO oborarieHus rnecka B K[ cyliecTBEHHO 3aBHCHUT OT
CKOPOCTH BXOJa THAPOCMECH B Hero. YMeHblleHHEe pacXojia THAPOCMECH B
TPaHCIIOPTHOH CHCTEME aBTOMATHUECKH MPUBOAUT K YMEHbILEHUIO BeJUYHHBI
LeHTPOOEKHOH CHUJIbI IPH 3aKPYUHBAHHH NTOTOKA U K 3HAUUTEJNbHOMY BO3pac-
TaHMIO oTepu necka c rpasueM. [1o qanueiv T. W. [Tensckuna [1, 2] ycranos-
JIeHO, uTo moTepH noJsesHblx ppakuuil (0,16—5 mm) B KT Bospacraior ¢ 9%
npu HoBoM PK 10 50% mnpu HM3HOLIEHHOM.

HecomHeHHO, 4TO Ha BeJIMUUHY MOTEPb MOJIE3HBIX (PPAKLHH BINSET U CTe-
neHb H3Hoca cuta. ONHAKO B Na/bHEHIIUX BbIBOJAAX MPEAIOJI0KHM, YTO CHUTO
HOBOE U K JIOMOJIHUTENbHBIM MOTEPSIM M0JIE3HBIX (PAKLHMHA OHO HE TPUBOJIHUT.

[Tocsie 3amensl usnowenHoro PK rpyHTOHacoca Ha HOBOe WU/IM pecTaBpH-
POBaHHOE ero HalmopHas XapakTePUCTHKA Ha BOJIE OMHUCHIBAETCS YPaBHEHHEM

HO%(t=0=A-Q?+B-Q+C(t=0); (4)

B cooTsercTBuM ¢ [6] mepecyer HamopHOH XapaKTepUCTHKH C BOAbI Ha
TUIPOCMECHh MOXKeT OBITh MPOU3BeleH 1o (opmyse

= | + ,
v
rie S — oObeMHasi KOHCUCTEHIMS THIPOCMECH B AOJSX €IWHHILIBI;
Y — CcpelHeB3BelIeHHbIH M0 TPaHCOCTaBy KO3(D(HUIMEHT TpaHCIopTabesb-
HOCTH KapbepHOro IpyHTa.
B coorBercTBuu ¢ [1, 2] npouecc KOHrPY3HTHOrO MOHMKEHMSI HANOPHOM

xapakTepuctuku I'H no mepe nsHoca ero padouero kojeca I10CTOBEPHO ONHU-
CBIBA€TCS C TMOMOILBI H3MEHSIOLIErocss Bo BpeMeHH Kos(pduimenta C(t)

Clt)=K, 12 +K, -1 +K;, (6)

®)

rne K, =-037-10*; K, =— 0,023, a Koa(hduuueHT K3 17151 K&XKI0T0 KOHKPET-
Horo 'H HaxopuTcs skeTpono/siuyer NacnopTHOM HATOPHOU XapaKTePUCTUKH
Ha BOJe.

Bo3MoKHOCTb LOCTOBEPHOTO HCIOb30BaHUS KO3 uuueHtos K; u K, B
ypaBHenuu (6) moaTBepkaaeTcs:

1) nonubiM cosnagenuem BpeMenu usHoca PK (300 4 uncToit paGoThl 3eM-
CcHapsina) npu paspaboTke TPOHMIKOro MeCTOPOXKIEHHs necka B YesstOuHCKOM
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obmactu, rae T. Y. TleHACKUHBIM COBMECTHO C HAay4HO-HCCJIE0BATEIbCKUM
uncturyrom BHUMHepyn (r. ToabaTTH) GbLIM NPOBEEHbl OOLIHPHBIE IKCIIE-
pHMeHTaJ/bHble UCCJeJOBAHUS AMHAMUKH pabouynX XapaKTepUCTHK 3eMCHaps-
na 150-45 no mepe n3Hoca pabodero Koseca rpyHToHacoca 16P-9M, npu pas-
pab6oTke MapycHHCKOro MecTopoxxIeHHs necka B HoBocuGUpcKon 0671acTH ¢
ucrnosb3oBanueM rpyntonacoca IpYT 2000/ 63;

2) 6/IM3KMMH 3HAUEHHIMH NMaMeTPOB PabOuMX KOJIeC TPYHTOHACOCOB
16P-9M u I'pYT 2000/ 63 (cootsercTenno 910 1 950 MM), a TakKe 4acCTOTHI
ux Bpauenus (coorsercTBenHo 590 u 580 muu~!);

3) MpaKTHYECKH MOJHBIM COBMAJeHHEM KDPHMBBIX TIPaHyJOMETPHUYECKOTO
cocraBa Tpouukoro u Mapycunckoro meckos (puc. 2);

%

100 7 ”P =] _#L:--u
80 _'.!,\L‘ 2L il

»
60 /*’

40

N

20

0 Hu/—ﬁ | |
0,001 0,01 0,1 1 10

d. Mm 100

Puc. 2. Kpusble TpaHyJOMeTpPHUeCKOro cocTaBa mecka Mapycunckoro (1) u
Tpouukoro (2) MecTopoxKneHuil

4) cpaBHeHHEM NaHHBIX SKCIEPUMEHTAJIbHBIX HU3MEPEHHH TIpH pa3pador-
ke MapycuHckoro Mmectopoxaenuss B HoBocubupckoi obaactu jsetom 2007 r.
(semcuapsn 180-60 ¢ rpynronacocom IpYT 2000/63) ¢ naHHBEIMH pacyeToB
no ¢opmyae (6) (ra6a. 1).

ITo mepe n3noca PK nacnoprtHas xapakrepuctuka KIIJl rpyHToHacoca
IpYT 2000/63 onucbiBaeTcs 3aBUCUMOCTSIMH:

— TIpU HOBOM HJHM pecTaBpupoBaHHoM PK

N(t=0)=7;-Q% +my3-Q +ny; (7)
— @pH yacTHyHo u3HoweHHoM PK
Ny (1) =a(1)Q? +B(1)Q +y(1), (8)

rie
oUD) =fT? + T+ 3
B(t) =m 1% +myt +my . (9)
(1) =12 +nyT +ny

Ta6auma 1

JlaHHbIe 3KCIEePUMEHTAJbHBIX M3MEpPEHUH U NaHHBbIE PacyeToB IpU pa3paboTKe
Mapycunckoro mecropoxaenus B HoBocubupckoir ob6aacru mserom 2007 r.

Hamop rpynTonacoca| KITJI rpynTtonacoca,
Bpewms unctoit pa6oTel|PacueTHoe 3Hauenune| O6bem mecka, Ha BOJe, M %
3eMcHapsija nocJe pacxosia Ha BOJIe, |YyJIOKEHHOro B

3aMeHbI pK, yac MS/L{ wradesab *, MS JaHHbIE JaHHbIE JaHHbIE JIAHHbIE
H3MepeHHI| pacyeToB [M3MepeHHUH| pacyeToB

0 2190 64,8 64,0 68,4 68,9

100 2091 13037 62,8 62,4 66,1 66,9

200 1941 12929 60,3 59,9 59,9 61,0

300 1703 12803 57,4 57,0 48,1 49,5

* o
[To nauHBIM reomesnyecknx 3amepoB 3AO «CHOTHAPOMEXCTDPOH».
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B (9) smnupuyeckue Kos(duumeHThl pasHbl: f =—036-107%; f, =
=-02-107"; m; =-0123-10%; my =—0,32-107; 1, =—0,31:107°; ny, =0.

Paspa6oTaHHBIH aBTOPOM aJrOPUTM HUMHUTALHMOHHOTO MOJETUPOBAHUS IH-
HaMHUKHM KOOPAMHAT pabouel TOUKU IPyHTOHACOCOB 10 Mepe abpasvBHOIO MU3-
Hoca uX pabouero KoJjeca peajH30BaH Ha aJrOPUTMHYECKOM si3bike Visual
Basic u Bkatouaer 6s0ku: 1) Gasbl JaHHBIX [0 TPYHTY KapbepHOH 3a/iexKH;
2) 6asbl JaHHBIX 10 TPYHTOHACOCY; 3) 6a3bl JaHHBIX MO THAPOTPAHCIIOPTHOM
JIMHUHK 3eMCcHapsaa; 4) 060cHOBaHHE HOPMAaTHBHOM TPYHTONPOM3BOAUTEIbHO-
CTH 3eMCHapsiia ¢ BBIBOJIOM PYHTOHACOCA M3 HEIITATHbIX CHUTyaluui (Ipu ux
nanuuun): «Kasurauus TH», «PaGorta cucreMbl Ha J1eBOH paboded TOYKe»,
«lepuuut Hanopa [H»; 5) uMHUTaLMOHHOE MOAENUPOBAHKME IMHAMHMKH KOOD-
IMHAT pabGouell TOUKH MPH MpeesbHOM CPoKe cIyK0bl pabodero koseca 300,
500, 700 u 1000 u yucToH paGoOTHI 3eMCHapsiaa.

B cootBercTBuu ¢ [7] BBemem ciepyioline MOHATHS:

unsecmuyuonnbie pacxodo. (06beM KamUTaJbHBIX BJIOXKEHHH) — Pacxo-
nbl Ha PK rpyHTOHACOCOB B 06BIYHOM MCMONHEHHH (C MAKCMMAJIbHBIM CPOKOM
cayx661 300 4 ymcTOM paGoThl 3eMcHapsiia) uau Ha PK M3 M3HOCOCTOHKOM
cTau;

uHOeKc uHsecmuyoHHoeo npoekma j = 1, 2, ..., m; B COOTBETCTBHUH CO
CJIOXKUBILEUCS MHUPOBOU INPAKTHKOM THIPOMEXaHHM3aUMH 3eMJISHbIX pPaboT
npumeM: j =1 — pabouee KoJieco U3 0OBIUHON CTANH C MAKCUMaJbHBIM CPOKOM
cayx6b1 300 u yucTol paboThl 3eMcHapsna; | € 2, 3, 4 — PK u3 nsnococroi-
KOHW CTaJu C MakCHMaJbHBIM CPOKOM CJyxk0bl cooTBeTcTBeHHO 500, 700 M
1000 u yucTo# paboThl 3eMCHapsa;

UHOeKc 8apuarma peaiusayuu UH8ecmuyuorroeo npoekma j =1, 2,...,
m: qas j=1, r=1,2,3;, ona j=2, r=1,2,..5; png j=3, r=12,...7; nn
j=4, r=12,..10, T. e. KOJUUECTBO HHIEKCOB peasU3aLUU MPOeKTa j PaBHO
ROUND(Tj/ AT), rne AT =100 u 4uctoit paGoThl 3eMCHapsa;

mekyuue sampamor C;, — 3aTpaThl IPK PeaTUu3alUUK NPOEKTA [ MO Ba-
pUaHrty r;

ungecmuyuontole pacxodor T; , — 00beM KalUTabHbIX BJIOKEHHH MPHU

peaqu3auuy NMpoeKTa j MO0 BapHUaHTY 7;
HopmamugHoLll cpok okynaemocmu T, — CPOK OKYNaeMOCTH IOIOJIHH-

TebHBbIX (10 OTHOLIEHHIO K 6a30BOMY j =1 BapuaHTy) MHBECTHULMOHHBIX pac-
XOLOB KOHOMHEeH Ha ce6eCTOMMOCTH.

YkasaHHas Bblllle M0OCJAEL0BATENbHOCTb PACCMOTPEHUS MHBECTULMOHHBIX
MIPOEKTOB COOTBETCTBYeT IPUHLMUIY 803pacmaroujeil Mocaef0BaTebHOCTH
MHBECTULIHMOHHBIX PAaCXOJI0B NPHU ybovlsaroujell NoCae10BaATeNbHOCTH TEKYLIUX
satpar. [Ipu 3TOoM KO3(Q(HULIKMEHT cpaBHUTENbHOH (OTHOCHTENbHOH) 3(dek-
TUBHOCTHM KaNHTaJbHBIX BJOXKEHHH XapaKTepu3yeT SKOHOMMIO Ha ceGecToH-
MOCTb, MPUXOASLIYIOCS Ha OOUH PyOJib NOMOJHUTENbHBIX WHBECTULMH, 00Y-
CJIOBJIEHHBIX TTePEXO0M K 6oJiee KanuTajs0eMKOMY BapUaHTy WX UCIIOJHEHHS,
a 006paTHOH eMy BeJUYMHOH SBJSETCH CPAaBHUTE/bHBIH (OTHOCHTENbHbIN)
CPOK OKYIIaeMOCTH, KOTOPBIM XapaKTepu3yeT MepHoJ, 3a KOTOPbIA NOMOJHHU-
TeJIbHble MHBECTULMOHHBIE 3aTpaThl OKyMaloTCs SKOHOMHUEH Ha ceGecTOHMO-
ctu. [IpuMeHHUTENBHO K pelliaeMOM 3agaue MMeeM:

[(j) — MHBeCTHLMOHHBIE PACXOMbl HA HOBoe pabdouee Koseco I['H mo mpo-
exry j u (npu Heo6xonumocTH) Ha BeiBoA ['H us HewraTHO#M cutyaunu «ledu-
uut Hanopa ['H», ecan aTa cuTyauus Bo3HHKaeT B mpouecce usHoca PK, r.e.
npu r>1;

C(j, r) — nonoanurtensHble (cBszanHbie ¢ usHocoM PK rpynTonacoca)
TeKyILHe 3aTpaThl IPH peasu3ally NpoeKTa j 0 BapUaHTYy 7, 00yCIOBIEHHbIE:
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yMeHbllIeHUeM I'PYHTONPOU3BOAUTEbHOCTH 3eMCHAPSa U3-32 CHUKEHUS

Ha MaciTaGHoM rpaduke HamopHod xapakrepuctuku C, (j, r);
yBeJIMUeHHEM Y/IeJbHbIX SHEPro3aTpaT Ha pa3paboTKy U THAPABINYECKUH

TpaHCHopT rpyHTa u3-3a cHuxkenuss KIII[ rpynronacoca C,,(j, r).

O6osuaunm T, (j) — onTumanbHbIi CpoK 3Kcmatyataumu PK rpynTonacocos
10 MPOEKTY j U3 YCJIOBUST PABEHCTBA OTHOCHTE/IbHBIX BEJTUUMH HHBECTULHOHHBIX
pacxonos [(j, r)/ T(j, r) u nononnutensubix texymwmx satpat C(j, r) / T(j, r),

T.€. U3 YCJIOBHUA
1(j,r) _C(r)

TG, r) TG, r)

Besnuuunbl, coorercTByroume ycaosuto (10), obosmauum (1(f, 1)) o,
(ZC(, 7)) gue ¥ (T(f, 7)) ony. 3ameTm, uto cocrabastiomas /(j, r) aas HOBOro
PK ne 3aBucur ot BapuaHTa peanusauuu npoexra j. Ha ee BennunHy mMoxer
BJIMSITH TOJIBKO CyMMa eIMHOBPEMEeHHbIX 3aTpaT Ha BbiBoA ['H U3 HewTaTHON
curyauuu «Jlepuuut nanopa I'H», ecnu Takas cutyaunsi BO3HUKAET BCJAEICT-
Bre usHoca PK rpyHTOHacoca.

[Tpu nepexone k 6oJiee KanuTal0eMKOMY BapHaHTy KO3((HULHEHT CPaBHHU-
TeNIbHOH 3(P(PeKTUBHOCTH E, XapaKTepuU3yIOLIMH 3KOHOMMIO TEeKYyLIMX 3aTpat
WJIH TIPUPOCT TPUOBLIH, IPUXOASILIENCS HA OfHUH PYOJ/b IOMOJHUTENbHbIX UHBE-
CTULHMOHHBIX PACXOJ0B IIPU Mepexofie OT MPOeKTa j K IPOEKTY j + 1, onpenenser-

Cd KakK

(10)

. (ECG, 1)) o —ECG+1L7)) one

(TG +1 7)) one =G, 7)) o (11)
_ ECGHL)) e —(EC(, 1) e ~AC _ AIT

UG+L 1)) e =Gy 1) o Al AL

rie A/ — NmpUpOCT MHBECTHULMOHHBIX 3aTpaT NpU Nepexoie K 6oJ/ee KanuTaslo-
e€MKOMY BapHaHTy peasnu3auuu npoekra; AC — 3KOHOMHS TeKyLIUX 3aTpar;
Al — npupoCT NPUOBLIH.

PaccmoTpum 6osiee mogpo6HO TEKYIME 3aTPaThl IPU peasn3alvu Mpoek-
Ta j 1O BapuaHTaM r € R.

Bospacratomue no mepe usnoca PK rexyumwme satpatel C,, (j, r) 3a cuer

YMEHbIIEHHUA TPYHTOIIPOU3BOAUTEJIbHOCTHU 3€MCHAPSAA0OB MOXHO MNPEACTABUTDL
B BHIE

C,(jr=c, -IO*QJ‘[S(t =0)-Qx(t=0)-S(1)-Q,(1)]-dr, (12)
0

rie ¢, — CTOHMOCTb 1 M® CTPOMTE/BLHOrO IecKa, p.;

S(t =0), S(t) — o6beMHass KOHCHCTEHIMS THAPOCMECH B JOJISX €IMHHMIIBI CO-
OTBETCTBEHHO NPH HOBOM M YaCTHYHO M3HOLIEHHOM paGoueM KoJjece;

10?2 — Kkos(huIMeHT MpUBeIeHUs TeKYLIero BpeMeHH sKcriayaTauud PK x
BAPUAHTY peaNu3allid MPOeKTa 7.

BriosiHe oueBMAHO, 4TO uyMcjeHHas peaausauus (12) umeer BuA:
M=ROUND(T, / At); 1=C,(i=0)=0; past i = 1 mar | g0 M nukx

(Coo ) =Coy =D 40, [SG ~1)-Qu (i 1) = S() - Q4 ()] At

rae CKOOKM {1} 03HayawT ormepaTop COOTBETCTBEHHO begin u end.

Kak yxe ormeuasnocs, cHuxkenne KIIJI rpyHTOHacoca MPUBOAUT K BO3pac-
TaHHUIO yIeJbHbIX SHEPro3aTpaT Ha elMHHULY 0oObeMa TPAHCIOPTUPYEMOro Ma-
tepuaJsa. [Ipu stom KIIJ] nentpobekHblX HarHeTatesed 1 XapakTepusyeT Ty
YacTb MOIIHOCTH, KOTOPAsi MOJIe3HO 3aTpaunBaeTCsl AJis CO3MaHUU Hamopa H
npu nopaue (pacxome) Q, T. e.
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n=~N,/N,, (13)

rae N, — mosie3Has MOLIHOCTb, paBHasd N, =P, - g - Qe - Hoy <1078, kBT, rie
107® — K03 puLKeHT MepeBoia MOIHOCTH U3 eMHULb H3MepeHus BT B KBT;
Py "€ — YHedbHbIH Bec rumpocMeck, H/ m?;

N, — MmouHocTh Ha Baay npusoga I'H, pasuas otHowenuio N, /M.

Hasa KILI rpyHTOHacoca ¢ HOBBIM N(t=0) ¥ 4acTHUYHO H3HOLIEHHBIM
N(t>0) pa6ounMu Ko/lecamu 3aTpauMBaeMas MOIIHOCTb COOTBETCTBEHHO
paBHa:

N(t=0)=p, -g-Qi(t=0)-H,(t=0)-10" /(3" (t =0)); (14)
N(t>0)=p.,, -g-Qa(t>0)-H,(t>0)-10° / (n$(t > 0)). (15)

C yuerom 3aBucumoctedt (14) u (15) Bospacrarolye BO BpeMeHH TeKy-
e 3atpathl C.,(T), 06yc/0B/IeHHblE YBeJIHUEHHEM YIeNbHBIX 3aTPAT Ha pas-
paGOTKy M TMAPOTPAHCIIOPT TPYHTA, MOTYT ObITh BbIPAXKEHb 3aBUCHMOCTBIO

C.(0)=10" ¢ jpm'g'@ﬁm(f)'HﬁM(T).[l_“%M(ﬂ J.dt (16)
9H aﬂo T]ZM(‘C) ]’]ilM(’[ _ 0) ,

rae ¢,, — CTOMMOCTb 3jeKTposHepruu, p./ (kBrt-u).
Yucsennas peanusauus (16) umeer BUA:

M=ROUND(T]- / At);1=C,(i=0)=0; gag i = 1 mar | go M mukxa

Cou)=C (i 1) +107 .{PCM'g'QﬁM(i)‘HﬁM(i).(p ni* () H.m |
R : F0) g (i -1)

Tekyiue 3aTpaThl Ha 3aMeHy u3HolleHHoro PK, paBHble cTroumocTu npo-
IYyKTa, KOTOPbIA MOT Obl ObITb yJI02KEHHBIM B 1ITabesb 32 BpeMsi IPOU3BOACTBA
pa6ot no 3ameHe PK, BbIpakaioTcs 3aBHCHUMOCTbIO

CPK(T3)=Crp'S(T=T3)'QA(T=T3)'THOPM7 (17)
rne T, — Bpems skcryataudd PK oT ero ycTtaHoBKH 10 3aMeHBI, Y;
T.opn — HOpMaTHBHOE BpeMs Ha 3ameny PK, u.

[Tpupoct npudsiiu A/l 3a Bpems skcmayatauuu PK MoXKHO KosiMuecTBeH-
HO OLIeHUTb CJeyIOLIHUM 00pa3oM

ATT(0) = (e —cos)- [S(0)-Q4(1) -, (18)
0

e C.s — Ce6ecTOMMOCTb MPOLYKIUHMH, P./ MP.

3apgaua 1. Onmumusayus cpoka cayxcOv. pabouux Koaiec OAS UHBe-
CMUYUOHHO20 npoekma ¢ uxoexkcom j. JIas pellleHUsl yKa3aHHOW 3aJauu He-
06X0IMMO, UTOOBI CyMMa WHBECTHIMOHHBIX M TEKYLIUX 3aTPaT C yYETOM MPHU-
pocTa mpuOBLIH, OTHECEHHAss K MPOAOIKHUTEJIbHOCTH CPOKAa 3KCIyaTalud
PK, ynoBaeTrBopsiiia yCa0BHIO

[] + Crp (T :Tom ) +C3H(T =T0m ) +CPK (T = Torrr ) _AH(T :Ton'r)

=min, (19)
TOHT TOHT
roe T — Tekyllee Bpemsi T e Tj, r;
T, — ONTHMAaJIbHBIK CPOK 3Kcmayatauuu PK, ynoBieTBopsiolMil ycaoBHUIO
(19), u.

3apaua 2. ObocHosarue ONMUMANLHO20 NPOEKMA NpU U3BECMHOL
cmoumocmu PK us usnococmotikoii cmaau. Bei6op onTUMasbHOTO NpoeKTa
U3 YCJIOBHUS
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IGi conr(; comr (i conr (i
(])+ rp (])+ 9H (])+ PK (]) —min
Wom(j)

3apmaua 3. Obocrosarue MaKcumarbHoO OnpPasoarHoOl cMoOuUMOCmU pa-
bouux Kosec us uznococmolixoti cmaau. CHauasa HAXOMUTCS CyMMa PHUOBI-
JIM OT TIPOJAXKH MOJyYEHHON MPOAYKLHH [TPH ONTUMAaNbHOM Cpoke cayK06b PK
B paccMaTpUBaeMOM IpoeKTe |

Mp(i) = Ip(i = 1) +[SG =1) - Q4 (i =1) +S() - Q4 ()]- At / 2, (21)

a 3aTeM C y4eTOM 3KOHOMHYECKOH CleUU(HUKH CHeLHaNu3upPOBAaHHOTO Tpel-
MPUSTHSA pelliaeTcs 3afa4a 000CHOBAHHUS MAaKCHMaJIbHO ONPaBIaHHOH CTOUMO-
CTH paboYMX KOJIeC M3 HU3HOCOCTOUKOH CTaslH.

PemaioTcs ykasaHHble 3a1a4u AJ1s1 YCJIOBUH THIPOMEXaHU3UPOBAHHOH J0-
OblYM MecKa ¥ MecuyaHO-TPaBUUHOM cMeCH Ha MapyCHHCKOM MeCTOPOXKIAEeHUH
B Hosocu6upckoit o6actu. Mcnoabayembiii rpyHToHacoc, I'pyYT 2000/ 63 ¢
pa6ourmM Kosecom 1050 MM, paGoTaeT B IITATHOH CHUTyallMHd Ha TJIOTHOCTH
TUIPOCMECH P -

Biok-cxema TUHAMHUKH KOOPAMHAT pabouell TOYKH TPYHTOHACOCOB MPH-
Be/leHa Ha pHcC. 3, Tie /| — MHBECTHUIHOHHbIE PACXO/Ibl HA HOBOE padouee KoJe-
coTH, p.; Q,, — pacxox ruapocMecu B paboyell TOUKe B Haya/bHbIF MOMEHT

Beog ucxopHblx /| Crp? Conr Copr 1) 1), Quor Qps Py
[aHHbIX _A’t, T, -,-HOPM’ a, b, c, Arl,

Pac4yeT BcnomoraTenbHbIX
NCXOOHbIX AaHHbIX

[MpucBoeHne HavanbHbIX PaCYETHbIX 3HAYEeHUN
Crp0=0, Cy0=0, Al1y=0, 1 =0, At =10, V=0

(20)

——————— Pacuer S, ng"'

BcrnomoraTenbHblili 6riok pacyeta
paboyrx xapakTepucTuk
KoopauHaTt paboyen Touku

Pacuer C1 "L, 1, C33*°Lj, Al AR T, A, Colli A, AVEAT, | [wknamm
L {npnj=1,2,3..,. m
C onpegerneHnem (M) =minu (“VEC) = min nr=1,2,3..,n
T
CrpO= Crp; CeHO= CSH;

Al =AM AV, =AV

fia [+3c-1_,

BbiBOA, A@HHbIX
pacyeToB

Puc. 3.
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Ta6anua 2 ppemenu, m°>/u; Q, — pacxon

HN3meHeHHe BO BpeMeHH paboumMx ©
P P ruapocMecu B pabouell TOUke Ha

nmapamMeTpoB u o0’beMa HaMBITOTO IecKa
npu paGote semcHapsaa npenesbHOM CpPOKe 3KCIJIyaTauuu

180-60 ¢ rpynronacocom Tp¥T 2000/63 PK, M® /u; T — npeneibHbli cpok

Ha MapyCHHCKOM MeCTOPOXKIECHHH C.Hy}K6bI PK, u; a, b, c — Koaq)cpn-
B HoBocubupckou o6aactu serom 2007 r. LHEHTHl, ONpefeJsieMble C T0-

B Cpemnnii pacxon _ MOLIBIO CIelHaNbHON MPOTrpaMMbl;
pemst O6bem
YUCTOH pabOThI THAPOCMECH NPH HaMBITOTO C — CyMMa TeKYLHUX 3aTpaT Ha
3eMCHapsiia, U m%ii“;ii?'fw%”/q necka, M3 3ameny usHomeHHoro PK, Ha pas-
paGoTKy W THIPOTPAHCIOPT TPYH-
0 2179 0 Ta, 3aTpaT 3a CUeT YMEeHbIIEHHS
100 2161 13037 IPYHTONPOU3BOAUTENBHOCTH 3€M-
200 2140 25966 CHapSIIOB.
288 3(1)5192 gfﬁ? PaccuutsiBatorcst paboune mna-
500 9066 63963 pameTpbl U 00beM HAMbBITOTO TecKa
600 9039 76394 (tra6a. 2). [TpuBeneHbl rpadukH, co-
700 2011 88593 CTaBJIeHHbIe [0 JAHHBIM PaCueToB
800 1976 100555  (puc. 4).
900 1943 112377 AnroputMUdecKasi peannsalusi
1000 124002 oa0k-cxempl (cm. puc. 3):

1) © — napamerp BHewHero (mo
BPEMEHH) LUKJA; 2) PACCUMTHIBAITCS 00beMHAst KOHCHCTEHIUS THAPOCMECH
B JOJIIX eIMHMLEl; 3) Mocjae MPUCBOEHHUS HAaYa/bHBIX PAacueTHBIX 3HAUEHHH
IPOU3BOAUTCS pacueT pabOYMX XapaKTePUCTHUK U KOODAMHAT paboyed TOY-
Ki; 4) pacCUMTHIBAIOTCS BO3PACTAIOLIKE 110 BPEMEHH, TEKYIUe 3aTpaThl 3a
CYeT CHUXKEHHS TPYHTOTIPOM3BOAUTEIbHOCTH 3eMcHapsna C,, u 3a cUeT yBe-
JUUYEeHUs YIeJbHbIX 3aTpaT Ha pa3paboTKy U rugporpancnopt rpyHra C, o, a
TaKxKe 3aTpaThl Ha 3aMeHy H3HouleHHoro PK, mpupoct npubeiin 3a Bpems
skcemiyataund [H v yBesnueHne o6beMa HaMbIBA€MOTO IPyHTa; 4) mpebiay-
IIMH pacyeT NMPOU3BOAUTCS A0 MOJIYyUeHHSI MUHHUMAaJbHOTO 3HAUEHHS CYMMbl
MHBECTHLHOHHBIX M TEKYILUUX 3aTPaT C yyeToM I0JydyaeMOU MpUOBLIH, TIPH-
BeJleHHble K TeKylleMy BpeMeHH 3Kcmayataund PK. 9To MuHUManbHOe 3Ha-
YyeHHe U §IBJISeTCS UCKOMOH BEJHMUYMHOH ONTHUMAaJ/bHOTO cpoka cayx06b PK.
Janee nposepsieTcsl yc/aoBHe 000OCHOBAHHUS ONTHUMAJ/bHOTO NPOEKTA.

Q, M3y H,, ™ V, 1000 M3 h, %
T——] 1
2100 67 \*\\ 180 170
— 5
T——— \
20004 65 ] — 150 +66
1900+ 63 —— - 120 162
\ /
18004 61 />< : 90 158
1700f 59 /4 60 154
i ] 150
1600 57 — 30
1500L Jd 46

0 100 200 300 400 500 600 700 800 900 1000
Bpewmsi akcnnyatauum paboyero koneca B Yacax YncToi paboTsl 3eMcHapsiaa

Puc. 4. IameHeHnre pa6ounx napamMeTpoB U o6’beMa HAMBIBAEMOTO IecKa C Te-
yeHWeM BpeMeHHM mpu pabore 3emcHapsiza 180-60 ¢ rpynronacocom [pYT

2000/ 63:
1,3 — Hy, Q4 (muHamuKa KOODAMHAT padouell TOUKU Ha MacIITaOHOM rpacpuKe) COOT-
BeTCTBeHHO B M M M®/u; 2 — (usmenenue KITJ] TH no mepe usnoca PK),%; 4 — V

(mMHaMMKa M3MeHeHHs KOJIMYecTBa HaMbiBaemoro rpyHta), 1000 m~3
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Tabnuuma 3
OcHOBHbIE JaHHBIE PACUYETOB AJS PACCMOTPEHHBIX WHBECTHIMOHHBIX MPOEKTOB

" Cpok cityx0bl OnrtumalabHbIH CyMp HHBECTHITOH- [TpubbUIL OT
HIEKC pabouero KoJeca cpok cayx6er PK HBIX M TEKYIIHX MPOAAXKH MPOLYKLUHUH
HHBECTH- . | CronmocTb .| 3aTpaT, OTHECEHHbIe
B 4acax YMCTON B yacax YUCTOH yepe3 3000 yncThIX
LIMOHHOTO PK, p. K 00BbeMy, pacCuMTaH-
paboThl 3eM- paboThl 3eM- .| yacoB paboThl 3eM-
poeKTa e crapsza Hble Ha ONTHMaJIbHbIH cHApATa, THC,
P cpok cayx6b PK ’ s B
1 300 75000 270 0,1610 4912
2 500 125000 460 0,1556 4938
3 700 175000 660 0,1510 5053
4 1000 250000 950 0,1493 5085

MHBecTHIMOHHBIE TIPOEKTHI ¢ Hcrosb3oBaHHeM PK n3 M3HOCOCTOMKON
cranu co cpokoM ux cayxk6b 500, 700 u 1000 u yucToit paboThl 3eMcHapsina
naT 3PQeKT yBeJIndeHUs MPUOLIIH OT MPOJAXKH MPOLYKIHUH OTHOCHTETbHO
npoekta ¢ PK u3 06biuHOM cTanu cootBeTcTBeHHO Ha 1, 2 u 4%, T.e. uem Go-
nee nzHococtoiikoe PK 6ynet ucnosnb3oBaHo, TeM 60/bnN 3P heKkT OyaeT mo-
ayudeH. [lpu 3ToM mnoBbiaeTcsi 3(p(HEKTUBHOCTb THAPOMEXaHU3HPOBAHHOTO
crioco6a 106bIYM U YKJIAIKH B 1ITa0esb HEPYAHBIX CTPOUTENbHBIX MaTepHAIOB
3a cYeT yBeJIMUEHHs Ce30HHOH BbIPAGOTKH 3eMCHAPSI0B IPH COXPAHEHUH BbI-
COKOT0 KauecTBa IM0Jy4aeMOH TPOAYKLHH.

pGSYJIbTaTbI pelieHHd MOCTaBJIEeHHBIX 3ana4d MNpUBENEHbI B Tabsa. 3.
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C. M. KY3HEINIOB, kaua. texH. HayK, aou. (CuGMPCKUI rocyaapCcTBEHHbIN
yHUBepcuTeT myTted coobmenus, r. HoBocubupck);

H. JI. YYJKOBA, kaua. Texd. HayK, gou. (Cubupckas aBTOMOOHIBHO-TOPOMK-
Hag akajgemus, r. OmMck)

®POPMHPOBAHHUE KOMIIJIEKCOB MAIIINH
JJ9 JOBbIYHU CTPOUTEJDbHbBIX MATEPHUAJIOB
CIIOCOBOM T'MIPOMEXAHMN3AIINA

[TpennoxkeHa mMoze/1b (hOPMHPOBAHHS KOMILJIEKCOB MalMH A/151 JOOBIYM CTPOUTE/BHbIX Ma-
TepHajoB croco6oM ruapomexanusauuy. C MOMOLIbIO 3TOM MOJENH MOXKHO OLEHUTb OpPraHH3a-
LMOHHO-TEXHOJIOTMYeCKYI0 Hale2KHOCTb PabOThbl OJHOTO MJIM HECKOJNbKHUX KOMIIIEKCOB MallWH,
paboTallMX Ha OJHOM y4YacTKe.

[Iupokoe MpUMeHeHHe THAPOTPAHCIOPTHbIE CHCTeMbl (KOMIJIEKCHI) 110
CpPaBHEHHIO C 3KCKaBaTOPaMH{ INOJYYHMJH NMPHU pa3paboTKe MecyaHO-TpaBUU-
HBIX cMecel B 00BOJAHeHHbIX IpyHTax. [lox ruppoTpaHCIOPTHON CHCTEMOH B
00/1aCTH TMAPOMeXaHMU3aUUU 3eMJSHbIX paboT MPHUHATO NOHUMATh 3eMCHa-
psin, paboTalMi Ha OAHY TPYOONPOBOAHYIO TPAHCHOPTHYIO JauHHUIO. [Ipu
3TOM NPaKTUKOM MPOU3BOACTBA 'MAPOMEXAaHHU3UPOBAHHBIX PabOT N0Ka3aHo,
4YTO BKJIIOUEHHE B TPAHCHOPTHYI JIMHHUIO 3eMCHapsa NepeKauMBalolUX
CTAaHUUH yMeHbIIaeT HaleXHOCTb CUCTEMBI B LEJOM H3-32 PE3KOTO CHHXKe-
HUS K03 pULHeHTa UCI0b30BaHUS ee pabodero BpeMmeHu. [Ipu rugpomexa-
HU3UPOBAHHOU pa3paboTKe MPUPOAHBIX MECTOPOKAEHUH MecKa WJM IMecya-
HO-TPaBUHMHBIX CMecel MepeKauyMuBalolllMe CTAHLUUHU He NMPUMEHSIOTCS H3-3a
60J1bLIOTO yAOPOXKaAHUS NpoayKuuu. [IpuMepoB opranusauuu padot no 3a-
MbIBY TOPOJICKHMX OBparoB B Poccuu B moc/iefiHHe HEeCKOJNbKO NeCATHIETHH
TakXe He OBLIO.

BrepBble 3agaua MonenHpoBaHUsl PabOThl MMAPOTPAHCIIOPTHBIX CHCTEM
6blna copmyarposana A. I1. FOpuubiM [1]. FO. A. [TonosbiM peKoMeH10BaHO
BBIOMpATh OKOHYATEJ/bHYIO CXeMYy COeUHEHHs IMAPOTPAHCIOPTHOH CUCTEMBI
C TIOMOLIBI0 MHOTOBAPUAHTHBIX TEXHUKO-9KOHOMHYECKUX pacueToB [2].

ABTopamu mpensaraetcss MPOM3BOAUTbL (HOPMHUPOBAHHE KOMILJIEKCA Ma-
LIHH 110 MOLYJILHOMY MPHHIMIY, uaioxenHomy B [3]. TIpouecc popmuposa-
HUS KOMILJIeKCca MallWH cJelyeT HayaTb C CO3/laHUSl KOMIIeKToB. [Toxg KoM-
MJIEKTOM B J2HHOM CJIydae MPHUHSITO MOHUMAaTh KOMILJIEKT BCIOMOTraTeNbHbIX
MallUH U MeXaHU3MOB, 00CayKHMBaOLIKX 3eMcHapsia. [lanee ciaenyer copmu-
poBaTb BO3MOXKHbIE BAPUAHTbl KOMIIJIEKCOB AJIS TPOM3BOACTBA PaboT CIOCO-
OOM THIPOMEXaHU3aLUUHU U PACCUUTATh TeXHUYECKHEe U SKOHOMHYECKHE MOKa-
3aTesld KaxJ0ro Bapuanra. [Ipy 3ToM OCHOBHBIMH MOKa3aTeassMH PaboTh i-I'0
KOMIIJIeKca MallMH 10JIKHbI ObITh CpeaHsisi mpousBoauTebHocThb (I1;) u cebe-
croumoctsb (C;), a Takke WX CTaHHApPTHBIE OTKJOHEHHs. DTH MOKa3aTeJH
MOXKHO OTIpe/Ie/IUTh C TOMOLIbI0 BEPOSITHOCTHOH MOJe/ U paboThl THAPOTPAHC-
nopTHbix cucteM [4, 5]. CocTaBsieHHast Ha OCHOBE NAHHOK MOJEJIH MPorpamMma
«Gidropark» mosBoJsisieT ¢ momousio Metona Mounre-KapJsio hopmMupoBats Bbl-
60pKM 3alaHHOro oObeMa /151 JMI0ObIX KOMIJIEKCOB MAallIMH, a TaKXe OlpeJe-
JSITb CPeHMe 3HAUeHWs U CTaHIapTHble OTKJIOHEHWS, OPraHW3alMOHHO-TeX-
HOJIOTHYECKYI0 HaJeXKHOCTb U OCHOBHble TeXHHMKO-3KOHOMHYECKHe I0Ka3aTe-
Ju paboTbl KOMILJIEKCOB.

B pesyabrate pabotsl nporpamMmmbl «Gidropark» nmeem m BUIOB KOMILIEK-
COB, U3 KOTOPBIX chopMHUpyeM MOALYJb MallKH. [lox Moxy/neM noHHMaeTcs He-
CKOJIBKO 3eMCHapsioB, OHOBPEMEHHO paboTaloIUX MapasebHO Ha OLHOM
yuactke. s 3ppekTUBHON paboThl THAPOTPAHCTIOPTHBIX CHCTEM HEOOXOMH-
MO ONpefe/NUTb COCTaB MOMYJISI, KOTOPBI 06ecrneuynuT 3ajlaHHOe 3HaueHHe ce-
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6ectoumocTy npoussoactsa pador (C,). [Ipu 3ToM Bapuauus 3pHeKTUBHOCTH
paGoThl MOMYJISI MAIIKH OMpelessieTcst Mo Gopmysie
i=mj=m
Z”i Vg
VM _ i=1j=1 , (1)
N2

rae V;; — KoBapuauus ce6ecTOMMOCTH PaGOThl KOMIIIEKCOB MAIIMH i-r0 U j-TO
BUIA;
n;, n; — COOTBETCTBEHHO KOJHYECTBO KOMILIEKCOB i-ro U j-TO BUJA B Mapke
Malll|H;
N — o611ee KOJHUYECTBO KOMILJIEKCOB B MOJY.JIE.

[TocKOJIbKY 7; — KOJIMYECTBO KOMIIIEKCOB i-r0 BHIa B MOAYJI€ MAIKH, TO

i=m
B CyMMe OHH COCTaBJSIOT N: Zn[ =N.
i=1
CrenymoluM yc/a0BUeM (OPMHUPOBAHUS MOMYJSI SIBJISIETCS BbINOJHEHHE
UM 3aaHHOrO o6beMa paboT B HaMeuyeHHble cpoku. CjienoBaTebHO, CyMMap-
Hasl TPOU3BOJAUTENBHOCTb MOMYJISI MAIIMH JIO/KHA OBITh 60JIble JHOO paBHA
TpebyeMoin
i=m
Zfli 'Hi ZHM (2)
i=1
3ajaya 1Mo ONTHMH3ALWMK MOMYJS MAIIHH CBOAUTCS K CJEAYIOLIEMY:

i=mj=m

i”i -V
i=lj-=1 — min; (3)
N2
:Z”i =N; (4)
i-1
:Zfli .Ci :CM, (5)
n >0,..,n, >0; (6)
inl ‘Hi ZHM' (7)
i=1

Ecau B hopmyasl (3)—(6) BBecTr mogcranoBku n; = x;- N, rae x; — 1045
[-X KOMILJIEKCOB B MOJyJle MalluH, U U30aBUTbcs OT NN, TO MOJy4YUM 3amauy,
aHAJIOTHUHYIO HeJIMHEHHOH 3a7a4ye ONTUMHU3aLKH opTdess. dta 3agada Oblia
copMynrHpoBaHa W pellleHa aMepUKaHCKUM 3KoHoMHcToM [. Mapkosuiuem
[6]. Ha ocHoBe 3TOro pelienusi aBTopamMu paspabOTaHbl aJrOPUTM H IPO-
rpammHoe oOecrneuenne «Park», mo3Bossitoiiee 10cTaTo4HO 66ICTPO CHOPMHU-
pOBATh ONTHMAJbHBIA MOJLYJ/Ib MALIKH U OLEHUTh ero 3GheKTUBHOCTS [7, 8].

B nporpamme «Park» nmMeroT MecTo COOTBETCTBYIOLIME T0MH KOMIIIEKCOB
B MoayJie MaiuuH. [lasee mo popmyie (7) onpenensieM TpebyemMoe KOJIHIECTBO
KOMILJIEKCOB B MOJyJe

N> 1 (8)

2 — :
5o,
i=1
3aTeM pacCcuUTbIBaeM KOJWYECTBO KOMIJIEKCOB i-TO BHJAA B MOMYyJe Ma-
wuH n; =x; - N. Ilo dpopmy.ie (7) mposepsieM, CMOXKET JIM MOZLYJb BbIIOJHHUTh
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3aJlaHHbIA 00beM paboT B HaMeUYeHHBIH CPOK, U paCCUUTBIBAEM HOMEHKJ/IATypy
MallUH B MOJY.JIe.

[Ipennoxkennas Bblllle MeTOAMKA (POPMHUPOBAHHUS MOAYJIsSt MALIKH /151 TIPO-
M3BOJCTBA 3eMJISIHBIX paboT CrocoO6OM TUApOMeXaHU3alluKu MOo3BOJIsgeT cop-
MHMPOBATb U OLIEHUTb SKOHOMHUYECKYI0 3(h(heKTUBHOCTb, OPraHU3aLHOHHO-TeX-
HOJIOTHYECKYIO Hale?)KHOCTb U CTelleHb PUCKA OT BJIOXKEHUS CPelCTB B CO3/a-
HHe COOTBETCTBYIOLIErO MOAYJSl MaLlIWH.
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YIK 628.35

b. M. TPUIIINH, x-p TexH. HayK, npod., C. I0. AHIPEEB, kana. TexH. HayK,
npod., M.B. BUKYHOBA, kaua. TexH. HayK, gou., C. B. UIIIEB, acn. (Ilen3en-
CKHI TOCyJapCTBEHHBIN YHHUBEPCUTET APXUTEKTYPHI M CTPOUTEIHCTBA)

COBEPIIEHCTBOBAHHUE KOHCTPYKIIUH
3JEKTPOTUJIPOJINHAMUYECKHX YCTPOVCTB,
HNCITOJIb3YEMBIX JJI1 OBPABOTKHA BO3BPATHOTO
AKTHUBHOI'O NJIA ADPOTEHKOB

PaccmoTpeHa cylecTByolLas TEXHOJOTHYeCKasi cXeMa OHONOTHYECKON OUHCTKH CTOYHBIX
BOJ C MCIIOJIb30BaHMEM 3JeKTPOruApoAMHaMUuecKUX yeTpoiicts (ATY) s 06paboTKu BO3-
BPaTHOTO aKTHBHOTO WJ/1a a3pOTeHKOB. [IpoaHanu3upOBaHbl HELOCTATKH B padoTe CyLIeCTBYIO-
wux ALY u npemsoykeHa HOBasi KOHCTPYKLUHS YCTPOHCTBa AJsl oOecriedeHus: 3(h(eKTHBHOTO
nepeMelBaAHUS [TOTOKA UJIOBOH CMECH C KHCJIOPOJOM BO3yXa COBMECTHO C 3JIeKTPOAKTHBALH-
el nna. Buenpenue DIJIY HOBOH KOHCTPYKIMH MO3BOJIHJIO YJNYYIIUTb KaueCTBO OHOJOrHYe-
CKOH OYHCTKHM CTOYHBIX BOJ B aIpOTEHKax.

I/IHTEHCI/Iq)I/IKaU,I/IH OHOJIOTHUECKOH OUHCTKHU FrOpoACKHX CTOYHBIX BOI B a3-
pPOTEHKaX MOXKET OCYIIECTBAATLCA PA3JIMYHBIMH crioco6amu. OILHI/IM N3 TaKHUX
Crnoco6oB SIBJASETCS HAChIIIEHHE BO3BPATHOT'O aKTHUBHOT'O UJla a3pPOTEHKOB BO3-
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IyXoM M 06paboTKa MOJy4yeHHOH HJIOBO3AYLIHOM CMeCH B HEOJHOPOIHOM
3/JIeKTPUYEeCKOM II0Jie C HCIOJb30BAaHHEM 3JEeKTPOrHAPOAHHAMUYECKHUX YCT-
poricts (ATMIY). B patore [1] 6bl1a paccMoTpeHa TeXHOJIOTHS, IpeLyCMaTpH-
BaloIlast HCMOJb30BaHUE SHEPTHU PELUPKYJISLHOHHOTO Hacoca AJist CMellleHUs
MOTOKAa BO3BPATHOTO WJ1a C aTMOC(EpPHBIM BO3IYXOM B CTPYHHOM 3XKEKTOpe
(puc. 1, a). Jdanee moa ocTaTOUHBIM HAMOPOM MOJyYeHHAst BOLOBO3MIYIIHAS
cmeck nocrynana B ALY, cocrosiliiee U3 BXOAHOU KaMepbl ¥ CTBOJIA, MTPeHa-
3HAYEHHOTO /I CO3/IaHUSl BUXPEBOrO MOTOKA ¢ OTHOCHUTEJIbHO BBICOKOH Typ-
Oy/au3auren, a Takxke I/ ero 06paboTKH aneKTpudeckuM TokoM. O6pabdoTan-
HBIM TakUM 00pa3oM BO3BpATHbIM W/ HANpaBJsjcs B Hayalo aspoTeHKa, Tie
CMelIMBaJICS CO CTOUHBIMU BOJAMH /ISl OCYLIEeCTBJIEHHUS Mpoliecca G1osoruye-
CKOU OYMUCTKH.

[TpousBoacTenusle ucneitanus LY nokasanu ero 10CTaTOYHO BbICO-
KyI0 CTelleHb BJUSAHUSA Ha 3((EeKTHBHOCTb MPOLECCOB OKUCJIEHHUS] OpraHuye-
CKHX NpHMeced © aMMOHHIHOTO0 a30Ta B aspotenke |1, 2]. Onnako B mpouecce
skcryatauuu DI 1Y Obls BbISIBJEH LEJbIH Pl €ro KOHCTPYKTUBHBIX HENOC-
taTKoB. [locsienoBaTe/ibHOE pacrosio’KeHWe KaTOMHbIX M aHOIHBIX y4aCTKOB
Ha ctBosie ALY mpuBOAMIO K YACTOMY «MPOOUBAHHUIO» KOJbLEBBIX OUJEK-
TPUYECKHUX MPOKJIAIOK U TPeOOBAJIO UX MOCTOSTHHOHU 3aMeHbl, UTO, B CBOIO OUe-
pelb, OBIO CBSI3aHO CO 3HAYUTEJSbHBIMH HeyI0OCTBAMH MPU OCYLIECTBIEHUH
PEMOHTHBIX paboT.

Henocratkom T LY ¢ Touku 3peHUs TMAPOAUHAMHUKH SIBJSIACH HELOCTa-
TOYHO BBICOKAsi MHTEHCHBHOCTb TepPeMeIHBAaHUS HJIOBO3AYLIHOTO IMOTOKA
13-32 OTCYTCTBUSI MECTHBIX CONPOTUBJIEHHH, KOTOPble Obl 0OecrneyrBaslu 10C-
TaTOYHBbIA ypOBeHb MaccooOMeHa B cTBoJsie. Kpome Toro, Ha/iuure CTPyHHOTrO
3)KEKTOpa B TEXHOJOTMUECKOU cXxeMe 00paboTKH BO3BPATHOTO UJa MPHUBOAUIIO

a) 7 6
Bosgyx .
PeunpKynsunoHHbIN Ui
+
Coxatbl
CTtouHas BO3AyX
BoAa e — OunueHHbIN
Ha O4NCTKY - — — — T CTOK
_______ 3 4
1 2
M36bITOYHbII — —
aKTUBHbIA KN
6) 7
= PeLpKyNALUMOHHBIA U
+ I } o
6 CxaTblin
CtoyHasa BO3AYX
BOAa I — OunLLEHHbIN
Ha OYUCTKY - — — T CTOK
_______ 3 4
1 2
o —7Z - —
M36bITOUHbBI —

AKTUBHBIN 1N

Puc. 1. Cxembl 06paboTKM BO3BPAaTHOTO HJia a3pPOTEHKOB

a — ¢ ATLY craport KoHeTpyKunH; 6 — ¢ DT JLY HOBOH KOHCTPYKUMH; | — a3pOTeHK; 2 — BTOPHYHbIH OT-
CTOMHHK; 3 — WJIOBbIH pe3epByap; 4 — PeLUPKYIAUUOHHBIA Hacoc; 5 — axkeKTop; 6 — AL JLY; 7 — ucrou-
HHK TMOCTOSTHHOTO TOKa
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K 3HAUMTEJBbHOMY yBeJHUEHHUIO MTOoTepb Hamopa nepen DI LY u cymiecTBeHHO-
My cHkennio (10 20—-25%) momauM peUMPKYJISLMOHHOTO Hacoca, 4To
YMeHbLIAJI0 103y aKTUBHOTO MJa U yXYAIIaJ0 KHHETHKY OKUCJIeHUS 3arpsi3He-
HUH B aspoTeHKe. C 1LeJbl0 YCTPaHEHHUS YKA3aHHBIX HENOCTATKOB OblIa MO-
CTaBJeHa 3amada pa3paboTKH HOBOM KOHCTpykuuu DIJ1Y, oTBeuatoulen cie-
AYIOLHUM TpeOOBaHUSM:

1) oGecreuenue Mogay B MOTOK BO3BPATHOTO aKTHBHOTO HJIa MAKCHMAaJlb-
HO BO3MOKHOT'O KOJIMUeCTBA KUCI0POaa Bo3ayxa 6e3 YXyAlIeHHs YCI0BUH pa-
60Tbl LEHTPOOEKHOTO PeLUPKYJ/ISLUOHHOTO HACOoCa;

2) cosnaHue peXKMMa MHTEHCHBHOTO MepeMeIlMBAHUS TTOTOKA HIOBOH CMe-
CH C BO3LYXOM sl obecredeHHsT BBICOKMX MacCOOOMEHHBIX XapaKTepPUCTHK
CUCTEMbl «ITy3blpeK BO3AyXa — JKMIKOCTb — OaKTepuaspHasl KJeTKa HJa»;

3) oCyllecTBJIeHHe aKTHBALMH KJIETOK MJla JeKTPUYECKUM TOKOM C I0-
MOLIbI0 3(PPEKTUBHO AEUCTBYIOIEH U yIOOHOU B SKCIyaTalluu JEKTPOAHOU
CUCTEMBI.

Kak mokasanu ruppaBaudecKre HCIbITAaHUS HOBOW KOHCTpyKuwmu DIV,
nepBoe TpeGOBaHME BBIMOJHSETCS 32 CYET OPTaHMU3ALMH T10a4H CKATOTO BO3-
IyXa W3 LITaTHOU CHCTeMBbl a3palld a3pOoTeHKa HeNoCpeICTBEHHO B KOpMycC
ATV (puc. 1, 6). Pexxum MHTEHCHBHOIO MepeMellInBaHusl Hauboiee Le/eco-
o6pasHo co3naBath B cTBosie ALY ¢ UCTIOMb30BAHKHEM MOC/IEI0BATENBHO YC-
TAHOBJIEHHBIX AWCKOB WJH Anadparm.

Taxum o6pasom, Kopryc HOBOH KoHCTpyKUuuH LY yHKIMOHANBHO pa3-
Ne/IIeTCsl Ha Be Y4acTH WM 30HbI (puc. 2) — opraHuMsalMy BpaIaTebHOTO
NBMXKEHHsI UJIOBOK »KUIKOCTH M MOJAYH CXKATOro Bo3ayxa (BepxHsisi 30Ha Me-
Ky ceueHussMd 1-1 1 2-2) ¥ 30HBI CMeLIeHHsT UIOBOK KUIKOCTH C BO3LYXOM,
Tle yCTaHaBJ/MBAETCs LEeHTPAJbHBIH OMOPHBIA CTEPXKEHb H ¢ AUCKAMHU 6 N5
TypOynusauuu noroka (HuxHss yacte LY mexay cedenusivu 2-2 u 3-3).
D1eKTpoo6PabOTKy HUJIOBOU CMecH 11eseco00pasHo MPOU3BOIUTD B LIEHTPaJb-
Hou yacTtu DI'JIY Ha rpaHule Mexay 30HAMM, pa3Mellas LeHTPaNbHBIH JJeK-
tpon (katom) 8 B mM3/IEKTPUUECKOH TPyOKe MOAa4yM CKAaTOro BO3AyXa 7
(cm. puc. 2). Tako# npreM MO3BOJSET IPEIOTBPATHTD BO3HUKHOBEHHE KODOT-
KOTO 3aMBbIKaHHS MEXIy LEeHTPaJbHBIM 37eKTponoM U Koprmycom LY u cy-
111eCTBEHHO 00JIerYUThb KCIIyaTalMio YCTaHOBKU. [1s1 obecreyeHUs: Mogadu
6oJslee KOMIAKTHOH CTPYH Ha LeHTpaJ/bHble TUCKU 6 HMXKHEH YacTH amnnapara
Ha rpaHulle pasjiesa IBYX 30H YCTpauBaeTCs pa3jeuTenpHas nuadparma 4.

KoHcTpyKTHBHBIE apaMeTpbl THAPOIMHAMHUYECKOH YCTAHOBKHU ONpee/isi-
I0TCS1, TIpeXJe BCEero, THAPABAUYECKHM PaCueTOM.

B ctBosie TIY nmosmkHbl 00€CTeuUBATBCS YCJAOBUS ISt IPOOJEHUS He
TOJIBKO Ty3bIPbKOB BO3/1yXa, HO U XJIOTNIKOB aKTHBHOTO WJIa C LEJbI0 yBeJHUe-
HUSI UX yIeJbHOU MOBEPXHOCTH H, C/JIeIOBATeNbHO, CKOPOCTH OKHCJEHHUS 3a-
rpsisHeHui. J[aHHBIE yCJOBUS MOTYT OBITh OOecleueHbl B TOM cjydae, ecu
MaclTab HauMeHbUIUX TYypOy/JeHTHBIX BUXpeH ( OYAeT COMOCTaBUM C paauy-
com r, xmonka una (r, 1-107* m) [3]. Macmra6 HauMeHbIIMX BUXPEH, MO
KosmoropoBy — O6yxoBy, MOkKeT ObITh BbIpaXKeH Yepe3 3aTPaThl SHEPTUU HA

TypOYIU3aLUI0
ho =(vi/go)"t, (1)

roe o — cpelHee 3HAaueHHe MOLIHOCTH, PaCCEHBAEMOM B €MHHULE MACChI Ie-
pemelnnBaeMo# cpeasl, Bt /kr;
« — K03((QHULMEHT KUHeMaTHUeCKOH BS3KOCTH BOJIOBO3AYIIHOM cMecH, M2/ ¢.
Besnunna &, cBsisaHa ¢ yAeabHbIMM 3aTpatamu MowHocTH Ny, (Br/wm?)
Ha TepeMellUBaHUe COOTHOLIeHHEM

Ny = 0 o (2)

rie . — IMJOTHOCTb BOJOBO3MYIIHOW CMECH.
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Puc. 2. PacuetHasi cxema 11 onpefieleHUst THAPOAMHAMHUECKHX XapaKTe-
PUCTHK anmaparta o6paGoTKM BO3BPATHOrO HJ/a

1 — noparoui TpydonpoBos; 2 — BXoAHAs KaMepa; 3 — CTBOJ; 4 — pasie/nTeb-
Hast JMadparma; 5 — ONOpPHbIH CTepXKeHb; 6 — BHYTPEHHHE NUCKH; 7 — MaTpy6oK
MOJIaUH CXKATOTO BO3AyXa; § — LEHTPAJbHBIH 3JEKTPOX

KunemaTtuueckas BS3KOCTb U MJOTHOCTb BOAOBO3AYIIHOH CMeCH B CTBOJIE
OUJIY 3aBUCAT OT CTeNeHW HACBILIEHUS WJIOBOH MKUIKOCTH BO3LYXOM.

[110THOCTb BOJOBO3AYILIHON CMECH C OMpeaeseHHbIMU AOMYIIEHUSIMU OIl-
penensercs 1o qopmyae [4]

= (1-9), (3)
rame  — IJIOTHOCTb JKMAKOH (hasbl, Kr/M?;
¢ — K03(DPUUMEHT razoconepKaHus CMeCH WM 00beMHasi KOHLUEHTpaUus
nucnepcHol (asbl (Bosayxa).

o=W,/ W, (4)
rme W, u W, — oGbeMbl BO3LyXa U CMecH, M>.
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KoadduupeHT KHHEMaTHUECKOH BSI3KOCTH BOJOBO3AYIIHOH CMECH Haxo-
JUTCA MO0 SMIUPHYECKOH 3aBUcuMocTH Tpu ¢ < 0,15 [4]

1+9/2-

. :\;ﬂ, (5)
l-¢

rie — KO3(D(PULUMEHT KUHEMATHUeCKOW BSI3BKOCTH KHUAKOH (Dasbl, MQ/C.

Takum o6pazom, /51 onpeneneHusi MaciitTaba HaUMEeHbIIUX BUXPEH o MO
(1) mpu M3BECTHOM ra3oHACHIEHUH MJIOBOH CMeCH HeOOXOMMMO 3HaTh CPe]l-
Hee 3HAueHHe yNeJbHOM MOIWHOCTH Ny, KOTOpas MOXeT ObiTb HaKleHa Io

YPaBHEHUIO
E

T

rne E — pacxon sHepruu Ha nepemelnuBanue, JIX;

V. — o6bem kamepsl cmemenus (ctsona ATY), m?;

! — BpeMs CMellleHHsI WJIOBOH >KHIKOCTH C Bo3ayxoMm B ctBoje IIJLY, c.
Pacxop sHepruu Ha nepeMelluBaHue B CTBOJIE BBICOTOH /., MEXKIY ceue-

uusimu 2-2 u 3-3 (cM. puc. 2) ompenessieTcst U3 COOTHOLIEHHS

(6)

E: (APC + Cg hCTB) V(Z: (Ap(l + Eﬂ.yﬂ) VC’ (7)
rie Ap. — pacmoJjiaraeMble TOTePH HABJIeHUs, Ap. = py — po, 1la;
E,,, — pacnosaraemasi 3Heprus IOJOXKEHHUS;

p; — JlaBjieHHe KUIKOCTH B cedeHuun 2-2, Ila.

Benuunna p, onpenesnsieTcss THAPABAUUECKHM pacueToM W3 ypaBHEHHS
HanaHca sHepruu Motoka mMexxay cedeHusimu 1-1 u 2-2. OcHoBHOE BJMSHME Ha
3HaUeHHe p, OKAa3bIBAIOT NABJEHHE XXUIKOCTH p; B ceueHnd 1-1, a Takxe
reoMeTpuyeckre pasMepbl BXOAHOH KaMephl.

Jlnst cayuass uctedeHusi B aTMOCheEPY po = Pam = 0 U Ap. = po.

Torna

E= (p2 + EnAyn)Vc- (8)

PacuetHble [IoTepu HaBJIEHUS Ha MNepeMellrWBaHUe NOJI2KHbBI OBbITL He-
CKOJIbKO MEHbIlIe pacliojiaraeMbIX U B ob1IeM cJjiydae onpeneadaroTed mo CooT-

HOIIEHHIO
2

ApP =p. ( o+ Tp)";B, (9)

rae y M 5, — KO3(Q(hHUMEHTH MECTHBIX COMPOTHUBJIEHUH U OTePb Ha THAPAB-

JIUUECKOe TPEHHe IO JJIMHE CTBOJIA;

Ve — CKOPOCTD BBIXOJIA MJI0BOH cMecH M3 cTBoaa ALY, V., =1,8-2,2 M/ c.
Ipu HesHaunte bHOM munHe ctBosia LAY (/< 1 m) ,>> | mociaenHum

3HaueHHeM B pacyeTax MOXKHO NpeHeOpeub. Torna

2
Vg

pprer=p, Ve (10)
2
Kos(pduuyest , A5 MOCJAeI0BATeIbHO PAClOJOXKEHHBIX [IHUCKOB 6
(cM. puc. 2) HaXOmUTCS MO COOTHOLIEHHIO, IPUMEHSIeMOMY /18 pacueTa LieH-
TpaJIbHbIX BCTABOK TMAPaBJIMUYECKOro Tpy6GuaToro cMecutes [5] npu paccros-
HUM [, Mexay BcTaBKaMM (7o, < [y < 2r4y):
2

S S
w=1,78n,=2| = | =1,78-n,-K,, (11)
Sc Sc _SB
e 1, — KOJMUYeCTBO BCTABOK (BHYTPEHHHUX IHMCKOB);
S, — miowmangs BCTaBKH, M2
S. — miomaas nonepeyHoro cededuss creosa UAY, m?%;
K, — K03(pQUUHEHT CTeCHEHHUS MJOWIAAX TOTePEeYHOr0 CeYeHHs CTBOJA.
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Jl1s mpenoTBpallleHUs TOANOPa HJIOBOM CMeCH B CedeHHH 2-2 cTBOJIA
ATV u ¢ yuetom cootHomenuk (10) u (11) sanuiem ycaoBre a1 HOpMaJb-
HOU paboThl HUxkHel 30HB DI JIY B pexume cMelleHHs

2
ApE =P 178y Ky P52 < po 4 By (12)

JlaHHoe yc/ioBHe SIBSIETCS ONPeNeIsIoIMM /151 BEIOOpa KOJIWUecTBa U pas-
MepOB BHYTPEHHHX BCTABOK (IMCKOB), pa3MellaeMbiX B CTBOJIE BUXPEBOTO arlra-
para. IlomyyenHoe pacuetHoe 3HaueHue ApP*" moxcrabasercs B (opmyay (8)
IJ151 HaXOKAeHUs (haKTUUeCKOH SHEepruM, 3aTpauuBaeMoH Ha NlepeMellBaHHe.

Ilanee no dpopmyaam (6), (2) u (1) onpenensiioTcsi COOTBETCTBEHHO BeJIH-
uuHbl Ny, o ¥ . [Ipy HeBbINONHEHHH HEPABEHCTBA (= 7, 33/lal0TCs HOBbIe
3HauyeHUs [aBJeHHUs Ha BXOAe p; WM APYrve pasMepbl BXOAHOW KaMepbl U
ctBosia U LY.

JlaHHble pacueThl MO3BOJSIOT CKOHCTPYMPOBATb BUXPEBBIE amlapaThl He-
00XOIMMBIX Pa3MepoB, a TaKxKe HaUTH TpeOyeMble TeXHOJNOIHYeCKHe XapaKTe-
pPUCTUKH Q-H pelupKyJIsSLHOHHBIX HACOCOB.

CpaBHUTe/IbHBIE TPOU3BOACTBeHHbIE HUcblTaHus DI JIY passudHbIX KOH-
CTPYKUMH ObIM TpOBeeHbl HAa KaHA/JIM3aLMOHHBIX OUHCTHBIX COOPYKEHUSX
r. 3apeunblil [TeH3eHcKo# 06/1acTH NPOU3BOAUTENbHOCTBIO 30 Thic. M3/ cyT.
Ha nByx cekunsix aspoTeHKOB OblIK yCcTaHOBJeHB HOBble DI JIY, Ha ABYX oc-
tTanpHbiX — ALY crapoil koHcTpyKuuu. [logaya BO3BpaTHOTO WJa Ha BCe
rpynnel ATJLY yepes o6umil MarucTpasibHb TPYyOOTPOBOMA TMPOU3BOAUIACH
IBYMSI TapaJijiesbHO PabOTAIIMMU [eHTPOOeXKHbBIMH Hacocamu Mapku CM
200-150-400 (n = 960 06./Mun) ¢ Harmopom 20 M M OGLIMM PacXOAOM O
440 m®/u. 3HayeHHe M3OBITOUHOrO IAB/JICHHUS B HaUa/le BCeX Paclpeie/UTe b
HBIX JMHWH, TIOABOISIIMX BO3BPATHBIM HJl K YCTAHOBKAaM, IOIIEPKHUBANOChH
noctosiHHbIM Ha yposHe 0,7-10° I1a m/ist Bcex CeKIME 3a CUeT OTKPHITHS HJIU
3aKpbITUSA BXOAHBIX 3a[BHXKEK Ha JUHHUSX.

HcnblTanns nokasanu, 4To B IBYX CEKLUHUSX a9POTEHKOB ¢ HOBbIMU DI JIY
3a CUeT MX MEHbIIETo THAPABINYECKOTO COMPOTUBIEHHUS PACXOJ BO3BPATHOTO
uia Bo3poc ¢ 80 1o 110 M3/ 4 M COOTBETCTBEHHO 1032 MJla B a3PAlMOHHOM
GacceliHe yBeJHUHJIaCh ¢ 2 10 2,5 r/s. B 1aHHBIX CEKLHUSX OCTATOUHOE conep-
’KaHue B 6HOJIOrMYecKH OurIleHHBIX cToyHbIX Bofax BIIK cuusumiocs ¢ 10—12
1o 7—8 wmr/J, aMMOHHEHOro asora ¢ b—7 mo 2,5—3 wmr/.n, dochatoB ¢
0,8—1,0 10 0,4—0,6 mr/ 1 o CpPaBHEHHIO C IBYMS IPYTUMH CEKIUSIMH, TJe pa-
6oramu DI LY cTapblXx KOHCTPYKLHH.

Takum o6pa3om, coBeplieHCTBOBaHHe KOHCTPYyKuUMi DI JIY u ux ruppas-
JIMYECKOTO pPeKMMa padoThl I03BOJIMJIO HE TOJMBKO YJIYULIUTh Ka4ecTBO 6HOJI0-
THYeCKOH OYMCTKH CTOKOB, HO TaK»Ke yNPOCTUTb U yIelleBUThb IKCILIyaTalHio
a9POTEHKOB.
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YIK 628.337

T. A. XAJITYPUHA, kaua. xum. Hayk, npod., T. M. PYJTEHKO, acm., O. B. 9YP-
BAKOBA, kaHA. TexH. HayK, gou. (MHCTUTYT rpafoCTPOUTENBLCTBA, YIIPABICHUS
U pernoHaJbHOH aKoHOMUKH, [Tonurexanyeckuit uHCTUTYT PIOY BIIO «Cubup-
cKull (penepanbHBI yHUBEpCcUTET», I. KpacHoapck)

HCCJIENOBAHUA TEXHOJIOTNHN
3JEKTPOXHUMHNYECKOHN OBPABOTKH CTOYHBIX BOJI,
COJEPXKAIIINUX IMYJIbIHPOBAHHBIE HE®TEIIPOAYKTbI

[TpencTaBiieHbl TaHHbIE SKCTIEPUMEHTANBHBIX HCCIEI0BAHUE TEXHONOTHH 3/1€KTPOXHUMHUe-
CKOH 06pabOTKH CTOUHBIX BOJ, COIAEPKALINX IMYJNbIMPOBAHHBIE HE(TEMPOLYKTHI, IO ONpeLeJIe-
HMIO NTapaMeTpOB Mpolecca MpH BbICOKOM 3(PdeKTe OYMCTKH U MUHUMM3aLHUK HEProsarpar u
BO3MOXXHOCTH €ro MHTeHCU(HKALHH.

Pemenvie mpo6J/ieMbl OYUCTKH CTOYHBIX BOA OT He(TENPOAYKTOB B Ha-
cTosillee BpeMsl MpUOOpeso BaXKHelllee 3HaUeHHe [JIsl OXPaHbl IPUPOIHBIX
BOJIOEMOB.

CyoxHyto npobJseMy npeiactasiaseT o6e3BpeKMBaHUE CTOUYHBIX BOJ, CO-
JIepKalux 3MYJb[HPOBaHHblE He(TePOAYKTbl, KOTOpble BXOAST B COCTaB
CMa304HO-0XJaXKAAWUX KUAKOCTeH. OCHOBHBIM CHOCOOOM paspylleHUs
SMYJbCUH SIBJS€TCS JHUKBUAALHKS SMYJbIMPOBAHHOM CIIOCOOHOCTH NpHUMe-
HSIOLIUXCH IMYJIbraToOPOB, AJIsl UEro MUPOKO UCIOMb3yeTcst KoaryJisius [1].

Jlsi 060CHOBaHKS OCHOBHBIX TEXHOJOTMYECKHUX TapaMeTpOB CTaOMJIbHOTO
IpoLecca OYUCTKY U ONpeleseHUs ONTHMA/bHBIX PeKUMOB 00paOOTKH OBl U3Y-
YeH TPOLECC 3NEKTPOKOATYSILUH MPH UCIIO0Nb30BAHWH PA3JUYHON (DOPMBI TOKA.

151 3/1IeKTPOXUMHUUECKOT0 KOAry IMPOBaHHs KOJIJIOUAHO-IUCIIEPCHBIX CHUC-
TE€M MCIHOJbB3YIOT MOCTOSHHBIA 3/1eKTpudeckuil Tok [1]. dkcrnepumenTanbHbie
UCCJ/IeI0BaHUS 110 ONpeeIeHHIO ONTHMaJIbHBIX peXUMOB 00pabOTKH MOCTOSH-
HbIM TOKOM OblIM NpPOBeIeHbl 110 POTOTa0e/JbHOMY IIJIaHYy BTOPOro MOpsiiKa
Bokca—XaHrepa.

B kauecTBe GoJsiee 3HAUUMBIX ObLIH NPUHATH: X; — MCXOQHAS KOHLEHTPA-
uust He(pTenponyKToB, Mr/ am%; X, — MI0THOCTb TOKa, A/ M?; X3 — npousso-
JMTEBHOCTD, J1/ MHH.

B uuc/0 oueHOUHBIX KpUTEpUeB OBbLIM BKJUYEHB: Y| — ocTaTouyHas
KOHIeHTPaLUus HepTenpoayKToB, mr/om?; Yy — pacxoj 3JeKTPOIHEPTHH,
KBt-u/wm3.

OcHOBHOH ypOBeHb, UHTEPBaJ/bl BAPbUPOBAHUS U TPaHULBl 00JACTH HC-
cJiefloBaHUS TIpHBeleHbl B Tab. 1.

O6paboTKa 3KCImeprMeHTaIbHBIX AaHHBIX M03BOJIMIA MOJYYUTh afeKBaT-
Hble ypaBHEHUS perpeccu, aleKBaTHOCTb KOTOPBIX NpOBepsijach MO KpUTe-
puto Puinepa.

Y, =94 + 2,1X, — 4,8X, — 0,95X, Xy — 19X, X3 + 2,1 X,X5 — 1,1X2;
Y, =4,75 + 4,16X, — 3,24X; — 0,23X, X, + 0,27X, X3 —
~ 1,96X,X; + 0,56 X2 + 1,41X2.

Tadauma 1 Tabnuuma 2
X, X, X3 -2,378| -1 0 +1 [+2378] A
AX 300 15 1 X, 0,21 1 1,5 2 269 | 05
0 700 30 2 Xo 0,12 1,5 2,5 3,5 49 1,5
+1 1000 45 3 X3 |32,44| 60 80 100 | 127,6 | 20
-1 400 13 1 Xy 0 1 30 60 |101,3| 30
+1,68 | 1204 60 3,68 Xs 100 513 813 | 1113 | 1426 | 300
-1,68 196 3 0,3 X 2,86 7 10 13 117,13 3
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YcTaHoB/I€HO, UTO TPU 00paBOTKe MOCTOSIHHBIM TOKOM He(TecoaeprKalluxX
CTOKOB HaO0J110[1aeTCcsl HeJOCTaTOUHas CTeleHb KOoaryJ UMK YacTHLl, TaK Kak Ipu
MPOX0XKIEHWH TOCTOSTHHOTO TOKA Yepe3 CTOKH, CofAepKalliie IMYJIbIMPOBaHHbIE
He()TEeNPOAYKThl, OTPULIATENbHO 3apsiKeHHble YACTHULBI Macja ABUralTcs MOJ
JIEeACTBUEM TOCTOSTHHOTO 3JEKTPUYECKOTO TO0JIs K TMOJOXKHUTENbHO 3apsKeHHOH
niacTiHe (aHOMY), 0CaXKIAKOTCS Ha HEeM, IPensTCTBYIOT BuIXoay HOHOB AlP*. Kpo-
Me 3aMelJieHHsI aHOAHOTO MpoLecca MOBBILAETCS CONPOTHUBJAEHHE KOHTaKTa
aHO[-PaCTBOP M, CJIEI0BATENbHO, YBEJIMUYWBAETCS PACXOM 3JEKTPOIHEPTHUH.

JlaHHble 3KCTIepUMEHTA MPY UCIOAb30BAHWH IEPEMEHHOT0 TOKa /151 00pa-
OOTKM CTOKOB I10Ka3aJd, UTO UMeeT MeCTO 3HaYUTe/bHOe CHUXKEHHE BbIXOJa
MeTaJlIa 1o TOKY, B CPABHEHHUH C MPOMYCKAHHWEM TTOCTOSIHHOTO TOKa. JTO 00b-
SICHSIETCS TeM, YTO MPH ObICTPLIX M3MEHEeHHUsIX MIOTHOCTH Toka (50 pas B ce-
KYHIy) MepeHanpspkeHne He ycreBaeT MTCHOBEHHO MPUHUMATh 3HAYEHHUS, CO-
OTBETCTBYIOLIME 3HAYeHUSM IJIOTHOCTH TOKA B CTALMOHAPHBIX YCJIOBUAX.
Kpome Toro, npu o6paboTke nepeMeHHBIM TOKOM OIpeJesleHHOe KOJIHYeCTBO
3J1eKTPO3HEPIHH 3aTpaurBaeTCs Ha Nepe3apsaKy eMKOCTH ABOMHOIO 3/1eKTpPH-
yeckoro cqos. [ToaTomy ncnonb3oBaHue MPU 3/71€KTPOXUMUYECKOM KOAryJaupo-
BaHUHU MePEMEHHOr0 ToKa Heleecoobpa3Ho mpu 06padoTKe CTOUHBIX BOJ, CO-
JEePKAIMX 3MYJbTHPOBAHHbIE HEPTEMPOLYKTHI.

Mssectro [3], 4to amekTpokoaryiauMoHHy©0 06pabOTKY CTOYHBIX BOM
MOKHO TIPOBOJUTb PEBEPCHUBHBIM MT€PEMEHHBIM TOKOM C OMMHAKOBOU AJUTEJb-
HOCTBIO U aMIJINTY0U MOJIOKHUTEMBHOTO U OTPULIATENBHOTO UMITYJ/IbCA, UACTO-
Ta KOTOPOTO OMpeae/sieTCs 3alaBaeMblM BpeMeHeM T1ePenoi0COBKH MJIACTHH.
YCcTaHOB/IEHO, UTO pPEBEPCHBHBIA IMepeMeHHBbIH TOK I103BOJISeT YMEHbIINUTh
pacxoj 3JeKTPOIHEPTHH, OTHAKO MPU ITOM CHIKaeTcsl 3(h(HEKT OUNCTKU Hed-
TeCOepKalluX CTOYHBIX BOJ C YBEJHUEHHEM MPOIOIKUTENbHOCTH HEMPephIB-
HOU paboThl 37€KTPOJOB.

Ilnst ycuieHus: 1eUCTBHUS 3/€KTPOIOB M CHHXKEHHS 3JIEKTPO3aTpaT Ha JJeK-
TpooOPaBOTKY CTOUHBIX BOJ M3BECTHO MPUMEHEHHE aCUMMETPHUUYHOrO TepeMeH-
HOTo ToKa [4], KoTopbIii M03BOMISAET SIUMUHMPOBATh aACOPOLMIO YACTHLL MaceJl Ha
MIOBEPXHOCTH 3JeKTpoJa U CTaOMIM3UPOBATh TPOLECC PACTBOPEHUS MeTallia.

B Hacrosiell pabote 151 MOJyYeHHsI ONTHMAaJbHBIX TeXHOJOTHUeCKHUX
peKMMOB TIpoliecca 3JeKTPooOpadoTKY aCUMMETPHUUHBIM MepeMEHHBIM TOKOM
MIPOBOJIUJIOCH MJIAHUPOBAHHE IKCIIEPUMEHTA, I03BOJIUBILEE MOJIYUUTh ypaBHe-
HUSI perpeccu.

B kauecTBe BapbupyeMbIX (haKTOPOB OBbLIM MPUHATHL: X| — aMIIUTYyAA
npsiMoro Toka, A; X, — ammiuTyna obpaTHoro Toka, A; X3 — mepuon, cex;
X4 — JJIMTENBbHOCTb 0OPATHOrO TOKA, C; X5 — KOHILEHTpalHs He(TenporyK-
TOB B MCXONHOH Bofe, Mr/nm®; Xg — BpeMsi KOHTaKTa, MHH.

OueHOYHBIMH KPUTEPHSIMH MTPUHSTHL: Y| — colepKaHue HeTeNpPOAyKTOB
B OYMILEHHOH Boje, Mr/am% Y, — yle/bHBIA DPacxXoi 3JeKTPO3HEpPTHH,
kBT -4/ M3,

OcCHOBHOH ypOBeHb, UHTePBaJ/bl BAPbUPOBAHHUS U I'PaHMLBl 00JaCTH HC-
CJe[0BaHUSl NpHUBeleHbl B TabJa. 2.

Y, = 1,55-0,26X,-0,102X3+ 0,144X, + 0,12X5 +0,203X, X, +
+0,267X,X, — 0,197 X, X5 — 0,1 XoXg + 0,11X5X, — 0,37X3X5 — 0,12X3 X+
+0,25X,X5 —0,21X,Xg + 0,133X2 + 0,26X2 + 0,19X2;
Y, = 23,4 + 55X, + 12,96X, — 3,55X; + 10,8X, — 3,3X5 + 6X5 +1,81X, X, +
+3,87X,X; — 1,83X,Xs — 3,32X,X; + 10,98X,X, — 2,24 XX —
— 1,81 XXs —4X3X, — 2,47X3X5 — 3,6X, X5 + 2,25X,Xs + 2,75X 2.

AHanu3 ypaBHEHHH perpeccuy nokasas, 4To MpH o6paGoTKe acHMMeET-
PUUYHBIM TOKOM MacJ/J03MYJbCHOHHBIX CTOKOB Ha OCTAaTOUHYI0 KOHLEHTPALHMIO
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He(TenpoAyKTOB B 0OJblIel CTeleHH B/IHseT aMIJIUTYy1a IPSIMOTO TOKa, AJH-
TeJIbHOCTb 0O0PAaTHOTO TOKA M MCXOJHAas KOHLeHTpauus HedTenpoaykTos. Oc-
TaTOUHAsl KOHLEHTPAUWs He(PTENpOAYKTOB CHHXKAETCS C yBeJHUEeHHeM aM-
TJIUTY/Bl TIPSIMOTO TOKAa M €ro JJIMTENbHOCTH, YMEHbIIEHHEM AJUTESbHOCTH
00paTHOrO TOKAa M HMCXOAHOHW KOHLEHTpauuu HedrempoaykrtoB. Ha pacxon
3/IeKTPOIHEPTHUH 3aMETHO BJIMSIET aMIJIUTYyAa 0OPAaTHOTO TOKA, €ro AJIHTeJb-
HOCTb, BpeMsl KOHTAaKTa, YU B MeHblIeH CTeleHH aMIIUTYAa MPSMOro ToKa U
UCXOJIHAsl KOHIEHTpauusi He(TenpOoLyKTOB.

[To ypaBHeHMsIM perpeccuu Obl1a NMpoBefeHa ONTHMH3ALHUs AHUCCOLMA-
TUBHO-IIArOBBIM METOLOM M MOJIy4eHbl 00/1aCTH COBMECTHOH ONTHUMa/JbHOCTH
N0 BBIXOJHBIM MapaMeTpaM, KOTOpble IO3BOJSAIOT peryJupoBaTb Ipolecc
3JIeKTPOKOAry/NsILHOHHON OYHUCTKM He(TecoAepxKalUUX CTOUHBIX BOJ
(puc. 1).

B ta6.1. 3 npuBeieHO CpaBHEHHe pe3y/bTaTOB 9KCIePUMEeHTa/IbHbIX HC-
CJeI0OBaHUH 10 3/1eKTpooOpaboTKe MepeMeHHBIM, MOCTOSHHBIM, pPeBepCHUB-
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e SN
+1(3’5\ P g — ﬁf’%_ |

\91;; :}: +1(3,5) A N\Qi

N\COSE %‘g”’“— !\‘\\ |
S — e \5&\; Vi
-2,378(0,12), %&?\\\:\J\w; v \;\'\\X\

=1113 mr/amS) Xy Y, Y,ana Xg=1(C,

b #

-1(1,5) !\\ ’*‘;;
: : -2,378(0,12)

-2,378(0,21) 0(1,5) -2,378(2,69) -2,378(0,21) 0(1,5) -2,37I8(2,69)
-1(1,0) +1(2,0) X, -1(1,0) +1(2,0) X,

X5 Yy, Y, A5 Xs=2,378 (C,, 0 =1426 mriam®) Xy Y, Yy An9 X5=0 (C,c=813 Mrlamd)

+2,378(4,9) +2,378(4,9) : S
Y Sl NN
\ P
IS P\S"*
+1(3,5) L - +1(3,5) ST

0(2,5) =24 0(2,5)—% s SN
o _ NSh T

- — M
1(1,5) e AP NN ]
’ ) 7 b ‘,'Q.\— i
\14\\[;% Wza \\ \J\ 5
I, 5 R \\:;.
-2,378(0,12) A e -2,378(0,12) AN = :
-2,378(0,21) 0(1,5) -2,378(2,69) -2,378(0,21) 0(1,5) -2,378(2,69)
-1(1,0) +1(2,0) X, -1(1,0) +1(2,0) X,

X2 Yy, Y, Anst Xg=-2,378 (C,y, =100 mr/am®)

+2,378(4,9)

ncex

+1(3,5)
Puc. 1. PeryaupoBo4Hble QuarpaMMbl st
BbI60pa pexunma mpouecca 3JeTpokKoaryJis-
LIMOHHOH OYHCTKH HepTecoaeprKaInux CTou-
HBIX BOJ
<> Y| — ocraToyHas KOHILEHTpauus Hedre-
npoayktos, Cy /%" mr/ am3; —— Yo — ynesb-
HBII pacxoj 3/71eKTposHepruu, KBr-u/m3; X| —
J aMIIJIUTYa TPSIMOro Toka, A; Xo — aMmiutyza
-2,378(0,12)t: 1] o6patHoro Toka, A; X5 — KOHLeHTpauus HedTe-
-2,378(0,21) 0(1,5) -2,378(2,69) NpOAYKTOB B MCXOAHOH Bome, Mr/amd
-1(1,0) +1(2,0) X,

0(2,5)

-1(1,5)

58



HbIM M aCHMMETPHUYHBIM TOKOM. BbIsIBJIE€HO,
uto BhicOKUH 3(dexT ounctku (99,0%) noc-
TUTaeTcsl C MPUMEHEHHEM aCUMMETPHUYHOTO
TOKa MPU MEHBIIUX 3aTpaTax 3JeKTPOdHep-
rud (B 2 pasa), 4To ABJAETCS CJAEACTBHEM
3(h()eKTUBHOTO pPaCTBOPEHMS aHOJA.

[IpenMyliecTBO NpHUMEHEHHUS acUMMeT-
PUYHOTO TOKa 3aKjiuaeTcss B TOM, UTO 3Ta
(opmMa TOKa IMO3BOJISIET MPOBOAMUTH TPOLECC
3JIEKTPOKOATYJSILIMA B CTAOUJBHOM pexXUMe
(puc. 2). 10 0OBIACHAETCH MEXAHUZMOM JeH-
CTBUSI aCHUMMETPHUHOTO MEePEeMEHHOT0 TOKa,
MPH KOTOPOM aMILIMTYAA U AJUTEJbHOCTb UM-
MyJ/JbCOB OTPULATENBHON TMOJNSPHOCTH JOJIK-
Hbl ObITh, C OJHOU CTOPOHBI, JOCTATOYHO 0OJIb-
[IUMH, YTOOBl 00eCreunTb PaBHOMEPHBIH (-
(DeKTHUBHBIM 3JIEKTPOXUMUUYECKHUH TMPOLECC TI0
BCEH MOBEPXHOCTH 3aeKTpona. C apyrou cro-
pOHBI, OHH He JIOJDKHBI MPEBbIIATh TPeesTb-
HOTO 3Ha4eHHs], UTOOBI TIOBEPXHOCTHBIE YdYa-
CTKH NOJIOKUTEJBHOTO 3/IeKTPOoJia He NOCTUTa-
JU BeJUUYHHBl NOTeHLHasa BblAeJeHUS
KUcJ0opofa. AMIJIUTYyAa HMIyJbca OTpULA-
TeJIbHOU TOJSPHOCTH JOJ/KHA OblTh B 2—4
pasa 6oJiblile aMIJIATYIbl TOJI0KUTENbHOU 110-
JSIPHOCTH, UTOOBI 0oOecneuuTb 3(P(HeKTHUBHOE
paspylleHre MacJ/sSHOW TJEeHKH, IJUTeJNb-
HOCTb MMIMYJIbCA MPU 3TOM TI0 CPABHEHHIO C
UMITYJIbCOM T10JI0KUTENbHOH MOJISIPHOCTH MO-
)KeT ObITh MeHblIe B 3—60 pa3 u BeiGUpaercs
B 3aBHCHUMOCTH OT KOHIEHTpalUWH HedTenpo-
IYKTOB B CTOYHBIX BOJAaX.

C uesbl0 CHHXKEHMSI pacxoja 3JeKTpo-
SHEPTUH MPH BBICOKOM 3((eKTe OUUCTKH U3Y-
Yasachb BO3MOXKHOCTb PELHUPKYJSLAH YacTH
00pabaTelBAEMBIX MacCJ03MYJbCHOHHBIX CTOY-
HBIX BOJ MpU 00paboTKe pasauUHON (HOPMOU
TOKa. DKCIepUMeHTa/bHble UCCeI0OBAHUS T10-
Kasanu, uto npu npuMenenuu 30% penupky-
JSLUUKA TPU  3JeKTPooOpabdoTKe MOCTOSHHBIM
TOKOM PacXof 3JeKTPOIHEPrUH CHUKAeTCs 10
W = 1,6 xBr-u/m3, MIPU PEBEPCHUBHOM TOKe
TpeOyIOTCS MeHbllMe 3aTpaThl 3JeKTPO3Hep-
run — W = 1,1 kBr-u/m3, NpPU UCTOJb30Ba-
HUM aCHUMMETPHUYHOIO TOKa 3aTpaTbl 3JEeKTpo-
sHepruu coctapasior W = 0,54 kBr-u/m°.

AnbTepHATUBHBIM CIOCOGOM OUYHCTKH
CTOYHBIX BOJ SIBJSIETCS TaJbBaHOKOATYJSIIHS,
KOoTOpasi He TpeOyeT pacxoja JIHCTOBOTO Me-
Taj/sla ¥ 3HAUUTEJbHBIX 3aTpaT 3JeKTPOIHEp-
ruu. MccrnenoBanusi npoBOAWIM B rajbBaHO-
KOaryJsiTope, TIe HCIO0JMb30BaId B KauecTBe
AaKTHBHOW 3arpy3ku pas3/nyHble TajbBaHOINa-
pel (AI=AY, Al-xoxkc, Fe—xkoke, Fe—AY, rue
AY — akTuBMpOBaHHBIH yroab Mapku BJI).

Ta6auua 3

NepeMeHHbIM TOKOM

O6paboTKa aCHMMETPHUUYHBIM

JIEKTPUYECKHUM TOKOM

O6paboTKa peBepCHBHBIM

O6paboTKa MOCTOSIHHBIM U MepeMeHHbIM
HEOJHOPOHBIM 3JIEKTPHYECKHM TOKOM
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[nutensHocTb 06paboTku, Y AKTUBHas 3arpyska
Puc. 2. 3aBucHMOCTb 3 {eKTa OUMCTKH Puc. 3. 3aBucuMocTb 3((heKTa OUUCTKH MacJo-
NpU 3JeKTPooOpaboTKe pasJuuHON (op- 9MYJBCHUOHHBIX CTOKOB OT aKTHBHOH 3arpysku
MOH TOKa OT JJIUTEJbHOCTH 06pa6OTKI/I rajibBaHoOKoOaryJisiTopa
I — NOCTOSIHHBIH TOK; 2 — peBepPCUBHBIH TOK;
3 — acCUMMEeTPHUYHBIH TOK

[Ipu cpaBHeHHM IKCIIEPUMEHTANbHBIX Hcc/enoBanuil (puc. 3) ycTaHoBJeHo,
4TO 3(P(PeKTUBHOCTb rabBAHOKOATY/ISILIMOHHON OYMCTKH He(TeconeprKallux
CTOKOB IIPH HCIIOJNb30BaHHM rasbBaHonapbl Al—AY Bbille W jpocTHraer
98,5-99,7 % B 3aBUCHMOCTH OT UCXOHOH KOHUEHTPALMK He(PTENPOLYKTOB.

C neJsiblo M3yueHHs] BO3MOXKHOCTH CHUKEHHS TPOAOJ/IKUTENbHOCTH TaJlb-
BAaHOKOATYJISIMHU MPU MPOBEJEHUH TIPOLecca B CTAOUIBHOM peKMMe HUCCJIen0-
BaJIOCh Ha/l0KeHHEe BHEIIHEro 3JeKTPUUeCKOro MoJs Mmpu 06paboTKe acHM-
METPUYHBIM MTepEMEHHBIM TOKOM. ¥ CTAHOBJIEHO, YTO BBICOKHH 3(P(HEKT 0UUCT-
xu (99,5%) MoxkeT GbITb JOCTUTHYT MPU MeHbleM BpeMeHH KoHTakTa (B 2,5
pasa), 4To M03BOJISET 3HAYUTEbHO YMEHbIIMTh raGapuThl raJbBaHOKOATYIs-
LMOHHOTO MOJYJISL.

JlaHHble 3KCrepUMeHTa/bHBIX HCCJeJ0BAHUH ObIHM HCIOJNb30BaHbl MJI5
pa3pabOTKU TeXHOJOTHUECKHX CXeM 3JeKTPOXHMHYECKOH OYMCTKH CTOYHBIX
BOJ, COJEeprKallUX 3MYJ/bIMPOBAHHBIE He(TENPOAYKTHI.
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CTPOMTEJIBHBIE 1 NOPO2XKHBIE MANIWHDI

YIK 62—-762:539

I0. A. BEPUTHH, K. O. KYJIBCEUTOB, nokropa TexH. HayK, npodeccopa,
b. M. ABJIEEB, kaua. texH. Hayk, npod., T. ®. BPUM, acn. (Aaraickuii rocy-
dapCcTBeHHbIA TexHnueckuit yausepcutet um. U. U. llonsyHosa, r. Bapuayi)

HECYIIA{ CIIOCOBHOCTDb PAOUAJIBHBIX
AJIACTOMEPHBIX YIIJIOTHHUTEJBbHBIX KOJEIL
AJIJIMIITHIECKOIO CEYHEHUA
B YCJIOBUAIX ITPEABAPUTEJIBHOI'O HATATA

[TonyueHo mpubIMKEHHOE AHAJUTHUECKOE pellleHHEe O0CeCHUMMETPUYHOU KOHCTPYKLHOH-
HOH CTAaTMYeCKOH 3271241 TEOPUH YNPYTOCTH O PafdaibHOM B3aUMOJEHCTBUHU I1e(POPMHUPYEMOro
3/1aCTOMEPHOTO KOJIbLIA JIUIITHYECKOTO CeUEHHS C aOCOMIOTHO KECTKUMH LHJIHHIPUYECKUMHU
MOBEPXHOCTSIMU. BrIBeieHbI pacueTHble (hOPMYJbl BCEX OCHOBHBIX (DYHKUHOHANBHBIX XapakTe-
PUCTHK MOJEJHPYEeMOro CTalMOHAPHOTO H30TePMHUYECKOro Mpolecca MeXaHUKH yrnpyrouedop-
MHPYEMOTro TBEPJOro TeJia B 3aBUCUMOCTH OT CPeIHer0 KOHTAKTHOTO JaBJIeHHs], 1eHCTBYIOIEr0
Ha BHELIHEM [epUMeTpe KOJIbLEBOTO 3JeMeHTa. Pe3ybTaThl HCCIEI0BAaHHH MOXKHO MCIOJbB30-
BaTbh [IPU NPOEKTUPOBAHUH COBPEMEHHBIX MAILIMH, alnapaToB U MPUOOPOB /15 OLLEHKH Hecyllen
CIIOCOOHOCTH PE3MHOBBIX YIJOTHHUTEJEH.

Pe3nHoBbIe YMJIOTHUTENN MPOYHO BOLIIM B KOHCTPYKLHH COBPEMEHHBIX
CTPOUTEJIbHBIX MAIIMH U MeXaHW3MOB, HOpMaJsibHasl padoTa KOTOPBIX CBsI3aHa
C HaJeXKHBIM (DYHKIIMOHUPOBAHUEM, LIMPOKO TIPUMEHSIEMbIX THEBMATHUECKHUX,
TMAPABJMYECKHX M BaKyyMHbIX cucteMm [1, 2].

Haub6osee pacrnpocTpaHeHHBIM U YHUBEPCAIbHBIM BUIOM I'epMETU3UPYIOLINX
HECYILHMX 3/1IEMEHTOB SIBJSIOTCS 3JACTHUHBIE KOJIbLA KPYTJIOTO U 3JITUITHYECKOTO
ceuenwti [1, 3] U3 pasvuHbIX CHHTETHUYECKHMX Pe3uH (3JacTOMepOB), KOTOPbiE B
OTJIMUKE OT MAHXKET, [IEBPOHHBIX U APYTUX YIIJOTHUTENEH CIIOCOOHBI ¢ OOJBILION
3((EeKTUBHOCTBIO FepPMETH3UPOBATh ONHO- U ABYXCTOPOHHEE NaBJeHHE.

[Ipennaraercst paccMoTpeTh (pyHAAMEHTANbHO-IPUKIAAHYI0 H30TEpPMHUUe-
CKYI0 KOHTakTHYIO 3a7auy MeXaHWKH YIpyroaehOpMHPOBAHHOIO TBEPIOTO
TeJsla, He OMUCAHHYIO B HayYHO-TeXHHYeCKOH M (pU3MKO-MaTeMaTHUeCKOH JH-
teparype. Ee akryanbHOCTb ompesieisieTcss He TONBKO TEOPETHUECKOH HOBU3-
HOU M KOMIILJIEKCHOCTbIO 6a30BOKM pacdeTHOH Moaeu [4], Ho M BO3MOXKHOCTBIO
NPaKTUYeCKOr0 HCIOJb30BAHHUS MOJNYyYEHHbIX Pe3yJbTaTOB B MalIMHOCTpOe-
HUM NPU NPOEKTUPOBAHUH 3/JaCTOMEPHBIX YIJIOTHUTEJEH [/ YCJIOBUH UX pa-
JMaIbHOTO CXKATHSI U TpefBapuTesbHoro Hartsra [1].

Pesuna, o6sagamliias TaKUMHA CBOUCTBAMHU, KaK 3JIaCTUUHOCTD, LOJAT0OBeU-
HOCTb, KOPPO3UOHHOCTOHKOCTb, IPOCTOTA B U3TOTOBJAEHUH U SKOHOMHUYHOCTD,
3aHMMaeT OJHO U3 MepBbIX MECT B KaueCTBe KOHCTPYKLHMOHHOTO repMeTH3H-
pyIollero mMatepualsa.

B kauecTBe pacueTHOU cXeMbl pacCMaTpPUBAETCS KOJbLO HECUMMETPHU-
HOTO CIIJIIOCHYTOT'0 OBAJIBHOTO MPO(UJIs, UMelolllee B CeUeHUH J1Ba MJIaBHOCOII-
pSKEHHBIX noJrysJ/unca (puc. 1), 4To 1o cpaBHeHHUIO ¢ 6osiee CKPyYUBAEMbIM
¥ MeHee HaJeXXHbIM MPH 3KCILIyaTaluu KPYIJbIM cedeHueM (a,, =a., =6,)
[1], a TakxKe cUMMETPUYHBIM dJHNTHYECKUM (@, =a., < 6,) MO3BOJISET OCY-
LIeCTBJISITh 32 CUeT OOJIbILEro UHCJIa BaAPbUPYEMBIX NTAPAaMETPOB yxKe Ha CTa-
IMHA MaTeMaTH4ecKOro MOJe/JMPOBAHHS peasM3aluio Mpolecca peryjaupoa-
Hust (ONMTHMM3ALKMK) HAYaJIbHBIX KOHTAKTHBIX NABJEHHWH M HATATOB.

[Ipu mpoeKTHpPOBAHUH [eTa el MAlllMH HPOKOe PAaCIpoCTpaHeHHe MOJy-
YUJ METOJ, pacueTta KoJell 60JbLION U MaJIO¥ KPUBU3HBI [5, 6], ocHOBaHHBIH Ha
MOZIe/IN KECTKOTO KPHUBOJIMHEHHOro Opyca, MmorepedHble CeueHHUs KOTOPOro
NPy Harpy»KeHuu He neOPMHUPYIOTCS, a JHIb epeMellaloTcs U Pa3Bopayu-
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CekTopuanbsHbIn
3MeMeHT KonbLa

Puc. 1

BAIOTCH B CBOEH MIOCKOCTH. ONHAKO AJIS1 3/1aCTHUHBIX KOJBIEBBIX 3J1eMEHTOB
KOHCTPYKLHMH 3TOT Crocod pelleHHs 3aa4l COBEPLIEHHO He NPUrofileH BBUIY
60J1bII0H 1e(hOPMAaTUBHOCTH PE3HWHBl U HECOOTBETCTBUIO METOIUKU BblOOpA
napameTpos mopsiaka [7].

M3BecTHas cnpaBOYHO-HOPMAaTHBHAs METOAMKA pacueTa Ha MPOYHOCTb U
XKECTKOCTb 3/1aCTOMEPHBIX repMeTH3Hpyruux KoJell [1] 6asupyercs na He-
KOPPEKTHOH ¢ (PU3UKO-MATEMATHUECKON TOUKH 3PEHHS MPeAesbHO YIPOILIEH-
HOU TeOpUU JMHEHHOTro HaNpsKeHHOTO COCTOSIHHS MaTepuasa, KoTopas, He
YUYUTBIBAs KOHCTPYKTHBHBIE OCOOEHHOCTH YIJIOTHUTEJSI U CXeMYy €ro Harpy-
JKEHHS, NMPOTHUBOPEUUT KJIacCHYecKOH 3anade JIsiMe O pagvasbHOM CXKATHH
KPYTJIBIX TIACTHH-IMCKOB H TOJNCTOCTEHHBIX TPyO-UMIMHAPOB [6].

B ocHoBy npencraBisieMol paboThbl MOJI0XKEHBI TPEANOCHIIKH, THIIOTe3bl U
ypaBHEHHs yTOUHEHHOH MeXaHMKO-MaTeMaTHuecKod Monesu [4], yuuThiBaro-
mwed (cm. puc. 1):

— J1Be KOMIIOHEHTBl HampspkeHuH u3 derepex (o, #0, o, #0,
0, =1=0) ¥ NPOCTPaHCTBEHHbIH XapaKTep HCCJAENYEMOro U30TepPMUUECKOTO
npouecca 1o aedopmauuam (e, # 0, €, # 0, €, # 0, y =0) npu ycaoBuu co-
6moieHns 3akoHa ['yka A/ pesuHbl, T. e. |€,,.] < 025 [1];

— CTaUMOHAPHBIF TEMI0BOH rpagueHT AQ =0 -0, =const [6] B mpeamnodo-
JKeHHH, UTO BO BCEM JMANa3oHe 3KCIyaTallMOHHBIX TeMIepatyp 6 amacTomep
HaXOJUTCS B BhICOKO3JacTHyeckoM coctosHuu [1, 3] (rme 6, =20°C — Ha-
yajibHas TeMIeparypa);

— (haxrop dopmbl 05 <D, <15 [1, 4, 8];

— paauychl KpUBH3HEI R, R, Ry 1 Haya/lbHOe OTHOCHUTEJbHOE paCTsKe-
uue xosbua €, =0,01+0,05 no BHyTpeHHemy paiuanbHOMY pasmepy R,
KOTOpOe PeKOMEHIYeTCsl CO31aBaTh NPH MOHTaxe yruoTHutess [1];

— ne(hOPMHUPOBAHHOE COCTOSIHHE KOJblLia MPH ONpeNeJeHUH CHJIOBHIX H
reOMeTpPUYECKHX KOHTAKTHBIX XapaKTEePUCTHK C TOMYIIEHHWEM, UTO JJIHITH-
yeckasi popMa ero cedyeHHs] COXpaHseTCs, a CXKUMAWIIHe LUJIHHIPUUECKHe
TIOBEPXHOCTH, KOTOPble KOHCTPYHUPYIOTCS U3 MeTaslla, SBJASITCS abCOII0THO
KeCTKUMH (MOZy/ib YIIPYrOCTH PE3HHBI Ha HECKOJIBKO MOPSIAKOB MEHbILIE, YeM,
Hanpumep, y crau [1, 3]);

— (haKTHUECKYI0 CKHMaeMOCTb d/1acToMepa, Korna Koappuunent [lyac-
coHa W =u(0)< 0,5, uto BaxHo B caydae AO< 0 [3, 9].
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JI15 IOHMMaHHs CyllecTBa BONPOCa MPUBOIUM TOJIbKO CaMble HEOOXO/IH-
Mble COOTHOIIEHHs C HCIOJAb30BaHHeM onepatopa Jlammaca V2 =02/ dr? +
+1/r-0/0r+0?%/0z% B unauHApUYeCKUX KoopauHaTax r u 2z (R, <r < R,,
-8 <z<s; puc. 1):

1) ycnoBue cTaumMoHapHOH TemonposogHoctH VZ0=0, KoTopoe mpu
0 =const BHIMOJHSETCS TOXKIECTBEHHO [6];

2) paspemamoliee ypaBHeHHe 4eTBEPTOrO MOPSAKA

Vi(Vip)=Vip =0 (1)

OTHOCHTE/IbHO DYHKIHH @ =@ (r; 2), CBSA3aHHON C HOPMABHBIMK G ,, O, , H
KacaTeJbHBIM T HAaNpsKeHHSIMH H3BECTHBHIMH AU (epeHIHanbHBIMKE 3aBHCH-
mMocTsimu [4];

3) TemmepaTypHbIE (QyHKIMOHAN Jy, XapaKTepU3YIOUME OTHOCHTEIbHYIO
TeMIepaTypHylo de(opMaldio MaTepuana B HampableHHUH ocell r, z (cMm.
puc. 1) [4, 9]

0
Je=joc,(e)de=oc0}<*1[e”“0>—1], 0,<6<80,, (2)

60

rae o =0, (0) =0t ge M%) — sKcnoHeHIMANBHBIE KOI(DDHIMEHT JHHEHHOrO

TEIJIOBOrO PACIIMPEHUsT PE3WHbl M €ro 3HadeHHe O, COOTBETCTBYIOIIEe
0=0, =20°C, a K =const — nmocTosiHHBIA MapaMeTp, UMEIOLIUH Pa3MepPHOCTh
(°C)~! u onpenensiemblit o mertonuke [9];

0, — TemmepaTypHas rpaHuua (asoBOro mepexoia K CTEKJOBAHHUIO PE3HHBI
[1, 91;

0,, >0 — mpenenbHas 3KCIyaTaUMOHHAs TeMmmepartypa sJaactomepa [1];

4) dopmyabl pagmanbHoro u =u(r) u oceBoro w=w(z) nepememeHui
[4, 10]:

:_1+u . 82(p
E, ordz

2
g w:lg“[m_mv% _‘Q‘P} oz, (3)

2
y y z

rne £, =E, (®,) — yc/I0BHBIH MOMY/Ib YIPYTOCTH YIUIOTHUTE,IS S/LIMITHIECKOTO
npouIsl, 3aBUCALLMI OT (hakTopa hopmbl D, =0,256. (a,.a.,) " -(a,, +a.,) [8].
DYHKUMK G ,, O, O, T ¥ & JOJKHEI yaoBeTBopsith (em. prc. 1) [10]:
a) CTaTMYeCKMM TDaHMYHBIM YCJOBHSAM:

£X = [0 dF, —Ry[P,(1-a,,Rs") ~P,(1+a,R")]=
F,

[ ]
- jowdFE,H +R, LQJ‘Gr(Z; Ry)dz + PH(1+a3HR0“)J =0, (4)
By 0
T(Ry; £6,)=0, 0.(Ry; +6,)=0, [o.dF. =0, (5)
F
rie F,, F,, — COOTBETCTBEHHO IIJIOIALb BCETO SJUIUNTUYECKOTO CeYeHUS U
ero BepxHe# (Hapy»XHOH) 4acTH;
F, — mnowanp cexkropa npu z=0;

P, =const, P, =const — paBHOMepHO pacrpejejieHHblE 10 OKPYKHOCTSM pa-
muycamu R, u R, Harpysku, NpeicTaBjsioliie cOO0H paBHOAEHUCTBYIOIIHE
(GYHKUMEI peakTUBHBIX faBieHul g, =q,(y) u q, =q,(y), IMeOIKUX MaKCUMY-
MBI Gy, Gy ¥ CPEIHHE NABJNEHUSA § 4, G oy, CBSA3aHHBIE C P, P, ¥ napamMeTpaMu
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Puc. 2. PacueTtHasi MoaeJb
I — wncXoQHOe COCTOSIHME KoJbla; 2 — ofuast neopMauusi Kosblia

Cy, Cy, XAPAKTEPHU3YIOUIMMH JHUHEHHbIE EasMepr (monymmpuny) obaacter
KOHTaKTa, cjenywoummM obpasom (puc. 2):

Qoo =Py(2c,)7",  qow =P,y(2c,)7; (6)

6) KHHEMaTHYeCKOMY KPaeBOMY COOTHOIUEHMIO M/ 3aBHCHUMOCTH i (r)
npur =R, =R, —a,, yYuTHIBAIOILEMY MOHTaxKHOe pacTsKeHue Koabua [ 1, 3]:

u(R,)R;' =€, =0,01+0,05. (7)

[IpuHKMMas BO BHUMaHHe CHMMETpHIO pacueTHoOH Monesu (M. puc. 1 u 2),
annpoKcUMUPYeM (BYHKLMIO HATpsKeHHuH ¢ (7; 2) aHAIUTHYECKUM BhIDarKeHHU-
em Buzaa [10

¢ =Cz-Inr +Cyr’z +C323, (8)

rae C,, Cy, C; — KOHCTaHThI, BbiuucaseMble u3 yeaosui (4), (5) u (7), noce
DACKPBITHS] KOTOPBIX KMeeM JIMHEHHYI0 (DYHKIHOHAIbHYIO0 3aBUCHMOCTD MeXKILy

P, uP,
PB:(BQ/BI)PH+B3/B1’ OSPHS[PH]’ (9)

npusenennyio B ctatbe [10]. Kospduumentsi By, By, B3 > 0 uMeroT 1ocTaTouHo
IPOMO3JKHH BH/ U 10 3TOK NPUYHHE UX aHAJTUTHUECKHE BBIDaXKEHUS 3/1eCh He
npeacTasaeHb. PopMmyaa MpenesbHO AOMYCTHMOTO 3HAYeHHs PaBHONEHCT-
Bytowel [P, ] Beiesena asropamu pa6oTel [10] us rpanuunoro ycnosus Gpusu-
uecKoH JMHEHHOCTH MaTephana Kosbua |€,,.]=025 [1].

[Ipono/mkas pelenre chopMyTHPOBAHHOMN 3a/1a4H, BBOAMM JOTOJIHUTE  b-
HYIO MPEANOCHIIKY O BO3MOXHOCTH MPUMeHeHHs (DYHIaMeHTaNbHbIX 3aBHCH-
mocted Tepua—Illtaepmana mas saauntudeckux (GyHkuud ¢,(y), q,(y) n
TOJIOBUHHBIX Pa3MepoB C,, €, LUWJIMHAPHYECKHUX T[OBEPXHOCTEH KOHTaKTa
(cm. puc. 2) [11]:

qs =q,(y) =2P,\Jc? —y* (mc2) ' =qurci —y? (), —c,<y<c,; (10)

QH:qH(y):QPH \/03_1/2(7503)_1 =4y VCI?I _y2(CH)_1’ _CHSySCH; (11)
ca=2/P(62)2(1—p*)(ma’, E,) ! ¢y =2y/Pu(62)2(1—p°)(ma s E) 5 (12)
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qMB :2PB(TECB)71 :4qCHn71’ qMH :2PH(TCCH)71 :4qCHTc717 (13)

e G.,, Q. 6, — Ae(OPMHUPOBAHHbIE MOJYOCH SJJMITHUECKOrO CeyeHHs
kombla (cm. puc. 1, 2).

TeomeTpuuecKye XapakTepPUCTHKH C, U C, AOJKHBI yIOBAETBOPATb ABYM
HepaBeHcTBaM B Toukax O um A pacuertHoi momenu (cm. puc. 2) [11]:

c,<<(8)?(a:)"t, c¢,<<(6;)% (a;)". (14)

[IpaBoMepHOCTb U KOPPEKTHOCTb MCIOJAb30BAHUS KJIACCHUECKUX (DOPMYJ
(10)=(12) crenyer, mpexmie BCero, U3 0CEBOK CMMMETPUM pelllaeMO 3a1auu
Y MepBOHAYANBHOTO COMPUKOCHOBEHHS B3aUMOJIEHUCTBYIOIUX TeJI M0 3aMKHY-
TOMY KPYroBOMY KOHTYPY, T. €. 110 JUHUU. [Ipu 3TOM Moae b nocKoro aegop-
MHPOBAHHOIO COCTOSIHMSI, MOJIOKEeHHass B 0cHOBY 3aBucumocTei (10)—(12),
ABJISIETCA alleKBaTHOM M NMPMMEHHUTENbHO K JaHHOH KOHCTPYKLMOHHOH (He-
KJacCUuecKoi) 3anaue [5], mo KpaiHel Mepe, 1 06JacTell KOHTaKTa KOJblia
C UMJMHIPUUYECKUMHU TIOBEPXHOCTSMH B TpejiesiaX I'PaHUIl MECTHBIX MepeMme-
WeHUH U,,, U, OpU cobmoneHun ycaoBui (cm. puc. 2):

lu,,|<<a.,, lu,,|<<a.,. (15)

IHanee, onpenensiss 3aBUCUMOCTH u =u(r) 1 @ =w(2) B COOTBETCTBHH C
(3)=(5), (7), (8) u pykoBoacTBysich [10], 6ynem umeThb 1151 06LIMX MepeMelle-
HUH Uy, Uy, Uoc, W, Touek O, A, C u B cedyenus xosbua (cm. puc. 1, 2)
YyeTelpe (PYHKLHH:

Uog zuOB(RB)’ U ox :uOH(RH)’ Uoc :uoC(RO ), Wos :woa(iB)' (16)

Pasmepsl nostyoced a.,, a,, ¥ 6, 1e(OPMUPOBAHHOTO KOJIbLEBOTO MPOQH-

JIsl, COTJIaCHO CXeMe pHC. 2, BbIpaXkaeM uepe3 KMHeMaTHUeCKHe XapaKTepH-
CTHUKH Uyy, Uoy, Uoc U W,, MOAENHUPYEMOrO IpoLecca:

* * *
Aoy =Qoy —Ugy TUoe, Aoy =Qoy —Uge TUy, B85 =8, +|w03|7 (17)

rJe BCe pafta/bHble MePEMEILEHHUS Uy, Uc, Uoy TPUHSATHI MOJOKUTENbHBIMH,
HO TpH UX mojacTaHoBke B (17) HeOGXOMMMO YUMTHIBATh (haKTHYECKHE 3HAKH
Uog, Uocr Uoy-

MecTHble (KOHTaKTHbIE) aGCOMOTHBIE N€(POPMALMHK Uy, Uy, OTPEAENTEM
B 3aBUCHMOCTH OT Pa3MepoB C,, C,, U3 KAHOHHYECKUX yPaBHEHHH Ae(hOPMHUPO-
BaHHBIX 3/1uncoB (cm. puc. 2)

x2a,) 2 +yie,) =1, xXa.,)? +yi(s,) % =], (18)

KOTOpBIE pelllaeM OTHOCHTEJNbHO X, = X,, U X, = X, 110J1arasi COOTBETCTBEHHO

Yy, =*c,, Yy, =+c, v IpUHUMAs BO BHUMaHHUe, 4TO U, > 0 U u,, < O B cucreme
*

orcuera x,C y,:

Uyp :a:B _|x3B|:a:B 1-

(19)
Uy z_(a;—{ - |x3H|) z_a:H
YuutniBas (6) u npeo6pasys npasyio 3aBucumocTb (12) K BuLy
16(1-u?)q2,(6,)*(nE,) " —=P,a,, =0 (20)

¢ Toc/Ieayolel 3aMeHOl reoMeTPUUeCKUX d.,,, 6, U CHJI0BOTO P, mapamMeTpoB

corsiacHo (9), (16)—(17), monyuaem KBanpaTHOe ypaBHEHHUE JJIsi BBIUUCIEHHUS
paBHOneHCTBYIOIEH P, > 0 Mo 3a1aHHOMY CpeHeMYy KOHTAKTHOMY TaBJIeHUIO
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q cu >0wu HUCXOOHbIM CpI/ISI/IKO-I‘eOMETpI/II{eCKI/IM XapaKTepHuCTHKaM ILeq)OpMI/I-
pyeMoro KodJbla:
2
PH +PH§K1+§K2:O7 (21)

rie ?ﬂOpMy.HbI pyHkuMOHANBHBIX KO3DPuuuenToB &, =&,(qc), Ero =
«2(q.,) npusenens B [10].

Ha ocHoBaHUM (PU3HKO-MeXaHHUECKOTO CMbICJA pacCMaTPUBAEMOU KOH-
TAKTHOW 33/1a4M U MPOBeJEHHbIX UHCAEHHbBIX UCCIe0BAaHUN HeJTMHEHHOH 3a-
BrucuMMOCTH (21) MOXKHO KOHCTAaTHPOBATh, UTO B caydae q., =P, =0 napa-
metp &, =0, a ipu g, >0 1 P, > 0 kosppuuuentsl &, 1 &, o UMEIOT 3HAKU

<0, & >0. Kak ciienctBue 3Toro (akra B 06IIEM PellIeHHH YPaBHEHUS
21) mepen KBajpaTHbIM KOPHEM [OJDKEH ObIThb 3HAK «—», T. €.

2
PHZ—Q_ (E‘}Klj _E.:KQ' (22)
2 2

B KayecTBe Har/sAHOM WJIIOCTPALMU M anpoOalldy BbIBEIECHHBIX (YHK-
LIMOHAJIBHBIX (POPMYJI KOHTAKTHBIX XaPAKTEPUCTHK Py, Py, €y, Coy @ gy Us s g
B 3aBUCHMOCTH OT ¢, NPMBOAMM KOHKDETHBIH MPHUMep pacuyera W MPOBePKy
cobmonenusi HepaseHcTB (14), (15) 11 yNIOTHUTENBHONO KOJbLA, UMEIOIe-
ro CUMMETPUYHOE 3JUIUITHYECKOe ceueHue, U3 anactromepa CKH-18 ¢ ynenp-
HBIM BecoM P, =1300 kr / m?, TBeprocTsio Hy =80(HJRD), MoayieM ynpyro-

ctu Ey =10 H/ mm? u kosdppuumentom Iyaccona po =0475 [1, 9] npu cie-

AyOIKX HeXoaHbX AauubiX [10]: a,, =a., =a, =2,3 Mm; 8, =3 myv; €, =0,03;
G =15 MIla=15 H/ mm?[1]; P, =0,65; R, —27 MM; R —R +a, —293 MM;

R, =Ry +a, =316 mv; E, —14,2533 H/ MM2 (HJIRD) B 3aBucumocTu ot D,
u E, npu 0° =20°C; 6=0° =20°C, 7. e. Jy=0 B coorBeTcTBHHU C (2).
[Tocne onpenenenusi kKoapduuuentoB B, = 1428; B, = 1564;PB; =
=0421H/mm; €, =—-105196 H/ mm; &5 =265,035 H? / mm? [10] u napa-
MeTpOB' P,=2583 H/ Mm; u,, =0,809 mm; u,c =0,718 mm; u,, =0,638 mym;
, =0,034 mm, cornacuo (22) u (16) [10], HaXOILI/IM no dpopmyananm (9), (12)
(6) (19) (14), (15): P, =3,125 H/ mum; = 0861 mm << (8,)? (a,,) ! =

= 4149 mv; ¢, =0,949 mm << (6,)% -(a.,)” 1—2,208 MM; g, =1,654 H/ Mm?;
=-0,091 Mm; u,, = 0111 mm; |u,,| = 0,091 MM << a., =2219 MM; |u,,|=
=0,111 Mm << a,, =2,208 MM.

[To/ydeHHbIe aHAMMTHYECKHE 3aBUCHMOCTH MPH DELIeHHH 3TOH OPHIH-
Ha/ibHOM (Heknmaccuueckoi [5]) 3agaun MexaHWKH MOTYT OBbITb HEMOCDPECT-
BEHHO HCIIO/b30BaHbI /151 KOJMYECTBEHHON OLEHKH M peryauposanus (onTu-
MH3aLKHK) HaNpPSKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS PaAHaJbHBIX 3JaCTO-
MEPHBIX FePMETH3UPYIOLIMX KOJIeLl 3/IIUIICO00PA3HOr0 U KPYTJIOr0 CeUeHHH.
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®. ®. KUPUJLJIOB, kana. rexn. nayk, npog., A. I. KYXAPEHKO, unx. (Tom-
CKHMIl TOCYAapCTBEHHBIH apXUTEKTYPHO-CTPOUTENbHBIN YHHBEPCHUTET)

BbIBOP IIMPUHDBI PE3NA
BECKOBHIOBOIO TPAHIIEEKOIIATEJIA

BriBeieHO cooTHOIIEHHe, CBSI3BIBAIOLEE ONTHMA/NbHOE 3HAUEHHe IIHPHUHBI pe3lia 6eCKOB-
IOBOTO TpaHILUEeeKonaTe/ sl ¢ SHepreTUYeCKUMH napaMeTpamMu 6a30BOH MalIWHbl, KOHCTPYKTHB-
HbIMHM 0COOEHHOCTSIMH MCIIOJIHUTEJNbHOTO OPraHa U MPOUYHOCTHBIMH XapaKTePUCTHKAMU IPYHTO-
BOH CpeJsl.

A heKTUBHOCTb paboThl GECKOBILIOBBIX TpaHLIeeKonaTe el onpeneser-
cs1 HanboJee ONTUMANbHBIMA KOHCTPYKTUBHBIMU NapaMeTpaMU UCIIONHUTENb-
HOTO OpraHa W pexkKMMaMH paboThl TpaHILlIeeKonaTess, TAKHMHU KaK CKOPOCThb
pesaHusi U paboyasi CKOPOCTb IepeaBHKEeHMUS.

OCHOBHBIMH KOHCTPYKTHBHBIMU NapaMeTpPaMH HUCIIOJHHUTENbHOTO OpraHa
ABJNSIOTCS WIKPHHA Pe3LOB — b, war pesanus (paccTosiHHe MEXLY JHHHAMH
pesaHus) — f M PaCCTOsSIHHME MeXKJy Pe3LaMH B JHHHH pe3aHus — [,. 3Haue-
HUS 3THX TapaMeTPOB MOTYT ObITh ONTHUMAJbHBIMH TOJBKO JJIs1 OTIPeieeHHbIX
TPYHTOBBIX YCJIOBHH M 3aBUCAT OT MOIIHOCTH N, peajusyeMod Ha pesaHue
(otmenenue) rpynra. OntuMalsbHble 3HAY€HUsI STUX [IAPAMETPOB 06eCIeunBa-
I0T HaWMeHbLIYI0 3HeProeMKOCTb Ipolecca paspyuueHus P,.

TpoussonutenbHocTs V, M% /u, TpaHuleeKkonaTesns NpU 3aJaHHOH MOLI-
HOCTH pe3aHUs U yleJbHOH HEeProeMKOCTH Ipollecca pa3pylleHus rpyHTa P,
onpenensieTcss o opmyJe

V=N, /P, (1)

rae N, — MOIIHOCTb, pacxoiyemasi Ha pesaHue, KBT.
YnenbHasi sHeproeMkocTh P,, KBT g/ M3, MOXKET GbITh ornpefeJseHa Mo 3a-

BHCHMOCTH U3 paboThl [1]
P, =P, /36, (2)

roe Pyﬂ — CpeaHee 3HauYeHne YI[eJIbHOfI CHJIBL p€3aHusl, orpeaesasaeMoe Kak OT-

HOIlIEHHEe CYMMapHbIX CHJI pe3aHHUs Ha TIOLIalb OMEPEYHOT0 CeYeHHU s CTPYXK-
K1 Ha Bcex pesuax, MIla.
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CJIEIIOBaTe.HbHO, Heo6XoauMast MOIIHOCTh pe3aHusd 3aBUCUT OT COMPOTHUB-
JIAEMOCTH T'PDYHTOB pe€3aHHI0 U SaﬂaHHOﬁ MMPOU3BOAUTEJAbHOCTHU

N,=v,-H-B-P, /38, (3)
rie H, B — ruy6uHa W LWIMPHHA TpaHLIEH, M;
vV, — ckopocTb mnogauu (pabouasi CKOPOCTb MepeIBHKEHUs TPAHIIEEKOma-

Tens), M /4.
CoOTHOIIEHHe CKOPOCTeH pe3aHus Vp, M/ ¢, U TOauu V, ONpelessieT
TOJILIMHY CpPe3aeMOH CTPYXKKH /i, MM:

v, L, -cos
po=_n e EPRR B , (4)
v, 3,6
rie [p — paccTosiHMe MeXIy pe3lLaMH B JHUHUHM pe3aHHsi, M;

[} — yros HakJOHa LEMHOTO MCIOJHUTENBHOTO OpraHa OTHOCHUTEJNbHO BepPTH-
KaJlu.

Paccrosinue mexny pe3laMu B JIMHUM pe3aHUS MOXKHO BbIPA3UTb yepe3
Iar Lenu ¢, U KoJu4ecTBa JUHUH pe3aHus 1, C Y4eTOM CXeM pPacCTaHOBKH
pesuos. Ilng HanboJee pacnpocTpaHEHHOH CXeMbl — CHMMETPUUYHOH «eJsloy-
KH» MOXKHO 3anucatb

(5)

[IIupuHa pazpabaTbiBaeMOU TpaHIllen uepe3 KOHCTPYKTUBHBIE TapaMeTphl
ornpenensieTcsl CJAeAYIOLIMM BblpaKeHHEM:

B =ty (n, =) +b, (6)

rae f,, — ONTHMaJbHbIK LIar Pe3aHus.
OnTtuMma/bHBIN 1Iar pe3aHusi 3aBUCUT OT I'PaHYJIOMETPUUYECKOr0 COCTaBa
TPYHTa M BbYHCasteTcs no (opmyie [2]

tOpt = b +KZ 'h, (7)

rie K, — Ko3(ppUIMEHT, 3aBUCALIMH OT (PU3UKO-MEXaHHUYECKHX CBOUCTB
TPYHTOB | A/l TIMHUACTHIX rpyHTOB K, = 0,7, a 1y necyansix rpyntoB K, =1,3.

OKcIepUMeHTa bHBIMM U TeOPeTHUEeCKUMH HCCJeI0BAaHUSIMU I10Ka3aHO
[3], uTo HawmeHblIasi 3HEProeMKOCTH MpOLECcca pas3pylleHHs peau3yercs
npu cootHowenuu b/ h=08...12. Tlpu ycaoBuM b=h IMpHHA TpaHIIeH

OyleT COOTBETCTBOBATh 3HAYEHHIO
B=b-(n,+K, -n, - K,). (8)
C yuetom Bhlpaxenui (4)—(8) Haxomum MOLIHOCTb pe3aHHUs
ZQ-E-bQ v, H-(n, +K, -n, - K,)
t,-(n, +1)-cosp .

(9)

P

B npouecce pa6OTbI TpaHLIeeKoraTead TOJAbKO Olipeae/ieHHad 4aCTb MOLLL-
HOCTH OBUTATeJd ]\/v}IB pacxonyeTcss HEIOCpeACTBEHHO Ha pe3aHue

Np:NnB‘TIa'TIp‘TIo'Kp, (10)
rae 1, — Ko3(Q(hULUHEeHT 3KCIIyaTalMOHHOH HarpysKky, pasHbii 0,85...0,9 [4];
M, — KIII penykropa npuBoia UCIOJHUTEJIBHOTO OpraHa;
Ny — KILI ucnosHuTe pHOrO opraHa;

K|, — o211 MOLLIHOCTH IBUraTessl, PacXojyemMas Ha NPUBOJ HCIOJIHHTE/IbHOTO
opraHa.
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[IpupaBnuBas npasble yactu ypasHenudi (9) u (10), monyuaem saBucu-
MOCTb /Il OTIpefieJieHHs] IMPUHbI eHHUYHOTO pe3la

b =

2 _NLLB ‘MNs 'Tlp ‘Mo 'Kp 'tu '(ﬂﬂ +1)‘COSB

2P, v, -H-(n, +K, -n, —K,)

BeiBoabl. B pesysbrate ananusa
MHOTOMapaMeTPUUeCcKOi 3aBUCUMOCTH
(11) ¥ naHHBIX, MPUBEJEHHBIX HA PH-
cynke, BuaHo: 1. C yBequueHuem
MPOYHOCTH MEP3JIOr0 TPYHTa, KOTOpasi
XapaKkTepU3yeTcs YAeJbHOU CUJIOH pe-
3aHusi — P, yMeHbIIaeTcss CKOPOCTh

nogayd — v, TOJILIMHA Ccpe3aeMoi
CTPYKKH — A ¥ COOTBETCTBEHHO IIHU-
prUHA eIMHUYHOro pe3ua — b.

2. Ilpn yBennYeHHH MOIIHOCTH
IBUrate/si B 2 pasa IIMPHUHA eIUHUY-
HOTO pes3lia J0J/KHA YBEJUYHUTbCS B
1,41 pasa npu OfHUX U TeX XKe MPOYUX
KOHCTPYKTHUBHBIX TapamMeTpax.

3. ¥YBennueHue TOJLIUHBI Cpe3ae-
MOU CTPYXKH 3a CUeT YBeJHYeHHs
mara Heny WId pa3pekeHus pes3loB B
cxeMe Habopa BbI3BIBAET yBeJHYeHHE
LIMPUHBI CPe3aeMOH CTPYKKH.

4. Jlnsg mpakTHUYeCKHX pacyeToB
peKOMeHIyeTcsl LIMPUHY pes3LOoB CO-
TJIACOBBIBATH C MOLIHOCTbIO JBUTATEsI
U TpPUHUMATh [/ MOLIHOCTH [IBH-
ratens N, =100 kBt 6 =10...16 mm;

(11)
b, MM
4
N
s j\\\\
10 \x\\i
\\>
5
0 2 4 6 8
P, MMa

3aBUCHMOCTb LIMPUHBL Pe3la b OT CONPOTHB-
JIEHUs] TPYHTA Pe3aHuio Py, NMpU MOLUIHOCTH

neuratesns 100 u 200 kB, ckopocTtu pesa-
Hust v, =2 M/c u B=30°
I — Ny =100 kBr, ;; = 101,2 MmM; 2 — Ny =
=100 xBr, ty = 152,4 mm; 3 — Ny = 200 xBr,
ty= 101,2 mm; 4 — Ny = 200 kBr, t; =
=152,4 mm

N, =200 xBt 6 =12...20 mm. IIpumeHenue pesuos wupruHOH MeHee 10 MM
Helleseco00pa3HO ¢ TOYKH 3peHHs MPOYHOCTH MHCTPYMEHTA.
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HAYYHBIE IIPOBJEMbBI APXUTEKTYPbI
U 9KOJIOI'nn

YIK 504.4.054.51

B. B. KY3UHA, A. H. KOIIIEB, n-p xum. Hayk, npod., . ®. CYXOB, kaua. tex.
HayK, gou. (IleH3eHCKMH rocyqapCTBEHHBIN YHUBEPCHUTET APXHUTEKTYPBI M
CTPOMTEJNbCTBA)

MATEMATHYECKOE MOJIEJINPOBAHUE
U IOCTPOEHUE HH®OPMAIIMOHHOUN CHUCTEMBbI
JIJITI MOHUTOPHUHTA PACIIPOCTPAHEHUY
BO3MOXKHbBIX TEXHOTEHHBIX 3ATPI3HEHU
BOJHO¥ CPEJbI PETHOHA

PaccmoTpeHbl pas/inuHble CroCOObl PACIPOCTPAHEHHS 3arPsS3HSIOLIMX BellleCTB B BOAHBIX
cpenax. [IpuBoasiTcs MateMaTHUeCKHe MOJeJIH CUTyalUHH, IPH KOTOPBIX yYUTbIBAETCS OLHOBPe-
MEeHHOe BJIMsSIHHEe KOHBEKTUBHOH 1 IU(P(Y3HOHHOU COCTaB/IAIOIIMX MaccolepeHoca; Maccornepe-
HOC omnpejie/iieTcsl NPeUMyLIeCTBEHHO TPOLleCCaMi KOHBEKUHH. B 3aBUCHMOCTH OT Xapakrepa
3arpsA3HeHMs U BHJA BOJOEMA CTPOSTCS ONHO-, IBYX- U TPeXMepHble MaTeMaTHUeCKHe MOJIeJH.

B HacTosiee BpeMss MOHUTOPUHT HEOOXOAUM TIPH pelIeHWH TeopeTHue-
CKHX M NPHUKJAAHBIX 3a/la4y HayKU U TEXHOJIOTMH M OXBaTblBaeT BCe CTOPOHBI
JKU3HeNIeATebHOCTH 001ecTBa. AKTya/qbHOCTb, KOTOPYIO MpHOOpEeTaeT Kop-
pPeKTHOe OTpaKeHHe MeXaHHW3MOB PaCHpOCTpaHEHMs 3arpsisHeHUHd B BOAHON
cpele npu pa3paboTKe YUCAEHHBIX TPOTHO30B, B MEPBYIO Ouepeb OObICHSET-
cs TeM, YTO palMOHaJbHOE pelleHHe Pa3JuyHbIX MPo0JeM, BOSHUKAIOUX B
CBSI3W C 3arpsi3HEHHEM BOJbl MPOMBILIJIEHHBIMH CTOKAMH, TECHO CBSI3aHO C
BO3MOKHOCTBIO pacueTa KOHLEHTpalUuu 3arpsasHsiomux semects (3B) B mo-
BEPXHOCTHBIX BOJIHBIX OObeKTax.

B cBsi3u ¢ Bo3pacTaoiMM 3HaUeHHEM 9KOJOTHYECKOT0O MOHUTOPUHTA BO3-
HUKaeT HeoOXOAMMOCTb Pa3paboTKH 3(P(PeKTUBHBIX BBIUUCIUTENbHBIX MOJe-
Jied, ONHCHIBAIOIIMX PasJHuHble CIOCOObl pacHpoCTpaHeHUs 3arps3HSIOINX
BEIleCTB, U MOCTPOEHHUE IJIS ITUX Lesed HHPOPMALHOHHON CHCTEMBI, COIEp-
JKallled Hapsily ¢ pacyeTHbIMU JaHHBIMU W 0a3y AaHHBIX BOAHOH CHUCTEMBI pe-
ruoHa. Bo3HuKaeT 3amaya co3fgaHus MaTeMaTHUYeCKHUX Mojesed Ajas Gpusnde-
CKMX MPOLECCOB B BOAHBIX CPelaX U COOTBETCTBYIOIIMX UM BBIYHUC/IUTENBHBIX
MojeJsiel, KoTopble Obl obJanany TpebyeMoHl yCTOMYMBOCTBIO MPH pelleHHH
MPOTHOCTHYECKUX 3a/lay C UCIOJb30BAaHUEM 3MIHUPUUECKHUX TaHHBIX U BKJIO-
yasny Obl pa3iuyHble MeXaHU3Mbl PaclpoCTpaHeHHs IPUMecel B BOAHBIX Cpe-
Iax /sl MOJydeHHs ONTHMAJbHBIX OLIEHOK IPOTHO3a.

Cy1iecTByIOLIMe BUIbl MOHUTOPHUHTA OKPY2KAIOLEeH Cpellbl pa3indaioT Kak
N0 XapakTepy 3arpsi3HeHHsl cpefbl, TaK U 110 MeTodaM WJHU LeJsM HabJone-
Hus. OqHO U3 HauboJee PACIPOCTPAHEHHBIX CPEACTB, UCIOMb3YEMBIX AJIS Op-
raHW3auuy MOHUTOPHUHTA PA3JHYHBIX IPOLIECCOB KNU3HEAESTENBbHOCTH Ue0Be-
Ka — MOJeJUpOBaHHUe.

MeTonbl MaTeMaTHUeCKOTO MOJEIUPOBAHUS SIBASIOTCS 3P(PEKTUBHBIM
CPeaCTBOM IPH U3yUEHUH 9KOCUCTEM B IMHAMHUKE, TO3BOJISIIOT COBEPLIEHCTBO-
BaTb Mpouecchl c6opa U XpaHeHUs UCXOAHOW MH(pOpMaUMH. B cBSI3U ¢ 3TUM
3ajjaua MOHUTOPUHIA paclpoCTpaHeHHUsS BO3MOXKHbBIX 3arpsi3HEHUH MpencTaB-
JisleTcsl JOCTATOUHO aKTya/bHOH. HacTo noj TepMUHOM «MaTeMaTHuecKoe Mo-
JeJMpOBaHUe» MOHUMAIOT He TOJIbKO IIOCTPOEHHE U HCCJIeJOBaHHe MaTeMaTH-
YeCKHUX MoJeJiel, HO U CO3[aHHue BhIUNCAUTE/bHbIX aJTOPUTMOB U TPOTPAMM,
peaM3ymoLUMX 3TH aJrOPUTMbl HA KOMIMbloTepe. Bynem moHUMaTh moa MOHH-
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TOPUHTOM MHOTOLeJeBy0 HH(popMauronnyio cucremy (MC), ocHoBHbIe 3aa-
YK KOTOpOH — HaObJII0leHHe, OLleHKa U IPOTHO3 COCTOSIHUS TPUPOAHON CPebl.
Hcnonb3oBanne VC nist opraHu3alilid MOHUTOPHHTA SKOJOTHUECKUX TTPO-
[IeCCOB JaeT BO3MOXKHOCTb MOJYYeHHsI IPOMEKYTOUHBIX Pe3yJ/IbTaTOB Ha JII0-
6oM 3Tare, MpeacTaB/IsOLEM HHTepec AJs HccaenoBaTess. [Ipenmerom wc-
caenoBaHusl Oblia BbiOpaHa BogHast cuctema [leH3eHCKOW 06/acTH.

Panee aBTOpaMu paccMaTpuBasuCh MaTeMaTHUeCKHe MOIENH U MeTOIH,
OIHMChIBaoLIMe npouecchl 1M Py3nn B BoNHOU cpene. B naHHON cTaTbe moka-
3aHbl MPOLIECCHI OMHOBPEMEHHOT0 KOHBEKTHBHOTO U IU(D()Y3MOHHOTO TepeHo-
ca 3B u nmpenmylecTBeHHO KOHBEKTHBHOIO MEpeHOCa BelleCcTBa, 4YTO aKTy-
aJIbHO NPU MOHUTOPHUHIE pPeK, MPOTOUHBIX BOA U T.N. [ MonenupoBaHUs Mo-
TpebyeTcs peanu3aldsl YUCIEHHBIX METONOB pelleHHs NU(QepeHIHanbHbIX
ypaBHEHHUH, OMMCHIBAIOLIMX IPOLeCcChl KOHBEHUHH U IU(PPY3UU.

[Tpeanosnoxum, uyto pacyeTHasi 06saCTh MpeacTaB/sieT cOO0H LIHPOKUN
IBYMEPHBIH KaHaJs, HAa HEKOTOPOM OTPe3Ke TPaHHUIBI KOTOPOTO CYLIECTBYET HC-
TOYHMK NAacCUBHOH nmpumecH (Hampumep, KaHa/a Ayt c6poca MPOMBILIIEHHBIX
CTOKOB).

B sToM cayyae pacnpenesneHue KoHUeHTpauuu npumecu C nopguvHsieTcs
clefyoleMy ypaBHeHHI0 meperoca [1]:

a(puC)+a(va):a(DaCJ+8 D% , (1)
ox oy ox\_ 0x) oy\ oy
rie X U Yy — NpoJoJbHAs U NoMepeyHast KOOPAUHATBI OTHOCHTEJNbHO BOIHOTO
N0TOKa;
p — TJIOTHOCTb MPHUMECH;
U U — OCpelHEHHble CKOPOCTH MOTOKA B HaNpaBJ/JeHUSX X U y;
D — kos¢p¢uumeHT aupdysuu.

Kpaesble yc/ioBus 3aal0TCsl CJIeAyOMM 00pa3oM (cxemMaTHueckoe M30-
OpakeHHe pacueTHol o6sactu ABCD mnpexnctaBieHo Ha puc. 1, a):

1) cuuraem, uto munuu AB u CD HaxomsaTCsi Ha JOCTATOUHOM YAa/JeHUH

OT UCTOYHHKA, MMOMEUIEHHOI0 Ha OTpe3Ke FE, H cjenoBaTeJbHO, MOXXHO CHH-

TaThb C|AB:C|CD:O; 5

2) ua otpeskax BC, AF, ED a— =0, roe n — HampaB/eHHe BHYTPeHHeH
n
HOpMaJIH;
3) Ha ortpeske FE HeoOXOQMMO PAacCMOTPETh [Ba CJydas:
a) mpuMech MeNJIEHHO BbiTeKaeT depe3 rpanuuy FE. Torma, ecau
|AB|>>|FE|, To moxHo cuurars C ., =const=Co;

6 CIC,
) 0.9 0

0,8 4
a) 0,7t
AY 06+
0,5+
0,4+
0,3+
02+
0,11

T L TR wpRpn——

X/|FE|

Puc. 1. PacueT KoHLEHTpaUuu
a — pacuerHasi 00/1acTh; 6 — M3MeHEeHHe OTHOCHUTE/JbHOHM KOHLEHTpALWH; /| — Ha pacCTOSHUU

1/8|FE| orocux;2—0,25|FE|;3—3/8|FE|;4—05|FE|; 5—5/8 |FE|; 6 — 0,75 |FE]
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6) mpuMech MOJ JaBjeHHeM BhiTecHsercs B KaHan ABCD yepes oTpe-
30k FE u paccrosinue AB cpaBuumo ¢ FE. Torma MOXHO CUMTaTh
oC|
a”|FE

SIHHA).

YpaBHenue (1) pewmanoch KOHEUHO-Pa3HOCTHBIM METOAOM C PeryJasipHOM
KBagpaTHOU ceTkod. Ha puc. 1, 6 cxemMaTuyecku mpencTaB/eHbl Pe3ysbTaThl
pacuera nojseid C B obaactu ABCD npu u =5 em/c, v=0,1 cm/c.

Jlns annpokcUManMy MPOU3BOMHBIX HCIOJb30BaNach peryJspHas KBai-
paTHas ceTKa C LIarom A.
B sTOM cs1yyae MOXKHO BbIPAa3UTb NepBble M BTOPble NIPOU3BOJAHbIE HEM3-
BecTHOU (QyHKuMu C B BUME:
oC _C(E)-C(W), aC _C(S)-C(N).
e T Tt 2T

’

Ox 2h oy 2h
o°C ~2{C(E) _cP) _C(W)] 0°C ~2[c(s) _C(P) +C(N)} )
ox? 2n?  h® 2hr? | oy? 2n% K 2K |

Cucrema JIMHEHHBIX aJqre0pandeckKuX YpaBHEHUH, COOTBETCTBYIOIIUX YpaB-
wenuto (1), umeer Bun

=const=C, (cKopocTb BbHITEKAHHS PUMECH Yepe3 oTpe3ok FE mocto-

A-C=f, (3)
rie A — MaTpuLa Ko3(pQpULHEHTOB NMPU HeU3BECTHLIX C;
[ — BekTop-cTOM6elL CBOGOIHBIX YJIEHOB.

drta cucTeMa pellanach METOAOM 3eHfesist, KOTOPbIH 00eCreuus Xopo-
Y0 CXOOUMOCTb MJIs pelllaeMoro Kjacca 3anau:

En+1:5—l(_M.6n+l_ﬁ.5n +/;)»

rie C" — BeKTOp HEW3BECTHbIX, HAHIEHHBIH Ha 71-U UTepaluy;

D — nuaroHanbHasi MaTpHULA;

M, N — COOTBETCTBEHHO HVKHSISl U BEPXHSISl TPEYroJbHble MATPHULBI, TAKHe
yro A=D +M +N.

Paccmorpum caydait, korna uanne 3B Gynet npoucxoanTh B TedeHHe He-
KOTOPOTO BpeMEeHH, B pe3y/bTaTe 4ero MOxKeT 06pa3oBaTbCsl PaBHOMEPHO
JBMXKYIIMECS MOTOK (KOHBEKTHBHBIN MexaHu3M). J[OMyCTHM, 4TO eCTeCTBeH-
HOe PYCJIO UMeeT TpamnelenaanbHylo (opMy cedeHHs], KOTOPOe COXpaHseT He-
u3MeHHbIMK TIponopuuu (puc. 2

[Tpu TakuXx HOMYIIEHUSX TMJIOLIALb XKMBOTO CEUeHHs M0TOKa A MOXKHO OI-
peneuThb 1o Beipakenuio A=G / L, rne G — o6beM 3B, L — paccTtosiHue oT
MecTa cOpoca 3B nmo ucToka BomoeMma.

Hcnosb3ys ycpeqHeHHYIO TJIOIAAb }KUBOTO CEUEHHSs], ONIPeIe UM BeJTHUH-
HY THIpaBJIHyecKoro paauyca: R =A/ P, rne P — CcMOUYeHHBIH epuMeTp I10-

C, kr/im

2

. 1,57

© 1+

0,51

a 2a a 0
> 0 1000 3000 5000

X, M

Puc. 2. Moge/b monepeuHoro Puc. 3. VameHeHMe KOHILEH-
ceyeHMsl pycJa Tpauud 3B B BogOTOKe mpH

oobeme 3B B 1 Kkr
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Toka. [lis paccmaTpuBaeMoro pycsa MJollaib MOMePeYHOro ceueHus OyaeT
pasHa A =3a?, a cmouenHblil nepumerp P =4,828a. [Ipu 3T0M 6yaeM CUHTaTh,

YTO T'MAPaBJAUYECKUH YKJIOH paBeH YKJOHY AHA.
Jliis1 onpenesieHUsT CKOPOCTHOM XapaKTepUCTUKHU NoToKa W BOCHOJ/b3yeM-

cs npubamKenHol dopmyaoit W ==R%’ rne n — kos(pduLKeHT mepoxoBa-
n

toctu (Hampumep, A/ HEYKDEIJIEHHBIX PYCe C HCKIIOYHUTEIBHO MJIOXHMH
ycnoBusiMH cofepxkanus n =0,04).

Paccuntaem ckopocTh ABUKEHMS MOTOKa Mo (opmyJe V=W I, rze
[ — runpaBnuyecKU# yKJOH, KOTOPbIH B MepBOM MPUOJHUKEHUH MOXKHO MPHU-
HSITb PaBHBIM YKJOHY JAHA pycJa.

3Hasi CKOpPOCTh IBYKEHMS MOTOKA M PAaCCTOSIHME [0 HCTOKA BOJLOEMA,
MOXKHO OLEHHTb BpeMsl Hayaja 3arpsi3HeHHUsl BOZOeMa: t=L/V.

[Ipu pacuere xosuuectBa 3B ciemyeT y4uThIBaTh BJIaXKHOCTb IOYBHI.
B cyxo# nepuon HekoTopast yactb 3B npu nBHKeHUn OyneT 3alepKUBATHCS
Ha CMOYEHHOW MOBEPXHOCTH, 00pa3ysl MJEHKYy TOJLIUHON O, Toraa oObeM
oceBiero Ha nouBy 3B 6yner paBen G, = A, -0. 3necb A, =P - L — nowans
CMOYEHHOH MOBEPXHOCTH. B nepBoM mpUOIHKEHUH TOJLIMHY IJI€HKH MOXKHO
npuHATb paBHOH 0,5 MM.

[Tpu nBukeHnu xunkoro 3B no NpUpoaHOMY pPycCJ/y 4acThb ero OyaeT Mnpo-
CauMBaThCs B TPYHT C MOCJAEAYIOLIMM [10TIaJaHueM B TPYHTOBble BoAbl. Pacxon
(UIBTPOBAHHOTO MOTOKA Qg OTpenesnuM Mo Bhipaxenuio Qy =kRA.[, rne k —
Ko3hduuuenT dubTpauuu (nas cymecu £ = 107°—107% cm/c). Ilpumem B
nepsoM npubamxenuu k = 107 em/c, [ = 1.

[Tocnie onpenenenns pacxona GUAbTPALKMOHHOTO TTOTOKA MOXKHO OLIEHHUTh
o6beM G, 3B, mpocounBLIerocs B PyHT, CUUTas, 4TO BpeMs (PUIbTPALMH PaB-
HO BPeMeHH JBHXKEeHHUs MOoToKa 1o pycay: Gy, =Q,, -f. Takum o6pasom, o6bem
3arpsisHenust G, 6ynmet pasen: G, =G -G, —

[Ipu HaMMUYUU MOXKIS MOXKHO CUHTATh, 4To 3B He Oynmer ocenath Ha mo-
BEPXHOCTH, ¥ MPEANOJIOKHTh, UTO (UIbTPalMs OyaeT BABOe MeHblle (IByX-
KOMITOHEHTHAs! XKHUAKOCTD). J[/1fl OLleHKH BpeMeHM HadaJa 3arpsisHeHHs BOJO-
eMa MOKHO MCI0J/Ib30BaTh CPEIHIO CKOPOCTb JAaHHOTO BonoToKa. [lnis Gosee
TOYHOTO NPOrHO3a HEOOXOAMMO YYUTHIBATh MJIOLIAAb BOAOCOOPA M MHTEHCHUB-
HOCTb OCaJIKOB.

C y4eTOM NMpPUHSATHIX AOMYLIEHUH MOXKHO pacueTHBIM MyTeM OIpelesNuThb
NpUMepHOe BpeMSs Hadyasa 3arps3HeHHUs] HCTOKA BOJOeMa U OPUEHTHPOBOYHOE
kKonndectBo 3B, momapatomero B Bomoem. Hampumep, ecau c6poc 3B mpo-
u3onaeT Ha pacctossHun L =600 M 10 MCTOKA peKH NPHU CpeHeM YKJOHEe THa
cyxoro pycnaa [ =0,016, To caenyeT okunath npsimoro nonaganust 3B B Bogo-
eM TOJIbKO MpH Gosblukux KoauuecTBax 3B (cm. Tabauiy). B paccmarpusae-
MoM npumepe a5t 3B ¢ maccoit G = 248,5 Kr BpeMst JOCTUXKEHH ST HCTOKA PEKH
OyIeT COCTaBJ/ISITb OPUEHTUPOBOUHO ¢ = 1,65 4, Mpu 3TOM KOJMYECTBO 3arpsia-
HeHHUs MOxKeT cocTaButh G, = 29,3 Kr.

B cayuae nonapanvs 3B B mpoTOYHBIA BOJOEM MOXKHO OLEHUTb U3MeHe-
HUe KOHLEeHTpalUuHu B notoke. [IpeaBapuTesbHble pacyeTsl TOKa3bIBAIOT, YTO B
3TOM CJydyae MOXHO INpeHeOpeyb MoJie-
KyJasipHOH nuddysuein. CienoBaTesbHO,
3arpsisHeHHe OyIeT pachpoCTPaHAThCS

Ilpumep pacuera BpeMeHH
U o0beMa 3arpsi3HeHUs

CO CKOPOCTBIO BOnoTOKA. Ecin npemono-  _acca 3B, &7 | Bpews, 4 |Konmaeerso, kr
KHTb, UTO U3MEHEHHEe Pacxoia BOIOTOKA 5,76 - -
TIPOUCXOAUT MPOMOPLHOHANBHO IJHHE, TO 44,1 - -
MOJKHO MPOTHO3UPOBATh H3MEHEHHEe KOH- 2;365 }gg 22953
nentpauuu 3B B BogoToke. [Ipumep pac- 1000 Lol 717
YyeTa NpHUBelNeH Ha rpaduke puc. 3. 5000 35 Mun 4060
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PaccmoTpeHHble Mofe/ M MO3BOJISIOT MPOTHO3UPOBATh PaCpOCTPaHEHHE
3B 1o cyxuM BOLZOTOKaM U B IPOTOYHBIX BOJOEMaX B CJy4asiXx BO3HHKHOBEHUS
aBapUUHBIX cuTyauui. Takue pacueTsl HEOOXOAUMBI PH TIAHWPOBAHUU Opra-
HU3aLUUOHHO-TEXHUUECKUX MEPOTIPUSTHH B 30HAX, MPUMBIKAIOIINX K HCTOUHHU-
KaM 3arpsi3HeHHUs.

Undopmaunonnas cucrema (MC), paspaGotannasi B cpefie NporpaMmu-
poBanus Visual Basic s peanusauny onucaHHBIX aJATrOPUTMOB, TIO3BOJSET
BECTH pacyeT W MPOrHO3UPOBAHHE pacrnpocTpaHeHus 3B mo omgHO#M uin He-
CKOJIbKUM MOJIeJIIM Ha BbIOOp MOJIb30BATESI C MOCJENYIOIUM CPpaBHEHHEM
MOJY4YEeHHBIX Pe3yJabTaTOB C MpeaebHO NOMYCTHUMBIMU KOHIEHTPALUSAMHU Be-
mecTB B BonHOHU cpene. C comepxut B, xpaHsilyo nHQOpMALHIO O BOJI-
HBIX 00beKTax 00/1acTH, 0 XHMHUeCKUX 3JeMeHTaX U 3B, o mpenenbHO 10-
MyCTUMbIX KOHLEHTPaUUsX, pazpadoranHyio B cpene Microsoft Access. [lns
MaTeMaTH4eCKHX BbIUMCJAEHHUH UCI0J/b30BAaJCS YHUBEPCANbHBI MOIIHBIN Na-
keT MathCAD. O6uias cxema aaroputma paboThl IPOrpaMMbl IpeicTaBIeHA
Ha puc. 4.

C nomoupio Tabumi «Pexu», «O3epa», «Bopoxpanunuina» opranusyercs
npeaCTaBJeHHE PEYHOH CeTH B BHUIE OPUEHTUPOBAHHOTrO rpada U 3amaroTcs
BeCa COOTBETCTBYIOIIMX BepIIHH U pedep.

BonHble 06beKThl YMECTHO TIPUBS3aTh K PeTHOHAM, YTOObI OTMETHTD MPH-
HaJJ1eXXHOCTb pebep K KOHKPETHOH peke, Jnu60 HaccelHy, nubo K onpeaeseH-
HOMY paloHy obsacTu. a5 3Tux ueneu nobassieHsl B cTpykTypy B/l ewe tpu
Tabsulpl. DTO pasieseHre MoJe3HO TakxkKe 1Js COPTUPOBKH 00BEKTOB MO pe-
THOHAM, YTO YNPOCTUT Ja/bHEHIINH aHa/lW3 U pacuer.

Cnenyer oTMeTHUTh, UTO pa3paboTaHHas cTpykrypa B, npenHasnaues-
Hasl 7151 OTIMCaHUsl OPUEHTHPOBAHHOTO Tpada, siBJIseTCs He eMUHCTBEHHO BO3-
MOKHOH, OJHAKO Ha JAHHBIA MOMEHT OHa KaxKeTcs HauboJjee ONTUMAJIbHOM.

Havano
BBopg ncToka,
cToka S

EnnHas
mMoaens?

Het

Pacuet
KOHLEHTpaLmu

BbiGop CpaBHeHune
Moaenu pesynesratoB ¢ MK

BBsopg BbiBOA
LaHHbIX pesynerata

Puc. 4. Obwas cxema ajroputMa paboTbl NPOrpaMMbl
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Ha craguu sxkcnyatauuu MHQOPMalLMOHHON cUcTeMbl cTPYKTypa Bl Moxer
u3MeHATbCs. Boi6pannas cpena paspabotku Microsoft Access nomyckaer on-
tuMmHu3anyio b/l Ha Jar060M 3Tane.

HudopmauroHHas cucTeMa Mo3BoJisieT BECTH pacyeT U MPOrHO3UPOBaHHe
pacrpocTpaHeHusi 3B mo ofHON WM HECKOJbKUM MOJEJ/SIM Ha BBIOOP M0Jb30-
BaTe/sl C MOC/eIYIOIMM CPaBHEHHEM MOJYUYeHHBIX Pe3yJabTaTOB C MpPeeabHO
JOMYCTUMBbIMH KOHLEHTPALUSIMHU BellleCTB B BOIHOH cpejie.
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OPTAHU3AIIMOHHO-TEXHOJIOTUYECKUE OCHOBBI
VIIPABJEHUA 3KOJIOTUYECKUM PUCKOM
IIPU PEKOHCTPYKIIMU IT'OPOJICKOM 3ACTPOMKH

[TpuBonsATCS OpraHM3alMOHHO-TEXHOJOIMYeCKHe OCHOBBI YNpPaBleHHS 3SKOJOTMYeCKHM
PHUCKOM PEKOHCTPYKLHH FOPOJICKOH 3acTpOoHKHU. [lis obecreyeHnss peKOHCTPYKLUHMH TOPOACKOH
3aCTPOMKH NpeIoKeHa KaacCH(pUKaLUs OCHOBHBIX [T0Ka3aTesel 9KOJOrHUecKoro pHuckKa, pac-
CMOTpEHa TEeXHOJIOTHSl ero KapTUpoBaHWA Ha npumepe r. Pocrosa-Ha-Ilony.

D¢ (eKTUBHOCTb OPraHW3aLMOHHO-TEXHOJIOTHUYECKUX pelleHUHd IMpHU pe-
KOHCTPYKLHHU FOPOACKOH 3aCTPOUKH B COBPEMEHHBIX YCJOBHUSIX 3aBUCHUT OT Ha-
JU4YUSl UH(QOPMALUMOHHOHN 0asbl CTeleHH 3KOJOTMYeCKOH OMAcCHOCTH yxXKe Ha
Ha4yaJbHOU CTalUM MpoeKTa. AHaMM3 HHPOPMALMH O CTENEHH SKOJOTHIeCKUX
PHUCKOB Ha T€PPUTOPUU TOPOACKOU 3aCTPOUKH BJIMSIET HA IPOEKTHOE PelleHHe
Kak NP BbIOOpE MEPOTIPUATHH M0 OXpaHe OKPYKarolllehd Cpefibl, TaK U 10 3a-
IIUTe HacesJeHHUsI OT HEraTUBHOIO BO3AEUCTBUS HeOJAronpUATHBIX (PAaKTOPOB
TOPOACKOH CpeJibl.

[Tox sKosoruueckuM puckoM (IP) moHumaercst Mepa OMAaCHOCTH, Xapak-
TepU3YIOLLAsl BePOSITHOCTb BOSHUKHOBEHHS BO3MOXKHBIX HETaTHBHBIX MOCJE]-
CTBUH /151 4esioBeKa U okpyxkawuel cpenst [1]. Baxubivm cBoiicTBOM pucka
SIBJISIETCS] TO, UTO PUCKOM MOXMCHO YnpasAfimo, T. €. UCIOJNb30BATb Pas/vy-
Hble Mepbl, I03BOJISIIOLLME B ONpe/ie/JleHHON CTelleH! POrHO3UPOBATh HACTYII-
JIeHHe PUCKOBOTO COOBbITHSI U IPUHHUMATb Mepbl K CHUXKEHHIO TSXKECTH ero IMo-
caepctui [2].

YnpaBneHue 3K0JOTHYECKUM PUCKOM IPU PEKOHCTPYKLHUH FOPOACKOH 3a-
CTPOMKH COCTOUT M3 HECKOJBKHUX 3TaloB:

— OLEHKa PHCKa;

— YIpaBJIeHHEe PHUCKOM;

— MOHMUTOPHUHT KaK KOHTPOJIb COCTOSIHHSI OKPY2KaloLleH Cpebl.

OueHKa pHCKa BBINOJIHSETCS Ha OCHOBE WAEHTHU(UKALUN UCTOUHUKOB 3a-
TPSI3HEHHS U KOMILJIEKCHOM OLIEHKH TePPUTOPUM AJIS PA3JIUUYHBIX KOMIIOHEH-
toB OC (aTMocdepsl, MOYBBI, BOAHBIX OGBEKTOB U AP.).

KomnniekcHas oueHka TeppUTOPHH MO (haKTOPaM 3KOJOTMYECKOTo pUcKa
BKJIIOUAET aHa/IM3 UHTerpaJsbHbIX [I0Ka3aTeel 3arpsi3HeHus: aTMocdepsl, 1oy-
BB, LIYMOBOTO, BOJAHBIX 00beKTOB. Pa3gpaGoTaHHas KaacCU(PUKALUSA 9KOJIOTH-
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Kraccudpukanusa mokasaTesedl 3KOJOTrMYEeCKOTo PHCKa IO CTENEHM 3arpsi3HeHus

OKpPYIKAIOIEeH Cpeabl

30HBI 9KOJIOTHYECKOTO pHUCKa
Ype3Bhl-
HeomnmacHasa MaJioornacHas ornacHas JanHO
HHKeHepHO-9K0/I0rHueCcKHe 30HbI omacHast
Bagnet
1-5 6-10 | 11-15 16—20 21-25
Wupexc 3arpsisHeHust atMocepsl
(M3A) <2 | 2-5 10-15 16-32 >32
3arpsisHeHne mUTheBOM Boabl (MmO
OTKJIOHEHHIO KOJMYECTBa MOKa3a-
tenelt ot HopM, %) <20 20—-40 | 40-60 60—80 80—100
[lymoBasi Harpy3ka aHeMm, ab <b5| 60—-64 65—74 75—-81 >81
3arpsisHeHHe BOJAHBIX O0O0BEKTOB
(M3B) (octpas TokcuunocTb, %)|<0,2(>(0,2...1)[>(1...2)[>(2...4)|>(4...6)|>(6...10)| > 10
CyMMapHbIi MMOKa3arejb 3arpsia-
nenusi Z, = cymma C/ Cy = (n—1) <16 16—-32 32-80 > 128
3arpsiaHeHHe TBEpAbIMH OTXOAa-
Mu (Kom. cBaiku, 6an1 0-4 4-8 | 8-12 12-16 16—20
Pannaunonnoe sarpsisaenue (3¢-
(beKTHBHAsA SKBUBAJEHTHas [103a
u3aydeHus, M3/ Tox) 0-1 1-5 | 5-20 20-50 > 50

ueckoro pucka (I — Heonachasi, 2 — majoonacHasi, 3 — onacHas, 4 — upes-
BbIYAKHO OracHasi) GasMpyeTcss Ha pacueTe MHTErpaJbHOrO MoKasaTess 3a-
IPA3HEHHS] OCHOBHBIX KOMIIOHEHTOB OKpyxKamolled cpeiabl (cm. Tab.suiy).
TexHo/0THs KAPTUPOBAHHUS ONACHBIX SKOJOTHUEeCKUX npoueccos (puc. 1)
COCTOUT B IOCJI€0OBATENbHOM HAJIOXKEHUU 3JEKTPOHHBIX KapT MO 3arpsi3He-
HUIO aTMOC(epBI, TTOYBBI, ITyMOBOTO BO3JIEHCTBHSI OT aBTOTPAHCIIOPTA, HHIEKCY
3arpsi3HeHHs1 BOAbI Ha OCHOBe Hcnosb3oBaHusi [MIC-texHosorui.
[IpennoxkeHHasi METOIMKA OLIEHKH IKOJOTHUYECKOTO PHUCKA M TEXHOJIOTHS
€ro KapTHPOBAHMS MO3BOJIUJM BHIIOJHUTb 30HUPOBAaHKE TeppUTOpHH T. Poc-
ToBa-Ha-JloHy (puc. 2) Mo cTemeHH 3KOJOTMYECKOrO pUcKa. MCXOMHBIMHU AaH-

HbIMHU SABJIAJHUCDH!:

— reHepaJsibHbId NsiaH I. PoctoBa-Ha-IloHy, paspabdortanusiti HMH Ypba-
Huctuku r. Cankr-Ilerep6ypra Ha 2008—2025 r.;

Kapta Kapta Kapta Kapta
3arpsi3HeHnst CyMMapHOoro 3arpsi3HeHnst LLIYMOBOTO
BO3AYLUHOIO 3arpsisHeHnst BOZHbIX BO3AEVCTBUS

bacceiHa noys 06bekToB

Kapta
paavaLoHHOro
3arpsi3HeHns

v v

3arpsisHeHue
BO3AYLLHOIO
bacceiHa

3arpsasHeHve LLlymoBas
BOAHbIX Harpy3aka
06beKkToB

PagnaumoHHoe
3arpsisHeHVe

Y

Kapta ¢ 3oHamu
3KOMOrMYECKOro pucka

Puc. 1. Anroput™ TeXHOJOTMH KapTUPOBAHUS OMACHBIX SKOJOTHYeCKUX MPOLECCOB
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LHEHCOR II ﬂ:> DJIEKTPOHHAN KAPTa ¢ 30HAMH IKOJIOTHIECKOT0
= pucka r. PocroBa-na-/lony
< _L
Citryanpomsmit KapTa 30HMpPOBaHMS 3KONOTMYECKOro ’
™ nnan "M |pucka r. PocToBa-Ha-[loHy l \
Ve w E
| [Meroummn % || IUHD:III:::I- MOBERXHOCTHBX BOS !
FArPAIHCHHA ¥ B v e
- y | K
s e _—
1 amoc:bcpu e = c cutyaunen
(H3A) Jomta IR0I0IHHECKOTD PIEKR
[ pr—
Cymmaphii ::’.,...
NOKA3ATE b [ [ pe— S
— 3arpA3IHCHIA v 1 .
nO4BEI i
Hunexe -
3arpAIHEHHOCTH —
BOIIED y
£
Wymoraas
|_|marpyska anem, ﬁ -
15 L

Puc. 2. DnexTpoHHAst KapTa ¢ 30HaMH 3KOJIOTHUecKoro pucka r. PocroBa-Ha-Ilony

— JIaHHble IYMOBOTO 3arpsi3HeHust TeppuTopuu r. PoctoBa-Ha-IloHy, mo-
aqydeHHble Ha kadenpe ['CX PICY;

— JlaHHble KOMIIJIEKCHOTO 3KOJIOr0-re0XUMUYECKOro HalJ/oeHUs 3a Co-
CTOSIHUEM TIPUPOIHOMN Cpenibl, MpuBeneHHble crienranuctamu TLL «Poctosreo-
MOHHMTOPHHI» MOJA PYKOBOACTBOM A-pa 6uos. Hayk B. B. IlpuBanenko.

Ananus wmccnenosanuii [1, 2] mosBoMA BHIEIUTH 3 TPYMNIbl METOAOB
yrpaBJ/eHUs 3KOJOTMYECKHM PHUCKOM.

1. Ilepedaua 9P — 3T0 nepenaya OTBETCTBEHHOCTH TPETbUM JIHULAM TIPH
coxpaHeHMH cyuiecTByiomlero yposHst P. K aTol rpynme oTHOCHTCS 5KOMOTH-
yecKoe CTpPaxoBaHue, T. €. lepejiaya pUCKa 110 OTBETCTBEHHOCTb CTPAX0OBOH
KOMITaHUH UJH JI0O0MY TPeTbeMy JIMIY 32 ONpeesNeHHYIO MJ1aTy, Ha J0T0-
BOPHBIX YCJIOBHSIX.

2. Coxpanerue IP nonpasymeBaeT coxpaHeHHe pUCKa Ha TOM XKe YpPOBHe
3a MHULMATOPOM HaMeuaeMOW XO3SMCTBEHHOW NesiTeJbHOCTH, UTO He BCeraa
03HayaeT 0TKAa3 OT JIIOObIX NeHUCTBUH, HANIPABJIEHHbBIX HA yMeHbIlIEHUE PUC-
ka. [Ipu coxpaHeHUM pUCKA MHULHUATOP XO3SHUCTBEHHOH NeSTEJIbHOCTH MPHU-
HMMaeT ero Ha ce0sl, T. €. OCTaBJseT IOJ CBOX OTBETCTBEHHOCTb.

3. Cruxmenue P — ymeHblIeHHe BO3MOXKHOIO HeraTUBHOIO BO3JeHCT-
Busi Ha OC U 310poBbe HacesneHUs. MeponpUATHS 10 CHUXKEHHUIO IKOJOTHYe-
CKOTO PUCKa MO OXPaHe Cpelbl Ne/sTCS Ha ABe I'PYMINbl — 30HAJIbHO-TEPPUTO-
puanbHble U JIOKaJbHble MEeTOJb.

Bei6op MeTosna ynpaBjeHHs KOJOTHUECKUMH PUCKAMU MPU PEKOHCTPYK-
MU U COOTBETCTBYIOLIEr0 BapHaHTa MePONPUATHH TOJHOCTBIO ONpeaessieTcs
ypoBHeM pucka. Mcxoas u3 npuHsTol Kiaaccudukauun IP, npensoxeHsl co-
OTBETCTBYIOLLME MeTObl ynpasyaeHus P u copMrpoBaHbl BAPHAHTHL YIIPaB-
JIEHUECKHUX pellleHUH Ha OCHOBe peasu3allid HaOOpOB MEpONPHUSATHH.

B HeomacHo# 30He 5K0J0rMYecKoro pucka (30Ha npuem/IeMoro pucka) He-
00x0MM Habop MpeBeHTHBHbIX MeponpusThi. [lon6op NOMONHUTENBHBIX Me-
PONPHUSTHH 1O YIIPABJIEHHIO SKOJOTHYECKHM PHUCKOM MPU PEKOHCTPYKLUHH He
TpebyeTcs, Tak KaK Py I0MYyCTHMOM YPOBHE 3KOJOrHYeCKOro pucka HeraTuB-
Hoe Bo3zedcTBUe Ha OC U 310pOBbe HACeJeHHs He TPeBBIIAeT YCTAHOBJEH-
HbIX HopMartusos [IJIK.
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Jlisi Masi00TacHO| U OTIaCHOM 30H 5KOJIOTHUYECKOro pucka (3oHa mpuem-
JIeMOTO W HEelpHeM/IeMOr0 PUCKa) HaubGosiee MOAXOISIUMA METO. yIpaBJe-
HUsl OP — CHUXKeHHe NpU NPOBeeHUH PEKOHCTPYKLUHUH ¢ 0053aTeIbHOM pas-
paboTKOM KOMILJIeKCa MePONPHUSATHH 1/ CHUXKEHHUS PUCKA 10 AOMYCTHMOIO
YPOBHSI.

Il upe3BbIYARHO OMACHOH 30HBI 3KOJIOTHUECKOro pucka (3oHa sampe-
LIEHHOTO pUcKa) 3(hPeKTUBHBIA METOA yIpaBJIeHHsl — Mepefada uepes Mexa-
HU3M IKOJOTHYECKOTO CTPaxoBaHUs U cHuKeHHe DP, ¢ o6s3aTenpHON paspa-
OOTKOM KOMILJIEKCa MepONpUATHH.

B paccMoTpeHHOM Bbllle NepeuHe MeTOAOB ynpasjeHUss JP oCHOBHBIM
sIBJIsieTCsl MeTO ero cHuKeHHUsi. OH HerocpeaCTBEHHO J0JIKeH OBbITb peann3o-
BaH MHBECTOPOM-3aCTPOUIIMKOM M TpeOyeT ONTHUMH3AaLUHM KaK CO CTOPOHBI
9KOJIOTMYECKOH 000CHOBAaHHOCTH BpPeMEHHBIX 3aTPaT, TaK M CO CTOPOHbBI KO-
HOMHYECKOH 11€/1eCO00Pa3HOCTH MPUHATHIX pelleHUN.

Bce MeponpuaTHs 110 CHHXKEHHIO PUCKA IPU PEKOHCTPYKLHMH MOXKHO pas-
JeJUThb Ha JBe TIPYIIIbL:

— JIMKBUJAUMS TOCJAEACTBUH BO3IEUCTBUS (DAaKTOPOB 3IKOJOTMUECKOTO
pHUCKa, BKJMOUawlas pa3paboTKy MepONpUATHH 10 oXpaHe aTMoc(epHOro
BO3/yXa, IOBEPXHOCTHBIX U MOJ3€MHbIX BOJ, [OUB, OXpaHe FOPOACKON Ccpelbl
OT IIyMa M 3/eKTPOMAarHUTHBIX INOJIeH B MPOEKTe;

— yCTpaHeHHe TPUUMH BO3HUKHOBeHHS (pakTopoB JP. B cayyae HeBo3-
MOXKHOCTH yCTpPaHeHUs — pa3paboTKa MEPONPUATHH K UCTOUHUKY BO3AEHUCT-
BUSl 110 YMEHbILUEHHIO ero BJIHSHHUS Ha OKPYXKAIILYI0 Cpely.

JI1s1 vH(pOopMaLKOHHOro o6ecnedeHus npouecca pa3padoTaH NpOrpaMMHbIH
MOJY/Ib 110 YIPABJIEHHIO SKOJOTHYECKUM PUCKOM, KOTOPBIH M03BOJISIET MPHU BbI-
6ope agpeca o6beKTa PEKOHCTPYKLMH HUJIH HOBOTO CTPOUTENBCTBA ONPENEIHUTb
KOMIIJIEKC MepONPUSATHH MO CHHXKEHHUIO 3KOJIOTMYeCKOro pHUCKa /IS IaHHOTO
3[1aHUS WX TePPUTOPHH.

MHuTtepakTHBHasl ¢BSI3b Kaprorpauueckod M (akrorpapuueckod 06as
IAHHBIX I03BOJISIET HHBECTOPY MOJYUYHTb HEOOXOAMMYIO HH(MOPMALHUI0 KaK
Ha TpeblHBECTUIIMOHHON CTaMH, TaK U B IIpoliecce KCILIyaTauuu oObeKTa
HeJIBUKUMOCTH.

HAC «YmpaBieHHe 3KOJOTHUECKHM PHCKOM» 3allyCKaeTcsl U3 MPOeKTa
«Jkosorusi» B nporpamme ESRI ArcView 3.2.

B pesyabrare padotsl ¢ MAC nmpu BeiGope Ha 3/1eKTPOHHOH KapTe TeppH-
TOPUU HJIK 00bEKTA MOXKHO MOJNYUYUTh CEMAaHTHUECKYI0 UH(POPMALHIO O CTe-
MIeHU 9KOJIOTHUeCKOro PUCKa U MpeajaraeMoM KOMILJIeKCe MepPONPHUSATHH MO
ero CHMXKeHHIO JUOO0 NepeaaThb ee B COOTBETCTBUHU € pPa3pab0TaHHOU MeTOIH-
kol. [lonyueHHas nHpopmauus asisercss 0a30BOU A/1s1 NPUHATHUS 3D (Pek-
TUBHBIX OPraHHU3alLIMOHHO-TEeXHUYECKUX pelIeHHUH MPU NPOBEeJeHUH DPEeKOH-
CTPYKUHMHM U HOBOT'O CTPOMUTEJNbCTBA.

Ha MAC «YnpaBsieHHe 3KOJOrMYECKUM PHUCKOM» TOJYUEHO CBHAETE/b-
ctBo [3].

BeiBoabl. 1. YueT cTeneHH 5KOJOTMYECKOTO PHUCKA Ha MpeJblHBECTHLH-
OHHOM CTaIUH IO03BOJIsIeT BbIOPaTb MEPONPUSTHS MO 3allUTe OKpYKalolled
cpenbl Npu pa3paboTKe MPOeKTa PeKOHCTPYKLUUHM U HOBOTO CTPOUTEJNBCTBA.

2. PaspaboraHHas Kjaccu(UKaLMs 5KOJOTHUECKOro PUCKA U TeXHOJOTHS
ero KapTUPOBAHHUS MO3BOJSAIOT IPOBOAUTb MOHUTOPHHT U BBINOJHATh IPOTHO3
pasBUTHS HeOJIArONPUATHBIX 9KOJIOTMYECKMX MPOLEeCcCOB Ha TePPUTOPHUHU MYy-
HULMNANbHBIX 00pa3oBaHUM, BbIOpPaTb 3(PPeKTUBHblE OpraHU3aLUOHHbIE pe-
IIEHUS] MPU PEKOHCTPYKLUHUH TOPOJACKOH 3aCTPOUKH.

3. MHbopMalMoHHO-aHanuTHYecKoe obecreyeHre npolecca yrnpasaeHHs
9KOJIOTHUYECKHUM PHUCKOM IMpeJCcTaBaeHO HH(POPMALMOHHO-aHAIUTHUECKOH CHC-
TeMOH «YTIpaB/eHHe KOJOTHYeCKUM DUCKOM», 6a3MpYIOILIEHCS Ha HCIOJb-
30BAHHUU COBPEeMEHHbIX TeOMH(POPMALMOHHBIX T€XHOJIOTHH U CUCTEM YIpaB-
JieHns 0a3 NaHHBIX.
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OBHOBJIEHUE ITPOCTPAHCTBEHHOW CPEJbI
CUBHUPCKHX TOPOI0OB

[Toxasano, yTo mpouecc OOHOBJIEHHS MaTepHaANbHO-TIPOCTPAHCTBEHHON Cpelbl CHOMPCKHX
rOpOJIOB B HHIYCTPHAJbBHYIO 3MOXY NPUHAMAET KparHIO (OPMY PEKOHCTPYKLUHMH — 3aMellleHHe
CTaporo HoBOZeOM. [IpHUYMHbI BBISIBJIEHHOTO SIBJIEHUS KPOIOTCS B HECOTJIACOBAHHOCTH JBYX Tpa-
JMLMH TPOEKTHOTO Je/a — MpeUMyllecTBeHHas OPUeHTaLHs IPaJoCTPOUTEIbHOTO TPOEKTHPOBA-
HHSl Ha OCBOEHME HOBBIX TEPPUTOPHH M OXPaHHOE MPOeKTHPOBaHHME, NPU3BaHHOE cOeperarb 00-
pasibl MaTepUaNbHO-TIPOCTPAHCTBEHHOM Cpelbl KaK 3aKpbITble My3eHHble 3KCIOHATbI.

[IpumeuarenbHo, YTO OGHOBJIEHHE MaTepHAJ/bHO-IPOCTPAHCTBEHHOH Cpe-
Ibl CHOMPCKUX TFOPOJOB B MHAYCTPHAJIbHYIO 310Xy pa3BoOpayuBaeTcs MO Cle-
HapHIo, NpeanoJaramlemMy KpalnHiow GopMy peKOHCTPYKLHH,— 3aMelleHHe
craporo HosojesoM. B 1960-e rr. B HoBocuGupcke ucuesaet xapakTepHas
1J151 CHOMPCKHX TOPOJIOB IepeBsIHHAS 3aCTPOKKa BAOJb y/aIHLB JIeHHHa, yyacT-
K1 KaMeHHOH 3acTporiku KoHua XIX B. Bnosib KpacHoro npocnexra u T.1.

K nauany XXI crosieTusi cocTosiHUE KYJbTYPHOTO HACAENUs] CUOUPCKUX TO-
POOB PUOBJIU3UIOCE K KPUTHUUECKOH OTMEeTKe. B 0IHOM M3 caMbIX CTapbiX TOpo-
noB — Tomcke, HeKor1a LIEHTPe OCBOEHHS perroHa, KOJIMYeCTBEHHBIH COCTaB Jie-
PEBSIHHBIX CTPOEHHH cTas pe3ko cokpamartbes. 3a nepuon 1984—2003 rr. ux
YucsI0 coKpaTuiioch B 1,5 pasa. [Iporecc «Mcue3HOBeHHSI», O 3aMeUaHUIO CBUIE-
TeJsiel, Nprodpes1 JJaBUHOOOpa3Hbli XapakTep. [Ipu aToM HUKakMe ycunus oblle-
CTBEHHBIX OpPraHM3alMi, MECTHOU BJACTH, MIOMOILb MeXKIYHapOIHbIX OpPraHU3a-
LMK, CTOJIMYHOH OOLIeCTBEHHOCTH, JEHCTBYIOLIee 3aKOHOAATENbCTBO HE CMOIJIH
NpeOTBPATUTb pa3pyllieHWe U yTPaThl.

B cpenctBax maccoBod HH(OpPMALUU TTOSBUINUCH COOOIIEHHUST, U3 KOTOPBIX
CTAHOBHUTCS TMOHSTHO, YTO AepeBAHHbIA TOMCK Mo yrpo30d MOJHOTO YHUYTO-
KeHusl. [laHHBIH (DaKT SBUJICS CBUIETENbCTBOM 0eCIIOMOLIHOCTH KYJbTYpPHO-
ro, IPOMBILIJIEHHOTO, BY30BCKOTO LIeHTPa nepes npobaeMoi BKAOYEHHS KYJlb-
TYPHOTO HacJelusl B COBPEMEHHYIO »KM3Hb CHOMPCKOr0 ropoja.

[IprunHBl TOCTENEHHOrO BBIBOAA KYJbTYPHOTO HACJ/eIUsl M3 aKTUBHOU
JKM3HHU CTAapOropoACKUX LeHTPoB Ha pydexe XXI B. KpotoTcs B 0COOEHHOCTSX
OpraHU3aLUH MPOEKTHOTO JieJ1a, OCHOBBl KOTOPOTO ONpee/IsIoTCs HIe00THel
UHIYCTPHUANBbHOTO IrOpojia B COBETCKUH nepuoa BpeMeHH. [lepBoHauanbHO, B
MIepUOJl CBOEr0 CTAHOBJIEHHS], COBETCKAsl CUCTEMA MPOEKTHOrO fesa OTpHliana
CTapbli TOPOLL KaK KaTeropuio, UMeIolyIo IpaBo Ha cyllecTBoBaHue. [Ipenmy-
IleCTBEHHAsl OPUeHTALMsl CUCTEMBl IPaOCTPOUTENbHOTO IPOEKTHUPOBAHHUS Ha
pelleHHe MPOHU3BOACTBEHHBIX 3a/lad [0 CPABHEHUIO C 3afadyaMM oOecreyeHUs
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JKH3HeNesITeJbHOCTH MOoCeJeHUs] B SIBHOW (popMe Hayasna MNPOSIBISTBCS B
30-e rr. XX cToOJIETHSI B 3MOXY WHIYCTPHANU3ALNH.

B pamkax Tako# TpamuLMH NPOEKTHUPOBAHHUSA pPa3pabOTKa reHepabHbIX
MJIaHOB TOPOJIOB, UMEIOIMX B CBOEH CTPYKType paloHbl U YacTH CTapod 3a-
CTPOUKH, MPUHUMIIHAIBHO HUUEM He OTJIMYaJIach OT pa3pad0TKU reHepasbHbIX
MJIaHOB HOBBIX ropooB. ['pamoo6pasyoiiast oCHOBa 00beKTa MPOEKTHPOBAHHUS
npoaoJ/Kana 3afaBaTh IMOAXOJ K OpraHM3alUM CHUCTEeMbl OOLIECTBEHHOTO 00-
CJIy>KUBAHHS, PeLIeHNI0 CTPYKTYPBI, pacyeTy OCHOBHBIX MokasaTesned. Crenn-
(uka oObeKTa NMPOEKTHUPOBAHUS onpenessiach HabopoMm mnpeanpudaTui. On-
HOU M3 OCHOBHBIX COCTaBJ/ISIIOLIMX IIPOCTPAHCTBEHHOrO PAa3BUTHUS 0CTaBasNach
TEepPPUTOPHAIbHAS SKCIIAHCHS U CHOC 3aCTPOUKH, HeyNIOOHOH C TOUKU 3pEeHUS
UCIIO/Ib30BAHUSl WHAYCTPHAJIBHBIX METONOB CTPOUTEJbCTBA.

Tak, renepaspHblil m1aH AulHCKa, pazpaboraHHbld B 1997 1., He BBITEKan
U3 JIOTUKH (DYHKLUMOHHPOBAHUS ero CTPyKTypbl. HecmoTpsi Ha To, UTO Ha MO-
MEHT pa3pa0OoTKU reHepasbHOrO MJaHa CTPaHa HCILITBIBAET 3KOHOMHMYeCKHH
KPU3HC, NpeJiaraeMble IPOEKTHbIE pelleHHsT BBIMOMHSIOTCS TaK, Kak OyaTo Obl
A4YpHCK MCIBITEIBAET HEBUIAHHBIH SKOHOMHUUECKHH MOIbEM, a TIPOMBIILITEHHBIE
NpPeApUSATHS He NMpeKpaTHIX (PYHKLUHOHMPOBAHHE, a MPOJOJIKAT pPadoTaTb.
[TpoekT, mpoilenmuil corjgacoBaHde BO BCeX HWHCTAHUMAX, BKJIOYAs CTOJNHY-
HbIHA, MECTHBI YPOBHH, yKa3blBaeT Ha HEOOXOAUMOCTb MAaKCHMAaJ/IbHOIO YBeJIH-
YeHHS TEPPUTOPHH TOPOJIa K COXPaHeHHe ero TpexkHel crnenranusanui [1].

Taxo#l moxxon K ONpeesNeHHI0 «ePCHeKTHBbl» IPOCTPAHCTBEHHOTO Pas-
BUTHS TOPOJA ONpeaesscs LeHHOCTSIMU Mporpecca, TeXHONOTHH, MacCOBOr0
MIPOX3BOACTBA, TOKOPEHHUS IPUPOABI U TEPPUTOPHANBHON SKCIAaHCHeH HHIYCT-
pHaJbHOTO ropoja Ha AepeBeHCKoe oKpykeHHe. [Ipennosaranoch, 4yTo B pe-
3y/JbTaTe 3TOU 3KCIAHCUHM OCYLIECTBUTCS CPacTaHHe MPOMBILIIEHHBIX LEH-
TPOB C CeJlaMH.

Bropasi Tpaauuusi cOBeTCKOro NMpPOeKTHOro Jejla — OXPaHUTeJbHOe Mpo-
eKTHPOBaHHUe. DTa TPAMULHUS NePBOHAYANBHO BO3HHKAET HE3aBUCHUMO OT Cde-
pbl TPAOCTPOUTENBCTBA, UMeeT HHCTUTYLHMOHA/NbHOE 3aKpelJleHHe B MHHHU-
CTepCTBe KyJAbTYpBl U (DOKycHpyeTcs Ha paboTe C OTHeNbHBIMH 0ObeKTaMH,
UMEIOIIMMHM HCTOPHUECKOe, KYJbTypHOE 3HAUEHHE.

[TpoekT oXpaHHBIX 30H KaK OTPaKeHHe OXPAHUTENbHOTO MPOEKTHPOBAHUS
BBINOJIHSAJICS HE3aBUCUMO OT MIPOeKTa FeHepasbHOro MJaHa, TOCKOJbKY MOJMHO-
CTbI0 He BIIUCHIBAJICS B HAEOJIOTHIO COLMAIUCTHYECKOrO TOpPOAad, NMPOEKTHHIN
TIO/IXOJ U UHAYCTPHAJbHBIE METOMBI CTPOUTEbCTBA. OXPAHUTEIbCTBO B CBOEH
OCHOBe IIpeAroJarajgo COXpaHeHHe U cOepekeHHe 00Pa3LOB U 3JE€MEHTOB,
MPeACTABISIOINX KYAbTYPY NMPOLLIOro. B cuy ycaoBuH, B KOTOPBIX HaXOAHU-
Jlacb Halla CTpaHa, COXpaHeHHe OblJI0 BO3MOXKHBIM JIMLIb B TACCUBHOU (pOpMe,
Korja o0pasiibl KyJbTypbl, apXUTEKTYPbl cOeperaioTcss Kak 3KCIMOHATHI MPO-
IIJbIX 310X, a He KaK CpeldoBble 0OBEKTHI.

[Tosxke oxpaHHOe [e/10 PAaCUIMPUNO PAMKH CBOETO BJHSHHS U KOHTPOJIS
10 PaMOK IPafOCTPOUTEIbHOIO UCKYCCTBA U LIEJbIX YaCTeH FOPOACKON CTPYK-
TYpbl. B cucTeMe LeHTpaM30BaHHOIO MPOEKTHOrO Je/1a OblJI0 HaHIeHO MeCTO
1J1s1 MHCTUTYTA, IPU3BAHHOIO OTBeYaTb 32 KOMIIEKCHBIM M0OAXO0J K OXPaHHO-
My neny B ropopax. CerogHsi 3To camoCTosiTe/IbHAS U CaMOJOCTAaTO4YHAsl 00-
JIaCTb, BOCIIPOM3BOASAILAS HOPMBI PabOThl ¢ «HCTOPUYECKHUM HacjaefneM» Kak
TaKOBBIM.

B cooTBeTcTBHU ¢ MPOEKTOM OXPaHHBIX 30H MUCTOPHUECKAs YaCTh ropona
U3blMajachb U3 MOBCEHEBHON KH3HeesTeJJbHOCTH U NpeBpallanach B My3ed
[2]. Tak, B pesysbTaTe NpUB/IEUEHHS CMEUMANUCTOB, OTBEUAKLIMX 38 COXPa-
HeHHe npouwioro, AYMHCK U3 ropofa co CTapblM LEeHTPOM U HOBBIMH HHIYCT-
pHa/bHBIMU paliOHaMHU Ha NepU(epruu MpeBpallaeTcs B FOPOA ¢ «30HOH OXxpa-
Hbl LIEHTPAJbHOTO PaliOHa» W «30HOM Oymyllero leHTpa». AKTHUBHAs XKH3Hb
MOKHaeT CTAPOTOPOACKYIO YaCTb, HO He HaWs FOTOBYIO [JIsl MPHUHSTHS HOBBIX
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001LeropoACKUX (DYHKUHUH MPOCTPAHCTBEHHYIO CTPYKTYPY, paclbliseTcs Mo
TePPUTOPUM MHUKpopakioHoB (puc. 1).

Hu nepBasi, HU BTOpasi TpamuUMs NPOEKTHOTO Jesa He OMUPA/IHUCh Ha
MPaKTHKY y4acTHs LIMPOKHX CJ0EB HaceJeHUs B Ipolecce 0OHOBIEHHS TOPO-
IOB. 3a BeCb MEePHOA TOCMOACTBA LEHTPAJU30BAHHON CHCTEMBI YIpaBJIeHHS
ropoaMu MeCTHble COOOLIEeCTBA He CMOIJIM BbIpaboTaTh MOPSAOK U MpaBUJa,
B COOTBETCTBUHM C KOTOPBIMH OBbLIO Obl BO3MOXKHO CaMOCTOSITE/BHO JesaTh
BbIOOp MYTH Pa3BUTHSl NMPOCTPAHCTBEHHOH Cpelbl.

[TpucBoenne Tomeky cratyca nucropudeckoro ropona B 1990 r. He TosbKO
He NMPUOCTAHOBHUJIO, HO JaxKe YCKOPUJIO Ty TOPOIJIUBOCTb, C KOTOPOH yKe OCy-
ILIeCTBJISAJIOCh YHUUTOXKEHHUE €ro UCTOPUKO-apXUTEKTYPHOro Hacsaenus. B me-
pHOJ Mepexoja K PbIHOUHBIM peopMaM MPOLECC YHUUTOXKEHUS AepeBSHHON
apxuTeKTyphl ToMcka nmpeBsolues Bce MbICAHMble MaciuTadsl. [To cratuctuke
crieruanuctoB TTACY k 1984 r. B Tomcke HacuuThIBaa0Ch 2773 nepeBsHHBIX
cTpoenus, a K ceHtssopto 2003 r. ux ocranoch Bcero 1740. HecmoTpst Ha ycu-
JIMSI IPOEKTHPOBIIMKOB 10 CO3[AaHHI0 TaK HA3blBAEMBIX KapT OXPaHHbBIX 30H
UCTOPHUYECKOro LeHTpa ToMcKa, yCHU/IUS 00LIeCTBEHHOTO COBeTa MpH 00JacT-
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Puc. 1. Aunnck. HecorsacoBaHHOCTb cTpaTte-

TMH MHAYCTPHUAJTbHOTO Pa3BUTHS U COXpaHe-

HUSl KyJbTYyPHOIO HacJ/eiusi oOyc/0BJIUBaeT

yCHJIeHHe LIeHTPOOeKHOH TeHAeHIMH U JIHILa-

eT CTapOropojCKyl0 4acTb aKTHBHOH »KH3He-
JIesiTe/IbHOCTH

»
>

Puc. 2. TlpocTpaHcTBeHHOE BOCIPHUSITHE LIEH-
TpaJbHBIX 3J€MEHTOB XKHUTesasMH T. HoBocu-
oupcka. O6cnenoBanue 1985 r.




0CTaBaJUCh OJHOCTOPOHHUMH, MOCKOJBKY He 3a1eHCTBOBA/IMU MOTeHLHA HHU-
30BOM MHMLMATUBBI. DHEPTHUS FOPOACKOro TBOpPYECTBA He MMeJsa peanu3alnu
M0 MPUYMHE MPOTHBOMOCTABNEHHOCTH ABYX TPAAULMNA MPOEKTHOTO fAesa APYT
ApyTy.

Pecypchl 1 moTeHLMA UCTOPUUECKOTO TOPOIA C €r0 UHAYCTPHUATBHOH CO-
CTaBJSAIOLLEN He MOJy4yaloT KOMIIJIEKCHOHN OLEeHKH. B MosicCHUTeIbHON 3anncKe
K MPOEKTY FeHepasibHOro MJlaHa OTCYTCTBYeT NOCTOBepHas WH(popMalus, U3
KOTOPOH MOXHO ObIIO Obl CYAUTh 00 0COGEHHOCTSX AUHHCKA, OTpenesieMbIX
nporIbM ropoga. O6 UcTopHUuecKOM LieHTpe AUMHCKA B IPOEKTe reHepasbHo-
ro MJaHa yNOMHHAeTCs MeK1y HeJOM M HH CJ0Ba He FOBOPUTCS O CJIOXKHB-
LIMXCS CTapbIX KBapTajiaX, COCTOSIHUU MPUPOJAHBIX 3JE€MEHTOB, BXOISLIUX B
CTPYKTYPY TOpoa, XapaKTePUCTHKE 3HAYUMbIX 0OBbEKTOB, MAMSATHBIX MECTaX,
YHUKaJbHOCTH cpelbl. BoT moyemMy HM OOWH CHeUUaNNUCT, HU OJUH PYKOBOMAH-
TeJib He MOTYT BOCII0JIb30BAThCS IPOEKTOM I'eHEPAJIbHOTO IJ1aHa, TTOCKOJbKY B
HeM HeT IVIaBHOTO — 3HaHMS 0 3aauyax, KOTOPble MOXKET PeLInTb FOPOA U ero
JKATEJIM Ha MOMEHT KPHU3MCHOU CHUTYalHMH, B KOTOPOH HaXOAMTCS rOPOI Ha
py6exe 2000 r.

JlnvtenpHOe BpeMs rocy1apCTBeHHAs MallMHA TPagoCTPOUTENBHOrO Mpo-
eKTUPOBAHHUS CTPEMHUIACH MOHOTIONN3UPOBATD MIPABO HA TIPEACTABJIEHUS O Y-
TSIX POCTPAHCTBEHHOTO PA3BUTHS OOLIETOPOACKUX LeHTPoB. CUTyalus mpo-
TUBOCTOSIHUS] BHYTPU apXUTEKTYPHO-TPAOCTPOUTENBHOTO LleXa He MM03BOJIUIA
NpUaTh pesynbTaTaM Hay4yHbIX HcciaenoBaHuid 70—80-x rr. craryc obrecT-
BEHHO 3HAUMMBIX. B3aMeH OTOABUHYTOTO Ha BTOPOU MJaH (PyHAAMEHTAaJbHOTO
3HAHHS BOT y»Ke TPH [eCsTKA JeT 0OIIeCTBO BBIHYKAEHO OBbLIO HCIBITHIBATH
nepexof 0T OAHOW UMIPOBU3ALMHU K Apyrod. BHe moJ/isi BUAUMOCTH OKa3auCh
npouecchl 0OHOBJIEHUS HauboJlee 3HAUUMBIX YaCTeH rOPOJ0B — LEHTPAJbHBIX
palloHOB. YTIOPHO WTHOPHUPYS «IIPOMHUCAHHOCTb» IMPOLLECCOB TFOPOACKOH aesi-
TeJbHOCTH B pPeasbHOM IPOCTPAHCTBE sep U CTAPOropoACKUX paoHax ropo-
JI0B, OCHOBHOE BHUMaHHe COCPEeI0TOUYMBAETCS UCKIOUNTE/bHO Ha HOBBIX Tep-
putopusix. B ycnoBusax 6oJbiaoro npoctpancTsa CUOUPH U pacyieHEHHOCTH
CTPYKTYpBl TOPOIOB MpoJoJ/IKaolleecss paccpefoToueHHe (PYHKLHUH He obec-
MeuyrnBaeT LUEJOCTHOCTb TEPPUTOPHH.

MexaHn3M MPOCTPAHCTBEHHOTO Pa3BUTHS OOILIErOPOACKOrO LEHTPa, OIl-
penessIOLIMK eIUHCTBO U 11eJI0OCTHOCTh KapKaca ropoja, OblJl ONKCaH elle BO
BTOpOU noJioBrHe 70-X IT. MPOLJIOro Beka. B cOOTBETCTBUM C 3TUM MeXaHM3-
MOM 3peJIOCTh IPOCTPAHCTBEHHON Cpe/lbl LIEeHTPa UJIM CTelleHb Pa3BUTOCTH 00-
ILIerOPOACKUX (PYHKUMH ompeaessieTcsl CTPYKTYPHBIMH H3MEHEHHUSIMU B TOpo-
Jie, 3aK/II0YAK0IMMHUCS B BbIAEJTEHHH COOCTBEHHO LEHTPabHbIX (YHHKAJIbHBIX)
(hYHKUMH, KOHUEHTPUPYIOLIUXCS B 30HE spa U OrMOAIOMIUX €ro KOJbLOM Ie-
pudepruinHON 30HBI, KOTOPAsi CTAHOBUTCS MECTOM pa3MelleHHs Oojiee Macco-
BbIX (QyHKuMH [3].

HccenenoBanre GpyHKUMOHAIBHO-IPOCTPAHCTBEHHBIX CBOUCTB Cpe/bl LeH-
tpa HoBocu6upcka B 80-e rr. mpolIoro Beka no3BoJu/I0 3apUKCUPOBaTh, YTO
TPaAMLHUOHHbIE NIPeCTaBJ/]EHUsl O CTPOEHUH OOILEropoaCKOro LeHTpa B YCJ0-
BUSIX FOpPOJia C pPacy/JeHeHHOU CTPYKTYpOH IpeTepreBaioT npesomiaeHue. Pe-
aJibHble TIPOLECCHl cPeno0o0pa3oBaHNs U BbleJeHHe LeHTPATbHBIX 3J€MEeHTOB
cpenbl 06yCJIOBANBAIOTCS COXPAHEHHWEM HA MPOTSKEHUH AJUTEIbHOTO BpeMe-
HU aBTOHOMHBIX YacTed. MIHIyCcTprasbHBIN TePUOA UCTOPUH TTOPOXKAAET KPH-
CTaJIIU3aLHMI0 CTAPOTOPOACKHUX Siiep — Hapsioy C LeHTPaJbHOHW YacThiO Ha
yaa/JeHHOH nepudeprn BO3HUKAIOT PAHOHBI, BBIMOJHSIOLME 3aMETHYIO POJb B
JKHU3HENEesATebHOCTH TOpoJIa.

[To cpaBHeHHIO ¢ IpYyrMMH palioHaMU ylajleHHOU NepudepUn — yudacTKa-
MU WHAWBUAYANTbHOW U MUKPOPAHOHHOW 3aCTPOHKHU, CTAPOTOPOACKHE siipa UMe-
10T Pl IPEUMYIIECTB. DTH MPEUMYIIECTBA ONPENeNSIOTCS CJIOXKUBIIEHCS CHC-
TeMOH 006C/YKUBAHUS, MEJIKOCTPYKTYPHOCTBIO MPOCTPAHCTBEHHOTO CTPOEHHS
Y Ha/lIM4MeM 3eJleHbIX Haca)KIeHWH. TpH BbloeNeHHBIX KAUeCTBa B YCAOBUSIX CH-
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OUPCKHX TOPOLOB NMpHOOpPeIH KioueBoe 3HayeHHe. KopoTkas v OypHasi UCTO-
pYsl He co3jaja MHOH ajbTepHATUBBI Cpefie paloHOB couropopa. OTaenbHbe
CTapble PAalOHbI 110 CBOEH POJIM B XKHU3HEJesITeJbHOCTH Nepu(epuu HauhHaoT
COTIEPHHYATb C SAPOM LIEHTPANbHOH YacTH ropona. ABTOHOMHOe CylIecTBOBa-
HMe OT/HEeJIbHBIX YacTed nepudepun U ocjabjeHHas po/ib LEeHTPaJbHOU 4acTH
BBIHYXK/IAeT HACeJeHHe OOXONMTHCS YCIYTaMH «MECTHOro ypoBHsi» [4].

Kaprtuna pacnpeneseHuss LeHTpa/IbHBIX 3J€MEHTOB B CTAapPOTOPOACKHX
YacTsX pagvKajbHO He U3MEHHJACh 32 BOCEMHAAUATD JIET, MPOLIEeIIINX MeX-
Iy AByMsi 0OCJiefloBaHUSIMU, MpoBeieHHbIMU B I'. HoBocubupcke. Komnuecrt-
BEHHble MpHUPAlleHHs] HOBbIX (PYHKUHH OCYLIECTBJASIOTCS B HalpaB/JeHUH YII-
JIOTHEHHM$I TVIABHBIX €IMHMIL POCTpaHCcTBeHHOro Kapkaca (ya. B. XmesbHul-
koro, yauua ¥ ma. Cranucaasckoro). 3anoxenHas B 50-e IT. KBapTa/jbHas
CTPYKTypa UCIbITana 3aMeHy KHUJBIX (PYHKLUUH MeprMeTpa Ha 00CayKHUBaIO-
ik npoduab (puc. 2). [TogueHTpsl 06CaYKUBAHUS, BOSHUKIIKE B 3M0XY HH-
NyCTPHAJbHOTO PAa3BUTHS, He TePSIOT CBOeH 3HAUMMOCTH B BOCIIPUSITHH Hace-
JIEHWSI, HO U He I0JIy4aroT HeoOXOAUMOU MOAJePKKH /151 OOHOBJIEHUH Ha py-
Oerke BeKOB. PocT ynaneHHOU nepuepun U BO3pacTaHUe BHELIHUX HArpy30K
TpeOYI0T HeOOXOAMMBIX PEKOHCTPYKTHUBHBIX MepONnpuUATHH. PasoBble Mepo-
NPUATHS, TOUEYHOE HOBOE CTPOUTEJ/bCTBO, Nepenpo(UIMpoBaHUe POU3BOJ-
CTBEHHBIX 30H TOJ TOProBO-KOMMepueckoe Ha3HaueHHe He MOTyT 3aMeHUTb
KOMIIJIEKCHYIO PEKOHCTPYKLHIO JKUJIBIX KBAPTa/l0B, HAMETUTb MEPEXOA K MO-
JUTHKEe KOHBEPCHH IPOMBILIJIEHHOCTH TOPOMA.

[ToBblllleHHe poOJIM LEHTPaANbHBIX MPOCTPAHCTB B palOHaX MacCOBOH 3a-
ctporiku 60—70-x rr. nepudepuitHbix yacted r. HoBocubupcka cBs3aHo ¢ 0cBoe-
HHMEM Yy4acTKOB He3aCTPOEHHBIX TEePPUTOPHH, MOBbILIEHUEM POJH TPAHCIIOPT-
HO-TlepecaoyHbIX y3/10B B JleBoOepexxHor yacTu. [Ipouecc KoHLeHTpaUuH (PyHK-
UMH B TepByl0 o4epeldb MPOUCXOAMT BJOJb [VIABHBIX YJMI, a MO03Ke 0
nepUMeTPy MUKPOpaloHHOH 3actpoiiku (mp. Mapkca, yuuisl Barytuna, Cranu-
caasckoro, Tutosa). HabGmonaetcst mosiHast 3ameHa JKU/IbIX (DYHKIMH HA TOPro-
Bble, 00C/Ty2KHUBaIOLIMe, fe/10Bble. B ypoBHe mepBoro sTaxka pacroJ/ararTcs Ma-
rasuHbl, CaJIOHBI, IPyrUe yupexKaeHus: o0caykuBaHus. [lonBa/bHble TTOMELIEHUS
JKWJIOW 3aCTPOUKH, paHee UCIOJb3yeMble /1S XO3THCTBEHHBIX HYXK[ HaceJeHHs,
HAYMHAIOT 3aJedCTBOBAThCS B KOMMepYecKuX Lessx. [losxke akTHBU3HPYIOTCS
MaJible YJIMLbI, NPUMBIKAIOIMe K [VIaBHBIM MarucTpassM panoHa.

OcBoeHMe MJIOIIANIOK C 00BEKTAMHU 0/TOCTPOS, OCTABLIMMHUCS B HACJIEACTBO
OT COBETCKOH 3M0XM, MMeeT 3aTskHOH xapakrtep (mi1. Mapkca). Pasmemenue
KPYIMHbBIX 00BEKTOB, OTKPBITHE CTAaHLMK METPO U HaJIMYMe TPAHCIIOPTHBIX KOMMY-
HUKaLMH He o6ecreuyrBaeT 3aMycK NpoLeCcCOB HHTEHCUBHOIO HACBILLEHHUS CPepbl.
[TepBoHaYa/MbHO TEPPUTOPUS NENUTCS HA MeJKHE y4acTKU M CHAeTCS B apeHiy
YaCTHBIM IpeanpuHUMaTe M. [IpoxoxaeHrne uyepe3 MHUKPOPBIHOYHYIO KaMIa-
HUIO, BO3BeJleHHe OOJIbLIMX CTPOEHUH B CyMMe He 00ecleyMBaeTcsl KaueCTBOM
ApXUTEKTYPbl U He CKJablBAe€TCs B KOMIIEKCHOE pellleHHe. Y4acTOK He MMeeT
UH(PaCTPYKTyphl, 0OecreyrBalolled B3aUMOCBsI3b BHELUHUX U BHYTPEHHHUX IO-
TOKOB. JIOKaJIbHOCTb BBOAMMBIX B 3KCIyaTallMI0 OOBEKTOB HE COOTBETCTBYET
CJI0’KHOCTH HAarpysok, HCIBITbIBAEMbIX C YAAJeHHOU TepucepuH.

BosbuinHCTBO palioHOB MacCOBOW 3aCTPOWKH MPOJOJIKAIT MOJy4aTh
CTIOHTaHHO BBOJAMMble OOBEKTH, B LeJOM He MpuobpeTas CleLHaIn3almH.
Ckopocriesible pellleHHs 0 IPUCBOEHUIO O(HUIIHATbHOTO Ha3BaHUS OTAEJNbHBIM
y4acTKaM HaMHOTO OllepexalT MPOoLecchl MPOCTPAHCTBEHHOrO (hOPMHUPOBA-
HUS U 00yCTPOMCTBA. YUaCTKH MOJYy4aloT MMeHa IJIOLIafed U yJull, He uMes
3aCTPOEHHOrO NepuMeTpa U 3HAUUMBIX OOBEKTOB.

Cxema oToOpaXKeHHs1 HEraTUBHBIX 3J1EMEHTOB Cpe/ibl YaCTH rOpofia, CKJa-
IblBaHMe KOTOPOH OCYILECTBJISJIOCh B UHAYCTPHAJBHYIO 3T0XY, CBUIETENbCT-
ByeT, YTO CO CMEHOU 310X HeraTHBHbIE KauecTBa Cpe/bl He HCUe3alnT aBTOMa-
THYECKU caMU CO0O0H, a TPeOyIOT HampaBJeHHbIX MEPONPUATHH Kak Tpajo-
CTPOMUTEJIBHOIO, TaK M COLMAJIbHOIO XapakTepa.

83



Coxpanenue HebsaroycTpoeHHbIX 6apakoB mo yJa. CTenHoU, B palioHe
peiHka (ysn.UexoBa) HamoMHHAeT XKHUTEJNSM O HEPEIIeHHOCTH MpobJeM pau-
OHa. DTH y4yacTKH, a TaKxKe OTAeJbHble Apyrue (parMeHThl YJHL, M0 MHe-
HUIO JKUTeJeN, NOKHBl ObITh 6J1ar0yCTPOEHHBIMU B NePBYI0 odepenb. B ka-
YyecTBe HANMOMHHAHUSA O Tpob/jemMax, OCTaBIIMXCSH €O BpeMeHH 60-x TT.
MPOLLJIOro BeKa, OCTaeTCsl HeLOCTpOeHHas rocTuHULa Ha mia. Mapkca. au-
TeJbHOE BpeMsl MOCTOSIHHOe 0eCrOKOUCTBO AJs KUTeJsel BbI3bIBAIU «I10Ib-
€3l K MecTaM TOPrOBJM M IJIaHUPOBKA Ipoe3)KeHl 4YacTh Yy BelleBOro
PBIHKa».

ITo cpaBHeHHIO C palioHaMU TTepuepUHHON 30Hbl B IIEHTPATbHON YaCTU B
KauecTBe TJIaBHBIX BbiiessieTcsi 6ojiee LIUPOKUH HabOp MPOCTPAHCTBEHHBIX
efuHUL. Hapsany ¢ yyacTkamu yJIL U OTIEe/JbHBIMM MeCTaM{ B XOJe BTOPOTO
o0cye0BaHUsl OBLIW BblIeJeHbl — TeaTpbl, MapKH, «OTHEJbHble XKHJble
noMa», yueOHble 3aBeleHHs], «I0POTHe MarasuHbl» d T.A. (puc. 3).

Puc. 3. TIpocTpaHCTBEHHOE BOCIIPUSITHE LEHTPANbHBIX 3J€MEHTOB KHTeasMu T. HoBocu-
6upcka. O6caenoBanue 2003 r.

I — paiioHel MaccoBo# 3acTpodku 60—70-x rr.; 2 — cTaporoponckue paroHbI
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B onHOM psify ¢ mepeuynC/IeHHBIMU JeMeHTaMH BaKHOe 3HauUeHHe UMeIoT
MHUKPO3JIEMEHTBl — «CKBep» U «Ng9TadyoK». Kak U B mepBoM onpoce, B HACTOS-
LIMHA ePUOJ /51 OTIpe/ieIeHHON YaCTH OMPOIIEHHBIX LIeHTPAJbHOCTh CBSI3bIBA-
eTCSl C «4aCTbIO TOPOAA».

Jlucnokanys LeHTPaJbHBIX JE€MEHTOB THIA «TOUKa» yKa3blBaeT Ha TO,
YTO B HACTOSILIMH MOMEHT TPOUCXOIUT IMPOLlecC HACBILIEHHUS IeHTpa OTHAE/b-
HbIMH oObekTaMu. HapamimBaHue (yHKUHOHANbHOTO M NPOCTPAHCTBEHHOTO
NOTeHlMala OCYLleCTBAseTCs] B (popMe OTAe/bHBIX TOYEUHBIX NpeobpasoBa-
HUU B CeBEpPHOM, YAaCTHUHO B I0)KHOM CEKTOpaX. 3amlaiHbli U CeBepo-3amnaji-
HBIH CEKTOpP LEeHTPa ropojia MpOAOJIKAeT OCTaBATbCS 3aKPBITBIM [IJsl POCTA.
31ech Ha MOMEHT TPOBEIEHHUS ONPOCa He NMPOU3BOANUTCS HUKAKHX PaiHKalb-
HBIX BTOpPXKEHUH. BOCTOUHBIN CEKTOP LEHTPANBHOTO siipa TOPojaa B MPeICTaB-
JIEHUSIX XKUTeJed MPOA0KAeT OCTABAThCS He HAarpyKeH LIeHTPalbHbIMU 3Jle-
MeHTaMH. B KauecTBe 3HaYMMBIX 3[1eCb BblJeJEHO JHIIb ABa 3JeMeHTa. [Ipu-
MeyaTeJ/IbHO, YTO M3BeCTHAasl KaMIaHHUsl MepeHoca OOLIeropoAckoro siapa M3
LEeHTPaJbHOW YaCTHU B I0rO-BOCTOYHOM HAMpaBJeHUH HA OKTSAOPbCKYIO 4acTb
He HaxOAWT MOAKpPeNJieHHs B peasbHOCTH (PYHKIMOHUPOBAHHS U B3aUMOIEH-
CTBHUSI TOPOJACKHX MPOLECCOB.

Kak u B nepudepuiiHbix paloHax WHAYCTPHUAJBHOTO MEpPUOAA, B CTAPOM
neHtpe r. HoBocrn6upcka Bonpochl PeKOHCTPYKLMH MPOAOJIKAIOT BOJHOBATH
HaceJsleHHe. YKa3blBaeTcsl Ha «BETX0€ COCTOSIHUE »KUJIbIX JBOPOB U MHXKeHep-
HOW MH(PACTPYKTYPbl», «OMpeleseHHYI0 HeYX0KeHHOCTb MpPeNCTABUTEb-
CKHMX MeCT». B 001UMi nepedeHb HEraTUBHBIX KaYeCTB CPe/bl MOMafaloT u3Me-
HEeHMs, CBSI3aHHbIE C HOBBIM CTPOUTENBCTBOM. DTO, MIPEXKIE BCET0, «BO3HUKHO-
BEHHE 3JUTHOTO KUJbS U JOPOTUX 0pHCcOB». Kpome TOro, HEraTUBHYIO OLIEHKY
noJsiydyaeT oOLIMH MOAXOM K BOpocy o6HOBNeHUS. [Ipn 6ecKOHEUHOM peMOHTe
0(bHCHBIX OMellleHUH U 6J1aroyCcTpofCcTBe «MeCT Y BX0OJa B 3[jaHHe» OCHOBHAS
4acTb YJHUL OCTaeTcsl B 0€CXO3HOM COCTOSIHMH.

[IpoBeneHHBIN COMOCTaBUTEbHBIN aHAIN3 MATEPHAIOB AUATHOCTHKH Cpe-
nbl T. HoBocuGupcka mo3BoJisieT KOHCTAaTUPOBATh, YTO MpoLecc 0OHOBJIEHHS
MPOCTPAHCTBEHHOH CpeNbl CTApPOTOPOACKUX LeHTpoB Cubupu Ha pybexe
XXI B. okazaJjics 3aTopMOKeH. BeipaboTaHHast B Heipax 1eHTPaTU30BAHHOTO
MJIaHUPOBAHUS COBETCKOI'O BPeMEHH CHCTeMa MpPOeKTHPOBAHUS TOPOJOB Ha-
NpaBJsijiach Ha OCBOEHHMe HOBBIX TePPUTOPUH, 11032Ke NnprobdpeJia 10NoJHEHHEe
OXpaHHBIM MPOEKTUPOBAHHEM, MPU3BAHHBIM cOeperaTb 00pasLbl MaTepHalb-
HO-TIPOCTPAHCTBEHHOU (POPMBI B TACCHBHOHU (hOpMe KaK My3eHHble SKCIIOHATH
npoueix 3rmox. O6e TpaguLUK MPOEKTHOTO /ie/1a Pa3BUBAIUCH U CYIIeCTBOBA-
JI1 aBTOHOMHO, He B3aWMOJEUCTBYSl MeXay co00U U He BbipabaTbiBas Mexa-
HU3MBbI pa3BUTHS. [IpoeKTHBIE TOKYMEHTbl COBMeLlanu B cebe 1Ba B3aUMONUC-
KJIIOYAIOLIUX 10AX0Aa. DTO 00YCJAOBUIO KpakiHHe (OpPMbl PEKOHCTPYKTHUBHBIX
MEpPOMNPHUSTHH, BBIK/IIOUEHHE U3 AKTUBHOW »KU3HENEATENbHOCTH U yTPaTy 3Ha-
YUMBIX OOBEKTOB U (PparMeHTOB MPOCTPAHCTBEHHOH cpendbl. Be3 BHUMaHMS
0OKasaJsachb CyLIHOCTHAsl KaTeropyus CHOMPCKOro ropoia — o6pasLibl HHAYCTPHU-
aJIbHOTO Iepuoja Pa3BUTHUS ropofoB. HacTu ropoja M paloHbl 3aCTPOHKH
30—80-x rr., onpenenuBlIYe UMITYJbChl CTAHOBJEHHUS TJIAHUPOBOUYHOH CTPYK-
TYpbl NPOLLJIOro BeKa W oOecreyuBaiolllMe COBPEMEHHYI0 »KH3Hb TOPOJOB,
BbINAJIM U3 MT0JIs1 3DEHHUS BJACTEH, IPeACTaBUTeeH 00erUX YacTel MPOEKTHOTO
nexa.

LlesI0CTHOCTD BKJ/IOYEHHUS MCTOPUKO-KYJbTYPHOTO HAcaequs CHOUPCKUX
roponos B npouecc yp6anuzauuu B XXI B. mpennoJsiaraer nepexoi K HOBOMY
MO/IXONY MPOBENEHUST PEKOHCTPYKTUBHBIX MEPOMPUATHH. DTOT MOAXOM BhITE-
KaeT U3 HeOOXOAMMOCTH aKTHBHOTO BKJIIOUEHHS] CTAPOTOPOACKHUX SIAEP U CJIO-
JKMBLIMXCSl PalOHOB B »KHU3HEAEATeNbHOCTb roponoB. O6pasubl cpensl Mpo-
IO WHAYCTPHAJIbHOH SMOXH JAOJKHBI TOJYYUTb TEXHHYECKOe W HH(pa-
CTPYKTYpHOe 0OyCTPOUCTBO.
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BoiBoabl. 1. B HacTosALMI Neproa BpeMeH! U3 M0JIsl 3peHuUs npodeccho-
HaJIbHBIX NPOEKTHPOBILMKOB M yIpaBJIeHLEB Bblllaja BecbMa LieHHasl KaTero-
pus cpeibl cUOMPCKOro ropona. bes BHHMMaHMS OKasajuCb NMPOU3BOACTBEH-
HO-ce/IUTeOHble 00pa30BaHUs 10- U NTOCJAEBOEHHOI0 BpeMeHH, TOPTOBbIE, MPO-
M3BOJACTBEHHbIE W TMPOMBILJIEHHbBIE COOPYKEHHUSI 3TOXU HWHAYCTPHUANU3ALHUH.
CoBpeMeHHOe HCNOJb30BAHME NAHHOTO THIMA Y4aCTKOB CBSI3aHO C BKJIOYEHH-
eM B aKTMBHYIO KMU3HeJesITeJbHOCTb, HajleJleHHe HOBbIMU 3HAUEHUSIMH, OIpe-
IessieMbIMH TyOJUUHBIM XapaKTepoOM HX HCIOJb30BaHMUS.

2. «CnoxuBiirecs paloHbl» HHIYCTPUANBHOTO MEPHUOAA SBJASIOTCS HOCH-
TeJSIMU He TOJIbKO KOPOTKOW W OYPHOU HCTOPUU CUOUPCKHUX TOPOJIOB, HO U
CTMOCOOHBI BBIMOJHUATD POJb «LIHBUIM30BAaHHOIO 06paslia B HOBBIX YCJIOBUSX»,
FOTOBBI [10Ka3aTb CBOIO COLMANbHYI0 3(p(deKTUBHOCTb. [IpocTpaHcTBeHHAs
cpela 3TOr0 THUIA MPOMBILIIEHHO-CEJIUTEeOHbIX MOCeJeHUH COXpaHseT TPaiu-
LMOHHYIO YJIUUYHO-KBapTadbHYIO CTPYKTYpY. Boaronaps Han6GosblieMy ynesb-
HOMY BeCy OO0LLeropoacK1UX 00beKTOB, GJaroNpUSITHBIM TPAHCIOPTHBIM YCJIO-
BUSIM, 9Ta TeppPUTOPHUS 00JIalaeT BBICOKOH MPUTATaTeJbHOCTbIO AJI Hacese-
HU$1 BCErO rOpPOfia, XapaKTepPU3yeTCs HAUBBICIIMM YPOBHEM MOTPeOUTENbCKON
AKTUBHOCTH.

3. Kommnieke mpoekTHBIX pa3pabOoTOK, BBINOJHSIEMBIX HaMu A5 T. Ky#-
OblllleBa, TpeAnosaraeT BbieJeHHe palloHa COLropofa B KayecTBe COCTaB-
HOU YacTH 061eropoackoro ueHtpa. [IpennaraemMasi KoHuenuus nocTpoeHa
Ha 3aMeHe psna (yHKIUH, YTPATUBLIMX CBOM CTATyC B YCJOBHUSX HOBOTO
BpemeHHU. [IpoekTHOe pelleHne — nuatdopma AJs peaarsaldyd MeCTHbIM Ha-
ceJleHUeM HaKal/JIMBaeMOro «CHMBOJHMYECKOro moTeHurana» KauHck — HH-
nyctpuanbHbiil Kyi6eimmes — Oynymuid ueHtp HoBocubupckoi argomepa-
nud. AKueHT B GOJbILIeH CTENeHH Je/aeTcsi He Ha HOBOE CTPOUTEJBCTBO, a
Ha PEKOHCTPYKUHIO U OOYCTPOUCTBO CYLIECTBYIOUIUX CJAOXKHUBLIMXCS pau-
OHOB, TEPPUTOPUH U 30H.

4. Hapsany ¢ TpaiMLUMOHHOH 3aCTPOMKOU U MaJIO9TAKHBIM yCaneOHbIM J0-
MOM B KauyecTBe 3TaJlOHa NPOCTPAHCTBEHHOH Cpejbl IIpeasaraeTcsi KBapTaJb-
HBIM THI Cpefibl C MPUCYILHMH el aTpudyTamMu — yJMLa, KBapTaJ, MPoCcTpaH-
CTBO OOLIEro MoJb30BaHHA BHYTPM KBapTaja, ABOp M T. X. [5, 6].
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HAYYHO-METOJJUYECKHHN PA3JIEJ

YIK 624.011.1.045

B. U. 2KAJTAHOB, kana. TexH. HayK, aou., E. B. THCEBUY, nuxk. (OpenoOypr-
CKMU TOCYyJapCTBEHHBIA YHUBEPCHUTET);

I. 1. TPEBEHIOK, n-p TexH. HayK, npo¢. (HoBocuGupckuii rocyrapcTBeHHbIN
apXUTEKTypPHO-cTpouTeabHBIN yHUBepcuteT (CubcTpun))

COBEPIIEHCTBOBAHHE AJITOPUTMOB PACYETA
HEJIUHEWHO-TE®OPMUPYEMBIX PEBPUCTBIX
CXKATO-U3TUBAEMBIX ITAHEJIEA
HA OCHOBE JPEBECHHBI
CooOmenue 1

[TpuBeneHbl ycOBepLIEHCTBOBAHHbIE AJTOPUTMbl pacueTa CxKaTo-H3rHOaeMblX HesJHHEH-
HO-1e(OPMUDPYEMbIX PeOPUCTBIX MaHesel, pa3paGoTaHHble HA OCHOBE «0a/oOuHOM» pacuyeTHOH
cxeMbl. PaccMOTpeHBl pas3/iMyHble THIIBI NONEPEUHbIX CEYeHHH M YCJIOBUH 3aKperJieHHs orop
naHeJsieH. HaHbI BbIpaxK€HHWs /g OTNpeneJeHUd KOS(l)q)I/IL[I/IeHTa NIpUBEICHHUS O6LUI/IBKI/I, II03BO-
JISIOILETO YUecTb (PaKTHUECKYIO CTeNeHb ee ydacTus B oOuier pa6oTe KOHCTpyKUMH. [TokaszaHa
11e/1ec000Pa3HOCTb TPUMEHEeHHUs] KPYMHOpa3MepHbIX MaHeJel KaK KOHCTPYKLMH, COBMeIlalo-
IMX Hecyllye U orpaxjaaroiiie GyHKUMU. [IprBeneHbl pe3ynbTaThl pacyeToB ONbITHBIX KOHCT-
PYKUMH M MX CpPaBHEHHE C 3KCIIEPUMEHTaJNbHBIMH JaHHBIMH.

PasBuTue 6a3bl KieeHbIX NepPeBSHHBIX KOHCTPYKIUH 00YCJOBUIO TEXHH-
4YeCKyl0 BO3MOXKHOCTb U KOHOMHUYECKYIO 1e/1ec000pa3HOCTb NPUMEHEeHHs B
3MAHUAX U COOPYKEHUSX PA3NUYHOr0 Ha3HAUeHHs PeOPUCTBIX TJIUT MOKPHI-
TUH U NaHeJel CTeH Ha JepeBSHHOM Kapkace ¢ HauOOJbIIUMHU rabapuTHBIMU
pasMepaMmH, AOMYCTUMBIMH MO TEXHOJOTHUYECKHM MapamMeTpaM U YCJIOBHUSM
TpaHcnopTabesqbHOCTH. Hanbosiee SpKO NpeuMyllecTBa KPyNHOpPa3MepHbIX
peOpUCTBIX KOHCTPYKLMH MPOSIBASIOTCS NP COBMELIEHUH UMU HECYIIHUX U OT-
pakaamuX (GYHKUHH, KOTla OCHOBHbIE NTPOAOJIbHbIE PeOpa BBINOJHSOT POJb
KOJIOHH WK 0asioK MepeKpbITHH, a 0OIIHWBKHU, BKAOUYEHHbIe B 00IIyI0 padoTy
TIJIMTBl UJIK TTaHEeJIH, BMECTe CO BCIIOMOTraTe IbHbIMU 3/1eMeHTaMU SBJISIIOTCS OT-
paKIeHUSAMU 3[aHUH U COOpyXKeHUH. BapuaHT KOHCTPYKTUBHOTO pelleHUs
COBMeIlIeHHOH NaHesH, pa3pab0TaHHOHW aBTOPaMH, MOKa3aH Ha puc. 1.

XapakTepHbIM OTJIMYHEM COBMELIEHHBIX CTEHOBBIX MaHeJs el OT orpaxje-
HUH, HaBeLIeHHbIX Ha KOJIOHHBI, SIBJSETCSl COBMECTHAs paboTa Ha CxKaTue C
U3rMOOoM, KOria CXKUMalolllas Harpys3ka OT BblLIepPacHoJ/0KeHHbIX KOHCTPYK-
L[UH TlepelaeTcsl HEMOCPeACTBEHHO Ha MPOAOJbHbIE pedpa, a U3rudarias BeT-
poBasl Harpy3ka MoxeT ObITb IPUJIOKEHA KaK K OCHOBHBIM pe6paM, Tak U IO
BCEH MJIOIIAAN KOHCTPYKIIMH B 3aBUCHMOCTH OT KOHKPETHOTO KOHCTPYKTHBHO-
ro pelleHHUs NaHeau. B oTiuune oT U3rubaeMbIX MJUT Ha OCHOBE JPEeBECHHH,
MeTOJMKa pacyeTa KOTOPBIX M3ydeHa I0CTaTOuHO noxpodHo [1-3], cyuect-
ByIOLIMEe a/JTOPUTMBI [IPOEKTHPOBAHUS COBMEILEHHbIX HeJUHeHHO-1e(OopMH-
pyeMbIX peOpPUCTBIX CXKATO-U3THOAEMBIX MaHeJ el HeJOCTATOUHO NOCTOBEPHO
OTpaxKaloT yCJ0BHSI COBMECTHOH paboThl 0OILIMBOK U pebep, 0COOEHHO MPH Ha-
JIMUUY TIOAKPENSIOUINX 3/71eMeHTOB. Bo MHOTHX c/1yuasix 3TO NPUBOIUT K He-
COOTBETCTBHIO PaCUeTHbIX MOJeJ/iel pealbHOMY MOBeJeHHI0 KOHCTPYKLHH TIpH
BO3IE€HCTBUH SKCIEPUMEHTANBHBIX HArpy3oK.

C uesblo aneKBaTHOHW OLEHKH HamnpsiKeHHO-1e(OPMHUPOBAHHOTO COCTOS-
HUSI COBMEILIeHHbIX CXKaTO0-U3THOaeMbIX MaHes el aBTOpPaMH NpeanpUHsTa Mo-
MbITKA yCOBEPLIEHCTBOBAHUS aJTOPUTMOB X pacyeta. Ha mepBom sTame pac-
CMOTPHUM «banoyHyl0» pacdyeTHyto cxeMy. [IycTb KakuM-1160 06pa3oM 3akpe-
NJeHHass MO KOHTYpYy CTeHOBas MaHe b 3arpykKeHa MO IBYM KPOMKaM
MPOAOJBHOU CXKUMAIOIIEH HArPY3KOH ¢, a 10 GOKOBOU MOBEPXHOCTH — TIOTIe-
pedYHOl Harpyskou ¢, (puc. 2). B KauecTBe «CTepKHEBOH» PACYETHOH CXeMbl
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Puc. 3. TlpononbHo-TIONepeUHbIH U3THO IIAPHUPHO OMEPTOH MaHEeJHd W MaHed C 3alleM-
JIEHHOW OTIOPHOHU YacTbiO

@ — pacueTHble CXeMbl; 6 — BAaPHAHTBl MONEPEUHBIX CeYeHHH

MaHeJd PACCMOTPUM CXEMY, COOTBETCTBYIOLIYIO MPOJAOJbHO-TIONIEPEUHOMY U3~
ruly [apHUPHO OMEPTOH WJIM 3alEeMJIEeHHON OHUM KOHLOM Ganku (puc. 3).
[To anasoruu ¢ pacyeToM GOJblIePa3MePHBIX M3rHOaeMbIX MIHT [3] Gynem
noJiaraTh, YTO OOLIMBKA JIUIIb YACTHUHO BOBJEKAaeTCs B pabOTy CeyeHHs CO-
BMECTHO C OCHOBHBIMU pebpamMu. B aToM ciydae cTemneHb yuacTust OOIIUBKU B
o011el paboTe KOHCTPYKLUHH OLEHUBaeTCs KOI(D(MULUHUEHTOM MPUBENEHHUS Rq.
DKcIeprMeHTaIbHO-TeOPETHUECKHE HCCIeI0BaHNs, TIPOBeleHHbIe aBTOPaMH,
MoKasaJjau, 4To Ko3(PPUIUeHT k.5 MOXKeT ObITb OmnpeneseH 1Mo (hopMmyJe:

kos = Ry k. K, (1)

roe kR, — K03(p(PUUMEHT NpUBeIeHUs] OOLINBKHU A/ U3THOAEMBIX 3JIEMEHTOB,
3aBMCALIMK OT 11ara OCHOBHBIX pebep b, W TOJIUMHBI OOLIMBKH g :

k, =0,0428§) +0,2276, +0,556 npu b, = 750 mm,
k, =0,0295§) +0,1518, +0,337 npu b, = 1500 mm, (2)
k, =0,0148§) +0,0768, +0,199 npu b, = 3000 mwm;
R, — KOPPEKTUPOBOUHBIH KO3(P(PULUHUEHT, YUUTHIBAIOILKUN NEHUCTBHE MPOLOJIb-

HbIX CXKHUMAOIHX CHJI,

k; — KOPPEKTHUPOBOUHBLIA KO3((ULUHEHT, YUUTBIBAIOUIMHA COOTHOIIEHHE I1ara
OCHOBHBIX pebep b, K NpoJeTy MaHeJu a.

3HayeHue KoddduureHTa k, MOXKHO OINpeNeSUTb C AOCTATOUHOU [J1s1
NPaKTHYECKUX LeJeHd TOUHOCThIO (cTemeHb morpemHocTd He Gosee 3%) Mo
anmnpoKCHMaUUOHHON (opMmy.Jie

k, =1-0,09YN -c / M, (3)

rie N — pacyeTHOe MpopoJbHOe ycunue, KH;
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M — pacueTHblil u3rubarolMi MoMeHT, KHM;
¢ =1 M — xKo3ppUUMEeHT HA eIUHULy HU3MepeHHs.

Kos(dULKeHT k; 3aBUCHT OT (AaKTHUECKOTO COOTHOLIeHHUs b,/ a, W ero
3HayeHHe MOXKHO 3aMucaTh B BUe (CTerneHb MOrPeIIHOCTH He 60Jlee 5%

ky =12-04./b, /a, npu b, /a,>025 k=1 npu b,/a, <025 (4)

OTMeTHM, 4TO BbILIENpPHUBENEHHbIE (POPMYJbl NPH HE3HAYUTEJBHOH IO-
TPELIHOCTH OTJIWYAIOTCS MPOCTOTOH U YAOOCTBOM HMCIOJb30BAHUS, B TOM YHC-
Jie B aBTOMaTU3UPOBAHHBIX pacyeTax. [Ipy HEOOXOMUMOCTH TOYHOTO ONpese-
JIeHHs1 Ko3(P(HUILMEHTa R, MOKHO HCIIOJb30BATh CTAHAAPTHBIE NPOTrPAMMHbIE
pacuetHble KoMmmyiekchl TUna «SCAD», «Jlupa», « COSMOS» u um nopo6HbIe.

3Hasi 3HaueHHe k.5, MOXKHO ONpeNeUTh reOMeTPUUECKHEe XapaKTepPHUCTH-
KU TIONEPEYHOro ceueHWs nmaHesd. [IpuBeseM MOLIATOBBIN alTOPUTM TAKOTO
onpejie/leHUs C y4eTOM HasMuusl OJHOM WJIH JBYX OOLIMBOK, IPHYEM B Cjyyae
IBYXCTOPOHHEH OOLIMBKH COXPaHSeTCs CHMMETPHUS CeueHMS.

1. PacueTHas mupuHa (aHepHOH OOLIMBKH paBHa

by =2byy (Mo, =1 +b-my, =k (b, —b-my,) +b-m,, (5)
rae k,; — Ko3((ULMEHT IpUBeieHUs OOLUUBKHY, 3aBUCSILMK OT 11ara pebep;
Mo, — YHMCJIO OCHOBHBIX pebep MaHeJu;

b — IIMpPHHA TOMEPEYHOro CevyeHHs OCHOBHBIX pebep.
2. Ilnowanb NpuUBeeHHOrO CeyeHHsl MaHesH

A=A +n Ay, (6)
rae A, = m,, b h — nouanb NonepeuHoro ceueHus AepeBsHHbIX pedep;
n= Edp / E, — K03(h(UUMEeHT npuBeneHus haHepbl U APEBECHHBI;

Ay — mJolanb MONepeyHoro ceyeHusi (haHepHbIX OOGIIMBOK:
Ay= by ¢ — B Clyyae OIHOCTOPOHHEH OOLIMBKH;
Ay= 2b, 4 _ B clyyae IBYXCTOPOHHHX OGIIMBOK;
h — BBICOTA MOMEPEYHOTo CeyeHHs] OCHOBHBIX pebep.
3. IlpyuBeneHHBIN CTAaTHUECKHH MOMEHT CeYeHHs OTHOCHUTeJbHO ocH 1-1
IJIs1 cay4asi ¢ OAHOCTOPOHHEH OOIIMBKOH:

5
S :;mop-b-hQJrn-Aq,- heot ) (7)

np

4. TlosoxKeHKe LeHTPaJbHON OCH MPHBENEHHOrO CeueHHs Ompejesercs
BeJIMYMHON 4, (cM. puc. 3):
— OJHOCTOPOHHSA OOWMBKA: Yo =S, / Ay (8)

— JIBYXCTOPOHHsIst o0mnBKa: Yo =1/2(h +28,). (9)

5. MomeHT WHEepUUHU NPHUBEAEHHOI'0 CeYeHUsI OTHOCUTEJbHO L[eHTpaJ'[bHOﬁ
OCH paBeH:
— OIHOCTOPOHHSISI OOIIMBKA:

2
b-h? Y’ 5
Lp =My | ———+b-h-| yg—— | |+n-by 84| h—yo+—2>1; (10
P p 12 (yo 2} b "0¢ Yo 5 (10)
— JBYXCTOPOHHSIST OOLIMBKA:
b-h® (h+8,Y

OnpenenuM ycu/usi, nepeMelleHUs: U HANPSDKEHUs! B MTAHEJX Ha OCHOBE
TOYHOIO pelIeHHs NP MPOAOJbHO-TIonepeuHoM usruode. Ilpu E, [, = const,
q = const, oblllee pelleHHe 10 METOAY HayaJbHbIX TapaMeTpoB AU((epeHIH-
aJIbHOTO YPaBHEHHsI IPOAOIbHO-TIONEPEYHOr0 U3ruba cTepKHs umeeT Bup [4]:
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D(x)=1)o+(10-sinkx+ Mo (1-coskx) + QQO .[x_smkxj_
b (12)

k2 E- K2E,I, k
_q '[coskx+x("_1j
RPET, | K 2 K
rae  (x) — QyHKUMS NPOrU6OB CedeHuUH;

o — HadaJbHBIH TPOTHO;
®,— HayaJbHBIA yroJ MOBOPOTA;

- a

Qo =q7“ — HadaJbHas «bajo4yHas» MOIMepeyHas CHJa;
F

k= R F=q,-b,; q=q5-by;
q- ap

a, — pacdeTHas JJIMHA TaHeJH; b, — IUMPWHA MaHEeJH.
paCCMOTpI/IM pasaryHbie yCJOBUA 3aKpelJeHUsd KOHLOB MaHeJIH, Haubo-
Jlee pacrpocTpaHeHHble B CTPOMTENbHOH mpakThke (cm. puc. 3).
IIlapaupHO onepTasl MaHeJ b. YYUTHIBAS TPAHUUHBIE yCa0BUS (= 0,

My =0, (50 -1 ;“, v(a,) = 0, monyyum

. ink - ) 2
®, = k q-a, an_smk a, )| ¢q{cosk-a, +CLH_L ’ (13)
sink-a,\ 2F k k2 2 k2

Vax =V 4n —%smka“ 49, ) an +
2 2 2F | 2 k
(14)
cosk—L a? i

Moo =M| &2 |=E, 1, k@ysink &1 — 9% psin #0n L A _osk % i1]] (15)
2 9 9F 9 F 2

IQImax=IQ(0)|=F-®0+"'2a“. (16)

3amemaeHHas maHeab. | paHHuHble yCaoBHA o= 0, @y =0, Q, =
=—q-a,=Q(0).

[Tocne mpeoGpa3oBaHUU MONYyUHUM
-a, -sink-a
MO szax zq 5 - - 9 :
k-cosk-a, k* -cosk-a,

1
=;-(an-k-tgk-an+1— ] ,

(—cosk-a, +1) =

(17)

cosk-a,
Qs =max(q-a,:F-0(a,)), (18)
e ‘
@(an)=L-Sinkan —Qq#-(l—coskan) +
‘E, 1, k2 E, -1, (19)

q [ sinka,, J
+ | = +a, |,
REE T,k
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F k

2
L4 coska, L 1

V max ZD(CZ“) Z%'(I—COSkan) _q ] '(an —mj+
’ (20)

F k? 2 k?

HopmasnbHble U Kacarte/bHble Hanpsi2keHUs! B MOMEPeYHbIX CeYeHUSX OIl-
penenum 1o (opmyJaMm CONPOTHUBJEHHUS MaTepuasoB. B 4acTHOCTH, MaKCH-
MaslbHOEe CXKMMalollee HarpsiKeHHe NPH IBYXCTOPOHHeH OOLIMBKEe DPaBHO:

Mmax E F
oX =2, (21)
I, Ay,

B cnydyae omHOCTOpOHHEH BHeEIIHeH OOUIMBKH COOTBETCTBYIOLIEE HAMPS-
JKeHue OyleT TakXkKe B OOLIMBKE W PaBHO:

o o szax(h_yO)+ F ) (22)
/ A

max
np p

[Ipu 3TOM mpomo/bHAs CXKHUMaLIasi Harpy3ka pasrpykaeT pacTsSHyTble
0T u3ruba BOJIOKHA OCHOBHBIX pebep.

B kauecTBe mpuMepoB pacCMOTPHUM pacueThbl PeOPHUCTOM CKATO-U30THY-
TOW TaHeJd CO CJAeIYIIUMU XapaKTepPUCTUKAMHU:

— JJMHA NaHeJqu — a; = 6 M;

— WIHWpHHA NaHeJu — b, = 3 M

— KOJIN4eCTBO peGep B Hampas/eHuH | (B nonepedHoOM cedeHHn) — My = 3;
— KOJIN4eCTBO peGep B HampasiieHHH 2 (B IPOIOJILHOM CeUeHHN) — Mgy = 4;

— BbIcoTa cevyeHus: pebep — kA = 0,3 M

— luMpHHa cedeHusl pebep B HampasjeHun 1 — by = 0,07 w;

— IUMpHHA ceueHHUs1 peGep B HampasjeHuu 2 — by = 0,05 wm;

— HMHTEHCHBHOCTb TOTEPEeYHOH Harpysku — g, = 0,4 kH / m2;

— UHTeHCHBHOCTb TOTOHHOM MPOJO0JILHON Harpysku — ¢, = 14 xH/ m;
— ToJKMHA (paHepHOH oOmmBKH — 4 = 0,015 m;

— E, = 10* MIla; Ey = 9-10% MIla; Eyy = 6-10° MIla;

— MOAYJIK yIpyrocTu U KoadduuneHTsl [lyaccona npeBecrHbl B 0pTOTO-
HaJIbHBIX HalpaBJ/eHUSX MPUHATHI 110 MPOJAOJIbHOMY HalpaB/eHHI0 pebep —

1= 0,5, P12 = 0,085, $21 = 0,065

PesynbTaThl pacueToB naHe U ¢ UCMOJMb30BaHHEM «OAOUHOM» pAaCUETHON
CXeMbl TpUBeeHbl B Ta0uie. PacyeTsl mpoBefeHbl ¢ UCMONb30BAHUEM Pa3pa-
6otanHoro aBropamu nporpammuoro moxyiast SOLV1 B cpene DIGITAL Visual
Fortran.

[IpoBeneHHBIE 3KCIIEpUMEHTA/bHBIE HCCAEN0BAHNS LIAPHUPHO OMEpPTOH
NaHeJ | C BblILEeNepeurncAeHHbIMU TapaMeTpaMy M03BOJIU/IN OTIPEeNUTh BeJlu-
yrHYy (PaKTHUECKOTo mporuba B cepearHe MpoJieTa, KoTopas okaszasnach 3,4 MM
(0,0034 m), uto Ha 17% MeHblIe TeopeTHUECKOro 3HaueHUs. JlaHHOe pacxo-
JKIeHHe, ¢ OTHOM CTOPOHBI, MOYKHO CUUTATh YAOBJETBOPUTEbHBIM IJIsI yCJIO-
BUU HATYPHOTO 3KCIIEPHMEHTA, C IPYrOd — OHO AAeT OlpefeseHHbIA pe3epB
Ha/eXKHOCTH KOHCTPYKLUHUH U MpeLonpenesieT BO3MOKHOCTb pa3paboTku 60-

Pesy.mfrau,l pacyeToB NMaHEJH C UCIOJb30BAHUEM «0aIOUHOWM » paC'-leTHOﬁ CXEMbI

PacuetHasi cxema M ax, KHM Qmax, KH Winax, M
[lapuupHO omeprast naHesb 8,359 5,538 0,0041
3alemMieHHast MaHe b 36,88 11,06 0,0711
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Jlee TOUHBIX aJTOPUTMOB pacyeTa HeJUHeNHO-1e(pOPMUPYEeMbIX COBMeEILeHHbIX
peOpUCTBIX CKAaTO-U3rnbaeMblX MaHesed Ha OCHOBE APEBECHHBI.

BriBoapl. 1. B cayuae pacyera Ha NMPOUHOCTb U KECTKOCTb CXKaTO-H30-
THYTHIX TaHeJed B OJHOM HalpaBJ/eHHWH AJI pacueToB BHYTPEHHUX YCHJIMH,
HamnpsiKeHWH U 1eopMalri BIIOJHE TPUMEHUMO UCMOJb30BaHUE «OAJOUHOU»
pacyeTHOH CXeMbl.

2. PazpaboTaHHBIU aJropuTM pacueta peOPUCTBIX MaHeJ el M03BOJSET
yuecTb (paKTUUECKYI0 HEPAaBHOMEPHOCTb pabOThl OOLIMBKH MO LIUPUHE TaHe-
JIU TIPY TOMOLLUM KO03((ULMEHTa, ONpeaeseHHOr0 KClepuUMeHTa bHO-Teope-
TUYECKHUM TyTeM W BBIPaXKeHHOTO aNNpOKCUMAaLUOHHBIMU (pOpMyJaaMH, ya00-
HBIMH B NPaKTHYECKHUX pacyeTax.

3. Ucnosb3oBanue «6aniouHON» pacyeTHOHM CXeMbl TPUBOJUT K YACTUYHOMY
3aBbILIEHHUIO BEJIUYHH MTPOrMO0B, UTO UAET B 3arac HaeKHOCTH KOHCTPYKLHH.
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YIK 624.137

II. B. 3YBAYEB, acn. (HoBocHGUpPCKHMH TOCYyIapCTBEHHBIM apXUTEKTYp-
HO-CTpouTenbHBbIN yHuBepcurer (CubGcTpuH))

CMEIIEHUY U BHYTPEHHUE YCUJIUA
B IIIIYHTOBOM OI'PAXKJIAEHUMU, NONAEPXKXUBAIOIIEM
YCUJIEHHBIN T'PYHTOBBIN OTKOC

LII/IC.}'IEHHO, C HCII0JIb30BaAHHEM KOMHb}OTepHOﬁ nporpammel, OCHOBaHHOM Ha MOJEJU ynopyro-
WaeaIbHOIJIaCTHYECKOro rpyHTa, YCTAaHOBJIEHO BJAUSIHUE apMHUPOBAHUA U HHBEKIHMOHHOIO YIIJIOTHE-
HHS TPYHTOBOTO OTKOCA Ha CMEIIEHHS W BEJUYWHY BHYTPEHHHUX ycwmﬁ B IOITYHTOBOM Orpaxuie-
HuU. OlleHeHO BJIUSIHHE (Ha HI/IX) pasMepoB YCHUJIEHHOTO MacCHBa W HaJIM4YHe CBA3SH MEXKIY BEPTH-
KaJbHBIMH aPMUPYIOIIUMHA TIJIACTHHAMH C OTrpakKIeHHEM. HOJ’Iy‘—IeHHbIe pe3ysabTaTbl MOTYT ObITh
HUCIIOJIb30BAHLI TIPU PEII€HUH BOIIPOCOB, CBA3AHHBIX CO CTPOUTEIBCTBOM B CTECHEHHBIX YCJOBUAX.

KoTnoBaHbl BHOBb CTPOSILIMXCS 3[AHUM U COOPY’KEHUH B CTECHEHHBIX YC-
JIOBUSIX TOPOACKOH 3aCTPOMKH YACTO NPUXOAUTCS OrpaxKIaTh PasJHYHbIMU MOJ-
MOPHBIMH COOPYKEHHUSIMH HepeJKO B BHJE LINYHTOBBIX CTEHOK IOCTOSTHHOIO
WJIM BPEMEHHOro HasHaueHHs. [Ipy 3TOM ropusoHTasbHble CMELIEHUS BPeMeH-
HBIX CTEHOK U UX YCTOHUHBOCTb, TOMUMO (DU3UKO-MeXaHHUeCKUX CBOHUCTB OCHO-
BaHHSsl, OTPAHUUMBAIOTCS YCJIOBUSMHU CTPOUTEJBHOTO Mpolecca, a TpeGoBaHUs,
npenbsB/sieMble K CTEHKaM MOCTOSIHHOTO HasHayeHWsl, — YCJOBUSIMU CTPOH-
TeJbCTBA U IKCILIyaTalUMH CTPOSILLEroCs 30aHUS U NPHUMBIKAIOIIUX K HeMy 00b-
ekToB. Pacxon MaTepuasna 1 CTOUMOCTb BO3BEIEHHS OTPakKAe€HHUS BO MHOTOM 3a-
BUCSIT OT 0COOeHHOCTeN KOHCTPYKLHMH COOPYXKEHHUS. [Tocnennsis B HemasoH
CTeNeHU OIpefesieTcsl BeJJMUNHON JeHCTBYIOIEro Ha Hero 60KOBOTO aBJ/1eHHUS
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rpyHTta. Takum 06pas3om, ¢ 1eJIbio oMyYeHHs ONTHUMaJ/IBHOTO pelleHus /15 CIIo-
co0a orpakaeHHst KOTJIOBAHOB B IIPOEKTHBIX pa3padoTKax Le/ecooOpasHo MpH-
MeHSITb pa3/iMuHble Mephl TI0 YMeHblIeHHI0 O0KOBOTO aBJjaeHus rpyHTa. [laHHas
3aaua MOXKeT ObITb pa3pelleHa 3a CUeT apMHUPOBAHUS TPYHTA, MOAAEPKHUBAE-
MOTO CTEHKOH HJIM €ro 3aKPeIIEHHeM C JI0TIOJHUTENbHBIM yIoTHeH|eM [1, 2].
Huxe, B passutue [2], npuBenenbl pesysbTaThl UMCAEHHBIX SKCIEPUMEH-
TOB, BBIMIOJIHEHHBIX C L€JIbI0 YCTAHOBJIEHHS PALMOHAJNbHBIX MyTeH CHUXKEHHS
6OKOBOT0 NaBJIE€HHUSI IPYHTA Ha

Ta6aununa 1
orpaxKieHus. Bbiuucienus
Hanvenosanue | 0 c, E, v Npoje/anbl C MPUBJIEYEHHEM
TpyHTa | xH/m? Klla | MIla MeTola IMCKDeTH3aLMH pac-
Wr3-1 16 | 30 1 8 | 025  UETHOH 00JACTH TPEyrosbHbI-
NUra-2 17 34 1 30 0,25 MU KOHEYHBIMHU 3JIeMEHTaMH
ura-3 17 1 29 8 20 1030  (r.x.3.). Hcnonbsosana Mo-

[IpuMeyanue. Y — ynenbHbIH Bec IpyHTa; ¢ , J€JIb CJIOUCTOrO YIPYrouae-
¢ — YroJl BHYTPEHHEero TPeHUs U CLeIIeHHe IPYyHTa  3JIbHOIJIACTHUECKOrO MacCHBa
COOTBETCTBEHHO; £, V — Moay/b JedopMaluuu 1 Ko3d- rPyHTa [3] u ucxomubIe Xapak-
¢unuent [lyaccoHa cooTBETCTBEHHO. TEPHCTHKH TPYHTOB ONHOH M3

CTPOUTENBHBIX MJOLIAL0K
r. HoBocubupcka. Pusuko-mexaHndyeckre XapakTePUCTHKH T'PYHTOB Pa3JHy-
upiX HarsactoBanui (MI'D) npencrasnensl B Tabis. 1.

MounocTh BepxHero cjosl HackimHoro rpyHTa (MI3-1) Bo Beex cayuasx
coctasser 3 M, Broporo (necox, UI'3-2) — 12 m, Tpetbero (TBepablit Cyriu-
HOK, I['D-3) — GoJstee 5 M. [pyHTOBbIE BOMIBI B Ipee/1ax UCCIeLyeMOH TOIIIH
OCHOBAHHS He BBISIBJIEHBI, IOTOMY HX BJMSIHUE B pacyeTax He yUUThIBAETCS.

KornoBan — mports:keHHOH (hopMbl, UMeeT wWHpuHY B = 20 M, ray6uny
H =8 wmu nmuny L > 50 M, mo3ToMy 3agaua pellleHa B yCJIOBUSX MJIOCKOU fie-
(hopmMaLuu coopyxkeHHs. 3araybaeHre MIMTyHTOBOTO OrpaKAeHHUs MO OTHOILIe-
HUIO K IHY KOTJIOBaHA cOoCcTaBJsieT 7 M. PacyeTsl HanmpskeHHO-Ie(hOPMHUPOBAH-
noro coctosnusi (HIC) ocHoBanus, nepememenus U orpaxknenus (cTeHKH) 1
BHYTPEHHHUX YCHJMH B PA3/JHUYHbIX CEUEHHUSX OrpakKAeHHUS BbINOJHEHbI /5
creHkd tommuHod = 0,3 M = const. PaccMoTpeHBI c/iydan BepTHKAJIbHOTO

o =10k U 0000 apMHPOBAHHSI TPYHTOBOTO OTKOCA,

=HI“ yIepKUBAEMOT0 CTEHKOH, HJIH 3aKpe-
\ L TJIEHHe ero MeTOJOM BBICOKOHAINOP-
I HOTO HHBEKTHPOBAHUSA MeCYaHO-Ie-
| meHTHOH cMecu («pacTBopa») [4].
/ PaccmoTpen 3akpernsieHHBIH MaccuB,
NPUMBIKAIOUIUH K CTeHKe, KOTOPHIU
uMeeT BBICOTY H = 8 M W WIHPHUHY
m = 6 M. IHTeHCHBHOCTb paBHOMeEp-
+H= HO pacrpeleseHHOH Harpysku ¢ Ha
A0 0T MOBEPXHOCTb OTKOCA COCTaBJSET
I 10 kH /m2.

|

1

|
| T
I

I/_'&OOO 1. Omxoc, apmuposannuiii ep-

muxaaivroimu naacmuramu. ar [

b
7///// lV// " MeX1y »Kesie300e TOHHBIMU TJ1aCTUHA-

W

m =6x1000=6000 4 MM IPHUHAT IOCTOSIHHBIM W PaBHBIM
|| 1 M, ux usru6Has )KeCTKOCTb OIpeje-
| asiercst TonmuHont = 0; 0,05; 0,10;

0,15 1 0,20 m (puc. 1). dnuna naac-
TiH h = H. IlnacTunbl ycuneHus B

-15,000 Puc. I. PacdyeTHast cXemMa YCHJIEHHOTO OTKO-
Ca ¥ LIMYHTOBOIO OrpaxKIeHHs
| — cBsA3b; 2 — orpakieHue; 3 — CTEPKHH
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U, cm

27
25 "
M, KH-m a)
350 1’
20
300

15 \ 250 5

Q, KH
10 200 150
\ 17
150>~ 100
\ N 2:
5\\ \\ 2 37

- g 1 1
5 100 3 50 2
2 \\‘2
3 3
50
5 10 15 20 5 10 15 20 5 10 15 20
3, cM 3, cM 5, cm
Puc. 2. Bnusinue pasmepos nore- Puc. 3. BausiHue pasMepoB MOMEepeuHoro cedeHHs apMHu-
PeYHOro Ce4eHHst apMHUpPYIOMKX pyromux maactuH ( ) u cBsisu ( ) HA BeJMUHMHY MaKCH-
naactun () u ceasu ( ) Ha ro- MalbHBIX yeuaui B orpaxaenun M (a) u Q (6)
PM30HTa/bHbIe CMeIleHHs Orpa- Ve, o6osi. ov. Ha pHe. 2

xknerus (U)

/=3 cOOTBETCTBYeT 3HAYEHUSIM . = .
=0, 0,10 u 0,20 m; Bapuant apmupo- BEPXHUX CeUYEHHUSIX 0O0beNHHEHbl MexXay CcOO0H

BaHHsI HP“Mfil:Cgfﬁpnnofoa;aH undpa- g [OAMOPHOH CTEHKOH £‘I/I6KOﬁ CB$SI3bI0, U3TUO-
Hasl »KECTKOCTb KOTOPOH COOTBETCTBYET XKeCT-
KOCTH »KeJie300€TOHHOU MIHTHl ToamuHod . = 0; 0,10 u 0,20 wm.

Ha puc. 2 npencraB/iieHbl nosydeHHble TP 3TOM Pe3yJabTaThbl, U3 KOTO-
PBIX CJEAYET, YTO C YBeJHUUEeHUeM TOJIIUHBI TJaCTHH ¥ )KeCTKOCTH 00beH-
HSIIOIIEeH UX CBSI3H, TOPU30HTANbHBIE cMelleHUs1 U Bepxa CTEHKH yMeHblIa-
ores. [Tpu orcyrerBum cssu (. = 0) Besmuuna U cocrasuaa 25,3 cM, Tak
4TO COeUHEeHHe TIACTHH CO CTEHKOH, obecrneynBallee NX COBMECTHYIO pa-
6otTy, siBasgeTcss BecbMa 3((PEKTHBHBIM CIOCOOOM YMEHbLIEHUS TOPU30H-
TaJbHbIX CMELIeHHH KOHCTPYKIMK. BHyTpeHHHe ycuausa B cTeHke (usrubaro-
mye MoMeHThl M M momnepeuHble CHbl Q) NP M3MEHEHHMH TOJILKMHbI apMH-
PYIOLIMX MJIACTHH U 00beIuHsIOUed UxX cBs3u B MHTepBaste ot 0 o 0,1 m
cywmecTBeHHO uaMeHsiotes (puc. 3). [lpuMeuaTesbHO, UTO NPU TOJLIMHE
nnactud = 0,1 u 0,2 m u Tommuune cea3u . = 0,1 uan 0,2 M pesynbraTel
pacyera CMellleHUH CTEHKH W YCHJIMH B HeH Pa3JuyaloTCs He3HAYUTEJbHO,
TaK UTO JajbHeHIllee yBeJHUeHHe TapaMeTPOB U . CTAHOBUTCS Helleseco-
06pa3HbIM.

YMmenbuienre napamerpa A 10 seanunssl H/ 2 (npy Bcex MpouYHX paBHBIX
ycnoBusix 1 = 0,2 M) IPUBOJUT K HE3HAUMTENbHOMY YBEJMUYEHHIO TOPH30H-
TaJbHBIX CMEILeHMH orpaxkaenus (cM. puc. 2) ¥ K 3aMeTHOMY YBeJHYEHHIO
BHYTPeHHMX ycuaui B orpaxaeHuu (Ha 150% as M3ru6aommx MOMEHTOB U
no 130% s momepeuHbIX CHJI).

B ciyuae oTCyTCTBHSI apMUPYIOIIUX MJIACTHH U TOJIIHHE CTEHKH, PaBHOU
0,3 M, ropudoHTanbHble cMelleHus cteHkHd U = 0,46 M, MaKcUMaJ/bHBIN U3TH-
Gatonit MmomeHT M = 533 kH - M, MmakcumasbHas onepeuHas cuia Q = 177 xH
(cm. Taba. 2, n. 1). ConocTas/ieHHe 3THX JAHHBIX C Pe3y/IbTaTaMM, IPeACTaB-
JIEHHBIMHU Ha PHUC. 2, 3, MT03BOJISIET Ce/aTh BBIBO O L1eJ1eCO00Pa3HOCTH yCHIle-
HUS TPYHTOBOTO OTKOCA BEPTUKAJbHBIMU TJaCTUHAMH, COEIUHEHHBIMH CO
CTEHKOH B ee BepXHEH 4YacTH.
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Tabnuuma 2

Pasmepsl MexaHnuecKre XapaKTePUCTHKH YCHIEHHOTO
PesynbraThl pacyera
No |ycunenHoro maccusa rpyHTa
n/mn Ulnpuna | [ny6una , e «Tla E, v U, M, 0. xH
b, M h, M kH /M3 ¢ ’ MIla cM kH-m ’

- - - - 46 533 177
18,7 30 10 40 0,3 24 311 112
17,0 38 5 40 0,3 20 273 104
24,0 38 100 |23-103| 0,2 1,2 108 436
24,0 38 100 |23:103| 0,2 2,6 42 32
17,0 38 5 40 0,3 32 407 141

O UL W N —
—_

Soooo |
@ 00 00 00 o |

2. Omkoc, ycunrerroili memooom 86iCOKOHANOPHOEO UHDEKMUPOBAHILS
necuaro-yemenmroti cmec. C LeNpl0 yBeJHUEHUS MeXaHUUeCKHX XapakTe-
PUCTHK CabbIX TPYHTOB OCHOBaHMS U rpyHTOBBIX 0TKOcOB OOO JICK «DyhH-
nameHT» B r. HoBocuOupcke BbiMoJHSET O0/bLIOH 00beM paboT Ha3BaHHBIM
Bbile MeToaoM [4]. TIpu 3ToM ycu/IeHHbIH FPYHT npeo6pasyeTcs B re0KOMIIO-
3UT, COCTOSILIMH U3 yMJOTHEHHOTO eCTEeCTBEHHOrO I'PYHTa U JIMH3 3aTBEpeB-
el MecyaHo-LeMeHTHOH cMecH. MHTerpasbHble NMPOYHOCTHBIE MOKa3aTesn
reokommnosurta (yroJs BHYTPEeHHEro TPEHHMsS M CLEIJIeHHe) B MePBOM MPUOJIH-
»KeHun yctaHosaeHbl metronom HansHWHWcrpos [5], a unrerpanbubiii nedop-
MalMOHHBIHA MoKasaTesb (Moay b nedopMaluy reokomnosuta E£) — 1o 3aBu-
CUMOCTSIM, pa3paboTaHHBIM /51 CPell, COMEPKALIMX XKECTKHE BKIIOUEHHUS Pas-
JIMYHBIX Pa3MepOB MPH OTCYTCTBMM MEXKIy HHUMH KOHTakrta [6].

[Tocsie ycuneHust TpyHTOBOTO OTKOCA M YJIYUIIEHHS] €0 MeXaHWYeCKHUX Xa-
pPaKTepPUCTHK NaBJeHHe IPYHTA HA OrpaxkKIeHHe U ero rOPU30HTasbHbIe CMellle-
HUS yMeHblIaloTcsl. CTerneHb X YMeHbILEHUS HITIOCTPUPYeTCs pe3dyJ/bTaTaMy
HUKeC/IeIyIOLHUX PACUeTOB C HCIMOJNb30BAHHEM BbllIeNepeynCcIeHHbIX HCXOJ-
HbIX JaHHBIX U MeTola pacyera. PacueTHble XapaKTepUCTHKH TPYHTOB OTKOCA,
UMEIOLIEr0 YCUJIEHHYI0 00/1acTh 6x8 M, a TakKe 3HAaueHHs] KOHTPOJHUPYEMBIX
napametpoB U, M, @, no/jyueHHble B pe3ysbTaTe pacyeToB, NpPUBeIeHbl B
tabs. 2. Kak u B mpyrux caydasix, tonumua orpaxaenns — 0,3 m. B m. 1
TabJ1. 2 npuBefeHbl pe3ynabTaThl pacuera U, M, Q nns ciydas orpaxiueHus,
TO/IePAKUBAOLIET0 €CTECTBEHHbIM 0TKOC (IPyHTOBBIE yCI0BHST — 110 TabJ1. 1).

U3 taba. 2 cienyer, 4TO yCHJIEHHBIH MHbeKTHPOBaHMeM oTKoc (m. 2—5)
OKa3blBaeT MeHblllee BO3LEHUCTBHE Ha OTPaXKJeHHE MO CPABHEHHUIO C €CTeCT-
BeHHBbIM HeycusieHHbIM oTkocoM (1. 1). Kak cmewennsi U orpakueHus, Tak
U MakCHMaJibHble BHYTpeHHUE ycuausd M u @ B HeM B C/Iydasix, OTMeUeHHBIX
m. 2—5, CyIIeCTBEHHO MeHbllle, UeM MPU HaJHYUU eCTeCTBEHHOTO HeyCHJIEeH-
HOro oTkoca. PasMepsl yCH/I€HHOrO MaccHBa, eCTECTBEHHO, HE MOTYT He MO-
BJMATL Ha MOBeJleHUe orpaxjaeHus. Tak, MaccuB C pa3MepamMM yCHJIE€HHOH
obnactu 6x8 M (. 2, 3) yaydimaer ycioBus paboThl OrpakieHHsl 3aMeTHee,
yeM MaccuB ¢ pasmepamu ycusaenus 10x3 m (m. 6). CremeHb yuaydiieHus
CBOWCTB IPyHTa IPH €ro yCUJIEeHUH TaKXKe 3aMEeTHO BJHsIeT Ha MOBeIEeHHE OT-
paKIeHMsI, ero CMelLleHHWs M 3arac MPOYHOCTU. TakK, MpU TUMNOTETHUYECKOM
YCUJIEHUH TPYHTA B OTKOCE [0 CTeleHH, COOTBETCTBYIOLIEH 3HAUEHHUSIM yTia
BHyTpeHHero TpeHus ¢ = 38°, cuensienus ¢ = 100 xlla, monyns nedpopmaunu
E=23-10% MIla (1. 4, taba. 2), cMelieHHs OTpaXKJIeHUs U W3TUOAIOIINN
MOMEHT B OT'PaKIeHWH CTAHOBSATCS MUHHUMaJbHBIMH, XOTSI 3HAYUTEJNbHO BO3-
pactaet nmomnepeyHas cuna Q. dTo oObICHIETCS TPUHSATEIM B 3TOM pelleHUH
B/JIMSTHUEM IIOJHOTO CLEIJIEHUS THUIOTETHUECKOTO TPYHTa C OTpaKIeHHEeM.
[Ipu custuu 31010 yeaosus (1. 5, Tabs. 2) yCHIHUst B OTpaXK1€HHH CTAHOBATCS
MHUHHMAaJbHBIMH, XOTSI HECKOJbKO BO3PacTalOT TOPU30OHTAaJ/bHble CMeLeHUs
orpaxkieHusl. DTO sIBJIe€HHE HANPSMYI0 CBSI3aHO C U3MeHeHHeM YCJIOBUH B3au-
MOJIEHCTBHS TPYHTOBOTO OTKOCA C OrpakKeHHeM, YTO BBISIBJSETCS PH aHa/lHU-
3e H/IC rpyHTOBOrO MaccHBa B pa3IMYHbIX CJydasix, OTMeUeHHBIX B TabJI. 2.
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Puc. 4. O6nacTu miactuueckux AedopMaluil B ecTecTBeHHOM (crpaBa) U YCHJIEHHOM
UHBEKTHPOBAHHUEM (CJ'IeBa) TPYHTOBOM OTKOCE€

Ha puc. 4 n3o6paxKeHbl TOYKH MJIACTUYECKOTO TeUEHHSI TPYHTA AJs ABYX
KpalHux caydyaeB. CnpaBa H300pakeHa CTeHKa, MOANEPKHUBAIOLIAS €CTeCT-
BeHHbIH oTKoC (1. 1, Ta6u. 2), clieBa — CTeHKa, 3a KOTOPOH UMeeTcsl 06J1aCTh
YCHJIEHHOTO TPyHTa pasMepamu 6x8 M (1. 4, tabs. 2). [Ipu cpaBHeHHH 3THX
IBYX CJyuyaeB BHJHO, YTO CIIpaBa — SIPKO BblpakeHHas 06J/1acThb IJacTHye-
cKUX nedopMalri TPYHTa KaK 3a CTEHKOH, TaK U Nepej] Hel. 3a CTEHKOH, MOJI-
JepKUBaIOIle! YCUIEeHHBIH MacCHUB TPYHTa, HAO/JI0JaeTCsl MOsIBJIeHHE JIUIIb
HEe3HAYUTeJbHOTO KOJIMYECTBA TOUEK C MPeeabHbIM HAPSKEHHBIM COCTOSIHU-
€M, YTO FOBOPHUT O HAaX0XKIEeHUU OTKOCA B AOMpPeLeJbHOM COCTOSSHUU. FIMeHHO
39TUM U OOBSICHAIOTCS MaJjible 3HaUEHHUs MepeMelleHHs] OTPaKIeHUsl U MaJible
BeJIMYMHBl BHYTPEHHUX YCHJHWH, BOZHUKAIOUIMX B HEM.

BeiBoapbl. 1. [Ipy apMupoBaHuu 0TKOCA BEPTHKAJIbHBIMHU MJ1aCTUHAMMU TO-
PH30HTAJIbHbIE CMEILEHHsT OrPaXKAaIoIero coopyKeHus (LIMyHTOBOH CTEHKH;
CTEHKH, BBITIOJHSAEMON METOJIOM «CTEHA B TPYHTE» U JIP.) YMEHbIIAIOTCS C YBe-
JIMYeHUeM TOJILIMHBI JIACTHH U OTPaKIeHHs, a TakKe MPU HaJUUHUH TOPU3OH-
TaJbHOU CBSI3U IJIACTUH C COOPYKEHHEM.

2. YMeHblIeHHe [IJUHbI apMUPYIOIUX miaacTuH ¢ (A no H/2), cBA3aHHBIX
C OoTpaxKieHHeM, ciad0 OTpaxKaeTcsi HA U3MEHEHHUH BeJHYMHbI TOPHU30HTAJb-
HBIX CMELUEHHH OrpaKIeHHusl, HO MPHUBOAUT K YBeJUYEHHIO BHYTPEHHUX YCH-
JUA B HeM.

3. MckyccTBeHHOE yCUIeHUe TPYHTOB OTKOCA CMOCOOOM HHBEKTHPOBAHUS
Ha y4yacTKe MX MPUMBIKAHHS K OTPaKIeHUIO IPUBOJAUT K YMEHBIIEHHIO CMellle-
HUH COOPYKEHHUS] U BHYTPEHHUX yCHUJIUH B HeM. CTeleHb yMEeHbIIEHUS 3TUX
noKasartesjell 3aBUCUT OT CTeleHH YCHJEHHS TPyHTa B OTKOCE U YCJIOBHUH
B3aUMOJEHCTBUS YCUJIEHHOTO MaccHBa ¢ orpaxkieHueM. MUHUMa/bHBIE YCH-
JIUSI B COOPYKEHMH W MHHHMAJbHBIE CMeLIeHHs] OrpaKiAeHUs BO3HHUKAIOT B
cayyae OTCYTCTBHSI CBSI3U MeXKAY YCHJEHHBIM MAacCHUBOM U COOPYKEHHUEM.

4. MOIHOCTb YCHIEHHOH MHbeKTHPOBaHWeM 00,1acTH (o ryOuHe OTKO-
ca) uMeer GOJIbIIOE 3HAYEHHE /ISl YMEHBIIEHHS] CMEIIEHHH COOPYXKEeHHs W
YCUJINU, B HEM BO3HMKAIOLIMX. B MpakTHUeCKOM OTHOLIEHHH Leaecoo0pasHo
YCUJIMBATh IPYHT HA BCIO BBICOTY OTKOCA, MOIEPKHUBAEMOTO OTPaKIEHUEM.
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YIK 697.1.001.5

P. A. HABUPOB, n-p texH. HaykK, npod., O. B. COJIOBbBEBA, 1. A. MUXEEB,
unxkeHepsl, E. B. IEPECBIIIKHUH, kaua. texa. Hayk (Cubupckuii exepainb-
HbIll yHUBepcurer, r. KpacHospck)

HCIIOJIb30BAHHE
BbBICOKOTEIIJIOITIPOBOJHBIX MATEPHAJIOB
JJ14 YJIYYIIEHHUAI TEMIIEPATYPHO-BJIA2KHOCTHbBIX
XAPAKTEPUCTHK HAPY2KHBIX YIJIOB CTEH, YIJIOBbBIX
U PAI0BBIX CTBIKOB CTPOUTEJIbHBIX KOHCTPYKIIUA

[TpencTaBiensl pe3yJbTaTbl UCC/IEeL0BAHUK TeMIIepaTyp Ha BHYTPeHHEeH MOBEPXHOCTH yT-
JIOBBIX YacTel Orpa<JaloliX KOHCTPYKLUHH ¢ IPUMEHEeHHEM MeTa/VIMieCKHX 2JeMeHTOB. Y CTa-
HOBJIEHO, UTO NPUMEHEHHEe BbICOKOTEIJIONPOBOAHLIX a/lIOMHHHEBLIX MJIACTHH fBAsAeTCs SPdek-
TUBHBIM CPEJCTBOM YJ/y4lleHHs TeMIepaTypHO-B/Ia>KHOCTHBIX I0Ka3aTesned HapyKHbIX yIJOB
CT€H, yIJIOBbIX U PSIIOBBIX CTHIKOB KaMEHHBIX CTPOUTE/BHBIX KOHCTPYKIME. Onpesese bl ONTH-
MaJlbHble TeOMeTpUYeCcKHe pa3Mephl MeTalIM4eCKUX MJIACTHH, MO3BOJSIOLIHME TIOBBLICHTD TeMIIe-
paTypy Ha BHYTPeHHeH MOBEePXHOCTH YIJIOB OIPakKAAIOLIMX KOHCTPYKLHMH.

OnbIT 3KCH/yaTallMy 3[aHUH T0Ka3bIBAeT, YTO Y3JIOBble COMPSKEHUS
CTPOUTEJIbHBIX KOHCTPYKUUH, HallpUMep, IPUMbIKaHHe BHYTPEHHUX CTeH, Ie-
peropoioK, IJIUT MepPeKPbITUH, CaHUTAPHO-TeXHHUYEeCKUX KaOWH M T.N. K Ha-
PY2KHBIM OTpaxkIeHHsIM — caMoe ysiI3BUMO€ MeCTO C NO3ULHMM obecredeHHs
CaHUTAPHO-TUTMeHUUeCKUX TpeOOBaHUH, CBSI3aHHBIX C IOHHKEHHEM TeMIlepa-
TYpbl BHYTPEHHEH [T0BePXHOCTH HUXKe TeMIepaTypbl TOUKH pockl. B 3TUX Mec-
Tax dallle BCero HaOJ/ofaeTcs IpOMep3aHue U Kak CJeICTBHE YBJIaXKHEHHeE.
C uespl0 HUCKJIOYEHUS YKA3aHHOTO SIBJEHHS yCTPAUBAIOT AONOJHHUTEJbHYIO
TEeMNJOU30J/ISLHI0 KOHCTPYKLHUH, UTO He BCeraa MPUBOAUT K MOJIOKUTEJBbHOMY
pe3yJsbTaTy, 0COOEHHO NPH YCTPOUCTBE TEMJOU30/ISILHOHHOIO CJ/051 HA BHYT-
peHHel NMOBePXHOCTH CTeH NoMelleHHs. B noc/eqHeM ciydae pesko cokpalia-
eTcs IPUTOK TelJia OT HarpeToro BO3AyXa OMelleHHs K I0BEPXHOCTH yIJIOBO-
ro CThlKa KOHCTPYKUMH M 3HAUUTEJbHO CHUXKaeTCsl TeMIlepaTypa MOBepPXHO-
CTH OrpaxKiieHWsi. DTO MOHHXKEHHEe PaCIPOCTPAHSIeTCS HA MOBEPXHOCTb, He
3allMIIeHHYI0 yTeIJINTesNeM, YTO IPUBONUT K elle OoJiee OTPHULATENBHOMY
pesyJbTaty.

He umes B BUIy KauecTBO CTPOUTEJNbHO-MOHTaXKHbBIX paboT, MOHHKEHHE
TeMIepaTyphbl, B YaCTHOCTH, HA BHYTPEHHUX yIJlax Hapy>KHBIX CTeH, 00yCJI0B-
JIEHO TeOMeTPHUUeCKUMH 0COOeHHOCTSIMM — HEPaBeHCTBOM ILJIOLIAAeH TelJo-
BOCIIPUATHUS U TEIJIOOTAAYM, a TaKKe yMeHbleHHeM Ko3((HUIMeHTa TemJo-
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BOCIIPUSITUS BCJEACTBHE yMEHbILIEHHUS Mepelaud Telsa U3JydeHHeM H B pe-
3y/bTaTe MOHUKEHHS WHTEHCHBHOCTH KOHBEKLHOHHBIX MOTOKOB BO3IYyXa.

BennuuHa noHM:KEHUS] TeMIepaTypbl B HapY:KHOM YIJIy CTEHBI 110 JAaH-
HeiM [ 1] 3aBHCHT OT hOPMBI KOHCTPYKLMH yIJid, BEJTMYUHBI TEPMHUUECKOTO CO-
MIPOTHBJIEHUS] CTEHbI, PA3HOCTU TeMIepaTyp BHYTPEHHEro U HapPYKHOTO BO3-
IyXa, U3MeHEHHs BeJUYMHBl CONMPOTHUBJEHHUS TEIJOBOCIPUSITHS.

Asrop [1] oTmMeuaer, 4TO B CJIOMCTBIX KPYHOMNAHEbHbIX CTEHAX HA BEJIH-
YUHY TeMIepaTypbl B YIJIOBOM CThIKE KOHCTPYKLUHH OyIeT 0Ka3blBaTh BJAUSHHE
TOJILIMHA BHYTPEeHHero GeTOHHOro c¢jiosl naHesel. YeM GoJibliie ero TOJIIMHA,
TeM Bblllle OYIeT TeMIlepaTypa BCJeACTBHE MHTEHCHBHOTO MOABOMA Tera Oe-
TOHHBIM CJIOEM OT TIJIaAW CTeHBl K HapyxKHoMy cjoto. Ha ocHoBanuu pacueToB
BHYTpPEHHeH TEeIVIOU3OJISILMK JleJ1aeTCsl BbIBOJ, UTO «yTeIlleHHe 6oJjiee TerIo-
MIPOBOJHBIMU JIPEBECHO-BOJOKHUCTBIMU TJIMTAMH 0Ka3a/Jo0Ch 3HAUMTENbHO (-
(peKTHBHee, YeM MaJOTerIONPOBOAHBIM MeHOMoMUCTUponomM» [1, c. 174].

W3yuasi BiusiHUE KOHCTPYKTHUBHBIX (paKTOPOB HA TeMIlepaTypHO-BIAKHO-
CTHBIH PEXKUM Y3JI0BbIX COMPSKEHUH fepeBAHHBIX (ILUTOBBIX) JOMOB, aBTOPBI
[2] ycTanoBMAHM, UTO ¢ yBENMUEHHEM TENJIONPOBOAHOCTH BHYTPEHHEH OOIIMB-
xu ot 0,116 10 0,29 Br/(m-°C) Temnepatypa B yr/y CTeHbI OBbIIAETCA Ha
0,7-1,0°C. dtot 3hheKT aBTOPbl 0OBSCHSAIOT BEIPABHUBAHUEM TeMIIEPATYphl
TIOBEPXHOCTH B pe3yJsbTaTe 60Jee MHTEHCHUBHOIO MOJABOJA TelJa OT IVIafx Ma-
HeJIM K YIJIy 110 TeJOoNpoBOAHON obwuBKe. s NpakTHUeCKOro IpUMeHeHH s
YCTaHOBJIEHHOTO 3(deKTa aBTOpaMHU Npej/iaraeTcs yCcTaHOBKA BBICOKOTEIJIO-
MIPOBOJIHBIX MJIACTHH, HAIPUMep, U3 aTIOMUHUS WK OLMHKOBAHHOTO KeJse3a B
yrJax 3JaHUuH ¢ BHYTPeHHEH CTOPOHBI. DJIeMeHTbl yTelJeHUs B BUJE allOMHU-
HueBbIX muacTud wupuHod 0,1-0,15 M u Tommmuoi 0,1-107%-0,1-10"% M
obecrevyuny MOBBILIEHHE TeMIepaTypel B yray ¢ 2,2 no 9,7°C.

10. A. Ta6yumwmkos, JI. FO. Xpowmen, FO. A. Matpocos [3] nposenu cre-
[Ma/bHble pacyeThl, B KOTOPBIX MepeMEHHbIMH (haKTOpaMH OBbLIM MaTepuast
MeTa/lJIM4YeCKUX 3J1eMEHTOB, UX pasMepbl U MeCTOINOJIOKEHHE OTHOCUTENbHO
BHyTpeHHel oOWMBKU. PacueTbl npoBeleHBl [/51 MOCTOSIHHBIX TeMIEpaTyp
sHyTpenHero (+18°C) u mapyxuoro (—=30°C) Bosayxa npu Kos(pdHUIHMeHTax
Terioo6MeHa BHYTPeHHEH U Hapy»KHOHU MOBEPXHOCTH COOTBETCTBEHHO 8,7 U
23 Br/(m2-°C). TemnonposoaHocTs Matepuanos, Br/(m-°C): npesecuHsl
0,175; npeBecHO0-BOJIOKHUCTBIX MJUT 0,107; OLMHKOBAaHHOU cTau 46; anomMu-
HueBoro criasa 185. Pesynbrathl pacyertoB mpencrtasienbl B Taba. 1 [3].

Ta6auma 1
Pe3yabTaThl pacuera TeMmepatyp Ha BHYTPEHHEW NMOBEPXHOCTH yria
B 3aBHCHMOCTH OT PacCIOJIOKEHHS U reOMeTPUYECKHX pa3MepoB
MeTaJJINYEeCKUX IJTEMEHTOB

TonuwHa U wupH- Temmnepatypa
HOMep MaTepI/IaJI MeTaJJJIM4eCKHUX 3JIEMEHTOB U HUX o
Ha MeTaJ/nIM4eCKUxX BHyTpeHHeI/I
SKCIepHMeHTa MECTOIIOJIO2KEHUEe Ha MaHeJJu o
3JIEMEeHTOB, MM IMMOBEPXHOCTH yTJIa, C
1 JlopaTIoMMHUE Ha BHYTPeHHEH IOBepX- 0,1x100 10,5
HOCTH OOIIMBKHU
2 JllopaJIOMUHUE TI0J, BHYTPEHHEH OOLIMB- 0,1x100 8,0
KOH
3 JlopaTIOMMHUE Ha BHYTPeHHEH IOBepX- 0,1x150 11,4
HOCTH OOIIMBKHU
To xe 0,5% 100 11,2
OL[I/IHKOBilHHoe JKeJsle30 I0Jl BHYTPEHHEH 0,6 x 100 10,2
O0OLIUBKOH
6 OUMHKOBaHHOE »KeJe30 Ha BHYTpPeHHeH 0,6x 100 9,6
MOBEPXHOCTH OOLIMBKH
7 To xe 1,0x100 9,4
bes Mera/minueckux 3JeMeHTOB — 6,1
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Tabnuuma 2

PakTopbl BapbUPOBAHUSA IS
HCCJIeI0BaHNS MaTeMaTHYEeCKOU MOIENH

3Hauenue (axkTopa

BapbUPOBAHUS
dakrop
BapbMPOBAHUS YPOBHH BapbHPOBAHHUS
-1 0 1
Tomumna x1, Mm 5 7 9
[nybuna x2, MM 0 2 4
[lupuHa x3, MM 40 80 120
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Takum o6Gpasom, ycTaHOBJIEHA
TNPUHLMIHANBHAS BO3MOXKHOCTb T1OBBI-
IIEHUs] TeMIepaTypbl MyTeM HCIOJb-
30BaHHUSl TEIJIONPOBOAHBIX MaTepHua-
JIOB C BHYTPEHHEH CTOPOHBI YTJIOBBIX
CONPSI’)KEHUH CTPOUTEJbHBIX KOHCT-
pykunit. C uesbio 3¢pGeKTUBHOrO MpH-
MEeHEeHHsI 9TOr0 Crocoba AJIst pelieHnst
aKTyaJbHbIX P0OJEM B COBPEMEHHOM
JIOMOCTPOEHHH MPOBENEHbl ClelHalb-
Hble pacyetbl. [losyueHa matemMaTHye-

Bl 10,5066
B 105
B 104
= 10,3
110,22
1 10,1
=1 10

B 90

Puc. 1. VlsmeHeHre TeMmIepaTypbl B YIJIOBOM CTblKe KHPIMYHOM KJIAAKHA TOJILIMHON
640 MM B 3aBHCHMOCTH OT IMyOMHBI 3ameqku (a) u 6e3 samenku (6) amOMHHHEBOH
IJIACTUHBl WUPHHOH 120 MM



CKasi MOJeJib U3MEeHEHHSs TeMIepaTypsl B yIJ1y KHPIUUHOHN KJIaIKH TOJIIHHOH
640 MM 115 KIUMaTHUECKUX YCA0BUU T'. KpacHOsipcka B 3aBUCUMOCTH OT TJIy-
OWHBI 3a[1eJIKH B MaTepuas CTEHOBOTO OTPaKIeHHs aJOMUHUEBOH TJ1aCTHHKH
(x1), ee Tomuunbl (x2) W wupunsl (x3):

T(x1, x2, x3) = 9,4 + 0,0167-x1 + 0,083-x12-0,23-x2 + 0,03-x22 +
+ 0,767-x3 — 0,083-x3%2 + 0,0167 -x1-x2.

3HaueHUs1 (PaKTOPOB BapbUPOBAHHUS TpelNCTaB/JeHbl B TabJ1. 2.

YcTaHoBIEHO, UTO TIPUMEHeHHe MeTaJNTHUeCKOH TJIACTHHBI MTOBBIIIAET TeM-
mepaTypy B YIVIOBBIX COMPSKEHUSX KHUPIMUYHOU KJIANKH U YBEJHUHBAET €e
cpentee 3Hauenue ¢ 7,0 1o 9,4°C. AHa/iu3 MaTeMaTHUECKOH MOJE/H 110 BeJu-
YrHe 3HAUUMBbIX MTOCTOSIHHBIX KO3()(HUIIMEHTOB M03BOJISIET KOHCTATHPOBATD, UTO
HanGoJiblilee 3HAUEHHe Ha IMOBBILIEHHe TeMIepaTypbl OKa3blBaeT LIMPUHA Ta-
cTuHbl. HekoTopoMy MOBBILIEHHIO TeMIepaTypbl CIOCOOCTBYET M YBeJHUEHHEe
ee TOJIILMHEI, a 3afle/IKa aJFOMUHHEBOH MJIACTHHBI B MaTepHaJsl OrpakKieHHus He-
esecoo0pasHa, Tak Kak 3TO MPUBOIUT K CYLIeCTBEHHOMY CHHKEHUIO BBIXOIHO-
ro napamerpa. Ha puc. 1, a npencrasseH rpaguk 3aBUCUMOCTH TEMIIEPATYPhI B
YIJIOBOM CTBHIKE OT TOJIIMHBI U TJIYOWHBI 3aIeIKK aTIOMUHUEBOH TJIACTUHKH, a
Ha puc. 1, 6 — OT ee LIMPHUHBI ¥ TOJILIUHBL.

Xopo1Io BUAHO, YTO MaKCHUMaJbHOTO 3HAUEHHS TEMIIePATYPhl MOXKHO J10C-
THYb MMHHMaJbHOH TOJIMHOMN 3aje]Ku (MM ee OTCYTCTBHEM) M yBeJHYEHH-
eM ee ToJsLuHbL. OIHAKO YBeJHUEHHE TOJILHHBI IOUTH B 2 pa3a He TIPUBOAUT
K 3aMETHOMY YyBEJHUYEHHUIO TEMIEepPaTypbl U CTAHOBUTCS SKOHOMHUYECKH He-
Lesecoobpa3HbiM. DBoJjiee paunoHa/bHBIM C TeXHUUECKOH U 3KOHOMMUYECKOH

TOYKU 3pEHUSI SIBJSETCS NPH- 250

MeHeHHe TOHKHMX W ILUHPOKHUX

aJIIOMUHHEBbIX MJIACTHH. 200 »
Ha puc. 2 npencraBnen 2 [

rpauk 3aBUCHMOCTU TeMIle- §150

paTypbl OT LIMPWUHBI MJIACTH- 5 /

Hbl 1pu ee TosmuHe 0,06 mm. 5100

HerpynHo 3ameTuTsh, uTO yBe- 50 /

JIM4eHHe ee IIMPUHBI OoJjee

50 MM He NpPUBOAMT K Cylle- 0 ' : ' ' ' ' '

CTBEHHOMY YBEJIMUEHHUIO TeM- 7 72 74 76 78 8 82 84 86

nepaTtypbl B YIJIOBOM CTbIKe TeMnepaTyp&oC

KAPIMYHON  RAANKA  TOMHA-  p e 9 Biusupe wnpuHbl 11aCTHHB Ha NOBBILIEHHE TeM-
HoM 640 mMM. TnepaTypbl B YIJIOBOM CTbIKe KHPIHUYHOH K/1aaxku 640 mMm
[IpumeHeHMe BBICOKOTE-

IJIONPOBOAHBIX a/JJIOMUHHUEBLIX TIJIACTUH ABJACTCH 3(1)(1)6KTI/IBHI)IM CpeacTtsoMm
yJAydlleHHd TeMIepaTypPHO-BJAAKHOCTHOT'O pexXKWMa HapyzKHbIX YTIJIOB CTEH,
YTJIOBBIX U PAOOBBIX CTbIKOB KaAMEHHbBIX CTPOUTEJ/IbHBIX KOHCprKHI/If/’I. Hx ToJ-
HIMHA MO2KE€T COCTaBJATb AE€CATbie NOJHM MHJ/AJIHUMETpa, a IIMPUHA HE IPEBbI-
mwatb 80 MM.

CIIMCOK JIMTEPATYPBI

1. ®oxun K. ®. CrpoutesnbHas TenIoTexXHHKa orpaxkiaoiux yacreil spauuii /K. ®. Po-
kuH.— Msn. 4-e, nepepa6. u non.— M.: Crporinsnar, 1973.— 287 c.

2.Tpysnesa JI. B. BrusiHue KOHCTPYKTHBHBIX (JaKTOPOB Ha TeMIIEPATYPHO-BJIAXKHOCTHBIH
peXXKMM Y3JIOBBIX COTpPSKeHHH nepeBsHHbX aomos/JI. B. Ipysgesa, I1. IT1. Llermos,
0. A. Matpocos/ / JlepeBoo6pabathiBaioiasi NpoOMbIILIEHHOCTb. — 1983.— Ne 8.

3. Ta6ynmuxos 0. A. TensioBast 3aumra OrpaXk AKX KOHCTPYKUKH 30aHHH U COOPY-
xenuit /10, A. Tabynmwmkos, JI. 0. Xpomen, 10. A. Marpocos.— M.: Crpoiiusaar,
1986.— 380 c.
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A. H. XAPXAPJIUH, a-p TexH. HayK, npod. (Bearopoackuit rocyaapCcTBEeHHBIM
TEXHOJOTNYECKHI YHUBEPCHUTET)

PPAKTAJIbBHAY PASBMEPHOCTDb ITUCKPETHBIX CUCTEM

[IprBoaUTCS BBIBOA ypaBHEHUH 1Jis1 pacueTa (ppakTalbHOH pa3sMEpPHOCTH AUCIIEPCHBIX U
MOPUCTBIX MATEPHANIOB CO CIYYaHHOH YNAKOBKOU 3J€MEHTOB CTPYKTYpbl (UacTHILL MM MOp) B
CMeCeBbIX COCTaBaX M B CHCTEMaX MOCJEI0BATENBHOrO BAOXKeHUs ((puabTpanuu).

K muckpeTHbIM GyieM OTHOCHTb CUCTEMBI, B KOTOPBIX TBepaasi, XKUAKAs
WM Ta3oBasi (pasa NMCKPETHO pacrpeseseHa ciydyaiHo (IPOM3BOJIBHO) WJIH
cuctemaTudyecky (perynsipHo) B APYrodl MHOH WJIM OJHOMMEHHOH (ase.

EcTb 060BbeKThHl, KOTOpble 00/1a1aI0T HEOOBIUHBIMU IeOMeTPUUECKUMH HJH
TOTIOJIOTUYECKUM CBOWCTBAMH — KAHTOPOBOU CTPYKTYpPOH, MOBTOPSIOLIEN
ce0s1 Ha MeHbILIKMX MacwTabax. Bo MHOrMX (hr3UMUeCKUX, TeXHOJNOTMUECKHX U
IpPYTHX TpoLeccax, eCTeCTBEHHO CO3AaHHbIX UM UCKYCCTBEHHO CO3[1aBaeMbIX
MaTepuasoB U U3LeNnH, (OPMUPOBAHHE CTPYKTYPbl 00beKTa CKJaablBAETCS
aBTOMO/IEJIBHO MO CaMOMNOA00OHIO B BU/Ie CUCTEM Pa3/JIUYHOTO YPOBHS MOCJ/E10-
BaTeJbHOTO BXOXK/AEHHUS U MOBTOPEHUS ee B MeHbLIMX MacliTabax. Beixon Ha
aBTOMOJIe/IbHOE pellleHHe O3HayaeT yMeHbIleHHe YHUcaa cTerneHed cBo6oabl U
BblJeJIeHHe HEeCKOJbKHX OCHOBHBIX MapaMeTpPOB, K KOTOPbIM MOACTPAUBAIOTCS
BCe ocTasbHble. ECTh HEKOTOpOE MpeaebHOe KOMUYECTBO CTPYKTYP, OoJblie
KOTOPOTO MOJYYUTb B JAHHOU Cpelle HEBO3MOXKHO, YeM Te, KOTOpbIe COryacy-
I0TCSl C ee BHYTPEHHHUMM CBOHCTBaMH. Takue CHCTEMBl B OTJHMYHE OT 3BKJHU-
JIOBOH pa3MepHOCTH UMeIT IPOOHYI0 — (paKkTalbHYI0 pa3MepHOCTb U Ha3bl-
BalTCs (PpakTasbHbIMA. K UHC/Iy TaKMX CHCTEM OTHOCATCS HCKYCCTBEHHO
nopOupaemMble COCTABBI 3AMOJNHUTEJST U HATIOJHUTEJS C IPEPBIBHON HJIH TIpe-
PBIBUCTON TIpaHyJOMeTpUed A/is MOJyYeHHs KOMIO3UTOB CIEeLHaJbHOr0 Ha-
3HaueHUs: OETOHOB, ac(asbTo- U MOJUMEePOETOHOB, MOPOLIKOBBIX MeTa/anye-
CKHX [IPeCC-KOMITO3UTOB U CIIJIaBOB, MeTAIJIOKOMIIO3UTOB, 3/J1€KTPOINPOBOIHBIX
U caMOCMasblBalOIIMXCS MaTepuasoB U ap. [Ipexae Bcero K ppakrasbHOH OT-
HOCSITCS 3€PHOBble COCTaBbl (PUJIBTPALMOHHON YMAKOBKW M KOMIIO3UThHI C HX
UCIIO/Ib30BAHUEM, a TaKXkKe TOPU30BaHHBIE MaTepPHAJIbl, €CJH MoA60P UX (hpakK-
LUH 110 pa3Mepy YacTHLL UM NT0P B Mpollecce OPU3aLUH BECTH MO ONpefieeH-
HOMY 3aKOHY aBTOMOJIE/JIbHOTO CaMonoao0usi. BolcOKOHAMOMHEHHbBIE KOMITO3H-
TBI TOJIy4alOT MyTeM (popMOBaHHUS U3ae ud B popmax. [TosmocTs popmMbl cHaya-
Jla 3aroJIHAI0T KPYMHOHM (pakuued 3amoJHUTeNs, a 3aTeM MOoCc/aefylollre
MeJikue (ppakUuy TpoUIbTPOBBIBAIOT BUOpaliel B CBOOOAHBIN 00beM uepe3
MPOCBETHl MEXKAY 3€pPHAMU KPYMHOU (PPaKIHHU C MOCAEAYIOIeH MTHEBMOBAKY-
YMHOH WJIM CBOOOAHOH MPOMUTKOM 3aMOJHUTENS KUAKONA (pa30d — OCHOBOH.
Takue cocTaBbl MOC/EI0BATEILHOTO BJIOXKEHHs 0e3 pasiBHkKKH 3epeH (dac-
THIL) 06Jafal0T (PAKTANBHOCTBIO.

Pacnpenenenne yacTul nmo cpegHUM pa3Mepam BO (PpakTalbHBIX COCTa-
Bax (PUJIbTPALMOHHOH YIaKOBKH, KaK U B CMeCSX BBICOKOIJIOTHBIX COCTABOB, a
TakKKe 110P B MIOPU30BAHHBIX MaTepHanax MOXKHO ONHcaTh 00LIeH 3aKOHOMep-
HOCTBIO CJYYaHHOTO UX paclpesiesieHusi, CUCTeMaTH3UPOBAHHBIX 10 KJaccaM
NPePbIBHOCTH /51 BBINOJHEHUS] MPUHLMUIA aBTOMOJAEJNbHOTO CaMOMOA00US:

d, /d(z)=[1/10n,(\/3 =17 |"/3 =(0,2549 / m,)"™"/2,

rie p = 0—15: nng TpexMepHOro MpocTpaHCTBa p = 3;

d, — pa3Mep n-iU (ppakuuy;

d;, — pasMep MakCHMaJbHOHU (DpaKLHH;

n — HOMep oyepedHOH (pakuuu J160 pa3Mepa Mop B NOPU30BAHHOM MaTe-
puarne;
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m — KJIaCcC CHUCTEMBI paclpesie/ieHus 3epeH Ju00 Mop Mo pa3Mepam, ompese-
JISIOLLME NTPePBIBUCTOCTb UX TPaHyJ/JOMeTPUH, IpH 3ToM m = 1+12: nasa dpak-
TaJbHBIX COCTABOB IOCJIE0OBATENBHOTO MOJNOXKEHUS m = 6+12;
N, — IJIOTHOCTb YMAKOBKH MOHOIHUCIIEPCHBIX WIEHTHYHBIX MOpP, Pa3/JHUaoT
MakcuManbHyo (Teopernueckymo) 1, =1/ (/3 —1)¢ =0,64976; niotHyIo ToMIO-
noruyeckyto (Hauboabiiywo) — 1, = 0,64029, cpennioro — 1, =0,63716, Hau-
menblnyto — 1; =0,63405 u poixayio — 1, =0,60377.

[TomumopHasa (opma pacnpenesneHuss A NOJIMIAMCIEPCHBIX cdep B
TPeXMepHOM MpocTpaHcTBe mpH 1, =0,64976 umeer Bux d, /d, =(+/3-1)".

[TokaxeM, uto ppakTanbHast pa3aMepHOCTb [ KaxKI0W CUCTEMBI Kjacca m
pacrpeesieHUs OP B TOPU30BAHHOM TeJie TIPH 7 >> | CTPeMHUTCS K BEJUUHHE
D = 2. ®pakranbHyl0 pa3MepHOCTb BBIUKCIUM 110 hopmyse Xaycnopha—be-
sukoBuya: D = In N/In(1/A,), uro unentuuro D = In P/In(1/z), rne P —
YacTb KPYMHBIX 110P, TPUXOASAIIMXCS HA OfMH MOPSNOK aBTOMOJENBHOTO CaMo-
noao6ust B Ux pasmeutenuy; 1 /P = zP, rae z — oTHOLIeHHe reoMeTpPUIeCKUX
pasMepoB MM 00BEMOB IBYX CMEXKHBIX IO pa3Mepy TOp B CUCTeMe KJacca m;
N — uKCJI0 3/1eMEHTOB, Ha KOTOPOe NeJIUTCS MePBOHAYaNbHbIH (e IHHUUHBIH
o6beM) Tesa; A, — pasmep eaumHuuHOro anementa: N= (1/A4;)P.

W3 oTHOIIEHHS pa3MepoB ABYX CMeXKHbIX YaCTHL WK T10P MOJYUYHUM:

z=d,/d,  =[10-m,3-1°]"/3;

P=(d,/d, )1/2%)=[10-m,3 -1D*]">.[10-1n,(3 -1)3]" =
=[10-1,(\/3 =1)*]>/3;

D=1In P/ln(l/2)=111{[10'111(\/5—1)3]2m/3}/1n{[10-n1(J§—1)3]’”/3} _
={§-mln [10'111(\@—1)3]}/ {;-mln [10-n1(\/§—l)3]} =2.

Hatinem BbipaxkeHue misi GppakTaibHOH Pa3MepPHOCTH AUcrepcHbX (3ep-
HHCTBIX) MaTepuajoB M MOPHU3YEMBIX MacC B CHCTEMaXx MOC/el0BATENbHOr0
BJIOXKEHHS, TJe MJIOTHOCTb YMAaKOBKH 3JEMEHTOB CTPYKTyphl (4acThu uiu
Mop) OmpenessieTcsl BbIpAaXKEHHEM BHIA:

Gp =0Cp1 +(1_Gn—1) 'W(m) :l_en—l +&€, 'W(m) zl_sn—l '(I_W(m))'

Jns 3apanHoro yucaa Gpakuui n pacnpeneseHns chepruiecKrux 4acTHUIL
aubo TMop 1Mo pa3MepaM KJjgacca m TpU € =€, =...§;,a N; =1—¢, =const
MOJTYUYUM

c,=l-g,-(l-y™)" u M=1-¢ -(1—y™)",

re 6, v [] — NJI0THOCTD YIIaKOBKU YaCTHIL ¥ TIOPUCTOCTb TOPU30BAHHOH MaCChl;
€, — oObeMHas 10/ TBePAOH MOHOJIMTHOH Mopu3yeMol macchl, €, =1—11;,
Il — ee ucxomHast nopucrocth, [1; > 0;

€, — MYCTOTHOCTb UCXOTHOU KPYMHOH (ppaKkLMU 3ePHUCTOTO MaTepHasna, Mmoji-
Jiexallled 3ano/HeHHI0 B Hel MyCTOT BJIOXKEHHeM YacTHLL M0CJaef0BaTebHO
MeHblIero pazmepa. s HCXOMHBIX MacC U CHCTEM TOCJeI0BATETbHOTO BJIO-
)Keuus npu €, =1 u [1; =0 BBIMOJHSAIOTCS PaBEHCTBA:

l-o, :81(1—W(m))n " I—HZ(I—W(m))n,

BeipaxkeHus pjst w("‘) npuBesieHbl HHKe B Tab.1. 2. [Ipuparienue niaoTHo-
CTH YNAKOBKH YACTHUL ¥ TIOPUCTOCTH MTOPU3YEMOH MacChl — MapameTpa CTPYyK-
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TYpBl /5 KaXKAOTO KJacca CUCTeM MX paclpefeseHHUs MO padmepam OyayT
paBHBIL:

Ac=g,(1-y")" u AIT=(1—y"™)".
Tak kak P=Ac, /(Ac,  -2°) u P=All, /(All, | -2%), 1o
(1 — M) yn
po v Ly o) fion, (3 - D)
81‘(1_wm))n— Py
o Inf-y™)lion, - (B -D*))
In{10m, - (+/3 =1)*]"/3}
I/IS 3TOTO Bpra)KeHI/IH I'IOJ'IyLII/IM
g (m)

D=31+ In(1—y™) . (1)

m-1n[10n, - (/3 —=1)3]

Jl1s 3ananHOro yMcesa ppakuUid 1 37eMeHTOB CTPYKTYpPbl B CUCTEMe II0-
CJIeIOBATE/ILHOTO WX BJIOXKeHHs BhipaxkeHHe (1) MOXHO 3amucath B BHie

oy aln(—y™) ]
D=3 LHWB%MJ' (2)

[lepexonst K oOlLIed MJIOTHOCTH YMAKOBKH YacTHL O, MOJUIUCIIEPCHON
CMeCH U MOPUCTOCTH /] MOPU30BAHHOTO TeJsa /IS LMPOKOro HHTepBaJsa 3Haye-
uuil 0 < g < 1, ypasuenue (2) MOXHO 3amucaTb B BUIE

B r Inc, —|
b=3 Ll T (3,923n1)J’ )
D:3.r1+M—| (4)

m -1n(3,923n1)J’

e 1, — IJIOTHOCTb YMAaKOBKU YacTHIL, JUOO 00beMHasi 10Js1 0P B TOPHU30-
BAHHOM TeJie MpeBajdupyollero cpeadero pasmepa, 0,4098 < n; < 0,64976;
ISl 3€PHUCTBIX, AUCIEPCHBIX U TOHKOMUCIEPCHbIX MaTepHaoB 0,545 <1, <
<0,65; 0,45 <, <0,545; 0,4098 <M, < 0,45; 115 TYeUCTHIX OETOHOB U Ha-
noJiHeHHBIX KoMmo3uToB 0,4098 <1, <0,507; 0,507 <1, <0,545. B Tsaxenbix
6eTOHax MJIOTHOCTb YIIAaKOBKH HauboJ/iee KPYIHBIX 3epeH 00bIUHO HAXOMUTCS B
npenenax 0,45 <m; <0,55, rne M, , = 0,5, pacyeTHoe 3Hauenue M, ., = 0,505.
Tax kax uucauTesnb B BhipaxkeHusix (1—4) WMeeT oTpuuaTe/bHOE 3HAYEHHE
(smak MuHyC), a 3HaMeHaTe b GoJblie Hyas, To D < 3. Beipaxkenus (3) u (4)
WIEHTHYHbI BRIPaXKeHHIo (2) 1o mosyyaeMbiM pe3y/ibTaTaM B CHCTEMAXx I0CJe-

JOBaTeJbHOTO BJIOXKeHHs. B mMosyueHHBIX BbIle BbIPa)KEHUSIX TOKa3aTeJb
1/ m-1n(3,923n,) yuuTbiBaeT BAMSHHE MJIOTHOCTH yMAKOBKM MCXOHBIX 3Jie-

MEHTOB CTPYKTYPBI U KJIACC /M CHUCTEM paclipelesieHHs B TPEXMEePHOM TOIMO-
JIOTHYEeCKOM MPOCTPAHCTBE, 00pa3yeMOoro rpaBUTALMOHHBIM TOJEeM 3€MHOTO
NPUTSKEeHUs. B yCl0BUSIX paBHOBECHS 3JEKTPOCTATUYECKUX CHJ OTTAJTKHBA-
HUSI MOHOIMCIIEPCHBIX UYACTHI ¥ TPABUTALHMOHHOTO HUX YIJIOTHEHHS B CJI0O€
Ne £1/10(/3 =1)3 < 02549, a npu OTCYTCTBHM TPABHTALMOHHONO YILIOT-
HEHUS YaCTUIL U3 OTHOLIEHUsS COOCTBEHHOTO 06beMa OJHOU YaCTHULbl K TOJ-
HOMY HEeLOCTYMHOMY 00beMy AHaMEeTPOM, PaBHBIM [IBYM AMaMeTpaM KOH-
TaKTUPyeMbIX 4acTul, M.=1/4=025. U3 paBeHcTBa BbIpaxKeHHUH

g/10(3 =13 =c/4 npn ¢ =10 m/c? — mokasaTeib PasMEpHOCTH, MOJIY-
104



YUM yCcpelHEeHHOe 3HAaUyeHHe 10 BCeH MOBEPXHOCTHU IIapa YCKOPEHHs CBOOOI-
Horo mnanenus ten g =9,8076 m/c?. U3 paseHcTBa BbIpakeHHH BHMA
10(\/§—1)3 =4cll/”, roe n = 0+3, nonyunM Ko3(PULHEHTH B3aWUMOJIEHUCTBHUS

C, = 0,980762; 0,961894; 0,9433385, a 1 /C, = 1,06; 1,04; 1,02. Kosppuuu-
eHTbl C; BXOIAT B pacyeTHble (OPMYJbl MIOTHOCTH HEKOTOPHIX IBTEKTHUE-
CKHX CIJIaBOB, a BeJUuuHBl 1 / C| ABIAIOTCS ONTUMAIbHBIMU KO3 (QHULMEeHTa-
MH pa3beAUHEHHUs YaCTHL B BBICOKOMJOTHBIX MOJUIUCIEPCHBIX COCTABaX.

B yactHoM cayuae (m  12) Boipaxkenus ans ppakTaabHOH Pa3MePHOCTH
MOHOJMCIIEPCHOrO /1051 B KOHTeHHepe, a TakxkKe [JIs MOJUAUCIePCHBIX COCTa-
BOB U NIOPU30BAaHHBIX MaTepHUasoB, Kak, HallpUMep, IeHO- U ra300eTOHOB, Ile
SIBHO BBIAEJSIIOTCS] KPYIIHBIE TOPbI, @ B MEXKIOPOBBIX MEPErOpoIKaX MUKPOIO-
pbl C KJIAacCOM HUX pacrpejejeHus m 12, uMeloT BUI:

D=3[1+0,0891nc,]; (5)
D=3[1+0,091n(1-7)]. (6)

Koadpduuuenter 0,089 u 0,09 mosyuaioT npu noacTaHoBKe B 3HAMeHATeJb
ypasHenu# (3; 4) m = 12 = const, Tak Kak ¢ yMeHbIIEHHEM pasMepa MeJKHX
gacTHL Kjaacca m 12 MIOTHOCTh X YIAKOBKU B MyCTOTAX MeXKIY KPYTTHBIMU
He 3aBUCHUT OT KJlacca U pasMepa U paBHA MJIOTHOCTH CAYyUYalHOH UX YMAKOBKH
JIUO0 TIOTHOCTH PETYJISPHOU YKJIATKA B KOHTeHHepe ¢ GOJbILION BMECTHUMO-
cteio: 1/(12-0,9357) = 0,089, a taxxe npu 1, =0,64976 — naa caa6os3au-

MopercTByommx U 1; < 0,64029 — 17151 HeB3aUMOJEUCTBYIOLIUX 3JE€MEHTOB

CTPYKTYpbl MaTepuanos. Buipaxenust (5) u (6) MoxHO samucatb B 006lieM

BUJIE!

D=D, |14 -0 | %)
m-1n(3,9231;)

rie D, — pa3MepHOCTb €BKJIHIOBA TPOCTPAHCTBA;

@, — TomosiorMyecKUi napaMeTp CTPYKTYypbl — 0611asi o6beMHas 10Js dJe-

MEHTOB CTPYKTYpbI (IyCTOT JIMGO 1MOpP) AUCTIEPCHBIX UM MOPUCTHIX MaTepHa-

JIOB, a TAK)K€ aTOMOB UJIM HOHOB B 3apOJbllIe00pa3yIoIIMXCsl MUKPO- UM MaK-

podacTHlax chepruyeckKou (Popmbl;

N — HauboJblIast OTEeHIHAIbHO BO3MOXKHAS MJIOTHOCTh YIIAKOBKH MOHOJHMC-

MEPCHBIX 3/1EMEHTOB CTPYKTYPBI: AJIs1 CAy4alHOH (MPOM3BOJIBHOM) YIAaKOBKH

HeB3aMMOIEHCTBYIOIMX 31eMeHToB 1, < 0,6403, mis cuctematuyeckux (pe-

IYJSPHBIX) YKJAAIOK B3aMMOAEHCTBYIOIIMX 3JE€MEHTOB CTPYKTYphl (aTOMOB

uiau noHos) 0,64976 <1, < 0,7405.

Pesysbrathl pacuera D (7) mpum, = 0,64976, m = 121 0,1 < ®_ < 1 aas
TIOPUCTBIX MaTepuasoB npuBefeHbl B Ta6s. 1. C yMeHblIeHHEM MOPUCTOCTH
TIOPU30BAHHOTO TeJIa, ero (hpaKkTasbHast pa3MepPHOCTD TOBBILIAETCS, a C YBeJIH-
YeHHeM OHa CTPeMHTCS K BesquuuHe D = 2 ¥ HaxoauTcs B npefenax 2 < D < 3.
Pesysbrathl pacuera no popmyse (7) uiu (5, 6) xopoio oTpaxaoT 06y

Ta6numa 1
PpakranpHasi pa3MePHOCTh MOPHUCTBIX MATEPUAIOB

[Topucmocmo, 06vemHas dors

0,1 | 0,2 | 03 | 0.4 | 05 | 0,6 | 0,7 | 08 | 0,9 |0,9764|0,9964

Dpakmanrvran pasmeprocmo
1,98% | 1,96* | 1,94* | 1,91* | 1,88* | 1,83* | 1,79* | 1,71* | 1,69* | 1,5% ~1*
2,97%% 1 2,94%% | 2 9%* |2 86** | 2 81** | 2, 76%* | 2,68** | 2, 57%* | 2,38** | 2%* -

* Ilpu D, =2; ** npu D, = 3.
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3aKOHOMEpPHOCTb M3MeHeHHUsl (paKTaJbHOH pa3MepHOCTH C H3MeHeHHeM
MOPHUCTOCTH JHUOO MYyCTOTHOCTH COOTBETCTBEHHO MOPHUCTHIX U JAUCIIEPCHBIX
MaTepuasoB.

JlonycTuM, 4TO 3HaMeHartesb Bhipaxkenus (7) He saBucutr ot 1, (N, =
= 0,64976 — const), Torna us Beipaxenus (5) npu m = 12 u o ; = 0,4098...
...0,569497, rne o, = (0,640289,/0,64976)-0,640289 = 0,59497, monyuum
D = 2,7579...2,7587. Jlonyckasi 3Ty 3aBUCHMOCTb W3 BbipaxkeHus (7) mpu
m=12, n; = 0,7405 — HaumnioTHeHIIasi MJOTHOCTb YKJAAKK aTOMOB H
&, =0,6400-0,6403 — nHaubosbluasg MJOTHOCTb CJAYYAWHOW YMAKOBKH He-
B3aUMOJIEUCTBYIOIIMX 3JEMEHTOB CTPYKTYpbl, moaydum D = 2,7605...2,7603.
BennunHol pakranbHol pazMepHocTH D = 2,76 XapaKTepU3ylTCs CTPYKTY-
pbl 3apofbilieo6pa3oBaHusl, HaNpUMep, IPH BO3HUKHOBEHHH KPUCTAJIHUTOB B
MeTaJsax v r1o6y.1 B nonuMmepax. Toraa kak npu @, > 0,64976 — nnsa cnado-
B3aMMOJIEHCTBYIOLIMX 3/1€MEHTOB CTPYKTYPbl CO CIYYaHHON YIaKOBKOH U3 BBbI-
paxenus (7) mosyuum D = 2,754, DTu pacueThl yKasblBalOT Ha TO, YTO B yC-
JIOBHSIX Meperpesa (Bbillle TeMIePaTypbl KPUCTAIU3ALMH) (BJIYKTYaLMH TII0T-
HOCTH KPHUCTA/IU3YIOLUIMXCS BEIIECTB SBJASIOTCS LEHTPAMH 00pa3oBaHUS
ctheprueCcKUX HAHOYACTHUL] CO CAYYAWHOH YMAaKOBKOHW aTOMOB /IO OTpejieJieH-
HOTO KPUTMYECKOTro pasMepa — mopora c(epudyHoCTH. BblcTpoe oxsaxnie-
HHMEe CHCTeMbI IPUBOAUT K COXPAHEHMIO C(DEPUUHOCTH U AaJbHEHLIEMY POCTY
HAHOYACTHI 10 pasMepa MHUKPO- M MakpocdepuyecKHUX 06pa3oBaHHH, YTO
UMeeT MEeCTO B IIPHUPOJe MUHEPAJIOB U rOpHbIX mopod. Takum o6pa3oM, Bblpa-
xeHue (7) MOXKHO MCIOJBb30BATh /sl OMUCAHHST PA3JHUUHBIX MPOLECCOB 06pa-
30BaHUS CTPYKTYP TOIIOJOTHYECKOro Oecropsiika H peryJ/sipHbIX CTPYKTYp
(yxnanok), o6pasyembix u3 HeBsaumogencteyromux (0,4098 < n, < 0,64029)
u BzaumogeicTByromux (0,64976 <m, < 0,7405) ux saementos npu 0 <P <1
u 0,64 < m; £0,74 cooTBeTCTBEHHO.

CrenyeT OTMETHUTb, UYTO COIVIACHO CTPYKTYPHOH TOMOJIOTMH JUCKPETHbIX
cucreM [3] oTHOWIEHHE 0GBEMHON IOJIH MENKUX MOP K KPYMHBIM B SUEUCTHIX
GeToHax ompegessiercs B cpeaHeM kak 0,4098 /(1-0,4098) na nuddepeniy-
a/lbHBIX M MHTErpasbHbIX KPUBHIX (ImpocerBaHus):

1, =059[17T (e, +e,)], [T,=041T+059(e, +e,,).

Hexkotopas nons ux obpasyercs B Kanujasipax B Buae Tpyook BeHtypw,
pacIo/IOKeHHBIX MEeXIy THIPAaTHPYeMbIMH YacTHLAMU LeMeHTa U HOBOOOpa-

30BaHUSIMHU:
I, =¢,(1-401) u I, =40,
rne [T, I1,,, I15,, I1,, I, — COOTBETCTBEHHO 00LIasi MOPUCTOCTD, OObEMHAs

[0JId KPYINHBIX U MEJKHUX I[IOp B NMOPHU30BAHHLIX KOMIIO3UTAX, o6pa3yeMb1x B
npouecce BO3AYXOBOBJICHEHHU;

€., €, E4— COOTBETCTBEHHO TeJsieBasi, KOHTpAaKUWMOHHAA W KallWJ/lJidpHas I10-
PUCTOCTD;

\/O>,1=0,31623, (1—\/O>,1) =0,68377 — 3s1eMeHTHl 30JI0TOTO TOMOJOTHYECKOTO

ceuenust (OTHOIIEHHE 0OBEMOB CMEXHBIX (Da3 B MCKYCCTBEHHBIX KOMIIO3UTAX,
B TEXHOJOTMYECKHUX Mpoleccax H Tp.).

Tak, npu /1 = 0,93 u B/l = 2 corsnacho [3] €, =0,0845, £, =0,036 u
€, =0,668. M3 npuseneHHbIx Bbie papeHcTs noayuum: /1, = 0,478, 1, = 0,332,
a cymmapHas noJqs mukpornop /1, =11, + €, +¢€,, =0,3320+ 0,084 + 0,036 =
=0452. Torna xax [I, =0,668-0,68377=04568, [I,=0,668-031623 =
=02113 — o6beMHas 10J5 KaOUMISPHBIX MOP, TPOHU3BIBAIOLINX KPYTHbIE
nopsl. [Tpu [7=10,81138 u B/l =1¢, =0,1485, ¢, =0,06288, ¢, =04167, a
I, = 0,354, II, = 0,246, [I;, =0,2849, [, =0,13176, II, =0,246 +
+0,21138 =0,4574. OcraTouHas Kamu/IsipHast MOPUCTOCTb B TIEPBOM IIPUMepe
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e =0,668 -0,4768 =0,2112, Bo BTOpOoM €, =0,4167 —0,2849=0,1318. PaBen-
CTBO KPYMHBIX TOP W MUKpomnop /1, = [I, HacTynaer npu €, +&,, =/I /6,54,
[pu [1=093 ¢, +¢,, =0142, anpu [/ =0,8 ¢, +€,, =0,122, uto cooTBeTCT-
ByeT BBICOKMM 3HaueHMsIM BojoleMeHTHoro oTHouenus (B/11).

Huxxe B Taba. 2 mnpuBefeHB pe3ynbTaThl pacyeTa MOKazaTess
1/ m-1n(3,923n,) u dhpakTasbHON PasMEPHOCTH B 3aBUCHMOCTH OT ILJIOTHOCTH
YNaKOBKH HCXOIHBIX 3JEMEHTOB CTPYKTYPBI 1), M KJacca m paclpeiesneHus

noc/jeayromux MeJKnx 3JeMEeHTOB B OCTAUIKUXCA MYCTOTax B CHUCTEMax I10-
CJIeJ0BATEJJbHOI'0 BJIOKEHHUA KW IMOJHUAMCIIEPCHBIX CMECHAX.

Ta6nuua 2
H3venenue nokasatens 1/m-1n(3,9231() u ¢ppakranbHOil pa3MepHOCTH B CHCTEMAX
Knacce cucremsr, TlroTHOCTS yIAKOBKH, M|
m 0,410 0,450 0,507 0,545 0,595 0,604 0,6403 | 0,6498
3, y® =gy | 0.702 0.586 | 0,485 | 0,439 | 0,393 | 0,387 | 0.362 | 0.356

1,889 | 1,948 | 1,971 1,964 | 1,934 | 1,926 1,89 1,879
2,676 | 2,743 | 2,809 | 2,842 | 2,879 | 2,885 | 2,906 | 2,911

0.351 | 0.293 | 0,242 | 0.219 | 0.197 | 0.193 | 0,181 | 0.178
2,440 | 2,474 | 2,486 | 2,482 | 2,467 | 2,463 | 2,445 | 2,439
2,708 | 2,750 | 2,791 | 2,813 | 2,837 | 2,841 | 2,858 | 2,862

9114,(9) =2 0.234 | 0.195 | 0.162 | 0.147 | 0.131 | 0129 | 0.121 | 0.119
2,630 | 2,649 | 2,657 | 2,655 | 2,645 | 2,642 | 2,630 | 2,626
2,871 | 2,867 | 2,856 | 2,845 | 2,828 | 2,825 | 2,809 | 2,805

IQY\II(IQ) = 0.176 | 0.147 | 0,121 | 0.110 | 0.098 | 0.097 | 0,090 | 0.089
2,722 | 2,737 | 2,743 | 2,741 | 2,733 | 2,732 | 2,722 | 2,720
2,722 | 2,737 | 2,743 | 2,741 | 2,733 | 2,732 | 2,722 | 2,720

[Tpumevanue. Hax geproil mpuBeeHBl pe3y IbTaThl A5 YKA3aHHOTO BBILIE [OKa3aTess,
noa uepTodl — (pakTasbHas PasMEpPHOCTb CAy4alHOHM YNMakoBKM yacTul au6o mop (5; 6), a
HUXe — [/l CUCTEeM I0C/IeN0BaTe bHoro Bioxenus (1).

0 =&M;

6, w(

N3 Tabs. 2 BUIHO, YTO TIPUBEIEHHBIN BhbIllIE MMOKA3aTeJb YMEHbILIAETCS, a
(ppakTasbHasi pa3MEPHOCTb CAYyYalHON YIAaKOBKH 3J1€MEeHTOB CTPYKTYpbl MTOBHI-
1aeTcs C YBeJUUEHHEM KJacca CUCTEMBI M TJIOTHOCTH HUX YaKOBKH M JJOCTHTa-
eT Makcumyma npu N=0,507 pna knacca m = 9. PpakranpHas pasMepHOCTb
CHCTEM MOCJIeN0BATENbHOIO BJIOXKEHHS MOBBILIAETCS C YBeJUYEHHEM MJIOTHO-
CTH yNAaKOBKH 3JIEMEHTOB CTPYKTYPHBI /15 CUCTeM KJjacca m = 3...6 U yMeHblla-
eTcs /151 cucTeMbl K1acca m = 9. O6a crocob6a ynakoBKH 3J1€MEHTOB CTPYKTY-
pPbl HIMEIOT OJMHAKOBYIO (DpaKTabHYI0 PA3MEPHOCTb MPH JAHHOM 3HAUEHHUH T|;
Kjmacca m = 12, kotopast mocturaet Mmakcumyma D = 2,743 npu n; = 0,507.
Haubosbiiyio ¢ppakrasbHyio pa3MepPHOCTb UMEIOT CUCTEMBI [10C/Ie10BATENbHOI0
BaO0KeHHs1 Ipy m = 9. CyenoBartesibHO, HaUOOJbIIHUN 3(P(eKT YIaKOBKH MPU
MeHbllIeM 4hcJ/Ie (PPAKLUKU JOCTUTAeTCsl B CUCTeMaXx MOC/eL0BaTebHOTO BJIOXKe-
uust (puabTpauyn) kiacca 6 < m ? 9, a s CMeceBbIX CHCTeM Kaacca m = 12,

Takum o6pa3oM, pa3BUTHE TaKOHU UAEU CUHEPTETUKH JJsT AaBTOMOJIENbHbIX
CUCTEM CaMonono6us NpuOMHKaeT BO3MOXKHOCTb KOMIIBIOTEPHOTO MOJEIUPO-
BAaHUS TEXHOJOTMYECKUX IMPOLECCOB M PEryJHPOBAHUSI CBOUCTB CTPOUTEJb-
HBIX KOMIIO3WTOB 3aJaHHOTO Ha3HaYeHHUS.
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YIK 624.04

A. 1. CAIIO2KHHUKOB, n-p duiaoc., npod., K. . AKCYBAEB, kana. ¢pus.-mar.
HayK, gou. (ACTpaxaHCKUI MHIKEHEPHO-CTPOUTENbHBIA MHCTHUTYT)

IOHUXKEHUE MOPAJIKA CUCTEMbI YPABHEHUH
HCIIOJIb3OBAHUEM KPOHEKEPOBCKOI'O ITIPOU3BEJIEHHSA
MATPHUII B 3AJAYE UCCJIEJOBAHHUA
IMPOCTPAHCTBEHHOU PABOTBI CHJI
B MHOTO3TA2KHbBIX 3JAHUIX PETYJAPHOU
KOHCTPYKIIMH

Hccenenyercs nehopmMupoBaHHOE COCTOSIHHE MHOTO3TAKHOTO 3[1aHUS, 3arPy’KEHHOTO B M0-
NepeyHoM HanpaBJeHHH TOPU30HTANbHBIMU CTATHYECKUMHU U (MJIH) TMHAMUYECKMMH Harpy3Ka-
MH, C LIeJIbIO ONpefie/IeHUs] XapaKkTepa NPOCTPAHCTBEHHON PabOThl CHJ MEXAy CTeHaMU U Tepe-
KPbITUSIMH. B OCHOBY HcciieoBaHHS MOJOKEH METOJ NepPeMelleHUN ¢ HaloXKeHHeM TOpPHU30H-
TalbHBIX CBsA3ell Ha Bce pacueTHble Toukd (PT), 3a KOTOpble MPHHATHI MepecedyeHus CTeH M
nepeKpbITHE (M TOUKH Ha MepeKpLITHAX MEeXAy CTeHaMH).

[TocKoJIbKY 13-32 HU3KOH KPYTUJIBbHOM (B MJIOCKOCTH TEPEKPBITHE) KeCT-
KOCTH CTeH, UX COeJUHEeHHe C TepPeKPLITUSIMH MOXKHO pPacCMaTpUBATh Kak
[IapHUPHOE, NPH eIMHUYHOM CMellleHnH k-, i-i PT nedopmauuu nogsepraror-
Csl TOJIbKO k-e mepekphiThe U (-1 cTeHa [1]. DTo mossossier cBectu omnpeede-
HUe KO3(P(HUUMEeHTOB MaTpHLbl KECTKOCTH K pacueTy IJOCKHX KOHCTPYK-
uuii — creHbl ¥ nepexkpbitusa (puc. 1). Ilpu gedopmaloHHOM pacyeTe /s
pelleHUs 3aaud JOMYCTHMO BOCIIOJIb30BATBCS YPABHEHHUSIMH, YUUTHIBAIOLIN-
MU U3TH0 U CABUT CTEH U NIePEKPBITHH B CBOEH MJIOCKOCTH. DTa XOPOLIO paspa-
6oTaHHast METOIMKA 0Ka3biBaeTcsl 3(hPeKTUBHOU MPU MOCTPOEHUHU MATPHLI JKe-
CTKOCTH M MCIIO/Ib3YeTCs B MPOEKTHOM M yueOHOU npaktuke ([2], c. 261, 274,
puc. V. 15; [3]).

Jis uamocTpaudy METOAUKH PACCMOTPHUM JIBYX3TAXKHOE ABYXIIPOJETHOE
KapKacHOe 3[aHWe C OJHOMPOJIETHBIMH paMaMHU C JKEeCTKUMH pPUTeJISIMH.
B npuHATON KOHCTPYKUMH JIETKO OMNpelessioTcss Ko3(P(PULUUEHTbl MaTpHLbI
xectkoctd (MIK) [1], 6narogaps yemy HeT HeOGXOAMMOCTH YI€/ATh MHOTO
BHUMAaHHs BTOPOCTeNeHHBIM BonpocaM. OnHaKo MpeioKeHHas METOIMKA CO-
IepKUT psifl NONYIIeHNH, MOITOMY TPUHSATAs pacyeTHas cxeMa J0J/KHA ObITh
060cHOBaHa. TakuM 060CHOBAHHEM MOXKET CJYKUTb CTATHUECKUH U AHHAMH-
YeCKHH pacueThl 3[aHHs, BbimosHeHHble MKD Ha BBUHC/IUTENBHOM KOMII-
nekce MSC/NASTRAN c o6os0ukoit Femap. Kak nokasanu uuc/ieHHble Uc-
CJ1e[0BaHUSl aHAJOTMYHOIO 3/1aHUSl TPU €ro rOpPHU30HTAJbHOM 3arpyKeHMH,
npu 60JbLIOM LlIare pam, BHauaje NPUHSATHIX B pacueTe, HaO/M0AaeTCs Aena-

@®

a)
/
@ ©
@/ /
o1 o I®
@/ @ /1
®// N
®/ 2 S "

Puc. 1. PacuetHass cxeMa MHOTO3Ta)KHOTO 3[aHUS PETry/spHOH KOHCTPYKLHMH
a — HyMepauud pacyeTHBIX TOYEK; 6 — €IMHUYHbIE DEAKLHH; 1 — oceBasi JIUHHUS CTEeHBbI; 2 — TepeKpbITUA
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HalUs ePeKPBITHH, BbI3bIBAIOIAS CHUXKEHUE X TOPU30HTATbHOU KECTKOCTH,
JOTIOJMHUTEbHBIM U3rM6 KOJOHH W cTeH. OHAKO MPH 1Iare NPoaoJbHBIX U MO-
MepeYHbIX PSIOB KOJOHH C PUTENSIMH HJIH TIOTIePEYHBIX U MPOJIOJbHBIX CTEH,
paBHOM 6 M, HeMJaHalHKs CYIIeCTBEHHO CHIKAeTCs U fedopMalus MmepeKpbl-
THS B CBOEH IJIOCKOCTH C UCIOJb30BaHWEM Ga0YHOTO HUJIH MJIOCKOTO MPUOIHU-
JKEeHUH OKasblBaeTcs O/IM3KOH K onpeseneHHoH MKD unin mo maHHBIM 9KcIe-
puMeHTa [4]. D10 MO3BONFET B MPAaBH/IBLHO KOHCTPYKTHBHO OPraHH30BAHHOM
3IaHUH paccMaTpPUBaTh MePEKPLITUS KaK OaJKH-CTEHKH, UCTBITHIBAIOIINE B X
II0CKOCTH AedopMauuio u3ruda u casura (6anounoe npubanxenue). Mapect-
HO, 4yTO 6asiouHast MoJieJib 1aeT 6oJiee TOUHble 3HaUeHUs AeopMalliy, YeM Ha-
NPsSIXKEHHOTO COCTOSIHUS, TaK KaK OmnpeJeseHre MOMEHTOB U MOMePEYHbIX CHJI
CBSI3aHO C BBIUMCJEHHEM MPOU3BOAHBIX, YTO MPUBOAUT K AajbHEHIIeMy CHH-
JKeHMI0 TOYHOCTH MPUOJIHKEHHBIX pellleHHH. [loaToMy paccmatpuBaemasi Me-
TOAMKA 1Sl pacueTa ceICMUYECKUX U BETPOBBIX HAPYy30K Ha 3[AaHUS, CBSI3aH-
HOTO C pellleHHeM e(OpPMalUMOHHBIX 3a1au, OKasbiBaeTcsl 3()(HEeKTHUBHOH.

Hmeem 0aa pamor: h — BblcOTa 3TaxkeH, 4 = 4 M; @ — CTOpPOHA KBajapart-
HOro ceyeHHWs KoJoHHB, @ =04 ™M; J, — MOMEHT HWHEPUHUH KOJIOHHH,
I, =a*/12=04"* /12 = 0,0021(3) m* E — momysib ymnpyroctTd GeToHa,
E =2-10'° H/wm?% EJ, — XecTKocTb KOJOHHEI mpu uarube, EJ, = 4,2(6) x
x 107"H/m2; M — wmacca, npusefeHHast K yany, M= 6-10° kr. Marpuua
KECTKOCTH DPaMbl TakoBa: r =d 2 -0 _fhn n , d=24EJ], / h®.

-1 1 a1 Tog

Hmeem 0a5 nepekpoimus: b, c — pa3mMepbl CeUeHHUs MJIUTHI TIEPEKPLITHS,
b=12,¢=02wm;A,, J, — nomiaab  MOMEHT HHEPLUH TOTIEPEYHOTO CeUeHHsI
MJIATBl lepekpbiTus, A, =bc, J, =cb®/12; G — monynb casura, G =0,35E;
EJ, — wunsrubHasi XecTKOCTb MepeKpblTHS B ero miaockoctd, EJ, =
=Ecb® /12 =5,76-10" H-m2; GA, — eCTKOCTb MepeKpbITUs TIPH CBHre,
GA, =Gbc =168-10'"° H; L — o6was nauna nepekpeitis, L = 24 M. JIns npo-
CTOTBl ¥ HarJIIAHOCTH AajbHeHIIero uccaenoBanus mno nepexkpoitusam PT pac-

noJiaraeM TOJIbKO B MeCTaXx repecedyeHud ¢ MonepeyHbIMU CTEHAMU. ManI/IHa
KECTKOCTHU MEePEeKpPbITHA TaKOoBa:

(pl,l Pio p1,3\ ( I -2 1 w
pP=| P2y P2s Dos|=5 -2 4 2|
P31 P32 P33 I -2 1

S 12E4, 1
L¥ 1+12EJ, / GA,L*

CoenuHeHUSs MEPEKPBITHH U CTEH MeXKAy COO0H MOYKHO MPHUHSATH LIAPHUP-
HeiMH. [Ipr 3TOM MaTpuLa »KECTKOCTH BCed KOHCTPYKUMM OyAeT WMEThb CJie-
JYIOUTAN BUI

Py tny DPig P13 N2 0 0
P2, Poo t11 D23 0 N2 0
R= P31 P3. psz+ry O 0 P12 _ (1)
21 0 0 Pritreg Np P13
0 21 0 o1 P22 Tl Pag
0 0 P2, P3. P32 P3z trla2

[IpennoxkeHHast MeTOAMKA MO3BOJIM/IA CYLIECTBEHHO YIIPOCTUTb COCTaBJIE-
HUe MaTpHll KeCTKOCTH 3[aHUS, CBeJsl ero K IJIOCKUM 3JeMeHTaM — Iole-
peyHbIM CTE€HaM M MepeKpBITUSM, a 3aTeM, YTOObl cle/1aTh ee 3PPeKTUBHON U
B OCHOBHOM pacyeTe, HE0OXOIMMO YMEHbBIIUTb YUCJIO Pa3pellatoluX ypaBHe-
HUH. DTO yHaeTcsi, HATIPUMep, AJIs1 3aHUH, Y KOTOPBIX BHIOJHSETCS YCAOBHE
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X} / X! =const, rne X}, X! — cMelueHus k-ro u r-ro sTaxked no i-i popme
Kose0aHUs, U3BECTHOE KaK YCJOBHe MOA00HUS (opM KoJeGaHUH MoMepeyHbIX
ssemMeHTOB [1, 5], mosBoJIsIOIEe OCYIIECTBUTD MO3TaXKHOE pacuJeHeHHe 3/1a-
Husi. HemoctaTkoM MeTonma pacusieHeHHs, TOMUMO OFPaHUYEHHOCTH 00JIaCTH
ero NMpuUMeHeHHUs], SIBASETCS elle WU HeOOXOAWMOCTb HCIOJb30BAHUS Pa3J/Uy-
HBIX TTOJXOMO0B IJIs1 MOCTPOEHUS (PYHKIIUH X' (x) u gist ornpeneaeHust GyHKUUN
V(y), onuceiBaromux neopMaLuio NepekpuITHH B CBOEH MJIOCKOCTH. DTHX He-
JNOCTAaTKOB MOXKHO M30eKaTb, €C/U [J/s1 pellleHHs 3aaud BOCI0Jb30BAThCS
KIT matpuu. OHo, Kak W MeToj pacuseHenus [1], mepeBoauT cTaTHuecKyio
CUCTEMY YpaBHEHHH MOPSAKA 1 X p, C MATPHULIEH KECTKOCTH C UHCJIOM UJeHOB
(nxn)x(pxp), roe n — YUCIO 3TAXKEH; p — YUCJIO NOMEPEUHbIX CTEH, B MaT-
puuHOe ypaBHeHMe JIAMyHOBA ¢ MAaTPULAMHU 71-TO U P-TO MOPSIAKA, HO B OTJIH-
ure OT pa6oThl [1] MO3BO/ISET BBIMOMHUTL 3TO B €IMHOM MaTeMaTHYeCKOM
noctanoske (cM. Huke). EcTecTBeHHOE BO3HMKHOBEHHE KPOHEKEPOBCKOTO
npoussenenus matpull (KIT) B paccMaTprBaeMol 3a1aue CTPOUTENbHON MeXa-
HUKH HMeeT IOJIOXKHTe/bHble TocyaencTBus. [IprMeHeHHe KpPOHEKepPOBCKHX
onepauri MO3BOJSET CYIIECTBEHHO YIPOCTUTb BBHIYMCAUTENbHBIH MPOLECC U
OTKPBITb HOBblE 3aKOHOMEPHOCTH B MOBeIeHUH KOHCTPYKUMH. [IpuBenem orm-
peneseHHe KPOHEKEPOBCKUX ONlepalliil Ha MpUMepe MaTPHLL BTOPOro MopsiaKa.

Onpenenenue [6]. Kponekepoeckum npoussenenvem matpuu A= ar 4z,

az) a2
by by
boy bag

J Ha3blBaeTCA MaTpHLa

aybry  aybip  ajeby  agbie
a B apB J apbey  ayboo  aigbey  aigbe
ag1B as9B)  |agibiy asibio  assbiy  assbio
agibay agibes agobey asoboyg

C:A@B:[

KpOHeKepOBCKaH CyMMa MaTpHIl A®B onpenesigeTcsd aHaJIOTMYHO:

ajp+byy ap+bip ag+byy ae + o

C:A@B:[

a+B ap+B ajp+byy ay +boo ajg+boy ajg+boo
agyl + B agyg + B

ag)+by agy+bip ago+by age +bip
agy+boy agy+boo ago+boy ago+boo

Jlemma. CoO6CTBEHHBIE YHCJIA U MaTtpuua CcOOCTBEHHBIX BEKTOPOB MaTpPULBl XKECTKOCTH

paMbI " TAKOBBHI.
Ll 3+45 co ~1-6 -1+45
2(3-45/ 2 2

Jlemma. CoOCTBEHHBIE UHCIA U MaTpula CcOOCTBEHHBIX BEKTOPOB MaTpHLbl NEPEKPBITUA p
TaKOBbI:

BBe,Z[eM BCIIOMOraTeJibHble MaTpPULbL:

1 00
1 0
E2= , E3=|0 1 0|
01
0 01

JlemMma. Matpully )xecTKOCTH Bcel KOHCTpyKUMHK R ¢ momotbto KIT MokHO npencTaBuTh
B CJelylolleM BHIE:

Pl P2 M3 1 00
10 np g
R= ®| po1 po2 p23|+| " T1®0 1 0|=E2®p+r®E3.
01 ’ ' ’ r1 T
P31 P32 D33 0 01
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Ec/iu y3ibl HyMepoBaTh He MO CTPOKaM, a M0 CTos0UaM, TO MaTpHUla »KeCTKOCTH Oyner
umeth Bun E3 ®r + p ® E3.

Jlemma [6]. CoberBenHble uncaa (1) MaTPHLb XKECTKOCTH BCeH KOHCTPYKUMH R eCTb Kpo-
HeKepOoBCKasl CyMMa COOCTBEHHBIX 4HCeJ MaTpHL *KeCTKOCTH paMbl 7 U MepPeKpbITHS p, T. €.
n=A®u.

Jlemma. Bei6opom mara pacnosoxxenust PT B1osb nmepekpreITUsl U COOTBETCTBEHHO BeJH-
YMH [PUBEJEHHbIX MAaCC MOXKHO IOJIY4YUTh PaBHble y3/0Bble Macchl (M), To /s 3Toro ciydas
4acToThl KoseGaHuil KoHeTpykuui (y) Bbiumcasiores mo popmyse ¥ =1/ M. Ioxyuum:

Wy (em )y (@G +E)/ 246 VG +5) / 2+ 65 e
N2 M+ M2 d(3++/5)/ 2+ 0s \/d(3+ V5)/ 2+ 0s 83.5
po|me| | Mms | d(3++5)/ 2+ 0s - Va3 ++5)/2+0s| [T |835
| |Ae+tna| |dB-+B)/2+6s | 4GB -5)/2+6s | VM [54L0F
ns Ay + M3 d(3-+5)/ 2+ 0s JiG-B)/ 2+ 0s 31,9
o) Rt ) {45 y5) /24 05 319
Jd3-5)/ 2+ 0s

[TosiBUBIIMMCS B pelI€HMH ABYKPAaTHbIM 4acTOTaM COOTBETCTBYIOT ABYMepHble MHBapH-
aHTHblE MOANPOCTPAHCTBA U OINpele/eHHe COOCTBEHHBIX BEKTOPOB CTAaHOBHUTCSl HEOJHO3HAU-
HbIM. BbIOpaTh MX MOXHO H3 YCJOBHS OPTOrOHAJbHOCTH.

Jlemma [6]. Marpuua (Z) coGcTBEHHBIX BEKTOPOB BCEH KOHCTPYKLMH €CTh KPOHEKEPOB-
CKOe NPOU3Be/ieHrHe MaTpHUL, COOCTBEHHBIX BEKTOPOB paMbl U NepekpbiTus, T. €. Z =C ® S, uiu
B SBHOM BHJE

Z=C®S=

[—1—J3 —1+£J®
2 2

-2 0
1
“1-6 1445 -1-46 —1++5 1-+6 —1++5

2+ 25 0 -1-45 2-25 0 —1+45
“1-45 —1-45 -1-5 —1++6 -1+56 -1++5

- (2)
2 -2 2 2 -2 2
-4 0 2 -4 0 2
2 2 2 2 2 2

Wrak, myTeM HCIONb30BAHUS KPOHEKEPOBCKOTO MPOM3BENeHHs MATPHIL MOJyUeHbl CO6CT-
BeHHEIE YHCJ/a U OPTOTOHAMbLHAS CHCTeMa COOCTBEHHEIX BEKTOPOB BCETrO 3[aHHS KaK MPOCTPAH-
CTBEHHOH CHCTeMbl uepe3 COGCTBEHHbIE UMC/]A M COOCTBEHHBIE BEKTOPbl MATPMIL YKECTKOCTH
paMbl M MePeKpPhLITHA KaK MJIOCKUX KOHCTPYKUMH. B 9TOM (hakTe NposiBUIKCH crienudUuecKHe
cBOHCTBa camoro 3maHus [1, 5].

n
Teopewma. Ecoiu marpuua npeacrasuma B Buge A = ZAj ¥ MaTpHLbl A; KOMMYTHPYIOT,
i=1
re. AiA, = A A, j=1..n, k=1..n, To cCOBCTBEHHbIE 3HAUEHUS MATPULIBI TIPE/ICTABUMBI B BUJlE
CYMMBI COGCTBEHHBIX UYHCEJ COCTABJSIOLIMX MATPHLL

n
Teopema. Eciu marpuua npencrasuma B Buse A = H A; v matpuupl A; KOMMYTHPYIOT,
ji=1

T.e. Aj/]k =AA;, j=1..n, k=1..n 1O cOGCTBEHHbIE UNCIa MAaTPULbl A NpeICcTaBUMBI B BUJE
NPOU3BeJeHUsT COOCTBEHHBIX YHCes MaTpHL coMHOXHTeael. CoOCTBEHHbIe BEKTOPHI /st MaT-
pun A; sieasiores obmmmu. B narem cayuae matpuua £2 ® p u Matpuna r ® £3 Kak pas KoM-
MYTHPYIOT, 4TO, COIJIACHO NPHUBENEHHBIM TeOPeMaM, M MO3BOJM/IO BBIYHCIHTb COOCTBEHHEIE
4HCc/Ia yepe3 KPOHEeKepOoBCKyIo cyMMy. PasmeprocTs MaTpul E2 ® p, r ® E3 1 MaTpHULBI JKeCT-
KOCTH BCETO 3[aHUS PaBHa MPOMU3BEJEHUIO Pa3MePHOCTEH MaTpHI p U r. [losaToMy Hcro/b30Ba-
aue KII, mosBosBIIee omrcaTh BCe CBOMCTBA 3IaHUS Uepe3 CBOMCTBA ABYX MaTPHUIL HEBBICOKO-
IO MOPSIAKA p ¥ 7 — MaTPHULL TePeKPBITHS U PaMbl, 3TO He TOJIbKO CYIeCTBEHHOE TOHHKEHHE T10-
psIKa BBIUHMC/IUTEJBHOTO IIpollecca, HO M BayKHOe (PU3HUECKOe SIBJEHHE.
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DopMUpoBaHHe MaTPHLL Y3JIOBBIX CMelleHHH X U Harpy3ok [ MpOU3BOIUTCS MO MPHHLHUITY
npunacosbiBanus [7]: aTax KoHCTpyKumMM — cTpouka maTpuust (cm. puc. 1, a). dTu MaTpuubl

HUMEIT BU[I
xo[fr m2 o as f o hi he hs
Xo1 Xoo X23 fi he 3
.HeMMa. YpaBHeHI/IH CTaTHUYECKOTro paBHOBeCI/IH B paCCManI/IBaeMOﬁ IIOCTAHOBKEe 3a1a4uu
€CTb He 4YTO HHOe, KakK q)yH[[aMEHTaJIbHoe ypaBHeHI/Ie JIHHyHOBa. OHO UMeeT BUI.

Pl P2 P ) x xor Xy Xop f1 o fu
nr 12 T T T
P21 P22 P23 || X2 Xoo|+|Xi2 Xopo o rhe) he bho| =pX' +X'r=f".
1 .
P31 P32 P33)\ X3 Y23 X3 Xo3 hs F3

YpasHeHue JIdnyHoBa sIB/IS€TCS OCHOBHBIM YPaBHEHHEM B TEOPUH YCTOMYUBOCTH MeXaHHU-
yeckux cucteM. [IpuBeneM OfHO M3 M3BECTHBIX €ro pelIeHHH.
Teopewma [6]. Ecau marpuua

o0
X = Je’rtfe’ptdt (3)
0
CyILIeCTBYeT /IS BCeX f, TO OHa ABJASETCS eMHCTBEHHBIM PellleHHeM MPHBeeHHOr0 BhIIIe yPaB-
HEHHs CTaTHUeCKOTro paBHoBecHs. HeoKHIaHHBIM MOXKeT MOKa3aThCs TPeCTaBAeH e PelleHH s
MaTPUYHOTO ypaBHEHHS HHTErPAJIOM.
Jlemma. Ecam Bee yanoBbie Macchl M paBHEI MexKy co60H, ypaBHeHHe KoeGaHHi KOHCT-
DYKLMH MOYKHO TpEICTaBUTh B (hopMe

MX" () + pX(OT + X(@)r =f(2)7,
WJIU B SABHOM BHIE:

M 0 0 \fxy xg9 piy P2 Dig [ X X2
0 M O ||xg xo9| +|p21 P22 pP23| X2 Xo2|+
0 0 MNJxaz x23 p31 P32 P33)laz x23
X Xop f fu
n1 12
+| X2 Xop =\he bl
ry 2
X3 X3 fis b3

TouHoe aHa/MMTHUECKOE pelIeHHe 3TOro IH-
HaMHUECKOTr0 ypaBHEHHs, MpPEeACTaBJEHHOE Hero-
CPEICTBEHHO Yepe3 MCXOIHble MAaTPHLBI — KO3(-
(bULMEeHTBl TaHHOTO ypaBHEHHs], B HACTOSIIIEE Bpe-
Msi TOJyYUTb HE YAANOCD.

[IpuBenemM mnpuMep AHHAMHUYECKOrO pacueTa
JBYX3TaxHOTO 3aanusi (puc. 2), MCTO/b3Ys YaCTOThI
Kosie6aHu#, nosydenHble npu nomorun KIT. ITyctsb
Ha 3[aHHe JeHCTBYeT rapMOHMYECKAsi CHJIA CJIeyI0-
wero suga F(t)=(0 105 0 0 0 0)cos(Bt).

Teopema. Peuenne kmaccuueckoro ypas-
Puc. 2. JIByxaTaxKHO€e KapKacHOe 3[1aHue

K YUCJAEHHOMY TNpUMepy HeHHs] KosebaHHus C HYyJIEBbBIMU Ha4aJbHbIMU NaH-

HbIMU OyleT MMeTb CJeLYIOUIHH BUI:
cosPt —cosyyt

s+l B+ B-1 —(B-1 B2 7
245 -1) ~(5+1) 25 -1 —(5-1) || cospt —cosyst
1055 V5+1 -5+ B-1 —(B-1 B2 -3

Ul(t) = ) 4
© 30M -2 2 2 ) cosPt — cosyat (4)
4 2 -4 ) B> —vi
9 9 9 _9 cosBé - conyGt
B —v6
rage y — 4YacTOThl COOCTBEHHBIX KOJIeOaHHH.
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To, 4to B pelueHuy cucTeMbl ypaBHeHu (5) 6-r0 mopsiaka NPUCYTCTBYIOT TOJNBKO YeThipe
(opMbl KoJle6aHKs, OOBSICHSAETCS TeM, UTO TOPU30HTa/NbHAS AMHAMHUECKasl Harpy3Ka MpHJI0oXxKe-
Ha B TOH TOYKe, KOTOpast o AByM (GopMamM KosebaHus He cvmermaercst (cMotpu 2-i u 5-i cTos6-
ubl B MaTpuue (2), coneprKalime Hy 4 BO BTOPOM U NISITOM y3/1ax). B 9108 cuTyauuu KoneGanus
YKa3aHHBIX y3J/I0B 110 9TUM (pOpMaM HEBO3MOXKHbI M MaTeMaTHKa caMa JaeT CUrHajl 00 9ToM, 3a-
HyJ/1Is1 COOTBETCTBYIOLME peLIeHHs.

[Tokaxkem npuMeHeHHe ypaBHeHus JIsimyHOBa HJIS CTaTHUECKOro pacyeTa Ha IpUMepe
TpexaTaxHoro 3nanus. Matpuua xkectkoctd (M2K) nonepeuHoi CTeHbl — paMbl ¢ KECTKUMHU
pUTreJIsIMU IJIS1 TPeX3TaXKHOTO 3[aHMS TaKoBa:

nr ne 13 2 -1 0
r=\rn1 nr2 n3 =d|-1 2 -1|
31 132 133 0 -1 1

MK nns mepekpwITHS p OCTaeTCsi HEU3MEHHOH.
JlemMa. XapakTepUCTHYECKHH MHOTOYJIEH MaTPHULBl )KECTKOCTH MEPEKPLITHS p PABEH:

P(B) =6B%s —B°.
Jlemma. YpaBHenne JlamyHoBa pXT +XTr =fT HMeeT CJlefyloliie CBOHCTBA:
p2xT + XTI’2 — pr —fo, p3xT + XTI’3 _ prT _ prf + foQ.

YMHOKHB MOJTy4eHHYIO CHCTEMY Ha KO (ULUHEHTH XapaKTepUCTHUECKOI0 MHOTOU/IeHA U
CJIOXKHB HX BCe, MOJNYYUM ajireGpanuecKHil BapHaHT pelleHHs ypaBHeHHs JIsmyHoBa.
Jlemma. YpaBHenue JlsnyHoBa pXT +XTr :fT HMeeT Cllefylollee pellleHHe:

xT = (g (6E3 - p)fT + fTr)(6sr +r2d)L

[TopcTaBHB MaTpHLbl, MOJYUYHUM (DOPMYJY HJISI ONpPEAeSEHHUS Y3JOBBIX CMELIEeHHH:

5 2 -N(hy f2 B it by Bp) 2 -1 0
X7 = 2 2 2 2 \lfoy he ha|+|fr be B2| -1 2 -1||x
-1 2 5 )\fsy Be B3 hs ks f3)L0 -1 1
2 -1 0 5 -4 1))
x| 6s|-1 2 -1|+d|-4 6 =3
0 -1 1 1 -3 2

YpaBHeHMe JIfnyHOBa MO3BOJMJIO MOJYYUTh TOUHOE aHAJUTHUECKOE pelLleHHe CTaTHde-
CKOH 3a/jauy B KOMIIAKTHOH (hopMe, UTO JesaeT PalMOHA/IbHbIM €r0 HCII0Ib30BaHue /151 KauecT-
BEHHOT'0 aHaJ/IM3a CBOMCTB KOHCTPYKLMH. [ToKaxkeM Ha npuMepe, 4TO Pe3ysbTaThl KN1aCCHYECKO-
ro pelleHHs U pellleHHs CTaTHYeCKOro ypaBHegnﬂOB (pogMe JIsanynoBa cosnagatot. ITycTsb yaio-

Bble HATPY3KH B BHe MaTpuiusl Takosb: f = |0 10% 0| H. Chopmupyem u3 Hee mox Tem xe
00 O

MMeHeM BeKTOp CTPOKY y3JoBbIX Harpysok f=(0 0 0 0 105 00 0 0)7.
Marpuua XecTKOCTH OyIeT UMeTb BHI

pLi+ny P12 P13 n2 0 0 ns 0 0
p21  p22+tn1 P23 0 n2 0 0 n3 0
P31 p32  p33+rnr 0 0 2 0 0 3
9] 0 0 piitro2  p12 P13 r93 0 0
R=| 0 2] 0 P2l p22+re2 P23 0 3 0
0 0 ] p3l P32 p33+re2 0 0 P23
2 0 0 r32 0 0 pLI+r33  pi2 P13
0 12 0 0 r3 0 P21 P22+7133 P23
0 0 ne 0 0 39 P31 P32 P33+733
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UwucneHHO OHa paBHa:

3,2 -58 29 -016 0 0 0 0 0
-58 L2 -58 0 -016 0 0 0 0
29 -58 32 0 0 -016 0 0 0
-0,16 0 0 3,2 =58 29 -016 0 0

R=10% 0 -0l16 0 -58 L2 -58 0 -0l16 0 |,H/m.
0 0 016 29 -58 3,2 0 0 -016
0 0 0 -016 0 0 3,2 -58 29
0 0 0 0 -016 0 -58 L2 -58
0 0 0 0 0 -0l6 29 -58 3,2

Bektop cmeleHMH, BbYMCAEHHBIH OOBIUHBIM UHCJEHHBIM CIIOCOOOM, paBeH

X =(x) x9 x5 X0y Xo9 Xo3 X3 X392 x33) | =(R7H)T =
=(0,02083 0,02083 0,02083 0,04147 0,04204 0,04147 0,04166 0,04167 0,04166) M.

CMellleHNsl, BBIUMC/IEHHBIE MTyTEM YHMCJIEHHOTO pellleHHst ypaBHeHHs JISMyHOBa, TaKOBBI:
0,02083 0,02083 0,02083

X =10,04147 0,04204 0,04147 | m. [TostHOE coBageHre pe3yIbTATOB MPH MTOCTPOUHOM pas-
0,04166 0,04167 0,04166

BOpaYUMBaHWHA MATPHUIBI B BEKTOP, a TaKXKe€ CUMMETPHUs CMelleHHuH npu CUMMETPHUYHOM 3arpy-
2KE€HWH CBUIETEJNIbCTBYIOT O MPAaBUJIBbHOCTHU BbIUKCJIEHUH. PellleHne YPpaBHEHUA HH]’IyHOBa (CMA

0
4) no ¢opmysae Bennmana [6] X :J‘e’“fe’ptdt JaeT Te JKe 3HaueHHA.

0

MatpuuHble 3KCTIOHEHTHI, ObICTPO 3aTyXawllre, ObIIU BBIYUCJIEHDBI Y-

TeM QuaroHasn3audyd matpull. [losyueHHBle pelleHHs AOMYCKalOT pasielib-
HOe onpefesieHHEe CHUJ, AeUCTBYIOIIMX Ha TOMepeyHble CTEHbl M Ha KaxKaoe
nepexkpbiTHe. [l 3TOro 10CTaTOUHO YMHOXKHTb UX MaTPHILbl )KECTKOCTH Ha
CMeIlleHHsI COOTBETCTBYIOILMX pacyeTHBIX Yy3/70B. OTMETHM, UTO KpOHEKe-
pPOBCKHe Ollepalryd MOXKHO MPUMEHSITb TOJBKO TOTAA, KOT/a MapaJJesbHble
3JIEMEHTBI EPEKPLITHS U MOMepeyHble CTeHbl HAEHTUUHBI, a Y3/J0Bble MacChl
paBHbL. [IpensoxeHHOe pelleHHe 103BOJsIET 3aBEPLUINTh METOAUKY aHaaUu3a
MPOCTPAHCTBEHHOU pabOThl CUJI B 3MaHUSAX C PErYNSIPHOU TEPEKPECTHON CUC-
TeMOH, BBIMIOJIHSIEMOT0 METOOM pacy/eHEeHHs, T03BOJISIS BBICTPOUTb Hepap-
XUIO METOJOB MPOCTPAHCTBEHHBIX PACUETOB 3JaHUU U PACIIMPUTh MaTeMaTH-
yecKylo 6a3y CTPOUTE/JbHOH MeXaHHKH.

CIIMCOK JIMTEPATYPbI

l.Canmoxuuxos A. M. Merox pacuseHenus — 3(pHeKTHBHOE CPEICTBO CTATHUECKOTO
JMHAMHYECKOro pacueTa paMHO-CBSI3eBLIX MpocTpaHcTBeHHbIX cucteM/A. Y. Canoxnu-
koB/ /Hs3B. By3os. Crpoutenbctso.— 1995.— Ne 7-8.— C. 125-129.

2. MMonsixos C.B. Ceiicmocroiikue KoucTpykuuu snanuii/C. B. Tlonsakos.— M.: Bricim.
wk., 1983.— 304 c.

3.CanmoxHukoB A. M. PekomeHnaluu mo pacueTy MHOTOSTAXKHBIX 3IaHUH KaK eIMHBIX
NPOCTPAHCTBEHHBIX CHCTEM Ha FOPU3OHTA/bHble CEHCMHYECKHe W BETPOBBIE, C YUETOM
nyJbcaluil, BO3AeHCcTBUA U Ha ycToiunBocTh/ A. Y. Canoxuukos, B. B. T'ackun.— Hp-
kytck: HTO crpoutmunyctpuu, 1977.— 122 c.

4. CanoxHukoB A. M. UncneHHb aHanu3 ne(hOPMHPOBAHUS KAapKACHBIX 3JaHHH Kak
TpexmepHuIX Mogeseit /A. M. Camoxuukos, A. M. Mummues/ / U3s. Bysos. CTpouten-
ctBo.— 2006.— Ne 7.— C. 108-115.

5.Erynos B. K. Pacuer anauuii Ha MpouHOCTb, yCTOHYHBOCTD M KoseGanus/B. K. Ery-
noB.— Kues: Bynisenbuuk, 1965.— 256 c.

6. bennman P. Beenenue B Teopuio matpun/ P. Benrnman.— M.: Hayka, 1969.— 367 c.

114



7.CanoxHukos A. W HccrenoBanne ceficMOCTORKOCTH COOPYKEHHH C y4eTOM UX TPO-
CTPaHCTBEHHBIX oco6ennocteii/A. U. Canoxuukos/ /C6. matep. Il HanuonasnpHOrO
KOHTpecca Mo TeopeT. U MpukJj. Mexanuke Bosrapckoit AH.— Bapna: Boar. AH, 1973.—
C. 170-171.

© Canoxuukos A. ., HAkcy6aes K. JI., 2008

[Tonyueno mocse nopa6otku 16.04.08

B JIABOPATOPHUAX BY30B

YIK 625.745.2.

C. A. BOKAPEB, n-p texH. Hayk, npo¢., C. A. IPOCEKOB, acn. (Cubupckuit
rOCyXapCTBEHHBI# YHUBEpPCHUTET myTeil cooOmenus, r. HoBocuOupck);

A. C. IIOTAIIOB, kaHua. texn. HayK (3AO0 «CHOMPCKMI HayYHO-UCCJIETOBa-
TEJNbCKHAH MHCTUTYT TPAHCIOPTHOTO CTpoUTeabcTBa», r. HoBocuGupck)

IKCIIEPUMEHTAJIbHBIE JIABOPATOPHBIE UCCJIEJOBAHHUA
KOMBHUHUPOBAHHBIX TPYb HA MOJEJAX

OTpaxkeHbl pe3yJbTaThbl IKCIIEPUMEHTAJBHBIX HCCAEI0OBAHUE Ha MOJEJSIX BEPTHKAIbHOTO
NaBJIEHHsI TPYHTA 3aChIIKK Ha KOMOWHHPOBAHHBIE TOPOXKHbIE BOAONPONYCKHbIE TPYObl, COCTOS-
ILlMe M3 JKEeCTKOH JOTKOBOH YacCTH M3 Keje300eTOHa U TMOKOro MOJYLHPKYJIbHOrO CBOJAA U3
ro)prpoOBaHHOIO MeTaJjlia.

B npakTrke 10pOXKHOrO CTPOUTENBCTBA BCE Yallle HAXOIST NIPUMeHeHHe
KOHCTPYKLHH BOJAONPONYCKHBIX TPYO C HCIOJb30BAHHEM TrO()PUPOBAHHOIO
MeTalna. bosblied uyacTbio 3TO MeTalnnyeckue roppUpoBaHHblEe TPYOBI
3aMKHYTOro nonepeunoro cedenus (MI'T), npexae Bcero, Kpyrase. Mspect-
Hbl TaK»Xe TPyObl, B KOTOPBIX HHUJKHSISI JJOTKOBAsI YaCTh BBIMOJHSIETCS YKECT-
KOW 13 6eTOHA UJH Keje300eTOHa, a BepPXHSsi THOKOH B BUIE CBOJA U3 TOd-
pUpOBaHHOro MeTtasja. B nanbHedmeM OyneM Ha3bBaTh MX KOMOUHHDPOBAH-
upimu Tpy6amu (KT).

[Ipu nmpoexktupoBaHuu Tpy6 Hago 3HATh BEPTHUKAJbHOE JaBJeHHE p
rpyHTa 3acbinkd Ha HuX. [To CHull 2.05.03-84* [1] sHauenwue ero MpUHHMa-
10T PaBHBIM

p =C - h, (1)
rie C — KO3(p(HUUHEHT BEPTHUKAJbHOTO NABJIEHHUS;
— 00beMHBIH BeC TPYHTa; A — BBICOTA 3aCHINKH Haja TPYOOH.

B Ilpunoxenun 4* [1] nisa xecTkux Tpy6, Hanpumep, U3 GETOHA HJIH
KeJe300eToHa TpUBeneHa MeTonuka onpenenenus C mo dopmyaam (1) u
(2), cornacuo um C > 1; nasi rU6KUX TpyO, Kakumu sBasores MI'T, npuns-
to C =1. Inga koM6uHUpOBaHHBIX TPyO Bompoc o BequunHe C ocTaercs
OTKPBITBIM.

Llenb uccaenoBaHUN — BBISIBJ€HHE 0COOEHHOCTEH PabOThl B TPYHTOBOU
cpene rudkoro cBonga KT B cpaBHeHuu ¢ pabortoi rubkux Kpyraeix MI'T. [1pu
3TOM CTaBUJIKCh 3aa4M UCCJIeI0BATh XapaKTep U BeJUUUHY AeopMaLii CBO-
na KT u BepTuKa/nbHOrO NaBJeHHSs 3aChIIKKM HA Hero npyu cBOOOJHOM ONHpa-
HUHM TIAT Ha omopy ¢ yeryrnom (tun | — AByXwapHUpHast apka) U MpU HX XKe-
cTKOM 3amenke (tun 2 — GecluapHupHas apka).

HccnenoBanus BBINOJIHAIN Ha MOJEJSIX B IJIOCKOM TPYHTOBOM JIOTKE C
UCIIOJb30BAHHEM MOJEJIUPOBAHUS METOAOM 3KBUBAJEHTHBIX MaTepHUasoB.
Bnaronaps mop6opy COOTBETCTBYIOLIMX KPUTEPHEB MONO0US U SKBUBAJIEHT-
HBIX MaTepHuaJ/oB, 0Ka3aJ/cs BO3MOXKHBIM KOJMUeCTBEHHBIH IepPeX0/ OT MoJle-
Ju K HaType. OTpaboTKy MeTOIUKH 3KCIIePUMEHTOB U BBIOOP MoJeJsel ocy-
LIeCTBJSIN Ha OCHOBE paboTel [2] mpuMeHUTEIbHO K THOKOK KPyTJIok TpyOe.
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Kputepun nopo6us npu Bbi6ope MOfe M IPYHTOBOM Cpefibl YCTaHaBAUBAIN
Ha OCHOBe 00llero 3akoHa MexXxaHH4ecKoro nonoous HpeloToHa, Hapsiay ¢ npuMe-
HEeHWeM MeTOfa pa3MepHOCTeH. B KauecTBe OCHOBHOTO YCJOBHS MPHUHSTO

wi=pn2 um oo =1, (2)
rae 2 — mapameTp rMOKocTH TPyObl, paBHbil [3]
4 E _R3
u2:1+kR =1+ (3)

EI EI(l+p,,)

rne R — paauyc tpyGwl (cBoma);

E — wmonynb ynpyroctu matepuana tpyo6w (coma);

[ — MOMEHT WHepuMH cTeHKH TpyObl (cBOmA);

Ep ¥ , — COOTBETCTBEHHO MOAy.ib Aepopmauuy U Kospduuuent Ilyaccona
TPYHTOBOH Cpefpbl;

k — kosuuueHt nocresu, paBHblil no (opmyse B. I. Tanepkuna [4]:

k=E,/R (1+ ). (4)

WHnekcesl «M» U «H» 371€Ch U Jajiee OTHOCSATCS COOTBETCTBEHHO K 3JI€MeH-
TaM MOJEJNH W HaTypHOU cHcTeMbl; [ U L — pasMepsl MOJEJH U HATYpHI.

OnHOBpeMeHHO JIOJKHO cOBJI0IaThCs MOJ00He KECTKOCTH CTEHKH TPYOHI.
CooTHollIeHUs 1J151 OTIpeliesleHHUs] BCeX MCIOIb30BAHHBIX MPU3HAKOB MON00US B
cTaTbe He npuBoasTcs. IIpouHocTb MaTepuasna TpyObl He MOAETMPOBAJIH.

C yueToM H3/102KE€HHOTO MOL00PaHbEl OCHOBHBIE 3JIEMEHTBI MOJIE/IbHOH CHC-
TeMbl — TPyObl ¥ TPYHTOBOH cpeibl. McnbIThiBaIM MoJes b TMOKOH KPYIJIOH
Tpy6nl nuametpom D = 2R = 15 ¢M ¥ Moje M KOMOUHHUPOBAHHBIX TPYO ¢ rH6-
KAMH MOJYUMPKYJIbHBIMUA CBOJAMH TOTO »Ke AHaMeTpa TUIOB | U 2 ¢ HUXKHEH
JKEeCTKOH 4acTblo BBICOTOH 7,5 ¢cM. Momenn rubKux Kpyrjaou TpyObl U CBOJIOB
U3TOTOBJIEHBl M3 JHUCTOBOM JaTYyHH.

[Tpu BHIGOpe MaTeprasna MOAEIH TPYHTOBOH Cpelbl MPOBeleHbl MeToauye-
CKHe OIBIThI C UCTO/b30BAHUEM IeCKa, Pe3MHOBOM KPOLIKK U cMeced U3 HuX. [ns
KaXJI0T0 MaTepuasa ObUIM Olpee/ieHbl 00beMHble Beca , M YIVIbl BHYTPEHHEro
TPEHHS (, BbIIIOJHEHbI KOMIIPECCHOHHBIE UCIIBITAHHUS 110 CTAHAAPTHBIM METOIUKAM.
Ha ocHoBaHuu nce/ieoBaHui B KadeCcTBe MaTeprasna 1jisi MOIeNMPOBaHHUS TPYHTO-
BOH Cpelibl IPMHSATA Pe3uHOBas Kpoluka B BoaayliHo-cyxoM (W < 0,3%) coctos-
HUU. 3alaHHYIO0 TVIOTHOCTb KPOLIKH B OIMBITaX 0OecleuyrBaiy 3a CUeT ee MOC/I0H-
HOH YKJAJKH U COOTBETCTBYIOLLETO OIHOTHIIHOTO YIIJIOTHEHHSI KaXKJI0ro CJIOS.

[TockoJibKY TIpU MPUHSATON B OMbITAX BbICOTE 3aCBIIKU HArpy3ka Ha Tpyoy
U fe(hopMalLliH ee MONepeyHoro ceyeHus Masbl, C MOMOLIBIO PIYaroB MOJENH-
pOBaJ/IM HArPY3KYy ¢, KOTOPAsI COOTBETCTBOBAJIA BEICOTE JOMOJHUTENbHOH 3a-
CBINKK Haj Mojenblo Tpyoul H, = G,/ .. Becom Tpy6bl mpeHeGperas.

AHanmu3 KputepueB MomoOHsl MOKas3as, YTO MPUHSTAs MOJAEb KPYTJIOH
Tpy6bl HaubGosee MoJHO cooTBeTcTBYeT THIOBOH MIT muamerpom 3 M U3 aJe-
MEHTOB TOJILKHOH 2,5 MM ¢ pasmepoM rodp 130x32,5 mm. XapakTepuCTHKH
HaTypHOU U MOJEJbHON CUCTEM U MPU3HAKU MON00US IpHUBeieHbl B TabJ1. 1.

JloTok pasmepamu 1200x400x400 MM, B KOTOPOM TIPOBOAHJIM HCCJIEI0BA-
HHUSl, TIOATOTOBJIEH B Ipouecce OTPabOTKH METOAMKH C BBITIOJHEHWEM OIBITOB
MeToanYecKoro xapakrepa. [lepenHsis 1 3agHss CTEHKHU JIOTKA NPO3pavyHble U3
oprcreksa ToaunuHod 10 MM, ycu/ieHHble CTalbHBIMU MJIACTUHAMH TOJIIAHON
9 mm. [l1s1 co3naHus IOMOJMHUTENbHON BePTHKAJbHON HAarpy3kH JIOTOK CHab-
’KeH cucteMo u3 10 pplyaros ¥ yCcTpoHcTBOM, 06eCreurBaloIUM HX OJHOBpe-
MeHHOe OIlyCKaHHe. ¥ CHJIMS OT PhlYaroB MepeaaloTcst Ha TPYHTOBYIO Cpefy ye-
pes3 MeTasJIMuyeCKHe paclpesie/IuTeNbHble MJIACTUHbI U lepeBsSHHbIE TJIOLIaIKH
wupruHod 120 mM. K J1oTKy KpenuTcs HyTpoMep, BCTaB/IsieMbld B MOJeJ/b TPY-
Obl 4yepe3 OTBEpPCTHE B 3aJHEH CTEeHKe JOTKa.
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Tabnuma 1
XapakTepuCTUKH HATypbl U MOJENH, NPU3HAKUA MOAO0US

Tpy6a I'pynToBas cpena
EI,
[Tokasarenu R, \ E., ‘ e 7 2
o | MHa-em*/ | MiTa P | kH/M3 | tge |MIla
cM
Harypuas tpy6a
MIT - 3,0 m: t = 0,25 cm, 30,00
E=5 1105 M| 150 | 85,68:103 | 280 | 030 | 216 | 0577 849,4
[=0,408 cv*/cn
Mopenb TpyOBl U3 JMaTyHH: 27,67
£=0025cy, £=10° MIa, | 7,5 |1,302:107'| 0,35 | 0,34 | 54 | (277 847,3
1=1,302-1076 cm*/cm '
. 0603HauEeHHUS / El OF, | Oy, tgo q | 02
H%IZZ*;;“ Tpebyenbie 20 | 64-10% 80 | 1,0 4 10 |80 | 1
(hakTHUECKHE 20 65,8'104 80 0,88 4 1,1 80 1

Omnpitel BeimosHsAaMeh npu ydactuu uHkK. 0. I1. Kypkuna B cienyrommem
nopsiike. Ha nHo JioTKa oTchIany C/0H pe3UHOBOM KPOLUKH U MOC/Ie ee YIJIOoT-
HeHH$I M0JTyda OCHOBaHHE TOJLIMHON 3 cM. B ombITax ¢ MonensiMu KOMOHHH-
pPOBaHHBIX TPYyO B OCHOBaHHWE MOJ HUMU YKIaAbIBAJU C YACTUUHOU 3aMeHOH
KPOILKH JIepeBSHHbIE POK/IAAKH TOMHUHON 2 CM. Y CTaHaBAUBANU MOJEJNb TPY-
Obl. [Ipon3Boan/IN MOCIOHHYIO, pABHOMEPHO C 00€UX CTOPOH, 3aCHINKY MOJAEN
pe3uHOBOH KpolKo#. [Tpu oTchinke KpolKu o 60Kam TpyOsl B ypOBHE OCHOBa-
HMS U HaJl TPyOOH B YPOBHE ee Bepxa /Il H3MepeHHH BepTUKAJ/IbHbIX 1aBJeHUN
B IDYHTOBOK Cpejle yCTaHaBJMBA/IM NaTUMKHU JAaBjeHus — meccaosbl (puc. 1).
[IpoBoma oT Meccio3 BBIBOAW/IN Uepe3 OTBEPCTHS B OOKOBBIX CTEHKAaX JIOTKA.
M3mepenus mo meccno3am BeMosiHsAMH ¢ oMotibio mpudopa MCI-3. Cummer-
pUYHOE pacroJyioyKeHne NAaTUUKOB JaBJAEHHS B YCJAOBUSAX CUMMETPUN KOHCTPYK-
UM Mozesned TpyO W HArpys3oK IMO3BOJSIO AyOJNHPOBATb U3MEPEHHS.

400

[t ~
> o

M\‘
o |01
~

©
©

150 | 150
400 400

1400

Puc. 1. Cxema yCTaHOBKM MeCC/03 B TPYHTOBOM JIOTKE
1-7 — Homepa Mmeccn03; 8 — momeab Tpyow; 9 — soTok (Mm)

JI151 n3MepeHUs AaBJeHUH UCMONb30BaMU Meccao3bl tuamMetTpoM 30 U Bbl-
coTod 3 MM, obJajatoiiye OOJBIION XKECTKOCThIO. B KauecTBe MepBUYHOTO
npeo6pasoBatens B HUX npuMeHensl reauctopsl [T p-tuna ¢ 6ason 10 mm.
Tenucropel HakaenBaau kaeem B®-2 Ha creknsHHyo (KBapueByw) MemOpa-
Hy. [IpuHUMI neficTBUS Mecc103bl OCHOBAH HAa U3MEHEHUHM OMHYECKOro CONpo-
TUBJIEHHS FeJUCTOPOB, BOCIPUHUMAIOIINX 1e(OpMaLHI0 U3MEPUTENbHOH MeM-
OpaHbl OT NEWCTBYIOLLEr0 Ha MeccHo3y AaB/eHusi. VamepeHHoe mnaB/eHHe
OTIpefiesisieTCsl MO IPAaAyHPOBOUHON KPUBOH, TIOCTPOEHHON MO AaHHBIM HUCIBITA-
HUH B TPayHpOBOYHOM yCTpoHcTBe. McnbiTaHUs U rpaflyHpoBKY MeCCI03 Bbl-
MOJIHAMN B TecKe MPU adpocTaThyeckKoM naBjeHUU. KoHTposb 3arpyxeHus
NPU MCHBITAHUSX OCYLIECTBJISIIM 110 00Pa3LOBOMY MaHOMETpY, MpoLIelieMy
TOCTIOBEPKY.
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[Tocsie oTCHIMKK KPOLIKK Ha MOJIHYIO BBICOTY MPUKJAAbIBANH CTYNEHH Ha-
IPY3KH: OT pbdaroB u noxsecok (1-a crynenn) 4,8 xIla; To e W IOMOJNHH-
TeJIbHO OT Beca TUpb (2-5 CTyneHb) 6,8 klla. [Ipu HauasbHOM MOJIOKEHUU U
npyu 00erx CTyMeHsIX Harpy3KH C MOMOILbIO HyTpOMepa U3MepSih pasMepsbl
MOMEPEUHOTO CeueHHsT MOJAeNH TPYOHI.

[IpoBeneHo TPy cepuu OMBITOB: 1) ¢ KPYr/Iok TUOKOH TPyGOH; 2) ¢ KOMOH-
HUPOBAHHOU TPyGOU co cBogoMm Tuma 1; 3) To ke, co cBogom tuma 2. Beero
BBIMIOJTHEHO 13 OMbITOB, MO 4—5 OMBITOB B KaXKAOH CEPHH.

PesysbTaThl H3MepeHUH MOMEPEUHBIX CeUeHUH Mofiesiel TPyO U BepTHKAJb-
HBIX IaBJIEHUH B TPYHTOBOU cpefie 06paboTaHbl MaTeMaTUUECKH C BbISIBIEHHEM
U UCKJIIOYeHHEeM IpyOBIX MOrpPelIHOCTeHd — MPOMaX0oB MPU MPUHATOHN HaleKHO-
ctu = 0,90 [5] u B HEOOXOMUMBIX C/TyUasIX anmnpoOKCHMAalUed Pe3ysibTaToB JIH-
HEWHBIMH 3aBUCUMOCTSIMH, TOCTPOEHHBIMH MO METOYy HaUMeHbIINX KBaIPATOB.

PesybTaThl M3MepeHWH BepPTHKAJbHBIX W TOPHU3OHTAJbHBIX Pa3MepOB
KPYTJIOH TPYOBl ¥ CBOJOB KOMOWHHPOBAHHBIX TPYO MpeicTaBJ/eHbl HA pUc. 2

AD,, Mm
a) 6 g2 3 4 5 6 ga
—
8 | 4 T4
4 L—1 - oy
L—T |
0 — | AD,, Mm
2 3 A4 5 6 q,klMa
-4 ~
~
5 \\ g 1 2 3 4 5 6 q«la
- 0 1]
12 4 e~
AD,, »m AD,, Mvm

Puc. 2. ledbopmauuu monepevyHblXx ceYeHUH Mofaesned TPyO
a — xpyraas Tpy6a; 6 — cBoJ1 KOMOMHMPOBAHHOK TPYObI, THII 1; 8 — TO 2Ke, TUII 2

U B TabJ. 2, BepTHUKA/bHBIX AaBJeHUH Ha puc. 3 U B Tab/1. 3. 3HaUeHUS
JaBJeHUH NPUHATHl KaK CpeJHHe MO MOKa3aHUSIM MeCC03 B NaHHOU TOYKe
BO BCcex ombiTax Kaxmou cepuu (4—10 msmepenwit). T'paduku Ha puc. 3
WUJITIOCTPUPYIOT KAaYeCTBEHHBIH XapaKTep U3MEHEHHWs NaBJeHHS 3aChIKH B
Tpy6ax pasHbIX THIIOB [0 Mepe yIaJeHHsi 0T ocd TPyObl (GoJiblie-MeHble)
U ero BeJMUHHY B OTJEJbHbIX TOUKaX, HO H3-3a MaJIOr0 KOJIMYeCTBA MeCcc103
He OTPa)kaloT JeUCTBUTEJbHOIO OYePTAHUS 3MIOP JABJEHHS B 3aCHIIKe I10-
nepek TpPyOHI.

Ta6auna 2

Jedopmanum monepeyHbIX cCeYeHHU Mojelell TPyO

Kom6unuposaHHbie

Kpyraas tpy6a Tpy6u

. HsmeHeHre BBICOTHI
H3menenue nuaMeTpoB: BepTHKaAbHOrO ADy U ropu30HTadbHOr0 AD,

Crynenu cBoza AR,
Harpysk,
kIla T10 IaHHBIM OTBITOB 0 pacuery T 1 THI 2
AD, AD, AD, AD, AD, AD, AR, AR,
MM MM AD, MM MM AD, MM MM
% % %o % % %
4,8 —6.62 4,26 1,55 =7.67 2,18 3,62 -2.80 —2.68
4,41 2,84 5,11 1,45 3,73 3,57
6,8 -11,94 6.56 1,82 —14.,19 4,04 3,52 —4,59 —4,55
7,96 4,37 9,46 2,69 6,12 6,07
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6) 8)
8 U2 o, klMa o, klMa
/T
° 7/ \ ° \\ - 6 \\ 2 / -~
2 |
1 DS N1
:1 | "1 \-41.-—/

2 2 2

0 10 20 30 /,cm 0 10 20 30 /,cm 0 10 20 30 /,cm
Puc. 3. XapakTep U3MeHEHHsI BeDTHKATIBHOTO JaBJeHHs 10 Mepe YAaJeHHUs OT OCH
Tpy® pasHBIX THUIIOB

a, 6, 8 — TO e, 4TO ¥ Ha pucC. 2; [, 2 — TIpH CTYIEHsIX HArPy3KH Ha [TOBEPXHOCTH COOTBET-
crBeHHo 4,8 u 6,8 klla

Ta6auuma 3
BeJII/I‘lI/IHI)I JlaBJIeHPIﬁ, l'IO.]Iy‘{eHHBIe B OIIbITax
IlaBnenue no meccnosaM, kI1a/B 101X oT A, Ha PacCTOSAHUU
Tun mozesn Crynenu OT OCH MOJIeJIU TPYOBI, CM
TpyOhI Harpysku Klla
0 7,5 15,0 40,0
48 2,70/0,71 | 3,75/0,99 | 4,86/1,29 3,78/1,0
Kpyrnas MI'T 6,8 500/0,78 | 6,33/0,99 | 863/1,35 6,39/1,0
4,8 4,19/1,14 | 3,06/083 | 2,90/0,79 3,69/1,0
KT, tun 1 6,8 720/1,15 | 4,91/0,79 | 4,62/0,74 6,25/1,0
4,8 450/1,18 | 3,47/091 | 3,06/0,80 3,82/1,0
KT, tun 2 6,8 733/1,16 | 550/0,87 | 4,73/0,75 6,31/1,0

JIns mpuBeieHUs TOKa3aHUH MeCC/03, YJI0KEHHbIX B YPOBHE OCHOBaHHS
3a TpenesaMy MOJEJH TPYOBI, K IaBJeHHI0 HA YPOBHE BepXxa TpyObl MpoH3Be-
IIeH pacyeT BEPTHKAJIbHBIX 1aBJEHUH B 3aCBINKe C yUETOM MOTEPh OT BIHSHHUS
CTEHOK JIOTKa 1o (opMyJe, npuBeaeHHok B padote H. A. LlptoBuua [6]

ovzjl[y—(y—A-pye-AzJ, (5)
rie Azié'tgq) “
F

& — xo3(pduIMeHT GOKOBOrO AaB/aeHHUs, paBHbH a5 meckos 0,35 [6];
(@ — YroJ BHYTPEHHero TpPeHHsI Pe3NHOBOM KPOLIKH, paBHbIHA 27,67°;
U — TepUMeTp CTeHOK JIOTKa;

F — mJomanp NonepeyHoro ceueHHsl JOTKa B IJIaHe;
— 00BbeMHBIH Bec pesuHOBOH Kpouwku (cm. Taéa. 1);

p — JNaBJleHHe Ha MOBEPXHOCTH 3aCHINKH;

e — OCHOBAaHMe HaTypa/bHbIX JOrapHU(MMOB;

2 — pacCTosiHMe OT MOBEPXHOCTH 3aCHIIKHU JI0 MeCTa PACIIONOKEeHHsI MeCCc103.

CorslacHo pacueTy HaBjieHHEe B YPOBHE OCHOBAHMS MOJe/U TPyObl MeHb-
llle, UeM B YPOBHe Bepxa TPyObl, IPU MEPBOU U BTOPOU CTYMEHAX HAPY3KU CO-
orBetcTBeHHO Ha 0,06 u 0,35 klla. [lns mpuBeneHHs TOKa3aHUH BCEX MECCI03
K OJIHOMY YPOBHIO — YPOBHIO Bepxa Tpy6bl — rnoka3anus meccuos Ne 1, 2, 3
1 4 110 BceM cepUsiIM OTKOPPEKTUPOBAHbI IyTEM UX YBeJHUEHHS Ha YKa3aHHbIe
BesurHbL. Ha puc. 3 1 B Ta6J1. 3 npuBeleHbl OTKOPPEKTHPOBAHHBIE 3HAUEHHS
MOKAa3aHUH MeCcCI03.

ComnocraB/eHre M3MEpPeHHBIX M pacyeTHBIX [NaBJAeHWH B OCHOBAaHUM Ha
paccrosinuu 40 cM oT ocu TpyObl 10Ka3ano, YTo MPU BTOPOH CTYIeHU Harpys-
KM OHH TOJIHOCTbIO coBnaaawT (oTkaoHeHus He npesbiuaioT 2,5% ). [Tpu nep-
BOW CTyINeHM Harpy3ku H3MepeHHble JaBJeHHMs B yYKa3aHHBIX MecTaX OKasa-
JIUCb HECKOJIbKO MeHbllle pacyeTHbIX. Ho 3T0 pacnpocTpaHsieTcs U Ha Bce oc-
TaJbHble MeCCHO03bl, T. €. XapaKTep W3MeHEHHs AaBJeHHs 0 Mepe yaaJeHHs
OT OCH TPYOBI 110 pe3ybTaTaM U3MePEHHUH U 10 pacyeTy PUMePHO ONHHAKOB.
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JlaBnenue no meccaosdam Ha paccrosiHve 40 cm oT ocu TpyObl, 6/1HM3K0e Mo
BceM cepusiM (OTK/JIOHeHMs OT cpenHero sHaueHus oT 1,1 mo muHyc 2,0%),
MPUHSITO 32 BeJIMUYMHY JaBJEHHS 3aChIIKA B YPOBHE BepXa TPYObl BHE €€ BJIHS-
HUS, paBHyIO A.

OcTaHOBUMCST Ha pe3yJbTaTaX OIBITOB C MOJAENbI0 KPYIJIOH TPYOHI.

Kak BumHO U3 puc. 2, a u taba. 2, nepopMaludy MOMEPEYHOTO CeUeHHs
MoJeJsied KPYTJod TpyObl — yMeHbllleHHe BepTHUKaabHOrO AD, U yBeJquueHuHe
ropu3oHTanbHOro AD, nuamMeTpoB — COCTaBUJW COOTBETCTBEHHO 6,62 u
4,26 mm (4,41 u 2,84%) npu narpyske 4,8 k[la u 11,94 u 6,56 mm (7,96 u
4,37%) npu narpyske 6,8 k[la. 3uauenuss AD,/AD, paBHbI IPU TIEPBOH CTY-
neHu Harpysku 1,55, npu Bropoit — 1,82. CooTHOILLIEHHST MeXK1y BepTHKaJb-
HBIMH U TOPU30HTAJNbHBIMU fe(OpMAlUSIMU KaueCTBEHHO COTJIACYIOTCS C aH-
HBIMH HaTYyPHBIX HaOJ/I0fEeHUH, MPOBENEeHHbIX Ha 00Jee JKeCTKHX KPYTJIbIX
MIT nuamerpom 1,5 M MOA HACBIISIMH BBICOTOH 5—7 M, HO Pa3HOCTb MEXIY
BesuunHaMu AD, u AD, B HaTypHBIX YCJIOBUAX Oblia MeHblie: AD,/AD, ~
~ 1,1+1,4, npeumyuectBeHso 1,2.

B ta6s. 2 KpoMe OMBITHBIX JAaHHBIX TPUBEAEHB! Ae(hOPMALMU MOMEePEYHbIX
CeueHUU MOJEH KPYTJIOH TPyOhl, onpeneseHHble pacdeToM Mo [IpuaoxeHuio
11 BCH 176-78 [7], nas YCJIOBHH OMBITOB. MO0XHO BHJIETh, UTO OIBITHBIE TaH-
Hble 10 HW3MEHEHHUSIM BepTHKaJbHBIX NHAMETPOB KOJUYECTBEHHO TOBOJBHO
YIOBJIETBOPUTEJNBHO COTIACYIOTCS ¢ pacyeTHbIMH. COOTHOLIEHHS MeXIy H3-
MeHeHHSIMH BePTUKAJbHOTO U FOPU30HTANbHOIO IHAMETPOB Ka4eCTBEHHO TaK-
e coBnagaoT: AD, > AD,, HO KOJM4eCTBeHHO oTHoweHus AD,/AD, B onbi-
Tax CyILIeCTBEHHO MeHblle. M3MepeHHBIe ne(opMaliy rOPU30HTAIbHBIX JHa-
MeTpoB B 1,5—2 pasa GoJblle, yeM IMOJNydeHHBIE [0 pacueTy U OJHXKe K
HATYPHbIM JaHHBIM. BbiloJiHeH Takxke pacueTr ae(opMalrid BepPTHKAJIbHOTO
nuametpa Tpyobl mo popmyae Crenrsepa [8]. ITosmydeno, 4to npu cTymneHsx
Harpy3ku 4,8 u 6,8 klla neopmanuy BepTHKaNbHOTO [HAMETPa PABHBI COOT-
BetcTBeHHO 6,37 u 11,80 MM (4,25 u 7,87 %), uto MPaKTUYEeCKH MOJHOCTHIO
COBMafaeT C AAHHBIMM OIBITOB.

JlaBieHre Hal MOJIEJIbIO KPYTJIOH THOKOK TpyObI 10 ee ocu (cM. puc. 3, a)
cocrasaser (0,71+0,78) A, 4To KauecTBEHHO M KOJMYECTBEHHO XOPOLIO CO-
rJIacyeTcsl CO CJOKHUBLIMMCS TpeCTaBAeHUeM O IaBJeHUU TPyHTa Ha FMOKHe
Tpy6bl. BepTHKanbHOe naBieHWe Ha TpaHHLE KOHTypa Tpyonl pasHo 0,99 A.
[To 60kam OT TPyOBl PSIAOM C HEH MPOUCXOAWUT AOMOJHUTENbHOE HArpyKeHue
OCHOBAaHHS.

Takum 06pas3om, OMBITHL C KPYTJIOH TPYyOOH KaueCTBEHHO U KOJUUECTBEH-
HO BTIOJIHE YIOBJETBOPUTEJIBHO OTPaAXKaT padboTy rubKou TpyObl B TPYHTOBOU
cpene. DTO CBUAETEIbCTBYET O NMPaBUIbHOM Ha3HaYeHUU KpPHUTepHeB NMOA00US
1 BbIOOpPE 2/1eMEHTOB MOJIE/NbHOM CHUCTEMBI U M03BOJISIET C ONpe/ie/leHHON yBe-
PEHHOCTBIO PACIpPOCTPAHUTb 3TOT BBIBOA Ha ONbITHl ¢ KOMOMHHPOBAHHBIMH
Tpy6amu. Pe3ybTaThl ONBITOB C KPYTJIOH THOKOH TPYyOOH MOTYT ObITh HCITOJb-
30BaHbl KaK 3Ta/OH MJIS CPAaBHUTEJNBHOU OLEHKH 0COOeHHOCTeH paboTbl rMO-
KHX CBOJIOB KOMOWHHPOBAHHBIX TPYO.

ConocTaBasisi BeJUUYUHBl Ae(OpMaLUi MOMNepeyHbIX CeYeHHH KPYIJIOH
TPyObl U CBOAOB KOMOMHHMPOBaHHBIX TPY6 (cM. puc. 2 u Taba. 2), MOXKHO BH-
IeTb, UTO OTHOCHUTE/IbHblE U3MEHEHHS! BEPTUKAJBbHOTO pa3Mepa CBOLOB MeHb-
e, yeM KPyraod Tpy6sl Ha 15—24%, uto siBisieTcs ceACTBHEM MeHbliek
BEPTUKAJbHOU MOJATANBOCTH CBOJA TOJ HArpy3KOU MO CPAaBHEHUIO C KPYIJIOH
Tpy6ou. Ilpn oguHaKOBOW BbICOTE OTBEPCTHUS KPYTJIOW U KOMOWHUPOBAHHOU
Tpy6 abcosioTHasi BepTHKadbHas nedopMaluss KOMOWHUPOBAHHOH TPYOHI,
00ycJ/IOBJIeHHAs! TOJIbKO Ae(opMaluell CBOAa, B ONbITaX B 3aBUCUMOCTH OT Be-
JIMYHHBI HArpy3KK Obisia B 1,75—2,5 pasa menbiue (cm. Tabs. 2). CopusoHTasb-
Hble IHaMeTPhl CBOJIOB TMPAKTHYECKH He MEHSJIHUCh. FI3MeHeHUsT TOpH30HTa/b-
HBIX Pa3MepOB C BLITOPOM B CTOPOHY 3aCHITKK HAOJMIONAMUCh B HUXKHEH MOJIO-
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BHHe cedeHHs cBoaa Ha yrie no 30—45° K ropusoHTy. BemuuHbl n3aMeHeHUH
HEe3HAUYUTEJbHbl — 10 2—3 MM.

Bce 310, ecTecTBeHHO, NpubaMKaeT paboTy KOMOMHHPOBAHHOU TPYOBI K
paboTe KeCTKMX TpyO, NMPHUBOAS K CYLIECTBEHHOMY H3MEHEHMIO Xapakrepa
pacrpenesieHdss W BeJHYMHBl BEPTHKaJbHOTO MaBJEHHS 3aChIIKW Ha Hee.
B tpy6ax co cBopamu, B OT/JIMUHE OT KPYIJ/bIX, HAUOOJbllee AaBAeHHe HAOJI0-
Janoch 1o ocd Tpy6sl, coctabasas (1,14+1,18) A. laBaenue Hax Tpy6o# Mo
Kpasim ee KoHTypa cocrasasiio (0,79+0,91) 4. [To 6okam oT TPyObl PAIOM C
Hel MPOUCXOAMJA pasrpyska ocHoanusi (cM. puc. 3, Tabm. 3).

W3 nonyueHHOro B onbITax xapakTepa pacrpejeeHus IaBjaeHHs cleayeT
BBIBOJI, UTO JaBJIeHHE I'PYHTa 3aChIIKH HAa KOMOMHMPOBAHHBIE TPYyObl HY2KHO
omnpenensiTb ¢ KO3(PPUUHEHTOM BepTHKa bHOTO naBjaeruss C > 1. OueBuaHO,
yTo BesquunHa C 3aBHUCHUT OT COOTHOIIEHHS BBICOT I'MOKOTO CBOJA M XKECTKOH
HIDKHEH 4acTH W OyeT YBEJUUHUBATHCS WM YMEHbLIATbCS COOTBETCTBEHHO
NPU YBEJHUUEHHUH WU YyMeHbLIEHUH JOJH KEeCTKOW 4acTH B OOLLEH BBICOTE
ceyeHUsT TPYyOBbI.

OTHOCHUTENBHO BJAUSIHUS KOHCTPYKLUUH 3a[eJIKH TSIT CBOJOB HA BEJIUYUHY
BepPTHUKAJbHBIX Je(opMalUi CBOJOB W JaBJeHHs Ha TpyOy OTMeYeHO, uTO B
obueM nedopMalrdyd HECKOJbKO MeHbllle, a AaBjeHHe OoJiblle A5 Oecriap-
HUpHOH apku. OJHAKO 3T pas/uuus HezHauuTeabHbl (10 5,5%).

Yxasanus CHull 2.05.03-84* [1] B oTHOWEHMK onpenenenus Ko3pdHULH-
eHTa C TIpUMEHHUMBI A5 KeCcTKUX TpyO. [IpuMeHHTEIBHO K MOAATIMBBIM B
BePTHUKAJbHOM HarpaB/JeHUH TpybaM ¢ pasHOU CTeNeHbIO NMOJATIUBOCTH OHU
TpebyIOT NOpabOTKH C TMPOBEJEHHWEM CIeHATbHBIX HCCJAEI0BAHUN.

Ha ocHOBaHMH pe3y/bTATOB OMBITOB U C YYETOM H3JI0KEHHOTO HA JAaHHOM
aTare A5 onpejaeneHus Kodhduuuenta C /st KOMOGUHHPOBAHHBIX TPYO pac-
CMaTpPUBAEMbIX KOHCTPYKLUHUH HAaMH IpelJaraeTcsl CJAeAyOlUid WHKeHePHbIN
TO/IXOJl, OCHOBAHHBIH Ha MCIO/Ib30BaHuH yKazauui CHull 2.05.03-84* [1].

[TonepeuHoe ceueHue TPyOBI BLICOTOM @ COCTOMUT M3 ABYX YaCTeH: XKeCT-
KOH HUXKHEH JIOTKOBOM YacCTH BLICOTOH @ ¥ THOKOTO cBoja. J0MOJHHUTENbHOE
BEPTHUKAJbHOE JaBJeHNE 3aChIKK HA TPYOYy BOZHUKAET TOJBKO 32 CUET XKEeCT-
KO HMXKHel uactu. Jis rubkoro cBoma corgacuo [1] C =1,0.

C y4eToMm H3J0KeHHOro U yKasanui [lpunoxenus 4% [1] kospduument
BepTuKasbHoTo AaBjenus C nns KT npennaraercst onpenensits no hopmysie

C, =1+%B1 2—31‘2 T, g, (6)

3nech BenvunHa B, aHanoruuHast B no opmyse (2) [punoxenns 4*
[1], onpenensieTcs 1151 HUXKHEH YaCTH CeYeHHs TPYObI C 3aMEHOH PacCTOSHHS
@ OT OCHOBAHHS HACBIMK 0 Bepxa TPyObl HAa PACCTOSIHUE @) OT OCHOBAHHUS Ha-
CHIMK 0 MAT CBOJAA
_ 3 Sq
Ctige, A

Bunsinuve BTOporo caaraemoro Ha Besuuuny C B dopmyJe (6) yuuTbiBa-
eTCsl NMPOMOPLUOHAIbHO 0J€ BBICOTHI KECTKOH UacTH a; OT 0OLIeld BBICOTHI
TpyOHL a.

OcTa/ibHble 0603HaueHUs no TekctTy Ilpuioxenus 4% [1].

B rta6s. 4 npuBeneHbl 3HaueHUs KO3(PPULIHEHTA BEPTHKAIbHOIO JAaBJje-
HUS TPYHTA 3aCBINKK Ha KOMOMHHUPOBAHHbIE TPYObl, MOJYUYEeHHBIE B ONBITAX U
pacyeToM JIJis TeX Ke YCJIOBUH C epeBOAOM Ha HATYPY 110 MPeNIoKeHHOH pe-
komenpauuu (6), (7). 3nech e nokasanbl pacyeTHble 110 Gopmyaam (1) u (2)
[punoxenus 4* [1] snauenus C [aa KeCTKHX TPyO Tex ke pasMepoB.
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Tabnnua 4 CorylacHo pacueTam,
OneITHBIE U pacuyeTHbIe 3HAaYeHU S Koadunuenra C 3gavenuss C mjasg uccJe-

Kos(duuuent BepTukaibHoro aapienus C Ha tpy6n ALY EMbIX KOMOMHHPOBaH-
Crynenn JKECTKHE | KOMOMHHPOBAHHEIE HBIX pr6 Ha TPyHTOBOM
HarpyskH, OCHOBaHHUU COCTABJIANU
lla pacueTHble 10 (hopMyJam M3 OMbITOB . .
npy MepBOH W BTOPOH

(1) u(2)[1] (6), (7) tan 1 THI 2 .
CTyleHsiX BHEIIHEeW Ha-
4.8 1,81 1,28 1,14 1,18 I'PY3KH COOTBETCTBEHHO
6,8 1,72 1,20 1,15 1,16 1,28 u 1,20, uto nocra-

TOYHO OJIM3KO COBMALAET
C OTIBITHBIMH JaHHBIMH. [Ipryem pacyeTHble 3HAaUE€HNS HECKOJBKO BbILIE OMBIT-
HblX. PacuerHble 3HaueHust C 17151 KOMOMHUPOBAHHBIX TPyO NPUMEPHO Ha
30% MeHbllle, YeM JIsi YKEeCTKHX.

Takum o6pazom, peanu3auusi NPeasoKEHHOW PeKOMEHAALWH T03BOJSET
OTIpefieiATh BEJUUHNHY BEPTUKAJbHOTO AaBJEHHUS AOCTATOYHO OJHU3KO K (hak-
THUYECKHM YCJIOBUSIM paboThl TPyObl paccMaTpUBaeMOH KOHCTPYKIMHU NIPHU pas-
JIMUHBIX BapUaHTax OTBEPCTUS TPYObl, BBICOTHI TMOKOM U KECTKOW YacTed U
BBICOTHI 3aCHINKK HaJ TPyOou, naberas U3JIUILHKX 3arnacoB. PacyeTsl nokasbl-
BAIOT, YTO TPH MEHBILIUX BbICOTAX 3aCHIITKH B 3aBUCUMOCTH OT BEJTUYUHBI U CO-
YeTaHUS ITHX MapaMeTpoB 3HaueHHs1 C yMEHBILAITCS C BHICOTOH 3aCHINKH U
MOTYT NpHUOIMKATbCA K 3HaueHUsIM C 11 KeCTKUX Tpyo.

CxeMa 3afe/IKH TISIT CBOJIOB 110 JAHHBIM OIBITOB He UMeeT CYI1eCTBEHHOTO
3HAUEHHUS C TOUKH 3peHHs AeopMaLri MOMepeyHblX CeYeHHH CBOAA U BeJHU-
YUHBl BEPTHUKAJbHOTO JABJEHHS 3aCHIIKK Ha Hero. BiusiHue ee MOXKeT cka-
3aThCsl HA HAMPSI2KEHHOM COCTOSIHUM CBOJA U apMUPOBAHUH JIOTKOBOU YaCTH.
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IFA3OBETOH HA OCHOBE OTXOJ10B
KAMHEJIPOBJEHUA

ChIpbeBbIMHM MaTepHAJaMU JJS MOJyYeHUST HEABTOKJIABHOI'O ra300eToHa B OCHOB-
HOM SIBJISIIOTCS: NMOPTJIAH/ALEMEHT, KBapLEBbIi eCOK-HAMOJHUTENb, BOXA, ra3000pa3o-
BaTeJdb M pa3iauyHble J00aBKHu. {ias obGecneueHus: TpeOyeMOHl NMPOYHOCTH M HU3KOH
CcpelHei MJIOTHOCTH 00513aTeJbHOM B TEXHOJOTUY ABJSETCS IHEProeMKas onepamnus mo-
moJia KBapueeoro necka. Cnenuanucramu HTACY (CubGcTpuH) BrepBblie NMPeIoKeHO
HMCIOJb30BATh B MPOU3BOACTBE AYEHCTHIX 0ETOHOB B KauyeCTBe HAMOJHHUTEJNS JHUCIEpC-
Hble MONYTHbIE MPOAYKTBI U3 CHCTEM IbLIEyJaBJIWBaHHUsA, oOpasylomuecs npu apooJe-
HUM aJdb0UTO(UPOBBIX U NMa0a30BBIX TOPHBIX MOPOJA HA MeGeHb AJs 0eTOHOB. AIb0Ou-
TocupoBbie M NUaba30BbIE OTXObI YEpe3 CUCTEMY NblJIeYyJaBJINBaHNAS MOCTYNAIOT B 3a-
nacHble OyHKepa B MeJKOJWCIIEPCHOM BHAE M MOTYT HCIOJb30BAaThbCAd B KauyecTBe
HANOJHHUTENS B SYEHCTHIX OeTOHAX 0e3 MOMOJHUTEJIHBHOTO MOMOJA.

PaspaGoTaHbI cOCTaBEI TYEHCTOTO 6€TOHA HAa AUCIHEPCHBIX OTX0JaX KaMHeApoOJie-
HHUS aabOUTO(UPOBBIX M AUab6a30BBIX TOPHBIX MOPOJ, HA OCHOBE KOTOPHIX IOJYYEH ra-
306eToH no mioTHocT Mmapok D600, D700 u no npouyHoctu Kaaccos B1,5 B2 npu uc-
NoJb30BaHUM B KauecTBe BsKymero mopriaananemedta M400, 120. Takxke BO3MOXKHO
HM3TOTOBJIEHHE TEMJIOU30JMSAIMOHHBIX ra300eTOHHbIX m3aeauin mapku D400.

IIpenmymecTBOM NpexjaraeMoi T€XHOJOIHHU SBJASETCS MCIOJb30BaHUE OTXONOB
NMPOMBIIIJIEHHOCTH M OTCYTCTBHE ONepalyii TOMOJa HANIOJHHUTEJIS, YTO YMeHbIIaeT pac-
XOAbl Ha NMPOU3BOACTBO ra300€TOHHBIX M3JAEJIHH.

I'a3006eToH Ha AMCIEPCHBIX OTXOAAX KaMHeJApPOOJeHHs ainbOUTO(HUPOBBIX U AHA-
6a30BBIX TOPHBIX MOPOJ PEKOMEHAYETCS HJf M3rOTOBJEHHMS MEJKHX KOHCTPYKIIMOH-
HO-TETJION30JSAIMOHHBIX CTEHOBBIX OJOKOB M TENJIOM3OJAIMOHHBIX HM3JEJHH.

Astop paspabGorkm H. A. MAIIIKHUH, a-p TexH. Hayk, nmpod.

630008, r. HoBocubupck, yia. Jleaunrpanckas, 113, Hopocubupckui rocygapcr-
BEHHBbIH apXMTEKTYPHO-CTpOUTENbHBIN yHHBepcurer (CubcTpun).

E-mail:itc@sibstrin.ru

Internet: www. sibstrin.ru

Tean./¢akc: (8-383)-266-28-89
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HOBOE YCTPOMCTBO IJIf HCCJIEIOBAHHUA KHHETUKH
BHYTPEHHE¥ KOPPO3WUHU MATEPHAIJIA TPYB
TEIJIOBBIX CETEHN

B cBsi3M ¢ BBICOKOH aBapUIHOCTBIO TEIMJOCETEH MO NPUYNHE KOPPO3UHU TPYyGONPOBO-
JIOB MCCJeJOBaHUE JOKAJIbHOTO M CPEJHEro 1o AJHWHe N3MEHEH!S TOJIMHbI CTEHKH Tel-
JIOCETEBBIX TPYO B peaJbHBIX YCIOBHAX 9KCIIYyaTallMH SABJSETCH BEChMa aKTyaJbHBIM.

HecmoTpsa Ha HU3KYI0 CKOPOCTh KOPPO3HWH TEIJIOCETEBBIX TPYO YacTOTA M3MEpPEHHUS
OMH pa3 B roJ HEJOCTATOYHA JJIs UCCIeIOBAHUS KHHETHKN BHYTPEHHEH KOPPO3HUH B Iie-
JSIX NMPOTHO3MPOBAHUSA pecypca TPYOONPOBOXOB KOHKPETHBIX TEMJIOCETEH.

CMOHTVPOBaHHOE YCTPOMCTBO AJs onpeaeneHns
KUHETUKW BHYTPEHHE Koppo3nu

I N A
- EON <] -
Tpy6onpoBog
TENOBOM CETH
N
Bannac
L 1,5.2m L
1 1

Jaa yckopeHus Takux uccaegosanuii cnenuanucramu HTACY (Cubctpun) npemio-
JKeHO HOBOE YCTpPONCTBO, MO3BOJISIIONIEe MPOU3BOAUTh MOHTAXK-JE€MOHTaX MHIAMKATOPOB
06€e3 OCTAaHOBKH MOTOKA TENJOHOCUTE, T.€. Yepe3 Ji00bie MpoMexxyTku Bpemenn. Ha Tpy-
GompoBogax IMaMeETPOM Hy 500 MM BMeCTO MATH YCTPOUCTB Ha KOHTPOJBHOM yYacTKe
JOCTAaTOYHO YCTAHOBHUTH TOJBLKO OJHO HOBOe ycTpoiicTBo. Ha crepikHe HOBOro ycTpoiicTBa
3aKpemIsIoTCs BCe HHAMKATOPBI KOPPO3UH, NPUYEM COeIMHEHHEe CMEXKHbIX TPy UHIH-
KaTOPOB M3 Pa3JUYHBIX MAaTePHAJOB OCYIECTBISETCHA Yepe3 JUIJIeKTPHUYeCKHe BCTABKHU.
B nanHOM cayuyae 6aiinac HEOOXOAUM TOJbKO JJI5 OTKJIIOYEHHS yyacTKa TpyGonpoBoga Ha
BpeMsl PEMOHTa YCTPOMCTBA.

CMOHTMpOBaHHOE HOBOE YCTPOWCTBO AN onpeaeneHus
KMHETUKN BHYTPEHHEW KOppo3nn

- >

Tpy6onposoa
TENMoBON ceTn

\
/

Bawnnac

ABTopsl paspaborku: A. C. BACHUH, n-p TexH. Hayk, npod.,
JI. b. YAITAEB, kaHa. TexH. HayK, JO0I.
630008, r. HoBocubupck, yi. Jlenunrpanckas, 113, Hoocu6upckuii rocygapcr-
BEHHBIH apXHUTEKTYPHO-CTPOUTEeIbHbIN yHuBepcuteT (CubGCTpUH).
E-mail:itc@sibstrin.ru
Internet: www. sibstrin.ru
Tean./¢akc: (8-383)-266-28-89
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IPABHJIA IOJATOTOBKH PYKOIIMCH

(ucnpaBieHHbIE U JOTOJHEHHBIE )

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

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

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

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

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

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

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

— wnnpexke YJIK;

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

— Ha3BaHHe CTaTbH;

— aHHOTALMS.

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

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

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

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

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

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

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

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

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

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

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

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

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

11. Fonopap 3a onyGaMKOBaHHbIE CTATbH He BbLAAALUBAEMCA.

12. Pykonucu, He YIOBIETBOPSIONIME H3JOXKEHHbIM TPEGOBAHMUSM, OTNPABISIOTCA ABTOPAM HA
HOpaGoOTKY, 4TO 3aMe[JIsieT CPOK MX ONyGIMKOBaHMS.
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a TaK¥Ke CTYAEHTOB CTAPHIMX KYPCOB CTPOUTENBHBIX BY30B M (DaKyJabTeTOB, paGoTHH-
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XKypnan umeer pasmennl
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CanuTapHas TeXHHMKa Hayynaa nadopmauns

B XYPHAJE NYBJIHUKYIOTCA:

CTaTbH O Pe3yAbTaTaX HAYYHBIX UCCIENOBAHHIl, COOGMEHNSA O MEPeOBOM OTEYeCTBEH-
HOM M 3apy0eIKHOM ONbITE B CTPOUTENbCTBE, PaGOTHI 10 ABTOMATHKE ¥ aBTOMATH3a K
[POU3BOJCTBEHHEIX MPOLECCOB, MATEPHAJLI MEXBY30BCKAX HAYYHBIX KOH(EepeHI i n
COBEIAHHI, OTACTBHbIE PA3JIENb] IHCCEPTALMI, MATEPHANBI O BHEAPEHHH B IPOU3BO]-
CTBO 3aKOHYEHHBIX HaYYHBIX PaboT, a TakiKe 0630pHBIE CTAThH, CTATHH HAYYHO-METO-
AMYECKOro XapaKrepa, MPEJJNOKEHHS N0 PACUETy U NMPOEKTHPOBAHUIO CTPOMTENBHBIX
KOHCTPYKIHMH M HHIKEHEPHBIX COOPYKEHHIA.
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