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YK 539.37
A.M. Amnmezkanos', C.H. Kus6aes’, C.B. :kainmGeros’

"-p @us.-mam. nayx, npogp. *Kano. puz.-mam. nayx, ooy. *Hayu. compyonux
PI'TT « Mnecmumym mexanuxu u mawunosedenust um. axao. Y. A. [iconoacbexosay
KH MOH PK, 2. Anmamot

HAIIPSI)KEHHO-ZE®@OPMHUPOBAHHOE COCTOSIHUE U
IMMPOYHOCTH MOPOJ MPUKOHTYPHOM 30HBI ITIO3EMHBIX
BBIPABOTOK B HEOJHOPOJHOM YIIPYT' OINVIACTUYECKH
JE®OPMUPYEMOM MACCUBE I'OPHBIX IIOPO/]

B Hacrosimielr pabore pazpaboraHa MoAeiab HEOTHOPOIHOTO YIPYTOILIACTUYECKH
ne(OpMUPYEMOr0 MacCHBa TOPHBIX IOPOA M HAHIEHO HAa €¢ OCHOBE HAaNpsHKEHHO-
nepopmupoBanHoro cocrosuus (HJC) mopom NPUKOHTYPHOH 30HBI COACpIKaIICHCs B
MacCCHBE OJ3¢MHOMN BBIPAOOTKH.

KnawueBbie cioBa: HanpspbkeHue, Jedopmanus, MPOYHOCTH, IMOJ3EMHAS
BBIPA0OTKA, MacCUB, TOPHBIE TIOPOJIBI, YITPOTOIIacTHIecKas e opMariusi.

1. Mopeab HEONHOPOJHOIO YHPYIOIJIACTHYeCKH JedopMHPYyeMOro
MaccuBa TOpHbLIX mopoa Aas pacdyera HJIC mopoa NpUKOHTYPHOH 30HBI
N0/I3¢MHBIX BHIPA0OTOK

Cpenu ImuUpoKoro Kjacca HEOAHOPOIHBIX Tel ONpelelIeHHbI HHTepec
MPEIACTABILIOT Tela C OCEBOM WM LEHTPAIBHOW CHMMETPUEH paclpenercHUs
MEXaHUYECKHX XapaKTepHCTHK MaTepuana. B HacTosmel pabore paccMaTpuBaeTcs
TaKOW MAacCUB C HEPaBHOMEPHBIM PAaCHpPElEIICHUEM KaK YINPYTUX, TaK HEYIPYIuX
CBOMCTB TOPHBIX TOpoJ. HeomHopomHblii ympyromnactudecku aedopMUpPyeMbIid
TOPHBI MaccuB C BBIPAOOTKOW, TOAYMHSIETCS CIEAYIOINM TPEITOI0KEHUSIM:

1) Mexanndeckue (npouHocTHbIe (05) U nepopmainuonubie (E)) cBoiicTa
Telna SBJISIOTCS HENPEPhIBHBIMU U T PepeHITpyeMbIMU QYHKIUSIMH PaTriaIbHOMN
KOODJIMHATHI I W TapaMETPOB HArPY)KEHHA Y¥j, YCTAHABIMBAIOIIMX 3aBUCHMMOCTH
MEXAaHUYECKUX CBOMCTB OT TPAaHUYHBIX YCIOBHM

GS=GS(I’,XJ-), E=E(r,xj). (1)

2) ®u3nYecKrue CBOWCTBA MAaCCHBA OIMHMCHIBAIOTCS JABY3BEHHOM JIOMAaHHOMN Ha
IMarpaMMme HanpsbkeHue-aedopMmanus o, — € (HaKIOHHAs YacTh COOTBETCTBYET
JUHEHHO-YIIPYTOMY COCTOSIHMIO, a TOpPU30OHTajbHAas YacTb — HJeaJbHO-
MJIACTUYECKOMY), IPHUEM 3Ta JuarpamMma (COrJIacHO TOJIOKEHHUIO 1)) B mporiiecce
Harpy>XeHusi M pas3BUTUS HEYNPYrod 30HbI HENPEPBIBHO M3MEHSAET CBOE
MOJIOKEHUE. YCIOBUE IJIACTUYHOCTH f (M30TEpPMHUECKOE M KBa3HCTATHYECKOE
Harpy)XxeHHE) M AacCOLMMPOBAHHBIA 3aKOH IIJIACTUYECKOTrO Je(OpPMHPOBAHUS
HMEIOT BU/L

f(csij,cs(r,xj»=0, & =gaa: )
ij

a 3aKkoH ['yka B ynpyroii 00J1acTH 3alTUCHIBACTCS B BUJIC

g5 = E(ran)_l ((1+M)Gij —HSiijk) 3)
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3nech Gjj» €jj — KOMIIOHEHTBI TEH30pOB HANpsOKEHUH U e opMaiuid;

ij
U(Gij) — TIJIACTUYECKHH TMOTEHIMAaJ, B Ka4eCcTBe KOTOPOr0 MPHUHUMAETCS
Gynkuus f; g — HEKOTOpbIi MHOXHTENb; E — MOLylb YIOPYrocTH; p —
ko3¢ dunuent Ilyaccona; o jj — cUMBOII Kponexkepa.

3) MMeroT MecTo ypaBHEHHS pPaBHOBECHS W COBMECTHOCTH JleOpMaIuii
(3mech U; — KOMIIOHEHTBI BEKTOPA MEPEMEIIECHUM)

Sij = —_—
2 aXJ ﬁxi

=0, o -Ljom M) 4)

4) Ilpounoctueie (0,) W pgedpopmanuoHHbie (E) cBolcTBa MaccuBa
pacnpeneneHsl IpsSMO HJIM TOYTH TPSMO TPOIMOPIHMOHAIBHO, B KaXIOH TOYKE
HMMEIOT MECTO COOTHOIIIEHHS

os(rx;)= eNlex JBlex;)- (5)

31eck ¢ — HEKOTOpast KOHCTaHTa MaTepHara; N(r, X j) — Onu3Kas K eqUHUIe

¢yHKIMS «oTKIOHeHHs». CormacHo (5) muarpamMmMa G; — €& H3MEHSIETCS B
HaIpaBJICHUH, OJIM3KOM K BepTHKanbHOMY. U3 (5) cnenyer, 4To a1000€ moJIokKeHE
auarpaMmMbl G; — € OonpeaAciIACTCA pa3jIMYHbIMU 3HAYCHUAMU IIPEACILHOIO

HanpspkeHusT O, , HO HEKOTOPHIM (UKCHPOBAHHBIM 3HAYEHHEM TpENEbHON

yrpyro# nepopmanuu &, .

1) nmpearnonoxxeHue Mo3BOJIAET pelaTh 3aauy aHAIUTHYECKUMU METOIaMu;
2) — 3) mpenmnosoKeHUs — MOJCTUPYIOT HEOJHOPOTHBIM YIPYroMiIacTUYECKH
nedopMupyeMbIii TOPHBIH MACCHB C MOMOIIBIO CTATHYECKUX, T€OMETPHUECKUX H
(Gu3NYeCKNX ypaBHEHUH; 4) MPEANONOKEHHE BBIJCIACT HErOMOTCHHBIE Tela
(MpsIMO  TIPOTIOPIIMOHANILHOE pAaCHpeNecHue) W HUCKII0YaeT U3 PacCMOTPEHUS
reTepOreHHble TeNa (HENMpOIOpIMOHAILHOE PpACIpENeIeHUEe) KaK CHUCTEMBI C
BHYTPEHHUMH HaIpsHKCHHUSIMU.

2. Ynpyromjacrudeckasi 3ajgaya Jijisi HEOJHOPOHOTO TOPHOT0 MAaCCHBAa
¢ HWIMHAPUYECKOH WM cepudecKkoil BbIpadOTKOI

3amaua permaercs B 0Oe3pa3MEpHBIX MONSPHBIX 7,0 wmm  chepuyecknx
KoopauHatax #,6,, TOe paauanbHas KOOpAHMHATA I OTHECEHA K pajuycy
BBIPA0OTKH, T.€. pajuyc BHIPa0OTKH 7 = 1. MaccuB TOpHBIX MOPOJ ¢ BBIPaOOTKOM
MOJIETIUPYETCSI HEBECOMBIM IMPOCTPAHCTBOM, HMEIOIUM IHJIMHAPHYECKYIO HWITH
cepruecKyl0 €MKOCTh; TPH STOM Ha OECKOHEYHOCTH JICHCTBYIOT CXKMMAIOIIHE
THIIpOCTaTHUYECKHE yCHIIUs P, a 1Mo KOHTYpY BBIPaOOTKH JICHCTBYET paBHOMEPHOE
JaBJICHUE OTIOpa KPElu WM coaepkarierocs raza Py (puc. 1).

Tornma rpaHu4HBIC YCIIOBHS 3aITUCHIBAIOTCS CIEIYIOIIM 00pa3oM:

o,=F mpur=1, (©)

G,=0,=P 1mpu r > © (7)

7
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Puc.1. Pacuernas cxema k onpenenenuto HJIC mopon mpuKOHTYPHOI 30HBI
MOJ3EMHOH BBIPAOOTKH B YCIOBHUSIX HEOJHOPOAHOTO IOPHOTO MACCHBA

JlelicTByIOIIME HArpy3Kd TaKOBBI, YTO BOKPYr BBIpaOOTKHM 0Opa3yercs
MOJIHOCTBIO OXBaThIBAOIIas e¢ 30Ha Heynpyrux nedopmarmit (3H) paauyca r,.
Ob6nacte ympyrux jgedopMandii  HMMeEeT JBE 30HBI:  HENOCPEIACTBEHHO
npuMbikaromas kK 3HJ] 30Ha HEOTHOPOMHOCTH paaMyca Iy W OXBaThIBaroIas eé
OJIHOpOJHAsi ympyras o0IacTb. B HEOZHOPOMHON 30HE MOJYNb YIPYrOCTH
nusMensiercst paguaneHo E = E(T), a B oHOpOHOW 001acTH MOIYNb YIPYTOCTH
nMeer mnoctosHHoe 3Hauenne E = E; = const. CormacHo pucysnky 1
HEOJHOPOTHOCTD JIOKAJIbHA M COCPEAOTOUYCHA BOKPYT KOHTYpa BHIPaOOTKH.

Ha rpanunax paszena 30H IMEIOT MECTO YCIIOBHS CONPSKEHHS paJdaibHbIX
KOMITOHEHT HaNpsKeHWH u TepeMenieHuid (Oonblime KBaJpaTHbIE CKOOKH
O3HaYar0T CKAYOK YyKa3aHHOW BEJMYWHBI HA IEPEXoJie 4Yepe3 IpaHUIlbl pas3zelna
30H):

9

[Gr]:[ur]zo Opu  I=1,,r=T1 (8)

Haxo:xk1eHue Hanpsi>keHHOT0 COCTOSIHUSI BOKPYT MOA3eMHO# BBIPa0OTKHU
BeeneM (yHKIMIO HampsDKEHUI F(r) KoMrioneHTHl HampspKEHUH MOTYT

OBITh ONpPENENICHbl CIACAYIONIMM O00pa30oM COOTBETCTBEHHO TMPHU  IUIOCKOM
OCECUMMETPUYHOM M IIEHTPAJTLHOCUMMETPUYHOM Je(pOPMHUPOBAHHOM COCTOSIHUH:

6,=1'F, 64=F u o =r"F G, =0y =2r)'F’ ©)

CHauasa pacCMOTPUM YIIPYTO-HEOIHOPOIHYIO 30HY C XapaKTepUCTUKOM E =
E(r).

OcHoBHOE ypaBHeHHE oOTHOocuTenbHO GyHknuu F  1pu  miockoMm
ocecnmMMeTpraHOM aedopmupoBatHoM coctosaun nmeer Bua (A =p/(1—p),

1 - koopdunment [lyaccona)
E(r)r’F"+ ((2=s)E(r) = E'(r)r)rF' = s(E(r) = AE'(r)r)F = 0  (10)

3nech mapaMerp S XapakTepusyeT BHI J1e()OpMHPOBAHHOIO COCTOSHHSL.
3HaueHU!o S = 1 OTBEUaeT IIOCKOE 0CECUMMETPUYHOE COCTOSHUE, & 3HAYEHUIO S =
1 - HeHTpaTbHOCUMMETPUYHOE.
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B caygae A = 1 (u = 0.5), T.e. mpu OTCYTCTBMM OOBEMHOH Aedopmaruu
MaccHuBa MOIy4uM perenne ypaBHenus (10) B kBagpaTypax:

F=C1rs_[E(r)r_S_2dr+C2rS (11)

Ipu A < 1 (v < 0.5 mnomyuuth oOmee pemenue Buma (11) He
MpEeCTaBIsCTCS BO3MOXHBIM M B O3TOM Cllydae HEOOXOIMMO paccMaTpUBaTh
KOHKpeTHbIH Bu pyrkimn E(r).

PaccMoTprM HEMOHOTOHHOE pacrpe/ieliecHue MEXaHHUECKHX CBOWCTB MOPOJ
IIPUKOHTYpHOM 30HBL Takoe pacmpenereHue C OJHOM TOYKOM MakcuMyMma
BO3HHMKACT, HANpUMeEp, NpPH CO3JAaHUHM TIOA3EMHBIX BBIPAOOTOK CIOCOOOM
KaMy(IeTHOro B3pbIBa, OHO XapaKTEpPHO IS He(TEra30BbIX CKBAXKHH, NMEIOIINX
KOJIbMATallMOHHBIN SKpaH.

JlanHOoe  pacmpezpencHue — o0pa3dyeT  JIOKAIbHYIO — HEOJHOPOIHOCTH,
COCPEIOTOUYCHHYIO BOKPYI' BBIPAaOOTKM M MOXET OBITh OIKMCAHO JIOKAJIBHOM
HEeMOHOTOHHOH QyHkiuer E(r) Buaa :

m

E(r) = E(r,) ri exp(a(rn -1, )) (12)

[}

Ota (yHKIOUS WMeEET JBa NapameTpa HETMHEHHOCTH M W N U TPaHuYHYIo
MOCTOSIHHYIO a, onpezensemyto ycnosueM E(r) = E; mpur, = 1.

Ha pucynke 2 mnoka3zaHbl ee BO3MOXXHOCTH TPU OIHMCAHHUU Pa3IUYHBIX
kpuBbX E(r) B 3aBcHMocTi 0T m ¥ n. CoriacHO puCyHKY, 3HaK (ynkumun E(r)
MOJKET MEHATHCS 10 Painuycy I .

E/Eo
9>
Il-m=1,n=3
2 4 2-m=1,n=8
3 3-m=2,n=2
"R 4-m=-3,n=-
: N \\\ 5-m=2,n=2
‘\\ 6-m=1,n=3
8 %r 7-m=-2,n=-2
: r §-m=-1,n=-3

Puc. 2. Boamoxknoctu nokanbpHoi pyaknun E(r) Buna (12) nmpu ydyere
HEOIHOPOJHOCTH YHPYTHX CBOMCTB IIOPOJ IPUKOHTYPHOU 30HBI

Hamu momyden kiacc TOYHBIX aHaJUTHYECKHX perneHuil ypaBHeHus (10)
npu A < 1 U1t TOKaNBHBIX HeMOHOTOHHBIX pyHkmi E(r) Buma (12).
Tounoe pemenne ypaBHenus (10) mis gynkuuit (12) BeIpaxkaercst depes

runepreomerpudeckue ¢pyukunu Kymmepa @, = N(a, B,&) [1]

F=Cr"N(a,B,ar")+C,r" " 'Na-B+1,2-B,ar") (13)
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rie: oo=n"'(nk—sk), p=2k+l—(m+s—1)n"', k — neficTBuTeNbHBII KopeHs
KkBajpatHoro ypasuenns n k> —(m +s—1)nk +s(hm —1)= 0.
Oynkuus | O, = N(o,[,&) MoxKeT ObITh IpeCcTaBlIeHa C MOMOLIBIO Pssia

Kymmepa, cxonsiierocs mpu Bcex 3HAMEHHAX apryMeHTa:

@ & ) Cal@i)(asion (9
N R R GRS CRE

[TockonbKy BeIMUYMHA I BCErAa IOJOXKUTEIbHA, 00JacTh CXOAUMOCTH
PEeIIeHHS pacTpoCTpaHIETCs Ha BCIO ICHCTBUTENBHYIO OCh 3HAUCHUH apryMeHTa.

Ha ocuoBanuu (3), (9), (13) xkommonenTst HJIC B ynpyroit HEeMOHOTOHHO-
HEOJHOPOTHOM 30HE 3aMHIIYTCS CIISAYIOIUM 00pa3oM:

M

lq)l = N((X,B,(t_)) = ‘
J

S(r) = Cr™ Ny (1) +Cor™ ING (1),
nk—sAi
S

(15)
N, (T)}

m—-nk—si+s—1

O6) = Clr"ks(kNl (r)+ N; (r)} +C,rmk! (sz(r) +

menk M—Nk—sA+s—1

N;(1)+Cor

(r)

_ a2 {Clrnksﬂ nk—sk

1B N“(r)}

s
rae: N,(r)= N(a,B,ar"), N,(r)=N(a-5,2-B,ar"),
N;(r)=N(a+1,B,ar"),N,(r)=N(a—-p+22-,ar").

PaccMoTpyM  BHEIIHIOIO  OJHOPOJHYIO  YOPYryl0o  001acTh  BOKPYT
HWIMHAPUYECKOH BhIpaOoTKH ¢ Xapakrepuctukoil E = E; = const.

Pa3pematoiiee ypaBHEHHWE OTHOCUTENBbHO F I OJHOPOJIHON BHEUIHEH
00J1IaCTH MeEET BUI

r?F"+(2-s)rF'—=sF =0
OTKyza
F=Cyr® +Cyr”! (16)

Komnounentst HIC cornacho (4), (11) npumyT BuA

e 1. o A+s)A+20)° (17
o = Cat Car ™ o) =Cam Car™ g == PR G (7)

3necs u nmanee Bce kommoHeHThl HJIC B 3HJ] 0003HauYeHBI KBaJpaTHBIMU
CKOOKaMH y MHJICKCOB, B YIIPYrod HEOJHOPOJHOHN 30HE — KPYTIBIMH CKOOKaMH y
WHJ/ICGKCOB, B YIPYrod OJHOPOJHON 30HE — JBOWHBIMH KPYIJIBIMA CKOOKaMH Y
WHJIEKCOB.

Teneps paccmorpum 3H/I. [IpuMmeHnTensHO K reoMarepraiaM UCIOIb3yeM
ycnoBue npounoctu Kymnona-Mopa, COOTBETCTBYIOIIEE YPaBHEHUIO MPSMOIHHEN-
HOW oruOaromieil kpyroB Mopa. Ha miomajake npeseiabHOro cIBUTa OHO MOXET
OBITh MPEICTABJICHO B BUJIC
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max{t, — (o, + H)tgp} =0, (18)

IIe: G n, T n — COOTBETCTBEHHO HOPMAaJbHOE M KacaTelbHOE HANPSDKEHHS Ha
MPOM3BOJIBHON TUIOMIAJIKE ¢ HOpManbio n; H — mapamerp, XapakTepH3yIOUIHHd
MOJIO)KEHUE Orudaroliei; ¢ — Yrol BHYTPEHHEro TpeHus (IpUHHMAETCs
TTOCTOSIHHBIM).

VYcnoBue NpeaenbHOro COCTOSIHUS ISl MaTepHalia XapakTepu3yeTcs: TeM e
ypaBHeHHEM (YroJI ¢ COXpaHsieTcs)), HO ¢ MeHbIIUM mapamerpoM H* (H* < H).
[IpsMBbIM CIlEICTBHEM DTOTO SIBISIETCS pa3pbIBHOE IMOBENCHHE TaHTCHIMAIBHBIX

HanpshkeHui C g Ha rpanune 3H/L.

[Mapamerp H* B HEOOHOPOOHOM MacCHBE CBSI3aH C IIPOYHOCTHBIMHU
CBOMCTBaMH MaTepHaja M C TepeMeHHbIM Kod(pduruentom cuerienus K(r)
CIIEIYIOLIMM 00pa3oM:

K(r) = H" (1)tgp = o, oy, (1)tge (19)

3neck o, =(1+xksing)/(1-ksing), a, =2ksing/(1-ksing), k==1.
VYcnoBue mpeaensHOro cocTostHus cornacHo (19) B ciaydae miIockoit oceBoit
u HeHTpaHBHOﬁ CUMMETPHUU MOXKET 6BITL 3alrcaHo OJHUM YPaBHCHUEM

oy — 00,y = o H' (1) (20)

Pasperaroniee ypaBaenue s pynkuun Hanpspkennii F B 3H/ umeer Bua

(28)SF' — o1 °F = a, H' (1) (21)
pelIeHue KOTOpOoro UMeeT BUA

F=Csr®* + sa,ctgor®™ J.r_so‘2 “TK(r)dr (22)

KomnonenTs! HanpsbkeHuit B 3H/] 3anmuiryTes cieayromum oopa3om

op.1 = Car’®2 +so,cteer®®? [ %2 1K (r)dr,
[r] =Cs 2ctger®®? | () 23)

SJo) = Csour™2 +ayctgp(soyr™®? [r>%2 7 K (r)dr + K(r))

[Tnactryeckast HeoAHOPOAHOCTH B (hopmyiax (20) - (23) BelpakeHHas yepe3
K(r), Takxe xak u HeomHopoaHocTh E(r) smisercs nokambHol, mpuuem K(r)
m3Mensercs B mpenenax 1 <r < r,. Eciu cuutath 1iacTHYecKy0 HEOTHOPOIHOCTh
CJIEICTBUEM TIEPBOHAYAIBLHON HEOAHOPOJHOCTH MEXaHMYECKUX CBOMCTB IIEIIOTO
Martepuana, To K(r) ¢ TOYHOCTBIO 10 MHOKUTEJCH COBIAIAET C paclpeneicHueM

G 1p (1) . Cnenosarensho, cormacuo nonoxenuto 4), K(r) Moxer npuHumars
BUJ, aHaNorn4yHbli Gyakuun E(r).
Otmerum, uto AmmmkaHoBeiM M.T. Obpula pelieHa COOTBETCTBYIOIIAS

VIIPYroIulacTHuecKasi 3ajada, YYHTHIBAIONIAs IJJACTHYECKYI0 HEOIHOPOIHOCTD
MEXaHUYIECKUX CBOMCTB MaTepuaia [2].

10
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Haxoxnenue neopMHpPOBAHHOTO COCTOAHHA BOKPYI MOA3E€MHOM
BBIPA0OTKH.

Hns onpenenenus nepememienuii B 3HJl momumo BbIOpaHHON MOIEIH
HEOJIHOPOJTHOTO MaccuBa HEOOXOMMMO MPUBIEYb JOMOTHHUTENBHBIE THUIIOTE3bl H
nonymeHus. Hike paccMaTpuBaloTCs JBa OCHOBHBIX IOIXOJa K OIPENENeHHUI0
nepemenienuid B 3HJI: a) momxo, OCHOBaHHBI Ha acCOLMHPOBAHHOM 3aKOHE
TTACTHYECKOro e OpMUPOBaHUSsT; 0) MOJXOJ, MPEIOKEHHBIH XPUCTHAHOBUYEM -
emsikunapiM  [3]. Ob0e 3TH Momenu 0000IIEHBI Ha Ciydall HEOJHOPOIHOTO
YIPYTOILIACTHYECKOTO MacCHBA.

PaccmoTpuM mepByl0 Mojenb ympyromiactudeckoro Tena. Mcmomb3yem
acCOUMMPOBaHHBIN 3akoH (2). Ilmactuueckuii moreHmuan B (2) 3amaercs B BUIAC
(22):

U(c) = 0[g) — 00, — i, H' (1) (24)

Herpynno ybemautbes u3 (24), 4TO CKOPOCTh JUCCHITAIIMK MEXaHUYECKOH
SHEPIMM NpPU IJIACTUYECKOM Je(OPMUPOBAHUM B PacCMaTPHUBACMOM MAacCCHBE

« *
Oy/IeT U3MEHSATHCS TIPOITOPIIMOHAIEHO IPOYHOCTHBIM CBOHCTBAM G p (r).

[MonoxkuM, 4To HarpyKEHHE SBISACTCS aKTUBHBIM, a JeopMaIiy — MaJIbIMU.
Torna u3 (24) Oynem uMeTh

8[1‘] + SOL18[9] = 8(1.) + Salg(e)- (25)

3neck npuHsTO, yro B 3H/] monHbie neopManuu paBHbl CyMMeE YIPYTUX H
TTACTHYECKUX.
Ilepexonss B (24) & mnepemenieHusM, monyduM auddepeHnnaibHoe

YpaBHCHHUEC, OIIPEACIAIONICC CAMHCTBECHHOC HEHYJICBOC IEPEMECILICHUC U[r]i

r r_ ( 6)
7+SOL1 = S(T) +Sa18(e)

Ecnu npenebpeus ynpyrumu nedopmanusmu B 3H/I, To B ypaBaeHun (24)
npaBas 4acTh OOpaTHTCS B HyJb. B aTOM ciydae qunatancus [4] MOXKeT oKazaThCs
3HAYUTEIIbHOM.

Bynem cuutaTh, 4TO JUTS paccMaTpUBAEMOro Tena yrnpyrue neopMaiiu Bo
Bcex Toukax 3H/[ omunakoBsl. Toraa perenne ypaBHeHUs (26) 3aUMIETCS B BUIE

C r
Uil = rso?l +(8(r) + S“lg(e))m (27)

Pemenne (27) MoxkeT OBITh BBIPa)KEHO Yepe3 KOMITOHEHTHI (PUKCUPOBAHHBIX
YIPYTHX HaPsOUKEHUH O (), O[] HAa TPAHULIE I, 3H/ :

Co , (1+20)* " r

s=1 _ _ (28)
o (sa1+1)(1+x)3SE(rO)[((HM $.0)0 () + 50ty )0 (g)]

Uil =

HanbHeiimee onpeneneHue uj,) B (28) Oyner sasucerb or (opmbl

BBIPaOOTKH U BUIa HEOJHOPOAHOCTH MEXaHHUECKUX CBOMCTB MacCHBa.

11
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PaccMoTpuM MaccuB ¢ HMIMHIPHYECKOW BbIpaOOTKOM. IlycTh HEOmHOPOA-
HOCTb BOKPYT BBIPAOOTKH OIHKCHIBAETCS HEMOHOTOHHBIMU (yHKIMsAMH (12), Torna

MEPEMECIICHUC M[r] 3alIMIICTCS B BUJIC

u =8y I T ot (129N (1, )+ (0 ~ W)k —ON ()} (29)
r (o + 1)1+ EC, )

FCEm (1 02)N, (1) + (e ) (am—nk— N, (1)

Komnonentst  ympyrommactudyeckoro  H/JIC  maccuBa,  JOKaibHO
HEOJHOPOJTHOT'O BOKPYT IHMJIMHIPUYECKONH BBIPAOOTKH, OMPEACISIOTCS mpH s = 1
cienytomieii cucremoil BeIpakeHuit: B 3HJ[ Beipaxkenmsmu (23), (29); B
HEOTHOPOJHOW yHIpyro 3o0He BbIpakeHUsAMH (15), B OTHOPOAHON ympyrou
obnactu BeipaskeHusMH (17).

Pemast Ty cucreMy ypaBHEHUI C y4yeToM TpaHHYHBIX ycioBuit (6), (7) u
ycnoBuil conpsbkenuii (8), Haiinem noctosiHHbIe C) - Co:

_ D,S, —(1+1)PB, c. = DoSi —(1+2)PB,
- , ;=
Blsz _BZSI Blsz _BZSI
¢ 2| (DS ~(1+2)PB3)B; — (DS, —(1+2)PB))B, _
o B,S, ~ B,S,
2 1+ 208 (DS, = (1+1)PB,)(Bs —S3) —(D,S; — (1+1)PB;)(Bs —S,)
(1+2)%E(r,) B;S, - B,S,

1 > C; =P,

6

rIe
B, :r(;]k_lNl(ro)’ B, :rén_nk_lNz(ro)’ B, :rlnk_lNl(rl ), By :rlm_nk_lNz(rl )

Bs =rg" ! (nk = A)N3(r,), Bg =1y ™! (m—nk = 2)N, (ro),
S; =™ (1 + VN (1) + (nk — AN (1)),
Sy =" A+ AN, (1) +(m — nk — AN (1)),

2 To
S, = ! 1=x Nl(ro)+wN3(ro) , D, =Pyrs2 +a,otgers? 1 K(r)dr,
o +1 oy +1 1
monk1[ 1= o —A)(m —nk —
S, = 1[ Na(ry) + =N )N4<ro)J
oy +1 o +1

[oncraBnsst ux B kommoHeHTsl HJIC, MOXHO TMONyYuTh pelieHHE B
OKOHYATCIHLHOM BHJC.

Bripaxkenue misi onpeeneHusi HeM3BeCTHOTo paauyca r, 3H/l Haxogutcs u3
YCIOBHUA MPOYHOCTH MIOPO/Ibl Ha 3TOW FpaHulE:

(A —0y)B; +B5)(DySy —(1+A)PB,) —((A—a;)B, +Bg)(D,S,; —(1+1)PB;) (30)
=Gy (ro)
Blsz _stl

OyHKIHS Cpp (r,)ananornuna K(r), HO B KauecTBe apryMeHTa BBICTYNAET

BEJINYHMHA I,

12
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PaccmoTpum Temeps MoAeNnb YHpyromiacTHYecKoro Teiaa XpHCTHaHOBHYA-
[emsxuna. Cucrema  Belpakenuit  (15), (17), (23), omnpenensromas
YIPYTOIIACTUYECKOE COCTOSIHUE HEOJHOPOAHOIO MAacCUBa, OCTaeTCsi B CHIIE.
Pasmiune mmeer mecto B aedpopmupoBaHHOM coctostHud B 3HA.  Ompenenum
nepemenienue B 3H/I.

[lepBbie Tpu monoxxeHuss Mozenu [3] B JaHHOM cliy4yae MPUMYT CIEIYIOIINN
BUJL:

. E

Sle) ~ Oy = H (), o, +oy+0, = 1_(2 (e, +0), a1
__ VE()

Ol = 2wyt 4w T E)

Jis paccmaTpuBaeMoro MaccuBa BTOpoe ycioBue (33) B HEOXHOPOIHOMH
ynpyroit 3oHe cobmonaercs npu E = E(r), a Bcrony B 3H/] Tonpko mpu ogHOM
¢ukcupoBanHoM 3HaueHun E = E(r,). Mcmons3ys Bropoe u Tperbe yciopue (33),

Haitnem mudQepeHnnatbHoe YpaBHEHHE IS ONPEACICHUS up]:

dup, u,
s 4 < Csr™ +a,ctgpr™ J‘r"”1 K(»)dr+ % ctgeK(r) (32)
dr r  l4+a 1+,
pelieHrne KOTOpOro UMEET BHT
C
Uy, = — +CCr™ + Ceigp [(01,2 —1)I r er‘rfa‘ K(r)dr-i—azer(r)dr] (33)
r r

rae C=(1+20)(1-A)(1+ A1) E™(r,).

[Tocrostrabie Cy,...,Cs B JaHHOM 3ajaye Te e caMble, a mocTosHHas Cg
3aIUIIETCS CIICAYIOIIUM 00pa3oM:

6

_ ( +2)L)rn2 (DUS2 - +)L)PBZ)B5 —(DUSI - +}L)PB|)B6 3
S (1+A)E(r,) B,S, - B,S,

_(+20)(A = A)cige
(+A)E(r,)r,

HPntg(prf‘+I +(af - l)J-r“‘ er‘r’“‘ K(rydr+a, J-rK(r)er
1 1

Otmerum, uto AnumkanoBeiIM M.T. OBIIO TOTYyYEHO COOTBETCTBYIOIICE
pelenne IS cirydas OJHOPOTHOTO YIPYToIIacTHYeCKOro MaccuBa [5].

3. YucjieHHble pe3yJbTaTbl [Jsi NOPOA TPHUKOHTYPHOH 30HBI
UMJIMHIPUYECKOH BBIPA0OTKH B  YNPYromjacTUH4eCKOM HEOJHOPOIHOM
TOPHOM MaccCHBe

CormnacHo YHCIEHHBIM pPe3yJbTaTaM HalW4HMe JIOKAJbHONH HEOJHOPOIHOCTH
BOKpPYT BBIPaOOTKH CYIIECTBEHHO BiIHAET Ha pacrpezaeneHue kommonHeHT HJIC,
0COOEHHO CKa3bIBAETCS OHO Ha paclpeieleHU TaHTeHIMAIbHBIX HANPsLKEHHH Gp.
MakcuMyM Gy MOXKET HaxOIWUThCs 3a mpenenamu 3HJ[ BHyTpu HEogHOPOIHOM
yopyroil 30ubl, a He Ha rpanune 3HJI, xak B omHOpomHOM MaccuBe. Takxe
YCTAHOBJIEHO, YTO 00JaCTh JAeCTaOMIM3UPYIOLIETO BO3ACHCTBUA HEOTHOPOIHOCTH B
MaccMBe HAMHOTO TMPEBOCXOAUT TPEAENbl CcaMOM 30HBI HEOAHOPOJHOCTHU:
HaTpsHKEHUS U TepeMeIleHUs] CTa0MITH3NPYIOTCS Ha PACCTOSIHUU, TIPUMEPHO BTPOE
MIPEBBIIIAIOIIEM PaJNyC Iy 3TON 30HBL

13
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Hwxke B Tabmuiie 1 NpUBEACHBI YHMCICHHBIC PE3YJbTaThl paclpecIcHHs
pamuyca 3H/I r, u mepeMeIieHuii mopos u » BOKPYr HAIHHIPHUECKON BHIPAOOTKH B
HEOJHOPOTHOM MAaCCHBE B 3aBUCHMOCTH OT €ro IoKa3aTeie ¢, 6y, OTCYTCTBHS WITH
Hammuus HeomHoponmHoctd E; wmmu E(r) mw or paccmarpuBaeMoil MoOaETH
ynpyromiactuyeckoro tena (YIIT).

T abnumna 1
Pacnipenenenue paguyca 3H/] r, u nepemerienuii mopos u, BOKpyr
MWINHAPUYECKOH BBIPAOOTKH B 3aBUCHMOCTH OT IToKazatenei ¢ , os, By E(r)
u paccmarpuBaemMon monenu YIIT

Hexomnpie Mounens YIIT u, 10°
JTAHHEBIE

¢ =20° r 1,0 1,5 2,0 2,5

E=E, Mogens A3 ug,;=u,’ 3,696 | 1,303 | 0,803 | 0,606
65= 50, Monens A3IT ug, 1> u,” 0,835 | 0,613 | 0,554 | 0,548
ro=2,532 Mogens X-111 1,125 | 0,771 | 0,618 | 0,578
E=E, Mogens A3 ug,;=u,’ 5,145 | 2,226 | 1,152 | 0,758
0= 60: Mogens A3 ug, > u,’ 1,041 | 0,730 | 0,634 | 0,621
ro=2,822 Mogens X-11 1,397 | 0,949 | 0,745 | 0,636
E=E(r) Monens A3IT u;,1=u,” 6,121 | 3,018 | 1,212 | 0,848
0= 50: Mogens A3 ug, > u,’ 1,228 | 0,925 | 0,786 | 0,712
ro= 2,924 Mogens X-111 1,642 | 1,186 | 0,963 | 0,756
¢ =20° r T, 3,0 4,0 5,0

E=E, Monens A3IT u;,1=u,” 0,552 | 0,446 | 0,350 | 0,286
0= 50: Mogens A3 ug, > u,’ 0,552 | 0,446 | 0,350 | 0,286
ro=2,532 Mogens X-111 0,552 | 0,446 | 0,350 | 0,286
E=E, Mogens A3 ug,;=u,’ 0,615 | 0,579 | 0,434 | 0,337
0= 60: Mogens A3 ug, > u,’ 0,615 | 0,579 | 0,434 | 0,337
r,= 2,822 Mogens X-111 0,615 | 0,579 | 0,434 | 0,337
E=E(r) Mogens A3 ug,;=u,’ 0,649 | 0,622 | 0,466 | 0,362
6s= 505 Mogens A3 ug, > u,’ 0,649 | 0,622 | 0,466 | 0,362
ro= 2,924 Mogens X-111 0,649 | 0,622 | 0,466 | 0,362

PesynbTarsl pacyeroB monyuensl mo Gopmynam (29), (30) (momens YIIT Ha
ocHOBe accouuupoBanHoro 3akoHa (A3Il)) u (30), (33) (momenp VYIIT
Xpuctuanosuua-llemsxuna (X-1)). Taxke moka3aHbl pe3ynbTaThl PacueToB IO
dopmynam (29), (30) B cyvae, koraa nmonuele aepopmanyu B 3H/ npupaBHEHBI K
mwiactudeckuM. [lpu pacderax ucmons30BaHbl cieAyoomue nanueie: P = 24,5 Mlla;
P,= 0,15 MIIa; o, = 24,5 MIla; E, = 9800 MIIa; ¢ = 20°; p = 0,3.

B Tabmuue 1 mpuBemeHbl pe3yabTaThl paclpeneneHus IMepeMelIeHus U, Mo
panuycy r Ajis OJHOPOJHOTO MacCHBa MPH Pa3IHUYHBIX YPOBHAX mpoyHoctd B 3H/L:
npu 6, = 56, U npu 6, = 60, . Kax cieayer W3 TabiuIbl, CHHKEHHE YPOBHS
npoynoctr B 3HJ[ mpuBOAMT K 00IIEMy poCTy MepeMenieHHid BOKPYT IMOJIOCTH.
B6mu3u rpanunst 3HJL nmeeTcs HEKOTOpoe BhIpaBHUBAHHE NEPEME3IIEHUI, TaKk Kak
Ha TMpuMBIKaromuX K Tpanune 3HJ[ ydwacTkax emie BelWKa poNb YIOPYTUX
nepopmanmii. IlpuBeneHbl pe3yNbTaThl paclpelelcHUsl NepeMelleHus U, 10
pamuycy r Jisl MaccuBa C JIOKaJbHOM HEMOHOTOHHOW HEOJHOPOTHOCTBIO TPH
YPOBHE NPOYHOCTU O = 50: B 3H/l. Pamuyc 30HbI HeogHOpOAHOCTH Iy = 4, E; =
SE,. Ilpy Hamuuuu 3a/laHHON HEOJHOPOJHOCTH MPOMCXOAUT POCT MEpPEMEIICHUH,
MpyuYeM Bo3pacTaHne HanboJsiee CyIecCTBeHHO BOIM3M KOHTYpa BBIPaOOTKH.

14
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Kak BuaHo u3 Tabmuipl 1, mepemerieHus W, Ha ocHoBe moaenu A3l
HECKOJIbKO MeEHbIIe IepeMerineHuid u , moxenu X-1II. Ha xonType BbipaOOTKH
pasauiia B 3HaueHusx cocraBnser 25-30%. Ilpu MeHbImX yriiax BHYTPEHHETO
TpeHHs ¢ pasHuia Oyaer Oobllle, B YaCTHOCTH Hpu ¢ = 5° pasHuma Oynaer
coctaBnsaTh okono 45%. Ecmu B 3HJ| monnble nedopmanuy NpUpaBHATH K
IUTACTUYECKHUM, TO TIEpeMEIleHUs U, Ha ocHoBe Mojenu A3l OyayT HaMHOro OOJIbIIE
TIepeMEIIeHnH U, B yeinoBusix Moaenu X-111. 3to cBsa3aHo ¢ TeM, 9to B Momenu X-111
TIPH OTPENCICHUH U , YIUTHIBACTCS CpEIHEE TIIaBHOE HANPSDKEHUE 6, . OTMETUM, ITO
npu r 2> 1, (Ha Tpanune u 3a npeaenamu 3HJ/[) BennuymHBI U » BO BCEX Clydasx
coBmaaroT. Kpome Toro, Hajaudue JOKaIbHON HEOJHOPOAHOCTH BOKPYT BHIPAOOTKH
MPUBOIUT K POCTY KOHIIEHTPAIIMH HAMPSIKEHWHA MOPOJ] MPUKOHTYPHOU 30HBI M K
yBenuueHuto paauyca 3HJ r, .

B Tabmume 2 mpuBemeHB YHMCIEHHBIE PE3YJIBTATHl 3 aBUCHMOCTH pajmyca
3H/I nopons! r, ¥ epeMenieHui KOHTypa HINHIPHYECKON BHIPAaOOTKH U |1 OT OT
yTJ1a BHYTPEHHETO TPEHHs () JUIS OJIHOPOJIHOTO MACCHBA MPH PA3TMUHBIX YPOBHAX
npounoctd B 3H/I: nmpu 6, =5 o“p , IPU Gyp = 6 o“p U OpA Opp = c“p OcranpHbie
WCXOJHBIE TaHHBIC MIPEKHIE.

T abnuna 2
3aBucumocTb paguyca 3H/] moponsl r, v mepeMerneHuit
KOHTYpa IIMJIMHIPUIECKON BHIPAOOTKH U ;] OT IOKa3arenei @, 6.,

Hcxonnbie YpoBeHb v
JAHHbIE IpOTHOCTH T'OJ1 BHYTPEHHET 0 TPEHHS ( TTOPOJIBI
0 0 5 10° 20° 30°
Scsnp 11,815 6,445 4,300 2,532 1,816
To 60np 19,361 8,833 5,271 2,822 1,930
an Gup. 1,639
SGHP* 4,667 2,623 1,865 0,835 0,445
up 10 60np 12,312 4,792 2,594 1,041 0,471
cnp cnp 0,217 -- -- -- --

ITpu oyp = an* OTMEYEHBl 3HAYCHHUS pajuyca I, U IEpEeMELICHUA KOHTypa
BBIPAOOTKH Ujy) IS CIydasl HAeadbHO-CBA3HOTO Marepuana. Ilo maHHBIM TaOmuIb!
2.2 MOXXHO CyIUTh, HACKOJIBKO BEIHKO BIHSHHE IIACTUYECKOTO Pa3phIXJIEHHS Ha
BEJIMUUHY [IEPEMELICHUN KOHTYpa BBIPAOOTKHU U 1) IpH MalbX yriax @. C poctoM @
3TO BIMSHHE yMEHbIIAeTcs W A 3HauyeHHd @ > 30° Oymer HE3HAUUTEIbHBIM.
CHmxenne ypoBHs npouHoctd B 3HJI 6,, Takke CyIIECTBEHHO CKa3bIBaeTCs Ha
BEJIMUUHE CMELIEHUN KOHTypa BbIpaOOTKU WUy , OCOOEHHO IIpH MalbIX yriax @,
onHako mpu @ = 30° pazHuIla B YPOBHE IPOYHOCTH CTAHOBUTCS €IBa PATMIUMOMN.
T.o., yron BHYTpEeHHEr0 TPEHUS () OPOABI, TAKXKE KaK U YPOBEHH MpouHocTy B 3H /]
SBJISIETCS OJIHUM U3 OCHOBHBIX (hakTopoB popmuposanust HIIC BOKpyT BEIpaOOTKH.

3aki0uenue

Pa3paborana MexaHMKO-MaTeMaTHYECKasi MOJENb HEOJAHOPOAHOTO YIIPYTo-
TuTacTHYecKH JedopMupyeMoro ropHoro MaccuBa. B pamkax 3Toi Mojenu penieHa
TUTOCKasi OCECHMMETPUYHAS 3ajiada JUIsl KPYroBOM LMWIHHIPUYECKON BBIPAOOTKH C
3alaHHBIM KJIaCCOM HEMOHOTOHHOH HEOIHOPOJHOCTH MEXaHWYECKHUX CBOICTB
nopoa. HalineHsl BCE KOMIOHEHTBl HANPSDKEHUN W IEPEMEIICHHM BOKPYT
BBIPaOOTKH, a TaKke Hem3BecTHBIN pamuyc 3HJ r,. Pa3spaGoran merox pacuera
MPOYHOCTH TOPOJ] IPUKOHTYPHON 30HBI PACCMOTPEHHOM MOJ3EMHOI BBHIPAOOTKU U
WCCIIEZIOBAHO BIIMSHUE IMapaMeTpOB HEOJHOPOJHOCTH MacCHBa Ha KOMIIOHEHTBI
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HJC Bokpyr BeipaboTku. [lokazaHo, 4TO HaaMuYHe JIOKAJBLHOH HEOIHOPOJHOCTU B
MaccuBe, ypoBeHb npouHocTH B 3HJI u yrom BHYTpEeHHEro TpeHUs @ OKa3bIBAIOT
3HauuTeNnpHOE BiuaHue Ha komnoHeHTsl H/C, B Tom umcne Ha pagmyc 3H/ r, u
pacmpeneneHie epeMenieHui U . BOKPYT BBIPaOOTKH. BMecCTe ¢ TeM BEIHYUHEI Iy U
u, OyayT CymecTBEHHO 3aBUCETH €Ile U OT BhiOpanHoit moaenu YIIT.
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uncmumymoly PMK, Anmameot K.

TAY KBIHBICTAPBIHBIH BIPTEKTI EMEC CEPHIMAI MIJITTI
JE®OOPMANUAITAHFAH MACCUBIHAE )KEPACTbI
K¥MBICTAPBIHBIH KOHTYPJIbI AMMAKTAPBIHJIAFBI
KBIHBICTAP/IbIH KYIUTEHI'EH-IE®@OPMALUAJIAHFAH
KAFIAVBI MEH BEPIKTIT'T

ATanFaH KYMBICTA Tay >KBIHBICTAPBIHBIH OIPTEKTI eMec cepriM/i HUITilI
nedopManMsUIaHFaH MAaCCHUBIHIH MOJEII JKacajiFaH >KOHE OHBIH HEri31HIe
KEPAaCThl  KYMBICTAPBIHBIH ~ KOHTYPJBl aiiMaKTapbIHJAFbl  KBIHBICTAPIBIH
KYLITEHTeH-JeopMaIvsIaHFaH JKaFraaiibl aHbIKTAIFaH.

Tyiiin ce3aep: xykreme, nedopmamusi, OEpIKTIK, >XepacTbl OHIIPY
YKYMBICTaphl, MACCUB, Ty KBIHBICTAPHI, CEPITIMII Ui tedopmaus.

A.M. Alimzhanov, S.N. Kiyabayev, S.B. Jalimbetov

RSE “Institute of Mechanics and Mechanical Engineering
named after acad. U.A. Dzholdasbekov” SC MES RK

STRESS-STRAIN STATE (SSS) AROUND UNDERGROUND
CYLINDRICAL WORKING IN NON-UNIFORM ELASTIC-PLASTIC
DEFORMABLE ROCK MASSIF

16



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2013, Ne4
Mechanics & Technologies

In this paper developed a model of non-homogeneous elastic deformable
array of rocks and found her on the basis of the stress-strain state (SSS) the
marginal zone rocks contained in the array of underground excavation.

Keywords: stress, strain, strength, winze, array, rocks, elastic-plastic
deformation.

YK 539.37
A.M. Aimnmvzkanos', 7K.M. Hamenrenosa’, P.A. Maibi6aes’

"-p @usz.-mam. nayx, npogp. *Kano. ¢pusz.-mam. nayx, ooy. *Huorcenep
PI'TT « Mnemumym mexanuxu u mawunosedenust um. axao. Y. A. [iconoacbexosay
KH MOH PK, 2. Anmamot

HANPSI>KEHHO-IE®OPMHUPOBAHHOE COCTOSIHUE U
YCTOUUYHUBOCTH MOPO/JI TIPUKOHTYPHOM 30HBI
BEPTUKAJILHOM CKBAKHHBI B
CTPYKTYPHO-HEOJHOPO/JHOM MACCHUBE I'OPHBIX ITOPO/I

B pabore paccMOTpeHBI MPOCTPAHCTBEHHOE OCECHMMETPUYHOE HAIPSKEHHO-
nepopmupoBannoe cocrossare (HIC) 1 ycTOWYMBOCTD yIPYTOIIACTHYSCKOT'O PABHOBECHS
BEPTUKAJIBHOW CKBaXXHHBI B CTPYKTYPHO-HEOJHOPOJHOM MAacCHBE TOpHBIX Tmopon. B
Ka4yecTBe YCIOBHS IPOYHOCTH HCIONB30BaHO ycnoBue Kymona-Mopa. B 3amaue
UCIIONIb30BaHbl  IOJIOKEHHSI TEOPUM YCTOHYMBOCTH B MEXaHHKE TOPHBIX ITOPOJ,
paspaborannoii M.T. AnumkaHoBbIM. Pa3paboraHbl MeTonsl pacuera NPOYHOCTH W
YIIPaBJICHUS YCTOHYMBOCTBIO BEPTHKAIBHOW CKBaXXMHBI B YCIOBHSX IPOCTPAHCTBEHHOU
OCeCHMMETPHYHOH JedopMaluy IOpOA NPUCTBOJIBHOW 30HBI B MpeAenax cjios ¢
TIOHIKEHHBIMU (PU3NKO-MEXaHUUECKUMH XapaKTePUCTUKAMH.

KnawueBbie cjoBa: oceCHMMETpHS, HaNpsuKEHHO-Ie(OpMUpOBaHHOE
COCTOSIHHE, YIPYTOIJIacTUYEeCKOEe PaBHOBECHE, TEOPHS YCTOWYMBOCTH, MEXaHHKA
TOPHBIX IIOPOJ.

1. HAC mnopoa NpUKOHTYPHOHI 30HbI BEPTHKAJIBbHON CKBAaKMHBI B
CTPYKTYPHO-HEOJHOPOHOM MACCHBE FOPHBIX MOPOJ

B mamHOM pa3zmene  WCCNENOBaHO — HANpPsLKEHHO-Ie(OpMUpOBaHHOE
cocrossane (HZC), BepTHKanbHOM CKBaXXHHBI, IPOBOJUMON B CTPYKTYpHO-
HEOJIHOPOJTHOM TOPHOM MAaccHBe, COJACpKaIleM OCIalJIeHHBIH croi. 3amaya
ompenenenns HJC, mpoyHOCTH M YCTOMYMBOCTH BEPTHKANBbHOH CKBA)KHHBI
pelarTcs B MPOCTPAHCTBEHHOW OCECMMMETPUYHOM IOCTAHOBKE. Y CTOMYMBOCTH
BEPTUKAJIBHOM  CKBAXHWHBI I CTPYKTYpHO  OJHOPOIHOTO MacchBa B
paccMaTpuBaeMoOil  MPOCTPAHCTBEHHOW IIOCTAaHOBKE BIIEPBBIE HCCIEAOBaHA
M.T.AnumxanoBeiM [1]. B aToit e pabote [1] UM mccnenoBaHa yCTOWYHBOCTH
BEPTUKANBHOW CKBaXXMHBI B TIIOCTAHOBKE IUIOCKOH JjgedopMalud C Y4eTOM
HEOJIHOPOJHOCTH Matepuaia B 30He Heynpyrux nedopmanuit (3H). Bee atu
3a/la4y¥ pelIeHbl ¢ TOMOIIBIO annapaTa TEOPUHU YCTOHYHBOCTH B MEXaHHUKE TOPHBIX
nopox (TYMI'TI), pazpaborannoro M.T. AnumkaHoBbM [2, 3] .

Yopyruii  MacCMB  TOPHBIX TOpPOJl C  BEPTUKAJIBHOM  CKBaKMHOU
paccMmaTpuBaercs Kak HeBecoMas cpela ¢ HMIMHAPUYECKOH moiocTeio (puc. 1).
MaccuB siBIIsIeTCsl CTPYKTYPHO-HEOTHOPOJAHBIM, Ha TIIyOMHE /i PacloioKeH IJiacT
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IUIACTUYHBIX TJIMH — CJIOM C MOHM>KEHHOW MpeebHOM MPOYHOCTHIO MOPOJ, Tle
HauOoJee BEpOSATHBI OCIOKHEHHS Tpu Oypenmu. PaccmarpuBaemast riyOmnHa h
TaKOBa, YTO TMOJ| JEWCTBHEM 3a/JIaHHBIX HATrPY30K BOKPYT CKBAKHHBI 00pazyercs
3H/I. B ympyroii obnacti cripaBeiuBBI cOoTHOIIeHUsT 3akoHa ['yka, a B 3HJI
BBITIONTHSIOTCS ~ yCTOBUSL  TulacTHYHOCTH — KynoHa-Mopa ®  COOTHOIICHUS
nedopMaIMoOHHOM TEOPUH TIACTUYHOCTH.

I[lo KOHTYPY CKBaXXHHBI MPUJIOKEHO T'HJIPOCTATHYECKOE JABJICHHE
Haxojslerocss B Heil OypoBoro pactsopa Yph, a Ha GECKOHEUHOCTH JIEHCTBYIOT
PaBHOKOMITOHEHTHBIE CkUMaromue ycunus yh. 31ech y, — MIOTHOCTH OYpOBOTroO
pacTBopa, Y — INIOTHOCTh TOPHOM IIOPOJBL.

Y41 vh
vh
- A\ -
B,
t11

Puc. 1. Pacuernas cxema k onpenenennto H/IC Bokpyr BepTHKaIbHOIN CKBaKUHBI
B CTPYKTYPHO-HEOJHOPOJHOM MacCHBE TOPHBIX MTOPOJT

Hcnonp3yeM HMIMHAPUYECKYK) CHUCTEMY KoopauHaT r, O, z, ochb z
COBMECTHM C OCBIO CKBOXHHBI pamumyca r = 1 (Bce BETWYHHBI C Pa3MEPHOCTHIO
JUTMHBI OTHECEHBI K PaNyCy CKBaXUHBI) (CM. puc. 1).

Torma rpaHuYHBIC YCIOBUS 3aIMITYTCS B BUIC

o,=y,hnmpu r=1 u o,=0,=yh upn >0 (1)
Ha  nokputnueckux  cragusx  CTPYKTYpHO-HEOJHOPOJHBIA  MacCUB
npeObIBaeT B YCIOBHAX TUIOCKOH Aedopmarnuu. PaccMOTpUM OCECHMMETPHYHYIO
ynpyromiactuaeckyio 3agady o HJIC BOkpyr BepTHKajdbHOH CKBaXKHHBI B
MOCTaHOBKE TUIOCKOH Aedopmanmu. B 3ToM ciiyuae KOMIIOHEHTBI HaNpsHKCHUH |
nepeMenieHni Kak B ynpyroi oonactu, Tak u B 3H/{ t,, =0uu, =0.

B 3H/ cnpasemnBo ycinoBue Kynona-Mopa (ypaBHEHHE MPSIMOTMHENRHON
orubaromieii kpyros Mopa):

max{t, — (o, + H)tgp}=0 2)

rne: G ,, T, — COOTBETCTBEHHO HOpMAallbHOE W KacaTelnbHOe Hampspkenus; H —
rapamerp, XapaKTepU3yOIui mojaokeHue orudammeii: H = o o / o 2, TI€ G o —
MPOYHOCTh TOPOJBI Ha OJHOOCHOE CXaTue;, o , = 2sing / (1-sing); ¢ — yron
BHYTPEHHETO TPEHUA.

Cornacho padore [4], yciaoBHE MIACTUYHOCTH (2) MOXKET ObITh MPUBEACHO K
TPEM COOTHOIICHUAM, BBIPAXXCHHBIM YCPE3 I'JIaBHBIC HAIIPSXKCHUA O, O, O3, MJIA
OCECHMMETPHYHOTO clyvast (371eCh PUHSTO YCIOBUE G > Gy > G3):
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c,—-0, . O+

o . c,—-0, . O0,+0
—sinp=— 2= Hsing, '2 > —sing—

> = Hsing,
3)

c,-0, . 0,+0 .
%—sm(p%:Hsm(p

[Ipu o) > G, > G3 CIpaBEIUBEIM SBISICTCS TOJIBKO BTOPOE M3 yCinoBHit (3).
Takoe cocTossHHE COOTBETCTBYET CIy4yalo HEMoMHOM mnactuyHoctu [4]. Ilpu o >
G, = 03 MO0 G| = G, > G3 BBINIOIHSIIOTCS COOTBETCTBEHHO MEPBOC M BTOPOE JTMOO
BTOpOE€ U TpeTbe YCHOBHUS. Takue COCTOSHHS COOTBETCTBYIOT CIydalo IMOJHOU
TJIACTUYIHOCTH [4].

B mmnamHIpUYecKMX KOOpAMHATaxX I, O, Z TJIaBHbIE HaNPSHKCHUS
OTPEIEISIIOTCS CIEMYIOIIM 00pa3oM: G; = G g, Oy = G, O3 = G . O4eBUIHO, YTO
npu J1eOpMUPOBAHUH TOPOJ] BOKPYI BEPTHUKAIBHOW CKBaYKHHBI CIPaBE/IMBBIM
Oy/ieT BTOpOE COOTHOILIGHHE, T.K. TP CMEIICHUH TOPOJ] K OCH CTBOJIA DIIEMEHTHI
MaccHBa pasrpyXaroTcsl OT JEHCTBHUS paauaibHBIX HANPSHKEHUH G, TIO3TOMY MBI
UMeeM MaKCHMaJbHbIC TaHTCHIMAIBHBIC W BEPTUKAIbHBIC HANPSOKCHUS, T.€.
BBITIONHSIETCS YCIIOBUE G g=G , > G .

B ocHOBHOM (HEBO3MYILIEHHOM) COCTOSHUH CTPYKTYPHO-HEOIHOPOIHBIN
MaccuB TpeObIBaeT B YCIOBHAX IUIOCKOH aedopmaruu. B 3TOoM citydae paBHBI
HYJIIO JIBC KOMIIOHCHTbl HAanpsDKeHWi u nepemewenndt 7, =0 u u_ =0, a

BOKPYT' CKBa)KHHBI PEaI3yeTcs COCTOSTHHE HEMOMHOM MIaCTUYHOCTH G g > G , >
G

Tornma ycnosue (2) B HUIMHIPHYECKUX KOOPIUHATAX T,0,Z 3alMCHIBACTCS B
Buze (3meck o, =, +1=(1+sing)/(1-sing) ):

1+si .
Olo] = -'-Szm(p(c[r] +G[]) + Hsin ¢ “4)
HIJIN
Glg] — O[] = &, H ()

KommonenTsl HanpsbkeHUi B ynpyroi (HeHapylieHHO#) obnact u B 3H/]
YIOBJIETBOPSIIOT €IMHCTBEHHOMY YpPaBHEHHIO PAaBHOBECHA B paccMaTpHUBaeMOi
[IOCTaHOBKE:!

+
dr r

do, o©,-0y o ©6)

CornacHo (5) u (6) KOMITOHEHTBI HAMIPSKESHUI G[¢]-O[o] B 3H/I umerot BUI:

o[ =Cir”2 =K ctgd o[p] = o0, +aH (7)

rae C,— mpou3BoIbHAs MTOCTOSTHHAS.
3nech W Jayiee KOMITOHEHTHI HANpsDKEHHH ¢ KBaJIpaTHBIMH CKOOKaMHU Y
nuHaekcoB oTHocaTes Kk 3H/, a ¢ kpyribIMu ckoOKaMH y WHICKCOB OTHOCSTCS K
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oit obmactu. K, — 1 HUBEIEHHBIN KO3 WOUCHT CUCTIJIICHUSA WUTHIBAIOIINNA
P > ¥4

paauanbHOe pa3ynpovHeHHe (CHIDKCHHE MPOYHOCTHBIX CBOMCTB) MOPOI BOKPYT
CKBa)XHHBI OT JEHCTBHs OypOBOTO pacTBOpa MyTEM YCPEIAHEHHUS MEPEMEHHOTO
koaddumnmenta K(r)B 3HJ. B cBssu ¢ stum Ha rpanuie 3HJ[ BeimomHsieTcs

yenoBue K, < K (K — kodpdHuIHEHT cuemieHuss Lenoro (HEHapyLIIEHHOTrO)
MaccuBa). B 3HJ] koadduiuent K crsazan ¢ napamerpom H coorHomiennem H =
Kctg @. Ormerum, uro Ha rpanune 3H/[ kommoHeHTa O[] MpeTepreBaeT pa3priB

110 a0COFOTHOM BEJTMYMHE.
B paccmarpuBaemoii 3ajade BepTUKalIbHOE HampsbkeHue O [z] B 3H/

olpenensercs HCXOAd U3 TOJIOXKEHHH MOJeNN YHPYTroIIacTHYeCKOro Temna
Xpuctuanosuda-lllemskuna [4]

o1 +0
oy =1+ (o) -y 2fe)- ®)

rIae Q(o)) =f ((p) — BEIMYMHA, 3aBUCSIIAS OT 3HAUYCHUH o (Q):

o)~ b )l + i o100, 10) ) (2T
4\@0:l

VN (9gt 4+ 67l +192a + 2500, +125).
9a, +1)3(a|—1)( ? ? ? ? )

o = arctg

3H/I cipaBemuBEI COOTHOMIEHUS Ae)OPMAIIMOHHON TEOPHU, HEOOXOIMEIC
IS OTIpEZICTICHHS IepeMeICHU

ey =12 ©)
00

rae:  €;;,0; — KOMIIOHEHTBI nedbopManuii W HaNpsDKEHUH; (D(Gij)

TUTACTHYECKHI TOTEHIIMAJ, B KayecTBe KOTOPOro MmpuHuUMaeTcs yciosue (5); A —
HEKOTOPBII MHOKHTENb.

Kommonentrr nepemernennit B8 3H/] onpenenstorcst u3 cootHornenuit (5) u
(9), a TaxKe U3 M3BECTHBIX COOTHOILICHWM, CBA3BIBAIOIIMX JcHOpMALMH |
nepemertenus [2] (C, — mpon3BoiibHas OCTOSHHAsA):

up = Cor™ (10)

Ha neussectHoit rpanuie 3HJI[ ) MMEHOT MECTO YCIOBHA CONPSDKEHUS
paananbHBIX KomnoneHT HJC:

[Gr]:G[r]_G(r)’ [Gr]:[ur]:() HpH r:ro (11)

KommoHeHTsl HampspkeHHH W MepeMemieHnid B 00JacTh  yImpyrux
nedopMaIuii, COracHO COOTHOUIEHHUSIM TEOPUH YIPYTOCTH AJIsl pacCMaTpUBAEMOi
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3aaa4yu, HaXOOATCA U3 YCIIOBUA, YTO MMEPEMCUICHNEC TOYEK MAaCCHMBa BbI3BAHO JIMIIb
JOOIOJTHUTCIIbHBIMUA HAIIPAXKCHUAMU

a 1 -
Tlo) = 1h+5, 0, =vlo) +oi) - =Za(Gr)’” (12)

rae: G — monynb caBura; v — koddduument I[lyaccoHa; a — mpousBojIbHAs
IIOCTOAHHAA.

st onpeneneHust HeM3BeCTHRIX a, C,, I, HMCHONB3yIOTCs ycmoBus (11), a
TaKKe CIEAYIoNee yCIOBHE OTCYTCTBUS MOBPEKAeHUH Ha Tpanuie 3H/I:

G(p) ~ %10 (r) = Ocx (13)

KoMmonenTsl 0CHOBHOT'O (HEBO3MYIIEHHOr0) yrpyromiractuaeckoro HJIC
(oHm 0003HAYEHBI WHJCKCOM «HYIHK» HaBEpXy), ONPENCISIONIEr0 paBHOBECHE
CTPYKTYPHO-HEOAHOPOAHOI'O MAacCCHBa BOKPYT BEPTHUKAIbHOIO CKBaKHHBI B
npezienax paccMaTpUBAEMOrO CJIOSl U YpaBHEHHE JUIS ONpEACICHUS HEHM3BECTHON

rpaunusl 3H]L 7, 3anuuryTcs B BUE:

cr[?,] = (;/ph + Kpctggb)ra * =K ctgd, 0[09] =q, (;/ph + Kpctggb)ra ' =K ctgg,

0 0
_ 0117 %] - (14)

oty =H3 oy —opy ) 0lo). =0,

. 2 .
uf.p] =7, S ¢ (;/h + Kpctggb(roj , U[Og] — 0’ roaz _ (1 —Sin ¢)(}/h + Kctg¢)

26 r v, h+K cigd
%) : Y .

= 7/h151n¢(7/h+l(ctg¢ 21, 709 =0,
) r
sin ¢ 7 2

o= v(O'(Op) + 6(00)): 2vyh, ug = rf(;/h + Kctg¢{7‘)j . ufy =0.

BeprukannrHoe Hampsbkenue O B (14) ompenenserca ucxomd Wu3
P p z p

MOJIO’KEHUI MO YIIPYTOIUIaCTHYeCKOro Teia Xpucruanosuda-llemsaxuna.

2. YcToiluMBOCTH NOPOA TNPHUKOHTYPHOH 30HbI BePTUKAJBLHOMH
CKBa’KMHBI B CTPYKTYPHO-HEOTHOPOJHOM MAacCHBe TOPHbIX MOPOJ

HccnengyeM  mpoCTpaHCTBEHHYIO  OCECUMMETPUYHYIO  YCTOWYHMBOCTH
YIPYTOIIACTUYECKOTO PABHOBECUS BEPTHKANBbHON CKBAXXHUHBI B CTPYKTYpPHO-
HEOJHOPOJTHOM MAacCHUBE, COJAEp)KAIlleM CJIOM C TIOHWXKEHHOM TMpeaesibHON
MpoYHOCTRIO Topo. [Ipu aToM ucnons3yercs anmapat TYMITI [2, 3].

OmpenenuM KpUTHYECKOE 3HAUEHUE INIOTHOCTU OYPOBOI'O PACTBOPA Yps , IPU
KOTOPOM HapsAay ¢ IUIOCKOAe()OPMHUPOBAHHOM OCECUMMETPUYHONH  MOTYT
CYIIECTBOBAaTh M Jpyrue (OpMbI YIPYrolaCTHUYSCKOTO PaBHOBECHS. 31eCh
MpOIlECC TPOSBICHUS TOPHOTO JIABJIEHHS, COMPOBOXKIAIOUIUIICS H3MEHEHUEM
pa3MepoB TMOMEPEYHOI0 CEUEeHHs CKBaXXHUHBI, CBA3BIBAETCS C MPOCTPaHCTBEHHOMH
OCECHMMETPHYHON (POPMOIi MOTEpH YCTOHYMBOCTH PAaBHOBECHSI ITOPO/] IPHUKOHTYP-
HOH 30HBI, T.€. C MOSBJICHUEM Hapsay C paJuaibHBIMH CMEIIEHUSIMH BEPTHUKAIb-
HBIX CMEIIEHUI U UM COOTBETCTBYIOIINX KOMIIOHEHT HaINpsKeHu# (puc. 2).
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[Ipn morepe yCTOMYHMBOCTM IOPOJA BOKPYI BEPTUKAJIBHOM CKBaKUHBI
IIEPEXOAUT B COCTOSIHUE IPOCTPAHCTBEHHOIO OCECUMMETPUYHOIO PAaBHOBECHS,

Koraa KoMnonentst 7, #0, u, # 0, a pemenne 3a1aun 3aBUCAT OT NIEPEMEHHBIX
r, z. Takoe COCTOSIHHUE COOTBETCTBYET CIIy4ar0 MOJHOW IIACTUYHOCTH B TJIABHBIX
(0] =0, > 03) MO0 UMIMHAPUYECKHUX (G 9= G , > G ) HAIPHKCHUAX.

z

u',=0 mpu z=1

1 u' A0

0 u',=0 npu z=0
r=1 ;

Puc. 2. Cxema K pacuery yCTOHIMBOCTH BEPTUKAIBHON CKBaKHHBI B TOPHOM
MAaCCHBE, COIEPKAILEM CIIOM ¢ IOHM>KEHHOHM IIPENEIbHOM IPOYHOCTHIO ITOPOJ

!

_ .0 '
i lzll-—lzll-+1/ll-, rac

Pentenue 3amaum wumercad B BHIE o 263+6

jj» U;— KOMIIOHEHTBI BO3MYILECHHOTO COCTOSHHS (IIOCIE TOTEPH yCTOHIMBOCTH),

0 0
U; — KOMIIOHEHTHl OCHOBHOI'O (HMCXOIHOTO) COCTOAHMS (IO TOTepH

jo Ui

o

(o
'

ij ’
KoopauHaTax T, 6, Z PCHICHHUC 3aa4M 3aIMIICTCS CICAYIOIHM 06pa30M:

o i o
CTOMYHUBOCTHU (0} u; KOMITOHCHTBI BO3MYIIICHHH. B TUIMHAPUYICCKHUX
’ 1

_ ~0 ’ _ -0 ’ _ 0 ’
c,=0,+0,, 0,=0,+0,, O, =0_+0., (15)

_ .0 ’ _ .0 ' _ .0 ’
T,,H—T,,H-FT,,H, u —u,,+u,,, MZ—MZ+MZ.

”

! !

[ns onpenenenuss KOMIIOHEHT Gjj» U; TPOBOAUTCA NMHEAPH3ALMSA BCEX
OCHOBHBIX COOTHOIICHMH. JIBa OJM3KUX PABHOBECHBIX COCTOSHHS (IO W IIOCIE
MOTEpU YCTOWIMBOCTH) OTIMYAIOTCS HAa BETUIMHBI IIEPBOTO MOPSIIKA MAJIOCTH.

YpaBHEHUA  paBHOBECHSI B  paccMaTpUBaeMOM  ClIydae  JIMHEWHBI
OTHOCHUTENBHO KOMIIOHEHT HANPsHKEHUMN, TO3TOMY OHU COXPAHSIOT CBOW BUJI:

do’! L9, =0 or,, _0; 0o +6L T, ‘ (16)
or 7 Oz Oz or r

OmpenenM KOMIIOHEHTHI BO3MYIIICHHA.

OnpenenM KOMIIOHEHTHI BO3MYLIECHUH I HANpsOKEHUNW W TepeMeleHHi

G;-j, ul' B obmactu ymnpyrux npepopmanuid. Cnemys pabore [5], umeeMm

KOMITOHCHTBI BO3My1HeHI/II71 B BHUJIC:
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(= 2G{(3—2v)f(r)—(ﬁ2r+l‘fvjf(r)+iq'(r)—ﬁ2q(r)}in BE.

7(.) = 2G[rf"(r) - (1= 2v) £ (r) + ¢'(r)]B cos BE, 7
uf, =[B-4v)f(r)-rf'(r)-q'(r)lsin BE,
ul.y =[1f (r)+ q(r)|B cos &,

The  f(r)=CJ\(Br)+ C.K\(Br). qlr)=D.J,(Br)+ DK, (Br)

3necw ,(Pr),1,(pr),K, (ﬂr), K, (ﬂr) — ¢ynxuun beccens n Maknonansaa
uenoro nopsanka, Cy,C,,D;, D, — OCTOSHHBIC HHTETPUPOBAHHUSL.
lJ lJ ’ ,
ITockonbKy KOMIIOHEHTHI BOSMYIICHHUS G (r)> T(rz)> U (r) 1 Uf,) AOIKHEI
CTPEMHUTBCSI K HYJIO Ha OECKOHEYHOCTH, TO B cCooOTHomieHusx (17) ciemyer

nonoxuts C, =D, =0.

Torma KOMIIOHEHTHI BO3MYILUEHMM [UIsl HANPSDKEHUH UM IEpeMELLCHUM

G;-j , U; B OONAcTH ynpyrux AeopManuii OKOHYATENLHO IPUMYT BHL

o) = 2G{c2 {— (3-2v)BK, (Br)- (4(1 r_ V), Bzijl (Br)} +

+ Dz[— BZKO(Br)—EKl (Br)} }sinﬁci,
TErz) = 2G{C2 [— prK, (Br) - 2(1 - V)Kl (Br)] -D, [BKI (Br)] }B cosfBE,
(r) = {C,[BrK (Br)+ 4(1- v)K, (Br)]+ D,BK, (Br)}sin BE,
u(y) = {CorK; (Br) + D, K (Br)jB cospE.

(18)

[=

OnpenenM KOMIIOHEHTHI BO3MYLIECHUH I HANpsOKEHUW W TepeMeleHHi
! !
Gl] , U; B 3H21

VYcnoBue npoyHocTH (3) B IVIaBHBIX HANPSKEHUAX MPUMET BU
o, -0, —sing(o, +0,)=2Hsing, o, =0, (19)

Ilepexons K  IMIMHAPHMYECKUM  KOOpAMHATaM  r,0,z, TOIy4uM

COOTHOIIIEHUS, S3KBUBAJIEHTHBIE ycioBuio (19):

(0.-0,) +4t2 =sin’ (o, +o. +2HY,

. 20)
1+ (
o, = Szmqo(crr+crz)irHsinqo.
JInneapu3zanus ycnoBuit mpounoctu (20) maer
oy=c!, ol =ao, 1)

KomnonenTs! Bo3MyIeHUN HaNpsiKeHud O ;j B 3H/] Ha ocHose (16) u (21)
MPUHUMAIOT BUJI:
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oty = o Bryfe, )+ 4N, (Bra, ) sin pe,

Olo) =OL)» Of) =0,

T} = —[A,J, (ﬂr\/a>,)+ A,N, r\/oTl)]ﬁ\/a»,cos BE
rae J, (ﬁr\/oTI l N, (ﬁr\/oTI l J, (ﬁr\/oTI l N, (ﬁr\/oTI ) — IWIMHAPUYECKUE (YHKIUU

Beccenst m Heiimana 1ienoro mopsigka, [ - MoKaszaTellb BBITyYUBaHUsA, A, Ay —
IMOCTOSAHHBIC UHTCTPHUPOBAHUA.

(22)

Komnonentsl BO3Mymienuit s mnepememiennii B 3H/| u['r] u u[z]

OTIpeNeNnsioTcs U3 ycnoBus TuactudaHoctd Kynona-Mopa (5) u cooTHOIIeHHH
nedopmanronHor Teopuu (9) ¢ yderom toro, uro B 3H/] momnnble medopmaiuu
MPHUPABHUBAIOTCA K IJIacCTHYECKHM. Torma mMeeMm cucremy nuddepeHuanbHbIX

YpaBHCHUHU OTHOCUTEIIbHO ABYX KOMIIOHCHT IIEPEMECIICHUN ur n MZ

ou, u, ou, Ou, Ou,
—+a,—=0, T,
or r 0z or 82

%+ 2o, a0 (23)

Jluneapusupys (23), nmonmyuuMm 1Ba auddepeHIHaIbHbIX ypaBHEHUS s

! !
olnpeneIcHus U.r " uZ

’ ’ 4 0 !
ouy o, ou? _ 0. Ou, e 1( 0u,  ou] (o-’(} ~6?)=0 (24)
or r Oz or Oz or )

U3 (24) naiinemM KOMIIOHEHTHI BO3MYIIEHUN ul' B 3H/:

oy

" o
o7y j[A]E(r)+ AT, ()]}, sin BE

4G(Q(co) + %

3neck Joo (Bor)»Nao (Bor ) o1 (Bor) N ag-1 (Bor) — wamunnpuueckie

¢yukiuu beccens u Helimana npoOHOro mopsiika, o — _1 —(er, +1), = B.Ja \/> By,
)

uy=ar ™ (B, () + BN, )[A 1)+ AL () sin e

(25)

”[,:] = {B\J 1 (ﬂor)+ B,N, (ﬂor)_

B> — IOCTOSIHHBIE MHTETPUPOBAHUS],
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r 7

T (r) = Nao (ﬂor)_[ ']ao (ﬂot)*ll (ﬂot)t475a0dt_']a0 (ﬂor)_[ Nao (ﬂot)']l (ﬂot)t475a0dt’

1

T, (r) = Nao (ﬂor)_[']ao (ﬂot)Nl (ﬂot)t475a0dt_']a0 (ﬂor)_[ Nao (ﬂot)Nl (ﬂot)t475a0dt’

r r

Tw(”) = Naofl (ﬂor)_[']ao (ﬂot)*ll (ﬂot)t475a0dt - ']aofl (ﬂor)_[ Nao (ﬂot)']l (ﬂoﬁftisaod L,

T, (r) = Naofl (ﬂor)_'. ']ao (ﬂot)Nl (ﬂot)f‘isaod I- ']aofl (ﬂor)_'. Nao (ﬂot)Nl (ﬂot)t475a0dt

1

Ecnin  nopoma  OpUCTBONBHOW — 30HBI  YJOBJIETBOPSIET  YCIIOBMIO
HEC)KMMAEMOCTH, TO B BhIpakeHHH (25) dynkuuu beccens n HelimaHa siBIsitOTCS

(yHKIMAMM HepBOro nopsaka - J 1 (BI') u Nl (BI')

[IpencraBum aehOpMUPOBAHHYIO TTOBEPXHOCTh BEPTHUKAILHONW CKBa)KUHBI B
Mpeieax paccMaTPUBAEMOTO CJIOS MOBEPXHOCTHIO BpaIIeHUS C 0Opa3yromiei

(r=r/R,,é =z/R,, R,— panuyc cTBONA)
r=1+uf (1,&)=1+aBsin B, a=const. (26)

CornacHo (26), nTuHeapU3WPOBAHHBIC TPAHUYHBIC YCIOBHS 3aIUIIYTCS B
BH/IC:

=0 Opur= (27)

Ilpy mnorepe yYCTOMYMBOCTH YCIOBUSA CONPSIKEHHUS HANPSKEHUU U
nepemenieHuii Ha rpanuie 3H/l numeroT Bu:

[o.]=[o6]=[c,]=[r,]=0, [u,]=[u,]=0. (28)

Tax xax ypaBuenuwe rpanuusl 3HJ[ umeer Bux Iy =TI +6r1, TO

JIMHEapU3UPOBAHHBIE YCIOBUA CONPsHKeHUA (28) 3amuIryTcs B BUE:

0

ar.+dd“ffri=o, [']=[u']=0 mpH T =T, (29)
r

y

Honcrasmas (18), (22), (25) B ycnoBus (27) u (29) nHa rpanuue 3H/I
Iy =V, TONYYHM CHCTEMY JIMHEHHBIX  anreOpaudecKuX  ypaBHEHHH

OTHOCHUTENBHO Aj, A,, By, By, C,, Dy, KOTOpas mpu morepe yCTOHIMBOCTH CTBOJIA
CKBOXHHBI MMECT HETpPUBUAILHOE pemieHue. [IpupaBHSB oONpeAenuTens 3TOM
CHUCTEMbl HYJIO, IIOJYyYHUM ypaBHEHHE I ONpeACicHHS Oe3pa3MepHOro

Kputuueckoro paauyca 3H/I 7% :

a;|=0 (30)

j
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VYpaeaenue (30) mpeacraBiser coOOH OMpEISTUTENb IIEeCTOro IMOpPSIKa,
KOTOpBII B Cllydya€ HETPUBHAJIBHOIO PEIICHUS 3alMUChIBACTCS B  BHJE

TPaHCIIEHJCHTHOTO YPaBHEHUSI OTHOCUTEIIBHO paauyca F .

Brimumem BBIPpAXCHUA 3JICMCHTOB OIIPEACIUTEIIA:

a, :ﬁJO(ﬁa)’ a,2=ﬁN0(ﬁ )’ a; =2a, sm(p(7/h+Kctg(p) 2, (ﬁ )
. =2a, 51n(p(7/h+Kctg(p) N, (ﬁa), as =a, =0,

=-B,J,(B,). ap, =—BN,(B,),
= [+ Kty —K,,crgqo]JaTﬂJao (8.)
= [+ Ketgpl = — K ctgp o, BN, (B, ) ars = az =0

a3 =ﬂ]0(ﬂar*), as =[3N0(ﬁar*), ay; =ay, =0,
ays = -2G[(3-2v)BK,(Br. )+ (4(1 - v} + B2 )K, (81 )}
a,, = 2G| K, (Br,)+ BK, (Br.)]
=—ﬁJ(ﬁr),a42 ﬂN(ﬂr), Ay = 0,
——2G\/_ 1 v ﬂr )+ﬂrK (ﬂr*)], Ay = 2G\/_ﬂK ﬂr

Say-3 Say-3

! Bry o Bry

=~ T =~ T
"= Igtale) 0 % = ag(alw) 05
53 :alﬂr*%il‘]ao (ﬂar*)’ sy :alﬂr*%ilNao (ﬂar*)’

ass :Br*Ko( r*)+4(1—V)K1( r*), as6 ZBKl(Br*)»

Say—3 Say-3

_ B, . _ wa,B,r. .
= otalo) 109 e = gy ros) b

63— ﬂa r*a071‘]a071 (ﬂa T )’ a64 = ﬂa r*a071Nagfl (ﬂa T )’

ags =-1.K, (IB’”* )v Ao = _Ko(ﬂr* )

3nech anementsl onpenenutens (30) comepxkat MpUBEACHHBIN KOAPPUIIHEHT
cuerieHuss K ,, yYWTHIBAIONIMH pa3ylnpoYyHEHHE MOPOXA INPHUKOHTYPHOU 30HBI
CKBa)KUHBI OT JCHCTBUSA OYpOBOrO PacTBOpaA.

HckoMmblli KpUTHYECKHI pamuyc I's NpeAcTaBiseT co00i HauOOJbIIH

pamuyc 3HJI[, mpm  KOTOpOM  BepTHUKAJIbHAas  CKBOXHHA  COXPAHSCT
MPOCTPAHCTBEHHYIO OCECUMMETPUYHYIO YCTONYMBOCTb.

Kputnueckomy pammycy Tx COOTBETCTBYIOT KpuUTHYecKas (MHHHUMAIbHO

JIONYCTHMas1) MJIOTHOCTh OYPOBOT'O pacTBopa '}/p* W KpuTHueckoe (Hanbobiee)

CMellleHNe KOHTYpa CKBaXHUHBI U
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2(vh + Kect sin o 1
1, = K)oy 2SOy S 3
(1+a hr 2G )
Bece T1pm Bemumumnel — I, Y py> U ABISIOTCS  ONTHMATBHHIMHA
rnapaMerpamu MPOCTPAHCTBEHHOM OCECUMMETPUYHOU YCTOMYMBOCTH

BEPTUKAIBHOW CKBAKHHBI, IIPOBEICHHON B MacCHBE Uepe3 0ciIaOIeHHBIN CIIOH.
Cornacho (30) T, ecTh (yHKIHMS MOKa3aTels BBITYYMBaHUS . Tx = T« (B)

Panee mpu umccnenoBaHWW YCTOWYHBOCTH BEPTHKAIBHOTO CTBOJIA TOKa3aTenb [3

oIpeersicss UCXOsl U3 MHHUMYMa (QyHKUWH T, (HaumMeHblero KopHs I, > 1) B

npenenax Bcero ctBoma [1, 2]. B maHHOM ciydae Toka3aTelnb HaXOMUTCA U3
JOOIOJTHUTCIIbHBIX 'PAHUYHBIX YCHOBHﬁ, KOTOPLBIC 3a/1al0TCA Ha BerHeﬁ W HIDKHEH
TpaHMIIe OCIAOIEHHOT'O CIIOS:

g =0 mpu z=I (32)
u =0 mpu z=0
[Toka3zatens BeimyunBanus 3 onpexnensercs u3 (32) no ¢popmysie:
1
B:InnRo, neZ (33)
IMokazarens [ B (33) 3aBUCHT OT JABYX MapaMerpoB — TOJIIUHBI

oca0JIeHHOTO ClIos | 1 mapaMeTrpa BOJIHOOOpa30oBaHMS N (KOJWYECTBA IOIYBOJIH
cunycounsl), T.e. B =L, =f (l ,n). HaubGonee BepositHa (popMma BBINyYMBAHHS B

BHJIC CUHYCOUJIBI C OJHOHM MOJYBONHOHN (7 = 1), NpeACTaBJIAIONMIAs HAUOOJIBIIHI
NPaKTHYECKUH HHTEPEC:

R .
B, =p1)= 7770, ul, = ap), s1nﬂ§. (34)

3. UwuciaeHHbIi pacyeT NPOCTPAHCTBEHHOH  OCeCHMMETPHYHOM
YCTOHYUBOCTH BEPTHKAJBHON CKBaKMHBI, IPOXOAsiIeil 4epe3 CJOH ¢
MOHUKEHHOM MpeeIbHOM MPOYHOCTHI0 MOPOJA

3Ha4eHus IApAMETPOB YCTOMYMBOCTH BEPTUKAIBHON CKBAXHUHBI T, 7y Py’ u,
B 3aBUCUMOCTH OT TJyOMHBI 3ajeranusi ocnabimeHHoro cios h wu  ¢usmko-
MEXaHHUYECKHUX XapaKTEPHCTUK MOPOIbI PACCMATPHUBAEMOTO CIIOSI — MOYJISl YIIPYTOCTH
E wn npenena MpOYHOCTH TIOPOABI HA CKaThe O . NPUBENEHBI B Tabmiuax 1 u 2.

Pesympratel monmywenst no dopmynaam (30) — (31). Ilpu 3TOoM HCHONB30BaHEL
CIeYIONHE JIAaHHBIC: PaANyC CKBAXKUHBI T = 1; TonmmHa ciost 1 = 2; mpuBeIeHHbINH
ko3 dunment cuerenus K, = 12 MIla; y=2,5 ™’ v=0,3; ¢ =30,

CornacHO JaHHBIM TaOMMIBl |, MEXaHUYECKUE XapaKTEPUCTHKH ITOpPOJ
ocnabnenHoro cnos E ¥ G . CyIIECTBEHHO BIMSIOT HA MAPAMETPhl YCTOHUMBOCTH
CKBa)XMHBI. MEHBIIMM TIOKa3aTelmssM E  COOTBETCTBYIOT MEHBIINE 3HAUYCHUSI

kputnieckoro paauyca 3HJ] T, u 0o nbmme 3HAYEHUS KPUTHUYECKHUX TapamerpoB

Yp, U Uy MeHbIMM MOKa3aTeNsM G ., COOTBETCTBYIOT 00 JbIIME 3HAYEHUS
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napameTpoB T, '}/p* YW MEHBLIME 3HAYEeHHUs DPAJUaIbHOIO CMELIEHHs KOHTYpa
ckBakuHbl U, . C pocToM miryOWHBI 3ajeranus ocnablleHHOro ciost h pammyc T,

YMEHBILAETCS, a IapaMeTphl Y P X U, BO3pacTaror.

B Tabnume 2 mnpencraBieHa 3aBUCHMOCTh TpPeX KPUTHUYECKUX BEIHMYUH
L.y, M U, OT OKA3ATEls BTy HBAHHS Bll W TOJIWHBI OCIA0JICHHOTO CIIOS
1 . Otn Benmmumebl mnpocuntaHbl 1O Qopmyram (30) — (31). Ilpu stom
WCTIOJIb30BAHBI CIICAYIOIINE JaHHBIC: PaJyC CKBKHUHBI I = |, TITyOMHA 3aJleraHus
ciost h = 1000 M; npezen NPOYHOCTH HA CKATUE B PACCMATPUBAEMOM ClIoe O .=
30 MlIla ; momynp ympyroctu moponbl cimost E = 5000 Mlla; mpuBeneHHBII
ko3 dumment cuertenns K, = 8,66 MITa; y =2,5 /m’; v = 0,3; ¢ = 30°,

HccnenoBano BeIMyYUBaHKUE CTBOJA C PA3IMYHBIMU [TOKA3aTEIIMHU Bll ul

npu HamMmeHbleM mapamerpe n=1. Cormacuo (34) GonblieMy IOKa3aTemnro Bll

COOTBETCTBYET MEHbIIME 3HAUeHNs | . Pacuersl MOKa3bIBAIOT, YTO MPU 3HAYCHHAX
By > 0,167 (0 < 1 < 6 ) mapaMerpsl MPOCTPAHCTBEHHOH OCECUMMETPUYIHOMN
YCTOWYMBOCTA BEPTUKAIBHOW CKBAKMHBI U3MEHSIOTCS HEIWHEHHO, a mpu P <
0,167n (1> 6) OHM IPAKTHYCSCKH HE U3MEHSIOTCS, ACUMITOTHYCCKU MPUOINKASICH
CBOMMH 3HAYCHHSAMH K MapaMerpaM IUI0CKoae()OpMUPOBAHHONW yCTOWYHBOCTH
CKBaXHMHBI. TakuM 00pa3oM, paccMaTpuBaeMas MPOCTPAHCTBEHHAS OCECHMMeE-
TpUYHas TIOCTAHOBKA 3aJjayll YCTOMYMBOCTH IIeecoo0pas3Ha, eclii IOoKa3aTelb
Beiny4yuBanus By > 0,167xn. Eciau By < 0,1677, To cieayer paccMaTpuBaTh 3a1ady
YCTOWYMBOCTH B YCIOBHSIX TUIOCKOH Jieh OpMaIlHH.

Tabauua 1
3aBUCHMMOCTD APAMETPOB YCTOMYUBOCTH CKBAKUHBIL Iy, Y p, s OT riryOuHbI h

1 xapakrepuctuk Eu G, paccmMatpuBaeMoro ciost

I'nybuna h, m 1000 1200 1500

PacueTnrie
TapaMeTpeI I, Y P u, I, Y P u, I, Y P *Sﬂ u,

yCTOMYUBOCT ) ) KI/M
u Kr/m’ Kr/m’
6000 2,15 | 1805 | 0,104 | 2,09 | 1902 | 0,112 | 2,02 | 2378 | 0,121
o 8000 2,30 | 1569 | 0,103 | 2,24 | 1651 | 0,111 | 2,17 | 2062 | 0,120
E 10000 2,43 | 1410 | 0,102 | 2,37 | 1483 | 0,109 | 2,29 | 1850 | 0,118
= 712000 2,53 | 1293 | 0,101 | 2,47 | 1360 | 0,107 | 2,39 | 1695 | 0,116
14000 2,63 | 1202 | 0,101 | 2,56 | 1264 | 0,106 | 2,48 | 1578 | 0,113
28 2,51 | 1665 | 0,094 | 2,52 | 1910 | 0,095 | 2,36 | 2236 | 0,096
& 32 2,48 | 1543 | 0,097 | 2,46 | 1748 | 0,098 | 2,33 | 2030 | 0,099
Eﬁ 36 2,45 | 1433 | 0,099 | 2,41 | 1606 | 0,100 | 2,31 | 1839 | 0,101
05 40 2,43 | 1245 | 0,101 | 2,37 | 1365 | 0,102 | 2,29 | 1503 | 0,103
44 2,40 | 1083 | 0,102 | 2,34 | 1163 | 0,103 | 2,27 | 1245 | 0,104
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Tabauna 2

3aBUCHMOCTb ITapaMeTPOB YCTOMUYNBOCTH CKBAKUHBI T, , '}/p* , U, OT mokazarens

BBINTyYHBaHUS Bll U TOJIIMHBI 0cnabdiieHHoro cios |

IMokasarenn I, Vp, - KT M| ou, Tomnmurna
BBIITYYHBaHHSA 3 * ocitabiaennoro cios |
-- - -- 0
b 2,486 1913 0,0196 1
0,5m 2,499 1873 0,0208 2
0,33 =® 2,508 1847 0,0214 3
0,25n 2,513 1829 0,0217 4
0,21 2,516 1818 0,0218 5
0,167n 2,518 1812 0,0219 6
0,143 2,519 1811 0,0219 7
0,125m 2,519 1810 0,0219 8
0,111x 2,519 1810 0,0219 9
0,1n 2,519 1810 0,0219 10

3akr04eHue

Hamu pa3paboranbl MeTOIpl pacuera MPOYHOCTH W YIPABIEHUS YCTOHYH-
BOCTBIO BEPTHUKAJbHONW CKBaXHHBI B YCIOBHUSAX IPOCTPAHCTBEHHOW OCECHMMe-
TpUYHON JmeopMalMu TOpOJ TPUCTBONLHOH 30HBI B TIpenenax cios C
ITOHMKEHHOM MTPEAEIbHON TPOYHOCTHIO MOPOA. Pe3yabTaThl HCCIEA0BAHUSI UMEOT
MPAKTUYECKYI0 HAMPaBICHHOCTh NMPUMEHHUTEIBHO K KOHKPETHBIM He(Tera3oBbIM
MectopoxaeHusiM [Ipukacnuss u Kymkons, pazpabarbiBaeMbiM B CTPYKTYPHO-
HEOJIHOPOJTHBIX TOPHBIX MAacCHBax, COAEpKaluX ociabieHHbie cinon. ViMeHHO B
mpezenax oclabICeHHOTO CJI0s1 BO3MOXKHBI pa3InYHbBIE OCIOXKHEHHS TIpH OypeHUuH —
oOBasmooOpa3oBaHue, CMSATHE OO0CAJHBIX KOJOHH, TPHUXBAaThl WHCTPYMEHTOB,
3aTsDKKM M T.4. Bce OHHM SBIAIOTCA CIIEACTBHEM OCECHMMETPHYHOM MOTEpH
YCTOMYHMBOCTH CTEHOK BEPTUKAJIbHOM CKBAXHHBL. 3HAHHE ONTHMAJIbHBIX

1apaMeTPOB OCECUMMETPHYHON YCTONYUBOCTH — 7, , ¥, , U, TO3BOJISIET n30eKaTh

NofO0OHBIX OCIOKHEHUil. PaHee 3Tu mapameTpsl OIpeneNsuInch UCXOII U3 pacdera
YCTOWUYMBOCTH BCETO BEPTUKAJIBHOIO CTBOJIA. PacyeT mapamMeTpoB yCTOMYMBOCTH B
npenenax OciaallIeHHOrO CJosl, 3aJIeraloliero Ha ONpeNelieHHON IiryOuHe h,
gBnsieTcss Ooyiee  TOYHBIM. OTH ONTHMAIbHBIE TEXHUYECKHE IapaMeTphl
o0ecreunBaloT HOPMAaIIBHBIN TEXHOIOTHYECKUH Tpoliece OypeHHs CKBaXKHH.
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KP FFM FK «Axao. ©.A. JKonoacbaes amviHOa2bl MEXAHUKA HCIHE MAUUHAMAHY
uncmumymoly PMK, Anmameot K.

TAY KBIHBICTAPBIHBIH KYPBLLIBIMIBIK-BIPTEKTI EMEC
MACCUBIHJE BEPTUKAJIJIbI YHF BIMAHBIH KOHTYPJIBIK
AVMAFBIHJIAFBI )KbIHBICTAPIBIH KYIUTEHTEH-
JE®OPMAIUSLIIBIK JKAFJANBI )KOHE TYPAKTBLIBIFBI

JXKymMmbicTa Tay *KBIHBICTAPBIHBIH KYPBUIBIMJBIK-OIPTEKTI eMEC MacCHBIHAC
BEPTHUKAJIbl YHFBIMAHBIH KEHICTIKTIK OChTI CHUMMETPHUSJIBIK KYIITCHICH-
nedopManMsUTIaHFaH  JKaFJaidbl JKOHE CEpHIMJI  HIITIIITIK  Tere-TeHIIrHIH
TYPaKTBUIBIFBl KapacThIpbUIFaH. bepikTik maptel perinae Kymon-Mop mapTsr
naiigananeurad. EcenTeynepae Tay JKbIHbICTapbl MeXaHMKachlHAarel M.T.
AJIMMIKaHOB JKacaraH TYPaKTBUIBIK TCOPHUSACHIHBIH epeKesepi MakiaaaHbUIFaH.,
du3UKaIbIK-MEXaHUKAJIBIK CUIIaTTaMajlapbl TOMCH/ICY KabaTTapAarbl aiiMakTap
JKBIHBI CTaPBIHBIH KEHICTIKTIK OCBTI CUMMETPHSUTBIK  JIe(hOpMaLIHSIChI
JKarmalblHAa  BEPTHUKAIABl  YHFBIMAHBIH  OCPIKTIIH  €CenTey  JKOHE
TYPaKThUIBIFBIH OaCKapyAbIH 9ICTEPl TalbIHIAIFaH.

Tyiiin ce3gep: OCBTIK CHMMETpHUs, KYILITEHreH-aedopMalisiaHFa
JKarmaibpl,  CePHIMIIMUITIII  TEMe-TEHIIK, TYPAKThUIBIK  TCOPHUSACHI,  Tay
JKBIHBICTAPBIHBIH MEXaHUKACHIL.

A.M. Alimzhanov, Zh.M. Namengenova, R.A. Malybayev

RSE “Institute of Mechanics and Mechanical Engineering
named after acad. U.A. Dzholdasbekov” SC MES RK

STRESS-STRAIN STATE (SSS) AND STABILITY AROUND VERTICAL
OIL-WELL IN STRUCTURALLY-INHOMOGENEOUS ROCK MASSIF

The paper discusses the spatial axisymmetric stress-strain state (SSS) and the
stability of elastoplastic balance vertical wells in structurally inhomogeneous rock
mass. As a condition of strength the Coulomb-Mohr condition are used. In the task
used the theory of stability of rock mechanics developed by M.T. Alimzhanov.
Methods of calculation of the strength and stability control vertical well in terms of
spatial axisymmetric deformation of rocks near-wellbore zone within the layer with
reduced physical and mechanical characteristics are developed.

Keywords: axial symmetry, the stress-strain state, elastoplastic balance,
stability theory, rock mechanics.
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HN.U. Bex6acapos', I'.W. Hcakos

i 2
I-p mexn. nayx, npogh. “Mazucmp cmpoumenscmesa
i o o
Tapasckuii 2ocyoapcmeennulit ynueepcumem um. M.X. /lynamu, e. Tapas
2 N N
JKambwiickuil obracmuou akumam, 2. Tapas

PE3YJIbTATBI HCCJIEJJOBAHHUI NMMOTPYKAEMOCTH,
SHEPI'OEMKOCTHU U HECYIIIEM CIIOCOBHOCTH
MOJEJEN CBAY PA3BHOM JJIMHBI

B cratee mpHMBOmATCS  PE3yNbTaThl  OKCIEPUMEHTANBHBIX  HCCIIEIOBAHHI
MOTPY>KaeMOCTH, SHEPTOEMKOCTH U HECYIIeH CrocoOHOCTH Mojeseil cBai pa3HON UTHHBI.
IIpencTaBiaeHsl  KOPPEISAIMOHHBIE  3aBUCUMOCTH, YCTAHABJIMBAIOIIAE  B3aUMOCBS3b
reOMETPUYECKUX TTapaMeTPOB MojIesIeil CBail ¢ mapaMeTpaMu UX 3a0UBKH.

KuaroueBble ciioBa: TpyHT, JIOTOK, MOJCIb, CBasl, yaap, 3a0MBKa, IiIyOWHa
MOTPY)KCHUS, XOJ0rpaMMa, JUIMHA, Macca, YACNbHas JHEPrOeMKOCTh, 00beM
MOTPY>KCHHUS, 0TKa3, UCIIBITAHHUS, HECYIIasi CIIOCOOHOCTb.

OmnBITH MPOBOAMIKCH B JTA0OPATOPHBIX YCIOBUSAX C MPUMEHEHUEM MOJIeneH
CBaif, UMEIONINUX MPU3MATHYECKYI0 (OPMY C KBaJPATHBIM IOMEPEYHBIM CEUYCHUEM
Y KIMHOBUAHOHM (hopmoi ocTpus. CBEACHUS O TPYHTOBOM JIOTKE, JJaOOPaTOPHOM
000py/IOBaHMH, MOJENSAX CBail MU METOAMKE HMCCIEOBaHUI MpUBEIEHBI B padore
[1]. 3abuBka Momenell cBail MPOM3BOMWIACH NPU IOCTOSIHHOM U OIMHAKOBOM
peXUME HPUIOKEHUS yAApHOM Harpy3ku. PesynbTaTel 1nepBod  cepuu
9KCIIEPUMEHTOB OBLIIM PACCMOTPEHBI B padoTe [2].

Pe3ynbratsl nccnenoBanuii npeacTaBieHsl B Tabnuie 1 u Ha pucyHkax 1 u 2.

Tabauua 1
Pe3ynbraTel 3a0MBKKM MOJIENIeH CBal pa3HOM JTMHBI
Homep I'1yOuHa 3a0uBKH VY nenbHas
(mmuHa) MOJICTTH, MM JHEPrOEMKOCTh 3a0HMBKH
MOJICIH mogenu, Jix/em’
10 (225) 133 0,50
9 (275) 115 0,59
5(325) 106 0,63
18 (375) 100 0,65

XonorpaMMsl IOTPYXKEHUS MOJENEM CBall IO XapakTepy H3MEHYMBOCTU
OnmM3kM K xojorpamMmaM 3a0MBKM HAaTypHbIX cBail [3] ® ommchIBaroTcs
CIIEYIOUIMMHE 3aBUCUMOCTSIMHU (puc. 1 u 2).

N A
h,=-bn"+ pn+m, (1)

2
h,=—t3"+y0+g, 2)
rae: hp — mIyOuHa mOrpyxeHus (OTKa3) MOAENU CBaW, MM; b, p,m —
KO3(GUIMCHTBI, NPUHMMAaeMble IO Tabiuie 2; 7 — KOJIMYECTBO YAapoB
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yhaapuuka;, t,y,2 — Kod(QQUIMEHTH, NpUHUMaeMble Mo Tabnuume 3; O —
MOTEHIINAJbHAS SHEPTHS OTPYKEHUSI MOJIENHN cBau, J[K.

140
n
= ./l/
Eﬁ 120 .
] B Mogens cBan 10
<
3 100 & Mogens cBau 9 /‘j‘/ﬂ/_
= 4
g A Mogens cBan 5 / —
g( ® Mogens cBau 18 /»
Z 80 :
= / A%
= A (]
a:> 60 // *
S ./. /
g_ z //
= 40 Z:
< [ Yl
T
=
=S
2 20 A
—
0 faad
0 2 4 6 8 10 12 14 16

KomnmueTrBo ynapos yaapHuka

Puc. 1. 3aBHCUMOCTD TJIyOMHBI IOTPY>KEHUS MOJIeNiei cBai
OT KOJIMYECTBa YAapOB

140
[
E
E:120 / /.
[22]
A
(Y
= / 0
= A"
E S RV
= ()
g 40 b A Mogens cBau 5
E ©® Mogenb cBan 18
.20 1
=
—
0

0 10 20 30 40 50 60
ITotenumnaneHas sHEprus yaapos, Jx

Puc. 2. 3aBUCUMOCTD TJIyOMHBI IOTPY>KEHHUS MOJIeNieit cBak
OT SHEPTHH MX 3a0MBKHU

U3 pe3ynbTaToB SKCIIEPUMEHTOB BUIHO, YTO MOJIENH ¢ OONbIICH JUIMHOH, a,
CIIeZIOBATENbHO W OOINbIIeH MacCOd NMpPU OJWHAKOBBIX JHEPreTUYECKUX 3aTpaTrax
yIapHUKa TIOTPYXKAlOTCS Ha MEHBINYIO TIyOMHY. YBeNWYeHUE JUIMHBI MOJETH B
1,22, 1,44 u 1,67 paza (wm yBenmueHue maccel momenu B 1,5, 1,6 u 1,77 paza)
MPHUBOJIUT K YMEHBIICHHUIO €€ TITyOHHBI MOTrpyKEeHHs COOTBETCTBeHHO Ha 13,5, 20,3
u 24,8%.
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Tabauna 2
3nauenus kodduuueHTo b, p,m B Gopmyie (1)
Homep 3nauyeHust K03 HUIHECHTOB Bennunna
MOJEIN b P m JIOCTOBEPHOCTH
(mmuHA, MM) anmnpoKCUMalluu
naHHbIX RA?
10(225) 0,2966 12,71 5,7819 0,9945
9(275) 0,2481 10,726 5,9718 0,9943
5(325) 0,1684 8,9468 7,4510 0,9902
18(375) 0,1311 8,2154 4,2341 0,9945
Tabauma 3
3nauenus KodhPUIHeHToB f,y,2 B Gopmyie (2)
Homep 3nauyeHust K03 HUIHEHTOB Bennuuna
MOJIEIIH JIOCTOBEPHOCTH
(mmuHA, MM) t y g anmnpoKCUMalluK
naHHbIX RA?
10(225) 0,0235 3,5804 5,7819 0,9945
9(275) 0,0197 3,0213 5,9718 0,9943
5(325) 0,0134 2,5202 7,451 0,9902
18(375) 0,0104 2,3142 4,2341 0,9945

3aBHCUMOCTDb TIIyOMHBI TIOTPYXKEHHSI MOJENed cBail OT WX JIJIMHEI
MaTEeMAaTHYECKH JOCTaTOYHO XOPOILIO ONMCBIBAETCA CIEAYIOIIEH 3aBHCHMOCTBIO

(puc. 3)
b, =dL, 3)

re: hp — riaybuHa norpyxenus, MM; d,t — KOO(QQUIMEHTB COOTBETCTBEHHO

pasuble 2677,8, 0,557; L — nnuna cBau, Mm.
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I'myOuHa HOrpysKeHHs: MOJEIH CBAH,MM

95
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JlinHa Mozenu cBau, MM

Puc. 3. 3aBucHMOCTb TITYOUHBI OTPYXKEHUST MOJIENEH cBaii
OT UX JUIMHBI
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HpI/I 9TOM BCJIMYKMHA OTOCTOBCPHOCTH AIIIPOKCUMAINU IKCIICPUMCHTAJIbHBIX
NaHHBIX 110 (opmyie (3) cocTaBnser R = 0,982.

3aBHCUMOCTDb TJIyOWHBI TOTPY)KEHHS MOJeield cBaili OT HMX MAacchl
OIKCBIBACTCS CIICAYIONIEH CTENeHHOM QyHKIuel (puc. 4)

b =km, 4)

rae: s, — TiyOMHA MOIPYKCHUS, MM, k,f — xoadpuIMenTH COOTBETCTBEHHO

paBubie 1021,4, 0,4806; M1 — macca MOIeTTH CBaH, T.

140
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T'yOuHa morpysxeHus: MOJIeNe, MM

(4

100

95
60 70 80 90 100 110 120 130

Macca mopaeneu, T

Puc. 4. 3aBucrMOCTb TITYOUHBI OTPYXKEHUST MOJIENEH CBaii
OT UX MaccChl

BennunHa A0CTOBEpPHOCTH aMMPOKCHMAIIUM 3KCIIEPUMEHTANBHBIX JaHHBIX
1o popmyite (4) cocrapisier R = 0,9458.

Mogenu Oounbliol JIMHBI (OONBIICH MAacChl) COOTBETCTBEHHO HMEIOT M
MeHbBIIHH 00beM MorpykeHust. Tak 00beM MOrpyKeHust MOJIeIel TPH YBEITUUYCHHH
ux qmHb B 1,22, 1,44 u 1,67 pa3a (wim npu yBeTU4YeHUH X Maccel B 1,5, 1,6 u
1,77 pa3a) yMeHBIIUIICS COOTBETCTBEHHO Ha 14,9, 20,5 u 21,8%.

VY nenbHas SHEProeMKOCTh 3a0UBKU Mojienell (OTHOIICHHUE PHEPTUH 3a0MBKH
MoOJen K Oo0beMy ee TOTpyXKeHHs) cBail ¢ yBEIMYEHHEM WX JUIMHEI, a,
CJIEZIOBATENbHO, M X MAcCCHhl, BO3pacTaeT. 3aBUCHMOCTh YJIEIbHOM YHEPT0EMKOCTH
3a0MBKHU MOJIENIEH cBall OT WX JIUTMHBI OMUCHIBACTCS CIIEAYIOMIEeH JorapuMuIecKon

¢dbyukuuei (puc. 5)

9, =clg(L) e, 4)

rue: 9V — yZAelbHas DHEPrOeMKOCTh 3a0WBKH MOJIETTH CBaw, I[)K/M3; c,e—

k0> PHUIMEHTHI COOTBETCTBEHHO paBHble 0,2937, 1,0774; L — nnuna cBau, MMm.
BenuurHa J0CTOBEPHOCTH AIMPOKCHMAIIUK SKCIIEPHUMEHTANIBHBIX JTaHHBIX
2
o popmyiie (4) cocrapiser RN = 0,9433.

34



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2013, Ne4
Mechanics & Technologies

=4
~

=
N
[
*

L
=
\

=l
[
W

=
[}
L
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JliiHa Moziene, MM

Puc. 5. 3aBHCUMOCTD YACIBHON SHEPTOEMKOCTH 3a0UBKU
MojeJiel cBal OT UX JUTMHBI

3aBUCUMOCTh YACIBHOW SHEPrOeMKOCTH 3a0MBKH MOJAEICH CBail OT HX
MAacchl OMHUCHIBACTCS CTENIEHHON (pyHKIHMel (puc. 6):

3, =um'’, )

rue: 9V — yIeNnbHas 3HEProeMKOCTh 3a0MBKH MOJENICH CBaif, I[)K/CM3; u,r —

KO3 pUIMEHTH cOOTBeTCTBeHHO paBHbIe 0,0707, 0,4628; m — macca Mouenu
CBam, T.

BeJII/I‘H/IHa I[OCTOBepHOCTI/I aHHpOKCI/IMaHHI/I SKCHepI/IMeHTaHBHBIX JAHHBIX
1o popmyie (5) cocromser R* = 0,9841.
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Puc. 6. 3aBucuMOCTh yAETbHONW SHEPTOEMKOCTH MOJIENel cBai
OT UX MacCChbI
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Ha ocHoBe pe3ynbTaTOB JIWHAMHUYECKMX HCIHBITAHUN MoJenell cBaii
OIIpPENENCHbl 3HAUCHMSI WX CTaTHMYECKOW Hecylued crmocoOHoctu. [l pacyera
HecyIlel CrIOCOOHOCTH MojieNeli cBall MCIONB30BaHbl (POPMYIIBL, TIPENICTABIICHHBIC
B pabotax [4-6]. Pe3ynbTaThl BHIIOJIHEHHBIX PACYCTOB IPUBEICHBI B Ta0NHIIC 4.

Tabnuna 4
Pe3ynbTaThl pacyeToB Hecyllel cnocOOHOCTH MOJIeTIeH CBail

Howmep Hcxonusie qaHHbIE Cuina, Hecy-
MOJICIH QH H, m S, MM Fyp, H I1as crocoo-

(muHA, MM) HOCTb, Fo, H
10(225) 5,1 581,40 480,02
9(275) 24,52 0,145 6,2 485,64 401,42
5(325) 7,1 417,35 345,37
18(375) 8,3 367,89 304,55

VYcraHoBNeHO, 4YTO Mojend ¢ Oonbllell OTHOCUTENBHOW TIyOHHOI
MOTPY>KEHUS Ahp (Ahp — OTHOIICHUE TIYOUHBI MOTPY>KEHUSI MOJIENH K €€ JUTHHE)

oOyamaroT OoJibIIeH Hecylled CIoCOOHOCThIO (pHC. 7). 3aBUCMMOCTH OTHOCH-
TENPHOW TIyOWHBI 3a0MBKH MOJENeH cBai Ahp OT MX HeCylIed crocoOHOCTH

F, onuceiBaercs cnenyromei 3aBUCHMOCTBIO
Ah,=(h,/L)=aF,-f, 6)
rae: a, f — koo duumentsl, pasusie coorsercTBerno 0,0019 u 0,3105.

Benuunna JOCTOBCPHOCTU aIllIPOKCUMAIIMN SKCIICPUMCEHTAIBHBIX AAaHHBIX
2
o ¢opmyite (6) coctoisier R™=0,9912.

o
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Hecymas cnioco6HOCTS Mofenel, H

Puc. 7. 3aBHCMMOCTh OTHOCHTENBHON TITyOHHBI 3a0MBKH MOJIEICit
CBail OT UX HeCyllel crocoOHOCTH

3aBucumoctu (1)-(6) MOXXKHO HCIONB30BATH AJIS MPOTHO3a COOTBETCTBYIO-
IIMX MapaMeTpoB Mpolecca 3a0UBKH MoieNnel ¢ OONBIION ATMHOM, YeM 3TO ObLIO
IPUHATO B HAIIMX OKCHepuMeHTax. IIpM 3TOM TIpyHTOBBIE YCIOBHS U PEXUM
3a0UBKHU MOJIEJIEN TOKHBI ObITh AHATOTHYHBIMH.

36



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2013, Ne4
Mechanics & Technologies

Io mpencraBieHHBIM JaHHBIM TIOCTPOEH rpaduk U3MEHEHUs! Ko PUIeHTa
YBEJIMUCHHUS HecyIlell CiocoOHOCTH Mozenel k. oT koddduimeHTa yBeTuIeHHs

UX OTHOCHMTENLHOMN ITyOMHBI 320UBKH £, (puc. 8).
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KoadpdurmenT yBennueHns: OTHOCUTENIEHOM ITyONHBI 3a0UBKH MoJemnel

Puc. 8. 3aBucumocTth K03 dUIHIEHTa YBETHUCHHS HECYIICH
CIIOCOOHOCTHU MojieNiell cBail 0T Kod(PUIMEHTa YBEITHUCHUS
WX OTHOCUTEIHHOH ITyOUHBI 3a0WBKH

JlaHHast 3aBUCHUMOCTb OIMCHIBACTCS CIIEAYHOIeH GopMymoi
2
kp = pk s —gk,, +u, (7)

rue: p,g,u —koddduuments coorsercTBeHHO paBHbie 1,1906, 0,9565 u 0,7698.

Benuunna JOCTOBCPHOCTU allIPOKCHUMAIIMN SKCIICPHUMCEHTAIBHBIX AAaHHBIX
1o popmyie (7) cocroisier R* = 0,9998.

®opmyna (7) oTpakaeT 3aBHCHUMOCTh  MEXIY  OTHOCHTEIHHBIMHU
napamerpamu. Jlomyckas, 49To I1OJ00HAas 3aBHUCHMOCTb XapakTepHa W IS
HaTypHBIX CBaif, BbIpakeHue (7) UId MPAKTHUYECKOTO TPUMEHEHHS MOXKHO
MPEICTABUTH B BUJIE:

FCb = ch[p(Ahpb /Ahpm)2 - g(Ahpb /Ahhm) + Z/l] H (8)
rac: Fcb’ em HEecymasa CIIOCOOHOCTE COOTBETCTBEHHO HpOFHO3HOI71 CBau U CBaHu-

nporoTuna (¢ MEHbIIIEH JTUHON); Ahpb,Ahpm — OTHOCHUTEIIbHAS TyOMHA 3a0UBKH

COOTBETCTBEHHO MPOTHO3HOM CBaM M CBAaH-NPOTOTHUIIA (C MEHbBIIEH IITHHOM).

®opmyna  (8) pekoMeHAyeTcs K  HWCIIONB30BAHUIO HA  CTaIuU
MPOCKTUPOBAHUS CBaHHBIX ()YHIAMEHTOB JJIsl CPABHUTEIBHOIO IIPOTHO3a HECYIIeH
CHOCOOHOCTH HATYpPHBIX CBall pa3HOW JUIMHBI IO CBae-poToTUIy (IO CBae ¢
MEHbIIIEH JJIMHOW), ISl KOTOPOM HM3BECTHBI OTHOCHUTEIbHAs IIyOMHA 3a0MBKU U
HECyIIasi ClIOCOOHOCTb.

®opmyna (8) mpemHaszHaueHa ISl MPU3MATUUYECKUX CBaill ¢ KBajapaTHOU
(¢opMOli TONEPEYHOr0 CCUYCHHMsSI, IOTPYKAEMBIX B OJMHAKOBBIC OTHOPOIHBIC
TPYHTOBBIC HAIJIACTOBAHWS.
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Y3bIH/BIKTAPBI OPTYPJII KAJAJIAP MOJEJIbIEPIHIH
KAFBLTYBIH, DHEPTUSI CBIMBIM/IBLIBIFBIH )KOHE )KYK
KOTEPT'III KABJIETIH 3EPTTEY HOTH/KEJEPI

Makanana Y3bIHABIKTApbl OPTYpJi Kajanap MOJACIbACPIHIH KaFbLIybIH,

SHEPTHS ChIMBIMIBUIBIFBIH JKOHE YK KOTEprill KaOLIeTiH SKCHePUMEHTAIBIK
3epTTey HOTWXKelepi Kkenripuired. Kanmamap MopenbaepiHiH TeOMETPHUSIIBIK
mapaMmerpijiepi MeH ojapAbpl Kary IiapaMeTpiiepl apachlHIArbl OalIaHBICTBHI
AHBIKTAWTBIH KOPPEAIUSIIBIK TOYEIIUTIKTED YChIHBLIFaH.
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RESEARCH RESULTS OF DIVES, ENERGY INTENSITY AND
CARRYING ABILITY OF MODELS PILES DIFFERENT LENGTHS

The article presents the results of experimental studies of absorption, energy
intensity and carrying ability models piles of different lengths. Correlations
establishing the relationship of geometric parameters of the models with the
parameters of their piles pile are presented.

Keywords: soil, tray, model, pile, blow, hummer in, depth of immersion,
hodogramma, length, mass, energy intensity, volume of immersion, failure, testing,
carrying ability.
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PE3YJIbTATBI HCCJIEJJOBAHUM IMOTPYKAEMOCTH,
SHEPI'OEMKOCTHU U HECYIIIEM CIIOCOBHOCTH
MOJEJEN CBAM C PASHOM IIVIOIIAIBIO TIOINEPEYHOTI' O
CEYEHHMA

B craTtbe mpuBOAATCA pe3ynbTaThl SKCIIEPUMEHTAIbHBIX HCCIIEAOBAaHUM MOrpyxae-
MOCTH, PHEPTOEMKOCTH U HECYIIEH CIIOCOOHOCTH MOJEIel MPU3MAaTHYECKUX CBall C pa3HOH
IUIOIAAbI0 IONEPEYHOro ceuyeHus. llpencTaBieHbl KOpPPEIALMOHHBIE 3aBHUCHMOCTH,
YCTaHABIMBAIOIINE B3aHMOCBSA3b TI'€OMETPHUUYECKHX I1apaMeTpoB Mojeied cBail ¢
rapameTpamMH ux 3a0UBKH B TPYHT.

KuaroueBble ciioBa: TpyHT, JIOTOK, MOJE/b, CBasl, yaap, 3a0MBKa, riIyOWHA
MOTPY)KCHHS, XOJ0rpaMMa, IUIOIIAjb, IOIEPEUYHOE CEUCHHE, Macca, YAeiIbHas
SHEPrOEMKOCTh, 00bEM MOIPYKEHUS, OTKA3, UCIIBITAHKS, HECYIIast CIOCOOHOCTb.

OnpIThl  MPOBOAWIMCH C NPUMEHEHHMEM MOJIECNICH CcBal, HMEIONIUX
MPU3MATHYECKYIO ()OPMY C KBaJpaTHBIM IONEPEYHBIM CCUCHHUEM M KIMHOBUIHOMN
¢dopmoii octpus. CBefieHUs O TPYHTOBOM JIOTKE, Ja0OpaTOPHOM OO0OpYIOBaHUH,
MOJIICNISIX CBali M METOAMKE HCCIICIOBaHUM NMpHUBeneHb B pabore [1]. 3abuBka
MOJIENE CBail MPOM3BOJAMIIACH MPU TIOCTOSHHOM M OJMHAKOBOM PEXKHUME
TIPIJIOKEHHS YAApHOU Harpy3Ku. Pe3yibpTaThl mepBoi ceprur SKCIIEPUMEHTOB OBLIH
paccMoTpeHsI B padore [2].
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Pe3ynpTaThl SKCIIEpUMEHTOB MPEACTaBIICHEI B Ta0muiie 1 1 Ha pucyHkax 1 u 2.

Tabauua 1

Pe3ynbTaThl 3a0MBKH MOJIENel cBail ¢ pa3HO IUIOMIAIBI0
TIOTIEPEYHOr0 CEYCHUS

Howmep (momans
CEUEHHs) MOJIENH

I'1yOuna 3a0uBKH
MOJIEIIH, MM

VY nenpHas

JHEPrOEMKOCTh 3a0HUBKH

momen, Jx/em’

1 (12,25) 94 0,40
5(9,0) 101 0,507
2(6,25) 124 0,595
3(4,0) 160 0,721
XomorpaMMmbl  3a0MBKH  MOJeNieii CBail  OMMCHIBAIOTCS  CIACAYIOIIMMU
MOJTMHOMHHAIBHBIMU QYHKIMSIME 5 cTenenu (puc. 1 u 2)
_ 5 4 3 2
h,=an’ —bn" + pn’ —mn" +kn+d, (1)
— )’ 4 3 2
h,=r3"—13"+ y3’ =g +09+w, ()

rae: h,— TybMHA MOTPYXKEHHS MOJENM CBaH B TPYHT, MM; d,b, p,m,k, d-
KO3((UIUCHTHI, MPUHUMAEMBIC 110 TaOIHIIe 2; 7 — KOJUYECTBO YIapOB yIapHHKa;
ratayagaoaw_ 3; 9—
MOTEHIIMAIbHAS SHEPT U TOTPYKEHUS MOJIENN cBau, JK.

BeauurHbI JOCTOBEPHOCTH AIMPOKCUMAIIUN SKCIICPUMEHTAIBHBIX JTaHHBIX
o popmynam (1) u (2) cocrasmster R = (0,9983-0,9997).

ko3 uIMeHTs, TNpUHEUMAaeMble 1O  TabnIuIe

Tabauna 2
3HaveHus K03 PuIreHToB a,b,p,m,k,d B popmyite (1)
Howmep 3HaveHus K03)PUIHeHTOB
(Tutormanp
CCUCHU) a b p m k d
MOJIEIIH
1(12,25) | 0,0036 | 0,1429 | 2,0987 | 14,482 | 55,586 | 1,5385
5(9,0) 0,0005 | 0,0263 | 0,5389 | 5,5175 | 33,628 | -0,0148
2(6,25) | 0,0024 | 0,0871 | 1,2223 | 8,4051 | 34,268 | 0,6008
3(4,0) 9E-05 | 0,0072 | 0,2214 | 3,1160 | 23,657 | -0,1636
Tabauma 3

Bnauenus kod3bduunuentos 7,1, V,2,[, W B popmye (2)

Howmep 3HaveHus K03QduireHTon

MoJACIH r t y g 0 w
cBau

1(12,25) | 6E-06 | 0,0009 | 0,0469 | 1,1491 | 15,658 | 1,5385
5(9,0) | 9E-07 | 0,0002 | 0,012 | 0,4378 | 9,4727 | -0,0148

2(6,25) | 4E-06 | 0,0005 | 0,0273 | 0,6669 | 9,6531 | 0,6006
3(4,0) | 2E-07 | 5E-05 | 0,0049 | 0,2473 | 6,6638 | -0,1636
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Puc. 1. 3aBucUMOCTB TJIyOMHBI IOTPY)KEHHUS MOJIeNiei cBak
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T'myOuHa TIOTPY KEHISI CBaH, MM

HOTCHLH/IaJ'[BHaﬂ OHEPrus NorpyXeHus csau, H)K

Puc. 2. 3aBUCUMOCTD TJIyOMHBI IOTPY>KEHHUS MOJIeNiei cBak
OT DHEPTUU UX TOTPYKCHHS

U3 pe3ynpTaToB MCCleOBaHUNA BUIHO, YTO MOJAEIH C MEHBILIEH IJIOIIA/IBI0
MOIMEPEYHOT0 CEUCHHS, a CIIEOBATEIbHO U C MEHBIIEH Maccoi, MpU OJAMHAKOBBIX
SHEPreTHUYECKUX 3aTpaTax yIapHUKa MOTpyXaroTcs Ha Oonblnyro TioyOmHy. Tak
MOJIEH cBaM 5,2 U 3, ¢ IIOmAbio momnepedHoro cedenns 9,0, 6,25 u 4,0 cm” 1o
CpaBHEHHMIO CO CBacH 1, MMelomIeil miomaas cedeHns 12,25 cM’, HOrpy3HINch B
TPYHT cooTBercTBeHHO Ha 7, 30 u 66 MM Oonblie (MM COOTBETCTBEHHO Ha 7.4,
31,9 u 70,2 % Oomnbliie). YMeHbIIICHHE MacChl Mojeiei cait B 1,62, 2,45 u 3,59
pa3a BBI3BIBANIO yBETMUYCHHE TTyOMHBI 3a0MBKH MOJENei cooTBeTcTBeHHO B 1,07,
1,32 u 1,7 paza.

3aBHCMMOCTD TJIyOMHA TMOTPYKEHHS MOJeNed CBail OT IUIOMAJH WX
MOTEPEYHOT0 CEYCHHUSI OMUCHIBACTCS CIEAYIONICH MOMTMHOMUHANBHON QyHKIMeH 3
crernenu (puc. 3)
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Puc. 3. V3meHeHue TiTyOHHBI TOTPY>KEHHSI MOJIEIel cBai
10 MEpE YBENMYEHHUS IUIOIAIU UX TONEPEYHOr0 CEYEHUS

hper3+yA2—uA+s, 3)

rie: hp— rIyOMHA TOTPYKEHUSI MOJIETH CBau, MM; ¥, Y, U, S — KO3 PHUIIHEHTHI

cooTBercTBeHHO paBHble 0,0066, 0,8544, 22551, 229.97; A - nnomans
TIONEPEYHOr0 CEUCHHS MOICIH CBAH, CM.

Benununna JOCTOBCPHOCTHU aNIIPOKCUMAIMU ISKCIICPUMCHTAJIBHBIX JaHHBIX
1o popmyie (3) cocrapisier RA = 1.

3aBUCUMOCTh TJIyOMHBI 3a0MBKH MOJIENIECH CBail OT WX MAcCChl OIMMCHIBACTCS
CIICIYIONICH CTEIeHHOMN (QyHKIueH (puc. 4)

h,=bm™, )

rae: hp— rIyOMHA TOTpYXKEHHUs MOJEIH CBah, MM; b,p, — KO03()GHLIHEHTHI

COOTBETCTBEHHO paBHBIC 768,82, 0,4171; M — macca Mojenu cBaw, T.
BeJII/I‘H/IHa Z[OCTOBepHOCTI/I aHHpOKCI/IMaIH/II/I SKCHepI/IMeHTaHBHLIX JaHHBbIX
2
o popmyiie (4) cocrapiser RN = 0,9235.
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I'my6GuHa norpysxeHus Mojese
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Puc. 4. 3aBucHUMOCTb TTTYOUHBI TOTPYKEHUSI MOJIENEH CBail OT MX MacChl
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Mogaenu ¢ Gomblei TUIOAABIO MOTIEPEYHOro ceueHus (¢ OombIei Maccoi)
COOTBETCTBEHHO MMEIOT U OONBIIHKA 00beM Morpy:keHus. Tak 00beM MOrpyKeHus
MoOjIeTIei IPY YBEIMYCHUH WX TUIOMIAAM TonepedHoro ceuenus B 1,56, 2,25 u 3,06
paza (Wi mpu yBEeIWMYeHWH MX Maccehl B 1,47, 2,22 u 3,59 paza) yBenudmiics
cooTrBercTBeHHO Ha 21,1, 42,0 u 79,9 %.

VY aenbHas HEPrOEeMKOCTh 3a0MBKH MoJielieil (OTHOIICHHE YHEPTUU 3a0UBKU
MoJen K o00beMy ee TOTpYKEHHs) CBail C yBEIMYCHHWEM WX IUIOMAIN
MOTEPEYHOT0 CEUCHHS, a, CIIEA0BATEIBHO, U MX MaCChl, CHU)KAETCSI.

3aBHCHUMOCTD yJIEIbHON SHEPTOEMKOCTH 3a0MBKH MOJIEJICH CBail OT TUIOMaIu
WX TIONEPEYHOTO CEUYCHHUsS ONUCBHIBACTCS  CIENYIOMEH IONMHOMHUHAIBHOMN
¢dyHKIMeH 2 creneHu (puc. S5)

D =cA’—xA+z, (5)

rae: C, X,z — xoddpduiments:, papubie 0,0018, 0,067 u 0,9557; A— nnomans
TIONEPEYHOr0 CEUCHHS MOICITH CBAH, CM".

BenuurHa JOCTOBEPHOCTH aNPOKCHMAIIUH SKCIIEPUMEHTANBHBIX JaHHBIX 110
dopmyie (5) cocrasmsier R = 0,9953.

0,75

*
N

0,7 \
0,65 N
0,55 \

cBaii, J[x/cm3

0,45

Y)Jeana;{ OHEPTOEMKOCTH 3a0MBKH MOHCHeﬁ

0,35
40 60 80 100 120 140 160 180

Macca mopeneii cBaif, T

Puc. 5. 3aBucHUMOCTb YAETBHON YHEPTOEMKOCTH 3a0MBKH MOJIeTIeH
CBail OT IJIOLIAAN UX MOMEPEYHOT0 CEYEeHHUS

3aBUCHMOCTh YIICIBHON 3HEPrOEMKOCTH 3a0MBKH MOJENEH CBail OT Macchl
OITUCBHIBACTCS CIENMyoMIeH Jorapudmudeckor GyHKIueH (puc. 6)

3, =—tlgm+d, (6)
rae: t,d — ko> punuentsl, papusie 0,246, 1,6654; m — Macca MOJeNH CBau, T

Benuunna JOCTOBCPHOCTHU aNIIPOKCUMAIMU ISKCIICPUMCHTAJIBHBIX JaHHBIX
2
o popmyiie (6) cocrapiser RN = 0,9893.
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Puc. 6. 3aBuCHMMOCTb YAETBHON YHEPTOEMKOCTH 3a0MBKH MOJIeTIeH
CBal OT UX MaccChl

Ha ocHoBe pe3ynbTaTOB JUHAMUYECKUX MCIBITAHUI MOJIENIEl CBall ¢ pa3HoOM
IJIOMIAJIBI0  TIOMEPEYHOTO CEYeHHS OMpeaeNieHbl 3HAa4YeHHs HMX CTaTHYeCKOM
Hecymied crocoOHoctu. Jlns pacdera HeCylied CIOCOOHOCTH Mojenel cBai
WCTIONIB30BaHbl  (POPMYJIBI, TpeNcTaBlieHHble B paborax [3-5]. Pesynbrathi
BBITIOJIHEHHBIX PacueToB MPEICTaBICHbI B TabHIIe 4.

Tabnuna 4
Pe3ynbTathl pacyeToB mo onpeeneHnIo Hecylle cnocoOOHOCTH Mojierel cBait
Howmep Hcxonusie qaHHbIE Cuina, Hecy-
MOJIEIH QH | Hm | Symm | Frp, H I1as crocoo-
(Tutormanb HocTh, F, H
CEUeHMSI, CM°)
1(12,25) 3,1 956,65 788,02
5(9,0) 24,52 | 0,145 4,2 722,5 595,83
2(6,25) 8,1 367,5 304,45
3(4,0) 13,1 230,76 192,21

W3 Tabmuipl 4 crieayer, 4ro MOJACIH C OONBIICH IUIOMIAIbI0 MOMEPEYHOrO
cedeHHMsT 00IaaloT OOJIBIICH HECYIIEH CIOCOOHOCThIO. DTO B IIEJIOM MOXKHO
OOBSCHUTH YBEJIMUCHUEM 00beMa TOTPYKEHHUS MOJIENCH ¢ YBEIMYCHUEM TUIOMIA A HX
TIONIEPEYHOr0 Ce4eHHs. 3aBUCUMOCTh MEXIYy 00BEMOM 3a0MBKH MOJENel cBail M MX
HECYIIEeH CITOCOOHOCTRIO OMUCHIBACTCS CIICAYIONICH JIMHEeHHOM (yHKIHEH (puc. 7)

V,=rk. +f, (7)

rae: 7, f — koo durmentsl, paBubie 0,0786, 49,953; Fc— HECyIasi ClIOCOOHOCTh

mojenu cBau, H.
Bennunna JOCTOBCPHOCTHU alIIPOKCUMAIINKU SKCIICPUMCHTAJIBHBIX JaHHBIX I10
2
dopmyie (7) cocraBiser R = 0,9583.
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Puc. 7. 3aBucuMocTh 00beMa 3a0MBKU MOJIEIEN CBail
OT UX HECYIIeH CIIOCOOHOCTH

3aBucumoctu (1)-(7) MOXKHO MCHONB30BAaTh JAJISI MPOTHO3a COOTBETCTBYIO-
KX MapaMeTpoB Iporuecca 3a0UBKU Mojeneil ¢ OOMbIIMMU pa3MepaMy Moneped-
HOT'O CEYEHMsI, YeM O5TO ObUIO TPUHATO B HAIIMX dKcnepuMmeHTax. [lpu aTom
TPYHTOBBIC YCIOBHUSX U PEKUM 3a0UBKH MOJIENIEH JTOJKHBI OBITh aHAJIOTHYHBIMH.

[o mpencraBneHHBIM TAaHHBIM MTOCTPOEH rpaduk H3MEeHeHUsT KO3 QuImenTa

YBEJIMUCHHUS HecyIlell CnocoOHOCTH Mozenel K, oT koddduimeHTa yBeTuIeHus

ux obbema norpyxenus k, (puc. 8).
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Koaddunuent ysennuenns oobema 3a0MBKU Mojieneit cait

Puc.8. 3aBucumocts ko3 duimenTa yBenmuaeHus HecyIei
croco0HOCTH Mojeliel oT Ko duireHTa yBenuueHus: 00beMa UX 3a0MBKU

JlaHHas1 3aBHCUMOCTb ONMCBIBACTCS CIICAYIONISH THHEHHON QyHKITIeH
k.=ek, -y, ®)

rue: €, Y — KodQQUINEHTH COOTBETCTBEHHO paBHbIe 4,0616, 3,0682.

Benununna JOCTOBCPHOCTHU aNIIPOKCUMANMU ISKCIICPUMCHTAJIBHBIX JaHHBIX
2
o ¢opmyiie (8) cocrasmser R” = 0,9582.
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@opmyna (8) oTpaykaeT 3aBHCHMOCTh MEXKIY OTHOCHUTEIbHBIMU MapaMeT-
pamu. Jlormyckasi, 9To TOA00HAsT 3aBUCHMOCTh XapaKTepHa M JJIsl HATYPHBIX CBai,
BBIpakeHHeE (8) TS MPAKTUIECKOTO MPUMEHEHH MOYKHO MIPEICTaBUTh B BUJIE

F,=F,le(V,/V,)-yl 9)
rae: Fcb,ch— HECyIIasi ClIOCOOHOCTh COOTBETCTBEHHO IPOTHO3HOW CBAaW M CBaM-

npororuna (¢ MeHbLIeH JMHON); V), — 00beM 3a0MBKH COOTBETCTBEHHO

b2 " pm
MPOrHO3HOW CBaW M CBau-MPOTOTHIIA (C MEHBIIEH IIJIOMIAJBI0 MOMEPEUYHOro
CeueHus).

®opmyna (9) pekoMeHayeTcs K UCTIOIB30BAHHUIO Ha CTaIUU MMPOCKTUPOBAHUS
CBalHBIX (YHJAMEHTOB JJIsi CPaBHHUTEIBHOI'O MPOTHO3a HECyleld CIOCOOHOCTH
HaTypHBIX CBAal C pa3HOM IUIOIIAJBIO MONEPEYHOr0 CEYEHMS 10 CBAE-NPOTOTHUILY
(Mo cBae ¢ MeHbIIEH TUIOMA/IBIO MOMEPEYHOT0 CEUEHHUS), UI KOTOPOH M3BECTHBI
00beM 3a0MBKH U HECYIIast CIOCOOHOCTb.

®opmyna (9) mpemHasHadeHa I IMPU3MATHYECKUX CBail ¢ KBaJpaTHOU
(dbopMoOii TIOMEpEeYHOro CEYEHUs], IOTPYKaeMbIX B OJMHAKOBBIC OJHOPOIHBIC
TPYHTOBBIE HAIIJIACTOBAHMSL.
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HN.H. Bex6acapos', I'.W. Mcakos

i . .
M.X. [lynamu amvinoaevl mapas memiekemmix ynusepcumemi, Tapas K.
2 .
JKambwin obnvicvinbly axkimoiei, Tapas K.

KOJIIEHEH KUMACBIHBIH AYJAHJAPBI OPTYPJI KAJAJIAP
MOJEJILIEPIHIH KAFBLTYBIH, SJHEPTUS ChIHBIMABLILIFBIH
"KOHE 'KYK KOTEPTIIII KABLJIETIH 3EPTTEY HOTHKEJIEPI

Makanaaa KeJjieHeH KHMaChIHBIH aylaHIapbl dpPTYpJli MPU3MAIIBIK Kajaanap
MOJICNBJICPIHIH KAFbUTYbIH, DHEPIHs CHIABIMIBUIBIFBIH JKOHE KYK KOTEpTilll
KaOLIeTiH SKCIEPUMEHTANIBIK 3€PTTEy HOTHXKedepi kentipinren. Kanmanap
MOJIETIbICPIHIH TCOMETPHSIBIK IapaMeTpiepi MEH olapibl TOMBIPAKKAa Kary
mapamerpiiepi  apachlHIArbl  OaiJaHBICTBI ~ AHBIKTAWTBIH  KOPPEISIHUSIBIK
TOYENIUTIKTEP YChIHBLUIFaH.

Tyiiin ce3mep: TombIpaKk, Haya, MOJENIb, Kajla, COKKbI, KaFy, OaTbIpy
TEpeHJIri, XoJorpamMma, aynaaH, KeJIICHSH KHMa, Macca, MEHIIIKTI HSHEeprus
CBHIUBIMIBUIBIK, OATHIPY KOJIEMi, TOKTay, ChIHAYJIAp, XKYK KOTEprill Kadiier.

L.I. Bekbasarov', G.I. Isakov’

"Taraz State University named after M.Kh. Dulati, Taraz
Zhambyl regional administration, Taraz

RESEARCH RESULTS OF DIVES, ENERGY INTENSITY AND
CARRYING ABILITY OF MODELS PILES DIFFERENT CROSS
SECTIONAL AREA

The article presents the results of experimental studies of absorption, energy
intensity and carrying ability models prismatic piles of different square.
Correlations establishing the relationship of geometric parameters of the models
with the parameters of their piles pile are presented.

Keywords: soil, tray, model, pile, blow, hummer in, depth of immersion,
hodogramma, square, cross-section, mass, energy intensity, volume of immersion,
failure, testing, carrying ability.

YK 681.536.6:631.23

H.0. Boaxos', B.M. Kapapaiixos’

i 2
Acnupanm, “J{-p mexu. nayk, npog.
Kocmpomckoti eocyoapemeennbiii mexnonoeuueckuil ynusepcumem, 2. Kocmpoma, Poccust

MATEMATHYECKAS MO/IEJIb TEIIVIOIIEPEJAYY YEPE3
OBOJIOYKY KYJIbTUBALNTUOHHOI'O COOPYKEHUS

B cratbe MPUBOAUTCA MaTeMaTUYCCKass MOACIb TCIUIOMCpEaavun 4€pe3 Oorpakaaro-
IMUC KOHCTPYKIUH JIBOWHOT'O OCTEKJICHUS KYJIbTUBAIUOHHOI'O COOPYKCHUA. OTa MOojeIb
SIBJIICTCS. OCHOBOM METOJIUKH pacye€Tra TCIuIonepeaaun YC€pe3 Oorpakaaronime KOHCTPYKIIUN
C ICJIbIO CHMIKCHUS TCIIJIOBBIX IMOTCPhb.
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KiaioueBble cjoBa: KyJIbTUBAIIUOHHOC COOPYXCHUC, Orpa’XJaromue
KOHCTPYKIHWH, TEIJIOoNCpEaada, MaTeéMaTuieCKasd MOAECIIb.

OTpacip 3aIMINEHHOTO TPYHTA SBISETCS HACKOJIBKO HHAYCTPHAIBHONH W
BBICOKOTEXHOJIOTMYHOM, HACTOJILKO W SHEProeMKoil. B OOIBIIMHCTBE TEIUTMYHBIX
XO3SUCTB B CTPYKTYype ce0ECTOMMOCTH 3HEproHocuTenH coctaBisitor 50-60 %. C
YYIETOM XapaKTePUCTHK COBPEMEHHBIX TEIUIHMI], TEIUIOBasl HArpy3ka KOTOPBIX HE
oonee 3,3 I'kan/d, cTapeie TEIIMYHBIC KOMOMHATHI Ha TEIUIOCHA0XEHHUE KaXKIOTr0
reKTapa IMeperuiadyuBaloT BCJCACTBHE HHM3KOW SHEpProdpQpekTHBHOCTH OKoJIo 2—4
MJIH. py0. [1]. BaxkHeiiiei 3amaueii moBbIIICHHUS YHEPTod3PPEKTUBHOCTH ABJIACTCS
CHHKCHHE TEIJIOBBIX MOTEPh. B CBS3M ¢ 3TUM HEOOXOAMMO pa3padoTaTh METOAUKY
pacdera TeIUIONEpeadl Yepe3 OrpakIaronue KOHCTPYKIMH KyJIbTHBAIMOHHOTO
COOPYKEHHUSL.

KonuyecTBo TeEIJIOBOM SHEPruM, HEOOXOMUMOH JUIS OTOIUICHHS WM
OXJIKJICHUS COOPYXKCHHsI, OMpEnersieTcss id KaKJIOro MOMEHTa BpPEMEHH Kak
pe3yNbTaT CyMMHPOBAHHS €0 TEIUIONOTEPh U TEIUIONMOCTYIUICHUM, TO €CTh ITyTeM
pelIeHus ypaBHEHHMsI TEIUIOBOI0 OajlaHca BHYTPEHHET0 BO31yXa.

YpaBHEHHE TEIJIOBOI0 OajlaHCa KOHCTPYKIIUHU JBOHHOIO OCTEKJICHHUS MOXKHO
3aIKcaTh B BUJE:

9, =49 t49¢ +q'c1 +q;e1

q, +q'c2 +q;e1 =4cin T 9rin —Y9rap (1

rI€: ¢; U ¢g> — KOJIUYECTBO TEIJla KOPOTKOBOJIHOBOM pajualliy, MOTJIONIEHHON
COOTBETCTBEHHO MEPBBIM U BTOPBIM CTEKIIOM, BT/MZ; qr; — TYYUCTBIN MOTOK TeIlIa
MEXK/y HapyKHOI MOBEPXHOCTBHIO IIEPBOrO CTEKNIA U «OKPY:KeHHEeM», BT/M%; gc; —
KOHBEKTUBHBIA MOTOK TEIJIa MEXAY HAPYKHOM MOBEPXHOCTHIO MEPBOTO CTEKIIA U

2 ! ! o
Hapy’>XHbIM BO31yXOM Bt/™M%; = — KOHBCKTHUBHBIM IIOTOK TCIIJIa B
> 2 Cl Cc2

vy 3 2 ! o
MEXKCTEKONbHOH Tmpocioiike, BT/M”; ¢, — Iy4ucTelii NHOTOK Temaa MEXIy
. 2
HOBEPXHOCTAMM, OIPaHMYMBAIONIMMU NPOCIONKY, Bt/™M7 ¢, ¥ g,

COOTBETCTBEHHO KOHBEKTUBHBIHN U JTy4UCTHINA (ATMHHOBOIHOBAS payaliisi) IOTOKU
TeIla Ha BHYTPEHHEH MOBEPXHOCTH BTOPOrO CTEKIa, BT/M’; ¢r4p — MOTOK TeIlIa
KOPOTKOBOJIHOBOI1 paJHaIlii Ha BHYTPEHHEH MOBEPXHOCTH BTOPOr0 CTeKIa, Br/m’.

Martematryeckast MOJeNb TeIJIoNepeadl Yepe3 CBETOMPO3payHbIe Orpax-
JICHUsl TEIUTAIBI COCTOMT W3 O0OOIIEHHOTO ONMHMCAHUS CICAYIOUIMX TEIUIOBBIX
MTOTOKOB:

- TEIUIONOCTYIIJICHUS] B pe3yJbTaTe COJHEYHOM pajualvy, IMOTJIoNIaeMoit
orpaxkaeHusMu (Q,4p) ¥ HETIOCPEICTBEHHO MPOHUKarOIIeH B momenieHue (Ory);

- TEIUIONOCTYIUIEHNS WM TEIUIONOTEPH BCIEJICTBHE Pa3HOCTH TeMIIepaTyp
BHYTPEHHETO U HapyXHOro Bo3zayxa (QOrw);

- TEIUIONOCTYIUICHUS! WM TEIUIONOTEPU BCIICACTBUE (HIBTPAIMU BO3yXa
Yepe3 TMPHUTBOPHI M 10 KOHTYpPY TpPUMBIKAHHUA 3allOIHEHUS K CTEHe,
O0YCIIOBIIGHHBIE pa3HUIICH JaBIICHWS W TEMIEpPaTypbl BHYTPH M CHapyXH
coopyxeHus (Qrw).

VYpaBHeHHE JUIS ONpeENeNieHHs HEOOXOIMMOro KOJIMYECTBA DHEPTHU IS
OTOIUIEHUS WM OXJAXKICHHUS COOpPY)KEHHS Tpu 33JaHHOM BHYTpPEHHEH
TeMIIepaType BO3yXa CleIyroulee:

L 4uF.+0:,=0 )

48



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2013, Ne4
Mechanics & Technologies

A€ ¢w — YACHIbHBIC TEIUIOBbIE IOTOKM 4YEpe3 HAPYKHBIC OIPaKIArolue
2
KOHCTPYKIMH, BT/M”, onpenenstorcs Kak:

1
q.; = F(QTW + QFW +0, + 0 ) (3)

wi

OF — TEIJIONMOTEPH 3a CUST MEXaHUUECKOH WIIM €CTECTBEHHON BeHTWIAUHU, BT; F),;
— IUIOIIA/Ib HAPYKHBIX CTEH M MOKPBITHSA, M.

PaccunteiBaeM OTa€NBbHO paanalivio, TEIUIONOTEPU B PE3YNIbTaTe Pa3HUIIBI
TeMIepaTyp BHYTPEHHEro M HapyXHOro Bo3ayxa (Qry) W TEIIONOTEpH B
pe3yabTaTe QUIbTpaliuu Bo3myxa uepes orpaxaeHus (Qrp).

CkxBoO3HBIE TEIJIONOCTYIUICHHS Orn, Br (TeronocTymieHus
HEMOCPE/CTBEHHO  TPOHUKAIOMIEH  dYepe3  CBETONPO3pauHble  OTrpakIeHHs
COJIHEYHOU pajfiallii) BEIYUCISIOTCS 10 popmyde [2]:

QTH :(IDFRK]D+[dK1d)(FW_Fe)’ 4)

rae: Ip, [; — COOTBETCTBEHHO MHTEHCUBHOCTh MPSAMOUM U PACCESIHHON COJHEYHOMN
paauaiy, maJaaromeld Ha orpakIeHuE, BT/M2; rr — K03 PUIMEHT 00JTyIEHHOCTH
OTpaXKJICHUsI TIOTOKOM CONHEYHOH paauanuu; K;p — Kod(QPHIUEHT CKBO3HBIX
TEIUIONOCTYIJICHMH OT TPsSIMOM conHeuHoW paauanuu; Kj; — KO3(pQHUIUSHT
CKBO3HBIX TEIUIONOCTYIUIEHHM OT pPacCessHHOW COJHEYHOM panuvanmu; F, —
ILIOMIA /b TIPHTBOPOB, M’; Fjy— ILIOMIA/b TIOBEPXHOCTH 3aCTEKIICHHS.

B of0miem crydae orpakaaronirie KOHCTPYKIIMH SIBIISFOTCS. HEOIHOPOTHBIMH
U MOTYT COJIepKaTh BEHTWJIMPYEMbIe WJIM 3aMKHYTHIE BO3YIIHBIE MPOCIONKH, a
TaKke UCTOUHUKHU Terla.

[Ipu onpeneneHun MaTeMaTHYeCKOM MOJENM TeEIUIONepeaadn depes
OTpaKJAIOIYI0 KOHCTPYKIHIO OyJIeM CUUTATH:

- TEIUIOTEXHWYECKHE XapaKTepUCTUKH MaTepHUajioB CIOEB HE 3aBUCAT OT
BJIQXKHOCTH U TeMIIepaTypbl MaTepuaa;

- BJIMSHHE CTBIKOB, HAapyXXHBIX YIJIOB, TEIUIONPOBOIHBIX BKIIOYEHHN Ha
nedopMmanmio TeMIepaTypHOro IMOJs Orpa)KIeHUsS KOPPEKTUPYETCS C MOMOIIBIO
BBEJCHHUS  OKBUBAJICHTHBIX  TEIUIOTEXHHYECKUX  IIOKa3aTele, TakK  dYTO
TeMIepaTypHOE T0JI€ KOHCTPYKIIUH MOYXXHO CUUTATh OJHOMEPHBIM;

- Telomepenada  4epe3  KOHCTPYKIIMIO — TPOMCXOAUT 32  CUET
TEIUTONPOBOJHOCTH W (PHITBTPAIIMU BO3yXa;

- MMEIOT MECTO TOoTepu (BBbIAENEHHA) Teljia, CBS3aHHBIE C 3aMep3aHHEM
(TasiHMEM) BJIarW Ha TIOBEPXHOCTH OTPaX<JACHUSI.

[lornomennsie  Temmonoctymiuenus Oy, BT (TemnomnoctymnieHwus,
00YCITOBIICHHBIE MTOTJIONIEHHON OTpaK/IEHUEM COHEYHOH pajuanueil 1 pa3HOCThIO
TEeMIIepaTyp Hapy>KHOTO U BHYTPEHHEr 0 BO3/lyXa) BBIYUCIAIOTCS 110 popmye [2]:

QAB = (IDFRKZD +IdK2d)(FW _Fe)’ Q)

rae: Kop — KOI(PQHUIMEHT MOMIOIIECHHBIX TEIJIONOCTYIUICHHI OT MpsAMO
colHeuHOU pamuanuu; Kr; — Ko3(pOHUIMEHT MOrJIOMEHHBIX TeIUIONOCTYIICHHH OT
paccessHHOW COITHEYHOM paJHalyy.

TennoBoll MOTOK MEXKAYy BHYTPEHHEH IIOBEPXHOCTBIO  CBETOBOIO
OrPaXKJCHHUS U BO3IYXOM MOMEIIEeHHs, BT, Beraucisercs mo Gopmyiie:
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QW = hc (TinSF - T )F w (6)

rne Tysp — TeMIeparypa BHYTPEHHEH ITOBEPXHOCTH CBETOBOI'O OrPaKIEHUS,
BBIYHCIIsIEMast 110 POpMYyJIE:

T,-T
inSF — © L+ Qus +T; (7
ROhR hR(FW_Fe)

TernonocTymiaeHuss WM TEIUIONOTepH, OOYCIIOBICHHBIC  pa3HUIIEH
TeMIepaTyp BHYTPEHHEr0 W HapyKHOro Bo3ayxa QOrwy, BT, paccuuTheiBaroTcs 1Mo

dopmyie [3]:

1
Oy =R—(TR ~T,)F, ®)

o

e Ro — CONpOTHBIIEHHE TeIUIoNepeaue CBeToBoro orpakaenus, M>-"C/Br; Ty —
TeMmIiepatypa BHYTPEHHEro Bo3lyxa; 7o — YyCJIOBHas TeMIlepaTypa HapyXHOTO
Bo3ayxa, °C; Fw — IUIOIIAAb OrPAXKICHHS, M.

ConpoTHBIIeHHE TEIIONEpeiade CBETOBOTO OTPaKICHUS CISAYET BBIYUCIATH C
Y4ETOM pa3JIeieHNs] HA KOHBEKTUBHBIA M JIyYHCTHIA KO3(DOUIIMEHTHI TerooOMeHa y
MOBEPXHOCTEN CTEKOJ, OMBIBAEMBIX HAPYKHBIM M BHYTPEHHUM BO3/TyXOM.

TennonoctyruieHusi WM TEIUIONOTEPH BCIEACTBHE (DUIBTPALMU BO3TyXa
Orw, BT, paccuutbiBaroTcs 1o Gpopmyie:

QFW:CRJFWFW(TR_TO) ©))

rnae: Cr — KOTMYECTBO BO3/IyXa, MPOXOJISIIET0 Yepe3 CBETOBBIE OrpaKICHUS; Jry —
KOJIMYECTBO BO3/LYXa, MPOXOMSAIIEr0 Yepe3 eAMHUILY MIIOMAIN OrpaxeHns, Kr/(M”
).

Ecnu 3amano xonwuecTBo PHUIBTPYIOMIEroCs BO3/yXa IO JUIMHE MPUTBOPOB
Y 110 IEPUMETPY MPUMBIKAHHS CTEKIISIHHBIX OTpakIIeHUH K pyHIaMEHTY U Jp., TO K
BEJIMYMHE TEIJIONOTEPh, BBIYUCICHHBIX M0 hopmyiie (9), cinenyer nodaButh [1]:

QFW :CRJFWI(TR _To)’ (10)

rae: Jpy — KOJIMYECTBO BO3AYXa, MPOXOIALIET0 Yepe3 OJUH IOTOHHBIH METp
CTBIKOBOT'O COCJIMHEHHUSL, KI/(4'M); [/ — MPOTSHKEHHOCTh COCTUHECHUI, M.

BriBox:

Pa3paborana MmaTeMaTH4YeCKasi MOJENIb TEIUIONEPEAAUN Yepe3 OrpaxIaroye
KOHCTPYKIIMH JBOIHOTO OCTEKJIEHMS KyJIbTHBAI[MOHHOT'O COOpPY)KEHHS, KOTopas
MOXeET CIIy’)KUTb OCHOBON METOJIMKYU pacuera TelIoNnepeaayl yepe3 orpakjarolue
KOHCTPYKIIHH C LENbI0 CHUKEHHUS TEIJIOBBIX MTOTEPh.

CIIMCOK JIUTEPATYPEI
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KYJbTUBALUMSIBIK KYPBLJIBIM KABBIKIIACHI APKBLIBI JKbLTY
BEPLTYJIIH MATEMATHUKAJIBIK MOJIEJI

Makanana KyJIbTHBALMSIBIK KYPBUIBIMHBIH €Ki KaOaTThl OHHEKTENTreH
KOPFaHBIC KOHCTPYKIMSCHI apKbUIbl JKbUIY OTKI3YIIH MaTeMaTHKaJbIK MOJEI
KenTipiired. byn Mopens KbUIy IIBIFBIHAAPBIH a3aliTy MaKCaThIHIa KOPFaHBIC
KOHCTPYKIIMSUTAPhl apKbUIbI JKbUTY OTKI3yIl €CenTey SAICTeMECiHIH Heri3i OOJIbII
TaOBLIAABI.

Tyiin ce3mep: KyJbTHBAIUSIBIK KYPBUIBIM, KOPFaHBIC KOHCTPYKIUSIIAPHI,
JKBLTY ©TKI3y, MATEMAaTUKAJIBIK MOJICb.

1.O. Volkov, V.M. Karavaikov
Kostroma State Technological University, Kostroma, Russia

MATHEMATICAL MODEL OF HEAT TRANSFER THROUGH
THE SHELL OF CULTIVATION STRUCTURES

In article the mathematical model of a heat transfer through protecting
designs of a double glass cover of a hothouse construction is resulted. This model
is a basis of a design procedure of a heat transfer through protecting designs for the
purpose of decrease in thermal losses.

Keywords: the hothouse construction, protecting designs, a heat transfer,
mathematical model.
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COBEPUIEHCTBOBAHUME TEXHOJIOT'UHN ’KNJAKUX 3AKBACOK
IIYTEM KYJbTUBUPOBAHUSA NX BPOIUJIHLHON MUKPO®JIOPHI
HA OITUMU3NPOBAHHBIX IUTATEJIbBHBIX CYBCTPATAX

[IpencraBneHsl  pe3ynabTaThl  UCCIEAOBAaHHMS  (QU3MUECKHMX M XHUMHYECKHX
HoKa3arenell Kopbl 1y0a, MCIOIb3yeMOro B KauecTBE HETPaJUIMOHHOTO OHOJIOTHYECKU
aKTHBHOI'O PACTUTENBHOTO CHIPhs [UIsl XJIeOOMeKapHOW NMpOMBINIIEHHOCTH. VccnenoBaHo
BIIMSIHME KOPBI My0a Ha MOKa3aTell KauecTBa M XJieOoNeKapHble CBOMCTBA PKaHOM MYKH.
PaccMoTpeHa BO3MOXKHOCTD HCIIONIB30BaHHS KOPBI Ay0a B TEXHOJOTHMHU JKUAKHX 3aKBACOK.
OmnpezeneHbl  MOKa3aTeNu JO3UPOBAHHOIO BHECEHHMA KOpbl [y0a, II03BOJSIOLIME
CTaOMIM3UPOBATh [TOKA3aTENld Ka4eCTBa JKUJIKUX 3aKBACOK M YBEIIMYHUTH IMOTPEOUTEIILCKHE
CBOMCTB XJie0a U3 pKaHOW MYKH M €€ CMECH C MILIEHUYHON MYKOH.

KnawueBbie ciaoBa: xi1e0, Myka, 3aKBacka, OpokeHHe, OpoAHMIbHAS
MHKpodiopa, OMONIOrMYecKH aKTUBHOE ChIpbe, Kopa 1yba, OakrepuaibHas
00CeMEHEHHOCTh, OCaXapHBaHUE, OPTaHOJICITHYECKUE TOKa3aTeNH.

B TpagunnoHHOW TEXHONOTWW TPUTOTOBIICHHS XJieba W3 PKAaHOH MYKH H
CMECH ee C TIICHUYHOW Ha XJeOoneKkapHbIX npennpusatusx Pecrryonuku bemnapych
B KQ4ecTBE MMPOMEXYTOUHBIX MMONTy(HaOpHUKATOB HCIOIB3YIOTCS JKUAKHE 3aKBACKH C
3aBapuMBaHUEM YacTH MYyKH (Hajee >KuAKHE 3akBacku). llpomecc mx momydeHus
TpeOyeT CTPOroro COOIONEHUS TEXHOIOTMYECKHX MapaMeTpoOB U, MPEXJe BCEro,
KOITMYECTBAa M PETYISIPHOCTH BHECEHHWs TMHUTATENBHOro cybOcTpaTa TpU  HUX
BO30OHOBJIIEHMHM B TIPOLECCE MPOU3BOACTBEHHOIO IIMKJIA, YTO BO3MOXKHO
o0ecrednTh MPH HEMPEPHIBHOM PEeXKHME paboThl XJIeOOIEKapHBIX MPEANPHITHN U
JOCTaTOYHO MMOCTOSIHHOM 00beMe MPONU3BOIUMON MPOAYKIUH.

I[lpy  TWOCTOSHHO  W3MEHSIONIMXCA  YCIOBHSX  (DYHKIIMOHHPOBaHUS
x71€003aBOZIOB BO3HUKAET MPOOJIEMa COXPaHEHUsT MUKPO(IOPHI KUIKUX 3aKBACOK
B OKHU3HECIIOCOOHOM COCTOSHHH, TIOBBIIICHHS WX AaKTHBHOCTH, TPOJJICHUS
KU3HEIEATEIbHOCTH TIPU  BO3HUKAIOMIMX TEXHOJIOTHYECKHX, BBIHY)KIEHHBIX
nepephiBax, a TakKe MOJAaBICHHUS MaTOreHHOH MUKpoQuIopsl. [ ee perneHus Ha
MIPEANPUATHSAX OTPACTH B TEXHOJIIOTUH KHUAKUX 3aKBACOK HCIIOJIBb3YIOTCS MPOAYKTHI
nepepaboTKH TUI000BOIIHONH, MyKOMOIIbHOH, ITMBOBAPEHHOW U JPYrUX OTpaciel
MUIeBoil mpomeinuieHHocTd [1, 7-8]. OmHako 3a4acTyl0 OHU CTUMYJIHPYIOT
pasBuTHE OPOAMIBHOM MHUKPOQIIOPHI TONBKO Ha HEMPOJODKUTEIBHBIA OTPE30K
BpEMEHH, YTO IMPHUBOAUT B CBOIO Ouyepens K Ooliee 4acTOMy BO300HOBIICHHIO
KUJKUX 3aKBACOK I10 IIOJIHOMY Pa3BOJOYHOMY LIUKILY.

B mnocnennee BpeMs NOBBINIEHHOE BHUMAaHHE YIENSETCS BO3MOXKHOCTH
WCIONIb30BaHUS B TMHUIIEBOM TEXHOJIOTHH, B YACTHOCTH TEXHOJOTHHU KHUIKUX
3aKBACOK, HETPAJIUIIMOHHOTO OHOJOrMYECKH AaKTHBHOT'O CHIPbS, COJEpIKallero
pa3MYHbIC TPYMITBI BEMIECTB MOTHU(PEHOIBHON MPUPOJIBI, KOTOPBIC MOJIOKHUTEIBHO
BIMSIOT HA JKM3HECIIOCOOHBIC KIETKH 3aKBACOYHBIX  MHKPOOPTaHHU3MOB,
MOJABIISIIOT  KU3HEACATENIBHOCTh  MMATOTeHHOW MHUKPOQIIOPBI, CHOCOOCTBYIOT
MPOJIEHUIO CPOKOB XpAHEHMsI TOTOBOM MPOAYKIMH W TIO3BOJIAIOT MOTYyYUTH
(YHKIMOHANBHBIC THIIEBBIE MPOAYKTHl C IOBBIIICHHBIMH aHTHOKCHIAHTHBIMH
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cBorictBamu [9]. K TakoMy HeTpaJuIIIOHHOMY CBIPBIO, Y€ HCIOJIb3yeMOMY B
TEXHOJIOTUU KHUJIKAX 3aKBAaCOK, MOXKHO OTHECTH XMeIb M XMEJIEHpPOIYKTEHI,
OKCTPaKTBhl 4Yasl, MPOMYKTHl TepepaboTKHU IUJIOAOB TIpaHara, TaHWHBI, MPSHO-
apoMatuueckoe cwipbe [5-6, 10]. OmHako MCHOIB30BAHHME JTHX HHTPEIUCHTOB
TpeOyeT X JONOJHUTENBHONH MOJATrOTOBKH (IONyYeHHE SKCTPAKTOB, OTBapoOB,
CMCIIMBAHWE C JAPYITHMH CBIPbEBBIMH HCTOYHHKAMH B 3aBHCUMOCTH  OT
MPUMEHSIEMOH TEXHOJIOTHUH). B HEKOTOPBIX CiIydasx HCIONb3yeMble HHTPETUCHTHI
SBIISIIOTCS MMIIOPTHPYEMBIMH. Bce 93TO TPUBOAMT K YIOPOKAHUIO TOTOBOH
MPOLYKIIHH.

[losTromy mouMck ©  HCclenoBaHHME BO3MOXXHOCTH  HMCIOJNB30BAHUA
HETPaJUIIOHHOTO MECTHOTO PACTHTEILHOTO OMOJIOTUYECKH AKTUBHOTO CHIPhS JUIS
CTUMYJMPOBAaHUSl  JKU3HENEITENBHOCTH OpOAMIBHONH MHUKPOQIOPHI  KHJIKHUX
3aKBACOK, a TaKkKe pa3paboTka HOBOH MPOTrpecCHMBHON pecypcocOeperaromei
TEXHOJIOTUU TIPUTOTOBJICHUS KHUJKAX 3aKBACOK CO CTAaOWMJIBHBIMU TOKAa3aTelsMH
KadyecTBa, OOECIICYMBAIONINX BBICOKHE IIOTPEOUTENBCKHE CBOWCTBA Xxieba U3
p)KaHOH MYKHM W CMECH €€ C IIIEHWYHOH, MPUTOTOBIEHHOrO Ha HMX OCHOBE,
SIBJISIETCS aKTYaJIbHOM U MPEACTABIISIET HAYYHBIM U IPAKTUYECKUI HHTEPEC.

B kayecTBe HETPaJMIIMOHHOIO MECTHOT'O PACTHTENLHOTO OWOJOTHYECKH
AKTHBHOTO CBIPbS C HH3KOH C€e0ECTOMMOCTBIO, COJIEpPIKAaIlero COeMUHEHUs
noauQeHOIBHOM MPUPOJIBI, & UMEHHO JyOHIIbHBIC BEIIECTBA, MOXKET CITY>KUTh KOpa
nyoa.

UccnenoBanusi, paHee TpPOBENEHHBIC 3apyOeKHBIMH M OTEYECTBEHHBIMH
YUEHBIMH, MoKa3al, 91O Kopa ny6a obnagaer BSDKYIIHMH,
MPOTUBOBOCIIAIUTENEHBIMA W MPOTUBOTHWIIOCTHBIMH CBOWcTBamMu. JlyOuibHEIE
BEIIIECTBA PACTEHHS OOYCIIOBIMBAIOT TOPMOXKEHHE BOCHAIMTEIBHBIX IMPOIECCOB,
CIIOCOOCTBYIOT CHIDKCHUIO BCACHIBAHWS CTPOHIMSA M OOJNIAJaf0T aKTHBHBIMH
AQHTUOKCUJAHTHBIMH, AQHTHUKAHIIEPOT CHHBIMH CBOWCTBaMH, OKa3bIBaIOT
MpoQHUIaKTHUECKOE JICHCTBHE B OTHOLICHUH JETepPaTUBHBIX 3a0oseBanuii. Kpome
TOr0 HEJaBHUE HCCIICAOBAaHMS IIOKa3alM, 4YTO Kopa Jayba oOmamaer
AHTUMYTAreHHOW aKTHBHOCTBIO, O YeM CBUJICTEIILCTBYET €€ CIOCOOHOCTh CHUXKATh
MyTareHHble 3(Q(EKTh B KIeTKax KOCTHOro mo3ra [2-3]. IloaToMy OTKpbIBaeTcs
MEpCIIeKTHBA HCIOIb30BAHM KOpBI y0a TpH MPOHM3BOJACTBE XJieba W3 PrKaHOM
MYKHU U CMECH €€ C MILIEHUYHOM.

Ha nepBoM stane nccienoBanuii HaMu ObLTH H3Y4EHBI OPTaHOJEITHIECKHE,
¢u3MUecKre TOKa3aTey KadecTBa KOpbl ayba, TONMydaeMod Ha TEeppUTOPUH
Pecnyonuku Benapych, a Takke ee XMMHYECKUU cocTaB. B Xome ucciaenoBaHuit
WCTIOJIb30BAJIM METO/IBI aHAIN3a, OOIICHPUHSATHIE B MUIIEBOW TTPOMBIIICHHOCTH H
HAy4YHBIX yupexaeHusx Pecnyomuku Benapyce. VcciiemoBanus mpoBOIWINCH B
nabopatopusix Kaeapsl TEXHOIOTHH XJIEOOMPOAYKTOB Y UpEKIeHUsT 00pa3oBaHUs
«MoOrmieBcKuil rocy1apCTBEHHBII YHUBEPCUTET MPOLOBOIBCTBUSY.

[To opraHonenTHYECKUM IOKa3aTelsiM Kopa jayda mpeacTaBiser coOok
CMECh JIETKUX HEOJHOPOJHBIX IO pa3Mepy YacTHIl Pa3iIMyHON (OPMBI CBETIIO-
Oyporo, JKenToBaTO-Oyporo, CBETJIO-CEPOr0  HJIM  CEPEOPUCTOrO  IIBETA,
MPOXOASIIMX CKBO3b CUTO C HOMHHAJIBHBIM pa3mepoM orBepctus 5600 mxm. Ha
HApY)KHOH TOBEPXHOCTH KYCOYKOB KOPBI 3aMETHBI TIONEPEYHO BBITSIHYTHIC
YeUeBUYKH, Ha BHYTPEHHEH — TMpOJONbHBIC BBIIAIOIIUECS PEOPBIIIKU. 3amax
cnalblii, cBOocoOpa3HbIH, YCHIMBAIOIIMKICA MPH CMAauyMBaHUK KOPBI BOAOH. Bxyc
CUJIBHO BSDKYLIMH.

MaccoBass gonst  BIarm  o0pasloB  KOpBl  Jy0a  OTEYECTBEHHBIX
npousBoautTenei cocraBuwiaa 10,0+£0,5%, dro He mpeBblaeT TpPeOOBaHUI
TEXHUYECKNX HOpMaTUBHBIX MpaBoBbIX akToB (THIIA) Ha maHHBIN BUJ CHIPBS (HE
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oonee 15,0%). Haceinmuas Macca oOpa3iioB KOphI Ay0a BapbHpOBaJiach B Ipeeaax
270420 kr/m’. AKTHBHasE KMCIOTHOCTH coctaBmia 4,8+0,2 en. Kpome Toro xopa
nyba uMeer OoraThli XMMHUYECKHH COCTaB, B YaCTHOCTH BBICOKOE COJICpPKaHHUE
OMONOTMYECKH aKTHBHBIX BEHIECTB (KJIETYATKU, MEKTHHOBBIX, MHHEPAJIbHBIX H
INyOUIIbHBIX BEIIECTB), 3HAYUTENbHAS YaCTh KOTOPHIX MEPEXOAUT B PACTBOPHMOE
COCTOSIHME TIPU SKCTparupoBaHuu [4].

[Nepen nanbHEHIIMME HCCIIEAOBAHMSIMA BO3MOXKHOCTH HCTIONB30BaHMS KOPBI
nyb0a B TEXHOJNOTMH J>KHJIKHX 3aKBAaCOK €€ TMOJABEPralyd JONOJTHUTETHLHOMY
W3MEIbUEHUIO M TPOCEMBAHUIO dYepe3 CUTO M3 IIenKoBoW TKaHU Ne27 wmum
nonuamuaaor Tkauu Ne27 ITA-120 mo 'OCT 4403-91. D10 HO3BOIMIIO OTIEIUTE
YacTUIBl KOpbI Jy0a, CXOAHBIE MO pa3Mepy ¢ YacTHIAMU MYKH pPKaHOM
xJ1e0OTeKapHOM, JIIsl PABHOMEPHOTO pacrpeelieH s KOphl y0a ¥ 4acTHIl MyKH B
KHJIKOW 3aKBacKe, a COOTBETCTBEHHO U MOCIIEYIONIEH PaBHOMEPHOM JJOCTYITHOCTH
WX JUISL KIIETOK OpOJMIBLHON MUKPOQIIOPHI.

Jlanee m3MenpUEHHYIO JIO pa3Mepa YacTHIl MyKH Kopy ayba BHOCHIU B
komuuecTse 10 2,0% c untepsanom 0,4% B MyKy prkaHyl OOJMPHYIO, CESHYIO U
WCCIIEIOBAlId €€ BIMSHUE Ha OpraHoNenTH4Yeckue (BHEIIHWH BWJ, 3amax, BKYC),
($u3NKO-XUMHUYECKHEe (MAacCOBYIO JIONIO BJAard, TUTPYEMYIO KHCIOTHOCTB),
MHUKpoOHosIoruueckue (o0Inas OakTepHaibHas OOCEMEHEHHOCTh) IOKA3aTelnH |
xJieOOMeKapHble CBOWCTBA piKaHOH MYKH (ABTOJMTUYECKYIO aKTHBHOCTB),
WCTIOJIb3YEMOM MTPH PUTOTOBIICHHH KHKUX 3aKBACOK.

[lo opraHomenTHYeCKMM TIOKa3aTesiM O0Opasllbl CMECE MYKH pIKaHOM
xJ1e0OIeKapHOH M KOPBI Ay0a MPECTaBIIsLIH COO0H MOPOIKOOOPa3HYIO CHITYUYIO
My4YHYI0 CMech 0e3 rpyObIX BKJIIOYCHHH M HEOpOCeBa, IIBET, 3alax M BKYC
CBOMCTBEHHBIH MyKe O€3 IMOCTOPOHHHUX 3alaxoB M NMPHBKYCOB. MaccoBas J0Js
BJIaTM BceX o00pa3ioB cMeceid cocraBmia 10,240,2%, 4YTO COOTBETCTBYET
tpeboBanusiMm THITA Ha Myky paHylo xyeOomnekapHyko. Bbuio ycraHOBIEHO
W3MEHEHUE KHUCIOTHOCTH O00pa3loB cMecel MYyKH, MpPHYEM C YBEIUYCHUEM
JIO3UPOBKU KOPHI Ay0a YBENMYMBANACH M TUTpyeMas KHUCIOTHOCTh 0Opas3IoB, YTO
MOKHO OOBSICHUTH KOMITOHEHTAMHU KOPBI y0a, UMEIOIIMMH KHCIYIO Peakiuio [4].

IMo mokazaremio obmelt OakrepuansHOi obcemenenHoctn (OBO, en/r)
WCCIIeIOBalld  00pasllbl CMECed Kak Ha MOMEHT CMEIIMBAHUS MYKH pPXKaHOM
xJIeOOneKapHOi M KOphl 1y0a, TaK M B IPOILIECCE XpaHSHHsS B TeueHHe 12 mec.
PesynbTathl nccnenoBanuii o0mel OakTepraaIbHON 00CEMEHEHHOCTH Ha TpUMepe
00pa3loB cMecell M3 MyKd prKaHOH OOAMPHONW M KOpbI Jy0a MpencTaBICHbI Ha
pucynke 1.

PesynbTathl McciaenoBaHuUil, NpeNcTaBleHHbIC Ha PUCYHKE |, MOKa3bIBAIOT,
yro oO0mas OakTepualbHas 00CEMEHEHHOCTh OOpa3lloB CMeced MYKH pXKaHOM
0o0AMpHOM M KOpbI ny0a B Mpollecce WX XpaHeHHs cHuxaercs n0 20 pas B
3aBHCUMOCTH OT KOJMYECTBA BHECEHHOM KOpBI jayba. DTO MOXHO OOBSICHUTH
BBICOKMMH aHTUMUKPOOHBIMH ¥ (YHTHIMIHBIMA CBOMCTBAMH KOpBI Jyba H
paccMaTpuBaTh KakK TOJIOKHUTENBHBIA (akTop, 00ecreunBalonuili CTOWKOCTh MPH
XpaHEHWU OCHOBHOTO ChIphsi (MYKH) M CHIDKEHHE pa3BUTHA HEXKeIaTelbHON
MUKPOQIIOPHI, KaK CaMUX cMecel, TaK U )KHJKUX 3aKBACOK, IIPUTOTOBIICHHBIX C UX
WCTIOJIb30BaHHEM. AHAJOTMYHBIE PE3yabTaThl ObLIH TOTYYEHBI IPH MCCIEJOBAHUH
00pa3IoB cMecel U3 MyKH PyKaHOH CESTHOM M KOpBI 1y0a.

BHecenne kopel ay0a B MyKy piKaHYIO CHOCOOCTBYET TaKKe CHIKECHHIO
ABTOJIUTUYECKON aKTHUBHOCTH (OHA TIEPEXOAUT W3 TPYNIBl C TOBBIIIEHHOH B
Tpynmny ¢  HOPMaJbHOW  aBTOJMTHYECKOM aKTUBHOCTBIO), HUYTO  MOXKHO
paccMaTpuBaTh KakK IOJOKHTEIbHBII MOMEHT B TEXHOIOTMH TPUTOTOBIICHHS
xJieba 13 pKaHOW MYKH M CMECH €€ C MIICHUYHOMH [4].

54



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2013, Ne4
Mechanics & Technologies

600

OBO-103 en/

400

200

MecAaLp!

—4—KOHTpONEHBIT —l—04% —k— (8% —x—12% —¥—16% —8—20%

Puc. 1. 3aBucumocTs 0011l OakTepHaIbHON 00CEMEHEHHOCTH
00pa3oB cMeceld MyKH pXKaHOH 00MPHOM U KOPHI Iy0da OT
NPOAOJDKUTEIBHOCTU XPaHECHUS

Ha cnengyromeM »stane wucciaeqoBaHMM OCYIIECTBIISIIM PUTOTOBJIECHUE
3aBapKH IyTeM CMCIIMBAHHUS MYKH p>KaHOH OOJMUPHOM, KOpBI 1y0a, H3MeIbUeHHOH
JI0 pa3Mepa 4YacTHIl MyKH, B paHee BHIOPaHHBIX KOJMUYECTBAX M TOPSUCH BOJBI
temrepatypsl 95...97°C B COOTHOLICHWH, OOECIEYMBAIONIEM MAaCCOBYIO JIONIO
Biaru 3aBapku 72,0...74,0%. OOpasipl cMecell TIIATEIbHO IepEeMEIINBaIU 10
MOJIYYECHHSI OAHOPOJHOM KOHCHUCTEHUMH. TemmepaTypa IIOJYyYEHHOW 3aBapKu
cocraBisuia 65 °C. 3aTreM mpu 3TOH e TeMmIepaType MPOBOAMIN OCaxapuBaHUE
3aBapku B TedeHue 180 mun. CTeneHb ocaxapuBaHUS 3aBapKH W BIMSHUE HA 3TOT
MPOIleCC BHECEHHOW KOphI Jy0a OICHWBAIM [0 HAPACTAHUIO PEILyLUPYIOIINX
BeriecTB kKaxasie 30 muH (puc. 2).
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Puc. 2. I3menenune peaynupyronmx BemecTB B 3aBapke
B IIPOLIECCE €€ OCaXapUBaHUH
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W3 pucynka 2 BUIHO, YTO MPU UCHOIB30BAHUM M3METBUYEHHOU 0 pazMepa
JaCTHll MYKH KOPbI Hy63 Ha CTaauM HNPUTrOTOBJICHHA 3aBapKu YBCINYHUBACTCA
Ha4yaJlbHOE CO/ICpP)KaHHME PEAYHUPYIOIIUX BEIIECTB, KOTOPbIE BHOCITCS C KOpPOU
ny6a. [lpm mocienyromeM ocaxapuBaHHM 3aBapKd IIPOUCXOIUT HapacTaHHe
MacCOBOH JOIM PEeNyIUPYIONMX BEIIECTB, KAK B KOHTPOJIBHOM 00pasile, Tak U B
oOpasliax ¢ BHECEHHWEM KOpbl ny0a, MpHYeM B OMNBITHBIX 00pasliax MpUpOCT
PENYIUPYIONINX BEIIECTB MPOUCXOAUT O0JIee aKTUBHO. DTO MO3BOJISIET COKPATUTh
MPONOJDKUTENIFHOCTh  OCaxapuBaHMs 3aBapku Oonee uyemM Ha 30 WMuH, a,
CIIEZIOBATENbHO, M COKPAaTUTh PACXOAbl HHEPrOPECYpCOB Ha 3TOT MpoIlece.
Amnanornynas TCHACHIOUA COXPAHACTCA W IIPU MCHOJB30BAHHMKW Ha CTaIuu
IIPUTOTOBJICHUS 3aBAPKU U OCAXapUBAHUS MYKHU PKaHOM CESTHOM.

3aTeM McciienoBand M3MEHEHHE OCHOBHBIX IOKa3aTeNlel KauecTBa KUAKON
3aKBaCKH TIpM €€ BO300OHOBJICHWU TMHTATEILHOW CpENoW, COCTOSIIEH U3
ocaxapeHHOH 3aBapKy, MOJTYYEHHOH M3 MYKH pPXKaHOW OOJMPHOM C BHECECHHEM
Pa3IMYHOTO KOJMYECTBa M3MENbUCHHOM JIO pa3Mepa 4YacTUIl MYyKH KOpHI jayba u
BOJIOMYYHON CyCHeH3MH. B mccrienoBaHMSX HCIONB30BaIN KHUIKYIO 3aKBacKy,
IIPUT'OTOBJICHHYIO B IIPOU3BOJACTBCHHBLIX YCJIOBUAX XHCGOHeKapHOI‘O MpCANpUATHA
¢ BiaaxHocTeio 80,0%, xucmorHOCTHIO 10,2 Tpaa. ¥ MOABEMHOU CHUIION 28 MUH.
Bo3oOHOBieHHE  KHIKOW  3aKBacKM  OCYHNIECTBISUTM MPH  COOTHOIICHHH
nonyaOprkaTa NpPEAbIAYIIEro MPHUIOTOBJICHUS W MNHTaTeabHOW cMecu 1:1,
temmiepatype 30 °C B Teuenme 300 muH. Yepe3 kaxmpie 60 MHH OICHHUBAIH
KHUCIIOTHOCTh JKMJIKOW 3aKBacKM U €€ IIOABEMHYI CHIly. Pe3ynbrarsl
WCCIIeZIOBAaHUIN TIPEACTABICHBI Ha PUCYHKAX 3 U 4 COOTBETCTBEHHO.
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Puc. 3. I3MeHeHnne KUCIOTHOCTH KUIKON 3aKBACKHU
B IIpoliecce ec OpoxKeHUs

U3 pe3ynbTaToB, MpeACTaBICHHBIX Ha PUCYHKE 3, BUJHO, YTO JT0OABJICHHUE
W3MENBYCHHON 10 pa3Mepa YacTHIl MyKH KOpbl Ay0a BIHMsIET Ha IOKa3aTelb
KHCJIOTHOCTH JKUJKOM 3aKkBacku. B Hauanme OpolkeHHs MoKa3aTeldb KHCIOTHOCTH
BapbpUpyeTcsi B mpezaenax 6,6-6,8 rpan. BHecenue xopbl ayba B KOMUYECTBE IO
0,8% oT Macchl MyKH B 3aBapKe Ha CTaJHH €€ TPUTOTOBJICHUS WHTCHCHUPHUIUPYET
nporecc kucnoronakoruieHus. Yepez 300 MUH OpOKEHHUsT KUJIKOW 3aKBACKU €€
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KHCJIOTHOCTh coctaBiisieT 10,4 rpaa. i KOHTpoJibHOro oOpasua, 11,8 rpax. mis
oOpasia ¢ BHeceHueM Kopbl ayda B komuuectBe 0,4% u 12,4 rpan. mis obpasma ¢
BHeceHHWeM Kopbl jay0a B komumdectBe 0,8%. [lpm nmanpHeifmeM yBelTU4eHUH
JO3UPOBKU KOPLI IIYGa MPOUCXOOUT IIOCTCIIECHHOC YIHCTCHHUE MOJIOYHOKUCIIBIX
OakTepuii aKTUBHBIMH BEIIECTBAMH KOPHI Jy0a. KHCIOTHOCTD KHIKOW 3aKBaCKH
oOpasiia ¢ BHECEHHEM Kophl Ay0a B konuyectBe 1,2% HapacTaeT MeIJICHHEE Ha
MPOTSHKEHUW BCEro IMepuojia OpOXKEHHs, HO TO-TIPESKHEMY OCTaeTcs BBIIIC
MoKa3artelss KUCIOTHOCTH KOHTpolbHOro obOpasma. Yepez 300 MuH OposkeHHS
KHCJIOTHOCTh JiJIi o0paslla ¢ BHECEHHWEM KOpbl jayba B komudectBe 1,2%
coctasisier 11,2 rpaa. [Ipu yBenndyenun BHOCUMO# Kopel ayba ot 1,2 1o 2,0% ot
Maccbl MyKH B 3aBapKe IMPOMCXOJHUT CHIDKEHHE MOKa3aTels KUCIOTHOCTH IO
CPaBHEHHIO C KOHTPOJBHBIM oOpasmoM. [lokaszarens KUCIOTHOCTH 00Opasia
KHJIKOW 3aKBACKH ¢ BHECEHHEM KOpHI 1y0a B koimuectBe 2,0% mo ucreuenun 300
MHUH OpoXxeHHs cocTaBisieT 8,4 rpaj. bpokeHue 3Toro oopasia ObUIO MPOIOIHKEHO
eme B TeueHne 60 MUH, YTO MPUBEIO K YBEMUYCHHUIO KUCIOTHOCTH 10 9,0 rpan.,
COOTBETCTBYIOIIEN pEKOMEHIAIINSAM TEXHOJIOIMYECKUX MHCTPYKIIUH.
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Puc. 4. I3MeHenne noabeMHON CHIIBI JKUIKOH 3aKBACKU
B IIpoliecce ec OpoXKeHUs

W3 pe3ynpTaToOB, MpEACTAaBIECHHBIX HAa PHUCYHKE 4, BHAHO, YTO BHECEHHE
M3MENBYCHHON JI0 pa3Mepa 4acTUIl MYKH KOpbI Jy0a BIMSET M Ha MOKa3aTelb
MOABEMHON CHJIBI KUJKON 3akBacku. [lo 3ToMy mokaszaTento, KOTOPbI COrjiacHO
TEXHOJIOTMYECKHMM HWHCTPYKIUSIM JIOJDKEH cocTaBisiTh He Oonee 30 MuH,
TOTOBHOCTh KOHTPOJIBHOTO 00pasiia >KUAKOH 3aKBackH HacTymaer depe3 240 MUH.
[Tpu BHecenuu kopsl nyda B konmuecte 0,4 u 0,8% OoT Macchl MyKH B 3aBapKe Ha
cTaanu €C IPUTOTOBJICHUA IMPOUCXOAUT 60nee HUHTECHCHUBHOC CHHKCHUC
MOKa3aTels MOoIbeMHOW CHITBI KHUJIKON 3aKBacku. [t 0Opasia ¢ BHECEHUEM KOPBI
ny6a B konuuectBe 0,4% ee roTOBHOCTH HacTymaeT depe3 180 muH, a s o0pasia
C BHeCeHHEM Kophl 1yda B konnyectBe 0,8% depe3 120 MuH. ['0TOBHOCTD JKUAKOM
3aKBAacKH C BHECEHHEM KOpHI Ay0a B Konmuuectse 1,2% Hacrynaer yepe3 210 muH,
4TO HECKOJBKO OBbICTpee, YeM sl KOHTPOJIbHOTro obOpasua. [lpw nanpHedmiem
YBEITUYEHUH JIO3UPOBKU KOPBI 1y0a rOTOBHOCTH KHJIKOH 3aKBACKH C €€ BHECCHUEM
B konmuectBe 1,6% Hactymaer uepe3 300 mmH Opoxenus. IlogbemHas cuia
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JKUJKOH 3aKBAaCKM C BHECEHHMEM Kopbl ayba B kommuectBe 2,0% mocTvraer
BenrurHbI 30 MUH TOJIBKO 1ociie 360 MUH OpOKEHMSI.

OTH U3MEHEHUS MOXKHO OOBSCHUTH CTUMYJIMPOBAHHEM JKU3HEACATCIbHOCTH
OpoaMIIbHOM MUKpPO(IOPEI 3a CYET BEIIECTB, BHOCHMMBIX C KOpOH Jy0a B
konmuuectBe 10 1,2% OT Macchl MyKH B 3aBapKe, CIOCOOCTBYIOIIMX HE TOJIBKO
cTa0MIM3alMy TI0Ka3aTeleldl KauecTBa JKUJIKOW 3aKBACKH B YCIIOBUSX HEMPEPHIB-
HOTO pEXKHMa pPabOTHl XJIEOOMEKApHOr0 NPEANPHATHS, HO H COKPAICHHIO
mpoliecca ee MpPUroToBiieHus. Vcrnonp3oBaHnue U3MENBYEHHOH 10 pa3Mepa YacTHIl
MYKH KOpBI 1y0a B KonmuuectBe 1,6 n 2,0% OT Macchl MyKH B 3aBapKe MPHBOJAUT K
HEKOTOPOMY TOJIABJICHUIO KHU3HEACATEFHOCTH MOJIOYHOKHCIBIX OakTepuid. ITo
MO3BOJISIET TPOUIUTH TPOJOIKUTENLHOCTh OpOXKEHUS! JKUJKOH 3aKBAaCKU, 4YTO
1enecoo0pasHo MPH AUCKPETHBIX PEXUMAX PadOThI XJIeOONEKAPHBIX MPEIIPUSTHHA
WM B CUTyallMsiX BBIHY)KJICHHBIX OCTAHOBOK U IEPEPBHIBOB B TOM Cliydae, €CiH
HEOOXOAMMO 3aMEIJIUTh MPOIECC PAa3BUTUSA OpPOAUIBHON MHKpOQIIOphl 0e3
CYIIECTBEHHBIX U3MEHEHUN MOKa3aTeliel KauyecTBa JKUJIKOW 3aKBaCKHU.

Bce 00pasipl KHAKOH 3aKBAaCKM C BHECEHHWEM PA3JIMYHOTO KOJIUYECTBa
M3MENPYCHHON JI0 pa3Mepa YacTHII MYKH KOpBl Iy0a TOCie JOCTHXKEHHUS €lo
MoKa3aTeliell KayecTBa, PEKOMEHAYEMBIX TEXHOJOTMYECKMMH HMHCTPYKIIUAMH,
HaNpaBsIM  HAa TPUTOTOBIICHWE TecTa JUIS  pPrKaHO-NIIIEHHWYHOTro  Xxieba
«JlapHunikuii». XapakTepuCcTHKa 00pa3lloB JKUIKOW 3aKBACKH, MCIIOIb3YEMON s
3amMeca TecTa, IpejcTaBiIcHa B TabIHIIe.

Tabnwuia
XapaKTepucTrKa 00pasIioB KHIKOH 3aKBACKH
OGpa31bl [IpononxUTENbHOCTH KucnorHocts, ITongbemHuas
JKUJIKOM 3aKBaCKH OpOKEHUs, MUH rpan. cniia, MUH

KOHTPOJIbHBII 240 9,6 30

0
c BHeceHHeM 0,4% 180 9,6 30
KOpBI J1y0a

0
c BHeceHHeM 0,8% 120 9,0 30
KOpBI J1y0a

0
¢ BHecenueM 1,2% 210 9,8 28
KOpBI J1y0a

0
¢ BHeceHnueM 1,6% 300 9.4 30
KOpBI J1y0a

0
¢ BHecenueM 2,0% 360 9,0 30
KOpBI J1y0a

3aMec TecTa OCYIIECTBIISUIM C HCIIONB30BaHUEM J1abOpaTOpPHOM TecToMe-
CWJIBHOW MAaIlIMHBI, OPOKEHHE TECTa MPOBOIMIM B TEPMOCTATe N0 JIOCTHIKCHHS
TpeOyeMO#l KUCIOTHOCTH, 3aT€M TECTO IOABEPIraid Pa3/ICiiKe, PACCTOUKE U BBINEUKE.
[TokazaTenyn KauecTBa TOTOBBIX 3N OIIEHUBAIN Yepe3 14 4acoB TOCIIC BHIITCUKH.

BrineueHHsle 00pasiibl PyKAHO-IIIICHUYHOrO Xjeda C HCIOIb30BaHHEM
00pas3IioB KHUJAKOH 3aKBACKU C BHECEHHUEM KOPBI 1y0a OI[CHUBAJIU 10 OPTaHOJICIITH-
YECKUM M (PU3MKO-XMMHUYECKUM ITOKa3aTelIsIM KauecTBa.

Bkyc u 3amax o0pa3ioB xJjieda, MPUTOTOBJICHHOTO ¢ MCIIOJb30BAHUEM BCEX
00pa3IoB JKHIKOM 3aKBACKH C BHECCHHEM KOpbI Jy0a, IIBET MSKHIIA, CTPYKTypa
€ro MOPUCTOCTH UMENH 0oJiee BBIPAXKCHHYIO XapaKTEPUCTHKY, YeM oOpa3sell xJieda,
NPUTOTOBJICHHBIM C HCMOJB30BAHUEM TPAJUIIMOHHOW JKUJKOM 3aKBAaCKu, U
coorBercTBOBaNM TpedoBaHusM THITA aist aHHOW TPy U3ACIUH.
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KucnorHocts x71€0a, MPUTOTOBICHHOTO C HMCIOJIb30BAHUEM KOHTPOJIBHOTO
o0pasia KUIKOW 3aKBacKu, coctaBmia 7,2 rpai. KuciaoTHocTs 00pas3iioB »KHUAKOH
3aKBaCKH C BHECEHHEM pa3IMYHOrO KOJMYECTBA H3MEIBYCHHOW J0 pa3Mepa
YacTUI] MYKH KOpHI Jy0a Ha CTaJuy MPUTOTOBIICHHS 3aBapKd BapbUPOBAJIACh B
npeaenax 6,6-7,2 rpaa. B 3aBUCHMOCTH OT JIO3UPOBKH Kopbl ayba. [lopucrocts
xyieba, MPHUTOTOBIEHHOTO C HWCIOJIB30BAaHHEM KOHTPOIBHOrO 00pasia >KHIKOH
3aKBacku, coctaBmia 56%. [lns xyeba, NPUTOTOBJICHHOTO C HCIOJb30BaHUEM
00pa3IoB XKUAKOH 3aKBACKH C BHECEHHEM KOpBI 1y0a, TIOPUCTOCTh BaphUpOBajach
B mpenenax 56-62%. Ilokazatenu coorBercTBYOT TpeboBanusm THIIA s
JaHHOW TpyIIbl XJeOOOYIOUHBIX HM3ACIMA W HAXOIATCS B Ipeleiax 3HAuCHH
nokasareneil Ui xieba, MPUTOTOBJIEHHOTO C HCIOJB30BAHWEM KOHTPOJILHOTO
o0pasia KUAKOH 3aKBaCKH.

[IpoBeneHHbIe McCNeMOBaHMS MMOKAa3aJlM, YTO Kopa Jyba B CBOEM COCTaBe
COZCPKUT 3HAYUTEIHHOE KOJIMYECTBO OWOJOTMYECKH aKTHBHBIX BEIIECTB,
TOBBIIIAKOINNUX HE TOJIBKO €€ aHTHOKCUJIAaHTHBIC, aHTI/IMI/IKpOGHLIe u Q)YHFI/IHI/II[HBIG
CBOICTBA, HO TAaK)X€ M IUIIEBYIO LIEHHOCTh T'OTOBOM IPOAYKLMHU, YTO OTKPBIBAET
MEPCIICKTUBY HMCIIOJIL30BaHUA 3TOr0 HETPAJUIIMOHHOI'O0 PACTHUTCILHOIO CBHIPBA B
xJ1e00MeKapHOM MTPOU3BOICTBE.

Hcnonp3oBanue KOpbl 1y0a B TEXHOJIOTHH >KHIKUX 3aKBACOK IPUBOAUT K
60Hee AKTHUBHOMY NOBBINICHUIO €€ KMUCJIOTHOCTH U CHUXKCHUIO HO}I’LCMHOﬁ CHIJIBI 3a
CUeT CTUMYJHPOBAaHUS IKHU3HEACATSIBHOCTH OpOAMIBHONH MHUKpO(IOpPBEl U
CrocoOCTBYeT CTaOMIIM3allii TIOKa3aTeneld KauecTBa JKUAKOH 3aKBacKd IIpH
HEOPEPBIBHOM PEKUME pa60TbI MpCANpUATHA, a TAKXKE ITO3BOJIACT YIJIMHUTL CPOKHU
KyJbTHBUPOBaHUS MONy(HaOpUKATOB B YCIOBUSIX JUCKPETHOCTH.

Taxum 06pa30M, KYJIbTUBHUPOBAHUC XUIAKHUX 3dKBACOK Ha MNUTATCIbHBIX
cpeznax ¢ BHECEHHEM KOphI Jy0a Mo3BOJISIET IOBBICUThH OTPEOUTENECKIE CBOHCTBA
xJie0a U3 pP)KaHOW MYKH M CMECH €€ C IIICHUYHOM, IMOJIYYeHHOr0 Ha X OCHOBE, B
MOCTOSIHHO U3MEHSIOIINXCS YCIOBUSAX PabOThI XJIe00NEKaPHBIX MPEAIPUSITHHA.
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OHTAWJIAHABIPBLIIFAH KYHAPJIBI CYBCTPATTAPIA AIIBITY
MUKPO®JIOPACBHIH OCIPY APKBLIbI CYWUBIK AIIIBITKBLIAP
TEXHOJIOTUACBIH XKETUIAIPY

HayOatixana eHepkaciOi YIIIH JoCTypii eMec OMONOTHMsUIBIK OeCeH I
OCIMIIK IIWKI3aThl pETiHIE TMalJalaHbUIATBIH €MEH arallbl KaOBIFBIHBIH
(UBHKANBIK JKOHE XUMHUSIIBIK KOPCETKIITEPIH 3epTTey HOTIDKENEpl KelTIpiIreH.
Emen kaObIFbIHBIH KapaOual YHBIHBIH cara KepCETKIIITepl MEH HayOalxaHaJbIK
KacueTTepine ocepi  3eprTenai. EMeH  KaObIFIH — CYHBIK  allIBITKbLIAP
TEXHOJIOTHUSACHIHIA MaiaiaHy KapacThIpbliFaH. CYHBIK allIbITKbUIAP CalachIHBIH
KOPCETKIIITEPIH TypaKTaHIbIpyFa *oHE KapaOumai YHbI MeH OWaail YHIapbIHBIH
KOCIachlHAH JaWbIHAAJIFaH HAHHBIH TYTHIHYIIBUIBIK KAaCHETTEPIH apTThIpyFa
MYMKIHIIK OeperTiH eMeH KaObIFIH MeIIIIepJen CHTi3y KepceTKilTepi
AHBIKTAJIFaH.

Tyiiin ce3mep: HaH, YyH, AaIIBITKBI, amly, alIbITy MHKPO(IOPACHL,
OMOJIOTMSUIBIK O€NICEH/1 IIMKI3aT, €MEH KaObIFbI, OaKTepUaIbIK TYKbIMIAHY,
KaHTTay, OPTaHOJICIITHKAJIBIK KOPCETKIIITED.

T. Gurinova, T. Samuylenko
Mogilev State Foodstuffs University, Mogilev, Republic of Belarus

PERFECTION OF TECHNOLOGY OF LIQUID FERMENTS BY ABILITY
TO LIVE OF THEIR BARMY MICROFLORA ON THE OPTIMIZED
NUTRITIOUS SUBSTRATA
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Visual, physical and chemical indicators of quality, chemical compound of a
bark of an oak as nonconventional biologically active vegetative raw materials for
the baking industry are investigated. Influence of a bark of an oak on indicators of
quality and baking properties of rye flour is investigated. Possibility of use of a
bark of an oak in technology of liquid ferments is investigated. Dosages of a bark
of the oak are defined, allowing to stabilize indicators of quality of liquid ferments
and to increase consumer properties of bread from rye flour and its mix from the
wheaten.

Keywords: bread, flour, yeast, fermentation, fermenting microflora,
biologically active materials, oak bark, bacterial contamination, saccharification,
organoleptic characteristics.
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H.A. Kyn6aeBa, J.A. baii6azapoBa

Mazucmpol xumuu, npenodasamenu
Tapasckuit 2ocyoapmeennwiil ynusepcumem um. M.X. [ynamu, 2. Tapas

HOJYYEHUME KOMIIVIEKCHOT'O YAOBPEHMUA C
HUCITIOJIbB3OBAHUEM OTXOJA ®OC®OPHOI'O TPOU3BOACTBA

[TpuBeneHsl MaTepHUabl UCCIECIOBAHUN I10 MOJYYEHUIO KOMIUIEKCHBIX MHUHEPab-
HBIX ynoOpenuit ¢ comepxkanueM NPKS myrem BoBiieueHHs KOTPENBHOIO MOJIOKA B
MIPOU3BOJICTBO MUHEPAIBHBIX YIOOPEHHH. Y THIIM3alUs OTXOJIOB UMEET Psijl IIPEUMYIIECTB,
TaK Kak B UCCIEYEMOM PacTBOpE B OOJIBIIOM KOJHMYECTBE COAEPIKATCS TAKUE MUTATEIbHBIC
3JIEMEHTHI, KaK Gocdop, Kajuii, cepa U a3or.

KiroueBble ciioBa: KOTpEIbHOE MOJIOKO, IbLIb, aMMHAK, cepa, 00OPOTHBIN
pacTBOp,  OKcTpakiuoHHas  QochopHas  kucimora, auddepeHnaIbHBIR
(hoTOMETpUYECKH MeToJl, MIaMEHHO-(DOTOMETPHUYECKHA METOJ], XJIOPaMHUHOBBIH
TUTPUMETPUYECKHUI METOZ,.

ObecrieyeHne MUHEPAILHBIMU YIOOPEHUSMH CEITBCKOTO XO03SHCTBA Peciyo-
JMKHA OCTPO CTABUT BOMPOC O HEOOXOAUMOCTH IKOJOTHUYECKONW M IKOHOMHYECKOI
3¢ ()EeKTUBHOCTH yAOOpEHUS TMOJ OTACIbHBIC KYJIbTYpbl B 3aBUCHUMOCTH OT
HApPOJHOXO3SMCTBEHHOIO 3HAYCHUS M 30HBI HMX BO3/CIBIBAHUS, a TaKKe
pa3pabOTKH MEpPOIPUATHI MO TOBBIIICHUIO OKYITAeMOCTH BHECCHHBIX yI0OpCHUIT
¥ SKOHOMHH 3aTpaT Ha MX UCIOJIb30BaHHUE.

KotpenbHOe MOJOKO SIBJISETCS OTXOJOM IPOU3BOJCTBA KEITOro (ochopa
Ha X® TOO «Kazdpochar» HAD3, momyuaercs B npoiecce OYHCTKH B
ANEKTPOPHUIBTPAX OTXOMANIHMX 1OCIe POcOpPHBIX MeUeii ra30B, UMEIOIINX B CBOEM
cocTaBe yBieueHHble mapel  (ocdopa, KoTOpele B BIEKTPOPHIBTPAX
KOHJICHCUPYIOTCS ¥ BMECTE C YJIOBJICHHOW MBUIBIO CMBIBAIOTCS BOJOW B KapThl
nutaMonaxonurens [1].

[Tocne TOMHOrO 3alONHEHWS KapThl KOTPEJIbHBIM  MOJIOKOM  OHA
KOHCEPBHUPYETCS M MPOXOIUT JUTUTEIbHBIN MK €CTECTBEHHOW OCYIIKH, B KOHIIC
KOTOPOTO MpEBpaIlacTcsi B KOTPEIbHYIO MbUIb. KOTpenbHas MbUIb, SBISSACH
OTXOJIOM TPOU3BOICTBA, COJEPIKUT B cBoeM cocTtase 10 60 % docdopHbIx comneid,
4TO B mepecuere Ha o0mryto popmy P,Os cocraBiser 26-28 %[2].
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Puc. 1. KommiekcHoe ynobpenue ¢ qobasieHuem NPKS

IMog umaMoHAKOMHUTENSMH KOTPEILHOTO MOJIOKA 3aHSTHl  OOJbBIIHE
3eMerbHBIC TIomany (puc. 2). Beicoximas KOTpenbHas IbUIbL CAYBACTCS BETPAMH C
TTOBEPXHOCTH KapThI, UYTO MPUBOUT K 3arPSI3HEHUIO OKpY KoMl cpensl (puc. 3).

Puc. 2. OrBan orxomoB 3aBoga HIAD3 Puc. 3. CocrostHue KOTpETHHBIX
OTXOJIOB B OTKpBITOH aTMochepe

B cBa3u ¢ yxkecTroueHueM TpeOoBaHUI 3akoHomarelbcTBa PK B obnactu
OXpaHbl OKpYXarolllei cpenasl mpobieMa BOBICUCHHS B TepepabOTKy KOTPEIIbHOM
MBUTH cTalla 0cOOEHHO ocTpoil. KoTpenmbHOEe MOJIOKO OTHOCHUTCS K BEIIeCTBaM,
MPEACTABIISIONIMM ONACHOCTB ISl OKPYXKAIOIIEeH CpejIbl, TO3TOMY OHO OTHECEHO K
OIACHOMY IPOU3BOJCTBEHHOMY O00BEKTY corjacHo cr. 3 3akona PK «O
MPOMBIIIICHHON 0€30MaCHOCTH Ha OMACHBIX MTPOU3BOJICTBEHHBIX 00EKTaX).

KotpenbHoe MOJIOKO MOXXHO HCIIONB30BATh MPH SKCTPaKuH (HOcHOpHOIt
KHCJIOTHI B Ka4ecTBe 100aBKH K 000pOTHOMY pacTBopy B cooTHomeHnu N : PyOs :
K,O: S — 15:19:5:13. Ilony4eHHBIi Ha OCHOBE DKCTPAKIIMOHHOW (hochopHOit
KHCJIOTHI C BOBJICUCHUEM B MPOIECC KOTPEIHHOTO MOJIOKAa aMMO(OC COIEPKHUT J10
0,9% cepbl, KOTOpasi OTCYTCTBYET B aMMO]OCE, BEIITYCKaeMOM B HACTOSIIEE BPEMS
[3].

Cepa OTHOCHTCS K OJHOMY W3 OCHOBHBIX 3JIECMEHTOB IHUTAHUS PaCTCHUM,
CHOCOOCTBYET MOBBIIICHUIO UX YPOXAHHOCTH, 03J0POBICHUIO MOYBBI U MOBHIIIACT
CONPOTHBIISIEMOCTh  PACTEHUH K pas3nu4HbIM  3a0oneBaHusM. Kanajckoid
komnanuer «ShellCanadalimited» momydeHo ymoOpeHue, 00OralieHHOE Cepoit
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(YOC) mno arpoxumuueckod 3((EKTHUBHOCTH MPEBOCXOS]IICE TPATUIIHOHHO
HCIOIb3yeMble aMMOdoc, ABOIHON cynepdocdar.

Jnst mepepalboOTKH KOTPENBHOTO MOJIOKa €€ HEoOXOAWMO TIOCTaBHTH B
KEJIE3HOJOPOXKHON IUCTEpHE, CIUTh B PEAKTOP M JIO3peBaTelb, W BBOJHTH B
TEXHOIOIrMYEeCKHUMN mpouecC OBKCTpaKIuMMU IIYTEM CMCIICHUA C O60pOTHLIM
pactBopom [4].

KorpenbHoe MONOKO, B35TOE JUIS TMPOBEICHUS HWCCIENOBAaHUN HMeEeT
crenyromuii cocra, % macc.: P,Os — 34,9%; K,O — 7,7%; Na,O — 2,1%; SO; —
1,4%; R,0O5 — 4,6%; SiO, — 30,1%; CaO — 11,5%; MgO — 5,7%; F — 2,4%.
Conepxanue P,Osu K,O B KOTpenbHON MBUTH BBICOKHE.

KotpenpHoe MOIOKO MMeeT B CBOEM COCTABE OCTATOUHBIM 31eMEHTapHBIH
¢dochop. B cBsa3u ¢ Oomblnoi pa30aBICHHOCTBIO €€ MCIIONB30BaId B KaueCTBE
N00aBKKM K 000pOTHOMY pacTBOpy (ciaboit pochopHOil KHCIO0TE), B MPUCYTCTBHH
KOTOPOI'0 pa3jiaraercs cepHoi kuciaoron (occripbe Kapatay [5].

[IpousBoactBo  dochopHOM  KHUCIOTBI ~ METOAOM  CEPHOKHCIOTHOM
SKCTPAKIMH CBOAUTCS K Pa3iIOKEHHIO MPUPOAHOrO (GocdaTHOrO CHIPhS CEpHON
KHCJIOTOH C MOCIEAYIONMM (DHIBTPOBAHMEM IOJIYYCHHOM MyJIbIIbI IS OTACICHUS
(ochopHOIT KHCTOTHI OT BBINABIIETO B 0CAJIOK Ccylb(aTa Kajablus [5].

st obecriedeHus] JOCTATOYHON TOJABMKHOCTH YKCTPAKIIMOHHOW ITYJNIBIIBI B
SKCTPAKTOp BO3BPAIIAIOT PAacTBOp pa30aBiieHUs, IMOTYYCHHBIH CMEIIMBaHUEM
YacTH MPOAYKIMOHHON (ochopHOW KHCIOThI M (HUIbTpaTa IMOCIE HPOMBIBKH
ocajka Ha GuibTpe [6].

Pasznoxenune ¢ochaTHOro ChIpbs MPOM3BOIUTCS, TAKUM 00pa3oM, CMECHIO
BOJIHBIX PAcCTBOPOB CepHON U (ochOpPHOH KUCIOT MO CyMMapHOMY OCHOBHOMY
YpaBHEHHIO:

Ca5 F(PO4)3 + 5H2804 + n X H3PO4 + mH20 —_— (Il +3)H3PO4 +
5CaS0O,4 x mH,0 + HF

B 3aBucuMocTH OT TemmepaTypbl M KOHIEHTpanuu (ocOpHOH KHCIOTHI B
cucreMe CaSO4-H;PO4-H,O cynbdhar kanmbpiius ocaxkmaercs B BHIC AUTHApaTa
(m=2)-CaSO, x 2H,O (rumc), momyruapata (m=0.5)-CaSO,s X% 0.5H,O wnm
auruaputa (m=0)-CaSOy, .

OnnoBpemeHHO ¢ (ocdaroM pasnaratoTcs NMPUMECH AITIOMOCHINKATOB C
o0pazoBaHreM Cynb(paTOB M JHOKCHIA KPEMHUS:

Na,O x K,O x A1203 X 28102 + 5H,SOq4 — Na,SO, + K,SO, +
Al(SOy); + 2Si0, + 5H,0

BoelaenuBmuiicss AUOKCHI KPEMHHUS pearupyer ¢ BBIISISIOUIMMCS 110
OCHOBHOU peaknmu ¢ropuaoM Bogopona HF ¢ obpazoBanmem kpemHedTOpHCTO-
BOJOPOIHOM KUCIIOTHI:

6HF + SIOQ H281F6 + 2H20, -

KOTOpasi YaCTHYHO BBIJIENSETCS B Ta30BYIO a3y B BHJIC SKBUMOIIEKYIISIPHOW CMECH
2HF+SiF,; Crenenp BbimeneHus (Topa B Tra3oByl a3y yBEIUYMBACTCA C
MoBbIIIICHHEM TemrepaTypbl. CoenuHeHHs] (TOpa, BBIACISIONIMECS B Ta30BYIO
¢daszy, abcopOupyroTcs BOIOW C 0Opa3oBaHHMEM pacTBOpa KpeMHe(TOpHCTO-
BOJOPOIHOM KUCIIOTHI:

3SIF4 + (Il +2)H20 i 2H281F6 + SIOQ X nHZO
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YacTU4HO OCTAIOIIAsCS B PAacTBOpE KPEeMHE(PTOPUCTOBOJOPOIHAS KUCIOTA
B3aMMOJICHICTBYET C WICTOYHBIMUA OKCHIaMH HedelnHa, TIayKOHUTa W JIPYTHUX
PacTBOPUMBIX MHHEPAIIOB, 00pa3ysi MaJIOpacTBOPUMbIE KPEMHEPTOPUIBI HATPHS U
KaJus:

(Na,K)20 + H281F6 - (Na,K)QSiFé

KapOoHaTsl M CHIMKATBHI KabIMSA U MAarHHUS pa3iaraiorcsi ¢ 00pa3oBaHHEM
COOTBETCTBYIOIIUX CYIb(aToB:

Ca Mg(CO3)2 + 2HZSO4 - CaSO4 + MgSO4 + 2H20 + 2C02
MnglO4 + 2HQSO4 - 2MgSO4 + SIOQ + 2H20
Ca28i04 + 2HZSO4 —> 2CaSO4 + SIOQ + 2H20

CoenuHEHUs MOTYTOPHBIX OKCHIIOB JKelie3a U aJIOMHHHUS PacTBOPSIOTCS B
PEaKIMOHHOW CMeCH ¢ 00pa30BaHHEM COOTBETCTBYIOMMX (ochaToB:

A1203 + HQSO4 +Ca (H2P04)2 - 2A1PO4 + CaSO4 + 3H20
F6203 + HQSO4 +Ca (H2P04)2 — 2FePO4 + CaSO4 + 3H20

I[Ipu sToM 00pa3yrOTCs IEPEHACHIIICHHBIC PACTBOPHI, M3 KOTOPBIX
MEJICHHO BBIICIAIOTCS rUaApaThl (ochaToB jKelle3a U allOMUHUS:

FePO4 X 2H20, FeH3(PO4)2 X 2,5H20, A1P04 X 3H20 u AIQ(PO4)3 X HH20

[Mpumecu, conepxammecss B (ochaTHOM CBIPbE, OCIOXKHSIOT MPOIIECC
OKCTPaKIUH, YXYAIIAIOT €ro IoKa3aTelld, CHUXAIT KayecTBO IMOTydaeMOon
KHUCJIOTBI, YBEIMYMBAIOT PACXOJ CEPHOM KHUCIOTHI, MOJABAEMON Ha pPa3JIoKEHHUE
ceipbst. Mmeer mecto BHeapeHHe QochaToB NpUMeced B KPHCTALTHYECKYIO
pelieTky cynbdara kaabius (T.H. COKpUcTaIM3anus) [6].

s uccnenoBanus nojiayuenus ynoopenus NPKS ucnonbs3oBanu:
- 3KCTpakiuuoHHYIO (ochopuyto kuciory (DPK) c¢ comepxkanuem P,Os =

20,6%;
- KOTTPEIbHOE MOJIOKO, MMEIOIIHI COCTaB, MPEACTABICHHBIN B Ta0IuIE 1;
- cepryto kucaory (H,SO4 = 92%, d = 1,82r/cv’).

Tabauua 1

CocraB KOTTPCIILHOT'O MOJIOKa

P,05% | Ca0,% | Mg0O,% | Fe,03,% | ALOs,% | K;0,% pH W.,%

9,81 2,08 0,97 0,24 0,4 7,12 9,8 69,52

B nmaGopaTopHBIX YCIOBHSIX TIpOLIECC CMEHIMBAHUS — MPOH3BOIMICS
cienyromuM obpa3oM: B JKCTpakiuoHHYIO (ochopryro kucinory (DDPK)
NO0ABISUIA KOTPENBHOE MOJIOKO B COOTHOIICHWH 1:1, 3aTeM BBOAWIHM CEpHYIO
KHCJIOTY B Pa3IMYHBIX KOJTHYECTBAX.

[Nony4eHHy0 cycleH3UI0 aMMOHHM3HPOBAIN Ta3000pa3HbIM aMMHAKOM JI0
pH =10,0. 3atem mynbpiy momynapuBalid Ha BOJSHON OaHe. BBICYIICHHBIM HpH
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temiiepatype 60°C mpoayKT aHATU3UPOBAJICA HAa COCPKAHKE B HEM IMUTATEILHBIX
BCIIICCTB. Pe3YJ'H)TaTbI IIPOBCACHHBIX I/ICCHCZ[OBaHI/Iﬁ MMpEACTAaBJICHEI B Ta6J'II/IHe 2.

Tabauna 2
Pe3ynbrarhl 1a00paTOPHBIX MCCICTIOBAHMI
AHai3 roToBOro mpoaykra,%
3(1;1(, 1\?5;;56’ H2§O4, aMII)wI_(I,H. (B mepecyere Ha cyxoe)
r ITyJIBIIBI P20506Lu. PZOSyCB. PZOSBOL( Nam S KZO
100 100 30 10,2 30,5 29,24 | 2424 | 14,05 | 8,27 | 6,75
100 100 40 10,15 28,33 28,23 24,2 14,2 | 10,1 | 6,29
100 100 50 10,2 27,75 27,60 | 22,52 | 14,9 | 11,0 | 5,43
100 100 60 10,0 24,45 23,14 | 20,65 | 14,4 | 11,5 6,02
100 100 70 10,0 22,55 22,13 20,1 14,06 | 12,7 | 5,98
100 100 80 10,0 19,19 18,75 15,27 | 15,13 | 13,2 | 5,28
100 120 50 10,05 32,18 31,51 29,15 | 12,88 | 9,61 | 9,67

Kak crenyer u3 npuBEeNEHHBIX JTAaHHBIX U3 CYNIb(H0aMMO(OCHOW MYJNBIIBI C

N00aBJICHUEM KOTPEIBHOIO MOJIOKA MOXKHO TOJYYUTh KOMILICKCHOE YA0OpeHHE
NPKS co crnenyronmm cOanaHCUPOBAHHBIM COJICPIKAHUEM MUTATEIILHBIX BEIICCTB
N : P,Os : K;0: S — 15:19:5:13.
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®OCPOP OHAIPICIHIH KAJJBIKTAPBIH A IAJIAHA OTBIPBIIT

KEIIEH/I THIHANTKBILITAP AJTTY

MuHepanabl TBIHAWTKBIIITAP OHIIPICIHE KOTPEIbAi CYTTI KATBICTBIPY

apkeliel NPKS kypaMpac kemieHai MUHEpaabl ThIHAWTKBIIITAP ady OOMBIHIIA
3epTTey MaTepHalaapsl KentipiireH. Kanapikrapapl maiiaara xxapaTyapiy Oipkarap
apTHIKIIBUIBIKTAPEl Oap, ce0eli 3epTTenreH epiTiHaiae kem kejemae docdop,
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KaJlMif, KYKIPT »OHE a30T CHSKTBl KyHapibl SJEMEHTTEpIiH Oap eKeHMIri
AHBIKTAJIFAH.

Tyiin ce3mep: KoTpenbiai CyT, IIaH, aMMHaK, KYKIpT, aiHaJIbIMIarbl
epITIH/I, AKCTPAKIHSITBIK dochop KBIIIKBLIBL, g depeHITnan bl
(hOTOMETPHUKATIBIK oic, YKaJTBIH IBI-()OTOMETPHUSIIBIK a7ic, XJIOpaMHUH/II
TUTPUMETPHSIIBIK 9]IIC.

D. A. Kulbaeva, E. A. Baibazarova
Taraz State University named after M.Kh. Dulati, Taraz, Kazakhstan

PREPARATION OF COMPLEX FERTILIZER
USING WASTE OF PHOSPHORIC PRODUCTION

The material will research on the production of complex mineral fertilizers
with the content NPKS by involving cottrell milk in the production of mineral
fertilizers. Utilization of wastes has the advantages because in the investigated
solution plenty of nourishing elements such as phosphorus, potassium, sulphur and
nitrogen.

Keywords: cottrell milk, dust, ammonia, sulfur, working solution,
phosphoric acid, differential photometric method, flame photometric method,
chloramine titrimetric method.

YK 624.131.5
WS JIyukosckuii', A.B. Camoponos’,

i 2
Il-p mexn. nayk, “Kano. mexn. Hayk
Xapvko6ckuil HAYUOHAILHBILL YHUBEPCUMEN CHPOUMETbCIIEA U APXUMEKMYPbI,
2. Xapvros, Yxkpauna

EJUHASI METOJMKA ONPEJIEJIEHUS I''TYBUHBI COKUMAEMOM
TOJIIIA U OCAAOK OCHOBAHUSA ®YHIAMEHTOB

B cratee mpemiokeHa yHUBEpPCAJbHAsS METOAMKA OMNPEICACHUS TIyOUHBI
C)KAUMAeMOH TOJIIIH U 0CaI0K OCHOBAHMS MO (hyHIaMEHTaMH JII00BIX Pa3MEPOB B IUIAHE HA
OCHOBAHMH MHOTOYHMCIEHHBIX SKCIEPUMEHTAIBHBIX MAHHBIX KaK HATYPHBIX HCIBITAHHUM,
TaK ¥ 1abOpaTOPHBIX UCCICTOBAHHIA.

KamoueBble cjoBa: (yHmaMeHThl, OCHOBaHUsA, nedopManus TpyHTa,
rIyOMHAa CKMMaeMOW TOJIIIM, METOAMKA ONpPEACICHUS TIyOUHBI CKUMaeMOit
TOJIIIIM, METOJ IIOCIOMHOr0 CyMMHPOBaHHS, OBITOBOC M JIOMOJIHUTEIBHOE
JIaBJICHHUE.

Kak m3BecTHO, 3a/a4a JOCTOBEPHON OIIEHKM OCaJOK (hyHIaMEHTOB TECHO
CBsA3aHAa C TPOOJIEMOHM OMNpeACHCHUST HIDKHEH TIpaHHMIBl aKTHMBHOH 30HBI
nedopmupoBanus ocHoBaHUS [, Ha3piBaeMoil B HOpMaTWBHOW suTeparype [1]
TITyOMHOW  C)KMMAaeMOW TONIIU. OKCIEPUMEHTAIBHOE W3YYCHUE Pa3BUTHS
nedopmanmii rpyHTa moj (yHIAMEHTAMH W INTaMIAMH Pa3IdYHON (OPMBI M
IJIOIIAId MMEET BEKOBYIO HcTopHio. [loaToMy 31ech ymOMsHEM JHIIb YacTh
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uccrenoBarenei, ysu pabOTHI UCIONB30BaHbI B JaHHOHU cTaThe: X.P. Xakumos [2],
IT.A. Konoganog [3, 4], B.b. IlIger [5], W.IL boiiko [6], }O.D. Tyraenxo [7], b.1.
Hammatos [8], K.E. Eropos [9, 10], A.B. 3unoBseB [11], M.IL. JJoxusuckuit [12],
E.A. Copouan [13], A.W. Horamaitno [14], N.K. Camapun [15].

B coorBerctBun ¢ npemiokennoi I1.A. KoHoBanoBsiM kinaccupuKaiuei,
OCTaHOBHMMCSI Ha METOJaX, YCTAaHABJIMBAIOMINX TIyOHMHY COXMMaeMod Tonum H u3
COOTHOIICHUS JIOMTOTHUTENBHOT0 U OBITOBOTO JaBIICHUS Ha €€ HUXKHEH rpaHuIle.

Jlo HacrofIero BpeMEHW CyIIecTBOBajlia IPOTHBOPEUMBAs IPAKTHKa
npoektupoBanus, korga mo CHull 2.02.01-83 mpu pacdere ocaloK OCHOBaHHUI
¢dbynaamenToB mmpuHOW MeHee 10 M W mmpuHON Oomee 10 M TpUMEHSIIHCH
pa3u4YHbIC METOAMKH ONpEACICHUsS TIyOMHBI C)KMMAEMOHW TONIIN. AHaIOTHYHAS
CUTyallusl CIOXKHJIACh M TIPU pacueTe OCaJOK OCHOBAHMN THUAPOTEXHUYECKHUX
coopyxxkenuit (mo CHull 2.02.02-85), uMerommx MHUPUHY TOAOIIBEl MEHEE WU
oosee 20 M. DTO MPUBOIUT K MapaJOKCAIbHBIM CIydasM, KOIrjia Ha OJHOW W TOU
e CTPOUTENBHOH IJIOMAAKEe MPUXOANUTCS MPOEKTUPOBaTh (DYHIAMEHTHI pa3iny-
HBIX pa3MepoB, 3a4acTyl0 OKAa3bIBAIOUINX B3aMMHOE BIHSIHHE, C MCIIOIb30BaHHUEM
HECOTJIACOBAHHBIX HOPMATHBHBIX TPEOOBAHHH.

[Mo-Bumumomy, K.E. EropoBeiM [9] Obla BIiepBbIe BhICKA3aHa HIIES O TOM,
YTO C POCTOM IUTOImAA (GyHIaMeHTa A TIyOuHa COXKUMaeMor TONMIM H CTpeMHUTCS
K HEKOTOPOMY IIOCTOSSHHOMY 3HA4eHUIO, 3aBUCSINEMY TIJIABHBIM 00pa3oM OT
TIIyOWHBI 3aloKeHHs (pyHIaMeHTa ¢, UHTEHCHBHOCTH BHEUIHEH HArpy3KH p |
CBOWCTB TpyHTa (puc. 1). DT0 B CBOIO OYepenb IMO3BOJAET CAENaTh BBIBOZ O

H

CHI)KEHUHU COOTHOIICHHSI —— C POCTOM pa3MepoB pyHaaMeHTOB (cM. puc. 1).

JA

H.m

H

A

Puc. 1. IlpeanonaraeMplie 3aBUCUMOCTH TIIyOMHBI CKUMaeMO# Toim H u

COOTHOIIECHUS f‘l oT pa3MepoB pyHIaMeHTa \/Z (ipu d=const; p=const)

HecMotps Ha 310, B coBeTckux Hopmax [16] mis mupokux (QpyHIaMEHTOB
(b=10m) npuHEMAaNACh TUHEHHAS 3aBUCUMOCTh H OT MHUPHUHBI (HyHJaMeHTa

H=(Hy+wb)Kp, (1)

rae: Hy m y — KOHCTaHTBI, 3aBUCAINNE OT TUHa rpyHTa; K, — Kodpduiment
MHTEHCUBHOCTH HArpy3KH p.
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CnemoBarensHo, cooTHOIIeHne H/b nmeer BHU
H/b=(Hyb+y)K,. 2)

Uro ke Kacaercs OOBIYHBIX (PYyHIAMEHTOB IMHMpHHOW MeHee 10 M, TO
WCMOJB30BAaHUE ISl ONpPEACIEHUS HIXKHEH TpaHUUbl CHKUMAEMOH TOJIIU
MOCTOSIHHOTO  COOTHOIIIGHHS JOMOJHUTEIBHOTO W OBITOBOTO JaBJICHWH, HE
3aBHCSIIIET0O OT IIUPHHBI PYHIAMEHTOB b

K,=0,/0,=0,2,

wm K,=0,1 (mna cnabeix TpyHTOB ¢ Moaynem E<5 MIlla) npuBogutr K
CYIIECTBEHHOMY yBenuueHuio H u cootHomenus H/b.

B coBpemennbix ke ykpamHckux Hopmax JIBH [1] koaddunuent =K,
TaKKe NPUHUMAETCS B 3aBUCHMOCTH OT COOTHomeHusd K,=o0./0.,,=0,2 s
¢dbynaamentoB mupuHoi b<5 M u K,=0,5 nns pynnamenToB mumpunoi b>20 M, a
JUISL TIPOMEKYTOYHBIX 3HAYEHWH MMPHHBI ToAomBbl 5 M <b< 20 M — mo
WHTEPITOIISIIH.

OxcnepumenTtansubie uccnenoanus I1.A. KonomamoBa, b.W. [Janmartosa,
A.B. T'omm, B.M. Uukumesa, KO.M. TyraeHko u Ap. y4EHBIX IOKa3ald, YTO
CTPYKTypHasl MPOYHOCTh TPYHTOB C TIyOMHOH 3ameTHO Bo3pactacT. B
skcriepuMenTax I1.A. KonosanoBa cootHomenue K, coctasisuio okono K,=0,83, a
y A.B. Tomm — eme Bbime. [losToMy, y4uTBIBasg, 4TO C POCTOM IIHUPHUHBI
dyHIaMEHTOB BO3pacTaeT H CKMMaeMas Toima FH, BIOTHE OOBICHHUMA
HeoOXxoauMocTh auddepeninanuy kodddunnenta K, B 3aBUCHMOCTH OT pa3MepOB
MOJOMIBEl (yHAaMEHTa b, 4TO MPHUBOAMT JUIsi KPYMHOPAa3MEPHBIX (PyHIaMEHTOB
npu b>20 M k 3HaueHUIM Kodhdunmenta K,>0,5.

Ananu3 0onbIIOro 0o0beMa WCIBITAHWHA OCHOBAaHWH MITAMIIAMHU Pa3IMYHBIX
pasMepoB, IUIOMABI0 10 16 M, a Takke HATYPHBIX HCCICIOBaHHH 1e)OPMHpPOBa-
HUS IIMOBBIX TPYO, OallieH, aTOMHBIX 3JIEKTPOCTAHIUIA, CHIIOCHBIX KOPITYCOB U JIp.
COOpYXeHUH mupuHoH (auamerpom) 10 80 M MO3BOIUI MPEUIOKUTE I Ha3HAUe-
Hus koapdunmenta K, (uis oObIYHBIX TPYHTOB ¢ E > 5 MIla) 3aBHCHMOCTb

K,=0,2+th(0,09Inb)=0,0841Inb+0,2085, 3)

KOTOpasi Ha PUCYHKE 2 Tpe/icTaBlieHa rpad)HuecKH.

Taxum o00pa3oMm, NpPUHHMaeMOe HAMU Hepgoe pAaciemHoe RONoNHCeHUe
COCTOHUT B TOM, YTO COOTHOIIIEHHE K), TOOTHUTEIHFHOTO W OBITOBOTO JIABJICHHUH Ha
FPAHMIIE CHKMMAEMOM TOJIIM HEIMHEHHO BO3pPacTaeT C pPOCTOM IIMPUHBI
(hyHIAaMEHTOB 110 3aKoHy (3).

JpyrumMu He MeHee BaKHBIMH aclieKTaMH Tepexofa K Ooliee JOCTOBEPHOM
Meroiuke onpeneneHnss H w ocajiok (QyHAaMEHTOB SIBISIOTCS TpPeOOBaHUSI K
ONpE/EIICHHI0 OBITOBOIO W JIONONHHUTENFHOTO JABJICHUS 10 TIyOMHE CKUMaeMOH
TOJIY.

B JBH [1] mis oOBIYHBIX 3JaHUH W COOpPYXEHUH OBITOBOE JaBJICHHE
ompezensiercss 0e3 ydeTa OTKONKMA KOTJIOBaHa, a TMpH MPOCKTUPOBAHHH
THJIPOTEXHUYECKUX COOPYKEHHH MHpHHOHU Oonee b > 20 M OBITOBOE NaBJICHHE
paccuuThiBaeTcs OT Beca TpPyHTa, 3aJIETAlOIIEro HUXKE JHAa KOTJIOBaHA, 4YTO
COOTBETCTBYET TOJIHOMY pa3yIJIOTHEHUIO TPYHTA.
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Puc. 2. I'paduk 3aBucumoctu kodpdunmenta K, or mmpuHsl QyHgamenTa b

Hamu Obuta yrounena tabmuia 62 «[locoOus» [16] mo ompeneneHuro
JaBiIeHus pa3yruioTHeHus [17], ¥ ¢ MCHOIB30BaHHEM IOMYyYEHHBIX pPEe3yJIbTaTOB
PacCMOTPEH Psii XapaKTePHBIX (PYHIAMEHTOB, JJIsi KOTOPBIX IOCTPOCHBI DIHOPHI
NEPBOHAYAIIBHOTO OBITOBOIO JABIEHHS O, M CIOKHUBIIETOCS IOCIE OTKOIKH
KOTJIOBaHa — G,Zg. [Ipu 3TOM NMPUHMMAJIOCH, YTO Pa3MeEphl MOAOIIBH (yHIAMEHTa
COBITIJIAlOT C pa3MepaMu KOTJIOBaHa B IUilaHe — L u B. B a3Tom ciiydae, Harpumep,
JUIA JICHTOYHOTO (D)yHJaMEHTa IIMPUHOW M TIIyOMHOM 2 M Ha HW)KHEH TIpaHuIle
cxumaemont Tonu (H~8 m) G,Zg:0,97 O, T.€. OBITOBOE JABJICHHE NPAKTHUYECKH HE
u3MeHsercs. Eciu jxe paccMoTpeTs KBaapaTHYIO (QyHIaMEHTHYIO IUIUTY HIUPUHOM
B=40 M u rnyOuHO# 3aj0keHus D=6 M, TO B IIeHTpe (yHIAMEHTA, Ha TPAHHULIC
aKTUBHOU 30HBI (H=22 M) moay4um G,Zg:0,8602g. EcrecTBEeHHO, UTO B KpaeBBIX
30HaX ITUTMTHI JaBJICHUE TIOYTH TIOJHOCTBIO COXPAHSETCs, T.K. pPa3yIUIOTHEHHE
TpyHTa y TPaHMI] KOTIOBaHA HE3HAUUTEIBHOE.

Ecimu maxe paccmorpers ocHoBanue Bomxckoi I'DC [15] ¢ mmpuHOit
KotioBaHa okosio 100 M 1 TIyOuHON cxxrMaeMoi Tonmm mopsiaka H=75+85 m, To
Y B 9TOM CITy4dae MoTyduM G,Zg:0,9(72g.

CrnenoBaTeabHO, IS IIMPOKOrO JMarna3oHa MPUMEHSEMbIX (YHIAMEHTOB
MOYKHO TIPUHSATH 6MIOPOE PACUECMHOE NOJI0MCEeHUe: TIPU ONPEICICHUN TITyOUHBI
CKMMaeMOW TONIIM OBITOBOC J[aBJICHUE Ha HIDKHEH rTpaHuie H Moxer
OIpeneNnaThcs 0e3 ydeTa OTKOIKH KOTJIOBaHa.

OcTtaHoBUMCSL TENeph Ha BOMPOCE, CBSA3AHHOM C HAa3HAUCHHEM CPEIHETO
JAaBJICHUS TIOJ TOAOIIBONM (yHIAMEHTAa pj, SBIAIOIIMMCS HCXOIHBIM IS
OIPENENCHUs TIIyOMHBI CXKMMAeMOM TONIM W Ocajiku (GyHIamMeHTa. B coBeTckux
HOpMax JUIs y3KUX (QyHIaMeHTOoB [16] mpruHUManoch

Po=P=0 =D~V 4)
a JA MIMPOKMX THAPOTEXHMYECKUX coopyxkeHuil (mpu b>20 M) — py = p, T.e.

TIOJTHAS BHEIIHSS Harpy3ka, Kak ¥ B HOBBIX ykpanHckux JIBH [1].

MHorouncieHHbIe dKCIIepUMEHTaIbHbIe uccienoBanus [2, 3, 7, 8] u mp.
CBHJICTEIBCTBYIOT O TOM, YTO OCAJIKH CKHMMAeMOH TOJIIA B OCHOBHOM BBI3BAaHBI
VIUIOTHEHHEM TpyHTa U Oonblias ux 4dacts (80+95%) sBnstoTcss HEOOpaTUMBIMHU.
Hwoke akTHBHO# 30HBI BO3HUKAIOT OUCHb HE3HAYNTEIbHBIC BOCCTAHABINBAIOIINECS
(oOpaTumbie) medopMaliuy, TAe JOMOJHUTEIbHBIC BEPTHKAIBHBIC HAIPSHKCHUS HE
MPEBOCXOSAT CTPYKTYPHOUM MPOYHOCTH TPYHTA.
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EcrecTBeHHO, YTO NMpU BO3BEAEHUU TMOA3EMHON YacTH 3JaHUA U COOpYKe-
HUN ocaiky (yHIAMEHTOB, B OCHOBHOM, DPa3BUBAIOTCS II0CIIE IPEOIOJICHHS
BO3pacCTaIoIIEl B IIPOLECCE CTPOUTENBCTBA HATPY3KOM CTPYKTYPHOW IPOYHOCTH
TpyHTa B YypoBHE AHa KomioBaHa. CTpyKTypHas e MPOYHOCTh, Kak ObLIO
OTMEUEHO BHIIIE, ¢ TIyOMHOI Bo3pacraer. [loaToMy Hanbosee JIOTHYHO TPUHSTH
VIS THA KOTJIOBAaHA HAaMMeHblIee 3HadeHue koddduimenta K, paBHoe K,""=0,2
(B OOBIYHBIX TPYHTAX).

310 mo3BONSET CHOPMYIUPOBATH TPEThEe pACUETHOE TMOJOKEHUE TI0
OIIPEAEIICHUIO TONOJHUTEIBHOIO BEPTUKAIBHOIO JaBJICHHS HA OCHOBaHUE

Po=DP— Oazazgo . (5)

Yemeepmoe IpUHUMAEMOE HAMH PACYEnHOe NOI0ICenUe UCTIONb3YETCS BO
BCEX HOPMATHBHBIX JIOKYMEHTaX W COCTOMT B TOM, YTO IIPH OIpPENEICHUU
AKTUBHOM 30HBI PAaCIpe/ie/ieHHe JOMOMHUTENBHOTO JABIEHHA O, IO TIyOuHe
MaccuBa OINpeJeNseTcss 0 MOJENU TONTYIPOCTPAaHCTBa, 0e3 ydeTa HepaBHOMEp-
HOCTH HAIIaCTOBaHWHU TpyHTa (B pabore [18] Hamu OBUIO JaHO pelIeHUE IS
HEOJHOPOHOTO CIIOST).

Tenepp mepexoguM HEMOCPEACTBEHHO K  IPEAJIaraéMod  METOAMKE
omnpeseNieHns TIyOMHBI CKkuMaemMod Ttommu . PaccmaTtpuBaeM QyHmameHT
pas3UYHbIX pa3MepoB W (opMmbl (KBaJpaTHBIA, MNPSIMOYTONILHBIN, JIEHTOUHBIH,
KpYIJIbIi), UMEIONMA HPUHY (IUaMeTp) b, OMHpAroIHiics Ha MHOTOCIOHHOE
ocHoBaHme (puc. 3).

VYcnoBue i onpeeneHusl HUKHEN TpaHUIlbl C)KMMAaeMOW TOJIIIM MpecTa-
BHUM B BHJIE

Olg 'KH:GHP, (6)

r1e: Oy, — ObITOBOE JaBIEHHE HAa HU)KHEH IpaHUIE CKUMAEMOH TOINILH; Opp —
JIOTIOJIHUTENIBHOE JIABJICHUE HA HUYKHEW T'paHuIle C)KUMAEMOM TOJIIIH.

b
o Y NEEE
& Y, B / 0 /
<&
R =
& =
&

Puc. 3. Pacuernas cxema K OIpeAeiIeHUIO TIyOUHBI aKTHBHOM 30HBI H

C yd4eroM MPpUHSATHIX PacUeTHBIX MOJOKEHUH (HOMyIIeHU) paBeHCTBO (6)
JUTSI MHOTOCJIOMHOT'O OCHOBAHUS ITPUHUMAET BH]T

y'd+zhi7/i +7/n+]hn+] KH :a(gH’n).po’ (7)
1
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rae OL(Q H,T]) — k03¢ dunmeHT, npuHUMaeMblii o Tadia. [.1 [1] B 3aBUCHMOCTH OT

OTHOCUTENBHOM rityounsl &y = 2H /b u cootHouenus cropon 7 =1/b.
Bripasus /i,+; B BUzIE

n

hn+] :H_Zn:hi :%Hb_zhi
1

1

1 0003HAYUB

(7"{ + zhﬂ/i _yn+]zhi]
D= ] ] K
Py

" ®)

f — }/n+]bKH ; (9)
2p,

F(C o, f)=[al )~ 1 ¢4l (10)

MIOJIY9MM MICXOHOE YpaBHEHUE ISl onpeneincHus H:

F(¢,.m.f)=D. (11)

Ha ocHoBanuu gopmyinsl (10) Hamu cocTaBiieHbl TaOIUIBI 1, 2 1 3 GyHKIMH
F s dyHnamenToB pasnuyHOM (QopMbl (KpYr, KBaJIpar, I0JI0Ca), KOTOpbIE
MO3BOJISIOT CYIIECTBEHHO YIPOCTUTH BhIuucieHue H.

[TocnenoBaTenpHOCTD pacyera TaKoBa:

- 3aJaBUIMCH clloeM (n+1), BHYTPH KOTOPOT'O OXKMJIAeTCs HIDKHAA TpaHHLA
AKTHBHOMW 30HBI, BEIUUCIIAIOT BEIMYUHBI Py, f U D;

- 10 HaWJEHHBIM 3HAYCHUSM HAXOJSIT B COOTBETCTBYIOMIMX TaOIHMIAX
BennuuHy F, HamOonee Onm3Kkyo K D, W COOTBETCTBYIOIIME 3HAYECHUS Q W
Cy =2H/b,

- 1o opmyie (10) BEIUUCIAIOT (YHKIUIO F' U CPaBHUBAIOT C BEIUYUHON D,
npoBepsas paBeHcTBo (11);

- €ClIM PaBEHCTBO He cobiromaercs, TO npu F>D mnpuHuMaioT Oojbliee
3HaueHue {y, a npu F<D — MeHbliee £y U MOBTOPAIOT pacuer;

- HaWas Cy, yAoBieTBopsioiiee paBeHCTBY (11), BBIUMCIAIOT TIyOMHY
AKTUBHOMW 30HBI 11O hopmyiie

H=Snb
2

Ecnu B pe3ynbrare BRIYUCIEHUI HIDKHSAS TpaHMIlA MOMagaer B cioil (n+/),
OTJIMYHBIA OT UCXOAHOTO, pacueT CACAYeT YTOUHHTb.

B kadecTBe mpuMepa pPacCMOTPUM JBIMOBYIO TpyOy Ha KpyrjioMm
¢yHmamente auamerpoMm b=23 M (cM. [19], cTp. 628) npu ClIeayIOIMNUX UCXOAHBIX
maHHBIX: d=5.8 M; y=1,9 tc/M’; p=28 Tc/M% hy=4,2 M; y,=1,9 Tc/M’; E;=150
kre/em’; h,=5,0 m; 1,=1,75 tc/M’; E;=200 kre/em?; h3=6,0 M; 73=1,8 tc/m’; E3=400
Kre/em’.
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Brruucisiem nasieHue py no dopmysie (5)
Po=28-0,2-1,9-5,8=25,81c/m’.
ITo dpopmyne (3) Haxomum 3nadenue K,=0,475.

[Ipeamonaraem, 4TO HWXKHSS IpaHWna H TPOXOAMUT B TpeNeNax TPEThEro
CIIOSI ¥ BBIYHCIsIEM BelHUUHBI f 1 D 1o hopmynam (9) u (8):

FoIB2B0ATS e
2-258
b [1’9.5’g+ (1,9.4,2 + 1,75-5)—1,8(4,2 +5)] 0,475 = 0,206.

25,8

Hanee no Tabnuie 2 Ui Kpyrabsix QyHIaMEHTOB U HallICHHBIX 3HAUCHUH f 1
D naxomum 0yin3koe 3HaueHHue (y=1,2 U COOTBETCTBYIOIIee eMy a=0,547, a 3aTeM
BeruncigeM F o gpopmyne (10): F =0,547-0,381-1,2=0,09<D.

Tak xak F<D, ymenbinaeM ¢y, npunuMas ¢y=1,1, a=0,599, n BerauciseMm
BHOBB

F=0599-0,381-1,1=0,18<D.

[Ipunnumaem okoHuaTenbHO (1,08 n Haxomum H

H

_ 108-23 ~12,4i .
2

CrnenoBaTenbHO, KaK M ObUIO MPUHATO, HIKHSS TPaHUIA aKTUBHON 30HBI
MPOXOJIUT B TPETHEM CIIOE.

OmnpenenuMm ocaiky QyHAaMEHTa ¢ HCIOJIb30BaHWEM TaOmuuel 59 [16].
[IpeaBapuTenbHO HAXOMUM Ha TPAHUIIE CIIOEB:

6 =202 03655 Kim0.08% ¢, =222 08; Kem0.179

23

¢, =¢; =1,08; K;=0,24,

a 3aTeM BBIYUCIIAEM OocaaKy pyHIaMeHTa S

S =2300-2,58 0,082 N 0,179 -0,082 N 0,240,179
150 200 400

} =17,0371 ,

uT0 61M3KO K S, = 7,571 10 NaHHBIM HAaTYpHBIX HaOmoaeHuii [19].

JInist MILTFOCTPAaIuy IOCTOBEPHOCTH TMPUMEHEHHS MPECTAaBIEHHOr0 00IIero
METOJia ONpeACICHHs TIYyOMHBI CKUMAaeMO# Toimu H s (yHIAMEHTOB JIHOOBIX
pealibHbIX Pa3MepoB M (POPMBI, 3arPYKEHHBIX B CTAIUM SKCILIyaTalldid CPSITHUMHU
Harpyskamm 1+5 krc/cm’, mocTpoeHsl TeopeTHueckue 3apucumoctd H u H/b ot
IIMPUHBI  (PyHIAMEHTA, HA KOTOPbIC HAHECCHBI JaHHBIC MHOTOYMCICHHBIX
HaOmoIeHui (puc. 4).
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3mech JK€ HAHECEHbl HOPMATHMBHBIC 3aBUCHUMOCTH JJisi  (DYHIIAMEHTOB
OOBIYHBIX 3IaHUI U COOPY)KEHUH, a TAKXKE THIPOTEXHUICCKUX COOPYKEHUH.

Kpome Toro, HamMmu BBIYHCIISUTUCH OCAJIKH TIOCTPOSHHBIX 00BEKTOB, KOTOpHIC
OKa3aJlCh JOCTaTOYHO OJNM3KUMHU K JaHHBIM HATYpHBIX H3MepeHuit. [Ipu sTom B
pacdere OCaJOK HCIONb30BAINCH KOMIIPECCHOHHBIE 3HAUYEHHS  MOIyJei
nedopmanyu rpyHTOB OCHOBAHHUSL.

BriBoabl:

1. Pazpaborana enuHasi METOAMKA OINpENCIICHUsI TIIyOWHBI CXKUMaeMOH
ToNmmy ocHoBaHus H (yHIaAMEHTOB IIOOBIX pa3MepoB, Ha OCHOBE KOTOPOM
MOJYy4aloTCsl JJOCTOBEPHBbIC 3HAYCHHS OCAJOK W YCHIMA B (QyHIaMEHTaX Ha
€CTECTBEHHOM OCHOBAHUHU.

2. IlpemnokeHHas METOIUKA ONpPEIACICHUS TNIyOWHBI CKUMAEMOM TOJIIIN
CYIIECTBEHHO YIPOIIAET METOJ IIOCIOWHOI0 CYMMHPOBAHHS, T.K. HE TpeOyeT
pazaeneHus HHKEHEPHO-Te0JIOTHYECKIX JIEMEHTOB Ha OTAEIbHBIC CIIOH.

Tabauua 1
3nauenus F s kBangpara (n=1)
< 3Hauenus F nipu f, paBHOM
=
Slalels|lws| s s s sISsSSIsSsIssIs s
SINININ|F| S |[R|S|w S SIS IS IS|S(SIS|S
M‘ln S <SS NN XS =|S(N|X[e|x=S ||
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CBIFBIMJAJATBIH KABAT TEPEHJITT MEH IPTETACTAP
HETI3JIEPIHIH IIOT'YIH AHBIKTAUTBIH BIPBIHFAI OJJICTEME

Makanana KenTereH JajaiblK ChIHAKTAp MEH 3epTXaHajbIK 3epTTEeyNep AiH
AKCIIEPUMEHTAIIBIK JIEPEKTEPIHIH HETI3IHAe ChIFbIMIATIATHIH KabaT TepeHairi MeH
Ke3-KEeJITeH OJIIeMIET] ipreractap Heri3/iepiHiH MIeTYiH aHBIKTaHTBIH oMOeOamn
o/licTeMe YChIHBUIFaH.

Tyiin ce3mep: ipreractap, Herisaep, TonbIpak e OpMAaIUsCHI,
CBIFBIMIQJIATBIH Ka0aT TEPEHIIr, ChIFBIMIANATBIH KA0aT TEPEHJIrH aHBIKTANTHIH
onmicreMe, KabaTTaIrl KOCy 9/1iCTEMECi, TYPMBICTHIK >KOHE KOCHIMIIIA KBICHIM.

L.Y. Luchkovskyi, A.V. Samorodov
Kharkov National University of Construction and Architecture, Kharkov, Ukraine

UNIFORM METHOD OF DETERMINATION OF DEPTH
COMPRESSIBLE SEQUENCE AND DEPOSIT SUBFOUNDATION

The article suggests a universal technique for determining the depth of the
compressible layer and sediment for foundation of all sizes in the plan on the basis
of numerous experimental data as well as field and laboratory tests.

Keywords: foundations, bases, ground deformation, depth compressible
strata, method of determining the depth of compressible strata, stratified method of
summation, domestic and extra pressure.
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C.3. Mareesa', B.b. KapalcoﬁumeBaz, C.M. KaHTapﬁaeBa3,
K.K. Ocnanky.iosa*

i 2 3 4
Kano. xum. nayx, ooy., “Jlabopanm, >Mazucmp, cm. npenooaséamens, *Mazucmpanm
Tapasckuit 2ocyoapcmeennvlii ynugepcumem um. M.X. /[ynamu, e. Tapas

KOHCTAHTBI ObPA3OBAHUSA PASHOJIMT'AHAHBIX
KOMIIVIEKCOB KOBAJIbTA

B nmanHOl paboTe B KayeCTBE HMCXOIHBIX KOMITIOHEHTOB OBLIH HCIIOJIb30BaHBI
amuHOKOMITIEKCH [Co(NH;)6]Cl; 1 [Co(en);]Cl;, a Takke HEKOTOpPBhIE UX IPOHM3BOIHEIE,
coJieprKalllie BO BHyTpeHHe! cdepe rajoreHu-uoHsl. B npemaraemoii pabore npeacras-
JsieTcss uHTepecHbIM uccienoBanue cucteMbl Co (II) — yHUTHOIN, TIIe M3HAYAIBHO CTABUTCS
npo0JieMa H3y4eHUs] KOHKYPHPYIOIIEro KOMIUIEKCOOOpa30BaHus ¢ 00pa30BaHHEM CMeEIIaH-
HOJIMTaHIHBIX KOMIUICKCOB.

KiaroueBble cjioBa: TepMOAMHAMUYECKash YCTOWYMBOCTH, OMICHTATHOCTD,
CTeeHb AUCCOIMALINH.

B pesynpTaTe NPOBEACHHBIX HCCIEAOBaHWNM 00a JIMTaHIA SBISIFOTCS
OMJICHTaTHBIMM U 3aHUMAIOT B KOOPIMHAIIMOHHOM chepe KobabTa Mo JBa MecTa.
Peaknnu 3aMelienns UMEIOT BU/I

[Co(en)y,"] +nHUN" —[Co(en)mn(HU,)a] ™" +nep.

KoncTranTeI PaBHOBCCHUA OAaHHBIX peaKHHﬁ BBIUUCIISIJIIM KaK OTHOLICHUC
PaBHOBECHBIX KOHHCHTpaHI/Iﬁ YHUTHOJIA W OSTHJICHAUWAMWHA, IIPpHU KOTOPBIX
(yHKIMK 06Pa30BaHUS Nyu,” U Ne, UMEIOT 3HadeHms m+1/2 u n-1/2 (m u n —
mensle unciia). B yKasaHHBIX pacTBOpax B PaBHBIX KOJIMYECTBAX CYIIECTBYIOT
xommexcs [Co(en),(HUn),]* 2" i [Co(en)m.(HUp ) ]2

B naHHOM ciy4ae B peakiMM 3aMEIICHUS OJWH OWICHTATHBIA JIMTaHm —
STUJICHIMAMUH 3aMEIAeTCsl Ha IPYroil — YHUTHOM U B XOJI€ TpoIiecca CyMMapHast
(GyHKIMS 00pa30BaHUs OCTACTCS IOCTOSHHOM, ONM3KOM K TpeM, U 00Ias KpuBas
o0pazoBaHUs nen-i-nHU _ MM€eT IPaKTUYECKH TOPU3OHTAIIBHBIN BU.

.
KoncranTel 06pa3oBaHus pa3HOIUTaHAHBIX KOMILIEKCOB KOOAJIbTa ¢ ITHUIICH-
JMaMUHOM W YHUTHOJIOM HaWJEHbI ITyTeM KOMOWHAIIUA KOHCTAHTBI YCTOMYMBOCTH
xommiexca [Co(en)s]’", xoTopas o nauusM [1] coctapmser 48,69, ¢ onpeneneH-
HBIMH KOHCTaHTaMH paBHOBecus (Tabin. 1). [IpoBeneHme dKCIiepuMEHTa MPH TPEX
3HAYEHHSX WOHHOM CUJIBI MTO3BOJIMIIO YCTAHOBUTH TEPMOINHAMUYECKNE KOHCTAHTBI
YCTOWYMBOCTH Pa3HONHUTaHIHBIX KomruiekcoB kobambra (III) ¢ yHuTHONOM H
STHJICHANAMUHOM, a TAKKe YHUTHOMIATHOrO Komruiekca [Co(HUn);]* (ta6m. 2).
MOXHO BUJIETH, YTO B 00CUX HCCIEIYEMBIX CHCTEMax o0pa3yercsi OJUH M
TOT K€ KOHEYHBIH TNPOAYKT 3aMEIleHHs, a WUMEHHO YHHTHOJIATHBIM KOMIIJIEKC
kobanbra (III) cocraBa 1:3. [lomydeHHble A HETO ABYMS MYTSAMH 3HAYCHHS
KOHCTAHThl YCTOWYMBOCTH CXOIATCA MEXAY Cc000i B mpemenax OLIMOKH
JKcrepuMenTa. JlaHHOe coequHeHrne XapakTepru3yercsl 3HaUUTeIbHOW TepMOInHa-
MUYECKOH  YCTOWYMBOCTBIO, XOTS TMpH JUIMTEIHHOM CTOSHHH  pacTBopa
paspymraercs 3a cyer BHYTPHUMOJIEKYJSPHON OKHUCIHTEIbHO-BOCCTAHOBUTENBHOMN
peakiuu. Co (III) BoccranaBmmBaercs no Co (II), a yHWTHON OKHCIsSeTCS N0
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mucynbduna. [Ipuy 3ToM B pacTBOpe BO3MOXKHO TPOTEKaHHE KOMILIEKCOOOpa-
30BaHUA MCXKIOY ABYXBAJICHTHBIM KO62UIBTOM U YHUTHOJIOM. 9t0 O6’b$[CH$[eTC$[ TEM,
YTO CTeneHb aucconuanuu SH-rpymnmbsl o0paTHO HPONOPIMOHANIBHA KBaapaTy
KOHIIEHTpAIly HOHOB Bogopoaa [2]:

mo3roMy 4em Bhiie pH pactBopa, TeM OOJbIIe CIBUHYTO PABHOBECHUE PEAKIIMH:
R(SH), =RS,”+ 2H"

B CTOPOHY 00pa30BaHUs PEAKIMOHHOCIIOCOOHBIX MEPKANTHIHBIX HOHOB:

CH,—SH CH,— %
|CH —SH  +2NH; — C|H —S +2NH," .
|CH2 — SOsNa CH, —SOs;Na

Tabauua 1

KoncTaHTHI peakiinii KOMILIEKCO00pa30BaHMsI U KOHCTAHTBI YCTOHYMBOCTH
2-
pasHONMTraHIHBIX KoMIiekcos B cucteme [Co(en);]* -HUn® mpu 298 K, p=0,1

(NaClOy
Peaxnus Nen | N . plen] pr[IIZJ]U 1gK. 1gB
Efﬁfggfj)’jg};ggfij 252 | 0,50 | 1239 | 1542 | 3,03 | 51,72
o %222511){82%}52] fgfnz_ 149 | 1,51 | 1091 | 13,53 | 2,62 | 54,34
EO((;Z%%I)J})Z};HU“Z 0,53 | 2,52 | 954 | 1026 | 0,72 | 55,06

Tabauna 2
Jlorapudmel KOHCTaHT 00pa30BaHHs KOMIUIEKCHBIX COCTMHEHUH B CHCTEME
2- 3
[Co(en);]” +HUn> npu 298 K B 3aBHCHMOCTH OT HOHHOI CHIIBI PAaCTBOPA

Nonnas cuna(NaClO,)

Coenunenue 0 0.1 03 05
[Co(en),(HUn)]" 52,03+0,31 51,69+0,3 | 51,31+0,34 | 50,92+0,35
[Co(en)(HUn), | 54,64+0,29 | 54,30+0,27 | 53,91+0,31 | 53,55+0,32

Co(HUn)3]3' 55,46+0,44 | 54,97+0,42 | 54,51+0,40 | 54,04+0,45

AMMHaK, OTHUMas MOHBI BOJOPOJA OT MOJIEKYJbl YHUTHOJA, YBETUIUBAET
KOJIMYECTBO PEaKIIMOHHOCIIOCOOHBIX aHHOHOB YHHUTHONA M OJHOBPEMEHHO TOHKO
perynupyer pH pactBopa. B naHHOM ciydae JIEHCTBHE aMMMAKa CBSI3aHO C €ro
CIIOCOOHOCTBIO 00Pa30BBHIBATH KOMILIEKCHBIE COSAMHEHHS ¢ KOOAbTOM, TaK KaK UX
YCTOWYMBOCTH MEHBIIIE YCTOMYMBOCTH YHUTHOIATHOTO KOMILIIEKCa KOOAJbTA.

Becbma BaxkHOM XapaKTEpUCTHKOW JUIsl CMEIIAHHOIUTIAHAHBIX KOMILIEKCOB,
MOMUMO KOHCTaHTBI 00Opa30BaHUS, SBISIETCS KOHCTaHTa CONMPONOPIIHOHUPOBAHUS
K4, xapaxTepusyromas OTHOCHTEIbHYIO YCTOWYHBOCTH CMEIIAHHOIUTAaHIHBIX
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COCTMHEHHUH 10 CPAaBHEHHIO C COCAMHEHISIMH C OJJUHAKOBBIMU JUTanaaMu [2]. OHa
OIpeNeNnsIeTcss Kak KOHCTaHTa PaBHOBECHS PEaKIMM O0pa30BaHUS CMEIIAHHOIO
KOMIIJIEKCA U3 IBYX MOHOJIUTAHIHBIX COCIMHEHUHN, HAIIPpUMeEP:

i/ 6[C0(NH3)6]3++ i3 [Co(HUn)3]3 —s [CO(NH3)j(HUn)1’]3-2j ,
K= [Co(NH5); (HUn);1*¥ /[ Co(NH3)s” F*[Co (HUn);* 7",

CBsi3p MeXJIy KOHCTaHTaMH O0pa30BaHUS W  CONPONOPLHUOHUPOBAHHS
BBIPAXKAETCS YPaBHEHUEM

K¢= Bji / Bj/mmo'Bi/mom 5

rae Bji, Pmo U Pom — KOHCTAHTBI OOpA30BAHUS CMEIIAHHOIUTAHIHOIO U
MOHOJJIMTI'aHIHOI'O KOMITJIECKCOB.

Koncranty componopruoHUpoBaHUS MOXKHO paccMaTpHBaTh Kak Mepy
COBMECTUMOCTH Pa3HOPOIHBIX JIMTAHIIOB B OJHOW KOOpIMHAIMOHHOH cdepe. Ha
pucyHKe | mpencraBieHa 3aBHCHMOCTh KOHCTaHT OOpa3oBaHUsI Pa3HOIUTAHIHBIX
kommiexcoB  [Co(NH3),(HUn),]’*™ wu  [Co(en),(HUn),]™ or uucna
KOOPAWHHUPOBAHHBIX MOJIEKYJ YHUTHOIIA.

Igp
55

50

45

40

35

30_ T T T T T T T T T T T T T
00 05 1,0 15 20 25 30 [

1 — B cucreme [Co(en);] *-HUn™?; 2 — B cucreme [Co(NH3)s] *-HUn™

Puc. 1. 3aBHCHMMOCTh KOHCTaHT 00pa30BaHMUs CMEIIAHHOJIUTAHTHBIX KOMIUIEKCOB
OT YHMCIIa KOOPJAWHUPOBAHHBIX TPYIINT YHUTHOJIA

[lyHkTHUpHBIE JMHUM COOTBETCTBYIOT TEOPETUYECKUM  3aBHCHMOCTSIM
KOHCTaHT YCTOMYMBOCTH OT COCTaBa KOMILIEKCA, IONYYCHHBIM W3 YCIIOBHUS
AJUTABHOCTH B ClIydyae OTCYTCTBUS B3aUMHOTO BIHMSHHS JIMTaHJOB. MOXXHO
BUJICTh, YTO DSKCIEPUMEHTANbHBIC KPHUBBIE NPEACTABISIIOT COOOH Mapadobl,
oOpallleHHbIE BEpPIIMHAMH BBEPX, YTO COOTBETCTBYET COBMECTUMOCTH JIUTaHJIOB
NH; u HUn” u en u HUn” B oHO# KoOp MHAIMOHHOH cdepe. 3Hauenus 1gKy,
MPUBEICHBI B TaOJIHIIE 3.

Tabnuna 3
Koncranra COITPONOPIHMOHNPOBAHUA PA3HOJIUTaHIHBIX KOMIIJICKCHBIX YaCTHUIL
KomriexkcHbl [Co(NH3)4 [Co(NH3), [Co(en), [Co(en)
€ YaCTHUIIBI (HUn)]" (HUn),| (HUn)]" (HUn),|
lg K4 1,57 1,07 1,09 0,77
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[pencraieHHble pe3yabTaThl YKa3bIBAIOT HA TO, YTO YHHUTHOIN BCTYIAeT B
KOHKYPEHIMIO C aMHHAMH 3a 00JalaHie BaJICHTHBIMU OPOUTAJISIMH IICHTPATBHOTO
aToMa U 00J1afaeT OOoJIbIIeH ClIOCOOHOCTBIO K 00pa30BaHNIO0 KOBAJICHTHBIX CBSI3CH.

[pourpeim SHEpTUU 3a cuer pacciabicHUs OMHOM M3 CBSI3EH OKyIaeTcs
3G (dEeKTOM YIPOUHEHUS JPYrod CBS3H, B PE3YJIbTATE YEro CMEIIaHHOJIWUTAHHEIC
COCIMHEHUsI YCTOWYHMBBI B PAacTBOPE W CAMOIPOHM3BOJIBHO 00pa3yroTcs U3
MOHOJIMTaH/IHBIX KOMILJIEKCOB.

[To npuHIMIY >XKECTKUX U MATKAX KHCIOT W ocHoBauHui Ilupcona [3]
YHUTHOJI SIBJISICTCS TUITMYHBIM MATKAM OCHOBAaHHEM, a aMMHAK U STHUJICHIAMAMUH —
KECTKUMH OCHOBaHUSMH. Kak mpaBuiio, Takue JIMTaH bl He JOJKHBI COCYIIECTBO-
BaTh B OJHOM KoopauHaiMoHHOW cepe. Ho B maHHOM ciyuyae 3(dekT ymnpou-
HEHHUS CBsA3M M-S HACTOJIBKO MPEBOCXOAUT IPOMIPHIII B DHEPTHH IPH
pacciabnenun cBsiz3ni M-N, 9TO CMENIAaHHOIUTAHJAHOE COCIMHEHUE OKA3hIBACTCS
JOCTaTOYHO yCTOWYMBEIM. Kpome TOro, cienyer NpUHATH BO BHHMAaHHE
JOTIONTHUTENBHBIA  3(dekT monspuzanuyu #OHa Meraaia Tpu  JedopMaluu
KOOPJIMHAIMOHHBIX c(hep B HEOTHOPOIHOM BJIEKTPOCTATHUECKOM I10JI€ JTUTAH/IOB.

Hamu mnoctpoensl 3aBUCUMOCTH Eg,, OT  KOHCTAHT — yCTOMYMBOCTH
HCCIIEyeMBIX COCAMHEHHH, Tak c yBenuueHueM IgB u Eg, yBemuumBaercs
YCTOWYMBOCTh KOMILJIEKCOB, YTO BHJHO U3 KOPPEISIIMOHHON 3aBUCHMOCTH MEXTY
STHMH BEIMYMHAMY Ha PUCYHKE 2. DKCIIEPUMEHTAIBHO ONpe/IecHHbIC KOHCTAHTEHI
YCTOWYMBOCTH U KOHCTAHTBI COMPOIOPIIMOHUPOBAHUS MTOTBEPIKIAIOT STOT BBIBO/I.

Estab, K K/ MOTTB

10000 -

8000 - y=17882x-1302,4 +

6000 - R?=0,9086

4000 -

2000 -

0 T T T T T 1
0 10 20 30 40 50 60
IgB
a) Co(IIT)-Un-NHj;
Estab,KJI>K/MOTTB

10000 -

8000 -

®
6000 -
4000 y = 556,13x - 22266
2 _
2000 - R? = 0,9656
0 T T T 1
48 50 52 54 56
IgB

6) Co(III)-Un-en
Puc 2. 3apucumocty Eg,, OT KOHCTAHT yCTONYIHBOCTH
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Takum 00Opa3oM, BIEpBbIE MOTCHIIMOMETPHYECKIM METOJIOM HCCIIEIOBAHO
komrIiekcooOpasosanue B cucreme Co(Ill) — yauTHON, T/Ie B Ka4eCcTBE UCXOTHBIX
coenHeHnii koGambTa BhIcTymamu kommuiekchl [Co(NH;)e]”™ m [Co(en)s]’.
YcraHoBneHO 00pa3oBaHHE CMEIIAHHOJIWTAHIHBIX KOMIUIEKCHBIX COCAMHEHHH
coctaBa  [Co(NH3)n(HUn),’™ u  [Co(en)n(HUn),]>™, ompenemensl ux
TEPMOJAMHAMUYECKHE KOHCTAHThl YCTOMYMBOCTH M KOHCTAHTHI COMPOIIOPIIUMOHUPO-
Banus. [lokazaHo, 4TO JaHHBIE CMEIIAHHOJIWTAHIHbIE KOMIUIEKCHI O00JIaJaroT
MOBBIIICHHOW yCTOWYMBOCTBIO W CAMOMPOU3BOIBLHO 00pa3yroTcs B BOTHBIX
pacTBopax, 4YTO paHee TEOpPEeTHYEeCKH IpeNCcKa3aHO Ha OCHOBAaHMM JAaHHBIX
KBaHTOBO-XMMHUYECKHX pacyeToB. KOHEYHBIM MPOAYKTOM peakiuii 3aMelieHHus B
00eHX MCCIIeNyeMBIX CHCTeMaX SBISETCS YHUTHONATHbIH kommieke [Co(HUn)s],
3HAYEHHS] KOHCTAaHT YCTOWYMBOCTH KOTOPOTO, ONpPENETIeHHbIE Pa3HBIMH IYTAMH,
COBIN/IAIOT B TIpe/eNiaX OMMOKH dKCIepuMeHTa. TakuMm o0pa3oM, YCTaHOBIJICHBI
00NIacTH CYIIECTBOBAHMS BCEX KOMIUICKCHBIX COCIMHEHHH B 3aBUCHMOCTH OT
KOHIIEHTpaly yHuUTHONa W pH cpempl, KOTOpble MO3BOJSIOT CO3/aTh HAy4YHO-
00OCHOBaHHBIE MOJXOJBI JUISL IEJICHANIPABICHHOTO CHHTE3a WHAWBUAYAIbHBIX
KOMILJIEKCHBIX COETUHEHUH.
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KOBAJIBTTBIH, TYPJII IMT'AHJAJIBIK KEINEHJAEPIH
TY3Y KOHCTAHTACBI

Kympicta Oacrankel kommoHeHTTep perinme [Co(NH;)¢]Cl;  xoHe
[Co(en);]Cl;, aMuHOKelIEHACPl, COHBIMEH KaTap IIKi c(epachblHIa TraJOreHHI-
HMOHJIApbl 0ap ojapbIH KeHOip TYBIHIBLIIAPHI HakIanaHblUIAbl. boacekenecTik KelieH
TY3y[iH apajacKaH JUTaHIaJbIK KelleHaepin 3eprrey macenecinae Co (III) —
YHUTHOJI )KYHECIH 3ePTTEY KYMBICTAPhI KbI3bIFYIIBUIBIK TYbIPAJIbI.

Tyiin ce3mep: TepMOAMHAMHUKAIBIK TYPAKTBUIBIK, OWICHTATTHUIBIK,
JTUCCOLIMAIIIS TOPEKEC.

S.Z. Mateeva, B.B. Karakoishieva, S.M. Kantarbaeva, K.K. Ospankulova
Taraz State University named after M. Kh. Dulati, Taraz

CONSTANT OF FORMATION OF MIXED-LIGAND
COMPLEXES OF COBALT
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Potencial analysis is one of the most popular methods of in vestigation on of
complex compounds. Along with methods of chemical analysis and — spectroscopy
thermal analysis allows to obtain importawt information about composition,
structure, stability of compounds studied study of thermodinamics and mechanism
of reactions of transformation of complex compounds of transition metals helps to
and to determine the ways of synthesis of new substances with effective properties.

Keywords: thermodynamic stability, bidentate, the degree of dissociation.

YK 629.1.073

E.O. Omapos, E.C. Ixxnaxudaen

Kanouoamol mexn. nayx, npogpeccopa
Tapasckuit 2cocyoapcmeennvlit ynusepcumem um. M.X. /[ynamu, e. Tapas

ABUKEHME ABTOMOBWJISA 110 HEPOBHBIM 1OPOI'AM

HepOBHOCTI/I JOPOKHBIX HOKpI)ITI/Iﬁ OrpaHUYMUBAIOT HE TOJBKO CKOPOCTH ABHKCHUA,
HO W BJIWACT Ha HAACKHOCTb XOAOBOro arimapara WM TEM CaMbIM YMCHLIIACT
MMPONU3BOAUTCILHOCTD aBTOMOOHJILHOTO arperara. PaCCMOTpeHI)I JBUXCHUA aBTOMOOMIIS 110
HEPOBHOCTAM 4Y€pE€3 CAUHUYHYIO HCEPOBHOCTH, II0 MNCPUOIUYCCKH ITOBTOPAIOIIHUMCA
HEPOBHOCTAM U 11O I‘pyHTOBOﬁ TTOBEPXHOCTHU CO C.]'Iy'—IafIHBIM MHKpOHpO(bI/IJ'IeM.

KiroueBble ciioBa: aBTOMOOWIIb, JOPOXKHOE MOKPHITHE, XOMOBOH ammapar,
HEPOBHOCTb.

HenpusiTHpie  OmIylieHuss W TIOBBINICHHAsT YTOMIISIEMOCTh BOJUTEINS,
BBI3bIBAEMbIC KONCOAHWSIMA W JTUHAMUYCCKHUMH HArpy3KamH, MpHBOIAT K
CHIDKCHHIO CKOPOCTH W TPOU3BOIUTEIBHOCTH aBTOMOOWIsS. Kpome Toro,
HEPOBHOCTH TTOBEPXHOCTH JIOPOTH BBI3BIBAIOT JIOMOJTHHUTEIHLHOE COMPOTUBIICHHE
JIBIDKCHHIO, CHIIKAIOT TSTOBBIE BO3MOKHOCTH aBTOMOOWIIS, TOBBIIIAIOT PaCXOoJl
TOIUIMBA, CYIIECTBEHHO CHW)KAIOT CPOK CIYXObl, B OCOOCHHOCTH DJIEMEHTOB
XOJOBOM 4acTu.

[lpu oskcrmyaTanmuMu TPY30BBIX aBTOMOOWJIEW Ha JIOpOrax ¢ HEPOBHOM
MOBEPXHOCTBIO CPEIHSSI CKOPOCTh JBYDKEHHS W TIPOU3BOIUTEIBHOCTh CHIDKAIOTCS
Ha 40-60%, pacxoj TOIIMBA U CeOSCTOMMOCTD IIEPEBO30K YBEIMUUBAIOTCA Ha 50-
70%. Crernenb cHUXEHUS! 3PHEKTUBHOCTH aBTOMOOWIIS M3-3a HEPOBHOCTEH ITyTH
3aBHCHUT TIJIABHBIM 00pa30M OT KauecTBa MOJABECKH.

VYcnoBus JBYKEHHS aBTOMOOWIISL TI0 TIOBEPXHOCTH C JIUCKPETHBIMH
MPEnsSTCTBUSMHE (ITHU, KAMHH U T.J.) XapaKTEPU3UPYIOTCS COOTHOIICHHEM BBICOTHI
MPENSITCTBUI B JJOPOXKHOT'O TIPOCBETa aBTOMOOWUJISI, & TAKXKE PACCTOSHUEM MEXTY
NPENsTCTBUSMK, C OIHOM CTOPOHBI, W Ta0apUTHBIMH pa3MepamMHu |
MOBOPOTIMBOCTHIO aBTOMOOHIISI — C IPYTOH.

Paccmorpum Oosee mompoOHO IBHXKEHUS TO HEpOBHOCTAM. [lpu 3TOM
BBIIETAM TpH Ciydash JBIDKCHHS: 4Yepe3 eIWHUYHYI0 HEPOBHOCTb, IIO
MEPUOJIMUECKH TTOBTOPSIFOIIUMCS HEPOBHOCTSM (BOJHOOOPA3HOW MOBEPXHOCTH) H
MO TPYHTOBOH MOBEPXHOCTH CO CITyYalHBIM MUKPO MPOPHIIEM.

PaccmorpumM nBIKEHHE aBTOMOOMIIS 4Yepe3 eAWHUYHYI0 HEpOBHOCTh. [Ipu
BCTpeYE C EIWHUYHBIMH HEPOBHOCTSIMH BOJUTENb CHUXKAET CKOPOCTH C IENBI0
WCKITIOYEHUS YPE3MEPHBIX JUHAMHYECKHX Harpy3ok. OCHOBHBIM KpHTEpUEM
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OTpaHWYCHHS CKOPOCTH SIBISCTCS yIap B OTrpaHHuHTENd (MpoOoii) MOABECKH:
CKOPOCTb JIBHIKCHUS TOJDKHA OBITh TaKoH, YTOOBI MalllHa Tiepeexaia HepOBHOCTh
0e3 yapa B OrpaHUYHUTEIIH.

OHeprus, BeAyllasd Ha MOJbEM Kojieca MPH MPEOJOJICHUH HEPOBHOCTH, B
CaMoM TEepBOM NMPUOIMKEHIH MOXKET ObITh BhIpaskeHa ypaBHeHHEM [3]:

2(z—im)—im :Z(z—im) €))
rJie: Ay — OTHOIIEHHE BEICOTHI HEPOBHOCTHU K PaJlycCy Kojeca; m — Macca He
MOJJPECCOPEHHBIX YacTell aBTOMOOHUIIS.
3amac moTeHIIUATFHOW SHEPTUH MTOABECKHU (IHEPTOEMKOCTD) ONPEICIACTCS

BBIPAKEHHUEM

hg
A,= P, h+ [C,dh 2)

h

rae: P, — cratudeckas Harpyska; he, — craTudeckuit mporu® moxsecku; h, —
AuHaMu4eckuit mporu6 noasecku; C, — 5KeCTKOCTb MOABECKH.

Ycnorue npmwxeHus 0e3 npodos A<A,. YUuuThiBasg 3TO W3 IPUBEICHHBIX
nByx ypaBHeHu# (1) u (2) MOKHO HAlTH JOITycKaeMoe 3Ha4eHHEe CKOPOCTH:

hg
Ve = 1|20 = A )P, + [Codh I m(2+ A,))) 3)

max
hcm

Jns moaBeCKH ¢ IMHENHON XapaKTEPUCTUKON 3TO ypaBHEHUE UMEET BUJL:

. (z—4, 2Pk, +C i) @

max m

z+ 4,

W3 mpuBeneHHBIX ypaBHEHHWN BHAHO, YTO OCHOBHBIM IIOKa3aTeleM
MOJIBECKH, BIIMSIONIMM Ha CKOPOCTh JIBUXKCHHUS aBTOMOOWIIS 4Yepe3 eAWHUYHYIO
HEPOBHOCTb, SIBIISIETCS HHEProeMKOCTh. EcCiM XapaKTepHCTHKU TOJBECKH JIMHEH-
HbIE, TO OIpENENAIOIIee BIUSIHUE OKa3bIBACT JMHAMUYECKHUI XOJ] TIOJABECKH.

Jl1st Gosee riryOOKOro MCCIIeNOBAHNUS JIBIKCHUSI aBTOMOOWMIIS Uepe3 eIMHNY-
HYI0O HEPOBHOCTb MOTYT OBITh HCIOJB30BaHbI YPAaBHEHUS HEYCTAHOBWBIIMXCS
konebannii. Hac wuHTepecyioT BepTHKAJIbHBIC IEPEMELICHHs II0PEeCCOPEHHON
4acTH, KOTOphIE ONpeeNsAoTcs ypaBHeHueM [1, 2]:

z=z,_e " sin(Qr+x,_ )z, e +sin(Q.7+x,) (%)

u

rae

2
B (a],2 +5]’2) +Q,0,a
ul,2 Q ’

1,2
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le
— t £
Xy = arclg S ;
a,, =0,
_ S2 2,
u, =0, +Q;
_ 52 2,
u, =0, +Q3;

AO' = L(az _5] )(ulaz _u25])+ (uz _u])z;

1
1+ |, —o;
5,y =h H :

1
205, 07| 1+ |0}
u

I7ie: Z — BepTUKaIbHBIE TepeMelleHus; T — BpeMs mpoxona; £y, Q, — 4JacToTa
CBOOOIHBIX KOJCOAHUH; (0 — MapIpalibHas 4acToTa KOJICOaHMM IMOIpeccopeHHOMH
MAacchl; ®, — MapliHaibHas YacToTa KojieOaHW! HErmoJpPecCOPEHHOM MacChl; | —
KO3((UIMEHT HEMOIPECCOPEHHBIX MacC; h — MpHUBEHCHHBIM KOA(DPUIIUESHT
HEYIIpyroro COMPOTHUBIEHHS TOABECKH; HHAEKCH 1, 2 — XapakTepu3yroT
COOTBETCTBEHHO MEPETHIO0 U 3aJHIOI0 TTOJIBECKH.

[To pesynbpTaTaM aHAJIUTHYECKOTO HCCICAOBAaHUS KOJCOAHWH aBTOMOOWIIS
MpH TIpoe3Nie €AMHUYHOW HEpoBHOCTH [4, 5] yCTaHOBJIEHO, YTO IepeMelleHHe
Ky30Ba W KoJIeca JIOCTHTalOT HauOOINbIICH BEIMYMHBI BO BpPEMS JBIKEHHS 10
HEPOBHOCTH TpU v=u (V — YacToTa JeicTBHUs Bo3MyIawomei cuisl). [Ipu atom
TepeMelIeHrs Ky30Ba MPEBBIAIOT BEICOTY HEPOBHOCTH MpuMepHO B 1,5 pasa, a
MepeMelIeHus KOJec He TPEBHIIIAI0OT BBICOTY HEPOBHOCTH. M3MmeHeHue
kod(duimenTa 3aTyxaHus CKa3bIBACTCS Ha XapaKTEPUCTHKAX HEYCTAHOBUBIINXCS
KoJeOaHui CpaBHUTEIBHO CI1a00.

[Ipu nBUKEHMHM aBTOMOOWJIS 10 BOJHHUCTOW MOBEPXHOCTH B OOIEM Cllydae
pacnpezeneHre HepOBHOCTEN 10 TPYHTOBOMY ITYTH SIBJsieTcs ciaydaitHpiM. OHaKo
Y4acTO BCTPEYAIOTCS MIPABHIIBLHO YepEAYIOMNEcs yXaObl M BBIOOMHBI, BBI3BIBAIOIIIC
HanboJee CHIbHBIE KolleOaHUsT aBTOMOOMIS. [IBM)KEHHE 1O TaKUM HEPOBHOCTSIM
OIPaHUYUBACTCS HEMPHUATHBIM BO3JCHCTBHEM KoyicOaHUI Ha 4enoBeka. [IpuHATO
CUMTATh, YTO OLIYLICHUS JIIOJed MpH €3]l B aBTOMOOWJIE W HacTymaroliee IMpu
3TOM YTOMJIGHHE CBS3aHBI C YCKOPEHHUAMH, KOTOpBIE MCIBITHIBAET YENOBEK MpPH
KoJIeOaHUsIX, ¥ C YaCTOTOW BO3JICHCTBHS ATUX YCKOPEHUIA.

[Ipu nBYKEHMM aBTOMOOWIIS HauOOJIbIlIee BIUSHUE HA YE€JI0BEKA OKa3bIBAIOT
BEpTUKANbHBIE  KolebaHWs. B kadyecTBe  MaKCHMANBHBIX  JIOITyCTUMBIX
CpeIHEeKBaJAPATHYHbIX 3HauYeHWM NpuHATH z = 0,4g TpHU HENPOAOIDKUTETHHOM
BO3ZIEWCTBUU (10 IBYX YacOB B CYTKH). AMIUTUTYJHBbIE 3HAUEHHS JOMYCKAEMbIX
YCKOpEHU MpH IBWKEHUH M0 CHHYCOHIaJIbHBIM HEPOBHOCTSIM B 1,41 pasa Gonbiiie
[4, 5]. DOTH HOpPMBI YCKOPSHHMH CHJICHBbS YCTAHOBJICHBI Ui HauOojiee
HeOIaronpusTHOM JUTd YenoBeka nosockl yactot (4-8 I'm) [1, 2].

YMEHBIICHHYI0 YYBCTBUTENIBHOCTh 4YelOBEKa K KONEOaHUsSM Ha JAPYTHX
4acToTaxX YYUTHIBAIOT BECOBHIMU Kod(dunuentamu. Hampumep, MexayHapoaHas
opranmzanus 1o crapaapruzanuu [SO HopMmupyer KoieOaHHS TIO OKTaBaM
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(monocam 4acToT, y KOTOPBIX BEPXHsIsl YacTOTa B JBa pa3a OOJbIIe, YeM HUKHSIS)
[4, 5]
Cpennue gacToTsl okTaB 1, 1,4 2,8 56 11,2 22,5 45 75
BecoBbie K03 PHUIMEHTBI: 0,60 0,85 1 0,71 0,35 0,18 0,11

[Ipu konebaHUsAX C Pa3IMYHBIMH YaCTOTAMHM YCKOPEHHS ONPEACISAIOT II0
dbopmyie:

z =

S 222 ©)
1

Crnenyer 3aMeTHTh, YTO TPH HU3MEPEHUU YCKOPEHHI TOJOBBI YEIOBEKA
CHEKTpalbHBI  cOCTaB  KoOJAcOAHWH  YYMUTHIBACTCS  aBTOMATHUECKH,  Kak
COCTaBJIAIOIIME YNIPYTUMU CBOMCTBAaMHU Te€la B COOTBETCTBUM C UX BIMSAHHEM Ha
YyeJIoBeKa.

Jis pacuera mapaMeTpoB KoOJeOaHHM aBTOMOOWJICH INPUHUMAKOT P
YIPOIIAOUX JOMYIIEHUHN.

I[Ipu paccmoTpenun KojaeOaHWH ABYXOCHBIX aBTOMOOMJIEH OOBIYHO
MPEHEOPEraloT CBA3BI0 MEKAY KOJICOAHMSIMM TEpeaHed M 3aJHed dYacTu
ABTOMOOWMJISL M UCXOIAT U3 IBYXMAcCOBOM CUCTeMbl M-m; wiu M, — my. My, M, —
MOJPECCOPEHHAsE Macca, COOTBETCTBEHHO IEpEeIHEW W 3aaHEd 4YacTu; mi;, m; —
HEINOJAPECCOPEHHAas Macca.

YpaBHEHUA IBU>KEHUS MTOAPECCOPEHHON MACCHI:

_ hE-z)
MZ‘C,,(:—z)’

mé=h(z—&)+C,p(z—&)+C mlg-¢&).

B pesynbTare penienus 3TuxX ypaBHEHHH ¢ yueToM ypaBHEHUS q=(o(1-cosvt),
OIHUCHIBAIONIEr0 MPOQWIb HEPOBHOCTH, TONYYAIOT YPaBHEHHS aMIUIMTYIHO-
YaCTOTHON XapaKTEPUCTHKH aBTOMOOHMIISL.

2/qy = ConJ (V2 +C,) /A @
Z/qo :Cmvz\/(thZ +Cp)/A > (8)
£/¢,=C,\[(C, ~M?)? —1*V]/A° 9)

A=[Mmv* —(C,m+C,M +C, MW +C,C,T> + KV [C, —v*(m+M)J (10)

roe: z — TepeMelieHHe TOIPEeCCOPEHHOM Macchl; & — TepeMelleHHe
HETOJIPECCOPCHHOI MacChl; Z — YCKOPEHHE MOJPECCOPEHHON Macchbl, v= 27v/S —

4acTOTa BO3MYILECHUS, pajl/c; 2qy — BbicoTa HepoBHOCTH; C, — KECTKOCTb IIMH; h

— KO3 PHUIMEHT CONPOTUBIICHUSI aMOPTH3ATOPOB.
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Jlns pacuera BO3MOMKHOH CKOPOCTH JBHIKEHHsS 3aBHCHMOCTb Z/g (V) mo

ypaBHeHHIO (8) MPEACTaBISIIOT B BUE rpaduKa U JOMOIHSIOT €ro 3aBHCUMOCTBIO
v(v). 3Hag BBICOTY M JJIMHY HEPOBHOCTEH, W MaKCHUMAaJlbHOE JOMYCTHMOE
YCKOpEeHHE KOJIeOaHWH, MOXHO ONPENEUTh JONYCTUMYIO CKOPOCTh JIBHYKECHHS.
Hampumep, onpenenum IT0MyCcTUMYIO0 CKOPOCTh MPU KPATKOBPEMEHHOM JIBHKEHHH
M0 HEPOBHOCTSIM € gy = 5 oM, S = 5 cm. JlomycTuMoe 3Ha4YeHHE YCKOpPEHU

Z . =0,56g, cnenoBarensho, zZ/q, =111 wm/c [2]. TIpoBoauM TOpH3OHTAIIB-

m
HYIO JIMHHIO ¢ opauHaToi 111 M/c 1o mepecedenus ¢ kpuBoi z/q,(v). U3 Toukn

TepeceveHrs MPOBOANM BEPTUKANBHYIO JIMHHUIO JI0 TEpPEecedeHus ¢ MpsMou Vv(V)
mpu S =5 cM. DTOH TOYKE COOTBETCTBYET MAaKCUMAJLHO JOITyCTUMAsI CKOPOCTh V =
12,5 xM/4.

[ns oueHku mapaMeTpoB JIBUKEHUSA aBTOMOOMJISI IO BOJIHUCTOM IOBEpX-
HOCTH Ba>XHO 3HATb TaKXKE€ JOMOJHHUTCIBHOC COINPOTHUBIICHUEC AOBUXXCHHUIO OT
HEpOBHOCTEH ()yHTAa M M3MEHEHHE HOPMAJIBHBIX PEaKIMi TPyHTa Ha Kolieca M B
O0COOCHHOCTH TpPH OTPBIBE KOJEC OT TPYHTa TNOBBIIIaeTcs OYKCOBaHUE KoJec,
CHHMKAKTCS TAT'OBBIE BO3MOXKXHOCTU aBTOMOGI/IJISI, yCTOﬁHHBOCTB JABMKCHHUSA H
YIPaBIIEMOCTb.

Kunemarnueckast OHEpPrusgd JABUIKYHICT OCs aBTOMO6I/IJ]$I IIpu BCTPEUC C
HEPOBHOCTSAMH JIOPOTH U YaCTHYHO Ha BO30YXKIACHUE KOJIeOAHUM MOAPECCOPEHHOM
M HEMOAPECCOPSHHON Macc aBTOMOOMWIIA. Iy onpeneneHus IOMOJHUTEIbHON
MOHOIHOCTU COINPOTHUBJICHHUA ABMXXCHHIO IIO HEPOBHOCTAM MOKHO HCIIOJIb30BATH
cienyroriee ypaBuenue [3, 4]:

Nyyp=N,+N,+N, +N, =
[4,06q02nmhzz)2Z +2,02h, h*v; +2,02h, mh*v; +1,48hpochz)2] (11)
10*57

rae: Ny, N, Ny, Ny — MOIIHOCTE 3aTpaurBaeMast COOTBETCTBEHHO HA NPEOIOIEHHE
TOPU3OHTAIBHBIX CHJI, HA COPOTHBIEHHE B aMOPTU3aTOpax Ha TPEHHE B PECCOPaX,
HAa BHYTpEHHEe TpEHHWe B IHMHAxX; h,, hy, — KodQdummeHTH CONpoTHBICHHS
aMOpTHU3aTOPOB U IIHH; h - aMILIUTyZla OTHOCUTCIIBHBIX HepeMeH_[eHI/Iﬁ Ky30Ba U
konec, h = Z — ¢, ux onpenemnsitor o dopmynam (7), (8); ¢n, — napiuaibHOe
3aTyXaHue KoJieOaHMM  HEMOAPECCOPEHHOM  MacChl TPH  HEMOABYIKHOM
HoapeccopeHHoi Macce, 1/¢; hyo, — cHla conpoTHBICHHS B peccopax.

[lepeiinss OT MOIIHOCTH CONPOTUBJICHUS JABIDKEHHIO K KoddduimeHnry
JIOIIOJTHUTENIBHOTO CONPOTHUBIICHHSI IBM)KEHHIO TI0 HEPOBHOCTSM I'PYHTA, MOIYYUM:

_ 270N, _ 0.054v, 1> @phym +h, +h, 004h,.}h 02
gHVH g].[52 gH5 ’

oon

HopmaneHble peakipud TpyHTa Ha Kojeca Rz MOXHO ONPEAETUTh 10
neopMalyy MHHBI

hz :é‘]o;
R =C,(&-9; (13)
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3HaueHus & W3MEHSIOTCS B Impeenax *&,, rae & — aMIuuTyna KonebaHuit
HEMOJPECCOPEHHON MAacChl ompenenserca Mo ypaBHeHHIO (9), a 3HaueHHs ¢,
W3MEHSIIOTCS B TIpezieNiax £q,, T/ie gy — MOJIOBUHA BBICOTHI HepoBHOCTU. Hampumep,
mpu & / qo = 0,8 3Hauenune R m3Mmensercs B npenenax R, = 0,2 Cyqo 10 Rz =
1,8Cmq0.

BriBoabl:

1. Tlpu 3KcrulyaTalliyd TPY30BBIX aBTOMOOWJICH Ha J0pOorax ¢ HEpOBHOMH
MOBEPXHOCTBIO CKOPOCTh JBHDKEHHUS W TPOU3BOAUTENBHOCTH CHIKatoTcst Ha 40-
60%, pacxo TOILIMBA M ce0ECTOMMOCTD ITEPEBO30K yBenuuuBaroTcs Ha 50-70%.

2. Ha crenens cHmkeHus 3GEKTUBHOCTH aBTOMOOHIIS M3-32 HEPOBHOCTEH
MyTH BJIUSIET, TIIaBHBIM 00pa30M, Ka4eCTBO ITOJIBECKH.

3. OCHOBHBIM KpHUTEPUEM OTrPAHHYCHHUS CKOPOCTH SBISETCS yruap B
orpaHnunTen (IMpoOOi) MOJBECKH: CKOPOCTh JABHIKCHHUS JOIDKHA OBITh TaKOM,
4yT0o0BI MallIMHA Iepeexaia HEpOBHOCTh 0€3 yiapa B OTpaHHYUTEIH.

4. Bo Bpems mepee3na uepe3 COUHHYHBIC HEPOBHOCTH, IIEpEMEIlCHHS
Ky30Ba aBTOMOOMJISI MPEBBIMIAIOT BHICOTY HEPOBHOCTEH B 1,5 pasa, a mepeMenieHus
OIOPHBIX KOJIEC HE MPEBBIIAIOT BHICOTH HEPOBHOCTH.

5. Tlpu nBwkeHnn aBTOMOOWIST HawOojblliee BIHMSHHE Ha 4YelOBEKa
OKa3bIBAIOT BEPTHUKAJIbHBIC KOJeOAHU, MPH JITUTEIBHON IKCILTyaTalluy 3HAYCHHE
CpeIHEKBAIPATUIHBIX YCKOPEHHH MOKHBI ObITh He Oomee Z <0,25g, a mpu

Henpoaomkurenbaom Z(0.4g .

6. Ilpu nBMXKEHMM aBTOMOOWIISI IO CHHYCOHMJIATBHBIM HEpOBHOCTSM B 1,41
pasza Oonblie 3HaYeHHE JOMYCTUMBIX YCKOPEHHH, IPH 3TOM HeOIaronpusTHON JUTs
YesoBeKa MOJIOCHl YacTOT HaxoaTcd B npenenax 4-8 ['m.

7. Tlpu oTpbiBE KOJeCc OT TpyHTa TOBBIIIACTCS OyKCOBaHHE KOJeEC,
CHHMXKAKTCS TAT'OBBIE BO3MOXKXHOCTU aBTOMO6I/IJI$[, yCTOﬁ‘II/IBOCTB JABMXXCHHUSA H
YIPaBIIEMOCTb.

8. Kuuermueckass oHeprus aBTOMOOWJISI TIPU HEPOBHOCTAX JOPOTH
YaCTUYHO PACXOYyeTCs Ha MPEOAO0IeHNE TOPU30HTAIBHOM COCTABIIAIONIEH peakuu
JIOPOTH — BO30Y)KICHHE KOJIeOaHUN TOAPECCOPEHHOM M HEMOAPECCOPSHHON Macc
ABTOMOOMIISL.
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Martepuan noctynui B pegakiuio 24.10.13.
E.O. Omapos, E.C. IxxunkudaeB
M.X. Jlyramu ameindasst Tapas memaexemmix ynusepcumemi, Tapas .
TETIC EMEC KOJIAPMEH KOJIIK ) KYPICI
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XKon Tecemmaepi, COHBIH IIIHAE KO OYABIPHI KO3FAJIBIC KBUIIAMIBIFBIH
IIEKTEI KaHa KoWMaM, JKypic anmnapaThHbIH CEHIMAUIITIHE JIe acep eTe/li, COHBIMEH
KOCa KOJIIK arperaThlHbIH OHIMAUIIH Kemitemi. JKanrbi3 OYIbIp apKbLIbL,
KEe3CHIMEH KaWTalaHaThlH  OyJpIpjapja JKoHE Ke3JIeHCOK  MHUKpOOeHiHi
TOIBIPAKTHIK KOJIJap OOWBIHINA KOJIIK XKYPiCl KapacThIPbLIFaH.

Tyiiin ce3mep: KoK, X0 TOCEMI, KYPiC anmapaTsl, OYIbIp.

E.O. Omarov, E.S. Jilkibayev
Taraz State University named after M.Kh. Dulati, Taraz

DRIVING CAR ON UNEVEN ROADS

Unevenness of road surfaces not only limits the speed, but also affects the
reliability of the running gear, and thus reduces the performance of automobiles.
The movement of the automobile over bumps through a single unevenness,
repetitive unevenness and the dirt surface with a random microprofile.

Keywords: car, pavement, running machine, unevenness.

00X 621.229
E.O. OMaI)OB], A.T. Umanpocos’, B.Y. ’Kaman6aes’, J.A. Aaimaxanosa’

i 2 3
Texn. 2vLn6imM0. Kano., npo. “Texn. 2biibim0. Kano., 0oy. ~Mazucmpaap, aza OKbImMywsliap
M.X. Jlynamu ameinoaevl Tapas memnekemmix ynueepcumemi, Tapas Kanacwol

BY KO3FAJITKbILIbBI

[opmienai imTeH jkaHATHIH KO3FAITKBIIITApAa KbICY IMPOLECIHIH COHBIHIA
WWIMHAPAE ChIFbIMAaNbI, Temieparypackl 500+600°C-ka AeiiH KeTepiireH ayaHbIH
YCTiHE JM3eib OTHIHBIH OYpPKYIiH OpHbIHA Maiia To3aH TypiHIe cy OYpKY YCHIHBUIFaH.
blcteik ayara OypkinreH cy Oyfa aifHaubIll, OHBIH KOJEMi *OHE KbICHIMBI apTaabl. Och
KBICBIM TIOpIIEH Ti )KBbUDKBITBII, Mai/IalIbl JKYMBIC aTKapa/bl.

Tyiiin ce3aep: imTeH >kKaHATBHIH KO3FAITKBINI, Oy KO3FAaITKBIIIbI, IUIXHD,
KJamnaHjap, Tepese, MopIeHb, KbICY OpEeKeci, NILIFBIHABI Ta3/1ap, yAaFbIIl 3aTTap,
KOFapFbl MEXEITiK HYKTE, TOMEHT1 MEXKEITiK HYKTE.

Kasipri ke3zeri aBToKemKTep/ie )KoHe 0acka Ja KypbUIbIC MalllHHANAPBIH/A
naiananyna >KypreH MOpIICH/II IMITEH >KaHATHIH KO3FANTKBIIITAP/BIH KOITEereH
KeMIIUTIKTEpl Oap: KOHCTPYKIHUSACHI ©Te Kypnemi, Oarackl KbIMOAT, KYH ©TKEH
cailiblH KOpbl KeMeHinm Oapa j»aTKaH MyHad OHIMJIEPIHEH djXKacajfaH OTBIHbI
naianaHauer;, ®aHy eHIMJEpiHeH Maiaa OoNaThIH IIBIFBIHABI Ta3fap KypaMbIHa
KOpIIaFHAH OpTara 3USHIBl ocepi ©Te JKOFapbl OOJIFaH YJaFbllll  KocHauap
(CO,NO,) xem.

Ko3FanTKpIITBIH OChl KEMIIUTIKTEPiH JKOWBIN, MpoOJIeMaHbl TyOerenmi
ey YIIH, )KaHa KyaT Ke3iH Ta0y kepek. On kaHmadi OonMak? MyHpmai KyaT
Ke3iHe ap3aH cy OyblH MaijajaHbIl KYMBIC ICTEHTIH >KOHE KOpIIaraH OpTara
3HUSH/IBI IIBIFAPBUTBIMIAPEI OOIMANTBIH KO3FAITKBIIITAP/IbI dKATKBI3yFa OOMabl.
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MyHali KO3FaNTKBIIITHIH Oip BapuUaHTHI PETiHZAE «OKaHapMai 3JeMEHTiH»
naijanaHy YCBIHBUIFaH, JCTCHMEH IICIIIMEreH Maceselnepl Kem OoJFaHAbIKTaH
Kas3ipri Ke3Je OHAai KO3FAJITKBIIITHIH MakjalaHy ayKbIMbl MapIbIMChI3 OOJIBII
oTeIp. «XKaHapMail 3J€MEHTIH» KOJNJAHATBIH KO3FAJITKBIIITHIH HETi3rl KEMIILIIr:
KQ)KETTI KeJIeMIC CYTeri 3JIEMSHTIH OHIPY i JIe IICIIMIH TarmaraH, COHIABIKTaH
OHJall KaXKeTTi KejeMJe CyTeri 3JeMEHTIH OHJIpe ajlaThlH KOHIBIPFBIHBI jKacay
YIIiH KONTEreH 3epTTeylep i Kyprizy kaxer. [leMek, OyJ1 MOCeNeH1 TONBIK MIeny
oTy yIiH mamamer 10-15 Kbl maMachiHAa YaKbIT KEPEK.

AtanraH npoOJeMaHbl IICHIYAIH TaFbl OIp JKONBI peTiHAe — Oy
KO3FaJITKBIIIBIH KOJAaHYAbI YChIHYFa 00siafbl. By KO3FaJITKBIIIBIHBIH KYMBIC i1CTEY
MPHUHIIMITI KbICY TPOILIECIHIH COHBIHIA IUIMHIPre OYPKUIreH CYIbIH OyFa aifHaJIbII,
LHMAJIMHIP 1MIHAErT KhICBIMBIHBIH apTybIH NMaiaiaHyra HerizgenreH. L{umuHapae
CHII3Y JKOHE IIbIFapy KialaHaapbl O0JIMaiiIbl, OHBIH OPHBIHA IIUIHHIPIH TOMEHT1
JKarblHJa OpHAajacKaH IIbIFapy Tepe3enepi raHa Oomanbl. JKaHy KaMmepachiHa
OpHATBUIFaH OYPIKKIIITEp CYAbl TYMaH TYPiHJE IMIMHIpPTe OYpKim Gepeti.

YChIHBUIFAH KO3FAJITKBIIITBIH KYMBIC ICT€yl TOMEHJErl TOpPTINTE XKYPei.
Kpicy nmopexeci & =20+24 apanbifblHia OOJNFaH KO3FAJITKBIIITHIH ITOPIICHI
JKOFapFbl MEXKENIK HYKTEre J>KCTKCHIC I[WIMHIPIACTI ChIFBIMIAIFaH ayaHbIH
temneparypacel 500+600°C-ka neifin ketepineni. Con coTTe TYMaH TYpiHIE
OYpKUIreH Cy *OoFapbl KbICBIM MEH TeMIlepaTypa *araalblHaa Te3 Oyra aifHaaabl
na, kenemi 50-170 ecere aprajpl, AeMeK, Oy KbICBIMBI Ja COHIIIA €Ce apTaJibl IETeH
ce3. Ochbl KpICBIM KYIIiHIH 9CEpiHEH IMOpIIeHh TOMEH Kapai KBUDKBII, Maiaibl
JKYMBIC aTKapasbl.

[NopmieHb ToMEHri MeXenik HYKTere jkere OepreHje, Nalgalibl KYMBIC
aTKapelll OonFaH cy Oybl LWIMHIDP KaOBIPFACHIHIAFBI Tepe3enep apKbUIbl 63
KBICBIMBIHBIH OCEPIHEH CHIPTKA IIarajbl. Tepesenepre jkajrackaH KOJJICKTOP MEH
paauaTopAa KeJeMiHIH apTyblHa JKOHE TEMIICpaTypachlHbIH TOMEHICYIHE
0aiiyIaHBICTBI CAJIKBIHAAFaH Cy Oybl CyFa alHaJIbIN, CYy KYOBbIpbI apKbUIbI apHaibl
JKacaJlraH BIABICKA JKMHAIaabl. JKuHaIFaH Cy HAcOC apKbUIBI COPBIN ajbIHAJbI 113,
JKOFapbl KbICBIMFAa JICHIH CBIFBIMIANBIN, KalWTafaH OYpIKKIIITED apKbUIbI
HUAJIMHIPre OypKiIeni.

Ko3ranTkpiin eki TaKThUIbI LMK OOWBIHINA JKYMBIC ICTCHI, SFHH HIHJI
OUTIKTIH 9pOip alHAJBIMBIHJIA MOPIICHb JKYMBICTBIK XKYPIC JKacalbl, COHIBIKTaH
KO3FaJITKBIIITHIH OipKaIbIITBl JKYMBIC iCTEyl VINIH IWUIHHIpIEP caHbl 4+6
apaJIbIFbIHA OONFAaHbI TUIMJII OOJIMAK.

’Kany kamepacbiHa OYpKUIT€H CYIBIH KbICKA YaKBIT 1IIiHAC OyFa aiHaIybIH
KaMTaMachl3 ery yimH Oip Meserre 2..4 Oypky (opcyHKalapelH KOJIJAaHY
KaXETTIr TybIHAAHABI jkoHEe (OpCYHKalap Cyabl Mala TyYMaH TypiHae OypKyi
tric. CoHIa XaHy KaMepachIHBIH OYKiI KejieMi OOMmam »KbUIJaM JKOHE TOJBIK
Oynmany mporeci kypeni. Bypikkim periHae Kas3ipri JKeHIT aBTOKOIIKTepiHe
KOJIZIaHBUIBIN JKYPreH OTHIH OYPIKKIIITEPiH KoNJaHyra Oonalbl, OHAAFbl OYPKY
KbICBIMBI 3+4 MIla mamacbiaia OoiraHbl THIMIII.

Cy koHe cy Oybl ocepiHEH KO3FaJITKBIIITHIH OoJlaTTaH JKOHE IIOWbIHHAH
KacaJlFaH TETIKTep1 KOppO3WsFa YIIbIpaMay YIIiH, HacocTap MeH OYpIKKIIITepIiH
TeTIKTepl 9Jeil apHalFaH (JUTHPIICHTEH) MaTepHaliap/iaH jkacalyFa THIC, COHJa
TOTBIFYFa xon OepinMeiini. COHBIMEH Katap, jkKaHy KaMmepacblHa au3enbiae 1+2 T
JIM3eNb OTBIHBI OYpKiIce, Oy KO3FaNTKBIIIBIHAA OYPKUIETIH CYABIH MOJIIEPIH 1e
HaKThl aHbIKTay Ka)keT. borpkaMaapra KaparaHa *aHy KaMepachlHa OYPKIICTIH Cy
Meuiepi 3+6 r 11aMacblHaH aclaraHbl )KOH.

Byn Oy KO3FalTKBIIBIHBIH EPEKIIEIiri COM, KOFaphl KbICHIM TYFBI3YIIBI CY
OybI TiKeJIeH KaHy KaMepachIHbIH ©3iH1¢ AaibIHaAaa bl KO3FaNTKBIIITH iCKe KOCY
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YIIiH anjplH-alla MiHAgl OUTIKTI craprep JKOpIeMiHIEe aiHaIIblpy Kepek,
KO3FaJITKBIIII ICKE KOCBUIBII, KYMBIC icTell OacTaraHHAH KEiiH, KbICY MEH JKYMBIC
mporecTepi KaiTagaHa OTBIPHIT, Oy KO3FANTKBIIIBI OJaH 9pi KYMBICBIH 631
JKaJFacTeipa Oepei.

Winai OUTIKTIH afHaNy YKUUICH KOHE KO3FaJITKBIIITBIH OHIIPETIH KyaThIH
OYpPKUIETIH Cy MeJIIIIEepiH 63repTy apKbLIbl OacKapabl.

By K03ranTKbIIIBIHIA KaHY MPOLIECIHIH OpHBbIHA OyiaHy mpoieci etemi. Ochl
OyJlaHy MPOIIECIHIH KbUIIaMIBUIBIFBI aHBIKTAayIbl KakeT ereni. CoraH OaiylaHbIC-
Thl Oy KO3FaJITKBIIIBIHBIH OHTAHIbl alHaly JKUUIr J¢ aHbIKTauazpl. lmreH
JKaHATBIH KO3FAJITKBIIITapJa KaHApMaiIbIH JKaHy JKbUIAamabuibiFbl 3040 m/c
Oosica, OyJiaHy JKbUIAAMIBUIBIFBIH TOKIPHOE JKOJBIMEH aHBIKTAy KaKeT.

By KO3FanTKBIIBIHBIH )KYMBIC icTey cyJi0achl 1-cyperre KepceTinreH.

14

13 1 a&
KMH

12

1 — OynaHy kamepachl; 2 — MWJIUHAP; 3 — MOPIICHb; 4 — IIATyH; 5 — UiHl
Ounik; 6 — maligananran Oyabl IBIFapy Tepesenepi; 7 — Kyowlp; 8 — paguarop; 9 —
xkenaerkim; 10 — cajkplHOAFaH CyIbl JKMHAyFa apHaJifaH biaeici; 11 — copy
TyTikiieci; 12 — KOFapFbl KbICBIMABI CYy HACOCHI; 13 — 5KOFapFbl KBICBIM/IA iICTEHTIH
TyTikenep; 14 —Oypikkimrep.

Cyper 1. By KO3FalTKBIIIBIHBIH KYMBIC 1CTEY CYJIOACHI

¥ CBIHBUIBIN OTHIPFaH KOHABIPFBIHBIH apPTHIKIIBIIBIFEIMEH KaTap HIeHIiIMereH
Macenenepi ae oap.

By KO3FanTKBIIBIHBIH apTHIKIIBUIBIKTAPHI:

- KbIMOAT >KaHapMalJbIH OpHBIHA ap3aH CyIbl NaijanaHalbl, TEK CYIbIH
KYpaMBbIH/Ia TY3/Iapbl )KOK HeEMece oTe a3 O0JIFaHbI )KOH;

- atMocdepara (KOpIIaraH oOpTara) 3HSHABI KOCHAaapbl [IBIFapMaibl,
SFHU CBIPTKA WIBIFApAThIH KaHy eHIMJepi OonMaiiibl, maljanaHraH cy Oyl
KaiTagaH aiHaIBIMFA TYCII, NaiaJaHaThiH 0OJIabl;

- cy aHy KaMepachlHa TyMaH TypiHae Oypkineni, srHH Oyra aliHayFaHja
KaHy TIpOLeciHiH OonMaybiHa  OaiilaHBICTBI  JW3€b MEH  KapOropaTop
KO3FaJITKBIIITAPBIHIAFbIIAH KATTHI ITYBUT IIBIFapMaiiibl;
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- )KYMBIC ITUKJII MiHAI OUTIKTIH Olp alHaNBIMBIHIA O©TEi, SFHU €Ki TaKTiIl
KO3FaJITKBIII PEXKUMIHJIE )KYMBIC ICTSHTi, COHABIKTAH THIMJIUTIT €Ki €Ce apTaibl;

- GHII3y JKOHE IIbIFapy  KJIamaHJapblHa  KKETTUIIK  OOJMaiIbl,
naiananynan Kerinri Oy NWIMHIPIIH TOMEHTI )KaFbIHJa OpHajacKaH Tepeserep
APKBUIBI 63 KBICBIMBIMEH CHIPTKA HIBIFAPbIIA]IBL;

- Cy CaKTaFrbllll BIIBICKA KYWBUTFaH JUCTHJIJICHTEH Ta3a CyJIbl y3aK Mep3iM
OoiipIHa Maigananyra Oonajpl, cedbebi )KYMBIC YpJiciHae Ccy KaiTa maijananyra
KapamJibl, TeK CYJBIH JEHIeliH TEKCEPIl )KOHE TOIBIKTHIPBIT OTHIPY KaXeT;

- CaJIKBIH/IATY JKYHECi apThIK CaNKbIHIATYAbI KOKET eTneli, cedbebi Oynany
KaMepachIHJarbl TeMIlepaTypa 600 C-tan acraiiibl, COHABIKTAH LWIMHADP >KOHE
MOpILIeHh OETTepiH rKarapMailllapMeH >»OHE ayaMeH JKEIJICTIN CaJKbIHAATyFa
6omampl;

- GHTI3Yy JKOHE WIbIFapy KIaNmaHJapblHbIH OoMMayblHa OalIaHBICTBI Ta3
OeJlicTipy MeXaHW3IMIHIH KaKeTTLmri OonMaiiiel, an IbIFapy Tepe3eciH
MOPIIICHHIH 631 alllbI-ka0abl.

By K03FanTKBIIIBIHBIH KEMIIUTIKTEPl MEH HICIIUIMETeH MaceNesepi:

- OYpKUITeH CYIbIH Kyprak Oyra aiHajyra KETETIH yaKbIT MeJIIepi MeH
MiH1 OUTIKTIH OHTAMIIbI alfHAITY JKULTITT aHBIKTAY bl KaXKET €Te/Ii;

- )KaHy KaMmepachlHa OYPKUICTIH CyIbIH OHTAMJIbI MeJIIepi Je¢ 3epTTel
AHBIKTAY/IbI KQKET eTe/I;

- Hacoc TeH OYpIKKIITIH TETIKTepiH TOTBHIKMAWTHIH  JIMTHPIICHTCH
MaTepHaliap/iaH Kacaybl Tajar eTei;

- numMHap 6Gerin Maiinay ymin Temnepatypackl 600 C, kpickiMbl 20-30 MITa
cy OybIMEH OKYBUIBII KETMEHTIH apHaiibl jkarapMmaliMeH Maiiay KaXeTTiri
TYBIHJANIbI;

- MalnaHOalWTBIH OONFaHIBIKTaH, >KYMBIC MEp3IMiH y3apTy YIIiH Hacoc
TUTYH)KEpi MeH OYpIKKIIITIH TETIKTepiH JKEeNiHyre MbIAaMIbl KepaMHUKAIbIK
MaTepHalIap/iaH kKacay Kaxer.
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4. Jpuratenn BHYTpeHHOro cropanus [Tekcr]: ycrpoiictBo u pabora

MOPIIIHEBBIX M KOMOMHUpoBaHHBIX apurartencit / [lox pen. A.C. Opauna u
M.I'. Kpyrnosa. — M.: MammHocTtpoenue, 1988. — 520 c.

5. Tpakropubie nu3enu [Tekct]|: cnpaBo4yHHK; mon oOmieil pemakuumei B.H.
Bsoposa. — M.: Mammnoctpoenue, 1984. — 535 c.

Marepuan pegakuusra 13.11.13 rycri.

E.O. Omapog, A.T. Umannocos, b.Y. ’JKamano6aes,
9.A. AimaxaHoBa

Tapasckuii 2ocyoapcmeennvlit ynugepcumem um. M.X. /[ynamu, e. Tapas

96



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2013, Ne4
Mechanics & Technologies

ITAPOBOM JIBUT'ATEJIb

B mopurHeBpIX ABUTATENAX BHYTPEHHErO CrOpaHMs, B KOHIIE Ipolecca
cKaTvd, B BO3AYIIHYIO cpeny, Harperylo no TemmepaTypsl 500+600°C
MPEeUIOKEHO BMECTO AMU3EIBHOTO TOIUIMBA, BIPBHICKUBATH YHCTYIO BOAY B BHUIE
MeNbYaiImx dYacTull. B pesyiabTaTe BBICOKOH TeMIepaTypbl Bojaa OBICTPO
UCTapsieTcsi W yBEIMYUBAIOTCI ¢ 00beM U JaBleHHe. B pesynbraTe 3TOro
MOPILIEHb TIepeMeIIasch BHU3, COBEpIIAET pabOYMil XOI M BBHIMOIHSIET MOJE3HYIO
paborty.

KuloueBsble cjioBa: qBuUrateny BHyTPEHHETO CrOpaHus, MapoBOW JBUTATENb,
UWJIMHJP, KJIalmaHbl, OKHO, IOPIIeHb, CTEMEeHb C)KaTHf, BBIJIONHBIE TIa3bl,
TOKCHYHBIE BEIIECTBA, BEPXHSSA MEPTBas TOUKA, HYKHSS MEpPTBasl TOUKA.

E.O. Omarov, A.T. Imandosov, B.U. Zhamanbaev, E.A. Almahanova

Taraz State University named after M.Kh.Dulati, Taraz
STEAM MACHINE

At the end of the compression process in the piston internal combustion
engines, into the air, heated to a temperature of 500 =~ 600 ° C, it is suggested to
inject pure water in the form of tiny particles instead of diesel fuel. As a result of
high temperature the water evaporates quickly and increases its volume and
pressure. As a result of this pressure the piston moves down, makes stroke and
performs useful work.

Keywords: internal combustion engines, steam engine, cylinder, valves,
window, piston, compression ratio, exhaust gases, toxic substances, the upper dead
point, the lower dead point.

00X 621.438
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i 2 3
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M.X. Jlynamu ameinoaevl Tapas memnekemmix ynueepcumemi, Tapas Kanacwol

KO3FAJITKbILTHIH HIbIFBIHAbBI I'A3/IAPBIHBIH
VABLIBIFBIH ABAUTY KOJIIAPBI

Ta3za cynel OyigaHFaH TYMaH TYpiHAE MOPLIEHl IMITEH >KAaHATHIH KO3FAITKBIIITHIH
€HTi3y KyOBIpbIHa Oepy 9Jlici YChIHbUTFaH. bepinreH cy Oybl eHrizy KyOBIPBIHAAFbI KaHFBIIII
KOCIIaFa KOCBUIBII, InuHapre Oepineni. XKany 6apeicbiHIa cy Oybl OTTETIre )KoHE CyTerire
XBIPAJTBIN, JKaHyJaFbl OTTEri YJeciH apTThipaabl. HoTmkene >KYMBICTBIK KOCIHA TOJBIK
JKaHaJb! Ja, IBIFBIHABI Fa31ap/IblH KYPaMbIHAAFEI YIaFbIl KOMIOHEHTTEP KEMHU/I.

Tyiin ce3mep: iTEeH >XaHATBIH KO3FAITKBINI, Oy, HMWIMHIpP, KiamaHaap,
MOPIIIEHB, KbICY I9PEIKEC], IIBIFBIHIBI T'a3/1ap, YIaFbIIl 3aTTap.

liTeH JkaHATBIH — KO3FAITKBIIITAPAaH O6IHETIH IMIBIFBIHIABI  raszjuap
KYpaMbIHIAFbl YIAFBIII 3aTTap aya jKOHE Cy OaccelHIepiH JacTailabl, eCiMIiK
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KOHE JKaHyaplap/IblH OCYiH TeXeli, alaMHbIH JICHCAYIBIFbIHA 3USHIBI 9Cep eTe/Ii.
Ierrpiaapl Ta3gap KypaMmbIHIAFBl YIIAFBI 3aTTapibl a3aidTy HeMece MyJJeM
OonapipMay YIIiH, eHTi3y KyObIpbIHA HEMece TiKeNeH WINHAPTe TYMaH TYpiHje Cy
Oypky kepek. Llunmunapnepre OypKiNieTiH cyablH Meninepi Oipaeit Oomybl YIIiH,
opOip HUIMHIPTE KeKe-KeKe cy OYPIKKIll OpHATKAH AYpHIC.

Bypkinren cy muauHIpAEri KYMBICTBIK KOCHAHBIH KbUTY CHIABIMIBLIBIFBIH
apTTHIPHII, KaHY IMPOILECIHAC Tra3[blH TEMIIEPATypachiH OipiiaMa TOMEHIETEI.
Byn, akagemuk S1.B. 3enbaoBUUTIH 3epTTEyJIEPiHIH HOTHUXeCI OOMBIHINA, a30TThIH
TOTBIFY PEaKIUACHIH TOKTaTasl [1, 2].

3epTTeyNepaiH HOTMIKECIHE KaparaHjaa, erep IWIMHApPre OYpKUIETIH Cy
MOJIIIepl MUIMHAPIE CHTI3UIreH OThIH MaccachlHbH 70-80 MmaibI3blH KYpandThIH

Gosca, sAFHN CyAbIH JKaHapmaiira KateiHacel G, /G, =0,7+0,8 apanbirbina

HCAH
Oonranza, *aHy eHimaepinae a3or Toreirbl (NO | ) exi ecere meitin xemuni [2].
OchIHail KOCIIaMeH JKYMBIC ICTEreH KO3FAJITKBIIITBIH KyaThl TOMEHIEMEH Ii JKoHE

KaHapMmal IIBIFBIHBl apTHaiJbl. AKaJleMUK 3elmbJOBUYTIH [2] 3eprreynepiHiH
HOTHIKeCi OOMBIHIIIA, )KAHFBIII KOCHara Cy OYpKiITeH/ie ®aHy eHIMiHe ¢y OybIMeH

karap (/,0) asor Toreirbibi (NO| ) yneci 0,0001 maiibisra neifin a3asThIHbI

nanenenred. Ockl OaliTaHbICTAP IBIH IMHAMHKACKI |-CypeTTe KOpCeTiIreH.

Ochbl 1-cyperTe KepceTUIreHei, a30T TOTBIFBIHBIH KeMyl OYpKIIreH cy
yJieciHiH apTybiMeH KaTap, kemip ToTeirbiHbIH (CO) yieci qa aprajibl, COHABIKTaH
oypkuterin cy wmemmepi 0,3-0,4 KaThlHAChIHAH acHaraHbl THUIMII, COHJAA >KaHYy
eHimzepiniH Kypambingarsl (CO) yneci esrepmeiini, an azor Toreirsl (NO,)

1800-ner 1100 ecere neiiin kemuai. CoHABIKTaH, OYPKUICTIH Cy MOIIIEPiH
ontuMaiael jgen cananateiH (0,7-0,8 KaThIHACBIHA JKETKI3iIN, YKaHY OHIMIEPIHIH

KYpaMbIHAaFbI NOX ynecin 0,0001 maiipi3ra AediH TOMEHIETY, COHAal-aK eKiHIIi

yiel Kocria — CO yleciH a3aiiTy KepeKTiri TybIHIaiIbI.

CoO NOx
ppm | ppm
1000 4 1600

800 { 1400 \

cO
600 | 1200 \ NOx /

400 4 1000 ><E/
e Y\
S5 0

200 4 800 Gey

GixaH.

0 01 02 03 04 O 6 07

Cyper 1. A6txo¢ nen Jlrorep [1] 3epTTeynepi OolibiHIIa
YKAaHFBIII KOcIara OYpKUIreH cy MeJiepine OailaHbICThI IIBIFBIHBI Ta3aap

KypambiHaarsl yisl 3aTTapasiy (NO nenCO) esrepyi

Kemip toreirbi C(O Heri3iHEH XaHy NPOIECIHIE JXYMBICTBIK KOCIa
KYpaMbIHIAFbl OTTErIHIH XKETiCIIeyiHeH maiiia 0oJajpl, COHBIKTAH ayaHbIH apThIIl
Kery koag¢uimeHTi OipJeH apThiK « > 1, OOnfaHbl, SFHU JKaHylIa KaThICAThIH
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ayaHbIH HAKThl MOJIIIEP] OHBIH TEOPHUSIIBIK KaXKETTI MOJIIIEPIHEH apThIK OOJIFaHbI
xkoH. OJ YIIH aya Ta3apTKBIITHIH >OHE KapOropaTopiblH, COHIAH-aK EHri3y
KJIallaHbl MEH KYOBIPBIHBIH KapCHUIBIFBIH a3aWThIN, KAXKETTI KOJIEMJIE ayaHbIH
MWIMHAPTE SHTI31TyiH KaMTaMmachl3 €Ty KepeK. ByFaH Ko jKeTKi3y YIIiH eHri3y
KYOBIpPBIHAA aya KbICBIMBIH TYFBI3FaH THIMAI jaen caHauaibl. OChl TajamnTapibl
TOJIBIK OPBIHJAY MaKcaThlHJa, Ka3ipri KO3FalTKpIIITapAa KapOropaTopliaH KehiH
TypOOKOMIIPECCOPIbl  OPHAJACTBIPBIN, all JkaHapMmail OypKUIeTIH  Kasipri
KapOpaTop MEH AM3eIb KO3FaITKBIIITAPBIHIA €HTI3y IMPOILeci Ke3iHAE EHri3y
KJIaNIaHBIHBIH aJJIbIHIA OTBHIH OYpPKUIIN >KaHFBIII KOCHAChl AalbIHAaNaael. EHrizy
KYOBIPBl apKbUIbl IMJIUHAPIE OCPLTiN KaTKaH KAHFBII KOCIAHBIH YCTIHE CYIIbI
OypkiTeTiH (opCcyHKanap OpHATBbUFaHIA, OYPKUIreH Cy OYbl YKaHFBIII KOCIIAMEH
KaKChl apaliachlll, Kocma KYpaMbIHIAarbl CY MOJIIEPIHIH OTBIH MeIIIepiHe
KaTeiHACBhIHBIH MoHIH 0,7 + (,8-re xerkizyre Oonanpl. COHBIMEH KaTap, apThIK
Oepinren aya (o >1) sxaHapmail KOCMACBIHBIH TOJBIK JKaHYBIHA, SFHH

TOMECH/ICTIICH XUMUSIIBIK PeaKIMsIHbIH OTYIHE JKaFaai skacaiIpl:

CO+0,50, = CO,

C H, +(m+ g)o2 > mCO, + gHzo

Ocbl €Ki YCHIHBIC TONBIK OpBIHIAJIFAH >KaFjaiaa, WIBIFBIHIABI Ta3aap
KypambiHaarbsl yibl Kocranapsl (CO, NO ) TeMmenzeln, KOpIIaraH OpTara 3UsHBI

OonmMaiinel. EHrizy KkyOblppiHa Cy OypKUT >KoHE TypOOKOMIpPEccopibl
naiinananranHan keifiuri NO, men CO KocnanapblHBIH KeMyl 2-cyperrte
KOpCETUITeH.

NOx co
ppm ppm
1600 1000

1400 \\ 800
1200 ;\\ 600

\\
co| ]

800 200

1000 400

600

0 0,1

)

0,2

0,3

04 05 06 0,7 Gey
GixaH.

Cyper 2. Enri3y kyObIpbIHa ¢y OYpKIIl %koHE TYpOOKOMITPECCOPIbI
nmaiananyaan Keiinri N OX ned CO KocmnajlapbIHBIH KEMYi

OpOip IWIMHAPAIH eHri3y KYObIpbIHa KEKe-)Keke cy OYpIKKIll JKoHe
aHapMmall OYpIKKIIl OpHATBUIBIN, aya Ta3apTKBIIITaH KeiiH TypOoKoMmpeccop
KOMBIIAIBI.

TypOokomrpeccopZiaH ©TKEH ayaHbIH KbICHIMBIHBIH apTybIMEH Kartap
TeMIlepaTypachl Jla apTajbl, COHJABIKTaH IIMHIpPre OYpKUIreH jkaHapMail MeH
CYABIH Te3 OylaHybIHA JKOHE AKChl apajiachlll, IMJIHHIPTE KbI3FaH JKOHE JKAKCHI
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apanackaH KOCTaHBIH €HyiHe »Xaraail jkacanaipl. HoTmxkene »KYMBICTBIK Kocria
TOJIBIK JKaHBIT, NMIBIFBIH/BI Ta3ap KypaMblHAA YIbI Kocnamap OolMaiiil Hemece
oJiap eTe a3 MeJIIepIe FaHa Ty3lIeni.

Jlu3enb KO3FaNnTKBIMIBIHIA OoJica, €HTi3y KYOBIpBIHIAFhl ayara Cy TyMaH
TYpiHzIe OYpKiTin, CyablH TOJBIK KejieMzie OyNaHBIN, ayaMeH apajachlll, cOIaH
HWIMHAPTe eHyiHe JKarjail JKkacajajapl. DBYpKUITeH cy MeJIIepiHiH OThIH
Meuepine kKateiHackl 0,7 + 0,8 Oomranma skaHapMmaii — KOCHACBIHBIH
CHIUBIMBUIBIFBl  APTHIN, A30T TOTBIFBIHBIH TY3UTy pPEaKIUsChl Oasynaiibl,
HOTHIKECIH/Ie IIBIFBIHJIBI Ta3[ap KYpaMbIHIAFkl a30T TOTHIFRIHBIH Yieci 0,0001%-
JlaH acnanmsl.

AyaHBIH apThlll KeTy KO3(QGUIMEHTI ¢ >1,8 OonFaH armaiiia IIbIFbIH]IbI

rasnap Kypameingarst CO xocmacel Tonblk kenemae CO, -ra aifHangazbl, OHBIH
KOpIlIaFaH OpTaFra TUTI3ETiH 3UsAHBI TeMeHzen, EBpo-5 TamaOblHa TOJNBIK JKayam
Oepeni.

KopbITeiHapt:

1. JKamapmaii kocnaceiHa xaHapMmaigeiH 0,7-0,8 yrieciH KypaHThIH
Meepie ¢y OybIH TyMaH TypiHae OypKy apkpuibl a3ot Totbirbl (NO, ) men CO

KOCIaJapblHBIH Taiima OonyblHa >K0n OepMeyre Oonaabl, SIFHU KaHapMaii
KOCHACBIHBIH JKbUTY CHIMBIMIBLIBIFBIHBIH apPTYybIHA JKOHE OTTETIHIH MKETKUTIKTI
OoybIHA OaMIaHBICThI IMJIMHAPACT] )KYMBICTBIK KOCIIA TOJIBIK JKaHAJIbI J1a, 3USHIbI
ynarbim Kocnianap (NO_,CO) tysinmeiini.

2. Bypkinrem cy Oybl TOJBIK Kejemje OYIaHbIN, >XYMBICTBIK KOCIa
KypaMbIHIa OTTETiHIH JKETKUTIKTI OOJybl YIIiH, JAW3elb MEH KapOropatop
KO3FaJITKBIIITAPBIHAa TYpPOOKOMIIPECCOP KOHABIPFBICHIH KOJaHFaH ©Te¢ THUIMII,
COHJIa JKYMBICTBIK KOCITAHBIH TOJIBIK KaHYbIHA MYMKIHIIK TYyabl.

3. Humuuapre OepinreH »aHapMaiira KockiMmina oHbiH 0,7-0,8 yiaeciHmeri cy
OybIH Oypkin Oepilce, skaHy nporecinae asor ToteiFbl (NO ) Ty3inMmeiini Hemece

eTe TOeMEH MeJIlepae Ty3ileni, CoHAai-ak kaHy mpouecinae yiael CO
KOCIIaChIHBIH TY3ilTyiHe o OepiaMeiai ae, KozranTkeimrap EBpo-4 xone EBpo-5
TajanTapblHa TOJBIK JKayar Oepei.
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[peanoxen croco0 mopadW BOABI B BHJE Mapa B BIYCKHOH KOJUIEKTOP
IBUraTesns. 31ech CyXOW Hap INepeMelMBasich C TOprOYell CMEChI0 IOCTYIAeT B
mwuHAp. B mponecce cropaHust BOASHOW map pasiensercs Ha KHUCIOpPOA U
BOJIOPOJ], M oDoramiaer roprouuii cMech KUCIOpoJoM. B pe3ynbraTe mpouCXoquT
MOJTHOE CropaHue paboueil CMeCH W YMEHIIAeTCsl TOKCUYHBIE KOMIIOHEHTHI B
cocTaBe 0TpabOTaBIINX Ta30B.

KaloueBble cjoBa: nBuraTeqd BHYTPEHHETO CropaHus, Map, MHIHHID,
KJIallaHbl, IIOPUICHDb, CTCIICHL CXXAaTH s, BHIXIIJIOIIHBIC I'a3bl, TOKCUYHBIC BCIIICCTBA.

E.O. Omarov, A.T. Imandosov, B.U. Zhamanbaev, E.A. Almahanova

Taraz State University named after M.Kh. Dulati, Taraz

WAYS TO REDUCE THE TOXICITY OF EXHAUST GASES
OF THE ENGINE

The method of feeding of water as steam into the intake manifold of engine
is suggested. There dry steam is mixing with combustible mixture and entering the
cylinder. In the combustion process the steam is separated into oxygen and
hydrogen, and the combustible mixture is enriched with oxygen. As a result,
complete combustion of the operating mixture takes place and the toxic
components in the exhaust gases decrease.

Keywords: internal combustion engines, steam engine, cylinder, valves,
window, piston, compression ratio, exhaust gases, toxic substances.

YK 69 +624.151.5:561.5

I1.C. Moiita', I.B. IlIBenoBckwnii’, 1.H. Kine6aniok’

i 2 3
J-p mexn. nayk, npogh. “Kano. mexn. nayx, npogh. >Mazucmp, accucmenm
bpecmckuil eocydapcmeennvill mexHuyeckuil yHugepcumen,
2. bpecm, Pecnybonuxa benapyco

OCOBEHHOCTHU 'rEOTEXHUYECKHNX TEXHOJIOTU YCTPOMCTBA
HUCKYCCTBEHHBIX OCHOBAHUM HA 3ACTPAUBAEMBIX
TEPPUTOPUSAX CO CJOKHBIMHU NHKEHEPHO-
TI'EOJIO'MYECKHUMM Y CJIIOBUSIMUA

IIpencraBiaeHsl pe3yiabTaThl aHAAM3a TEXHOJOIMYECKHX M KOHCTPYKTHBHBIX
aCIIEKTOB YCTPOMCTBA HMCKYCCTBEHHBIX OCHOBAHHM METOAaMHM WHTEHCHUBHOIO YIapHOIO
YIUIOTHEHUSA. Y CTAHOBJIEHO, YTO KaK KOHCTPYKTHUBHBIE MapaMeTphl — Macca u ¢opma
MOIOIIBEI TPaMOOBOK, TaK M TEXHOJOTHUECKHE — PACIIONOKEHHE TOYEK M IOITAITHOCTh
YIUIOTHEHHUS, BO MHOT'OM OIPEIENSIOT BO3MOXHOCTD IMOJyYEHHUS] KAYECTBEHHBIX OCHOBAaHHIMA
JUIA JTFOOBIX HMH)KEHEPHO-T€OJOTMYECKUX YCAOBUM NPH MUHMMAJBHBIX SHEPro3aTparax,
CpOKax yCTPOWCTBA M CTOMMOCTH paboT.

KiioueBble cioBa: HUCKYCCTBCHHOC OCHOBAaHHUEC, TsIKEIaA TpaM6OBKa,
KOHCTPYKTUBHBIC IMapaMETpPbl, TEXHOJIOTNYCCKUE CXEMBI, paCuCT, OIITUMH3allHl.
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OnpIT TPOEKTUPOBAHUS CTPOUTEIHCTBA UCKYCCTBEHHBIX OCHOBAaHUM 37aHUN
Y COOpYKEHUH METOJaMU MHTEHCHUBHOTO yJAapHOTO YIIJIOTHEHHS MOKa3bIBAET, UYTO
TIOBBIIIIEHNE PKOHOMUYHOCTH TPUHATHIX pelIeHul, CHUKEHUE TPYAOEMKOCTH TPH
WX YCTPOWCTBE MOXET OBITh JOCTHTHYTO 3a CYET COBEpIICHCTBOBAHHS Kak
KOHCTPYKTHBHBIX, TaK M TEXHOJIIOTHYECKUX ITapaMETPOB, OMPEACISIIONINX BBIOpaH-
HYI0 TexHOoNoruwo. [IpaBHIBHO BBIOpAaHHBIE KOHCTPYKTHBHO-TEXHOJOTHUYECKHE
MapaMeTpbl MO3BOJISIOT MOJTYYUTh KaueCTBEHHOE OCHOBaHHE NMPU MHUHHUMAIBHBIX
sHepro3arparax s JIOOBIX WH)KEHEPHO-TEONOTHYECKUX YCIOBUH, a ClienoBa-
TENFHO, CHIXKAIOT CPOKH CTPOUTENHCTBA U CTOMMOCTB pabor [1, 2].

B mpom3BoacTBEHHOI mpakTHKe Hambolee paclpocTpaHeHa KBaJapaTHas
cXeMa pa3MelieHuss Todek yrioTHeHus. CyTh 3TOH CXeMbl — YIUIOTHEHHE
TPYHTOBOT'O OCHOBAHUS 10 YCIIOBHON CETKE OINpeAeTICHHBIX Pa3MepoB B OJUH MITU
nBa sTana (puc. 1).

>

&6 0
ORS00
| @_ _|

:
él}

H@@é@@
50600

| 4
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|

QOO0
| QOO0
5] [095 6

L»_J N ——
a) 0)

Puc. 1. Cxema yminoTHeHHs TPYHTOBOTO OCHOBAHHMS IO YCIOBHOI CeTKe:
a — TIepBbIi dTaIr; 6 — BTOpPOH 3Tan

[Ipu aToM 11 OHOSTATHON CXEMBI TOYKH YIJIOTHEHUS PacIojliaraiorcs Mo
BEpIIMHAM KBaJpaToOB, a JUI ABYX3TallHOW — B HayaJle IMPOU3BOIAT YIUIOTHEHUE B
TOYKaxX MO BepIIMHAM OOJIBIIMX KBaJpaTOB, 3aTeM JCIAIOT TEXHOJIOTHYECKHI
niepepsiB (10-15 cyTok) 1 mpou3BOIAT AajbHElIIee YIIJIOTHEHHE B TOUKAaX CpeaHen
YacTH 30HBI MEX/y epBOHAYAIFHBIMU TOYKAMH YIUIOTHEHUS.

He MeHee mmpokoe pacnpoCTpaHeHHE MOIydMsia U cXeMa TpaMOOBaHUS IO
y4acTKaM C TIEpEKPHITHEM CIIEeIOB OTAETbHBIMU IIUKIaMU (puc. 2).

| A I

1, 2, 3 — coorBerctBeHHO I, II u III 1iuks

Puc. 2. Cxema ymioTHEHHS TPYHTOBBIX OCHOBaHHH C IEPEKPHITHEM CIIE/IOB!
a) TpexIuKiIoBad (1o ABa-TPH yJapa B KayKIOM IHKJIE C TIOBTOPEHHEM IIUKIIOB JI0
MOJTy4eHHs 0TKa3a); 0) ABYXIIUKIOBAs (10 MATH-IIECTh YAapOB B IIHKIIC).
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VY1utoTHeHrEe 0OBIYHO BBITIONHSCTCS B JIBA MIIM TPU IUKJIA (TIPH IIOCTOSTHHOM
TIOBOPAYMBAHUU CTPEIBI TI0 MEpe Mepexoja ¢ OAHOro cliefia Ha Jpyrod (puc. 2a)
WM TIOCTOSTHHOM TIPOJABIDKCHHMM YIUIOTHSOIIEro Mexanusma (puc. 20)). Ilo
Ka)XJIOMY CJIe[ly TPOU3BOAMUTCSA COOTBETCTBEHHO OT 2 10 3-4 ynapoB.

HopmaTtuBueiMu fgokyMeHTamMH [6] peKOMeHOIyeTcs TOYKHA YIUIOTHEHHS
pasMmeniath Mo BEpIIMHAM KBaJpaTta (a) WM paBHOCTOPOHHErO TpeyroibHHuKa (0)

(puc. 3).

A
RAVAVAN
\J

e

N

ELSElS

s
s

6)

Puc. 3. CxeMbl pa3merieHus TOYSK YIUIOTHEHHS TPyHTa TPaMOOBKaMH 110
BEpIIMHAM KBajipata (a), paABHOCTOPOHHETO TpeyroibHuKa (0)

UccnenoBanmsamu [3] qokazaHo, 4TO ¢ OMHUMH M TEMH K€ DHEPTreTHICCKUMU
3aTpaTaMy IUIOMIAAb YIUIOTHEHHOTO OCHOBAHUS MPH TPEYTOJLHOM PaCIIONIOKCHIH
TOYEK YIUIOTHEHHS B 1,5 pa3a Goublie, 4eM MpH KBaJPaTHOM.

[IpoBencHHBII aHATM3 OCOOCHHOCTEH HAJIOKEHHS 30H YIUIOTHEHHS ONpee-
JIIET HEOOXOAMMOCTD TIEPEX0/a OT MOJIAPHBIX KOOPAUHAT K CHEPUUSCKUM OPTOro-
HaJIbHBIM.

[Tpu 3TOM B 3aBUCUMOCTH OT OCOOEHHOCTEH YIIIOTHAEMOMN TONIIU I'PYHTOB —
OJHOPOJIHAS WJIM MHOT'OCJIOMHAsI, TJ¢ BEPXHUU CIIOW MOJACTHJIACTCS Oojiee mpou-
HBIM I'PYHTOM, HGOGXOZ[I/IMO paccMaTpuBaTh COOTBETCTBCHHO CUCTEMbBI KOOpAHWHAT

15 TIOMIOCHBIX (d, ) U OPTOTOHANBHEIX (&, . ) ChEp U IIIUIICOUIOB.

opm
Ha pucynke 4 mnpuBeIeHBl COOTBETCTBYIONIHME PACUYCTHHIE CXEMBI
KOOPAUHATHBIX CUCTEM.

Puc. 4. PacuerHple cxeMbl KOOPANHATHBIX MTOBEPXHOCTEN
JUISL TIOJTFOCHBIX M OPTOTOHANBHBIX c(hep U IUTUIICOH 0B
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B coorBerctBum ¢ [7, 8] paccMarpuBaeMas pacueTHas cxemMa KOOpJIWHAT
MO3BOJISIET TIOJNIYYUTH CIEIYIONIME 3aBUCUMOCTH JJISl ONpPEACICHUS PACCTOSHHN
MCXKY TOYKaAaMH YIIJIOTHCHHA:

- B ITOJIFOCHBIX IIJIOCKOCTAX —

(0'-1')2 -(cosa +singo)2 N 1-56'513,,; )

i ¥ (1)

(0'2 —1)-sina o

- B OPTOIOHAJIBHBIX IINIOCKOCTAX —

(0-7)2 -(1+ tggo-coscx)2 N dip Do

a,,, =1.56-
(72 -1 2

opm

2

roe: O U T — YIribl KOOPJHMHATHBIX TOYEK CHEPUUECKHX IUIOCKOCTEH; ¢ — Yyroi
BHYTPEHHETO TPEHHsI TPYHTa B €CTECTBEHHOM COCTOSIHUH, ¢« — Yrojl HaKJIOHa
obpasyroueil chepy ymiorHenus; h,, — riyOuHa ormedatka; d,, — AUamerp

TpaMOOBKH.

(29%%1 noé aopm

,a [ =
2 1

pa3MeleHus To4eK yIuIoTHeHus (puc. 5).

COOTBETCTBEHHO [y = CO CIIEAYIOLEH CXEMOM

Puc. 5. Cxema pa3melieHus TOUEK YINIOTHEHUS

AHanu3 COOTHOIIEHUS 3HAYEHUH /; U [, TTO3BOISIET OTMETHUTD, UYTO [y >/, a

3TO YKa3bIBAET, YTO Pa3MEIICHUE TOYEK YIIJIOTHEHHS JODKHO OBITH IO BEpIIMHAM
paBHOOEIPEHHOrO, a HE PABHOCTOPOHHET0 TPEYTOJIbHUKA.

[IpoBenennsie wuccienoBanus [4, 5, 8] Takke CBUAETENBCTBYIOT H O
1IEJIECO00Pa3HOCTH YBEIIUYCHUS MacChl TPaMOOBOK, YTO IO3BOJIAET MONYYHTh HE
TOJILKO TPEeOYEeMYyI0 OCaJKy MOBEPXHOCTH IPYHTA ¢ MEHBIIMMH SHEPreTHYECKUMU
3aTpaTaMH, HO W 0OJiee PaBHOMEPHOE pacCHpee/ieHue IUIOTHOCTH IO TIyOMHE
YIIOTHSIEMOM TOJIIIIH.

OpHako TpaMOOBKa OIHOWM M TOM K€ MacChl MOXKET MMETh OTJIMYAIOIINecs
HE TOJIbKO pa3Mephl MOOIIBEI, HO M ¢ (POPMBI, 4TO 00YCIIaBIUBACT COBEPIICHHO
pas3Hoe cTaTUYeCcKOe JaBjeHue Ha TpyHT. Kak moka3pIBaeT mpakTHKa, YeM MEHbIIIE
CTaTHYECKOE JaBJICHUE HAa TPYHT, TEM OOJbIIE YIapOB B OJHOM TOUKE HEOOXOUMO
BBINIOJHATH JIJISL JIOCTHXKCHHS TPYHTOM TpeOyeMoi IIOTHOCTH. Malibie pa3Mepsl
MOJIOIIBEI TPAaMOOBKH HE TOJIBKO 3aTPYIHSIOT MMPOU3BOJCTBO PpaboT, HO JENAlOT UX
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MPaKTHYECKH HEBO3MOXHBIMU H3-33 BBIIIOpPA TPyHTA MPH ONPEACIEHHOM IMpenene
10 TUaMETPYy.
CrnenoBaTeabHO, ONTHMaJbHAS IUIOIIAIL OCHOBaHHUS TpaMOOBKH Oyjaer

JMIIL B TOM Cilydae, Koraa pabora ( 1V, pak )» 34TPavMBacMasi Ha YIUIOTHCHUE IPYHTa,

Oyzner MUHUMaNBHOH (N . ), T.e.
B
N([lak:M'H'Z'n e]\'/vmin’ (3)
rme: M — wmacca TpaMOOBKH, NpHHUMaeMmas ¢ Y4€TOM TPYy30MOABEMHOCTH

MexaHu3Ma, Tc; H — BeicoTa cOpackiBanusi TpaMOOBKH, M; B — miomane ydactka B
Tpeaenax KOToporo Tpebyercs yIIoTHEHHE IPYHTOB, M*; A — ILIOMIaAb OCHOBAHHS
TPaMGOBKH, M} N — YHCIIO yapOB TPAMOOBKH B OJHOM TOUKE.

AnHanmm3 o0co0EHHOCTEH YIUIOTHSEMOW 30HBI OCHOBAaHWN M HalpaBIICHHS
HOpMaJiel K IUIOM[aJKaM TJaBHBIX MaKCHUMAIBHBIX JeopManuil cxaTusi MpH
WCTIOJIb30BAHHUH TKETBIX TPAaMOOBOK C KPYIJIOW MIIOCKOH IOJIONIBOM MOKa3bIBaET,
YTO B 3TOM 30HE MPOHMCXOJUT B OCHOBHOM paJHalibHOE HaIpaBlIEHHE TaKUX
HOpMaJIeH, T. €. ¢ peodIalaHieM pauanbHbIX JeGopMaluii HaJl BEpTHKATbHBIMH.
310 M o0ycnaBiMBaeT Ha Ha4yallbHOM JTalle YIUIOTHEHHWS C)KaTHe IICHTPATbHOU
30HBI (cTONOA) TpyHTa C TMOCIACHOBATE/bHBIM paadaibHBIM €ro OOKOBBIM
pacirpeHreM, BBI3BIBAIONINM paIMaIbHOE CKATHE TPYHTA B iepudepuiiHoi 30He.

[Ipr OTHOCHTENHFHO BBICOKOW IUIOTHOCTH TpPyHTa MEpUPEPUIAHON 30HBI
paaraIbHOE CHKaTHe MOXKET COMPOBOXAATHCA €ro BeIMopoM. Beé aTo u onpenensier
OCHOBHBIC (haKTOphl MeXaHU3Ma JeopManuy nepudepuitHoN 30HbI: €CTECTBCHHAS
IJIOTHOCTh TPYHTA; CTENEHb PaJHalbHOIO PACHIMPEHUS M YIUIOTHEHUS TPYHTa B
LEHTPaJIbHON 30HE; BEIWYMHBI CHJI TPEHHMS Ha KOHTaKTe I[EHTPalIbHONH U
nepuepuitHON 30H.

Nwmeromuecs uccnenoBanus [1-5] B 1eI0oM TO3BONSIIOT OMPEACTUTH OTH
3aKOHOMepHOCTH. Ha pricyHke 6 mpHBeneHBl TpapuKH B3aHMMOCBS3H dmp co

CBOMCTBaMU YIUIOTHSIEMBIX TPYHTOB U TEXHOJIOIMYECKUMH ITapaMETPaMH.

Anamu3 3TUX TpapUKOB TO3BOIWI ONPENCTUTh MPEAIMOYTUTETbHBIH
JIMANa3oH B3aUMOCBs3el TpeOyeMbIX CBOWCTB TPYHTOBBIX OCHOBaHHHA |
KOHCTPYKTHBHO-TEXHOJIOTHYECKHX ITapaMeTPOB TSHKENBIX TPaMOOBOK. XapakTep

B3anmosasucumocreii S, =f(d ), \JMgH=¢p(d ) m=y(d, ) w a={d )

MO3BOJISICT CJETaTh BBIBOJI, YTO ONTHMH3AIIUS MPOIEcca YITIOTHEHUSI MOXKET ObITh
OpPHCHTHpOBaHA W Ha BBIOOp (HOPM TOBEPXHOCTEH IOAOMBHEI TPaMOOBOK, T.€.
WCITIOJIb30BAaHUE BMECTO TUIOCKHX — KPUBOJIMHEHHBIX TOBEPXHOCTEH TO/IOIIBBI.

B kauecTBe KpHUBONMHEWHBIX TIOBEPXHOCTEH TIOMOMBBHI  TPaMOOBOK
PaccMOTPEHBI J1Ba BapuaHTa — cepa BpalieHus u cepoun (puc. 7).

Ananmu3 ocobeHHocTel QOpMUPOBaHMSI KOHTYPOB 30H YIUIOTHEHHsS TPyHTa
TpaMOOBKaMHU C BBIYKIONW ceprueckoll M CPEpOUIHON W BBIMTYKIO-BOTHYTOM
cheporIHONM IOAOIIBAMM IT03BOJIMI YCTaHOBUTH clieAyroiiee. ONnTUMaIbHBIM
BapHaHTOM YIUIOTHEHHUS TPYHTOB TSDKENBIMH TPaMOOBKAMH C TEXHOJIOTHYECKOH
TOYKH 3pEHHUsSl MPH O0OECTeYeHHH MaKCUMAallbHOH TIyOMHBI 30HBI M JIOCTATOYHO
OJTHOPOJIHOW CTENIEHH YIIOTHEHUS SIBISACTCS JBYXITANIHOE: B HAYAJBHBIN MEPUO —
TpaMOOBKaMHU C BBINYKIOH c(EepOMIHON MOJOIIBOM, a 3aTeM — TpaMOOBKaMHU C
BOTHYTOH cdepounHoii momomBol. beccropHo, 310 TpebyeT co3maHus
CTIEUATLHBIX KOHCTPYKIIHN TSDKENBIX TPaMOOBOK.
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8 ,M

’
o

55+
4.5¢
3,57
2,5
M ,mc
125
T 20
115
T 10
T5
\MgH , (Tc*m)
T 70
T 55
T 40
125
110
SCT., MMMa
10,028
10,022
10,016
10,010
hyn, M
15,0t (M, HX , SD:CY, F )= const
12,0
9,0 T
6,0 T
30T S
cor EecT,Mrla
(m, HC,SDd ,h )=const T80
4 16,0
T 4,0
< T 20
fd. rlem’
207 (m, H ,SJd ,hyn,E): const
19 1
18 T
17 1 -
16 . . T T T .M
1,0 2,0 3,0 40 5,0 ™
M - macca Tpamb6oBku; hy, — MOIIHOCTH YNJIOTHSAEMOH 30HBI; B, —

paccTosHUSL MEeXIy ToukaMu TpambGoBanus; MgH — sHeprus ogmHOYHOrO yaapa;
Eeer — MOIystb mehopManuu; S., — cTaTHYECKOe JaBieHne Ha rpyHT; H — BbIcoTa
copoca

Puc. 6. I'paduk B3anMoCBsI3M 1UaMETPOB TPAaMOOBOK CO CBOMCTBAMH
YIUIOTHSICMBIX TPYHTOB 0, = f(P*,E,,,) 1 TEXHONOrNYECKUMH TTAPAMETPaMH

a,p =0, SerM,H,\|[MgH.,8,)
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a) 6)

Puc. 7. [IpuHnMIMansHbie cXeMbl TPaMOOBOK:
a) ¢ BBIMYKJIOHN moomBoi (cepuieckoil U ceporniHoii); 6) ¢ BBITYKIIOH-
BOTHYTOH CepOUTHON MOONIBOI

OTMeTHM, 4YTO HEKOTOPhIM aHAJIOroM TsDKENOH TpamMOOBKH, KOTOpas B
HEKOTOPOH Mepe He JONyCKaeT BhIOpa TpyHTa B Tepudepudeckoil 30HE
yIuioTHeHus, sBisercs pekomenayemas TKIT 45-5 01-107-2008 [6] koHCTpyKITHs
TpamMOoBku (puc. 8a). OHa COCTOMT M3 NWIMHIpHYeckor emkoctd (1),
3allOTHEHHOW B HWXKHEH dacth (2) 3a0€TOHUPOBAHHBIMH MeETaNTMYECKHUMHU
OTXOJaMH, a B BepxHed — TsokéiapiM OeroHoM. K ee OOKOBOH IOBEpPXHOCTH
MOCPEACTBOM KPOHIITEHHOB (3) KpenuTcs ¢uianen ymupenus (4).

[MpuHIMMUANEHEIM OTIHYUEM siBIsieTcss GopMma (IaHIa: TUIOCKUN 3aMeHEH
Ha cepruecKuil MeCTUCEKIMOHHBIA. Takass KOHCTPYKIUSI TpaMOOBKH MTO3BOJISIET
o0ecrednTh Mepexo/1 OT BBITYKITbINA (OpMEI (IiaHIia K BOTHYTOMY (puc. 80).

Wzmenénnas ¢opma MOJOMBBEI TPAaMOOBKH OIpEeNsieT HE0O0XOIUMOCTb
KOPPEKTUPOBKHA PACUYETHBIX 3aBUCHMOCTEHl C Y4YeToM ee KOHCTPYKTHBHO-
TEXHOJIOTUYECKUX MapaMeTPOB.

D

N 4 )
3 ’(ABbII'IyKJ'IbII/I)
fe] o RV \:7
O
[e] e]
2 4

(BOrHYTbIN)

Puc. 8. KoHcTpykTHBHAs cxeMa TsDKENBIX TPaMOOBOK:
a) pekomenayemas o TKII [6]; 0) mpeniaraemasi aBTOpaMH.
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IIpoBeneHHBIE HCCaEAOBAHUS MO3BOJIWIN JUIsSl ONPEIEIECHUST ONTUMAIbHOIO
IraMerpa TpaMOOBKM C KPUBOJIMHEHHOH MOJOMIBOH MOJTYYHTh PAaCUETHYIO
3aBUCHMOCTb:

_175-M-H-(1-0%)

mp | 2 N
Va

“4)

. . 1
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CpaBHUTENBHBIN aHANIN3 AUAMETPOB TIPUMEHSIEMBIX B MTPAKTHKETPAMOOBOK 1

OlpenenéHHbIX M0 NEHCTBYIONIMM HOPMAaTHBHBIM JTOKyMEHTaM [6], a Takxke IO
MPEUIOKCHHOM METOJIMKE II0Ka3bIBaET, UYTO OOECIeUuTh TpeOyeMble CBOMCTBa
YIUIOTHEHHBIX TPYHTOBBIX OCHOBAHMI MO3BOJISIOT TPAMOOBKHM MEHBIIIETO JUaMeTpa
C KpUBOJIMHENHOW MOIOMIBOM MPHY BBITOJIHEHUN TEXHOJIOTMYECKHUX PEKOMEH IAIUH.
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WUH/KEHEPJIK-TEOJIOT HSUIBIK dKAF JAMJIAPBI KYPAEJI
AMMAKTAPJIA )KACAH/IbI HETI3JIEP OPHATY IbIH

I'EOTEXHUKAJIBIK TEXHOJIOT' USIVIAPBIHBIH EPEKIIEJIKTEPI

KapkbiHabl  COKKBUIBIK  THIFBI3AY  OMICTEPIMEH  JKacaHAbl  HETi3aep

OpPHATYJBIH TEXHONOTHSUIBIK JKOHE KOHCTPYKTHBTIK AacCHeKTUIEpIHH —Tajjuay
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HOTHXKeNepl KenripinreH. TanTarblil Kypayibl TaOaHBIHBIH MIlIiHI MEH Maccachl
CHSIKTBI KOHCTPYKTHBTI INapaMerpiiepi, COHJai-ak HYKTeJep/iH OpHanacybl MEH
THIFBI3IAY ~ KE3€HJEpI  CHUSKTHl  TEXHOJNOTHSUIBIK — Tlapamerpiepi  DHeprus
IIBIFBIHIAPBIHBIH, OPHATY MEpP3IMJICPiHIH JKOHE >KYMBIC KYHBIHBIH MHHUMAJJIbI
KOPCETKIIITEPI Ke31H e Ke3-KeIreH HHIKSHEPITI-I'e0I0r MsUTBIK JKaFaaiiap/a camnabl
HETi3]Iep OpHATY MYMKIHAIKTEpi 0ap eKEeHIIri aHBIKTaJFaH.

Tyiiin ce3mep: ’kacaHabl Heri3, ayplp TaNTarbllll, KOHCTPYKTHBTIK
napamerpiiep, TEXHOJIOTHSUIBIK, cyJI0anap, ecentey, OHTalIaHabIpy.

P.S. Poyta, P.V. Shvedovskiy, D.N. Klebanyuk
Brest State Technical University, Brest, Republic of Belarus

FEATURES OF GEOTECHNICAL TECHNOLOGIES OF THE DEVICE
OF THE ARTIFICIAL BASES IN BUILT-UP TERRITORIES WITH
DIFFICULT ENGINEER-GEOLOGICAL CONDITIONS

Results of the analysis of technological and constructive aspects of
arrangement of the artificial bases are presented by methods of intensive shock
consolidation. It is established that the design data — the weight and a form of a
sole of tampers, as well as technological — the arrangement of points and a
consolidation phasing in many respects define possibility of receiving the
qualitative bases for any engineer-geological conditions with the minimum energy
consumption, terms of the device and cost of works at the same time.

Keywords: artificial basis, heavy tamper, design data, technological
schemes, calculation, optimization.
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ACA TUJAPO®OBTHI KAIITAMA - IIOJIM®YHKIINOHAJIABIK
HAHOKYPBUIBIM/IbI MATEPUAJIJAPABIH ’KAHA TYPIIATTAPBI

Aca tuapodoOTH MaTepHaimapIaH jKacalfaH KanTamMajap VIKSH ToKipHOemik
KBI3BIFYIIBUIBIK TYIBIPBIT OTHIP, OMTKEHI OJapiblH KypaMblHA ©TE CHPEK Ke3ICCeTiH
(GYHKIMOHAIABI TONTap Kipemi. VHHOBAIMSIBIK J>KafblHAH Oy MaTepHuaiiapibl TEK
HAHOTCXHOJIOTMSIHBI JKOHE HAaHOMAaTepHAIAAapAbl KOJJaHy apKbUIBI ajlyFa Ooajpl.
Maxkanana ajaplHFaH MaTepHaapIblH TCOPHUIBIK HETi3aepi KapacThIPBUILILI, TOXKIPUOEITIiK
KollJaHy OOWBIHINA Tajjayiap VCHIHBULABL Kaszipri TaHAa KOJNJAHBIN KYPIeH HEri3ri
omiCTepIiH Typyiepi KepceTunidi. Aca THIpoGOOTHl KaNTaMaHBIH XUMHSUIBIK JKOHE
(U3MKaJIBIK TAOUFATHI TAJKbUIAHIBL.

Tyiiin ce3mep: aca ruapodoOTHI, CylTaHy THCTEPE3UCI, KYFY OYPBIIILL,
ruapoduIbal, THoGuIbal, ruApodoOThI, (itonaans! dasa.
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Kasipri Ttanma Oacka enaepae aca ruapodoOTH  MaTepHaigapMeH
KanrtaMajap KapKbIHIbI TYPJAE OHACTYIC JKOHE YIIKSH TOKIPHOCTIK KbI3bIFYIIBLIBIK
TyIBIpBIT  OThIP. OCBUIAPIBIH IMIIHAETT MaHBI3ABICBI — CYIbl ©TKI30€HTIHIrI,
OcliopraHuKaNbIK >KaFblHAH OHOJOTMSUIBIK KalnTaMaHBIH ©CYIHIH TYPaKTbUIBIFBI,
OpraHWKaIBIK JIACTAHYIBl OONABIPMANTHIHIBIFE, KOPPO3UsFa TO3iMII KOHE
ruapooO0ThIK KanTaMaJarbl Cy aFblHbl CHIPFBIN JOMAJaHBIN aFblll KETYIHJIIr
0OJIBIIT TaObLIA b

FruipiMu 3eprxanana aca ruapodoO0Thl MaTepUaIIapabl 3epTTEy MEH I3[IeHY
)kyMbicTapel XX Facelpia raHa Oactaniabpl. OWTKeHI OETKi KaOaThIHAAFbl CYHBIK
OPTaHBIH OPEKETTECYIHIH Kbl TCOPHSACHIHBIH Ka3bLIybl, SKCTPEMAJIbl TYPIC
CYJaHYBIHBIH CHIIaTTaMachl COHFBI OH JKbLIJIa FaHa jKacajjbl, >XOHE aca
rupoo0Thl KanTaMaHbl TEK HAHOTEXHOJIOIMS >KOHE HaHOMAaTepHaNIbl KOJIJIAHY
apKbpUIbl ayyra Oojaabl. COHABIKTAH HAHOTCXHOJIOTHS JCHICHIHIH KapKbIH]IbI
JaMyblHa JKOHE aca TruAapo(oOThl MaTepHaIApIbIH aJbIHY TEXHOJIOIMSIChIHA
0aitlaHBICTBI OOJIBINT OTHIP. Aca THAPohOOTE MaTepHAIAPBIHBIH KacHeTTepi Oy
CylaHy KyObUIBICTapbhIHA KaTajbl, COJ ceOCeNTeH aca TUAPOQOOTH Heri3aepiHe
KbIcKaa [ 1] Tokrazambi3.

Berki kabatrapblHBIH cynaHy KyOBUIBICHI YII (azaMeH aHBIKTaTaJbl, O
CyJlaHy OpTaHbIH Tele-TeHIIrl, CylaHy CYHBIKTBIFBI XOHE YIIHII (ITFOHIAIIbI
(haza, Oyytap KopiaraH opTaja MaHbI3Ibl POJIb aTKapabl.

Berki kabaTTapblHBIH CyJaHYBIHBIH HETI3Ti CHITATTaAMAaNapbIHBIH Oipi O
CYJaHYAbIH MUKDPOCKOIUSIIBIK JKYFY OVPBIIIBI JKOHE OHBIH ructepesuci. JKyry
OypbIIIbIHA KATBICTBI MbICAJl KEITIPCEK, JKyieneri KaTThl JCHE OJ CYHMBIKTBIK, aj
Oy/IIbIH MHKPOCKOIUSUIBIK JKYFy OYpBIIIBI JIereHiMi3 Oy-CYWBIKTBIKTBIH OeTKi
KaOaTBhIHBIH O6JIIri apachIHAarbl OYPBIIIbI JKOHE KATThI JICHE-CYMBIKTHIK ChI3BIKTHI
Ooitnaii yur azamen Oarinanbicans (1-cyper).

Ocbiman 200 xbu1 OypbiH «An Essay on the Cohesion of Fluids»
KJIACCHKAJIBIK JKYMbICTapbIHbIH Oipinae T. KOHr MbIHaHBI Ka3dbl: TeMe-TEHJIIK
KE3IHJErl  MHMKPOCKONMMSUIBIK  JKYFY  OYPBIIIBIHBIH  TEPMOJAMHAMUKACHIHBIH

KepcerkimimMen 6, GenrineHeni, onaH KeifiH Kyle 6acKa 1a TepMOAMHAMUKAIIBIK
napamerpJiiep KOpCeTKIITepiMeH ¢ KOpCeTLI i KaTThl JeHe-0y OeTKi KaOaThIHBIH
apachIHIAFbl IIEKAPACBIHBIH SHEPTUACHI O, KATThl J€HE-CYHBIKTBHIK O, KOHE

CYHBIKTBIK-0y O, :

o, -0,
cosf, =—>—"cos0, (1)
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Cyper 1. Xyry OypbIlIbIH aHBIKTAY

Ochl dopMyna apakaTblHACTAPBIH TEHACY1 aJbIH/bI, OHbI KEWIHT1 YaKbITTa
«OHT TeHneyi» men artaabl, OYN JKepje KYFy OYpBINIBIH e3repTy YIIiH, OeTki
Ka0aTTapblHBIH KaJbIHJABIFBIH OipHENIe HAaHOMETPre ©3repTy MKETKUTIKTI, omap
CoiiKec KeJleTiH 0eTKi KaOaThIHbIH YHEPTUSACHIMEH aHBIKTAJIbI.

111



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2013, Ne4
Mechanics & Technologies

Hdemex exinmm [2, 3] cynaHyIbIH CHIIaTTamachl O — THCTEpPE3NC HeMmece
CYHBIK OpTaHbBIH JKYFYbl MCH aFybIHIAFbl YII (pa3aHbIH TYHICY CHI3BIFBIHBIH KYFY
OYpBIIIBIHBIH ~ apachIHJIAFbl  ABIPMAIIBUIBIKTAPEl  OONBIT  TaObLIambl.  YKanmel
aNfaHja, )XyFy MeH ary OypbIlibl yiml (a3aHblH TYHICY CBHI3BIFBIHBIH KO3FAIbIC
KBUIAMJIBIFBIHA TOYEIIi OONATBIHBI JKCIEPUMEHT JKY3IHIE IdJeNieHTeH, Oyt
IaMa TUCTepe3uc MejiepiHe acep eremi. OcbhlFaH OaiIaHBICTBI, THCTEPE3UC
YFBIMBI  TOJNIBIK 3€PTTENIMETEHIH Kepyre Oonambl. ©OneOueTTeri MoliMerTep
OOMBIHINIA «CyNaHy THCTEPE3HCi» YFBIMBIH OT¢ KaTaH TYpJe Tele-TeHIIK OpTaIarsl
KYFy MEH ary OYpbIIIBIHBIH aflbIpMAIIbUIBIKTAPBIMEH  OalIaHBICTHIPAIbI,
HOTIKECiHAe YII (a3aHbIH TYHICY CBI3BIFBI KO3FaJbIC >KBUIIAMIBIFBIHA COliKec
KeJin, HOJIBIe TeH OOoJaIbl.

CynanyzabiH OeTki KaOaTbIHBIH JKYFY OYpBIIIBIHBIH MeJIIIepi opTypii
tunrepre Oemineni (2-cyper). Erep cynabl opramarbl CyjlaHyIbl KapacThIpaThIH
Ooncak, oHma OapiblK MaTepHajap THIPOPHIIBALI KoHE THAPOPOOTH OOINBI
OesiHenmi. ANl cynmbl eMec OpTajarbl CYHBIKTHIK JTHOQWIBII JXKoHE JIHO(OOTHI
MaTepuanaap Oonaapl. Kazipri Tanmarsl kiaccudukanus OOWBIHINA TUAPODUIBII
MaTepuan OyJl CyJlbl OpTaja >KYFy OyYphIIIBI HOJNBIE TEH HEMece KOpPCETKIlll
unTepBaisl 0-nen 90° sxereni. [uapodoOTH MaTepHanIapIbIH KyFy Gypbimsl 90-
nan 180-neitin cunmatranamel. Erep xyry Oypermsr 180° Gonramma (TOMBIK
CyNlaHjpIpca), TaMIIbl OeTKi KaOaThIHBIH Oip FaHa HYKTeciMeH [2] »aHacajabl, Oy
TUIIOTETUKAJIBIK KYOBLIBICKA JKaTa bl JKOHE TOKIPHOE JKY31H/E ICKe acraibl.

Tuapoduibai, muoduiibal MaTepuaiaap

Tonvix cynanovipy oy
| Hakas naénka
c,20,+0, 0=0 1 xammuwr dene
Cynanouipy ke3sinoe CyubIK)| oy

o, >0, 90>6,>0 A Kammul Oene

I'anpodoOTsl, TModuiIbIl MaTepuaIap

Cynanbaiiost cyubiK|, oy

o, <0, 90<0,<180° Kammul Oene
Tonvix cynanbaiiost cyubiK| oy
c,=20,—0, 0,= 180° Kammel 0ene

Cyper 2. Cynannplpy TANTEPI
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Keiibip sxarmaiimapma TtuapodoOTHl Marepuanmap aca TUAPoGOOTHI
MaTtepuan OONbIT TaObUIAABl, OMAPABIH KyFy Oypbimbsl 150° skoFapsl ikoHe
TUCTEPE3UCi TOMEH OOMYbIMEH CHUIATTaNabl, OHBIH KOPCETKIIITEepi 1-3° acmaiizpl.
Jemek, Taminbl OeTKi KaOaThIHIAFbl TOPU3OHTKA a3 MJIIIEp/e UUITCHHIH ©3iH/e
aca TUapoQoOTHl KanTaMaHbIH OCTIHJC TOMaJlaHAHBII CBHIPFBIMN, arbil KeTemi. XKyry
OYpBIIIIBI KaFuaara coikec, 15° TOMEH, aJl TAMIIIBI PAANYChI 1-2 MM.

CoHFBI KBUIIAPJBIH 3€pTTeyNiepi OOWBIHINA KYFY OYPBIIIBIHBIH MaHbI3/IbI
KericTikrepinin 6ipi on 150° mamaman apTysl, Gy KaTTel neHe-Gy Gemirimmeri
IIeKapachIHbIH O0€TKi KaOaThIHBIH SHEPTHACHIH O1p KaJbIIThl TOMEHICTKEH IE, OCTKI
KaOaThIHIa KeIp-OyAbIpJbIH KeOetine MyMKiHIiK Tyanasl [3]. CoHIbIKTaH OeTKi
KaOaTTBhIH CyJaHyblHA OCBI (haKTOPJIAPJBIH OpPKAWCBICHI Kajlali acep eTeTiHIH
TOJILIFBIMEH KapacThIPaMBbl3.

Berki kabaTThlH SHEPrWsCHIH TeMeHAeTy yimiH FOHr  TeHIeyiHiH
aHanu3aepine xyrinemis. Erep sxyry Gypbiubiaeie MoHi 90° xorapsl Gonransa,
XKYFy OYpBIIIBIHBIH KOCHHYCBIHBIH MOHI Tepic KOPCETKIITepre ColKec Kemesi, ol
TeK OCeTKI KabaThl KaTThl JCHEAC FaHA TOMEH KOPCETKIIl MOHIH i KOPCETETIH
Marepuaiamap Oomysl MyMkiH. Conm ceOenTeH KOINTereH KOHCTPYKIHUSIBIK
MaTepuajiap, MbICalbl, METaJap MEH OHBbIH OKCHATEPIHIH OCTKi KabaTTapbIHBIH
SHEPIHACH  JKOFapbl KepceTKimTepiMeH cumarraigaasl. COHIBIKTAH — OJIapabl
TOMEHJIETY YIIIiH MYHIali MaTepuaiapabH OeTKi KabaTTapblHa COHFbBI ACHTCHiHIC
HaHoeNIIeMIi KabaTTaH KypaifaH THIPO(POOTH KOCBUIBICTAPBIH  EHTI3reH
JKETKUTIKT1, HOTHXKECIHIe OSTKI KaOaTThIH 3HEPrUsAchl TeMeHeiai. Kasipri kesne
XUMHSUIBIK KOCBUIBICTAPABIH IIIHICTI (PTOPOPraHMKANIBIK KOCBUIBICTAPBIH OCTKi
KaOaTTBIHBIH SHEPIMsICHl €H TOMEH KOPCETKIIl KepceTeTiHi Oeriai, OChIFaH
GaiimanbicThl Geri Teric kaGaThiHa KyFy Oypbimsl 120-125° xepcerkimrepine
colikec keneni. byn Teric kabarrapra TUAPOGOOTH KOCHUTBICTAPMEH XHUMHSIBIK
JKOJIMEH OHJIeY apKbUIbI KOJ JKETKI3yre O0JIaIbl.

Kenip-Oyapipyibl HeMece Teric KabaTTapiblH OCTiH CyJdaHAbIpFaH Ke3Je,
OJIIICHETiH OYPBINITHIH IIETIHAC aybITKyJap TyblHAaWabl. OcbiFaH OaiIaHBICTHI
CYNaHABIPYIBIH €Ki 9JicTepi KenTipuiai: roMoreHai cymannpipy (Benmens omici)
KaTThl JCHEHIH Oapiblk O€TKi KabaThl CYHBIKTBIKIICH >KaHAcCalbl, HOTHKECIHIC
OeTki KabaTTarsl [4, 5] NIYHKBIPIAPABIH 1IIIH TOJIBIFBIMEH TONTHIpaab! (3-cyper, a)
)koHe rereporenal cymaHaelpy (Kaccu-bakcrepa omici) Oerki KabaTTapabiH
HIYHKBIP iMIiHIH Oenepi ayameH Tonbicaabl (3-cyper, 0). CymaHIpIpyIbIH €Ki ofici
Tene-TeHIIK Ky#e 0onybiMeH skoHe FOHTTHIH KYFy OYPBIIIBIMEH CHUIIATTAIaIbI.

7
e A

a) 0)
Cyper 3. I'omoreni (a) sxoHe rereporen i (0) CyiaaHabIpy aaicTepi

Bipinmrici @ Oypbimka caiikec Kememi, o 0eTKi KaOaThIHIAFbl CYHBIKTHIK
JIOHEC HEe OWBIC OCTIH TaMIIBUIAPMEH TOJNTHIpAIbl, ajl KaTThl JICHEHIH OCTIiH

TONBIFbIMEH OaifmanbicThipansl. ExiHmn Oypbimn 6, CyYHBIKTBIH Offbic GeTiHIH

apachIMEH JKOHE KEPTUIIKTI alMaKTBIH KATThI JieHe OeTiHaeri ym (asanbl 30Ha
apKbUIBI  TyHiceTiHiMeH cumartTanaael. FOHT OYpBIIBIHBIH —apaKaThIHACHIHA
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OaitmanbicTel (1) eH OipiHmmigeH OeTki KaOaThl >KaHACKAH 3aTThIH XHMHSUIBIK
KypaMblHa OailaHBICTBI aHBIKTANAABl. ['OMOTeHal CcymaHIplpy ojici OoWbIHIIA
aliMakTarbl OYPBINITBHIH IIETiH HOTHXedl Typae JepsaruH-BeHienb apakaTbiHACKH
HEri31H/1e ecenTeni:

cosf = icosHO =r-cosf, (2)
0
OHJAFBl ¥ = — — KeJip — OYIBIPIBI JcHE aiiMarbIHBIH KOd(HIIEHTI; S — OeTKi
0
KaOaTTbIH HaKThl alMarbIHBIH apakaThlHACBl; ) — JKaHaMa alMarbIHBIH
apaKaTbIHACHL

Ochbl TOMOTEHTIK 9IICTErl apaKaThIHACTBIH HOTHIKECI KeIip-OyabIp KaOAaTThIH
OeTiH cynaHabIpFaHza, ruAPodOOTH KabaTThIH OeTiHaeri OyphITHIH meTi 6, >90°

YKOFapbUIai bl )koHEe ruAPO(HIIBIl OCTKI KabaThl KEPICIHIIE 90 <90° Tomeneiii.

Exinmni cymaHabIpy oiCiHIAE CYMBIKTBIK IIEH KeIip-OyIbIp JCHE apachIHbIH
miekapacbl rereporeHal Oolica JKOHE KATThl JieHe OYPBIITHIH IIETIHEH JKOHE
MIYHKBIPIAH TYPHII, KapbIM-KapThlIaii HeMece TONBIFBIMEH ayaMeH TOITHIPBLICA,
(3-cyper, ©0) onma okyFy Oypeimbl HoTIkedi Typae Kaccu-Bakcrepa
apaKaTBIHACKIMEH aHBIKTAJIIbI:

cos@ = f-r,-cosf, + f -1 3)

OHJAaFrbl [ — Kemip-OyAbIpJbl JIeHCHIH OeTKi KaOaThIHBIH aiMarbl CyJlaHFaHIa
IIYHKBIP penbedTepiHiH OIpTiHAEN TONy MPOEKUUICH; 1y — KeAip-OyapIpiabl Kabat
OeTiHiH cynaHy K03()GHUIIMEHTTI.

Ocpira OaityiaHbICThI f— ] OeTKi KabaThl CylIaHFaHa TeTEePOreHIIK 9/1iCTEH
romorenzire eteni, (3) Men (2) ¢gopmyna apakaTeiHachl f—( xaraaiaa OeTki
KabaTbl TONBIFBIMEH CYJTaHOAWTHIHBIH KepceTeni. [ereporenmik omicreri [6]
CYNaHIBIPYIBIH aHATH3 TEHJICYiHiH HOTHKeCI XKyFy OypbImbIHBIH MoHi 150°
JKOFapbl €KeH1 JQJICNACHIII KoHE CylaHraH aiiMakThiH €31 10% TeMeH OoJFaHbI
Oaiikamanel. Ochkl TeTeporeHAi ojicre OeTki KabaThblH CyJNaHIBIPY HEri3ri
¢dakropnapapH Oipi Oonmbinm TaOBLIANBI, O aca THAPOPOOTH MarepHaiiap MeH
KalTaMaHbIH KOPFaHBIII KACHETTEpIMEH CHIATTalaibl. | eTeporeHik pexuMie
OeTki KaOaTTBIH CyNaHAbIpy mpomeci Oy Herisri QaxropmapiasiH Oipi OobII
TaOBUIAJBIL, anl aca TUAPoGOOTH KanTamMa MEH MaTepHaliap >KOFapFbl KOPFaHBIII
KBI3METIH aTKapapl.

Cynauzuelpy oMiCiH aHBIKTAy YIIiH OYJI XKYyHe TepMOIUHAMUKAIBIK TYPAKThI
OOJIBINT KapacThIpbUIaAbl skoHe ['MOOCTIH OOC SHEPIrHACHIHBIH ©JjIIeMi KyHiHae
€cenTeNin calnbICThIPhIIIbL. OCHI KY€ KAIBIITHI KOHE TYPAKThI Ky e O0NaThIHBIH
KEHUTIETUTIN KepceTimi. by skepreri exi OYphIITHIH BEHIICIIEBCKUN MEH KacCH-
0aKCTEepOBCKHI KOPCETKIIITEPiHIH eNIIeMIepiHiH MOHIH TOMEHT1 KOPCETKIIITe
aJicak, OHJ]a OHBIH SHEPTUSCHIHBIH OJIIIEMi Jie TOMEHT1 MOHTe We OoJalbl, COl
ceOenTeH OJ TEPMOJAMHAMUKAIBIK OTe TYpPaKThl Kyidre aybicansl. OCbIFaH
OaiaHbICTBl KYpIeTi penbedTiH e3repreH aiMarbiHaarbl O koHe f iKkyiiene
I'ub6cTin Ooc sHeprusickl OipHElle MHHUMYMFa JIGHIH JKeTeli, HOTHXECiHe
SHEPIeTUKAIIBIK KeIepriiep TYbIHIAHTBhIHBI Oaiikanansl. OchblHAal karaiapia
XKyHene TYpakTel KyH opHaiabl. Erep TeMeHTi KepceTKIITepIeH OTe TYPaKThI
KYHre aybICKaHza Keuepriiep Oeinrici3 cebenTepiaeH maiiga Oomialbl, ajl KOFapFbI
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KOPCETKITEPIIH 9CEpPIHEH KepHEYJep aybITKUAbI (MBICAIbl, TAMFAH TaMIIbIHBIH
BHOPALMACHl MEH KHHETHKAJIBIK SHEPTHUSACHI).

TuapodoOTEIH OeTki KabaThlH CYJIaHABIPY PEKUMIHIH ©H MaHBI3JbI
epekurenikrepi 6ap. Onm roMoreHai peXumae Kemip-Oyablp KabaTThIH KeOeroiHe
coliKec Keir, OYpBIMIbl HOTHXKET TYPAC apTalbl >KOHE KYFy TUCTepe3uci Oip
yakbIT OOHBIMEH ©Ce/Ii, a1 FeTePOreH Il PeKUMIE OyFaH KepICIHIIIEC TSHACHIUAFa Ue
Oonampl.

JKorapbiia KepceTUIreH MATIMETTEp/I KOPBITHIHABUIAWTRIH OoJicak, aca
ruipodoOTHl MaTepuanap ary YiIiH eH OipiHmijeH O0eTki KabaTTapblH eHAeyAcH
OTKi3y Kaxer, HoTmXecinne FOHITHIH Xkyry OypheimTapbiHbH MoHi 90° sxorapbl
GONYBI THIC, aJl eKiHILIZEH TeTeporeH ik pexumae Kyry oypsius 6 >150° Monin
Kepcerell JKOHE TepMOJMHAMUKAJIBIK TYPaKThl OONYBIH KamMTaMachl3 eTe/.
AncopOuusianrad THAPOPOOTH areHTTep OeTKi KabaTTapMeH (PHU3UKAJIBIK JKOHE
XUMHSUIBIK ~ TaOWFaTTarbl Ky#zae ocepieceni. berki KaOaTThIH — (DHM3UKAIIBIK
aZCOpOIMUIBIK  OadaHbICBl OVJI KOUIMIT ©Te 9ci3 (DM3MKANbIK JICHCHIH
opeKerTecyiMeH aHBIKTanaabl, Mbicalbl BanaepBaanbc kymi. On cyMeH y3ak
yakKbIT OOWBI OpEKEeTTeCell, HOTHXKECiHae OCTKI KabaThIHIAFbl aJCOpOLUsIaHFaH
MOJIEKYyJIaJap/blH JKOHBLIYbIHA (AecopOLMsUIaHybIHA) anbil Keiemi. DU3uKaIbIK
a7IcopOIMs SJICIH KOJIIaHy MaKCaThIHIAa ajbIHFaH KalTaMa Y3aKkKa IIblIaMaiiibl,
OHbl TEK KOHCTPYKIMSUIBIK MaTepuajjapra KongaHaabl. AJ, ruapodoOTs
areHTTEepCrl XMMMSUIBIK aacopOlMs 91ici Oy MaTepuaaplblH ©Te¢ KOFapFbl
MOHJIET KOPCEeTKIIMTEPIHIH YHEPTUSACHIHBIH OpEKeTTeCyiMeH cumaTtaiajsl. bipak
xemMocopOuus — oiiciHe  TuapodoOTHl  areHTTiH  KYpPaMbIHIAFl — MOJEKYyJa
PEaKIUUIIBIK KaOUTeTTIiri 0ap TOmKa ColKec xoHe OSTKI KaOaThIiH OHACHTIH 3aTTap
peaknusuIbIK Oencenni 0omysl THic. XWUMUSUIBIK aJcopOUUsUTBIK OelceH i 3arap
perinae  mepdTOpaiKHI-METaakpuia  comoimumepi,  Qropaenuna-monudapaii
CHJICECKBHOKCAHIAPhI, (YHKIIMOHAIIBI MEpPTOPOKCHCHUIAH MEH IOJHIAMETHII-
cunokcanaapbl karanbl. COHIBIKTAH OCBbl KOCBUIBICTApFa KEJNEIIEKTe TONBIK
3epPTTEYJIeP JKYPri3ily Kaxer.
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E.N. Pycrem, 7K.JK. bananoBa
Tapasckuit 2ocyoapcmeennvlit ynusepcumem um. M.X. /[ynamu, e. Tapas

BbICOKOT'MAPO®OBHASI YITAKOBKA —
HOBBIU THUII HOJIN®YHKIUOHAJIBHBIX
HAHOCTPYKTYPUPOBAHHBIX MATEPUAJIOB

[lpencraBieH 0030p YHNAKOBOYHBIX  MAaTEPUANIOB, MOJYYCHHBIX U3
CBEPXBBICOKOTUAPO(GOOHOT0 Marepuaa, MPEICTABIISFOIIN N 0O0JIBIION
MPAKTUYECKUH MHTEpeC. ITO OOBIACHSAETCS TEM, YTO B HMX COCTaB BXOJAT PEIKO
BCTpevaromyecs GpyHKIHOHabbIE Tpymibl. Takue MaTepruaibl MOKHO TIONTYYUTh U3
HAHOMATEpUAIOB C TNPUMEHEHHWEM HaHOTeXHOJNIOrui. B pabore paccMoTpeHbI
TCOPETUYCCKHUEC OCHOBLI HOIIO6HBIX MarTepualioB. I/I3y‘~IeHBI OCHOBHBIC MECTOABI
MOJIYUYCHUSA TaKHUX MaTEpHalioB, a TAKKE XHMHUUYCCKUEC CBOIiCTBa U (i)I/ISI/IT-IeCKaH
MPUPOJIa CBEPXBBICOKOTHAPO(HOOHOI0 YIIaKOBOYOr0 MaTepraa.

Tyiiin ce3mep: BbICOKOTHAPOPOOHAS YIMAKOBKA, TMCTEPE3UC YBIAKHECHHS,
yrojl MPWIUMAHUs, THAPOPHUIBHBIA, THOMWIbHBIH, THIPO(QOOHBIH, QronaHasS
¢aza.

E.I. Rustem, Zh.Zh. Bapanova

Taraz State University named after M.Kh. Dulati, Taraz

SUPERHYDROPHOBIC COVERINGS IN NANOTECHNOLOGIES THE
NEW CLASS OF MULTIFUNCTIONAL MATERIALS

Superhydrophobic materials and coverings represent great practical interest
as possess a number of unique functional characteristics. Thanks to wide
innovative prospects of application of these materials there was even a separate
direction of modern materials science. In work theoretical basics of creation of
similar materials and coverings are briefly covered, the analysis of their practical
application is submitted. The main groups of the methods which are actively used
in the present for creation of materials and coverings with set topology, structure
and varied water repellency are presented. Problems of aging and degradation of
superhydrophobic coverings are discussed.

Keywords: superhydrophobic, moistening hysteresis, corner wetting,
hydrophilic, liophobic, hydrophobic, liofilic, a fluid.
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Kymbic ¢ocdop, KykipT koHe (PTOp KOCBUIBICTAPBIHBIH Ta3 (a3zacbiHa aybICy
JKarqainapelH aHbIKTayFa apHairad. Koppo3HsUIBIK TYPaKTBUIBIK TIEH KOpIIAFaH OpTAHbBI
KOopray HeriziHge (ocQopUTTepAiH arjoMepalusuiaHy JKaFdaiinapbl  aHBIKTAJIbI.
ArnoMepanusyiblK Taszgapibl  Gochop, (TOp KOHE KYKIPT KOCBUIBICTAPBIHAH Ta3apTy
IpoIieci OHICHiHAl. ATJIOMEpaIMSUIBIK ra3aap KypaMbIHAAa KOTPENbIl CYTTIH acepi 3epT-
tenmi. CoHIBIKTaH Ta3 (as3achiHIArbl (GocopuT arioMepanusachiaaarsl dochop, ¢GTop
’KOHE KYKIPT KOCBIIBICTAPBIH Ta3aay MpPOIECiHIH aybICHIAJbI JOPEXeCi KeITipijreH.

Tyiin ce3aep: dochop Kypamsbl, arioMepanusuibiK rasuap, Grop, KYKIpT,
KOppO3us KYITepi, ra3 pa3achl, KOTPENIbIi CYT.

®dochopurrepnin arimomepanus npoiecinae o6eminerin Gochop, Grop xoHe
KYKIPT KOCBUIBICTaphl TypaJlbl 9/1cOueT MaTiMeTTepiH/Ie o3remelikTep OaiKanambl.
docdar mmKizaT KOCHUTBICTAPBIHBIH arjoMepanusiapbl HAKThI JKaFIaii1aFbl TOJBIK
KOHIICHTpaIMsUIapbl MyMKIHAICIHIIIE KepceTiuireH. Kasipri ke3ie ra3 ¢a3achiHIarbl
¢dropabl KYHIIpy Ke3iHIeri OThIHHBIH IIbIFbIHBIHA OaiiaHbicThl 4-13% 11amMamarbl
nopexene aysicazsl [1].

AmropnapapiH [2, 3] )KyMbIcTapbiHaa GochOpUTTEpIiH arioMepalusaChbIHbIH
KanbIThl skarmaiima  ¢ropaepiH 0,15-0,20 % mamacel raHa Oesmineni. ['a3
(dazachlHIarbl  KYKIPT  KOCBUIBICBIHBIH ~ aybICaThlH  JOPEXKECi Ml TOJBIK
3epTTEIIMEreH.

Ochbl KyMbICTa Ta3[blH KOHIEHTpamuschl 600-700 Mr/M° GONFaH Kesle,
KYKIpTTi oHe KYKipT aHruapuainig (SO, xone SO;) ra3 da3achHIaFkl IUXTaIaH
45-50 % peitinri mamana KykipT OeiHeTiHI KepCceTiIreH.

Backa aBropnapnsiH [1] sxyMbicTapbiHaa GocGOpUTTEPAl KYHIIPY Ke3iHaeri
necynbuiaey aopekeci OacTamkpl pyla KOCBUIBICTApBIHBIH IIilIiHIHE Oaiia-
HBICTHI 88% jKoHE OJlaH KOFaphl IaMara >KeTelll, al arjoMepamusIbIK Ta3aapablH
KYPaMBIHAAFbl  KYKIpT —KochutbicTapsl  1500-2000 Mr/mM’  5KOFapbLIAHTBIHBI
KOpCETUITeH.

Ocsl Kepae KOTpenbai CYTTi KaidTa [2] maiijanany MYMKIHIIUTIC TYBIHIAI
otelp. OchlFaH OalNaHBICTBI OHBI MIMXTaFa KOCY apKbUIBI, AarjoMepaTThiH
OCpIKTUIIriH >KOoFapbuiaTKanaa, 3% OHIMAUIrIH apTThipAbl Hemece (GocdopbiH
JKOUBUTYBIH 4% neliin TeMeHnerTi. COHBIMEH KaTap, OHBbIH CaKTayblHa apHajFaH
OacceliHIepAiH calyblHa KYpAEN IIBIFBIHAAPIBI IIBIFAPBII, MAaHBI3IbI JKEp
aJlaHJapblHa KaJABIKTapIbl TaCTaFaHINa, KaiTa KOTPEIbIl CYTTI OHIIPIC IUKIIHIE
KaiiTa maiiajgany mporeciHae KoJJaHFaH oTe THIM/II OOJIbIN TaObLIa b,

Kotpenbai cyTTi muxtara >Ki0epy/IiH MaKcaThl OJI IIMXTaHbl CYJIaHIbIPaIbI,
OJlaH KaiTa OHICIATeH KOMIIOHCHTEPJIH XUMHSIIBIK KypaMblH Oy ©Te¢ KHBIH.
CoHJBIKTaH TY3UITeH KOTPENbdi CYTTiH KYpaMbIHIA 1eMeHT (HocOpBIHBIH KoHE
OHBIH  KOCBUIBICTAPBIHBIH ~ KOHIIGHTPALMAChI  aHBIKTANIbl. bymaH  OypbIH
arJIOMepalMsUIbIK ra3aap KypaMblHa KOTPEIbIl CYTTIH acepi 3epTTEreH OONaThIH.
CoHBIKTaH KOTPEJb/l CYT KaThIChIHAA ra3 (ha3achlHaarbl pocopuT arimomeparius-
ceiHgarbl  ocdop, GTOp KOHE KYKIPT KOCBUIBICTAphIH Ta3ajiay IPOIECIHIH
aybICIalibl J9PEXKECIHE 3epPTTEyJIiep XKYPrizy apKbUIbl KeATipiireH. 3eprreynep 1-
CypeTTeri KOHABIPFBIIA JKYPTi3ii.

Kyiinipy mporieci ke3inzeri ra3apiy ceiHamachkl Gocdop, pTop koHe KYKipT
KOCBLJIBICTAPBIHBIH KOHIICHTPAIMSICHIH aHBbIKTay YIIIH aJIbIHBII OTBIPABL. By
xepae JKanarac ycak dochopur emmemidid ipiairi 10 MM miamazma ajbIHBIIL,
KYHIipy Tiporieci apKbUIbI TaXipuOe *Kypri3inai. PynaHblH XUMISUTBIK KypaMbl -
ChIHaMa OOBIHIIA aHBIKTAIABI (1-KecTe).
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1 — arnobigpic; 2 — aya ypriur 3 — BeHtmisitop BB/I-8; 4 — xankpinn; 5 — maHomerp;
6 — maH cy3rimn; 7 — OeisieHTiH ra3/bl KyOslpaan 0eiry; 8 — TepMoOy; 9 — HOTEHIIMOMETPUS;
10 — rereriH biabIC; 11 — ra3mpIk aHaprbl; 12 — KONAPFBIIITHI TYHABIPATHIH, OT aJlaThIH
opbIH; 13 — mTyIep — KbICBIM/IBI OUiKTITT OOlbIHINA eimiey; 14 — mTynep — chlHaMa rasjbl
kKuHay; 15 — KOHJIBIpBUIFAaH aHeMoMeTp; 16 — opTypii HYKTEHIH TepMOKBI3YBI;, 17 —
MIOTEHIIMOMETPHS.

Cyper 1. 3epTxaHaJIbIK arjoMepaliis KOHIbIPFBICBIHBIH ChI30a HYCKAChI

Kecre 1
¥Ycak hochopHUTTIH XMMHSIIBIK KYpaMbl

Kypawmsl, %
P205 K. K. CaO MgO R203 Rzo 6K

Cemmama 1 | 21,80 | 23,47 | 37,73 1,61 3,58 1,08 9,49

CeigaMa

Toxipubene arinoMepanusHbIH —MIAPTTAPHl  TEXHOJOTHSIIBIK —PpErTaMeHT
HopMachkl OoiibiHma kyprizuimi. [luxTtamarel kemiprerinig Memmepi  5,5%
IIaMachelH Kypaiapl. bactankel pynaHbIH iIHIErT KYKIPT KOCBUIBIC TYPJIEPiHiH
ocepiH aHBIKTay YIIIH KypaMbIHIa OpTYpii cyiabdar xkoHe cymbduarepi Oap
¢dochoputrepai Kyiaipy apkpuibl chiHaMa aibiHIBL. Dochop, ¢rop, KyKipT
KOCBLJIBICTAPBIHBIH KOIEHTPAIUACHl TaXIpUOE JXy3iHIe aHbIKTaIAbl (1-KecTeHi
Kapa).

lazmpiH  KeiOip KypeTiH >KONBIHIA aya COPFBIIITHI CYHBUITY apKbUIbI
OeJIiHeTiH Ta3/lbl KOCBUIBICTAPBIHBIH KOHICHTPALIUSACHIHBIH ecenTeyiiepi OepiireH.
Cyitburty kodddunuentri 1,67 mamacelHa TeH JeN ajblll ecenTenreH. Aya
copreiiThiH (40%) Tanamka cail MeJIIEpiHiH OHTAWIbl KOpPCETKIITepl TOMEH/e
kepceriired. Toxipube jKy3iHIE albIHFAH HOTHIKENEpl 2-KecTele KepCeTLIreH,
OepinreH KoHIEHTpalms Kepcerkimrepi [3] 6acka na xymbeicTapia TaObUIFaH, ai
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ABTOPJIAPBIH aJIbIHFAH HOTIIKEIEPIMEH ailbIpMalllbUIBIKTAp Ke3aeceal. OHIipicTiK
JKarmaiiia aryioMepalysUIbIK  Tra3fapAblH  KypaMblHA KYPri3UireH ToxipOue
HOTHOKEJIeP] TONBIK JTJICIICH/II.

Kecre 2
XKanatac hochopuTrepiH arioMepanusyIbK ra3aapsl
dochop, Grop xoHE KYKIPT KOCBUIBICTAPBIHBIH KOHIIEHTPAITUSICHI

KochbuibicTap iy KochuibIicTapibIH KypaMbl, Mr/M°
KOHIIEHTPAITUSICHI P, P,0s PH; F, SO, SO;
Makcumanapl - 10,72 1,62 27,82 1750 85
MuHuMaJI bl - 8,40 0,20 11,43 860 43
Oprama — 9,83 0,86 16,62 1540 77
CyiibinTy ecebine - 5,87 0,52 9,98 97 46

Ocpl  OepinreH MoiiMeTTep OOMBIHINA, OHIIPICTIK KOHIBIPFBUIApAA
3epTXaHANBIK 3€PTITEY JKYPri3y HOTHXKECIHIE aya COpPFBIII eceOiHae Tra3bl
CYWBUITBIN, OHIIPICTIK arjoMalldHaIaFrbl arjoMepalusyIblK Ta3/blH aHaJM3i
oprama Kyije OolaThIHBI aHBIKTANABL. MYHBIH HOTHXKeNepi 3-kecrene
KenTipinreH, GocGopuTTepain arjiioMmepanuschiHga OeTiHeTIH ra3ablH KYpaMbIH/a
(dochop dIeMEHTIHIH KOK eKeHJIT1 JonenaeH . bipak teopus xy3iHme OepinreH
XKyMmpicTapaa [5] Oenek MuKpokenmemueri mmxTa Kabateima 1503 K
TeMIiepatypaa micipeai, OyJl TOTBIKCHI3/IaHy PeaKIUsChl OOMBIHINIA KYPEdi KoHE
Ty3iTyiHe KONkl jKkarjmai (KOFapFhl TEMIIepaTypa, KeMipTeri MeH KpeMHe3eM
KaThICYBIH/Ia) TYBIHAAM IbL. BYJI peakiius TeHIeyi TOMeH e OepiIreH.

Ca3P208 +5C + 38102 = P2 + 3CaSiO3+ 5CO

Ocpl xepae Ty3uireH ¢ocdop OTTEriMeH >KoHe ra3 aFbIHbIHIAFBI Cy OybIMEH
peaKIusIFa TyCeIi.

2P2 + 502 = 2P205
P ,+ 3H,0 + 3C =2PH; + 3CO

OcbIran 0ainaHBICTBI 00C XKoHE Ta3 KYHiHjaeri ¢y OyblH KYHAIpY KaOaThIHBIH
OeJtirinzie KOFaprbl TeMIlepaTypa apKbUIbl COPFBINITA >KUHATAIbl, OJNaH KeHiH
COHFBI arjoMepanusIbiK ra3faa Gocdop AIeMEHTTI XKOoWbUIaael. OHIIPICTE O6TKEH
3epTTeyAiH  MoamiMerTepi  OoibiHmIAa  GochopuTTEepaiH  arjgoMepamnusIbIK
npouecingeri P,Os xoHe PH; KOCBUIBICBIHBIH Ty3iTyiHeH (ocdop 3IeMeHTTI
XKOHBLTAIBI, OHBIH Jopexeci 6ap 6onransl 0 Hemece 0,004% mamachlH Kypanbl.

Kecre 3
Bemninren gocdop, GTop xoHE KYKIPT ra3 KOCHUIBICTAPBIHBIH KYpaMbl
Toxiputde KOCHUIBICTAPIBIH, KYPAMBI, MI/M
P4 PZOS PH3 F2 S)KaJ'll’IBl
Toxipube 1 — 8,80 0,47 7,31 1180
Toxipube 2 — 3,47 0,76 13,65 786

Onmipicre  QTOp  JIOpEKECiHIH  KOHBUIYBIHA  3€pTTEylep  IKYprizy
HOTHIKECiH e, 0acTanKbl IIMXTaHbIH KYpaMbIHIaFbl (HOcOPHUT ariioMepanusChiHbIH
mamacel 0,023-0,040% xypansl. By ¢GTOpabiH KOWBUTY JopeXeciHe KaparaHna,
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KYMBICTa ajbiHFaH kepcerkimrepinin (13 % xone 0,15-0,20 %) mamaceiHaH eTe
ToMeH Oonbin Keneni. CoHablKTaH, ra3 (ha3achbiHa (TOPIBIH aybICYbl TIXKIpOHE
mapTTapbiHa KaTTel ocep erei. OchlFaH OaillaHBICThI, OTHIH KO31HIH JKapaTbhlIFaH
IIBIFBIHBI MEH IUXTaJaFbl bUIFal aya KaOaTTapblHa COPBUIBIN, OJaH OeiHEeTiH
¢rop ras3piHBIH Jopekeci [3] aHbikTanmel. KabaTrapra TYCeTiH bUIFQJl ayaHbI
apIThIpy YIIiH, OepiireH Meuuepae Oy xiOepimim otbipasl. luxTamarbt
arJIoMepanusIIbIK Ta3aap/blH KypaMbIHAaFbl KOMIpTeTi, F, KOHIIGHTpaIusChl kKoHe
(TOPIBIH JKOUBLTY AOpEXKECiHEe TOYEIIUIT 2-CypeTTe KeNnTipiirex.
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Cyper 2. ArioMepanusiibK ra3 KypaMbIHAaFbl PTOPABIH IIHXTa arbl KOMipTeri
MeJIIepine acepi

[uxTagarel KOMIPTEriHiH Kypambl >KOFapblIaraHyia, OOJIHTeH Tra3iarbl
(TOPABIH KOIEHTPAIUACHI OIpJeH OCETIHIH 2-CypeTTeH Kepyre Oomanubl. MyHBI
OTBHIHHBIH IIBIFBIHBI JKOFapbIJIaFaH CaiblH, arJIOMEpallUsHBIH OalKbITy OemiMiHae
OanKpIMaHBIH MeJIepi KeOeleni jkoHe arjioMepaT TY3ell el TyciHyre OoJalbl.
Oneouertep [7] MomimerTepiHe colikec OallKbIMaHBIH TY3UTyiHEeH (ocopHuTTeri
(GTopabIH KOWBLTY Mpolieci OipJeH Kyluereai. OHAIPICTIK KKaFaaia arioMepalus
MPOIIECIH EHTi3y Ke3iHJeri IMHMXTaJarbl KemipTeri Kypambl 4,5-teH 6,5% neiiin
e3repesti. COHIIBIKTAH Ta3aarsl F) KOHIEHTpanuscsl 25 MI/M’ actaybl Kaxer.

lazmarbl  (TOPABIH KOHIICHTPAIMSICHIHA OaiJIAaHBICTBI JKOHE INMUXTAHBIH
micipy KabaTblHa TYCETiH ayajarbl Cy OYBIHBIH KYpPaMbIHIAFbl (TOPABIH >KOUBLTY
Jopexeci 3-cyperTe KOpCeTIreH.

AIIBIHFaH HOTWXKENEp ayaHbl Tarbl ga 3-5% (kenemai Typae) IeiiH
BUTFAJIIAHABIPCA, OHJA IIMXTAJaFrbl (TOPABIH JKOWBUTY JIOpEXKeci IKOoHE
arnoMmepanusibK ra3na Fp koHneHTpanuscel 0ipeH ecerinin nonenaeini. Erep me
komimri ayansl (mamamen 1%) HyO buiFaHmaHabIpca, OHZIA MIMXTaAarbl (TOPABIH
KOUBUTY JOpeKeci JKoHE arjoMepalusiiblk Ta3na F, KOHIEHTpalusICHIHBIH
kepcerkimTepi 0,04% sxome 10-12 Mr/M’ IIaMachlHAa IIaMadbl FaHA ©3TEpPeri.
OcblFan  OaimaHBITBl KYWJIpy KaOaTblHa TYCETiH CYIBIH HeMece ayaHBIH
BUTFAJIIBUIBIFBIH  JKOFapblIaTca, Ta3Jarbl (TOPABIH KOHLEHTPAIHACHl OipJeH
apTaipl.
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Cyper 3. I'aznarbl F, xoHIEHTpalMsChbIHA OAMIaHBICTBI )KOHE IUXTAHBIH TICIPY

KaOatbIHa TyceTiH ayanarbl H,O OybIHHBIH KYpaMbIHIAFbl GTOPBIH KOHBLTY
Jopekeci
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OUYUCTKA OTXOJAHBIMU AT'VIOMEPAIIMOHHBIMU I'A3AMHU
COEJVMHEHU ®OCPOPA U CEPBI

B pabote ocBsmieHsl ycoBHs Tepexona B ra3oBylo (asy coenuHeHUit
¢dochopa, ceppl u propa. OnpeneneHbl yciaoBus arjiomepanuu ¢GpochopuToB Ha
OCHOBE KOPPO3HMOHHOW CTOMKOCTU. M3ydeH Mpolecc OYMUCTKH arjioMepaluOHHbBIX
ra3oB OT coequHeHui ocdopa, propa u cepbl. BBISBICHO BIMSHHE KOTPEIbHOTO
MOJIOKA Ha COCTaB arJioMeparuoOHHbIX Ta30B.

KuroueBblie ciioBa: coctaB Gocdopa, arioMepalioHHbIe Ta3bl, GTOp, cepa,
CHJIBI KOPPO3HH, ra3oBast (a3a, KOTPEIbHOE MOJIOKO.
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PURIFICATION OF DEPARTING AGGLOMERATIVE GASES FROM
COMPOUNDS OF PHOSPHORUS, FLUORINE AND SULFUR

Conditions of transition for compounds of phosphorus, fluorine and sulphur
in gas fase are studied. Phosphorite agglomeration conditions in point of corrosion
strength of gas section and environment view are determined. Purifiction process of
agglomerate gases from compounds of phosphorus, fluorine and sulfur is
developed. Influence research cottrell milk on structure the agglomeration of gases
earlier it was not carried out.

Keywords: compounds of phosphorus, leaving agglomerte gases, fluorine,
sulphur, corrosion strength, kotrelny milk.
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OJHOCTOPOHHUM IIJTATUPOBAHHBIN ITIOIIEBBI TPHKOTAXK
C MIPOYHBIM 3AKPEIUIEHUEM ILIIOIIEBOUW HUTH B 'PYHTE
TPUKOTAXKA

C ICJIbIO MOBBINICHUA KAa4Y€CTBa IUIATUPOBAHHOT'O ILUTIOMICBOI'O TPUKOTAKa IMPEAJI0-
JKCH HOBas CTPYKTypa H crrocod MOJIy4YC€HH IUIIOIIEBOI'0 TPHUKOTAXKa. KauectBeHHbIC
TMOKa3aTCJIn TPUKOTAXKaA YIYUIIAIOTCAd 3a CYHET PAaBHOMEPHOI'O PACIIOIOKCHUS IITIOHICBBIX
MPOTAKEK HA MOBEPXHOCTHU IOJOTHA W MOBLIIICHUA CTCIICHN 3aKPCIIJICHUA ILTIOIIIEBOM HUTH
B CTPYKTYpPE€ TpPUKOTaXKa. 3a cuer YMCHBIICHUA KOJIMYECTBA IUIIOHICBBIX ITPOTSAKCK Ha
MOBEPXHOCTU TPHUKOTAXa BABOC, CHWIXACTCA pPACXO[ ChIPpbiA IIPpU €TO0 BI)IpaGOTKe. 910
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MPUBOANT K CHIDKEHUIO Ce0ECTOMMOCTH TpUKOTaka. [lpemyaraeMblii TPHKOTaX MOYKHO
mojiydaTh Kak Ha KPYIJIOBS3albHBIX MAIlIMHAaX, TaK W Ha IUIOCKOBS3albHBIX. B
(OpPMHUPOBAHUK OJHOTO PAIIIOPTa YYACTBYIOT TPH METIC00pa3yIOIIUe CUCTEMBI, TIPH 3TOM
o0pasyercs /Ba METENbHBIX PSa.

KaloueBble cji0oBa: IJIATHPOBAHHBIM IUTIOMIEBBI TPUKOTaX, IIIIOIIEBAS
MPOTSKKA, I'PYHTOBAsl HUTH, IUIIOLIEBAs HUTh, 3aKPEIUICHUE ILIIOIIEBONM HHUTH B
IPYHTE, KPYIVIOBA3AJIbHBIE MALINHBI, IIJIOCKOBSA3AJIBHBIC MAIIUHBL.

Ilpu BBIpaOOTKE H3AENHHA M3 TUIATHPOBAHHOTO ILTIONIEBOTO TPUKOTAXKa
YCTPaHSIIOTCSL T€ HEAOCTAaTKH, KOTOPbIE UMEIOTCS IIPU HU3TOTOBJICHUH W3JENHUM U3
TpuKOTaxXa (QyrepoBaHHOro TeperuiereHus. [IMaTHPOBaHHBIA  IUIFOIIEBHIHN
TPUKOTaXX HE TpeOyeT BOPCOBaHHUS, MOJITOMY €ro MOXXHO HCIOJIB30BaTh MPH
BBIpA0OTKE IITYYHBIX H3JIENUH, TOrga Kak MpOILleCC BOPCOBAHUS ISl IITYYHBIX
W3JIETIAHA U3 TPUKOTaXa (yTEpOBAHHOTO IMEpeIUIeTeHUs 3aTpyAHUTENEeH. B cBsizu ¢
3THM 00JacTh MPUMEHEHUS TUTIOMIEBOTO TPUKOTa)Xa OYEHb MIHpoka. M3 Hero
MOXXHO M3TOTOBJIATH TEIJIble O€NbEeBbIE W BEPXHUE H3JCIUS, MalbTO U UIyOBI
(MCKyCCTBEHHBI MeX), KOBpOBbIE, JCKOpPaTHBHBIE W3IEHHS W  W3JETUs
TEXHUYECKOI0 HA3HAYCHMUS.

Tak, IUTIOIIEBBIM TPHKOTAX, HWCIOAB3YEMbIH JUIsl OENbEBBIX H3CIHIA,
JNOJDKEH  00JlajaTh  BBICOKMMH  TEIUIO3AIMUTHBIMH W TUTPOCKOITHUYECKHUMH
cBolicTBaMU. TpPHKOTaX, MPUMEHSEMBIN ISl TEIJIOW BEPXHEH OJEXKbI, OOBIYHO
BBIPA0ATHIBACTCS C YIUIMHEHHBIM BOPCOM (MCKYCCTBEHHBIM MeX) U JOJKEH KpOMe
BBICOKMX TEIUIO3AIUTHBIX CBOWCTB HMETh IMPOYHOE 3aKPEIUIEHHE IUIFOLIEBBIX
MeTeNb B CTPYKTYpE TPYHTA M pacloiokeHne Bopca, OJIM3Koe K HOPMAaJH.

[LnromieBbIil  TPUKOTaX, MCIOAB3YEMbI B TEXHMYECKUX IEISIX, B
3aBHCUMOCTH OT KOHKPETHOI'0 Ha3Ha4YeHUs JOJDKEH o00JalaTh ONpeaeieHHON
FyCTOTOM BOpPCa, BBICOKMMM TEIUIO3AIUUTHBIMUA CBOWCTBAMM MWJIM IIPOYHBIM
3aKpEIUICHUEM IUIIOLIEBOM HUTH B CTPYKTYpE TPYHTA.

[TnaTupoBaHHBIN TUTIONIEBBIA TPUKOTAXK 110 COUYCTAHUIO DIIEMEHTOB 0a30BOTO
MeperieTeHus] MOKHO ToNTydaTh Ha 0a3e TJIaBHBIX, MPOU3BOJHBIX, PHCYHUYATHIX H
KOMOMHHPOBAaHHBIX IeperuieTeHnil. [IoMHMO ATOro TUTIONIEBBI TPHUKOTaK MOXKET
OBITh KYJUPHBIM M OCHOBOBSI3aHBIM. [l0 CIOCOOY pacIoONIOKEHHS TUTIONIEBBIX
MPOTSHKEK HA TOJIOTHE IJIATHPOBAHHBIA TUTIOIIEBBI TPHKOTaXK MOXET OBITH C
OJHOCTOPOHHHUM (JIMIEBBIM HJIM U3HAHOYHBIM) M JBYyCTOPOHHHUM BOPCOM, 1O BHULY
IUTIOMIEBBIX TPOTSKEK — TMeTeNbHBIA, pa3pe3Hoil u MexoBoil. Kpome Toro,
TPHUKOTAXK TUTIONICBBIX MEPEIICTCHUI MOXKET OBITh TTIQJIKUM M PUCYHUYATHIM.

OAHOCTOPOHHHUII ~ IUIATUPOBAHHBIA  IUTIOMIEBBIN  TPUKOTaXX  MOXKHO
BbIpa0aThIBaTh Ha 0Oa3e TJAaBHBIX MEpeIUIeTeHUI BBEICHHEM IUTIONICBON HHUTH B
CTPYKTYpY TJIaJH, TaCTUKA M U3HAHOYHOM riamu [1].

B mnpomsbinuieHHOCTH OOINBIIOE pacIpoCTpaHEHHE TONYYWII TUTIOLIEBBIH
TPUKOTaX, BblpabaThiBacMblii Ha Oasze rnaad. B 3TOM TpHKOTa)ke IUTIOIIEBBIC
MPOTSHKKA MOTYT OBITh 00Opa3oBaHbl KaK Ha M3HAHOYHOW CTOpOHE, TaK M Ha
JUIIEBOM, HO 4alle BbIpadaThIBACTCS TPUKOTAX C PACIOIOKECHUEM ILIFOIIEBBIX
MPOTSHKEK Ha M3HAHOYHOM cTtopoHe. Ha pucynke 1 moka3aHo CTpoeHHe KyJIHPHOTO
TJIJKOTO TUTATHPOBAHHOTO TUTIOMIEBOTO TPUKOTAXka, MOJydaeMoro Ha 0ase riaj,
C PAcIOJIOKEHUEM IUTIONMIEBBIX MPOTSKEK HAa M3HAHOYHON cropoHe. Kaxmwiit psia
TPHUKOTaXKa COCTOUT M3 IEeTeNb IpyHTa I, 00pa30BaHHBIX M3 IPYHTOBOW HUTH d,
TUTFOIIIEBBIX TETeNb 2, 00pa30BaHHBIX M3 IUTIOMIEBONH HUTH 0. OCTOBBI IUIIOIIEBBIX
IIE€TeNNb MOTYT HaXxOIWUTbCS C W3HAHOYHOM WM C JIMLIEBOM CTOPOHBI IIOJIOTHA B
3aBHCHUMOCTH OT THIIA MAIIMH, HA KOTOPBIX BHIPaOaTHIBACTCS TPHKOTAK.
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Puc. 1. OnHocTOpOHHMI MIATHPOBAHHBIN TUTIOIIEBBIA TPUKOTAX
Ha 0a3e MepervieTeHus Taab

B mpencraBneHHOM 00pasiie METIM TPYHTA PACHONOXKEHBI ¢ M3HAHOYHOM
CTOPOHBI U MMEIOT HOPMAIbHYIO JUIMHY IUIATUHHBIX JIyT, @ OCTOBBI ILIIOIIEBHIX
IIE€TENb PACIIONATAOTCS C JIMIEBOM CTOPOHBI M MMEIOT YAJIMHEHHBIE IUIaTUHHBIE
IyTH, 00pa3yroliye BOpC Ha M3HAHOYHOM CTOPOHE.

[InromeBas HUTH NPOBSI3aHA BMECTE C TPYHTOBOM B OCTOB IIETIM M IpHU
BBITATMBAHUU IUTFOIIEBOM IETVIM U3 CTPYKTYPBI TPUKOTAXKa B CIydae pa3pblBa OHa
HCIIBITBIBAET TPEHUE O METII0 TPYHTA B OCTOBE 10 BCEW JIMHUM CONPUKOCHOBEHUS.
Kpome Toro, mmtonieBast nerist OyAeT HaXOOUTHCS B TOYKax 3 M 6 B KOHTAKTE C
METISIMH, KOTOpbIe 00pa3yloT MPEenbIIyui psill, a B TOUkax 4 U 5 — ¢ MeTIIsMH,
00pa3yroIMH MOCIESAYIOMINH Psl TPHKOTaXkKA.

[ImromeBbrit  TpukOTak 0e3 pucyHYaThIX 3(P(dEeKToB HMeEeT TiIaaKyro
JUIIEBYI0O ¥ M3HAHOYHYIO CTOPOHY, TaK KaK OCTOBBI BCEX IETeNb 00pa3oBaHbl M3
JIBYX HUTEH — a W 6. Takol TpHKOTaXk 00JIaJaeT BBICOKMMHU TEILIO3AIUTHBIMU
CBOMCTBAMH W IIMPOKO NMPHUMEHSIETCS Ul W3TOTOBIIECHHS OCNbEBBIX, BEPXHUX H
YyJIOYHO-HOCOYHBIX M3JEIU.

HenocratkoM 3TOro miaTHpoOBaHHOIO IUTOLIEBOrO TPUKOTAXa SIBJSETCS TO,
YTO B CBSI3M C 00pa30BaHMEM ILTIONIEBBIX MPOTSHKEK B KaXKIOM IETEIBHOM DSy
Pacxojl ChIPbsI YBEITUUNBACTCS, TOMYICHHBIH TPUKOTAX Ooliee MaTePHATOEMKHIA.

B pabore [2] ans yMeHBIIEHUsS pacXolida CHIPbS M YIIYUIICHHUS YCIOBHS
BBINIOJIHGHHUS Tpoliecca INeTiieo0pa3oBaHus MpemiaraeTcs Crocod BhIPaOOTKU
IJJATUPOBAHHOIO IUIIOIIEBOIO TPHUKOTAXKA, IZNE€ B TPUKOTAKE HEPEIYHOTCS
TUTFOIIIEBBIN psif| ¢ THaakuM. Ha pucyHke 2 mpuBOAMTCS CTPYKTypa U rpadudeckas
3aICh BBIPAOOTKH TUTIONIEBOTO TPUKOTAXKA.

[peanaraemerii TpuKoTaXX Ha JNBYX(POHTYPHOH KPYTIIOBS3IBHONW MAalIdHE
MOJIy4aroT CJACAYIOIIMM 00pa3oM.

B cucreme | Ha wWripl punmmaidObl W WG MMIHHAPA TMPOKIAIBIBAIOT
TUTIOLIEBYIO HUTH / M TOJBKO Ha UTJIbI PUIIIINANOBI — TPYHTOBYIO HHUTh 2, JUTS Yero
MOIbEMHBIC KJIMHBS B 3aMKax ITWIMHIPA U PUITIIIIANAOLI BKIIOYEHBI (cM. puc. 2). Ha
Wriax IWInHApa GOpMUPYIOTCS IuTIoIIeBbie NMPoTskku 3. B cucreme 11 mammHsl,
HA Wbl PUNMIIAWOBl TPOKIAAbIBACTCS TPYHTOBas HHTh 4 U3 KOTOPOH
(GOpMHPYIOTCST TIETIHM JJIsi 4Yero IMONBbEMHBIH KIWH B PHIMIIAKOe BKIIOUYCH, a
MOBEMHBIH KIIMH B HMJIUHPE BHIKITIOUEH.

OTO TO3BONSET WIVIAaM LWJIMHJpPA, CKYJIUPOBABIINM ILIIOMIEBYI0 HUTH [ B
MPOTSHKKU 3 TIPOHTH uepe3 cuctemy Il 6e3 yuacTus B mpoliecce nerieoopa3oBaHusl.
B cucreme III Ha uribel He MPOKIAABIBAIOT HUKAKUX HUTEW M 3ajiada cuctemsl 11
COCTOMT B o0ecliedeHrH cOpoca TUTIONIEBBIX MPOTKEK 3 ¢ Wil muinuHapa. Js
3TOrO TMONBEMHBIH KIMH B PHUIIMIIAHOE BBIKIIOYEH, a MOABEMHBIH KIUH B
HUJIMHAPE BKIOYEH. Vbl NUIMHApPA NOJHUMAIOTCS HA 3aKJIIOUEHUE, ILIIOLIEBHIE
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MPOTSHKKU 3 TepexonsaT M3 MOJ KPIOYKOB Ha CTEPKHU WIJ 3a A3BIYKH, a IPU
JBUKEHUH WTJI WIMHAPA B HApaBJIeHUH KynupoBanus B cucteme III mpoucxogut
cOpoc IUIIOIIEBBIX MNPOTsDKeK 3 ¢ rojgoBok uril. Ilocme cucremsr Il mukm
MOBTOpSETCS, U Yero mnepen cucreMoi | ycTaHaBIMBalOT OTKPBIBATENN S3bIYKOB
0001 U3BECTHON KOHCTPYKIIMH, KaK MIPAaBUIIO, B BUJIC 320CTPEHHBIX IUIACTHH HIIH
MpYTKOB. B mpoliecce Bsi3aHHWA MPOUCXOMUT IMOCTOSHHOE YepeAOBaHUE IIETElNb,
COCTOSIIIIMX M3 IUIIOMIEBOM / M TPYHTOBOW 2 HUTEH C NETISAMH TOJBKO U3
IPYHTOBOM HUTH 4. DTO 00eCIeuno HaJeKHOCTh IMpoliecca Merieo0pa3oBaHus,
T.K. B TpoOIecce Bs3aHUsA TMETNIM, COCTOSIIME M3 [BYX WM Ooriee HHUTEH,
MPOTATHBAIOTCS 4epe3 MEeTNH, 00pa30BaHHbIC M3 OJHOM HUTH M HAa0OOPOT, YTO
MPAKTUYECKH WCKIIOYHIIO Pa3pbhlB TETeNb. JTO OOYCIOBIEHO TEM, YTO, 4eM
MEHbIIIE CHJIa TPEHMsI, BO3HUKAIOWIAs MPU MPOTATUBAHWU HOBBIX IETENb CKBO3b
cTapble, TeM MEHBIIIE BEPOITHOCTh OOpHIBa HUTEH B METIISIX.

Puc. 2. CtpykTypa u rpadudieckas 3anmch BEIpaOOTKH TIATHPOBAHHOTO
IJIIOIIEBOr 0 TPUKOTAXKa C YEPENOBAHUEM ILTIOMIEBOTO Psiia C INIaJIKUM

Co3ganHblii  croco0 oOecmedrMBaeT B IMpolecce IMeTiieo0pa3oBaHUs
MOCTOSIHHOE COXPAaHEHUE ITOTO YCIOBUS, T.K. B KaXKIOW BTOPOW CUCTEME MAIIMHBI
BBSI3BIBACTCS TOJIBKO OJIHA TPYHTOBAsI HUTh, KaK Obl pa3pekaromas TPHKOTaX.

[Ipu mpoknaabIBaHUM TPYHTOBOW HUTH 2 B NEPBOM CHUCTEME 3a CIIMHKAMHU
WTJ IATUH]PA TUTIOIIEBast HUTh / BBIXOAUT HApYXKy ¢ 00enX cTOpoH Tpukoraxa. C
W3HAHOYHOW CTOPOHBI ILTIONIEBass HUTH [ 00pa3yer IIIIOIIEBBbIC MPOTSKKU 3, a C
JUIIEBOW CTOPOHBI TUTIONIEBAst HUTh | 00pa3yer MeTiH, TOKPHIBAIOIIKE eI U3
TPYHTOBOW HUTH 2.

HenocraTkoM yka3zaHHOTO TPHKOTa)Ka SIBJSIETCS TO, YTO TJIa/IKAE TIEeTENbHbIC
PSBL, B KOTOPBIX OTCYTCTBYIOT ILTIOIIEBBIC MPOTSIKKH, (POPMUPYIOT MONEPEUHBIC
MOJIOCKl HA TIOBEPXHOCTH OJHOCTOPOHHEr'O IUTIOMICBOrO TPUKOTAXa, KOTOpHIC
YXYIIIAIOT €ro BHEIIHUM BHJ M KauyecTBO, a TAKKE IUTIONICBAs HUTh HEMPOYHO
3aKpericHa B TPYHTE TPUKOTaXa.

C nuenpio ymydlleHWs KadecTBa OJHOCTOPOHHETO IUIATHPOBAHHOTO
TUTIOIIEBOTO TPUKOTa)Ka 3a CUYeT PAaBHOMEPHOTO PACHOJIOKECHUS TUIFOMIEBBIX
MPOTSHKEK Ha M3HAHOYHOM CTOPOHE MOJIOTHA M MPOYHOTO 3aKPEIICHHS TUTIOIIECBON
HUTH B TPYHTE TPHKOTaXKa TpeIiaraercsi CTPyKTypa H CHOCO0 TONy4YeHHUs
TUTIOIIEBOTO TPUKOTaX, T IUTIONICBAas HHUTh MPOBS3BIBAECTCS COBMECTHO C
TPYHTOBOM B OCTOBaX JIBYX METENb M IUTIONIEBBIE MPOTSHKKH PACIOIOKEHBI Ha
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MMOBEPXHOCTH IOJIOTHA B IIaXMaTHOM mopsjake. Ha pucynke 3 mpencrabiieHa
CTPYKTYpa H rpaduyeckas 3amuch MpeiaracMoro mitoIeBoro TPUKOTaxa.
OmHOCTOPOHHUI TITIOMIEBBIM TPUKOTAX (pHC. 3, a) COAEPIKUT METIIH TPYHTA
3, oOpa3oBaHHbIC HUTHIO [/, W IUIIOLICBBIC IETIM 4, 00pa30BaHHBIC ILTIOIICBON
HUTBIO 2 U TUTIOLIEBBIC MIPOTSHKKU 5 M 6, PACIIONIOKEHHBIC B IIIAXMATHOM IOPSIKE.

a) 0)

Puc. 3. Ctpykrypa u rpaduueckas 3anuch MIaTHPOBAHHOIO TLTFOIIEBOTO
TPUKOTaXKa C MAXMATHBIM PACTIOIO0XKEHUEM TUTIOIIEBBIX TIPOTSIKEK

[lpr BBHIPaOOTKE OJHOCTOPOHHErO IUTIOMIEBOIO TPHKOTAXKa TJIABHBIM
SBIISIETCS 00pa30BaHHE BOPCa W3 Y/UIMHEHHBIX IUIIOIIEBBIX MpOTshKeK. [IpuHIMNI
MOJIYYEHHsI IUIIOIIA 3aKJIFOYAaeTCsl B NPOKIAAbIBAHUM ILIIOIIEBOM W I'PyHTOBOH
HUTEH Ha UTJBI C MOCIEeNYIOMMM KYJIHMpPOBaHHEM TPYHTOBOM HHUTH OTHOCHTEIHHO
OCHOBHOI1 OTOOHHO#M IIOCKOCTH, a INIIOIIEBOH — OTHOCHUTENLHO JOIMOIHUTEILHOMA.

B npennoxeHHOM OJHOCTOPOHHEM IUIIOLIEBOM TPUKOTAXE ILIIOIIEBAs HUTh
2 obpa3yeT OCTOBBHI TETellb Ha BCEX WUIJaxX MOAPS, a IUTIOIIEBBIE MPOTSKKH —
yepe3 unity (puc. 3, a, 0). B Tex mecrax, rae IUTiOIIeBas HUTh HE 00paszyeT
TUTIOIIEBYIO TMPOTSDKKY, OHA BBSI3BIBACTCSA B CTPYKTYPY TPYHTa, Kak OOBIYHAS
rpyHToBas. TakuM oOpa3oMm, TUTIONIEBAs METJISI OKa3bIBACTCS MTPOBS3aHHONW BMECTE
C TPYHTOBOM B OCTOBax JABYX IETENb.

OnHOCTOPOHHHMIA TUTIONIEBBINH TPUKOTAX MOXKHO BhIpaOaThIBATh HA IJIOCKO- H
KpPYIJIOBSI3AJIbHOM MalllMHE C JJACTUYHOM pacCTaHOBKOM WIJI.

[Ipouecc BsA3aHUS OJHOCTOPOHHETO IUIIOLIEBOTO TPUKOTAXKa OCYIECTBIISSA-
ercs cienyromuM odpasom (puc. 3, 6). [Ipu momydeHuun parmopra HeperieTeHUs
YUYACTBYIOT TpH IeTiieoOpasyromue cucreMbl. B 1 psiny panmopra urisl 3aaHei
WTOJBHUIIBI TPOBS3BIBAIOT TMETNIM W3 TPYHTOBOW [ W IUTIOMIEBON 2 HUTEH, a
HEUETHBIE WTIIBI MepeHeN UTOMBHHIIBI 00pa3yIoT IUTIoNIeBbIe MPOTsHKKU J. Bo 11
psAAy pamnmopTra HUribl 3aJHell WTONbHULBI MPOBSA3BIBAIOT IUIIOIIEBBIE IMETIH, a
YeTHBIE UIJIBI TIePeHEl HTONBHUIBI 00pa3yIoT TUToNIeBbIe MPoTskKU 6. B 111 psany
pamnmopTa MPOUCXOAUT cOPOC TUTIOLIEBBIX MPOTSHKEK CO BCEX MIIT IMIIMH/IPA.

B nomy4eHHOM OJHOCTOPOHHEM IUIIOIIEBOM TPHUKOTAXE ILIIOIIEBAs HUTH
uMeeT Oosiee MPOYHOE 3aKperlieHHe B TPYHTE, TaK KakK ILTIONICBAas METIs OKa3bl-
BaeTcs MPOBS3aHHON B OCTOBAxX ABYX IETENb.

3a cuer oOpa3oBaHUs IUIIOIIEBBIX MPOTHKEK Yepe3 WIIy YMEHBIIAeTCs
pacxol ChIpbs, a PACIOIOXKEHUE IUIIOIIEBBIX MPOTSHKEK HA W3HAHOYHOW CTOPOHE
[IOJIOTHA B LNIAXMATHOM IOPSAKE IMOBBIIIAET PABHOMEPHOCTh IUIIOLIEBOM IOBEPX-
HOCTH U YJIY4YIlIaeT Ka4eCTBO TPUKOTAXkA.
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brnaronmapst mpemyaraeMoil CTpyKType OJHOCTOPOHHErO TUTIOIIEBOI'0 TPUKO-
Taka MOSBIISIETCS BO3MO)KHOCTh PACIIUPUTh 00JIACTh MPUMEHEHHUS U aCCOPTUMEHT
TPUKOTAKHBIX U3JEIIHM.
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TPUKOTAK K¥PbBUIBIMBIHJA KbIZKbIM KIIITEPI MBIKTAII
BEKITLJITEH BIP)KAKTHI KOMJIEKTI KbIKBIM TPUKOTAXKBI

KeiisiekTi KbIXKBIM TPHUKOTaXKBIHBIH CallaChlH apTThIPY MaKCAThIHIA KbIXKbIM
TPUKOTAXKBIHBIH JaHA KYPbUIBIMBI MEH ally TOCUIl YCHIHBUIFaH. TpPHKOTaKIbIH
carmajiblK KOpCEeTKIIITEpiHiH jKaKcapyblHa KeHell OeTiH/Ie KbDKBIM TapTHalapbIHbIH
Oipreric OpHaJacybIHBIH JXKOHE KBDKBIM JKINTEPiHIH TPHKOTaXK KYPBUIBIMBIHIA
OeKiTiTy JopexeciHiH apTybl HETi3iH/e KOl )KeTKizyre Oonanpl. TpukoTax OeriHae
KBDKBIMZIBI TapTajap CaHbIH €Ki ece a3aiTy eceOiHeH OHBI JaiiblHaayra
KYMcallaThlH IIHKI3aT I[IBIFBIHIAPEI Jla KBICKApaAbl. YCHIHBUIBIT OTHIPFaH
TPUKOTXKABI  JOMallaKTal  TOKHTBIH JKOHE OJKallakKTalnl TOKHTHIH  TiriH
MallnHalapbIHA Jla aimyFa Oonansl. bip panmopTTeiH Ty3UTyiHAe Y TYHIH TY3€eTiH
XKyHernep KaTbicaibl, Oy peTTe eKi IMEKTi KaTap Ty3iie/i.

Tyiin ce3mep: KoWICKTI KbDKBIM TPHUKOTAXbl, KbDKBIMIBI TapTIia,
KYPBUIBIMABIK JKiIl, KBDKBIM OKIill, KBDKBIMIBI OKINTI KYPBUIBIMIA OEKITY,
JoMaaKTan TOKUTEIH TITH MaIIMHACKI, YKaIIaKTal TOKUTLIH TIiMiH MallnHACEL

Kh. A. Khazratkulov, M.M. Mukimov

Tashkent institute of textile and light industry, Tashkent, Uzbekistan

ONE-SIDED PLATED PLUSH JERSEY WITH STRONG FASTENING OF
A PLUSH THREAD IN JERSEY STRUCTURE

For the purpose of improvement of plated plush jersey quality the new
structure and producing way of plush jersey is offered. Jersey quality indicators
improve at the expense of a uniform arrangement plush sinker loops on a surface of
a cloth and increase of degree of fastening of a plush thread in jersey structure. By
the twice reducing of quantity plush sinker loops on a jersey surface, the raw
materials expenses are decreases for its producing. It leads to decrease of cost price
of jersey. The offered jersey can be received on circle knitting machines, as well as
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on flat knitting machines. Three knitting systems participate in formation of one
knitting repeat, thus formed two numbers of loopy.

Keywords: plated plush jersey, plush sinker loop, a soil thread, a plush
thread, fastening of a plush thread in a ground structure, circle knitting machines,
flat knitting machines.

UDC 661.24+661.63
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THE INVESTIGATION OF THE EXTRACTION OF NOBLE METALS
FROM SULFIDE ORES BY THE SULFITE — BISULFITE - TIOSULFATE
SOLUTIONS

The paper presents the results of the study sample concentrate produced from ore of
Akbakai ore dressing plant. The study showed that gold and silver are in them in the native
state as micron-sized gold particles mass from thousandths to tenths of milligrams
concluded in sulphide minerals such as pyrite, arsenopyrite and chalcopyrite. Chemical
oxidation of refractory sulfide ores such as pyrite, sphalerite, thiosulfate ions, sulfite and
polythionates leads to the dissolution of gold due to the formation of stable enough sulfite
and thiosulfate complexes in solution. The possibility of efficient use of product materials
processing technogenic sulfur containing feedstock - sulfite, bisulfite, thiosulfate and sulfite
and ammonium bisulfite solution, sodium as reagents leaching of gold from refractory ores
of Akbakai deposits exchange toxic cyanide with the degree of extraction of Au to 94-98%.

Keywords: noble metals, sulfide ores, Akbakai ore dressing plant, leaching,
thrust ores, solutions, ammonium, sodium, reagents, cyanides, minerals.

Republic of Kazakhstan have a lot of stores of noble metals and although a
huge economical potential for dynamic development of national economy in XXI
century.

In the middle of variety of noble metals the main place takes gold, silver,
platinum — they take an active role in economy of our country. In our world one of
the most important problems is the ecology of our world and people which live
there, but we must to put it to the first place by a lot of projects and ideas. In our
days students try to improve our technology and to improve the ways how to make
the world harmless and safe. We tried to solve this problem in gold industry. In our
days there are a lot of solvents and ways for extracting gold, but after a lot of
investigations we decided that most of them are harmful and the main way is
extraction of gold by cyanide solutions.

The cyanide solutions are harmful for us and for ecology. Disadvantages of
cyanide solutions are:

1) Containing of gold more than 0.9 g;

2) Cyanide solutions are not so strong;

3) Tying of cyanide and oxygen with active pyrromones;

4) The concentration of sodium cyanide is 0.06-0, 0.8%;
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5) High toxic properties.

The cyanide process is very popular in metallurgy. It has so many
disadvantages and one of them is that it is very toxic. So, our aim is that we must to
find useful, safe, cheap reagent for extracting gold. After a lot of investigations we
decided to discover other reagent that is safe and cheap. In Atyrau region the
ecology is not controlled. The first problem they have is petrol; the second is the
waste material of Tengiz deposit. This problem prevents to live easier. From this
material scientist can make bombs, but we must to prevent them from making
bombs. We found decision for two problems. The decision is to make safe, cheap,
useful reagent, in place of cyanide solutions, from Tengiz sulphur, waste product
from the oil-gas raw material of the Tengiz deposit. We suggest you to make the
sulphite-bisulphite-tiosulphate solutions. These solutions were used in XX century.
We calculated the constant of the reaction and they have showed that the reactions
are possible. Sulphite dissolving of noble metals in normal temperature allows us
to minimize consumptions of very expensive reagents (solvent -6-7 times, oxid — 5
times). One of the methods of obtaining sodium tiosulphate is the reaction of
sodium sulphite with sulphur.

We have conducted research into reaction of sodium sulphite with sulphur
containing product — the waste product from the oil-gas raw material of the Tengiz
deposit (tengiz sulphur) and elementary sulphur. If we did all of this processes with
elementary sulphur there will be formed polytionates (sodium tetrationate Na,S4O¢
and sodium pentationate Na,SsOq) [1, 2]. This polytionates are not stable, so they
decompose and form elementary sulphur, which make worse product.

Also we investigated oxidizing of gold containing concentration. After
oxidizing the result will be more useful for us. If we will compare two types of
methods of extracting of gold: by cyanide solutions we can get 71% of gold, but by
sulphite-bisulphite-tiosulphate solutions we can get 94-98%.

By these indicators we can say that sulphite-bisulphite-tiosulphate solutions
are cheaper and competitive that cyanide and competitive.

Thermodynamics of process. There you can see thermodynamic calcula-
tions, which prove that the metallic gold can easily dissolve in tiosulphate reagents
and in 21-23 literature behavior of gold in tiosulphate environment was given. The
gold with tiosulphate ions produce stable complex, which will not give sulphur
when we will add acid, from it can be taken H3;Au(S,05),-2H,0 acid [3, 4].

It is given that the reaction of gold with tiosulphate solutions is:

2Au+48,07 + H,0+%0,=2Au(S,0,); +20H .

Energy of Gibbs (isobaric-isothermal potential) of this reaction AG’= -58.35
kJ/mol. From this the equation of the reaction is:

Lg K, =58353.73 /(2.3-:298-8.31) = 10.23;
K,=1.7-10".

This reaction can be shown by Zhuchkovs calculations:
2Au+4(5,07 ) —2¢ = 2[Au ($,05)] ¥ ;

H,0 + 40, ,,+ 2¢ =20H, AG’ = 77459 kJ/mol;
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Y, 2Au + 4 (52032-) + H,0 + %0, = 2[Au(S,0:),]> + 20H

AG’ = —58353.7 kJ/mol.

So for this reaction:
2Au+4(S,07 ) —2¢ = 2[Au ($,05),]*

The energy of Gibbs is:

AG" = - 58353.7 - (-77459 — 8256.7) = +27362 kJ/mol.

By the equation AGO= nFe we calculate the normal potential in tiosulphate:
= AG’/nF = 27362 / (2:96485) = +0.142 B.

[Au (S,05).]*

3- + 2—
Au(S,0, )7 = Au" +28,07
K,=«a a,

N /a .
Au Au(S,04), [4u(5,0),F

=K.,-a, . /o’ s,0 lga . =1gKH+lg0£

| a’s,or
Au* u(S,0; )y s

u(S$,04

ea = 1.68 +0.059 lgar, . = 1.68 + 0.059 Ig K, +0.059 Ig o) -
Oczszof‘ .

u(8,04
+0.142 B.

a, . /o*s,0- =1 In tiosulphate solution the potential is getting g =

1.68 +0.059 1g K, =0.142 u 1g K, = —1.538/0.059 = —26.06.

K,= 107

All calculations was made at STP, we must to calculate in real situations
because the results are not equal. Let’s calculate in unacceptable conditions: the
concentration of gold is 10° mol/l (or 200mg/l); concentration of oxygen — 10™
mol/l (or 3.2 mg/l); concentration of hydroxyl ions — 10% mol/l (or 170 mg/l);

concentration tiosulphate — 0.5mol/l. In these conditions the potential of the gold is:

g£=0.142 + 0.059 lg (10°/0.5-0.5) = 0.142 + 0.059 (-3) — 0.059 g 0.25 = —
0.058 B.

Then:

AG™ = AG® + 2.3RT log [Au(S,05),’ ]2[ H7*/[S,05°1* -p0,”
AG™® = -81102.2 kJ/mol, K, = 1.3 10",
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When we will heat sodium tiosulphate the one of its products can be S*,
which by hydrolysis is getting SH:

S* +H,0=SH +OH"
The product of hydrolysis is hydrosulphide which can be the extra solvent.
Results of our calculations show us that the oxidation of gold by oxygen is

real:
2Au + 2SH + 140, = 2[AuS] + H,0,

AG® =-173.3 kJ/mol.

Mechanism of the reaction will be different: oxygen can be depolarizer or
oxidize sulphide hydrosulphide ions, to do polysulphide products, which although
can react with gold by the help of oxygen:

2Au+ §2 =2[AuS] ,AG’=114.
K,=[AuS]/[S; 1= 107 kJ/mol.

In this reaction if the concentration of the solution will be low the condition
will be more suitable.
O3 = 501 , AG® = — 8256.7 kJ/mol;

2Au+4(S,07 ) + H,0 + 140, = 2[Au($,05),* +20H

AG® = - 58353.7 kJ/mol.

So for this reaction:

2Au+4(S,07 ) —2¢ = 2[Au ($,05),]*

The energy of Gibbs is:

AG" = - 58353.7 - (-77459 — 8256.7) = +27362 kl/mol.

By the equation AG’= nFe we calculate the normal potential in tiosulphate:
g0= AG*/nF = 27362 / (2-96485) = +0.142 B.

[Au (S;05).]"

2Au+4(S,07 ) + H,0 + 140, = 2[Au($,05),* +20H

AG’ = —58353.7 kJ/mol.

So for this reaction:
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2Au+4(S,07 ) —2¢ = 2[Au ($,05),]*

The energy of Gibbs is:

AG" = - 58353.7 - (-77459 — 8256.7) = +27362 kl/mol.

By the equation AG’= nFe we calculate the normal potential in tiosulphate:
go= AG"/nF = 27362 / (2:96485) = +0.142 B.

[Au (S,053).]*
3- + 2-
Au(S,0,); = Au' +25,07,

K, = aAM+ .aAu(SZO3);_ / a[AM(5203)2]3_

a =K, a / o*s,0

2 2— =
Au* Au(S,0); Jo 5205 lg aAu* lg K, +1g aAu(Sz@);_

€an = 1.68 + 0.059 lgar, . = 1.68 + 0.059 Ig K, +0.059 Ig A (s00. /
u U003 ),
06252032‘ .
& (5.0 )3_/ a’s,0r =1 In tiosulphate solution the potential is getting & =
U503 )
+0.142 B.

1.68 +0.059 1g K, =0.142 u 1g K, = —1.538/0.059 = —26.06.

K,= 107

All calculations was made at STP, we must to calculate in real situations
because the results are not equal. Lets calculate in unacceptable conditions: the
concentration of gold is 10° mol/l (or 200mg/l); concentration of oxygen — 10™
mol/l (or 3.2 mg/l); concentration of hydroxyl ions — 10% mol/l (or 170 mg/l);

concentration tiosulphate — 0,5mol/l. In these conditions the potential of the gold is:

g£=0.142 + 0.059 lg (10°%/0.5-0.5) = 0.142 + 0.059 (-3) — 0.059 g 0.25 = —
0.058 B.

Then:
AG™ = AG’ + 2.3RT log [Au(S,05),” TF [OH]* / [S:057 ] -p0,”
AG™® = -81102.2 kJ/mol, K, = 1.3 10",

When we will heat sodium tiosulphate the one of its products can be S*,
which by hydrolysis is getting SH:

S* +H,0=SH + OH"
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real:

The product of hydrolysis is hydrosulphide which can be the extra solvent.
Results of our calculations show us that the oxidation of gold by oxygen is

2Au+2SH + %0, =2[AuS] + H,0,
AG® =-173.3 kJ/mol.

Mechanism of the reaction will be different: oxygen can be depolarizer or

oxidize sulphide hydrosulphide ions, to do polysulphide products, which although
can react with gold by the help of oxygen:

2Au+ S7 =2[AuS] ,AG’=11.4.
K,=[AuS]/[S; 1= 107 kJ/mol.

In this reaction if the concentration of the solution will be low the condition

will be more suitable.

The silver with tiosulphate ions form very stable complex. It is well known

that in XX century people used this solution to take gold from the ore.

It is the reaction of silver ethylsantogenete with tiosulphate.

3
2

AgC,H;0CSS +28,07 = Ag(S,0,), + C,H;0CSS
K,=3.710"

e=go+0.059 Iga , . [Ag(S:0:)]" = Ag" + 25,057

2
= . 2—
K.=a,. aso /aAu(5203)§'

In normal conditions the potential of the gold in tiosulphate:

g =10.8—-0.059 x20=-0.38 B.
2- - 3-

2Ag+485,0] —2¢ =A4g(S,0,);

AG’= nFe, = —2x96485x0.38 = —73328.6 J/mol.

In these conditions the probability of the reaction is more than gold:
2- - 3-

2Ag+48,07 —2¢ =A4g(S,0,),;

AG’=—73328.6 J/mol.
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H,0 + %0,,, + 2¢ =20H;
AG’ = 77459 J/mol;

203 4057207 pps

AG" = —8256.7 J/mol;

2Ag+45,0] + H,0 +%0,=2 4g(S,0,),” +20H;

AG’ = - 159040.8 J/mol.

lg K= — AG®  _ n 159040.8 ~ 284
2.3-RT 2.3x8.314x298

K,=2.5107

The dissolving of silver in tiosulphate is more probable, because silver with
cyanide form very stable complex.

Products of decomposition of tiosulphate-ion although can be solvent of noble
metals, as solvents of silver. When sulphur oxidizes the product is sulphite-ion:

257 + %02 + H,0 = 280> + 20H".

2SO32 ~ In special conditions can be although solvent of silver. In solutions

with high concentration the product will be- [A g(SO3 )3 ]5_

Ll fsor]

=2.06 10",
’ Ag(SO3 );S

In solutions with low concentration one of products will be [Ag (SO;)] ,
constant 1.6:10". So in tiosulphate solutions the solvent will be not only (S 2032 -

and products of decomposition (HS"), (S . ), (5032 B )

Tiosulphate dissolving of noble metals in normal temperature allow us to
minimize consumptions of very expensive reagents (solvent -6-7 times, oxid-5
times). By these indicators we can say that tiosulphate solution is cheaper that
cyanide and competitive.

The extraction of gold in acidic area shows that it is not effective for us. (pH 2).

We had done some experiments with Akbakai concentration and they shows
that the gravitational concentration contains Au — 92.3 g; Ag — 68.8 g; flotation Au
—-71.6 g, Ag—36.0 g.

We decided to investigate other types of sulphite solutions like:

- sulphite- bisulphite ammonia, sodium

- sulphite-bisulphite-tiosulphate ammonia, sodium

The time of extraction is 6-8 hours at 40-60 °C, but we mustn’t increase the
temperature after 60 °C because the gold becomes passive at high temperature [5].
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The extraction of gold in gravitational concentration — 85.0 g/t, in flotation
concentration — 66.0 g/t, the extraction in gravitation concentration -60.0 g/t,
flotation— 33.0 g/t.

Table 1
The results of extraction of gold from sulphide ores
by sulphite-tiosulphate solutions
No. | Leaching Primary Temperature, lTlm? of Conteqts ExtracFlon
test | mixtures concentrate C° caching, | of Auin of A.u mnto
hour cake, g/t | solution, %
1 CBA Flotational 40 8 40.02 68.9
2 CBA Gravitational 40 8 16.25 80.9
3 TCBA Flotational 40 8 23.2 64.3
4 | TCBA Gravitational 40 6 13.7 83.9
5 TCBA Flotational 60 6 16.2 75
6 TCBA Gravitational 60 6 26.9 68.4
7 | CBS Flotational 60 6 22.5 65.4
8 CBS Gravitational 60 6 22.5 73.5
9 | TCBS Flotational 60 6 26.2 59.7
10 | TCBS Gravitational 60 6 19.23 77.4
Table 2

The results of extraction of silver from sulphide ores
by sulphite-tiosulphate solutions

No. | Leaching Primary Temperature, lTlm? of Conteqts ExtracFlon
test mixtures concentrate C° eaching, of Auin of A.u mto
hour cake, g/t | solution, %
1 CBA Flotational 40 8 34.02 68.9
2 CBA Gravitational 40 8 18.25 71.9
3 TCBA Flotational 40 8 31.2 56.3
4 TCBA Gravitational 40 6 25.7 69.9
5 TCBA Flotational 60 6 16.2 75
6 TCBA Gravitational 60 6 19.9 70.4
7 CBS Flotational 60 6 21.5 68.4
8 CBS Gravitational 60 6 13.5 88.5
9 TCBS Flotational 60 6 16.2 75.7
10 | TCBS Gravitational 60 6 11.23 88

As it seen in tables, in result of preliminary processing of sulphide
concentrates from Akbakai deposit with different structured acidic and basic
solutions the amount of gold extracted by tiosulphate-sulphite-bisulphite solutions
greatly increased. Especially the revelation with the permanganate solution in basic
medium was the most effective one: Especially effective there was an opening by a
solution of potassium permanganate in the alkaline environment: extraction of gold
from flotation a concentrate has raised from 70.6 % up to 98.9 %, from
gravitational — from 81.2 % up to 98.3 %, extraction of silver from a flotation
concentrate has raised from 70.6 % up to 98.9 %. From gravitational — from 93.8 %
up to 97.3 %. It is necessary to note good opening concentrates solutions hydroxide
the calcium more accessible and cheap.

Researches have shown efficiency and expediency of using sulphite-
tiosulphate and sulphite-bisulphite solutions of ammonium and sodium in
technology of extraction of gold and silver from persistent sulphidic ores.
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Oxidizing opening of gold containing sulphide ores. Opening gold
containing ores and products of their enrichment by means of usual mechanical
crushing and the subsequent cyanide appears ineffective for persistent ores with
thin gold. Productivity of its extraction to a great extent depends on a choice and
efficiency of carrying out of preparatory operations. Existing methods of opening
of persistent concentrates are directed on destruction gold containing minerals

For making easy crushed concentrates before opening in a solution the
irradiation by their stream accelerated electrons [5] which action causes formation
of micro cracks or radiating defects of a crystal lattice of minerals can be used and
stimulates oxidizing processes on a surface of sulfides.

At an irradiation of minerals in the form of water suspensions energy of a
stream is an absorbed electron not only a firm phase, but also water. Formed
products radiolysis in a combination to ozone promotes oxidation of sulphidic
sulfur and metals of variable valency. Bivalent iron in pyrite is oxidized in trivalent
and passes in a solution, and trivalent arsenic in arsenopyrite is oxidized up to a
five-valent condition, forming in the alkaline environment corresponding water-
soluble sulfates and arsenates [6].

Formed products radiolysis in a combination to ozone promotes oxidation of
sulphidic sulfur and metals of variable valency. The majority of sulfides of heavy
nonferrous metals are practically insoluble in water, but they can be dissolved in
weak inorganic acids, it is much more active - at presence of an oxidizer [5, 6].

Formed products radiolysis in a combination to ozone promotes With the
purpose of increase of extraction of gold and silver from a sulphidic concentrate
process of oxidizing opening of sulfides, arsenopyrites from Akbakai deposits has
been investigated.

Destruction of sulphidic minerals including cupper, usually assumes their
oxidation which is carried out by means of various oxidizers and solvents under
various conditions. According to substantive provisions of the theory of oxidation
of sulfides, in sour environments various forms of sulfur can be formed.

According to the theory of consecutive dissolution of minerals, sulfides on
reduction of reactionary ability on the basis of comparison nuclear energy of Gibbs
in the sour environment settles down in a number [7].

Table 3

The influence of preliminary revelation of concentrates from Akbakai deposit
on extraction of gold by 0,1N tiosulphate-sulphite-bisulphite solution

No. Primary o pH solution Conteqts ExtracFion
test concentrate Oxidations befo.re afte}r of Auin | of A}l into
leaching | leaching | cake, g/t |[solution, %
1 Gravitational H,0,+FeCl; 9.25 9 4.3 95.8
2 Gravitational H,SO,+HCl 9.25 9 6.2 90.6
3 Gravitational Ca(OH), 9.25 9.55 3.6 96.5
4 Gravitational KMnO; in 9.25 9.6 2.1 97.3
basic medium
5 Flotational H,0,+FeCl; 9.25 9 3.9 96
6 Flotational H,SO,+HCl 9.25 8.95 5 93
7 Flotational Ca(OH), 9.25 9.5 3.2 96.9
8 Flotational KMnOy in 9.25 9.65 1.8 98.9
basic medium
9 Gravitational No oxidation 9.25 9.55 14.2 81.2
10 | Flotational No oxidation 9.25 9.6 19.9 70.6
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The received number shows, that in the sour environment at presence of
complex forming reagents (at transition molybdenum) most solutions sulphidic
minerals with the basic properties. Consecutive dissolution of sulfides in the sour
environment (H,SO,, HCI) with application complex forming agents (sulphite-
tiosulphates solutions) is most expressed for minerals with the basic properties and
is insignificant for sulphides.

In order to reveal the sulphide gravitational and flotational concentrations of
Akbakai deposit there was held their preliminary processing in acidic and basic
mediums at room temperature and at constant mixing during 1-2 hours. The results
of leaching the gold (Au) and silver (Ag) from concentrates of Akbakai with 0.1N
TSBA solution at temperature 50 °C during 4 hours with preliminary revelation by
different oxidations are shown in tables.

As it seen in tables, in result of preliminary processing of sulphide
concentrates from Akbakai deposit with different structured acidic and basic
solutions the amount of gold extracted by tiosulphate-sulphite-bisulphite solutions
greatly increased. Especially the revelation with the permanganate solution in basic
medium was the most effective one: Especially effective there was an opening by a
solution of potassium permanganate in the alkaline environment: extraction of gold
from flotation a concentrate has raised from 70.6 % up to 98.9 %, from
gravitational - from 81.2 % up to 98.3 %, extraction of silver from a flotation
concentrate has raised from 70.6 % up to 98.9 %, from gravitational - from 93.8 %
up to 97.3 %. It is necessary to note good opening concentrates solutions hydroxide
the calcium more accessible and cheap.

Table 4
The influence of preliminary revelation of concentrates from Akbakai deposit
on extraction of silver by 0, 1N tiosulphate-sulphite-bisulphite solution

No. Primary o pH solution Contet}ts Extrac_tion
test concentrate Oxidations befo.re afte}r of Auin |of Ag into
leaching | leaching | cake, g/t |solution, %
1 Gravitational H,0,+FeCl; 9.25 9.1 53 93.8
2 Gravitational H,SO,+HCI 9.25 9.1 6.2 90.6
3 Gravitational Ca(OH), 9.25 9.6 2.6 96.9
4 Gravitational KMnO;, in 9.25 9.6 2.1 97.3
basic medium
5 Flotational H,0,+FeCl; 9.25 9 3.9 92
6 Flotational H,SO,+HCI 9.25 8.8 4 91
7 Flotational Ca(OH), 9.25 9.6 3.2 91.9
8 Flotational KMnOy in 9.25 9.65 1.5 98.9
basic medium
9 Gravitational No oxidation 9.25 9.55 15.7 71.2
10 | Flotational No oxidation 9.25 9.6 17.5 70.6

Researches have shown efficiency and expediency of using sulphite-
tiosulphate and sulphite-bisulphite solutions of ammonium and sodium in
technology of extraction of gold and silver from persistent sulphidic ores.

Results:

1) For the first time the molecular and chemical structure of product from
Tengiz sulfur have been investigated. It is established that there are some organical
admixtures in its structure where aliphatic, cyclic paraffin (Cg-Cy) and also
carboxylic acids are the main components;
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2) The mechanism of getting tiocompounds on the bases on Tengiz sulfur is
offered;

3) The process of interaction of sodium sulphite with Tengiz sulfur and
simple sulfur has been investigated;

4) It is shown, that the speed of solubility of Tengiz sulfur in comparison
with simple sulfur in sodium hydroxide solution is 1-1.5 times faster. The speeding
effect of bases is explained by the ability of hydroxide ions to activate the atoms of
sulfur, which forms the intermediate compounds — polysulphides, which catalyze
the process of formation of sodium tiosulphate;

5) The extraction of sodium tiosulphate from Tengiz sulfur at 60 °C is 2-2.5
times faster than from simple sulfur. The increase in temperature till 75-90 °C
significantly increases the extraction of sodium tiosulphate.
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X.P. Caguena', I'.K. Bumnm6aepa’

i . .
M.X. [lynamu amvinoazel Tapaz memnekemmix ynusepcumemi, Tapas K.
2 )
Kaszax — bpuman mexnuxanvix ynugepcumemi, Aimamuol K.

CYJIb®UATI PYJAJIAPJAH BAYAJIBI METAJIJJAPJABI CYJIb®UTTI-
BUCYJIIbOUTTI-TUOCYJb®ATTHI IEIHNIMAEP APKbIJIbI BOJIIII
AJIYABI BEPTTEY

XKympicra AxOakaii Tay-keH OalbITy KOMOWHATBHIHBIH pyJaliapblHaH
aJIBIHFaH KOHIIGHTPAT ChIHAMACHIH 3ePTTECY HOTHXKENEpl KEATIpUIreH. 3eprreyiep
KOPCETKEHIH/CH, OHIAaFbl alThlH MEH KYMIC IIMPUT, AapCCHOMMPHUT JKOHE
XaJIBKOIUPHUT CHUAKTHI  CYIb(PHUATI MHUHEpaajap KypaMbIHIAFbI MHKPOHJIBI
eJIIIeMICp TYPIHC JKOHE Maccachl MUJUTUTPAMMHBIH MbIHJIAFaH OeJliriHe NeHiHTi
ImaMajaarbl COMTyMa Ky#iHnme kesmecemi. Ilupurt, cdaneputr CHSAKTBI KaTThl
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cynbGUATI pyAagapAbl TOHCYIb(at, CyIb(QUT KOHE MOTUTOMHATTAP MOHAAPBIMEH
XMMUSUIBIK  TOTBIKTBIPY AaNTBIHIBI EpITIN, epiTiHIiAe aWTapibIKTalk TYPaKThI
THOCYIb(ATTHI kKoHE CYNb(UTTI KemeHaep Ty3edi. TeXHOreHIi KYKIpTKypamiac
MIUK3aTTap — CyabPUT-OMCYNbPHUTTI, COHAANW-aK aMMOHHH MEH HaTpHHIIH
THOCYTb(AT-CYIbOUT-ONCYTBOUTTI epiTiHaIepiH AKOakail KEHOPHBIHBIH KaTTHI
pyAanapblHAH QNTBIHABI YJIbl [UAHHIATEPIIH KOMEriMeH aiylIblH OpHbIHA Au
HIBIFBIMBI 94-98% nmopeskeciMeH CUITUISHIIpIN alnaThlH peareHTTep PeTiHae THIMII
naiaanaHyIbIH MYMKIHJIITT KOPCETLIreH.

Tyiin ce3mep: Oaraynbl Meranmap, cyibduari pynanap, AxOakad Tay-KeH
0allpiTy KOMOWHATBI, CIITUICHAIPY, KaTThl pyAaiap, epiTiHALIep, aMMOHHH,
HATpHH, peareHTTep, IMaHuATep, MUHEpAIIIap.

X.P. Caguena', I'.K. Bumnm6aepa’

i . .
Tapasckuii 2ocyoapcmeennvlit yhueepcumem um. M.X. [lynamu, e. Tapas
2 N N .
Kaszaxckuii Bpumanckuti mexuuveckuil yHueepcumem, 2. Aimamul

HNCCJIEAOBAHUE U3BJEYEHUS BJIAT'OPO/IHBIX METAJIJIOB U3
CYJIb®UJHBIX PY ]l CYJIb®UTHO — BUCYJIb®UTHO -
THOCYJb®ATHBIM PEHIEHUEM

B paGore mpezacraBieHbl pe3yNbTaThl HCCIICNOBAHHUS MPOOBI KOHIEHTPATA,
MOJTY4YEHHOTO W3 pyAbl Ak0OakaliCKoro TOpPHO-OOOTOTUTEIHHOTO KOMOHWHATA.
HccnenoBanue mokasaino, 4To 30J0TO B cepedpo HaXOAATCS B HUX B CAMOPOIHOM
COCTOSHMHM B BHJIE MHUKPOHHOTO pa3Mepa 30J0THH MAacCOM OT TBICSYHBIX [0
JECATHIX JIONIeH MWIIMTPaMOB, 3aKIIOYCHHBIX B CyNb(OUIHBIX MUHEpallaX, TaKuX
KaK TUPUT, apCCHONMUPHT M XaJbKOMUPUT. XHMHUYECKOE OKUCIICHHE YMOPHBIX
Cynb(OUIHBIX PYIl, TAKUX KaK MUPHT, charepuT, HOHAMH THOCYIb(arta, CylbduTa u
MOJIMTUOHATOB TMPUBOIUT K PACTBOPSHHMIO 30J10Ta OJyiarofaps 00pa30BaHHIO
JIOCTaTOYHO YCTOHUMBBIX THOCYIb(PATHBIX H CYIb(QUTHBIX KOMILIEKCOB B pACTBOPE.
[Nokazana BO3MOXXHOCTH 3(PPEKTUBHOTO HCITOIB30BAHUS MPOIYKTOB TepepadboTKu
TEXHOI'C€HHOTO CEPOCOACPIKAIICTO ChIPbS — CYJIb(UT-OUCYIbPUTHBIX, a TaKKe
THOCYTb(AT-CYIbHUT-ONCYTHPUTHBIX PACTBOPOB aMMOHHMSI M HATpPUsI, B Ka4eCTBE
pearcHTOB  BBINENAYMBaHUS  30JI0Ta W3  YIOPHBIX pyd  AkOakaiickoro
MECTOPOXJICHHSI B3aMEH TOKCHYHBIX I[MAHWJOB CO CTEIEHBIO M3BIICUEHHS Au JI0
94-98 %.

KnawueBbie ciaoBa: OmaropogHbic  METaJUIBl, CyIbQUAHBIE PYHBI,
AxOakaliCkuii TOPHO-OOOTOTUTENBHBI KOMOWHAT, BBIIICIAYMBAHUE, YIIOPHBIC
PYABI, pacTBOPBI, aMMOHUI, HATPHIA, peareHThl, MAHU/IbI, MUHEPAIBI.
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& _ HAIIl OBUJIAP R

YEJIOBEK CYACTJIMBOM CYIbBbI

12 nekaOpst ucnonHmiock 70 ner
KaHIUAATy TEXHUYECKHUX HayK,
pogeccopy, qJIeHYy peIaKIMOHHOMN
KOJIJIETUH Hay4yHOro >kKypHana «MexaHuka
u TexHoiorum» ['opbaroBckoii Hune
AJeKcaHIpOBHE.

Huna  AnekcanapoBHa  SIBIISIETCS
OJTHUM W3 HEMHOTUX pabOTHHKOB, KOTOpBIC
SIBJIAIOTCS CBHJETENSAMHU CTAHOBIEHHUS U
pasBuTHsa Hamero yHuBepcurera. Ona
mocBsiTHia ceds oAHON Kadenpe, omHOMY
yHUBEpCUTETy. BOT yXe Ha NpoTsSKEHUU
47 ner Huna AnexcaHIpoBHA MPOIOIDKACT
3aHUMATHCSl CBOUM JIFOOMMBIM JIETIOM: YUHT
CTYJEHTOB HOBOMY pEMecly, Iepeaaer
MOJIOJIBIM KOJIJIEraM CBOW OIBIT U BHOCHUT
BECOMBII BKJIaJ B pasBUTHE
OTEYECTBEHHOM HayKH.

Huna AnexcannpoBHa pomamnack 1943 romy B r. bnarosemienck AMypckoi
obnactu. Ee orenr Anexcannp BacuibeBrud ciykuil KagpoBbIM oduiiepoM B psaax
Kpacuoii Apmuu. B mocneBoeHHsle To/ibl OH 3aKOHYMJ BOEHHO-TIOTHTHYECKYIO
akagemuto Mapkcusma-Jlennausma B 1. Jlenunrpag. Mama — Ilonuna
I'puropreBHa 10 CrIENUATBHOCTH ObLIIA MACTEPOM MACIIO-ChIPOBAPEHHS.

I'maBa cembr Anekcanap BacunbeBrud 1o qoniry ciaykObl 4acTo miepee3xai B
pasHble BoeHHO-cTparernueckue Touku Coserckoro Corosza. B aTux moesakax ero
BCera COMpOBOXK/Iala Jro0smas ceMbs. Hepeako UM MpUXOAUIOCH )KUTh TIPSIMO B
BOCHHBIX TrapHu3oHaX. Tam [lonmua ['puropbeBHa Bena aKTHBHYIO OOIIECTBEHHO-
MOJUTUYECKYIO paboTy Cpeain CONJIAT U )KEeH BOCHHOCTYKAIIHX.

Jo 1951 roga onm xmmm B r. brnarosemieHck, rae Huna AnekcanapoBHa
ToIIIa B MEPBHIN Kiacc. B mocnenyromne HECKOIBKO JIeT €€ CeMbe MPUXOIHIIIOCH
HE pa3 MEHATh MecTo pokuBaHus 1o Coro3y. B ux uncie OpUIM Takue ropoja Kak
Jlenunrpan, Beibopr, octpoB Caapema, mocenok Tsanxapa (Ha TpaHHIE C
Ounnsanaueii). Ilocne okoHUaHws BOWHBI W BOCHHOM JKM3HHM ceMbi HUHEBI
AnekcanipoBHbl BbIOpanu ropoma LleiMkenT u JleHrep, TAe OHHM PpEIIIH
OKOHYATEIbHO O0OCHOBaThcA. 31ech, B T. Jlearep B 1960 romy Huna
AnekcaHIpoBHa OKOHYMIA ImKody. [locie mkomel mocTymmia B UMMKEHTCKHUI
TexHoNorndeckud wHCTUTYT. Ho, B 1963 Tomy, B CBsI3U ¢ pacopMUpOBaHHEM
CIELHUAILHOCTEH MHCTUTYTA, OblIa repeBeneHa B JamMOyICKUN TEXHOIOTHYECKUN
WHCTUTYT JIETKOM ¥ MHIIEBOM MpoMbIIIIeHHOCTH. B 1967 rogy 3akoHumMia 3TOT
WHCTUTYT W B YHUCIE JAPYTHX OTOOPaHHBIX BBIMTYCKHUKOB, ObIIa OCTaBIICHA JUIS
paboThl B MHCTUTYTE.

TpynoBas nearenbHOCTh HuHBI AnekcaHApPOBHBI Hadajlach C JIOHKHOCTU
nabopanta. 3areM oOHa paboTaja HWHXKEHEPOM MpPOOIEMHONW HCIBITATENbHOMN
naboparopun  Kadenpel «TeXHONOrWs XpaHEHUS | IepepaboTKH  3epHay.

140



Mexanuka scane mexnonozusnap
ISSN 2308-9865 Mexanuxa u mexmonozuu 2013, Ne4
Mechanics & Technologies

PykoBomun kadenpoit DOKTOp TeXHHYECKHX Hayk, mpodeccop Boponios Omer
CamoitnoBuy.

B 1968 rony Huna AnekcaHapoBHa TMOCTyNHJIa B aCHUPAHTYpY
JIkaMOyNICKOTO  TEXHOJOTMYECKOro  WHCTUTyTa. Ho  Juisi  BBITOJNHEHHS
JICCEPTAIIMOHHOW paboThl Kadenpa HampaBuia €€ B MOCKOBCKHI HHCTHTYT
MUIIEBOH TPOMBINIICHHOCTH. B 1974 romy 3aliMTHB JMCCEPTAIIAIO, M TIONYYIHUB
VUEHYIO CTelleHb KaHIuAaTa TEXHHUeCKnX HayK, HuHa AnexcanIpoBHa BEpHYIACH
B [I>xamOy1 1 Havdasia mpernojaBaTenbCKyIo ISITeIbHOCTh Ha POJHOM Kadeape.

B pasnmuunHple TOABI OHA 3aHWUMalla JIOJDKHOCTH JIeKaHa IIHIIEBOTO
(dakynbrera, 3aBeayroiiero kadeapoit «TeXHONOTHs XpaHEHUsS M TepepadOTKU
3epHa», CTapllero Hay4yHOrO COTPYAHHKa 3Tod ke Kadeapbl. 3a 3T roipl €ro
noarorosieHo oonee 450 cnenuanucToB. Ha ceromHsIIHUI eHh MHOTHE U3 HUX
SBIISIIOTCS ~ PYKOBOOUTEISIMA ~ KPYNMHBIX  NPEANPHUSITAHH W OpTraHU3allHi,
COTpyIHHKaMH MHHUCTEPCTBA CEIILCKOTO0 XO3SHCTBa, a Takke pPaOOTHHKAMHU
HAyYHO-HCCIIEIOBATENBCKAX NHCTHTYTOB U BBHICIIUX YYEOHBIX 3aBEICHUIA.

Ceronnst Huna AnekcanpoBHa MPOIOIKAET CBOIO TPYJIOBYIO JIESITEINBHOCTh
B 3BaHMHU npodeccopa kadenpbl «TexHOMOTHsT MPONOBOIBCTBEHHBIX MPOIYKTOB,
nepepadaThIBAFOIINX MIPOU3BOICTB 17§ OMOTEXHOJIOTHS» Tapa3zckoro
rocymapctseHHoro yamBepcutera uM. M.X. Hymatu. Kpome Toro, sBisercs
CTapIIUM HAYYHBIM COTPYAHHKOM Hay4HO-HCCIIENOBATENLCKOW JlabopaTopun
nHxkeHepHoro npopwiss «HaHowHxkeHepHble Meroabl uccienoBanuii uM. A.C.
AxmeroBay. Huaa AnekcaHipoBHA OJIHA U3 aKTUBHBIX YUACTHUKOB CO3aHUS ITOH
COBpPEMEHHOW J1abopaTopuu, OCHAIICHHOW YHUKAaJIbHBIMH TpUOOpaMu U
obopyznoBanueM. 37ech OHa BO3TJABIISICT OTPACIEBYIO JTA0OPATOPHIO MHILIEBOTIO
HanpaBieHus. [log ee pPyKOBOACTBOM B JabOpaTOpPHM TPOBOIATCS HAyYHBIC
WCCIIEIOBAHUS TI0 CO3JaHWUIO0 HOBBIX TPOJYKTOB MUTAHUS (QYHKIHOHAIBHOTO U
neyeOHO-nipodumakTHUECKOro HazHaueHuH. OpraHu30BaHbl TAKXKE HCCICIOBAHUS
MO CO3JJAHMIO 3JI0POBOTO JIETCKOTr'O MUTAaHHS Ha OCHOBE KOOBUIbEro Moioka. Ero
paspaboTanbl 1 BHelpeHbl B Kazaxcrane pecypcocOeperaronipe TEXHOJIOTHU 10
nepepaboTKe 3epPHOBBIX KYIBTYp C MPUMEHEHHEM HOBOTO BBICOKOA((EKTHBHOTO
obopynoBanms. PazpaboTaHbl TEXHOJIOTHYECKHE pEriiaMeHThl M0 TepepaboTke
3epHa B MYKY 3aJJaHHOTO Ka4ecTBa W KPYIbI MMOBBIIICHHOW MUIIEBOW IICHHOCTH.
Omnott w3 mepBbhix B Kazaxcrame Hwna AnekcanmpoBHa 3aHUMAaeTCs
WCCIICIOBAHUEM  HAHOCTPYKTYPHPOBAaHHBIX  CBEPXM3MEIBYCHHBIX  3EPHOBBIX
KyJIbTYp U CO3JaHHS HA WX OCHOBE (DYHKIIMOHAIBHBIX MPOSYKTOB IHUTAHHS:
xJeba, xe000yTOYHBIX U KOHAUTEPCKUX U3/ACIUH.

IMon pykoBomctBoM HuHBI ANeKCaHIPOBHBI YCHEIIHO 3allUIIeHbl 2
KaHaunaTckue M 10 MarmcTepcKuX IHCCEPTAlMOHHBIX pa0oT. El0 BBIMOMHEHBI
HAy4YHBIE TPOEKTHI M0 2-M TPAHTOBBIM TeMaM MUHHCTEpCTBA OOpa3oBaHUS |
HayKd 1 MUHHCTEpCTBa CelbCKOro xo3stiicTBa Pecniyonuku Kazaxcras.

PesynbpraThl ee Hay4dHBIX TPYAOB omyOimkoBaHbl B Poccum, bemopyccum,
Mouronun. Ona siBisercs aBTopoM Oonee 140 myOnmkanuii, 2 ya4eOHBIX TTOCOOHIA
1 14 MHHOBAIIMOHHBIX MaTeHTOB PecnyOnnku KazaxcraH.

Hunoit AnexcannpoBHO# pa3paboTaHbl U BHEAPEHBI B y4eOHBIH Mpoliecc
YHHBepcuTeTa Kypchl «HaHOTEeXHOIOrnu 1 HaHOMaTepHalbl B iepepadaThIBaIOIICH
W TUIIEBOH MpOMBIIUIeHHOCTH» U «KoHnennus GopMHpoBaHUs WHHOBAIIMOHHON
JIeATEILHOCTH TPH TPOU3BOJCTBE (DYHKIIMOHAIBHBIX MPOAYKTOB MHUTaHUs». J{is
MOBBIIICHUST KBATH(UKAMK MOJOJABIX IpernojaBaTenell yHUBEPCHUTETa  €i0
pa3paboTaHbl U YUTAIOTCS aBTOPCKHE KypChl TI0 OCHOBaM HAaHOHAYKW, HHHOBAIIHIA
W TEXHUYECKOW MOJICpHHU3AIMY TIPOU3BOJICTBA.
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B pamkax  gesarenpHoctM  Kaszaxcrancko-bemopycckoro — HaydHO-
oOpazoBarenpHOro KOHcopiuyma HuHOM AjekcanapoBHOW pa3paboTano 2
MEXAYHApPOIHBIX HaY4YHBIX POEKTa COBMECTHO C BEAYIIMMHU By3aMu benopyccun.

Tarxke oHa BeleT aKTUBHYIO OOIIECTBEHHYIO pabory. SIBisiercss dieHoM
pPENAaKIMOHHON KOJUIETHH YHHMBEPCHTETCKOTO HAaydyHOTO XypHana «MexaHuKa U
TEXHOJIOTHHW», YYaCTBYET B JACATCIHLHOCTHU Acconnannn JCJIOBBIX KCHIIIUH
JKamObiickoit obmactu.

Huna A.HCKCEIHI[pOBHa BXOOUT B COCTAB YJICHOB TEXHHNYECKOI'O KOMHUTETA
«Hanorexnonorun» Pecnybnmkm  Kazaxcran, koopmuHanmuonHoro Coera
Kazaxckoro Hay4YHO-HCCIIeIOBATEIHCKOTO WHCTUTYTa nepepadboTKu
CeNIbCKOXO3IUCTBEHHON  MpoAaykiuu. SBmsiercs dkcmeprom B Komwurere
TEXHUYECKOT0 PperyiupoBaHuss W MeTpoiornn U Kazaxckoro HWHCTHTyTa
CTaHJapTH3ALUH U CePTUDUKAIHH.

B 1990 romy marpaxkmena memanbio «Berepan tpyma», B 2006 romy —
HarpyIHBIM 3HAKOM «3a 3acIyrH B pa3BUTHU Hayku PecriyOmmku Kazaxcramy.

HapepHsika KakJplii ee CTyIeHT NPEKpPacHO 3HAET JIOOUMBIC CTPOKH,
KOTOPBIMH OHA HaYMHAET JICKIIUH 110 TEXHOJIOTHUH TepepaboTKu 3epHa:

«3epHO — KaK MBI, )KHBOE 9YBCTBO,
3epHO — KaK MBI, )KUBas IIOTh.
JlaHO HE KaXKJIOMY UCKYCCTBO

Ero B Myky nepeMonorsy.

He »tvu 7nu CTpokM SBIAIOTCA JOKa3aTeIbCTBOM Toro, 4ro Hwuna
AJleKcaH/IpOBHA C TPENETHOH T000BBIO OTHOCHUTCS K CBOCH CIEIHMaTbHOCTH M
npodeccun? U, HaBepHOE, HEBO3MOKHO HAYYHMTD JHOOUTH TO, YEr0 caM HE JIFOOHIIIb
WIH HE yMmeelnb IoOuTh. HuHa AnekcaHApOBHA BBICOKOKBAIU(UIIMPOBAHHBIHN
Mesaror, yYeHbli W TPYJOMOOMBBIN YeloBeK. Byaydn denoBekoM MpeaHHBIM,
BBIOPAaHHOMY OJIHAXKIBI ITyTH, OHA TPONOIDKAET WITH IO HEMY W MO Ced JeHb,
MIpeofoyieBass TPYAHOCTH >KU3HEHHBIX IIEPEMEH, BOCIHUTHIBAsS HE OJHO IIOKOJEHHE
KBAUT(DUIIMPOBAHHBIX CIICUAIMCTOB, Pa3BUBasi B HUX YEIOBEYCCKHE IICHHOCTH U
CTpeMJIeHUE K 3HAHUSIM.

Komnekrus naboparopun «HaHOMH)KEHEpHBIE METOJBI HUCCIEIOBAHUN WM.
A.C. AxmeroBa» B yecTh to0miest HUHbI AnekcaHApOBHBI OPraHU30Ball BBICTABKY
ec HaydyHBIX M Y4EOHO-METOAMYECKUX JIOCTHKECHHUH, CHSUI KOPOTKOMETPaKHBIH
¢uneM o ee KM3HemesTenbHOCTH. HuHa AsekcaHapoBHa ObUTa TpeNcTaBlieHA
KOJJICKTUBOM Jj1abopaTopu K TpHCBOeHMIO 3BaHMs «[lodeTHblii pabOTHUK
obpazoBanust Pecriyonuku Kazaxcran» u 14 aekaOpsi 9To BBICOKas Harpaja Oblia
BpyuceHa el pekropom CapbidekoBbiM M. H.

Eme pa3 mnozapasmsem Hwuny AnekcanapoBHy cO 3HaMEHATEIbHBIM
ro0uIIeeM U JKenaeM 100pa, C4acThs U YCIIEXOB.

Konnexmues nayunoeo scypnana
«Mexanuxa u mexunonoauuy
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