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©HLIPIC — KA3AK EJIIHIH 9KOHOMUKAJIbIK BAWJIbIK KO3I

Maxanaoa Ilagrodap aymazvitbly KOCINOPLIHOAPLIHOA MEMAaioap MeH OaIKbIMAIapObIH
eHOIpicmepinde, diceKkenik mypoe, CAlaHbl Keleulekme Oambliy JHCOHIHOe Monimemmep
YCBIHbLI2AH.

Kinmmi ceszoep: enoipic, kocinopvin, memanoap, OAIKeIMaiap, Memaiiypeus 3ayblimbl,
KOKC, OOMHA neui.

OHpipic araMaapAbIlH MaKCaTThl HIEKTEYCi3 KaKETTUIIKTEPiH KaHaFaTTaHIbIpyFa
OarpITTanFa Kei3MeTi. COHBIMEH KaTap, OHAIpic TIKeNIeH TYThIHY YILIiH HeMece OHAIpicTi
opl Kapai >Kypri3y yIliH, TAOUFAT 3aTTapbIH OH/IEY OOJIBII TaObLIA b

Kazakcranna Temipray xanacsinaarsl «Mcnar — Kapmer» akioHepIlik KOFambl
KypaMbIHAa TepT AoMHa neuri 6ap. EH yiakeH AOoMHa meuriHiH maigansl Keyemi
2700 m3. TemipTrayma ocblHIal Oip memr iCKe KOCBUIFaH. BecKbUIIBIKTa KoaeMi
5000 m* GonaTeiH ITOMHA menri canbslHAbL. [1aBaomap oOdBICBIHAA Ka3ipri Ke3jie
METaJTypTusi CaJlaChIHJAFBI ipi 3aybITTap, onap AKCy (peppOKOpHITIIAa 3aybITHI,
[TaBnonap amomuuuil 3aysiTel, KazakcTtan 3iekTponau3 3aybIThl, «KacTuHry,
«KSP Steel» metammyprust komnanusiapsiHbiH [1aBnonap dpunuaniapsl xKyMbIC icTeye.
2010-2014 >xpuinapra Kazakcran PecnyOnukacbiHia Tay-KeH METAUTyprusi cajachblH
JaMBITY XKeHiHJer1 6ekiTy Typaibl XKaHapreuranKazakcran PecrryOnukach! YKiMETiHIH
2010 >xpurrbt 30 kazangars! Ne 1144 Kaynbice 6oitbiama «Kazakcran PeciryOimkachs
Yxkimerinig Kazakcran PecryOnukachin yaemeni HHTY CTPUSUIBIK-HHHOBAIMSIIBIK JJAMBITY
xeHiHzeri 2010-2014 xpuigapra apHaiaFaH MEMJICKETTIK OaFaapiiaMaHbl iCKe achIpy
YKOHIHJIET1 ic-Iapanap >KocnapbIH OekiTy Typasibpy Kasakcran Pecrrybmmkacs! YKiMETiHIH
2010 xbutrsl 14 coyipaeri Ne 302 KaybIChIH ICKE aChIpy MaKCaThIHJIA KayJIbl €TTi.

JloMHa eHIipiCl — MeTaJLTyprusi 3aybITTapbIH/Ia TEMIpP Py laJlapblH TOTHIKChI3JaHAbIpa
OaJIKBITY apKbLIbl MIONBIH ©HIpY. JloMHA memTepinae KOphITYy MpoIeci KOKCTIH
KeMeriMeH xyprizineai. Ilemke ypiaeHreH aya KOKCTIH aHYbIH, KOPBITY IpPOIECiHE
KXXETTI )KbUTy MEH >KOFaphl TEMIIEpPaTypaHbl KAMTaMacChI3 €TeIl.

Jlomua memi TeMip-0eToHABl (pyHAaMEHTKE OPHATBUIFAH KOJJICHEH KUMaChl
JIOHTreJIeK OMIK [1axTa Typinjae xacanaapl. [lemTin Heri3ri 6eikTepi: KOJIOIIHUK, IaxTa,
nem KyimMeci, remr uiHi xoHe kepik. IllaxTa, memr kylimeci *oHe Menl uiHi )KOFapbl
carmajsl aMOT KipHilliHeH, aJl KepiK MeH MEeMITiH TabaHbl KypaMbIHa TTTHHO3EMHIH
MeJIIIepi KoM KipIIIITeH HeMece KOMIPTEKTI 00JIaTThl OJIOKTapAaH KananraH. [lemrin
tabanbiHad 600-1000 MM OUIKTIKTE IIOMBIH MEH TOMEHT] IIIJIAKTHI KYHBIIT aJIaThIH Haya,
onad 1400-1600 MM OMIKTIKTE IIUTAK KYHBIN alaThlH €Ki Haya, aJl KOPIKTiH KOFapFbI
Oemirinae BICTBHIK aya YpJelTiH (ypma, memTiH KymOe3iHae AOMHA Ta3blH bl
KETy YIIIH ra3 IIBIFapFBIIITAP XKOHE €Ki KOHYCTaH TYpaThIH LIMXTa THETIII anmapaT
OpHaJIaCKaH.
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loi#ipia 6i311H 3aMaHbIMBI3Fa Aeiinri [V-VI raceipia Oenrini GosFas.
ApucToTeNnb/IiH TeMip eHAIpY 91iCTepi Typalibl eHOEKTEpiHEe KapaFraH/1a, IIOHbIH O13]11H
3aMaHbIMBI3Fa Aeiinri [V raceipaa Kepopra TeHI31HIH KaFaChIHAAFBI eJepe KeHIHEeH
TaHbIMal 6osiral. Onap KeH OpbIHaphIHAH IIAFbIH [AXTAJIBIK MEIITEr] aFall KOMipiHiH
KbI3ybIMEH TeMip, 00JIaT amysl YHPEHTEH.

Peceiine nomua memrtepi anram 1630 xbuiel Tyna men Kammpana maiina
6onabl. JlomMHa eHIpiCiHIH JaMyblHA aya YJeyilll MAallIMHACBIHBIH 1CKE KOCBLITYbI
(. U. Ionzynos, 1766), ayanst kei3asipy ([x. Huncon, 1829), perenepatusTti aya
KbI3ABIPFRIITHIH aibutysl (3. Kaynep, 1857) ynken acep erti. 1913 xbutbl Peceiine

4,2 muH T. mokbiH eHaipiareH 6oica, 1940 xputet KCPO 15 MiTH T. IOHBIH OHAIpIIL,
JYHUE KY3iHae 3-opbIHFa MBIKTEL. 1970 Kbulbl IOHBIH eHAIpYy OoifbIHIIA 1-0pbIHIA
6omap1. 1971 xbutet KCPO-ge 89,3 MutH T. MIOWBIH OHTIPLIII.

JloMHa eHJIIpiCiH JaMyblHa KeIl yJeC KOCKaH, 63 €HOCK eMipiH JOMHA MelliHiH
KachlHJa OacTaraH, MeTayutypr en 6aceiMbi3 Hypcynran ©0inryns1 Hazap6aes 6016
TaObLIA/IbI.

JlomHa eHipiciH qambITya coBeT Metautyprrepi M. A. ITanos, M. K. Kypako,
WN. 11. bapaun eneyni eHOEK CiHIp/I.

Jomua nenri. JlIoMHa — TeMip KeHTAaChIHAH IIOWBIH KOPBITYFa apHAJIFaH HIaXTallbIK
nenr. On TeMip-0eTOH/IBI ipreTacka OpHATBHUIFAaH KOJJICHEH KUMAChl IOHTeNeK OuiK
maxra Typigae kacanajsl. JloMHa memriHiH CHIPTKBI 0eTi KajdblHABIFB 30-35 MM
TEMipMEH ThICTAJIFaH, 11IKi 0eTi 0TKa Te31M/I1 MaTepuaiiapMeH (KOoFapbl 06JIiri IaMoT
KipHilIiMeH, aj TOMEHr1 0eJIiri, Heri3iHeH, KOMIpTEeKTi 00yiaT OJIOKTapMEH KaJlaHFaH)
acTapJiaHFaH.

[MemTin imki OeTiHiH OajdKbIMaybl YIIIH JKOHE Mell KopaOblH (KanTaMachiH)
JKOFaphl TeMIIepaTypagad KOpFay MaKcaThIHA JOMHA HEIiH/Ie Cybl aifHaJIbII TYPaThIH
CANKBIHAATKBIIITAP Makgananbiiagsl. [IemTiH chIpTKBI KOpaObl MEH KOJOIIHUKTIH
KYPBUIFBICHI IpreTacka opHaThlIFaH Oarananapra 6exitineni. [llluxra (keHTac, armomepar,
KOKC, (h1t0C, T.0.) M1 KOJIOITHUT1HE CKUIITEPMEH (CyChIMAaJIbl MaTepUalIiap CAIbIHATHIH
BIIBIC) Oepisiesii. Aya ypieyill MallluHaJaH MIBIKKAH YpJiey MelliHiH FTOpHbIHA (KepiriHe,
SIFHU TIEIITIH TOMEHT1 OeTirine) aifHana opHajgacKaH KbI3AbIpFeIITap (MyHa aya 1000
—1200°C-Ka neifin KbI3a/1pl) MEH (hypMabIK TprOopiap apKbuisl xidepinesi. COHbIMEH
Kartap rneuike (ypmaiap apKbUIbl KOCBIMINIA OTBIH Aa (TaOUFH ra3, Ma3yT HEMece KeMip
TO3aHbl) eHrizuieni. KopbITy eHimMaepi TOPHHBIH TOMEHI1 OeJirinae opHalacKaH
0anKbIMa aFaThIH HayaJlapMEH HIOMBIH )KOHE I1TAK TACHIFBILI IIOMIIITepre ioepinei.

[Temre maiina OonaThIH KOJIOMIHUK Tra3bl mem KymMOe3iH[e opHalacKaH ras
HIBIFAPFBIIITAP apKbUIbI 9KeTine 1. [IIIolbIH aFaThIH HayaHbIH OCi MEH KEHTAaC THUETiIl
YJIKEH KOHYC KHETiHIH apajblFbl JOMHA MEUIiHIH MaiJanbl OUIKTIr, ajl OFaH COMKeC
KEJIeTiH KOJIeM OHBIH Maijanbl KejeMi Aen arananasl. JIoMHa memr y3aiKcei3 JKeTi
— OH bIJ 00¥BI XKyMBbIC icTell anaapl. Kazipri ke3geri JoMHa MemTepiHiy OMiIKTIri
KY3 MeTpre JeifiH xxerirn, an maiaanel kenemi 5000 m*-aen acein, Toyairine 6000 T.
HIOMBIH KOphITa anaabl. Kocankel OemiKTepiH Koca ecenTerene JOMHa el Kypaemi
UHXKEHEPJIIK KYpbUIbIC 00JbIn Tabbutanbl. JlIOMHA memrepine KaXeTTi MIUKi3aT —
KEHTacTap/bl YCaKTay, arjioMepaT xKacay, IIUXTaHbl THEY, ayaHbl KbI3/AbIPY KOHE OHbI
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ypJiey, KOpBITY ITPOLECiHIH OHIMIEPIH XKHHAY, CaKTay, TachIMalay IpoLecTepi Kypaesi
MEXaHU3MIEPMEH, aBTOMATThI KypallJapMeH KaOAbIKTaIFaH.

2001 »xbutel komnanus [TaBnogaparsl coi coTTe Typasam KaJFaH OyphIHFbI TPAKTOP
3ayBITBIHBIH 0a3achIH/a kaHa O0oiat Kyro eHaipici Kypburasl. 2002 >KbUTbI MaMbIpIa
xo00a OactanransiHa 10 ait etkeH coH, «Kactunry XKIIC I[TaBnomapnblk dunraisl
e3iH1H OipiHiI eHiMiH mbFapbl. 2003 xbUTb! KbUTEIHA 300 MBIH TOHHA OHIMIUTIKTET1
3ayBITTBIH OlpiHII Ke3eri KaTapra KOcbulAbl. Byn ymr 25 TOHHaJIBI 3JIEKTP JOFaJIbI
HelTeH, ekl memim-nem arperarrapeinad, 100x100-gan 150x150 MM geiiin kecik
OHIMIH aJlaThIH Y3/1KCi3 00JaT KYSATHIH YII TYTKaJbl KOHABIPFBUIAPBIHAH TYPaThIH
ANIEKTPIIl O6onat OGanKeITy OesiMi, COHAAN-aK XKenuTk opTama cypbintel 500 opHak,
y3aikci3 ycak cypbthl 300 cTaH koHe map KysaTbiH MS-64 cTaHbl KipeTiH CypbII
KyaTeiH Oemim. Danieli, SiderEngineering, Vezzani, Lindemann, Siemens cekinui
MKETEKIL1 eypOIabIK OHIIpYLIIEp )Ka0 bIFBIMEH jKapaKTaJFaH KOCIOPBIH. 3aMaHayu
TEXHOJIOTHSIIAP/Ibl YHIIECTIpE KOJIIaHy, €H KOFaphl callaJaFbl OHIM LIBIFapyFa MyMKIHIIK
6epeni. bonat Kyto 3aybIThl peciiyOnnKaia KadTapMa MIMKIi3aTTa TOJIBIFBIMEH JKYMBIC
icTeTiH OipiHiIi 3aybIT 00BN Ta0bLIa/1bl. COHBIMEH KaTap 0J1 KYPBUIBIC apMaTypachlH
HIBIFApPY/Ibl KalbIOTacThIpraH OipiHin KazakcTanabplK eHIIpyII OoJbIn TaObLIadbI.
Byrinri kyHi 6oJat KyIo 3aybITBIH/IA )KIKC13 KYObIp @HAIpY KapKbIH ajbI KeJe/Il.

Ka3akThlH KeITereH rajabIMAapbl Ka3akK elIiHIH OHJIPICiH JaMBbITy >KOHIHJe
MmaceneHi epreze-ak kerepe Oounai. Comapapiy 0ipi — llokan Yenuxanos, Mathyp
XKycin Keneitynsl, Kanbim Cotbaes T. 6. 601161 Mamhyp XKycin Kemnees, XKycinbex
AiimaybiToB, CynranMaxmyT TopaiiFbsipoB T. 6. en1 azamartapsl 1880 >kpuigapabiH
e3iHze-aK «/lana yenasate, « TypKicTaH yanasTsh» razerepinjie, « AMKarm» )KypHalbHIa
Ka3aK eJiHIH KOFaMJIbIK, OHIIPICTIK MoceseNepiH KkeTepe 0.
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The article presents the prospects of industrial development, in particular, production of metals
and alloys at the enterprises of Pavlodar region.
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P. O. Bykov, Zh. B. Yelyubayev, B. T. Mukhamdyarov
S. Toraighyrov Pavlodar State University, Pavlodar

PROSPECTS FOR THE DEVELOPMENT OF PRODUCTION
OF ALUMINUM CASTINGS

In this article, the authors reviewed the literature in order to learn the prospects of
development of production of aluminum.
Keywords: aluminum, production, casting, autoindustry.

Prospects for the development of production of aluminum castings in Kazakhstan
in the first place can be attributed to the successful development of the Customs Union
between Kazakhstan, Russia and Belarus and the further establishment of the Eurasian
Economic Union.

As you know, in neighboring Russia there is successfully developed the automotive
industry. Russia has already sold more foreign car brands than, for example, the former
leader of sales — AvtoVAZ. Moreover, in this case, in Russia this year, the most actively
creating new assembly plant of many foreign car brands that positioned them as domestic
automakers such as BMW plant in Kaliningrad.

In the first phase of the new assembly plants in Russia, in contracts with foreign car
companies prescribes that at least 50 % of automotive parts to be produced in Russia.
At the same time, Russian President Vladimir Putin believes that in fact — will be up
to 70 %, because it is more profitable due to the increase of import duties on foreign
parts. According to Putin, already the world’s largest 15 companies have announced
intentions to assemble cars in Russia. At the same time, in his opinion, as the production
and assembly of the parts must be carried out at Russian enterprises. This opinion was
expressed by answering questions of Russian citizens live in late 2006. These 15 new
plants (and possibly more) and existing Russian car and form the backbone of the new
Russian automobile industry, which is the technical and technological equipment until the
foundry has changed little since the days of the Soviet Union Minavtoselhozmash. New
domestic «auto industry» is actively built on the principles of global competitiveness,
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providing many new jobs and contributing to the improvement of Russia’s GDP. The
growth of «automobile» would fit and faster growth of production of automotive castings
— what’s all very interested assembly automakers.

Production of automotive castings to become the most profitable and relevant
business foundries in the coming years. However, adequate activity modernization
foundries specifically in the field of first-class automotive castings are not observed.
Most of the plants are in the waiting position, as in the old days of the beginning of
«perestroikay, many waiting for something and thought that do not need to be proactive
and even more engaged in creative activity, suggesting that the period of change for
a short while, but it was all civilized development of alternatives the economy is
not. So today’s strategic direction in updating domestic «auto industry» here to stay.
Confirmation of this experience most of the «automotive» countries. Demand for
automotive castings «avalanche» will melt not only for assembly plants located in Russia
and the CIS countries, as well as on a global scale. According to the International Bank
for Reconstruction and Development in 2030 is expected to uneven growth in demand
for passenger cars from the 2004 level, which is expressing individual countries as
follows: in the EU and the United States — from 5 to 10 %; in Eastern Europe — from
100 to 140 %; of Mexico — from 180 to 200 %; India and China — 10 to 20 times; in
other developing countries — about 200 %.

If the US share of «Diesel» does not exceed 3 % of the produced cars in the EU,
this share has increased in recent time more than three times, with the ever-growing
trend, for example, in 2004 only 40 %. Americans are happy to take on «cutting-edge»
Japanese cars. For example, according to the statistics of the concern «Toyotay, in 2005
in the United States have been sold more than 100,000 models «Toyota Prius» equipped
with «hybrid» gasoline-electric motor (the world leader in prestigious international
classification of «Engine of 2005» in the category of «the most economic engine»). All
automobile concerns in one form or another cooperate in the field of automotive internal
combustion engine to «flex-fuel». Currently, all modern engines without conversion
can work on the «vegetable» oil and biodiesel (diesel fuel with a high proportion of
vegetable oils (15 %). There was the world premiere of «hydrogen» car engine BMW.
All automobile concerns the United States are actively working on adapting their engines
to the use of highly concentrated bioethanol.

The diagram (Figure 1.1) depicts the proportion that is occupied by the most
significant producing countries of the main casting, from the viewpoint of automotive
alloys, namely alloys of aluminum and magnesium on the one hand, and alloys and
ductile gray cast iron with the other hand. The diagram shows the results of globalization
and trends shift mass production of castings, especially for the automotive industry,
«cheaper» countries, mainly in China, Mexico, Brazil, India, Turkey and Eastern
Europe. With the help of the diagram, you can find out what made a giant step in its
development, some countries, such as China and Mexico. Foundry industry in these
countries has significantly increased the production of castings, particularly aluminum,
ahead of traditionally strong «casting» of the nation, as the United Kingdom and France.
Powerful engine in this direction is the automotive industry.
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Figure 1 — Diagram of world production of castings of aluminum-magnesium,
gray and ductile iron in 2004 by country

If you currently share of aluminum castings in a car in 2006 was about 80 kg, the
experts predict the automotive industry in 2008 — is expected to increase this share up to
120 kg. Economic calculations of the German Society of Manufacturers of Aluminum
Industry show that the use of aluminum parts with a total weight of 120 kg fully pays
for the cost of their production only because of the reduction of fuel consumption
and environmental improvements after only 5000 km. run. The contribution to the
creation of competitive casters cars is provisioning mass production of castings such as
«cylinder head» and the «engine block» of the aluminum alloy or made of special cast
iron with minimum weight, with a minimum wall thickness and with optimal distribution
of mechanical properties over the cross section of the casting.

Advances casters in addressing these issues are significant. For example, by
improving the design and weight reduction are produced in large amounts and highly
cost of aluminum engine blocks. If before the start of the 90s of the last century «diesel»
engines were different injection pressure in the combustion chamber is not more than
130 atm. and had a max. power 30 kW/L, and «gasoline» engine reaches cardinality
indicators to about 60 kW/ I, commercially available today «diesel» injection pressure
to 180 atm., at combustion temperatures of at least 400 °C and with a specific power
up 67 kW/1, with a significantly lower fuel cost (Figure 1.2)
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Figure 1.2 — Diagram of the historical development of increasing
specific power diesel engines from 1992 to 2004

According to forecasts of the German auto makers till 2010 it will be possible to
produce in lots diesel engines with a specific power of 70 kW/1, and by 2020 this index
will make already 100 kW/1 with a pressure of injection up to 220 atm. And all this
will occur only on the basis of improving of construction and the correct selection of
constructive cast alloys. AlSi,Cu, alpax was classical material for production of units
of turbodiesels in the 90th years.

This cast alloy was for designers an optimum combination technological and the
fizikomekhanicheskikh of characteristics (flowability of the eutectic melt, the minimum
tendency to porosity, high heat conduction, good corrosion resistance, an excellent ratio
between tensile strength and the relative lengthening in case of the minimum specific
weight).

But because of high pressure of the injection exceeding 180 atm., «CRT» which
is applied in case of the last technology of turbodiesels, structure of the above alpax in
units of the engine it isn’t capable to withstand loading, especially in a zone of support
of an elbowed shaft. Similar problems exist and in petrol engines.

But because of high pressure of the injection exceeding 180 atm., «CRT» which
is applied in case of the last technology of turbodiesels, structure of the above alpax in
units of the engine it isn’t capable to withstand loading, especially in a zone of support
of an elbowed shaft. Similar problems exist and in petrol engines.

Feeble place of units from aluminum alloys — a surface of contact with pistons of
cylinders. It is well-known that because of bad friction with piston material aluminum
alloys in a zone of contact shall have suitable structure. For the solution of this
problem the European foundry concerns, such as, «Hydro Aluminiumy, develop the
new multicomponent aluminum alloys different: the increased wear resistance at a
temperature from 150 to 250 °C; the increased tensile strength; the increased fatigue
resistance; compact metal structure with uniform high heat conduction; the increased
hardness in a zone of the cylinder sleeve which gives the chance to subject its working
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surface to repeated machining in case of repair of the unit; the increased corrosion
resistance against all possible cooling liquids of a water shirt of the unit.

To receive alpax with similar properties which besides shall have satisfactory prime
cost and good foundry properties, difficult business. But the German founders read that
they coped with the task not bad: alloyed alpax with necessary characteristics, namely
the eutectic AlSi,CuNiMgFe is created. On tensile strength a new alloy is ahead of the
main competitor — hypereutectic AlSi Cu, by 40 %, and on fatigue resistance by 5 times.
Increase of the above properties in a working zone of the cylinder sleeve in the 90 th
years was solved and by use of sleeves from high-strength cast iron in the «aluminium»
unit. This technology has the following shortcomings: cast iron and aluminum have
absolutely different coefficients of the heat sink that in the considerable way worsens
uniformity of cooling of the unit and its longevity, the total weight of the aluminum
unit considerably increases in case of use of pig-iron sleeves, especially in case of
V-shaped execution of the unit when the number of sleeves dvukhkratno increases
twice. Aluminum engines of 21 centuries will be executed not only without pig-iron
sleeves, but also without sleeves generally.

Now the Porsche concern still uses sleeves, but they from alpax are executed by
method of powder metallurgy. The raised content of silicon increases hardness and
fatigue resistance of the sleeve. Only as a result of it engine capacity increases to about
5 %, in comparison with «pig-iron» sleeves. Additional plus: sleeves from alpax give the
chance to reduce wall thickness between cylinders from 8-10 mm to 4,5 mm therefore
the engine becomes easier and compact.

In the near future aluminum units will be executed without pig-iron sleeves. Metal
«monostructure» of the unit — alpax. The working surface of the sleeve is exposed to
surface melting under the influence of the laser. This method is known under a name
«tribosity (Tribosil). Along with local melting under the influence of a laser beam
silicon powder (with particle size distribution from 0,045 to 0,070 mm) which at a
microscopic depth is at once dissolved in the melted aluminum moves. It is resulted
by formation of a hypereutectic phase with much higher hardness, than hardness of the
main alloy. Depth of a microalloyed layer reaches in case of this method to 0,8 mm,
and smoothness of a surface after laser melting quite good and is in tolerable limits
for trouble-free subsequent machining in the conditions of mass production of units.
Because of the increased hardness of a processed surface of the sleeve all problems
with machining which long time justified application of already low technology with
a prostanovka of pig-iron sleeves are prevented.

Thus, it is possible to conclude that the output not only the aluminum, but also
hardware from it grows in a pattern. The special place in increase in output is led out
to aluminum castings for different needs, in particular automotive industry, etc.
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KAYECTBO BO3BELEHWNS1 KAPKACOB
N3 MOHOJIUTHOI O XKEJIE3OBETOHA

B Hacmosuyeti cmamuve paccmompenvl 0npOChl KAYeCmed KAPKACHBIX 30AHULL U3 MOHOJUMHOZO
oicene3obemona.

Kniouegvie  cnosa: MOHOMUMHBIIL  JHCENE300€MOH,  CHPOUMENLCMEO,  NPOEKIMUPOSAHUE,
KOHCIMPYKMUBHBLIL MAMEPUL, KALeCmeo.

B HacTosimee BpeMsi MOHOJIMTHBIN Keae300€TOH cTall MpeBaIUPYIOUIUM
KOHCTPYKTHUBHBIM MaT€pHaJIOM JUJIsl BO3BEACHUS KapKacHbIX 31aHui. IIpumenenue
MOHOJUTHOTO Kele300eTOHa B 3/1aHUAX MO3BOJSAET MOBBICUTH UX KECTKOCTD,
OTHECTOMKOCTh KOHCTPYKIMH, oOecrieduBaeT OOJBLIYI0 YCTOMYHMBOCTH MPOTHUB
MPOTPECCUPYIOLIETO OOPYIICHHUS, CIOCOOCTBYET OBICTPOMY 3aTYXaHHIO KOJICOAHMIA.

MHupOBOI OIIBIT CTPOUTENILCTBA ITOKA3a, YTO pa3HOOOpa3He apXUTEKTYPHOr 0 00IMKa
31aHul, 00BEMHO-IUIAHUPOBOYHBIX M KOHCTPYKTHBHBIX PELICHHH oOecreunBaercs
MOHOJIUTHBIM CTPOUTENIBCTBOM, TaK KaK OHO SIBJIsIeTCs 00Jiee MOOMIIBHBIM, THOKUM U
SKOHOMMYHBIM, BO3PACTAIOT TAK)KE U TEMIIbI CTPOUTEILCTBA. JTO MIPUBOJUT K TOMY,
YTO 3HAYUTEIIbHAS YACTh HArPY30K JEHCTBYET YK€ B IIPOLIECCE BO3BEACHNUS 3/1aHUS, UTO
TpebyeT obecneyeHns HeoOX0AUMOTr0 YPOBHS KauecTBa MoKa3aTesei KOHCTPYKIIMA Ha
BCEX dTalax CTPOUTENILCTBA.

JIOCTUTHYTBI ypPOBEHb TEXHOJOTHH MOHOJUTHOTO O€TOHAa, HECOMHEHHO,
CHOCOOCTBYET Pa3BUTHIO 3TOTO BUAA CTPOUTENILCTBA U MPEABSIBIISECT OUECHb BHICOKUE
TpeOOBaHM K KBAJIU(PUKAIIMU M ONBITY NepcoHana GupM, 3a1eliCTBOBAHHBIX B
IPOCKTUPOBAHUHU U CTPOUTENHLCTBE. BMmecTe ¢ TeM cTpouTenu Oosiee moiayBeka
3aHUMAJUCh BO3BEICHUEM B OCHOBHOM COOpHBIX >KeI€300€TOHHBIX 3JaHUU U
coopyskeHuil. [1o3ToMy OHUM OKa3amuch HE Beerja TOTOBBIMU K MACCOBOMY IIPUMEHEHUIO
MOHOJIUTHOT'O JKeJIe300€TOHA.

OTCyTCTBYET COOTBETCTBYIOIAsi HOPMATUBHAs JINTEpaTypa, Majg0 MUHKEHEPHO-
TEeXHUUYECKUX PAOOTHUKOB, UMEIOLIUX OIBIT MPOCKTUPOBAHUSA U BO3BEICHUS
MOHOJIMTHBIX >K€JI€300€TOHHBIX KOHCTPYKIIMH, HEJOCTATOYHO OIBITHBIX PabounX.
OTUM MOXHO OOBSICHUTH KaK HEyJIauHble MPOEKTHBIE pemieHus [ 1], Tak u nedexTsl B
IIPOLIECCE CTPOUTENBCTBA [2].

B stux mpumepax oOpaiieHo BHUMaHHE HA TO, YTO MPHU MPOEKTUPOBAHUU
COOpPHBIX U MOHOJIUTHBIX KE€J€300€TOHHBIX KOHCTPYKIUN MPOEKTUPOBIIMKU HE
pa3pabaThIBalOT TEXHOJOTUIO H3TOTOBJICHUS M MOHTaXa 3JIEMEHTOB. JTO NPUBOJIUT K
TOMY, YTO MHOTHE CTBIKH 3JIEMEHTOB HE MOTYT OBITh BBINIOJHEHHI Oe3 aedexroB. He
paccMaTpuBalOTCs B IPOEKTaX BOMPOCHI (PUKCALIUH B IIPOSKTHOM ITOJIOKEHUHU apMaTyphl
Y 3aKJIaIHBIX JCTAJICH, BIMAHUE HAIPEBa 3aKJIaIHBIX JIeTalei Ipyu ux ceapke. [loatomy
HECOOCHOCTb BBIITYCKOB apMaTypbl, HECOBMECTUMOCTb 3aKJIaIHBIX JI€TaJIEH, IOSBICHHUE
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TEeMIIepaTypHBIX JepopMalnii MPU BBIMOJHEHUU CBAPKH MOCTOSTHHO COMYTCTBYIOT
CTBIKaM KeJIe300€TOHHBIX 3JIeMeHTOB. OTnpe/ieieHre pa3MepOB CEUCHH 1 MTOTOKEHHSI
KOHCTPYKIIMU B IPOCTPAHCTBE OOBIYHO HE BHI3BIBACT TPYTHOCTEH.

W3 Bcero paznooOpasust 1e(heKTOB OCTAHOBUMCS HAa HEKaUYECTBEHHOM BO3BECHHUH
MOHOJIUTHBIX KOJIOHH — MO3TaKHOM OTKJIOHEHHMH OCEH OT MPOEKTHOI'O MOJIOXKEHHUS,
HApYIIEHUS COOCHOCTH JJOCTUTAIOT BETMUMHBI HECKOIBKHX cM. [2] (puc.1), 310, C yueTom
MPOCTPAHCTBEHHOT'0 XapakTepa paboThl MOHOJMTHOTO KapKaca 3[aHusl, BBI3BIBACT
BO3HUKHOBEHHUE JOMOTHUTEIBHBIX YCUIUN B HECOOCHOW KOJIOHHE, KOTOphIE OYyIyT
nepe1aBaThCsl Ha BCE KOJIOHHBI TEeMITepaTypPHO-YCaa0uHOro 0JI0Ka.

a) 0)
Pucynok 1—- KosionHa ¢ OTKJIOHEHUSIMU

OTKIIOHEHHE JTMHMM TUIOCKOCTEN MepecedeHus] OT BEPTUKAIN WM IPOEKTHOIO
HaKJIOHAa Ha BCIO BBICOTY KOHCTPYKLHH ISl CTEH U KOJIOHH, IOJAJEPKUBAIOIINX
MOHOJIMTHBIE MIOKPBITHS U NEPEKPHITUS — 15 MM.

Bnmsiaue 5TUX 1 ApyTrHX 1eEeKTOB HE PACCMAaTPUBAIOTCS B IIPOEKTAX, ATO IPHBOIUT
K TOMY, 4YTO MHOT'M€ KOHCTPYKLIMH UCIBITHIBAIOT IIEPETPY3KY.

B nensx ycrpaHeHHs] NpeAnoChUIOK BOZHMKHOBEHHS HECOOCHOCTH KOJIOHH Ha
Pa3HBIX ATa)Kax MpeAIaraeM B IONOJHEHHUE K CYIIECTBYIOIIMM PEIIEHUSIM IPUMEHSTh
JIOTIOJTHUTENbHBIE KapKachl-(hUKcaTophl (pHC.2) MOJIOKEHUSI KOJIOHHBI CIIETYIOIIEro
3TaXka [0 OTHOIIECHUIO K KOJIOHHE MPEABIIYILEro dTaxa.
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Kapxkac-¢pukcatop npexncrapiasier coO0i MpoCTpaHCTBEHHBIM Kapkac U3
PaBHOIIOJIOYHBIX YTOJIKOB C HAPYKHBIMU pa3MepaMy paBHBIMU [IOIIEPEUHOMY CEUEHHIO
xene300eToHHON KoinoHHBI U 0,6 M 1o Beicote. KoTophlil ycTaHaBiauBaeTcs B
BBIBEPEHHYIO M 3aKPEIUICHHYIO ONaIyOKy KOJOHHBI CBEpXY Ha ITyOHHY OJHOM TpeTH
CBOEH BBICOTHI M MOJKET 3aKPEIUIATHCS K pabodel apMaType KOJIOHHBI WIIH ITEPEKPBITUS
CBapKOH Mocje MpoBEepKU ero BepTHKaibHOCTH. IIpu ycranoBke kapkaca-hukcaTopa
pabouas apMaTypa HE MEIIAeT, TaK KaK BCE €ro JIEMEHTHl HaXOAATCS MO MEPUMETPY
B 30HE 3aIIUTHOTO Ccj10si O0eToHa KOJOHHBI. Ilociie HMX yCTaHOBKHM M 3aKperIeHUS
HPUCTYIAIOT K YKJIaJKe O€TOHA B KOJIOHHBI U NIepeKpbITHe. Takum o0pazom, cpeaHsis
TPEeTh BBICOTHI KapKaca-(pHUKcaTopa HAXOAUTCS B TOJIIMHE EPEKPBITHSL, & BEPXHSS TPETh
€ro0 BBICOTBI, OKa3aBILAsICs HAJ[ IEPEKPHITUEM, OYJIET CITY>KUTh HaJIS)KHBIM (PUKCATOPOM
JUISl yCTAaHOBKH Ha HEee HHU3a OMaTyOKH KOJIOHH CIIeIyIOIIero sTaxa. B nanbueiimem, npu
BO3BE/ICHUH CJIeTYIOIIUX ITAXKEH oneparyy ¢ KapkacaMu-(QpHKcaTopaMH MOBTOPSIOTCS.

YacTtu KapKacoB-(pHUKCATOPOB, BBICTYTAIOIINE B HIPKHEH 1 BEpXHEH YaCTH KOJIOHH
HIOCJIE€ CHATHS ONAIyOKH MOTYT OBITh MCIIOJIb30BAHBI B KAUECTBE 3aKJIaIHBIX JIeTallei
JUIsl KPEIUIEHNs Hapy KHbIX CTEH (B KpallHMX KOJIOHHAX), KPEIUIEHUs [IEPETOPOIOK U
KOHCTPYKLUH OOJMIIOBKH KOJIOHH (B CPEAHUX KOJOHHAX).

Taxum 00pa3om, P COOTBETCTBYIOIIEM KaueCTBE PadoT, MOJTy4yaeM BO3MOKHOCTb
UCKIIIOUUTH IMOSIBIIEHUE TE(PEKTOB COOCHOCTH KOJIOHH IPU BO3BEACHUHU KapKaCOB M3
MOHOJIUTHOT'O %KeJie300eTOHa U MPUOJIN3UTH peajIbHbIe YCI0BUS pab0Thl KOHCTPYKLUI
MOHOJIUTHOT'O JK€JI€300€TOHHOTO KapKaca K MPOEKTHBIM.

CIIMCOK JIMTEPATYPEHI

1 I'po3nos, B. T. JlepexTsl CTpOUTEIBHBIX KOHCTPYKLUUN U UX MOCIEACTBHS :
CII6 : O0OD LIKC, 2005. — 138 c.

2 http://www.twirpx.com/file/795314/

3 Ilpesentanus. KoHTpoaps kadecTBa Npu BO3BEACHHUM 3/1aHUN U3 MOHOJIMTHOI'O
xKene300eToHa.
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Maxanadoa mononummi memipOemoHHan JICAcaiean KapKACmbly KypbUIbICmMa2bl Canacvl
mypanvl Kapan2an.

The article considers the problem of the reinforced concrete frames construction quality. The
problems of substandard monolithic columns construction, floor axes deflection from the project's
design and misalignment are addressed in the article.

UDC 378

A. I. Denchik, A. A. khan, D. A. Iskakova
S. Toraighyrov Pavlodar State University, Pavlodar

THE PROBLEM FOR THE DEVELOPMENT OF EFFECTIVE, EVIDENCE
— BASED TEACHING SYSTEM DESIGN AND TECHNOLOGICAL
PREPARATION OF FUTURE SPECIALISTS FOR MACHINE BUILDING

The article deals with the problem by developing an effective, evidence-based teaching system
design and technological preparation of future specialists of engineering profile in accordance with
the requirements of modern engineering production.

Keywords: engineering, techology, preparation, teaching, labor market, machine building.

In the current transition of the international community to the next level of education,
the economy of the Republic of Kazakhstan is on the rise, particularly acute raises the
question of training highly skilled, able to work productively in various industries,
worthy of competing in the international labor market. In the context of globalization and
the deepening of integration processes in the world educational space higher education
system should respond promptly to the dynamics of positive change in the world and
contribute to the effective staffing for sustainable economic development.

Today in our society, in accordance with modern requirements of science and
technology, the introduction of a new classification of professions is an issue about
the nature of the training of specialists for machine building, capable of carrying out
a qualitative change in their professional activities with the perspective. This is due
to more integration in production and in the social sphere of modern information and
communication technologies, by decreasing the speed of technological development
of production, further deepening of global competition. In an era of rapidly changing
market economy specialist field of activity with higher technical education should be
broader, less tightly associated with a particular specialty. Modern specialist in Machine
building must possess not only a certain level of knowledge, skills and competence, but
also constant readiness for self-education and the need for continuing education for the
purpose of timely adaptation to changing production conditions, anticipate and assess the
social and economic impact of engineering activity and to master computer technology.

We can say that today is practically very little scientific research aimed at improving
the design and technological preparation of future specialists for machine building with
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the use of information technology, which is an important component of the special
training of the future engineer engineering profile.

In today’s competitive production is continuously increasing volume and change
the content knowledge and skills, which must possess modern experts. In all areas of
education being sought ways to intensify and rapid modernization of the system of
training using information technology. Creating the conditions for their development,
testing and implementation of new search for a reasonable combination with traditional
solutions require a whole range of educational, psychological, pedagogical and other
problems.

At the same time, the informatization of higher technical education is not directly
support and do not always have a direct bearing on the future profession of trained
specialists. The success in the application of computer technology depends primarily
on how new information technologies can help improve the teaching of traditional,
well-to methodically general engineering, general professional and special disciplines.
Modern machinery production follows the path of gradual but steady development of
computer-aided manufacturing, education, and the key issue then becomes training, are
able to solve the problem of production of modern sophisticated equipment with the
use of information technology.

There is insufficient elaboration of this problem. Based on this there is a need to
develop and implement a comprehensive system of targeted measures, focused on the
decision objectively existing contradictions between the increased demands of modern
production of the information society to the professional competence of the specialist
engineering profile and insufficient level of design and technological preparation.

This contradiction identify the problem: to develop an effective, evidence-based
teaching system design and technological preparation of future specialists of engineering
profile in accordance with the requirements of modern engineering production.

The object of research — the process of preparing students for machine building at
the university.

Subject of research — the formation of engineering and technological knowledge
and skills of the students of engineering profile using information technology.

The purpose of research — theoretical basis and practical development of the
educational system design and technological preparation of future specialists of
engineering profile using information technologies in accordance with the requirements
of modern engineering production.

The hypothesis of the study — if training future specialists for machine building
will be based on the proposed teaching system design and technological preparation of
future specialists for machine building with the use of information technology, it will
allow the graduate to reach a new qualitative level, because it ensures their professional
competence, mobility, competitiveness in the labor market.

The leading idea of the research: the introduction of pedagogical system design and
technological preparation of future specialists of engineering profile using information
technologies provide highly trained professional and competent professional, competitive
and mobile that meets the requirements of the labor market.
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Method- ological basis of the research is the theory of knowledge and the provisions
of the universal connection of all processes and phenomena in nature and society, the
concept of lifelong education, informatization of education system and the theory of
vocational education.

Methods: the study and theoretical analysis of scientific, educational, methodological
literature on pedagogy, content and technology of vocational training; analysis and
generalization of the advanced pedagogical experience; study and analysis of curricula
and standards for the training of specialists for machine building; observation, interviews,
questionnaires, checklists sessions with their subsequent analysis, the study of the
activities of students in the process of design and technological preparation; pedagogical
experiment; the use of methods of mathematical statistics in analyzing the results of
the pilot study.

Sources of research: contemporary works of philosophers, teachers, psychologists,
sociologists, on the issue of professional training; official materials of the Government of
the Republic of Kazakhstan and normative documents regulating the educational process
in higher education and vocational-technical schools, experimental pedagogical work
with students at machine-building enterprises of the region and the practical activities
of the author as a university teacher.

Material received on 15.12.14.
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C. TopalirblpoB aTbIHIAFbI
[TaBnomap MemiekeTTik yHuBepcureTi, [1aBnoaap K.
Marepuan 15.12.14 Gacnara TycTi.

A. U. Jlenuuk, A. A. Xan, /. A. Hckakosa,

[Ipo6aema nmo pa3zpadorke 3¢pPpeKTUBHOI, HAYYHO-000CHOBAHHOI
Nearoru4ecKoil CucTeMbl KOHCTPYKTOPCKO-TEXHOJOTHYeCKOH MOAT0TOBKH
OyAyIIMX CHeNHATUCTOB MAIIMHOCTPOUTEIBHOI0 NPOpHIs

[TaBogapckuii rocyJapCTBEHHBIN YHUBEPCUTET
nmenu C. Topaiireiposa, r. [TaBnonap.
Marepuan noctynui B pegakuuio 15.12.14.

Maxanaoa Kazipei mawiuna sxcacay eHOIpIc MaianmapwblHa call MAUWUHA Kcacay 6az0apvlHoa
bonawar MamaroapObl Muimoi, 2bLIbIMU-He2i30e12eH Ne0d20eUKANBIK JCYUEeCIHIH KypacmblpbIMObIK-
MEXHONO2USIBIK, OaUbIHOAY 3epmmemenep OOUbIHUIA MOCENEC KaPACMbIPbLIZAH.

B cmamve paccmompena npobnema no paspabomxe 3¢QpphexmusHoll, HayuHO-000CHOBAHHOU
nedazoeudeckol  cucmemvl  KOHCHPYKIMOPCKO-MEXHOIOSUYECKOU — NOO20MOBKU  O)YOyuux
CNeYUanUCOo8 MautuHOCMpPOUMeEIbHO20 NPOGUTIA 8 COOMBEMCMEUU C MPeDOBAHUAMU COBPEMEHHO20
MAUUHOCIPOUMENbHO20 NPOU3BOOCINEAL.
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YIK 669.183:621.771

4. C. EsyneHok, []. XK. Ucakoea,
I'. b. Hypeanueea, I1. O. bbikoe
[TaBnonapckuii rocynapcTBeHHbIN yHUBepcuTeT uMenu C. Topaiireiposa, 1. [laBnonap

MOBBLIUIEHUE MITACTUYHOCTU CPEQHEYTTIEPO4QUCTbIX
MAPOK CTAJIN NPU TEMIIEPATYPAX [TPOKATKU

B cmamve npeocmasnenvl pesyiomamsl  UCCICO08AHUL HA  BOZMONCHOCHb NOBLIUEHUS
NIACMUYHOCIU CMAly NpU mMemnepamypax NpoKamKu 3d C4em peamu3ayuu  mpemuidHo20
OXTIANCOEHUS, HENPEPLIBHO-TUMON 3A20MOBKU.

Knrouesvie crosa: nnacmuunocms cmaiu, mpemuyHoe OXAadiCOeHUe, HenpepblGHO-TUMAs
3a20MO6KaA, MEMAJIL, MeMnepamypa npoKamKu.

OnHUM U3 IEPCIEKTUBHBIX U JEIIEBBIX METO/I0B ITOBBIIIEHUS KAUECTBA [IOBEPXHOCTU
COPTOBOTO MPOKaTa M3 KOHCTPYKIMOHHBIX CTaJlei SBIAETCS CHOCOO YIy4IICHHS
CTPYKTYPHOI'O COCTOSIHUSI U IUIACTUYECKUX CBOMCTB METAJUIa, 3a CUET PEATU3ALUU
TPETUYHOTO OXJIAXKICHUSI HEMPEPBIBHOMHUTHIX 3aroToBok (HJI3) [1].

OnHako MMEIOIMUXCS JaHHBIX MO BIMSHUIO TPETUYHOTO OXJIAXKAEHHUS Ha
(dopMupoBaHuE CTPYKTYpPbl OBEPXHOCTH CTAJIBHBIX 3arOTOBOK M MPOMBIIIICHHON
peanu3ayy JaHHOTO croco0a HeJOCTATOYHO, YTO TpeOyeT AaJbHEHUIIero n3y4eHus
JTAHHOTO BoImpoca [2].

B paGote Obuta mocraBiieHa 3ajada, UCCIEAOBATh BO3ZMOXKHOCTD IOBBIIICHUS
IUTACTUYHOCTHU CTaJIM IIPU TEMIIEpaTypax MPOKATKU 3a CYET peau3aluy TPETUUHOTO
oxnaxaenus HJI3.

Jlns uccnenoBanus Obu1a BeIOpaHa ctajib 6517, KoTopast UPOKO UCIOIb3YeTCs IPH
IIPOM3BOJICTBE COPTOBOI'O IPOKATa, B YACTHOCTU IIOMOJIbHBIX 1IAPOB.

N3 TteopeTndeckoro aHaausa yCTAaHOBJIEHO, YTO B 3aBUCUMOCTU OT CKOPOCTH
OXJIAKJCHHS CTPYKTypa CTalH MOXeT (OpPMUPOBATHCA B BUJE NEpiUTa, cOpOUTa,
TPOOCTUTA, OEHHUTA U MAPTEHCHUTA.

B pesynbpraTe mpoBEIEHHOIO TEOPETUYECKOTO aHajIM3a JUarpaMMbl COCTOSHHUS
Fe —Fe,C nns cpenneyrnepoancTeix cranei (mogooHoi cramu 65 I') mpu oxyiaxaeHuu u
HarpeBse ¢ Pa3I4HON MHTEHCUBHOCTBIO YCTaHOBIIEHO, UTO ITOBBILIEHHYIO INITACTUYHOCTD
CTaju MPHU TEMIIepaTypax MPOKATKH OOECleurnBaeT HAJIMYHE MEJIKO3EPHHUCTOTO
ayCTEeHHTA, JJIsi 00pa3oBaHUs KOTOPOIro MpPU O0—7Yy — MpPEeBpaLIeHUH, Hauboiee
01aronpuUsATHON MCXOJHOM CTPYKTYpOH CTalu SIBJISETCS CTPYKTypa HMEIOIas
HanOOoJIbIIIee MPOTSHKEHHOCTD IPAaHUIIbI pa3/erna peppuTa U IEeMEHTHTA BHYTPH OAHOTO
3epHa, T.K. IMEHHO Ha rpaHulle epputa 1 IIEeMEHTUTA IPOUCXOIUT 3apOKICHHUE 3epeH
ayCTEHUTA. YUMTHIBAsA JUCHEPCTHOCTH MepiauTa (TOJIIMHY IUIACTUHOK (Qepputa U
[IEMEHTHUTA B 3epHE CTAJIN), 10 CTETICHH OJIaronpUsTHOCTH JUIs JalbHEHIIero npouecca
IPOKATKH BO3MOKHBIE CTPYKTYpbI CEMENCTBA IIEPIUTA MOYKHO BEICTPOUTD B CIIEAYIOLIEM
HOPSIZIKE: MEPIUT — COPOUT — TPOOCTHUT — OCHHMUT.
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3ajadeil PKCIEpPUMEHTAIBHOTO MCCIIEIOBAHMS SBIISUIOCH BBISBICHHE BIIUSAHUS
TEXHOJOTMYECKUX MapaMeTpoB OXJaXIACHUs Ha (GopMHpOBaAHHE CTPYKTYpPHI
MOBEPXHOCTHU CTAJIbHBIX 3aTOTOBOK M OLIEHKA IITACTUYHOCTH MOJYYEHHBIX 00pa3loB
IIPU TEMIIEPATYPE IPOKATKHU.

Ha nepBoM 3Tane npoBouiIv MOAEINPOBAHUE IIPOLECCA TPETUYHOI'O OXJIAXKACHUS
HENPEPBIBHOIMUTHIX 3ar0TOBOK. MoienupoBaHue npouecca TPETUYHOIO OXJIAXKACHHUS
npoBoIMIIM Ha 00pasnax pazmepom 10x10%20 mm u3 cranu 65 I

BapbupyeMmbiMu (HE3aBUCUMBIMU) MEPEMEHHBIMU B 3KCIEPUMEHTAIbHBIX
MCCIIEI0BAHMAX ABJISJINCH: HavasbHas Temneparypa oopasua X, (T , °C) u remneparypa
oxnaxnaromei Boasl X, (T,, °C). Takxke s cpaBHEHHs HOIyYanu oOpasubl ¢
OXJIQXJIEHUEM Ha BO3/JyX€, KOTOPbIE MOJEINPOBAIN TPAJAULHMOHHYIO TEXHOJIOTHIO
MOJYyYEeHHUsI HEMPEPHIBHOIUTHIX 3aTOTOBOK 0€3 TPETHYHOTO OXJIAXKIACHUSI.

[Tapamerpom ontumuszanuu Y siBiisiiaach BenuunHa 3epHa cranu 1o 'OCT 5639-82.
Taxxke koHTpoaupoBanuchk TBEpAocTh 110 Poksemty (HRC) u nucnepcuocts nepaura
(HanmMuue nepiauTa, CopouTa, TPOOCTUTA, OCHHUTA).

Hauanbnas temneparypa obpasua (T , °C) Bappupopanack B npezenax 900-1000 °C,
YTO COOTBETCTBYET 00JIACTH TeMIlepaTyp noBepxHoctu 3aroroBku HJI3 Ha BbIxoze u3
TITY MHJI3 (pekomenayercs B npeaenax 900 — 950 °C).

Temneparypa oxnaxnaromeii Boasl (T , °C) Bappuposanack B npeaenax 10-50 °C.

OKcneprUMEHTaIbHBIE NCCIIEJ0BAHNS IPOBOMIIN B CJIETYIOLLEH 10CIIEI0BATEIbHOCTH:

1) Ilepen HauanoM 3KCIEPUMEHTA OJHOBPEMEHHO HArpEBajd BCE CTaJbHbIE
o6pasibl 1o Temmeparypsl 1000 °C u BoiaepikuBaiu 20 MUHYT IS TPOTEKAHUS BCEX
aJUIOTPOIMYECKUX IIPEBPALLCHUM.

2) l'oToBWIIUCH ABE €MKOCTHU C BOJIOH (IO 5 IUTPOB B KAXK/OM, YTO 0OECTIEUNBAIIO
M30TEPMHUYECKHUE YCIIOBUS HAa IPOTSKEHUU BCETO IKCIIEPUMEHTA) C TEMIIepaTypoil
10 u 50 °C cooTBEeTCTBEHHO.

3) Ipu Temmniepatype 1000 °C B ey U3 Hee U3BICKAIUCH 6 3arOTOBOK (TPH FPYIIITBI
II0 JBE 3arOTOBKM), KOTOPbIE B JAJIbHEMILIEM OXJIAKJAIUCh 10 3aINIAHUPOBAHHBIM
pEXUMAM.

4) OcrajibHbIC 3arOTOBKH OXJIAKIAIKCh BMecTe ¢ reubto 10 900 °C u B nanbpHeiIemM
TAK)K€ U3BJIEKAJIUCh U3 IEUN U OXJIAXKAAIUCH 110 3allJJaHUPOBAHHBIM PEKUMaM.

[Tonyuennsle 00Opa3ipl NOABEPTraM METANIOTPaPUUECKUM HCCIETOBAHUIM.
MHUKpPOCTPYKTYPHBIN aHATU3 CTAJIN IIPOBOAMIIN Ha METAJUIOT pahUuecKoM MUKPOCKOIIE
Mertam 32 ¢ yBenuuenuem B 100 + 1000 pas. [lepen ucciemoBanuem ooOpaselr
UM OBATH, TOTUPOBAIU U MTOABEPraIn TPaBIeHUIO. I MOIMPOBKH UCIIOIB30BAU
anMasHylo nacty. s TpaBiieHus MCIoyb30Baiu 2 % pacTBOP a30THOM KUCIIOTHI B
TUJIOBOM CIIUPTE.

Pe3ynbraThl 3KCIEPUMEHTOB ITPUBEACHBI B TabmuIe 1.
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Tabnuua 1 — Pe3ynbpTaThl 5KCIEPUMEHTOB 110 MOJICIMPOBAHUIO MPOLIECCa TPETUYHOTO

oxnaxuaenns HJI3

Hauayipnas Bennuuna
TeMieparypa Teumep aTypau 3epHa ctanu o | JlucnepcHocTb Teeproctsb
Ne oGpasua ob6pasua TH,, OXHa)KHaIOIfeH I'OCT 5639- nepiauTa HRC
o Boabl TB, °C
C 82, ban
1 900 10 8 beitaut 69
I 900 10 8,5 Belinur 70
2 1000 10 7,5 Beitaur 63
2 1000 10 7,0 beitaut 64
3 900 50 6 Ilepaur 62
3 900 50 7 [epnut 63
4 1000 50 6 IMepmut 61
4 1000 50 5 [lepnut 62
Boznyx
5 900 (20 0C) 5 [epnut 52
) Bosnyx
5 900 (20 0C) 5 Ilepnut 53
Boznyx
6 1000 (20 0C) 4 Tepmur 50
s Boznyx
6 1000 (20 0C) 4 [lepmut 51

W3 mosydyeHHBIX JAHHBIX CIEJaH BBIBOJ, YTO BEJIHMYHMHA 3€pHA CTaId IPHU
OXJIAKICHUM BOJOW MMeeT OoJiee BHICOKMU Oail MO CPaBHEHUIO C TPAJAULMOHHON
TEXHOJIOTHEH ¢ OXJIaXJIeHHEeM Ha Bo3ayxe. [Ipu 3Tom, Oanm BeMUUYMHBI 3epHA CTATU
pacTeT ¢ yMEHbIICHHUEM TeMIepaTypbl OXJIAIUTENS U TeMIepaTypbl TOBEPXHOCTH
o0Opasia cranu. Taxke BUAHO, 4TO HanboJee OaronpusTHast CTPYKTypa cTaiu (OeHuT)
Oyzaer oOpa3oBbIBaThCs pu Temiieparype oxiaautens 10 °C u remnepaTtype oOpasia
B npegenax 900-1000 °C. YuurtbiBas, 4TO NPOU3BOJCTBEHHBIMHU pErilaMEHTaMH Ha
pasnuBky ctanu Ha MHJI3, temneparypa nosepxnoctu HJI3 na Beixone uz TIIY
noinkHa ObITh He 6otee 950 °C, To MOYKHO CKa3aTh, YTO B IPOU3BOJICTBEHHBIX YCIOBHUSIX
Ui oOecriedeHnst HanoobIIeH APPEKTUBHOCTH MPOIIECCa TPETUIHOTO OXJIAXKICHUS
TeMIIepaTypa OXJIaauTesst JoKHa ObITh B ipeaenax 10 °C.

O06paboTKa pe3yabTaTOB IKCIIEPUMEHTOB ITPOBOIMIIACH METOIOM PEIPECCUOHHOTO
aHayM3a, B akeTe NpuKiIaaHbix nporpamm Microsoft Office Excel.

IIpunumas HauvanbHylo Temneparypy obpasua (T, °C) 3a X, u temmepatypy
oxnaxarommeit Boawl (T, °C) 3a X, momyuninu ypaBHEHHE PErPECCUH ISl ONPEIETICHUS
BennunHbl 3epHa Y (0amwt mo FOCT 5639-82) ans cramu 65T

y =17.69- 0.01x, - 0.04x, (1)

brin onpexnenen Ko3pGUIMEHT JeTepMUHAINU, KOTOPBIH MMEET 3HAaYCHHE
R?= 0,87, uTo moka3pIBaeT Ha XOPOIIYIO CXOJAUMOCTh PE3YJILTATOB.
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Jlanee Obl1a MpoBEpeHa aJIeKBaTHOCTh MOJIEIH, pacCUUTaH Kputepuil dumiepa u
CBEpPEH C TAaOJUYHBIMU JAHHBIMU.

Pacuernerii kpurepuit Ouimepa F /= 0,42, uto menpme F__ .

Taxum 00pa3oM, MOXKHO CIeJIaTh BBIBOJ 00 a/IeKBaATHOCTH MOJIEIH.

Ha BropoM 3Tarne 3KkCcriepuMEHTOB IIPOBEIN KAYECTBEHHYTO OLIEHKY TEXHOJIOTMUECKON
IUIACTUYHOCTU 00pa3noB npu Temmeparype npokarku HJI3 (1000 — 1250 °C). dus
3TOTrO MPOBOJMIIM UCIBITAHUE 00pPa3lloB Ha OCAJKy MOIYYEHHBIX Ha MEPBOM 3Tare
skcniepumenToB o 'OCT 8817-73.

[TnacTuyHOCTH METaIa ONPEAEIISUTH 110 BHEIIHEMY BUy 00pas3iia OCIIe UCIIBITAHUS
(TosiBNIEHUE MIOBEPXHOCTHBIX JIE(hEKTOB).

HcnblTanus NpoBOAUIN NIPU NUHAMUYECKOW Harpyske. s TeXHOJIOrH4eCKOu
pOOBI UCTIONB30BAJIHM THEBMATUYECKUN KOBOUHBIM MOJIOT M125.

JU1st MCTIBITaHUsI Ha OCAJIKY B TOPSIYEM COCTOSIHUU HarpeB 00pa3iioB IPOU3BOIMIIH B
My henbHoM eun, Harperoii 1o Temrepatypsl 1010 = 5 °C. Bpems BbIICPIKKH HArpeThIX
oOpasuoB cocraBmwiio 20 MuHyT. C y4eToM MOTeph TeIjia MpH TPAHCIOPTUPOBKE
00pa3oB OT Neuu K JepopMUpYIoLIeMy 000PYA0BaHHIO MOXKHO CUUTATh TEMIIEPATypy
Hayasa ucnsiTanus 1000 °C.

W3 momy4eHHbIX JaHHBIX CIeTaH BBIBOJ, YTO 00pasell, HMEIOIINi 001ee BEICOKHIA
Oa 3epHa, 1ocjie HarpeBa Mo 0CaAKy HMEET BBICOKYIO IUTACTUYHOCTb, a C YBEIINYEHHEM
0asuta 3epHa IIACTHYHOCTh HECKOJIBKO CHUYKAETCS.

Taxum 06pa3zom, 00paboTKa MOTyUYEHHBIX PE3yIbTAaTOB MO3BOJIMIIA C/IETATh BHIBO]
0 BO3MOYKHOCTHU IOBBIIIEHUS IUIACTUYHOCTH CTJIAu IPU TEMIEPATypax MPOKAaTKU 3a
CYET peanu3aluuu TpeTuyHoro oxnaxaenus HJI3 B texnonornueckoi aunun MHII3.
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[TaBnonapckuii rocynapcTBeHHbIN yHUBepcuTeT uMenu C. Topaiireiposa, 1. [laBnonap

COBEPLUEHCTBOBAHUE KOHCTPYKLNN
METAJINIYPIMYECKOIO ObOPYLOBAHUA

Cmamusi nocesiuyena npobreme COBEPUEHCIMBOBAHUS KOHCHIPYKYUU  MEMAIPSUIECKO20
000py008aHUsL NO NPOU3BOOCNBY CIATILHBIX OECULO8HBIX MPYD Ol Hehme2az080l OMpPacu.

Kuiouesvle crosa: memaniypeuueckoe obopyoosanue, cmanvhble Oeculosnvie mpyobl,
Heghmezazo6as ompacis.

TOO «KSP Steel», mepBoe kazaxcTaHCKOE MPEANIPUSATHE 10 IPOU3BOJICTBY CTATBHBIX
OecHIOBHBIX TPYO A1t He(hTEera30BOH OTPACIIH, OTIMYAETCS IIMPOKON HOMEHKIIATY PO
METaJUTyprHuecKoro 006opynoBanus. B yacTHOCTH 171 TPOU3BOICTBA THIIB3 — MOJIBIX
TPYOHBIX 3arOTOBOK UCIOJIb3YETCs IPOIIMBHOM CTaH MONIEPEYHO-BUHTOBOM ITPOKATKH.

ITouTtu BO BcexX rpynnoBbIX IPUBO/IAX CTAHOB BUHTOBOW ITPOKATKH B IIIECTEPEHHBIX
KJIETAX MPUMEHSIOTCS 3y0UaThlie Tepeadn MIeBpOHHOTo TUMa. OMBIT SKCIUTyaTaluu
TaKUX MIECTEPEHHBIX KIETEeH MOKa3al, YTO MpU paboTe MHTEHCUBHO MU3HAIINBAIOTCS
U 9acTo JOMaroTcs 3yObs TOJBKO OJHOW YacTH HIECTEPHH U Kojieca (CO CTOPOHBI
AIEKTPOJBUIATEINS), APYyTasl K€ MOJIOBHUHA IIECTEPHU M KOJieca MPAKTUYECKH HE
u3HamuBaeTcsa. Kpome Toro, He1ocTaToyHO pabOTOCIOCOOHBI MINMHHAEIbHbIE
YCTpOICTBa, pacCUNTaHHBIE IO [IEPEIaBaEMOMY UMU MOMEHTY [1, c. 130].

Kak u3BecTHO, Ipu MPOIIMBKE 3arOTOBOK paboune BaJKH BOCHPUHHMAIOT
OCEBBIE YCHWJIUsS, NPOTUBOIOJOKHBIE HANIPABJIEHUIO NPOKATKU. BennunHa 3THX
ycunuit gocturaet 25-35 % ot obmiero ycwius Metaiia Ha Baiku. [log nefictBuem
OCEBBIX YCUJIMI pabounii BaJIOK CMEIAETCSI B CTOPOHY HIECTEPEHHON KIIETH, TaK KaK
NPaKTUYECKH BO BCEX M3BECTHBIX KOHCTPYKIHMIX pabounx KieTeil B cucreMe padbounit
BAJIOK — KacceTa — 0apabaH — CTAaHWHA UMEIOTCS 3HAUUTENbHBIE 3a30pbl. CUMTAJIOCH,
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YTO BO3MOKHOCTB IIEPEMELIEHUS BAJIKOB KOMIIEHCUPYETCS OJBUKHBIM HUIMIIEBBIM
COCAMHEHUEM HIMUHAENs, 0Jarojaps 4eMy HCKIIOYAlOTCS OCEBbIE HATPy3KU Ha
IIMKH/IEINb U 3y0uaTyto nepeaady. OJHaKO pacuyeTsl HOKa3bIBalOT 00PAaTHOE, TOCKOJIBKY
IpU OCEBOM IEPEMEIIEHUH B LUIUIIEBOM COECIMHEHHH HEOOXOAMMO IPEO0JIETh
3HAYUTEIbHOE YCHIIUE 3allleMIICHUs], OTpeiessieMoe 1o Gpopmyiie:

rae d — JMaMeTp IUTHLEB 10 JISTUTENBHON OKPYKHOCTH;

/., — KOOQOUIHMEHT TPEHHS B IUTMIEBOM COEJMHEHHH.

[IpumennTensHO K mpommBHOMY ctany TIIA npu f = 0,2, M, = 150 xHem u
d =200 mm Benmuuna Q, cocrasisier 300 kH. IIpu TakoM ycuiuu 3amieMiIeHus He
o0ecrieunBaeTcs nepeMeleHue 0JHOM YaCTH MOJBUKHOIO COEIMHEHUSI OTHOCUTENEHO
JIpYroi U MpH MPOKAaTKe CUCTEMa BAJIOK — LIMUH/EIh — 3y0UaToe KOJIECO CMEIAeTCst
JI0 yropa B IIPOTUBOMOJIOKHBIE 3yObs Benyiel mecrepHu. [loaToMy B Takux craHax
Harpy3ka OT BeAyIed MIeCTepHU K padouyuM BajKaM TEpeaaeTcs OJHOW CTOPOHOM
3yObeB, a BTOpasi CTOPOHA 3yObeB B Iepejaue Harpy30K MPaKTHUECKU HE YYaCTBYET.

OceBble ycuius NPOKAaTKU HeOJTAarompusiTHO CKa3bIBAIOTCS TaKXke Ha
paboTOCTIOCOOHOCTH IIUH/IETBHBIX YCTPONUCTB, TOCKOJIBKY OHU JIOCTUTAIOT BEJTUYHH,
COM3MEPUMBIX C YCHJIMSIMH, BHI3bIBAEMBIMU KPYTSIIUM MOMEHTOM MPOKATKH.

JeiictBurensHO, Ha npomMBHOM cTaHe TIIA npu kpyTseM MOMEHTE TPOKATKH,
paBHOM 150 xkHem ycunue B mapHupax mmunzaenei cocrasisieT 440 kH, a oceBoe
yCcuive, IeUCTBYIOIIEE Ha INMUHAENb, focTuraet 250-300 kH.

AHanm3 oKasbIBaeT, YTO PaJUKaIbHBIM CPEICTBOM MOBBIIIEHHS paOOTOCTIOCOOHOCTH
HIECTEPEHHOMN KJIETH U IINMUHAEIbHBIX YCTPOUCTB SBJSIETCS CO3/1aHNe pabounX KieTei,
B KOTOPBIX ObLIO OBl HCKIIIOYEHO OCEBOE NepeMelIeHHe padoyuX BaJIKOB. YITyUIIUTh
yCII0BUsl pabOThI LIECTEPEHHBIX KIETEeH CYIIECTBYIOIIUX MPOIINBHBIX CTAHOB MOKHO
IPUMEHEHHEM B 3THX KJIETSIX KOCO3yObIX mepenad. B aTom ciydae oOecrieunBaeTcs
HOpMaJsibHasi paboTa 3y04aThIX Mepenad He3aBUCUMO OT BEJTMYMHBI OCEBBIX YCHIIHMM
npokatku. PaboTocnocoOHOCTh MIMUHAETBHBIX YCTPOUCTB B TAKMX CTaHAX IMOBBICUTCH,
€CJIM UCII0JIb30BATh TaKy0 KOHCTPYKIIMIO yPAaBHOBEIINBAIOIIETO YCTPOHCTBA, KOTOPast
KOMIIEHCHPYET Maccy IIMUHJENS, a TaKKe YBEIUYUTh HArpy304HYI0 CIIOCOOHOCTD
mmuHgenei [2, c. 208].

[IpoBeneHHbIE UCCENOBaHUS MTO3BOJUIN PEKOMEHI0BATH JJIsI MPOLUIMBHOTO
crana TTIA 30-102 koco3yOyto mepenady BMECTO IMIEBPOHHOW MIPH CO3/IaHUM HOBOM
niectepeHHoi kietu. [IpumeHenue koco3yOoil mepenayu Hapsly € YBEJIHYEHHUEM
Mex1eHTpoBoro pacctosiHus ¢ 1000 o 1300 MM noBslmaeT padoToCcrocOOHOCTD KIIETH
B 4-5 pa3. KoHCTpyKIMsI IECTEPEHHON KJIETH BBHITIOJIHEHA COTJIACHO pa3paboTaHHBIM
BbIIII€ PEKOMEHIAIUSAM C [IOBOPOTOM €€ OTHOCUTEIIBHO OCH NMPOKATKHU.

[ImuanensHbIE YCTPONUCTBA B IPUBOAAX MPOKATHOTO 000OPYAOBaHUS pabOTalOT B
OUYEHb TSKENBIX ycnoBusX. [Ipu kpaliHe OrpaHUYEeHHBIX TabapuTax U 3HAUUTEIbHBIX
nepeKocax B LIAPHUPHBIX My(Tax OHM MepelatoT O0IbIINE JTUHAMUYECKUE HATPY3KH.

Bonb1ioe pacnipocTpaHeHre B IPOKaTHOM ITPOU3BOJICTBE MOTYUYHIIN YHUBEPCATIbHBIE
HIMUHJIEN C HIAPHUPOM TPEHUS CKOJIbKEHUS, OTIIMYAIOLINECS] BBICOKOM MPOYHOCTHIO
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HIAPHUPHBIX 3JEMEHTOB U KOMIAKTHOCTBIO. OIHAKO M3-3a OOJIBIIMX YIEIbHBIX
JIABJICHUH B MTOIIIMITHUKAX U OTCYTCTBHUS COBEPILICHHBIX CPEACTB MOJaul CMa3KH TaKue
HIapHUPBI OBICTPO U3HAIIMBAIOTCA. YacTast 3aMeHa OpOH30BbIX BKIIA/IBIIICH TPUBOIUT
K IPOCTOSIM, & CJIEJIOBATENBHO, K CHIDKEHHIO TPOU3BOIUTEILHOCTH 000PYIOBAHUS.
Kpowme Toro, pabora Ha IMUHAETAX C HOJIIUITHUKAMH CKOJIBKEHHUS COIIPOBOXKAAETCS
PE3KUM yXY/IIIEHUEM IMHAMHYECKON XapaKTePUCTHKH PUBO/IA U CTaHA B IIEJIOM. DTH
HEJIOCTaTKU YHHMBEPCAIbHBIX IIMUHACICH yCyryOJsioTCs MpPU BBICOKHX CKOPOCTSX
paboThI, XapaKTepHBIX [ COBPEMEHHBIX IPOKATHBIX CTaHOB [3, c. 326].

Ha nanublit MOMEHT pa3paboTaHa HOBass KOHCTPYKIHMS IINMUHACIBHBIX YCTPOHCTB
Ha MOJAIIMIHUKAX KAUYEHHUs IS MPOKATHBIX CTAHOB, BBHITOJHO OTIMYAIOIIUXCS OT
U3BECTHBIX CIEIYIOUIMMHA 0COOCHHOCTSIMHU:

1) yruiel mepekoca MapHUPHBIX My(PT MOTYT OBITh PAKTHYECKH JIIOOBIMU;

2) CTOMKOCTD MOALIMITHUKOBBIX Y3JIOB IOCTATOYHO BBICOKA;

3) IMUH/IEIN JIETKO U OBICTPO COCIUHSIOTCS C MIPOKATHBIMU BAJIKAMU;

4) B NOAIUIMITHUKOBBIX Y3JIaX XOPOILO YAEPKUBAETCS CMA3Ka;

5) KOHCTPYKIUS XOPOILIO LIEHTPUPYETCS U MPOCTA B IKCILIyaTall1H.

Bonbmias rpy30moabeMHOCTD MOAMIMITHUKOBBIX Y3JI0B JJOCTUTAETCsl Onarogaps
pPaLMOHATIBHON KOHCTPYKIMH HIAPHUPHBIX MY (T: HOIIUITHUKOBBIE Y3JIbI PACIIOTI0KEHBI
y Hapy>KHOU MOBEPXHOCTU MY(THI, OJaronaps yeMy yAaeTcsi yCTAaHOBUTH MOIIHBIE
noamunuuky. [nuHaenbHOe yCTPOUCTBO COCTOUT U3 ABYX IIAPHUPHBIX MYQT,
IPOMEXYTOYHOT'O Baja M JABYX (IaHIEB, OJUH U3 KOTOPBIX COCIUHSIETCSA C BaJOM
IPOKAaTHOT'O BaJika, a BTOPOil — ¢ BasioM miectepeHHol kietu. lllapuupnas mydra
COCTOMT M3 JIBYX HOITYMY(T, LIeIbHOM KPECTOBHHBI U YETHIPEX MOAIIUITHUKOBBIX Y3JI0B.

Hapy>»HbIe KoJIbL1a TOIIIUITHUKOB MOHTUPYIOTCS B IPOTOUKAX HPOYIIHH HOIyMYy (T,
a BHYTPEHHHE — Ha MaJIbLAX KPECTOBUHBI. TOPIIBI MPOYLIMHBI UIMEIOT IPSMBIE CPE3bI,
IpUYeM HMIMPUHA TPOYIIMH B KXKI0H oaymydTe Ha 6-10 MM MEHbILIE PACCTOSHUS MEXKTY
HUMH. Takoe UCIIOTHEHHE MT03BOJISIET HE TOIBKO YIPOCTUTh U3TOTOBIICHHUE MOIyMY (T,
HO ¥ 00ecneuuTsb y100HyI0 COOpKY 1 pa300pKy MapHUPHBIX My T. PaboTocnmocobHocTh
HIMTAHJENEH U CTa0MIBHOCTD paOO0ThI CTaHOB (0COOEHHO TPYOOTPOKATHBIX ) B OOIBIION
CTENEHM 3aBUCUT OT TOYHOCTH LIEHTPOBKH BPALLAOLINXCS MaCC.

B onucriBaeMOil KOHCTPYKIIMH LIEHTPOBKA MOTYMY (T JOCTUTAETCS TEM, UTO KOJIbIIA
OJIHOTO W3 IPOTUBOIOJIOKHBIX MOIIIUITHAKOB YCTAaHOBJICHBI (DUKCUPOBAHHO; MPHU
3TOM Hapy’>KHOE KOJIBIO yUpaeTcs B OypT moinyMy(Thl, a BHyTpEHHEE IPUKHUMAETCS
K BBICTYIly KPECTOBUHBI. PaccTossHHE OT OCH 10 BBICTYNOB IIPU U3TOTOBJIIEHUU
BBIJIEP)KUBAIOT CTPOrO ONPEIEIEHHBIM. 3a30pbl B MOJUIMIIHUKAX PEryJUPYIOT
NEPEMELIEHUEM BHYTPEHHETO KOJIbIla IPOTUBOIIOJI0KHOTO OJIIUITHUKA.

B npeanosxxenHoit KoHCTpyKIuu [4, ¢. 2-3 | LINUHAEINS ¢ HAPY>KHOU CTOPOHBI, Ky/1a
0TOpackIBaeTCs CMasKa IpH BpallleHUH, IPUMEHEeHa TyXasi KpbIIIKa, a ¢ BHYTPEHHEH
— CTaHJIapTHOE PE3MHOBOE YIUIOTHEHHE.

BaXXHbIM KOHCTPYKTHUBHBIM 3JIEMEHTOM B IIMHUHJEIBHBIX YCTPOMCTBaX Ha
HNOJAIIMITHUKAX KaueHUs SIBISETCS COCJUHEHUE MIAPHUPHBIX MYy(T C (hiIaHmamH.
B u3BeCTHBIX MNUHAEIBHBIX YCTPOWCTBAX COeAMHEHHE MYy(PT C (iaHIamu
OCYUIECTBIISIETCSI IPU MOMOIIM BKJIAAHBIX OOJTOB. Il LIEHTPOBKHU 3TUX JAeTaneit
UCIIOJIB3YIOTCS I0CAJOUHBIE KOJIbLIEBBIE 3AMKH.
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B paccmaTprBaemMoM mnuHzene My Tl COeTUHAIOTCS ¢ (pIIaHLAMU M IEHTPUPYIOTCSI
IpY MOMOIIX KJIMHOBOT'O yCTPOMCTBA (PUCYHOK 1), cCOCTOsIIEro U3 nanbia /, KOTOpbIi
BXOIMT B oTBepcTue MypThl 2 U (pranua 3, knuHa 4, Bpe3aHHOTO B Majell, Ipy>KuH
5 un raiiku 6, Ilepenauya KpyTsIIEro MOMEHTa MEXAY COEAUHSAEMBIMU JETAIIMHU
OCYIIECTBIJISIETCS CIIelUalbHBIMU 3aMKaMu. [IpenBapurenbHoe cxaThe NpPYKUH
5 obecnieunBaeT MOCTOSTHHOE IUIOTHOE MpUJIETaHHe TOPLOB My(PT U (IiaHIEB U TEM
CaMbIM MCKIII0YaeT BO3MOXHOCTh Pa3pyIleHHUs] COeIMHEHHS BO BpeMsl paboTBhI.

Pucynoxk 1 — KiinnoBoe ycTpoicTBo

Takast KOHCTPYKIUS TO3BOJIIET YIIPOCTUTH U B HECKOJIBKO pa3 YCKOPUTH OIEpaliui
COEJIMHEHUS IIUHAEIBHBIX YCTPONCTB U IPOKATHBIX BAJIKOB. Tak, epeBalIKy BaJIKOB
npomuBHOro crana 30-102 co mnuHAENAMU NPEXHEN KOHCTPYKLUN OCYIIECTBIISIIN
3a 2,5-3 4, a IepeBaIKy BaJIKOB TOI'O YK€ CTaHa CO IIMUHIEISIMA HOBOI KOHCTPYKIIUU
BBITIOJHAIOT Beero 3a 1,0-1,5 4. [5, ¢. 4-6].

N3BecTHO HECKOIBKO CIOCOOOB COCAMHEHUS MONyMy (T U (IIaHIEeB MIIMHHICIEH
C BaJIKAMM: LIMIOHOYHOE, IIJIUIEBOE, YETBIPEXTPAaHHOE, 110 IIPECCOBOM MOCAAKE U JIp.
Pe3ynbraThl IpOMBIIITIEHHON SKCIUTyaTalliy TOKA3aJI1, YTO HUINLEBBIE COEAUHEHUS IPU
paboTe OBICTPO U3HALIMBAIOTCS, @ YETHIPEXTPAHHOE COEIMHEHHE TPYAHO OCYIIIECTBUTh
U OTLEHTPUPOBATb.

ParmoHanbHBIM 0Ka3a10Ch COEAMHEHHUE CO CPE3aHHBIMU JIBICKAMH WJIU IIITOHOYHOE.
Onu o0ecrieunBarOT HAICKHYIO LIEHTPOBKY JIE€Tajlel, MPOCTbl B U3TOTOBJICHUH U TIPU
COOTBETCTBYIOIIEM COOTHOIIICHUH JUTMHBI K TUaMeTpy (He MeHee 1, 2) HaJiexHbI B paboTe.

YacTo KOHIIBI BAJOB MPOKATHBIX BAJKOB, HA KOTOPHIE HACAKUBAIOTCS (DIaHIIBI
LIMUHJEINS, 1E1aI0T YKOPOUEHHBIMU. B 3TOM cityuae gake COeIMHEHUE, BBIIIOJIHEHHOE
CO Cpe3aHHBIMHU JIBICKAMH WJIH CO LIMOHKAaMH, B pad0Te HEJOCTATOYHO HAJEKHO.

B cBsI3M ¢ 3TUM peKOMEHIyeTcs MPUMEHSTh I MOCaaKH (IaHIIeB Ha BaJbl
NPOKATHBIX BaJKOB OECIIMOHOYHOE HEMOJBMKHOE COCIUHEHHE MOHTHUPYEMOE U
JEMOHTHPYEMOE C ITOMOLIBIO THIpOpacropa.

B HacTtosiee BpeMss Ha OCHOBE pacCCMOTPEHHOM KOHCTPYKLMH IIMHUHIEIBHOIO
YCTPOWCTBA HA MOMIMIHUKAX KaueHHUs pa3pab0TaHbl pa3InyHble MOIU(DUKAIIUH.

B uactHOCTH, IMeeTcs IapHUpHas My hTa ¢ KOMOMHHUPOBAHHBIMH OAIUITHUKOBBIMU
y3J1aMH, B KOTOPBIX BOCHIPUSATUE paAHATIbHON HArPY3KH OCYIIECTBIISETCS paAuaIbHbIMU
HNOJUIMITHUKAMU [/, a OCEBBIX — YINOPHBIMU NOJAUIUIHUKAMU 2. J[OJrOBEYHOCTH
HOIIAITHUKOBBIX Y3JI0OB B HIAPHUPHON My(TEe Takoi KOHCTPYKUHUHU B YETHIpE-TATh
pa3 MPEBBIILIAET AOJITOBEYHOCTh OAIIMITHUKOBBIX y3JI0B PACCMOTPEHHOIO IITUHACIIS.
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CraHbpl BUHTOBOM MPOKATKH JJIUTEIBHOE BPEMS U3TOTOBISUIMCH C TPYNIIOBBIM
IPHUBOJOM, B COCTaBe KOTOPOTO MMEIOTCS 3JEKTPOABUTATENh MEPEMEHHOI0 WIH
INOCTOSSHHOT'O TOKA, IJIABHBIM HIMHHAENb, IECTepeHHass KJIETh U YHHUBEPCAJIbHbIC
mnunaaenu. llupokoe pacupocTpaHeHHEe TPYNIOBBIX HPUBOJIOB 00BACHAETCS
HaJlUYMEeM B HHUX KECTKOM KMHEMAaTHYECKON CBSI3M MEXIYy BallaMU, KOTOPYIO
o0ecreynBaeT MeCcTepeHHas KIeTh, KOMIIAKTHOCTHIO PUBOA ¥ MEHBIIECH MOIIHOCTHIO
9JEKTPOABUIATENsI IO CPABHEHHUIO C CYMMapHON MOIIHOCTBIO 3JIEKTPOJIBUraTeNeh
WH/IMBUYAJIbHBIX IIPUBOJIOB.

CTtaHbl BUHTOBOW NPOKATKU paHee MPOEKTHUPOBAIM Ha HEOOJBIIYIO
POU3BOIUTENBHOCTD, 3JIEKTPOABUIaTEIM UMEIN CPAaBHUTEIBHO MAaTyI0 MOIIHOCTS,
yCTaHOBKa yTJIOB I10/1a4 B HUX He npesbimana 10-12°. B takux cranax ObU10 onpaBiaHo
IpUMEHEHHE TPYIIIIOBOTO MPUBOJA.

B coBpeMeHHBIX CTaHax BUHTOBOM MPOKATKH C MOIHBIMHU JIEKTPOABUTATEIIIMU
1esnecoo0pa3Ho NPUMEHATh UHAMBUAYAIbHbIE MPUBOABI. OCOOEHHO palMoHaIbHA
yCTAHOBKA TaKUX ITPUBO/IOB P pabOTe CTAaHOB Ha OOJIBIINX YIJIax HOAauH, TOCKOIbKY
B 9TOM CJIy4yae 3HAYUTEIbHO IpOIle 00eCreYrMBAETCs PAaBHOMEPHOCTh CKOpPOCTEH
BpaIlIeHHs IPOKATHBIX BAJIKOB PU HEOObIHX (710 8-10°) yriax nepexoca B IAPHUPHBIX
mydTax. B HacTosmiee BpemMs MPUMEHSIOT JBE Pa3HOBUAHOCTH MHIMBUAYATBHBIX
IPUBOJIOB — C PEYKTOpaMu U 0e3 peyKTopoB. B mociennem cirydae Mex 1y TiIaBHBIM
U YHUBEPCAIBbHBIM IINMUHACISIMH IPUMEHSIOT TOTIOJIHUTEIBHYIO OTIODY.

[ono>xenue nNprBo/ia B CTaHAX BUHTOBOU ITPOKATKH OIPEIEIIAETCS KOHCTPYKTUBHBIMU
0CcO0EHHOCTAMH paboueil KIETH U MPEXk/Ie BCETro YoM PacKaTKU padOvYHX BaJIKOB.

B npommBHBIX cTaHax ¢ O0UYKOBUAHBIMH BaJIKaMH, B KOTOPBIX OTCYTCTBYET yToOJl
pacKaTKH, IPUBOJ MOXKET OBITh Pa3MeIlleH KaK Ha BXOJJHOM, TaK U Ha BBIXOJJHOM CTOPOHE.
OnHako ¢ TOYKH 3peHust y00cTBa 00CITyKMBaHH CTaHa (CMeHa pabo4yero HHCTPYMEHTa,
BBITTOJIHEHUE OIEPALMU HACTPOUKH M T. [I.), @ TAKXKE PALMOHAIBHOIO pa3MelleHHs
000py10BaHUS MPEANIOUTUTEIBHEE PACIIONOKEHHE IPHUBO/Ia HA BXOJHON CTOPOHE.

Hanuuue yrioB packaTKd OrpaHUYMBAET BBHIOOp MoJiokeHUs mpuBoga. Kak
U3BECTHO, B CTAHAX, UMEIOIIHX YTOJI PACKATKH, IIIUHJIEIbHbBIE YCTPOUCTBA COEIUHSIOTCS
¢ pabOYMMU BaJIKAMH CO CTOPOHBI OOJIBIINX MTOIIIUITHUKOBBIX OIOpP. DTUM 00YyCIOBICHO
MOJIO’KEHHE TTIaBHOTO PUBO/IA HA BBIXOIHOM CTOPOHE CTaHa C TPUOOBUIHBIMH BaJIKaMH,
4TO 3aTPyAHSAET 00CIyXMBaHUE M3-3a OTCYTCTBMSI CBOOOJHOrO MOJAXO0Ja K Oodary
nedopmaruu [6, c. 375].

BriBogsr:

1. IlpoBeneH KpaTKHil TUTEpaTypHBIA 0030p M MAaTEHTHBIM MOUCK MO Mpodiieme
COBEpIICHCTBOBAHUS KOHCTPYKIUU METATyPTUYECKOro 000pyI0BaHMs, a UMEHHO
— MPOLIMBHBIX CTAHOB TPYOOIPOKATHOT'O POU3BOJICTBA.

2. YCTaHOBIICHO, UTO HanboJiee yJauHoe pacioiaokeHHne 000py10BaHus U y100HOe
o0CIyHBaHHE 00ECIEYNBAIOTCS B CTAHAX C YALICBUIAHBIMU BajJkaMu. B 3ToMm ciydae
HPUBOJI, pa3MelIaeMblii Ha BXOJHON CTOPOHE, MOXHO 000pyI0BaTh O0JIee MOIIHBIMHY,
4yeM B OOYKOBUIHBIX CTaHAX, IIMHH/CIBHBIMUA YCTPOUCTBAMH, a Ha BBIXOJHON CTOPOHE
OTKpBIBAETCS CBOOOIHBIN ITOIX0 K PAOOYMM OpraHaM KIIETH, 61aroiapst 4emMy MosiBIIAeTCs
BO3MOKHOCTB OBICTPOIT CMEHBI pabouero MHCTPYMEHTA U YIIPOILAeTCsl HACTPOIiKa CTaHa.
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3. B pamkax peiictByromero ¢unuana xapeapsl metamnypruu Ha TOO
«KSP Steel» na npeiaraeMble TEXHUYECKHE PEILICHUST PEKOMEHAyeTcs pa3padoTaTh
KOHCTPYKTOPCKYIO JOKYMEHTAIMIO B CHEIMATBHOW YaCTU JAMILIOMHBIX IPOEKTOB
CTyZeHTOB oOpa3zoBatenbHON nporpammsl SB072400 «TexHonornyeckue MamiiHbl U
o0opyoBaHueY.
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MOEHTUOUKALMUS MTAPAMETPOB MOLEJIENA MPOYHOCTH
KPYITHOOBJIOMOY4YHbIX TPYHTOB C 3AlOJIHUTEJIEM

B cmamwe npusedenvi ceederiist Memoouxu uoeHmupuKayuu NPOYHOCMU KPYNHOOOIOMOUHbIX
SPYHMOB ¢ 3anoiHumenem u (usuueckue OauHvle, NOIYUEHHbIE PACYENHO-IKCNEPUMEHMATbHIM
Memooom.

Knrouesvie cnoga: KpynHooOnOMOuHbie 2PYHMbL, PACHEMHO-3KCNEPUMEHMATbHBLL Memoo,
NPOUHOCHb, UOSHMUDUKAYUS.

Beenenne. OcHOBHAs CIIOKHOCTh ONPEACICHHsI MEXaHUUYECKUX XapaKTEPUCTHK
KPYITHOOOJIOMOUYHBIX IPYHTOB € 3aII0JIHUTEIIEM, PACIIPOCTPAHEHHBIX B PsiJIe PETHOHOB
PecnyOnuku Ka3zaxctan, cOCTOUT B HEOOXOJUMOCTU HCHBITAHUI BeChbMa KPYITHBIX
o0pa3oB oobeMoM 10 1-3 M°, 10O MpoBeneHUs TPYAOEMKHUX U, KaK MPaBUIIO,
€IMHUYHBIX KPYITHOMACIITaOHBIX ITOJIEBBIX ONBITOB. OCI0XKHSIET UCCIIETOBAHUS TAKXKe
NPOSIBIICHUS B 3TUX I'PYHTaX MACIITAOHOM HEOAHOPOAHOCTH CBOMCTB —3aBUCUMOCTBIO HX
OT pa3MepOB UCTIBITHIBAEMOr0 00beMa. [103ToMy TpaMIIMOHHBIE METO/IbI HCCIIEA0BAaHUI
TaKUX IPYHTOB YacTO OKa3bIBAIOTCS MaT03(PPEKTUBHBIMHU.

JU71st perieHns STUX BOIIPOCOB B HACTOSILIEE BPEMsI HAUMHAET UCTIONIB30BATHCS PACUETHO-
JKCIiepUMeHTaIbHBIN MeToa (POM) [1], mo3BossONUi IO M3BECTHOMY CTPOCHUIO U
CBOWCTBAM Ka)KJOr0 KOMIIOHEHTa TPyHTa IIyTeM MaTeMaTH4eCKOro MOJEIMPOBAHUS
SKCIIEPUMEHTOB METOJ0M KOHEUHbIX 3neMeHToB (MKD) onpenensite UHTErpajbHbIE
MEXaHMYECKUE XapaKTEPUCTHKU TaKMX KOMIO3UTOB. Ha 3akiIouuTEILHOM 3Tare
BBINIOJIHACTCS CPAaBHEHHE MEXAHHMUYECKUX XapaKTEPUCTUK I'PYHTOB MOJIyYEHHBIX PacCYeTOM
U DKCIIEPUMEHTaMH Ha 00pa3liax Takoro o0beMa, KOTOPBIA MOXKET OBITh UCCIIECIOBAH
JKCIEpUMEHTAIIbHO. ONBIT NCCIIE0BAaHNH [T0Ka3aJ1, 4TO IIpy peanu3au POM Bo3HMKarOT
HEOIIPE/ICIICHHOCTH, CBSI3aHHbIE C OTCYTCTBHEM KPUTEPHEB, IO KOTOPHIM YCTAaHABIIUBACTCS
COOTBETCTBHE AaHHbIX pacuera rpyHToB MKD pesynbraTaM skcriepuMeHToB. M3BecTHbIe
METOJIUKH [2] ¥ JIp. OTHOCATCS K alIrOPUTMaM HICHTU(PHUKALUK OJJHOPOIHBIX TPYHTOB U
HE MpeyCMaTPUBAIOT ydeTa B HUX 00JIOMOYHBIX BKITFOUEHHH.

Lenbto paboTHl siBIseTCA pa3pabOTKa METOIUKU MACHTU(DUKAIIUK TOTYYEHHBIX
POM napameTpoB IPOYHOCTH KPYITHOOOIOMOYHBIX IPYHTOB € 3aIIOJTHUTENIEM, TaHHBIM
9KCHEPUMEHTOB.

Mertoapl ucciaenoBaHUNA. DKCIIEpUMEHTAIbHbIC UCCIIEAOBAHMS BBIIOIHUINCH HA
o0pa3uax rpyHTOB HCKYCCTBEHHOT'O CIIOXKEHUS B CPE3HBIX pubopax. MoaennpoBanue
pa3pyLIeHUs] KOMIO3UTHBIX TPYHTOB ocyIiecTBisuiock MKD ¢ npuMeHenueM mporpamm
SCAD u I'eomexanuka. [Ipy BEITOIHEHUH TPOLIETYPbI MICHTU(DUKAIIMH UCTIONB3YIOTCS
METO/bI ONTUMHU3ALUHU U JUCIIEPCUOHHOTO aHAIIN3A.

Anroputm uaeHTuukanuu. B 3agaue uneHTuUKAIKMN pedb UAET 00 ONpeIeIeHUH
BUJa (PYHKIMH M MX MapaMeTpoB, Gpurypupyroumx B Mojenu. B Hamem ciydae
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— BBIOOD KpUTEPUS U TAPAMETPOB IPOYHOCTH C YUETOM UCIOIb3YEeMON MOJIEIU TPYHTA,
Harpumep, 1eGopMaoHHON TEOPUH IIIACTUYHOCTH, YIIPYT0-U/1€AIbHO-TUIACTUYECKOTO
ne(pOopMHUPOBaHUS, YIIPYTO-IJIACTUYECKOTO Ae(OPMUPOBAHUS C YIIPOYHEHUEM H T. II.
Otu Mozaenu umerorcs B nakerax mporpaMMm ANSYS, ABAQUS, PLAXIS u ap. [na
UX BBIOOpA MOXHO MCIIOJIL30BAaTh METOUKY JIepeBa perieHuii [3].

B o0mmem cnyuae nporietypa uaeHTU(GUKAUIHE TapaMeTPOB IPOYHOCTH BKIIOUAET
B ce0s UX ONITUMM3ALMIO U Bepudukanuio. [IpuBenem ux onpeaeneHus, HE0OX0IUMbIe
JUISL IOSICHEHHSI QITOPUTMA UICHTHU(PHKAIINH.

3aaua ONTUMHU3AIMH COCTOUT B YCTAHOBJICHUH TAKHX [TAPaMETPOB X B MHTEpPBaje
X min < X < X max, 4YToObl cKaJsipHas 1eneBas QyHKUUs F(X) OT CyMMBbI KBaIpaToB
Pa3HULIBI MEXTY MTpeICKa3aHusIMHU MaTeMaTUIeCcKoi Moaenu y(X,t ) (X, t;) U ONBITHBIMU
JaHHBIMU y*(X,t1) ObUTa MUHUMATBHOU [4]

F(x) = %-?Jf[}'(x r)I,v'(x:r)T: (1

r€ {,n — HOMEP U YHCJIO ONBITOB, COOTBETCTBEHHO,

. — BECOBBIE KOO (DULMEHTBI, CBA3AHHBIE C ONBITHON TOYKOM i.

[Ipouenypa Bepudukauu 3aKi04YaeTcss B MPOBEpKe OJIM30CTU pacUeTHOH U
AKCIEPUMEHTAIBLHON TPACKTOPUH (QYyHKIUH MPOYHOCTH. E€ MOXKXHO OCYIIIECTBUTH,
HanpuMmep, ¢ IOMOLIbIO KpuTepust Ouiepa F, [S]

52
F =% £F, (2)

=

P

rae F' — tabnuuHoe 3HaueHue kputepus duiiepa;

§? 1S’ ., —COOTBETCTBEHHO MCIIEPCHUS a[IEKBATHOCTH (MEPa PACXOKICHHS CPETHIX
HKCIIEPUMEHTANBHBIX JAaHHBIX C PACUETHBIMU 3HAUYEHUSMH) U BOCHPOU3BOJUMOCTH
(crenenpb pazOpoca 3KCIEPUMEHTAIBHBIX JAHHBIX), ONpPEeNsieMble 110 CTaHAAPTHBIM
3aBUCUMOCTSIM [5].

[Ipn BeImONHEHHH yCHOBHUS (2) COOTBETCTBHUE pPaCUYETHBIX JaHHBIX
AKCIIEPUMEHTAJIbHBIM Pe3yJIbTaTaM CUUTACTCSl YAOBIETBOPUTEIbHBIM.

PaccmoTpuM 0coO€HHOCTH MpoOIleyphl HACHTU(UKAIIMY TapaMETPOB MPOUYHOCTH
JUTSL KPYTTHOOOJIOMOYHBIX TPYHTOB B paMKax oO0Ieit cxemsl [2].

1) [loaroroBka NCXOMHBIX TAHHBIX JJI UACHTU(DUKAIIH:

— ompejesieHue Tula, BUJa, Pa3HOBUJHOCTH 3aMOJHUTENS] U BKIIOYEHHH C
YCTaHOBJIEHHEM UX PU3NYECKUX XapaKTEPUCTUK (IIJIOTHOCTh, BJIAKHOCTb, IOPUCTOCTD,
IpaHyJIOMETPUYECKUI cocTaB, popMa 4acTUIl U JIp.);

— YCTaHOBJIEHUE THIA, BUJA U Pa3HOBUJAHOCTH KPYMHOOOJIOMOYHOIO I'pPYHTa
C ompejeneHueM ero (U3UUYECKHX XapaKTEePUCTHK KaK KOMIO3HUTa (IJIOTHOCTb,
BJIQXKHOCTh, 00bEMHOE COZIepKaHHe BKIIOUEHUHN U JIp.);

— (hopMHUpOBaHKE TUIIOBBIX CTPYKTYP KOMIIO3UTHBIX 0O0pa3lloB IPyHTa C yU4E€TOM
0COOEHHOCTEHN MX COCTaBa, CTPOSHHS U COCTOSHUS;

— IpOBeJEHHE SKCIEPUMEHTOB IO MCCIEJOBAaHUID MEXaHHUYECKUX CBOMCTB
KPYMHOOOJIOMOYHOI'O TPYHTA U €T0 3JIEMEHTOB;
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— BBIOOp KPUTEPUEB IPOYHOCTU U MOJIEJIEH TPYHTOB /ISl 3aII0JIHUTEIS, BKIIOUCHUH,
UX KOHTAaKTOB MEXY COOOH U 3aloIHUTeNIeM, KOMIIO3UTa B 11€JI0M (MCIOIb30BaHUE
JIepeBa pelIeHni, TaHHbIX 0030POB U Jp.).

2) PazpaboTka KOHEYHO-3JIEMEHTHBIX MOJENEH Mpolecca UCHBITAHUS TPyHTa
KOMIIO3UTHON U KBAa3MOJHOPOJAHOHN CTPYKTYp C PacyeTOM HUX HaMpsKEHHO-
ne(hOpMHPOBAHHOTO COCTOSIHUS O KommbioTepHOU mporpamme (ANSIS, PLAXIS,
SCAD u np.) u ¢ukcanueid paspyieHust oopasua rpynra. [lpu sTom pacuer Begercs
0 000CHOBAaHHBIM MOJEISIM MaTePHAJIOB ISl 3aIIOJIHUTEIISI, BKIIOYECHUNH U IS
SKBUBAJIEHTHOMN CPEBI.

3) [locranoBKka U pelieHue 3aJauud UASHTH(PHUKAIMK 110 MPUHATON Iporpamme
matemarnueckoil ontumusanuu (LS-OPT, MatLab u ap.). B paccmarpuBaemoit
IIOCTAaHOBKE peajH3yeTcsi Coco0 YHUCICHHOW MIECHTU(UKALNUNA MOJeNIeld TPyHTOB,
4TO TpeOyeT MPOBEJACHNsI MHOTOYMCICHHBIX pacyeToB. JlJisi cCOKpaleH s mpoLeaypbl
ONTHUMM3ALUN PEKOMEHYETCS MCIOJb30BaTh METOJbI MATPHIIbl BIMSHUS, aHAJIA3A
YyBCTBUTEIBHOCTH [3].

4) CpaBHeHHUE pe3yabTaTOB MOJEIUPOBAHUS C JAHHBIMHM IKCIIEPUMEHTOB IS
JMICKPETHON U SKBUBAJCHTHOW Mojeneil rpyHToB. [Iponenypy Bepupukamuy MOXKHO
OCYIIIECTBUTH C MCIOJIb30BAHUEM CTATUCTHYECKUX METOJ]OB, OLIEHKH TOYHOCTH,
kod(unnenta neconaaenus Teina, u ap.

5) IloBTOpeHrne pacCMOTPEHHBIX BBINIE ATAIIOB IIPU HEYJIOBIETBOPUTEIBHOM
pe3yiabTaTe UACHTHU(PHUKALMK C BO3MOXXHBIM H3MEHEHHEM MOJElIeil MaTepuasos,
KPUTEPUEB NMPOYHOCTU U UX IAPAMETPOB, KOHTAKTHBIX MOJEIEH ISl BKIIOYEHUH,
YTOYHEHHEM CXEM CTPYKTYpPBI TPYHTOB U JIp.

6) BaXXHBIM 2JIEMEHTOM IPOLEAYPHI SABIAETCS BO3MOXHOCTh NPOBEACHUS
UJeHTU(PUKALMI TapaMeTpOB NMPOYHOCTU U MOJENEH T'PYHTOB OTAEIbHO IS
3aI0JIHUATENS U BKIIFOUEHHM 110 CTaHAAPTHBIM METOAUKAM [2].

Ha pucynke | mpuBeneH anropuT™m HJICHTH(UKALUU TapaMeTpOB Mojeneit
IPOYHOCTH JIJIsl KPYITHOOOJIOMOYHBIX TPYHTOB C 3aIIOJTHUTEIIEM.
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Pucynox 1 — Anroput™m uaeHTUGUKAIIIN TapaMEeTPOB MOJICIICH MPOYHOCTH
JUTSL KPYITHOOOJIOMOYHBIX TPYHTOB C 3aIOJTHUTETIEM

OcCHOBHOE OTJIMYHKE AITOPUTMa, IPEICTABICHHOTO Ha PUCYHKE 1, OT U3BECTHBIX
CXEM COCTOHUT B IPOBEJCHHH MHOTOYPOBHEBON HMJIEHTU(PUKALMH: MMEPBOHAYATHHO
JUTSI CTIJIOLITHBIX MOJIENEH 3aoTHUTENS U BKIIOYSHHH (TP UCIIOJIb30BAHUN CIOXKHBIX
MoJieJiell TPYHTOB); Jajee — Ui TUCKPETHOW MOJENH (BKIIOYEHUS U 3alOJIHHUTEND)
oOpaslia HauMEeHbIIEro 00beMa; 3aTeM MPEJICTABICHHS €ro Kak SKBHUBAJIEHTHOH IO
MPOYHOCTH U 1e(hOPMUPYEMOCTH KBA3UOAHOPOIHON Cpeibl. DTO MO3BOJISET:

— OTpa3uTh MACIITAOHYIO0 HEOTHOPOAHOCTH CBOMCTB IPYHTOB;

— MPOBEPUTH COOTBETCTBHE OCPEAHEHHBIX CBOMCTB KOMIIO3UTA CyMMapHOMY
3¢ dexTy B3auMOACHCTBHSI COCTABIISIOMIUX €T0 KOMIIOHEHT;

— BBITOJIHUTH OI[EHKY BJIHUSHUS HEONPEAETCHHOCTEW B CTPOCHHUHU T'PYHTOB
(reomeTpusi 00JIOMOYHBIX YaCTHUII, X PACIIONOKEHHE, COIePKaHUE);

— y4ecTh COBpeMEeHHbIe TpeOoBaHuUs K (HOPMHUPOBAHUIO IIU(PPOBHIX U AHATUTUIECKUX
pacyeTHBIX MOJIEJIEH OCHOBAHMI 3/TaHUI U COOPYKEHUI;

— y4ecTb HaJHuue OOJBIIOr0 YUCIa TapaMeTPOB MOJIeNIel TPYHTOB B COBPEMEHHBIX
nporpaMMax pacuera OCHOBaHHH, MEpeYeHb KOTOPHIX JOCTUTAET, HANPUMED, B
nporpammax LS-DYNA — 24, PLAXIS — 10 u 1. 1.

B psine ciydaeB onHM mapaMeTphl HE UMEIOT (PU3UYECKOTO CMbICTA, a JAPYrue
— UMEIOT CIIOKHYIO MPOLEAYypY dKCIepUMEHTalIbHOro omnpenenenus. [loaTomy
MPOBEICHUE UICHTU(PHUKAIIMN TAPaMETPOB MO/IeIIei TPYHTOB SIBIISICTCSI ONPEIEIISIOLTIM
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YCIIOBUEM JOCTOBEPHOCTH I'€OTEXHUYECKUX PAacu€TOB COBPEMEHHBIMH UHCIIEHHBIMU
METOJIaMHU.

[Ipumep. M3noxeHHas npoieaypa Obljia UCHOJIb30BaHA MPHU UCCIECIOBAHUHI
00pa31oB MCKYCCTBEHHBIX CMECEH C 3alOJIHUTENIEM U3 TJIHMHBI C BIa)KHOCTHIO
27,2 % u ynensHbIM BecoM 18,6 kH/M?, a B kKauecTBE POYHBIX BKIIFOUCHHI - YaCTHIIBI
rajpKu Kyondeckoit (hopMel pazmepom 4 - 8 MM. MexaHnuecKue CBOWCTBA BKIIOUECHUH
coctaBmin: MoyJis nedopmanuu E = 2500000 klla; koagduuuent [lyaccona v = 0,2;
ynensHoe cuerienue C = 1200 xI1a; yron BayTpennero tpenus ¢ = 37°. Conepxkanue
BKItoUeHu# n coctrapisuio 30 % u 50 % no obvemy. Brutouenus pacnpenessiuch
10 00beMy YIUIOTHAEMBIX 00pa3loB paBHOMEPHO, IPOBOAMIOCH (oTorpadupoBanue
CEYECHUH UX CTPYKTYP.

Jlnst onyvcaHuss MEXaHUYECKUX CBOMCTB 3aIIOJIHUTEN U BKIIOYEHHUM B pacderax
MKD ucnonp3oBaHa ynpyro-miacTuueckast MOJENb ¢ KpurepueM npoynoctu Kynona-
Mopa. [TapameTpbl IpOYHOCTH 3aIIOTHUTEINSI IPUHUMAIHCH 10 TAHHBIM SKCIIEPUMEHTOB
u cocraBisn C = 25 klla, ¢ = 14° Jlng pacueToB 10 3KBUBAJICHTHBIM MOJEIISIM
UCII0JIb30BaHbl MapaMeTpbl NPOYHOCTH KOMIIO3UTA, ONPEEIECHHBIE 110 JAHHBIM
skcniepumMeHToB: nipu 1 = 30 %: C =47 klla; ¢ = 16,2° ipu n =50 %: C = 30 xIla;
¢ =225

OpnHa 13 pacdeTHBIX cxeM o0pasiia rpyHTa JJsl MOJACINPOBAHUS IKCIIEPUMEHTOB
MKD npuBeneHa Ha pUCyHKe 2a.

a) N 0)
BrmrodenHs

111
|
|l

Kl
L
s,

o

F s,

P 5 5 A U 5 45 SR A A5 P AB B AP &

-:-:-:

-

3aoIHHTEIE

a — pacueTHas cxema; O — pa3pylIeHue ¢ BKIoYeHussMu rpasus n = 30 %
Pucynok 2 — MojenupoBaHie UCIIBITAHUNA KOMIIO3UTHBIX TPYHTOB Ha CPe3

[To pesynpTataMm pacdyeToB MPOBOAMJICS AaHAJIU3 Pa3BUTHUSA 30H IMPEIEIbHOTO
paBHOBECHS B 00pasiie TPyHTa BILUIOTH J0 €0 pa3pylICHUs Mpu cpe3e (PUCYHOK 20).
OTH 30HBI HA PUCYHKE 20 MOKa3aHbl TOUYKAMH.

3akoH J1e()opMHUPOBAHHUS 3ATIOTHUTEIS YCTAaHABIUBAIICS 110 KPUBOM OJTHOMEPHOTO
yIUIOTHEHHs oOpa3na rpyHTa. Ha pucynke 3a mpuBeneHbl SKCIEPUMEHTAIbHBIE U
pacyeTHbIEC 3aBUCUMOCTH OTHOCHUTEJIBHBIX MOPU30HTAIBHBIX MEPEMEIICHU Bepxa
cpe3Hoii kKopoOku pudopa Al// oT kacaTenbHBIX HaNpsbKeHUi 7. KpuBasi 4 COOTBETCTBYET
JMHEHHBIM mapameTpam aedopmupoBanus rpynra B uatepsaie At = 0,05 — 0,3 MIla.
KpuBas 5 — HenMHEWHBIM napaMeTpaM, 3aBUCALIUM OT HOPMAJIbHOTO JaBJICHUS B
oOpasie. JTa 3aBUCUMOCTB JIyUIlIe OMUCHIBAET SKCIIEPUMEHTAIbHBIC JaHHBIE.
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0 0.02 0.04 0,06 0 0.1 0.2 0,3

a—Al=f(1); 6 —7=f(0); | —3KCIEpUMEHT: 2 — TUCKPETHAsI MO/ICJIb;
3 — 3KBUBAaJICHTHAs MOJICIb; 4 — TUHEHHAs MOJEIIb; 5 - HeJIMHEHAs MOJIEIIb
Pucynok 3 — I'paduxu 3aBucumoctu =f (6) Al/l = f(1); T = f (o)

Ha pucynke 36 npuBeieHbI XapaKTepHBIE Pe3yJIbTaThl ONPEIEIICHNs] COIPOTHBIICHUS
KOMITO3UTHBIX TPYHTOB cpe3dy 7 = f (o) pu n = 50 % 1o TaHHBIM SKCIIEPUMEHTOB U
pacuetoB MKD.

AHanu3 ocoOeHHOCTEH XapakTepa pa3pyieHus 00pa3ioB (pUCyHOK 20) U KPUBBIX
nehOpMUPOBAHUS TIPH CABUTE (PUCYHOK 3a) TOKa3aJI, YTO OHH 00YCIIOBIICHBI CIIOKHBIM
XapaKTepOM HAIPSHKEHHOTO COCTOSIHUS B HEOHOPOIHOM 00pasiie rpyHTa, Peali3yeMoM
pu cpese (PUCYHOK 4).
| []
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a — KacaTeJIbHbIe HANPSHKEHHS; O — cyMMapHbIe 1eopMarim
Pucynox 4 — HanpsikeHHO-1epOpMHUPOBAHHOE COCTOSIHUE 00pa3iia rpyHTa

Hudposbie pe3yabTaThl ONpeaeIeHUs] IPOUYHOCTU TPYHTOB IO pe3yjbTaTaM
AKCIIEPUMEHTOB 1 pacyeToB MKD mpuBenens! B Tabnmme 1.

Tabnuna 1 — [lokazarenu npoyHOCTH IpyHTA

[IpesenbHOE CONPOTUBIIEHNE TPYHTA CIBUTY T, ., KIla
Hopmanbnoe
o — OKCHEPUMEHT Pacuer no MKD
o, MIla Cpeiee JluckperHas OKBUBaJCHTHAS
MOZENb MOJENb
0,1 50 75 75 67 62 70
0,2 100 150 120 123 119 112
0,3 125 175 150 150 140 150
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JlaHHBIE 0 MapamMeTpax MPOYHOCTH TPYHTA U pe3yIbTaTax Bepu(UKAIIMKU MOIEeH
10 3aBUCUMOCTH (2) mpuBeeHBI B TabmuIE 2.

Tabnuua 2 — [TapaMeTpsl IPOYHOCTH U aJ€KBATHOCTH MOJIEIM I'PYHTA

[TapameTpbl MPOYHOCTH [TapameTpbl aeKBaTHOCTH
Monenb
C, xlla ¢, Tpam. Fe F
OKCIIEpPUMEHT 30 22,5 - -
JluckperHast MoJielb 29 21,3 0,43 19,3
DKBUBaJIEHTHAs MOJIE]b 31 21,8 0,30 19,3

AHanu3 3THX JaHHBIX YKa3bIBA€T Ha aJI€KBaTHOCTb PE3YyJIbTATOB PACUETOB I10
JUCKPETHOM M SKBUBAJIEHTHOM MOJIENIN JAaHHBIM 3KCIIEPUMEHTOB.

Paccmorpennas mpouenypa Oblia MCIOJb30BaHa AJs omnpeneneHuss POM
apaMeTpoB IPOYHOCTH ITOTO K€ TPYHTa Npu coAepxaHuu BkitoueHuit n =30 %. Ilo
pe3ysbTataM 3TUX MCCIEeA0BaHUM MOIy4YeHO: i AuckpeTHoil moaenu C = 46 klla;
¢ = 17,2° nnst sxBuBanentHort mojenu C = 42 klla; ¢ = 20,6° mo skcnepuMeHTy
C =47 klla; ¢ = 16,2°.

CooTBETCTBHE PACUETHBIX U DKCHEPUMEHTAJIbHBIX JTaHHBIX 00OCHOBAaHO
cobmonennem kputepusi @umepa (2), 1. e. Fc = 3,14 < F = 19,3. 310 mo3BoiseT
ucnoiabs3oBaTh POM 11 onpenenenys napaMmeTpoB MPOYHOCTH JJAHHBIX TPYHTOB IIPU
UHBIX COJIEP)KAHMSAX BKIJIIOUYEHHUH, a TAaKXKe JUIsl CTPYKTYp IPYHTOB APYTUX YpPOBHEH
HEOJTHOPOJIHOCTH.

BrBoasr

1. Pa3zpaborana MeTOJMKa MHOTOYPOBHEBOW HJIEHTU(PUKAIIMU MTapaMeTpPOB
IPOYHOCTH KPYNMHOOOJIOMOYHBIX TPYHTOB C 3aIlIOJIHUTEJIEM C YETKUMHU KPUTEPUSIMHU
aJIeKBaTHOCTH PACUETHBIX M SKCIIEPUMEHTAJIBHBIX JAHHBIX U YUE€TOM UX CTPYKTYpPHO-
MEXaHUYECKUX 0COOEHHOCTEH.

2. [IpencraBneHHast METOIUKA PEKOMEHTyETCS B KaUeCTBE JONOTHEHUS K paCUeTHO-
JKCIIEPUMEHTAILHOMY METOJIy UCCIIEI0BAaHUS TPYHTOB, B OCOOEHHOCTH MPU HAITUYUHU
00JIBIIOTO YKCIIa MapaMeTPOB UX MOJIETEH.

3. Vcnonb3oBaHue U310KEHHOW METOAUKH MTO3BOJIET 00JIee TOUHO U JOCTOBEPHO
Ha3HayaTh MapameTpbl MPOYHOCTH MOJIENIE OCHOBAHUN 3/IaHUN U COOPY>KEHUS Ha
KPYMHOOOJIOMOYHBIX IPYHTaX C 3aIIOJHUTENIEM.
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The author presents the methods of identifying the parameters of strength of macrofragmental

soils with filler determined by calculation and experimental method with the application of physical
data.
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. I'. Kosnoe, B. T. CmaHesuy, B. N. JaHunos, b. Y. Kydpbiwoea
[TaBnonapckuii rocynapcTBeHHbIl yHUBepcuTeT uMenu C. Topaiireiposa, 1. [laBnonap

BOJHbLIE KEPAMUWYECKWUE BSXYLWNE CYCIIEH3UN
rPU rPON3BOLCTBE NOPUCTbIX MATEPUAJIOB

Cmambvs noceswena 60npocam NOAVHeHUs. ONbIMHOU BOOHOU KEPAMUYECKOU BadCYyetl
cycnen3uu Ol U320MOBNEHUsS. BLICOKOIDPEKMUBHBIX NOPUCHIBIX MAMEPUATIO8 6 CIPOUMETbHOU
uHoycmpu.

Knouesvie cnosa: esadicywue cycnensuu, 6biCOKOIPhekmueHvie nopucmvle Mamepuabl,
CMpOUmMenbHas UHOYCMpUst.

Kak u3BecTHO, IpeBHEUIIMM BHAOM BSDKYLIETO SIBISIIOTCS TJIMHBI IPUPOIHOTO
MIPOUCXOK/ICHUS, HA OCHOBE KOTOPBIX U3rOTaBIMBAETCS PA3IMUYHOIO BU/1a KEPAMHKA OT
OOBIYHOTO CTPOUTEIHHOTO KUPITHYa A0 (asHCOBBIX U (papPpopoBbIx u3aenuid. OnHaKo B
koHLe XX Beka 1 Hadase X X[ nosiBUiInch NpUHIUMIIMAIBHO HOBBIE CBA3KM TEXHOTEHHOTO
MPOUCXOXKJIEHUS (KOTOphIe OBLIIM HAa3BaHBI TOXKE KEPAMHUYECKHUMH), CO3/aBacMbIe
Ha OCHOBE MHHEPAJIIOB OKCUIHOTO COCTaBa (KPEMHE3EMHCTBIX, aTIOMOCUIUKATHBIX,
LHUPKOHOBBIX U T. 1.) [1,2]. OTH, T. H. BOJHBIE KEPAMUYECKUE BSIKYILIUE CYCIICH3UHU
(BKBC) nmpeacrapisitot u3 ceOst MUHEpaIbHbIE BOJHBIC CUCTEMBI, TOJIYYCHHBIE Ty TeM
MEXaHOXMUMHYECKOH 00paOOTKH MPUPOIHBIX WA TEXHOTEHHBIX MATEPUANIOB (B T. U. U
OTXOJIOB), B IPOIIECCE KOTOPOU MPOUCXOIUT 00pa30BaHUE KOJJIOUIHOIO KOMIIOHEHTA
(301151) 1 oOecrieunBaeTC MEXaHOXUMUYECKAs aKTUBAIMS YaCTHII TUCTIEPCHOM (a3bl.
B 3aBucumocTu oT Buga obpabarbiBaeMoro matepuana pH aucnepcnoHHOM cpeabl
MOXET U3MeHAThCs oT 4-5 10 10-12. TBepaenue nanbonee pacnpocrpaneHHbIXx BKBC
KPEMHE3EMHUCTOTO U ATFOMOCHIMKATHOTO COCTABOB (KaK M MHOTHX JAPYTUX) OCHOBAHO
Ha SIBJICHUU MMOJUKOHACHCAINH [2].

OcnoBoii Bsixymux cBoiicteB BKBC siBisiercss Hanmuure B HUX KOJIJIOUHOTO
KOMIIOHEHTa (30J151), MEXaHU3M JEHCTBHUS KOTOPOr0o OOYCIIOBJIEH CYILIECTBOBAHUEM
y JUCIEPCHOM YacTULBI KOJIJIOMJHOIO PacTBOpa JBOHHOIO 3JIEKTPUUECKOTO CIIOS
(I3C), coBpemenHast TeOpHsi KOTOPOro 6a3UpyeTCsl Ha MOI0KEHUIX, pa3paboTaHHBIX
I'yu, Yennmenom u tepHom [3]. YCTONYMBOCTE U KOATyJISLUsl IUCTIEPCHBIX CUCTEM
U KEPaMUYECKUX CYCIIEH3UI B TOM YHUCJIE 3aBUCAT OT B3aUMOACHCTBUS YACTHI] MEK]LY
cO0OH WM C KAKUMH-THOO MaKpOHMOBEPXHOCTSAMH, YTO OIPEIEIIAET TAKXKE aJlr€3HI0
YaCTHI] U CTPYKTYpOOOpa30BaHHE B IUCIEPCHBIX CUCTEMAaX. JTO MOJIOKEHHUE SIBIISIETCS
OJIHUM M3 OCHOBHBIX B TEOPUU YCTOMYMBOCTH M KOATYJIALIMHU IUCTIEPCHBIX CUCTEM (TECOPHSI
JUI®O), yuuThIBaromeil 3JI1eKTPOCTaTHUECKYI0 COCTABISIONIYI0 PAaCKIMHHUBAIOLIETO
naBjeHUs (OTTAJKUBAHHE) M €ro MOJEKYJISIPHYIO COCTaBJISIOUIYIO (IPUTSIKEHUE),
chopmynupoBannyto Briepsbie b. B. Jlepsrunbiv u JI. . Jlanaay. OqHuM U3 ri1aBHBIX
YCIIOBUHM TBEPJCHUS KEPAMHUUYECKUX CYCIIEH3HH SIBIISIETCS CYIIECTBOBAHME B HUX
MOJIUSAAEPHBIX KOMIUIEKCHBIX COEIMHEHUI U CBA3aHHOM NOJISIPHOW KUJIKOCTH, KOTOPbIE
OIPEAEIIAIOT IPUPOAY B3aUMOAEHCTBUS YacTHILL AUcTiepcHOH (a3bl. CBexxeoOpa3zoBaHHAsS
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(B pe3ynbTaTe MEXaHOXUMHUYECKOW 0OpabOTKH ) TOBEPXHOCTh UX COJCPKHUT AKTUBHBIC
LEHTPbI PA3IUIHON MPUPObI, BOSHUKAIOIINE U3-32 KOOPAMHALMOHHON U BaJIE€HTHOM
HEHACHIIIIEHHOCTH MOBEPXHOCTHBIX aTOMOB M MOHOB. XapaKTepHOW OCOOCHHOCTHIO
MOJIy4yaeMoro TakKUM 00pa3oM MaTepuana I0cjie ero HU3KOTEMIIEPATypHOU CYIIKH
SIBJISIETCS a0COITFOTHASI BIIATOCTONKOCTb, CBHIIETEIBCTBYIOIIAst 00 00pa30BaHUM B CHCTEME
KPUCTATU3ALMOHHBIX (TIOJIMMEPU3ALIMOHHBIX) KOHTAKTOB U BBICOKAs MEXaHHUYECKast
NPOYHOCTH 00pa31oB. OOBIYHO MOTYYAIOT T.H. BBICOKOKOHIICHTPUPOBAHHYIO CYCIIEH3HIO
c cogepkanueM tBeporo 0,65-0,75 [1], B KoTopoii Ipy CTPYKTYpPUPOBAHUH JUCTIEPCHON
cucTeMbI (B cOOTBETCTBHH ¢ yueHueM [1. A. Pebunzepa) cyiiecTBeHHYIO pOJIb UTPAIOT
YACTHUIIBI H3MEIbYAEMO TBEPAOH (a3bl.

B namreii pabore [4] KOHIEHTpalMs TBEPJIOTO B CYCIIEH3UU ObUIa 3HAYMTEIHHO
menblei (mopsaka 0,25-0,30) T. K. B 3TOM cllyyae MEXaHOXUMHUYECKH 00pabaThIBaICs
M3HAYaJIbHO TOHKOJMCHEPCHBIM MaTepHal KPeMHE3EMHCTOTO cocTaBa (C yJelnbHON
HOBEPXHOCTHIO Oojiee 20 MM?/T) U BaXXHBIM SIBIISTIOCH 00pa30BaHUE KOJUIOUIHOTO
KOMIIOHEHTA, YJIbTPAJUCIEPCHBIE YaCTHUIbI KOTOPOTO0 UIPAIOT PEUIAIOLIYI0 POJIb
B YOPOYHEHHMH cucTeMbl. Hamumm, 4yto B 3TOM ciyyae TpeOyercs He3HauuTeIbHast
(Mo BpeMeHM) MeXaHWYecKasi aKTUBAIMs TBEPJIOH (ha3bl, HOCKOJIBKY MUKPOUYACTHILIBI
TaKOro MaTepuaya (B ero MCXOJHOM COCTOSIHHHM) yKe 00janatoT 0onbuIon
MOBEPXHOCTHON HEPIHEH, MpU 3TOM «HapaOOTKa» KOJUIOMJAHOI'O KOMIIOHEHTA, B
OCHOBHOM, ITPOMCXOIHMIIA BO BPEMs T.H. CTAOMIN3AIUU CYCIICH3HHU 33 CUET PACTBOPEHUS
TBepAOH (a3bl ¢ 00pa30BaHUEM MOJTUKPEMHHUEBBIX KUCIIOT.

[IpoBenennsbie uccienoBanus n3MeHeHus Bs3koctu onbiTHON BKBC ¢ manoii noneit
TBEPJI0T0 MIOKA3aJIM, 4TO OHA 00J1aJaeT JOCTATOYHO YETKO BHIPAXKEHHON TUKCOTPOITUEH,
MOCKOJIBKY T10 Mep€e YBEIMYECHHUS CABUTOBOM IeopMaliui HaOJII0JaeTCs 3HAUNTEIIbHOE
naJIeHUe BA3KOCTH, KOTOPOE 3aTE€M U3MEHSETCS 10 aCUMITOTE, a [10 UCTEYCHUH BPEMEHU
BO3BPAIIAETCS K UICXOTHOMY C OIIPEJICIIEHHBIM THCTEPE3UCOM.

OmnpeneneHrue XapakTepPUCTUK OMBITHON CYCIIEH3MH IOKa3ajlo0, YTO MJIOTHOCTb
ee cocrasisier 1,35-1,40 r/em?, Bsizkocth 1,2-1,56 Ila-c, pH=10-12. D10 Xuakocth
TEMHO-CEpOro I[BETa, HEroproya, YKOJIOTHUECKU Oe3BpeaHa (MMEeTCsl THTHEHUYeCKU
ceptudukar), XpaHUTCS B )KeJE3HOH (CTaabHOW) WIH MJIACTMACCOBOM Tape, o0siagaeT
YHUBEPCAJIbHBIMU CBOICTBaAMU KJIES-CBA3KU [4].

Hcnonb3oBanue KepaMUUYECKUX TEXHOJOTUM Hayanoch B 60-e roabl XX Beka,
HanOoJiee 3HAYMMbIMU SIBJISIIUCH U3/EIHs, UCIIOJIb3yeMble B KOCMOCE, KaK MJIOTHBIE,
TaK ¥ IOPUCTBIE, IPUYEM MOPUCTOCTh MOCIEIHUX MOXeT gocturath 95 % [2]. Co
BPEMEHEM TaKHE TEXHOJIOTHUH CTaJIM IPUMEHSTHCS B OTHEYIOPHOM U METaJLTy pruuecKoi
HPOMBIIUIEHHOCTH, Ha UX OCHOBE MOJIy4aloT, B OCHOBHOM, HE()OPMOBAaHHbIE OTHEYIOPHI
(orHeynopHsle OETOHBI, TOPKPET-MACChl, HAOMBHBIE MACChI, MACChI JJISl 3aLUTHBIX
NOKpeITHI U 1p.) [S]. AMepukanckas komnanus «Magneco/Metrel» paspabotana
«...ceMeicTBO He(hOPMOBAHHBIX, HE COACPIKAIIMX [IEMEHT OIHEYTIOPOB 110 TEXHOJIOTUU
KOJUIOUTHO-TEJIEBOM CYCIIEH3UU C BKIIFOUEHHEM KOJUIOMJIHOTO KpeMHe3eMay [6].

JUist OPHUCTHIX (TEIUIOM30JSALMOHHBIX) MAaTepUaIOB XapaKTEPHBIM SBISETCS
OTHOCHUTEJIBHO Majlasg MeXaHHW4yecKas MPOYHOCTh. Eciu oHM HMpPUMEHSIOTCA IO
OpSMOMY HA3HAUYEHHUIO — B KJIQJIKE MEYel C 1eJbI0 YMEHBIICHUs MOTeph TeIlia, TO
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9Ta XapaKTepUCTUKA HEe UrpaeT 0coboro 3HadeHus. OJHAKO, €CIU TaKUe MaTepUatbl
UCIOJIB3YIOTCSI IPU CTPOUTENIbCTBE 3JaHUN, OCOOCHHO >KMIIBIX JOMOB, TO OT HUX
TpeOyeTcsl MOoBBIIEHHAsT MPOYHOCTh. OOBIYHO MPUMEHSIEMbIE B CTPOUTEIHHOMN
UHIYCTPUU sTYCUCTbIe OCTOHBI HE BCErJa OTBEYAIOT BO3POCIIMM TPeOOBAHUSIM,
HpeabsBIsSeMbIM K HUM B HacTosiee BpeMst. OCOOEHHO MHTEPECHBIM B 3TOM OTHOILICHUU
SIBJISIETCS. CTPOUTEIBCTBO T. H. KAPKACHBIX JKUJIBIX 3/I1aHUH, B KOTOPBIX CTEHBI YK€ HE
SIBJIIFOTCS] HECYIIIMMU, OJTHAKO MX I10 TPAJHMILIMHU BBIMIOIHAIOT U3 OOBIYHOTO IIOTHOTO
CTpOUTENBHOIO Kupnuya. Ha cmMeHy emMy B 3TOM cily4yae JOJIKEH NPUITU JIETKHUM
MaTepHal, 00Ja1aloHii B TO e BpeMs 0oJiee BBICOKOW MEXaHUYECKOH MPOYHOCTHIO
10 CPAaBHEHHIO C IPUMEHSAEMBIMH B HACTOSIIEE BPEMs TUCUCTHIMU OETOHAMH.

Kak u3BecTHO, MaTepuan, MOJIYUYEHHBIH C HCIOJIb30BAHUEM B Ka4ECTBE
ceasyrouiero BKBC, yxe mociie Hu3koTemMIepaTypHOl CYWIKH (TeMIepaTrypa
140-150 °C) o6nagaet 3HAYUTETHHON MEXaHUIECKOU MPOYHOCTHIO [ 1]. DTa 0COOEHHOCTH
M03BOJIMJIA Pa3padoTaTh SHEPTO - U PECYpPCOCOEPETAIOILY IO TEXHOIOTHUIO 3T OTOBJICHUS
IIOPUCTOr0 MaTepraa, B KOTOPOM B KaUECTBE 3aII0JHUTEINSI UCIIOJIb3YHOTCS JUCIIEPCHBIE
IPOMBIIIJIEHHBIE OTXOJbI, HapuMep 00l OTHEYHMOPHOro (IIAMOTHOT0) KHUpIUYa.
[Tonmyuennslie uznenus (Kupnud uin 0J10K) 0051a1at0T 60s1ee BEICOKOM MEXaHNYEeCKOH
IPOYHOCTBIO 110 CPABHEHUIO C AaHAJIOTMYHOM TPOAYKLUEN U3 HEABTOKJIABHOI'O SIYEUCTOrO
6etona. Tak, Hanpumep, 0Opa3Ibl U3 ONBITHOTO MaTepuaja MpHU MJIOTHOCTU €Tro
900 kr/mM*, 4TO COOTBETCTBYET MO 3TOMY MOKa3aTEJl0 KOHCTPYKLUHOHHO-
TETUTOM30JISIIIMOHHBIM U3ENIUSAM U3 YKa3aHHOTO SYEHCTOro 6eToHa (B COOTBETCTBUH C
I'OCT 25485-89), umenu npouynocts Ha cxxatue 10-11 MlIla, B To Bpems Kak y TaKoro
6eroHa oHa MOXxeT ObITh He O6osiee 5 MIla, kak 310 ykazano B [OCT 25485-89.

B pa3paboTaHHOI TEXHOJIOIMH UCHOJb3YETCS] XUMHUECKUI MeTo]l 00pa30BaHuUs
10p, TIPY 9TOM BCJIEACTBHE ITPOTEKAOLIEN IK30TEPMUYECKON PEAKIIH ChIPbEBAsI CMECH
pazorpesaetcsi 10 40-50 °C 1 mpoUCX0IUT MHTEHCUBHOE ra30BbIICTICHUE C 00pa30BaHUEM
nop pazmepom 110 3 MM. HeoOxoqumMyro MpoYHOCTh U aOCOIIOTHYIO BJIArOCTOMKOCTD
NOJIy4YEHHBI MaTepuas mpuoOperaeT mocie HU3KOTEMIEPATypHOU CYIIKU MpPH
temmneparype nopsaka 140-150 °C. Pa3zpaboTranHass TEXHOJOTHS MPOU3BOJICTBA
MOPUCTBIX MAaTepUaIOB MOXET ObITh MCIOJB30BAaHA TAKXKE MPH MOJYyUYEHUU TAKUX
U371 KaK KabesbHbIe (M HHBIE) TPOXOIKU Yepe3 CTEHBI, IEPETOPOAKH U IEPEKPHITHS,
a TaKk)Ke IrepMeTHYHbIe KaOelbHbIe BBOABL. B 3TOM cilydyae BBICOKHME NMPOYHOCTH U
BJIArOCTOMKOCTH HE SIBJIAIOTCS ONPEeIIIoNMMU (hakTopamu [7].
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P. G. Kozlov, V. T. Stanevich, V. I. Danilov, B. C. Kudrysheva
Water-based ceramic binder suspension in the process of manufacturing
cellular material
S. Toraighyrov Pavlodar State University, Pavlodar.
Material received on 15.12.14.

Maxanaoa munepanowl cynvl Jicytie pemiHoe Keiemin Cyibl KEPAMUKAIbIK OAULIAHICIbID2bIUL
cycnensusnap (CKbC) kapacmuipoiizan. Onapovl mabuau He mexHo2enoi Mamepuanoap nezizinoe
MEXAHUKATBIK-XUMUSIbIK, OHOEY JICONbIMEH AIbIHAMBIH YPOICIHOe KOMIOUOmi KOMNOHeHmI naiod
bonaovl dcone Oucnepcmi aza O6MUEKMEPIHIY MEXAHUKATLIK-XUMUSAIBIK, — AKMUBAYUACHIMEH
KAMCbI30aHObIPLLIAOYL.

The authors considered water-based ceramic binder suspension (WCBS), represent mineral
water system end product using mechanochemical processing natural or man-triggered materials, in
course of which the formation is under way of colloidal part (sols) and mechanochemical activation
of particulate of discontinuous phase is achieved.

In this technology used chemical method of pore formation, wherein ensuing proceeds of
exothermal reaction raw mix warm up and happen intensive gas evolution with pore formation.
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UDC 666.972.16(088.8)

M. Kuderin, A. Kuzmenkov, G. Abisheva
S. Toraighyrov Pavlodar State University, Pavlodar

CONCRETE DURABILITY MODIFYING ADMIXTURE

The article deals with some directions for the development of a comprehensive
chemical additives for conrete mixes, allowing obtaing concrete with increased strenght
and durability at a relatively high mobility of a mix ture.

Keywords: concrete, mix, resistance, durability, mobility of mixture, emulsion.

Periodically, many researchers have been focusing a great deal of attention on the
issue of concrete strength development. Moreover the prevailing aim of this very sphere
of investigations is considered to be the elaboration of various structure modifying
methods, optimum in the way the void space arranged, if possible less expensive than
the ones already known.

Authors present the complex chemical admixture due to which concretes of extra
high water- and frost resistance, at relatively slump of 10-12 cm, can be obtained.

The complex concrete-oriented admixture, contains sulfite-leavenous brew, natrium/
sodium salt of non-organic acid, and additional emulsified mixture of mineral oils in
terms of following masses ratio, %:

sulfite-leavenous brew ...............cooeinnnnn.. 13-24;
natrium salt of non-organic acid

(sodium nitrite, sodium nitrate, sodium sulphate) 19-29;
emulsified mixture of mineral oils ............... 47-68.

In this very suggested composition of complex admixture, the emulsified admixture
of oil minerals is applied to be the plasticizing and air-entertaining agent containing by
weight % synthetic residues of thermal polimerization 90-99, the post proceeding of
an acetylation process 1-10.

The contribution of the emulsified oil minerals incorporation to the concrete mix can
be explained in focus of various chemical reactions taking their place. Particularly indene,
fulvene and stilbene forming the admixture and easily interacting with original portland
cement (OPC) hydration products, on their hand form sparingly soluble doubled hydrate
salts which excert gas-like H.. Fluorene after being oxidized with atmospheric O,, transfers
to fluorenone or participating in similar displacement reactions, forms resistant compounds
generating H, respectively. The very hydro-carbon molecules provide concrete mixture
with entertaining of non-polar air vials, determine their dispersion and stabilization in the
cement paste, for hydrocarbons plus H, plasticize the mixture. Having uniformly spread
in the concrete mixture and being conventionally isolated (actually air vials are not totally
isolated, but less penetrative for water and solutions from without) pores act as peculiar
absorbers and contribute the concrete frost-and water-resistance dramatically.

Since the prevailing distinguishing attribute of emulsified hydrocarbon compounds
occurs to be their utter molecules’ asymmetry, which is balanced to provide their
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pronounced unwettability, thus chemical adsorption is the first stage only, and can be
followed by chemisorptions or chemical reaction in the volume/medium of particles.
There is a good reason to believe that admixture declines the interphase energy and
facilitates disaggregation (deflocculation) of the particles. At the same time great
amount of immobilized water is being disengaged and this very water is to provide
the plasticizing effect. Moreover the adsorption layers themselves have capacity for
flattening the surface roughness of particles thus declining the mutual friction coefficient.
Due to this dramatically decreases the surface tension between mediums of liquid and
air thus declining the effect of additional airentertaining.

The following components were used as constiuents/source materials for the
complex admixture:

— sulfite-leavenous brew (SLV), meeting the requirements of Branch Standard
-3-183-83, the by-product of sulfite waste liquor processing into nutrient or average
yeast;

— natrium/sodium salt of non-organic acid represented by one of the following
admixtures: sodium chloride [all-Union State standard 13830-84], sodium sulfate
[all-Union State standard 4166-66], sodium nitrite [all-Union State standard 4197-74];

—emulsified mixture of mineral oils resulted via homogenization of gas-oil-kerosene
fraction pyrolysis intermediates, synthesized at t° 670 C° over a superheated up to
610°C steam.

To compare the effect of represented and yet known admixtures standard concrete
mixes were made with slump of 10 cm. Specimens were tested in terms of/according
to current standards/norms of durability [all-Union State standard 10180-78], frost
resistance [all-Union State standard 10060-87], and water [non-]permeability [all-Union
State standard 12730.0-78]

The emulsion is made in a certain amount of mixing water in electric mixers
(2000 — 3000 rpm), providing its high dispersity and stability. Sulfite-levenous brew
maintains the function of emulsifier/emulgator. (The) emulsion-mixing water ratio is
incorporated to a dry mix of binding material and fillers during the process of concrete
mixture elaboration on continuous/non-stoppable mixing for 1.5-2 minutes.

The suggested issue is supposed to be solved via following solutions represented
in Table 1.

Table 1
Complex admixture/agent content Suggested contents (ratios)
Ne and admixture-incorporated concrete Prototype
properties 1 2 3
- sulfite-leavenous brew (SLV) 13 19 ;g ?;
- sodium salt of non-organic acid 19 24
1 . . . - 24
- sodium salt of oil-sulfite acids - 47
- emulsified mixture of oil products 68 57 )
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Compressive strength breaking point,
MPa
- at 28 days of moist curing ig’z 38,6 35,5 gg’z
2. - at 180 days of moist curing ? 41,6 39,8 ’
Flexture strength breaking point, MPa
. . 3.8 3,55
- at 28 days of moist curing 43 3,98 3,76 3.69
- at 180 days of moist curing ’ 4,54 3,99 ?
3. Water resistance, MPa 1,4 1,3 1,1 0,7
4. Frost resistance, cycles 467 420 430 350

As itis seen from the Table 1 at 28 days of moist-curing, samples, made of concrete
mixes and incorporated with the admixture of suggested content, as a fact reveal the
compressive strength 21 % higher than of the ones being planned for concretes of this
class/type and 9 % higher than the prototype. One can see the dynamics of compressive
strength development further, at the age of 180 days. The compressive strength
development at 180 days of moist curing was about 13 %. The frost resistance of concrete
incorporated with suggested complex admixture was 19 % higher respectively and the
water resistance was almost twice more then the ones of prototype.

Concretes incorporated with the suggested admixture can be successfully applied
to industrial, civil, hydrotechnical and land-improvement engineering. Moreover they
can be used in the following spheres of construction:

1) facing the canalization;

2) transport engineering;

3) establishing the bridge constructions and props;

4) monolith and prefabricated/combined tunnels.

Thus such incorporated concretes are to be of a great demand in constructions
having high water- and frost-resistance requirements. The very admixture incorporated
concrete mixes are of a great plasticity thus capable for being moved via pneumatic
pavers and concrete pumps.

Material received on 15.12.14.
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Maxanada 6emon KOCnanapvlan XUMUsUIbIK ycmemenep o3ipieHzet, 0yn Kocnanapovl Ouik
OIpKenKi KO32anubIKmulK apKaibl KOMepIyKi OAssHHbIY JCoHe Y3aK apPKblibl yememenep albiHeaHbl
KepceminzeH.

B cmamue paccmomperivl Hekomopbvie Hanpasienust no pazpadomKe KOMIIEKCHOU XUMUYECKOLL
000asKu 0t OEMOHHbIX CMecell, NO360NIOUWAsT NOAYHAMb OEmMOHbL NOBIUEHHOU NPOYHOCHU U
001208€YHOCTU NPU OMHOCUNENLHO BbLCOKOU NOOBUNCHOCIU CMECU.

VK 72:681.3

L. A. Myxamedwakupoea', H. K. Kbi3binbaee?
'K.T.H., aCCOIMUPOBAHHBIN Mpodeccop, *MarucTp TEXHUYCCKUX HAYK, AaCCUCTEHT
npodeccopa, Kazaxckas ['onoBHass ApXUTEKTYPHO-CTPOUTEIBHAS AKaIEMHSL, T. AJIMATBI

OHEPIOCBEPEXEHUE B 34QAHUSAX U COOPYXEHUAX

B cmamue onucanvl koncmpykmueHvie peutenust Cmet, Kpoeii, (PYHOAMEHMA U OKOH 6 30aHUSIX
U COOPYIHCEHUAX, NO3BONAIOUIUE NOBLICUMNb MENTOCONPOMUBTEHUE KOHCIMPYKIMUBHBIX PEUleHUI.

Kmouesvie cnoea: smepeocoepedicenue, 30aHus U COOPYIHCEHUS, IHEpeemudeckue pecypenl,
CMPOUMenbCb80, KOHCMPYKYULL.

[IpoGiema paniMOHAJIBHOIO UCIOJb30BAaHUSA IHEPIETUUECKUX PECYPCOB
npuodpeTaer Bce OOJIBIIYI0 aKTYalIbHOCTh, & YHEPrOCOEPEKEHUE B CTPOUTEIIHCTBE
UIpaeT BaXKHEUITYIO POJIb, IOCKOJIbKY OOJIbIIAs OISl SHEPTUU TPATUTCS HA OTOIIJICHHE
3nanuid. TerocHa0X)eHue MPOrU3BOICTBEHHBIX TTOMEIIIEHUH (II€X0B) BCETJa CYUTAIIOCH
3a7a4yeil HEOPAUHAPHOM, MOCKOJbKY OHH, KaK IMPaBHIO, 3aHUMAKT OTPOMHBIE
IUIOINAAN U UMEIOT BbicOoTy 10 14-18 M. U3BectHO, uTo Oonee 60 % Teruia yxoauT
Yyepes Orpa)KAarolliie KOHCTPYKIMN: BHEITHUE CTEHBI, IOTOJIOK, KPBIITY, OKHA, IBEPU
u ¢pyagament [1]. OcHOBHBIE MOTEPH TEIUIOBOW PHEPTHH 3JaHUN MPHUXOAATCS Ha
CTEHBI, TaK KaK OHU MMEIOT HauOOJIbIIYIO IIJIOLIa/lb COPUKOCHOBEHUS C BHEIIHEH
cpenoit. Orpaxaaroniasi KOHCTPYKIIMS MOXKET ObITh IIPEACTABICHA B BUJIE HECKOJIBKUX
Pa3IUYHBIX CHCTEM: JKECTKasl OrpaskJaroiiasi KOHCTPYKLHs, YTEIUIEHHAs: CO CTOPOHBI
BHYTPEHHEI0 MOMeENIeHNsl. BHyTpeHHee yTelieHue peKOMEeHIyeTCsl AeslaTh TOJIBKO
IIPY HEBO3MOXXHOCTH YCTPOWCTBA APYTUX BUAOB TeIuion3oisiuuu. [Ipu BHyTpeHHEM
YTEIJIEHUH TEIUIbIi BO31yX, HACBIIIEHHBIN MMapaMHu BOJbI, IPOXOJUT Yepe3 CIIOoi
YTEIUINTENS] U KOHJAEHCUPYETCSl Ha XOJOJHOM CTEHE, YTO MPUBOJIUT K YXYJILIECHHIO
TEIUIOM30JISILIMOHHBIX CBOMCTB MaTepraa, HOSBJICHHUIO TIECEHU U TPUOKOB, CHIYKEHUIO
JIOJITOBEYHOCTU KOHCTPYKIIMH.

[Toatomy, ipu ycTpoiicTBE BHYTPEHHETO YTEIIEHUS], HEOOXO0IUMO PEAYCMOTPETh
3P PEKTUBHYIO TAPOU30IIIHIO (PUCYHOK 1).
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BiyTpeHAA Wrykarypra
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Pucynok 1 — Yremienue creHsl

Bropoii Buj yTemnneHus 3To JABe KEeCTKHE IUIACTUHBI U YTEIUTUTEIb MEXKAY HUMHU,
HalpuMep, «KOJIOJIe3Has» KUPIHUYHasl Kiajka (PUCYHOK 2).

o

il

—E

1— Hecymias cTeHa, 2 — INIMTHBIN YTEIJIUTENb, 3 — IepEeBIHHAs aHTUCENTUPOBAHHAS
petika, 4 — BO3AYLIHBIN 3a30p, 5 — mapou3oisinus, 6 — BHyTpEHHsS IITyKaTypKa,
7 — BHELIHSA OTAEJIKA, 8 — CETKa apMUPOBAHUS
Pucynok 2 — Y3en crenbl

Taxoke B IPOMBIIITIEHHOCTH IIMPOKO MCIIOJB3YIOTCS COHABUY NaHesH [2]. CTeHoBbIE
COHJBUY HAHENIU — 3TO KOHCTPYKIHUHU, COCTOSIINE U3 JBYX HPOPUIMPOBAHHBIX
OKpAalIEHHBIX JIUCTOB U TEIIOU3O0JAILMOHHOIO CJIosA, (MUHEPATOBATHBIE U
HEHOTOIUCTUPOJIbHBIE TUINTHI). OCHOBHBIE MPEUMYLIECTBa CHOHABUY MaHeNel Haj
JPYTUMH CTEHOBBIMU MaTepUaJlaMU 3aKJII0YAr0TCsl B BBICOKOW CTENIEHN HECTOPAaeMOCTH,
BBICOKMMHU CBOWCTBAMH TEIUIO M IIYMOU3OJSLHM, & TaK XK€, YTO HEMAJIOBAXHO,
UCIIOJIb30BaHUE CHOHABUY IMaHeNeld o0Jeryaer MOHTaX OTPaXkJACHHs, TEM CaMbIM
COKpallas CpOKHM BO3BEIEHUS 3JaHMM; TPETUH BHUJ 3TO TOHKAs Orpa)KJaromias
KOHCTPYKLHUSI C YTEIUIUTEIEM C BHEIIHEW CTOPOHBI, TaK HA3bIBAEMOE HaApY>KHOE
yTeIUIeHHE, KOTOPOe, 0 MHEHUIO CIELUAINCTOB, BIsAeTCA Haubosee H3(pPeKTUBHBIM
METOJOM Terion3osauu. CyIliecTByeT IBE€ CUCTEMbI HAPY>KHOT'O YTEIJIEHUS — 3TO
BEHTHJIUPYEMBbIi (acan u MTyKaTypHbIH ¢acan. Bentunupyemsiit gacasn (pucyHOK
3) oTiin4yaeTcs HaJIU4YUEM BEHTUIIMPYEMOW MPOCIOWKH, KOTOpas JAaeT BO3MOYKHOCTb
BO3/1YIIHOMY IMOTOKY IIUPKYJIUPOBATh MEXJly CTEHON U 00IMLIOBKOM [3].

46

ISSN 1680-9165. Ne3-4, 2014 r.

5 1
@-

= 2
| 3
E 4
: 5
|
. 6
7

1 — cTena, 2 — 3anuTHas TJIeHKa, 3 — Kapkac, 4 — BO3AYLIHBIH 3a30D,
5 — yrermmrenb, 6 — BETpoBas 3aluTa, 7 — OOJIHIIOBKA
Pucynok 3 — Y3en Bertunmupyemoro dacana

B pe3ynbraTe U3 KOHCTPYKIMU B OKPYXKAIOLIYIO Cpedy yaauseTcs atMocepHast
U BHYTpeHHss Biara. OCHOBHBIM HEIOCTaTKOM BEHTHJIMPYEMOW CHUCTEMBI SIBJISETCS
HEBO3MOXXHOCTb YCTPOICTBA B 3/IaHUSX CIIOKHOW apXUTEKTypHOU Gopmbl. Jliist Takux
3nanuil 3¢ (eKTUBHEE HCIIONIB30BaTh CHCTEMY IITYKaTypHBIA (acas, (pucyHok 4),
MO3BOJISIFOIINHN BOIUIOTHTD JTIFOObIE apXUTEKTYPHBIC U [IBETOBBIC PEIICHUSI.

1. OcHosanme
sicn 2ty
— 3, Kneenoi caoi
0 4, Yrenaureas

s B aaniag ‘ 5. ofiens
ST
J ‘) 6. Ba30BLIA KARBBOH CAOH

:§ e s 7. ApMHpYIOLLAA
S > acAAHAR CTOKAOCETKA
ﬁa - A i 8, HHHLIHBIA KAGEBOA CAOR

i P 2, Tpywt
: 3 ‘ 4 } 9, AeKOPATHEHAA WTYKATYPKA
S '

Pucynok 4 — llItykaTtypHsrit dacan

Taxxe naHHbIA BHUJ yTeluieHUs TpeOyeT MeHbLIEeH TPYJOEMKOCTH U UMEET
HEBBICOKYI0 cebecTouMocTh. Ocoboe BHUMAHUE CIEAYET YAEIUTh TEIIOM3O0JISIIUU
KkpoBid. KpoBist 1o Termou3ndeckuM moKa3aTessiM SIBISIETCS CaMbIM Y SI3BUMBIM
arieMeHTOM 31aHus. [10 3aKoHaM KOHBEKIIMH HAarpeThId BO3AYX MOJHUMAETCS BBEPX,
[I03TOMY IMOTEPHU TeIJIa Yepe3 KPOBIIIo MOTyT gocturath 40 % ot o6111ero Kou4yecTna.
Kpome Toro, mpu KOHTaKkTe HArpeToro BO3JyXa M3 MOMELIEHUS C XOJOJHOMU
MMOBEPXHOCTHIO KPOBJIM HEM30EKHO BHITIAJICHUE KOHIEHCATa (PUCYHOK 5).
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1 — 3amUTHBIN €0, 2 — TUAPOU3OJISIITUOHHBIN KOBEP, 3 — BEIPAaBHUBAIOIIUI
CJI0M (CTSDKKA), 4 — TEIION30JIALHS; S — Tapor30JIsus, 6 — HecyIas OCHOBA U3
JKeJ1e300€TOHHBIX TUTUT
Pucynok 5 — Y3en kposiu

Bopa Oyner mocreneHHO pa3pymiath KOHCTPYKIIMIO KpOBJIK. [Ipu MOBBIIEHHOMH
BJI&JXHOCTH BO3JyXa BO HM30exaHWe 0Opa3oBaHMs KOHJEHCAaTa Ha BHYTPECHHHX
MOBEPXHOCTSIX JCIIAIOT TETUTbIC IIOKPBITHSI, COCTOSIINE U3 OCHOBAHMSI, TTAPOU30JISIINH,
YTEIUTHTEIS, BRIPABHUBAIOMIETO CJI0s (CTSHKKM) M KPOBJIM MPOMBIIUICHHBIX 31aHUH.
Marepuanamu sl YTEIUICHUS CIIY’KAaT MEHOOCTOHHBIE M BOJIOKHUCTHIE IUIHTHI,
MUHEPAIOBATHBIC TUTMTHI, KOTOPBIE CBEPXY MOKPHIBAIOT BHIPABHUBAIOIIUM CIIOEM
IIEMEHTHOTO PacTBOpa WiH ac(haiabTO-IMOAKICHKY pYJIOHHOW KPOBIIM U3 pyOeponia u
nepramuHa. Hanbosee mporpecCHBHBIMU KOHCTPYKIUSIMHU, IPUMEHSIEMBIMU B HACTOSIIIICE
BpEMsI IIPU YCTPOMCTBE MOKPHITHIA IPOMBIIIJICHHBIX 3/1aHUH, SBISIFOTCS KOMILICKCHBIE
KPOBEJIbHBIC MTAHEIN, COBMEIIAIOIINE OJJHOBPEMEHHO HECYIIINE U TETUIOU30JISIIHOHHBIC
(YHKIIMY, HAa HUX B 3aBOJICKUX YCIIOBHSX YCTPAUBAIOT THIPOU3OJISIIMIO U3 OHOTO CIIO0S
pyJIoHHOTO Matepuana [4] (pucyHoxk 6).

CTPYKTYpa KpoBensHbIX NaHenesn

@

| — ouMHKOBaHHAas CTaJIb C MOJIMMEPHBIM ITOKPBITUEM U MHOT'OCIIOMHOM OTAEIKOM,
2 — CUHTETUYECKUH IByXKOMIIOHEHTHBIN KJeH, 3 — MUHEpaibHasl Barta,
4 — 3aMKOBO€ COEJJUHEHHE, 5 — TpaNeLEN1aJIbHbIE MUHEPAIOBATHBIE TUINTHI
Pucynok 6 — KpoBesbHOE OKpBITHE

Terutonorepu uepe3 pyHAaMEHT B cperiHeM cocTaBiisitoT 10-15 % ot obmiero oobema
TEIIONoTeph 3MaHusA. UTOObI 3alUTUTh (PYHIAMEHT OT pa3pylLICHHUS H COKPAaTUTh
TEIUIONOTEPU, HEOOXOAUMO 00ECTIeYUTh BHEUIHIOI TEIUIOM3OJISIUI0 KOHCTPYKIIHH.
VYrennenue QpyHaaMeHTa TakXkKe MPEIOXPaHUT CTEHBI OT 00pa30BaHUS KOHJEHCATa,
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pa3BUTH TUIECEHH M TPUOKOB. Ba)XHBIM 3JIEMEHTOM SHEProcOepekeHus SBISIOTCS
OKOHHbIE 0710kH. OKHa SBIISIOTCS TIABHBIM UCTOYHUKOM TEIJIONOTEPh B 3aHHIX.
Tepmuueckoe CONpOTUBICHNE OKOH MEHBIIIE CTEHOBOTO B 3 pa3a u 0oiee; Kpome

TOT0, Yepe3 OKOHHBIE IPOEMbI OCYIECTBIIACTCS MHPUIBTPALIUS HAPYKHOTO BO31yXa
(pucyHOK 7).
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1 — pyHIaMeHT TeHTOUHBIN, 2 — YTEIUIUTENb YKCTPYTUPOBAHHBIH MTEHOMIOIUCTHPO,
3 — razocuiMKaTHbIe OJIOKH, 4 — yTENJIUTENb NEHOCUIMKATHBIN OJIOK,
5 — TepMonaHenb, 6 — IEMEHTHO-IIECUaHbIil pacTBOp, 7 — LIOKOJIbHAS TUIUTKA,
8 — TUIPOU3OJISIIUS
Pucynox 7 — Y3en crensl

B aT0#i CcBsI3M, HEOOXOAUMO O0ECTIEYHTh UX TePMETHU3AIUIO JIJIS YCTpaHEHHS
HCCAHKIMUOHHUPOBAHHOI'O IMOCTYINVICHHUA HAPYXKHOT'O BO3AyXa B IIOMCIICHUC. B Oesax
DHEProcOEPeKEHUsT UCIIOJIB3YIOTCS BAaKYYMHBIE CTEKJIOMAKETHI, 2- WU 3-KaMepHBIC
CTCKJIOIMAKEThI, 3alIOJITHCHHBIC HU3KO-TCIIOIIPOBOAHBIM aproHOM HWJIM KPUIITOHOM
CTEKJIOMAKEThI, CTEKJIONAKEThl C HU3KOAMUCCUOHHBIM cTeksIoM. [Ipumensiercs: 6osee
TCpMETUYHAA KOHCTPYKIOUSA IMPHUMBIKAHHA OKOH K CTCHAM, YTCIUIAIOTCA OKOHHBIC
HpOéMBI. B OesaX CHMIKCHUA IMOTCPh TCIIA, CICAYCT 00€eCIIeYnTh TCPMETUIHOCTD
HapYKHBIX OIPAKICHUN 3/1aHUs: HEKOHTPOJIIMPYEMBIN IIPUTOK BO3/1yXa CKBO3bB OKHAX,
ABCPAX, CTCHAX U T.A. JOJIKCH 6I>ITB CBCJICH K MUHUMYMY.
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Energy conservation in buildings and structures
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and civil engineering, Almaty.
Material received on 15.12.14.

byn maxanaoa sncelnyOvly KepHeyin dHco2apbliamy 2umapammapod JHeoHe 2uMapammapod
Kaobbipeanapovly, JHCAObIHHLIY, Peemacmoly, mepese OpHANY KOHCMPYKMUSMIK wlewimoepi
Kapacmuipuli2aH.

In the article there are described the constructive decisions of walls, roofs, base and windows
allowing to reduce heatlosses in industrial buildings.

90X 621.918

M. M. Mbip3a6ekoea, T. Cepik, f. T. Umbibaesa
C. TopaiirbipoB aTbiHIaFs! [1aBnogap MemiekeTTiK yHuBepcuTeTi, [laBnonap K.

YHI'T MEH YHII-TAPTAXXOHFbILL

Maxanaoa mecixmiy canacvii 6HO0€yO0i KAMMAMACHL3 emyee DazblmmanzaH, KecKiul Kypai-
CaManoapobly KypacmulpblibLMObLILIKIMAPbL HCOHIHOE MOTIMEMMep YCbIHbLIZAH.

Kinmmi ce30ep: yneiney, xeckiwi Kypai-cauman, Oypevliay, Kyuma YuiuHOPIIK yHeinep,
KOHYCMbIK YHeLnep.

Kasipri 3amaHFbI MeTaJIOHACY 1€ TECIKTI OHJIEY dICTepi IIIiH/e YHIJIey MaHbI3/IbI
pen atkapassl. ON ASIAIKTIH )KOHE OCTTiIH camachlH JKOFAphLIATy MaKcaThIHAA Kapa
KOHE JKapThUIal Tazanay ornepauusCbiHIa KoJIaHabl. TeciKTi eH/ey 1e KO AaHbLUIaThIH
YHTUIepiH ko601 OeKiTUIeTIH KO3FaJIMalTBhIH KecyIll 3eMeHTTepl 6ap Kypaiaap
0o kenesi. MyHait xarait eki MocesIeHiH naiiia 00rybsIHa OKeTyl MYMKIH: OHJIeY
TOIITiHIH TOMEH/IEY1, COHBIMEH KaTapKypasJblH 6CTEH aybITKYHI.

YHri— OyprbuiayaH, KyiMaaaH, COFy )KoHE KaJIbIlITay1aH KeiiH aJbIHFaH TECIKTIH
NiIIHIHIH ASJAITIH KOFAaphUIaTy YIIIH apHaJIFaH, COHBIMEH Karap Oyiip »KaKTbl
OeTTep/iH JOHECTepi MEH IIBIFRIHKBUIAPBIH T.0. OHICY MaKCaThIH/IA KOJAAHBUIATHIH
©CTI KecyIIi acmarl.

YHrizepai MaTepraiabl MEXaHUKAIBIK 9Cep €Ty JKOJIBIMEH JKapThlIai Ta3a eHey,
JKapbIM->KapThUIai Ta3a OHJIeY YIIIH KaXKeT. YHI1HIH HEeri3ri TaraiibIHIaMaaphbl:

— KaHznai fna Oip TecikTe OOJATBIH MaTEepHANIBIH SPTYpJl OETiH Ta3aiay MeH
TETiCTEeY;
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— TECIKTIH KanuOpieyiH eHJipy: OypaHaaMa, IIIWIbKA, COMBIH HEMEce e3re
OEKITKIII MaTepHras YIIiH.

Ounjey Typi OolibIHIIA YHIIEpAl KeJeci Heris3ri TonTapra oeseni:

— IMWIMHAPIIK YHrIep, HuiuHApiik Tecikrepaiy 1,0-0,8 MM-re ynkeirty yurix
KbI3MET aTKapansl (1 cyper);

— KOHYCTBIK YHTUIEp KOHYCTHIK OypaHjia OacTHeriHIeri TepEeHIIKTepli OHIELY,
dackamap/pl any YIIiH KOJIaHbUIAIbL;

— TIK KOMBUIFaH YHTLIEp TIK KOUBLUIFaH OCTTEepAiH JOHECTEpPiH, KyHbUIMaIapaaH
Ta3apTy YIIiH KOJIJaHbUIAIbI.

LoBoas WO

Lewgron | Kruonionrsie - fy SR xocmobus
ST AP
‘ I
' 7gnKg

ROLBOXHOCINRE .
Yoner HOFTORE
(-~ Germotod
——  NOHOORT

Y2ox 8 naore W FeTaR
Cepruedisn AOBEHXHOCTIa
B T
xpﬁm Ao
TensomNIT :
Co}

1 cyper — Hununapmik yHr1

YHruiepai caranbl TyTacTai, €HJIIpMeI MbIIIaKThl, )KUHAMAJIbl CaFallbl, TyTacTai
canTamallbl )KOHE JKMHaMma carTaMaibl eTill jKacalJpl. YHIUIEp/l KbUIAaM KEeCKIIITI
OonaTtTap/iaH He YHI'1HIH KaHKachbIHa HEMECe YKUHAIMaJIbl KYPbLIbIMIAPIbIH MbIIIAFbIHBIH
KaHKachblHA JOHEKEPJICHIeH KaTThl KOPBITIAJIbl TUIIMILENEpAEH kacaiinbl. Caraisl
YHTi7Iep OYPFBI CEKIII IIHITUH/IPITI HeMece KOHYCThI CaFaHBIH KOMETIMEH OPHATHUIAIbI,
canTamalibl YHT1JIep KOHYCThI KOHIBIpMAaJIbl TECIKTEPI )KOHE JKYMBIC Ke31H1€ Oypasibii
KETIIEY/IeH caKTay YIIiH OyHipii KiaTekTepi 0oaaabl.

YHIIHIH KYMBICIIBI 0OJIITT KaTuOpJIeyIn )oHe KeCyIli OOTIKTepIeH TYpasbl.
Kecymri Oenik y3bIHIBIFBIH KECY TEPEHIIrIHE >KOHE KOPIHICTErl HEeri3iri OypbIl
apKbUIbl aHBIKTaIa/Ibl:

L, = (I +a)ctg o,

MYHIAFBI )KYMBICTBIH JIJIbIH/Ia TECIKTE YHI1HIH IEHTPIICY1H )KEHIIIETY YIIiH KOChIMIIIA.

YHrigig kecymi OeliriHaeri apTkbl 0eTiH KOHYC, JKa3blK OeT, OypManbl Oer
OoMbIHIIIA KacaliIbl.

KanmumbOprneymi 6e:iri TeCiKTiH KaXKeTTi eJIIIEMiH alTy Ibl, OH/IeY MPOLIECCIHAE YHI1HIH
OarbITHIH XOHE Kecylnl OeiriHiH KaiTa Kapay KOpbI PETiHJe KaMTaMachl3 €TEli.
KanmubOprieymi OGemiridiH Kecymri )Kueri O0HbIMEH YHTIHIH JHaMeTpiHe OaiIaHBICTHI
0,8-2,5 MM enpii Tacmamanap Kauaeipaasl. Tacnamanap e omikTiri 0,2-1 mm. YHriai
JKYHIIIKEPTY KECKIIITIH KOPIHICTET1 KOMEKIIT OYPBINIBI CEKUTIL POl aTKapabl. Y Hrijeri
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OyHakTap/abpl OypaMaisbl, KUCBIK, Ty3y eTil »kacaiinbl. Kucblk OyHaKThl eHaipMeri
OBIIIAKTHl YHTUIEpAl KoilgaHaael. Tik OyHAaKTHI KaTThl KOPBITIAMEH KalTalFaH
KapBIKIIAKThI )KOHKA OepeTiH MaTepuasiapabl eHJereHae Koiaaneuiaasl. Caranbl
YHriIepe OepiKTiri MeH KaTaH IbIFbIH )KOFapbLIaTy YILiH OPTAaCHIHBIH IUAMETPIH Carara
Kapait 1-2 MM ecipei.

Terikrep OeTiHIH ’KoHE OHIMALTITIHIH CallacblH, OHJICY JdJIIrH )KOFapbLUIaTy YIIiH
YHTi-TapTa)KOHFBIII CUSKTHI KECKIII aCTIalThIH KOHCTPYKIHSICHI KaCabIH/IbI.

YHri-rapTaKOHFBIIKENECT NPUHIUNTEDP OOMBIHIIA KOHCTPYKLHUSIBIK
KYPacThIPbUIFAH: OHBIH OCTIK KMMAaCBhIHJIa TAaPTa)KOHFBIIIKA TOH KOHCTPYKIUSIIBIK
Oenrinepi 6ap: aJBIHFBI CaFa, MOMBIH, aJIIBIHFBI )KOHE apTKbl OAFBITTAYIIBLIAP, KECY
XKOHe KanuOpreyii OemKTep, ajl KeJJeHeH KMMAachlHaa YHTiHIH Oenrinepi Oonaabl:
TicTepiHiH (opMackl MEH CaHbl, KECETIH OOJIITHIH T€OMETPUSICHI.

Y Hri-TapTa>KOHFBILI OypaHAajIbl TICTEPiHIH CyJI0achl KeJIACHEH KUMaia Keneciien
00JTybl MYMKIH: YHI'1HIH TICTEpPiHIH CTaHAAPTTHI CyJI0achl, TICTepiHiH Oipaei AeHreii
cynoOacsl. TicTepinin Oipaeit neHreitsni cyia0achiH KOIAaHbLTY bl YHI1-TapTaXKOHFIIITHIH
OepiKTiriH, KaiiTa Kaiipay caHbIH )KOFapbUIaTyFa, ajl ojiai 60Jica KbI3MET €Ty YaKbIThIH
y3apTyFa MyMKiHzik Oepeni. Keckin-e3repTkim cysi0achiH KOJIJaHy Kecy MpoLecciH
XoHe OeTTIK IJIACTUKAJIBIK ©3repTyAl OpbIHIayFa MYMKIHAIK Oepei (2 cyper).

1 [0}
3 N N -l =
lxx t
-
{nst, lu I [p. I Lsn (328
xbocmobux nepedH. Hanpabn. PeXyuas 4acmo Kanudp. socme” " 30 onpad.
L

odwas Gnuma pasbepmku-npomaxku

2 cypeT — YHFbI-TapTaKOHFBITIT

XKana keckiuml acnanTblH KOHCTPYKLUSCBIH/IA KeJIeCl TapTaXOHFBIIITHIH
apTHIKIIBUIBIKTAPbl KOJJAAHBUIFAH: CAJIBICTHIPMAaJIbl )KOFAPBI EMEC KECY KbUIAaM/IbIFbI,
OH/JICY carachl (eJIIIeM I, KeaIp-OyabIpIbIK), )KEeTIHYA1H a3atobl.

YHr1-TapTaXOHFBIII TECIKTIH KUPATYbIH a3alTyFa, COHBIMEH KaTap ©HJIEJIIeH
OeTTiH KeAip-OyABIPIBIFEIH TOMEHIETYTE KOHE acnanTapAblH ©3JCpiHiH OepiKTIriH
JKOFapbLIaTyFa MYMKIHJIIK Oepeil.

YHI1-TapTa)KOHFBILIINEH TECIKT1 ©HJEY Ke31HJ€ TECIK OETIHIH callacbIHbIH
JKOFapbUIayblH KAMTAMAaChI3 €TETIHIH, TECIKTIH KeA1p-OYybIpIbIFbl, aKay KaOaThIHbIH
TepeH/Iiri, 0esiHy1 a3asThIHBIH KepceTeT 1. by cTaHAapTThl YHIIMEH CalbICThIPFaHa
KECY/IH >KEHLJ TajanTapbIMEH YKTBIPbUIAJbl. Y HI1-TapTaKOHFBIIITHIH Kecy Oeuiri
KOHYCTBI OOJIFAaHJBIKTaH TapTy KYILIl TYPaKTBUIBIFBI, K€CY YPIICIHIH Y3A1KCi3
9CEpIHEH HIBIFapbLIYybl, KECKIII KMEK TICTepAiH O1p Me3rijje »XKyMbIC 1CTEeHTIH
JKaJbl Y3bIHABIKTAPBIHBIH KIIIIPEI01 KaMTaMachl3 €TLJIII, )KOHE HOTUXKE PETIHAE
acHanTblH UIbIIaMAbUIBIFBI CTAaHJAPTThl YHIIMEH CalbICTBIpFaHIa 2-3 peT yJirailajibl.
TecikTiH IuaMeTpiliK MeJlepiiep AdJAIrNT YHI1-TapTaKOHFBIIIIEH OHACYJeH KeWlH
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1, 2 KBamUTETKE TApTAXXOHYMEH CalbICTBIpFaHJa YIFaWJbl; KeAip-OyabIPIBIK
1, 2 KIacKa a3zaijsl.

Marepuan 15.12.14 Gacnara TycTi.
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nmenu C. Topaiireiposa, r. [TaBnonap.
Marepuan noctynui B pegakuuio 15.12.14.
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B cmamve npeocmaenenvl ceéedeHuss 0 KOHCMPYKYUAX — PEACYWUX — UHCHPYMEHMOB,
HAaNpaeieHHbIX Ha obecneuerue Kauecmaea 00pabomky omeepcmuil.

The article presents information on the design of culting tools to ensure the quality of holes
treatment.

YK 625

M. A. lNMoHomapeHko, X. 3. beliceHosa
[TaBnonapckuii rocynapcTBeHHbIN yHUBepcuTeT uMeHu C. Topaiirsiposa, r. [laBionap

VOEs1 OBOIrPEBA [JOPO>XHOIO IMOJIOTHA

B cmamve evinonmen amanuz cyuwecmeyouux Memooog YIAyulieHUs Kavecmea 0opoz U
NPeONOdNCeH OPUSUHATILHBIIL U OMHOCUMENBHO He00PO2Oll CNOCOD 0002pesa 00POAHCHO20 NOJONMHA

Knrouesvie  cnosa:  O0opodicHoe  nonomuo, 0602pe6,  mepmodneKmpuyeckue  bamapell,
HacpeeamenbHble SNEMEHMb.

Haubosiee HeOaaronpusTHBIM NEPHOAOM T0/1a Ul JOPOKHO-IKCILTyaTalIMOHHON
city>kObl ¥ TOJb30BaTENCi aBTOMOOUIIBHBIX J0pOr OblIa U ocTaercs 3uMa. B 3ToT
HNEPHOJ Ha JIOPOXKHBIX MOKPBITUIX NMPU HEOJATONPHUATHBIX YCIOBHIX BO3HUKAIOT
pas3yInYHbIe BUJIbI 3MMHEH CKOJIB3KOCTH, YTO B CBOIO OYEpE/Ib CHIKACT KO PHUIIMEHT
CLEIJICHUS M TMOBBIIIAET BEPOSTHOCTh BO3HUKHOBEHUS JOPOKHO-TPAHCIOPTHBIX
IPOUCIIECTBUI Ha aBTOMOOMIIBHBIX goporax. IIpoananuzupoBaB mpeumyniecTBa u
HEJOCTAaTKU CYIIECTBYIOIIMX TEXHOJOTUH, MpeJiaraercss OpUruHajIbHBIH criocod
00orpeBa 10pOKHOTO OKPBITUS, KOTOPBII OTINYAETCSI OTHOCUTEIIBHOM JICIIEBU3HOM.

Kirouom K pelieHuro MoCTaBICHHOM 3aJayd JICKUT MOHMMaHHUE Ipolecca
npoMep3aHus rpyHta. Kaxayio 3uMy rpyHT, BKJIoudas achanbT, MpoMep3aeT Ha
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HEKOTOPYIO INTyOHHY, TIPH 3TOM COJIEPIKAIIasiCsl B IPYHTE BOJIA 3aMEp3aeT, IPeBpaIacTCst
B JIEl ¥ pacUIMpseTCs, TEM CaMbIM, YBEJIHMYMBasich B o0beme. Takum oOpasom,
IIPOMEP3aHUE IPYHTA OKA3bIBAET HEFATUBHOE BIMSIHUE HA JJOPOKHOE OKPBITHE.

JlanHasi ujiest OCHOBBIBAETCS HA COYETAHUH JIBYX CIIOCOOOB 000IpeBa: 311EKTPUUECKOM
U 32 CYeT BhIPAOOTKH TEIUIa B MPOLIECCe THUEHUSI OPraHMYECKUX BEHIECTB. DTH JBa
croco0a JIMKBUIUPYIOT HEJJOCTATKH JPYT JIpyra. 3a OCHOBY OepeTcsi 000rpeB J0POKHOTO
II0JIOTHA TOJICTOIJIEHOYHBIMU HarpeBaTEIbHBIMU 3JIEMEHTaMH, IIPOJIOKEHHBIMU I10]1
acdanpToM. HoBIIECTBOM SIBISIETCS TO, YTO JIaHHBIE 3JIEMEHTHI OYAyT MUTAThCA HE OT
TOPOJCKOH CETH, @ OT TEPMOIJICKTPUUECKUX OaTapei, BBIpaOaThIBAOIIMX OCTOSHHBIN
NEKTPUYECKUH TOK, IpU OOECIECUCHHUH Iepernaja TeMIepaTryp Mexay ropsdyeil u
xonoHoM cropoHamu (3 ekt 3eedeka).

BcTaer Bompoc, kak o0ecneyuTh JAaHHBIA TeMmmepaTypHblid nepenan?! Kak
U3BECTHO, [IOBEPXHOCTH 3€MJIM HE IPOMEP3aET HACKBO3b, & TOJIBKO HA ONPEICIEHHOE
paccrostHue. CTOUT OTMETHUTb, YTO HA IITyOMHE BCero 2—3 MeTpa TeMIlepaTypa Mo4BbI
penko omyckaercst Hxe +2+3 °C, a Ha 6oJbIIuX IITyOMHAX TeMIIepaTypa elie BhIIIe.
[IpennoxkeHo UCHONB30BaTh Pa3HUIY MEXAY OTPULATEIbHBIMU TEMIIEpPATypaMu
Ha MOBEPXHOCTH ac(aibTa U MOJIOKUTEIBHBIMH B TOJIIE IPYHTA HUXKE TIIyOHHBI
npomep3anusi. BeIxoaHas syieKTpuyecKasi MOIIHOCTh TEPMOIJIEKTPUUECKUX OaTapeit
3aBUCUT OT BEJIMYUHBI TeMIiepatypHoro nepenana. Iloatomy +2+3 °C moxer He
XBaTHUTh JUIsl TIOJTYYEHHUsI HEOOXOAMMOM MOIIHOCTH. B 3TOM ciywae, npeanaraercs
poryOJIMpoBaTh CUCTEMY 000TpeBa AIEKTPOHArPEBATEIbHBIMU 3JIEMEHTAMHU CUCTEMOM
000rpeBa I0pO’KHOT0 MOKPBITHSL, COZIEpIKallIeii pa3BOIKY TPYOOIIPOBOAOB, IPOIOKEHHBIX
0/ JIOPOYKHBIM MIOKPBITHEM, T10 KOTOPHIM IPOTEKAET TEIUIOHOCHUTEINb (BOIa), ICTOUHHUK
Teria U Hacoc. Mcrounukom Teria OyayT CIyKUTh OTXO/bI JIECONUIICHUS, JINCTBA U
JIpyrasi OpraHuka, KOTopas HaKariuBaeTcsl 0CeHbI0. OpraHn4ecKue OTX01bl (OIUIIKH)
IIOMELIAIOTCS B U30JIMPOBAHHYIO OT II0YBHI IMY, 3aJIMBAIOTCS] OKUCIUTENIEM IPUPOIHOTO
NPOMCXOXKACHUS (MOUYEBHHA, KAapOaMHUI) U U30JUPYIOTCS OT aTMOc(hepsl, OIyCKaeTcst
TyZla OJIH KOHEI] TEepMOdJIEKTpHUecKoii 6atapeu. [laxke 6e3 1omoaHuTeIbHONH 00paboTKH
ONWJIKM HarpeBaroTCs B IIPOLIECCEe THUEHUS 1O caMOBO3ropaHus. [laHHbIN mporiecc
MOXHO PETyJIHUpPOBATh, OTBOJIS TEILIO YEPE3 TEIIIO0OMEHHUK, 3apaHee YCTaHOBJICHHBIN B
sme. Teruto 3aBoguTcs o achanbT, TOAKIIOYMB IUPKYIIALMOHHBINA Hacoc. Harpesa 1o
100 °C, kone4Ho, He OyzAeT, HO 3TO U He TpedyeTcs. Micronb30BaHue BOIbI B KAUECTBE
TEIUIOHOCUTENS] HECET pUCK €€ 3amep3anus. Ho nemaercs npeanoaokeHue, 4To TEmIo
OT AJIEKTPOHArpEBATENIbHBIX AIEMEHTOB 3TOT0 HE JOITYCTAT.

B xauecTBe anbTepHaTUBBI MOKHO IPEMJIOKUTH TEXHOJIOIHMIO UCKYCCTBEHHOTO
IIOJIOTPEBA JIOPOKHOIO HMOKPHITHS. MOKHO HCIIONIB30BaTh IEKTPUUYECKUIN OJOTPEB
u naposoi. K npumepy, B cucreMe nogorpesa rnapom, INpeUIoKeHHOHN SIIOHLAMH, B
Ka4eCTBE MCTOYHHUKOB MOJOTPEBAa MOXKET HMCIIOJIB30BaTh JIBE CYOCTaHLIMU — TEIUTYIO
BOJY U BblAensieMoe Terio. [logorpes npu noMouiy TemIon Bobl IpeyCMaTpUBacT
YCTaHOBKY KE€POCHHOBBIX OOMJIEPOB JUIsl HArpeBa LUPKYJIUPYIOIIEH He3aMep3aroei
YKHUJIKOCTU ¥ HACOC JIJIs1 €€ IMPKYJIALMH. ba3oBble pacXo/bl 110 CO3JaHUIO U SKCILTyaTalluu
9TOW CHCTEMBI HUXE PACXO0J0B IO 00ECIEUEHUIO 3JIEKTPUUIECKOro MOJ0TPeBa; TO
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JK€ CaMO€ MOXHO CKas3aTb U O TEKYyIIMX JKCIIyaTallMOHHBIX Pacxoaax, KOTOpbIe
IpeayCMaTpUBAIOTCS HA PEMOHT TPyOOIPOBOIOB.

W3BecTHBI IpyTye Ueu UCII0Ib30BaHMs TeIlla 3 MHBIX HeJp (BObI, BO3/IyXa) AT
reoTepMaJIbHOTO OTOIUICHHSI JIOPOT U JIOMOB, KOHEYHO, IIpeoOpa3ys €ro U MOBbIIIAs
TEMIIepaTypy, 3a CUET CIIELHATBLHOI0 000PYA0BaHUs, KOTOPOE HA3hIBAIOT TEINIOBBIMU
Hacocamu. Ho Takas TeXHOJIOrus BeECbMa JOPOTrOCTOSILAS.

[IpennoxeHHpit ciocod — OTHOCUTENBHO JCIIEB U AKOJIOTHYeH. [laHHas ujest —3To
ananranus dpdexra 3eedeka K 000rpeBy TOPOKHOTO MOJIOTHA.

HecoMHeHHO, 1OpOru okasslBarOT CTaTyCHOCTb 'OPOa U BCEU cTpaHbl. XOpollne
JIOpPOTU — 3TO JIMLO rocyaapcrsa. Mx kadecTBO BIMAET HA KOJIMYECTBO JOPOKHO-
TPAHCIIOPTHBIX MPOUCHIECTBUN, CKOPOCTHOU PEXHUM, SCTETHUECKUN BHJ, KOMPOPT
e3npl. Kaxxkyro BecHy 00pasytoTcs siMbl B acdainbte, apisttonmecs npuauaamu JTTI,
JIOMaeTcs MOJBECKa aBTOMOOMIIA. 3aTeM BCe JIETO Ha Joporax MpoOKH, TOTOMY YTO
JIOPOT'Y PEMOHTHUPYIOT, 3aKpbIBas [IPU 3TOM I0JI0CHI ABMKEHHS. OCEHBIO JOPOIa yTONAET
B BOJI€, TAaK KaK CJIMBBI 3a0WThI WIIK HETIPABUJIHO CIPOEKTHPOBAHBL. A 3UMOM — CHET.
OcHOBHas MPUYMHA MOBPEXKACHHS JOPOKHOTO IMOJIOTHA — 00pa30BaHUE TPELIHH,
BBI3BAHHBIX 3aMEP3aHUEM B 3UMHUM NIEPUOJL IIPOHUKIIEH BOJBI.

OnucaHHble BBIIIE YCTPONCTBA: TEPMOAIEKTPUYECKasi T€HEpaTOpHas yCTaHOBKA
U TOJICTOIJIEHOYHBIE HAarpeBaTebHbIE JIEMEHTHI — NpousBoasaTcs B Kazaxcrane. B
[TaBnonape umeerca xommanus TOO «MHTepximMaTy), KOTOpas 00JagaeT BCEMU
HEOOXOIMMBIMH JIMIIEH3USIMU Ha OCYIIECTBIIEHHE pabOT MO CO3[AaHUIO MPOEKTOB,
yCTaHOBKE, HKCIJyaTallMu, CEPBUCHOMY M TapaHTHUHHOMY OOCIY>XHUBaHUIO
KJIuMaTu4eckoro obopynoBanus. [losTomy peanuzanus 3Toi uaeun Oyaet
CHOCOOCTBOBATH PA3BUTHIO COIIMATIBLHOM 001aCTH, @ MMEHHO IOSIBITCSI HOBBIE paboune
MecTa. [Ipu ncrnonbs30BaHUK OITWIIOK B KAUECTBE «TOIUIMBAY» CAMOE INIABHOE, YTO IIPOLECC
6e3oTxoanbIi. [Tocne ranenus oOpa3yercst Hepertoil — Tak He0OX0IUMBIH Ca0BOIaM
U JOBOJIbHO J0poroil. 'a3 MeraH, BbIIENsIeMBbId B IpoLEecce, MOXKHO COOUPATh U
UCIOJIb30BaTh. B Temsble BpeMeHa rojia BeIpadaThIBAEMbIM JIEKTPHUECTBOM MOXKHO
[IO/ICBEYMBATh JOPOKHBIC 3HAKU.

Ecnu obecrieunts MOAOTPEB JOPOKHOTO MOJOTHA 3UMOM, TO STHM pelIaTrcs Bce
nocienyoouue npodaemMsl. 3MMOM MOXKHO CHU3UTh PacXo1bl Ha yOOpKY CHera, BECHON
—He OyIeT TpeIrH, OCEHbBIO 3a CUET HarpeBa MO>KHO 00eCIeUnTh ObICTPOE BBICHIXaHHE
JIOPOT'H MOCIE AOKIAEH U OTCYTCTBUE JTYXK.
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Maxanaoa sicondviy canaceln dcakcapmy 90icmepine manoday OpPbIHOWI2AH JHCOHE HCOJL
MeceMOepiH Kbi30bIPYOblH CATbICHbIPMATbL JHCOHE MYNHYCKAIbL AP3AH dOICMEPI YChIHbLI2AH.

The article gives an analysis of the existing methods of improving the quality of roads and
proposes an original and relativery inexpensive way of heating the roadway.

VIK 621.316.722.1

A. C. Caczumoe, C. KO. Mapkoega
[TaBnonmapckuii rocynapcTBeHHbIN yHUBepcuTeT uMenu C. Topaiireiposa, 1. [laBnonap

LLUMPOKOINOJIOCHbINA CTABUITU3ATOP TOKA AR+ JIA3EPA

Cmamus codepocum ceedeHus, Xapakmepucmuky U 0COOeHHOCIU CMAOUTU3AMopa MmoKd
Ar+ nasepa, komopwiil npumensiemcst 015 numanus uznyyamenetl nazepog JII-106M-1 u JIT'H-502.
Knrouegvie crosa: cmabunuzamop moka, AR+nasep, mowHocms, paspso, nanpsijicenue.

B nocnegnee necsatuieTue B Kaue€CTBE MHCTPYMEHTA MCCIIEA0BAHNN B Pa3INYHbIX
o0JjacTsIX HayKd U TEXHHKHU Bce 0oJiee MIMPOKO MCHONB3yIOTCs Ar+ nasepsl. [lpu
pELIEHIH BOIIPOCa O 11e71eC000pa3HOCTH HCIOIBb30BAHUS ATHX J1a3€POB METPOIOTHUECKHE
MOKA3aTeNN UX U3IYUYEHHUS YacTO CTAHOBATCS ONpeaestonMu. Tak, Mpu co3gaHuu
Y3KOIMOJIOCHOTO MIEPECTpauBaeMoro Jjiazepa Ha KpacuTelne TpeOOBaHUs CTaOMIIBHOCTH
MOIIHOCTH M3JIy4eHHs Ar+ Jla3epa HaKaukd CTAHOBSTCS OYEHb JKECTKUMH, TaK Kak
yYPOBEHb (IIyKTyalnii 4aCTOTHI Jla3epa Ha KpacuTese OAHO3HAYHO U IOCTATOYHO CHIIBHO
3aBUCHUT OT YPOBHS (PIYKTyallii ”HTEHCUBHOCTH HaKa4ky [1].

Haubonee Ba)xHON MPUYUHON, ONpEAENAIOMNNA YPOBEHb HECTAOMIBHOCTH
MOIIHOCTH U3JTy4€HHS ISl BCEX THUIOB AT+ JIa3epOB, SBIISIETCS YPOBEHb HECTAOMIBHOCTH
TOKa MCTOYHHUKA 3JeKTponuTaHus. VcciaenoBanus nokasain, 4yTo AJis yCTpaHEHUs
IPUCYTCTBYIOIIMX B TOKE pa3psiia TapMOHUK IPOMBIIIJIEHHONW YacTOTHI O YPOBHS
— HE00XO0IMM UCTOYHHUK CTAOUIIBHOCTH TOKA Pa3psiAa, MOJABISIONINI BO3MYIIEHUS 10
gactoT 100-300 x['1x [2]. Takol MIMPOKOMOIOCHBINA CTAOMIM3aTOP TOKA B HACTOSILEE
BpeMsl BO3MOJKHO CO3/1aTh TOJBKO Ha MOIIHBIX TPAaH3UCTOpax, paboTarouiux B
akTUBHOM pexkume. [Ipu cozmanun cTabunn3aTopoB TOKa KIACCHUYECKHM CIIOCOOOM
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(HeympaBJIIeMBbIii BBIIPSMHUTENb, TPAH3UCTOPHBIN peryyiarop) OOJbIION TOK 3apsaa U
00JIBIIION HEOOXOIMMBIN TMHAMUYECKUIN TUANa30H HANPSHKEHHUS «KOJUIEKTOP - SMUTTEP)
(mmst Ar+ mazepa JITH-502 =35 A, =30-50 B), a Takxe BBICOKOE HaIpsOKEHUE Ha
nazepHoii Tpyoke (110 300 B) mukTyroT He0OOXOAMMOCTH UCIIOIH30BAThH B TPAH3UCTOPHOM
perysarope okoiio 100 TpaH3UCTOPOB, YTO CYLIECTBEHHO CHUYKAET HaJIEXKHOCTh BCETO
cTabmin3aropa ToKa.

B [3] nmoka3aHbl MO CPaBHEHHUIO C KJIACCUUYECKHM CIOCOOOM CTabmiIm3anuu
npeuMyllecTBa KOMOMHUPOBAHHOM CHUCTEMBbI CTaOUIM3aLMU, COCTOSIIECH U3
YIIPaBIs€MOTO BBIIPSIMUTENS HAa TUPUCTOPAX U TPAH3UCTOPHOIO PETYJIATOpa B
KOTOPOM YTPaBJISIEMbIH BBIIPSIMHUTENb PAa0OTAaET TAKUM 00pa3oM, 4TO HampsHKeHHE
TPaH3UCTOPHOTO PETYJSATOpPA OCTAETCA MOCTOSHHBIM U paBHBIM 6 B mpu m00b1x
M3MEHEHUSIX BBIXOJHOI'O HAIIPSDKEHUS, TOKA HArpy3KU M HAIPSKEHUS IUTAHUS CETH.
[TokazaHo, 4TO KOMOMHUPOBAHHBIN CIIOCOO CTAOMIM3ALIMU O3BOJISAET CYIIECTBEHHO
HOBBICHTH BEPOSTHOCTH 0€30TKa3HOI pabOThl CUCTEMBI CTA0MIN3AIUH.

Huxe paccMOTpeHBl pe3ysibTaThl pa3pabOTKU JTAaHHOTO CIoco0a MpH CO3JaHUH
HA/IeKHOTO U BBICOKOKAYECTBEHHOTO CTaOMIM3aTOpa TOKAa CEPUMHBIX M3TydyaTenei
Ar+ nazepos.

HccnenoBanus mokaszaiiy, YTO BeC BO3MYIIECHUs, IeCTa0MIN3UPYIOIIUe TOK pa3psaa
Ar+ na3zepa, MOXKHO YCIIOBHO Pa30OUTh 10 CIIEKTPAJIbHBIM JIHana30HaM, B KOTOPBIX OHU
nexat, Ha HuzkouactoTHele (HY) u BeicokouactoTHbie (BY) Bo3mymenus. K neppoit
rpymnne npuHamiexkar GIyKTyaluu MepeMEeHHOTO HANPSKEHHS MPOMBIIIICHHON
CeTH, U3MEHEHUE COCTaBa U JAaBJIEHMS aproHa, U3MEHEHHUS YPOBHS MarHUTHOIO
0JIs1, IPUKJIAJIBIBAEMOTO K pa3psiiHoi TpyOke nazepa. Ko BTOpoii rpyrine oTHOCATCS
IIyJIbCALIMH BBIIPSMIIEHHOI'O HAIIPSDKEHUS, IEPEMEHHOE HAIPSYKEHUE HaKala KaTo/a.
[Ipruuem HY Bo3MywieHHs jexaT B Auana3zoHe OT HYJISL 10 JOJIEW Iepl, HO JUI UX
NOAABJIEHUSI HEOOXOIUM IMHAMUYECKHN AUATIa30H JI0 HECKOJIBKHX JIECATKOB BOJIBT. Jli1st
HakaJia karoza nogaercst Hanpsbkenue 6,3 B (50 ['n), ciexTp mynbcaryy BIIPSIMIEHHOTO
HaNpsHKEHUs! AUCKpeTHBIN, kKpaTHbIi 50 I'11. [Ipy oTHOCHTEIbHOM 3HaYEHUH ITyJIbCALIUN
1-2 % nuHaMUYECKUH Auama3oH HeoOXoauMbIii 1ist mofasineHus BU Bo3myiieHuit, He
npesbiaeT 12 B, a cpeiHee 3HaU€HNE HANPSDHKEHUST HA TPAH3UCTOPHOM PETYJISATOPE,
He npesbIaet 8 B.

OCco0eHHOCTBIO ONMHUCHIBAEMOTO CTabuiau3aTopa Toka Ar+ Jjiazepa sBISETCA
HaJIM4YMe ABYX KOJel MOJaBleHUs Bo3MylleHui — HuzkodactotHoro (HUYK) u
BbicoKouacToTHOro KoJibia (BUK). [lngs HUK cuioBbIM peryiasiTopoMm sBISETCS
TUPHUCTOPHBIN MpeoOpazoBaTenb, 111 BUK — tpansucrtopusiii peryastop. HUK u
BUYK paznenpno nonpasisitor HY u BU Bo3MmymieHus, 4To MO3BOJISET pasrpy3UTh
TPAH3UCTOPHBIN PETyJNSATOpP MO MOIIHOCTH YMEHbBIIEHHEM Ha HEM HE0OXOIHMMOTo
CPEIIHEr0 HAIIPSDKEHHs. DTO B CBOKO OUYE€pEllb, JAET BO3MOYKHOCTb, KAK YMEHBUIUTD
YHCII0 TPAH3UCTOPOB TPAH3UCTOPHOTO PEryNIATOPA, TAK M YMEHBIIUTh KOOPPHUIIUEHT
Harpy3KHy 110 MOIIHOCTH OTJEJIBHOIO TpaH3ucTopa [3] u, cie10BaTeNIbHO, YBEINYUTh
BEPOSITHOCTH 0€30TKa3HOM paboTHI BCEro cTabmimM3aropa ToKa.

OyHKIMOHaNIBHAS cxeMa crtabunuzatopa Toka. ['me TII- TupuctopHublii
npeoOpazosarens; PHY — ¢punbtp HU3KHX yacToT; KY1 u KY2 — koppektupyromue
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yeunutenn HKY u BUK coorBercTtBenno; T — qaTumk Toka; — 3TaJOHHBIE CUTHAIBI
HYK u BUK, onpeaenstonue HanpsH»keHUE Ha TpaH3UCTOpHOM peryistope TP u Tok
paspsizia jga3epa; - BelnpsiMieHHoe HanpsbkeHue ¢ Bbixoga ®HY. Dnementst TP, AT, KY2
o6pa3zyror BUK 1 BBIKITIOUYEHBI 110 TPAJUIIMOHHON CXeMe aKTUBHOT'O CTaOMIIN3aTOpa TOKa
C IIOCJIEA0BATEIbHBIM TPAH3UCTOPHBIM perystopoM. DnemenTs! TII, DHY, TP u KV1
obpasytor HKY, ObicTpozeiicTBHE KOTOPOrO OrpaHUYMBAETCS BHIOOPOM MapaMeTpoOB
KV1. B nepexoanbix pexxumax padorsl HKY, korja npeBbllaeT 3TalOHHOE 3HAYEHUE
(4TO COOTBETCTBYET PEeKMMaM BKJIIOUEHHS JIa3epa U YMEHBIICHUS TOKa pa3psaa Mpu
YMEHBLIEHNH 3TAJIOHHOT'O CUTHAJIa ), paccenBaeMasi Ha TP MOLTHOCTb TakKe PEBBIIIAET
CBOE 3HAUYCHME B CTAllMOHApHOM pexxume. [l HajexxHO#M paboThl cTabuimzaTopa
JKeJaTeJIbHO, YTOOBI B IEPETPy>KEHHOM COCTOSIHIM TP HaxoanIcs MUHUMAaIbHOE BpEMS,
T.€. yToOBI ObIcTpOaeiicTBHe HKY Ob110 MakCHMaTbHBIM.

Tak kak o0mias aHAJIUTHYECKAasl OIICHKA ONTHMAJIbHBIX ITapaMEeTPOB 3JIEMEHTOB
HKY u3 ycnoBus MakCUMaJIbHOTO €ro OBICTPOIEHCTBHS JOCTATOYHO CIOXKHA, HHUXKE
paccMaTpuBaeTcs npoctas rpadoaHaIuTHYECKas METOIMKa BeIOOpa mapamerpoB KY 1
pu 3aganHoi crpykrype TII u ®HY.

CrpykrypHas cxema, onuceiBaromas n1uHamuky HUK. Cnenano cnegyroniee
nonymenue. Tak kak nosioca yactor BUK 3HaunTenbHO MpeBBIIAET YaCTOTHBIN
muana3zon HUK, To mist HUK peakius TP (u3meHeHue ) Ha kKakoe-1ru00 BO3MYIIIEHUE
TOKa paspsija MpaKTHYECKH MIHOBEHHa, cnenosarensHo, U, (fo) = U, (fo), rae
U,., (yo). U, (f®) — xommnekcubie nanpsokenns na TP u Beixone TII.

TII onuceiBaeTcs 3BEHOM MOCTOSHHOTO 3ama3/bIBAaHHUS C KOMIIJIEKCHBIM
koadpurmentom ycunenus (KKVY1) [4]

W, (fo) = Kze ™t

DHUY omuceiBaeTcs kosedareapbHbIM 3BeHOM ¢ KKVY?2

W, (fo) - Kp/[ (1-w?TF) + 2fw3T,]

KVY1 onuceiBaercs nnepuuoHHbiM 38¢HOM ¢ KKY3

W,(fo) = K,/(1+foTy).

3aech K — crarnyeckuii KOO((ULIUEHT YCUIIEHUS, T, — BPEMs 3alla3/ibIBaHus 3BEHA
MOCTOSTHHOTO 3amna3/ibiBaHus; T — mocTosiHHast BpeMeHU; & — KodpQUIIMEHT 3aTyXaHUs
K0JIE0ATEJIbHOTO 3BEHA;

TupucTtopHslii Tpeodpa3oBaTeab COOpaH MO CXEMe CETEBOr0 MCCUMMETPUYHOTO
Tpex(a3HOro ynpaBisieMOro BBIIPSIMHUTENSA, UMEIOIIEro ¢ OJIOKOM yHpaBieHUs
K= 100; Bpems 3ana3apiBanus 7, CBA3aHO C 9aCTOTON MPEOOPa3OBaHUs THPUCTOPHOTO
npeoGpazoBarens f 00paTHOM 3aBUCUMOCTBIO Ty = 1/f,: £,=6,7 * 107%,¢ (f,= nf.; n=3
—uucyo (a3 ynpasnenus; f,=50 ['n —vacrora cetn) Ileppast rapmMOHUKa Iy IbCalMi
BBINPSIMIIEHHOT'O HATIPSKEHUS Ha BBIX0J1€ TUPUCTOPHOTO peoOpa3oBaTesis COBIAalaeT
C 4aCTOTOM;

OuUIbTP HU3KUX YACTOT — 0/1HO3BeHHBIN LC — punbTp, MHAYKTUBHOCTD L huibTpa
coOpana Ha 6 poccensix Tumna 152 (Tpu mapaiienbHbIX 3BeHa IO J1Ba [TOCIIET0BATEILHO
COEIMHEHHBIX JPOCCENs, MHAYKTUBHOCTh KaXKJ10ro U3 KOTOpbIX 8,5 mI'1, Tok — 12 A,
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aktuBHOe cornpoTusieHue r=0,15 Om); emxocTs C cobpana u3 20 KOHAEHCATOPOB THUIIA
K-50-39-1000,0x300 B (nBa nocienoBaTenbHO COEAMHEHHBIX 3BeHa 110 10 mapasuiesHO
BKJIIOYEHHBIX KoHAeHcaTopoB); C=5000,0 mx®; L=5,7 mI'u. Konctpykius ¢uiasrpa
HU3KHUX YacTOT ONpenessercs 3aJaHHbIM KOd3()(PUUHUEHTOM MOAaBICHUS MEPBOM
TapMOHUKHU ITyJIbCALIMI

an= Wy (lwp)| " =wiT; - (2nf)PLC=30

1/2 —
Orciona To=a > 2nf, = 5.4 * 1073
Cratuctunueckuii Ko3pUIUeHT ycuieHus GUuiIbTpa HU3KUX 4acToT. CTerneHb
3aTyxaHus QUIBTPAa HU3KHUX YaCTOT OMpeAeTseTcs KakK

&=®R2)JCIL .

rae R — akTuBHOE CONPOTUBIIECHHE B LIENMU HHAYKTUBHOCTH L, paBHOE, €CIIM yUUTHIBATh
TOJIbKO aKTHUBHOE CONPOTHUBIICHUE apoccens 1152, 2r/3

£=(0,15/3) 0,05;

koppektupyromuii ycrmutessb HUK cobpan o cxeme aktuBHOTO RC-(pribTpa HU3KUX
4acTOT Ha onepauroHHoM ycunutene K574/11A.

Kpunast 12 — cymmapHas jorapuMuyecKast aMIUTUTYTHO-9acTOTHAs XapaKTepUCTHKA
(JIAYUX) TII u ®HY, a xpuBsle | u 2 — ux ngorapupmuveckoe (Hha30BO-4aCTOTHBIE
xapaktepuctuku (JIOUX). Kpussie coorBerctBytor KKY1 1 KKY2 mis npuBeneHHbIx
BBIIIE YNCIIOBBIX MapamerpoB. Kpussle 4 — xenaemble JIAUX u JIOUYX pazoMKkHyTOrO
HU3KOYaCTOTHOI'O KOJIblla, MMEIOLIETro 3arnac ycroiunsoctH 1o ycunenuto AK = 12 a1b
u o daze Ag = 90°. Kpussie 3 — JIAXY u JIOUX coorBercTBytomme KKY3 ¢
T=1,5%107c, K, =100, npu cnoxxeHnu ¢ KpUBbIMU 12, 1 1 2 1at0T XKeaeMble KpUBbIE 4.

Yactotsl cpeza HUK (wacToTa, Ha KOTOpOH YCHJIEHHE IO KOJIbIYy paBHSETCS
eaunue) f, = 1y — onpenessieT Bpems yCTAHOBICHHS IIEPEXOAHOrO MPOLecca B

HUK tnep = 3/20f,~0.5 ¢

YBenuuuBask MOKHO IPH 33JaHHON CTPYKTYpe THPUCTOPHOTO MpeodpazoBaTeis
¥ GUIbTpa HU3KUX YaCTOT yMCHBIIUTH [  HO NMPH 3TOM B NpE/AEax MOTOBHHBI
JIeKa/Ibl U3MEHEHUsI 4acTOThl Cpe3a 3amac ycToMuuBOCTH AK CTpeMuUTCs K HYIIO, U
X0Tsl 3anac ycrounBoctu AK erie 1octaTouHo 00sbioi, ycroiunBocth HUK moxer
py HEOOJIBIINX M3MEHEHUSX pealbHBIX MMapaMeTPOB CXEMbI CTAOMIM3aTOpa TOKa
HapyLINTbCS. YMEHBUIECHUsI IIpU COXpaHeHHH 3amaca ycronuuocty HUK moxHO
JOCTUYb, €CJIU IPUHSITH MEPHI JUIs YBEJIUYCHHSI CTENIEHH 3aTyXaHUs &, HO 3TO BO3MOXHO
TOJIBKO IPU BHECEHUH JOIMOJIHUTEIBHBIX AKTUBHBIX [TOTEPH B PHIIBTPE HUZKHUX YaCTOT,
T. e. npu ymensiienuu KI1J crabunuzaropa Toka.

Pa3zpaboTaHHblii O onmucaHWO (YHKIMOHAJIBHOW cXeMe cTabuiIm3aTop
TOKa MPUMEHsSETCs Ul NUTaHus uinydarened nazepos JII'-106M-1 u JITH-502.
Crabunu3aTop TOKa UMEeT ClIeAYIOLIe 0COOEHHOCTH: TPAaH3UCTOPHBIH PEryssiTop TOKa
coOpanHna 15 tpansuctopax KT809A; MakcumanbpHas paccerBaemasi Ha TpaH3UCTOpax
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MmotHocTh — 300 BT ripu Toke paspsina 30 A; Bpems yCTaHOBJIEHUSI CPEAHETO 3HAUECHMUS
U=10 B; b = 1-2 ¢; monoca yactor BUK — 150 kI'11; ypoBeHb HECTAOUIBHOCTH TOKA
pa3psiia ctabunuzaropa Toka — 0,05 %; KIT — 96 %.
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Maxana JIT-106M-1 srcone JIIT'H-502 dsrcoinynvik, mapamyuist 1azep Ko30epiHe KOIOaHbLIAMbIH
MOKMblY —~ MypaKkmaHovipevibl  Ar+  1asepliy — cunammamaniapvl MeH —epeKulenikmepiniy
Monimemmepinen mypaobt.

The paper shows the information, charcterstics and features of Ar+ laser current regulator,
which is implemented in JI[-106M-1 and JIT'H-502 laser emitters power.
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nyTn CHWXXEHWUA QUHAMUYECKUX HATPY 30K
B rTIPUBOJAX TPOKATHbIX CTAHOB

B cmamve npusedenvi sxcnepumenmanvhvle OanHble 0 CNOCODAX YCMPAHEHUS, W CHUNCEHUS
OUHAMUYECKUX HAZPY30K 8 NPUBOOAX NPOKAMHBIX CHIAHOB.

Knrouesvie cnosa: ounamuueckue Hacpysku, npugood, RPOKAMHbIE CMAHbL, SKCNIYAMAYUs,
060pyoosarue, 3a30p.

PaznuyHpIMU aBTOpaMu MHOTOKPATHO paccMaTpUBaliach MpoOIeMa JTHKBUIAINH
WIM CHYDKCHHS JUHAMHYECKUX HArpy30K MPOKATHBIX CTaHOB. [Ipu 3TOM aOCOMOTHO
BCE aBTOPHI pabOT CTOAT HA MO3UIIUHU, YTO ITU XaPAKTEPUCTHUKU SBIISIOTCS CIEACTBHEM
HECOBEPIICHCTBA [TPUBOJIOB, HA KOTOPHIX JOMOTHUTEIFHO HAKIIAIBIBAIOTCSI COOCTBEHHBIE
ynpyrue konebanus kiueted. [loaTomy Mepbl 10 CHUKEHUIO TUHAMUYECKUX KoIeOaHun
CBOJISITCSL B OCHOBHOM B YMEHBIIEHUU 3a30POB B PEAYKTOpAX, HIECTEPEHHBIX KIIETSX,
LIIAHCNISIX, MOJUIUIIHIKAX, HAXKUMHBIX BUHTax [1,2,3]. CiaeayeT OoTMETUTh, YTO
BCE OTU MEPONPUATHS HE BCErJa 0OOCHOBAHBI M HE MOTYT B IOJIHOH Mepe OTBEYaTh
IIOCTaBJICHHOM 3a/1a4e.

OmnbIT 3KCIUTyaTallui CTAaHOB MOATBEPKIAET, UTO OOTBIITMHCTBO aBAPU IPOUCXOAUT
BCJEACTBHUE OOJBIINX AUHAMHUUYECKHUX HATrPYy30K K01eOaTEeIbHOTO XapakTepa,
BO3HHUKAIONMUX MPU HEYCTAHOBUBIIUXCS U HEYCTOWYMBBIX peKUMax pabOTHI, a
TaK)X€ B CBSI3U C BO3MOXXHBIMHM HApyLICHUSIMU MPABHII TEXHUYECKON SKCILTyaTalluu
000pylOBaHHUS, BEAYIUX K UPE3MEPHBIM MOBBIIICHUAM TEXHOJIOTUUYECKUX
COMPOTHUBJICHUH MPH MpOKaTKe (MpOKaTKa OXJaXKICHHOIO MeTalja, OIMIMO0YHO
3aBBILICHHOE 00XKATHE U JP.).

PaccmoTpuM OCHOBHBIE CITOCOOBI YCTpaHEHUS WM CHUIKEHUS AUHAMUYECKHUX
Harpy3ok. M3 mpakTUKH 3KCIUTyaTallud MPOKATHBIX CTAHOB WM3BECTHO, YTO 3a30DHI B
HIMAHACTBHBIX COSTUHEHUSIX OBICTPO MPOTPECCUPYIOT B pE3yJIbTaTe M3HOCA INTOCKOCTEH
BKJIaJIbIIIEH IIapHUPOB. [l03TOMY BaXKHO HCCIe10BaTh, KAaK U3MEHSIFOTCS JMHAMUYECKUE
Harpy3Ku B [JIABHOW JIMHUU MIPHU YBEJIWYEHUH 3a30poB. Ha pucynke 1 nokaszan npumep
OCIMJUIOTPaMMBI, Ha KOTOPOM XOPOIIIO BUIHBI KOJIeOaHUS MOMEHTOB CHJI YIIPYTOCTH B
COEIMHUTEJIbHOM LITMTMH/IEINE 10 Hayaja 3axXBaTa MeTajljla BaJKaMU BCJIEICTBHE y1apOB
B 3a30pax MpH Mycke npusoja [4].
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M

M — MOMEHT CHWJI YIIPYTOCTH B HINMUHAEIE; I — TOK 3JICKTPOIBUTATEIIS,
® — CKOPOCTb BpAILEHHS JIEKTPOBUTATEIIS.
Pucynok 1 — Ocummorpamma napameTpoB npokatku Ha omomunre 1000,
BO BpeMs ITyCKa CTaHa

OnHa W3 TPOTHBOABAPUMHBIX MEpP JAHHOTO Mpollecca CBsi3aHa BO-TIEPBBIX,
HEOOXOIMMOCTBIO YaCTOM 3aMEHBI ATHX AJIEMEHTOB BO H30€KaHHE MX MPEKIEBPEMEHHON
YCTaJIOCTH; BO-BTOPBIX, SJICKTPUUECKAs 3aIIUTA C OTPAHUYEHUEM CUJTBI TOKA JIBUTATEIIS
HE M30aBJISIET MPUBOJ OT MTHOBEHHBIX MEPETPY30K, TAK KAK MPOAOIKUTEIBHOCTh
HapacTaHUsl TUHAMUYECKOr0 XapaKTepa MOMEHTOB BO MHOTO Pa3 MEHbIIIE BPEMEHHU
cpabateIBaHus 31eKTpo3auThl [ 1,5]. CHIKEeHNE TMHAMUYECKUX Harpy30K B pe3ysbTaTe
BO3JICUCTBUS Ha MPOIECC MPOKATKA MOKHO JIOCTHYD CIICAYIOITUMHU My TSIMU:

— CHUKEHUEM CKOPOCTH BAJIKOB TIPH 3aXBaTe;

— YBEJIMYEHHEM BPEMEHH 3aXBaTa 3a cueT 00pe3aHus epeIHEro KOHIA M0JI0CHI 10
yII1000pa3HOMY WUJIM ILIEBPOHHOMY KOHTYpaM;

— YBEJIMYEHHEM UHTEPBAIa BDEMEHH MEXKIY BBIXOI0M OUYEPETHOM MOJIOCHI U 3a/1a4eit
CIEYIOLIEH C TEM;

— yToOBI CBOOO/IHBIE KOJIeOaHUs, 3aTyXasl 3a ATO BpPEeMs, HE HAKJIQJIbIBAJIUCh HA
3axBaT CIEAYIOLIEH MOJIOCHI.

JloctaTouyHO OO0JIBIIIOE CHUYKEHUE CKOPOCTH BAJIKOB IEPE] 3aXBaTOM I103BOJIIET
n30exaTh MOJOMKH B MPHUBOJIE, JaXK€ B Clydyae aBapUHWHOW MEperpy3ku u3-3a
Ype3MEepHOTO 00XkaTHusi, 00pa3oBaHUs CKIAAKUA U T. 1. Bo MHOrMX mccieqoBaHUsIX,
MOCBSIIEHHBIX, PEIICHUIO JaHHOUW MPOOJIeMbl OMPEIEISIOTCS TOJIBKO MPUOINKEHHBIE
3Ha4YeHus ckopoctu. KoTopas ocHOBaHa Ha JONYIIEHUM MOJHOTO Iepexoja
KMHETHYECKON HPHEPTrUM BPAIIAIONIMXCS MAaCC B MOTEHIMAIBHYIO SHEPIHIO YIIPYToOi
neGopMannu 3JIeMEHTOB ITPUBOAA:

n
411’:{{5@111' ’llf Gjpi
4.
rae M — MakCHMalbHO JONYCTHMbIH IMHAMHYCCKHH MOMCHT, PUBCIACHHBIN K
COOTBETCTBYIOLIEMY BaJLy;

[, — J1MHa 3aKpyYMBAEMOI0O y4acTKa Bala;
G — Moaynb ynpyrocTH IpH CIBUIE;

(1)
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pr {J o MOJIIPHBIA MOMEHT MHEPIIUHU 1-TOTO Bajla © CyMMa MOMEHTOB HHEPIIUU
JeTanel IpruBoja, MPUBEACHHBIX K pab04YnM BallKaM.

WHo¥ my Tk perieHuns ToM e 3a/1a41 3aKITI0YaeTCsl B UCTIONB30BAHHUHU IOTTOTHUTENTBHBIX
YOPYTHUX 3JIEMEHTOB ¢ TpeOyeMbIMU XapaKTepUCTUKAMU KecTKOCcTH. Hampumep, npu
Harpy3kax yJapHOTO XapakTepa MpeANouTUTeNIbHA HeJIUHEWHasl ynpyras CBA3b C
BBIMYKJION XapaKTepUCTUKON MOMEHTA (C 3aTyXarolie >KeCTKOCThIO). AMOPTHU3aTOPHI
C TaKOI XapaKTEepPUCTUKON IPUMEHSIIOTCS B MEXaHH3MaX aBTOMOOMIIEH, 9KCKaBaTOPOB,
TEIIOBO30B, PEAYKTOPOB aBUALIMOHHBIX JIBUTATeNeH U T. 1.

Jlo 40-x TOo10B B MpPOKAaTHOM OOOPYIOBAHUU JIOBOJBHO MIMPOKO MPUMEHSIIH
aMOPTH3aTOPHl C HapacTalolleld XapaKTepUCTHUKON MOMEHTa M ECTKOCTU B BHUJE
KOpeHHBIX My(T Tura bud6m, kotopsie B mocaeaywommue 10-15 et OblIu 3aMeHEHbI
3yOuaThiMU [6]. B kauecTBe crieninaabHOr0 KOHCTPYKTUBHOTO MpUEMa, HaIIPaBJIEHHOTO
Ha U30UpaTeIbHYIO 3alIUTY YacTH JIeTalel UIH y3JI0B MIPUBOJIa, OTMETUM METOJI TaK
HA3bIBAEMOT0 WHEPIMOHHOTO JAeMII(UPOBAHUS - QUIBTPAIUU KOJIeOaHUN BBICOKOI
YacTOTHI MIyTEM BBEJEHUSA B CHCTEMY OOJBIIUX Macc, 00eCTeYMBAIOIMINX HU3KYIO
yacToTy. Takoi MeToa ObUT MPUMEHEH TSl PEeIOTBPAIeHHs TOJIOMOK CITHI] pOTOpa
JIBUTATEINs MIJIUTPUMOBOTO CTaHa. B gaHHOM ciiyyae OojbliMe JUHAMUYECKHE
Harpy3Kku (CIHIIBI pOTOpa Mepe/iaBadd MOMEHT, [TOYTH B IIECTh pa3 MPEBBIIAOIIHIA
MOMEHT MPOKATKH) BO3ZHUKAIHM M3-32 YJapOB T'MJIb3bI O BAJIKH, a TAK)KE BCIEACTBHE
OJIM30CTH 3HAUEHUHN YaCTOT COOCTBEHHBIX KosieOaHu, mpuBoasiiei k ouenusm. CyTb
MCIOJIF30BaHUS IAHHOTO METO/Ia COCTOSAJIA B 3aKPEIUICHUH pOTOpa Ha 001IIeH CTyHIIe
¢ MaxoBUKOM. CBsi3b POTOpA C INIaBHOM JIMHUEH Yepe3 Maccy MaXOBHKa, KOTOpas cTaia
CBOEOOPa3HBIM (PHIBTPOM BBICOKOUACTOTHBIX KOJIEOAHHI, COTTIACHO MCCIIEOBAHUIM
Ha JJIEKTPOHHON MOJENH, MpHUBeila K CHIKEHUI0 KO3 UIIMEeHTa TUHAMUYHOCTH B
cniiiax poropa ¢ 3,3-5,9 1o 1,03-2,04 cOOTBETCTBEHHO NMPU OTCYTCTBUM U HATTUIUHU
yJapa Tujib3bl O BAJIKH.

OTMeTHM elie OJMH HIUPOKO M3BECTHBIM CIOCOO CHIKEHHUS NMHAMUYHOCTH,
OCHOBAHHBIN Ha BBEJCHUHU B CHUCTEMY AeMMNPUPYIOUIUX AJIEMEHTOB U yCTPONCTB,
MOTJIONIAIOIIUX SHEPTrUI0 KojebaHul 3a cueT BHyTpeHHero TpeHus. [Ipudyem stu
YCTPONCTBA MOTYT BBIMIOJIHATHCS U ¢ KOMOMHUPOBAaHHBIMU CBOMCTBAMH — YTNIPYTO-
nemndupyromumu. B npokatHoMm obopyaoBaHuM aeMndepsl HE MPUMEHSIOT:
ornpoOoBaHHbBIE MaTepUaIbI (pe3UHa, KallpoH U Jp.) HE UMENTU JOCTATOYHON IPOYHOCTH
¥ BO3HHMKAJIX OOJIbIIIKE TPYIHOCTH C OTBOJIOM TEIUIA U3-3a MaJIOH TEIIONPOBOAHOCTH.

Oob1iee cooOpaskeHne, XapakTepu3yollee TPy AHOCTH B CO3JTaHUN aMOPTU3aTOPOB
u nemndepos, 3aKJI04aeTcsi B TOM, 4TO 3((PEKTUBHOE BHIIIOJHEHHE UMH CBOUX
GyHKIUI BO3MOKHO JIMIIB MPH YCIOBHH JIOCTATOYHO OOJBIIOro yriosoro xona. C
9TOU TOYKH 3PEHHUS, TyTh MPOCTOTO yATUHEHHS] TPAHCMUCCHH MPUBOIA MPAKTUIECKU
Oonee noctyneH. OQHAKO, COXpaHSIOMAsACS MPU ATOM JIMHEIHAs XapaKTepuCTHUKa
YOPYTOCTH YK€ He ABIISETCS UealIbHOM, a 00MIbII0i yros pabodero Xoaa JI0CTUraeTcst
[[EHOI 3HAYMTEIBPHOTO YBEJIUYEHHS OCEBBIX ra0apHTOB MPHUBOJA — JAXe B cCllydae
MHOTOMOTOPHOTO MPHUBO/IA, MO3BOJISIONIET0 YacTh TOJCTOTO Bajla PacUJICHSTh Ha
HECKOJIBKO 00Jiee TOHKHUX C COOTBETCTBEHHO OOJIBIIEH MOAATIUBOCTHIO.
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[ToaToMy mpobiieMa moucKa KOHCTPYKIIMH aMOPTH3aTOPOB U JAeMiipepoB Ha
O0JIbIIIE MOMEHTBI CUNTAETCs akTyalIbHOU. [IpecTaBisiercs, 4To 1715 yCII0BHiA BechbMa
OO0JIBIIMX MOMEHTOB 00JIee MePCIIEKTUBEH MOMCK KOHCTPYKIUHN THPABINYECKOTO THUIIA
— C YUCTO IeMI(PHUPYIOIUMH WU YIPYTo — AMIIQUPYIOIMMHA (YHKIUSIMHU, TOTAA KaK
JUI. MEHBIIMX MOMEHTOB MOTYT OKa3aThCs Oojiee OMpaBIaHHBIMU aMOPTH3ATOPHI C
IpeBapUTEbHO HANPSHKEHHBIMU 3JIeMEHTaMHU (TIPeABAPUTEIBHO CKaTast Pe3rHa WU
HOJIMYPETaH).

CornacHo uccnenoBanusm [1,7,8], pakruyeckue Harpy3Kku B JeTaISIX IPUBOJIA IIPU
HAJIMYMH 3a30pOB MOT'YT MHOT/IA IPEBBIIIATH CTATHYECKHUE B 3 — 8 pa3, TOra KaK U3BECTHO,
4TO [IPU OTCYTCTBUH 3a30POB 3T BEJIMYMHA HEBEJIMKA; HAIIPUMED, Ul JIBYXMaCCOBOMH
CHCTEMBI OHa He OoJiee IBYKpaTHOH. bosee yHuBepcaabHON Mepol Tpeaynpex1eHus
yJIapHBIX 3aMBIKaHUH 3230pOB MOKET SBUTHCSI METO IIPEABAPUTEIHLHOTIO UX BBIOOpaA €
HOMOLIBIO CIIEIUAIBHO CO3/IaBAEMOT0 IPOTUBOMOMEHTA, IPHKJIAIBIBAEMOT0 K Pab04nM
BaJIKaM, IIepe] 3aXBaTOM OYEPETHOM MOJIOCHI.

Lenpro JAaHHOTO KCCIEIOBAHUS SBISUIOCH BBISIBICHHE KAUECTBEHHOM KapTHHBI
s¢deKxTa CHIKEHH JUHAMUYECKUX HArpy30K B pe3yJibTaTe MpenynpeskKaeHHs yIapHOro
3aMbIKaHUS 3230POB € TIOMOILBIO IPOTUBOMOMEHTA. [ [pOTHBOMOMEHT BEJTMUMHOM IPUMEPHO
1o 100H=M co3nmaBaicst AMCKOBBIMEH TOPMO3aMH Ha HEMPHBOIHBIX KOHIIAX pabodmx
BaJIKOB. bonbime 3nauenus, npumepHo 1o 300-400 H M, nocturanuch ycTaHOBKOM
JIOTIOJTHUTEIIBHBIX TOPMO3HBIX KOJIOAOK, IIPIKUMAEMBIX K O0UKaM pabOUYHX BaJIKOB.

Pe3ynpTaThl MccneqoBaHMs, IPUBEICHHbBIE HA OCIMIIIOrpaMMmax (PUCYHOK 2),
MOKa3bIBAIOT OOJIBIIYIO 3 (PEKTUBHOCTD YKa3aHHOT'O METO/1a CHHKEHUS JTUHAMUYECKUX
Harpy3ok. B mmamnazone ckopocteir ® = 10 + 25 1/¢ ko puimeHT TMHAMHUYHOCTH
cakancs Ha 20-35%. Eme 6ombinii ekt HaOmonaeTcs npy NpoKaTKe ¢ MaJbIMU
nasamu, 1mojo0HOM, HaIpUMep, CIABOCHHOM MPOKATKE CIUTKOB Ha O0OXKMMHBIX
craHax. TakuM o0Opa3om, corjiacHO pe3yJbTaTaM HMCCIEJOBaHUS MOXHO JOCTUYb
IpeayNpexXIeHUEe PACKPHITHS 3a30pPOB, BHI3BAHHOTO PE3KUM COPOCOM HArpy3KH, H
HOCJIEAYIOLIETO yIapHOro 3aMbIKaHMs UX MPHU 3aXBaTe MPUBOJAUT K YMEHBIICHHIO
JIUHAMHAYECKHUX KOJIEOAHUN B CUCTEME.

¥ a8z¢

oy 'CMnZMEn.H‘M

Pucynok 2 — CpaBHHUTENBHBIC OCIMIUIOTPAMMbI MOMEHTOB Ha IITTHH/CIISAX
6e3 BrIOOpa (a) u ¢ BEIOOpOM 3a30pa (0)
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MeMeHOenty Hemece JHCor0 S0ICMEPIHIH capanmamaiblk, (Modicipubenix) Morimemmepi KeimipiieeH.

The article presents experimental data on the methods of elimination and reduction of dynamic
in the drives of rolling mills.
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C. X. TaweHos, K. K. Ty2aymos, A. C. EpémeHko,
A. UN. XKudkoea, H. K. Kynymbaes
[TaBnonapckuii rocynapcTBeHHbIN yHUBepcuTeT uMenu C. Topaiireiposa, 1. [laBnonap

rnogroToBKA METAJIJIOTPA®UYECKUX LLUTTN®OB
K UCCJIEJOBAHUNIKO MUKPOCTPYKTYPbI

B cmamve onucanvt smanvi nooecomosumenvuvix padom Ol NpoeeoeHus UCCIe008aAHULL
CIMPYKIMYPbL MEMALI08 U CHIAGOB.

Knmouesvie  cnosa: memannocpaghuueckux winughos, MUKpOCMpyKmypd, MUKPOGHAIU3,
000py008aHUe, CMPYKIMYPA MAmMepuad.

Jas Toro, 4ToOBl MOJYYUTH HNPEACTABICHUE O CTPYKType KOHKPETHOTO
METaJIJIOU3/1eTIUs, HE0OOXOJUMO MPABUIBLHO BBIOPATh MECTO BBIPE3KU 0Opasma s
MHUKPOCKOIMYECKOT'0 aHAN3a.

MHUKpPOCKOTINYECKUH aHATIN3 3aKJIF0YAETCS B UCCIIEJOBAHUU CTPYKTYPbI MaTepHAIOB
npu OONBIINX YBEIHMYECHHSIX C MMOMOIIBI0 MUKpOCKOMa. MHUKpOaHalIu3 BBISABISIECT
CTPYKTYpBHI CIUIaBOB B HEPAaBHOBECHOM cocTosiHUU. LLImnds1 06pa3oB u3 cranu nepes
MUKPOCKOIIUYECKUM HCCIIEA0BAaHUEM IPOTPaBInBaoT 1 MuH B 4% pacTBope a30THOM
kucioThl. [ToBepxHOCTH 0Opasna mojaBepraroT crenuaibHoi obpabdotke. IIpu sTomMm
HE00XO0IMMO MOJYYHUTh NPUOIU3UTENBHYIO IUIOCKYIO MOBEPXHOCTb. s momydeHus
KaueCTBEHHOM MOBEPXHOCTH MHUKpoILIM(da mpu HuiM(oBaHUU MOCIEAOBATEIHHO
HEepexoaT OT OAHOM MIKYPKH K APYTOi C HEMPEPHIBHO YMEHBIIAIOIUMHUCS pa3MepaMu
abpasuBHbIX yactul. lllnudoanne — mMexaHuyeckas WIM pydyHas OImepanus 1o
o0OpaboTke TBEpAOro MaTepuana. Mexanndeckoe nuidoBanrne 0OBIYHO UCTIONB3YETCS
JU1s1 00paOOTKH TBEPABIX M XPYIKHX MAaTEPHAIIOB, a TAKKE 171 JOCTH)KEHHS HAUMEHBIIIEH
IIEPOXOBATOCTH MOBEPXHOCTH oOpasia [1, c. 26].

JUis oxiakaeHus: 0OBIYHO MCIOJB3YIOT CMa304HO-0XJIaX/IAI0IINe KUJKOCTH.
[Ipu 3Tom npu kaxxaol cMeHe Mg nosopauuBaioT Ha 90°. Ilocne numdoBanus
HOBEPXHOCTU 00Opa3sla cieqyeT MOJUpOBaHHE, KOTOPOE TOJKHO YCTPAHUTh PHCKH,
OCTaBUIMECS OT BO3JICUCTBHUS aOpa3uBHBIX yacTHLL. [loMpoBaHneM yIassitoT OCTaBIIAECS
HOCJIE TOHKOTO IITH(OBAHUS METIKUE e(PEKThI TIOBEPXHOCTH, PUCKH U T.I1. Clieayromuit
sTan o0paboTku oOpasia «TpaBieHUe». TpaBieHHe — IpyNna TEXHOJIOTHYECKHX
npruéMOB JIJIs1 YIIPABIIIEMOTO YAAJICHHUS IIOBEPXHOCTHOT'O CJI0Sl MaTepHrasia C 3aroTOBKU
MOJT ACMCTBHEM CIIEIUATBHO MOJJOMPAEMBIX XUMUYECKUX PEAKTUBOB [2, c. §].

[Iporecc TpaBieHUs: BKIOYAET B ceOsI:

1. MOArOTOBKY IMOBEPXHOCTH (HApUMeEp, MEXaHUUYECKHE NUTH(OBKA U MOJTUPOBKA,
00e3KHpUBaHHE);

2. B3aMMOJICHUCTBUE TPABUTENS WIN AJIEKTPOIUTA (PACTBOPHI KHUCIOT, PACTBOPHI
U pacIuIaBbl COJICH U ILEJI0YEH, IPYTHe OpraHnYeCKHe U HEOPraHUUECKUe KUKOCTH,
iasMa) ¢ 00padaThIBAEMBIM MAaTEPUAIIOM;
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3. OYUCTKY NOBEPXHOCTH OT TPABUTES U IIPOIYKTOB TPaBJICHUS (KaK MPaBUIIO, 3TO
OTMBIBKA KaKUM JIHOO PacCTBOPUTEIIEM).

[Ipouecc TpaBieHUS MOXKET CONMPOBOXKAATHCS ra3oBblIEICHUEM. B yacTHOCTH,
KHCJIOTHOE TPABJICHHE METAJIIOB YaCTO CONPOBOXKIACTCS BBIJICIEHHEM BOJIOPOJA, UTO
TpeOyeT mpuMeHeHus: 0coObIX Mep Ge3onacHocTH[3, ¢.36].

MaxkpoCcKONUYeCKHii aHaJTN3 TAK)KE YaCTO MO3BOJIAET CYAUTh O KaUeCTBE MeTaa
U OIIpENeNsATh YCJIOBUS IPEIIIECTBYIOMEH 00pabOTKU, BIAUSIOMINE HA CIUIOIIHOCTh
MeTa/la 1 0OCOOEHHOCTH €ro CTPOSHHsI TOCJE 3aTBEpJACBAHMs IPU JUTHE, a TAKKe
XapakTep W KadecTBO mociuenyromeil oopadorku[4, ¢.87]. KoHTpoas cTpyKTypbl
— OCHOBHOM BUJ| UCIIBITAHMM JJIS ONpEAENICHUs KayecTBa CTalU U OOHAPYKEHUs
pa3sHOOOPa3HBIX METATYPrUYecKuX AePeKTOB. MaKpOCTPYKTYPY KOHTPOJIUPYIOT HA
HOTIEPEYHBIX MM MPOAOIBHBIX NUIH(AX U U3JI0MaX. ITOT COCcO0 MO3BOJISET OLICHUTh
BCE CEYCHHUE 3ar0TOBOK 1 0J1aro/japs TPAaBJICHHUIO BBISIBUTH KPYITHbIE U MEJIKHE Je(EKThI
(BKITIOUAs TUKBALIMOHHBIE) K 0COOEHHOCTH CTPYKTYpBI. OLIEHKa MaKPOCTPYKTYPbI IUTHIX
3aroToBOK, TOKOBOK M mpokarta npousogurcs no 'OCT 10243 u OCT 14-235-91.
[5, c.234].

TeMmIIeTs! A1 onepeyHbIX HITH(OB U MPOJOIBHBIX H3JIOMOB OOBIYHO BBIPE3AIOT
NEePIEHINKYJIIPHO HAPABJICHUIO TPOKATKU WM KOBKHU, JJISl IPOIOJIBHBIX IITH(OB —
napajieNIbHO HAMPABICHHUIO MPOKATKH, KOBKH, IIPH 3TOM IUIOCKOCTh HUTU(a JOIKHA
COBIIAJIaTh WU OBITH OJIM3KOM K OCH KOHTpOJHUpyeMoro mpyrtka. IloBepxHOCTh
TEMILJIETOB Tepe]l TPABICHUEM I10/IBEPraeTcs TOPLEBAHUIO, CTPOTaHHUIO, ITH()OBAHMUIO.
[Tonepeunsle nuM(Bl OLEHUBAIOT IyTEM CPAaBHEHHUS ¢ (OTOITAJTOHAMHU LIKAT MU
OTAENbHBIX Ae(ekToB. B cTanmapTe Takxke npuBeeHbI POTOITATOHBI MAKPOCTPYKTYPbI
C TakUMH JeeKTaMM, KaK Iy3bIpH, KOPKH, (PIIOKEHbI, YePHOBUHBI, TPEIIUHBI U JP.
[6, c. 126].

HInudoBanusle 00pa3usl nporpaBauBaroT 3 MuH B 50 %-HOM pacTBOpe
cosstHOM kucnoTel mpu 80°C. 3akaneHHBIN clOi mMeeT 0oee TEMHYIO OKpPAacKy.
JlJi1 TOBEpXHOCTHOTO TPaBJICHHs CTANbHBIX HUTU(OB UCHONB3yeTcs peakTuB [ 'eiina
caenyromero cocraga: NH,C, -53 r, CuCl, -85r, H,O —1000 mi, t=20°C; 1=1 mun.
MUKpOCKOIMYECKHI aHaTU3 3aKII0YaeTCsl B UCCIEAOBAaHUH CTPYKTYPhI MaTE€pUaIoB
(a3, ux xomuuecTBa, (HOPMBI U pacrpeieeHus 10 00beMy 3arOTOBKH) IPU OOJIBIINX
YBEJIIMYCHHUSAX C MMOMOIIbI0 MHUKpOCKoma. YucTble MeTauibl M 0JHO(]A3HBIE CIUIaBHI
(TBEpAbIEC PACTBOPHI) B INTOM COCTOSSHUU UMEIOT XapaKTEPHYIO JICHAPUTHYIO CTPYKTYPY,
a 1ocJIe MIACTUYECKOH 1ehopMaIiy M OTHKUTA, TPUBOASIIETO METalIa B PABHOBECHOE
COCTOSIHHE CTPYKTypa COCTOMT U3 CPaBHUTEIBHO OJMHAKOBBIX MO (hopme 3epeH
(paBHOOCHBIX TTONUAAPOB) [7, ¢.348].

B naGoparopuun kadeapbl MeTaNyprud HaMu ObUTH MOATOTOBIIEHBI 00pa3LbI
MeTamiorpadguueckux HUIM(OB K HUCCIEJOBAHUIO MUKPOCTPYKTYPbhl MeTaJlia.
[ToBepxHOCTH 00pa31ia Mo gBepraiy CreHaIbHON CIIECApHOM 00pabOTKE IS Oy YSHHUS
NpUOTU3UTETHHO TIOCKON MOBEPXHOCTHU. J{JIs1 OsTydeH st KaueCTBEHHON MOBEPXHOCTH
MUKpOILIH(a Npu HUH(OBAHUU MTOCTIEI0BATEIBHO EPEXOANIN OT OAHOM MIKYPKH K
JOPYroi U T. JI. ¢ HEMPEPhIBHO YMEHBIIAIOUIMMHUCS pa3MepaMy aOpa3uBHBIX YACTHIL.
[Ipu 5TOM npH KakJ0H CMEHE IKYpKH nun¢ moBopaunBain Ha 90°.
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[Nocne numdoBaHus HOBEPXHOCTH 00pasIia ciielyeT MOIMPOBaHUE, KOTOPOE TOTKHO
YCTPaHUTh PUCKH, OCTABIIMECS OT BO3JeicTBUs aOpa3uBHbBIX yacTull. [loaupoBanuem
yIAJISUTA OCTABIIHUECS MOCJe TOHKOrO NUIM(OBaHMS MeNKHE Ae(PEKThI MOBEPXHOCTH,
pucku u T. 11. [Tocne nonupoBaHust MUKPOLLIU( MPOMBIBAIH BOJIOH, 3aTEM CIIUPTOM U
MIPOCYUIMBAIU (PUIBTPOBAILHON OyMaroi.

Ha pucynke 1 npencrasnen obpa3zer Mmetauiorpaduyeckoro nuimuda apMaTypHOTo
NpoKaTa MEePUOAUYECKOTO MPOQUIsi, MOATOTOBIEHHOTO K HCCIEJOBAHUIO
MUKPOCTPYKTYPBHI.

Pucynox 1 — O6muii Bug 00pasiia, monepeuHsiid TeMInier, craib 35 ['C

OHaKo, IPOIIeCC U3TOTORJICHUS UTH(OB PYYHBIM CIIOCOOOM SIBIIIETCS TPYIOSMKHM
¥ 3aHUMaeT MHOTO BpeMeHH. J[JIsi TOATOTOBKH OJIHOTO NIIH(a 3aTpaThl BpEMEHH
COCTABJISIOT HE MEHEE 2 YacoB.

K coxanenwnto, Hama nabopatopHas 0a3a HE mMeeT 00OpyIOBAHUS IS
MEXaHHYECKOTO MOTyICHUS NLTU(OB, KOTOPOE TO3BOJIIET YCKOPHUTH 3TOT MPOIIECC H
YBEIMYHATH 00bEM MeTauorpaduIecKix UCcCiaeI0BaHnH.

Crenuanu3upoBaHHOE O0OPYIOBAaHHE JUIS TOJIYICHUS METALIOTPAPUISCKUX
mau(OB CYyNIeCTBYET, OJTHAKO SBISETCS JOPOTOCTOSIIUM U NPHU yueOHBIX
UCCIIEJIOBAaHUSAX HE OKYIHUTCS. DTy MPOOJIEMY MOKHO PEIIUTh MPOCKTHPOBAHUEM
U COOCTBEHHBIM M3TOTOBJICHHEM MAIIWHBI IS TIOJYYCHUS MeTauIorpaduuecKux
numdos. [IpenmonaraemMoe 000pyI0BaHHUE MMO3BOJHUT YBEIWUUTh 00bEM HAy4YHO-
UCCJICIOBATEIILCKON pabOTHI TIperoIaBaTesieii M CTYJACHTOB B HAIlIEM YHHBEPCUTETE
IIPH MCCIIEIOBAHUS MUKPOCTPYKTYPBI MATEPUAIOB 3a CUET COKPAIICHUS BPEMEHH Ha
W3TOTOBJICHHE OJTHOTO METAJUIOrpaduuecKoro muiuda.
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Maxkanaoa memanoap meH OaTKbIMANApObIY KYpbIILIMOAPLIH 3epmmey YuliH OatlbIHObIK
JHCYMBICTNAPBIHBIY CAMBLIAPLL CUNATNINATIZAH.

The article describes the stapes of the prepations studies of the metals and alloys structure.

O0X 624.131.34

A. XK. Temup6onamos, A. 6. Epaubaes, XK. K. Koxxamxapoe
C. TopaiirbipoB atbiHgars! [1aBnogap MemiiekeTTik yHuBepcuTeTi, [laBmonap k.

XAHA 3AMAH/Lbl BYPFbIIIAPbI

Maxkanaoa 6ypebiHbiy KypacmulpbLibIMObLIbIK, epeKuleiKmepin mecikmiy 0910i2iH apmmuoipy
YUWH CURAMMAMAIApbl YCoIHBLISAH.
Kinmmi ce3oep: bypebi, yununopuix OiniK, KecKiut, Memasi, MemaiKecKim acnanmap.

Byprb1 — MaTepuanbpiH TyTac KabaThIHAA OCBTIK Oepic KO3FAIbICBIMEH )KOHE KECY
alfHaJIMaJIbl KO3FAJIBICBIMEH TECIKTI TECyre apHajFaH Keckiul acrnan. COHbIMEH KaTap
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OypFBUIap aJI/IbIH aJla TECUITeH TECIKTep/l YIKeHTy e, SFH1 OYpFbLIAI KEHEUTY dJ1iICiH/e
Kojpanyfra Oomanbl. XKymbic Oediri eki OypaHaiabl MUBIPIIBIKTHI KbIPALIBIKIICH
a0 IBIKTATFaH, IITHHAPIIK OUTIKIIEH YCHIHBUTFAH IIUBIPIIBIKTH OYpFbI. O 5)KOHKAHBI
HIBIFApy XKOHE KECKIII 3JIeMEHTTIH Maia 0omybiHa apHanFaH. Keckiin 6etik kelgeHeH
KECKIIII )KHEKT1, apTKbl O€T JKaFbl KUBUIBICKAH/A Malia OOJIFaH, XOHe Je apTKbl OeT
JKarbIHAH )KOHKA TYCETIH, )KbIPAIIBIK OCTIHIH aJIIBIHFBI OYpaH/1aChIMEH KHBUIBICKAH A
naiia OonFaH ekl MaHBI3ABI Keckimn xkueri 6ap. OckiHgail OypFbUIapMEH Kecy
OypFbUIay TpOLIECi aybIp kKaFaaiga eresi: OYPFBIHBIH OHICITeH OET JKaFblHA JKOHE
OYPFBIHBIH JKBIPAIIBIK O€T KaFbIHA Ka)KaJIFaH *KOHKA MaiIal- CaIKbIHIATy CYHBIKTBIK
YILIiH >KETKI3UII jKoHe KOHKAHbIH OypYybl KUBIHAATBUIFaH. APTKbI OYpBIII TYPaKThI
KesieM OoJIbI TaObUIMAlABI — OJ1 LEHTpre KaKbIHIayblHa Kapail eceni. Kenneney
JKUEKTET1 aJIBIHFBI OYPBIIITHIH KOJIeMi 6Te KoJaich3 00bI Ta0bu1aasl. CTaHIAPTTHI
HIUBIPIIBIKTHI OYPFBUTAP/IBIH KOJIICHEH KUET1H/IeT1 alIbIHFbI OYPBIIIBIHBIH MOHI — 57°—
60° neiiin. Ocwiran OaitnanbicThl 80 %-Fa IeHiH OCHTIK KYIITI KAOBUIIAWTHIH KOJICHEH
KHEKTE KeCyiH OPHBIHA JKaIbIPY, CHIFBII IIbI FAPY KOHE METAJAbI KbIPY OPBIH aJIa/Ibl.

Kemnreren pacimaey aaectepi Keckimn OemiriHae >koHe KOJJAeHEH >KUETiHJeri
KYILTEP TOJIBIK OJIIIEM/IE )KOUBITMAi Ibl, KOJIACHEH KUEKTET1 aJlIbIHFbI OYPBILI KEMH/II,
Oipak 0apilip >kapamchl3 00JbIN Kana el KeameHeH KueK )KyMBICHIHBIH KOPCETUITeH
HIapTTaphbl OHACYIIH MAPTTAPbIH, OHACITCH TECIKTIH canachlH OipTanaii TOMEeHIeTe i
KOHE acCHanTblH OCEpIKTUIIrIHIH KOFapbUIaTybIH, OHJEY CalachIHbIH KOFapbLUIATybl
CYPAaKTBIH KapAWHAJIBIK IIeMIiMiH Oepmeiii. byprpuiay ke3iHze YIKeH KbutyOeiry skoHe
YKKIIITEH 6TK13€TiH 3((PEKT KeCy KbUIIaM/IbIFbIHBIH OasyIayblHa )koHe OypPFbUIAPIbIH
KYIIEHTUITeH TO3ybIHA SKEJe .

Byprpinay ke3iHaeri KecyiH MapTTapblH )KaKcapTy OaFbITThIH JaMybIHA OKEJIi:
Oap OypFeUTAPIBIH KeCy OOIIKTePiH KETUIIIPY; KOJIACHEeH KUMaHbIH OacKa HbICaHbI 0ap,
OYpFBIHBIH jkaHa,0acka mimiHi 0ap Type3repTiireH OypFbUIapAbIH KOHCTPYKIUSACHIH
YKOHE MMPUHIMIITI TYPFBIIA ’KaHa KOHCTPYKLUSCHI Oap, apHAyJIbl KECY aclanTapbIH icTey.

O31pJIEHIeH KaHa METAJUIKECKINI achanTap — KeJJIEHEH JKHEKCi3 €Ki YIITHI
HIMBIPIIBIKTHI OYPFbI )KOHE KOJICHEH XKUEKC13 €Kl YIITHI KaybIpChIHAbI OypFbl. bepinren
OypFbUIapa KeJIeHEeH KUEK JKbIPAIIBIKTHI KEeTeHey apKbUIbl KbIPKbLIA/Ibl, OHBIH Oip
KaObIpFachl OUTiKKe OailaHbICTHI Oipa3 )KbUDKBIFAH HeMece OlTikiieH Oipeit Oonaabl.
By 6i3re cranaapTThl OYPFBIIAFb! KOJIZICHEH )KUEKTE Maii1a 00JIFaH KYIITI )KOIOFa, Kecy
aiiMarbIH/a KYIITIK KaThIHACTAP/IbI XKAKCAPTYFa, )KbUTY/IbIH Maii1a 00ybIH KillipenuTyTe,
OHJICY CallachlH )KOFapbUIaTyFa MYMKIHIIK Oepeni (1, 2 cyperTep).
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2 cypet — KeneHeH xHeKci3 €Ki YIITHI KaybIPCHIHABI OYPFbI

«3ur3ar» IMIUBIPIIBIKTE OYPFBICHI KOJJICHEH KHMajaa «Z» 9pilTi apHAYJIbl
npodubre kentipiiren. KenneneH kumaaa 6ypreuiap mpoguili aCCUMETPHUSIIBIK OOJTBITT
TaOBLIA IbI, AJIJIBIHFBI OCT JKaFbl OLTIKTIH OYPFHICHIHA )KETETIH )KOHE 03€KT1 IIBIFAPaThIH
KEH KaybIPCHIH/IBI apachIHAaFbl KUCHIK KOCIA )XOHE OYPFBIHBIH JAMAMETpPl IIaMaMeH
1/4-xe TeH OOoJaThIH JKIHIMIKE KayBIPCHIHIBI TIPKECTEPACH KypacThIpbUIFad. OcbiHaai
KOJIJICHEH KUMaJIbl (popMa KECKIII JKUEKTI KaybIPCHIHIBI Oip OLTIKTIK >Ka3bIKTHIKTA
OpHAJIACTBIPYFa MYMKIHJIK Oepelii, KaybIpChIHIAP apachlHIaFbl KHUCHIK KOCHAHBIH
KECUTyIMEH KOJIICHEeH >KHEKT1 aJlbIll TacTarl, TPaJAUIHSIIBIK CTAaHAAPTThI OYPFbLIApIbI
KOJIJIaHFaH 1a KOTEPiHKI TO3Y, TeMIIepaTypa )KoHe TOMEHCTUINCH TYPAKTBLIBIK 0013 TbI

(3 cyper).
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£

1 — CBIPTKBI Y31 KECKIIII JKUEK;
2 — 1IIKi ’KY3/1 KECKIII KHEK.
3 cypet — Kennenen xuekci3 «3ur3ar» MUBIPIIBIKTH OYPFBICHI
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B cmamve npedcmasnerno onucanue, 0cob6eHHOCHU KOHCMPYKYUU ceepia Ot NOGbIUEHUS
MOYHOCMU 0OPAOOMKU OMEEPCMULL.

The article presents design features of a drill to improve the accuracy of the holes processing.
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MOLOEPHU3ALNA POJIMKOB TSHYLUE NMPABUIIbHOIO
YCTPOUCTBA A/151 KPYTJIbIX 3ArOTOBOK

Cmamus codepoicum ceedeHusi 0 MOOEPHU3AYUU MAHYIYE NPABUTLHO20 YCMPOUCmea Oisl
KPY2IbIX 3a20MOB0K C YeIblo NOSLIUIEHUSL NPOU3E0OUMENbHOCIIU, YMEHbULeHUsL KOTUYeCmea Opaka.

Knrouesvie cnosa: mooepnuzayus pomukos, Kpyeuvle 3d20moOGKU, MAHYWe-NPAGUTbHOEe
VCmMpOocme0, KpUCmauiuzamop.

Tsanywe-npaBunsHoe yctpoiictso (TIIY) nmpeanasHaueHO Ml BBITSTMBAHUSA
3aroTOBKU M3 KPHUCTAIIIN3ATOPa C OJHOBPEMEHHBIM BBINIPSIMIIEHUEM Jyroo0pa3HON
3arOTOBKHU B NPSIMOJIMHENHYIO U MOJA4M K JEJIUTENbHBIM HOXHULIAM. TsHymie-
IIPaBUJIbHBIE POJMKH BBIJAIOT CIMTOK Ha POJIBIAHTI, I'JI€ €r0 pa3pe3aroT MalluHOMN
ra3oBoil pe3ku (MM HOKHUIIAMU) Ha MEPHBIE JJTUHBI.

TsHy1Ie npaBUIbHBIE OJIOKM HAXOAATCS Cpas3y MOCe OXJIaKAAIONMEH KaMepbl Ha
HaIIPaBJIAIOIIEM KPUBOJIUHEHHOM CEKTOPE.

Cucrema umeeT IBOHHOE Ha3HAa4d€HHUE, s NEPEMEIIEHUS 3aTPAaBKU B
KpUCTAIIU3aTop, B (aze moabemMa U st 00ecrnedeHus MOCTOSHHOTO CHKaTUs U
BBIPaBHHUBAHMS 3arOTOBKH BBIXOJAIIEH U3 OXJIAXKAIOLIEN KaMeEpBbI.

Jlnist HaJIeKaIero BhIpaBHUBAHUS, YTOOBI He 00Pa30BBIBAIIUCH TPELIMHBI U IPyTHE
nedeKThl, 3ar0TOBKA JO0JDKHA MPHOBIBATh B 3Ty 30HY C 3a/JlaHHON TeMIepaTypoin
(900-1000 °C).

TsHyI1Ee IPAaBUIIBHBIN POIMK BO3JIEUCTBYET HA BHYTPEHHIOIO CTOPOHY 3arOTOBKHU:
pabouee JaBieHUE POJIUKA, JACHCTBYIOIIEE Ha 3arOTOBKY, CO3JaeTcs paboToi
TUIPaBIMYECKOT0 LIWINHAPA.

Kaxp1it 670K COCTOUT U3 Mapbl POJIMKOB U HUKHETO CBOOOJHO BPALIAIOIIErOCs
posinka. TsHymas napa poJIMKOB MMEET IPUBOJ (BEPXHUM POJIUK NOABUIKEH), a
BBIIPSIMIIAIOLIAS [IapA POJIMKOB COCTOUT U3 BEPXHETO MOABUKHOIO € IIPUBOOM POJIMKA
U HUDKHETO — CBOOOIHOTO.

BepxHue posiMKH NpUBOASATCA B ACHCTBHE U YNPABISAIOTCS THAPABINYECKUM
LWJIMHIPOM.

Bce ponuky IMEIOT BHYTPEHHEE OXJIAXKICHUE: KaXKAbIN POJIMK UMEET BPAILIAIOILIEeCs
COEIMHEHUE, YCTAaHOBJIEHHOE Ha €ro OCH, KOTOpoe 00ecreyrBaeT JOCTYI BOJbI
OXJXJCHHUS. DTO TaKKe 00ECHeunBaeT 3allUTy CaMbIX BAXKHBIX YacTEH MAaIIMHbI
OT TEIJIOBOTO M3JTyueHHs 3aroToBKu. [y obecnieueHus 3(p(HEeKTUBHOIO MOHMKEHUS
TEMIIEPATYPHI, POJIMKOBBIE OIIOPHI M HAIIPABJIAIOIIUN KaHaJl, 10 KOTOPOMY JIBUYKETCS
3arOTOBKA, TAK)KE OXJIAXKIAETCH.

MammHa uMeeT paziauyuHble (QYHKIHOHAIBHBIE XapaKTEePUCTUKH, IPUMEHSIEMbIE
JUISL CIEQYIOIIUX ONepaLlnid:
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— JIOCTaBKa 3aTpaBKU K KpPUCTAJIIN3aTOPy, Ul Hayalla IpoLecca pa3IuBKHU.

— U3BJICUYEHUE U NIPAaBKa 3aTOTOBKH B IPOLIECCE JIUTHS.

— 33JJaHHE U HACTPOIKA CKOPOCTH JIUThSI.

Bce ponukun (cocTtaBisiioniue IB€ CEKLMU MAIIMHBI), KOTOPBIE AEHCTBYIOT
HA BHEUIHEH M BHYTPEHHEH CTOPOHE 3arOTOBKM MMEIOT NPUBOJ M pa3]eJeHbl Ha
CJIEIYIOIINE CEKLIUU:

— CEeKLMs M3BJEUEHHUs (HAPOTUB BBIXOJA C OXJIAXJIAOLIEH KaMmephl) COCTOUT
U3 TEePBOW Mapbl POJIUKOB, (MOJBUKHOTO U HEMOJBHUYKHOTO), MOABM)KHBIH POJIUK
(GYHKLIHOHUPYET 3a CYeT ACUCTBUS THAPABINYECKOTO IIHIMH/IPA.

— MpaBUJIbHAS CEKIMSI COCTOUT U3 BTOPOW Iapbl POJIMKOB U YCTaHOBJIEHA I10CIIE
CEKIMY U3BJICYCHUS: OUH POJIUK SIBJIIETCS XOJIOCTBIM U 3aKPEIUIEH HENIOABUKHO, BTOPOM
POJIMK C TIPUBOJIOM, ITOJIBUKEH — (DYHKIIMOHUPYET 32 CUET JIeHCTBHS TUAPABINIECKOTO
LWIMHJpA.

@DyHKIUS BAJIKOB 3aKJII0YaeTCsl B 00eCleYeHUH HEOOXOIMMOro JaBjCHUS Ha
3aroTOBKY (pa3IMyHbIC 3HAYCHHUS IEHCTBYIOT [T y4acTKa pa3IMBOYHOM 3arOTOBKH) B
IIPOLIECCE BBITATMBAHUS, @ TAKXKE HA 3aTPaBKy, KOTJJa OHA I10AAETCS B KPUCTAIUIU3ATOP.
Pabouee naBrieHne Ha Ka)Ibli IITUH/P BEIOKPAETCst (BBICOKOE MITH HU3KOE) U IT0JIAeTCs
C TIOMOILIBIO JIBYX Pa3IMYHbIX IEKTPOMAarHUTHBIX KJIalaHOB.

Bce MoTopu3oBaHHbIE BaJIKU IPUBOAATCA B ABM>KeHHE AC aBuraresnem, KOTOpbI
o0ecrieynBaeT TOYHbBII KOHTPOJIb U COOTBETCTBYIOIIYIO CKOPOCTh BBITSATUBAHUSI.

Bparienne BaikoB OCyIIECTBIISIETCA Yepe3 PeayKLIMOHHYI0 KOPOOKy (paboTaromeit
B MAacJIIHON BaHHE). BpamieHue Apyrux BajKOB TaK)KE OCYIIECTBIIETCA YEpE3 3Ty
KOPOOKY.

Basiku nMeroT BHyTpeHHee oxyaxJaeHue. Kaxaplii BaJOK UMEET NOBOPOTHYIO
My(}Ty, KOTOPBIl TO3BOJISIET BIYCK M BBITYCK OXJIaXAtomIen xxuakoctu [ 1, c. 215].

Lenpro MopepHu3anuu TsHyle npaBuibHoOro ycrpoiicrsa (TIIY) mia xpyribix
3arOTOBOK SIBJISIETCSI ITOBBIIIEHUE IPOU3BOJAUTEIBHOCTH, YMEHBIIEHHUS KOJIUYECTBA
Opaxa.

Henocrarkom cyumiecTByroniell KOHCTPYKLIUHM POJIMKOB TSHYIIE MPABUIBHOTO
yCTpoMcTBa (pUCYHOK 1) SIBJIsSIETCS BBICKAIb3bIBAHUE 3arOTOBOK U MOSIBJIEHUE JIOMITACOB
Ha HuX [2, c. 136].

Pucynok 1 — Ponuk 10 MoaepHu3anuu
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JlanHast MoJlepHHM3anus (PUCYHOK 2)yBEeIMYMBAET JaBJIeHUE HA 3arOTOBKY,
KOHTaKTHYIO IIJIOIAJb POJIMKA M 3arOTOBKH, MCKJIIOYAET IOSBJICHUE JIOMIIACOB, U
ocyiecTBisieTcs B ycnosusix npoussoacTsa TOO 1D «KSP Steel».

Honyctumslit u3noc ponukos TITY e 6onee 10MM o auameTpy, ObLIIO BBISIBICHO
B xoje akcmuryaranuu MHJI3 Ha ATIO «Y36exkMeT3aBoy.

Ponuk sBusercs Hambosee HArpy>KeHHOM M M3HAUIIMBaeMOM aeTaibro. s
BOCCTAHOBJIEHUSI POJINKOB UCIIOJIb3YETCSl PEMOHTHAsI TEXHOJIOT U, 3aKJII0YalOIIasiCs B
CIIEAYIOLIEM:

—IPOTOYKA U3HOUIEHHBIX POJIMKOB Ha TOKAPHOM CTaHKE C LIEJIBIO yIaIEHUS [IOPOKOB
(TpeimuH, pKaBYMH U T.I1.);

— HarpeB BaJlka B MHAYKTOpPE WJH Ia30BBIMU TOpPEJIKAMHU A0 TEMIIEpaTyphl
450-500 °C co ckopocTthio 50° B yac;

— HaIml1aBKa cBapouyHoi npososiokoi mapku 35XI'CA nuamerpom 1,8-2,0 mm nox
3alIUTHBIM ci10eM (iroca mapku AH-20 Ha cBapOYHOM IOJTyaBTOMATE;

— [I0CJIe HATUIABKU POJIMKHU ITOMEIIAIOT B KOPOO € MECKOM JI0 TIOJTHOTO OCTHIBAHUS.
Kopob HakpbIBaeTCs KPBILIKOIA;

— OCTBIBILIME POJIUKU HA TOKAPHOM CTaHKE MPOTAYMBAIOTCA /10 IEPBOHAYAIBHBIX
pa3MepoB.

3anpeniaeTcsl HaIUIaBKa OCTBIBIIMX POJMKOB, HE JIOIYCKAKOTCS CKBO3HSAKH IIPU
HAIUIaBKeE /IS IPEJOTBPALEHUs] TPELLUH, [IPYU HArPEBE POJIMK JI0JKEH BPALLATHCS.

L T

Pucynok 2 — Ponuk nocie MoiepHU3aluu

B crnenctBun MojepHU3auu pecypc padoTel poiuka Obut yBenmuded Ha 10 %,
npousBoauTenbHOCTh TIIY noseimeHa Ha 2%, 4TO 1aeT yBEITMUEHNE BBIX0/1a FOJTHOTO
npokara Ha 1500 ToHH B rog.
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The work contains the data on the modernization of rollers pulling the right appliance for round
billets for productivity increasing and spoilage decreasing.
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'K.T.H., mpodheccop, eKaH, “Maructpanr, [ laBinogapckuii rocy1apcTBEHHBIA YHUBEPCUTET
umenu C. Topaiirsiposa, r. [laBnonap

CUCTEMATUIALNA OUHAMUYECKUX
SIBJIEHWA NMPU OBVXXEHUN U KPUTEPUEB OLIEHKM
ANHAMWYECKOIO NMOBELEHMS PEJIbCOBbIX 3KUIAXXEU

B nacmosweii cmamve asmopvl 0arom aHau3 OUHAMUYECKOMY SGIEHUI0 IKUNANCA NPU
OBUICEHUU NO NPSIMbIM U KPUBbIM VUACMKAM NYyMu U 00ecneyenuro 0e30nacHOCmu OBUIICEHUs,
COXPAHHOCU 2PY3a NPU NEPEeBo3Ke, d MAKIICe Q0N208EUHOCU KOHCIMPYKYUU PEbCOBO2O IKUNAMNCA.

Knrouesvie cnosa: penvcul, s5Kunasic, 6a20Hvl, OUHAMUKA.

BakHOI1 4aCTBIO JKU3HEHHOT'0 LIMKJIA TPY30BOI'0 BarOHA SIBIISICTCS HEITOCPEICTBEHHOE
BBINOJIHEHHE UM TPAHCIIOPTHON (PYHKIIMH, TO €CTh MEPEMEICHHUS U3 OJJTHOTO IyHKTa
B JIPYIOH 110 PEJIILCOBOMY IIyTH B IIOPOKHEM WJIM I'PY>KEHOM COCTOSIHMM. B mponecce
JIBUOKEHUS] BaroHa MPUHATO BBIACIATH M UCCIEN0BATh P (U3HUECKHX SBICHUMH,
KOTOpbIE HOCAT IMHAMUYECKUN XapaKTep.

B nepBylo odepenp K UCCIENYEMBIM IMHAMUYECKHUM SIBJICHUSIM OTHOCATCS
KoJIeOaHUs1 OOPECCOPEHHBIX YacTel SKUMaKa MPH JABMKEHUH MO MPSMBIM U KPUBBIM
ydacTkaM IyTH [6], HICTOUHUKOM BO3MYILEHHUS B KOTOPBIX CIIyXaT JUCKPETHBIE MU
HEIIPEPBIBHBIE HEPOBHOCTU PEJILCOB U IIOBEPXHOCTU KAaTaHUs KOJIEC, U3BHIIMCTOE
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JBUKEHHE KOoJIecHbIX map. Kak konebanwst 10001 MEXaHHYECKOH CHCTEMBI, KOJIeOaHuUs
HKUNAXKa Ha MOABEIINBAHUU SIBIISIOTCS CyHNEepHO3HLMeH CBOOOTHBIX (COOCTBEHHBIX)
U BBIHYKJeHHBIX. Kak ciencTBue koneOaHUN KUMaka HEMOCPEACTBEHHO Ha €ro
KOHCTPYKLHUIO M TIEPEBO3UMBII I'py3 ACHCTBYIOT BUOPAIIMOHHbIE CHIIBI M YCKOPEHUS,
KOTOpbIE MPUBOJAT K HAKOIUICHHIO B HUX MOBpexaAeHUu. Ocob0 MHTEHCHUBHBIE
KOJIeOAaHHUs SKUIaXKa MOTYT IIPUBECTH K BBIXOY YacTel BaroHa 3a rabapur.

Jnist obGecriedeHrst 6€30MaCHOCTH JBMXKEHUS, COXPAHHOCTH Tpy3a IIPU IEpeBO3Ke,
a TaKXe JIOJTOBEYHOCTH KOHCTPYKIIMU PEIIbCOBOTO HKUIAKA MPAKTUYECKH M HAYYHO
000CHOBaHa cUCTEeMa IOKazaTeslel XOIOBBIX KauecTB, npuBeaeHHas B Tabmune 2.1,
[14, 15], koTOpBIE MOTYT OBITH B MEPBYIO OUYEPEb OMPEAETICHBI SKCIIEPUMEHTAIBHO
[IPU NPOBEJICHUU XOJIOBbIX TUHAMUYECKUX UCIIBITAHUHN Baroxa, [1].

Tabnuna 2.1 — [TokazaTenu XOA0BBIX KAYECTB, HCIIOIH3YEMbIE IS OLIEHKH KOJICOaHHI
00pEeCCOPEHHBIX YaCTEH IPy30BbIX BATOHOB

HopmaTuBHOe 3HaueHue
[Tokazaresnp
[Topo>xHuit Baron I'pyxeHblii Baroxn
OTJINYHO 0,50 0,20
Koaddurment BepTukaibHON XOpOLLO 0,60 0,35
JIMHAMUKU paMbl Ky30Ba BaroHa YJIOBJIETBOPUTEIBHO 0,70 0,40
JIOTTY CTHMBIIA 0,75 0,65
OTJINYHO 0,50 0,20
BeprukanbHoe yCKOpeHue paMsl XOpo1lIo 0,60 0,35
Ky30Ba Barona, g* YJIOBJICTBOPUTEIBHO 0,70 0,45
JIOITYCTUMBIH 0,75 0,65
OTJIUIHO 0,20 0,10
I'opuzoHTanbHOE yCKOpeHue Xopouio 0,25 0,15
paMbl Ky30Ba BaroHa, g YZIOBIETBOPUTEIBHO 0,40 0,30
JIOIY CTUMBIH 0,55 0,45
Koaddumuent BeprukanpHOMA

JIMHAMHMKHU PaMbl TEJIEKKU C JIOITy CTUMBIH 0,75 0,7

HaJI0yKCOBBIM ITO/JBEIINBAaHUEM

*g— 9,81 M/c —yckopeHHe CBOOOIHOT0 MaeHUsI

BeptukanbHoe 1 ropr30HTaIbHOE (IIONEPEUHOE K OCH ITyTH) YCKOPEHUE PaMbl Ky30Ba
BaroHa M3MepsieTcs B 30HE IIKBOPHS B Auana3oHe yactot a0 20 I'u. MakcumanbHoe
3HAUEHUE BBIYUCIIAETCS C JIOBEPUTEIBHOM BeposITHOCTHIO 0,999.

Koadpunuent BepTukaibHOW JUHAMHUKHA PaMbl Ky30Ba BaroHa MOXET OBITh
oTpeieNieH ABYMS CIIOCOOaMU:

— KaK OTHOUIEHHWE AMHAMHMYECKOW cocTaBisdrouiell mporubda BTOPOM CTyINEHH
PECCOPHOro MO/BEIINBAHUSA K CTATUYECKON IPU JJAaHHOM 3arpy3Ke BaroHa,

— KaK OTHOILIEHUE IMHAMUYECKOM COCTaBIISIONIEH MEXaHNUYECKOI0 HalpsyKeHUs,
JEHCTBYIOIIEr0 B KOHCTPYKLIMU paMbl BaroHa, K
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— CTaTUYECKOM IIPU JAaHHOM 3arpy3ke. MakcuMalbHOE 3HAUYECHUE BBIYUCIIACTCS B
nuanasone yactot 10 12 I'u ¢ qoBepurenbHoi BeposiTHOCThIO 0,999.

MakcumanabHOE 3HAYEHHE OIpejaensercs B aAuana3zoHe yactor 70 12 I'm ¢
JIOBEPUTENBHOMN BEPOATHOCTHIO 0,999.

HaOntonenue oTaenbHbIX GOpM COOCTBEHHBIX KOJEOAaHMI BaroHa mpH ero
JIBIDKEHUH 10 PEJIbCOBOMY ITyTH — MIPAKTUYECKH HEBBIOJIHUMAs 3a/1a4a, TaK KaK MpU
3TOM KOJIeOaHUs MPEACTABIAIOT COOON CYNEepo3uIMio cOOCTBEHHBIX (hopM, [16, 10].
[IpuHSTO BBIAEATH ClIeyOLIHE MPOCThIe (hOPMBI KoJieOaHUi BaroHa Ha IOIBEIIMBAHHH,
MOJ1JIAI0IIHMECS OTAEIBHOMY SKCIEPUMEHTAIbBHOMY UCCIIeI0BaHUIO, [9]:

— MOAIPBITMBAHUE KY30Ba;

— OOKOBOI OTHOC ¢ OOKOBOI KauKO Ky30Ba;

— TOANPBITMBAHUE U TAIONIUPOBAHKE PaM TEJEXeK (IPH HATUYHHU [IEPBOI CTyIIeHU
IIO/IBCIIIMBAHUS ).

OcranbHble cOOCTBEHHBIE (POPMBI KOJIeOaHUN BaroHa OJHOBPEMEHHO COJEpKaT
nepeMeIeHus 1o TpeM u 0osiee cTeneHssM CBOOOIBL.

KayecTBeHHast OIIEHKA JMHAMUYECKOTO MTOBEJICHHSI PETbCOBOT0 IKUIAKA HA Iy TH
Ha MPEBAPUTEIILHOM 3Tare MOXET ObITh CAeNlaHa MyTEeM OIpPEeeIeHHUs] CKOPOCTH
3aTyxaHus KojaeOaHui 1o popMam NOANPHIrUBaHUS, TAJIONUPOBAHUS U OOKOBON KaYKU
¢ 60KOBBIM OTHOCOM [ 15, 1], Tak Kak eAMHUYHbBIE BO3MYIICHUS 33alI0TCS YCTaHOBKOM
KJIMHBEB (BBICOTON He Ooiiee 28 MM) MOJ KOJIECAMHU BaroHa C €ro MOCIEAYIOIIeH
HAKaTKOM Ha HUX U MaJCHUEM.

HcnbrTanus o cOpacklBaHUIO C KIIMHBEB TPOBOAATCS ISl HOPOKHETO U IPYKEHOT0
BaroHa Juis TPeX CXeM PacCTAaHOBKU KIIMHbEB:

— [10J1 BCE KOJIeca Ha OJIHOM U3 PEIIbCOB (MMUTAIMS (HOpMBI KosieOaHUH OOKOBOTO
OTHOCa 1 OOKOBOM Ka4yKu);

— [10/1 KoJIeca OJHOM TeNeX KU (MMUTALUS TaJONUPOBAHHUSA);

— [10J1 BCE KoJieca BaroHa (MMHUTALUS TOANPBITMBAHNUA).

Heo6x0aumMo OTMETUTH, UTO KOI(P(PUIUEHT OTHOCUTEIBHOIO 3aTyXaHHUS
oTpeieNsIeTcs Kak JIorapu(pMuyeckuii JeKpeMeHT KoJleOaHui.

— YBEJIMYHUBACTCS IPU YMEHBIICHUH aMIUIUTY ]I KOJIeOaHUH, a pU TypOyJIEHTHOM
BSI3KOM TPEHHH — BO3PACTaeT.

JUiss 1ocTaTouyHOro AeMI(upoBaHus KojJeOaHUi BaroHOB peKkoMeHayercs, [4],
K023(pPHULIMEHTHI OTHOCUTEIBHOT'O 3aTyXaHUsI UMETh B TIpeesiax: JJsl MOANPbITHBaHUS
u rajgonuposanus 0,2-0,3, st 6okoBoro otTHOca U kauku — 0,1-0,2.

B ciydae noaBemmBanys, pealnu3yomiero raieHmue KojaeOaHuii 3a C4eT CHIT CyX0ro
TPEHUsI, OLIEHKA 3aTyXaHUs KoJeOaHUH MOIPHITMBAHUS U FAJIONMPOBAHUS MOXKET OBITH
cienana 1no Ko3(pQHUUUEeHTY OTHOCHTEIBHOIO TPEHUs, KOTOPHI paBeH OTHOIIECHUIO

. . E
CHJIBI TpEHUA F K CTaTHYECKOH Harpy3Ke Ha PECCOPHBIA KOMIUIEKT P, : @9 = o s
st
IPY30BBIX BArOHOB Ha IBYXOCHBIX TEIEKKAX C OJUHAPHBIM LIEHTPATBLHBIM PECCOPHBIM

MOJIBELIMBAaHUEM pekoMeHayemasi, [14], BenuunHa koddduimeHTa OTHOCUTEIBEHOTO
TpEeHHsI paBHA

¢, =16 2
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rae A — pacueTHas aMIUIUTYJa MEPUOINYECKON HEPOBHOCTU PEIbCOBOW KOJEH,
NpUHUMAaeMasi JUIsl CPEAHEr0 COCTOSTHUS Iy TH PaBHOM 5 MM, [ 14]; /5 — 5KBUBaJIEHTHBIN
CTaTUYECKUN MPOTUO PECCOPHOTO IMOJIBEIIMBAHUS, 3JIEMEHTOB KOHCTPYKIIMH BaroHa
U NyTU. B COBpEMEHHBIX TENEXKKaX PEKOMEHAyeMasi BEJIMUYMHA JIEKUT B JUala3oHe
0,05...0,20.

Bonee cnoxHble NTMHAMUYECKHE SIBJICHUS HAOJIONAIOTCS MPU JBUKEHUHU
HEOOPECCOPEHHBIX YacTel pelbCOBOTO JKHUIMaXKa M, B MEPBYIO O4Yepe/ib, KAUCHUU
KOJIECHBIX I1ap I10 PEIbCAM.

[Ipu xayeHUU KOJIECHOM Maphbl C KOHUYECKOU IIOBEPXHOCTBIO KaTaHUs 110 pebcaM
MOT'YT BO3HUKATh CAMOBO30Y X 1atoIInecs: O0KOBbIE KOJIeOaHusl, ITOTyYHBIINE HA3BaHNE
U3BUJIMCTOE BM)KEHHUE, UCCIIEIOBAHUIO KOTOPOTO OBUIN MOCBSIIEHBI IEPBbIe pabOThHI
1o AuHaMuKe BaroHos [11, 17, 4].

HeycroliunBoe ABM)KEHHME BaroHa XapaKTEpU3YeTCsl HE TOJIbKO MHTEHCHUBHBIMU
KOJICOAHUSMU BUJISTHUS TIPU JIBMDKEHUHU KOJIECHBIX Tap IO PEIbCOBOMY ITyTH, HO H
CKa4K00Opa3HbIM POCTOM MHTEHCHBHOCTH BCEX KoJeOaHHH 0OpeCcCOpPEHHBIX YacTeH,
CBSI3aHHBIX C TOPU30HTAJILHBIMU [IEPEMELICHUSMH U TOBOPOTaMH (BUJISIHUE TEJIEIKEK IO
BaroHOM, OOKOBBIE€ YCKOPEHHS U T.11.). TO, YTO KpUTHUECKAsi CKOPOCTh KHUITaXKa BhIIIE
€ro IKCIUTYaTallMOHHOM CKOPOCTH, IBISIETCSI IOCTATOYHBIM YCIOBHEM, YTO [T0KA3ATENIH
XOJIOBBIX Ka4yecTB JIe)KaT B IpeJiesiax HOPMAaTUBOB. TakuM 00pa3oM, yCTOWYMBOCTh
PETBCOBOT0 SKHIAaXKa KOCBEHHBIM 00Pa30M XapaKTEepH3yeTCsl CHCTEMON HOPMATUBHBIX
nokasareJsei, npuBeaeHHoi B Tabmuue 2.1.

CymectByeT crioco0 HaOM0ICHUS JOCTHKEHUS SKUTTAKEM KPUTHYECKOH CKOPOCTH
Ha KaTkoBOoM cTeHze [19]. KonecHoil mape, ycTaHOBIEHHON Ha BpallaloIleMcCs
KaTKe, 337al0T €AUHUYHOE MOTIEPEeYHOe BO3MYIIICHHE HAOJIOJAI0T 3a 3aTyXaHUEM €€
HOTIEPEYHBIX KOJIeOaHU OTHOCUTENBHO KaTKa cTeH1a. C pocTOM CKOPOCTH BpaIleHUs
KaTKa B KaKOW-TO MOMEHT OOKOBBIE KOJeOaHHsl KOJECHOW IMaphl MEepecTaroT OBITh
3aryxatomuMu. CKOpOCTh, COOTBETCTBYIOIIAS JEKPEMEHTY MONEPEUYHbIX KOJIeOaHui
kosiecHol mapel MeHee 0,1 cuntaercsa kputudeckoi. [Ipu npoBeneHnM s3KkciepuMeHTa
C TMOJIHOMACHITA0HBIM MMACCAKUPCKUM BarOHOM PE3YJIbTAThI OJIN3KH K MTOJTyUYEHHBIM B
XOJIOBBIX MCIIBITAHUSIX.

Hecmortps Ha cyiiecTBOBaHKE SIBJICHHSI BOSHUKHOBEHUS HEYCTOMYMBOIO IBUYKEHUS
C POCTOM CKOPOCTH PE€JIbCOBOTO IKHUIIaXKa, KPUTUUECKAsE CKOPOCTHb B CBSI3U CO
CJI0’KHOCTBIO M HEOTHO3HAYHOCTBIO €€ 3KCIIEPUMEHTAILHOTO ONIPEEIIEHNSI HE SIBIISIETCA
HOPMHPOBAHHBIM TOKa3aTeneM. sl oleHKH 0e30IMacHOCTH JABMIKEHUS MCIIONB3YIOT
II0KA3aTeNH, XapaKTepPU3yIOIINE CUIIOBOE B3aUMO/IEHCTBUE KOJIEC U PEIHCOB.

WuTencuBHbIE G0OKOBBIE KOJICOAHHS KOJIECHBIX AP MOTYT MPUBECTH K HEOIYCTHMO
0obIIMM Harpy3kaM Ha myTh. OJHAKO caMyro OOJIBIIYIO OMAaCHOCTH MPEICTABISAET
BO3MOXHOCTb BKAaTBIBaHUs TPEOHs Kojeca Ha MOBEPXHOCTh KaTaHUS peibca MpH
OOJBIINX TOPU3OHTAIBHBIX CHJIAX, IPWKUMAIOLUINX I'PpeOCHb K TOJIOBKE pejbca, U
HEI0CTaTOYHBIX BEPTUKAIBHBIX CUIIAX, IPETIATCTBYIOLIMX OJBEMKE KOJIECA, UTO MOYKET
IIPUBECTH K CXOJLy KOJIECHOU Iapbl C PENIbCOB.

EcrecTBEHHO, 4TO IpPU SKCIEPUMEHTAIBHOM HCCIEI0BAHUU JIHUHAMUYECKOTO
MOBEJICHHSI PEIbCOBBIX AKUIAKEH, TOMYCTUTh (PaKTHUECKUI CXOJ Kojeca ¢ pelbca
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MO>KHO TOJIBKO B CHIEIIMAIEHO CO3/IaHHBIX YCIOBUSIX HCIIBITAHUN B HICCIIE0BATEIHCKUX
nesnsix. [loaromy orieHKa 6€301MacHOCTH BaroHa OT CX0/1a KOJIeca ¢ PeTbCOB IPOU3BOAUTCS
M0 KOCBEHHBIM KPUTEPHSIM, Pa3pabOTKE KOTOPHIX MOCBSIICHO OOJIBIIOE KOJTHYECTBO
paboT 3apyOeKHBIX U OT€YECTBEHHBIX aBTOPOB.

JlJis OllEeHKH CKJIOHHOCTHU KOJieca K «BIIOJI3aHHUIO» TPEOHEM Ha TOJIOBKY pelibca
M. Hapnanewm, [303], Obu1 IpeasioskeH Crioco0, KOTOPBIN JICKHUT B OCHOBE OOJIBITMHCTBA
COBpEMEHHBIX MeTOIMK. OH OCHOBaH Ha paCCMOTPEHUH YPaBHEHU PAaBHOBECHS KoJieca
B YCIIOBUSIX KOHTakTa rpeOHeM. B kaduecTBe OLEHOUYHON (PYHKIIMH UCIIOIB3YETCS
K03 puyuenm Haoans — OTHOIIEHUE MTHOBEHHON OOKOBOM CHIIBI, ICWCTBYIOIICH Ha
peibc, Fy, K BEpPTHKaIbHOU, F :

E,
_ ¥
Kﬂﬂd ~ & < [Hnad], 2.3
=z
KOTOpOe IJs oOecriedyeHus 6€30MacCHOCTU JIBWIKEHUsI HE JIOJKHO TPEBBIIMIATH
HOPMHPOBOYHOTO 3HAYCHHUS:

tan §—pu
K -
[ nad] 1+utan & 24

rje o — yroj HakjoHa oOpa3syromield KOHycooOpa3HOW MOBEPXHOCTH TpeOHS KoJjeca
C TOPU30HTANIBIO, 6 - KOADDUIIMEHT TPEHUs B KOHTAKTE TPEOHs Kojieca U penbca. B
rHopmax UIC, npunsito [K | =0.8, mpuyem ¢ 101ycKaeMbIM 3HAYCHHEM CPABHUBAIOTCSI
HE MIHOBEHHBIE KO3()(PUIIMEHTHI, a yCpeHEHHbIE Ha JJTUHE 2 M METOI0M CKOJIB3SIIETO
CpEeJIHero.

B Kazaxcrane 6e30MmacHOCTb ABMKEHUS OLIEHUBAETCS 1O KO3 (GUIIMEHTY 3amaca
YCTOHYMBOCTH KoJieca MPOTUB CXOJa C peibca (UCMOIB3YIOTCS TaKkKe TEePMUHBI
K03 (dULIMEHT 3amaca YCTOMYMBOCTU OT MOABEMKH WM BIOJI3aHMS T'peOHS Kojeca
Ha FOJIOBKY pefbca, Koa(h(pUIIMeHT 3amaca yCTOMUYMBOCTH KOJieca OT CX0/1a C Pejibca):

I L [K_}rc]r 55

ye l+utand Fy
KOTOPBIN (paKTUUECKH sBJIsIeTCS 00paTHON BennYnHON K koadduuuenty Hanans. [Tpu
sToM npunHuMaercs 6=60, e=0,25. Jlomyckaemoe B cOOTBETCTBHHU C [14] 3HaueHHe
k03(urmenTa 3anaca ycTodMBOCTH KOJIeca OT CXO/ia C PETIbCOB JJISl TPY30BbIX BATOHOB
COCTaBJISIET [Ky ./ = 1,2 B KpUBBIX y4acTKax IIyTH, [Kyc / =1,3 Ha npsSIMBIX.

[Ipsimoe m3mepenne kKodddumeHTa 3amnaca yCTOMYUBOCTH KOJIECHOM Taphl
IPOTHUB CX0/1a C PEJIHCOB IIPU JIBHKEHUHU BaroHa BO3MOKHO € MCII0JIb30BAaHUEM TaKOTO
UCTBITATEIbHOI0 000PY/I0BAHNS, KaK TEH30MeTpHUUeckas KojecHas napa. B Kazaxcrane
U3MEPEHHs C TIOMOIIBIO TEH30METPUUECKON KOJIECHON Hapbl paccMaTPHUBAIOTCS Kak
JononHuTenbHble, B coorBeTcTBUU ¢ UIC, [20], TeH30MeTpUyecKre KOJIECHBIE apbl
UCIIOJIB3YIOTCA B 00A3aTE€NbHOM MOPSAKE MPHU UCIBITAHUSAX HOBOT'O IMOJBHUYKHOIO
cocTasa.

[Ipu npoBeneHNN CTaHAAPTHBIX MCTIBITAHUN MO HCCIEAOBAHUIO TUHAMHUYECKOIO
MOBE/ICHUs dKuMNaxa, [15], meroauka mepexoga OT paMHBIX CUI U KO3((ULIUEHTOB
BEPTUKAJIBHON TMHAMUKH K CUJIaM B KOHTAKTE KoJieca U pelibca:

F, = Qo [F2 4Ky % — gz 52 4 g2 4 (1-Tp) h,, 2.6

I
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TFy = Qum [*=2 - K
rac Qcm — BCPTHUKAJIbHAA CTAaTUYCCKAasl HArpy3kKka Ha meﬁKy OCH KOJIECHOU apsI IIpu
JaHHOM PCKUMCE 3arpy3Ku BaroHa,

¢q — CWJia TSKECTU MACChl HETTOAPECCOPCHHBIX I-IaCTCI\/'I, NMPpUXOAAIINXCA HAa KOJICCHYTO
napy;

2b — pacCTOAIHUC MCIKY CCPCANHAMU IECCK OCHU KOJICCHOH Mapal;

al, 612 — pacCTOAHUA OT TOYCK KOHTAKTa KOJIEC C pClIbCaMH JJO CCPCAUHBL
COOTBETCTBYIOIIUX (HaOeraromeil 1 He HaberarolIeil) IeeK 0CH KOJIECHO Mmaphl;

l— PACCTOSAHUEC MCIKAY TOUKAMH KOHTAKTa KOJIEC KOJIECHOH Mapsl € pCiibCaMu,

r—panycC Kpyra KaTaHus KOJIeCa,

H HH )
dr Kd — kK03 punMeHT BEepTUKATHHONW NUHAMHKHA COOTBETCTBEHHO Ha

Ha0eraromiemM 1 He Ha0eraroieM Kojece (3HaYeHUSI TPUHUMAIOTCS MOJI0KUTEIbHBIMU
B cTydae 00e3rpy3KH KOJec);

Hp — TOpHU30HTAJIbHAsT OOKOBasi pamMHasi cuia (M3MEpeHHas 1Mo MPaBOU U JIEBOU
CTOPOHE), TIOJIOKUTENIbHAS B CIydae ACHCTBUS B CTOPOHY HAa0ETaromero Koeca.

Pamnas cuna (monepeynHast ropu30HTaIbHAS CHJIA, ICHCTBYIONIAs HA KOJIECHYTO TTapy
CO CTOPOHBI JKHIIaXKa) cama Io cede TakxKe SIBISIeTCS HopMUpyeMoil BeinnunHoi. Ee
MaKCHMaJIbHOE 3HAUSHHE OTIPEACIISIETCS B THana3one 4actoT 110 12 'y ¢ moBepuTenbHOi
BeposiTHOCTRIO 0,999. PJ1 24.050.37 HOpMUpYET K, (bopmyms (2.6), (2.7)) Takke Kak
ciy4aiiHyto BenuuuHy. O600111eHe HOpMUPYEMBIX ITOKa3aTeNel, XapaKTepu3yOLX
JTMHAMAYECKOE MMOBeIeHIEe HeOOPECCOPEHHBIX YacTel rpy30BOr0 BaroHa, B TOM YHUCIIE
0€30MacHOCTb JBUKEHMUSI, TpuBeaeHO B Tabnuue 2.2.

Tabmuma 2.2 — CuctemMa mokaszaTesiei, UCTIOIb3YEeMbIX JIJIsi OIEHKH JTUHAMHYECKOTO
MOBEJICHUST HEOOPECCOPCHHBIX YacTeH IPy30BbIX BATOHOB

0 HopmartusHoe 3HaueHne
oKazaTenb
ITopoxuuii Baron I'py>xeHblii Baron
OTINYIHO 0,25 0,20
OTHoOIIEHHEe PAMHOM CHITBI K Xoporo 030 0.25
CTAaTHYECKOM OCEBON Harpyske, : .
H /P YAOBIETBOPUTEIHEHO 0,38 0,30
re JIOITY CTHMBIi 0,40 0,38
Koaddunuent 3anaca B IIPSIMBIX 1,3
YCTOMYHMBOCTHU OT CXOZa KoJjleca ¢
penbeoB (ITo «<Hopmawm...») B KPUBBIX 1,2
Koa¢pdurment 3amaca
YCTOHYMBOCTH OT CXOJ1a KoJieca ¢
penbcoB (1o P1 24.050.37) npu
JIOBEPHUTEIILHON BEPOSITHOCTH €ro
3HAUCHHUS
00’000000011 1,15 1,15
0’ 001 1,25 1,25
6 01 1,45 1,45
’ 1,60 1,60
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[Toka3zatenu, npuseaenHble B Tabmumnax 2.1 u 2.2, UCHONB3YIOTCA JUISL TTOJHOM
HOPMATUBHOM OLIEHKH IMHAMUYECKOI'0 [IOBE/IEHUS IPY30BbIX BArOHOB ITPU JBMKEHHUH 110
penbcoBOMY IYTH (KakK B IIPSIMBIX, TaK M B KPUBBIX y4aCTKAX, & TAKXKE 10 CTPEIOYHBIM
nepeBoaam).

MO3KHO PEATIONIOKUTD, YTO II0KA3ATENHN B CII0KUBIIEHCS UCTOPUUYECKU CUCTEME IS
HOpPMAaTUBHOM OLIEHKH JTUHAMHYECKOIO [IOBEEHUS IPY30BbIX BAlOHOB IIPH JBUKEHUH
1o penbcoBomy iyt (Tabmumpt 2.1, 2.2) SBASIOTCS HE3aBUCUMBIMH BETUYHHAMH.

Ecnu npu ABM>XEHUHM 1O IPSMBIM yYacTKaM Iy TH B3aUMOJIeHcTBHE rpeOHel Kouec ¢
penbcaMy BO3HUKAET JIMILb HA KOPOTKUX OTPE3KAX ITyTH, B KPUBBIX C PaIUyCOM MEHEE
800-600 M rpeOHI HEKOTOPBIX KOJIEC IPY30BbIX BATOHOB MIPUYKATHI K HAPYKHOMY PEIIbCY
IIOYTHU HA BCEM IIPOTSKEHUU KPUBOM.

Jliia rpy3oBoro Barosa Ha tenexkax [{THMM-X30 xapakrepHoe MOI0XKEHUE IIPU
JBU)KEHUU B KPYIOBOM KPUBOHM C IIOJIOKUTEJIBbHBIM HEIOTall€eHHBIM YCKOPEHHEM
CBSI3aHO C KOHTAKTOM Hapy>KHOTO 110 OTHOIIEHHUIO K KPUBOM rpeOHsI IEpBOM KOJIECHOM
napsl ¢ peabcoM. [Ipu 3ToM HaboJaeTcst He TOJIBKO €CTECTBEHHBIN TOBOPOT TENIEKEK
0] Ky30BOM BaroHa, HO ¥ HeKEeJIaTeIbHOE SIBICHUE, Ha3bIBaEMOE «3a0eraHuem» (HiIu
«00roHOM») OOKOBBIX paM B KPUBOIi, KOT/1a TeJIeKKa IPUHUMAET MapalieIorpaMMHYO
KOH(Urypamuio B riane. [Ipy 3HaYUTETHLHOM MEPEKOCce TEIESKKU MOKET BO3HUKATh
TaKXe KOHTAKT rpeOHEM BHYTPEHHET 0 KOJieca BTOPO KOJIECHOM mapbl TeneKKu. Takoe
II0JIO’KEHUE TEJICKKH B PEIILCOBOM KOJIEE IOy YWIIO HA3BAaHUE IIEPEKOCHOE 3aKJIMHEHHOE.
Bropas Tenexka rpy30Boro BaroHa MOKeT IBUTaThCsl B KpUBOU Oe3 KacaHusi IpeOHAMU
KOJIEC PEJIbCOB MM UMETh KOH(UTYPAILIUIO aHAJOTMYHYIO IEPBOI TEIekKKE.

I'eomerpus Tenexek rpy30BOro BaroHa IIpU €ro JABHXKCHUHU B KPYTOBOM KpUBOU
IPUBOAUT K TOMY, UYTO PEAKLMs Ha JACHCTBYIOIIYI0 Ha JKHUIIAX CHIIY HUHEPLUUU
COCpeIoTOUeHA B KOHTAKTE IpeOHs HApy>KHOTO Kojieca MepBOil KOJIECHOI mapbl ¢
penbcoM. bonbinas BelIMYMHA MONEPEYHOM CHIIBI, NEUCTBYIOIIEH MEXIY KOJIECOM
U PEJIbCOM, MOXET IIPUBECTU K IOJBEMKE KOJIECa U CXOJy BaroHa peibcoB. Takum
o0pa3oM, 6e30MaCHOCTh JIBUKEHHsI BaroHa B KPUBOM OLIEHUBACTCS 10 KPUTEPUSIM,
npuBeneHHbIM B Tabmure 2.2.

Puc. 2.1 PaguansHoe pacrnionoxenue
KOJIECHBIX Nap B KPHBO#i
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[oBblenne 6€30MacHOCTH IBUKEHUS B KPUBOH BO3MOXKHO ITyTEM
nepepacipeaesieHus CUIbl HHEPIMU SKHUITaXKa MEX/1y BCEMU Hapy>KHBIMHU KOJIECAMHU.
3TO BO3MOXHO, €CIIH KOJIECHBIE Maphl HKUIaXKa 3aHUMAIOT B KPYTOBOM KPUBOH
paauanbHoe nosnoxenue (puc. 2.1). KocBeHHO OLIEHUTh Ka4y€CTBO ABUKEHUS
BaroHa B KpUBOW MOKHO IO KOH(PHUTYpaIuy, KOTOPYIO IPUHUMAIOT KOJIECHBIE Maphl
OTHOCHUTEJIBHO PaMbl TEJIEKKH, KOH(DUTYPALIUU caMOM paMbl (B Cilydae HEXECTKON
pambl), OJ0KEHUIO PaMbl OTHOCUTEIBHO Ky30Ba BaroHa. [lpu yrinax naberanus
KOJIECHOU TIaphl Ha pelibe He 0osiee 5 MpaJl, BIUCHIBAHUE TEJICKKU B KPHUBYIO
curTaeTcs OJU3KUM K PaJUaTIbHOMY.

DKcrepuMeHTalIbHbIE JaHHBIE MOKa3ald, YTO Ha BO3MOKHBl MHTCHCUBHBIC
KoJIeOaHUsl HeOOPECCOPEHHBIX YacTel, aHATOTMYHBIE TI0 CBOEH MTPUPOIE U3BUIUCTOMY
JIBIDKEHUIO KOJIECHBIX Map, HaOII0JaeMOMY Ha MPSAMBIX ydacTkax myTd. OnHaKo Ha
KPHBBIX KOJICOAHUS CBSI3aHbI HE CTOJIBKO C YBEJTMYCHUEM CKOPOCTH IBMXKEHHSI, CKOJIBKO
C YCIIOBHSIMU KOHTAKTa KOJIEC ¥ PesbcoB. IHTEHCHBHBIE KOJIeOaHHs Yallle BO3HUKAIOT
[pY BO3HUKHOBEHHUH JIByXTOYEYHOI'O KOHTAKTa KOJIEC C PEIbCaMHu.

B mpouecce npoBeaeHUsT IKCIEPUMEHTAIBHBIX UCCIEIOBAHUNA JTUHAMHYECKOTO
MOBEJICHUSI PEIbCOBBIX IKUIMAXKEH ObUIO OTMEUYEHO, HalpuMep,Jid MOJyBaroHOB
Ha tenexkax monenu [ITHUM-X3-O [6], onHako, Ha ocHUuIOrpaMMax yCKOpPEHUMH
U MEXaHWYECKHX HANpPSDKEHMHM Ky30Ba HAOMIOAAIOTCS JTOCTATOYHO MHTCHCHBHBIC
kosiebanust. [loaToMy OTAEIBHO N3y4datoTCs KOJIeOaHUs Ky30BOB BAOHOB KaK YIPYTUX
Tel.

Kpemnnenue rpy3a Ha BaroHe Mjd CBOMCTBa CaMOI0 rpy3a 4acTO JOIMYCKAIOT
Kosie0aHusl, KOTOPbIE MOTYT MPHUBECTH K M3MEHEHHUIO TUHAMUYECKOTO MOBEIACHHUS
BaroHa, HalpuMep, UCCIEAOBAHHUIO KOJIeOAHUH KUAKOTO Ipy3a B BaroHax IHCTEPHAX
MOCBSIICHBI pa0oTHI [5, 3].

B naunGosb1ieii cTeneHn Ha JTMHaAMUUECKOE MOBEJICHHUE PEIbCOBOT0 SKUIAXKAa BIUACT
¢dopma npodurieii kosec U penbCoB, KOTopast 00paszyeTcs B pe3yibTare ux u3Hoca. Jis
orpezaeneHust Gopmbl IpoduiIeii KoJiec B HKCILTyaTalllH MOJIb3YIOTCS KaK yIPOILICHHBIMU
U3MEPEHUSIMH BETMYMHBI U3HOCA IO KPYTY KaTaHusi 1 O0KOBOTO M3HOCA IPeOHs, TaK U
HOJHBIM 00MepoM (opMBbI IPOPHIIEH.

Hauunas ¢ 90-x rooB 1BaillaToro BeKa Ha >KeJIe3HbIX jJoporax kojeu 1520 mm
0CTpO BCcTasa mpobieMa nHTeHCHpUKau 00KOBOT0 H3HOCA TpeOHell KoJiec rpy30BBIX
BaroHoB. Hampumep, st nonyBaroHoB Ha tenexkax [IHUM-X3-0 nHTeHCMBHOCTD
U3HOCA 10 KpyTy KaTanus focturaet 3,6 Mm Ha 100 ThIC. KM, 8 MHTEHCUBHOCTH OOKOBOTO
u3Hoca rpebns 11 mm Ha 100 ThIC. KM.

B mocnennee BpeMs mpu HCCIEAOBAHUU TUHAMUYECKOTO TOBEIEHUS BaroHOB
CTany oOpalmaTh BHUMaHHE U Ha JIPYTHe SBJICHUS, KOTOPhIE B OCHOBHOM CBSI3aHBI C
HaKOIIJICHUEM MOBPEXKACHUH B KOJIecaxX U pelibcax, CPeHEYaCTOTHBIMU BUOpaLUsAMH,
aBapUHBIMU PEXKUMaMU JIBUKEHUSI BarOHOB:

— 00pa3oBaHue BBIIEPOUH METasllIa Ha TOBEPXHOCTHU KOJIEC U PENTbCOB (KOHTAKTHAS
YCTaJIOCTh IIPU KaYE€HUN);

— IIIyM OT Ka4EHHS KOJIeC [0 PEIIbcaM U B YaCTHOCTH «BU3DM» (squeal) mpu ABMKEHUU
BaroHOB B KPHBBIX;
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— KOppyraius pesbcoB (00pa3oBaHHEe KOPOTKOBOJIHOBBIX HEPOBHOCTEH);

— JABUKEHUE BaroHa I10 LIMAJIBHON PELIETKE II0CIIE CX0/1a C PEIILCOB.

AHanu3 TUHAMUYECKUX SIBICHUH, HAOII0AaeMbIX IPU JBM)KEHUU BaroHOB IO
peIBCOBOMY IyTH, MO3BOJUI CHOPMYIHPOBATH OCHOBHYIO 3a7ady pa3paboTKu
MaTeMaTUYECKHX MOJIENEH, a IMEHHO pa3padoTaTh CUCTEMY YPaBHEHHA, ONTUCHIBAIOLINX
JIBIDKEHHE IPY30BOr0 BaroHa, BHIOPaTh METObI €€ PellieHUs U pa3paboTaTh alrOpUTMbI
pacyera U KpUTEPUU OLIEHKU JMHAMUYECKOTO MIOBEICHMS, T03BOJISIOIINE JOCTOBEPHO
OIIMCAaTh TAKUE SIBJIICHUS KaK:

— KosieOaHMsl OOPECCOPEHHBIX YacTel HKUIaKa MPH JABMKEHUU 110 HEPOBHOCTSIM
PENBCOBOIO IIYTHU B IIPSIMBIX U KPUBBIX;

— BO3BHUKHOBEHHE WHTCHCUBHBIX KOJICOAHUH MPH IByXTOYEUHOM KOHTAKTE KOJIEC
C peJIbcaMU B KPUBBIX;

— B3aUMOJICVCTBUE KOJIEC U PEIILCOB C YYETOM BO3HUKAOIIMUX CUJI, BOSMOXKHOCTH
CX0/1a C PEJIbCOB, IPOTHO3UPOBAHUS U3HOCA.
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System of dynamic behavior during movement and evaluation criteria of
dynamic behavior of the rail vehicles
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byn makanaoa aemopnap Kucwvlx dicone my3y icondazbl Oonikmepoe K032anblC Ke3iHoeel
KO32ablC KAYincizoiein KamMmamacsl3 emyoit JHCoHe JiCyK MACbIMAnoayod HCyKmity CakmvleblHbIH,
COHOQUI-AK, PeNlbCMIK IKUNANIC KOHCMPYKYUACHIHbIY Y3aK MEPIIMOLIIZIH Cakmayobly OUHAMUKAIBIK,
KYObLIbICHIHA MANOay JHcacaaaH.

In this paper, the outhors provide an analysis of the dynamic phenomena of a carriage on
straight and curved track sections and to ensure traffic safety, security of cargo in transit, aswell as
the durability of the railway vehicle construction.

VK 666.972.16(088.8)

L. K. Topnuwies, M. K. KydepuH, P. H. CyneliimeHosa
[TaBnonapckuii rocynapcTBeHHbIN yHUBepcuTeT uMenu C. Topaiireiposa, 1. [laBnonap

MOJIN®YHKLNOHAIIbHbIN MOQN®UKATOP
HA OCHOBE 3MYJIbCUN CMECH
HEKOHAWLUWNOHHbIX HE®TETPOL4YKTOB

B ecmamue npusoosamcs ceederust 06 3¢hpexmurocmu ucnonb308aHUs MHO2OQYHKYUOHATBHOU
Moougpuyupyroweti 000asKu, NO380AAIOUel NOTYHANb OENOHDL C BbICOKOU 6000HENPOHUYAEMOCBIO
U MOPO30CMOKOCHBIO NPU O0CMAMOYHO 8bICOKOL NOOBUNCHOCTU OEMOHHOU CMECU.

Knrouesvie crosa: nonughyyHKYuoHanbHbill  MOOUDUKAMOpP, IMYIbCUS, HEKOHOUYUOHHbLE
HeghmenpoOdyKkmol, GemoH.

AKTyanbHOCTh U3TOTOBJICHUS JOJITOBEYHOI'O OETOHA PACTET MPONOPLUOHATIBHO
YBEIUYEHHUIO XUMHUECKOTO 3arpsi3HEHUs OKpYXKaroleil cpesibl. beToHbl Bce B 0ombIeit
Mepe MOJBEPraroTcst XUMHUECKOW KOPPO3UH, KOTOPYIO BBI3bIBAET KOMOMHUPOBAHHOE
JeicTBUE KUCIBIX TOXKACH, COJIeH, MPUMEHseMBbIX A OOpbOBI ¢ 00JIeIeHeHHEM, U
IIUKJIMYECKOT0 YePEOBAaHHS MOPO32 U ITOJIOKUTEIbHBIX Temneparyp. CyIiecTBeHHBIMH
NPUYMHAMU HEOOXOAMMOCTH MOBBIILICHHS JOITOBEYHOCTH OETOHA SBISIFOTCS BBICOKAs
CTOMMOCTb JK€JI€300€TOHHBIX KOHCTPYKIUII U e1iie 00Jiee BBICOKHE IKCIUTyaTalliOHHbIC
pPacxoIbl.

PaznuyaroT nepBUYHOE ¥ BTOPHYHOE TapaHTHPOBAaHKUE JOAT0BEYHOCTH. [ lepBruHOE
o0ecrneynBaroT U3rOTOBUTENN OETOHA, U OHO COCTOUT B 00ECIIEYCHUN TAaKOT'O KauecTBa
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O6eToHa, KOTOpoe Oy/AeT IIUTENIbHO 3allUIIaTh KOHCTPYKIUH OT YepeayoIerocs
JIeCTBUS BOJIBI, MOPO3a, MOJIOKHUTEIBHBIX TEMIIEPATYP U CYIb(PaTHOM arpecCUBHOCTH
noJa3eMHBIX BOJ. ObOecrneueHrne MEepBUYHON 3aIIUTH O€TOHA HEMBICIUMO O3
NPUMEHEHUS BO3yXOBOBIIEKAIONINX J00ABOK U JOOABOK, CHM)KAIOLINX MOTpeOIeHne
BOJIbl. BrOoprunyto 3amuTy 0eToHa 00ecneunBaloT MPOSKTUPOBILUKY U H3TOTOBUTEN
KOHCTPYKIUU.

s obecriedenus: >PPEeKTUBHON 3alUTHI OETOHA OT YepeAayIOUIerocs ACUCTBUSL
BOJBI, COJIEH, OTPULATEIBHBIX U TMOJOXKUTEIbHBIX TeMIEepaTyp HE0OX0AUMO, BO-
NEepBBIX, a’pUpOBaHHe OeTOHA BO3AyXOBOBIEKawIlel nobdaskoi. Conepxanue
BO3/yXa B YIUIOTHEHHOM O€TOHE JIOJKHO OBITh 4-5 % mpH Harpyske «BOJa-MOPO3»
u 5-8% mpu Harpyske «Bojia, Coiu, Mopo3». Ilpu 3ToM gaxke BbICOKasi IPOYHOCThH HE
3aLIUTUT €ro OT JECTPYKIMOHHOTO JICHCTBUS yKa3aHHBIX Cpell. 3amep3aroiias Boja U
KPUCTAJUTU3ALIMS COJIEH, TPUMEHSEMBIX ISl IPOTHBOTOJIOIEHOTO ITOCHIIAHMUS, CO3/1AI0T
B TIOBEPXHOCTHBIX CJIOSIX OETOHA TakHe M3MEHEHMs 00beMa M JaBJICHUs, KOTOPBIX C
TEYEHUEM BPEMEHH HE BBIIEP)KUBACT J1a)ke OE€TOH C BBICOKOW MPOYHOCTHIO. Adparus
e co37aeT B OETOHE MPOCTPAHCTBO, O3BOJISIONIEE PACIIUPATHCS MEHSIOIUM 00beM
COCTaBJIAIOLINM, U HEUTPATIHU3YIOLIEee JaBJIeHUE, COTPOBOKIAIOIIEE 3TOT IPOIIECC.

MakcuMaabHOE MOBBIIIEHHE BOJOHENPOHUIIAEMOCTH M IJIOTHOCTH OeToHa
o0ecrieynBaeTcs MPUMEHEHUEM IO BO3MOXHOCTH Hanbosee »(pPeKTUBHON J100aBKH,
CHIKaoIIeH morpebieHue BOoAbl. 3ajadeil ABIsSETCS MaKCUMAalbHOE CHIDKEHHUE
BOJIOLIEMEHTHOT'O OTHOIICHHUs OETOHA, MPU 3TOM MUHUMHU3UPYIOTCS MOPHCTOCTh U
BOJIOTIOTJIONIAIOINAS CIIOCOOHOCTH O€TOHA U OTHOBPEMEHHO MaKCUMAJIbHO MOBBIIIAETCS
€ro IIOTHOCTh. B 3TOM cityuae HM BOAa, HU COJIM, TPUMEHsIEMBbIE JUIsl IIOCHITaHKS JIb/1a,
HE MOTYT IIPOHHUKATh B OETOH, OCTEIIEHHO pa3pyluas ero.

ABTOpBI NPEACTABIAIOT MHOTO(QYHKIIMOHAIBHYI MOIAUPUIHUPYIOIIYIO
100aBKy, TO3BOJIIONIYIO MOJIy4aTh OETOHBI C BBICOKOWH BOJIOHEHIPOHUIIAEMOCTHIO
U MOPO30CTOMKOCTHIO MPHU JOCTATOYHO BBICOKOW MOJABUXKHOCTU OETOHHOU cMecH
(OK 6onee 15 cm). [loGaBka BKIIOYAET TEXHUYECKHN JIUTHOCYIb(POHAT, HATPUEBYIO
COJIb HEOPTaHUYECKOH KHCIIOTHI U, JOMOJHUTEIBHO, B KauecTBE Ia3000pa3yromero
KOMITOHEHTa 3MYJIbCUIO CMECH HETEPOAYKTOB, CoJiepKalleii B Macc. %: CMOJISTHbIE
octatku TepmonosnMepusanuu 90-99, ocrarok nponecca auerunuponanus 1-10.

Heo6x01uMo 0TMETUTB, YTO BBEACHUE IMYJIBCHH CMECH HEPTETIPOAYKTOB B COCTAB
0eTOHHON cMecH 00YyCIIOBIMBAET NPOTEKaHHE psia XUMUYECKUX IMpeBpauieHuii. B
YaCTHOCTH, UHJICH, PYJIbBEH U CTHJIHLOCH, BXOSIINE B COCTaB JT00ABKH, JOCTATOUHO
JIETKO B3aUMOJICUCTBYS C MPOAYKTaMU THApPATALMU MOPTIaHALEMEHTa, 00pa3yloT
TPYJAHOPACTBOPHUMBIE JABOWHBIE COJIM-TUAPATHI C BBIJEICHUEM ra3000pa3HOro
BOJIOpOJIa. (hIyOpeH, OKHCISISICh KUCIOPOIOM BO3/yXa, HEPEXOIUT BO (hIIyOPEHOH JIHO0
y4YacTBYs B aHAJOTMYHBIX PEAKIMAX 3aMELICHHs, 00pa3yeT yCTOMUMBBIE THPATHBIE
COCIUHEHMS, TAaK)Ke BBLIEIAS BOAOPOA. YTIJIEBOAOPOJHAS YaCTh MOJIEKY] J100aBKH
o0ecrieynBaeT BOBJICUCHNE B OETOHHYIO CMECh HETIOJIIPHBIX BO3AYIIHBIX ITy3bIPHKOB,
UX JIUCIIEPrUPOBAaHUE U CTAOMIM3AIINIO B 00BEME [IEMEHTHOT'O TeCTa, KOTOPhIE BMECTE
C My3bIpbKaMHU BOAOPOJA IUIACTUPUIMPYIOT CMeCh. PaBHOMEpHO pacnpeaeneHHbIe
1o 00beMy O0eTOHa yCIOBHO-3aMKHYTHIE (B J€HCTBUTEIILHOCTH ITy3bIPbKU BO3AyXa HE
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U30JIMPOBAHBI ITOJHOCTHIO, A JIUIIb MEHEE JOCTYITHBI JJIs1 IPOHUKHOBEHUS B HUX BOJIbI U
PacTBOPOB U3BHE) MOPHI BHIMOIHAIOT POJIb CBOCOOPA3HBIX IEMII(EPOB U 00ECIIEUUBAIOT
3HAYUTEIHHOE MMOBBIICHNE BOJOHEIPOHUIIAEMOCTH U MOPO30CTOHKOCTH OETOHA.

ITockoapKy OCHOBHOM IIPU3HAK SMYJIbIMPOBAHHBIX YITIEBOJLOPOIHBIX COCIUHEHUN
— pe3Kast acCHMMETPHS X MOJIEKYJI, COQIaHCUPOBAHHBIX TAKUM 00pa3oM, YTO IIPU ITOM
oOecreynBaeTCsl UX SIPKO BBIpAXKEHHAs] AUPHUIBHOCTH, TO (pU3NYECKass aacopOIus
SBIISIETCS. TOJIBKO TEPBOM CTagueil, 3a KOTOPOH MOKET MOCJe0BaTh XeMOCOPOIHs
WIN XUMHUYecKas peakius B oobeMe. MOKHO mojlarath, 4yTo J100aBKa yMEHbIIAET
MeK(]azoByI0 3HEpruto U obiieryaeT nae3arperanuio (AepIoKyIAIUI0) YACTHII.
[Ipu sTOM OCcBOOOXIaeTcs Oonblnas 4acTh UMMOOUIM30BAHHOW BOJBI, OHA TO H
o0ecrieuynBaeT JOMOJIHUTENbHBIN mactTuduuupyrommii 3¢pdexr. Kpome toro, camu
9TH aICOPOIIMOHHBIE CJIOU CIIOCOOHBI CIIAXXMBATh MUKPO IIEPOXOBATOCTHU YACTHIL,
yMeHbIast KOAQPUIMEHT TPEHUS MKy HUMH. DTO 00YCIIaBIMBAET CUIIbHOE CHIDKEHUE
MOBEPXHOCTHOT'O HATSXKEHUSI HA TPaHUIIE <OKUJKOCTh-BO3AYX», a CIIEIOBATENIbHO,
3¢ (}HeKT TOMOTHUTETHFHOTO BO3TyXOBOBICUEHHUS.

OMyJbcHs cMeCH He()TEPOYKTOB, ITOJIy4at0T TOMOT€HU3AIMEN IPOMEKY TOUHBIX
IPOAYKTOB MUPOJIM3a KEPOCHHO-Ta30ineBoi (pakiuu, CHHTE3UPOBAHHBIX MPH
temneparype 670 °© C B mpucyrcrsuu neperperoro a0 610 © C BogsgHoro napa.

Monudunupyromas gob6aBka TOTOBHUTCS B JJIEKTpoOMemankax
(2000-3000 06/mMuH), 06€CTIEYMBAIOIIHX €€ BHICOKYIO TUCTIEPCHOCTH M CTaOMIIBHOCTH. B
Ka4eCTBE 3MYJIb[aTopa BBICTYHAET JIMTHOCYIb(OHAT. DMYJIBCHIO C BOAOH 3aTBOPEHUS
BBO/SIT B CYXYIO CMECh BSDKYIIETO M 3aIlOJIHUTENEH B Mpoliecce MPUTrOTOBIICHUS
OETOHHOM CMeCH IPHU HEMPEPHIBHOM IEpEMEIINBAaHUN B TeUeHUH 1,5-2 MuH.

Pe3ynbraThl IPOBENECHHBIX UCCIIEIOBAHUM ITOKA3BIBAIOT, YTO MOPO30CTOMKOCTH
0OETOHOB IMOBBIIIAETCS MUHUMYM Ha JBE MapKd, a BOJOHENPOHUIIAEMOCTh — IOYTH
BIBOE. PacTeT XOTs M HE Tak 3HAYUTEIBHO U IMPOYHOCTH MPH CXKATUU B CPETHEM Ha
21 % OcobeHHo 3aMeTHa TUHAMUKA POCTA IPOYHOCTHBIX ITOKa3aTes el P UCIIBITAHUN
6eroHoB B 6osee no3nuue cpoku tBepaeHus (180 cyt u 6onee.) [Ipupoct npounoctu
00pa3uoB mpu cxatuu yepe3 180 cyT HOpMaTbHO-BIAXKHOCTHOTO TBEPACHHS COCTABUII
B cpelHeM ene 13.

Beronnble cMecu ¢ npeziaraeMoit 106aBKoi MOTYT OBITh C YCIIEXOM HCIOJIb30BaHbI B
HPOMBIIIIEHHOM, TPAKAaHCKOM, THIPOTEXHUIECKOM U METTMOPATUBHOM CTPOUTEIIHCTBE,
B TOM 4HCJI€, 151 OOJIUIIOBKH OPOCUTENBHBIX KaHAIOB, B TPAHCIIOPTHOM CTPOUTEIILCTBE
IpU BO3BEJICHUU CTPOCHHUM M ONOP MOCTOB, MOHOJMTHBIX U COOPHBIX TYHHEJEH, e
HPEIBSIBISIIOTCS MTOBBIIICHHBIE TPEOOBAHUS 110 BOJOHEPOHUIIAEMOCTH K MOPO30CTOMKOCTH.
BetonHbIe cMecH ¢ KOMITJIEKCHOM T00aBKON XapaKTepU3yIOTCs BEICOKON INIAaCTHYHOCTBIO,
YTO [O3BOJISIET TPAHCIIOPTUPOBATH UX C IIOMOIIBIO THEBMOYKJIAJUMKOB M OETOHOHACOCOB.

Marepuan noctynui B pegakuuto 15.12.14.

1. K. Topnuwes, M. K. Kyoepun, P. H. Cyneiimerosa
MyHali KOHAHIHUSACHI eMec KOCMAajaap 3MYJbCHSICHI HeTi3iH/e KacajFaH
MOJU(PYHKUMOHAIABIK MOAMPUKATOP

88

ISSN 1680-9165. Ne3-4, 2014 r.

C. TopaiirbipoB aTeiHaars! [laBnogap
MEMJIEKETTIK yHuBepcuteTi, [laBnoaap K.
Marepuan 15.12.14 Gacnara TycTi.

Sh. K. Torpishev, M. K. Kuderin, R. N. Suleimenov
Multifunctional modifier based on a mixture of off-spec o0il emulsion
S. Toraighyrov Pavlodar State University, Pavlodar.
Material received on 15.12.14.

bemon xocnanapvinan xumusiiblk ycmemenep o3ipieHzeH, Oy1 Kocnanapovl Ouik Oipeenxi
KO32QNUUBIKMbIK APKABLIbL  KOMEPIHKI OAAHHbIY JICOHe Y3aK aPKbLIbl YCmeMenep alblH2aHbl
KepceminzeH.

The work deals with complex chemical concrete aimed admixtures, established to elaborate
concretes of high durability and endurance under high concrete mobility.

VYK 666.972.16 (088.8)

L. K. Topnuwes, M. K. KydepuH, M. Kycynoe, A. KyabmeHko8
[TaBnonapckuii rocynapcTBeHHbIN yHUBepcuTeT uMeHu C. Topaiirsiposa, r. [laBionap

3OPEKTUBHbIN KOMITIIEKCHbIA MOQN®UKATOP
AJ151 BETOHOB HA OCHOBE TEXHOIEHHbIX NTIPO4YKTOB

B cmamve npedcmasnenvt pezynomamol Uccie008anutl N0 NOIYYEHUIO XUMUYECKUX 00DAB0K
OemoHHbIX cmecell, 8bICOKOIPDEKMUBHDLI MOOUDUKAMOP OIS U320MOGIEHUSL KOMIIEKCHOU 000A6KU
10360/151€m NOGBICUMb MOPO30CIOUKOCHb, RPOYHOCHIb, NIOMHOCb U 600OHENPOHUYAEMOCHTb.

Krouesvie cnosa: komniekcHuitl MOOUGUKamop,06emoH, mexHo2eHHvle RPoOyKmbl, 00pabomKa,
IKOHOMUYHOCHID.

Beenenune. M3BecTHO, 4TO OJJHUM U3 CIIOCOOOB COKpaleHUs: TpeOyeMoro pacxoa
[IEeMEHTa B 0€TOHAX M MOBBIIICHHS UX JIOJTOBEYHOCTH SIBJIICTCSI BCEMEPHOE CHUKEHUE
UX BOJOCOJEPKaHMS, YTO OOBIYHO JOCTUTACTCS MPUMEHEHUEM IIACTU(DUIUPYIOINX
n06aBoK. B HacTos1Iee BpeMst HOMEHKIIATypa MMEIOIIMXCSI Ha PhIHKE IUIACTU(UKATOPOB
BechMa o0mupHa. OJHAKO MPAKTHYECKU BCE OHM XapaKTEPHU3YIOTCS OTHOCHTEIHHO
BBICOKOM KOMMEpYECKOH 1eHOH, Bapbupymoleil or 2 g0 8€/Kr, 4T0 NPUBOAUT
K yBenu4yeHuwo cebectoumocTu OeToHHON cmecu Ha 15-20 %. Mcnonp3oBanue
JemeBbIx (0T 2€/Kr) macTHPHUUUPYIOUIMX 100aBOK (HapuMep, TUrHOCYIb(OHATOB)
BBI3BIBAET, KAK U3BECTHO CYIIECTBEHHOE 3aMEJJICHHE TEMIIOB TBEpJCHHs OETOHOB,
YTO MpenoaaracT o0s3arenbHoe pUMeHeHHe 100aBOK yckopureneid. CTOMMOCTh UX
TaKXke JOCTaTOYHO BBICOKA, K TOMY € pacxo/]l B COCTaBe OETOHHOW CMECH B HECKOJIBKO
pa3 BbIIIE pacxoja MmiIacTUPUKATOpoB. Bece 3T0 00ycliOBIMBAET CYIIECTBEHHOE
(10 40-46 %) ynopoxkanue croumocTu 0etoHa. [loaTomy B mocieiHee Bpems BCe Iupe
Ui Moau(UKanuu OETOHHBIX CMECEH CTall MCIIOJb30BaTh OTHOCUTENILHO JICHIEBbIE
0OO0YHbIE MPOAYKTHI X OTXObI PA3JIMUHBIX IPOU3BOACTB. Tak, B KaUeCTBE YCKOPUTEIS
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IpOIECCOB THApaTallMy I[eMEeHTa JOBOJbHO 3(¢deKTuBHA Hampumep, J1o0aBKa
YKCYCHOKHCIIOTO KaJbIIMs, IPEACTaBIISIONas cOO0H BOIHBIN pacTBOp cocTasa 1: 4-5.
[1], a apdexTuBHOTO MIIAcTU(PUKATOpa OETOHHBIX CMECEH — MOJIOUHAs! CBIBOPOTKA.

Hcnonp30BaHne yKCYCHOKHCIIOTO KaJIbIHS IIO3BOJIET PE3KO YBEIHMUUTH CKOPOCTh
TBEPACHHUS CMECel, OHAKO CBOJUT HAa HET JIIOObIC MOMBITKA €€ PEryJUpOBaHUS,
HaIpUMep U3MEHEHHEeM pacxoja J00aBKU. Moo4yHasi ChIBOPOTKA, MO3BOJISIONIAS
HOJTy4aTh BBICOKOIIO/IBUYKHBIE CMECH XapaKkTepu3yeTcs 3(h(HeKToM pe3KOro yBeINYeHHs
UX CPOKOB CXBAaThIBaHUS U MOCIIEAYIOLIETO TBEpACHUS. Bee 3T0 He O3BOJISIET B OTHOM
Mepe pealn30BaTh MOTEHLUAIbHbIE NPEUMYIIECTBA (BBICOKHI TEXHOJIOTUYECKHI
3¢ eKT 1 HU3Kas [IeHa) YKa3aHHbIX MOAM(PHUKATOPOB U CYIIECTBEHHO CAECPKUBACT UX
HIMPOKOE BHEIPEHHUE B IPOU3BOICTBO.

ABTOpaMH IpENNpPHUHATA MONBITKA UCHOJb30BAHUS YKCYCHOKHCIIOIO KaJIbIUs
U MOJIOYHOH CBIBOPOTKH COBMECTHO C JOMOJIHUTEIBHBIM MOJIUGPUIHUPYIOLIUM
KOMITOHEHTOM - IJTAMOM-0Ca/IKOM [IPOU3BO/ICTBA CEPHOKUCIIOTO ATFOMUHHUS (TTOO0YHBIM
IPOJTYKTOM TIIMHO3EMHOI'0 IIPOU3BO/ICTBA), KOTOPOE B U3BECTHOM CTEMEHU YCTPaHIET
HEJIOCTAaTKU X MHIUBUAYaTIbHOTO IPUMEHEHHUSI.

[InamM-ocagok MPOU3BOJICTBA CEPHOKHUCIOTO aJIOMHHHSA oOpa3yeTcs Ha
OPEeaNpHUATUAX NepepadaThIBAIOIINX OOKCUTHI B INIMHO3EM U CYJb(aT alroMUHHUS
¥ BKIIFOYaeT B cebs, B Macc.%: Boxa — 18-24; A1 O, — 0,4-0,6; Na,O — 9,4; Na,O
(kapbomnarsr) —7-8; Na O (cynbdarer) —1,6-1,9 ; SO, — 36,5.

®azoBbiii coctas nuiama: Na, SO,-70,3%, Na CO,-13,3%, Boga — ocTaibHoE.

[Io BHemHEeMy BUAY OH HpeJcTaBiseT co00il CUIBHO yBIAaXHEHHBIH
TOHKOJUCIEPCHBIA MOPOIIOK KPEMOBOTO HJIM CBETIO-KOPUUHEBOI'O I[BETA C
XapaKTepHBIM OEJIbIM HAJIETOM I10CJIC BHICBIXaHMUS.

CBIBOPOTKA MOJIOUHBIX 3aBOJIOB SIBJIICTCSI TOOOYHBIM MPOAYKTOM HPOHU3BOJCTBA
U XapakTepu3yercs cieayromuM coctaBoM (%): Boga 94,2-93.4; cyxoe BemiecTBo
5,8-6,7 (xupsr 0,02-0,4; monounslii caxap 4,5-4,9; 6enox 0,8-1,1; MmuHepanbHbIC
Bemectsa 0,52-0,6) [3].

MoJIOUHYI0 CHIBOPOTKY, BXOJSINYIO B COCTaB KOMIUIEKCHOH T0OaBKH, MOXKHO
OTHECTH K KJ1accy MoHoreHHbix I1AB, auccounupyrommx B Boje Ha MOBEPXHOCTHO-
aKTUBHBIM aHHUOH M HEAKTUBHBIM KaTHOH. MexaHu3M JIeHCTBHUSI MOHOTeHHBIX 1TAB
3aKJII0YaeTCsl, KaK U3BECTHO, B aJICOPOMPOBAHUH MX CBOMMHU MOJISIPHBIMU IPYIIIAMHU HA
rUAPO(PUIBHBIX TOBEPXHOCTAX 3€PEH LIEMEHTA, CO3JaHUU MOHOMOJIEKYJIAPHBIX IUICHOK,
YMEHBIIAIOMUX KOI()PHUIMEHT BHYTPEHHETO0 TPEHUS MEXIY 3epHAMU BSIKYIIETO.
[MnactTudpunupyrouwmit 3¢pdext onpenensieTcss TeM, YTO UX MOJEKYJIbl COCTOAT M3
INEKTPOCTATUYECKUX 3aps0B IMPOTUBOIOJIOKHBIX 3HAKOB, KOTOPBIE OTTAJIIKMBAIOT
[IEMEHTHbIE YaCTULI APYT OT Jpyra, CO3/1aBas BOKPYT HHUX BOJHYIO OOOJIOUKY H
HPENSATCTBYS TEM CaMbIM UX ciMnaHuio. OHAKO ITH e aJICOPOLIMOHHO-COIbBATHBIE
CJIOH, 00ECTIEYNBAIOIINE THAPOJUHAMUYECKYIO CMa3Ky MEXJy 4acTUI[AMH [IEMEHTa,
OTHOCHUTENBHO 3aTPYIHSAIOT JAOCTYIl BOJBI K MUHEpajdaM LEMEHTa, CyIIeCTBEHHO
3aMeIsisl MIPOLECChl THApATAllMK U TBEpJEHHs. (4TO HAOII0AaeTCsl IPU aBTOHOMHOM
NPUMEHEHUU MOJIOYHOM CBIBOPOTKH B MPOIIECCE MPUTOTOBJICHUSI OETOHHBIX CMecei).
3amMesieHre THIpaTaly [IEMEHTa MPUBOAUT K CHIDKEHHIO MPOYHOCTH LIEMEHTHOTO
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KaMHS B Ha4aJbHbIE CPOKM TBepAeHusA. Hapsay ¢ aTuM crabunusupyronmi 3QpQpext
J00aBKH MOJIOUHOU CBIBOPOTKH CITIOCOOCTBYET 00pa30BaHHUIO 00JIe€ MEJIKOAUCIIEPCHOM
KPUCTANINYECKOHN CTPYKTYPBI, BCIEICTBUE YEr0 IPOMCXOIUT MHTEHCUBHOE HApACTaHUE
OpPOYHOCTU B Oosiee mo3aHHEe CPOKH TBepaeHUs. CylecTBEeHHBIM (aKkTOpOM,
HOBBIIAIONUM MPOYHOCTh OETOHA B MO3JHHME CPOKH MOXKHO CUMTATh CHUKCHUE
BOJIONIOTPEOHOCTH OETOHHOM CMECH IPH BBEJICHUU CHIBOPOTKH.

Kpome 3Toro, nmoBepXHOCTHO-aKTUBHAsI COCTABIIAIONIAs KOMIUIEKCHOM 100aBKH
CHOCOOCTBYET YBEIMYCHUIO MOPO30CTOUKOCTH OETOHA B Pe3yibTaTe:

— IIOBBILICHHUS COZIEP’KaHUs BO3JyXa U YMEHBIIEHUS KOJIMYECTBA, TAK Ha3bIBAEMOI],
CcBOOOHOI BOJIBI;

— 00pa30BaHusl TOHKOMOPHUCTON M TOHKOKAIMUIIPHOW CTPYKTYpBI LIEMEHTHOTO
KaMHS 1 O€TOHA U YMEHBIIIEHUS] MUTPALIH BJIary;

— aICOPOIIMOHHOT0 MOIM(UIIMPOBAHUS U 0OPA30BAHUS BOJOKHUCTON CTPYKTYPBHI;

— YBEJIMYCHHUS IPOYHOCTH CLEIUICHHUS B KOHTAKTaX MEX/ly IEMEHTHBIM KaMHEM U
3aM0JIHUTENIEM;

— YBEJIMYCHHUS BIArooTAa4u u3 OETOHa.

Copnepxanue B COCTaBe KOMIUIEKCHOM 100aBKM KOMIIOHEHTOB — 3JIEKTPOJIUTOB
II03BOJISIET HEUTPAIN30BATh HEraTUBHOE 3aMEUISIONIEE BIMSIHAE CHIBOPOTKY HA IIPOLIECCHI
ruaparaiuy. [llenounsie coeqHeHNs B COCTaBE [IUIaMa-0ca IKa IPOU3BOCTBA CyIb(ara
ATIOMHUHHS CIIOCOOCTBYIOT PE3KOMY YBEIHMYEHHUIO CKOPOCTU THAPOTUTUYECKOTO
pa3I0XKEeHUs KIIMHKEPHBIX MUHEPAJIOB, B [IEPBYIO OUEPEb TPEXKAIBIMEBOIO CUIIMKATA
(oT yero nporecc Habopa MPOYHOCTH OETOHA CYLIECTBEHHO Mporpeccupyet). [ uaponms
aKTUBHBIX (pa3 IIEMEHTHOT O KJIMHKEePa 3HAUUTEIIBHO YCKOPSETCS TAK)KE B IPUCYTCTBUU
BELIECTB, PEarupyoUINX ¢ THAPOKCUIOM KaJbIHsl, BEIIESIONIMMCS IPU TBEPAEHUH, C
00pa3zoBaHUEM TPYTHOPACTBOPUMBIX WIIM HEPACTBOPUMBIX MMPOAYKTOB. Takum o6paszom,
owictpoe BoiBenienne Ca(OH), u3 peakunu M yMEHbIIEHHE KOHLEHTPALUMU MOHOB
KaJIbL[Usl B paCTBOPE, B KOHEYHOM CUETE, IPUBOJAT K CYLIECTBEHHOMY YIUIOTHEHMIO
CTPYKTYpbI O€TOHA U MOBBIIIEHUIO €r0 IPOYHOCTH.

O06pa3oBaHue ABOMHBIX COEH — THAPATOB (T.€. O0see CTOMKHX, YeM TPaAULIUOHHbIE
HPOAYKTHI THPATAIIMH LIEMEHTHBIX MUHEPAJIOB, CTPYKTYPHBIX COCTABIISIOIINX ) TAKXKE
OTIPENIeNIIET POCT MOPO30CTOMKOCTH MOJy4aeMoro 0eToHa. 3a CYeT 3HAYUTEIBHO
0oJbIICH MOTHOTHI peakuuid ruaparooOpa3oBaHusl B MPUCYTCTBUU 3JIEKTPOJIUTOB
nanpHeimas (depe3 28 cyT mocie nponapuBaHus) TUApaTalds MHHEPAJIOB [IEMEHTa
3aMeNJISIeTCs], YTO MOHM)KAeT BHYTPEHHUE HAIPSIKEHUS B T€TEPOr€HHON CTPYKTYpe
«MHKpPOOETOHA» M B MECTaX KOHTAKTa €ro C 3al0JIHUTENIEM. JTO TaKKe CIIOCOOCTBYET
MOBBIIIEHUIO MOPO30CTOMKOCTH OETOHOB, COJIEPKAIIUX ITPEIaraeMyt0 KOMIUIEKCHYIO
J00aBKY.

OnTuMasbHBIN pacxol KOMIUIEKCHOM, ONPENEIeHHBI SMINPUUECKH COCTaBIISII
2,5 % ot maccel nieMenTa. KommiekcHas 1o0aBka rOTOBUIIACH MyTEM BBEACHUS
YKCYCHOKHCJIOI'O KaJbIMsl U MOJOYHOM CBIBOPOTKH B IIJIaM-OCaJOK IIPOU3BOACTBA
cynb(haTa amoMHuHuUS ¢ fobaBneHreM 110 40 % pacyeTHOro KOJIM4eCTBa BObI 3aTBOPEHUS
Y TI0J0TpeBa MOIYYEHHOM IyJIbIIbI 10 TeMueparypbl He MeHee 25 °C.

Pe3ynbraThl peanu3anuy nNpeiaokKeHHOro peleH s IpuBeeHbI B Taduue 1.
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Tab6muna 1
No HaumeHoBaHue Witk cocTaB J00aBKN Ipennaracmbie IIporo Ananor | KoHTposbHbIit
N /;1 ¥ CBOICTBA GETOHHOM CMecH GeToHa, COCTABLI THIT
coJiepaKallero 100aBKy 1 2 3 4 5 6
-YKCYCHOKHUCIIBIH KaJIbI[1H 13 16 19 - + -
-MOJIOYHAsl CBIBOPOTKA 45 38 31 + - -
1 -IUIaM-0CaJI0K TIPOU3BOJICTBA
CEPHOKHUCIIOTO aJIFOMUHUS 42 46 50 - - -
C HAYaIo 63 55 41 422 11 72
POKH CXBaTBIBAHUSI,
MHH -oxomuamme | 116 | 102 | 93 932 25 196
III0THOCTH B CYXOM COCTOSIHUH, KI/M> 70 2345 | 2337 2110 2148 2130
2
mocie
Ipexen A —— 25,6 | 26,5 20,1 21,5 18,5
IIPOYHOCTH IIPU
cxatid, Mlla depes 28 eyt | og3 | 295 | 323 | 233 253 213
3 Boponenponnmnaemocts, MI1a 0,8 0,9 0,8 0,6 0,5 0.4
4 Mopo30cTOiKOCTD, IIMKIIOB 367 320 350 300 150 150

3akmouenue. [lo pesynbratam, ucciaegoBanus (Tadmuia 1) MOXHO yTBEp)KIaTh,
YTO KOMIUJIEKCHas J00aBKa MPEII0KEHHOTO0 COCTaBa yCTpaHsAET HEJOCTAaTKHU
UHJIUBUIYAJIBHOTO MPUMEHEHUSI €€ KOMIMOHEHTOB. OHA MO3BOJISIET YMEHBIIUTD
BoJgonoTpedHocTh (B cpeaneM Ha 13,5 %) u ynydmuTh yno00yKIaIbIBa€MOCTh
OETOHHOW CMeCH, MOBBICUTH MPOYHOCTH (B cpenHeM Ha 33 % MO CpaBHEHHUIO C
MPOTOTHUIIOM), IIJIOTHOCTH (B cpeaHeM Ha 11 %), BogoHenponunaeMocTs (Ha 26 %) u
MOp030cTOHKOCTh (Ha 21 %). Ilpu s3TOoM nocturaercst skoHoMHus 1emMeHTa (10 13 %)
U He TpeOyeTcsl H3MEHEHHs TEXHOJIOTHYECKUX MTapaMeTPOB MPUTOTOBIICHUS CMECE U
MOCJICTYIONIEH UX TeTUTOBIAKHOCTHONH 00pabOTKH.
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In this is paper described the use of the data on design of composition of complex modifying
agent for concrete mixes. The agent promotes strength development and durability.
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EXPERIMENTAL AND THEORETICAL PRINCIPLES
OF STRUCTURIZATION OF MIXED BINDING MATERIALS
INVOLVING THE USE OF ALKALI CONTAINING FILLERS

The article considers the experimental and theoretical ~ principles
of structurization of mixed binding materials Involving the use of alkali containing fillers.
Keywords: mixed binding materials, alkali fillers, structurization, cement, construction industry.

The exposure of principles of formating the cement stone structure based on mixed
cements is the obligatory clause for formating of binding with set constructive-technical
peculiarities, moreover it is the scientific basis for using these binding industrial wastes
as a raw material in construction industry.

The structure and durability of the cement stone or sandy cement stone are
determined by:

— the sort [type] and quantity of the crystals of the hydrate compounds;

— the volume of gell content;

— the size and volume of pores content;

— the stability of generating phases and the speed of their excretion.
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As it is known the main circumstance for generating hydraulic binding material of
the silica- or alumo system is the synthesis of waterless monomerous alumo- or silica-
oxygenous compounds that have Al,O, and SiO, as a structure formating basis. This
process is possible in case of blocking these ions by such oxides that have high degree of
ionity connection as the oxides of alkaline-earth metals. Moreover waterless compounds
after hydrotation process must generate insoluble or less soluble water compounds.
Particularly minerals of the protlandcement clinker have such features. Their transfer
to the hydrate phases is connected with the polarizing influence of the water molecules
and protonization of the oxide ion the ability of which is determined by the ionization
degree of Ca— O connection. At the same time calcium ions transfer to the liquid phase
in the ionic form, automatically increasing the quantity of the OH- ions in the solution.

The increase of the pH environment stipulates the formation of silica-oxygenous
and alumooxygenous aquacomplexes and provide the conditions for their own existence
in the system of hydrosilicates as the independent phases.

Thus hydratoformating of the cement clinker minerals is of the autocatalytic
character with the obligatory generation of the alkaline environment and possible only
in case of using high-basic systems.

During the hydrotation of the ions of the extra basic minerals transfer to the content
of the formations in the same stechiometric correlation in which they are in the tough
phase and that provokes the extra basicity of the hydrate new formations. Because f the
extra basicity that products are methastable and tend to transfer into stable condition.
The last aspect provokes the destructive process which reduces the cement durability.

Moreover the longitudal strength of the crystallic product of hydrotation of extra
basic minerals varies [vary] from 770 to 830 MPa what is more lower than the longitudal
strength of crystals of low basic Ca hydrosilicates (tobermorith, xonolith, foshazith).
Their longitudal strength is 2000MPa. It is provoked by reduction of the high basic
minerals, the share of stronger co-valent connections as —Al-O- Si-, -Si-O-Si- and
increasing of the share of the weak ionic connections as —Ca-O-.

The crystals’ durability depends not only on their structure but also on their size.
The reduction of the crystals diameters provokes the increasing of the perfection degree
of their structure and reduction of the dangerous defects concentration: dislocations,
pores, cracks. The better effect is reached when the crystals of a fibrous form are grown
in the cement stone and their growth in one crystallographic direction which is parallel
to the direction of the strongest connections creates the armor effect. In the conditions
of equal degree of defection of the crystals the most durable of them those that have
higher theoretical endurance, provoked by the chemical content and structure of the
crystal lattice, i.e. in crystals of a low basic compounds.

Not the least role in formating endurable structure of the cement stone is played
by plastic matrix which is represented by the tobermorith gell. In the appearing gell-
crystallic structure of hardening the plastic matrix has the following functions:

— in the process of continuous formation it fills the pores in the stone;

— coops up the cracks;

— eliminates the defects;
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—decreases capillary porousness and increases micropores quantity, i.e. it formates
the physical structure of the stone;

— connects the crystals and joints transmitting enclosed load;

— reinforces elastoplastic features;

— decreases the fragility of the cement stone and all that provokes the decrease of
various stresses in the specimen with the help of its plastical deformation.

The ratio of the crystallic and gell phases range in determined ranks, 10-30% of
the crystals, better of fibrous form and [the latter] what is left the plastic matrix which
may be oriented and armored by these crystals.

And eventually the most important role in increasing of effectiveness of binding
systems is played by the regulation of new formations content. If we analize the
geological data on genesis of metamorphic and sedimentary rocks and the basis of their
rock formatting minerals, we will be able to see that in the area of weathering the highest
mobility of all alkaline and earth alkaline elements have Ca, Na, Mg and K. In the same
sequence the minerals’ durability is changed. For example the potassium field spars
are weathered much longer than calcareous sodium; albit is the most resistible among
the last ones. The same sequence is held for plagioclazes: the calcium plagioclazes are
destroyed first of all. Muscovite, paragonith — the alkaline hydrates —have the heightened
durability to weathering in comparison with calcium hydrates.

Thus the obligatory conditions for increasing physic-mechanical properties of the
cement stone are:

— [providing the] conditions for forming low basic hydro silicate silicates in the
structure of the cement stone, mainly of alkaline or earth alkaline alumosilicate content;
— the presence of hydrogell in amount prevailing at the content of big crystals;

— generating of the crystals of a definite size and form in the gell-crystallic structure;

The reduction of the basicity of the new formations may be achieved by lowering
the basicity of the cement clinker. But because of this very reduction of the basicity the
share of the ionic connections automatically reduces and that stipulates the increase of
the phases’ stability [resistance] to the hydrolytic destruction. It is because the polarity of
the water molecules is not enough for breaking the connections during hydratoformation.
This process may be intensified by increasing the ionic strength of the solution, i.e.
increasing the OH- ions concentration by incorporating alkalines. The OH- ions role
in that case is to intensify polarizing effect on ionic Ca — O connection and effect on
catalytic action on breaking up the strong covalent -Si-O-Si-, -Al-O-Si- connections
by the type of nuclephile SN, substitution. At the same time all the needed conditions
for formating alomo- and silica-oxygenous aquacomplexes that are the basis of the
low basic hydrosilicates. The increase of the OH- ions concentration can be reached
by incorporating the alkaline metals to the solution that provokes the alkaline reaction
in water.

The presence of alkaline metals provokes great impact on the process of the structure
formating [structurization] of the cement stone. The cations of alkaline metals keep the
high pH level in the solution and take part in cationic-exchange reaction of more durable
alkaline and mixed alkaline earth alumosilicate new formations. Moreover alkaline
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metals decrease the degree of oversaturation of the master batch solution with CaO thus
they regulate ratio of silica and CaO in liquid phase and that stipulates the decrease
of basicity level of the new formations and forming of the crystals of a definite form
and size. The increase of the pH environment provokes the conditions for the increase
of the hydrogell quantity as a result of higher reactive abilities of the elements of the
1-st group of Mendeleyev’s table comparing with the elements of the second group.
Moreover involving the use of the alkalines gives opportunities for incorporating them
as soluble silicates or aluminates of the extra hydrogell quantity.

The analysis of the investigations on binding systems based on bauxite pulps shows
that the role of alkaline mixtures was ignored in one case, in another alkalines considered
to be harmful component which was leading to aggravation of the constructive properties
(appearing of the salt sediments at the surface of the concrete). But their content in
bauxite pulps is great enough.

For instance the pulps of Volkhov Aluminum Plant contain 2.6 — 7.2 % of R,O;
Tichvinsky Aluminum Plant 3.0 — 5.0 %. During the technological process of the alumina
production the aluminates and the silicates interact with water simultaneously. And it
provides actual and good contact between the original and new formations, particularly
hydroalumosilicates of Ca and alkali, is almost inevitable. The hydroalumosilicate
phases being a result of alumina production are investigated in detail in this research
work. The deciphering of their content is also enclosed. Here is being shown the
formating of the solid solutions of the variable content in the system 3Ca0,AlO,,6H,0
- 3Ca0,Al0,,3Si0,. that is why we can suppose that in the mixed cement slime system
the interaction between the CaO and Na hydroalumosilicates is not limited by the similar
substitution of NaO by the CaO and it is quite probable that there will be formatted
complicated alkaline hydrates with the help of reaction of addition[connection]. The
alkaline hydrosilicates on their turn in the alkaline environment in presence of the
Ca(OH), can actually generate hydrogarnets excreting alkali to the solution and can
generate mixed hard soluble alkaline alkaline - earth hydroalumosilicates of the variable
basicity. The possibility of these reactions undergoing [procedure] is determined by
the fact that the components of the binding alumosilicate content must have hyaline,
amorphous structure close to methastable which will provoke their interaction with
alkalines.

Thus the bauxite slime in the mixed cement-slime system is in a need for being
used incorporating amorphous silicate or alumosilicate components. This makes the
preconditions generating the coagulative-crystallyzed structure containing:

— the gell constituent part;

— low basic Ca hydroalumosilicates;

— calcite;

—hydrocarbosilicates and the most important — mixed hydrosilicates, alumosilicates
and alkaline hydroalumosilicates.

L.e. the alkaline phase of the bauxite slime should make a considerable influence
on the process of structure formating [structurization] in the slime systems and mixed
compositions based on protlandcement.
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That very phase itself can:

—intensify destruction and hydrolytic glass dissolutions (if there any in the binding
material);

— take part in of the interim products (alkalinehydrosilicates and hydroalumosilicates);

— take part in generating of alkaline hydroalumosilicates;

— synthesize the environment that stipulates generating and high durability of the
low-basic Ca hydrosilicates.

The presence of alkaline metals’ cations in the solution can reduce the degree of
oversaturating of the liquid phase by the CaO which is generated during the hydrotation
of the cement and thus regulate concentration ratio of alumina and Ca(OH),. This should
stipulate the reduction of the new formations’ basicity and generation of the crystalls
of the proper form and size.

Thus the reduction of the cement minerals’ basicity with the simultaneous increase
of the pH level of the solution and incorporation of the alkaline cations creates all
needed conditions stipulating the increase of the effectiveness of the binding material.

Material received on 15.12.14.
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rnPON3BOLCTBA

B cmamve npedcmaenenvl céedenuss 0 npou3s00CMEEHHbIX OMX00AX, 0 PASMEWEHUU UX OJis
CHUDICEHUS 6030€LICMBUS HA KOMNOHEHMbI OKPYIICArOUell Cpeobl.

Knouesvie  cnosa: mexHozceHHble  0mxo0bl,  NEKMPOAUHOE NPOU3BOOCMBO,  AHANU3,
NPOMBIULIEHHOCTb, MEMALTYPUS.

J10 2007 rosa anroMuHuEBas NPOMBIIUIEHHOCT PecyOnuku Kazaxcran sBisiiach
«CBIPbEBBIM IIPUJATKOM» AJII COBETCKOI'O M IOCTCOBETCKOIO IpocTpaHcTBa. B 2007
roay B [laBnonape ObL1 my1iieH B paboTy nepBblii Ka3axcranckuil 31eKTpoIu3HbIHN 3aBO/,
KOTOPBIi BBITYCKAET TOTOBBII KOHKYPEHTOCIOCOOHBIN MpoIyKT. Ha anHbIil MOMEHT —
9TO BEHEILl Ka3aXCTAaHCKOM aJlFOMUHUEBOM POMBILIUIEHHOCTH, HO KAKUE MEPCIEKTUBbI
OH OTKPBIBAET JUIsl PA3BUTHS ATOM OTPACIH IOCPEACTBOM aKTUBHOCTH MAJIBIX U CPEAHUX
npenpuHUMATENeH, TeTKOCIIaBHbIE TUCKH, AETald MAllluH, aTFOMUHHEBbIC OaHKH U
CTPOUTENBbHBIC MaTEePUaIbl ATO JIMIIH BEPUIMHA OTPOMHOTO alicOepra HOMEHKIIATYPbI
TOBApOB U U3/EJINH, KOTOPbIE MOTYT 3aIl0JIHUTh BHYTPEHHUI U BHEIIHUI phIHOK [1].

Jns pecry6nuku KazaxcTaHCKuiA 31€KTpOIM3HBIN 3aBOJT — IPOPHIB B METAJUTYPIHH,
JUIsL 00J1acTH, KOTOpas UMEET OTPOMHBIE 3alachl JEHIEBBIX YHEPTOHOCUTENEH U
CBOOOJIHBIX YEJIOBEYECKHX PECYPCOB, 3TO OTJIMYHAsS ChIpbeBas 0a3a Ui pealn3aluu
HOBBIX IPOU3BOJICTB, 00pa30BaHUsl pabOYUX MECT U COOTBETCTBEHHO YJyUlICHHE
COLIMAJIbHOTO Pa3BUTHS.

MO>XHO 0OBOJBHO JOJIO IPOJOJIKATH MEPEUEHb IOJIOKHUTEIbHBIX SBICHUN U
pe3yabTaTOB OCBOECHMI HOBBIX IIPOU3BOJCTB M MOIIHOCTEM, OJIHAKO Ha pa3BUTHE
CUTYyallUd KpPOME€ €IMHOBPEMEHHO BO3HHUKAIOMIMNX (AKTOPOB, TAKUX KaK 3aIlycCK,
OCTaHOBKa, PEKOHCTPYKIIMS TeX MU UHBIX 00bEKTOB, OTPOMHOE BIHUSHUE OKA3bIBAIOT
IOCTOSIHHO CYIIECTBYIOIIUE, TUHAMUYECKH M3MEHSIOIINECS BO BPEMEHU (PaKTOPHI,
OJTHUM U3 OCHOBHBIX CPEJIH MPOYUX SBIISIETCS c€0eCTOUMOCTD ChIpbs. Hu 1iist Koro He
CEKPET, UTO YEM HUXKE CTOMMOCTD ChIPBS1, TEM BBIILIE IEPCIIEKTUBBI €70 UCII0JIb30BaHMS B
IPOU3BO/ICTBE, TO €CTh JIOTUYHO IIPEATIONOKHUTH, YTO YEM HUKE CTOUMOCTD QJIFOMUHHEBOU
YyIIIKH, TEM CKOpEe U MHTEHCUBHEE Oy1€T pa3BUTHE OTPACIIH IPOU3BOJICTBA ATFOMUHUIMA
COJIEprKalX U3JIEIHNM, CO BCEMH BBITEKAIOIMMU IO3UTUBHBIMU «IIOCIIEICTBUIMN.
UYro xe kacaercs KO3, 11 KOTOPOro ajqroMHHUN €CTh FOTOBBIM MPOAYKT, TO JII000€
HPEANPUATHE CTPEMUTCSI CHU3UTH C€0ECTOMMOCTh M3TOTaBIMBAEMOT0 MPOIYKTa HITH
U3JIENIHS, YTO TO3BOJISET 3HAUYUTEIBHO YIYUIIUTh KOHKYPEHTOCHOCOOHOCTh 3TOrO
caMoro MpoyKTa, IyTEM YMEHBIIEHUs PIHOYHOMN croumoctu [3].

B pesyinbraTe npon3BoACTBEHHOM eATenbHOCTH Ka3aXxcTaHCKOIO 3IEKTPOIU3HOTO
3aB0/1a 00pa3yIOTCs OTXOAbI IPOU3BO/ICTBA, OTXO/Ibl HPOU3BOACTBEHHOTO MTOTPEOICHUS
Y TEXHOJIOTUYECKUE TOTEPH.
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K kareropumn oTx010B IPOU3BOICTBA MIEKTPOJIU3HOIO 3aBOJA OTHOCATCS:

— oTpaboTaHHasl OTHEYNOpPHas PyTEPOBKA 3JIEKTPOIUIEPOB, MUKCEPOB U KOBILICH;

— QJIIOMMHHEBBIH JIOM B BUJIE 3aCTHIBLIMX «KO3JIOBY

— YroJIbHas IbLIb OTAEIIEHUS «3EJIEHBIX» aHOJOB.

OTX0/1bI TPOU3BOJCTBA B IOJIHOM 00BbEME BO3BPAIIAIOTCS B MIPOU3BOJICTBEHHBIH
IPOIECC: YrojibHas MbLIb OTJEICHUS 00KUTa «3€JICHBIX» aHO/J0B BO3BPAIIAETCS B
CTPOTO JO3UPOBAHHBIX KOJMUYECTBAX B J03aTOPHI MIUXTHI B IIeXe 000ACKEHHBIX aHOJIOB;
oTpaboTaHHasi orHeynopHas (yTepoBKa 3JIEKTPOIU3EPOB, MUKCEPOB M KOBIIECH
nocsie ApoOJIeHus] B KOHYCHBIX APOOMIIKAaX U IIAPOBBIX MEIbHUIAX MPEBPALIACTCS B
OTHEYIOPHYIO 3aCHINKY, 100aBIsIEMyI0 B HACBHIHOM CJIOH OrHEYHMOpHOH (PyTepoBKU
3JEKTPOJIU3EPOB; ATIOMUHUEBBIN JIOM («KO3JbI») pa3pe3aeTcs Ha OTIEIIbHBIE
KYCKHM C IIOMOIIbIO [a30pe3aTesIbHBIX YCTPOUCTB U NEPUOANYECKHU 3arpyKacTcs B
ANeKTposM3epbl. Takum 00pa3om, 1o KaTeropuu OTX0 Ikl POU3BOJICTBA IIEKTPOIUZHOTO
3aBOJIa IPEyCMaTPUBAETCS IOJIHOCTHIO 3aMKHYTBIM LIUKJI YTUIM3AaUUU 0TX010B [1].

Ha Ka3zaxcTancKoM 3J1€KTPOJIM3HOM 3aBOJIE 110 IPOU3BOJICTBY AJIFOMUHUS U aHOJIOB
IIPEyCMOTPEHO 3[IaHUE JJIi BPEMEHHOIO pa3MELIEHMsI U MCIIOJIb30BAaHUE BTOPUYHO
HCIIOJIb3YEMBIX U OTIPY>KAEMBIX Ha CTOPOHY 0TX0/10B. COIjIacHO reHepaIbHOMY IUIaHy
IPEIIPUSTHS 34aHUE IPUMBIKAET K 3/IaHUIO 11€Xa MOHTa)ka aHOJOB M paclioylaraeTcs
PSIIOM € TUIOIIAAKOM IS pa3rpy3Ku 000X KEHHBIX aHOJ0B. Orapku 000KKEHHBIX aHOIOB
(4 kyacc OMacHOCTH) aHOJHO-MOHTAXXHOTO OTJEJICHUs MOJBEpraeTcs IpoOICHUIO Ha
IIEKOBBIX U KOHYCHBIX IPOOUIIKaX, IPOXOASIT MATHUTHYIO CeNapalyio, BAOPOCUTO U B
orpeielIeHHOM (PPaKIIMOHHOM COCTaBe U KOJIMYECTBE MOJAIOTCSA B TEXHOJIOTHUECKYIO
LIENb 110 IPOU3BOJCTBY «3€JEHBIX» aHOJO0B [2].

[lepepaboTka OrapkoB MPOU3BOJUTCS B 3aKPHITHIX IIOMEILIEHHUSIX, 000PY0BaHHBIX
CHUCTEMaMU acIupaluu U CyXOM ra3004MCTKH, YTO IPEAOTBPAILAET 3arpsA3HEHUE
TEPPUTOPUH NPEAIPUATHUS.

OOpasyromas yroiapHas ObUTh (4 KJIacc OMACHOCTH) OTACICHHS «3EJICHBIX)»
AHOJIOB TAKJKE I10JAETCS HEMOCPEACTBEHHO B TEXHOJOTMYECKYIO LIEb. YTOJIbHAs 3071a
neueil o0xura aHoAoB (4 KJIacC OMAacHOCTH) cOOMpAeTcss B repMETHYHBIE €MKOCTH,
u Tpancnoptupytorcs Ha AO «Amomunuii Kazaxcranay, rae 100aBiseTcst B IIUXTY
g cnekanus. OtpaboTaHHas orHeynopHas (GyTepoBKa 3JEKTposin3epoB (4 kiacc
OIAaCHOCTH) IMOJIBEPraeTcs APOOJCHUIO Ha KOHYCHBIX JIPOOMIIKAX U OTIIPABIISETCS B
OTJeJICHHE KalUTAJIbHOIO PEMOHTA JUIsl IPUTOTOBIICHUS CIIEIHATIBHBIX OCTOHOB /IS
(yTepOBKHU KaTOIHBIX YCTPOMCTB 31€KTpoiu3epoB. Ha Tepputopun 3aBojia CyIecTByOT
IIOJIUTOH /ISl XpaHEHUsI 0TX010B. [IpoexTHbIe pemenus no nosmrony BPO BbeinonHeHbl
B coorBercTBUM co CHull 1.04-14-2003 «Ilonuronsl no o0e3BpeXMBAHUIO U
3aXOpPOHEHUI0 TOKCUYHBIX IPOMBIIIJIEHHBIX 0TX010B». [ l1o1maas monuroxna cocrasiser
1,2 ra m pacrosaraercsi B CaHUTapHO-3alUTHOM 30He Ka3axcTaHCKOIr0 311€KTPOJIM3HOTO
3aBojaa. Cpok xpaHeHust orxonoB — 10 10 ner [3].

[losMron BpeMEHHOro XpaHEHHUs OTXOJO0B MpPEeNyCMaTpHUBAET pa3/cicHUE
Ha IPOM3BOJICTBEHHYIO U BCIIOMOI'aTE/IbHbIE 30HbI. B IIpOM3BOJICTBEHHON 30HE
pa3MeatoTCs KapThl C YYETOM Pa3AeIbHOTO XpaHEHHsI OTXOA0B Pa3INYHbIX KJIACCOB
OIIACHOCTH, KOHTPOJIbHO-PETYJIUPYIOLIUE PYIbl 10KIEBBIX U IPEHAKHBIX BOJ.
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3a7105KEHHBIE NIPOEKTHBIE PELIEHUs MTO3BOJISIOT IIPEJOTBPATUTHh BO3JEHCTBUE
IIOJIMTOHA BPEMEHHOI'O XPaHEHUs OTXO/I0B Ha IIOBEPXHOCTHBIE U MOA3EMHBIE BOJBI U
CBECTHU K MUHUMYMY BO3/IEHiCTBHE Ha BCE OCTAJIbHbIE KOMIIOHEHTBI OKPY>KaIOLIEH Cpeibl
B palloHe TEpPUTOPUH HTpeaAnpusaTHs [1].
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The article presents the data on the production wastes, its storage for decresing the environmental
influence.
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CERTIFICATION — A PLEDGE OF PROSPERITY
AND OUR QUALITY OF LIFE

The autors reveal the issues of the certification development and improving the quality of life.
Keywords: certification, equipment, prosperity, services.

One of important kind of our services is the certification of equipment, products,
processes and services.

Certification provides security products, processes, works, services for life, health,
property of citizens and protection of the environment, protection of consumers in
terms of quality of products and services, technical barriers to trade, ensuring the
competitiveness of products in the domestic and foreign markets, the creation of
necessary conditions for the activities of individuals and legal entities on a single
commodity market of Kazakhstan, as well as participation in international economic,
scientific and technical cooperation and international trade.

According to the legislation Certification is the written assurance by a body
independent of the manufacturer (seller, performer) and consumer (buyer), conformity
of products, processes, work, service requirements established in the regulations.

Image 1 — The Sign of product certification in the Republic of Kazahsatan

Types of certification. Kazakhstan legislation provides for the mandatory and
voluntary certification .

Kazakhstan legislation prohibits the advertising and the use of the equipment
subject to mandatory certification , which is not certified in the Republic of Kazakhstan.
Also prohibits the sale of products subject to compulsory certification, without a user
certificate.

The following equipment must be certified:

1. a gricultural machinery and equipment;

2. electrical, radio — electronic equipment;

3. heating equipment and equipment operating on solid, liquid and gaseous fuels;
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4. woodworking equipment;

5. building materials and construction;

6. light industry equipment;

7. medical and veterinary equipment, medical and veterinary products and means
for sanitary purposes;

8. raw material of fuel,;

9. equipment for potentially hazardous industries.

However, one of the prerequisites for obtaining permission of the State Inspectorate
for the prevention and elimination of emergency situations on the use of both imported
and domestic equipment in the Republic of Kazakhstan is to provide a certificate of
conformity issued by an accredited certification organ. There is an approved list of
equipment legislation, additionally subject to mandatory certification.

Authorized organs operating certification of the Republic of Kazakhstan are:

1. notified organ for standardization , metrology and certification (committee on
standardization, metrology and certification of the ministry of energy, industry and
trade of the republic of kazakhstan (state standard);

2. accredited certification bodies of products, processes, services;

3. accredited test laboratories (centers);

4. accredited organizations to provide consulting services in the field of accreditation;

5. experts — auditors certification.

Certification in the construction. Certification of building materials and certain
services in the field of construction, shall provide a quality produced real estate, security
for people.

The objects of certification activities in construction are:

— products of construction and building materials industry (industrial products);

— project products;

— construction projects — buildings and facilities (construction products);

—work and services in construction;

— imported products.

Certification in the construction is on a voluntary basis, except in cases where the
applicable law establishes mandatory certification.

Certification is carried out in the construction on the established in the certification
schemes. Selection scheme for the voluntary certification of products in construction
carries the applicant in agreement with the organ of certification. When choosing a
scheme should take into account features of the production, testing, supply and use of
specific products, the required level of evidence, the possible costs of the applicant.

Although certification includes work with documents, universities must enter the
training program in testing laboratories. In my opinion, this approach will have a clear and
deep understanding of work in the area of certification. In these laboratories should be:

— equipments for the production of bricks

— woodworking equipments

— metal-cutting machines

— modern building materials
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— equipments for testing the mechanical, physical, chemical and performance
properties of the materials

— equipments for the heat treatment

— instruments and equipments of measurement etc.

Certification — pledge of successes in construction and safety our homes.
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WIND ENERGY USING

In this article, the authors conducted a literature review for the purpose of statement problems
and issue, analyze of wind power plants using in practice.
Keywords: wind power plant, renewable resource energy, non-renewable resources.

Nowadays all over the world more and more attention is paid to the development
of alternative energy sources, as a progressive increase in the consumption of energy
received on the basis of non-renewable resources (stone coal, oil, gas, etc.) that leads to
the depletion of natural reserves of fuel and deterioration of environmental conditions.

A characteristic feature of Kazakhstan is a vast territory and thereto related need
for power transmission over long distances — the total loss of power in some cases are
up to 25-30 % of its consumption. This creates a problem with power supply to remote
villages and towns. There is often a need to supply power to particular places remote
from power lines — farms, pastures, service points of oil and gas pipelines service,
transmission units, etc.

The observations of existing wind power plants and wind-and-water-lifting units in
Lebyazhye area of Pavlodar region showed their low efficiency and reliability. Wind
turbine «KAWEU6-4M» on one of the farms, remote from power lines, was knocked
out of action by hurricane winds. Many water — lifting units of backyard production
have very low efficiency or are out of order due to their low reliability and resistance
to hurricane winds.

Based on observations and analysis of the need for such wind turbines it became
necessary to develop high-efficiency wind-driven power plants with a significant
resistance to hurricane winds.

Justification of scientific novelty of the project.

In the literature [ 1] a detailed review of the development of wind power in the Soviet
and post-Soviet era is given. It also describes the prospects for the development of rural
wind power as well as the principles of propeller-type windmill and the aerodynamic
characteristics of wind wheels obtained by calculation. An emphasis is placed on the
influence on the torque developed by wind wheel of such parameters as the diameter
of wind wheel and the speed of the airflow. However, the influence of other design
parameters such as an installation angle, shape of blades, number of blades, the relative
area of the blade) on the torque are considered to a lesser extent or not at all considered.
There can be also found different designs of speed controllers for the wind wheel of
mainly a centrifugal type, where the rigging angle of blades is determined by rotational
speed taking place at the moment and not directly by airflow rate. This slows down the
response of the unit to changes in airflow rate.
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A similar analysis of the effect on the value of power developed by the wind wheel
is performed in the literature [2]. The influence on the power of the wind wheel design
parameters is not considered. It is supposed to use a concentration unit for airflow that
significantly increases the value of power. However, the concentration unit is a large
part and complicates the design of a wind turbine. The rotational speed control and
hurricane protection exercised by outputting wind wheel from the wind considered in
the literature [2] are also cumbersome and structurally complex.

In the literature [3] the theoretical aspects of power developed by a wind wheel,
depending on the type of the wind wheel and its rapidity have been considered in detail.
There are examples of wind power plants of high power and their characteristics. A
profound analysis of electrical part of wind turbines has been also made. However, in the
literature [3] as well as in the previous sources there is no sufficient information about
the influence of the design parameters of the wind wheel on the main characteristics of
the wind turbine - time, speed and power developed by the wind wheel. In the literature
[4], the theoretical calculations related to the power of the wind flow and its impact on
the wind wheel, excluding the impact of its structural elements to develop capacity are
presented. It also shows graphic dependence of different nature that is determining the
efficiency of wind turbines produced in vivo. However, due to airflow rate changing
continually air flow rate the results obtained may not be entirely accurate.

The given experimental studies on the models having a wind wheel with the
diameter of 600 mm and a wind tunnel, providing constant air flow rate, have revealed
the optimal design parameters (number of blades, blade profile, the angle of installation,
the relative area of the blade) on the basis of loss minimization of torque, rotational
speed and capacity. The preliminary data are presented in references [5], [6] and [7].

In connection with the need for both the electricity and water supply to farms that are
remote from power transmission lines, and pastures - the need to create a multipurpose
wind power plant, capable to effectively operate as a power station as well as in the
mode of water-and-wind-lifting unit with minimum wind speeds and in both modes
simultaneously at the operating wind speed has arisen. And the transition from one mode
to another one, or concurrent operation should be carried out simply by switching for
one to two minutes.

The high-performance of torque and speed of the wind wheel is to be achieved
using optimal design parameters of the wind wheel. The efficiency of hurricane
protection and speed control of the wind wheel are supposed to be provided by hurricane
protection mechanism with the screen towering over the wind wheel ([ 7], an innovative
patent number 26174 for the invention of «A wind turbine with hurricane protection»
d/d 31.08.2012).

The multipurpose wind-driven power plant can be built in three different ways: —as
multipurpose, able to operate as a power station, and in the mode of wind-and-water
— lifting unit as well as at the same time in either mode; — as the option to work only
in the mode of power station; — as the option to work only in the mode of wind-and-
water-lifting unit.
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In some cases, such as distant pastures, a simple, reliable and highly efficient wind-
and-water-lifting unit is required. In other cases, for example, on a farm, a simple, reliable
and high-performance (operating at low wind speeds) wind power plant is required. In
this regard, the present project aims to work out the designs of a highly efficient wind-
and-water-lifting unit and a wind-driven power station.

The significance of the project. Kazakhstan has significant reserves of wind energy.
Almost everywhere in Kazakhstan there are functioning farms and pastures. The visit
only to Lebyazhye area of Pavlodar region for the purpose of use of wind turbines, has
shown their high demand, and in different options. In the case of positive test results
of pilot samples proposed for development in this project, they can be recommended
for industrial production for the needs of not only in Kazakhstan, but also for export.

The expected in the project wind-driven power plants can be used to save electricity
generated by thermal power plants and mainly in rural areas.

The obtained results of scientific research can be used in the design of highly
efficient wind turbines with a horizontal axis of any power and any functional purpose.

The leading organization in the field of research and development of technologies
similar to those presented for the competition in Kazakhstan is Kazakh Research Institute
of Mechanization and Electrification of Agriculture. Among neighboring countries
the competitor may be Russia and among other countries the competitors are Canada,
Germany, and Holland.

The research is based on experimental studies of the dependence of output parameters
of the wind power plant (the torque produced by the wind wheel, its rotational speed
and power) from the input design parameters of the wind wheel (blade shape, in cross
section and in frontal view, the number of blades, their relative area as well as several
other structural parameters of the wind power plant as a whole.

The research is conducted in laboratory conditions on the models of various designs
with a diameter of wind wheel of 600 mm using a wind tunnel providing for continuous
air flow rate. The studies in vivo cannot provide for reliable results due to continual
change of airflow rate. In the course of experimental studies one of design parameters
is changed with other conditions being equal, and, mainly, with constant diameter of
wind wheel and constant air flow rate (J'= 6 m /s, ventilating plant power — 2 kW).

The measurement of torque developed by wind wheel has been performed under
the following scheme: determination of compliance of the torque T on the shaft of the
wind wheel (WW) with force P (calibration of torque) — construction of calibration
curve of the function 7 = f(P) — creation of the load on the brake drum in the process of
experimental studies up to that point V'C — fixing the value of force with dynamometer
— transference of force into the torque according to calibration graph.

The accuracy of the quantitative evaluation of the torque was confirmed by high
degree of convergence of the results of measurements with multiple calibrating under
the same conditions.

The rotational speed was determined with an electronic tachometer. The spread of
rational speed values with repeat determination of the speed for the same conditions
was 2 ... 3 %. Power value is determined by the formula N = T - w.
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The chosen approach of experimental studies will determine the optimal design
parameters of the wind wheel for maximum efficiency in the operation of the designed
wind turbines on the basis of loss minimization of torque, speed and power.
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Aemopnap Oyn makanaoa mocene dcoHe MIHOemi KOUbLLY MAKCAmneH OubIuospaguKaibly
wiany emxizeol, ic-maodicipouoe HcenIHePeemMuKaIbIK KOHObIPbIZbICLIHBIH, MATOAYbIH HCACALObL.

B nacmosuyeii cmamve asmopvi npogoosm aumepamypHvlii 0030p ¢ Yeablo NOCMAHOBKU
npoonem u 3a0ay, AHATUZUPYIOM 6eMPOIHEP2eMUYecKue YCmaHo8KU npuMeHsiemMble Ha NPAKMUKe.

108

ISSN 1680-9165. Ne3-4, 2014 r.

NMPABUIIA [J151 ABTOPOB

PeakIiMoHHast KOJUTETHsI TPOCHT aBTOPOB
TIPU TIOATOTOBKE CTATEH IS OTYOTHKOBAHHSI
B KypHAJIC PyKOBOICTBOBATHCS CIICTYIOIIIAMH
MpaBUIIaMH.

HayuHble cTaTh¥, MpeACTaBIsACMBIC
B pEIaKIMI0 JXypHaJia JOJIKHBI OBIThH
opopMIIEHB COTJIACHO O0a30BBIM
U3JIATSIILCKUM CTaHIapTaM Mo 0(hOPMIICHUIO
crateit B coorBerctBuu ¢ ['OCT 7.5-98
«Kypnainsl, cOOpHUKH, HH)OPMAIIMOHHEIE
u3znanusi. M3natenbckoe opopmieHue
MyOIIMKYyEeMBIX MaTEPUAIOBY, PUCTATCHHBIX
OuOIHOTpaUISCKIX CITUCKOB B COOTBETCTBUU C
I'OCT 7.1-2003 «bubnuorpaduueckas
3anuch. bubnuorpaguueckoe omnucaHue.
O01ue TpeOOBaHMS U TIPaBIJIA COCTABICHUSD.

CTaThbu 10/KHBI OBITH 0OPMIIEHBI B
CTPOrOM COOTBETCTBHMH €O CJIeTYIOINMH
NpaBHJIAMM:

B kypHasibl NPpUHUMAIOTCSI CTaTbH IO
BCEM Hay4YHBIM HalpaBJIeHUsIM B 1 ak3eMIusipe,
HaOpaHHBIE Ha KOMITBIOTEPE, HaleyaTaHHbIE
Ha OJIHOW CTOpOHE JIMNCTa C MEXKCTPOUYHBIM
untepBanom 1,5, ¢ momsimu 30 MM co Bcex
CTOPOH JINCTA, BJIEKTPOHHBIH HOCHUTENb CO
BCEMH MaTepuajiaMH B TEKCTOBOM peJaKTope
«Microsoft Office Word (97, 2000, 2007,
2010) st WINDOWS».

OO0umuii 0o0beM cTaThbU, BKIIOUYAS
AHHOTAINH, JIUTEPATypy, TAOIHIIbI, PUCYHKH
U MaTeMaThyecKkue QopMyisl HE JTOJDKCH
npepbimath 8-10 cTpaHUI MeYaTHOIO
TekcTa. Tekcr craTteu: Kerib — 14 MyHKTOB,
rapautypa— Times New Roman (jyis1 pycckoro,
AHTJIMICKOr0 M HEMEIKOTO fA3bIKOB), KZ
Times New Roman ([u1s1 Ka3aXxcKoro si3bIKa).
MeskcTpouHblit HHTepBai — 1,5 (TOIyTOPHBIN);

YK no tabnumaM yHHBepCcalbHOU
JICCITHYHOW KJIaCCH(UKAIIHIH;

Nunnuansl 1 ¢pamuaua (-u) aBropa
(-0B) —Ha Ka3aXCKOM, pyCCKOM U aHTJIMHCKOM
sI3bIKaX, a03al] 110 JIEBOMY Kpato (cM. oOpasein);

HazBanmue cTaThbu — Ha Ka3aXCKOM,
PYCCKOM U aHTTIMHCKOM f3BIKaX, 3arJaBHBIMU

OyKBaMH KHPHBIM HIPUPTOM, ab3al mo
JICBOMY Kparo (cM. oOpasern);

AHHOTANUs JaeTcs B Hadalle TEKCTa
Ha Ka3aXCKOM, PYCCKOM M aHTJIUUCKOM
A3bIKax: Kerib — 12 mMyHKTOB, KypCHB,
OTCTYII clieBa-crpaBa — 3 cM, uHTepBail 1,5
(8—10 ctpox, 100-250 cnoB). AHHOTAIUA
SIBTISICTCS] KPATKUM U3JI0KEHHEM COJICPKaHUS
Hay4YHOTO MPOU3BEJICHUS, Jarolias
0000IIIEHHOE TIPEJICTABIICHUE O €ro TeMe W
CTpYyKTYype. (cM. obpazen);

KuioueBbie cioBa opopMIISIIOTCS Ha
S3bIKE TYOJIMKYEeMOT0 MaTepHasa: Kerib —
12 MyHKTOB, KYpCUB, OTCTYIl ClieBa-CIIpaBa
— 3 cm, uaTepBan 1,5, s kaxaoil ctaTbu
3ajaiiTe 5-6 KIIIOUEBBIX CJIOB B MOPSIKE X
3HAaYUMOCTH, T.€. CaMO€ BaKHOE KJIIOYEBOE
CJIOBO CTAaThH JJOJDKHO OBITH IIEPBBIM B CITHCKE.
(cm. oOpaser);

CHmcok ucnob30BaHHOI JIMTEPaTyphI
JOJKEH COCTOSITh He 0ojee yeM H3
20 HauMeHOBaHUH (CCBUIKM U NTPUMEYaHHs B
cTaThe 0003HAYAIOTCSI CKBO3HOHM HyMepanuei
U 3aKJI0YaloTcsl B KBaJpaTHBIE CKOOKH).
CraTbs ¥ CITUCOK JIUTEPATYPhI JTOJIKHBI OBITH
odopmitensl B coorBercTBuM ¢ ['OCT 7.5-98;
I'OCT 7.1-2003 (cMm. obpaserr).

NimocTpanuu, nepeyeHb PUCYHKOB U
MOIPHCYHOYHBIE HAIMUCH K HAM [IPE/ICTABILIOT
II0 TEKCTy CTaTbU. B 3JIEKTpPOHHOU Bepcuu
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A. b. Ecumosea
K.I.H., o1eHT, MexayHapoaubiii Kazaxcko-Typenkuii yHuBepcuTeT uMeHu X. A.
Slccasu, 1. Typkectan

CEMEWHO-POLCTBEHHbIE CB5sI3U KAK COLNAJIbHbBIA KATTATAJI B
PEAJIN3ALINN PETNPOLYKTUBHOI'O MATEPUAJIA

B Hacmosuyeri cmamve aemop Oaem aHA3  OMIUYUMETLHBIX OCOOEHHOCmel
PENPOOYKIMUBHOL0 NOBEOCHUS IHCEHUUH CKEO3b NPUIMY CEMEUHO-POOCIBEHHBIX CES3CIL.
Kniouesvie crosa: penpodykmusnoe nosedenue, cemetino-poocmeeHHble Ces3i.

Ha coBpemeHHOM 3Tare ecTb TeHIEHIIUU K CTAOUIFHOMY YBEITUUYEHHUIO CTYICHTOB
C HapYLIEHUSIMU B COCTOSIHUU 3JI0OPOBBS. B CBSI3U ¢ 3THUM MOSBISETCS HEOOXOIUMOCTD
KOPPEKTHUPOBKHU COJAEPKaHUSA y4eOHO-TPEHUPOBOUYHBIX 3aHIATUN MO (PU3HUECKO
KYJBTYpE CO CTYJI€HTaMH, TOCEIIAIINMY CIIEUaTbHbIE MEIULIMHCKUE TPYIIIHI B.
IIpooondicenue mexcma nyoIuKyemo2o mamepuand

Ilpumep opopmnenuss mabauy, pucynkos, cxem.

Tabnmma 1 — CymmapHbIii KO3QQHUINEHT POKIAEMOCTH OTACIEHBIX HAITMOHAIEHOCTEH
CKP, 1999 . | CKP, 1999r.
Bcero 1,80 2,22

Huarpamma 1 — ITokazarenu penpoayKTUBHOIO IIOBEIECHUS

100 1

80 I

G0 aBocrok
40 @3anag
20 4 OCesep
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1ke 2k 3 KB 4EKB

Pucynok 1 — CounasibHble B3aUMOOTHOIIEHUS

111



HAYKA N TEXHUKA KASAXCTAHA

CIIMCOK JIMTEPATYPEHI

1 Dabkonun, . B. [Icuxonorus urpst [Tekcr| : Hayunoe uznanue / [|. b. DnbkoHUH.
— 2—e m3n. — M. : Bmanoc, 1999. — 360 c. — buGmuorp. : C. 345-354. — MmeH. yka3s. :
C. 355-357. —ISBN 5-691-00256-2 (B niep.).

2 ®@pumman, U. JleTckuii 0310pOBUTEIBHBIN JIareph KaK BOCIUTATEIbHASA cucTeMa [ TekcT]
/ . ®pumiman // Hapoauoe obpaszosanue. — 2006. — Ne 3. — C. 77-81.

3 AHrosorus negarornyeckoit mpiciu Kazaxcrana [Tekcr] : HayuHoe u3nanue / coct. K. b.
Kapukbaes, coct. C. K. Kanues. — Anmartst : Payan, 1995. —512 c. : un. — ISBN 5625027587.

A. B. Ecimosa

OT0achlIBIK-TYBICTBI KATBIHACTAP PENPOAYKTHUBTI MiHe3-KYJIBIKTBI kKy3ere
acbIpyJarbl dJIeyMeTTiK KanuTaj peTinge
K. A. flcayu arbingarsl XaablKapaiblK
Ka3aK-TYpiK YHHUBEPCHUTETI, TYpKICTaH K.
A. B. Yessimova
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K. A. Yssawi International Kazakh-Turkish University, Turkestan.
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ApPKbLIbL PENPOOYKMUBNIT MIHE3-KYIKbIHOA aUbIPMAUUbLILIKIAPbIH MAT0AObL.

In the given article the author analyzes distinctions of reproductive behavior of married women
of Kazakhstan through the prism of the kinship networks.
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