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BJIUSAHUA BXOJIHBIX ®PAKTOPOB HA CBOMCTBA IEHOBETOHA

Aunnomayus. B cmamve npeocmasieno enusaHue 0006asoK U 600bl HA NPOYHOCHb HA CoCAmMue u
useub nenobemona nocie 28 cymox HopmanvHo2o meepoenus. Mexanuueckue cgolicmea neHobemona
onpedenaiom no [OCT 10180-2012. Hcxoowvii cocmag neHOOEMOHHOU CcMeCU pacCUumbleéanu
Memooom abconomuozo 0ovema.

B pezynemame nonyuenwt ypasnenus peepeccuu nepsoeo nopsioxa. Ilpounocms na cocamue u
npouHocmv Ha useuh nemobemowna saeuceiu om coomuoutenutl Xy (B/(U+AL) u X3 (MK90/L]), a
MaKice Om BbIPANCEHUSL NOBEPXHOCMU U300PAdICEHUs U YenesoU QYHKYUU 05l YPAGHEHUIl pecpecCuul.
Honyueno onmumanvroe 3nawenue: npouHocms Ha cocamue = 42,14 MIla u npounocme na uzeu6d
6,31 MIla.
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INFLUENCE OF INPUT FACTORS ON THE FOAM CONCRETE
PROPERTIES

Abstract. The article presents the effect of additives and water on the compressive strength and
flexural strength of foam concrete after 28 days of normal hardening. The foam concrete mechanical
properties are determined according to the GOST 10180-2012. The initial composition of the foam
concrete mixture was calculated by the absolute volume method.

As a result, the first-order regression equations are obtained. The compressive strength and
flexural strength of foam concrete depended on the ratios x; (B/(Z{+4III) and x3 (MK90/1]), as well as
on the expression of the image surface and the objective function for the regression equations. The
optimal value was obtained: compressive strength = 42.14 MPa and flexural strength of 6.31 MPa.

Keywords: blast furnace slag, silica fume, superplasticizer, foam concrete, compressive
strength, flexural strength, optimal.

BBenenue

B Hay‘—IHBIX HNCCIICOOBAHUAX 000606 3HAYCHUEC UMCHOT YHUCJIICHHBIC METOIbI U KOMHI)IOTepHBIC
MOJIESIH, HCIOJb3yeMble JUIS MPOTHO3MPOBAHUS KOHKpeTHBIX cBOMCTB [1-3]. Kpome Toro, B
TCXHOJIOI'nn 6CTOHa qacTo I/ICHO.]'H)3YIOTC$I MAaTEMATHYCCKHUEC MCETOAbI JIA IMTOMCKAa OITHUMAJIBHBIX
KOMITOHEHTOB OETOHA U WX JO3UPOBKH I TEXHOJOTHUYECKUX MPoIieccoB [4,5].

[lnanupoBaHKe SKCIIEPUMEHTOB - OTO MPOIEAypa BHIOOpAa KOJMYECTBA U YCIOBHH
OKCIIEPUMEHTOB, HEOOXOMUMBIX M JOCTATOYHBIX JJIsI TOJYYCHHs ICHCTBYIOIIEH MaTeMaTHYEeCKOM
MojIeNu Tporiecca [5-7].

[Ipu nnaHupOBaHUM 3KCIEPUMEHTOB CIIENYET YUYUTBHIBATh CIEAYIOLIEE:

- O6paTuTh BHUMAaHNE HA MUHUMH3AIIHIO KOJIMIECTBA SKCIIEPUMEHTOB.
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- [IpennonoxuTh, 4T0 HEKOTOpbIE (PAKTOPHI OCTAIOTCS HEU3MEHHBIMH.

- W3y4unTh HECKOJNBKO BaXHBIX (DAKTOPOB, BIMSIONIMX HA CBOMCTBA MaTEpHUAJIOB, IS
IUTAHUPOBAHUS SKCIIEPUMEHTA.

HccnenoBanust [5, 8-10] mokaszamu, 4TO IpU IUIAHUPOBAHMM HSKCIEPUMEHTA HEOOXOIUMO
coOpaTh JOMOJHUTENbHYI0 HMH(POPMAIMI0O O BXOJHBIX IEPEMEHHBIX HCCIEIyeMOM OOBEKTE,
WCTIOJIb3YSl HABBIKM W 3HAHHUS, MMOJYYCHHBIC B MPEIBIIYIINX UCCICIOBAHUIX. DTO HEOOXOAMMO IS
cbopa JONOTHUTETHHONU HH(OPMALIUU O BXOJIHBIX IEPEMEHHBIX UCCIIEIYEMOM OOBEKTE.

Kak u3BecTHO, TeHOOETOH - 3TO CHIIBHO adpPUPOBAHHBINA PACTBOP, OOBIYHO cojiepskamniuii ot 30
10 80% my3BIpEKOB BO31lyXa MO 00BeMy. B ero cocraB BXOAST MOPTIAHAIIEMEHT, BOJA, MEIKUN
3alOTHATENb, JO0ABKM W TI€HA, MOJIyYCHHAs MeXaHW4eCcKuM crocobom. IleHoOGeToH oOnamaer
BBICOKOW TEXHOJIOTMYHOCTBIO, YTO MO3BOJISIET €My I10J] CBOUM BECOM PACTEKaThCsl U YILIOTHSTHCS
[11,14].

IIpu wucronp3oBaHUM TIEHOOETOHA B CTPOUTENBCTBE €CTh CBOM mpeumymecta [3,11,13]:
HU3Kas TEIUIOMPOBOTHOCTh; HEOOIBIION BEC, B CPABHEHUH C TSDKEIIBIM OCTOHOM; TAHHBIA THUIT OETOHA
JIETKO TPaHCIOPTUPOBATh, YAOOHOTO HMCIIONB30BaHUS U 00padaThiBaTh; JOJITOBEYHBIN, a MIPOYHOCTH
Ha C)KaTHE ¥ Ha U3TUO YMEHBIIAIOTCS C YBEIIMYCHUEM IJIOTHOCTH.

Kpome Toro, kxpemHe3eM - camblii MOMYISPHBIA MaTepuall, HCIOIb3yeMbIil B OeTOHE IS
MOBBIIICHUS €r0 MPOYHOCTU. 151 3TOr0 MCcCiaea0BaHUs MUKPOKPEMHE3EM 3aMEHSETCS B JUaNa30He
0,1 + 0,2% ot Beca nementa [15]. [lo pe3ynbTaTam mpeAbIAYLIIUX HCCIEAOBAHUN, aBTOPOM ObLI
HICCIIEI0BAH MEHOOETOH IIOTHOCTBI0 1700 Kr/M® ¢ MCIOb30BaHIEM MHKPOKPEMHE3EMHOI J0GABKH,
cynepriacTuukaropa U JOMEHHOTo 1uiaka. PesynapTat — 00pasibl moka3ainu, MPOYHOCTh Ha CKaTHe
B Bo3pacTe 28 cytok okoiso 40 MIla.

Kpome Toro, Bo BrerHame GETOH HCHONB3YIOT I «KapKacooOpa3yIoUuX» KOHCTPYKIUH,
TaKMX KakK OalIkk, TOJbI, KOJOHHBI C TpelesoM NpodHoctd mpu cxaruu ot 20 + 40 Mlla,
IUIOTHOCTBIO 2500 Kr/M°, HO M Jerkuii GETOH, KepaM3HTOOETOH, C 3HAYMTEIBHO MEHBbILEIl
MJIOTHOCTHIO HA JIETKUX 3aMOJIHUTENSAX, IPUMEHIEMBIN /1711 KOHCTPYKTUBHBIX 3JieMeHTOB. Ha manHOM
sTame paboThl HUKTO W3 aBTOPOB e€IIe He Hu3ydaldl MPUMEHEHHE MEeHOOETOHA Ui DIIEMEHTOB
MOABEPTAIOIIMNXCS MOCTOSTHHBIM IMHAMHYECKUM BO3/IEHCTBUSI - KOHCTPYKIIUU TTOJIA.

[ToaTomMy M3yueHue MeHOOETOH ¢ MPOYHOCThIO Ha cxkatue oT 30 mo 40 MIla u mmoTHOCTH <
1800 kr/m® OyZeT oTBe4aTh HACyLHBIM TOTPEOHOCTSM CTPOUTENLCTBA BO BreTHame.

MeToabl M1 MaTepHAJIbI

Mamepuanot

[Moptnanmuement (II) CEM 1 42,5 N mnpousBoactBa 3aBoga «But Son» (Bbernam) c
p=3,10 r/em’. Ero xumuueckue cBOCTBa MpeICTaBJICHBI B TabwmIe 1.

Jomennsiit nutak (J{1) 3aBona "Hoa Phat" (BeeTnam) ¢ p= 2,29 r/em®,

Ta6nuua 1 — Xumuueckuii cocras L, 1T u MK90

o [NopTnananeMeHt JloMeHHBIH HITaK Silica fume
XuMmudecKkue KOMIOHEHTHI (Wt. %) (1) (I (SF90)
SiO, 22,42 36,02 90,78
Al,O; 5,31 13,44 2,22
Fe,0; 3,45 - 2,46
SO3 - 0,15 -
K20 0,64 0,29 -
Na,0 0,15 - 0,57
MgO 2,03 7,66 -
Ca0 62,56 40,47 0,54
TiO, - 0,5 -
NOTEepH NpH npokanuBanu (%) 3,44 1,47 3,43
Y e/IbHAs TOBEPXHOCTh, CM*/T 3665 4560 10120

B xauecTtBe cBs3yrOImIEro MCMoyb3oBajics MukpokpemaeseM SF-90 (MK90), mpousBoacTso
Boernam. Pesynbrarsl ananuza xumuueckoro coctaBa kak LI, MK90, tak u /Il npencraBiensl B
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tabnuue 1, a rpaHyJTOMETPUYECKHI COCTaB YaCTUI[ BCEX CBHINYYMX MaTepHajoB IOKa3aHbl Ha
pucyske 1.

B kagecTtBe miuactudunmpyromnieit 7100aBKu Kconb3oBajcs cynepruiactudukarop SR S000F
SilkRoad (SR5000), mpousBoactBo Kopest. Ero miotHocTs mipu Temmepatype 25 + 5°C cocraBuiia
1,1 r/em®. OnrumanbHas JO3UpOBKa cymnepruiactudukaropa cocrasiuser 1,5% ot wmacchl
MOPTJIAH/ALEMEHTA, YTO MO3BOJISIET CHU3UTH PAcXoJ] BOABI B O€TOHHBIX cMecsx Ha 30%.

ITenoo6pazoBarens EABASSOC npousBoautcs Ha 3aBoge EABSSOC B BenukoOGputanumu.
BenenuBaromue n00aBKM HMMEIOT CIEAYIOIIME XapaKTEpUCTHKU: yaenbHbI Bec 1,02 r/em?,
no3uposka 0,3 - 0,6 e,

Bopna 3arBopenust (W), coorBerctBytomas tpedoanusim ['OCT 23732-2011 u TCVN 4506:
2012 [16,17].
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Pucynox 1 — I'panynomempuueckuit cocmas L, /1111 u MK90

Metoasl

[Ipounoctes Ha cxaTue u U3ruO neHoOeToHa B Bo3pacTe 28 aHeit ompenensiau mo ['OCT
10180-2012 [18].

B nannoii pabote Oyzaer mpoBeleH aHaIM3 XUMUYecKoro u 3epHucroro cocrasa L, LI u
MKO90 meronom nasepHoil rpanynomerpun Ha npubdope BT-9300Z (Kuraii). C apyroil cTOpoHSI,
MpPUMEHSIETCS METOJl pacyeTra cocTaBa OETOHHOM cMecH MeToAOM alCOJIIOTHOrO o0bema
ABcTpanuiickoro cranaapra [19].

Bmustane  mukpoxpemuesema SF90, oTHOmEHUss BOABI/IIEMEHTHO-IOMEHHOTO IIIaKa,
CynepIuiacTU(pHKaTOp Ha IeeBbie (PYHKIMH OMUCHIBACTCS CIEAYIOINM ypaBHeHUeM (1).

Y1=Bo+ PaXe+ BaXo + PaXs + P1aX1Xo + P2sXoXs + Ba1XaX1 + P123X1X2X3 (1)

PesyabTaThl

B JIaHHOM HCCIIEIOBAHNH KOJHYECTBO IieMeHTa Obuto 3adukcupoBano OPC = 450 kr/m® [2].
Ha ocHoBe anamm3a HaydHo#l auteparypsl [2,3,5,6,11,12] u pe3ynpTaToB 3KCIEPUMEHTAIBHBIX
UCCIICIOBAHHM.

88 Ne 2 (94) 2021



CrpouTebHble MATEPUAJIBI M TEXHOJOTUH

CootHorieHre BbIOpaHHBIX KOMIIOHEHTOB MaTepuasa cleaykomiee:

B

- X1 — OTHOIIIEHHUE 0+ ot 0,2 1o 0,22;
SR5000

- Xo— OTHOILIIEHUE 1 ot 0,01 mo 0,02.
MK90

- X3— OTHOILIIEHUE q ot 0,05 mo 0,15.
KonunyectBo ucnipitanuii N onpenensiercs mo ¢popmyne (2):

N=2%=8 (2)
Tabnuma 2 - OpToroHaabHBIN TUIaH SKCTICPUMEHTA
B Buae nepemMeHHbIX B natypansHOM BUIE
Ne
n/n B SR5000 MK90
Xq Xp X3 7
I+ A q 1y
1 +1 +1 +1 0,22 0,02 0,15
2 -1 +1 +1 0,20 0,02 0,15
3 +1 -1 +1 0,22 0,01 0,15
4 -1 -1 +1 0,20 0,01 0,15
5 +1 +1 -1 0,22 0,02 0,05
6 -1 +1 -1 0,20 0,02 0,05
7 +1 -1 -1 0,22 0,01 0,05
8 -1 -1 -1 0,20 0,01 0,05
Tabnuma 3 - KogoBble 1 peanbHble 3HaUEHUS IEPEMEHHBIX (DAaKTOPOB SKCIIEPUMEHTA
B Buje nepemMeHHBIX
Kot X1 X X3

-1 0,20 0,01 0,05

0 0,21 0,15 0,10

+1 0,22 0,02 0,15

CocTaB W MEXaHMYECKHE CBOMCTBA IIEHOOCTOHA B BO3pacCTe 28 CYTOK IIPCACTABJICHBI B

Tabmmmax 4 u 5.

Tabnuua 4 - CocTaBbl U MPOYHOCTH Ha U3TMO 00pa31OB eHOOeTOHA B Bo3pacTe 28 CyTOK

KommoneHTs! neHobeTOHA [IpouHocTh Ha U3rHb Rf528, MPa
/11 . o |— . 2 Si°
1 |J1llI| SR5000 |MK90| B | IO (1) | Rui | Ruo | Rus | Y,P =R® Ry | (V" - V)
1 | 450|926 9,0 68 |302,7| 111,71 | 6,01 | 5,94 | 5,96 5,97 5,802 0,02834 0,00130
2 | 450 | 926 9,0 68 |275,2| 139,23 | 6,21 | 6,25 | 6,17 6,21 6,307 0,00934 0,00160
3 | 450 | 926 4,5 68 |302,7| 115,80 | 5,95 | 5,88 | 5,92 5,92 5,802 0,01323 0,00123
4 | 450|926 4,5 68 |275,2| 143,32 | 6,09 | 6,15 | 6,12 6,12 6,307 0,03484 0,00090
5 | 450 | 926 9,0 23 |302,7| 132,64 | 5,17 | 5,12 | 5,48 5,26 5,255 0,00000 0,03803
6 | 450 | 926 9,0 23 |275,2| 160,16 | 6,07 | 5,98 | 6,05 6,03 5,760 0,07471 0,00223
7 | 450 | 926 4,5 23 |302,7| 136,73 | 4,78 | 5,08 | 5,05 4,97 5,255 0,08123 0,02730
8 | 450 | 926 4,5 23 |275,2| 164,25 | 5,71 | 5,77 | 5,83 5,77 5,760 0,00010 0,00360
Max S?= 0,03803 (Y -Y,) =0,24179 352 =0,07620

Tabnuua 5 - CocTaBbl M MPOYHOCTD Ha CXKaTHe 00pa3LoB MeHOOETOHA B BO3pacTe 28 CyTOK
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KommnoneHTsI meHoOeTOHA IIpouHocTh Ha cxxaTHE Rcng, Mna
/1 S,
_ — \2

I || SR5000 [MK90| B | MO (1) | Rea | Ruw |Rew|Ys? =R IR (VP -Yy)
1 [450[926| 9,0 | 68 |302,7| 111,71 | 395 | 38,7 [38,1] 38,77 |37,646| 125627 | 0,49333
2 [450[926| 9,0 | 68 |2752| 13923 | 426 | 42,8 [41,4| 4227 [42,121| 0,02127 | 0,57333
3 [450(926| 45 | 68 |302,7| 11580 | 375 | 362 [38,7| 3747 |37,646] 003210 |1,56333
4 |450[926| 45 | 68 |2752| 14332 | 40,2 | 42,3 (406 4103 [42,121| 1,18266 | 1,24333
5 [450[926| 9,0 | 23 |302,7| 13264 |338 | 331 (347 3387 [33421| 0,19877 |0,64333
6 [450[926] 9,0 | 23 |2752| 160,16 | 39,1 | 40,8 [39,6] 39,83 [37,896| 3,75391  |0,76333
7 [450[926| 45 | 23 |302,7| 136,73 | 312 | 311 (33,8 3203 [33,421| 192516 |2,34333
8 [450(926| 45 | 23 |2752| 16425 | 362 | 36,7 [37,8] 3690 |37,896| 0,99168 |0,67000

Max S?= 2,34333 3 (Y& -V, ) =9,36181 y'S2 =8,29333

[Tpouecc PKCMEPUMEHTOB MPOBOAUTCS coryiacHo Tabmuie 2, 3. Pe3ynbrarhl 3KCIEPUMEHTOB
mpecTaBicHbl B Tabymnax 4 u 5. M3 tabmun 4 u 5 momydaeM K03 (OUIMEHTHI YPaBHCHUH PETPECCUU
Bos B1, B2, B3, P12: P2z, P31, P123. 3HaueHUst KOAPDUIIMEHTOB YpaBHEHUS PETPECCUU OMPEIEIIAIOTCS IO
kputeputo CThIOJICHTA. YPaBHEHHE PETPecCCHU TEPBOTO TOPSAKA OMPEISIUIOCh MO0 pe3ylibTaTaM
cTaHnapTHoro uucieHHoro tecra ®umepa. KosdduumeHnt ypaBHeHUs perpeccuu MpeacTaBiIcH B
Tabmuie 6.

Koaq)(bHuHeHTLI ypaBHeHI/I;I perpeccuu paccuuThiBaroTes o Gpopmysaam [20]

Zx iYj Zx Xyi
B,==——Vi =1.n np, —%VJU =1..n;j=u
ZX“ ZX]I ui
Tab6auua 6 - KoadhdbuuuenTsl ypaBHEHUN DErpeCcCun
Yp perp
v Bo Bs B2 B3 Bio Bs Bas Bizs
Y, R% . MPa 5781 | -0,253 0,087 0,273 -0,002 -0,051 0,142 | -0,008
Y, R*.., MPa 37,771 | -2,238 0,913 2,113 -0,129 -0,279 0,471 0,146

N3 Tabauubl 6 MOXHO 3amucaTh ypaBHEHHE PETPECCHM, OIMKCHIBAIONIEE 3aBHCHMOCTH
BXOJIHBIX ()aKTOPOB OT IIPOYHOCTHU Ha CXKaTHE U U3TMO MeHOOEeTOHa B BO3pacTe 28 CYyTOK.

Y1=5,781 - 0,253%x;1 + 0,087%, + 0,273x3 - 0,002X1X5 - 0,051x,%3 + 0,142X3X1 - 0,008X1X2X3
Y,=37,771 - 2,238x1 + 0,913, + 2,113X3 - 0,129%1X> - 0,279XoX3 + 0,471x3X1 - 0,141X1XoX3

©)
(4)

Ilposepka eocnpouseodoumocmu IKCnepuMeHmos
Meton npoBepku NOBTOpsieMOCTH 1O KputepusM KoxpaHa,
paccunTaHHOE 3HaueHue 1o kputepusMm Koxpana.

max S?

2.8
[To mwreparypHsiM gaHHbIM [21] KpuTHueckue 3HaueHus s kputepus Koxpana
Ger = 0,5157.
Jns ueneBoi GyHKIIMU MPOYHOCTH HA U3THO.
13 popmymst (4) numeeM Gpaee= 0,49913 < G, = 0,5157
JUist neneBoit pyHKIUHM IPOYHOCTH Ha cxkatue: Gpace= 0,28256 < G = 0,5157
CnenoBatenbHO, TUIIOTE3a OJHOPOJHOCTH YAOBIETBOPSET YCAOBHIO Fpacc< Fran,
[TpoBeputh K03 HUIIMEHTH YPAaBHEHHS PETPECCHH

dopmyna paccuMThIBaJIA

G

pacc —
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Koadpumuenr ty; canTaercst CymecTBeHHBIM, eClH thj > t,, (f),
Cornacuo [21] t, (f) =2,1199.
Dopmyiia onpenensna ty;:

b.
. _ 5
ve N’

3Ha4yeHHs tpj IUIS MPOBEPKH 3HAYMMOCTH KOI(DUIMEHTOB ypaBHeHHs perpeccuu (3) u (4)
MOKa3aHbl B Ta0max 7 u 8.

Tabmuua 7- Koadduuuent tgj 1u1s neneBoit GyHKIUM IPOUYHOCTH HA U3TUO

j 0 1 2 3 4 5 6 7
B_ BO Bl BZ B3 BlZ BZ3 B31 B123
) 5,781 -0,253 0,087 0,273 -0,002 -0,051 0,142 -0,008
|B}.| 5,781 0,253 0,087 0,273 0,002 0,051 0,142 0,008
tsi 59,232 -2,587 0,888 2,801 -0,017 -0,521 1,452 -0,077
Tabnuna 8- Koadduunent tgj 114 1ieneBoit GyHKIMM IPOYHOCTH HA CKATHE
j 0 1 2 3 4 5 6 7
B_ BO Bl BZ B3 BlZ [323 B31 B123
) 37,771 -2,238 0,913 2,113 -0,129 -0,279 0,471 0,146
|B,-| 37,771 2,238 0,913 2,113 0,129 0,279 0,471 0,146
t5i 37,097 -2,198 0,896 2,075 -0,127 -0,274 0,462 0,143
[Tocne npoBepku KO3PPHUIIMEHTOB MBI [TOJIYUYUIIN YPAaBHEHHE;
Y1=5,781-0,253%x; + 0,273X3 (5)
Y,=39,771 - 2,238%x; +2,113%3 (6)

[TpoBepuTh CripaBeIMBOCTD ypaBHeHHi (5) u (6)
IIpoBepuTh CIpaBeIIMBOCTh YPABHEHUH YIOBIETBOPSIOT YCIOBHUIO;

ch < I:tab
r7I€ COrIacHO JOKyMeHTY [21] Fyqp = 3,69.
2
I
g2 — Z(Yicp _Y_i)2
& N-m

CiegoBaTeabHoO;
2

= Fies = S_z =0,63462 = F,, =0,63462 < F,, =3,69
SII
2

= Fq = % =0,22577 = F, 4 =0,22577 < F_, = 3,69
I
Taxum oOpazom, ypasaenus (5) u (6) ynosierBopsitor Fre <Fiap

W30muHNM perpecCHOHHBIX MOJEIEH TSl TIPOYHOCTH TPU M3TUOE W CKATHH NPHUBEIEHBI Ha
pucyHkax 2 u 3.
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Pucynok 3 - Bnuanue X, u X3 Ha npounocms npu cycamuu

BrIBOABI

[To pe3ynbraTraM ucciieJOBaHUM CIeIaHbl CIEAYIOLINE 3aKII0UEHUS:

1. Craruueckass oOpaboTKa pe3yabTaToOB, BBHINOJHSIEMAas MaTEeMAaTHYECKUMU METOAAMHU IS
TUTAHUPOBAHMS OKCIIEPUMEHTOB TI0 ONTHMH3AIMM COCTaBa IMPOEKTUPYEMOTO TEHOOETOHa, ¢
OTIpEIeTIEHHON BEPOSITHOCTHIO M KOJMYECTBOM MOBTOPHBIX UCHBITAHUN. 3aTeM 00pa3iibl MEHOOETOHA
CPaBHUBAIOT C pe3yJIbTaTaMu, MOJIYYEeHHBIMHU PA3IMYHBIMU METOIAMHU.

2. [lony4yeHHble ypaBHEHHUsI perpeccur nepBoro nopsaka (5) u (6) onuckiBa0T 3aBUCUMOCTb
MIPOYHOCTH Ha C)KaTHE U M3THO MeHoOeToHa Yepe3 28 AHEl B 3aBUCUMOCTH OT IEPEMEHHBIX X1 M X3.
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3. U3 pucyHkoB 2 W 3 yCTaHOBJIEHO, 4YTO, KOTJa YMEHbIICHHE (X1) M yBEIUYEHHE (X3)
NPUBOANUT K YBEIMYCHHUIO MPOYHOCTH HA C)KATUE M IPOYHOCTH Ha M3rub obpasna neHoOeToHa,
BIIMSTHHEM (X2) MOXHO TIpeHeOpeyb u3-3a He CHIIbHO BIIHSCT.

B

4. Cnenyromuii, aBTOPBI IPOI0IDKAT U3YUEHHE BIUSHUA KO3(PPHUINEHTOB X1 (H4+A )u
MK90

x3 ( 4 ) Ha mexauumueckue CBOHCTBA NEHOGETOHA METOLOM LEHTPAJIBLHOTO KOMITO3UTHOTO
MIPOEKTUPOBAHMUSI [Tl IBYX BXOJIHBIX (haKTOPOB.
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