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TEOPUSA WHXKXEHEPHBIX COOPYXXEHUHN

YIK 539.3

10. 4. TIOKAJIOB, kaHa. TeXH. HayK, gou. (BaATckuii rocyapapcTrBeHHbIN yHH-
Bepcuret, r. Kupos)

HCIIOJIb30BAHHE KYCOYHO-IIOCTOIHHBIX HAITPAXKEHHUH
AJ9 PEHIEHUA OBBEMHBIX 3AJAY TEOPUU YIIPYTOCTH

PaccmarprBaercs pelieHre 06beMHON 3a4a4M TEOPUH YIIPYTOCTH METOLOM KOHEUHbIX 3Jle-
MEHTOB Ha OCHOBE MHHHUMH3ALMM (PYyHKIHOHAJA JONOJHUTEJbHON Hepruu. B kauecTse Hewus-
BECTHBIX HCIIOJb3YIOTCS HEMOCPEACTBEHHO Y3JI0Bble HampskeHus. [ annpokcHMaluy Hamps-
JKEHHH HCIO/b3YIOTCS KYCOYHO-TIOCTOSIHHBIE AlMPOKCUMALMH, KOTOPble SBJSIOTCH Pa3pbIBHBIMU
BHYTPH KOHe4yHOro ajemeHTa. Ha o6sacTb BbiG0pa HeM3BECTHBIX NapaMeTPOB KOHEUHO-9/1€MEHT-
HOH MOJIe/IH HaK/1aJblBaeTCsl CHCTeMa OrpaHMUeHHH B BUle anre0pandeckux ypaBHeHUH paBHOBe-
CHSl, COCTaBJEHHBbIX IJISI Y3/IOBBIX TOUEK MPH MOMOIUM INPHUHIHMNA BO3MOXKHBIX IepeMelleHUH.
[TpruBoauTCS IpUMep pacyeTa U CpaBHEHUe M0J1yUeHHbIX Pe3yJ/1bTaToB, KOTOPOe [0Ka3blBaeT, YTO
IpPH U3MeJbUeHHH CeTKH IepeMelleHHs] CTPeMSATCSl K TOYHbIM 3HAUeHHUsIM CBEpXY.

B pa6otax [1, 2] niist pelienns 3anau u3ru6a KT U MIOCKKX 3a1a4 TEO-
pHH YTIPYTOCTH METOJOM KOHEUHBIX 3JIEMEHTOB HCIOJB3YIOTCS (PYHKIMOHAJ
IOTIOJIHUTE/IbHON Hepruu AedopMauuil U MPUHLMUI BO3MOXKHBIX TepeMellie-
HUH. B KauecTBe HEHM3BECTHBIX MPUHUMAIOTCS HETOCPEACTBEHHO Y3J0Bble Ha-
NpsDKeHUsT WM BHYTpPeHHHe ycuaus. HanpsokeHHO-mehopMHpPOBaHHOE CO-
CTOSIHUE TUCKPETHOW MOJEJH MPeIMeTHOH 00JIaCTH MPeACTaBSETCS MONIMU
HanpsKeHUuH (yCUIMi), KOoTopble M0 06/1acTH KOHEYHBIX 3/1eMEHTOB allpoK-
CUMHUPYIOTCS TOCTOSIHHBIMU /M KYCOUHO-NOCTOSIHHBIMH 0a3UCHBIMH (DYHK-
uuaMu. OueBUAHO, YTO B 06JIACTSAX C MOCTOSTHHBIMH HaINpsiKEHUSIMU yIOBJIe-
TBOPSIIOTCS OAHOPOAHBIE U (depeHMaNbHblEe YDABHEHUS PAaBHOBECHS U AUD-
(bepeHUMAIbHBIE YDABHEHHUS COBMECTHOCTH Ie(opMaluril U, KpOMe TOro, MpH
U3MeJbUeHUN CEeTKHM HalpsuKeHHe B KOHEUHBIX 3JeMeHTax CTPeMHUTCS K I10-
CTOSIHHOH BeJIM4YMHe. PellleHHe TeCTOBBIX 3ahay MOKa3ajo, YTO HMCIOJb30Ba-
HMe TaKUX aNlpoKCUMAaLUH /151 HaNlpsKeHWH M03BOJSIET TTONYyYUTh BEPXHIO
TpaHuULly AJis1 MepeMelLleHUH.

Pemlenune 3amauu HaxogUTCs U3 YCJAOBHS MHHHMyMa AOTOJHHTEJBHOH
sHepruu nedopmaumit [3]:

Hc:;j{o}T[E]I{G}dV—I{T}T{A}dQ—)min. (1)
14 Q,

Jlns paccmatpuBaeMol 3anauu B (1) BBeeHbl caeayolie 0603HaUEHUS:

{o}=(0,0,0.1,,7,.7,.)" — BekTOp MO/ HANPSKEHUI;
[E]"' — maTpuua ympyrux KOHCTaHT;
{T} =(T, T, T,)" — BEKTOP MOBEPXHOCTHBIX YCHJIUH;

{A} =(@ow)"— BexTOp 3amaHHBIX PAHMUHBIX MepeMelleHHH;

V — o6nacTb paccMaTpuBaeMOH 3aauu;

(), — TOBepPXHOCTb, HA KOTOPOU 3alaHbl MepeMmelleHHs. Boibrupaemble moss
Halps>)KeHUH NOJIKHBI YIOBJAETBOPATh AU((epeHIHaNbHbIM YDABHEHUSIM PaB-
HOBECHSI U CTAaTHUECKHM TPAaHUYHBIM YCJIOBHSIM.

[Tocsie nMcKpeTU3alUMH MpeIMeTHOHW OOJIACTH M HCIOJb30BAHHS KycCOu-
HO-TIOCTOSIHHBIX alMNpPOKCUMAaLMK /15 1oJiell HanpsKeHHH HeoOX0AUMOo obecrie-
YUTb paBHOBECHE Y3JI0B CETKH BIOJb oced KoopauHat. [loatomy Ha obsacTh
BbIOOpA HEHM3BECTHBIX 1apaMeTPOB KOHEUHO-3/1eMeHTHON MOJIe/IH HaKJ/1ablBaeT-
Csl CHCTeMa OrpaHMYeHHH B BUJe ajnrebpandyecKUX ypaBHEHUH PaBHOBECHS, CO-
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CTaBJIEHHBIX AJIS1 Y3JIOBBIX TOUEK MPH MOMOIIM MPUHLMIIA BO3MOXKHBIX TlepeMe-
menud. [Ipu n3MesbUeHUU CETKH Takue ajqredpanueckue YpaBHEHHUS PaBHOBe-
CHS$l, TOJyUYeHHble /151 BHYTPEHHUX Y3JIOB, CTPEMSTCS K COOTBETCTBYIOLIMM
i depeHIMaNbHBIM YpaBHEHUSM PaBHOBECHS, a /1S Y3J/0B, JeXKalluX Ha rpa-
HULE TIpeIMeTHOH 06JIaCTH, K COOTBETCTBYIOIIMM CTATHUECKHUM I'PAHUYHBIM YC-
JoBusIM. [I7s1 peleHUs 3a1aud yCJAOBHOM MUHHUMM3ALUUHU HUCIIOJNb3YETCSH METOL
wTpapHbX (YHKIMHA WA METOA MHOXKHWTeseH JlarpaHxa.

B nannoél pabote mpengaraeTcss HCMOJIb30BaTh KYCOUYHO-TIOCTOSIHHbBIE
M0JIst HAMpSKeHUH AJ11 peleHust 00beMHBIX 3324 TeOPUU YIPyrocTh. B aTom
c/ydae IoJisl HanpsiKeHUH SIBJASIOTCS Pa3pbIBHBIMM BHYTPH KOHEUHBIX 3Jie-
MeHTOB. B pa6ore [1] Takoil moaxon HasBaH BapUALMOHHO-CETOUHBIM, TaK KaK
MCIOJIb30BaHNE PA3PbIBHBIX BHYTPU 3JeMEHTA aNMpOKCHMAUHUH He XapaKTep-
HO /IS MeTO/la KOHEeUHBIX 3JIeMEeHTOB.

HeusBecTHbIMU mapaMeTpaMy SIBASIOTCS LI€CTb HANpPSKEHUH B KaXKIOM
yane {G;}" =(G,;, Gyi»Ouis Tuyis Tusis Tyey). ISl BBIUMCIIEHMS] [OMOJIHH-

TeJIbHOW 3Hepruu nedopMaluil Bcel KOHCTPYKIUMH NMPUMEHHUM KBaIpaTypHYIO
(bopMyJ1y UHCJIEHHOTO HHTerHpOBaHI/IH

—j{c} [E] HotdV ~ ZV{G YLEI Yo, ). (2)
z =1
V; — Becoo# koahduuuent (06beM), onpeaensieMbli 10 caeLyoLIed (popMye:

=3 kbkck/8+2vk/6 (3)

k=1

rae m, S — COOTBETCTBEHHO KOJMYECTBO MIeCTUIPAHHBIX U MATHIPAHHBIX KO-
HEUHBIX 3JeMeHTOB (siueek), MPUMBIKAOWIKUX K Y37y i
k. b*, c* — pasmepwl k-ro wecTHrpaHHOrO 3Je-

64 65
MeHTa; 7 6 63 ;
k i
Ia/ﬂeM—e;TZLeM MATUTPAHHOTO 62/ 169/ 68
: NAAD
Ha puc. 1 mokasansl 06- y/avs o ' l66 4 67
JIACTH C TIOCTOSIHHBIMHU Hampsi- 8 P 5 ,’f'4§ﬁ%} - a7
YKEHHUSMH IJI51 TPSIMOYTOJIbHO- / I' 4 3 “a,
ro 3JeMeHTa. a1 =43t 724
Hcnosb3ys cooTHoLIeHHe ay s o
(2), nmomomHMTeNBHYIO 3Hep- 1 2 15 16 17
rUi0 1eOpMaly MOXKHO Bbl-  Puc. I. O6nactv ¢ mo-  Puc. 2. DieMeHTE, MPUMBI-
% - CTOAHHBIMHA Hampske- Kawllye K y3ay i
pasuThb B CJAEAYIOLIEH MaTpUY ysay
HOH (opme: FHANH
1, _ .
HC=§{0}T[B]{0}—>m1n. (4)

Martpuua nogarnusocTH [B] uMeeT mpocTyio 6104HO-IHATOHATBHYIO CTPYK-
Typy:
VILET

Vo El

[B]= (5)

-1
V,[E]
Bnaronapsi Tako# cTpyKType JIerKo TMOJYyYUTh BeIpaxkKeHHe 0OpaTHOW Mart-

puusl [B]™. Bektop HeussecTHbIX {G} MMeeT pasmep 671, Tiie 1 — KOJHYECTBO
Y3JI0B KOHEUHO-3/JIeMEHTHOH CETKHU.



PaccmoTtpuM coyyait UCro/1b30BaHUS LIeCTUIPAHHBIX MPSIMOYTOMBHBIX KO-
HeuHbIX 3jeMeHToB (puc. 2). [TosyuuM ypaBHeHHsS paBHOBECHS y3JI0B TIPH T10-
MOILM TTPUHLIKIA BO3MOXKHBIX NepeMelleHUH. Kaxkablil y3es1 UMeeT TpH BO3MOXK-
HbIX TepeMelleHus Ou;, 0v;, 0w, BHOJb OCeH TI0OAJbHOH CHCTEMBbI KOOPAHHAT.
AnmnpoxkcHUMalyio BO3MOXKHBIX IepeMelleHHH M0 06beMy KOHEUHOrO 3JeMeHTa
NPUMeM B BHUJEe JHMHEHHBIX Oa3UCHBIX (DYHKLMH.

du; =(1+&&)1+mM)U+yy,;) /8,

8v; =(1+EE)(L+m) L+ wy,) /8, (6)
dw, =(1+EE,)A+m,)(L+yy,) /8.
BespasmepHble KOOPAMHATHI CBSI3aHbI C JOKAJbHBIMH KOOPAHHATAMH X, I,
2 M3BECTHBIMH BhIpaxkeHusaMH &=2x/a® n=2y/b° y=2z/c®. Boipaxe-
uust (6) COOTBETCTBYIOT €IMHMYHOMY MEPEMELIeHHIO Y3/1a i U HyJeBbIM Iepe-
MELIEeHHSIM OCTAJbHBIX y3JI0B KOHEYHBIX 3/JE€MEHTOB, MPUMBIKAKIIMX K pac-
cMatpuBaeMoMy yaay. [l KaXKIoro U3 3THX KOHEUHBIX 3JIeMEHTOB paccMaT-
pUBaeMbli y3es OyneT UMeTb pas/HdHble 3HAYeHHsI HHAEKCA i B POMEXYTKe
ot 1 no 8. 3HaueHHe MHIEKCA COOTBETCTBYET MOPSAKOBOMY HOMEpPY y3Ja MpH
ONHMCaHWKM KOHEeYHOro sjemeHta (cm. puc. 2).
[IpHHLMI BO3MOXKHBIX MepeMeIleHHE [JIaCHT: CyMMa paGoT BCeX BHeLl-
HUX U BHYTPEHHHUX CHJI Ha JIIOOBIX BO3MOXKHBIX TTePeMeleHUsX, I0MyCKaeMbIX
Ha/OXKEHHBIMH CBS3SIMH, PaBHA HYJIO:

dU, +8V, =0. (7)

BosmoxHoe nepemelleHue y3na i BAOJb OCH X BBI3bIBAeT B KOHEYHBIX
3JeMeHTax, MPUMBIKAIOIIMX K Y37y, cjlelylolue nepopMaLuu:

de, =0(u;) /ox=E,(1+m,)U+yy,) /4a,
&Y vy =0(u;) /dy = (1+EE )1+ yy ;) / 4b°, (8)
&Y . =0u;) / 0z =y, (1+EE;)1+mm,) /4c*.

OcranbHbie neopmaunu €, =€, =Y ,, =0. IHeprus negopmMauru KoHed-
HOTO 3JIeMEHTAa BBIYUCJ/SIETCS B BHUIE MHTErpasda Mo ero oobemy

dU.¢ =jjf(0x68x +0,0¢e, +0,8¢, +0,0¢, +
pt

(9)
+T ., 87, +7,.87,. +7..0Y .. )dxdydz.

Beruucssigs unrerpan (9) ananuTHyecKH, MOJYUMM

1 < _
S—lel(&ibece(Hninj /2(U+y, v, /2)G, ; +
p
+na‘c(1+&E, /20+y, v, /2)T,,  + (10)
+yache(+mm; /2)A+EE, /2T, ).
Boipaxkenne (10) samuiuem B CTaHAapTHOM BEKTOPHOM BHIE

8U,5 ={Ce )67} (11)

8U, 5 =

Bexrop {C/,} cocront 13 48 K03(pHHULHEHTOB, €10 MOXKHO [PEICTABUTD B
CJIEMYIOLIEM BHIE:

{CeaT =({C) YHCAYHCA Y HC!  HCP Y HEE Y HET Ve D, (12)



rae
Ebcce(lemm, /2 U+, v, /2)

) T
{c/.} =23 : (13)

OHepruio nedopMalMy BCeX KOHEYHBIX 3/JEMEHTOB, MPUMBIKAIOUIMX K
y3Jy i, IpeICcTaBUM B CJeAylOlleM BHJE:

dU. , ={C, }T{5"}, (14)

rie {6} — BEKTOP, BKJIIOUAIINNA HEU3BECTHBIE HAMPSKEHHUS B Y3/JaX KOHeU-

HBIX 3/J€MEHTOB, MPHUMBIKAOIINX K Y37y i.
Pa6ora cocpenoToYeHHBIX BHEIIHUX CHUJI P, U pacrpejieleHHbIX 110 00be-
MY Harpy3ok ¢ , HarpaBJleHHbIX BAOJb OCH X TPH BO3MOXKHOM TepeMelleHHH

y3Jia [ BIOJIb OCH X, ornpenendeTcd CJAeAyUHM Bbipa>KeHHUEeM:
a@ Ebe

SV, =P du; + > I] jqf’Suidxdydz. (15)
00

¢ 0

YuutbiBas Beipaxenue (6), MogyduM, 4TO AJIS CJaydas paBHOMEPHO pac-
npefeeHHON HarpysKd q )

SV, =P, +z;qra@bece P, (16)

OxoHYaTesNIbHO ypaBHEHHE PAaBHOBECHS y3J/a BIOJb OCH X MPHUMET CTaH-
JNApPTHBIA BEKTOPHBIA BUJ

¢, )76} +P . =0. (17)

CocTap/sAsl ypaBHEHHsl PAaBHOBECHsl /Il BCEX Y3/0B 0 HAlpaBJeHHIO
Tpex ocell KOOPAMHAT, TOJyYMM 3afiayy MHHMMH3ALMK (DyHKUMOHA/A MPH HaJH-
UMM OrpaHHYEHHH B BHJe CHCTEMbl JIMHEHHBIX aireGpavuuecKUX ypaBHEHHH
1, _ .
§{G}T[B]{G} — min,

¢, )6y +P =0, ieZE,,

Ti{=i\ ,D _ -

{C,-,y} {G‘}+Pl—,y—0, ze_y, (18)
{C.}{6'}+P,=0, ieZE,.

E., E,, E, — MHOXKeCTBa y3/I0B, Y KOTOPBIX He HUCK/IIOYEHBI NepeMelleH s

BHoJb ocedl X, Y u Z cootBeTcTBeHHO. OTMETHM, UTO MPH NMOJYIeHUH ypaBHe-
HUH paBHOBECHS alNpPOKCUMHPOBAJIOCH M0JI€ BOBMOXKHBIX, & He JeHCTBUTENb-
HbIX TepeMelleHHUH.



3anauy (18) M0xKHO cBecTH K 3amaue 6e3yCJOBHOM MUHUMHM3ALMK IBYMs
croco6aMu: Mpu MOMOIIM MeToAa WTPapHbIX (YHKUNWNA U NPU MOMOIIU METOA
MHOXKHTesed Jlarpanxka. B nepBom ciydae nosydaem ciaenyolndi KBaagpaTHy-
HbIH (DyHKLHMOHA:

LGB} + Salic, )76} +B.)° +
2 icE, (19)
+>a(C 6 +P )+ > alC {6} +P.)? — min,

i€gy, i€,

rae o0 — napaMmeTp (yHKUMM LITpada.

Munnmusauus (19) IpUBOAKT K CHCTEME TMHEHHBIX yPaBHEHHH, KOTOpast
SIBJISIETCS TIOJ0KUTEJNBHO OTpeieIeHHOW, CHMMETPUUHON U UMeeT JJeHTOUHYIO
CTpyKTYypy. HensBecTHBIMU B 3TOM c/lydae SIBJSIOTCS TOJNBKO Y3J0Bble Harpsi-
)eHus. Cucrema JUHEHHBIX airebpanuecKux ypaBHEHUH OyneT UMeTb CJe-
OYIOLWIMA MATPUUHBIA BU:

([Bl+a[SD{c} =a{R}. (20)

Martpuua [S], KoTopyio MOXKHO Ha3BaTh MaTpULIeH PaBHOBECHS], ABASETCS
POX3BOAHON BTOPOTO, TPETbEr0 W UETBEPTOro CJjaraeMblXx B (DyHKIHOHaJE
(19). Pexomenpauuu MO aBTOMATHYECKOMY BbIOOPY BEJMYMHBI MapameTpa
wrpada 1 aaropuT™ onpenesieHns nepeMelleHHH N0 HaleHHbIM HalpsiKeHHU-
aMm nanbl B [1, 2].

/15 mocTpoeHUs pellleHUs NP MTOMOIIM MeTOa MHOXKHUTeel JlarpaHxka
BBellEM BEKTOD HEHYJEeBBIX Y3JIOBbIX MepeMelleHUH BIO0Jb OCEeHd KOOpAUHAT,
HO NP 9TOM aNNpOKCHMALHMIO M10J151 epeMellleHHH HCI0/b30BaTh He HYXKHO:

W’ =, v, @ -u,v, w,).

DJIeMeHTBI JAHHOTO BEKTOpa SIBJSIOTCS MHOXKHUTeNsIMH JlarpaHska 1jis co-
OTBETCTBYIOLIMX ypaBHeHUE paBHOBecHs y3a0B (18). YpaBHeHus paBHoBecHs
(18) 0O6benMHMM B OIHO MaTPHYHOE YpaBHEHHE

[Cl{G} +{P} =0. (21)

Torna pelmieHre 3agadrv MO2KHO CBECTH K MHUHHUMHU3AUHHU CJAEAYIOLIEro ¢)YHK-
HHMOHaJa:

;bﬂmw+wWMbHWD»mn (22)

B nanHOM c/lydae HeHM3BeCTHBIMH SIBJISIOTCS BEKTOP HANPSKEHUH U BekK-
Top mepeMelueHui. Munumusauus pynkuronana (22) cBoautcs K Caenyro-
el CUCTeMe JUHEUHBIX ypaBHEHUU:

[BI{G} +[CI"{u} =0, (23)

[Cl{c} +{P} =0.
Tak kak matpuia [B]umeer 6/104HO-IUATOHAJNBHYIO CTPYKTYPY U €€ JIETKO
00paTUTh, BBIPA3UM M3 TIEPBOTO MATPUUHOTO YPaBHEHHSI BEKTOP HAMPSKEHUH

U TMOJACTaBUM €ro BO BTOpoe ypaBHeHHe. [logyunm ciemyioliyio moc/enoBa-
TeJbHOCTb ypaBHEHHUH:

[CIIBIT'[C]"{u} —{P} =0, (24)
{c} =—[BI"'[CI" {u}.

BBenem o603HaueHue AJis MPOU3BENEHUS MATPHIL

[DI=[CIIBI"'[C]". (25)



Matpuua [ D] umeer JeHTOUHYIO CTPYKTYPY U ABJASETCS CUMMETPHUYHOH C
M0JIOXKUTENbHBIMA 3JleMeHTaMH Ha IVIaBHOW auaroHansu. [lpu BeluMc/IeHHH
3/7IeMEHTOB JAHHOW MaTpHIbl /15 COKPALeHHsT KOJMYECTBA BBIUMCIUTENbHbIX
onepauuii ciaeayer yyecTb oco6eHHOCTH cTpyKTyp Matpul [B]'u [C] Marpu-
ua [C] saBaisieTcss HeCHMMETPUYHOM, HO UMEET JIEHTOUHYIO CTPYKTYPY, LIKPUHA
JIEHTBl KOTOPOH OIpefessieTcs] MaKCHMaJbHOM Pa3HOCTbIO HOMEPOB Y3J/0B
3/IeMEHTOB, MPUMBIKAIOLUIMX K KaXKI0My M3 y3J0B ceTkd. Martpuua [B]™! —
6JI04HO-IMarOHa/NbHas!, CHMMETPUUYHAs C LUMPUHOM JIeHTHl, paBHOH TpeM. Kak
M0Ka3aJ/10 CPaBHEHHE YUCJEHHBIX Pe3yJbTaTOB, IBA PACCMOTPEHHbIX BapHaHTa
pelleHUs NAIOT NMPaKTHUeCKU OJMHAKOBBIE pe3yJbTaTbl. Pa3HOCTh B 3HAUEHH-
SIX MeHee OJHOTO MpOLEHTA.

JI1st TecTHpoBaHMS NpeasaraeMoid MeTOAMKH OblJIM BBIIOJHEHBI pacyeThl
KOHCOJIbHOW 6aJ/IKW Ha NelCTBUE MOCTOSSTHHOW PAaBHOMEPHO paclpeleseHHOH
BePTHKa/JIbHOM (KacaTe/bHON) HArPY3KU Ha CBOGOAHOM KoHIe. B 3amenke uc-
KJIIOYAJ/IMCh TepeMellleHUs] BCeX Y3JI0B 10 HaNpaBJeHHI0O OCeH KOOpAHHAT.
BapuanTel pasbueHus 6anky Ha LIeCTUIPAaHHble KOHEUHbIE 3J€MEeHTbl MOKa-
3aHbl Ha puc. 3. [lnuHa 6anku paBHA 5 M, IIMPUHA U BeICOTa — | M, MOIYJIb

a7 T T 7 B)

6) n

Puc. 3. Cxembl pa36bueHHsi OalKd Ha KOHEUHble 3J€MEHThI

ynpyroctu E=10° xH/ m?, kosdduuuent Ilyacconma u=0,2, Harpyska
g =10 kH/ m?. Peay/bTaThl pacueToB npuBejeHbl B Tabauie. [1o 6a104HOMY
pelleHUI0 MaKCHUMaJ/bHOe IepeMe-

lleHHe PaBHO Db MM, MaKCHMaJb- PesynbraThl pacuera
Hoe Hanpsikenne — 300 kH /w2 Makcu- Tepene-
p CXeMa KO.HI/IL{QCTBO MaJIbHOE [LeHHe
e3yJIbTaThl PaCueTOB TMOKA3bl-  pasouerms| yanos

_ Hanpﬂmeﬂue KOHCOJIH,
BAIOT, UTO MNepeMellleHHs MpPHU U3 Ha puc. 3 |  ceTku G, kH/m2 oy

MeJIbUEHHUHU CETKH CTPEMATCA K TOY-

HOMY DeILeHHIO CBEpPXY, a KpaeBoe a 54 257,5 6,05

HamnpspKeHHe TPUOMHKAeTCS K 3Ha- 6 19695 gggg 22(2)
: 6 : :

YeHHIO, MOJIy4eHHOMY IO 6aJ0uHOM i 405 294 5 519

TEOPHUH.
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CTPOMTEJIBHBIE MATEPHAJIbI U U3AEJINA

YIK 691.54 : 620.18

II. T. KOMOXOB, akax. PAACH, n-p TexH. HayK, npod., A. M. XAPUTOHOB,
Kauj. TexH. HayK (IleTepOyprckuilt rocy1apCTBEHHBIN YHUBEPCUTET MyTEMN CO-
o0meHuns)

HMUTAIIMOHHO-YUCJEHHAA MOJAEJIb HAHOCTPYKTYPbI
M CBOMCTB IEMEHTHOTO KAMHY

Paspaborana nByXypoBHeBast UMHTALHOHHO-UHCJIEHHAS] MOJe/ b LIEMEHTHOTO TeJist, Tpef-
cTaBJsIoLIas COO0M COBOKYMHOCTh YacTull padmepoM 4,4 u 40 HM ¢ pacnpenesieHHeM TMOpP T10
pasMepy, COOTBETCTBYIOIINM 9KCIIePUMeHTaMbHbIM TaHHBIM. Ha ocHOBe mpeasio;keHHOH MOze/H
NOCPEICTBOM METO/Aa KOHEUHBIX 3/1€MEHTOB ChIMUTHPOBAHBI MEXaHU3Mbl BIaXKHOCTHOH YCalKH,
00yCJIOB/JIeHHBlE KANWJISPHBIM AaBJeHHeM M H3MeHeHHeM CBOOOMHOH MOBEPXHOCTHOH 3Hep-
ruu. [TosydeHbl Unc/IeHHblE OLEHKH ne(OpMalril yCaaKH U MPOU3BENEHO UX COMOCTaBJEHHE C
9KCIePUMEHTABHBIMY JTaHHBIMHU.

CJ/10)KHOCTb OLEHKH CBOHCTB LEMEHTHBIX KOMIO3HULHH B NepBYIO Ode-
penb CBsi3aHA C HEOAHOPOAHOCTBIO U MHOTOYPOBHEBOCTBIO CTPYKTYPhI TAKHUX
MaTepHanoB. ToJIbKO yKPYITHEHHbIE XapaKTePUCTUKH, TaKUe KakK, HanpuMmep,
BeJIMYHMHA HUHTErpajbHOW M KaNW/JISPHOU NMOPUCTOCTH, paclpelesieHHe ycC-
JIOBHO 3aMKHYTBIX OP, CBSI3bIBAIOTCS ¢ MakpocBoHcTBaMu OeToHa. [lono6-
Hble MT0KAa3aTeJ U SIBASIOTCS UHTETPAJbHBIMU U B PSifie CAy4YaeB He MO3BOJMSIOT
OTPa3UTh CYLUIHOCTb NPOUCXOISLIUX MPOLECCOB, U TOJbKO HeJaBHO MOAYEPK-
HyTa HeOOXOAWMOCTb U BO3MOXKHOCTb YCTAHOBJIEHUS] UETKOH CBSI3U MEXIY
CTPYKTYypoH M cBoOHcTBaMM LieMeHTHbIX cucteM [1]. Takas BosMoxKHOCTB
peanusyeTcss MyTeM pa3paboOTKH KOMIIBIOTEPHBIX UMHUTALHMOHHBIX MOJAEJeH
CTPYKTYPBl KOMITO3ULIMOHHBIX MaTePHUaNOB U NMPHUJI0KEHHUS K HUM BBIUUCIHU-
TeJIbHBIX aJATOPUTMOB, PeaNnU3yIOILMX NPeACTABIEHHE O MEXaHU3MaX TIPOIeC-
COB JeCTPYKLMH TP BO3JeHCTBHH Pa3/MUHbIX BHEIIHUX U/ UM BHYTPEHHHX
(hakTOpOB.

Ha naw B3rssa, Hanbosee 1eseco0OpasHbIM SIBJISETCS CO3JaHHE UMHUTA-
LIMOHHBIX MOJIeJIeH CTPYKTYPbl HA OCHOBE JaHHbBIX SKCIePUMEHTaNbHbIX HCCIe-
JNOBaHUU yxKe cPopMHUpOBaBIIerocs IeMeHTHOTO KaMHs. [Ipu aToM TepsieTcs
KHHETHUECKUH acreKT (POPMHUPOBAHUS CTPYKTYPbI, HO MCKJ/IOUAIOTCS BecbMa
HEOJHO3HAUHble Pe3y/bTaThl MOIEJIUPOBAHHUS MpoLecca TUApPATALMHU.

CriemyeT OTMETHUTD, UTO U 110 HACTOSIILIEE BPEMsI MUKPOCTPYKTYypa LIeMeHT-
HOTO KaMH$l BO MHOTOM OCTaeTcsl TUCKYCCHOHHOW. CyILecTBYIOIINEe YUCTEH-
Hble MOJEJIM He YYUTBIBAIOT (ha3y LEeMeHTHOro reJisi, KoTopasi 00yCJA0BJIUBAET
BaXKHeHllIWe MpakTHYeCKHe CBOHUCTBA U TpeOyeT CBOETo yyeTa MPU OLEHKE
CBOHCTB KOMIIO3HMLHMOHHOIO MaTepuala.

HMcxonst u3 BbIlLIECKA3aHHOTO, Le/bl0 HACTOSLEH paboThl SBUJIACh paspa-
60TKa UMHUTALMOHHO-UHCJAEHHON MOJENH CTPYKTYPBl LIEMEHTHOro KaMHs Ha
ypoBHe HaHOMeTpa. [laHHas Mofesb 6a3upyeTcs Ha pe3y/bTaTax (PU3HKO-XU-
MHUYECKHX MCCJAEe0BAaHUH LIEMEHTHOro KaMHS 28-CyTOUHOro Bo3pacTa C yue-
TOM pas/JMYHbIX TEXHOJOTHUEeCKHX (akTopoB (ycioBUS TBepHeHHs, B/ 1I, MPHU-
CYTCTBHE XMMHUYECKHX H00ABOK).

OcCHOBHBIMHU NTapaMeTpaMH, JieXKallMMHU B OCHOBe pa3paboTKU MOJeNH Lie-
MEHTHOTO TeJis, IBUJIUCh ero IOPUCTOCTh U paclpejie/leHHe 110p 110 pa3Mepy.
HccnenoBanue MopucTOCTH OCYIIECTBISIOCH 110 METOIMKAM, OCHOBAHHBIM Ha
NpOTOHHOM MarHuTHOM pesoHance (ITMP) [2], necop6uuu 6eH30.1a U PTYTHOM
nopomMeTpuu. B Tabsulle mpuBeneHbl HCCleNOBAaHHblE COCTABbl LEMEHTHOTIO
KaMHS.

10 ISSN 0536—1052. U3B. By30B. CTpouteancrso. 2008. Ne 4



HCCJIe)lOBaHHBIe COCTaBbl LIEMEHTHOI0 KaMH4

YenoBus Bun 1 KosimyecTBO

Cocras| B/IIL TsepaeHus Bup neMeHTa 106asku, %

1 0,28 HBY -

2 | 0,28 TBO | Besroponckuii -

3 | 024 HBY [11150010 C-3 (0,5)

4 | 0,24 HBY C-3 (0,5) + T®" (0,5)

5 | 028 | HBY | ] -

CKOJIbCKHU _
6 0,30 HBY TILI500710
7 0,28 TBO -

* TuocyJsibdar HaTpUSL.

Pacnpenenenue mop ressi no pasmepy, onpefesneHHOe TPU MOMOLIM MPo-
TOHHOTO MarHUTHOTO pesoHaHca (puc. 1), mokasbiBaeT, 4TO BO BCEX COCTABaxX
3HAYNTEJIbHBIH 06'b€M TTOPOBOTO MPOCTPAHCTBA LIEMEHTHOTO KaMHS B 28-CyTou-
HOM BO3pacTe MPUXOAUTCS Ha TOPHI pa-

3
nnycom okoso 0,85 HM. TexHosornue- g o9 Av/Ar, om>/rm-T

ckue (akTtopbl (B/ 11, CPOKH M YCIOBHS 0,08 x _Xl_z L
TBepJeHHUs, NIPUCYTCTBHE XUMHUYECKUX (07 1
106aBOK) BJMSIIOT Ha 0OBEM JaHHBIX 0,06

1op, 4TO 00YyCJIOBJIEHO CTENeHbI0 THI- 0,05

parauuu uementa (06beMOM HOBOOGPA- 0,04

soBanuit). OmHAKO C KaueCTBEHHOH o3

croponbl ctpoenne C—S—H (o nanHo- g2 A

My TapameTpy) OCTaeTcsl HeU3MEHHBIM. g o1 , \\‘A\

O6um# 06beM Mop YKa3aHHOTO pas3Me- 0 LE ——
pa B CpemHEM COCTaBJSIeT TMOPsAKa 0 05 1 15 2 25 3
18% o0beMa LEMEHTHOI0 KaMHSI. Pagunyc nop, Hm

Hanuuue nop panuycom 0,85 HM  puc. 1. Tuddepenumanshoe pacnpeaesetue
YKasblBaeT Ha TO, YTO pas3Mep eJMHHY- [0p B LeMeHTHOM KamHe (BospacT 28 cyT),

HBIX 3JIEMEHTOB CTPYKTYPHI rejisi, obec- onpejenenHoe Meronom IIMP
MeYUBAIOUIMX Halu4ude AaHHBIX 0P,

cocraBJssieT mopsiika 4—5 HM. AHajOrMyHask OlLleHKa pa3MepoB TBepHOH (asbl
re/isi MoJyYeHa MPH MOMOLIM MaJoyrJ0OBOr0O HEeHTPOHHOro paccesuus [3, 4].

HccnenoBanue MOPUCTOCTH LEMEHTHOTO KaMHSI METONAMH aACOpOLUH
6eH30J1a U PTYTHOU IOPOMETPHUH MO3BOJIKJIO BBISIBUThH HAJUUUE OOJbILIOTO 06b-
ema nop paauycom 3—5 Hm (puc. 2). B cBoio odepeab 310 MOATBEpKAAET MPe-
MoJI0’KeHHe 00 arperauyy eIHHUYHBIX 3J1€MEHTOB TeJisi: KJIacTepbl pa3MepoM
40—-50 HM obecreuynBalOT (OPMHUPOBAHHE MOP YKa3aHHOTO paauyca, 4To Co-
rIacyeTcst ¢ SKCIepUMEeHTa bHbIMU JaHHbBIMH [5)].

OTHOCHTENIbHO TOp GOMbIIEro pasMepa OQHO3HAUHOK KapTHHbBI HeT (cMm.
puc. 2). TeM He MeHee MOXKHO BBIIEJIUTh OOIIKE [/ BCEX COCTABOB JHaraso-
Hbl pasMepos nop: 7—10, 12—-16, 21-26, 41-44, 70—73 uwm. IIpuuem o6bem
IaHHBIX IO OTIpee/seTCs TEXHOMOTHYeCKUMHU (hakTopaMu. JlaHHble PakTOpPBI
MOTYT OBITb YYTEHBI NPHU Pa3paboTKe MOAESH CTPYKTYpPbl /IS PasJHUYHBIX
YacTHBIX c/aydaeB. Huxe paccmarpuBaercsi moctpoeHue Monean 6e3no6aBoy-
HOTO LIeMEHTHOT0 KaMHsI HOPMaJIbHO-BJa>KHOCTHOTO TBEepIeHHSI.

Ha ocHoBaHMM BbIIIEH3/I0KEHHOTO pa3paboTaHa IBYXypPOBHEBasi UUCJIEH-
nasi Mozesb ctpyktypsl C—S—H (28-cyrounoro Bospacra). Mogesb nepsoro
YPOBHS$I peasu3yeT MpeacTaBJIeHHe 0 CTPYKTYpe TeJist Kak KOJJIOUIHOH CHUCTe-
Me, COCTOSIIIEeH M3 OTAEJbHBIX YaCTHUL AuaMeTpoM 4,4 HM, o6ecrneunBaroLIINX
npeBaJUpyollee KOJIUUeCTBO mop paguycom okosao 0,85 um (puc. 3). Ilpu
TOM He HCKJ/I0YaeTCsl CJAOUCTBIM XapakTep BHYTPEHHETrO CTPOEHHS OTIeJb-
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Pagunyc nop, HM

Puc. 2. uddepeHunanpHoe pacnpeneneHHe Mop B LEMEHTHOM KaMHe, Ompeje-
JIEHHOE TPH MOMOLIM PTYTHOM MopoMeTpuy (HoMepa COCTaBOB COIMIACHO TaGJIHLIe)

HbIX YacTHL, HO JaHHOe O0OCTOSITEeJNbCTBO B pacyeTax He YUHTBIBAETCS M3-3a
Ype3BblUaMHO MaJoro MeXC/J0eBOro MPOCTPaHCTBA.

KosnnuectBo mop paguycom 0,85 HM ompepesisieTcsi UX YAeJIbHOH MOBEPX-
HOCTBIO, MCXOJi U3 Yero IMOPUCTOCTb MOfeaH cocTaBuaa 24%.

Mopesb CTPYKTYpBI Teist BTOPOTO YPOBHS MOCTPOEHA C YUETOM IOJIOKEHHH
0 (hpakKTasbHOM CTPOEHHUHU LIEMEHTHOTO T'eJisl, T.€. TaKXKe MPeACTaBJseT CO00H Co-
BOKYITHOCTb OTJE/IbHBIX YacTHLL TBePOoH (asbl, HO nuamerpom 40 um (puc. 4).
Jlannasi Moziesib oxBaTbiBaeT nuana3on mop ot 4 no 70 uM. [lopucTtocTb cucTemsl,
BKJII0Yasi 06beM MOp MOJe/M MepBoro ypoBHs, cocTaBaseT 35%.

JI1s1 onmucaHKMs MeXaHU4YeCKOro MOBeNeHHsI MaTepuassoB MpeacTaB/sieTcs
000CHOBaHHBIM HCIIO/Ib30BaHHE MeTOla KOHedHbiX 3jeMeHToB (MKD), Ko-
TOPBIA TO3BOJISIET MCCJAEN0BATh HANpsKeHHO-Ie(OPMUPOBAHHOE COCTOSIHHE
[IeMEHTHOTO KaMHSI KaK MHOTOKOMIIOHEHTHOH CTPYKTYPbl M OIPEIesNUTh ero
HUHTerpabHble cBoUcTBA. [l03TOMY fa/sbHEHIIMMHU STAaNlaMU POLEAYPbI CO31a-

Puc. 3. Mopenb CTPYKTYpbl TeJis MEPBOTO Puc. 4. Monenb CTPYKTYphl TeJssi BTOPOTO
ypoeusi (pasmep momesmu 200 200 Hwm) ypoeusi (pasmep momemu 800 800 Hm)
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HUSl pacueTHOH MOJesH SIBJSIIOTCS INpelcTaB/eHHe CTPYKTYPbl B BHUIE COBO-
KYTHOCTH KOHEYHBIX 3J1eMEHTOB, IPUCBOEHUEe (PU3NYECKUX CBOHCTB KaxKIOMY
CTPYKTYPHOMY 3JIEMEHTY, 3a/laHHe YCJOBUH 3aKpelyeHusl KpaeB MIaCTHHKH,
MPUJIOKEHHUE HATPY3KH, T. e. peanusauus aaropurma MKI. dra yacte cosna-
HUSI paCUeTHOU MOJIEJNH CBsi3aHa C MCIOJb30BAaHUEM MPOTPAMMHOTO KOMILIEK-
ca ANSYS.

B pesysbraTe nosyuyeHa KOHeYHO-3J€eMeHTHasl MOJE/b, colep:Kaluas 60-
nee uem 50000 nByxmepHbix s/1emMentoB PLANE 183. Henpepoisroe (mepko-
JISILMOHHOE) COMPSI2KEHHe YaCTHULL TBEPAOK (hasbl 06eCeuynBaeT nocaeayolee
HCIIO/Ib30BAHHE METO/Aa KOHEUHBIX 3JIEMEHTOB MpPU pacuere (PU3UKO-MEXaHHU-
YeCKUX CBOHCTB MaTepuaJa.

Monyab ynpyroctu v kosgppuument [Tyaccona npu 3afgaHuu GpU3nuecKux
CBOWCTB MaTeprasia KOHeYHbIX 3J1eMEHTOB MePBOM MOJENH IPUHSATHI COMJIACHO
5KcIepUMeHTanbHbIM oleHkam (E = 64,5 [Tla, = 0,3 [5]) u npusenens k
IBYXMEPHOMY TpeiCTaBJIEHHIO.

Tax Kak BHyTpeHHee CTPOeHHe 3/7eMEHTOB TBEPIOH (ha3bl MOAETH BTOPO-
r0 YPOBHSI SIBJISIETCS OTPayKeHHWEM MOJEJH TePBOr0 YPOBHS, TO U (hU3UUECKHE
CBOWCTBA MaTepHaJsa OTAeJbHBIX YaCTUI BTOPOTO YPOBHS COCTABJSIOT CBOUCT-
Ba BCeH CUCTeMbl epBoro ypoBHs. Mcxoas U3 3Toro MofyJ/ib ynpyrocTu mMare-
puana TBepaod (asbl npuHAT paBHbM 22,6 [Tla, a koadgduument Ilyaccona
0,34, KOTOPBIMH XapaKTepPH3yeTCss CHUCTeMa TepPBOr0 YPOBHS.

Cremyet OTMETHTb, YTO M3JI0XKEHHOE BBIIIE SBJISETCS MEPBLIM 3TANOM B
co3naHuu 6oJiee CI0KHOW KOHEUHO-3JIEMEHTHOW MOJENH, NpelHa3HaueHHOH,
HaTpuMep, IJisi MOJEJHPOBAHUS TPOLECCOB BJIAXKHOCTHOH YCAIKU IIeMEHTHO-
ro KaMHS.

[IprMeHUTENBHO K NAHHOU MOJEJHW HaMH C(POPMYJUPOBAHBI U Pean30-
BaHbl BBIYUCAUTENbHBIE METOMBl, MOAEJNUPYIOLIHE MeXaHU3Mbl BJIAKHOCTHON
ycanku. JlaHHBIe MeXaHHU3Mbl OCHOBAHBl Ha MPUHLHUIAX TE€PMOIUHAMHUECKO-
rO PaBHOBECHS CHCTEMbI C OKPYXKAIOIIEeH CPeIOH U MOAPa3yMeBaloT B KA4eCT-
Be OCHOBHBIX (PaKTOPOB, OINpee/IOLIUX BeJUYUMHY YCaAO4HbIX AedopMma-
UMH, KaNUIspHOe AaBJeHHe U U3MeHeHHe CBOOOJHON MOBEPXHOCTHOH 9Hep-
run [6].

Pacuer naumnaercst ¢ Mozmesu mepBoro ypoBHs. OmnpenensioTcss MakKCH-
MaJIbHBIH PafuycC T0P, 3ar0JHEHHBIX BOJOU, M KANUJJISIPHOE JaBJeHHe B HUX
NP COOTBETCTBYIOIEM 3HAYeHWH OTHOCHUTEJbHOH BJa)KHOCTU cpensl. [logy-
YeHHble 3HAYeHWs] KaNUJJISPHOTO AaBJEHHUS Peasu3yloTCsl B KOMIbIOTEPHOU
MOJIe/IM CTPYKTYPHI TeJist B BUJle BHeIHeH Harpy3KH, NPUKJIaAbBaeMOH K rpa-
HSIM KOHEYHBIX 3JI€MEHTOB, JIeXalIUX 0 MOBEPXHOCTSM IIOp.

Ilanee BBIUMCJAIOTCS 3HAYEHUS M3MEHEHHs! TOBEPXHOCTHOH IHEPTHU U
nedopmanyu, 00ycaOBIeHHbIE ee TeHCcTBHEM. PacdyeTbl MpOU3BOASATCS 0 U3-
BECTHOH BeJIMUMHE yIeJbHOU MOBEPXHOCTH OCYyILIeHHbIX rop. [losydyeHHble ne-
(hopMaLUK OT MOBEPXHOCTHOM 3HEPrMH 3alaloTcs TBepAod (hase Moaenu
CTPYKTYPHI.

AHaJIOTHUHBIA pacyeT ycagouyHbIX He(OpMalUi MPOBOTUTCS HJIS MOJAEJH
BTOpPOro ypoBHsl. OT/IMUYHEM SBJISIETCS TO, YTO K Ae(OpMAlMAM MPU KaXkKIAOM
pacyeTHOM yPOBHE BJIQXKHOCTH, OTIpe/ie/JleHHBIM /15 AaHHOW MOJEJH, N0OaBJIs-
10TCs IeopMalui MOJe/]H MepBOro ypPOBHS.

O61ue pe3yJbTaThl pacueta cOGCTBEHHBIX Ae(OpPMAUi CUCTEMBI MO, TeH-
CTBHEM BJIaXKHOCTHOH YCAIKH B rpa)yeCcKOM BUJIe MIPEICTAB/IEHbI HA PUC. D.

AHanu3 pe3y/bTaTOB MOJAEIMPOBAHHUS MO3BOJSET 3aKMOUUTh, YTO BJIHS-
HHe KamuIIPHOHN YCaJKU OTPaHHYEHO B 00JIaCTH OTHOCHUTEbHOU BJIAXKHOCTH
¢ = 0,35 1,0, a Haubosblllee BAUSHUE NAaHHAs COCTABJSIONIAsT OKa3biBaeT B
nuanaszone @ = 0,85 1,0. AHanusupys cTeneHb BAHSHUS YCaIKH OT TTOBEPX-
HOCTHOU HEPTHUH, MOXKHO OTMETHTb PE3KHH MPHUPOCT Ae(OpMaIMi MPH BJIAXK-
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Puc. 5. PacuetHble ycafouHble IehopMaluy

HoctH @ = 0,3 0,35, yTo cooTBeTCTBYET OcyleHHI0 op paxuycom 0,8—1 Hw,
MpeBaUPYIOIIMX B MOJEJNH TEPBOr0 YPOBHSI.

CreneHb BJHSHHUS TOBEPXHOCTHOHW dHEPTHU Ha Ae(POPMALUU BJaXKHO-
CTHOM yCaJK{ BecbMa 3HAUHTEeJbHA U He OTPAaHUYUBAETCS AMAMAa30HOM OT-
HocuTteapHo# BiaaxuoctH 20—40%, Kak npeanoJsaranoch paHee. Tak Kak
Kanu/IsipHas ycanka He npesbimaeT 0,5 MM/ M M HaGI0faeTCs TOIBKO IPU
JIOCTATOYHO BBICOKMX 3HAYEHHSX OTHOCHTEJbHOH BJIaXKHOCTH, TO OHAa He
MOXKET SBJAATbCH (DAKTOPOM, OMpPENeSIONNUM AeCTPYKIHIO CTPYKTYPHI.
CioenyeT OTMETHTB, UTO MpeIJ0KeHHble MOJEJH ellle He YUUTHIBAIOT HaJH-
yue (a3, OTpaHUYUBAIOLIMX YCaAKY, O3TOMY abCOJIOTHbIE BEeJHUHHBI Je-
(dbopMaluui 3HAYUTEJNBHO TMPEBBIILIAIOT KCIEPUMEHTAJbHO OINpeeseHHbIe
3HAYeHHSs.

K coxasnenuto, mosyueHHble pacyeTHble NaHHbIE HeJb3s HAMpPSIMYI CO-
MOCTAaBUTh C 3KCIEPUMEHTaJbHBIMH, KOTOPbleé HEBO3MOXHO MOJYUYUTb MJIsI
HCCJIelyeMOTO CTPYKTYpHOTro ypoBHs. C KaueCTBEHHOW TOYKH 3pEHHs alekK-
BATHOCTb PacueTHbIX MOJIeJIed MOXHO OLIeHUTb Ha OCHOBE 3KCIIEPUMEHTa/b-
HBIX JaHHBIX ycaikH LieMeHTHoro kamHs (B Bospacte 28 cyT). B cBsisu ¢
5THM MPOBEEeHbl SKCIIepUMeHTa bHbIE UCCJIEIOBAHUS, PE3YAbTaThl KOTOPBIX
npejicTaBaeHbl Ha pHC. 6.

B uesiom 1151 Bcex COCTaBOB XapaKTep 3aBUCHMOCTH YCaN0YHBIX ae(opma-
MU OT OTHOCHTEJIbHON BJIaXKHOCTH MPUMEPHO OIMHAKOBBIN. Paznnuus B a6co-
JIIOTHBIX BeJIMYMHAX 00YCJIOBJEHbl He HAHO-, @ MUKPOYPOBHEM CTPYKTYpPbI Ma-
Tepuana (He OXBaTbIBA€MbIM MPENI0KEHHOH MOMAEJbIO).

Ledopmauus ycagku, Mm/m

1 08 06 0,4 02 0
OTHoCcUTErNbHas BNaXXHOCTb

Puc. 6. Iedopmauuu BAaXHOCTHOH ycankd (HOMepa cOCTaBoB
COrsIacHO TabJuLe)
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Puc. 7. IuddepeHunanbHas ycaaka Mo 3KCHEpPUMEHTaNbHbIM TaHHBIM

Jliis comocTaB/eHUs] pPACYETHBIX U IKCIIePUMEHTANbHBIX JAHHBIX yIoOHee
BCEro BOCIMOJIb30BATLCS MPENCTABJEHHEM 3aBUCHUMOCTH YCAJKH OT OTHOCH-
TeJbHOU BJAXKHOCTH B mudepeHuuposanHom Buae (puc. 7).

JIs1s BceX cOCTaBOB XapakTepHO HaJU4YHe IBYX OCHOBHBIX MMKOB. [lepBbilt
nuK cootBeTcTByeT BJaaxkHoctu 0,7 0,8, a Bropod — 0,3 0,4. [lpuuem y
NpoTMapeHHbIX COCTABOB MePBLIN MUK cMelaetcs Oanxke k 0,8, a y 6ecrmpona-
pounblXx — K 0,7. Jl/15 COCTaBOB ¢ MOHMXKEHHBIM B/ 1l HaB/II0aeTCs 0O/ HMU-
TeJIbHBIM MUK Npu BaaxkHocTH 0,9.

CpaBHeHue ¢ rpagukom AndQepeHUHPOBAHHOUN YCANKH, MOJYUEHHBIM 110
pacyeTHbIM naHHBIM (pHc. 8), MO3BOMAET CAeIaTh BBIBOJ O HAJMUMU CXOIHUMO-
CTH 3KCMEPUMEHTaNbHBIX U PAaCYeTHBIX JAHHBIX C KaYeCTBEHHOHW TOYKH 3pe-
HUS: HaAOJI0AAI0TCs [Ba XapaKTepHbIX

NMUKa, YIOMSHYTHIX BEILIE. 71908
Takum 06pasoM, comocTaBjeHHe / 708 &
pacueTHBIX U 3KCIePUMEeHTA/IbHbIX N1aH- 503 2
HBIX CBUETe/bCTBYET 00 aleKBaTHOCTH R J/ N\ R
pa3paboTaHHOK MMHTALMOHHOH MOJIEe/NH N e 302 §
LIeMEHTHOTO KaMHsi Ha ypoBHe asbl [ A\ A 108>
o =
C—S—H. OkcnepumenTanbHble IaHHBE (™~ 05 0§ 04 02 0
CBUAETEJAbCTBYIOT O BJWUAHUHU TEXHO- OTHocuTenbHas BNaXxHOCTb
norndeckux $paktopos (B/1L, YCIOBHA  pu. & Jlugpepermansias yeama co

TBepIAeHHs, MOIU(pUUUpYoLHe N00aB- IJIACHO pACUeTHbIM NAHHBIM

KH), a TaKXKe BHJa LeMeHTa Ha BeJHYH-

HY yCalo4yHbIX AeopMauui. DTU (HaKTOpbl ONpenenstoT (POPMUPOBAHUE T10-
pPOBOTO MPOCTPAHCTBA LEMEHTHOIO KaMH$l U MOTYT OBITh YUTeHbl IPU paspa-
60TKe MOIEJH CTPYKTYPbl I/ YACTHBHIX CJydaes.
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I. A. ®OKHH, a-p texH. Hayk, npod., 4. A. IOIIKAHOBA, acn. (Ilen3enckui
rOCyJapCTBEHHBI YHUBEPCHUTET APXUTEKTYPHI U CTPOUTEIbCTBA)

MOBBIIIEHUE ®U3UKO-MEXAHUYECKHUX CBOHCTB
IEMEHTHBIX CUCTEM AKYCTHYECKOHN AKTUBAIIUEH
BOJIbl 3ATBOPEHHA

CraTbsi NOCBsIIIeHa H3YUEHHIO BJIMSHUS HAa CBOHCTBA LIEMEHTHOTO KaMHSI XKHIKOCTH 3aTBO-
peHus, aKTI/IBI/ISI/IpOBaHHOﬁ AKYyCTHYECKHUM I10JIEM. paCCMOTpeHbI JBe CpHSH‘—IecKHG MOJeJIH, 00B-
SACHAIOIINME MEXaHU3M MPOTEKaHHs BBICOKOOHEPTETUYHBIX ITPOLECCOB. COHOCTaBJIeHI/Ie CBOMCTB
[IeMeHTHBIX KOMIIO3ULMH, 3aTBOPEHHBIX aKyCTHUECKH aKTUBUPOBAHHOH BONOH, yOeknaeT B 6o-
Jlee BBICOKOH 3()()eKTHBHOCTH CIOCO0a BOAONOATOTOBKH.

Boja siB/IsieTcss aKTUBHBIM KOMITOHEHTOM GOJIbIIMHCTBA TEXHOJOTHUECKHX
TPOLIECCOB, B TOM YHCJ/e MPH HCTO/b30BaHUM BSKYLIMX BEIECTB /IS M3ro-
TOBJIEHHSI PA3/JHYHBIX MCKYCCTBEHHBIX KaMHEBHIHBIX MaTepHasoB. 3HaHHe
(U3MKO-XMMHYECKMX OCHOB 3HEpreTHuecKMX IpPOLECCOB, MPOTEKAIIUX B
BOJHBIX CTPYKTYpax IpH BO3AEHCTBUU BHEIIHMX (DU3MUECKHX (PAKTOPOB, I10-
3BOJIIET ONpeJe]UTh NMYyTH U TEXHOJOTHH YIPaBJeHHS SHEPreTHUeCKHM CO-
CTOSIHMeM BOJHBIX CHCTeM — HX aKTHBalMeH.

VcXonsi U3 HOBBIX (DM3HUECKHX MPeNCTaBJAeHHH O BOJle KaK reTepOreHHOH
VIOH-KPHCTA/IIMIeCKOH CHCTEME, MOJ TeDMHHOM «aKTHBALMS» CJelyeT MOHM-
MaTh MPOLECC M3MEHEHHS CTPYKTYPHO-(DM3HUECKHMX, SHEPreTHYeCKUX H Mar-
HUTHO-3JIEKTPUUECKHX CBOHMCTB reTepodas CBI3aHHONO COCTOSIHHS BelleCTBa
B COCTaBe XKUAKO(PA3HBIX CHCTEM, BKJIKUYAs BOLY, BOAHbIE PACTBOPHI, KHAKHE
KPMCTA//Ibl, aMOp(Hble MaTephasbl, MOJUMEpPbl M MeTaj/bl MOJ JAeHCTBUEM
(U3HMUECKUX ToMiel. DTO OTKPbIBAeT MIMPOKHME BO3MOXKHOCTH /15 H3MEHeHHs
CBOMCTB MPOU3BOAMMBIX MaTepHa/l0B MyTeM aKTHBALMH *KHUAKO(PAZHBIX CHC-
T€M HCII0/Ib3yeMoro chipbsi [1—5].

CyllecTByeT MHOTO Pa3JIMUHbIX COCOG0B H3MEHeHHsl PeaklMOHHOMH CIIo-
COGHOCTH BOJIBI U BOAHBIX CHCTEM MyTeM (DM3MKO-XHMHUYECKOTO BO3JeHCTBHS.
Cpea HUX MOXKHO BBIIEJUTh HECKOJIbKO: MeXaHOXMMHYecKas aKTUBalus, 6a-
poTepMHYecKasi, MarHUTHas, 3/JeKTpoXuMHUeckas. B 1aHHO# cTaThe paccMoT-
peHa aKyCcTHUYecKasi aKTHBAalMSl BONHOH CHCTEMBbI.

Kak rnokasa/ aHa/iu3 naTeHTHOM ¥ Hay4HO-TeXHHUEeCKOH JINTepPaTyphl, HC-
C/1e/I0BaHMSA 110 NPUMEHEHHIO TAKOH BO/BI B KaUeCTBE XKHIKOCTH 3aTBOPEHHS
CTPOUTE/NIbHBIX KOMIO3HIMH MPaKTHYECKH HUKEM He TPOBOAMJIHCE.

CyUHOCTb (PM3MKO-XHMHUUYECKHX MPOLeCccOB, MPOUCXOASIIUX B BOle MPH
BO3JIEHCTBHM Ha Hee aKyCTHYeCKOro M0Jisl, B HAaCTOsIlee BpeMs M3yuyeHa He-
JIOCTaTOUHO M SBJISIETCA MPeaMeTOM AaJbHeHIMX HCCJeN0BaHUH.

Hacrosas cTaThs NoCBsillleHa H3YYeHHIO BAMSHHS HAa CBOMCTBA LIEMEeHT-
HOTO KaMHsl JKMIKOCTH 3aTBOPEHHS, aKTHBUPOBAHHOH MepeMeHHbIM aKyCTHYe-
ckuM mosiem [6].
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WMunuurpoBanye 60JbLUIMHCTBA 3BYKOXUMHUECKUX peakUMi B BOAHOM pac-
TBOpe MOJ AeHCTBUEM aKyCTHYECKUX KoJeOaHUH 00yC/0BJeHO BOSHUKHOBEHH-
eM KaBuTauuu. KaBurauus — 3To HapylleHHWe CIJIOIHOCTH XKUIKOCTH, CBSI3aH-
Hoe ¢ 00pa3oBaHUeM, POCTOM, OCLMUJIMPOBAHHUEM M CXJIONBIBAHUEM Maporaso-
BBIX My3bIPbKOB B »KMAKOCTH. Heo6X0auMo OTMETHTh, UTO CIJIOLIHOCTb CPEJibl
HapyLIAeTCs TOJNbKO MPU AOCTUKEHUH HEKOUW MOPOrOBOM YACTOTh 3BYKOBBIX KO-
nebannid. O4eBUIHO, UTO JIMIIb YaCTh SHEPTUH aKyCTHYECKHX BOJIH, PacIpo-
CTPAHSIIOLUIMXCS B JKUAKOCTH, pacxoayeTcs HAa 00pa3oBaHHe KaBUTALMOHHBIX
ny3blpbkoB. OcTajbHast 4acTh WAET Ha BO3HUKHOBEHHE MHUKPOIOTOKOB, Harpe-
BaHMe XKUIKOCTH, 00pa3oBaHue (OHTaHA U pacliblIeHHe XKuaKocTy (puc. 1).

E, Ecn Ech
t
@_
2 Ene > E > Enp » E > Eun — Exa > Eyn
E, }’ Eya
Eq) — E,,

Puc. 1. Cxema npeBpalleHHs SHEPTUU [IPU CO3NAHUH KABUTALMH B aKyCTHYECKOM [10JIe BOJHOH

cpelbl
Epc — sHeprust, notpebiasiemasi u3 cetu; Exy — 9Heprusi B KosedaTebHOM KOHTYpe reHeparopa; Eyp —
SHeprus, npeobpasyemasi B aKyCTHUeCKOH cucTeMe; £ — ofl1as aKyCTHUeCKasi SHeprus, BBOAUMAs B 2KHI-

KOCTb 06beMOM V 1 3aTpadeHHas Ha cosfaHue Kasutauuu (Ey ); 06pasoBaHHe MHKPOMOTOKOB (Eyy); Harpe-
Banue xunkocTH (Ey); 06pasoBanue GOHTAHA U PACTIbIIEHHE XKUIKOCTH (Eq,); 00pa3oBaHue CBOOOHbBIX pa-
nukanos (Ey,) (XMMHKO-aKycTHUecKas aHeerﬂg; cosanne ynapHeix BoaH (Eyp); BO3HHKHOBeHHe [IyMa
(E); Bo3GyxaeHue coHomoMuHectenuu (Eqy); Bos6yxnenne xemumomunectieHuuu (Eyy); Exeny — CyM-
MapHasi SHEprusl COHONIOMHHECLEHTHOTO M BTOPHUYHOTO, XEeMHJIOMHUHECLEHTHOrO, CBeUYeHMs, KOTOpoe
HabJI0IaeTCsl BU3YaJlbHO M MOXKET PEerMCTPUPOBAThCs (POTOINEKTPOHHBIMU npuGopamu [6]

B MoMeHT cxsonbIBaHUS IaBJeHHE U TeMIlepaTypa rasa JOCTHTalT 3Ha-
YUTebHBIX BesnduH (1o HekoTopbiM gaHHbM 10 100 MITa u 1000°C). [Tocte
CXJIOTIBIBAHUS TTOJIOCTH B OKPY?KAMOIIEeH XKUIKOCTH pacpoCTpaHsieTcs cdepu-
Yeckasi yapHas BoJIHa, ObICTPO 3aTyxamolias B npoctpancTBe. Monens Gpusu-
KO-XUMHUYECKUX TPOLECCOB, MPOUCXOASIINX B KaBUTALMOHHOM Iy3bIpbKe H
npuJeramlieM K HeMy o6beMe KUAKOCTH, IPeACTaBASI0T B C/AeIyI0leM BUe
[6]. B kaBUTaLMOHHYIO T0JIOCTb MOTYT MPOHHKATh Maphbl BOAbI, PACTBOPEHHBIE
rasbl, a TAKXKe BEIIeCTBA C BBICOKOH YIPYTOCTBIO apa U HE MOTYT IPOHUKATh
MOHBI MJIM MOJIEKYJIbl HeJIeTy4UX pacTBOPEHHbIX BellleCTB. Brimessiollerics B
mpoLecce CXJOMbIBAHUS My3bIPbKa IHEPTHH NOCTATOYHO IJisi BO3OYXKAEHHS,
MOHHU3aLMUH U AMCCOLUMALNH MOJIEKYJI BOJIbl, Ta30B U BELIECTB C BHICOKOU YIIPY-
FOCTbIO Tapa BHYTPU KaBHUTALMOHHOH IOJOCTH.

CyliecTByeT MHOXKECTBO MoJieJlel IBUKEHHs OJUHOYHOTo c(hepruyecKo-
ro My3blpbKa, B TOW WJIM HWHOH Mepe YUHUTHIBAKOIIME TePMOAHHAMHUYECKHE
CBOKMCTBA KUIKOCTeH U raszos. [Ipupona skcnepuMeHTaNbHO HAOIIOAAIOLINX-
Cs1 BBICOKOIHEPTeTHYECKUX NPOLECCOB MPH KaBUTALMUK 10 HACTOSILIEr0 Bpe-
MeHH He SICHA.

B pa6ote [7] npepnaraercs B puU3M4eCKOH MOJEH YUUTHIBATH MapamMeTp
HeJIMHEUHbIX MYJ/JIbCallii KABUTALMOHHOTO My3bIpbKa: KOHEUHYI0 CKOPOCTb pe-
JIAKCALUK JUIIOJNBHBIX MOJIEKYJ XKHIKOCTH.

Pdusnyeckul MexaHW3M 00pa30BaHUS HEPABHOBECHOTO COCTOSIHUS [H-
MOJIbHOTO «00J1aKa» B OKPECTHOCTH CXKMMAIOIIEToCs My3bIpbKa MpeacTaBieH
Ha puc. 2.

[Ipy HenmoxBMAKHOM Ty3bIpbKe MOJSPHbIE MOJEKYJbl B Y3KOM CJI0€ XKHIKO-
CTH BO/IM3HY pasena (a3 OpUeHTUPOBAHbI ONpeie/leHHbIM 00pa3oM, 3aBUCSLIUM
OT CHJI B3aMMOJEHCTBUSI MEXIy MOJEKYJaMH JKHIKOCTH W rasa (puc. 2, a).
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Puc. 2. MexaHusMm 00pa3oBaHUs «BUPTYaJbHOrO» 3apsiia My3blpbKa, PaBHOTO
peasibHOMY 3apsiy, coobliaeMOMY MPOBOASALIEH cepe 1 COXPAHEHUS OpHU-
eHTalMH IUIOJeN

a — MYy3bIpeK HEINOABHXKEH, 6 — 6blCTpO CXKUMaeTcs

[Ipouecc cxkaTrs KaBUTAUMOHHOTO My3bIpbKa U OCOOEHHO IMOCJEHSIS ero CTa-
J1sl IPOTEKAIOT C YPe3BblYAHHO BLICOKOM CKOPOCThbIO. [To maHHBIM pasHBIX HC-
cJefoBaTeied, CKOPOCTh IABHKEHHS CTEHKH Ty3bipbka cocTasiseT oT 400 mo
1500 m/c, XapakTepHOe BpeMsi KOHeYHOH ctaguu cxkatus — 1076=1077 ¢, a
JJIATEJbHOCTb CBETOBOW BCIBIIIKK COHOJIOMUHECLIEHIIMY — BCEr0 JECSTKH MH-
KOCEKYH]I.

Beicokasi CKOpPOCTb CxKaTHsl My3blpbKa He M03BOJISIET MOJIeKYyJaM KHUIKO-
CTH MI€PEOPHUEHTUPOBATHCS, YTO IPUBOAUT K 00pa30BaHHUIO «00/aKa» OPUEHTH-
poBaHHBIX mumnosel (puc. 2, 6). ITO COCTOSTHHE CHCTEMbI «KUAKOCTb — My3bl-
peK» SIBJISeTCS HePABHOBECHBIM U 00JiafiaeT U3ObITOUHON dSHEPTHEH, Moydae-
MOH OT BHEILIHEro MCTOYHHMKA (aKyCTHUECKOTo TMOJs).

Heo6xonuMo 0TMETUTb NPUHLUMNIHKANBHOE OTJIMYHE OOLLENPUHSTOrO B Ha-
CTosilllee BpeMsl MeXaHM3Ma IPOTeKaHUs BBICOKOIHEPreTHUHBIX IMPOLECCOB
MPU KaBUTALMK OT TOTO, KOTOPOE CJeNyeT U3 MpeanoKeHHoH Moaenu. OHO 3a-
KJIIOYAEeTCsl B TOM, YTO SHEPrUs aKyCTHUeCKOro IMoJisi KOHLEHTPUPYETCs He B
BHJIe SHEPTUM CXKATOrO B My3blpbKe rasa, a B BHUJe SHEPrUU 3JeKTPUUECKOTro
MOJIsT OPUEHTHPOBAHHBIX IUIOJNBHBIX MoJieKyJ1. C/ieoBaTeNbHO, BBICOKOSHEP-
reTHUYHbBIE TIPOLIeCCHI IPOMCXOASAT He B ra30BOH (pase, a B :KUAKOH, B HETIOCpe-
CTBEHHOM OJM30CTH OT My3blpbKa. [l03TOMY naxe B caydyae UYUCTO BaKyyMHO-
ro My3bIPbKa JOJKHBI TPOSABAATECS 3(P(MEKThl aKyCTHYeCKOH KaBuTauuu | 7].

B 3akiroueHue oTMeyaercs, YTO HEHCTBHE CHJ 3JEKTPOCTAaTHYECKOTrO
MPOTUBOJABJIEHUS] KAYECTBEHHO CXO0XKe C AeHCTBUEM BSI3KOCTH B TOM CMBICJIE,
YTO OBICTPOE C2KATHe My3blpbKa TpeOyeT 3HAUUTeNbHO OOJBLIUX 3aTpPaT dHEp-
ruu, yeM MepjaeHHoe. OIHAKO 3aBUCUMOCTDb 3JEKTPOCTATUUECKHUX CHJ OT pa-
nMyca MysblpbKa 3HauuTe bHO cuabHee (R~ mpotus R™! 1/1s cUJT BASKOCTH).
[TosToMy OueBHUIHO, UTO HaubOJIEe CUIBHO 3JEKTPOCTATUUECKUN 3(PPeKT Oy-
JeT MPOSIBJASATHCS AJI51 MY3bIPbKOB MaJIOr0 pafnyca, UM, 4To TO XKe caMoe, 1Js
BbICOKOUACTOTHOTO YJbTpa3Byka. [1y3bipbKu ke 60JbLIOr0 PABHOBECHOTO pa-
JIUyca, pe30HaHC KOTOPBIX IPOUCXOAUT Ha HU3KUX 3BYKOBBIX YACTOTaX, MeHee
MO/IBEPKEHBI BJHSHUIO 3JMEKTPOCTATHUECKOTO MPOTHBOAABJAEHHS, T03TOMY
B IAHHOM CJlyyae BO3MOXKHbl KaBUTALMOHHBblE 3(P(eKTbl BHYTPH Ta30BOr0
My3bIpbKa.

HeszaBucumMo OT MpUpPOIBl PacTBOPEHHbIX BELIECTB 3BYK NEHCTBYeT Ha
OJHO BellleCTBO — Ha BOJY, UYTO NPUBOJUT K U3MeHEeHUIO ee (PU3UKO-XUMUYe-
CKHX CBOHCTB: yBesqudeHHo pH, 3/7eKTPONpoOBOAHOCTH BOIbI, yBeJIUYEHHIO
yucsa cBOOOIHBIX HOHOB M aKTHBHBIX PAJIMKaJ/lOB, CTPYKTYPU3aLMUHU U aKTHBa-
UUU MOJIEKYJI.
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AKTHBHOE COCTOSIHHE BOJbI METACTAOUIBHO U COXPAHSETCS B TeUEHHE OIl-
pelesleHHOr0 BpPeMeHM — IepHuoja pesaKcaluH, M0 HCTeYeHHI0 KOTOPOro
BOJIa BO3BpallaeTcsi B 00blyHOe cocTosiHUE. [10CKO/IBKY 3TOT Mepuos IIUTCS
JOCTAaTOYHO 100 (10 HECKOMBKUX 4aCoB), TO aKyCTHYeCKast aKTUBALMS BOJIbI
MOKeT ObITb HUCIOJIb30BAHA B TEXHOJIOTHH YNPABJAEHHS] IHEPTeTUYECKHUM CO-
CTOSIHUEM BOJHBIX CHCTEM.

Ha6monaemoe B skcnepumente usmenenue pH Bonsl Ha 26 % cBsizaHo ¢
HU3MeHeHHeM MOHHOTO COCTaBa W CTPYKTYpbl Bombl. IIpu aToMm B pesynbrate
paspbiBa BOJOPOAHBIX CBSI3€H MOTYT COflep:KaThbcsi 6oJiee MeJKHe acCOLUaTHI.
[Ipu HeusbexxkHOM HAJWYUU NPUMECEN MOTYT 00pa3oBaThCsl COJbBBATHPOBAH-
Hble CTPYKTYPBI.

[IpoBeeHHbBIE HCC/IEIOBAHUS METONOM aKyCTHUeckod smuccuu (AD) mo-
3BOJISIIOT OOBSCHUTb HaOJI0aeMble SIBJI€HHUS C TO3ULMH CYLLECTBYIOLIMX B3IJIs-
0B Ha (POPMUPOBAHHE CTPYKTYPbI reTeporeHHbx cucteM [8]. BoisiBieHo Tpu
00/1acTH TBEPIEHUS], KOTOPbIE CYIIeCTBEHHO BJAUSIOT HAa MPOYHOCTHBIE U IPyTHE
9KCIIyaTaUMOHHbIe XapaKTepucTUKU. [lepBas oTHOCUTCS K MepHOLy 3aTBOpe-
HUS LleMeHTa BOJOH, KOTJa WAET CAaMOIPOW3BOJIbHBIA MPOLECC KOaryJsiluu, B
pesyJsbTaTe uero MPOUCXOOUT oOpa3oBaHue GoJsiee KPYMHBIX BTOPUYHBIX Hac-
THUL, COCTOSILIMX M3 CKOIJIeHUsl OoJiee MeJKUX — IMepBHUHBIX. PocT yacTuu
NPUBOAMT K 00Pa30BAHUIO CIYCTKOB My xJonbeB ((uiokkya). [Ipu akTuBHOK
KOaryJsillik Bo BceM oObeMe IUCIEePCHOH cpelibl BOSHUKAET PhIXJasi MPOCTPaH-
CTBEHHAsl KOoaryJsiLiMOHHasl CTPyKTypa. Takue CTPyKTypbl MepeceKalT THapa-
TUPYIOLLMe CUJIUKATHbIE U aJloMOo(eppUTHble 00pa30BaHMs, Pa3BUTAIOT HOBO-
00pa3oBaHHsl U3 HUX U TOPMO3SIT MPOLECC YHUUTOXKeHHUs nocaefHux. s mo-
BBILLIEHUS [IPOYHOCTH LIeMEHTHBIX U3JeNUH U YJIydlleHUs] UX (PYHKLUHOHAIbHBIX
XapaKkTepUCTUK HeOOXOMUM pacraj o6pa3oBaBIIMXCS arperaToB Ha TepPBUUHBbIE
YacTHULbl U TIepexol Koaress B reJib.

Bo Bpems npoBeneHust UCCAe10BAaHUE 3aMeUYeHO, YTO Boaa, oOpadoTaHHas
aKyCTHYEeCKHUM MoJieM, 00/agaeT maacTUu(GUUUPYIOIUMH CBOUCTBAMH, MO3TO-
MY ObLJIM MPOBeeHbl KCIIePUMEHTA/NbHbIE HUCCAEL0BAHNS BAUSHUS aKyCcTHYe-
CKM aKTHBHUPOBAHHOM BOIbl Ha CTPYKTYpy M cBoHcTBa OeTOHa.

Ha puc. 3 npuBeneHsl KpuBble U3- R M
MeHEeHHs] TPOYHOCTH Ha CKaTHe lle- gy o
MEHTHOTO KaMHSI HOPMaJsIbHOH TyCTO-

ThI B 3aBHCHMOCTH OT IPOOJIKHTENb U]

HOCTH 00paGOTKHM BOIBI 3aTBODEHMs. 60 28 oyt
Ha ocHoBe akTHBHPOBAaHHOH BOABI | 14 cyt

FOTOBUJIM LleMeHTHoe TecTo ¢ B/LL = " 7 oyt

= 0,3, u3 KoToporo hopmoBasu 06paz- 407
Ibl, TBepIELIHe MPU HOPMAJbHBIX 301

yeaosusx (Bosmbekui nement M400; 0.
Bojma BopomnpoBonHas [OCT 2874-82 ._-*—/\/‘1 oyt
«Bona HI/ITbeBaH»). AktuBauug Bombl  10-

YCKOpSIET IIpOLecChl CXBaThlBAaHUS U 0
TBEPAEHUS LIEMEHTA B HadyaJ/lbHble CPO- K 1 2 3 4
k. M3MeHeHMe TPOUHOCTH 06pasiioB

tewentioro Kawsn b sospacte 1, 7, e, 5 Haweree mpowocry severmor
14, 28 cyr or BpemeHH 06pa69TKH TBOpeHus B Bospacte 1, 7, 14, 28 cyr
JKUIKOCTH HOCHT 3KCTpPeMaJsbHbIA Xa-

paktep. Kak mokasblBaloT KcrepuMeHTa bHbIE JaHHblE, MAKCUMaJbHAasl CKO-
pPOCTb CTPYKTYyP0oOOpa30BaHHs B HAaUaJbHbBIN TIEPUOL JOCTUTAETCs TIPH 3—4-ua-
coBOH 00paboOTKe BOIBI aKyCTHUECKHUM IOJIEM.

Ha puc. 4 u 5 npuBeneHbl MOBEPXHOCTH paspylieHHs 00pa3LOB PacTBOP-
HBIX KyOOB, TOJyueHHbIX Ipy 3HaueHusx L1 [T = 1/1uB/L = 0,6 nocse ux
UCIBITAHUSl Ha cxkaTue. ¥ 00paslloB, 3aTBOPEHHBIX HeoOpaboTaHHOW BOIOH,
UMeeT MeCTO pa3BUTasi 00bEeMHAsi MaKpo- U MUKPOTIOPUCTOCTb. ¥ 00pasloB,

t,u
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b

Puc. 4. IToBepxHOCTb paspylieHus o6pasla, Puc. 5. TloBepxHOCTb paspylieHus: o6pasua,
U3rOTOBJIEHHOI'O U3 BOJONPOBOIHOH BOJIbI U3rOTOBJEHHOTO W3 BOJIbl, 006pabOTaHHOH
aKyCTHUeCKHM M0JieM

00pab0TaHHBIX aKTHBHPOBAHHOU BOJIOH U HMEIOLIMX aHAJOTMYHbIA COCTaB PH
MPOYHX PaBHBIX YCJOBUSAX, HAO/II0AETCSI XOPOIIO C(hOPMUPOBABIIASICS CTPYK-
Typa, UMelollas MUHUMAJbHOE KOJHYECTBO IOP.

CormocraByieHHe CBOUCTB LeMEHTHBIX KOMIIO3ULIMH, 3aTBOPEHHBIX aKyCTH-
YeCKH aKTUBUPOBAHHOH BOJOH, yOexiaeT B 6oJjiee BbICOKOH 3(h(heKTHUBHOCTU
crioco6a BOAONOATOTOBKH.

B 3aksoueHne HEOOXOOUMO OTMETHTb, UTO COBEPILIEHCTBOBAHHE TEXHO-
JIOTHH YTIpaBJ/IeHHs SHepPreTHUYeCKUM COCTOSIHHEM BOAHBIX CHCTEM CBSI3aHO C
U3yUeHHEM CTPYKTYpPHO-IeCTPYKTHBHBIX MPOLECCOB, MPOUCXOASAIIMX B BOJE,
BJIMSIHUS 4aCTOTbl aKyCTHYECKOro 11015 Ha CBOHUCTBA KUAKOCTH 3aTBOPEHUS U
COOTBETCTBEHHO Ha CBOHCTBA CTPOWUTE/bHBIX MaTepuasnoB Ha UX OCHOBE.
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YIK 666.9.03.002.3

E. B. KOPHEEBA, acm., C. . IIABJIEHKO, x-p texH. HayK, npod. (Cub6up-
CKMU TOCYyJapCTBEHHBIA MHAYCTPUAJBHBIA yHUBepcuter, r. HoBOKy3HeENK)

BECIHEMEHTHA4A 3AKJIAJOYHAA CMECD
HA OCHOBE OTXOJIOB METAJIJIYPTUYECKOH
M YTOJIbHOHW IMPOMBIIIJIEHHOCTH

OnpenesieHbl BO3MOXKHOCTH CO3[aHHSI HOBOH 3aK/IaJ0UHOH CMeCH U3 BTODUYHBIX MHUHe-
pasibHBIX pecypcoB (OTXOLOB MPOMBILIJIEHHOCTH) B CBSI3U € IPOGJIEMON B 06JaCTH yTHIM3ALUH
OTXOIOB TIPOM3BOACTBA.

OTX0bl MPOMBILJIEHHBIX TUTAHTOB — TOPHOLOOBIBAIOLIMX, MeTaTyprH-
YeCKUX U TEeMIOTeXHUUYECKUX TMPEeACTABISIOT OO0JBIIYIO 9KOJOTHUECKYIO onac-
HocTb. O6pa3oBaHre OTPOMHOTO KOJUUECTBA OTXOAO0B Ha MPEANpPUSATHSX AaH-
HOU WH(pacTpyKTyppl — mpobiaema, Tpebyiolliasi HEMeAJeHHOTo pelleHus.
PaspaboTka HOBOro cocTaBa U TEXHOJIOTHH 3aKJ/JIa0UHOH CMeCH /151 BbIpabo-
TaHHBIX IPOCTPAHCTB C UCIOJIb30BAaHHEM HUCKJIOYUTENBHO OTXO0B NPOMIIpes-
NPUATHH 00beNMHACT SKOHOMUYecKHe (co3naHue feleBol 3aK1a104HOM CMe-
cu) u 3KoJorudeckre (obecreueHre paBHOBECHS OKPYXKAIOLIEH CPebl) Mpo-
OJIeMBI.

[esb BBIMOMHSIEMOH HAay4YHO-UCCJIeI0BATENbCKON paboThl 3aK/I04aeTcsl B
paspaboTKe coCTaBa U TeXHOJIOTHU TPOM3BOJACTBA 3aK/JIaJ0YHOHN CMECH U3 BTO-
PUUHBIX MHUHepaJbHBIX pecypcoB. B cocTaBax 3ak/JafouHbBIX cMecel Bblpabo-
TaHHBIX MPOCTPAHCTB LIAXT W PYAHHUKOB TpeJIaraeTcs HCIOIb30BAaTh TEXHO-
reHHble OTXOJbl — LIJIAKH CTAJEeJUTEHHOTO MPOU3BOACTBA TEKYIIETO BbIXOJA
U TOpeJible MOPOJIBI IAXTHBIX OTBAJIOB. B KauecTBe akTHBH3aTOpa MPUMEHSThH
IJ1aM — HEHUTPaJHU30BAHHBIM PacTBOP OTPabOTAHHBIX 3/J€KTPOJUTOB KHUCJOT-
HBIX CTAPTEPHBIX U TSATOBBIX aKKyMYJSTOPOB MPEANPUSTHHA TOPHO-METAJIyp-
THYeCKOr0 KOMIJIEKCa W aBTOMPEANPUSTHH.

B wuccnenoBanusix ucnosb3oBascs mapreHoBckuid mak OOO «Cranb
HK» Tekymiero Boixona. bein uccienoBanel XMMHUUeCKHUH U (PA30BbIA COCTaB
3THX IIJAKOB. B pe3y/ibTaTe XMMHYECKOTO aHA/IU3a YCTAHOBJIEHO CYLIECTBEH-
HOe HajJWuMe B LIIaKaxX okcHuoB xesesda (Fe,O; + FeO), maruus, kaabuus,
aJIOMUHUS ¥ He3HAUWTEJbHOE CONep:KaHHWe OKCHIA KPEeMHHS.

PeHTreHOCTPYKTYPHBIH aHA/JIU3 MOKAa3bIBAET, YTO HCCJIENyeMblH IIJIaK
conepKuT npeuMyiiectseHHo cuukar (Ca,SiOy), 061anaomui BSXKYILUMH
corcTBaMu, U amomocuaukat (Al,SiOs), neGosbuyo npumecs MnO u co-
equHeHre Mn — Fe — Si — O, yactb mar"eruta (Fe;O,) ¥ uncToro xenesa
( Fe). B npobe nmpucyTCTBYIOT 3HauMTesbHble KyCOUKH JKeje3a M Hepac-
wr@poBaHHas MPUMeCh.

XoTS 3TH MHHEpasbl TOUTH TOJHOCTBIO 3aKPUCTANIHN30BAaHHbBI, HMEIOT
6OJBIIYIO TVIOTHOCTh YIIAKOBKH, YIIOPSIIOYeHHOE CTPOEeHHE, TAaKOW MUHEpPaJb-
HBIH COCTaB YKa3blBaeT Ha CIOCOOHOCTD LIJIaKa BCTYNATh B XUMHUUECKHE peak-
MU, Takxke HabJ/I0faeTcss He3HaYUTeNbHOe KOJUUYECTBO CBOOOAHOTO OKCHIA
kanblust (CaOgyo5), KOTOPBIH SIBJISETCH PE3€PBOM [/Is1 MOBBILIEHUS AKTHBHO-
CTH LIJAKOBOTO BSIXKYIIETO.

Hanuune nByxxa/bliieBOro CUJIMKATa, 00/1aJat0ero BSKyLMMHU CBOUCT-
BaMH U SIBJISIOLIETOCS COCTABHOM UACThIO KJAWHKepa TMOPTJAAHIIEeMEeHTa, JaeT
BO3MOXKHOCTb Pa3paGOTKH TEXHOJOIMH BHIyCKa OecLeMeHTHOro (6ecK/uH-
KePHOT0) BSKYIIEro M3 Tekyllero (cBexkero) uuraka, Tak Kak B HeM COIEp-
JKUTCS 60JIblilee KOJIUYECTBO IBYXKAa/blIHEBOTO CUIHNKATA, YeM B OTBAJIbHOM.

[opeJible TOPOABI WIAXTHBIX OTBAJIOB M0 COAEPKAHUIO 10JOMUTOB, H3BECT-
HSIKOB U TJIMHUCTBIX IPUMECEH CXOXKH C 30J10H U MUKPOKPEMHE3EMOM, YTO MO-
3BOJISIET TIPUMEHSITh UX B KauyecTBe NOOABKH B COCTAB BSXKYIIEro, Tak Kak
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MapTeHOBCKHUH LIJaK TEKYILero BbIXOJA OTHOCHUTCS K I'pYIIe «yJbTPaoCHOB-
HBIX» MaTepua/oB (Koshduurent ocHoBHocTH Iaka 6oaee 3) K., = 4,5. To-
peJible TIOPOJIbI COePKAT MOBbIIeHHOe KosmuuecTBO SiOy u Aly,O3, K, = 0,1
U OTHOCATCS K TPYIIIE «YJIbTPAKUC/IBIX».

Hanwmuue B BelecTBEHHOM COCTaBe TOPEJIbIX MOPOJ aKTHBHBIX PAa3HOBHUJI-
HOCTEH KeJjie3a, aJIOMHHHS ¥ KPeMHHS, BOSHHKAIOIIKUX BCJEACTBHE Hapylle-
HUSI MOJIEKYJISIPHBIX CBSI3€H TVIMHUCTBIX MHHEpPasoB NMpH 00e3BOXKHUBAHUH U
JMcIepraliy 4acTHUL B Ipoliecce caMoo0:Kura, o6yca0BAUBaET BBICOKYIO IH-
paBJIMYECKYI0 aKTHBHOCTb.

B uacTtHOCTH, MUHepasornueckuil coctas ropessix nopon Kysbacca mpen-
CTaBJIEH CJIEAYIOUIMM MTPUMEPHBIM COOTHOLIEHHEM TJIaBHBIX COCTABJSIOUIMX: TJIH-
HUCTBIe caaHlbl — 48%, mecyanucTble ciaHLbl — 27, necuaHuku — 20, yriu-
CThle C/aHLbl — 3, KapGoHaTHble mopoasl — 2%. [l onpe/esieHus rpaHyJIo-
MEeTPHUUECKOTO COCTaBa M3 TEPPUKOHHUKOB METOIOM KBAapTOBAaHHUS Oblla B3sTa
npoba, paccesiHa uepe3 cuto ¢ siuerikamu 5, 10 u 40 mm. Pesysbratel nokasaiy,
4TO B MOpPOAe OOJbllle BCEr0 CONEPIKUTCS MEJKOH (PPaKLUMH — MeHee 5 MM.

BHMHOCyrnem coBMeCTHO €O CHeLHaJU3UPOBAHHBIMH OpPraHU3aLUsIMHU
CTPOUTENBHOTO TIPO(HIIs ObLIM TPOBEAEHbI JaOOPaTOPHbIE U OMBITHO-TTPOMBILL-

JIeHHble pPaboThbl 10 MCIOJb30Ba-

Ta6anna 1 yup wWAXTHBIX, TOPEJbIX MOPOJL

Pu3nKo-MeXxaHHYECKHUe CBOMCTBaA ropeJqabix B HpOI/ISBOLICTBe CTpOHTeJIbeIX
fropoa MaTepPUaJIOB U U3NeJUH Ha UX OC-

Tleperopesuune HOBe. ¥YCTaHOBJIEHO, UTO IOCJTe
OpoAbl AXTHBIX
orBaon (ropessie npo6nelu{1/m U KJaccH(pUKaLuU
nopozb) ropesod TMOPOJBl TMOJydaeTcs
mebeHb U TOpPeJbld MEecoK pas-

HaunmenoBanue mokasaresei

VcTHHHAS MIOTHOCTB, T/ cM3 2,4-2.6 "
3 JIMYHBIX (PAKUME C JOCTATOUHO
HaceinHast mI0THOCTD, T/ cM 1,4
C / 3 18 BBICOKHUMH q:)I/I3I/IKO'MeXaHI/Iqe‘
PEAHAR MIOTHOCTD, '/ CM ’ CKUMH cBoicTBaMu (Ta6m. 1).

BpemenHoe conpoTuBieHue 30,0—-130,0 XUMHYECKHE COCTaB rope-
cxkatuio, MIa
JIBIX TOpoJ axThl AbaleBcKas
npuBeneH B Taba. 2. Hamuuue
npuMecedl U pasinyue TeMIlepaTypHbIX PeKUMOB FOPeHUS BAUSIET HA XUMUYe-
CKHU COCTaB rOPEJbHUKOB, MOTOMY B TabJ1. 2 1aH yCpeTHEHHBIH XUMHUECKUN
cocTaB MpPOOHI.

Tabnuma 2
XUMHUYECKHI COCTAB TOPEJBIX MOPOJ,

ConepxaHue 3/1eMeHTOB, %

SiOQ AlQOg F€203 CaO MgO SOg FeO KQO + NaQO Il
59,3-77,4/9,0-20 |4-5,98(0,7-11,49| 0,3-2,4 |0,2-0,4|0,35-0,43| 8,6-9,96 |0,61-3,72

Jlst cosnanusi peaKUMOHHOCIIOCOOHBIX MUHEPaJIOB MPHU pa3paboTKe BSIXKY-
I1eld KOMIO3ULUHU HAa OCHOBE MOJIOTOrO MapTeHOBCKOIO IIJaKa TeKYIIEero Bbl-
X0fa Takxe HeoOXonuMma 1006aBKa-aKTUBU3ATOP AJs1 aKTUBALMHU MOBEPXHOCTH
LIJIaKka W TOpPeJsiod MOPOJIBL.

Beenenue cynbdaTHbix 106aBOK-aKTUBU3aTOPOB HA MPOYHOCTH LIJIAKOBO-
ro BsKylIero paccMoTpero B padote [1]. Tlpu HccienoBanuu BSOKYIIMX
CBOUCTB MapTeHOBCKHUX I11aKOB MarHUTOrOpcKOTo MeTalypruieckoro KOM-
6uHaTa ObLIO yCTAHOBJEHO, UTO MpU 06pabOTKe l1aKa pacTBOPAMHU KHUCJIOT
MIOMHMMO CTa0UIM3aLMH CTPYKTYPHI LJI1aKa K pacrnany o6pa3yoTcsl THAPOCUIIHU-
KaTbl KaJjbliMsl, B pe3y/bTaTe yero HabJ/I0JaeTCsl POCT MPOYHOCTHU CUCTEMBI.
[To pesynbraTam Hcc/eq0BaHUH CHENAHO 3aK/IOUeHHe — BO3MOXKHOCTb HC-
M0JIb30BAHUST MOJIOTOTO MAapPTEHOBCKOTO 1LIJIaKa B KAYECTBE BSIXKYILIETO MOXKET
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6biTh 0OecreyeHa npruMeHeHrneM 100aBok. JJo6aBKM A DaHHOW LeNH JOJK-
Hbl 00J1a1aTh CJEAYIOIIUMH CBOUCTBAMMU:

— TpY 3aTBOPEHMH LIJaKa BOAHBIM PAaCTBOPOM N00aBKH OHA JOJXKHA BO3-
MOXKHO II0JIHEe CB$SI3bIBATh CBOOOMHBIA OKCHI KaJblHS;

— TPOMYKTHI, TIOJYYeHHbIE B Pe3yJbTaTe XUMUUECKOTO B3aUMOJEHCTBUS
OKCHJia Kasblus ¢ 100aBKOH, NOLKHBI aKTHBU3UPOBATb MMAPATALMIO CHJINKA-
TOB KaJIblIUsl UM CAMOCTOSITETbHO 00Pa30BbIBATh KPUCTAMINUECKHUN KapKac,
KOTOPBI BIIOCAENCTBUH OyneT oOpacTaTb THAPOCHUIMKATAMU KaJblIMS.

Takum TpeGoOBaHUSIM OTBEUAIOT JIETKOPACTBOPHMbIE COJNHM HEKOTOPBIX aM-
(bOTEpHBIX METAJIOB C CHUJIbHBIMU KHcaoTaMu. K HUM oTHOCsiTest comu Al, Cu,
Zn, Fe u np. Ilpu BriGope moGaBKKW B KayecTBe aKTUBU3aTOpa NPUMEHSIH
Aly(SO,); 18H,O TV 6-09-2247-77, FeSO, 7H,0 I'OCT 4148-78 u nesitpa-
JIN30BAHHBIA TPABUJIbHBIH pacTBOP MarHuTOropcKoro Kann6poBOUHOr0 3aBOJA.

N3y4uB pe3ysnbTaThl WCCAEJOBAHUN BJHSHHUS CYJIbPATHBIX N06aBOK-aKTH-
BHU3aTOPOB HAa MapTEHOBCKHEe MIIakKh MarHuTOropckoro MeTaslTyprudeckoro
KOMOMHATa, MPOBEeJIeH aHAIU3 OTXO/0B MPOMBIIIJIEHHBIX IPOU3BOACTB FOPHOME-
TaJyprudeckod HHppacTpykTypsl Kysbacca misg morcka BO3MOMKHBIX KOMIIO-
HEHTOB aJIbTEPHATUBHOTO Cy/b(DATHOrO aKTUBU3ATOpa /s pa3padaTbiBaeMOro
BSKYIIEro. B KauecTBe TEXHOT€HHOTO ChIPbsi C AHAJOTHUYHBIMH CBOMCTBAMH
CyJIb(paTHOro BO3OYAUTES1 TBEPIAEHHUSI BbIOPAH HEHTPalU30BaHHBIM OTPaboTaH-
HBIH 3JIEKTPOJIUT TSATOBBIX M CTAPTEPHBIX KHUCJOTHBIX aKKyMYJSTOPOB.

He#iTpanusoBaHHbIA OTPaOOTaHHBIM 3J€KTPOJUT KUCJAOTHBIX aKKyMYyJsi-
TOPOB, TaK Ha3blBAEMBIU IlJ1aM, MpeAcTaBasieT cOO0H 0OBOMHEHHBIH r'eJib, 00-
JIAJAI0IINHA BbICOKOU MJIACTUUHOCTBIO. [losydeHHBIN B pe3yJsbTaTe HEUTpaIu-
3allMM M3BECTDIO IIIJIaM MUMEEeT B CBOEM COCTaBe JIEFKOPACTBOPUMYIO COJIb aM-
(oTepHOro MeTajja — CBHHLA C CEPHOM KHCJOTOH, ueM OOBICHSEeTCS
HaJUuMe B HeM cyJbdara 3TOTO MeTaJJa.

XUMHUUYECKHH COCTAB 11IJIaMa U3 IPUEMHOTO pe3epByapa-HaKOMUTEs OT/e-
JIeHUs] HeWTpaiu3aluy maxThl AbGaleBcKasi TpUBeleH B TaOJs. 3.

Tabauuma 3
XuMHUYeCKH# COCTaB mJjaMa

Ne H . XapakTepucTHKa
AUMEeHOBaHHe IoKasaTeJsaen

1.1 npoObI
[lnoTHOCTL pacTBopa, T'/cm3 1,207

2 |Ilokasaresb aKTHBHOCTH BOJOPOAHBIX HOHOB <10
(pH pacrsopa)

3 |Cpena Kucnas

4 | KonueHtpauus pactsopa, % 28,3

5 | Conepsxanne B pactsope cyibdar-nonos (SOF7), % 28,23

6 | Conepkanue B pacTBope MoHoB cBuHua (Pb 2*), % 0,139

Il onpenesieHusi COCTaBa BSKYILETO MPOM3BOIMIICS PACUET COOTHOLIE-
HUA KOMIOHeHTOB (1nak:ropessie mopomsi) [2]:

Coipbe ¢ Kooy > 1/Coipbe ¢ Kooy < 1.

B uncnnrese ykasaH XMMHYeCKHH COCTaB lJIaka, B 3HaAMeHaTesle — XH-
MHMYECKHH COCTaB TrOpesiod MOpPOMIbI.

[(CaO +0,93MgO + 0,6R,0) — .
(n0,93Si0, + 0,55A1,0; + 0,35Fe ,0; + 0,7S0;) —

_(flO,gSSiOQ + 0,55A1 203 + 0,35Fe 203 + 0,7803)])6 _
—(CaO+ 0,93MgO+ 0,6R,0)

L,
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roe n — 3afaHHoe AJs BSDKYIero cocraBa 3Hauenue K., = 1,6;
X — KOJIMYeCTBO MAaCCOBBIX yacTel chipbs ¢ Koo, > 1 (11aK) Ha 0fHY BeCOBYIO
yactb chipbsi ¢ K., < 1 (ropesnas nopona).

Pacuer nokasaJ, yto Ha 1 yacTb u1aka Heoo6xonuMo go6asuthb 0,33 dac-
TH TOpesod MOPOAHL.

O6mbewm mtaMa, TpebyeMblil B KadecTBe N100aBKHA K MOJOTOMY MapTeHOB-
CKOMY LIJaKy, MoAOupascs 3KCcrIepuMeHTa bHO. BiusiHne comepxKaHus 1ja-
Ma Ha [IPOYHOCTb LUJIAKOBOI'0 BSKYILET0 B BO3pacTe 7 CYT OKa3aHo B TabJ1. 4.

Ta6auuma 4
BausHue KoamuyecTBa A00ABKH HAa NMPOYHOCTh HIJJAKOBOTO BSIKYIIETO

Conepxkanue miama, % 1 4 6 8 9 10 12

[Ipenen mpounoctu npu cxartuu, Mlla B 1,46 | 2,6 3 3,42 4 4.7 | 3,73
Bo3pacte 7 CyT

Jlnis onipesie/ieHN st OCHOBHBIX XapaKTePUCTHK MOJTyUeHHOTO GeClleMeHTHO-
ro IIJaKOBOTO BSIXKYIIEro Ha OCHOBE MapTEHOBCKOTO I1IJ1aKa TEeKYIIEro BEIX01a
OAO «Cranp HK» u no6aBok-otxomoB OAO maxtel «Abamesckas» OYK
«fOxKysbaccyrosib»: TOpesbIX MOPOJ MIAXTHOTO OTBajla M aKTHBH3aTOPa-3a-
TBOpUTeIs (HEHTPaNM30BaHHOTO OTPABOTAHHOTO 3JEKTPOJIUTA KUCAOTHBIX aK-
KYMYJISITOPOB M3 pe3epByapa-HaKOMMTeJsi), TaK Ha3blBaeMoro iijgama, B Hc-
nbiTaTebHOM LeHTpe «CTpouTeNbHBlE MaTepuabl W KOHCTPYKUHH» «Kys-
6acc» (OO0 ML CMHUK «Kysbacc») Oprana cepTu(hHMKalLUKU CTPOUTENbHON
nponykunu (OC «Kys6accrporicepTudukaius») OblI0 MPOBEAEHO OMBITHOE
tdhopmoBaHue 06pasuoB 4 x 4 x 16 cm. O6pasLUbl BblAePKUBAIUCH B €CTECTBEH-
HpIX ycaoBusix npu temnepatype (20 £ 3) C U OTHOCHTE/IbHOK BJIaXKHOCTH
Bosayxa (95 = 5)%, TOCT 310.4-81". UcnbiTanus MPOBOJHUINCH B COOTBETCT-
Buu ¢ tpebosanusmu ['OCTos 310.2, 310.3, 310.4.

PesynbTaTel 3KCIepuMeHTa MpHBeieHbl B TabJ. .

AKTUBHOCTB BSIXKYIIETO HA OCHOBE MOJIOTOTO MapTEHOBCKOTO IIJIaKa TEKY-
I11eT0 BBIXOJA ¢ 100aBKOW rOpesiod MOPOABl U IjiaMa B 28-CyTOYHOM BO3pacTe
nocrturaer 4,86 MIla.

Ta6auma 5
XapaKTepuCTHKA MIIAKOBOTO BSIKYUIETO

XapakTepucTHKa CoficTea, .
pe3yJ/abTaTbl UCIIbITAHUU

Mapka, xr/ cm? 50
Cocras Bskyiiero, %:

MapTEeHOBCKHH ILJIaK TEeKYLLero BbIX0Ja 70...78

ropeJible MOPOABl LIAXTHBIX OTBAJIOB 23..25

Iam 7
TorkocTb momosia (mpoxon yepes cuto ¢ cetkoir Ne 008 1o 47,5
TOCTy 6613), %
BomoiiamMmosoe oTHolLIeHHE 0,34
PacnibiB KoHyCa, cM 16,2
HachinHasi IOTHOCTL B PBIXJIOM COCTOSHHH, KT/ M3 1660
HachbinHasi MI0THOCTL B YMJIOTHEHHOM COCTOSHHH, Kr/ M3 1830
Hauasio cxBaTbiBaHus, u 24
Komner cxsarsiBaHus, 4 50
PaBHOMepHOCTb H3MeHeHHs 00beMa: Bolgep:kuBaeT, TpeliUHH,
KUMSUEHHEM JIeMelleK B BOJE UCKDPHUBJIEHHUS OTCYTCTBYIOT
[TpouHocTb MpH ecTecTBeHHOM TBepaeHHu 7 cyTt, MIla:

NPU pacTsKEHUH Ha U3THO 1,6

MpU CXKATUH 4,76
[TpounocTb pu ecTecTBEHHOM TBepieHuu 28 cyr, MIla:

MIPY PACTSXKEHUU Ha M3THO 1,66

IIPU CXKATHH 4,86
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JlocToMHCTBA MOJYYeHHON BSKYIIEH KOMIIO3HIIMK B TOM, UTO OHA COCTaB-
JieHa HCKJIOUHTEJIbHO Ha OCHOBE TEXHOT€HHBIX OTXOMO0B, 0e3 CIelHaJbHOTOo
00KHUra U TeIJIOBOH O6pa6OTKI/I HCXOOHbIX KOMIIOHEHTOB U MO2KeET OBITH HC-
[MO0JIb30BaHa OJid 3aKJIaJdKH Bpra6OTaHHbIX [IPOCTPAaHCTB MaxXT W PYAHUKOB
Kysbacca B kKauecTBe JIUTOW 3aKJAMOYHOU CMECH.
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E. E. MOJIBKOBA, accucr., . A. XPUCTO®POPOBA, A. 1. XPUCTOPOPOB, nok-
TOpa TeXH. HAYK, npogeccopa (BragmmMupckuit rocy1apcTBEHHbIA YHUBEPCUTET)

TEIIJION3O0JAIINOHHBIE CTPOUTEJIBHBIE MATEPHAJIBI
HA OCHOBE IIOJUBUHUJXJIOPUIOA

paCCMOTpeHO NPUMEHEHHE MMOJUMEPHBIX BCIIEHEHHBIX MAaTE€PUAJTOB B Ka4€CTBE TEIJIOU30-
JIAIUHA B CTPOUTEJIbCTBE. HpOBeI[eHO CpaBHeEHHE IBYX BUIOB AYEHUCTHIX IJIaCTMACC, MPUMEHsIe-
MBIX B Ka4eCTBe TEIJIOU30JUPYIOIIEro CJI0d B CTEHOBOH TEIJIOU30JIALINH. HpI/IBEILEHbI JKCIepu-
MEHTaJIbHbl€ JaHHbIe pa3p360TaHHoro BCIIEHEHHOr0 MaTepHasia Ha OCHOBE IOJIMBUHUJAXJIOPHUAA
" noKasaHa Sql)qﬁ)eKTI/IBHOCTb €ro UCIOoJIb30BaHUs B Ka4eCTBe TEIJIOU30JUPYIOLIEro ¢Jiost B CJIOU-
CTbIX KOHCTPYKUHAX.

B ycsoBusix pa3BUBAIOLIETOCS CTPOUTENBCTBA B POCCHU BO3HUK He(pHLUAT
BBICOKOKQUECTBEHHBIX TEMJOU30/SIIMOHHBIX MATePUaJOB, CBSI3aHHBIH C TeM,
YTO CIPOC Ha HUX MpPeBbILIAET NpeIoxeHue. biarogaps Hu3KoMy Koa(hhUIM-
€HTY TEIJIONPOBOTHOCTH HaWOOJ/ee MPearouTUTEbHBIMU TEMJIOU30ITOPaMU
SIBJISIIOTCS S'YeUCThle MJacTMacchl. B HacToslee BpeMs HA PBIHKE CTPOUTEJNb-
HBIX MaTepPHa/I0B OHH IpeAcTaB/eHbl noaucTHpoabHbiMu ([TTIC) u Kap6amu-
HBIMH TeHOMNJIacTaMH.

INomuCcTHPOIbHBIE MMEHOMJIACTHI TTONYYa0T OeCIIPeCcCOBBIM U IKCTPY3H-
oHHBIM crioco6amu. Beimyckaercst [1TIC pasnuHbIX 0TeueCTBEHHBIX U UMIOPT-
HbIX MapoK. OnHa U3 BedyIuX 3apyOexxHbIX npousBoautesed pupma The Dow
Chemical Co. (Anrsusi) BbIyCKaeT NsATb THUIOB 3KcTpysuonHoro IIIIC mon
obme# Toprogoin mMapkod STYROFOAM™: ROOFMATE™ — pmna xpsii,
WALLMATE™ — nas cren, FLOORMATE™ — nis nonos, PERIMATE™ —
st pyranamentoB, STYROFOAM™ — njs npyrux Temnaou3ossiidOHHbIX 110~
kpbiThi [1]. Ha coxpanenue TennonsoNsiuoHHbIX Ka4ecTB MeHOMIacTOB I1aB-
HbIM 00pa3oM BJIHSIET ero BJarocTOMKOCTb. BomomorsoileHue GecrnpeccoBOro
IIIC cocrapasier 25%. dkerpysuonublil IIIIC uMeeT 0IHOPOHYIO CTPYKTY-
py C MeJKHMM 3aMKHYTHIMH TOPaMH, €ro BOJOIMOTJIOLIEHHEe He MpPEeBbIIIAeT
206. %. B Poccuu mpoussomsiT camosaryxatomuii I11IIC mapok TICB-C-15,
[1CB-C-25, TICB-C-35, T1ICB-C-50, oTauuaromyxcs MIOTHOCTbIO MaTepHana u
o6s1acTbio prMeHeHus1. Jlo6aBisieMble aHTUITHPEHBI TOAABJSIOT CAMOCTOSATEb-
HOe TOopeHHe MeHomnsacta, Ho pu Bo3dropaHun [1CB-C o6pasyioTes Kammu, oT-
nenstoipecs ot o6uel maccel Mmatepuadna. [1I1C He nonBepxkeH raunenuto. Co-
rinacHo [OCTy 15588-86 «ILmutbl meHomosmucTHpobHbIE. TeXHUYecKHe ycio-
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Busi» [IIIC ucnosbayercs A5 TenJoBOH M30JSLMH B KauecTBe CPelHEro CJ0s
CTPOUTENBHBIX KOHCTPYKUHH NP OTCYTCTBUU KOHTAKTa C BHYTPEHHHMH IOMe-
ILIEHUSIMH.

Kap6aMuaHble MEHOMJIACTBI HA POCCHHACKOM pBIHKE TPEeACTaBJIEHBI
MEeHONNAaCTOM HOBOTO MOKOoJeHus mnon Hassanuem «Ilenousom» (TY
2254001-45581572-98 u TY 2254-001-33000727-2000), npoussogumeiM Gec-
npeccoBblM crnoco6oM. «[leHousosn» Npou3BOAAT B BHAE IJIUT TOJILIMHOU
50—200 MM nu «KpoiiKku». OcoGeHHOCTh TPOU3BOACTBA MaTepHaJa 3aKa0ya-
€TCSl B BO3MOXKHOCTH 3a/MBKH €ro B JKHUAKOM BHIE HENOCPEACTBEHHO Ha
CTPOUTEJILHOU TIIOLIAIKe B MycToTesble mpoduau. OTCYyTCTBHE CIOCOOHOCTH
K Pa3BUTHIO CTAOUJIBHOTO Ipollecca rOpeHHs], K CaMOCTOSATeNbHOMY TOpeHHI0
nocJ/le OTKJIOYEHHUS] MCTOYHHKA 3a:KUraHUsl U K 00pa3oBaHHUIO paciiaBa MpU
FOpeHUM CBUIETE]bCTBYET O MOHHKEHHOW MoKapHOU onacHocTH «IleHon3o-
Ja». Matepuaa naponpoHuLaeM U crnocobeH NpefoTBpallaTh pacnpocTpaHe-
HHe HaCceKOMbIX-TTapa3uToB.

OCHOBHBIM HEIOCTATKOM HCIIOJIb30BAHUS 3TUX OpPraHUYECKHX TeH SBJS-
eTcsl BbICOKAsi TOPIOUECTb, MaJasi JA0JTOBEYHOCTb.

CBoiicTBa STUEHCTBIX MJIACTMACC 3aBUCSAT OT HX IJIOTHOCTH M XapakTepa
CTPYKTYpBI, a TaKXKe OT CBOHCTB IOJHMepa W BCIEeHHBaIIero raza. Pusu-
KO-MeXaHWYeCKHe CBOMCTBA IEHOIIACTOB YJYYIIATCS C yBeJHYEHHEM CO-
IepKaHusl 3aKPbIThIX siueek. [Ipeobanaroiyo 3aMKHYTYIO0 SUEHCTYIO CTPYK-
Typy MMEIOT IPeccoBble MOJMBHHUIXJIOpHAHBbIE nmeHomaacTel ([T[1BX),
OJIHAKO JAHHBIA BUJ MaTepHaJOB IPOUTPHIBAET MO MOKA3ATEJSIM IIJIOTHOCTH H,
Kak ciaenctaue, temnsonposogHocty nepen [I1C u «Ilenonsonom». Bmecre ¢
TeM NOJUBUHUAXJOpUAHBIA nenomnacT ([TIIBX) uMeeT BbICOKHE TPOYHOCT-
Hble XapaKTepHUCTHKH, 110 rOploYecTH OTHOCHTCS K KJjaaccy ['l, ero monroseu-
HOCTh mpeBbiaetT 50 JeT [2]. Paspa6oTka KOMMO3WUMH /51 TOJydeHUs]
[TIIBX ¢ mi0THOCTBIO HA YPOBHE MOJUCTUPOJBHOTO MEHOIIACTa, MOBBIIEHHE
€ro KOHKYPEHTOCIIOCOOHOCTH Ha PBIHKE CTPOUTEJbHBIX MATEPHAJIOB SIBJSETCS,
HECOMHEHHO, aKTyaJbHOU 3amaved.

AHanu3 maTeHTHOM JMUTepaTyphl MoKasal, YTO Hanbojee WHTEHCHBHbIE
paboThl MO0 MOAM(DHUIMPOBAHUIO U COBeplleHCTBOBaHUIO TexHosoruu [1TIBX
nposoauauck B nepuox 50—80-x rr. XX B. OCHOBHBIMH pa3pabGoOTYMKAMHU B
3TOW 06/1aCTH SBJASNUCH IMTOHCKHE ydeHble, KOTOPble OTAABAJH MPearouTeHHe
9KCTPY3UOHHBIM BCIIEHEHHBIM MaTepuasaM Ha OCHOBe IOJHBHHUJIXI0PHIA
(TIBX). MeTomoM 3SKCTPYIMPOBAHMS DACIIaBa KOMIO3HLMH MOJYYalOT Ca-
mble gerkue TITIBX (70 xr/wm?3) [3]. Takue maTepuanbl UMelOT HepaBHOMEp-
HYIO U HE3aMKHYTYIO CTPYKTYPY, UTO 3HAYUTEJBbHO MOBBILIAET BOLOINOTJIOLLE-
HHUe BCIIEHEHHOro Martepuana. MeTon 3KcTpy3uu TpeOyeT 3HAUMUTEJbHBIX Ka-
nuTandbHblX BiokeHu#. [ITIBX, mnosydeHHBIE TpPECCOBBIM METOIOM [4-6],
UMEIOT 3aMKHYTYIO MeJKOSTUEUCTYIO CTPYKTYPY, MaJble BOAOMOIJIOLIEHHE U
TETJIONPOBOJHOCTH, BBICOKHE MPOUYHOCTHBIE XapaKTEPUCTHKU, HEOOXOIUMBbIE
IJIsT MOHTaKa TETJOU30JSILHOHHBIX CTEHOBBIX MaHesned. B Hacrosiiee BpeMs
B Poccun npoussomar xectkuil [1[IBX Tosbko 1m0 mpeccoBod TeXHOJOTHH
miotTHOCTbIO Gosee 100 xr/m® [7, 8].

B tabs. 1 npencraBsieHbl CpaBHUTE/bHbIE CBOMCTBA TENJIOU30/SLUOHHBIX
OpraHUYeCKHUX MeHOMAaTepHasoB.

[110THOCTD SYEUCTBIX MJIACTMACC 3aBUCUT OT TJIOTHOCTHU NOJNHUMEPA U CO-
nepKaHusi razoobpasoBatess. [1s Ka)KHoro BUAA MJacTMacc UMeeTcs Ipe-
JlelbHOe KOJIMYECTBO BCIIEHHBAIOILEr0 areHTa, Bbllle KOTOPOI0 CHHXKEHHe
MJIOTHOCTH He MPOUCXOoAUT. [loaToMy Liesbio TaHHOH paboThbl SBUJIOCH U3yye-
HUe BJMSIHUS razooOpasoBaTessi Ha MJIOTHOCTb BCIEHEHHOIO MaTepuasa Ha
OCHOBE MOJIMBUHHU/IXJIOPHUA.

[Tpu npoussoactse xkectkoro [NIIBX B KoMnosuuuio BBOAAT razoo0pas3osa-
Tesib — Kapoonat ammonus ((NH,),COs), uTo mossossieT noay4aTh MeHOMIACT
¢ moTHOCThIO 6osee 100 kr/m? [7]. B nanHoit pa6oTe npesaraeTcsi HCIOMb30-
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Tabnuma 1

CpoiicTBa MNOJUMEPHBIX TENJOU3OJNAINMOHHBIX MaT€pHaJOB, BbIIYCKAE€MbIX
NPpOMBINIJIEHHOCTBIO B Poccun

[Toxasaresb (STYR(I—)IE(():AMTM) [1CB-C | «IleHousomn» [1XB-1
[lroTHOCTD, KT/ M3 40-150 15-50 8-25 100—130
TennonposoaHocTb, Bt/ M- °C 0,028—-0,05 |0,03—0,04|0,035—0,047(0,03—0,041
Ipounocts npu cxxatuu (mpu 10%-it 0,2-0,5 0,25 0,003-0,025| 0,4-0,7
JIMHeHHOH nedopmarmu), MIla
Bonomoraowenue, % 1-2 0,5—-1,5 10—-20 2.5
Juanason pa6ouux temmnepartyp, °C =50...+75 —=50...+85| —=50...+120 | —60...+60
I'pynna roproyectu I2 I2 I3 I'l
Jl0JITOBEUHOCTD, JIeT 30 25 30-35 50

BaTb BMeCTe C MHHepaJ/bHbIM ra3oo0pa3oBaresieM OpraHM4ecKHid rasoo0paso-
BaTeJqb — asomrkapbonamun (UX3-21), cMellaHHbIE C aKTHBATOPOM pasJio-
>)KeHus. [IpucyTcTBHe B cHCTEMe pasJsiaraiollerocsi Mpyd BBICOKOH TeMmepaTtype
OpraHM4eCcKoro BCIEHMBAIOLIEr0 areHTa obecrneynBaeT PABHOMEPHYIO M MeJIKO-

STYEHCTYIO CTPYKTYDPY. Ta6nauna 2
B ra6s1. 2 npencrasJieHb Bausinue comepxanus UX3-21 Ha cBoiicTBa
9KCIIepUMeHTaNabHble OaH- IIIBX [(NH,),CO3; = 16 mac.u,
Hble, HJUTIOCTPUPYIOLIME H3- IIBX = 100 mac.u]
MeHeHue M10THOCTH [ITIBX  Copepwa- Veanxa
Ha CTaAuU BCIIEHUBAHUS 3a-  HHE a30MU-| Tuep, , ox,10% ’ 06beM-
kap6oHamu-| MuH | kr/m3 MIla |Br/m°C

rotoBku. B pesysbrare uc- Hast, %
CJIe[I0BAHHS BBIICHU/IOCH, YTO ; .
yBeJMueHHe KOHLEHTPALUK 0,0 32 | 340*2% 14,0204 1 0,101 | 11

) . 0,5 32 | 270%18 | 1,43%02 | 0,081 5
UX3-21 npHBOIMT K CHHXKe 10 59 | 240214 | 112301 | 0071 5
HHIO MJIOTHOCTH T0JTy4aeMoro 2’0 39 | 21811 |1,07%005| 0.065 | 04

Marepuaa. 30 | 36 | 80*4 [0,46%005] 0,028 | 1

JanbHelllee u3yueHue
cBorcTB nosydeHHoro [ITIIBX nokasasno, uto copOLUMOHHAS BJIaXKHOCTb MEHO-
matepuasa coctasuia 0,7 %, BOLOMONIONIEHHE TIPH TOJTHOM TOTPYKEeHHH 00-
pasua B Boay 3a 24 4 — 1,9%, co6eTBenHas BaaxkHocTh Mateprana — 2,9%,
naponponunaemocts — 0,27 mr/Ila-M-4. POCCHACKHM NPOU3BONUTENEM TeTl-
JIOU30J/ISIIMOHHBIX MaTepuanos Ha ocHose [IBX aBnsercs ¢pupma «Mukomnen»
(r. Bramumup). Il cpaBHEHHSI KOHKYPEHTOCTOCOGHOCTH Pa3pabOTaHHOTro
MaTtepuana 61 BoibpaH neHomaactT Mapku [1XB-1, BeimyckaeMblid 3ToU dup-
MOH, CBOHCTBA KOTOpOro nmpuseseHsl B Tads. 1. CToumocTs pazpaboTaHHOTO
MaTepuana cHusunaach Ha 15% 1o cpaBHenuio ¢ maTepuanom I1XB-1 [8].

Hccnenosanus nokasanu, uto npumenenne UX3-21 B komMmnosuuuu, comnep-
JKallled MUHepaJsbHble razoobpasoBatenu AJs noaydenus xectkoro [IIBX, mo-
3BOJISIET CHM3UTb IJIOTHOCTb TOTOBOTO sUEMCTOro Martepuasna no 80 kr/md.
[Ipo4HOCTD MOJYYEHHOTO MaTephaJa Npy CHUXKeHHH miaoTHocTH Ha 20% ocTa-
eTcs NOCTATOUHO BBICOKOH, a KO3(P(HUIMEHT TeMJONPOBOIHOCTH AOCTATOYHO
HU3KHUM, UTO MTOATBEPKIAET BO3MOXKHOCTb HCIO/Ib30BAHUS Pa3paboTaHHOro Ma-
Tepuana 1Jsl TeIJIOU30/ISLMH 31aHUH. BblcoKasi OrHeCTOHKOCTb W J0JIrOBey-
HocTb HoBorO [I[IBX, 6e30macHOCTb ero ncrnoib30BaHUsl B CTPOUTENBHBIX KOH-
CTPYKLHSIX 00YCJOBAUBAIOT 3(D(DEeKTUBHOCTb MPUMEHEHHUST TUEUCTOr0 MaTepra-
Jla B KauecTBe TeIJOM30/UPYIOLIEro CJos.

PaspaboTaHHbIi TOJUBUHUIXJIOPUIHBIN MEHOMJIACT COCTABUT KOHKYpEH-
LMIO CYLIECTBYIOIUM SYEUCTHIM MJacTMaccaM, M03BOJIUT PACLIMPUTh accop-
TUMEHT MOJMMEPHBIX CTPOUTE/bHBIX MATEPUAIOB U CHU3UTD Ae(DUIMUT KauecT-
BEHHBIX TEMNJOU30/SLUHOHHBIX MaTePUaNoB B CTPOUTEJNbCTBE.

1a, mMac.4
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E. C. ABIPAXUMOBA, kauna. texd. Hayk (CamapcKuil rocyaapcTBEeHHbIN ap-
XHUTEKTYPHO-CTPOUTENbHBIA YHUBEPCUTET)

BJINAHHE ®A30BOIo COCTABA
HA MOPO30CTOHKOCTbh KEPAMHUYECKOI'O KHPITUYA

[TpoBeseHHble HCCNEAOBAHKS TOKA3aUIH, 4TO (pa3oBbIi cocTas (cTeka0(asa, MyJUIHT, KPH-
CTOGANUT W reMaTHT) BIMSIET HAa MOPO30CTOHKOCTb KEPAMHUYECKOTO KHpIHYa.

B suTeparype HeZOCTATOYHO CBENEHHH O TOM, KaK BJHSET KOJIUIECTBO
cTek/o(asbl Ha MoKasaTed MOPO30CTOMKOCTH KepaMmuyeckoro kupnuya. Cy-
IIECTBYIOT TIPOTHBOPEUMBbLIE CBEIEHHS IO TOBOMY BJIMSHUS CTEKJI0(pasbl Ha
MOPO30CTOHKOCTb KepaMUUeCKHUX HM3IesuH.

[To naHHBIM OfHUX aBTOPOB, OJarofapsi cTekJgodaze MPOUCXOMUT U3O0JSLUSA
TJIMHUCTBIX YACTHIL, YTO CHHKaeT HaGyXaeMOCTb Yeperka, JejiaeT ero 6osee yc-
TOMUMBBIM K arpecCHBHOMY BO3JEHCTBHIO Baary U Moposa [1]. Habyxanue yepen-
Ka, 110 CBEeJIEHHIO APYTHX aBTOPOB, MOXKeT MPOUCXOAUTb BC/IEACTBHUE THAPOJIN3A
creknodasbl [2, 3]. HekoTopbie wccnenoBaTesii CYMTAIOT, YTO MOA AEHCTBHEM
BOJIBI TIPOMCXOIUT HAKAIIUBAHUE €e B MOJIEKYJISIPHOU (hopMe, IPH 3TOM KOHIEH-
cupytores rpynnbl SiO—OH [4, 5]. 1o Bemer k usmenenuio permetku Si—O—Si
CTeKJa ¥ 00Pa30BAHUIO BBIIIEJOYHOTO CJIOSI ¢ OCOOBIMU CTPYKTYPHBIMH CBOHCT-
BaMH, CYLLECTBEHHO BJIMSIOIMMH Ha MPOYHOCTHBIE XapPaKTEPUCTUKU MaTepHala.
MOXXHO TIPeIoIOKUTb, YTO aHAJOTHYHO OYIET TPOUCXOAUTDh pPa3pyllieHrne CTeK-
Joasbl KepaMHUUeCKOro uepernka Moj BO3AEHCTBHEM BJIard Kak B Ipoliecce Uc-
NbITAaHHH Ha MOPO30CTOMKOCTb, TaK M B IIpolLlecce 3KCIIyaTalUd HU3JesnuH.

B Hacrose# pa6ote OblIM MPOBEAEHbl UCCAENOBAHUS MO OIMpPee]eHHI0
BJMSHUS (Da30BOrO COCTAaBAa HA MOPO30CTOMKOCTb KepaMHUUeCKOT0 KHpPITHYa M3
ONITUMaJIbHOTO COCTABa C MCIIOJIb30BaHKEM OTX0/a MUHepa/bHOH BaThl [6]. s
HCCJIeI0OBAHMS OBLIH B3SITHI Ba COCTaBa, Mac. %: 1) 00pasLoBCcKas TJMHa —
100; 2) o6pasuosckas riuHa — 65, IPOLYKT CropaHus 6a3a/1bTOBOK IIMXThl —
35. XUMHUYeCKHH COCTaB HCCJEIyeMbIX KOMIIOHEHTOB TNpHBe/eH B Tab.1. 1.
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Tabnuma 1
XyMHYECKHE COCTaBbl KOMIIOHEHTOB

Cogepxanue oKkcuuos, mac. %
SiOQ A1203 CaO MgO F6203 RQO 503 Moo
O6pasuoBckas riavHa 57,13(19,25| 2,0 | 1,32|5,72| 1,5 [1,01| 8,8
[TponyxT cropanusi 6asanbToBoy wuxtel | 15,3 (7,98 31,2 7,6 | 10,6 [6,79|0,98| 19,3

KommnoneHTb!

H3sroroBsneHne Kupnuya Npou3BOAM/IOCH MJIACTUUECKUM MeTOIOM. Bbicy-
IIeHHble H3eJqusi oOxuramuch npu temmeparypax 1000 u 1050°C.

[ToBbillleHHOE comepaKaHWe B MPOAYKTE CropaHusi — 06a3ajbTOBOM ILIHX-
Te — FeyO3 n RyO cmocoberByeT mosiBjieHHMI0 XUAKOH (asbl npu 950°C
(puc. 1). TTox MHKPOCKOIOM B HCCJIe-
ayeMbIx o6pasuax coctaBa Ne 2 mpu
Temneparype o6kura 950°C Habumoza-
10Tcsl 6ecUBETHbBIE, KeNToBaTble U Oy-
pble CTeK/a C 1oKasaTessiMU MpesoM-
genus N or 1,50 no 1,54, nosiBuBLIMe-
csl B pe3yJ/ibTaTe IJaBJeHHS LUNATOB U
CMeLIaHOCJ/JOMHBIX TVIMHUCTBIX 00pa3o-
BaHUH.

CrnexkaHve KepaMU4eCKOTo KHPIH-
Ya HIET C yJ4acTHeM KHUIKOU (pasel, OT
CBOHMCTB KOTOPOH BO MHOTOM 3aBUCHUT
npouecc (OPMHPOBAHUSA CTPYKTYpPBI
martepuana [1]. [Tobimenue peaxiu-
OHHOH CMOCOOHOCTH KHUAKOU (Pasbl 110 ¥ 4
OTHOLIEHHIO K TYTOIJIABKUM KPHUCTAJ-  Puc. I. MukpocTpyKkTypa ofpasua cocTana
JIUYEeCKHM COCTaBJSIOIIAM 13aeT BO3- Ne 2. Temneparypa otxura 950°C
MOYKHOCTBb I/IHTeHCI/Iq)I/ILalOBaTb npo- 1 — creknodasa; 2 — opraHuka; 3 — I[0JEBON

wnar; 4 — remMaTtut; 5 — KBapl. YBeJHueHHUe
1ecc CrieKaHusl, 4To M03BOJSeT YMeHb- 000
IIUTb PaCXOJ TOILIMBA.

[Tpu noBeierny Temnepatypsl o6:kura 1o 1000°C koamdecTBO cTekmoda-
3bl yBesiuuBaetcs (puc. 2) ¥ pu 9TOM B 000MX COCTaBax 00pa3yeTcsi KpUCTO-
Gaaut [6].

3aBUCHMOCTb MOPO30CTOMKOCTH KHPITHUA OT €ro (pazoBoro CocTaBa MpHBe-
neHa B Ta6.1. 2. Conep:kanue creknodassl B 06pasuax u3 cocrana Ne 2 GoJiblire,
yeM B o6pasuax u3 coctaBa Ne 1, COOTBETCTBEHHO U MOPO30CTOHKOCTb y HUX
BeilLe. Kpome Toro, B o6pasuax u3 cocraBa Ne 1 o6pasyercsi 6osbliie Kpuctoba-

1050°C. ¥YBeauuenne 23 000
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Ta6unnua 2 juTa, KOTOPBIA pPa3pbIXJsi-

3aBucuMoOCTh MOpOSOCTOﬁKOCTH Kupnuuya ot eT KepaMHL[eCKI/HjI I{epeHOK’
¢asosoro cocrasa BCJEJCTBHE YBEJHUUEHHS

No ConepxaHue OCHOBHBIX (a3, % Moposo- ~ €ro B oObeMe. Benenue B
TC;);; Crekiio- Ksapil Kpucro- My | Temarur CTOHKOCTb,  KepaMHYeCKHe MacChl Mpo-
pasa Ganut HIRITEL IyKTa CropaHusi oT 6asasb-
Temnepamypa obscuea, 1000°C TOBOW LIMXTbl CHHUXKAET CO-
10-15130—40l 10-12] = 57 29 Jep:KaHue KPUCTOoOaIUTA.
N3yuenue MuUKpo-

2 |15-20]30-40] 8-10 | 3-5 | 3-5 45 CTPYKTYDbl HCCTENYeMbIX
TeMnepamypa 069fCL£2£1, 1050°C 06p33HOB IO MI/IKpOCKO'
25-30(25-30| 15-20| - 9-12 32 nom MHH-8 noxkasaJio, uto

2 [30-35|25-30] 12-15| 5-8 | 7-9 58 o6pasubl coctaBa Ne 2,

060K>KeHHble TIPU TeMIle-
parype 1000°C, nocsie 42 1MKJ/IOB MONepPeMEHHOTO 3aMOPaXKUBAHUS M OTTauBa-
HUSI UMeJIn MUKPOTperurHbl pasmepom 25—100- 107 m, pacmosioxkentble napai-
JIeJIbHO TJIOCKOCTH M3IeNHi, a mpu Temmnepatype obxura 1050°C anasnorndxbie
TPELIMHbl UMEJUCh T0C/Ie DD LHKJIOB.

Taxkum o6pazoM, mpoBeleHHblE MCC/IEIOBAHUS MMOKAa3a/aH, 4TO (Pa30BbIH
COCTaB BJIHSIET Ha MOPO30CTOMKOCTh KEPAMHUYECKOr0 KHMPIIHYa.
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9KOHOMHUKA U OPTAHMU3AIHNA CTPOUTEJIBCTBA
ABTOMATHU3AIIUA U TEXHOJIOI'A
CTPOUTEJBHOI'O MPONU3BOJACTBA

YIK 69.003 : 658.012.22

C. A. BOJIOTHUH, 1-p TexH. HayK, npo¢d., M. M. MAJIKUH, acn. (Caukr-Ilerep-
OyprcKuil rocyIapCTBEHHBIN apXHTEKTYPHO-CTPOUTENbHbII YHHBEPCHUTET)

AHAJIN3 NOTEHIHUAJBbHBIX BO3MOXKHOCTEHA
INPOEKTHUPOBAHHA OIITUMAJIBHOIO CTPOUTEJIBHOTO
T'EHEPAJIBHOTIO IIJIAHA

[TokasaHa HeO0OXOAUMOCTb TEXHHKO-IKOHOMHYECKOTO HCCJIEI0BaHHS pasMepoB MnJoliaau
CTpOI/UIl'eHH.HaHa C YU€TOM BJIMSHUSA apeHﬂHOﬁ CTaBKH 3a HCIIOJb3yEMYIO IIOA CTPOUTEJBLCTBO 3€M-
a0. B pesyJbTate 6yﬂ,6T obecreyeHo WUHTEPAKTHBHOE U ONTHUMAJIbHOE TPOCKTHPOBAHHE KaJIeH-
JApHOT0 U CTPOUTEJIbHOTO M'eHepaJJbHOrO IJaHa, obecrneynBarolee CI/IHepFeTI/I‘—IeCKI/IﬁI S(i)Q)eKT.
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B o6macTy opraHM3aLMOHHOTO MPOEKTHPOBAHUS CTPOUTENbCTBA BbIALJIS-
I0T [IBa MO CTeNeHH BaXKHOCTH JOKYMeHTa — KaJsleHAapHbIH IJ1aH U CTPOUTeH-
nsaH. [TogaBsitoliee unc/ao0 HayYHO-MPAKTHYECKUX pabOT, OPUEHTHPOBAHHBIX
Ha MOUCK OMTHUMAJbHBIX pelleHUH, HAXOAUTCS B chepe KaJeHAapHOTO MJIaHHU-
poBaHHs. DTO CBSI3aHO C TeM, UYTO TaKOH OOBEKT, KaK KasleHAapHbIHA IMJaH,
MOKeT OBITb AOCTATOYHO MPOCTO (POPMAIM30BaH C MO3ULUU €r0 MaTeMaThye-
CKOTO ONHCAHUSA U, CAeI0BaTe/bHO, 3aaUa ero ONTUMHU3aLUH CBOAUTCS JUOO
K NpPHUMEeHeHHI0 M3BECTHOrO MeTolJa MaTeMaTHUeCKOro NporpaMMHpOBaHHUS,
Jqu60 K pa3paboTKe HOBOTO. B 3TOM OTHOIIEHUH CTPOUTeHIIaH siBjisieTcs: 60-
Jlee HeoJHOPoAHbIM (reTeporenHeiM) 06bekToM. Ha cTpolirennsiane pasmera-
I0TCSl COBEPLUEHHO PasJ/iIMuHble M0 CBOUM (PYHKLHUSM OOBEKTBI CTPOUTENBHOTO
X035IUCTBA — 3TO 0ObEKTbl NPOU3BOACTBEHHOH 6a3bl, MaTepHaNbHO-TEXHUYe-
CKOro CHabKeHHs, UHXeHepPHOH HMH(PacTPyKTypbl U T.A. U T.N. OOlenpu-
HSITBIM KpUTepHeM HX 3((eKTHBHOU MJIAHUPOBKH SIBJSETCS MUHHUMM3ALUS
MJIOLIAMH CTPOUTEbHOH IJIOIAAKH. A eCcid y4ecTb TO, YTO CTOUMOCTb MpaB
COOCTBEHHOCTH Ha 3eMJII0 BCE BPeMs PaCTeT, TO CTAHOBUTCS MOHSITHOU aKTY-
aJIbHOCTh MUHUMM3ALWHU MJOMIAAN CTPOUTEHIIaHa.

CucreMHOe 06BbeMHEHHE PA3HOPOIHBIX OOBEKTOB B €IMHOH MOJAEIN MPH-
BeJIO HAC K C/eflylolleMy ee onrcaHuio. MI3HyTpy cTpouTe ibHAs TIOLIAAKA, KaK
NpaBUJIO, OTPAaHUUYMBAETCS CTPOSILIMM-
cs1 0ObEKTOM, a CHapy>KU BHELUHUM Or-
paxneHueM. ['eomeTpuuecku Kak OT-

JeJbHBIA CTPOUTEJbHBIN 00bEKT, TaK U {[
€ro BHELIHee orpaxaeHue rnpeacraBJis- BHyTpeHvHee nOaBreHve
IOT COGOH 3aMKHYThIE JIMHUH, TJI0IIAMb CTpouniioLanKu

MeXIy KOTOPbIMU OIpefessieT 3KC-
MJIyaTHPYeMBIH BO BPEMSI CTPOUTENb- —ple  ple AaBHME | le

BHelwHee gaBneHue
Ha cTpounnoLlaaky

o obbekTa
CTBa 3eMeJIbHbIH y4acTOK (PUCYHOK). ¥
PaccmoTpum Bonpoc, nouemy npu npo- X
eKTHPOBaHUH 06pasyeTcsi Ta UK HHAS
KOH(UTrypaLusi 3eMeJbHOro ydacTka? *

O6006111eHHO Ha 3TOT BOMPOC MOXK-
HO OTBETUTh CJENYIOIIUM 00pPa3oM.
Pacupenuto nepudepuiHON rpaHU-
1bl IPENSTCTBYET BIIOJIHE ONpeeseHHOe AaBJeHHe BHEIIHUX (PaKTOPOB, K KO-
TOPBIM MOXKHO OTHECTH:

— HEeBO3MOXHOCTb OIpPaHUYEHUS IBUKEHUS BHELIHero TpaHCHopTa, OI-
penensieMyto ymosHoMoueHHbIM opranom MBI/,

— 3aHSATOCTb BHEIIHEH TePPUTOPHH MOCTPOEHHBIMU OOBEKTAMH HeIBH-
JKHMOCTH M HUX OXPaHHbIMH 30HaMHU;

— HelkejlaHWe COOCTBEHHHKA BHEILIHEH TEPPUTOPHH NPENOCTABJSATh Mpa-
BO €€ HUCIOJIb30BAHUS TIOA CTPOUTEJbHBbIE HYXK/BI;

— BBICOKAsl apeH/IHad I/1aTa 32 BpeMeHHOe HCII0Jb30BaHUe 3eMJIH U T. II.

Taxum 06pazom, MOKHO TOJOKHTb, UYTO MO KOHTOPY BHEIIHEH TPaHHILIBI
Ha CTPOUIIOWAAKY AeHCTBYyeT HeKOTOpoe abCTpaKTHOe JaBJeHHe, U3MEeHSIIO-
lieecst OT CPAaBHUTEJNbHO MasbiX BeJuurH (CBOOOAHAS TEPPUTOPHUS) IO MpaK-
THYECKH GECKOHEYHOTO «POTHBOIABJIEHHUS» (pPACUIMPEHHIO CTPOMUIIONIANKH
MelllaeT yKe MOCTPOEHHOEe 3JaHKe).

B ornnune oT BHeIIHEH BHYTPEHHSIS I'PaHHLA OINpenessieTcss KOHTYpOM
cTposiuierocst o6bekTa. B 60/blIMHCTBE Cay4aeB BHEAPEHUE CTPOUIIOLIAAKH
B Tpefieibl 3TOr0 KOHTypa He jpomyckaeTcsl. OnHAKO B OTHENBHBIX CJydasx
13-32 OTPAHUUEHHOCTH BHEILHeH TepPUTOPUU MPUXOAUTCS UCIOJIb30BATb I1JI0-
lafb BHYTPU CTposillerocss o06beKTa, HanpuMmep, 1nox OalleHHBIH KpaH, MOA
CKJaj, MoJ pa3MelleHHe BPeMEHHBbIX MOMelleHHH W T.n. Kak npasuso, npu
BHEJPEHHH CTPOUTEJbHOU MJIOLIAAKH BHYTPb CTPOSIIEr0CS 00bEKTa BO3HUKA-
10T JOTIOJIHUTEJIbHbIE 3aTPAaThl, CBSI3aHHbIE C HEMPOU3BOAUTEJNbHON 3aLeNKOH
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00pasyoluxcs IpH 3TOM CTPOUTEJIbHBIX TPpoeMOB. B pesy/ibTate sKoHOMHUYe-
CKM HellesecooOpa3HOe MpeNnsiTCTBUE IPOHUKHOBEHHIO CTPOUTEJbHOH MJIO-
AKX BHYTPb CTPOSILLET0Cs 00beKTa MOXKHO NPeACTaBUTh COOTBETCTBYIOLIUM
JaBJeHHeM 00beKTa CTPOUTE/bCTBA Ha CTPOHIJIOWAAKy. B urore paccmorpe-
HHUSl MOJEJM II0JlydyaeM: pasMepbl CTPOUIIOLIAAKH OTPAHHUUYMBAIOT BHeEIIHee
JaBJIeHHe W JaBjeHHe OOBbeKTa.

J1151 oKOHYaTesNbHOro ornpejeseHnst (POpMbl CTPOUTENbHOH MJIOLIANKH He-
00X0MMO pacCMOTpeThb ee BHyTPeHHee laBjeHue Ha BHelIHHe rpaHuLbl. Jleid-
CTBUTEJIBHO, MIJIS TOTO YTOObl OPraHMW30BaTh CTPOMUTENBHOE MPOM3BOICTBO,
HY?KHO NIPeyCMOTPEeTb MJIOLAAN 10 00BEKThl IPOU3BOACTBEHHON 0a3bl; 00b-
eKThl YIpPaBJEHHS U NPOU3BOACTBEHHOr0 ObITa; MaTepHaNbHO-TEXHHUECKOE
obecreyeHHe; MOABbEMHO-TPAHCIOPTHOE 00OPYNOBAHHE; HHXKEHEpHble CEeTH;
JNOPOXKHOE XO3SIUCTBO U [Ip.

MHorue u3 nepeyucieHHbIX 00BEKTOB PAaCCUUTHIBAIOTCS HCXOAS U3 CO-
OTBETCTBYIOLIMX HOPMATHBOB. Tak, HanmpuMmep, pacrnoyoxKeHHue MOHTaKHbIX
KPaHOB JO/DKHO YAOBJETBOPATb HOPMaM, perJaMeHTHPOBAHHBIM CBOJOM
npasus [1], a ux GesonmacHast skcryatauusi npaBu/IaM, ONpeleeHHbIM B
[2], TpeGoBanus GesomacHocTH Tpyaa B cTpouTesnbcTBe onpenensensl CHull
[3], a ruruenuueckue Tpe6oBaHUS K OPraHU3AlUU CTPOUTENBHOTO POU3BOJ-
CTBa u3JoXkeHbl B [4]. YoBneTBopeHue BCeM 3THUM M APYTHM TOAOOHBIM
yCJOBUSIM TpeOyeT onpefeseHHOHN NJOLIAAN CTPOUTEIbHON NJIOLIAAKH, 00pa-
30BaHME KOTOPOH MOXKeT OBbITh MHTEPIPETHPOBAHO KaK POCT BHYTPEHHEro
naBjeHusi. CjenoBaTeqpHO, pe3y/bTaTOM NPOEKTHPOBAHUS CTPOUreHINIaHa
sBJsieTcss GOpMHUpPOBaHUE TaKOH KOH(UIypalUM CTPOUTENbHOH MJOIIANKH,
NpH KOTOPOH BHYTPEHHee JAaBJeHHe, MoJe/]Upylollee MOTPeOHOCTH CTPOH-
TeJbHOTO NPOU3BOACTBA, YPAaBHOBEIINBAETCS BHEIIHUM MPOTHBOJABJIEHHUEM,
MOJIe/IMPYIOIMM COOTBETCTBYIOLIME MPOCTPAHCTBEHHBIE M 3KOHOMHUYECKHE
OrpaHUYeHHUS.

[Ipu 3TOM mpocTpaHCTBEHHBIE OTPAHUYEHUS MOXKHO pa3lesuTh Ha 6e3yc-
JIOBHBIE U YCJIOBHBIE. Be3yc/ioBHBIE OrpaHUYeHUs NOJKHBI BBIOJHATbCS 0e3-
OTHOCHTEJIBbHO K JII0ObIM yCJIOBUAM. B repByio odepesb, K TAKUM OrpaHHYeHH-
SIM cJleflyeT OTHECTH eCTeCTBeHHble OTPaHHYeHUs] CTPOUTENbHOH MJOLIAIKH,
CBSI3aHHbIE C CYLIECTBYIOLIMMH HeBUKHUMbIMH 00BEKTAMH U/ C OXPAaHHBIMH
30HAMH BOKPYT HUX. ¥ CJIOBHbIE K€ OTPaHUUYEHHUS MOTYT ObITb U3MEHEHBI B 3a-
BUCHMOCTH OT BO3HHWKHOBEHHSI WJU OTCYTCTBHSI ONpENeNeHHOH CHUTyaluH.
A ecsiu ¥MeTh B BHAY, UTO Ha MPOLIECC BOSHUKHOBEHUS HEKOTOPBIX yCJIOBHH
MOKHO BJIMSITb SKOHOMHUYECKH, TO 3TOT BHJ OTPAaHUYEHHH MOXKHO TaKXKe HH-
TepPIpPeTHPOBaTh B TEPMHUHAX 3KOHOMHUYECKHUX OrPaHHUYEHUH.

Brinesisist s5KoHOMUUYECKHe OrpaHUUYeHUs B 3aJ]a4ax BO3MOXKHOH ONTUMHU3a-
MM CTPOWIeHIlIaHa, Hesb3sl 0OOUTH BONPOCH], CBSI3aHHble C ONpefeseHHeM
CTOUMOCTH 3eMJIH. [l 3TOTr0 B OLlEHOYHOU MPaKTHKe MCIIONb3YIOTCS Pas/ivy-
Hble MeTomsl [5].

Meron cpasrerus npodas IpUMeHsieTCs [/151 OLeHKH 3eMeJIbHBIX y4acT-
KOB KaK 3aHATbIX 30aHUSMHU, CTPOEHUSIMU U COOPYKEHUSIMH, TaK U HE3aHSTHIX
3eMeJIbHbIX YYaCTKOB. ¥ C/I0BHeM IIPUMEHEHHS JaHHOTO MeTOAa SIBJSeTCS Ha-
JiMure UH(OPMAaLIMH O LleHaX CAEJOK C 3eMeJIbHbIMU y4acTKaMH, SIBJSIOLIUMHU-
Csl aHaJIoraMH OLEHHBAEMOTO.

Mertonel goidesenuss u pacnpedeserus TPUMEHSIOTCS IJIS OLEHKH 3a-
CTPOEHHBIX 3eMeJIbHbIX yYACTKOB MPH HAJUUKUH HH(POPMALMH O LeHAX CHeJ0K
C eIMHBIMH 00BbeKTaMH HEeBUKUMOCTH, aHAJOTHUHBIMU €IUHOMY 0ObEKTY He-
IBUKMMOCTH, BKJIOUAIOLIEMY B ce6sl OlleHHBaeMbli 3eMeJIbHbIH y4acTOK U CO-
OTBETCTBHE YJYYLIEeHUH 3eMeJIbHOTO ydacTKa ero Haubosee 3(ppeKTUBHOMY
UCII0/b30BaHUIO. [l mepBOro M3 3TUX METOAOB IOMOJHUTEJNbHO TPeOYITCS
CBeJIeHHUS1 O CTOMMOCTH yJy4llleHUH, a AJIs BTOPOro — Ha/lnuue MH(OpMaLUU
0 HauboJsiee BepOSITHOH J0Jie 3eMeJbHOIO y4acTKa B PBIHOYHOM CTOMMOCTH
eIMHOr0 00beKTa HeIBUXKHMOCTH.
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Meron kanumaausayuu 3emenvHoll permol IPUMEHSeTCS 1JIS OLEHKH
3aCTPOEHHBIX M HE3aCTPOEHHBIX 3€MeJIbHBIX YYACTKOB. ¥ CJIOBHE NPUMEHEHHS
MeTo/a — 3TO BO3MOXKHOCTb MOJIYYeHHS 3eMeJIbHOH PEHTBl OT OLIeHHBAEMOT0
3eMeJIbHOTO y4YacTKa, a LleHa ydyacTKa Olpesie/IieTCsl OTHOLIEHHEM PEeHTHI K KO-
appuumeHTy Kanutanuzauuu. [Ipy 3ToM mopx kamuTtasuM3aurded 3eMesNbHOU
PeHTHl MOHHMMaeTcsl olpejie/ieHHe Ha ATy NPOBeIeHHUS] OLEHKH CTOMMOCTH
BCex OYAYLIMX PaBHBIX MeX1y cOO0H UM U3MEHSIOIMXCS ¢ OAMHAKOBBIM TeM-
NIOM BeJIMYMH 3eMeJIbHOM PEHTHl 3a paBHble MEePHOIbl BPEMEHH.

Meron npednoaazaemoeco ucnosrv3osarus Takxxe 6a3upyeTcs Ha BO3MOXK-
HOCTH HCII0JIb30BAHHUS 3€MeJIbHOTO yyacTKa CIocoO0M, MPUHOCSILIMM A0XOH, a
pacyeT CTOMMOCTH 3€MeJIbHOTO ydacTKa OINpelessieTcsl MyTeM AUCKOHTHPOBa-
HUS BCeX JOXOJ0B M PaCcXOJ0B, CBSI3aHHBIX C UCIIOJIb30BAHHEM 3€MeJIbHOTO yua-
cTKa. To ecTh 110 CyTH Jesa B paMKax JaHHOIO MeTOa CHUMaeTCs OrpaHUYeHHe
Ha pPaBHOMEPHOCTb WM Ha PaBHOM3MEHSIEMOCTb 3eMeJIbHOH pPEeHTHI.

Merton ocmamka npuMeHsieTcsl IS OLUEHKH 3eMeJbHBIX Y4acTKOB MPHU
YCJIOBUU €ro 3aCTPOUKH OOBEKTaMH, NMPUHOCHAIIMMH TOXOI:

— pacyeT CTOMMOCTH BOCIIPOM3BOACTBA HUJIH 3aMellleHUs yJaydllleH’H, Co-
OTBETCTBYIOLIMX Haubosee 3(PQPEKTHBHOMY HCIIOJNb30BAHUIO OLEHHBAEMOTrO
3eMeJIbHOTO y4YacCTKa;

— pacyeT YMUCTOrO ONepPaLMOHHOIO J0X0Aa OT eAMHOro o0beKTa HelBH-
JKHMOCTH 32 ONpefieJieHHbIH TepHOJ BPeMeHH Ha OCHOBE PbIHOYHBIX CTaBOK
apeHIHO! TJIATHI;

— pacyeT PIHOYHOM CTOUMOCTH €IUHOTO 00 BEKTa HEJABUKHUMOCTH MyTeM
KanuTa u3aluuyd YUCTOTO ONEepPalMOHHOrO J0XOAa 3a OIpeleseHHBIH TepHO
BpeMeHH;

— pacyeT PLIHOYHOM CTOMMOCTH 3€MeJ/IbHOTO y4acTKa MyTeM BbIYMTAHUS
U3 PbIHOYHOU CTOMMOCTH €IMHOr0 00beKTa HeJIBHXKHMOCTH CTOMMOCTH BOC-
NPOU3BOACTBA WJIM 3aMeLleHUsl YJydlleHUH.

[TepeurcieHHBle MeTOABl OLEHKH MPUMEHUMbl [J/151 PbIHOYHOH OLEHKH
3eMJIM U apeHJHOH IJ1aThl 32 Hee B MHTepecaX COOCTBeHHHKA. Ec/au coOCTBeH-
HOCTBIO pacropsi>kaeTcsl PerHOHa/JbHOE NPaBUTE/bCTBO, TO apeHAHas IJara
yCTaHaBJMBAETCS LEHTPAIN30BaHHO [6]. B pesysbrate mis ctpoutesein Bo3-
HHUKaeT 3ajla4ya OIpeJeseHUs] YCPeHEHHON apeHIHOU MIaThl 10 BO3MeLleHHIO
CcOOCTBEHHHUKAM 3eMeJIbHbIX Y4aCTKOB yOBITKOB, CBSI3aHHBIX C UX BPeMEHHBIM
sansituem [7]. Takum 06pasoM, MpPH OpPraHM3alMOHHOM MPOEKTHPOBAHHMH
CTPOUIIOIIANKY S9KOHOMUYECKH aKTyasbHBIM CTAHOBUTCS MIPOU3BeEHUE TIJI0-
Ay CTPOHUreHNJaHA HAa apeHAHYI0 CTaBKy IO ee HCIOJb30BaHHUIO.

[Ipyu npoeKTHpPOBAHMHU CTPOUreHMJIAHA ero IJolaib OYAeT 3aBHCeTb OT
NJI0IagN BPeMeHHbIX 31aHUH U COOPYXKEHHUH, OMpelnessieMON UHCJIEHHOCTHIO
HauboJiee 3arpy>KeHHOU CMEeHBI, U 3Ta YMCJIEHHOCTb B I€PBOM NPHUOJIMXKEHUH
6yneT TeM MeHblle, 4yeM OyneT OoJblie 06IIas MPOAOKUTETHHOCTh CTPOU-
TeJbCTBA, OMNpefesseMast KajJeHIApHbIM MJaHoM. [lmomans ckIaaupoBaHUs
TakKe OyneT MeHbllle, eC/IM YMeHbLIaeTCsl TeMI CTPOUTENbCTBA U COOTBETCT-
BEHHO YyBeJMYHUBaeTcsl 06lias MPOAOJKUTENbHOCTb. TakuMm o6pa3om, MpU
yMeHbILIEHUH NPOJOKUTENbHOCTH CTPOUTEbCTBA NPUOIHKAETCS CPOK MOJY-
YeHHd JI0X0/ia OT CO3[aBaeMOH HeIBUKUMOCTH U YMeHblLIaeTCsl CPOK 3aHATHS
IJIOLIAAH O] CTPOUIIOLIALKY, HO IIPU 9TOM yBeJHYMBaeTCs cama IJIOLIaMb,
KOTOpasi K TOMY 2Ke MOKeT MMeTb HEKOTOPbIH NpejieJ1, onpeaesnseMblid 6e3yc-
JIOBHBIMUA OTPAHUUYEHHUSIMH.

BeiBoabl. OnucaHHble (haKTOPBl TPUBOIAT K HEOOXOMUMOCTH MOCTAHOB-
KW U NPOBeJeHHNI0 TeXHUKO-9KOHOMUYECKOT0 HCC/IeI0BAHUS M0 KOJUYECTBEH-
HOMY aHaJ/M3y MOTeHLMaNbHbIX BO3MOXKHOCTEH MPOEKTHPOBAHHUS ONTHUMAJb-
HbIX CTPOMTEJbHbIX TeHepasbHbIX MJAHOB. Pe3y/bTaToM HaHHOIO aHa/u3a
JOJI)KHO CTaTb, B YACTHOCTH, YCTAHOBJIEHHE BJHSHUS apeHAHOU CTaBKHU 3a UC-
N0J/Ib3yeMYIO T10Jl CTPOUTE/IbCTBO 3eMJII0 HAa ONTHUMHU3ALHMOHHBIN 3(P(eKT, CBS-
3aHHBIM C BapHallMed NMPOAOJIKUTEbHOCTEN BBINOJIHSIEMbIX paboT U UX obec-
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reyeHUeM TPYLOBBIMU M MalIMHHBIMH pecypcamu. Ha ocHoBe pesy/nbTaToB
aHaju3a MoXeT OBITh pa3paboTaHa COOTBETCTBYIOLIAS ONTUMHM3aLHMOHHAS
npouefypa, KOTopasi MO3BOJUT B MAaKCHMaJ/IbHOHU CTeNeHU 00ecleyuTb HHTe-
pPaKTUBHOE WU ONTHMAa/bHOE MPOEKTHPOBAHHME KaJeHNApPHOro MJaHa U CTPOHU-
TeJIbHOTO FeHePaJIbHOro MJ1aHa, o0ecrneyHnBallee CHHepPreTUYeCKUHU 3(P(eKT.
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TEKTYPHO-CTPOUTENbHBbIN yHuBepcuter (CubGcrpun))

METOJIUKA ®OPMHUPOBAHHUA CMETHOM ITEHBI
HA CTPOUTEJIBHYIO ITPOAYKIINIO
B ITPOTHO3HOM YPOBHE IIHEH HA PECYPCbI U TAPU®PbI
C YYETOM MHBECTHIITMOHHBIX BO3MO2KHOCTEHA
NHBECTOPA

[TpensioxkeHa MeToAMKA (POPMHUPOBAHUS LIEH HA CTPOUTE/BHYIO MPOAYKLHIO B IPOTHO3HOM
YPOBHE LIeH Ha Pecypchl U TapU(bl peCyPCHBIM METOLOM C HUCIIO/Ib30BaHHEM TPaHC(HOPMHUPOBaH-
HOH HCXOIHOU MH(OPMALUK C yUETOM UHBECTHLMOHHbBIX BO3MOXKHOCTEN MHBecTopa. [IpakTuye-
CKO€ HCIIOJb30BaHHE METOAMKH I103BOJISIET CHU3UTb TPYLOEMKOCTb (DOPMHPOBAHHSA NAHHOTO
BHUJIA LIEHBl BO MHOTO Pa3 M CYLIECTBEHHO MOBBICHTb yPOBEHb JOCTOBEPHOCTH OYAYIIMX 00 BEMOB
KalMTa/bHbIX BJIOJKEHHH B CTPOUTEJNBCTBO OOBEKTA.

[IporHosHas cMeTHast CTOUMOCTb cTpouTesbeTBa 00bekta (IICCCO) ecth
[leHa CTPOUTENbHOH MPOAYKIMH UHBECTOPA, CHOPMHUPOBAHHAS HHBECTOPOM JI0
Haya/a CTPOMTENbCTBA 0ObEKTA B IPOTHO3HOM YPOBHE LieH Ha pecypchl U Ta-
pudsi [1].

[ICCCO ¢opmupyercs Ha 3[aHUS U COOPYKEHHS B TOM CJjyuae, KOraa
peanu3alyus NpoekTa TpedyeT 3HAUUTENbHBIX 00BEMOB KalUTAaNbHBIX BJIOXKE-
HUHA U IJIUTENbHBIX CPOKOB CTPOUTEJBCTBA.

[ICCCO npepnonpenensiet pakTuueckre 06beMbl KA TAIbHbBIX BJIOXKEHUN
Ha MOMEHT OKOHYaHHS peasu3alyy MPOeKTa, T. €. OKOHUAHHUS CTPOUTENbCTBA
00BEKTA.
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Teoperuuecku [ICCCO mno cymme paBHa Oyayllled lleHe Ha CTPOUTE/b-
HYIO TIPOAYKLHIO UHBECTOPA — <«HHBECTOPCKOH CMETHOHW CTOMMOCTH CTPOH-
TesbcTBa 00bekTa» (MCCCO).

[TpakTHueckoe mosydeHHe PaBEHCTBA 3THUX LEH HA CTPOUTENbHYIO NPO-
IYKIHMIO COTIPSI2KEHO C ONpefie/JeHHBIMH TPYAHOCTSIMH. DTO HEOTIpee e HHOCTh
B U3MEHEHHM PBIHOYHBIX LEH Ha Pecypchl U TapU(bl; OTCYTCTBHE HOPM IPO-
JOJKUTENBbHOCTH CTPOUTEIbCTBA OOBEKTOB, YUHTHIBAIOIINX Pa3Hble HHBECTH-
[MOHHbIe BO3MOXKHOCTH MHBECTOPA; OTCYTCTBHE O(PULMATBHBIX METOAUK (Hop-
muposanus [ICCCO wu nap.

B ra6auie npuBeneHs! XapakTepucTHKHY MeTon0B (opmuposanus [ICCCO,
onyO/JMKOBAHHBIX B TeYaTH W MpelsaraeMblX aBTOPAMH.

Xapakrepuctuka meronuk ¢opmupoanusa IICCCO

[Tokasaresnn

MeToguKu

DKcrpecc-MeTon

[IpennaraeMeri MeTOxR

1 |OcobeHHOCTL MeTOLA

C ucnosbsosannem OCCCO

bes ucnoabsosanus OCCCO

2 |CyTb MeTOIUKH

B npouecce pacuera popmupy-
eTcsl KOMIIEHCALMOHHBIN (DOHJ B
IIPOTHO3HOM YPOBHE II€H Ha pe-
cypcsl

B mpouecce pacueta dopmu-
pyetcst [ICCCO

3 |Cpok cTpouTesbCTBA

[To HOpMaM MNpOAOMKHUTENbHO-
CTH CTPOUTEJbCTBA WJIH TPUHS-
TOMY CPOKY CTPOMUTEJIbCTBA

Mcxonst M3 MHBECTHLIMOHHBIX
BO3MOXKHOCTEH HHBECTOPA

[TepepacrnpeneneHue Ka-
MUTaNbHbIX BJIOKEHHH 110
CPOKY CTPOUTEJbCTBA

ITo HOpMaM CTPOHMTEJbHOIo 3a-
aeJsia

dopmupyertcs B rporecce pac-
4eTa

5 |Hopma unpasiunu

[To Hopmam 3akonHa «O rocy-
IapCTBEHHOM OIOIKETe»

[Ipornosnas

6 |MeTon QopMHpPOBaHHUSA
cmeTHOM cToumoct CMP
B cocrase [ICCCO

PecypcHblll ¢ HcmoIb30BaHU-
eM TpaHCc(hOPMUPOBAHHOH HH-
hopmauuu

7 |HocTouHCTBA

Peanusyercst Bpy4Hylo ¢ 1omo-
LIbI0 pPacUeTHOMW TabJHLbl MpU
He3HaUUTebHOH TPYL0eMKOCTH
pacuera

O6ecneunBaer 06oJiee I0CTO-
BEpHBIE pe3ysbTaT 3a Cuer
yueTa MHBECTHLHMOHHBIX BO3-
MOXKHOCTEH HHBECTOpa; pea-
ausyercs Ha [I9BM

8 |HemocraTku

O6ecrneurBaeT MNpuUOIHKEHHBINA
pe3ysbTaT cueTa

AsroputMm mpensiaraeMoid MEeTONUKH MOKa3aH Ha PUCYHKE.

[To nmpennaraemont metonuke IICCCO ¢opmupyercs B 7 3Tamnos.
Ha mepBom 3Tane omnpepessiercss Heobxoaumasi HH(GOPMALUS:
— BeJoMocTb 00beMoB CMP mno o6bexry;

— BeIOMOCTb 0OBEMOB PECYPCOB MO OOBEKTY;

— uHdopmaurs 06 WUHBECTULHOHHOW BO3MOXKHOCTH HWHBECTODA;

— TepedyeHb U HOPMBI JHUMHUTHBIX 3aTpaT MOAPSIUHKA;

— repeuyeHb U HOPMBI 3aTpaT HHBECTOPA 110 HHBECTULHOHHOMY LUKJY;

— MeToJ (pOPMHUPOBAHHUST UHBECTOPCKOU cMeTHOU ctoumocTd CMP B co-
craBe cMeTHOH croumoctd CMP moxppsinuuka;

— MeTol (POPMHUPOBAHHS CMETHOH CTOMMOCTH PeCcypcoB B NPOTHO3HOM

ypOBHe

LEH;

['9CH;

Ha

BeIUMCIUTENbHBIE TTpoaykT CAIL
BTOPOM 3Tare OINpenessieTcsl CPOK CTPOUTENbCTBA, UCXOAS U3 HHBe-

HOPpMbI HakKJaAHbIX pacXodoB H CMEeTHOH HpI/I6bI.HI/I;

CTULHMOHHBIX BO3MOXKHOCTEH WHBECTOPA, MO PeKOMeHAyeMoH (opmyJe
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3T1an 1. dopmupoBaHue NCXoaHON MHpOpMaLIMKM MO NPOEKTY

v

Oran 2. Onpe,qeneHMe CpoOKa cTpouTenbcTea No MHBECTULMOHHBIM BO3MOXHOCTAM
MHBECTOpa

OT1an 3. KoppekTupoBka cpoka cTpoutenscTea, opM1MpoBaHue BELOMOCTEN peCypcoB
Ha o6bembl CMP B T mecsL,

Otan 4. dopmMrpoBaHME CMETHBIX LIEH Ha Pecypcbl B MPOrHO3HOM YPOBHE LieH

v

Otan 5. dopmuposaHne cmetHon ctonmoctn CMP nogpsiaunka B MPOrHO3HOM YPOBHE
LieH Ha pecypchbl 1 Tapudbl

3tan 6. PopmuposaHye [IL|7 B NporHo3HOM ypoBHe LieH Ha pecypchl 1 Tapudbi

v

OT1an 7. ®opmupoanue NCCCO

Anroputm dopmuposanns [ICCCO npu cpoke CTPOUTENbCTBA, OMPEAEIEHHOM T10
WHBECTHLHOHHBIM BO3MOXHOCTSIM MHBECTOpA

T, = 9CCCo (1)
K,

rie T, — CPOK CTPOUTENBCTBA 0OBEKTA 110 HHBECTULUOHHBIM BO3MOXKHOCTSM
UHBECTOpPA, MeC;

OCCCO — oueHKa CMETHOW CTOMMOCTH CTPOUTENbCTBA 00bEKTa, CHPOPMHUPO-
BaHHAsi MHBECTOPOM 10 Hauasa CTPOUTENbCTBA, B TEKYILEM YPOBHE 1IeH Ha pe-
cypcel U Tapudml, p.;

K, — 00beM MHBECTHLHH, BbleAsS€eMbI MHBECTOPOM [0 CBOMM HHBECTHLIMOH-
HbIM BO3MOXKHOCTSIM Ha CTPOMUTEJBCTBO 00BEKTa B Mecsl, P.

Ha TpeTbem 3Tane BhINOJHAETCS KOPPeKTHPOBKa (onTHMHU3aLus) cpoka
CTPOUTENbCTBA C yYETOM 0COOEHHOCTEH 00beMHO-NJIaHHPOBOYHOTO U KOHCT-
PYKTHBHOTO pelleHHs] 00beKTa U TeXHUUYECKHUX MapaMeTpOB, ONpeae/sIoLX
WUHTEHCHBHOCTb HCII0Jb30BAHHUS PECYpPCOB.

KoppekTtuposka (onTuMu3anms) cpoka CTPOMTENbCTBA 00bEKTA BbIIOJIHS-
eTcs ¢ MpUMeHeHHeM MaTeMaTHUeCKHUX MeTOJO0B JUHEHHOTO MPOorpaMMHUpOBa-
HUSI — CETeBOTO MOJEJHPOBaHUs W BblUuMCAUTenbHOro mpoaykra CAITL

KoneuHo# 1esibio paboThl TPETHETO 3Tana ABJAseTCs (OPMHUPOBAHUE BELIO-
MOCTEH pacxoja PecypcoB Ha KaxKAblH MeCsl CpOKa CTPOUTEIbCTBA 0ObEKTA.
Pecypchl B Be1oMOCTH 0/IKHBEI 000011aTbCS IO TPeM Ipynnam — TPyH, CTPOHU-
TeJbHble MAallMHbl U CTPOUTEJbHble MaTepHuasbl, IPHU YCJIOBUU

i=i 2 it 2 [3=0,

rne j = (j = 1,..,m) — MHOXeCTBO PeCypCOB;
= =1,.,m) — pecypc-Tpya, uyes.-u;
jo=(=m; +1,..,my) — pecypcbl — CTPOHUTEJbHbIE MATEPHANBI H MEXAHU3-
MBI, Malll.-u;
j3=(j=my+1,...,m3) — pecypcsl — CTPOUTEJIbHbIE MATEPHAJBI U KOHCTPYK-
LMK B MOTPEOUTENbCKMX eIMHHLAX H3MepeHHs.

Ha ueTBeprom 3Tame GpOpMUDPYIOT CMETHbIE LEHBl HA PECYpChl B MPO-
FHO3HOM yPOBHE LieH Ha KaxIblii Mecsil MPUHATOrO0 CPOKA CTPOUTE/LCTBA
00beKTa.
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dopmMHpoBaHHE CMETHON CTOMMOCTH PecypcoB B IIPOTHO3HOM YPOBHE LieH
pPeKOMeHIYeTCsI BBINONHATb 0A3MCHO-WHAEKCHBIM METOIOM IO TPUBEAEHHON

thopmy.ie
o =Cf M, (2)

t .
rae Cj — CMeTHas CTOMMOCTb j-BHUJAa peCypCOB B IIPOrHO3HOM YpPOBHE Li€H B

{-MecsIll CpOKa CTPOUTENbCTBA 00BEKTA, P.;
C? — cMeTHas CTOMMOCTb j-BHIA PECYPCOB B GasMCHOM ypOBHe LEH, p.;

t © .
W, — nporHosHbif K03(Q(HUIHEHT H3MEHEeH sl CMeTHBIX LIeH j-BUIa PecypcoB

Ha {-Mecsll CPOKa CTPOUTENbCTBA; -
{ — TOpPSIAIKOBHIA HOMEp Mecsilla CpoKa CTPOUTeNbCTBA 00bekTa, [ =1T;

T — npuHATas NPOAOIKUTENLHOCTh CTPOMTEILCTBA 00bEKTa B Mecslax;
j — Buabl pecypcos (Tpya, CTPOHMTe/bHBIE MaTepHalbl, CTPOMTE/bHbIE MalllH-
Hbl), j=1,m.

[TporHo3HbI# HMHIEKC peKOMeHAyeTcs (pOPpMHPOBATh METOAOM 3KCTparo-
JISILIAH.

Ha marom srane ¢popmupyercs cmetHas croumoctb CMP nonpsimurka B
coCTaBe MPOTHO3HOH JOrOBOPHOH LieHBI Ha CTPOUTEJbHYIO MPOLYKLHIO.

bBazoii popmupoBanusi cmetHon croumoctd CMP monpsinuuka siBasieTcst
CyMMa HHBECTOPCKOM cMeTHOH ctoumoctd CMP [1].

HNuBectopckyto cmeTHyo ctoumocth CMP M0oXKHO (DOpMHPOBAaTh OJHUM
M3 PEKOMEeHIOBaHHbIX MeTon0B. Ho X mpuMeHeHHe 3HAUNTEBHO YBEJTHUHBA-
eT TPYIOeMKOCTb pacuera.

[TosToMy mpH pOPMHUPOBAHUHM HHBECTOPCKOHW CMeTHOH ctoumoctd CMP
pPeKOMeHyeTCsI HCIOIb30BaTh HAEH U BO3MOKHOCTH PECYPCHOTO MeTO/a C HC-
M0JIb30BaHWEM TPAHC(POPMHUPOBAHHONH MCXOAHOW MH(OPMALMU U BBINOJHSATDH
pacyeTsl 10 INpejjaraeMod HaMH MOJEJIH:

T T H
Cr=Yc,=Y| ®3IT, k! -H- 1+012)+1r(1)2) FOML KL MY + MY K I |,

t=1 t=1 1
(3)

rae CT — unBectopckas cvmeTHas croumocth CMP B coctase IT/ILL Ha o6be-
Mbl paboT 1O OOBEKTY TMPH CPOKE CTPOUTENbCTBA I B TPOTHO3HOM YPOBHE
CMeTHBIX LIeH Ha pecypchl U Tapugsl, p.;

C!, — unBecropckas cmeTHast ctoumocth CMP B cocrase ITJILL Ha oGbeMbl
paboT, BEIMOJHEHHbIE B {-MeCsL B IPOrHO3HOM YPOBHE CMETHBIX LieH Ha pecyp-
CBl U TapudHl, p.; o
{ — TOpPSAKOBHIA HOMEp Mecsilla MPUHATOrO CPOKa CTPOUTeNbCTBa, ¢ =1,T;
CI>3Ht6 — (oHpa 3apaboTHOU MJIaThl pa0OUUX-CTPOUTEEH U MEXAHHU3ATOPOB
M0 CTPOKe BeNOMOCTH 00BEMOB pecypCcoB B f-Mecsl, MPUHATOH 3a 06asy
TpaHC(pOpPMALMKU HCXOAHOW HH(OpPMaUWH, B 0A3UCHOM YPOBHE CMETHBIX
LeH, p.;

K| — nokasaresb TpaHchOpMaLKH UCXOAHOH MH(OPMALMH T10 TPYIIIe pecyp-
COB «3apaboTHas MmjaTa» 10 BEJIOMOCTH 00BEMOB PeCypCOB B {-MecCsly;

M| — nporHo3HbId MHIEKC H3MEHEHUs] HOPMbI 3apabOTHOM MJIaThl B {-Mecsille,
pas;

H, — HOpMa Hak/aiHbBIX PacXo/0B 110 BHAY CTPOMTE/IbCTBA OT CyMMbl (DOHAA

onMaThl TPyla pabOuMX-CTPOUTE/Nel M MeXaHH3aTopoB, Y%o;
[I. — cpenHeoTpacieBas HOpMa CMeTHOW MPUOBLINA OT CYyMMbI (DOHZA OTLIATHI
Tpyaa pabouynx-CTPOUTENEH U MeXaHH3aTOpoB, %;
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SM% — CMeTHad CTOUMOCTb UCIIOJb30BAHUA CTPOUTEJIbHBIX MAILIWH T10 CTPO-

Ke BEeJJOMOCTH 00BEMOB PECYPCOB B {-Mecsill, MPUHSATOH 3a 6a3y TpaHchopma-
UMM UCXOAHOU HH(popMauuu B Ga3MCHOM YPOBHE LI€H Ha Pecypchl, p.;

K, — noxkasate/ib TpaHc(OpMaLKMU HCXOAHOH HH(GOPMALIMH 10 TPYIINEe pecyp-
COB «CTPOUTEJIbHBIE MALIWHBI» TI0 BEIOMOCTH 0OBEMOB PECYPCOB B {-MeCHIIE;
M), — NpOrHO3HBIH HMHIEKC M3MEHEHHS CMETHOH CTOMMOCTH 3KCIIyaTalHH
CTPOUTEJbHBIX MAallWH B {-Mecslle, pas;

M% — CMeTHasi CTOMMOCTb CTPOUTE/bHBIX MAaTEPHAJIOB 110 CTPOKE BEIOMOCTH

00BEMOB PeCypCcoB B {-Mecsll, NPUHATON 3a 6a3y TpaHC(HOpPMaLUK UCXOAHOU
uH(popMauuy B 0a3UCHOM ypOBHE LieH Ha pecypchl, p.;
K — mokasaTenb TpaHC(hOPMALKMH UCXOAHOH MH(MOPMALKMM IO TPyIIIe pe-
CYPCOB «CTPOUTEJIbHblEe MaTepHasbly [0 BELOMOCTH OOBEMOB pPECypcOB B
t-MecHl;
M — NporHo3HbI MHIEKC H3MEHEHHSI CMETHOH CTOMMOCTH MaTepuanoB B
f-mecdue, pas.

dopmupoBaHHe MoKazaTesnel TpaHC(HOPMALUU HCXOMIHOH HH(OPMALIHH 110
rpyInaM pecypcoB B COCTaBe NPSIMbIX 3aTpaT BHIIIOJNHSAETCS HA OCHOBAHUU Be-
JOMOCTH CTOMMOCTH DPecypcoB {-Mecsila B 00beMe ONTOBBIX LeH 0Ga3uCHOro

YPOBHA LE€H IO MOAEJIH
3 m
2. 2.0
i=1

K(tx — oc:IO , (4)
Jou
roe ! — TOPSAKOBBIM HOMEpP MPHUHSTOTO CPOKA CTPOUTEJNBbCTBA, t=1T;
j — BHIBl pecypcoB B Ipynmax 3arpar ;
— HOMep Tpymmbl pecypcos, o =13 (rme | — Tpya, o — CTPOUTE/bHBIE
MallUHBl U 3 — CTPOUTEJIbHBIE MaTepPHaJbl);

3 m
Z ZOIG — CTOHMMOCTDL peCcypCoB ] B rpyimrme pecypcoB 10 B€OOMOCTH pe-
a=1 j=1
CypCoB Ha t-MeCHL[, B OIITOBBIX L€Hax 0a3HUCHOr0 YPOBHA LE€H, DP.;
Ojoc — CTOHUMOCTb pecypca j, B rpyire pecypcoB , 10 B€JOMOCTH peCypCOB

Ha f-Mecsill, B CTPOKe, MPUHATON 3a 6a3y TpaHC(OpMALUU UCXOTHOHW HUHPOP-
Mallid, B ONTOBBIX lleHaX 0a3UCHOr0 ypPOBHS LEH, .

CwmetHas croumoctb CMP noapsiiuuka COCTOUT U3 HHBECTOPCKOU CMeT-
HoW ctrouMocT CMP u numutupyembix 3atpat. CmertHas croumoctse CMP
NoJpsilUMKa — IepBasi COCTABJSIONIAS JOTOBOPHOU LleHbl Ha CTPOUTEJbHYIO
MPOAYKIHIO.

CwmerHas croumoctb CMP noapsimurika B MPOTHO3HOM YPOBHE 1IeH Ha pe-
cypenl u tapudsl (CT) dopmupyercs Ha 06BeKT Mo Momesu

T T L

cr=yci =3¢,y 1+1150, (5)
=1 i=1 =1

rae C!, — cmetHas croumocts CMP nonpsiauuka B POrHO3HOM YPOBHE LieH

Ha pecypchl U Tapu@bl, cQOpMUPOBAHHAS HA CyMMe MHBECTOPCKOHM CMEeTHOH

croumoct CMP, p.;

C!, — cymma uHBecTopckoi cmetHO ctoumoct CMP, chopmupoBanHas Ha

00beMbl PeCypCOB, UCIOJb3yeMbIX B {-MeCsll CPOKa CTPOUTeNbCTBA 1, B MPO-

THO3HOM YpOBHE lleH Ha pecypchl U Tapugsl, p.;

I3 — HOPMBI IUMUTHPYEMBIX 3aTPaT, YUYUTbIBAEMbIX MOAPSAYUKOM, B MPOLEH-

Tax OT CyMMbl MHBECTOPCKOU cMeTHOH ctoumoct CMP, [; =1 L.
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Ha mectom srtane ¢opmupyercs H0roBopHasi LeHa Ha CTPOUTEJbHYIO
nponykuuio B coctaBe [ICCCO. CoctaB nOroBOPHOU LIEHBI

o’ = Ay + g + A, (6)
rae L7 — nepsas uacTs, cMeTHas ctoumocts CMP noppsnuvka Ha 06beM
00beKTa, p.;

U7 — Bropas uacTb (ecau mpepycMaTpuBaeTcs I0OrOBOPOM MOApSiAA), 3a-
TpaThl HAa UH(PACTPYKTYPy NOAPSIUHKA, P.;
JILIL — TpeThbs uacTh, cymMMa Ha/lora Ha A00GaB/JEHHYK CTOMMOCTb, p.
Mopenu GhopMUPOBaHHS uYacTel JOTOBOPHOH 1IEHBI:
T
T =% Ci; (7)
t=1
T L t H ( )
Ay =) Ch-—=, 8
t; " 100

roe H, — Hopwma 3aTpar Ha UHPPACTPYKTYPY MOAPSAUMKA OT 6a3bl cyeTa —
cmetHol croumoct CMP momppsinuuka, %;

mi] = Yer e yey e | HIC s C;,[HHHJ HIC

—en T 00 ) 100~ 100)| 100"
rne HIC — Hopma Hasora Ha 106aBJeHHYI CTOMMOCTb 1O 3aKOHY, %.
JUT B cocrae TICCCO hopmupyercsi no Moge/u
L H HJC
T= Choll+—2 ||| 14— (10)
-5 e {145 )| {1565

[Tpumeuanue. Henocratkom 3axkoHa «O Hajore Ha 100aBIE€HHYIO CTOMMOCTb» SIBJISET-
sl TO, 4TO B HeM 3a 0asy cueTa MPUHATHI CMETHbIE 3aTPaThl NOAPSAUYMKA, 4 HEe CyMMa 100aBJeH-
HOH CTOMMOCTH, COJepKallasics B HUX. DTO 00CTOATENbCTBO IPUBOAUT K HEOTIPABIaHHOMY yBe-
JIMYEHHIO CMETHBIX LI€H Ha CTPOMTEJbHYIO NPOLYKLHMIO.

[Ipu ycnoBuu, uTo 3a 6a3y cueTa NpUHATA «L00aBJeHHAs] CTOMMOCTb MOAPSAUHKA», o’
HYKHO (POPMHPOBATH MO CJIEAYIOLIEH MOJEJH:

L H HJIC
T _ t . u T _0t).
ML _El [Cn (1 + 100) +(Ch -0 o0 } (11)

rae O? — CYMMa OIITOBBIX LIEH Ha PeCYpPChl, UCIIOJAb30BAHHbIE B t—mecque, B MPOTHO3HOM YPOBHE
eH, p.

Ha cegpmom stame dopmupyercs [ICCCO.

B cocta [ICCCO BxomsaT ABe TpymIbl 3aTpat: MOAPSIUAKA — B 0ObeMe
JIOTOBOPHOM LIEHBI HA CTPOUTENBHYIO TPOAYKLHIO U 3aKa3yMKa — 3aTpaT Ha
BCEX CTaAUAX MHBECTHLIHOHHOTO LMKJIA.

dopmupoBaHKe BHIMOJHSETCS MO MOIEJNH

T T
MCCCO=Y "+ (3:7° +3), (12)
i=1 =0
rae JII" — cymMa mOroBOpPHOM LIeHB HA CTPOMTEJBHYIO MPOLYKLMIO TOAPS-
YMKa B MPOTHO3HOM YpOBHE LIEH Ha Pecypchl M Tapudel, p.;
3170 — szarpathl uHBecTOpa (3aKasuMKa) 0 Hauala CTPOMTENbCTBA 00bEKTa
B TEKYIEeM YDPOBHE LeH, p.;
3!, — saTpaTbl uHBecTopa (3aKasuwka) B MEPUOI CTPOMTENbCTBA, B MPOTHO3-
HOM YpOBHE LEH, P.
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[Tonyyeno 03.12.07

THAPOTEXHHUYECKOE CTPOUTEJIBCTBO

YIK 627.41

A. . KYPHOCOB, kaHj. TeXH. HayK, 3aci. 3koaor P® (PIY «Jlenckoe rocy-
JapcTBEeHHOe 0acceilHOBOe yIpaBJeHHEe BONHBIX NYyTed H CYIOXOACTBa»,
r. IKyTCK)

3AIIMTA OT PASMBIBA BEPEI'OB PEK
APKTHYECKOI'O BACCEMHA POCCHH

OGo061aercss OMBIT THAPOTEXHUYECKOTO CTPOUTENbCTBA C LEJbIO AKTUBHOHM 3alIUThI
OT paspylleHusl 6eperop apkTHYeCKUX PeK B YCJIOBHUSIX BBIXOLA B pycJa BeUHOH Mep3JIOTHL.
[Ipennaratorcst MeTOIMKH IPOEKTHPOBAHUS GePero3allliTHbIX IIN0P, pa3paGoTaHHbIe HA OCHO-
Be HCIIO0/b30BAHUS OPHUTHHAJbHBIX ABTODCKUX 3SMIMPUUECKHX M aHAJMTHUECKMX 3aBHCH-
MocTeH.

3amura OeperoB OT pa3MblBa MOTOKOM M paspylleHHs IJaBalolLUM
JIbIOM Ha apKTHUeCKHX peKax UMeeT creludurueckue oCoOOeHHOCTH U BeCbMa
caoxHa. [Ipouece paspylieHuss oTaHYaeTcsl OT CBOMCTBEHHOIO peKaM yMe-
PEHHOTO KJHMMaTa, rje ONOJ3HU BO3HHUKAIOT B MOJOBOJbE MPHU HE3HAUUTE/b-
HOU TepMmoabpa3uu. PazmbiB 6epera B 0CHOBHOM HaOJIIOaeTCs TIPU BBICOKHUX
U CpPeHHUX YPOBHSX BOABI, a B MeXeHb 1e(OopMalHUy MacCHBOB yMEHBIIAIOT-
Csl U3-3a TOTO, 4TO Oepera 0OCBIXAIOT, a TAKXKe BCJAEACTBHE NaJeHUs CKOpO-
CTH TeUeHHUH U BBICOTH BOJH. Ha apKTHYeCKHX peKax ¢ BBIXOAOM B PYyCJO
BEYHOMEP3JIBIX TPYHTOB TIPOLieCcC pa3pylieHns: 6eperoB COMPOBOXKIAETCS 00-
pa3oBaHUEM HUII I'yOWHOMU, NOCTUTAIOIIEHN NeCITKOB METPOB, KaK MPaBuUJIo,
pacroJ/ioXKeHHbIX Ha BBICOTE, COOTBETCTBYIOLIEH YPOBHSAM 06eCleuyeHHOCTbIO
He MeHee 50%, TpH KOTOPHIX TeMrepaTypa BOAbl cTaHOBHTCs Bhbime 10°C
[1]. O6pyuIeHHe MHOrOTOHHBIX MaCCHBOB HEraTHBHO BJHSIET Ha DPYCJOBbIE
Npollecchbl U CYLIeCTBEHHO BPEAUT OKpYXKalollled BOAHOU cpefie, B YaCTHO-
CTH, XKHU3HeIeATeJIbHOCTH 3KOCUCTEM, TaK KaK OOpYLIMBAIOIIMNCS OelHbIN
NUTaTeJbHbBIMHU BEIIeCTBAMU U OEHTOCOM IPYHT 3achllaeT HEPeCTUIIHIIA, Ha-
TyJbHblE aKBATOPHUH ¥ 3UMOBaJIbHbIE SIMbl OCETPOBBIX M APYTHX LEHHBIX PBIO,
00BIUHO PACIIONIOKEHHBIX Y BBICOKUX BOTHYTBIX Oeperos, Ijie HHULIM 00pasy-
wTcs HauGosee yacto [2, 3]

Bropasi oco6eHHOCTh apKTHUECKUX peK — OOBIYHO CYILIeCTBEHHAs LLUPHU-
Ha pycisia, 4To TpeGyeT MPH MX BBIIPAB/ICHHH KOMOMHMPOBAHHBIX MepOIpHS-
THH, BK/IIOYAMOIIMX CTPOMTENBCTBO GePErO3alIMTHEIX COOPYXKEHHIT U paspa-
6OTKy pEeryJsilMOHHBIX THOYTJIyOHUTeNbHbIX Npopedei. MHavye kapauHasibHO
npeo6pas3oBaTh PycJaO U MOTOK MO BCEH MX LIMPHHE HEBO3MOXKHO.

OnbIT TUAPOTEXHHUYECKOTO CTPOUTENbCTBA [/ 3aLIUTBl T'PYHTOBBIX
MacCHBOB OT pa3MblBa MOTOKOM, BOJHAMM U HaBaja B pe3yJbTaTe IJaBaio-
lero Jpfa Ha apktuueckux pekax fAxyrtunm u Cesepo-Boctoka Cubupu
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MOKa3blBaeT, 4YTO /51 COXpaHeHHUs] OeperoB W MNPUOPEKHBIX TEPPUTOPUIN
Hanbosee 3¢pdeKTHBHB OeperosamiMTHble wWHOpel. OnHAKO KOHCTPYKUHUH
TaKUX COOPYKEeHHH, OTHOCSILMXCS K CPeICTBAM aKTUBHOTO NEHUCTBHUS, U UX
pacctaHoBKa MoTpeGOBaNM CYLIECTBEHHBIX HM3MEHEHHH 10 CPaBHEHHIO C
YCJOBHUSIMA YMEPEHHOTO KJHWMaTa, Ile He MPOSBJSETCS BJAWUSHUE BEUHOH
MEpP3JI0THl U Pa3KMKeHUs TPYHTa B O€PeroBbiX CKJIOHAX B Pe3yJ/bTaTe TePMO-
3PO3UH.

O6o61mas onbIT 6epero3amnuTHBIX paboT Ha peKax BO Bcex pernoHax Poc-
CHU U IOTOJHUB €ro MHOTOJIETHUMH HaOJIOIEHUSIMH aBTOPA Ha CeBepe, CUUTa-
eM BO3MOXKHBIM PEKOMEHAOBAaTb CJelylollhe MpeaJoKeHHs, MO3BOJSIOLINe
NOBBICUTb 3(P(EKTUBHOCTb MOAOOHBIX MEPONpPUSITHH.

BeperosamuTHas mwmnopa M3 rpyHTa NpeicTaBiseT COO0H KOPOTKYIO
(20—100 M) BBICOKYIO MOJy3anpyay ¢ OTMETKOH FOJIOBbI, PEBBILIAIOLIEH Ha
2,5—3,5 M NPOEKTHHIH YPOBEHb U MPOIOJIbHBIM yYKJIOHOM rpebHs 1:10—1:25,
COTPSITAIOLIYIOCS B KOPHEBOU YacTH ¢ 6eperoM Ha BHICOTE BO3MOXKHOIO 00-
pasoBaHUs HUII. 3as0KeHHe PeYHOTo 0TKOCa I'OJIOBbI LIMOPHl YCTaHAB/IUBA-
eTCs MO0 pe3yJ/bTaTaM T'MAPaBJWYECKOTO pacueTa U3 YCJIOBHUH Mpenyrnpexie-
HUSl 06pa3oBaHHUsl BOPOHKHU pas3MbiBa. [IpuMep KOHCTPYKUMH Geperosalur-
HOW IWITIOPBI, MOCTPOEHHOU Ha p. JleHe B 30He fKyTcka, mokasaH Ha puc. l.
3a/oKeHUsl HallOPHOTO M CJAMBHOTO OTKOCOB HAa3HA4YalOTCs B 3aBUCHUMOCTH
OT TEXHOJIOTHH CTPOUTENbCTBA U POJA T'PYHTA, U3 KOTOPOTO OTCHIMAIOT CO-
Opy:KeHHe.

Pacriosaraior mmopy HopMmasnbHO K HanpaB/eHHIO TeueHHs U3 pacyera
obecrieyeHUs] HaUMeHbIIEro o6beMa CTPOUTENBHBIX PaboT.

Cucrema GeperosalldTHBIX LIMOP BbI3bIBAET MECTHOE U3MEHEHHe JBHKe-
HUS NT0TOKA Yy 3allluiliaeMoro 6epera v o6pasyet 3a Kax/I01 U3 HUX 30HbI BOJO-
BOPOTHBIX BTOPUYHbBIX TeYEHHUH C MaJbIMH CKOpPOCTSIMH. [Ipu 3TOM He TOJIbKO
pesKo 3aMeqJsieTcsl Pa3MblB, HO, HA000POT, CO3JAOTCS YCJIOBHS OTJIOXKEHUS
HAHOCOB BO3Je Oepera — B MPOCTPAHCTBAX MexAy LuinopaMu. Kpome Toro,
NPy yCTPOUCTBE Oepero3alUTHLIX WIop Geper npuodpeTaeT HOBYIO IPEPBIBHU-
CTYI0 MOJIOTYIO (hOPMY, AJST KOTOPOU He OMacHbl 0OJbIINE CKOPOCTH TeUeHUSs
(4em TOJIOXKE OTKOC, TeéM OH yCTOHYMBEe MPOTHB Pa3MbIBa).

Jlns sKOHOMHHM 3aTpaT Ha KpelJieHHe, 3HAUWTEJNbHO MPEeBOCXOASIINX
CTOMMOCTb OTCBIIIKHA CAMOTO TeJia COOPYKEHHS, BAXKHOe 3HAaYeHHEe HUMeeT CO-
KpalleHue miaowand Kpemnaenus. [TosTomy Ha yyacTkax pek, riae HeT OOJbLINX
BOJIH, 3alLMLIAIOTCS TOJbKO TpebeHb U PeuHOH OTKOC TOJIOBbl Oeperosallur-
HBIX LIMOP, @ HAOPHBIA U CJAUBHOH OTKOCHI OCTAIOTCSl He3alIUIIeHHbIMU. Ta-
KMM 00pa3oM, ykpemasietrcs He 6osblie 15—20% o6uieli NoBepXHOCTH IITIO-
pbl. KOHCTPYKLMS M XapaKTepPUCTHUKH KpEMJIeHHS PEYHOro OTKOCa ONpeneJisi-
I0TCSl ero 3a/10XKeHHeM, OT BeJHUYHHBl KOTOPOro 3aBUCHUT IMyOHMHA BOPOHKH
pasmbIBa.

l'uppaBanuecKruil ¥ MPOYHOCTHON pacyeThl 6epero3allUTHHIX MINOP COCTO-
AT W3 CJENYIOUIUX 3JeMEHTOB.

[lepBoouepenHo 3anauelt Mpu NPOEKTUPOBAHUU Oepero3aldTHbIX Mepo-
NPUSATUH C IPUMEHEHUEM CPEJCTB aKTUBHOTO NEUCTBUS — OGeperosalluTHbIX
LITOpP SBJSIETCS ONpeaeseHHe ONTHMAJbHOIO MEXKIYIIMOPHOTO PacCTOSHUS B
CUCTEME COOPYXKEeHHH.

Mertonvka onpeneneHus pacCTOSHUN MexXIy LINOPAMH OCHOBAaHA Ha 3a-
KOHOMEPHOCTSIX B3aUMOIEHUCTBUS COOPYKEHHS C 0OTEKAIOLIUM €ro MOTOKOM.
Kak usBecTHO, mpy BO3AE€HCTBUH HA MOTOK OJMHOUHOW HE3aTOMJsSeMOH ILIO-
pbl, TIOCJIEHSS CO3aeT B HEM BOJOBOPOTHBIE 30HbI, CKOPOCTH TeUEHUS B KO-
TOPBIX 3HAUMTE/bHO MEeHbIlle, YeM B TPAaH3UTHOM MOTOKe, U HalpaBJ/ieHbl Tpe-
UMYILECTBEHHO 0OpaTHO OCHOBHOMY MOTOKY, UTO SIBJISIETCS YCJIOBHEM 3aLLHThl
Oepera M OTJIOJKE€HHsI HaHOCOB npu Oeperosamure. [IpocTpaHcTBo, 3aHATOE
BOJOBOPOTHBIMH Te€UYEHHUSIMH, YCJAOBHO MOXKHO Pa3OWTh HA TPU 30HBI: BEPXO-
BYI0 BOJOBOPOTHYIO, Ma/yl0 HH30BYI0 BOJOBOPOTHYIO M OOJBIIYI0 HU30BYIO
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H ypoBeHb

©

[TY — npoekTHbI
W U IIPOCTHUPAETCA OT r'OJIOBBI CO-

i ypoBeHb;

©

W HU30BOM BOOOBOPOTHOHU 30HBI, TaK Ha3biBae-

CY — crpoutenbHbl

)

6 — mnJaH;

a — dacan;

[Ipu 3TOM rpanuiia 60JbIIO
Masi KpWBasi pacTeKaHHWs, BHauaje TpeACTaB/seT COO0OW KPUBYIO CXKATHUS

TPaH3UTHOI'O MMOTOKA, HA 3TOM ydaCTkKe BOJLOBOPOTHAs 30HA 3aHUMaeT 60J1b-

Puc. 1. BeperosamuTHas wropa Ha p. Jlene y npucrann Huwkuuit Bectsix (paGounii npoekr)
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OpyKeHHus 10 6epera Ux JOCTUraeT cjeayollero coopykenus. [locnenHee Ha-
OJII0faeTCs, eCJI OAMHOUHAS IUT0PA BXOAUT B €IMHYIO0 CHCTeMY Oepero3alinThl.

(puc. 2). Tlocenusisi 30Ha SABJSETCS OCHOBHO



LR
1 2
Puc. 2. Cxema BO3IeHCTBHS Ha MOTOK OJWHOYHOH LIMOPHI

1 — BepxoBasi BOLOBOPOTHAs 30HA; 2 — MaJlasi HH30Basi BOJOBOPOTHAS 30HA; 3 — 00JIbllIasi HU30Bast

BOJIOBOPOTHAs! 30Ha; Bs — OblTOBAsH IMPHHA pycsa; B — IIMPHHA CTECHEHHOTO pycJa; [ — Mpoek-

LMs1 ITMHbBL COOPYKEHHUst HA JKUBOe CceueHHe; Sy, — KPUTHUECKOEe PAacCTOSIHHe OT FOJIOBBI LIMOPBI 10
TOYKH BBIK/JIMHUBAHHSA; 00 — TOUYKA BBIK/JIMHHUBAHUSA

IyI0 LIMPUHY pycJa, YyeM Linopa. 3aTeM KpUBas pacTeKaHus TPaHC(POPMHUPY-
eTcs B KPUBYIO pacClIMpeHHUs, TaK KaK BJAUSHUE COOPYXKEHHS CHHUXKAeTCs U
HIMpUHA TPAH3UTHOTO MOTOKA HauWHaeT yBesauunBaThes. LllupuHa xke Bomo-
BOPOTHOM 30HBbI TOCTENEHHO CTAHOBUTCS MEHbIIEH U B HEKOTOPOM CTBOpE
paBHOU AJIMHE cOopyxKeHHUs. Touka Ha KPUBOHU pacTeKaHHs, COOTBETCTBYIO-
11asi 3TOMY CTBOPY, HAa3bIBA€TCSI TOUKOW BBIKJIMHUBAHHS, @ PACCTOSIHHE OT TO-
JIOBBI 10 TOYKM BBIKNHHHBaHHS — KputHueckuM (S,,). Hixe mo rtedennto
paciiMpeHue TPAH3UTHOTO TOTOKA TPOXOJUT UHTEHCHUBHEE, U IIMPHHA BOJIOBO-
POTHOW 30HBI yMeHbILAeTcsl A0 TeX IOP, MOKAa COBCEM He HCYe3HeT.

[Ipy BO3BeIeHHH CHCTEMBI COOPYKEHHWH CTPYKTYpa 0OTEKAIOLIEr0 UX MOTOKA
cymectBenHo usMensiercss (puc. 3). Ecu paccrosinue Mexay cOopyKeHHSIMH
NPUHATO MeHbIlle KPUTHUECKOTO, TPAH3UTHBIA MOTOK OOTEKaeT TOJIOBBI LLUTOP,
MUHYS IPOMEXKYTKH MeXKIy CoopyKeHusiMU. [Ipu 3TOM B mOC/AETHUX CO3aI0TCST
3aMKHYyTble BOIOBOPOTHbIE 00/IACTH, OXBATHIBAIOLIME BCE MEXKIYIINOPHOE MPO-
cTpaHCcTBO. Ecsin paccTosiHie Mexxny 1mopamu 60Jbllie KPUTHIECKOTO, TO TPaH-
3UTHBIH MOTOK HAaUMHAET 3aXBaTbIBATh MIPOCTPAHCTBA MEXKIY COOPYKEHHUSMH, a
MIPY IOCTATOUHO OOJBILIMX PACCTOSTHUSIX BOJIOBOPOTHbIE 06JACTH pa3obIIatoTCs U
B3aMMHOe BJIMSIHME COOPY’KEHWH APYr Ha Jpyra MpeKpaliaercs.

[Ipu npoekTHpoBaHUM Geperos3allUTHBIX CUCTEM, KOraa HeT HeO0OXOAHUMO-
CTH B pacueTe KPUBOH pacTeKaHHs, a TpeOyeTCs ONpeleUThb JHIIb MeCTOHAXO-
JKIeHWe TOYKH BBIKJIMHUBAHHUS, PACCTOSTHHE OT TOJIOBBI LUTIOPHI 10 3TOH TOYKH
MOYKHO BBIYUCJUTb NPUONHKEHHBIMA METOJAMH pacueTa, MPUBOAUMBIMA HUXKE.

a)

Puc. 3. Cxema 06TeKaHUs MOTOKOM CHCTEMBI LIMOP NPHU PACCTOSTHUM MEXKIY HUMH:
@ — MeHbllle KPUTHYECKOro; 6 — pPaBHOM KPUTHUECKOMY; 8 — OOJIbllIe KPUTHUECKOTrO
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Ecnu cucrema 1mnop Bo3BOAUTCS Ha NPSMOJHMHEHNHOM WM Cl1a00U3BUMHU-
CTOM y4acTKe pycJa, TO KPUTHUECKOe pPacCTOSTHUe MeXKIy LINOPaMHU MOXKHO
BBIUHCJUTL M0 (hopmyJie

SKp = ’ ll‘l’ (1)
rage — KOS(p(pI/IU,I/IeHT, 3aBUCSAIIMH OT CTeIlleHH CTEeCHEeHHs TTOTOKaA;
ln — MpoeKUHrs AJHWHbI IIMNOPbl Ha MJOCKOCTb KHUBOTO CEUEHMs IOTOKA.

KoadhduureHT  3aBUCUT, MpexKae BCEro, OT CTENEHHU CTECHEHUS pycJga
COOPYKEHHUSIMH — OTHOLLUEeHHS TMPOeKUHH AJUHBI LINOPBl HAa XKUBOE CedyeHHe
NOTOKA NpH ObITOBOU LIMPUHE pycJa By; cpeHed BEICOTE IPeOHS Z K CpefHed
ObITOBOM TayOHHe pycsa T, M0 OCH COOPYXKeHHsl; CpefiHed ObITOBOW IIyOHMHbI
K MaKCHMaJbHOH.

[Tpu nong6ope KospduureHTa HeoOXOIUMO YUUTHIBAT JaHHBIE O XapaK-
TEPUCTUKAX PyCJa U THAPABJMKE TIOTOKA y pa3MbiBaeMoro 6epera. [IpuBeneH-
HBIH KO((UIMEHT THIPABINUECKOTO TPEHUS OTpeeIsieTCs 0 3aBUCHMOCTH

cp
1=0,625 =125 \=5 roe g — YCKOpeHHe CBOOOA-
\ HOTO MaJeHus;
\ C — xkosdduuuent lesw,
h--\— v e ompesie/IsieMbli 11€POXOBATO-
Jﬂ: TS Tep CTBIO pycCJia.

UncaeHHoe 3HaueHHe KO-

W

1,04
T s
{ a¢ppuLMeHTa  [IpPU MPSMOJIH-
P\ HEHHOM WK €J1a00 U30THYTOM
A 4
A\
!
—
1

pycsie MOXKHO OTPEeNesUTh T10
HOMOTpaMMe, TPUBEIeHHON Ha
— puc. 4.

[Ipu mpoekTHpPOBaHUHU
4 sing. LUITMOP Ha KPUBOJUHEHHOM
04 B

ydacTkKe, COTrJIaCHO METOOUKe
B. B. Herrtapesa [4], Touku
KPHUBOU pPaCTeKaHUs 32 COOpY-
KEHUFAMU 3aJal0TCA B MOJAP-
HBIX KoopauHaTax (paamy-
Puc. 4. Homorpamma asis1 onpefneseHns paccTosiHusg or  COM-BEKTOPOM U YIJIOM 0).
FOJIOBBI LITOPBI 10 TO‘-IE(I/I BbIKJIMHHUBAHUA KpHBOﬁI pacte- KOOp[I,I/IHaTy TOUKU BBIKJIUHU-
KaHHs Ha HpHMOJIl/IHeI/II-:{lzi Heiﬂam MSOTHYTHIX YHBCT-  popyg 2 C/le0BATEJBHO, H

P paccTosiHue MeXXIy COOpyKe-
HUSIMH, TPOEKTUPYIOIUMMUCS Y BBITYKJIOTO Oepera, BBIUHC/SAIOT M0 (opMmyJie

Sp= -0 (3)
[lepBasi KoopauHaTta onpefnensieTcss 1no ¢Gopmyse
=1 + lHa (4)
rae 7y — painyC KPUBHU3HBI BBIMYKJOTo Gepera.

BTOpaH — YT'0JI TIJIAaHOBOT'O PAacCIIOJNOKEHH A IIIOPbl B paguaHax Mo 3aBU-
CHMOCTH

2 In B—6+1
@=p - .o/ (5)
Bs 1o In Z—“+1
r
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Ecsu mmopsl NpoeKTUPYIOT Yy BOTHYTOro Gepera, MoJsipHble KOOPAWHATHI
TOYKH BBIKJIMHHMBAHHUS PACCUUTBHIBAIOT MO (opMyJaM:

Iy / Bs
=r {148 : (6)
o
u'ln
O = . (7)
B In| —f0__
ry +Bs

[Ipu cTponTe/bCTBE HE OAMHOYHOM, a CHUCTeMbl Oepero3alldTHBIX LINOP
THU/IPaBINYECKOe COMPOTHUBJIEHHE KaXKA0W U3 HUX HEONUHAKOBO MU 3aBUCUT OT
MecTa, 3aHHMaeMoro B cucteme (n), yriia pacroJ/ioxKeHHs WIOPsl B MJIaHe
CTereHH CTeCHeHHsl MOTOKa 1o wKpHHe [, / B, OTHOLIeHHs] CPeiHeH BBICOTHI
LIMOPbI OT OCHOBAHHUA Z,, K CpefiHel NiyOrHe notoka T, YUUTbIBaeTCs U Xa-
paKTepUCTHKA PEKH, olpesessieMasi corsacHo pekomenaauusm H. A. Pxxanu-
[blHA MPUBEIEHHBIM KO3(P(PHINEHTOM THApaBIWYecKoro TpeHus . OTHoIIe-
HUe KO3((HIMEHTA THIPABIUUECKOTO COMPOTHUBJEHHS KOHKPETHOW LITOPBI
CHCTEMBI K COMPOTHBJIEHHUIO OIMHOUHOTO COOPYXKeHHsl ./ ., TaK XKe Kak
3HauyeHHe Ko3((ULMEHTa , MOXKHO ONpEeNeNUTb 10 HOMOTpaMMe, pPUBEeeH-
HOU Ha pHUC. d.

T T T T T r T ororT 1350

z J /

T(A=4,71 0,1 0,3 0,5 0,7 0,9

IL(A=3 W/ ColGon \‘ \\ \\\\\\ 90°

I (A~23 ——-

/[ T\ N\ Jo°

02 06 1,0 n 0506 07 080910
Z,/T,,

Puc. 5. Homorpamma 171 IpuGJIMKEHHOTO OIpesieeHUst KOa(h(PULHEeHTa THAPABIHUECKOTO CO-
MPOTHBJIEHHUS ILUTOPbI, BXOASIIEH B CUCTEMY 0eperosalidThl, , [0 CPaBHEHHIO C I'MApaBJIHye-
CKHMM COMPOTHBJCHHEM OJMHOYHOTO COODYXKEHHS o

[Tocnegnue uccaeg0BaHUS B3aUMOJEHCTBUS MTOTOKA U CUCTEMBI HE3aTOIl-
JIieMbIX Oepero3alldTHBIX IINOP y TPSIMOJHHEHHOTO WM CJ1ab0HU30THYTOTO
Oepera ¢ y4eTOM B3aUMHOTO TOANOPA, OKA3bIBAEMOTO COCEIHHMH COOpYyXKe-
HUSIMM, C PA3JHUUYHBIMM 3a/I0KEHUSIMH DPEYHOTO OTKOCA TOJIOBBI, BBISIBHJIN
CBSI3b MeX/y BEeJUYMHOHU 3aJI0’KeHHUs] 0TKOCA C IJIUHOH BOJOBOPOTHOH 30HBI
KaK y OJIMHOYHOT'O COOPYKEHHUsI, TaK U B CHUCTEMe M3 HECKOJbKUX IIMOp TPH
Manblx crenensix crecHenus (0,05—0,1), XapakTepHbIX A8 y4acTKOB GOJb-
mux pek. JlaHHOe 06CTOSITENBCTBO TIO3BOJISIET YUUTHIBATD PeaibHbIH MOTepey-
HBIH TPO(UIb COOPYKEHHUS W yBeJMUHUBATbH MEXIYIIOPHOE PACCTOSIHHE Ha
10—20%. JlaHHBIH MeTOx NpUMEHHUM Ha y4acTKaX, The CTeleHb CTeCHeHMs
MOTOKA LINOPaMH CPaBHUTEJNbHO MaJia ¥ He TIPUBOAUT K aKTHBHOMY BO3IEHCT-
BHIO COOPYKEHWH Ha TPAH3UTHBIK MOTOK MOAOGHO TOJy3anpyaaM, U T03TOMY
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TU/IPaBIMYeCKUMH CONPOTHBJIEHUSIMH, COMJIACHO HATYyPHBIM AAHHBIM, MOXHO
npeHeOpeyb.

Hapsiny ¢ nosioxuTebHbIM 3(P(PeKTOM, 3aKN0UAIOIHUMCS B TOBbILLEHUH yC-
TOUYMBOCTH 3allHMIIAeMbIX YUaCTKOB OeperoB MPOTUB BO3AEUCTBUS TeUeHMUS,
BOJIH U JIeNOXO01a, OJHOBPEMEHHO MPOSIBASIOTCS W HeraTHBHBbIE BO3IEHCTBHUS
ILITOP Ha PYCJIO B BHIE MECTHOTO pPa3MblBa y HUX r0JI0B ¢ 06pa3oBaHUeM I1y6o-
KHX BOPOHOK, YMEHbIIAIOIMX YCTONYHBOCTb OTKOCOB COOPYKEHUH U TPUBOJIS-
IIMX K MOBPEXKIEHHIO TOJIOB B IepBble TOfbl dKCIIyaTaldd Oepero3allMuTHON
cucreMbl. [IpoMcxXoquT 370 MOTOMY, UTO B KOHEYHOM HTOTe JeHCTBHE ILUIOP Bhl-
pakaeTcsl B OTKJIOHEHHH OT Oepera 4acTH MOTOKA, paHee NPOTEKaBILEro BIOJb
Hero, U B yBeJIMUeHWH CKOPOCTH TeUeHHs y TOJIOBBI LIMOPHI, BbI3bIBAIOLIETO Pa3-
MbIB. Hab/toneHns MokasblBaloT, UTO OTKJIOHSIEMBIH COOPY’KEHHEM IMOTOK CO-
CPefI0TOYMBAETCS y TOJIOBHI IUMOPBI, TO9TOMY BIIOJIHE €CTEeCTBEHHO 3[eCh IPOo-
UCXOISIT 3HAUMTE/bHbE NeopMalun. PasMbIB [HA y TOJOBbI COOPYKEHHS MPO-
JOJKaeTcsl 10 TeX 10p, NoKa He popMUpyeTcs: HOBast (hopMa »KUBOTO CEUeHHSsI
pycJsia, [ocTaToyHas AJIs IPOIyCcKa YacTH Pacxoa BOMIbl, OTXKATOTO COOPYKEeHHU-
eMm. ITocne 3Toro peuHol OTKOC WIMOPbI CTAHOBUTCS YCTOWUMBEE.

HHTeHCHBHOCTB, XapakTep U pa3Mep UUPKYJSIUHOHHBIX TEUeHUH, a CJIel0-
BaTesbHO, (PopMa U TJIyOHMHA BOPOHKH Pa3MbIBa HA B 30He OeperoyKpernJeHus
3aBUCAT OT Psila THUAPABJIUUECKHUX, Fe0JIOTUUECKUX W KOHCTPYKTUBHBIX Mapa-
METPOB.

B xauectBe 6a30B0U (popMyJIbl /151 TPOTHO3A IIyOUHBI BOPOHKH Pa3MbiBa
y TOJIOBBI LIMOPH! OblyIa MpejioxkKeHa sMIUpUdeckas (opmyJia, yYUTbIBaoLIas
TU/IPOJIOTHUECKHE U KPHOTeHHble YCJ0BUS peK dKYyTHH, MPOTEKAIOIIUX B KPHO-
30/IUTO30HE:

Toaom = Lﬁ),ogw Ay ok kg, (8)
050, +T; w
re Ty — TyOHHA BODOHKH DasMbiBa;

Ts — OblTOoBas ryOHMHA HA BePTHUKAJNH Y TOJIOBBI LLUMOPHI Mepefl BO3BeeHHEM
COOpY?KeHHUS;

[, — JIJIMHA WIOPHI;

U, — CKOPOCTb TEUEHHS Y FOJIOBbI LIMOPHI [T0C/IE TOCTPOUKH COOPYIKEHHS;

Uy, — HepasMbIBaKIast CKOPOCTb IJIsi TOHHOTO aJIJIIOBUSI B 30HE TOJIOBBI CO-
OpYKeHHs;

m — 3ajloxKeHHe OTKOCA TOJIOBBI ILIMOPBI;

W — TUpaBINYeCcKast KDYIHOCTb JOHHOTO aJIIOBHS Y TOJIOBBI COOPYXKEHMUS;
R, — K03(h(ULUHEHT, YUUTHIBAIOIINN BJUSIHAE HA TJIYOUHY pa3MblBa 3a/i0XxKe-
HHSL 0TKOCa rosioBbl mmopsl (&, = 1-0,03m—0,02m?);

k  — K03(pPHULMEHT, YIUTBIBAIOLIUNA T0J0KEHWE OCH LUMOPbl OTHOCHUTEJIBHO
HalpaBJIeHUs TeYeHHs y ToJI0BbI coopyxenus (¢ =0,73 +0,17 — 0,01 ?).

PesynbTaThl 3KCMepUMeHTOB ¥ HATYPHBIX HAOJI0JeHUH MOKAa3bIBAIOT, YTO
YyeM TI0JI0%Ke OTKOC, TeM MeHblle riyO0rHa BOPOHKHU pPa3MbIBa.

B pesyabrate aHasn3a 3aBUCUMOCTH, OMpefesiolled 3HaueHUust KoaPpQu-
uueHTa k,,, ObIO BBISBJIEHO CJeAYyIOLIee.

[Ipu onpenesneHHBIX 3HAUEHHSX BEJHYMHBl 3aJ0KEHHS OTKOCA T'OJIOBBI
umopsl (0koJ10 6,4), HAXOAMMOTO KaK pelleH’e KBaApaTHOrO ypaBHEeHH s, PHU-
PaBHEHHOTO HYJI0, COOTBETCTBEHHO U caM Ko3((UUHeHT k,, paBeH HyJI, a
npu 3ToM BbipaxkeHue (8) Takke MPUBOIUTCH K HYJIHO.

[TosyyeHHbli pe3yabTat npu k, = 0 U cootBeTcTBeHHO Ty, = 0 MOXKeT
owKMOOUHO TPAKTOBATHCS KAK YHUBepCa/bHAsl MOCTOSIHHAS BeJIMUYMHA [JI5 T10-
JIydeHHUsl YCTOMUMBBIX 3aJI0’KEHUH TOJIOBBI LITOPbI, HE MPUBOASLINX K 00pa3o-
BAaHHUIO BOPOHOK Pa3MbIBa [/l JIOOBIX JOHHBIX OTJIOXKEHHUH B 30HE TOJIOBHI CO-
opyxeHnusi. OnqHaKo Npu omnpeaeseHUN 3HAYEHUH K, HeJb3si HE YUHUTHIBAThb
Pa3HyIoO CTeleHb Pa3MblBa PA3/JUUHBIX BUAOB TPYHTOB pPycJ/a MPH OJHOM H TOM
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Ke 3HaYeHHWH 3a/0KEeHHs] O0TKOCa TOJIOBbI M3-3a OTJHUHE HepasMbIBaOIIeH
CKOPOCTH AJISi TPYHTOB PasJMUHOM KPYIMHOCTH.

Hanpumep, 1/ist mecyaHoro rpyHTa BOPOHKa MECTHOTO pa3MbiBa He o6pa-
3yeTcs HpI/I 3aJI02KEHUAX pequro OTKOCAa T'0OJIOBHI, paBHbIX 6_6,4, a OJid raJed-
HHUKa HJIHU HpI/I MOIIIEHHUHU 30HBI OKOJIO T'OJIOBBI HO.HYSaHp}UIbI FOpHOﬁ MaCCOI‘/}I
3TO 3HAUeHHE COCTAaBUT D.

C y‘-IeTOM BbIILIIEU3JI02KEHHOTO, a TaKx>Ke HpHHI/IMaH BO BHHMaHHUE, 4UTO
BBIpaXKeHUe [Jisl ONpeeseH|ss KoapPHIMEHTa &, OCHOBaHO Ha SKCIIEPUMEH-
Tax C ImeC4yaHbIMU FPYHTaMI/I MeJIKOIjI u CpeIlHeI‘/)I prr[HOCTI/I, MeTOOAHuKa onpe-
neJIeHUudA FJ’IY6I/IHI)I BOpOHKI/I paSMbI-

Ba C y4eTOM PA3HBIX THUIIOB TPYH- 1,2km Ky =1(m)
TOB yCOBEPILIEHCTBOBAHA. ;
Ha ocHOBaHMH BCECTOPOHHETrO 08 ~ "
aHa/IM3a SMIMPUYECKUX JAHHBIX I - y R
onpene/seHus 3Hauenud &, = f (m), 06 . =1 04-0.194m
HaWIeHHBIX B psiae HMcToYHMKoB 04 — S Tt
(puc. 6), BbIMONMHEHA MX ammpokcu- 0.2
Malusl ¥ MOJyuYeHO YTOUHEeHHoe 06a- O

0 1 2 3 4 5 6

30BO€ BbIpaxkeHue [Jis1 OlpeneJaeHus
3anoxeHue oTkoca m

Ko3(huLrenTa k,, (MenKui mecok) B

_ Puc. 6. PesynbraThl aHanu3a 3MIHPUUECKUX
Buze k, = 1,04 0,194m. 3HaUEHWH 3aJ10KeHHs] PEYHOr0 OTKOCA TOJIOBHI
Jlsis yueTa 3aBUCHMOCTH KO3(- LITOPBI

(uLMeHTa R, HENOCPeICTBEHHO OT
3HaUeHWs] Hepa3MbIBAKOIIEH CKOPOCTH MAJSI Pa3JHUUHBIX TPYHTOB, B (HOpMY-
1y (8) BBOAMTCSA KOPPEKTUPYIOIIME COMHOXKUTE/b K,, YUIUTBIBAIOIIMH OTIHYHE
rpaHyJ/JI0MeTPUUECKOT0 COCTaBa JOHHOTO aJ/IIOBUSI OT MeJKOrOo Mecka B Kax-
JIOM PAaCUeTHOM CIIy4ae: R, = Uy necxa)/ Vsp(rpysra)-

[locne BHecenus onosnHeHuH (opmyaa (8) mpuMeT c/eaylOlUH BUA:

25 L 002% 0% |,
0,50, +Ts w

Tpasm -

Ly b ke -k, (9)

B Tabsviie NpUBOAATCS pe3yJibTaThl pacueTos 1o hopmyde (9) a/st npoek-
THPyeMbIX Oepero3aliMTHLIX Wnop y noc. Huxuuii Bectsix Ha cpennedt Jlene
MPU CJIEIYIOIUX HCXOMHBIX

J@AHHBIX: JJIMHA COOPYIKe- PesyabTaThl pacyeToB IiIyOMHBI BOPOHKH pPa3MbIBa

Hui 40 M, riybuHa y roso- o Sanowenne| oo
BBl 6 M, CKOPOCTB y T'OJIOBBI o n peuroro Y b
s p Yy roJ y TOJIOBBI LIMOPBI o (9), m
1.9 M/C oTKOCa m
, )
Cnenyetr oco6o oTMe- [lecok 3 7,0
TUTb HEOOXOIMMOCTL IIOJ- 5 107
JIePXKAHUST CYIIeCTBYOIMX
3aILMTHBIX COOPYXeHHH B 6 Boponka He o6pasyercs
paboyeM COCTOSIHHH, TI0- MOHL%HHE rpaBHii- 3 4,22
HO-III€O€HOYHOH CMe-
CKOJIbKY MMeeTcsi MHeHue, =% "7 oot o 5 0,64
4TO coopyXeHHs Geperosa- 6 BoporKa He o6pasyerca
IIUTHl CTAHOBATCS KaK OBl - 3 59
eCTECTBEHHBIMM uacTsiMp MolleHne ropHoi ’
maccoit (d = 200 mm)
IPUPOJHOro pesbeda U He 5 0,44
TpelyioT pemonTa. OnHaKo 6  |Boponka He o6pasyercs

OHO ourubo4YHoe. beperosa-
IIMTHbIE COOPYKEHHUS TaK »Ke TPeOYIOT MPOBeleHHsT PeTyNSIPHOTO 00CIe10Ba-
HUSl UX COCTOSTHHS, PEMOHTHBIX PaboT U TeXHUUECKOTO 00CTYKMUBAHHUS, KaK U
Jmobble pyrve 3MaHUsT U COOpYXeHHs. B 3ToM ciyuae orpoMHble CpencTBa,
3aTpaueHHble Ha CTPOUTEJIbCTBO 3aLUTHBIX COOPYKeHHH, OyAyT «paboTaThb»
elle B TedeHHWe JJUTEJbHOTO BPEMEHH.
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Puc. 7. PeKOHCTPYKLUSA CYLOXOAHOH TPAcCChl CO CTPOMTE/IBLCTBOM Oepero3alMTHBLIX LINOp Ha
p. Jlene y npucrann Huxuuil Bectsix

| — mocTpoeHHble Gepero3alluTHbIe WIMOPbl; 2 — NOMOJHUTE/bHbIE LIMOPbI, CTPOUTENBCTBO KOTOPBIX
Oymet ocyuiectBieHo B 2008 r.

B HacTosiiiee Bpemsi CTPOUTENBCTBO Oepero3aliMTHBIX COOPYKEeHHH OCy-
LIECTBASETCS OBOJMBHO PeaKo (Mpy 0CTpOi HEOOXOAMMOCTH M MPH HAJTHYHH Y
3aKa34yuKa JIEHEeXHbIX CPEICTB) U HOCHT, KakK MPaBUJIO, CYTy60 JOKAJIbHBIH Xa-
paxtep. [Ipryem cambiM BaxKHbIM TpeOOBaHHEM IIPU BbIOOpE KOHCTPYKLHUH Oe-
perosaliMTHHIX COOPYKEHHH B MOC/eIHUE TO/bl SIBJsSETCS o0ecreueHre MaKCH-
MasibHO 3(P(PeKTHBHOU 3alIWTBl NMPU MUHHUMAaJbHBIX 3aTpaTax.

B 3aknoueHue He0OXOAUMO MOAYEPKHYTh, YTO MPU BBIIOJHEHHH Oepero-
3alUTHBIX pabOT HEOOXOAMMO YUUTHIBATH TO, UTO OCHOBOIIOJIATAIOIIUM B Ha-
3HaYeHUH KOHCTPYKUUH Geperos3aluTHEIX COOPYKEHUH B COBPEMEHHBIX YCJI0-
BUSIX SIBJISIETCS TLIATEbHBIM aHAIN3 TPUPOJHBIX YCJAOBUU U MOUCK ONTUMaJIb-

Puc. 8. O6mui BUI 3KCIIYaTHPYIOLIMXCS Gepero3alMTHBIX IIMOp
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HbIX pelleHHH, UCXO/sl U3 Ha3HaYeHHs] U 3HAYUMOCTH 3alMIIAeMOro yyacTKa.
OueHb Ba)KHO NPH 3TOM FapMOHHYHOE COOTHOLIEHHE MapameTpoB Geperosa-
IIMTHBIX COOPY’KEHHH, afleKBaTHOE YCJOBHSM 3alLHUILAeMOro 06beKTa.

[Ipennaraemasi MeTofrKa HCIOJb30BaHA NPH MPOEKTHPOBAHUU CHCTEMBI
OeperosalllTHBIX LINOP Ha psile peK apkTuueckoro 6acceiiHa Poccuu. Ha
puc. 7 NMPOWJIIOCTPUPOBAH YACTHUYHO peaM30BAaHHBIA B HACTOsIIlee BpeMs
NPOEKT, MPUHSATHIA HCIOJHUTEJNbHON AMPEKUHEN MO JUKBUIALUUH MOCJENCT-
BHUH BeCeHHEro MaBojiKa U OPTaHU3ALUH BOCCTAHOBUTENbHBIX padoT B Pecny6-
nuke Caxa (dxyrus) [5]. Ha puc. 8 nemoncrpupyercsa dortorpadus sKcmiya-
TUPYIOLIMXCS IUIOP CHCTEMBI.

3allMTHbIe IUMOPbl MPUMEHEeHbl NPHU NepeKpbITUH [0poACKON NPOTOKH
p. Jlenn! B dIkyTcke, Ha p. Kosbime B 3bipsitke, Ha Busroe. B O6b-HpThiickom
HacceiiHe OeperosalldTHbIE IITOPbl MocTpoeHbl Ha pekax Koume, Toboge,
Type n skcnyatupytorest yxke modtu 50 ser.
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HAITPSI2KEHHO-AE®OPMHUPOBAHHOE COCTOSHHUE
A TPENIMHOOBPA3OBAHUWE B BETOHE AHKEPHBIX OIIOP
TYPBUHHBIX BOJOBOI0OB

AHanusupyioTcs: HanpsiKeHHO-1e(pOPMHUPOBAHHOE COCTOSIHHE U NPOLECChl TPELHHO00pa-
30BaHHUS B CTajIeKe/1e300€ TOHHBIX aHKEPHBIX OMOpax TYpPOMHHbBIX BOLOBOJIOB BbICOKOHAIOPHOT'O
THIPOY3Ja.

B rugpoTexHHYeCKOM CTPOUTE/bCTBE IIUPOKOE PACHPOCTPAaHEHHe MOJY-
UMJIH CTaJsieXkesie300eTOHHbIE KOHCTPYKIMH (TypOUHHBIE BOAOBOMbI, CIIHPalib-
Hble KaMepbl), KOTOPble XapaKTepPU3YIOTCH 3HAUMTEJbHBIMH pasMepaMHd H
OOJIbLIMMH TIJIOIIAASIMHU MONepeyuHbIX ceueHUH. MaccuBHbIe Kese300eTOHHbIe
KOHCTPYKLHMH — 3TO COCTaBHasl 4acTb COOPYKEHWH, HUMEIOLIMX BBICOKHU
KJacC KamUTaJbHOCTH W PACCUMTAHHBIX HA MPOAOJKHUTEJNbHBIN MEePHOA KC-
MIyaTalyy, 03TOMY BayKHBIM BOIIPOCOM SIBJISIETCSl HAJeXKHOCTb U [0JIrOBey-
HOCTb TaKMX KOHCTPYKUMH. B NaHHOW cTaTbe paccMaTpUBAIOTCS NPOOJEMBI
TPeLIMHO00PA30BaHUSl B aHKEPHBIX ONOpax CTajexe/e300€TOHHBIX TYpPOHH-
HBIX Bo#oBoJOB Ha mpumepe CasuHo-Lymenckoin ['DC (CLUraq).

ISSN 0536—1052. H3B. By3oB. Crpouteascrso. 2008. Ne 4 49



Ha nusosoit rpanu miotunbl Casno-Ilymenckoi TAC (BbicoTa NioTHHBI
245 M, mpoTsKeHHOCTb 1o TpebHio 1066 M, mupuHa y ocHoBanus 105,7 M,
mupuHa rpedus 25 M) pacrosoxenbl 10 cranexene306eTOHHBIX TyPOMHHBIX
B0o10BOMOB [1].

BomnoBox vMeeT MoCTOSSHHBIA BHYyTpeHHUH quaMetp 7,5 M. Obiias niuHa
OIHOU HUTKH Tpy6omnposoaa 217,3 M. Bepxnee kosneHo Tpy6onpoBoaa comnps-
raeTcst ¢ BOIONPHEMHHUKOM. HirkHee KOJIeHO yCTpaWBaeTcsl Ha MOAXOME TPY-
6ornpoBoaa K crupasjbHON KaMepe TypOuHbI. 2Kejie306eToHHass 060/04Ka KO-
JileHa BMecCTe C MepexoJIHbIM y4acTKOM OT nuaMetpa 7,5 M K auametpy 6,5 M
o6pa3yeT aHKepHYIO OMOpY, KOTOpas nepenaeT YCHUJIHUS MO MJIOCKOCTSM KOH-
TakTa Ha ckany ocHoBaHus (puc. 1). Ha nepexonHom yyactke xeje300€TOH-
Hasi 0OJIMLOBKA OTHeJNeHa OT MeTa/JIMueCKOH 000JI0YKH TPyOONpoBOAA MSAT-
KOU TIpoKJIaaKoi. Mexxay 6eTOHOM aHKePHOH OMOPbl U MACCUBOM arperaTHoro
6J10Ka yCcTpoeH yiupeHHbd mwoB (50 MM). DTH MeponpusiTHs 06eCreYnBarOT
cBoOomy nehopMalri MeTasn1a 060J0UKH U UCKJIIOYAIOT Mepeaady yCHNS ue-
pe3 GeTOH Ha MacCHB arperatHoro 6JOKa.

485,7

Puc. 1. ConpskeHHe TJIOTHHBI, TPyOOTIpPOBOLA,
aHKEepHOW OMOpbl U arperaTHoro 6./0ka
CIIraC

Ocb
arperata

w
@
>
o

AHKepHasi oriopa UMeeT MPSIMOYTOJIbHOE CeYeHHe U PHaHKepeHa K HU30-
BOU I'PaHU MJIOTHHBI U CKAJbHOMY OCHOBaHHUI0. CpenHssl ToMMHaA 6eToHa 00-
JULOBKK 1,50 M. B Hel ycTaHoBseHa B 1Ba psila apMmartypa MepHOAHUECKOTO
npoust, pacCTOsTHUE MeXKIy BHELIHHM W BHYTPEHHHM apMaTypPHBIMU KOJIb-
namu 1,2 M. BHyTpeHHsis1 KosblieBast apMatypa aiuametrpom d = 70 MM, Kiacca
All, paguyc xosbua R, = 398 cm. Breurnsia KosblieBasi apmatypa d = 60 mm,
kaacca All, R, = 510 cwm. [IponosbHasi apmartypa d = 25 mm, knacca All ¢ ma-
rom 20 cMm.

J11s1 Bo3BeleHUS 2Kesle300eTOHHBIX 060/10UeK TYPOUHHBIX BOLOBOJIOB HC-
nosb3oBasicst 6eton mapku M 250, MP3-100 na noprianauemente M 400.

[Tocne HamoJHEeHUS BOAOXPAHWJIMIIA A0 TPOEKTHBIX OTMETOK M BBOJA
6/10KOB B paGoTy Ha GOKOBBHIX MOBEPXHOCTSIX aHKEPHBIX OMOpP 06pa30BaoCh
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MHOKeCTBO KPYNHBIX TPeLIMH. 3a NATUIeTHHUH NepHoJ IKCILIyaTalluHh COOpy-
’KeHHs B NPOEKTHOM peKHMe MpOoLecC TPeLIMHOO0OPa30BaHHUs MPOJOJIKUICS.
IT0 006CTOSITE/bCTBO MOTPEOOBALO KOHTPOJS 32 HM3MEHeHHeM HarpsiKeH-
Ho-neopmuposarnoro cocrostuusi (HIC) BOIOBOMOB /s OLEHKH HX 3KC-
NJyaTaluMOHHOHN HAleXXHOCTH, a B cJydae HeOOXOAUMOCTH — MPUHSATHS 060C-
HOBAHHBIX KOHCTPYKTUBHBIX Mep IO ee 00ecleyeHHIO.

O6HapykeHHble TpeumHbl (puc. 2) MOXKHO YCJIOBHO pa3duTb Ha TpPU
TpYIIIBL.

Puc. 2. ®otorpahuy TpelIMH Ha HAPYXKHBIX IOBEPXHOCTSX AHKEPHBIX OIOP

1. CeTb TpelliuH, OpUEHTHPOBAHHAS MapaJsiiebHO OCH BOJOBOIOB. JTO
00BbSICHSIETCS BBIXOAOM Ha HapyKHble MOBEPXHOCTH paavasbHbIX TPELIUH
BCJIEICTBHE PabOThl BOJOBOJIOB KaK HETPEIIMHOCTOHUKHX Kese300€TOHHbIX
KOHCTPYKLUHMH B KOJIbLIEBOM HalpaBJ/eHHH Ha JeHUCTBHE BHYTPEHHEro JaBJie-
HUS B BOOBOJE. TaKOW THUMN TPELIMH HAOJ/IONAeTCs Ha TOW YacTH aHKepPHBIX
OT0p, TAe HeT BOUJOYHOH MPOKJANKA MEXAYy MeTalNndecKou 000J0UYKOU U
’KeJ1e300eTOHHOU 0OJIMLIOBKOH.

2. Hak/ioHHbBIe TpelMHbl, BOZHUKIIINE OT AeHCTBUS MOTIePEYHON CHJIBI MO-
cJle MOBOPOTA MJIOTHHBI OT THAPOCTATHUUECKOHN Harpyskd. BosbLIMHCTBO Ha-
KJIOHHBIX TPELIMH paclosoXKeHO B CpedHeH 4acTH aHKepPHOH OMOpBI.

3. EnvHuuHBIe BepTHUKa/bHbIE TPEILUHbI, PACTIONOKEHHbIe BONHU3U CKaJsb-
HOTO OCHOBaHHMS. Takue TpeliuHbl MOIJIM BOSHUKHYTh B IIpOLiecce BO3BEEHUS 1
rocJsie OCTbIBaHUS OeTOHA M3-3a Mepernaja TeMrepaTyp, BOSHHKILErO B TIpoLecce
pasorpeBa MOJIOZOTO OeTOHA, MeXIy OeTOHOM M CKaslbHbIM OCHOBaHHEM.

Ananus HatypHbix HaGmromenu# 3a HIIC aHKepHBIX OMOp, NPUBEIEHHBIH B
[2], M03BO/IMA BHIIBUTH CHCTEMY HAKJIOHHBIX COMPSIKEHHbIX TPEIUMH, KOTOpbIe
006pasyroT Mexay co6oi ocTphii yroJ (puc. 3). AT0 06CTOATENLCTBO OJHO3HAYHO
MOATBEPKAAET TOT (haKT, UTO B JAHHOM CJIydyae MpoLecc TPeLHO0Opa3oBaHusl B
GeToHe MIeT B COOTBETCTBHH C KputepveM Kymoma— Mopa mpu ¢ # 1/ 2.

Ycnosue npouyHoctu KymnoHa— Mopa nmeeT BUI:

0, -03 01 +03 tge =c, (1)
2cos@ 2
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Puc. 3. Hak/0HHbIe COMpPs?KEHHbIE TPELIHHBI HA GOKOBBIX MOBEPXHOCTSIX aHKep-
ueix onop I'A 4 nu TA 5

rge 6, 03 — MaKCHMaJIbHbI€ pacTAruBarliie 1 MakKCUMaJbHble C2KMMAIOMIHe
rJlaBHbl€ HallpsAKEHUS (HpI/I‘-IeM 6, >0y, >0C3, Oy — CpeaHee 110 BeJHYHUHE

rJlaBHOE HamNpsKEHHe);
(p — YroJl BHYTPEHHEro TPeHHS;
¢ — YHeJbHOe ClLeMJIeHHe.

DJieMeHTapHble MJIOIAAKH, Ha KOTOPBIX BBIMOJIHSETCS yCJIOBHE, Ha3blBa-
I0T MJOLIAAKAMHU MpenebHOro paBHoBecus. VX 1Be, OHM HAKJOHEHBl APYT K
IpPYTy TIOA YTJIOM +(n/2- 0).

Hab6ntonaemele TpelnHbl He SBJSIOTCS TPELIMHAMH OTPBIBA, TOCKOJbKY
TpellliHa OTpPbiBA He MMeeT COMpsiKeHHbIX. Jleso B TOM, YTO HalpaBJieHHe
TPEeLIMHBl OTPbIBA MOXKeT ObITb MosydeHo U3 kputepus Kymona — Mopa npu
@ =7/ 2, HO B 3TOM cJ/lyyae 06e CONpSKeHHble TPEellMHbl CIMBAIOTCS B OHY,
MeprneHIUKYASPHYI0 HANpaBJeHHI0 NEHCTBUS MaKCHMaJbHOTO HOPMAJbHOTO
HanpsiKeHHus.

HanpassieHnue TpelyH MOXKHO OTIPEIETUTD 110 3aBUCUMOCTSM, TIPUBEEH-
HbIM B [2], HO /15 3TOr0 HEOGXOAMMO 3HATH 1O Pe3y/abTaTaM Jab0PaTOPHBIX
9KCIIePHMEHTOB yroJl BHyTPEHHETO TPEeHUS @ U KOIP(PUIUEHT AUTATAHCHH OL.
[TockosibKy pe3y/ibTaThbl OMBITOB MO OINpeAeseHUI0 Kod(phulreHTa AUIATAH-
CUM J151 6eTOHA OTCYTCTBYIOT, TO /151 IPOCTOTHI IPUMeEM, YTO B MOMEHT pas-
pywenuss o =tgp. B 3TOM ciyyae HampaBieHue neHCTBUS HauWOOJbLIErO
CXKUMAIOIIEro HaMpsKeHUs sBJsieTCs] OUCCEKTPUCON OCTPOro yria MexKay Co-
Npsi2KeHHBIMU TpellMHaMU. Takol MOAXOA K OlpefeseHUI0 TJIaBHBIX OCed Ha-
NpsiKeHWHA OCHOBAaH Ha KJAacCHUYeCKOM KpUTepuH mpouHocTH. IHanee Oynem
CBSI3bIBATh HAMpaBjeHUs] 06pa3ylolUmUxcs B OeTOHe TPELIUH C MpeaesbHbIMU
naockocTssMu Kysnona — Mopa, KoTopele MOTYT ObITh OTIpefieieHbl Ha OCHOBE
JKCIIepUMeHTaJ/bHBIX HCC/IeJ0BAHUI Ha OeToHe. Kak mokasblBalOT pe3yJ/ibTaThl
onblToB, poBeneHHbXx Bo BHUHUI um. b. E. Beneneena (B. A. JloryHoBa,
A. H. ManaxoBa), nacrnopt nNpOYHOCTH MOXKET ObITh IIPUHAT B BHAE IPSIMOJIH-
HellHOW orubatouieid Kymona — Mopa. Touka kacaHusi orubaiouieid ¢ 60Jb-
mwuM Kpyrom Mopa (Todka, oToGpakamomas NpefeJqbHOe COCTOSIHHE TeJa)
oTipefiesisieT Be CMeXXKHble TpefiesbHble MJI0CKOCTH, POXOAsINe Uepe3 BTO-
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Puc. 4.

poe TJaBHOe HalpaBJjeHUe U o00pasylolide MexAy coO0H OCTPbIH yroJa
v =(n/2-¢) (puc. 4). TnaBubie Hanpabaenus | u 3 ABISIOTCH GUCCEKTPHCA-
MM TYTOTO U OCTPOTO YIJIOB COOTBETCTBEHHO.

B ankepHoll omope arperata | 3HaueHHs yTJa MexXAy COMPSIKEHHBIMU
TpEeIIMHAMH, PACTIONOKEHHbIMHU Ha ylaJeHud 5—7 M OT HU30BOH I'paHH, U3Me-
HsTMCD B ipefenax Yy =40—50°. Otciona cienyert, 4TO YyroJ BHYTPEHHEr0 Tpe-
HUS IOJDKEH U3MeHsITbCsl B nuana3one ¢ = 50—40°. HanpaBienne Hau6oJb-
ILIEr0 CXKUMAIOIIEr0 HANpsiKEeHUs] O3 COCTABJ/SAET C IJIOCKOCTbIO TOPU30HTA
ocTpeId yroa o =~ 60°. DTo HampaBgeHHe MPUMEPHO MapasiebHO MOBEPXHO-
CTH HHU30BOH rpaHHu. [leHCcTBHUTENBHO, DU AEHCTBUU TMAPOCTATUYECKOTO 1aB-
JIEHH$1 BOJIBI CO CTOPOHBI HATIOPHOM TPAHU U BBULY CTECHEHHOCTH IepeMelle-
HUH B OCHOBAHWHU MPOUCXOIUT U3TUO TJIOTHHBI B HANpPaB/JIeHUH MTOTOKA, YTO U
MPUBOJIUT K MaKCHMaJbHOMY CXKATHIO MOBEPXHOCTH CJ0EB HU30BOH TPaHU.

B cpenned uactu aukepHo# onopsl arperata (FA) 3 yrosn mexmy compsi-
KeHHbIMH TpewnHamu Y =50°% ¢ = 90°—y = 40°; oo = 60-70".

B cpenneit yactu ankepHoU onopsl arperata d Y =60°; ¢ = 30°; o0 = 60°.

Yro kacaercsl aHKepHbIX onop arperatos 6—10, To yeTkas KapTUHA OJM3-
KO PacCIoJIOXKEHHBIX CONPS2KEHHBIX TPEIIMH 3/1eCh He MPOCMAaTPUBAETCS, U T10-
TOMY HEBO3MOXKHO C/le/1aTh OJHO3HAYHbBIA BBIBOJ OTHOCHTEJBHO OPUEHTALNH
TJIaBHBIX OCEH HAaNpsKeHHH. 31eCh, KaK MPaBHIO, OTMEYAIOTCs OAMHOUHBIE
TPEeIIHHbl Pa3HOH OpPHUEHTALMH B 3aBUCHUMOCTH OT PaCCTOSIHUS N0 HHU30BOH
TpaHu.

[TockosibKy cBoMcTBa GETOHHOW OOJUILIOBKU aHKEPHBIX OMOP MPUMEPHO
OIIMHAKOBBI, TO YMEHbILIEHUEe yIJa BHYTPEHHEro TPeHUs, MOJy4eHHOe U3 aHa-
JIN3a HamnpaBJeHUH CONMpsKEeHHBIX TPeLIMH, NPH YAaJeHUH ornop oT Gepera K
pyCJly CBUIETE/bCTBYET O PAa3HOM CTEeleHH CXKaTHsl »Kese300e TOHHOH 0607104~
KM BONOBONOB (O/iMKe K cepeiHe pycjia CTeNeHb CXKATHS BbILIe).

[Tpu ananuse Tpemun Ha arperatax 6—10 1 ¢ ydeToM yMeHblIEHHS yria
BHYTPEHHEr0 TPEHMSI BO3MOXKHA peasnu3alus IBYX PasJH4YHbIX CJIydyaeB Ha-
NPSKEHHOTO COCTOSIHUSL. B mepBoM cilyyae MOXKHO NPEeANOJIOKUTb, 4TO 00a
HaTpS’)KeHNsS B MJIOCKOCTH OOHAXKE€HHSI CTAHOBSTCS CXKUMAIOIIMMU W TOTHAA
0,=0>0, >03, T.e. nepBoe IVIaBHOE HalNpaBJeHHe MepHeHIUKYISIPHO I10C-

KOCTH 0OHaxkeHHsl. B 3TOM cayyae ciefi TpelMHB Ha CBOOOJHOH MNOBEPXHOCTH
OyneT COBManaTh C HalpaBJeHHEM O,, a HalpaBJeHHe HauOOJbIIEero CXKaTHs

eMy neprneHaukyJasipHo. Kak cienyer us ycaosus Kynona — Mopa nas naH-

HOTO HaIps)KeHHOTO COCTOSIHUS, HaNpsKeHHe G B MOMEHT pa3pylleHus Ha

MOBEPXHOCTH OOHAXKeHUS MOJHOCTBIO OMpeAesieTcsl CAeAyIOIUM 00pa3oM:
2cosp

3 :7. C = _GC . (2)

1 -sing

Bo BTOPOM CJiydae MO2KHO MPEeANoJI0KHUTb, UTO B CUJY HEKOTOPBIX IPHU-
YHH (HeOILHOpOIIHOCTb, aHI/ISOTpOHI/IH) CrucTeMa COIPAXKEHHbIX TPEUIHH elle He
06p330BaJIaCb, TOrga €e MO2KHO OJOCTPOUTH U OINpeAeJUTh HallpaBJeHHe TJiaB-
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HbIX OCel HampsKeHHH. B 3ToM ciyyae KayecTBEHHO HaNpsiKeHHOE COCTOSI-
Hue OyIeT TeM Ke, UTO ¥ B aHKepHbIX ormopax arperatoB 1—5. Uro kacaeTtcs
BeJIMUMH T[VIABHBIX HOPMaJ/bHBIX HaNps?>KeHWH, TO OHU MOTYT OBbITh OIpefese-
HBl M3 KPUTEPHUS MPOUHOCTH:

—Hsﬂcl_c (3)

3= . ¢
1—sing

rie ©, — Tpejes NPOYHOCTH Ha OJHOOCHOE cxKaTHe. Ec/iM U3BeCTHO OIHO U3
Hanpsi)KeHWH, HalpuMep O, TO MOXKHO OINpele/UTh U O ;.

Hab6ntonenus 3a nosefeHneM TPeLUH HAa OOKOBBIX [TOBEPXHOCTIX aHKep-
HBIX OIMOp MOKaszaju, 4To:

— BepTHUKaJ/bHble TPEIUHbl NIPH POCTe YPOBHS BOIbl B BepXHeM Obede
(YBB) 3akpbiBaloTCsl BCJIEACTBHE YBEJMYEHHS MPONOJBHOLO CXKATHUS aHKep-
HbIX omop npu OoJsee BbIcOKUX ¥YBDB;

— HakKJ/IOHHble TPELIMHBl B CpelHEeH 4acTH aHKePHbIX ONOop, HAaoO6opoT,
npu pocte YBD packpbiBaoTcs v IOCTUTal0T MAaKCUMAJIbHOTO PACKPBITUS TTPU
HITY. 910 06BsicHsIeTCa yBeJquueHUeM IJyOUHbl BOPOHKH OCEJaHUs MPU BbI-
cokux HIIY u Bospacranuem posu nsruba B MPOAOJBHOM HaIpaBJeHUY;

— packKpbiTHe TpellrH, OPUeHTHPOBAHHBIX BIOJb OCH BOAOBOJOB, 3aBH-
CUT OT BHYTPEHHEro [aB/JeHHUs B BOJOBOAAX.

Ha Casno-lllymenckon 'DC B nepuon 1992—2005 rr. mpoBoaUIHCh 9KC-
nepuMeHTasbHble HaboneHns 3a HIIC aHKepHBIX OMOp B 3KCIJIyaTalUOH-
HBII TIepHOJ] C UCIOJMb30BaHUEM 1e(OpMalMOHHOIO MeTOAa, NPea02KEeHHOT0
Hucruryrom ropuoro gena CO PAH [3—-6]. C 310il 1esbi0 Ha GOKOBBIX TIO-
BEPXHOCTSIX aHKEPHBIX 0MOp 060PYAOBAHBl YETHIPEXKOMIIOHEHTHBIE PO3ETKH
1151 usMepenus aedopmaunii (6asa usmepenust [ = 1 m). Besmuunsl npupa-
[IeHWH HaNpsKeHW! NMpH HaToJHeHUH BOLOXPAHHUJ/HIIA B MOMELIEHUX aH-
KepPHBIX ONOp MOJy4YeHbl MyTeM MepecdyeTa U3MepPeHHBIX Ae(OpMaLUl C UC-
M0Jb30BAHMEM almapata TeOpud ympyroctu (Momysb ympyroctd GeroHa
E =40-10° MIla u ko3t puuuent I[Tyaccona v = 0,16 npuHATH M0 TaHHBIM
nadopatopuu rugportexHuueckux coopyxenuit CLITAC). Usmepennbie ne-
hopMalnu CKOPPEKTHPOBAHBI HA BEJUYHUHY CBOOOIHOU AedopMaluy 6eTOHa,
BbI3BAHHOM HM3MEeHEHHEeM TeMIlepaTypbl BO3IyXa B MOMEIIeHUSIX aHKEePHbIX
omop (o =1-107°) [4].

Ha puc. 5 nokasan xapakrep U3MeHeHH sl HANPSKEHUH HA aHKEePHBIX OI10-
pax IpH HalOJHeHUH BOAOXPaHUIUIIA. [IpH 3TOM 32 Hy/1eBOU LUK/ IPUHHUMA-
JIUCb NTOKA3aHMs NPHY MUHMMaJIbHbIX OTMETKAX B KaxKAOM LIMKJIe HAMOJHEHHS.
AHanu3 moJyyeHHBIX Pe3yJ/bTATOB MO3BOJISIET OTMETHUTh CJeAYIOLIee:

— XapakTep W3MeHeHHSs HaNpsKeHUH CYLIECTBEHHO 3aBUCHUT OT MECTO-
MOJIOXKEHHsl CTAHUME Ha TOPU30OHTAJIBLHOM ydacTKe oropbl (ynajeHus cran-
UMM OT HU30BOK IPaHU) ¥ PACIHOJNOXKEHHS CaAMOH OMOPBI B CTBOPE MJIOTHHHL.
B6a13u HHU30BOU TpaHW OTMedaeTCs CXKaTHe, B LIEHTPAJbHOH YacTH OIO-
pbl — CIBHUT, B KOHIle FTOPU30HTA/TbHOTO y4acTKa — CHABUT C PaCTsKEHHEM
WUJIU paCTsKeHHe; HAnOOMbIINH NPUPOCT CKUMAIOIINX HANPSKEHUH OTMeYa-
eTCs B OMOPaxX PYCJOBBIX CEKUHMH, HAUMEeHbIIUH — BOJU3U OeperoBbIX MpH-
MbIKaHUH;

— K 0COOEHHOCTSIM Harpy»keHus omopsl BogoBozna ['A 1 oTHocHTCs Hamu-
Yyuhe ydyacTKa IlepesioMa;

— Ha onopax BogosonoB I'A 4, TA 8 (1o gpyrum HeT MH(MOPMALKMH) OTMe-
yaeTcsl aCUMMETpHsI B Harpys3kax: JieBasi cTopoHa omnop B 1,4—1,5 pasa npu-
rpy’Kaercst cusibHee npaBod (0/1Ha U3 BO3MOXKHBIX PUUMH — HepaBHOMepHast
ocajKa OCHOBAaHMsl Ha 3THX y4acTKax);

— B Ipouecce AeGpopMUPOBAHHUS aHKEPHBIX ONOP 3a HAGI01aeMbIH TTePHO,
OTMeYaloTCsl MOCTOSIHHO HapacTalollie OCTaTOYHble AeopMalMu B 0OJeJKe.

54



-1,8 -2,1

A N02 N o2  528m
2,6
/11\,01 1,0 71531 m

A"
N
. 7/ 01 6
535
\ I \ 6\\» \/ 56 M

\ /-3,410-3,2 0
/\/’ \/ ‘ 538 M
. 2n
\,10 \/12 535 m
18,11 531m
528 m
N 06 19 23
v 4 ‘oo Vo5 10103 528m
\ o3 24 20 30 29
\ / / 05 V0,7 0, N3 531w
AV / '\fs \i 38 ¥ 50 |
RN 0,0 og\vo, :
\\: /4039 56 S35
3,6
,___\_-0_3._\'_0.§§~_°§__Z_ 538

//3,2

p -34 -4,0 35 A
z \/1,5\04 \/ 538 m

2.4 2, 30 411
\,10\ \ R0 /25 535

-1.6 16 -
~-0,2 %01 {0 \/15 531 m
-0,5 0,’

-0,5,0,5

{04 402'0’%0,6 528w

Puc. 5. Tlpupamenus Hanpsxenuil (MIla) na ankepHoii onope BogosogaoB ['A 4 u
'A 8 npu HamoJHEHWH BOLOXPaHHJIHIIA

BoiBoabl. 15 mosyyeHUs OLIEHOK NapaMeTpoOB HanpsiKeHHO-Ae(OopMHU-
POBAHHOTO COCTOSIHMSI B OeTOHe aHKepHbIX OMNOp HeoOXOAHMO INpOBeleHHe
KOMILJIeKCa UCCeI0BaHUH, BKJ/IIOUAIOIIEro TeopeTuyeckue, JabopaTopHble HC-
cJe[0BaHUsl U HaTypHble HabmoneHns:. OMHUM U3 OCHOBHBIX §IBJISIeTCS MIOCTa-
HOBKa U pelleHHe 3aJaud O Halps)KeHHOM COCTOSIHUM MeTaslJMuecKol 0060-
JIOUKU U 6eTOHa 0OJUIOBKH aHKEPHBIX OTIOpP, peasn3alns KOTOPOH BO3MOXKHA
MeTONaMH TEeOPHUH YIPYTOCTH AJIs KyCOYHO-OZHOPOAHBIX OOJacTeH.
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OIIEHKA PECYPCOB COJIHEYHO¥ 9HEPTHH
JJI9 ITIPOEKTUPOBAHUA T'EJIMOYCTAHOBOK

JI71si IPOEKTUPOBAHUS CHUCTEM a/JbTEPHATHBHOTO TEMJIOCHA0XKEHHUS 3MaHUH HEeOOXOAHUMBI
TOYHBIE JaHHble O pecypcax COJHEUHOH 3Hepruu Ha tepputopuu PD. YuuteiBasg orpaHuueH-
HOCTb aKTHHOMETPHYECKHUX CBELEHHH, NOJNy4eHbl YPaBHEHUS PErPeCCHU BaJ0OBOI0 MOTEHLHaa
COJIHEUHOH pafualliy B 3aBUCHMOCTH OT LIMPOTBI MECTHOCTH. BBeneH monpaBouHbId KO3(hhU-
LMEHT, M03BOJSIOIMH MPUOIU3UTD PACUETHbIE apaMeTphbl K peasbHbIM KIMMaTHYeCKUM YCJI0-
BUSIM B 3aBHCHUMOCTH OT CPEIHECTaTHCTHYECKOH 0O0/JauHOCTH.

AdeKTUBHOE HCNONBb30BAHHE COJHEUHOW 3HEPrHUM B TEIOCHAGKEHUU
3MaHUH MOXKET ObITb OCYILIECTBJIEHO, €CJIM Ha CTaMH MPOEKTHPOBAHHUS BBITIOJN-
HEeHO HCCJ/eoBaHWe KIUMaTHUECKHUX YCJIOBHH palOHA CTPOUTENBCTBA, TPOH3-
BeJleH TOYHbIM pacyeT pabouHX MapaMeTpoB 000PyI0BaHUS U Ha 6a3e MOJydeH-
HBIX IAHHBIX CleJIaH BBIOOP PAllMOHAJIBbHOH CXeMbl KOHCTPYKTHBHOTO MCIOJIHE-
HUS cucTeMbl. [l HOCTHXKEHHS B MpOLEcCe IKCIIyaTalMy ONTHMAJbHBIX
pexXUMOB (PYHKUMOHUPOBAHUS I'eJIMOYCTAHOBOK HEOOXOAUMO TaKKe HMeTh 60-
Jiee TIOJIHbIE CBEJEHHUS O Pecypcax COJMHEUYHOH paavalyy B MECTHOCTSIX UX pas-
MelleHHS.

OrpannyeHre (paKTHUECKHX NAHHBIX AKTHHOMETPHUYECKHX HaOJ/I0feHUH
Ha TeppuTopur Poccuu [1] M HETOUHOCTL PacyeToB MO CYLIECTBYIOIIMM 3aBH-
CHMOCTSIM [/Is1 OTIpe/iesieHHsl TIOTeHIHa a CoJMHeUYHoN Heprun [2] He Bcerna
M03BOJISIOT MOJYYUTh PeabHYI0 OLEHKY 3TOH BeJW4MHbl. [Ipubmusute pac-
YyeTHble 3HAUEHHUS K KOHKPETHbIM KJIUMAaTHYECKHUM YCJOBHUSIM IpejJaraercs
anMpoKCHUMHUPYIOUIMMH 3aBUCUMOCTSIMM, TOJYUYEHHBIMH B pe3yJ/bTate obpa-
OOTKM NaHHbIX MHoroseTHux Habmonenu# [3]. Ilpencrasnennbie B Ta6a. 1
YPaBHEHHS PErPeCCHH MO3BOJSIOT OMPENENUTh CPeTHEMECSUHOE TTOCTYIIIeHHe
COJTHEUHOH SHEPTHM Ha TOPHU30HTAJbHYIO TMOBEPXHOCTb TPH 0Oe3006/JauHOM
HebOe 1JIS COOTBETCTBYIOLIEH reorpauyeckoy LIHPOTHL.

[Tpy npoeKTHpPOBaHUM NACCUBHBIX CHCTEM albTePHATUBHOIO TelocHabXKe-
HHSI HeOOXOIMUMO 3HATh TETJIOBOW MOTOK OT COJIHEUHOH pafualvi, HampaBJ/eH-
HOU Ha BepTHKAJbHbIE TOBEPXHOCTH. J[aHHbBIE MapaMeTPbl MOXKHO OTIPENENUTD C
TIOMOLIBIO AMMPOKCUMHUPYIOIIMX 3aBUCHMOCTEH, MPUBEAEHHbIX B Ta0J. 2.

Hecmotps Ha Huskuil KII/I macCUBHBIX CUCTEM COJIHEUHOTO OTOIJIEHHUS, UX
UCII0JIb30BAHUE B YCJOBUAX CpelHEeH MoJockl PoccHU MO3BOMUT COKPATUTh MO-
TpebJsieHre TPagULMOHHBIX BUIOB HEPTHH Ha 30-40%, a B 103KHBIX peruoHax,
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Ta6nuna 1
AHanuTHYecKHe 3aBHCHMOCTH IJISI ONpeJejieHHs] BaJOBOTO
NOTEHLMAJAa COJHEYHOU 3Hepruu (MPAMO M paccessHHOMN)
Ha TOPU3OHTAJBHYI IOBEPXHOCTh HNpHU Oe300;1auHOM Hebe,

M]x/m2
PacueTHbiit y %
paBHeHHe
nepuos

Ausapp I =-614,08 - In(o) + 2586,09
deppasb I =-600,56 - In(¢) + 2638,10
Mapr [=-016-9%+541-¢ + 677,87
Anpesb [ =-364,69 - In(¢) + 2108,73
Man I =-150,26 - In(¢) + 1444,03

Wions | 1=0,00005571-¢° — 0,01486526 - ¢ +1,57018502- @3 —
~82,03553868- ¢ + 2117,99506113 - ¢ — 20707,95629264

Hionb 1=0,00163130-¢* + 0,34016927 - ¢3 —26,31315104 - ¢ +
+896,02144210- ¢ —12226,70616884

Asrycr [ =-32242-In(¢) +1988,98
Cenrsi6pb I =-570,53 - In(g) + 2779,51
OkTa6pb I =-76280-In(p) + 3343,38
Hosi6pb I =-650,10- In(p) + 2760,50
Jlekapo [ =—623,75- In(g) + 2596,38
Ton I =-534515 - In(¢) + 27218,19
" @, °c.l. — reorpaduueckas MMPOTa MECTHOCTH

Hanpumep, B KpacHogapckom Kpae, npu 6/1aronpUsTHBIX METEOYCJIOBUSIX U pa-
LIMOHAJIbHOU TJIaHHPOBKE 3laHUH HeOOXOAMMOCTb B TENJOBOH SHEPIHH MOXKEeT
6biTh nokpeita 10 70% [4]. [ToBbicHTL 3((heKTUBHOCTb TACCHBHOTO COJHEYHOTO
TeIJIOCHA0KeHUs [/ ero BHeJIpeHHs B Oosiee CeBepHble PAMOHbI MOXKHO IIPU
MCTI0JIb30BAHHUH HEJOPOTHX TETION30JUPYIOLINX U IKPAHUPYIOIIMX MOABUKHBIX
CPEICTB 3alliThi, PabOTAIOIIMX B aBTOMATHYECKOM pexkume [4].
CyulecTBeHHOe BIHSHHUE Ha 3(PPEeKTUBHOCTb TeJJTMOCUCTEM OKasblBaeT 00-
JIAUHOCTh KJIMMATHUECKOH 30HBI, IJle OHU YCTaHOBJEHBl. YacTo, HeCMOTps Ha
JOCTAaTOYHO BBICOKMH yPOBEeHb TeMIIepaTyp Hapy>KHOTO BO3JyXa epexoJHOro
U XOJIOAHOTO TepPHOLOB rofia, B HEKOTOPbIX PerrHoHax HaObJ/I0NaloTCsl HecTa-
OuJIbHBIE peXKUMBbl (DYHKLHOHHPOBAHUS 000pYAOBaHMS, NMPUBOASILINE K HU3-
KAM HeCTaOW/IbHBIM MapaMeTpaM TEeMJOHOCHUTEeNs. DTO 0COOEHHO XapaKTepHO
/15 HEKOTOPBIX Tepputopuit [Ipumopckoro kpasi [1]. B atux cayyasx ans yue-
Ta U3MEHEHHSs BaJOBOro MOTeHLHala COJMHEYHOU HEPruu IpejsaraeTcsl MUc-
MO0JIb30BATh MOMPABOYHBIA KOI(DPUIUEHT eTro ocaabaeHus], BeJIUUHHA KOTOPO-
r0 YYUTHIBaeT CPeIHECTATUCTHUYECKYI0 00JIAUHOCTb PA3/IMYHBIX PETHOHOB .
OH onleHMBaeTCs Kak OTHOLLUEHHe 3HAUeHHs BaJIOBOTO MOTEHIMaNa COJTHEUHON
paaMaLyHi MpH JeHCTBUTEJNbHBIX YCJIOBUAX o6aaynocty (/9) K BaJoBOMY Mo-

TeHLMaNy COJHEYHOH paiuauuu npu 6e3obsauHoM Hebe (/%)
v =1/ (1)

HekoTopble U3 mosiyueHHBIX MONPABOYHBIX KOI(PPUIMEHTOB ocnabeHus
BaJIOBOr'0 MOTEHIMaNa COJHEYHOH 3HEPruy MpeacTaBjeHbl B TabJs. 3.
[TpuBeneHHble B Tabu. 1—3 ypaBHEHHS MO3BOJSIOT B OTCYTCTBUU (DAKTH-
YeCKUX aKTUHOMETPUUECKUX HAOJIIOeHUN 151 KOHKPETHOTO panoHa CTPOH-
TeJbCTBA OINpPENeJUTb PECypChbl COMHEYHOM 3HEPrUd C MOTPELIHOCTBIO 10
5% . BbimosiHeHHe pacyeToB Mo MPeiI0XKeHHbIM 3aBHCHMOCTSM HeOGXOAMMO
nns 6oJiee TOYHOTo nopb6opa 060pyn0BaHUS, HAa 6a3e KOTOPOro MOXKHO CMOH-
THPOBATb I'eJIMOYCTAHOBKY, MaKCUMaJ/bHO MPUONHUKEHHYIO K peaslbHbIM yC-
JIOBHUSIM.
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Tabnuma 2

BanoBblii MOTEHIMAJ COJHEYHOW Hepruu (NMPsAMOA M PacCeSTHHOM )
Ha BEpPTUKAJbHYIO NOBEPXHOCTh NpU 0e300jlayHOM HeOe B 3aBUCHMOCTH
or reorpaduyeckoit muporer, MJ[x/m>

Opwuenranus | Ypasuenue”
fnsapo
B/3 I =-41398 - In(g) +1768,02
I0B /103 [ =-680,79 - In(g) + 3042,72
(0] 1 =-936,33 - In(¢) + 4171,65
Despans
B/3 [=-0,07-¢%+147- ¢ + 323,36
IOB /103 [=-015-9%+896- ¢+ 369,71
10 [=-042-¢% +3434-¢—9386
Mapm
CB/C3 [=0,01345 - @3 — 213095 - ¢ + 107,24306 - ¢ —1553,64286
B/3 [=0,01259- @3 — 213393 - 92 +113,60218 - ¢ —1547,21429
I0B /103 [=0,01519- ¢3 — 254315 - 2 +139,13790 - ¢ —1924,07143
(0] 1 =0,01606 - > — 296503 - > +176,29365 - ¢ — 2718,28571
Anpeav
C 1=0,00162- % — 2,22004 - 92 + 9,26822- ¢ — 5,25325
CB/C3 [ =0,00773 - > —117025 - 2 + 57,22610 - ¢ — 654,45455
B/3 [=-001117- 93 +176021 - ¢ —88,23449 - ¢ + 1859,89610
10B /103 1=0,23-¢%-16,08- ¢ + 77291
(6] [ =—-0,02083 - @3 + 3,13988 - ¢ —145,07738 - ¢ + 2568,28571
Maii
C I =—-0,00005759 - ¢° + 0,01530574 - ¢* —1,62121667 - ¢> +
+85,54976144 - ¢ — 2247,25995058 - ¢ + 23648,71503622
CB/C3 I =0,000005256 - ¢® — 0,001765794 - ¢° + 0,245081715 - ¢* —

~17,982568748 - ¢> + 735471251928 - ¢ —
—15892,933393865 - ¢ + 142050,111341135

B/3 [=-0,07-¢>+10,10- ¢ —169,70
IOB /103 [=0,05-¢%+564-¢+147,84
IO [=-0,07- ¢ +1980- ¢ — 356,09
Cenmsbpo
CB/C3 [=0,04-¢% -547 - ¢ + 372,00
B/3 [=-0,06-¢%+516-¢+ 26843
10B /103 [=-019-¢%+ 2262 ¢ 130,29
10 1=0,02214- @3 —3,88690 - ¢ + 22854464 - ¢ —3894,35714
Okmsbpo
CB/C3 [ =—-23151-In(e) + 1024,80
B/3 [ =-333,12-In(¢) +1572,20
IOB /103 [ =-156,44 - In(¢) +1107,66
(6] [=-033-¢>+3090- ¢ —97,50
Hosbpe
B/3 [=-0,06-¢%-037-¢+ 350,50
10B /103 [=-0,22-¢>+1316- ¢ + 293,79
IO [=-046-¢2+3468 ¢ 18,36
Hekabpo
B/3 1=0,04-¢%-1096- ¢ + 587,07
IOB/103 [=-015-92+111 ¢+ 645,64
10 [=-037-¢2+19,05- ¢ + 476,00
* @, °c.m. — reorpaduyeckas MKMPOTa MECTHOCTH
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Tabnuuma 3

ITonpaBouHbIH KO3((UIMEHT 0CIabJeHUs BaJOBOro NOTEHIHAJa COJNHEYHOU
9HEpPruM Y IJs HEKOTOpbIX permoHoB Poccum

[Tokasaresnn

Mecsi rona

Lo |m[w | v]vifvr|vim| x| x [x|xu

CeBepo-KaBkasckuil peruoH

Maxaukara

[TonpaBouHbBIH KO3 U-
LUEHT

0,48

0,48

0,510,68(0,76 (0,79

0,79

0,79

0,69

0,60

0,47

0,42

Kpacrodap

[TonpaBouHbli K03(du-
LHEeHT

0,48

0,53

0,530,61(0,68(0,72

0,74

0,71

0,67

0,61

0,46

0,35

Couu

[TonpaBouHbIH KO3 U-
LUEHT

0,51

0,55

0,53/0,61(0,69(0,80

0,83

0,83

0,75

0,71

0,62

0,48

CpeIHHH TTONIPaBOUHBIH
K03(D(PULHEHT peruoHa

0,51

0,53

0,5410,65(0,73 (0,77

0,78

0,79

0,71

0,64

0,49

0,40

IleHTpanbHO-YePHO3EMHBIA

Boponear

peruoH

[ToripaBouHBIH KO3 PU-

LOHUEHT

0,52

0,53

0,550,567 0,66 (0,71

0,67

0,66

0,62

0,53

0,41

0,37

Kame

HHQA

cmens (Boponesxcckas

obra

cmo)

[TonpaBouHbI KO3 dHHU-

LUEHT

0,53

0,61

0,5710,61(0,70|0,72

0,69

0,71

0,63

0,52

0,40

0,42

Kypck

[TorpaBouHBIH KO3 PU-

LOHUEHT

0,52

0,64

0,520,56 (0,65 0,69

0,66

0,66

0,60

0,50

0,34

0,38

CpeIHHH MOMpPaBOUHBIH
KO3()(PULUEHT perruoHa

0,52

0,59

0,5410,58 (0,67 (0,70

0,67

0,68

0,61

0,52

0,38

0,40

HenTp

AJBHBIN PEruoH
Maseney (Pasanckas

obaacmo)

[TonpaBouHbI# K03 dHHU-

LUEHT

0,55

0,65

0,580,61 (0,66 (0,69

0,67

0,68

0,67

0,67

0,43

0,42

Mocksa

[TonpaBouHBIH KO3 PU-

LOHUEHT

0,50

0,58

0,560,61 (0,67 (0,70

0,65

0,67

0,60

0,49

0,38

0,35

Hearoso

[TonpaBouHbli K03(dHU-

LUEHT

0,37

0,42

0,35|0,34(0,32 (0,33

0,33

0,34

0,30

0,32

0,26

0,33

CpeIHUH MONPABOYHBIN
K03(h(pULUEHT perruoHa

0,37

0,42

0,35|0,34(0,32 (0,33

0,33

0,34

0,30

0,32

0,26

0,33

Banoda

CeBepo-3anagHbli
it (Hoseopodckas obiacmy)

peruon

[TonpaBouHbI KO3 dHHU-

LUEHT

0,45

0,53

0,590,60 (0,64 (0,68

0,65

0,62

0,53

0,43

0,33

0,39

Cankm-ITlemepbype

[TonpaBouHBIl KO3 PU-

LHHUEHT

0,29

0,39

0,500,54 (0,62 (0,66

0,64

0,59

0,52

0,42

0,25

0,19

Hukonaesckoe (Jlenunepadckas

obaacmb)

[TonpaBouHbIH KO3 (U-

LMEHT

0,42

0,50

0,56 0,58 (0,64 (0,70

0,65

0,65

0,55

0,47

0,31

0,43

CpeIHHUH MONPaBOYHBIN
K09()(DULHEHT peruoHa

0,4

0,50

0,560,58 (0,65 (0,69

0,65

0,63

0,53

0,44

0,31

0,33
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OkxoHuyaHue Taba 3

Mecsw roga
Lo |m[w/|[v |vi|vi|vin| x| x [ x1][xu

[Tokasarenu

CeBepHBIN PEeruoH
Boaoeda
[TonpaBounslit koaddu-| 0,47 (0,58 |0,69|0,64|0,62(0,66|0,68|0,64|0,51|0,42|0,43|0,49

LUEHT

Apxaneeavck

[TonpaBounbiii Ko3ddu-|0,4410,45(0,57|0,61(0,60(0,67|0,66|0,60(0,46(0,43|0,39| —
LHEeHT

Bepxuss Toiima (Apxarneeavckas obaacme)
[TonpaBounsiit k03¢du-|0,51 (0,48 |0,66|0,67 (0,56 (0,63 |0,67|0,56|0,42|0,35|0,39|0,40
LIHEHT

Cpennuii monpasounsiii | 0,50 0,47 10,6210,65 (0,62 (0,66 |0,66|0,57 |0,44|0,45|0,38 (0,37
K03()(PULUEHT perruoHa

Ja/ibHEBOCTOUYHBIN PETHOH
Baaodusocmox

[TonpaBounsiii Ko3dhdu-|0,9610,90(0,77]0,67(0,59(0,52|0,51 0,58 {0,69(0,73|0,75|0,85
LMEHT

Yceypuiick
[MonpaBounsiit k03ddu-|0,90(0,880,76|0,70|0,65|0,66|0,65|0,68|0,72|0,72|0,79|0,83

LUEHT

Barazoseuwernck
[TonpaBounslit kK0addu-|0,63(0,75|0,73|0,76|0,79(0,810,81(0,75|0,68|0,56|0,53 | 0,53
LIUEeHT

Cpennutt monpasoynsiii|0,79(0,83(0,77 0,72 10,66 | 0,65|0,62|0,64 0,66 |0,70(0,68 0,71
K03(D(DULHEHT peruoHa
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YIK 621.928.97

M. U. IIUJIFEB, 1-p Texn. HayK, npod., A. M. IIUJIFEB|, kanx. ¢us.-Mat. HayK,
nou., E. M. XPOMOBA, kaua. ¢us.-mar. HayK, goil., 0. H. JOPOILIEHKO, kaHx.
TexH. HayK, gou. (ToMcKuil rocygapCTBeHHbIH apXUTEKTYPHO-CTPOUTEIbHBIN
VHUBEPCHUTET)

O KOHAEHCAIIMOHHBIX MEXAHU3MAX
MHTEHCH®UKAIINU IIBIJIEYJABJINBAHUSA
B IPOTUBOTOYHBIX ®OPCYHOYHbBIX CKPYBBEPAX
M IIEHHBIX AIIITAPATAX

[TpoBeneH ananu3 onelTHbIX gaHHBIX A. IO. Banba6epra u H. M. CaBuuxo# no ysnasiusa-
HUIO TIBIIM W MOATBEPKIEeHbl MeXaHM3Mbl KOHIEHCALMOHHOTO YJ/IABJIMBAHUS MbLIM B MEHHBIX
annapartax (1M(y3HOHHBII) U B TPOTUBOTOUHBIX (POPCYHOUHBIX CKPy66epax (MHepUHOHHBIH),
paHee yCTaHOBJIEHHble aBTOpaMM HacToOsILed paboTHI.

B [1—3] npoBeneHo 060061eHHe OMBITHBIX JaHHBIX T10 YJIABJIUBAHUIO CYOMHUK-
POHHBIX TIbljiel (CaxKH, MoTy4aeMoi 3JIeKTPOKPEKMHIOM MeTaHa) 3a CYeT KOH/IEH-
cauyoHHOro addexra B neHHbx annapartax (ITA) u npoTHBOTOUHBIX (OPCYHOU-
HbIx ckpy6oepax (ITOC) onHON 3aBHCHMOCTBIO OT Iepernaja BJIaroConepKaHus
Ha ammnaparax. B kauecTBe 00OCHOBaHMS TaKOro OOOOLIEHUS IIpeaCTaB/eHbl
OTBbITHBIE IaHHBIE TI0 3(h(PEKTUBHOCTH TIbLIEYNABAUBaHUS Kak A/s [1A, Tak u nms
[1dPC, pacnonaratoiiyecs ¢ KaxyLUMMCs I0MyCTHMBIM pa3épocoM BOU3U OHOU
17151 060OMX annapaToB MpearnoaraeMoi ocpefHeHHoH KpuBoi (puc. 1). [Tapamer-
pBl OMBITOB TpuBefieHbl B Tabs. 1. OngHako Takoe o600lleHHe HerpaBoOMepHO,
MIOCKOJIBKY (PU3HMUECKHe MeXaHH3MBbI, ONpeeJIsiollfe MPOoLece OCaxIeHHus Jac-
THI B 3TUX amnapatax, pasHo# npuponsl: B [TA — muddysuonnsi, B [1PC —
MHEPLHOHHbIH, Peanu3yIOIIMACT 32 CUeT YKPYMHEHHs YacTHL KOHAEHCATOM
[4]. YcnoBust BbInoHEHHST SKCIIEPUMEHTANBHON paboTsl [2] mposicHsiOT npruKHy
He3HaYuTesJbHOro pazbpoca Touek oT omHou Kpuou mis 1A u [1PC. Cytb
CJIOKUBLLIErocs: 3a0/yKIeHHs] aBTOPOB OODBSCHSIETCS TeM, YTO OINbITHAs ycTa-
HOBKa TMpeNCTaBsizia coO0H COBMeIeHHe

neyx anmapatos — [1A u [1OC (puc. 2).
H QOuuLLIEHHbIE
a 9TOM OCHOBAaHHHU U IOCJIeI0BaJN OAJEKO rass
VIYLIMHA BHIBOL: «BMJ 3aBUCMMOCTH (115
5()(PEKTUBHOCTH) O0CTAETCHA MOCTOSHHBIM
IJ1d - afrapaTtoB pPa3aWyHOro THIIA». | /1
Knakoctb ' 4
nZ /:"‘:{]'\\\\:\ :
I
0.8 //!’#;|\\\\\\ ™2
s Fpoanty b
.fx'r | N
/! \
o oa / llJ : 1& Y I
/ \
0,4 o6 r! | lI| \
AB !
v 'Cl lllgllullolllnlllulnll:
b 1 L 1 n—-.._.__,.-—h-_._____\
0 0,5 1,0 1,5 Ad, kr/kr 3anblfeHHbIe EE) | 3
Puc. 1. D{pheKTHBHOCTb KOHIEHCALHOHHOIO rasel '

OCa>KAeHHs MblJIX

Puc. 2. Cxema ONBITHOH YCTaHOBKU

I — xopmyc; 2 — OpOCHTe/IbHOE YCTPOHCTBO;
3 — TpoBaJibHas TapeJKa
,L LWnam
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Tabnuma 1
IMapamerpsl onbITOB K puc. 1

A YiaBavBaeMas IblIb
TexHosornyeckun Gcomotroe (2 — xoHUeHTpaLus
Touku JaBJeHNe Bun ckpy66epa
npouecc TIBIJIM Ha BXOJ€e
rasos, klla 3
B anmapar, r/m3)
[Moasit, Dy, = 3,0; Cara
@ |DJeKTPOKPEKHUHT MeTaHa 140 TapeJsbuaThIy, _ ’
D. =16 z=26..3,0
an — L
Tapenbuatslil,
6 OrHeBoe 00e3BpeXHUBaHHE MPOM- 100 D,, = 0,48; Coau HaTpus,
CTOKOB Ha OIBITHOH yCTaHOBKe BEHTYPH, AHAMETP z2=0,5.3,6
ropsoBuHbl 0,07 M
6 |OrHeBoe 00e3BpeXHBaHHE IPOM- Tapenbuarsii, Coau HaTpHs,
CTOKOB B TIPOM3BOJICTBE KaIrpoJoK- 100 D. =98 -
an — 4 z2=0,6
Tama
T . C yro/axoBoH
€PMOOKHCJ/UTENbHBIA MHPOJNH3 4 Caxa,
e 111...112 HacajakoH, -
MeTaHa - z=16
D,, =28
TapesnbuaToif, [Torau,
0 |MI'[-ycTaHOBKa OTKpPBITOTO THMA 46...66 D =14 _
an = 1, z2=5..7

B cBeTe BblleCKa3aHHOrO poaHanusupyem padory [2]. Cnauana npuse-
JIeM LMTaThl, Jaloliue HHPopMauuo 00 yCA0BUSAX NPOBEAEHHUS IKCIIepUMEH-
Ta, HEOOXOAUMYIO IJIs1 aHaMU3a: « 1151 MOATBEPKAEHNUS KOPPEKTHOCTH TOJY-
yeHHOK (0606LIEHHON) 3aBUCHMMOCTH ObIIH MPOBEIEHbl 9KCIIePUMEHTaNbHbIE
UCCJIeIOBAHUS C UCII0Ib30BAHUEM BYX THUIIOB I1bley/JOBUTENEH — I0JIOT0 U
TapeJsbyatoro ckpy66epoB. Huamerp annapartos coctasasa 0,3 M, BblcoTa
paboueit yactu — 1,2 M, BoJa Ha OpolIeHHe annapaToB MoAaBasach LeHTPO-
6eKHOU (POPCYHKOH C 3amoJTHeHHbIM (hakesoM pacrnbiia. PopcyHka Oblia yc-
TaHoBJeHa (3ametuM, onHa!) MO LEHTPY B BEpPXHEH YaCTH amnmapartos. Ta-
pesbuaThiii cKpy66ep OBl OCHALIEH TPeMs LieJeBbIMU TPOBaNbHBIMU TapeJ-
kaMu (3HauuT, cBepxy (POPCYHKOH CO3[aBajcs NEHHBIH CJI0H, B KOTOPOM
peasM30BbIBAJICS MPOLECC MblIeYIaBIMBAHHA 0 «yIapPHOMY» MeXaHH3MY)
co cBo6onHbIM ceuenneM 0,287 m2/M? ¥ WIMPHHOM Iienu 4 MM».

Hanee: « /175 IPOTUBOTOYHOM CXEMbl UCIOJIb30BANNCH IBE MAPKHU IBLIH. ..,
nmapaMeTpbl KOTOPBIX Ha BXoje B anmapat (npu rnepecdyere Ha MAOTHOCTb, PaB-

Hyto 1000 Kr/ M%) COOTBETCTBEHHO COCTaBMASIN: 50 = 4,8 MKM, lg =0,2,
HauasbHasi KoHueHTpauus 0,26...0,66 r/HM® U 50 = 8,3 MKM, lg = 0,275,
HavasbHas KoHueHTpauus — 0,28...1,38 r/ HM3».

JI1s1 viccienoBanus TapesbyaToro ckpyooepa: «[lapameTpel nblin Ha BXoze

B anmapat coctassiu (Ipu mepecyeTe Ha MIOTHOCTB, paBHylo 1000 kr/m?):
50 = 8,3 MkmM, lg = 0,275, HauanbHas KoHueHTpauus — 0,26...0,88 r/ Hm3».

OKcrepUMeHTa/bHble JaHHble MPU UCCel0BaHUM CKpyO6epoB, padoTaio-
IMX B Pa3/JM4YHBIX TEIIOBHIX pexxumax [2], mpusenenn B Tada. 2.

PaccmoTpuMm naHHBIE 9KCTIIEpUMEHTA AJ1s1 oJIoro ckpy6bepa, paboTarolie-
ro B NMPOTHBOTOKE, U IJIS TapejbyaToro.

Moaslii ckpy606ep, mpoTuBOTOK. OnbiT Ne 1: cpenHsisi Temmnepatypa

BO31yXa B CKpyGOepe ¢, = 58,3°C; miotHocTs Bosnyxa = 1,065 kr/m?, cko-
pOCTh BO3IyXa Ha IMOJIHOe pabouee cedeHHe ammapara
g 195-4 ~072 m/c:

36001065 -3.14 -0.3°

KoshduLmenT opowenus § =2,25- 1073 m? /m?; nepenay Baarocogep:xanus Ad =
=0,222 kr/Kr CyX. BO3Jl.; IMHaMuYecKasi BI3KoCTh Bosayxa = 20-107° [Ta-c;
nasjenue Ha popcynke P, = 0,09-10° I1a; reomerpuyeckast BoicoTa pabouei
yactu ckpyboepa H = 1,2 m.
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Ta6banuna 2
06006menne IKCHEPUMEHTANBHBIX AaHHBIX [2]

Tunpas- Temneparypa,
Macgo- aude- | Ynenb- | JaBme- C VaMeHeHMe
Ne :é))l(lf)ﬂ CKOe CcO- HOe HHUe Pexum BJlaroconep-
OIbI- pBos- MPOTHB- | 0polle-|  Pac- | penen | nocse paGoTsI maﬁuﬂ, 55 =
Ta JIeHHe HHe, | IbLIA, . R KI/ KT
i?_’)}a: ckpy66e-| a/m3 | MIla %};%};61\,[ nggaé CyX. BO3JL.
pa, Ila
Tonvuil ckpybbep, npomusomox
1 195 98 2,25 | 0,09 | 70,6 | 46 Konnencauus 0,222 10,864|0,858
2 | 230 147 | 3,65 | 0,25 | 72,4 | 25 To xe 0,324 10,9811 0,993
3 | 263 276 | 3,60 | 0,25 | 71,0 | 29 To xe 0,280 10,944|0,994
4 | 284 190 2,11 | 0,09 | 70,7 | 14 |Oxnaxnenue 6e3 - 0,565 -
MaccoobMeHa
5 | 284 200 | 4,20 | 0,25 | 72,0 | 10 To xe - 0,938 -
Tapervuamotii ckpybbep
1 280 157 1,567 | 0,06 | 62 27 |Oxnaxnenue 6e3 - 0,685 0,704
MaccoobMeHa

2 | 282 245 | 4,88 | 0,25 | 61 17 To xe - 0,948 -
3 | 350 118 1,48 | 0,06 | 72 57 Konnencauus 0,181 ]0,710|0,704
4 | 279 245 | 2,77 | 0,1 73 | 47,5 To xe 0,263 |0,897| -

[1pu 3amanHOM naBjeHMM Ha (POPCYHKE CPeIHEMACCOBBIM pa3Mep Karesb
/151 OLEHOYHBIX PACUeTOB MOXKHO MPUHATH paBHbIM , = 800 MkMm [5]. TTo ye-
JIOBUSIM OMbITA YCJIOBHAS MJIOTHOCTb YacTull ,, = 103 kr/ M3, MeiuaHHBIH pas-
Mep 4YacTHil 5o = 4,8 Mmkm, = 1,685 u 5, = 8,3 mxm, = 1,88. [Tocko/bKy
3aMeyaHMs, KakOH MbIM OTBeyaloT ombiThl Ne 1—5, mpencraBieHHble B
TabJ1. 2, B cTaTbe OTCYTCTBYIOT, MOCJENYIOIIMH aHainu3 MPOBelIeM MJsT Cpell-
HUX TapaMeTpPoB 5o = 6,55 MKM, = 1,73 1 Ha CpeIHIO BXOIHYIO KOHIIEH-
Tpauuio yacTul nek ¢ = 0,83-1073 kr/Hm?.

[IpenmosiokuM, 4TO BCe BOMISIHBIE Mapbl KOHAEHCHPYIOTCS Ha Karlie.
Torna [4]

1 1
3, =[1+PA{J3 =(1+1’O65‘07022)3 103,
X0 Pxq 10%-.2,25-1073

Cor/lacHO MOJNy4YeHHOMY pe3yJ/bTaTy, pa3Mep Kaliu MeHseTCs MaJjo H,
cJ1e0BaTebHO, 0’KUIATh TOBBILIEHUS S(P(PEKTUBHOCTH MblIEYJIaBIUBAHNS 32
CueT KOHIEeHCAlUHU BOASHBIX NTAPOB Ha Karyid HeT ocHoBaHUU. OnHAKO a3PdeKT
MHTEeHCH(UKALMY TblIeyNaBJUBaHHUS 33 cUeT KOHIeHCAllUH BOJSIHBIX 1apOB B
afnnapare B LeJOM 1/ AaHHOTO OINbITA HMeeT MeCTO.

B sToli cBSI3W eCTeCTBEHHO MPENNOJI0KHTb, UTO MOBbILIEHNE 3PPEKTHUB-
HOCTH TPOSIBJISIETCS 32 CUeT KOHAEHC AWK BOASHBIX 1apOB Ha YacTHLAX MbLIH.
OuennM yBeMdyeHHe THaMeTpa YaCTHLBI MEIHAHHOTO pa3Mepa, roJsarasi, 4To
BeCb KOHIEHCAT ocelaeT Ha 4acTviuax [4]:

1 1
§% 3 . 103 \3
o :(1+pAdpm JS _(1,1065:0222:10° )3 _ ¢ oo
850 PxCs 103 0,83 '10_3

Kax BUAHO M3 pe3yJbTarta, pasMep 4acTHIBl YBeJHUUICH BechMa Cylle-
cTBeHHO. PasMep yacTHIEl ¢ KOHAEHCATOM Ha TOBEPXHOCTH OyIeT UMeTh Be-
JUYHHY

8% =6,59-85) =6,69-6,55 =43 MKM.
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Onpeaem/IM yucao CToKca JJId UCXOJHbIX YaCTHIL:

2 3, 2 10-12
Stkay =159 V. 14, =Pndi _10°-6557-10

Tso =119-107 .
5, 181 18-20-107°

3nece W =V, +V,, V,s =47 M/c — CKOPOCTb CTALMOHAPHOTO OCAXKIEHHUS
karu pasmepoM = 800 mMkM B Bo3zmyxe [4]. Tak uro
4 47+0,72

Stk =119-10 =0,806.

Yucao Crokca A5 4acTHULBl ¢ KOHIEHCATOM Ha MOBEPXHOCTH YBEJIUUYUTCS B
6,59 pasa:

Stk =0,806-6,59% =35
u 1gStkyo  =1,54. TTo Homorpammam [4] ompenensiem Ks., = 0,0001 u 5., =
=0,9999. DTa BesMUMHA 3HAUUTEJNBHO MPEBOCXOIUT OIMBITHOE 3HAaUeHHe -
¢dektuBHOCTH 3, = 0,864.

B cBfi3u ¢ BbIlLENOyUeHHBIM pe3y/bTaToOM 3aMeTHM, uTo (POPCyHKa, re-
HepupyloLlas Kamjau, HMeeT ONpefeseHHbIH KOPHEBOH yroJ paclblia KHUAKO-
CTH, U MOCKOJIbKY OHA OJlHA, TO He Bce pabouee NMPOCTPAHCTBO MOKPBIBAETCS
KanisMu. B 1aHHOM c/lydae yMeCTHO BBeCTH MO0 3(h(eKTHBHYIO BLICOTY Hy,
MeHblIyio M, 1u6o spdexTHBHOE 3HaYeHHEe KOI(D(DHULHMEHTA OPOLIEHHUS § 4,
MeHblllee §, B TaKOe K€ YHCJIO pas.

[Ipyn sTOM Hago NMPUHATH BO BHUMaHHe, YTO KallJaM, AOCTUralollde MpU
JBYKEHUH TIOJ YTJIOM K OCH CTEHKH alnapara, yXOAsT U3 MOTOKa U 6oJibliie He
y4acTBYIOT B CTOJIKHOBHUTEJBHOM IPOLIECCE C YACTHIAMH.

He paccmartprBas 1MHaMHUKYy IBHXKEHUS Karesb M UX TPAeKTOPHH, /s
pacyera OPUEHTHPOBOYHO mpumeM f1,, = 0,43 M ¥ oueHUM 3()(HEKTUBHOCTb
MblIEYNABJUBAHUS 110 MeIMAHHOMY pa3Mepy YacTHI[ ¢ KOHAEHCATOM Ha IMO-
BEPXHOCTH TPH OJHOH U TOH ke 3(heKTuBHOM BbicoTe H,y = 0,43 M 1/1g BCex
OIBITOB MO (popMmy.Jie

3Wy+V.) _H
K. =exp| -2 "5 Aoy |
d50 P[ 9 v, q d Sth
Ombir Ne 1: ¢, = 58,3°C; = 1,065 xr/m3, V, =072 m/c; §=
=225-107% M3/ Mm% Ad = 0,222 xr/kr cyx. Bo3g.; =20-10"%TIla-c; P, =
=0,09-10 Ila.
2 2
Nstk = Sthso. =( 35 =0,993;
Stkso, + 0,125 35+0,125
K0 =exp 3995.10¢ 043 (072+47) 0,933 |=0,142;
2 8.107* 4,7
s, = 0,858 (ombiT: 3, = 0,864). Pasmnune cocrasiusier 0,7%.
Omeir N 2: ¢, = 48,7°C; = 1,1 xr/m3% V,=082 m/c; § =
=3,55-107 M3/ M3 Ad = 0,324 xr/kr cyx. Bo3n.; = 20-106Tla-c; P, =
=2,5-10° Ila.

C Y4€TOM IOBBIIIEHHA AaBJAC€HHUA XKHUAKOCTH Ha (pOpCYHKe gasMep KanJin
-0,35

M0 CPABHEHHIO C MPeABbAYLIUM CaydaeM YMEeHbIIUTCS B( ‘ j =143 pasa

’

800

[5], T.e. mosyunm &, =—

]

=560 mkm, V., = 3,93 m/c.

64



Onpeaem/IM yBeJMUeHHe OuaMeTpa 4YacCTUlbl MeIHWaHHOro pasmepa 3a
CHET KOHIAeHCalWH BOAAHLIX MapOB Ha HYaCTHLAX TIbIJIH:
1

50 3 \3
6&:[1+ L1-0324 10 jg 764, 80 =764 655 =50 MKw;

850 10°.0,83-10°
0
Stk50 =T5O ‘/ks +Vr :1,19,10*4 w:o”]o’]’
k0 .

Stk 50K — 0,707 . 7,64 2= 4 1,3,
2 2
Nege =| ——— 0 (A3} _ o904
Stkso, +0.125) (41340125

043 (393 +0,82)
56-107 3,93

K 550 =eXP(—g3,55'103 0,994} =0,0073;

sp = 0,993 (ombit: 3, = 0,981). Pasnnune cocrasaser 1,1%.
Omeir N 3: 1, = 50°C; = 1,09 xr/m3% V,=095 m/c; G =
=3,60-1073 M3/ M3 Ad = 0,280 kr/kr cyx. Bo3n.; =20-10"°Tla-c; P, =

=2,5-10° I1a. 3nech Takxke mpumem , = 560 MKM.
[To pacuery moJaydaem:

650
—% —796; 8%?( =475 MkM;  Stkgo, =42,5;

50
25 Y
_[ %20 | _09941;
st (42,5+0,125J

043 (3,93+0,95)
56-107* 3,93

K50 =exp[—g3,60 107 O,9941j =0,00598;

sp = 0,994 (ombit: 3, = 0,944). Pasnuune cocrasisier 5,2%.

M3 corsacoBaHHOCTH pe3y/bTaTOB pacyeTa MO KCIOHEHLUHUANbHOH (hop-
MyJsie AJs KO3(P(HUUUEHTOB TPOCKOKA C IKCIEPUMEHTOM CJleyeT BaXKHbIH
NpaKTUYeCKUH BBIBOJ: pacyeT MOJHOTO IIPOCKOKA C JOCTATOYHOH J0CTOBEPHO-
CTbI0O MOXKHO NPOBOJMTH, HEe MOJb3YysICb HOMOTPaMMaMHM, a HENOCPeACTBEHHO
no (opmyJie s (PaKLUMOHHOIO NPOCKOKA, OJACTAB/SAS B Hee BMECTO pa3Me-
pa yactul (ppakKUMM MeIHAHHBIM pasMep JOrapu(PMUUeCKH HOPMaJbHOTO pac-
npezesneHus: Bced noliu. ONHAKO MPU BBICOKUX 3HAUEHHUAX  TAKOTO COTJIaco-
BaHUS He NOJDKHO ObIThb. JleHCTBUTE/IbHO, CYMMapHbIM IPOCKOK B COOTBETCT-
BUU C TEOPEMOH O CpelHeM MOKHO IpelICTaBUTb B BHIE

Smax
Ky = j Ksg(®)dd=K5(5.,),

0

rae ., — HEKOTOpOe CpeliHee 3HaUeHHe pasMepa B HHTepBaJe (0, )
Besnnuuna , Oyner TeM GJIHXKE K 50 JIOTaPUPMHUUECKH HOPMaJIbHOTO 3a-
KOHa pacripejiejieHusl, 4YeM y»Ke HHTepBasJ OTKJIOHEHHS Pa3MepoB HaCTUL OT
50, T.€. ueM Osivxke K 1. Bo Bcsikom cirydae, 1o = 2, Kak 1MOKa3biBaeT KC-
MEePUMEHT, TAKOHW peKOMeHJAlUed M0Jb30BaThCs PaBOMEPHO.
Tapeabuatsiii ckpy00ep (menusbiit anmapat). OnbiTol Ne 1 u 3 coort-
BETCTBYIOT CaMOMY HH3KOMY 3HAaueHMI0 KO3(PHUIMeHTa OpPOLIeHUs MPU CO-
BMecTHOH pabote [1PC u [TA (cm. pHuc. 2). Crenyet 0XKHAaTh, YTO B ITHX CJY-
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Yasx yJaBJAMBaHHE YaCTHILL MocJje neHHoro cjosi [TA Ha Kamau opolaorel
JKHAAKOCTH He3HAUUTeJbHO U 3((eKTHBHOCTb OIpeaenseTcsl TOJAbKO paboTon
peweTku [TA. TTockosbKy OTBEPCTHS peLIETKH LeJeBble, TPOBEAEM PaCUeT Mo
(dopmyJsie masi ppakUMOHHOTO TpocKoKa ais LIBA mo menwanHOMy pasmepy
4acTull 5o [4]:

Ky =e“"% (¢ =3285; n=05), (1)
rue
Stk50 =Ts59 E, (2)
d,
d. =21,;
l, — UWMpHHA LIeNH;
Vo — CKOpOCTb BO3MyXa B ILEJSIX;
82
150 :pm 50 :
18u

» — TJIOTHOCTb YaCTHUL; B JAaHHOM cJlydae paKkLHOHHBII COCTaB NPUBEMEH K
= 1000 kr/ M3 5= 8,3 MM, lgo =0275( =1,9); =20-10"IIa-c.
[Io OmBITHBIM HAaHHBIM CKOPOCTb Ha Bce ceyeHue anmapara U =1,1—

— 1,4 M/c, xuBoe ceuenre Sy = 0,287 M2/ M2, [, = 4 mm, V =132_81’;L=3,5—
—-49 m/c.
Torna
102 -8,32-10712
d. =21, =8 MM, Tsy = ’ =191-10" ¢,
v ¥ 18.20-10°
ﬁz(),l_

Stk =191-107 i

0—3

Tak uto K 5 =e 38501 20296, = 0,704 (onbiTHoe 3Hauenue: , = 0,685
(ompir Ne 1) u , = 0,710 (onmir Ne 3)).

[lo yHuBepca/bHOW HOMOTpPaMMe J[Jisi WHEPUHUOHHBIX MbLIEYJOBUTEIEH
[4] npu

o =aStk?, =3.85/01=1217; lgo.=0,0853, ©" =/19 =138

noaydyum Ky =031 u ;= 0,69, uto cornacyercsi ¢ ONMbITHBIMH JaHHBIMH.

Otciona cienyer, 4To pacdyeT MOJHOH 3(dekTHBHOCTH AAs [TA MoxHO
BecTH 1o (hopmy.ie (1), onpenessis CTOKCOBCKOE UMCJIO MO MeAMAaHHOMY pas-
Mepy YacCTHIL.

B paccmarpuBaemom ciydae B OLIEHOYHOM pacueTe TPHHSAT OTWH Psil pe-
LIETOK M3 TPeX, MOCKOJIbKY, Kak U3BeCTHO [6], oT pelerku K pemerke, ocobeH-
HO /I TIPOBA/IbHBIX, 3(P(PEKTUBHOCTb IbIIEYNABIUBAHUS PE3KO CHHKAETCS.

BeiBoabi. CorsiacoBaHue OIMBITHBIX JaHHBIX C PACUETOM CBHIETENbCTBYET
0 TOM, 4TO J/Ii KPYNHBIX YacTull (B 1aHHOM cayuae 5, = 8,3 MKM) OCHOBHOM
MeXaHH3M OCaXKIEeHHUS] — WHEePLUOHHbIH, a KOHIeHCALHs OCYIIeCTB/ISeTCS He
Ha YacTHULAX, a Ha BHYTPEHHUX MOBEPXHOCTSX My3blped, (POPMHUPYIOIIUXCS Ha
otBepcTusx peinetkd. OnHako Aud(y3uOHHAS CKOPOCTb, JEHUCTBYIOIIAS Ha
YacTHUlbl, OyIeT HAMHOTO MeHblIe CKOPOCTH 3a CYeT UX LIeHTPOOEKHOTO Ipeu-
(ba B paguanpbHOM Hanpas/eHuH. [Ipy 3TOM Hajo UMeTh B BUIY, UTO HIET Mac-
coOOMeH MeXK[y BJIaXKHBIM BO3LYXOM H KallJIsIMUA OpPOLIAIONIEH KUIKOCTH Hal
TeHHBIM CJIOEM M TIPH BBICOKHX KO3((ULUHEHTAX OPOLIeHHS 3HAUUTeJNbHas
YacTb Mepernaja BJaarocoaepKaHus MOXKeT PUXOAUTHCS HA TPOCTPAHCTBO HAJl
MIOBEPXHOCTBIO MEHHOTO CJIOS. DTO 03HAYAET, YTO BeCh Tepenaj BJIarocomep-
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KaHWsl, 3aQUKCUPOBAHHBIH B OMBITAX, HEJb3s OTHOCHTb TOJNBKO K TEHHOMY
caoio (K KOHIEHCAUMH B My3bIPsX).
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JI. B. IPUMMAK, unx. (Cubupckuii ¢enepanbubiii yausepcurer, AHCTHTYT
apXUTEKTYPbl M CTPOUTENHCTBA, I. KpacHosapcK)

OIITUMAJIBHBIE PE2KUMbI TO3UPOBAHUA
NP PEATEHTHOM OBEC®TOPHUBAHHUH BOJbI

[TpuBeneHbl KCIIepUMEHTANbHbIE NaHHbIE MO ONpeleNeHHI0 cocTaBa KOMIIEKCOB, 00pa-
3YIOLLUXCS B BOJle MPU 00paboTKe alioMOCOAEPKAIIMMH peareHTaMH, ¥ pPe3y/bTaThl APOOGHOro
JI03UPOBaHUA peareHToB. M3ayuenne cocraBa KoMmiekca noaTBepxiaaer 3Qp(MeKTHBHOCTD U Lie-
J1eco06pa3HOCTb IPOOHOTO O3MPOBAHHUSI peareHTOB. PeKOMEHIOBAHBI PeXKMMBI peareHTHOT0
o6ec(TopHUBaHUS [T COKPAIIEHHS pACX0/a KOaTyJsHTa U CHUKEHHS ero TpeOyeMOoH 103Hl.

C 1esblo COKpallleHUs] PacXoja peareHTa MPH 00ecPTOPUBAHUHU TIPHUPOL-
HBIX BOJ I[POBOJAMJIHMCH MCCJEIOBAHMUS MO YCTAHOBJEHHIO cOcTaBa 00pasylo-
UXCS aTIOMO(DTOPUIHBIX KOMIJIEKCOB. [IprponHble BOMBI ¢ KOHIEHTpauren
¢ropa 7—9 mMr/n o6paGaThiBaJMCh AJTOMOCONEPKALIMMU pPeareHTaMu —
Cy/Mb(paTOM U OKCHXJOPHUIOM aNIOMHUHHSA.

HccnenoBanus npoBOIUINCH AJIS U3YUEHHUsT ONTHMAJbHBIX COOTHOLIEHUH
[03 BBOAMMOTO aJIIOMOCOJEpIKAlllero peareHTa M H3BJjaeKaeMoro (ropa.

[To naHHBIM HEeKOTOpPBIX HccaenoBanui [1, 2] nanbosee momHoe msBneye-
HUe (TOpa U3 BOIbI COISIMU QJIIOMUHHS TPOUCXOANT B CJIAOOKUCIOHN cpefie, TPH
3TOM J103a CyJb(arta aJloMUHHS, HeoOXoauMmas 1js I1yOoKoro obechTopuBa-
HHs, cOCTapjsieT 12 Mr mo HOHy anoMUHHUS Ha | Mr u3Biekaemoro (ropa.

N3yuenue cocraBa PpTopcopepkKallero KOMIieKca NPOBOANUIN HA OCHOBE
HMOHHOTO 6asaHca MPUCYTCTBYIOLIMX B BOAE aHWOHOB M KaTHOHOB 0 W MOCJe
06pabOTKH BOABI PasHBIMHK J03aMH aJIOMOCOAEPKAIUMX peareHToB [3].

O6beM Bombl (5 /1) oGpabaThiBaics B 3aJaHHOM COOTHOIIEHUH peareHTa
(1Mo MOHY aFOMHUHHKS) OTHOCHTENBHO CONEPIKAHHsT HOHOB ?}Topa. CootHouue-
HU$1 BBOAMMOTO peareHTa K HOHY (Topa cocTaB/siiu Ha 1 r/ Mo F — 2, 4, 6,
8, 10, 12 r/mosb Al. 3aTem 06beM BOMBI IeJMIHM HA 5 yacTell U KOPPEKTHPO-
Baan pH 2%-m pactsopom NaOH.

B kaxxnoit cepuu npo6 ob6paboTaHHas Boaa NnepeMellnBanach U OTCTauBa-
JIaCh B CTATHUECKHUX YyC/JAOBUSX B TedeHHe 2 4. OcBeT/IeHHAs BOia aHAJIU3UPO-
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Bajiach Ha conepxanue F~, SO;~, Al**. 3nauenust pH o6pabaTsiBaeMoi BoIbI

KOHTpOJIpoBanu pH-MeTpom co cTeKJITHHBIM 3JeKTpoaoM. KoHIleHTpaunu He
CBSI3aHHBIX B KOMILJIEKC HOHOB OMPENEJSIH 10 CTaHIAPTHBIM METOAHWKAM.
DKcIepUMeHTa bHble NaHHBIE 0 ONpeleJeHHI0 COCTaBa KOMIJIEKCOB,
o0pasymwluxcsl B Bole MpU 00paboTKe ajioMOCOAepKALIUMHU peareHTaMH,
npusefeHsl B Taba. 1.

TaGauua 1 YBesuueHue [03bl  aAJOMU-
COCTaB aJIIOMOq)TOpPIlIHOl'O KOMIIJIEKCa HUS HpHBOHHT K pOCTy OTHO-
CoorHolueHue Drop AmomuHHI | pmonp Al CHTEJBHOIO0 KOJHMYEeCTBAa HMOHOB

r/moms F Ha A sl A | omE AI**, BXomslMX B €ro cocras,
r/woms Al M/ o, /| M/ 7 | woas / npuyeM T[PU [03€ BBOAMMOTO
276 022 | 08| 049 | 22 peareHTa 1:2 oTHOCHTe/IbHOE KO-
2.14| 026 | 50| 085 | 3.3 JIMUECTBO HOHOB aJIOMUHHS, BXO-
1,07| 0,31 [11,0| 1,15 | 37 ISIIUX B KOMILJIEKC, IPONOPLHO-
0,78/ 0,33 |1,95| 2,0 6,1 HaJbHO ¢ KO3(PhULIMEHTOM, OJIU3-
0,69 0,33 | 4,5 | 2,43 7,4 KUM K eIUHHUILE.
0,391 0,35 | 56 | 29 | 83 [Ipu o6paboTke (hropcomep-
JKalled BoAabl 0oJiee BBICOKMMH
no3amMu o6pas3oBaHue aMOMOGTOPUAHOTO KOMILIEKCa UIeT ¢ Ko3ahdUuiueH-
TOM nponopuuoHaabHocT 0,7, UTO CBUIETENBCTBYET O MpPEBBILIEHUH HEeoO-
XOAHUMBIX 103.

[IpumeHeHue peareHTHOTO MeTona 06echTOPUBAHHUS MPUPOIHON BOIbI B
OIIHy CTyNeHb B COOTBETCTBHUU C PEKOMEHIALUSMH HOPMATHUBHOHU U CIIPABOY-
HOU suTepaTypbl 1, 2 TpebyeT BBeleHHS OOJBILINX 103 KOAryJsHTa U JO0MOJ-
HUTEJIbHO NMPUBOAUT K CBEPXHOPMATHUBHOMY YBeJMUYEHHIO COJIeCONEPKAHUS U
OCTAaTOYHOH KOHLEHTPALUUH HOHOB AJIOMHHHS.

JI151 coxpalleHHs 103bl alOMOCO/EpKAILero peareHTa U MoJy4eHHs Tpe-
OyeMOH CTereHH OYMCTKH HCCJeN0BaoCh ApoOHoe nosuposanue [4].

HccenenoBanus MpoBOAUINCE HA BOJIe C UCXOMHOUM KOHLIEHTpauuen propa
7 Mr/J B IByX pexxuMmax: Npd PasoBoM BBeleHuH pearenta (6 r/mosb Ha
I r/mMonb dropa) u apo6HOM (MOpUMSMM B BECOBOM COOTHOLIEHHH Ha
1 r/mosb dTopa 2 r/MOJb aTOMHHUS, Yepe3 pasHble HHTePBaJbl BpeMeHH)
(Taba. 2).

[Tpu pexxrMe OTHOKPATHOTO BBE€HHUS peareHTa Hab/01a10Ch CHHKEHHUE
KOHLIeHTpauuu (ropa ¢ 7 p0 2,5 mr/ .

HccnenoBanus NOATBEPAUIH, UTO CHUXKEHHE KOHLIEHTPaLUK (pTopa B Mpo-
iecce peareHTHOH 06pabOTKH HEOAMHAKOBO BO BpeMeHH. B Haya/bHBIN nepu-
on copbuus (ropa uaet 60jee HHTEHCUBHO, 3aTeM C TeUeHUeM BPEMeHHU Mpo-
Hecc copOLMU 3aMeMJIseTcs.

IT10 00BSACHSETCS CHHUXKEeHHeM COpPOLHOHHOH CIIOCOOHOCTH THAPOOKHUC-
HOrO OcCajKa CO BpPeMeHeM, TaK KakK B HadajbHbld MepHoa 00pa3oBaHHBIE
XJIONbSI TMAPOKCHAA aJIOMHUHHUS 00/1aJaloT 0oJiee BBICOKOM COPOLMOHHON
CIIOCOOHOCTBIO.

—_—
—_— — —

—_——
MOOOCDJ;N)

Ta6aunma 2 Ta6auna 3
Kunernka mporecca o6ecpropuBaHus I'ny6uHa oGecpTopmBaHUSA
NP Pa3jIN4YHBIX MHTEPBAJax BpeMeHH NP Pa3JIUYHBIX HMCXOMHBIX
D03UMpPOBaHUS peareHTa KOHIIeHTpauusax c¢ropa
Wnrep-|Mcexonnasi| OcraTouyHasi KOHLEH- Konuecr UcxonHas OcraTtouHas KOHLEHTpaLHs
Ban | KoHUeH- |Tpauus ¢ropa (mr/ 1) i koHuentpa-| PTopa (Mr/.n) npu kparHoeTH
Bpe- | Tpauus IIpU KPaTHOCTH B}?a:;i?(e) st ropa, JI03UPOBAHUS peareHra
M;::’ q;;ro/pi’ 1 9 3 |dropa, % mr/ 1 2 3 4 5
05 | 70 |577(322|1,08| 91 Too51122)1069 05047
1 7.0 5,74 [ 3,19 | 1,05 90 9 5,7413,1911,05/0,92|0,72
2 70 |585(323|1,13| 86 11 6,0 13,461 1,2 10,9610,77
3 7,0 591 | 3,31 | 1,25 85
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A¢pdeKTUBHOCTb Mpollecca & 44 ' |
peareHTHoOro obec(rTopuBaHus = N —=7wmrin 4
g9 -9 wr/ -
3aBHCHT He TOJIBKO OT 703kl pea- & 9 TR\ mr/n
TeHTa, HO U OT KPaTHOCTH €ro & , [ N\ ——1wmrn []
BBeleHUs1 B oOpabarbiBaemMylo £ AN ——Hopma |
= N no gtopy
BOY, a TakXKe OT BPeMEHH KOH- & 5 NN H
TaKTa peareHTa C BOJOH. 'i N
g3 =
HUccnenoBanue  copbuunu 2 N
MOHOB (hTOpa MpU APOOGHOM 10- £ 1
3UPOBAHHU peareHTa I0Kasalo, 0 : A ; A L

yto mnpouecc obechTOpUBAHUSA
IPOUCXOAUT 60Jiee MHTEHCHUBHO
¢ uHTepBasoM BpemeHu 0,5—1
muH [5].

[TpumeneHue ApoGHOrO NO3UPOBAHHUS MO3BOJSET:

— TI0JIy4UThb OoJiee TIyOOKyH0 cTeleHb 00eC()TOPUBAHUS IPU OJHOU U
TOU ’Ke /103 peareHTa;

— COKDaTHTb PACXOJl KOATyJ/IsIHTa H CHU3UTh TpebyeMyo 103y Ha 40—60%.

[Ipu npo6HOU peareHTHOW 06pabOTKe BOIBI C UCXONHOW KOHLEHTpaluen
¢ropa 7,9, 11 mr/a (taba. 3) onTuManbHas KPaTHOCTb 103HPOBAHHUS PeareH-
Ta paBHa 3 (puCyHOK).

BriBoabl. 1. M3yueHne cocrtaBa xommsekca MoaTBepxKaaeT 3ppheKTHB-
HOCTb U 1le/1eCO000pa3HOCTb APOOHOr0 N03HPOBAHHUS PeareHToB, KOTOPOe MOo-
3BOJISIET NOCTUYb TpeOyeMoH IyOuHbl 06ec(hTOpUBaHUS PH MeHbLINX 3aTpa-
Tax ajJIoMOCOJeprKallero KoaryJssHTa.

2. OnTtuMasbHasi 1032 pasoBOTO BBeJEHHUS peareHTa OJKHA ObiTh 1:2,
1:3. Ilepeno3supoBka peareHTa NPUBOAUT K M30BITKY MOHOB aJIOMUHUS B 00-
paboTaHHOH BoJe.

KpaTHOCTb [03MpoBaHNA peareHTa

VameHeHMe KOHLUEHTpaUuu (Gropa npu ApoOHOM M10-
3UpoBaHMK peareHTa (MHTepBai BpeMeHH | MHH)
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