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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.

6



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
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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.
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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

(11).
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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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KaMeHb

MuHeparbHas | | Tuncosbin c-3 MuneparnbHas | | C-3
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[osupoBaHue

| [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
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(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.

CIIMCOK JIMTEPATYPbI

1.Pu6ber WU. A. CtpouTesibHble MaTepuasbl Ha OCHOBE BSKYIIMX BellecTs (MCKyccTBeH-
Hble CTPOMTE/IbHBIE KOHIJIOMepaThl): Y4e6. mocobue.— M.: Beicu. mk., 1978.— 309 c.

2.Kanamuukos B. U. Peonoruueckass akTHBauusi CMelIaHHOTO BSKYIIEro 106aBKaMHy B
3aBUCUMOCTH OT TIPOLEAYPBbl HX BBegmenusi/B. Y. Kanammwnkos, B. C. JleMbsiHOBa,
H. M. Jly6omuna/ /W3B. By3os. Ctpoutenbctso.— 1997.— Ne 12.— C. 52-54.

3. Mar. P®. Ne 2290373 C 04 B11/024. Croco6 mosyd4eHHs! THICOBOTO BSKYIIEro,/
1O. A. Coxkoasosa, W. B. Mopesa, B. B. Mensinuk u np.— Ony6u. 27.12.06; Bros. Ne 36.

© Mopera U. B., Measauuk B. B., Cokoaora 0. A., 2008

[Tonyueno 11.01.08

YIK 691.43—-431:666.31

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-
22



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.

CITMCOK JIMTEPATYPbI

1. Tat. P® Ne 2049080. Pacmupsiiomiasi 1o6aBKa K LIE€MEHTY.

2.CasBuna A. E. PacTBopbl /151 3aM0JHEHHS Ma3yX MpH GYPOOTYCKHOM CIocobe MorpysKe-
HUs cBail B yeaousax r. Axyrexka/A. E. Cassuna, A. JI. Eroposa/ /C6. nayu. Tp. Pecypcb
cTpouTesibHOro Komnsekca Pecriy6anku Caxa (Axkytusa).— Axyrek, 2001.— C. 186—189.
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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
N4 < X
N A A
3 d-t-1 —
g 1
2i3 !
v Sig 2
31 Zia / | @
Q@ B = o
- 5:4 /2 »
=
3 A
[ o~
ooE ,4
7 = :
I
L~
V4 \ 51
A\

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 S A T N g o6 T 55 60 4
£° 40 \ 8 @
2 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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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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YIK 624.132.345

A. B. HIEPBAKOB, ra. uaxk. (3AO0 «Cubrugpomexctpoin», r. HoBocubupck);

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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CAHUTAPHAYd TEXHHUKA

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.
52



4 \ ‘/()BPB
2 7 ! ;
UTp
- 4 < —0
0 N pl-l p1 é
2 r\\\ C’—C' /.!( 2
VB4
= 1
T 6
—J I
i g
hcna //

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

57



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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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)
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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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3JIEKTPHYECKUM TOKOM
mr/ om3

O6paboTKa MOCTOSHHBIM

KOHIIEHTpa-
POJYKTOB,

180,0
60,6
70,0

Hcexoanas |Ocrartounas
uus HeTe- | Lust He(Te-
mr/ mm3

KOHLIEHTpa-
[IPOJYKTOB,

400
700
1000
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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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