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YK 53.08
OIIUCAHHUE U PASPABOTKA KOOPIUHATHO-USMEPUTEJIBHBIX IIPUBOPOB
DESCRIPTION AND DEVELOPMENT OF COORDINATE MEASURING INSTRUMENTS

AHHOTa].[I/Iﬂ. B ,Z[aHHofI CTaTbC IIPCACTABJICHBI OIMNCAaHUEC, HUCTOPUSA, CTPYKTypa, PpPa3BUTHC,
0COOEHHOCTH KOOPAUWHATHO-U3MCPUTCIIBHBIX MAllIMH U UX MPUMCHCHUC B PA3JIMYHBIX O6JIaCT$IX.

Abstract. This article describes the description, history, structure, development, features of
coordinate measuring machines and their application in various fields.

KiaioueBble cioBa: KOOPAWHATHO-U3MCPUTCIIbHAA MaAlllMHA, IapaJuICjibHasA CTPYKTypa, aHaJIU3,
3ammuTa, pe3yibTaT, IIOBEpKa, MPECACII HOTPCIUIHOCTHU, UBMCPUTCIIbHAA I'0OJI0OBKA, 30H/.

Keywords: coordinate measuring machine, parallel structure, analysis, protection, result,
verification, margin of error, measuring head, probe.

A coordinate measuring device is a device that measures the geometric properties of an object. The
machine can be operated by an operator or automated by a computer. The measurements are made using a
sensor attached to the moving axis of the machine. The sensors differ according to the principle of operation
(electrocontact, induction, optical, capacitive, piezometric, gravity), output signal (analog, discrete),
measurement method (contact, contactless), type of measurement (scanning, trigger) and etc.

In the middle of the 20th century, semi-automatic coordinate measuring devices, systems are
developed. In the 1970s, an automated computer-based coordinate measuring device was created in England.

Coordinated measuring devices are usually used for inspection of part sizes during manufacturing
and assembly, or for checking the quality of the structure against the desired design. After collecting the X,
Y, Z locations of several points of the unit, the data sets obtained are analyzed using different regression
algorithms. This information is collected by the operator or automatically by computer probe, directly by
computer control.

Currently, NMMI is working on the calibration of coordinated measuring machines in the machine-
building and metallurgy sectors of the Republic of Uzbekistan.

Historically, the first representative of 3 coordinate measuring devices was developed by Ferranti, a
Scottish company in the late 1950s, to measure the most precise portions of its Military Portfolio. Before
that, 3-coordinate measuring devices were only equipped with two-axis arrows.

The first genuine commercial 3-coordinate measuring devices are based on a three-axis model and
were introduced in 1960 by the DEA Metrology Company in Italy. In the early 70's - in the United States,
Sheffield used the first digital computer-controlled (CNC) variants of 3-coordinate measuring devices. Later,
in Germany, Leitz developed a high-quality 3-axis model and the car was equipped with a moving table.

The first type of 3-coordinate measuring devices is approximately three central axes, namely: X-; Y-
With the Z axis, they are usually equipped with a probe. The diagrammatic layout is an example of this.
During the development of 3-coordinate measuring devices, it is an important element of the sensor-
excitation probe. At that time, the metrology-potential requirements for new emerging coordinate gauges
required for their operation and full implementation were clearly defined. These innovative probes were
originally designed, built and tested in the 1970s. Renishaw CEO Sir David R. McMurray points out: In fact,
coordinate measuring devices typically have orthogonal (90 °) axis adjusted in a characteristic three-
dimensional coordinate system. Each of these linear arrows has an appropriate linear scaling system and
determines the precise position of the probe head.

To work with 3 coordinate measuring devices, a qualified computer inspector uses a fully automated
computer control software, either hand-controlled or internally.

Structure of coordinate measuring devices

The most common is the vertical type of configuration of 3 coordinate measuring devices. 3-
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coordinate measuring devices are often configured and designed with a two-legged table (ie columns) [1].
Here, these 3 coordinate measuring devices are also located with all kinematic test actions performed
by the bridge's three-axis motion.
With some other vertical bridge-mounting configurations, the bridge can move freely across the
granite table, with one of the feet commonly referred to as the inside of the foot.

ACCURA

Figure 1. Coordinate measuring device

In contrast, the opposite foot, commonly referred to as the outer foot, simply sits on the granite table,
observing the contour of the vertical surface.

For cinematic linear motion of a mobile bridge, the use of air bearings is common, thus ensuring free
movement without friction.

Coordinated measuring devices are equipped with a straight and controlled airbag with airbags and
compressed air through several small holes on the bearing surface, which allows for free movement without
friction. This means that the action of a bridge or dome on a granite table is usually one axis of the X-Y
plane. Similarly, on the bridge / portal, there will be an axis that crosses the length between the inner and
outer legs, forming horizontal X or Y axis. The third axis of motion, namely the Z axis, is usually provided
by the addition of a vertical axis that can move up and down the center of the device (bridge). The touch
controller turns into a sensor located at the end of this vertical axis. The linear kinematic arrangement of the
X, Y, and Z axis movements completely encompasses the measurement envelope called coordinate
measuring devices. [1]

Three-coordinate measuring devices - Mechanical probe

As originally described, during the initial development of mechanical probes for measuring
coordinates (ie in the late 1960s) they were mounted on special handles at the ends of the vertical spindle.
These instrument end probes have played a major role in their design and construction. The usual tool tip of
that time was simply welded to the ball, but in precise size, it was mounted on the shaft's end and mounted
on the shaft. The geometry and degree of accuracy of this probe are optimal for measuring a wide range of
plane (cylindrical or spherical surfaces). However, other types of probes are often cylindrical or surface
shaped to certain geometric shapes, such as square probes - which make it easier to measure the properties
of a particular part. These coarse original probes are simply manually positioned by the inspector / operator
relative to the workpiece element, and the space in the footprint in complex measuring systems reads using a
3-digit digital training or recorded in a simple computer program. or similar impulses. Here, the dimensions
were obtained by several simple methods of physical field, which were not always reliable, as these
coordinate measurements were carried out on their own size - manual labor.
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Figure 2. Coordinated measuring devices

It has provided powerful control over coordinated measuring devices by the addition of electric
motors in the development of 3-coordinate measuring devices. Operators no longer had to manually control
the coordinated measuring devices, but instead they could carry each axis through a manual box equipped
with integrated joysticks, depending on the specifications of the part. Such a combination of machine-
controlled formulas for coordinate measuring devices and the introduction of the first electronic sensor
probe that was invented at this time means that the accuracy of the measurements and its associated
accuracy significantly improves the parameters.

Figure 3. A modern view of coordinated measuring devices

Eliminating previously unreliable and inaccurate measurement errors, the introduction of fully
computerized digital controllers by every 3 coordinate measuring devices is now being used worldwide. The
parallel development of different types of probe is based on the optical probe amplifier using a lens-based
charging system. These types of optical probes behave in the same way as their equivalent mechanical types,
but here they are focused on the material (i.e. the component feature) without touching the material. The
resulting surface image is attached to the boundary of the measurement window until the contrast between
the remaining black and white zones is sufficient. As a result, the dividing curve can be calculated to a
certain point in space, which is the desired measurement point.

This means that these coordinated measuring devices are important for the development of industry
and science in the Republic of Uzbekistan. This is reflected in the reliability and reliability of the machine-
building, aerospace industry and several other fields. Another important factor is that it saves time and
significantly improves production efficiency. Currently, NMMI is working on the calibration of coordinated
measuring machines in the machine-building and metallurgy sectors of the Republic of Uzbekistan.
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VIIK 661.18
MPOU3BOJICTBO AJICOPEEHTA JJISI OYUCTKH I'A30B
PRODUCTION OF ADSORBENT FOR GAS CLEANING

AnHOTanus. B 1aHHOW cTaThe TPUBOJAUTHCA IPUMEHEHHE aJCOPOCHTOB  IICOJUTOB B
MMPOMBIINIJICHHOCTH, BBIACJIICHBI UX MPCUMYIIECTBA U HEAOCTATKU NIEPEA APYTUMU aHCOp6eHTaMI/I. BBII[GJ'I@HBI
OCHOBHBIC aACIICKTHI.

Annotation. This article describes the use of zeolite adsorbents in industry, their advantages and
disadvantages over other adsorbents are highlighted. The main aspects are highlighted.

KuaroueBbie ciaoBa. lleonmuTsl, agcopOeHThI, KaTalUTU4YECKas OYHUCTKA, pugopmumue, ancopouus,
OCHTOHMUT.

Keywords. Zeolites, adsorbents, gas dehydration, reforming, adsorption, bentonite.

I'azel B IMPOMBIINIJICHHOCTHU 00BIYHO 3arps3HCHbI BPCAHBIMU IIPUMECAMHA, ITIOOTOMY OYHMCTKA HIMPOKO
NPpUMCHACTCA Ha 3aBOdaxX W NPCANPpUATUAX TJIA TCXHOJIOTHYCCKUX H  SKOJIOTHYCCKUX ueneﬁ.
HpOMBIHIJ'IeHHHe CIIOCOOBI OYHWCTKM Ta30B OT Tras3o- H napoo6pa3H51x TOKCHUYHBIX an/IMeceﬁ MOXHO
pPasaciInTb Ha TPHU OCHOBHBIC I'PYIIIbI:

1) abcopOuust KUIAKOCTAMU;

2) agcopOuus TBEPABIMU MOTJIOTUTEISIMU;

3) KaTanmuTUYECKAs] OUMCTKA.

OILHI/IM U3 TICPCICKTUBHBIX MCTOAOB OYHCTKH TIa30B, O6CCHC‘-II/IB3.IOIJ_II/IX BBICOKYHKO CTCIICHb
W3BJICUCHHSI TIPUMECEH, SBIISIETCS aacopOIMOHHBIN MeToA. B mporecce pasmeneHusi, OCHOBAaHHOM Ha
CII0OCOOHOCTH HCKOTOPBIX TBEPABIX TCII I/136I/IpaTCJ'IBHO OorJjomiaThs T 33006pa3HBIC KOMIIOHEHTBI U3 I'a30BbIX
cMecel, MPUCYTCTBYIOIINE B Ta30BOM CMECH MOJICKYJIbI 3arpsi3HCHHOTO ra3a WM Iapa COpOMpYIOTCS Ha
MOBEPXHOCTU WJIM B MOpax TBepaoro marepuana. [lormomaemoe u3 ra3oBod (as3bl BELIECTBO MPHHATO
Ha3bIBaTh aJCOPOTHBOM, a TBEPJOC BEIIECTBO, HA TMOBEPXHOCTH WJIM B TOpax KOTOPOTO MPOUCXOIUT
ajicopO1Ms TOTJIONAEMOT0 BellecTBe,— afcopoeHToM. ['azoBas (aza, B KOTOpOil HAXOIUTCS U3BJIEKAEMBbIii
KOMITOHCHT, IPUHATO HA3bIBATh I'a30M-HOCHUTCIIEM, a ITOCJIC TOIr'0, KakK HW3BJICYCHHBII KOMITOHEHT nepeuic B
a7copOUpPOBaHHOE COCTOSIHHE, €T0 HAa3bIBAIOT afacopdarom [1].

OO6mre T0CTOMHCTBA aJCOPOITMOHHBIX METOJIOB OYHCTKH T'a30B:

1) rmyOoKasi OUMCTKA Ta30B OT TOKCUYHBIX MPUMECEH;

2) cpaBHUTEIIbHAS JIETKOCTh PETCHEPAIIMH dTUX TIPUMECEH C TPEBPAIICHUEM MX B TOBAPHBIN MPOIYKT
HJIW BO3BPATOM B IMPOU3BOACTBO U TAKUM O6p2130M OCYIICCTBIIAACTCA IMMPUHIUIT 6630TXOIIHOI71 TEXHOJIOTHUU.

AnCcOpOeHTHI — 3TO MUCKYCCTBEHHBIC WIIM TIPUPOIHBIC TEIa C Pa3BUTOM MOBEPXHOCTHIO (CO371aBaeMOM
KanWUIIpaMy WU KPUCTAIUNIMYECKOU PEIIETKOM ), KOTOPBIE XOPOIIO MOMIOMIAET (acOpOUpPYET) BEIIECTBA U3
ra3oB U paCTBOPOB.

AZCOpPOIIMOHHBIT METOJ| SBISIOTCS OOHMM M3 CaMbIX pacIpOCTPAHEHHBIX CPEJCTB 3alIUTHI
BO3AYHIHOTI'O OacceiiHa oOT 33rpﬂ3HeHHﬁ. OCHOBHBIMH IMPOMBIIIJIICHHBIMHA aﬂ00p6eHTaMI/I ABJIAKOTCA
AKTUBUPOBAHHBIE YIJIM, CJIOXKHBIE OKCHIbl UM HMIIPETHUPOBAHHBIE COPOEHTHI. AKTHBHPOBAHHBIH Yrojb
HeﬁTpaneH 10 OTHOHICHUIO K IIOJIIPHBIM MU HCIIOJIAPHBIM MOJICKYJIaM aﬂcop6npyeML1x COG,HI/IHGHI/Iﬁ. On
MCHCC CCJICKTMBCH, YCM MHOI'MC JpPYruc COp6€HTI>I, Hu ABJACTCA OAHUM K3 HCMHOTHX, MPHUI'OAHBIX IJIA
pa6OTbI BO BJIA’KHBIX I'a30BbIX ITIOTOKax. AKTI/IBI/IpOBaHHHﬁ YroJjib UCHOJIb3YHOT, B HaCTHOCTH, MJISI OUUCTKU
ra3oB OT IYPHO MaXHYIIHUX BEIIECTB, PEKYNEPALMU PACTBOPUTEIICH H T.1I.
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Oxcunneie ancopoentsl (OA) obnamaror Ooyiee BBICOKOW CENEKTUBHOCTBHIO TIO OTHOLICHHIO K
MOJIAPHBIM ~ MOJIEKYJaM B CHIly COOCTBEHHOTO HEOJHOPOIHOTO pAaCIpeieseHUs] AIEKTPUUYECKOTO
noteHnuana. Mx HegoctaTkoM siBisieTcsl cHKeHue dddexTuBHOCTH B npucyrcTBun Biaru. K kmaccy OA
OTHOCSIT CUJIUKAreJii, CAHTETUYECKUE II€OTUThI, OKCUJ] AIFOMHUHHUS.

Hcnons3oBanue ancopOeHTa HAa OCHOBE AKTUBHOTO OKCHJIA QITIOMHUHHS — OJUH W3 OCHOBHBIX
CIIOCOOOB OCYIIKHA BO3/yXa, TEXHHUUYECKHX Ta30B U JKUIKOCTEH, OH OCOOCHHO XOpOIIO MOIXOIUT MAJist
OCYILKM CXATOTO BO3JYyXa WM Ta30B W KUIAKOCTEM C BBICOKOM OTHOCHUTEIBHOM BIaXHOCTHIO.Hu3kas
CTOUMOCTb, XHMHUEcKass U (uznueckas CTaOMIBHOCTb, BO3MOXKHOCTb pEreHepaly U BbICOKas
ancopOIMOHHASI EMKOCTh MOTJIOMICHHS BOJBI — 3TO (PAaKTOPHI, CIIOCOOCTBOBABIINE IIMPOKOMY IPUMEHEHHUIO
AKTUBHOI'O OKCH/JIa aJIIOMUHMSA[2].

B cBsi31 ¢ 3THM TI€IIBIO TAHHOM pa0OTHI SIBJISICTCS MCCIICOBAHHUE CIIOCO0A TIOMYICHHS aJICOpPOCHTA Ha
OCHOBE OKcuza amoMuHusa. OObeKTaMH HCCleI0BaHusl HaMu BblOpaHbl HaBOaxopckuii OEHTOHUT, OKCHIBI
[IUHKA, MEAN U aToMUHUSA. [Ipyu 3TOM UCTOYHMKAMU OKCHJIOB aJTIOMUHUS U IIMHKA SIBISICTCS PEaKIIMOHHAS
CMECh, COJiepiKaliasi THIPOKCH]I allOMUHUS OEMUTHOW  CTPYKTYpbI, THAPOKCOKapOOHAT uuHKa. Jlms
MOJTYYEHUS aICOPOCHTA Ha OCHOBE OKCHJIa aJTFOMHUHUS, OCHTOHNTA U OKCHA ITMHKA BEIOPAHBI pEIENTYPHBIC
COOTHOIIICHUS] KOMIIOHEHTOB B Mac.% (Tab:m.1).

Tabnuna 1
Peuentypa npurorosnenus aacopoenta Ne 1 HanmenoBanue macc.%
KOMIIOHEHTOB aJIcCOpOeHTa
OKCHUI ATIOMUHHAS 0,1-5,0
Benrounur 3,0-5,0
Oxcup nMHKa OcTanpHoe

[IpuroroBieHHyo cMmech (GopMmoBanu, cymmiau npu temnepatype 100-120°C, nmpokanuBaiu npu
temnepatype 320-390°C, 3aTemM mnpoKaJeHHbI NPOAYKT H3MEJIbUald, A00ABISIM K HEMy OEHTOHMT,
MOJTYYCHHYIO Maccy (OpMOBaJIH.

XUMHUYECKUH COCTAaB MPUTOTOBJIECHUS a1COPOCHTA BKIHOYAIOLINI OKCUABI MEJIU, LINHKA U aJIFOMUHUS,
KOTOPBIN JOTIOJIHUTEIBHO COJIEPKUT OCHTOHUT MpHUBEICHA B Ta0I. 2.

Tabmuma 2
Penentypa npurotosnenust agcopoerTa No 1
Penentypa npurortosnenus aacopoenta Ne 1 HaumenoBanue | macc.%
KOMIIOHEHTOBaIcOpOeHTa
Oxcut aTfOMUHUSA 0,5
Oxcuy xenesa 6,0-10,0
Benronut 3,0-5,0
Oxcu HKa OctanpHoe
Tabnuua 3
MexaHn4yeckre XapakTepUCTUKH MOJTydeHHBIX agcopOenToB No 1 u Ne 2
HaumeHoBaHMe XapaKTepUCTHK Howmepa agcopbenron
No 1 No 2
Y nenpHasi MOBEPXHOCTb, M2/T 40 40
[Tpounocts npu pazaasinuBanuu, MIla 2,5 3,0

[Tony4yeHHbIe aHHBIE MTOKA3bIBAIOT, YTO MEXaHUYECKask MPOYHOCTHh 00pa3na Ne 1 HAMHOTO BBILIE MO
CpaBHEHHUIO ¢ 00pa3ioM Ne 2, yienbHasi TOBEPXHOCTh HE MEHSETCA.

Taxum 00pa3oM, ucciieoBaH crnoco0 MoTyyeHHs aJcOpOSHTOB € pa3HbIMHU PELENTYpaMu Ha OCHOBE
OKCHJIOB aJIOMUHUS, MEJIU, JKeJie3a U LIMHKa C J00aBIeHHeM OCHTOHUTA U ONPEIENIEeHbl X MEXaHUYECKUE
XapaKTEPUCTHUKH.
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VIIK 004.896
KOHLENIMS, CTAHIAPTU3ALIMS U PEAJTA3ALIAS SMART CITY — KPACHOSIPCKA

CONCEPT, STANDARDIZATION AND IMPLEMENTATION OF SMART CITY -
KRASNOYARSK

AHHOTaIlI/[Sl: B CTaTbC paCcCMaTpuBACTCA TEMAa CTAHOBJICHHUA COBPEMEHHOI'O KpaCHosprKa OIHOI'O U3
KpYIHBIX TopoaoB Poccun. I'ie oOecneunBaeTcs U pa3BuBaeTCs OJaronoIydyHoe M BCECTOpOHHee Oynyliee
st rpaxkaad. KoHIenmusi ompeaesieHHbIX B3IMISIIOB Ha «YMHBIA TOpPOI» BKIIOYAET B ceOsi 0a3oBbIC
napamMeTpbl, HO ONPCACICHUC TPAKTYCTCA OSKCIICPpTAMU I10-PA3HOMY. Pa3pa60T1<a CTaHAapTOB IIO3BOJIUT
PEIINTL O3TU PACXOXIACHHA, a4 CAUHBIC KPUTCPUHU IMOMOI'YT OIPCACIUTD, KaKou ropoa CUuTaTb «YMHBIM).
ABTOpBI OTMCYAKOT, 4YTO Hy6J'II/I‘-IHOC O6cy)K,£[eHI/IC nmapaMeTpOB BHCCET B CTAHAAPT HOBBLIC ITOKA3aTCIIM, a
HEKOTOPBIC TPHAETCS YAaIuTh. B cTaThe Takke TOBOPUTCS O pe3yiabTaTaX, KOTOPBIE OIMyOIMKOBAI
HaI_II/IOHaJ'IBHHﬁ I/ICCJ'ICIIOBB.TCHBCKI/Iﬁ HHCTUTYT TEXHOJIOTUH U CBiA3U, IAC Tropod CTAHOBUTCA OJHUM H3
«MSTA YMHBIX» TOpoAoB Poccuu. ABTOpHI 3TOT0O MaTepuaia MpeajiaratoT He TOJIbKO MOJIYYEHHBIE JaHHbIE,
HO W aHAJM3UPYIOT PEUTHHTH KPYNHBIX TOPOAOB, Takux kak Mocksa, Cankt-IlerepOypr, Kaszanp u
ExatepunOypr, HoBocubupck. Texct mybnaukanuu oGopmiieH pucyHKaMu, TpaukaMu, cXeMaMu, KOTOPbIS
MIOMOTAIOT pazo0paTbesi B MOTOKE MPUHATHIX METOJUK, IMPOEKTOB, HOBBIX BhIpakeHUH. Takue BBIpakeHUS
kak, Muanekc nudposusanuu «IQ ropomos», MuBecTtkiumar, Konuenmus, Cranaapru3amusi, 9ToObl
HHTCPEC 6LIJI MMpOABJIICH KO BCEMY HOBOMY, aBTOPBI MPOCTO W KPATKO XAPAKTCPUIYIOT OTHU MNOHATHA.
Kommnanuent «HukkeH-Cukkeil» MNpeagokeHO cOo3JaTb B TOPOJIE COBPEMEHHBIN JKWJIOW paioH,
BKOHOMHHHBIFI, 6630H8.CHI:II71 C TOYKHU 3pCHUA 3SKOJIOTHH. AJ'H:TepHaTI/IBHLIe JCIHICBBIC TCXHOJIOTHMH, IIO
TETTIOCHA0KCHUIO YKUJIbsI, @ TAK)KE KPYITHBIA TPAHCIIOPTHO-TIEPECATOUHBIN y3ei. DTH pa3paboTKK CBA3aHBI C
NEPCIEKTUBHBIM IUIaHOM pa3BuTHs I. KpacHosipcka 1o 2033r.

Resume: The article discusses the topic of the formation of modern Krasnoyarsk one of the largest
cities in Russia. Where a prosperous and comprehensive future is provided and developed for citizens. The
concept of certain views on the "Smart City" includes basic parameters, but the definition is interpreted by
experts in different ways. The development of standards will help resolve these differences, and common
criteria will help determine which city is considered “smart.” The authors note that a public discussion of the
parameters will introduce new indicators into the standard, and some will have to be deleted. The article also
talks about the results published by the National Research Institute of Technology and Communications,
where the city becomes one of the “five smart” cities in Russia. The authors of this material offer not only
the obtained data, but also analyze the ratings of large cities such as Moscow, St. Petersburg, Kazan and
Yekaterinburg, Novosibirsk. The text of the publication is framed by drawings, graphs, diagrams, which
help to understand the flow of accepted methods, projects, new expressions. Expressions such as the 1Q
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Cities Digitalization Index, Investment Climate, Concept, Standardization, so that interest is shown to
everything new, the authors simply and briefly characterize these concepts. Nikken-Sikkey proposed to
create a modern residential area in the city, economical, safe from an environmental point of view.
Alternative low-cost technologies for heat supply of housing, as well as a large transportation hub. These
developments are associated with the long-term development plan of the city of Krasnoyarsk until 2033.

KialoueBble cioBa: yMHBI TOpPOJ, TEXHOJIOTHS, HAIMOHANBHBI CTaHAApT, MPOEKTHI,
WHBECTUITMOHHBIA KIIMMAT, IU(PPOBU3AIIHH.

Key words: smart city, technology, national standard, projects, investment climate, digitalization.

Beeoenue. CtannapTHOe ONpENEIEHHE YMHOI'O Iopoja — 3TO TOpoA, B KOTOPOM HCIIOJIb3YETCS
s dexTrBHAs UHTErpanus GU3NYECKUX, MUPPOBBIX U YEIOBEYECKUX CUCTEM B UCKYCCTBEHHO CO3/JaHHOMN
cpeie C Ienbl0 00eCrednTh YCTOWYHMBOE, OJIAarONOYYHOE M BCECTOpOHHEE Oyayliee IUIsl TpakIaH.
Nudopmanmonnsie 1 kommyHukannonusie Texnonoruu (MUTK) mo3BonsroT B3aumMoaeiicTBOBaTh U CIEAUTH
3a ropojackoi MHMPACTPyKTypod, 3a ero pasButueMm. CoOpaHHas uHDOpPMAIUS, a K HEH OTHOCITCS
pa3nuyYHbIe YCTPOWCTBA, AATUYMKHU, MHEHHE >KUTENeW ropojia, WHTETPUPOBAHHBIX B PEKUME PEalbHOTO
BPEMEHH, BCE 3TO AaHAIM3UPYETCs, OOpadarbIBaeTcsi, 3aTeM NPUHUMACTCS pEIIeHUE MJs YCTPaHCHHS
npobnem  HeapdekruBHocTH.  Jannpie  UKT  wampaBnensl  ans  yaydlleHUs — [OKaszaTenei
MMPOU3BOAUTCIIBHOCTU W HWHTCPAKTUBHOCTU T'OPOACKHX CJIy)K6, CBA3HU MCKAY T'OPOACKHMHU KUTCIIAMU H
rocynapctBoM [1,4]. Konuenuus (KOMIJIEKC OMpEENIEHHBIX B3IUIAIOB Ha «YMHBIM TOPOa»), KOTOpas
XapakTepusyeTcss Tpemsi 0a30BBIMH  MapaMeTpaMH: TEXHOJOTHMYHOCTBIO, HHTEIUICKTyaJIn3allueH,
(bhOoKycUpOBKOM (KOHIIEHTpALlMEH Ha BBIOPAHHOM CTHIIE KU3HH).

Hayuonanvuouii cmanoapm. TIpruopuTeTHBINA MPOSKT IO OCHOBHOMY HAIPABJICHUIO CTPATETHYECKOTO
paseutusi Poccuiickoit ®enepanuu «DopmupoBaHre KoMPOPTHOI ropozckoii cpemsn» (17.11. 2016-10.02.
2021r.) Crannapt «YMHBII ropo1» BKIIOYWI BOCEMb OJIOKOB:

-TOPOJICKOE YIIPaBJICHMUE;

-ymHoe XKX;

-MHHOBAIUU JIJISl TOPOJCKOM CpEbl;

-YMHBII TOPOJICKOM TPAHCIIOPT;

-WHTEJUIEKTyallbHbIe CHCTEMBbI O0IIECTBEHHOH 0€30MacHOCTH;

- HHTEJJIEKTyaJIbHbIE CUCTEMBI SKOJIOTMYECKOM 0€30MacHOCTH;

-uH(ppaCTPyKTypa ceTeil CBsI3u;

-TypU3M U CEPBHULC.

Pa3paboTkoii cTaHAApTOB «YMHBIX TOPOJOB» 3aHMMaeTcs HalnoHanbHBIA HEHTp WHGOPMATU3ALNUN
(mamee - HIIM). HeoOGXoauMOCTh TOSBIEHUS CTaHAAPTOB MPOJUKTOBaHA TEHACHIMSMH: HHTEPEC K
KOHIENIMN 3HAYUTEILHO PACTET, MOSBISIOTCS BCE HOBBIE M HOBBIE MPOEKTHI, MEXIY KOTOPHIMH HET
COTJIaCOBaHHOCTU. ENMHBIE KpUTEpUM TO3BOJAT OOOOUIUTH 3HAHMS, OOBEAMHUTH YCWIHMS U UMACH.
OnpenenuTtsb, KAKOH rOpoji CYUTATh «yMHBIM» U YCKOPHUTH €r0 CTPOMTEILCTBO. B TO ke Bpems, cTaHIapThl
JOJKHBI OBITh JAMHAMMYHBIMU, W3MEHSSICh B IPOLECCE BOIUIONIEHUS IUIaHA, YTOOBI COOTBETCTBOBATH
TEKYIUM MTOTPEOHOCTSAM 00IIeCTBa.

[TpoexT mpensaputensHoro HarmoHanbHoro crangapta (ITHCT) «MuadpopManroHHbIE TEXHOJIOTHHU.
YMHBII ropon. [TokasaTenw». «YMHbBIE» TEXHOJIOTUU COCTOST U3:

HMudoop AaLL OHHBIE 1 SBKOADIO-
LHchp oBble HMH>eHePDHbBIS
OpPHEeHTHDOBAHHbIE
—

OCBEEelLIeHME
(corHeuHble DaTapei)

BOoAbLLIME ACHHBLIS 11 EHAETER ]
CIHCLAMT FKC

obopoTtHOoe
BOACCHADHKSHKMS

BEsE b EeEE
L) AMYCOPA

1. Uadopmanmonnsie U tudpoBbie; 2.9K0IOTOOPHEHTUPOBAHHEIC, 3.NmxenepHbie
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[Ipu pa3paboTke TOKyMEHTa, ObLI YYTEH OMBIT Pa3pabOTKH MEKIYHAPOIHBIX CTAHIAPTOB B 0071aCTH
YMHBIX TOpOJOB. Bce 3TO TO3BOMUT OICHWTH, CHCTEMATH3UPOBATH OLEHKY 3()(EKTHBHOCTH OKa3aHUS
TOPOACKHX YCIIYT M KaUueCTBA KHU3HHU B FOPOJIE.

Puc. 1 [IpoekT mpeaBapuTenbHOTO HAIMOHANBLHOTO cTaHaapTa « MTHpOpMaIoHHbIE TEXHOIOTHH. Y MHBIH
ropox. [Tokasaremm» (paspaborano http://www.admkrsk.ru)

CrangapT NOMOXET ropoJaM OIpPEAEIUTb I0Ka3aTelau JJisl NPUMEHEHMsS] CHUCTEM TOpPOACKOTrO
YIOpaBIEHUS U pealln30BaTh JAHHYIO MONUTUKY. llenb cTannmapra, mo ciaoBaM pa3pabOTYMKOB, HABECTH U
obecrnieuuTh enuHOOOpasue B 00JAaCTH YMHOIO TOpoja, IMPU 3TOM «HE MPUBA3BIBASCH K KOHKPETHBIM
pelieHuaM u npojayktam». [lybnnyHoe oOcykeHIEe BHECET B CTaHAApT HOBbIE [TOKA3aTeIN U OOOCHYET UX
NOSIBJICHHE, @ C HEKOTOPBIMU NOKA3aTeIsIMU MpHIETCs nonpomarbes. PazpaboTuuku mpoekToB nudpoBoit
skoHOMHUKH «PocTenekoma» npouHdopmuposana TAdviser, uto B Poccun moka HeT craHmaprta B 001acTH
YMHOT'O TOpoJia, YTBEP)KICHHOTO ['occTaHIapTOM B COOTBETCTBUU C TPEOOBAHMSMH 3aKOHO/ATENILCTBA.
Cy1ecTBYIOT TOJIBKO BEIOMCTBEHHBIE «OJTHOPA30BOT0 MOJIB30BaHUS», KOTOPIE HE UMEIOT HUYETO OOIIEro ¢
JOKYMEHTaMH HOPMAaTUBHO-TEXHHUUYECKOTO PpEeryJlupoBaHus. AKmyanvHas 3aoauya — pazoopamsvcs ¢
OecKoHeyHol nymaHuyel u MHO2000pasuem OOKYMeHmMOo8 8 9moil 0biacmu, Komopwie 3a4acmyio sA61a0mcs
0YOnUPYIOWUMU, 83AUMOUCKTIOUAIOWUMU U COOEPIHCAT NPOMUBONOLONCHbIE NO3UYyUY. /[OKYMEHT IOJDKEH
YUUTHIBATh COBPEMEHHBIE BO3MOXKHOCTH LHU(MPOBBIX TEXHONOTHH 1O (HOpMHPOBAHUIO KOMGDOPTHOI
ropojckoi cpeabsl. KpoMe 3Toro BKII0OUatOT BOMPOCHI 0 OPraHU3alu padOThI [0 KaUTAIbHOMY PEMOHTY,
JMKBHUIAIAN aBAPUHHOTO KIJIOTO (POH/IA, MOJICPHHI3AIINH KOMMYHAIBHOTO KoMIUTeKkca [2,4].

Kpacrnosapck ooun uz «namu ymuwvix» 2opooog Poccuu. Taxoit BbBo onmy0aukoBan HanmoHanmsHbIM
UCCIIEIOBATEIbCKUM WHCTUTYT TEXHOJOTMH M CBSI3W O 7 TpymmaM: ymMHash 3KOHOMHKA, YIpPaBIICHUE,
pa3BUTbIE TEXHOJOTUHU, UHTEPHET-aKTUBHOCTb F'OPOKaH U PA3BUTHIE CUCTEMBI MOHUTOPUHIA SKOJIOTMUECKUX
yrpo3. ['opoji cTan TpeThiM M0 YPOBHIO Pa3BUTHS TEXHOJIOTHH 3TO TOYKH MOOMIBHOTO MHTEpHETa 1 Wi-Fi.
Bropoe mecto mocne HoBocubupcka 1o pa3BUTOCTH «YMHOHM Cpeib» — 3TO HKOJOTHYECKOE HaIlpaBJeHHE
mo Oopp0Oe C 00pa3oBaHWEM HE3aKOHHBIX CBAJIOK M CHCTEM HSKOMOHUTOpWHTa. Ha mecrom mecte 1o
MoKa3aTesiM «yMHbIe (PMHAHCBD) U «YMHBIE KUTeNn». [lepBbie 3TO pa3BUTOCTh CUCTEM CAMOOOCTYKHUBAHUS
y 0aHKOB, O€3HAJIMYHBIA MpPOe3] B OOIIECTBEHHOM TPAHCIOPTE, MPO3PAaYHOCTh T'OC3AKYIOK, BTOPOE —
JTOCTYIMHOCTh HH(OPMAIIUN O BAKAHCHUSIX, AKTUBHOCTH MHTEPHET - TIOJIB30BATEJICH U Pa3BUTHE JIEKTPOHHBIX
JTHEBHUKOB B IIIKOJIaX.

CornacHoO TOJY4YEHHBIM JaHHBIM pHUC. 2 «YMHOE YIpaBICHHE»— Pa3BUTOCTb MH(POPMAIIMOHHBIX
CUCTEM M3PHUH, OTKPHITOCTH BJIACTH, BOBJIIEYEHHOCTH TOpOXkaH B ympaBieHHe roponom. Ilo pesynapTatam
3TOro rpadyka 3HAYEHHUE H3Yy4aeMOro NMpHU3HAKa — «YMHOTO YIPaBJICHHS», HE COBMANACT C JaHHBIC II0
KpacHosipcky, cpeiHre JaHHBIE OTCTAIOT OT MEAMAHHOTO 3HAYCHHS.

IlepBeie 4 mectra B peiitunre 3aHsnu MockBa, Caskrt-llerepOypr, Kazane u ExatepunOypr.
HoBocubupck HemMHoro HenotsiHyn 10 KpacHosipcka. CpaBHeHHE TOpo1oB Poccuu Ha 0CHOBE JTaHHBIX 10 26
nokazarensiMm. Mcrounuk HUUTC puc. 3. Ilo addexTuBHOCTH pa3BUTHS ropoja (CpaBHUBAIHA YPOBEHD
Pa3BUTOCTH ropojia U ero OI0KET Ha YelloBeKa) Hall ropoj 01130k Kk ExatepunOypry.

10
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Puc. 2 YMHas s3xoHOMHUKA Puc. 3 YpoBeHb pa3BuTHs ropoja U €ro OI0HKET Ha YeIoBEKa
(paspaboTano http://www.admkrsk.ru)

Onpenenenne «YMHOro ropoga» TpaKTyeTcs OSKcIepTamMu HeoaHo3HauHo. WM Bce ke ux
(GOpMYTUPOBKM W OMPEIETCHUS CXOAATCS B OJHOM: yYMHBIM TOpPOJA YIPaBISETCA TAaHHBIMHU, KOTOPHIE
MO3BOJIAIOT MYHHIIMIIAJIBHBIM CIIy’)kOaM TOBBIINIATE KAa4eCTBO >KM3HM HaceneHus. Bces wuHOpmamms
OXBaTHIBAIOT Takue cQepbl KU3HU TOPOKaH, Kak O€30MacHOCTh, TPAHCIOPT, MEAUIIMHCKHUE YCIYTH,
KOMMYHAJIbHOE XO34MCTBO, OJIArOyCTpOMCTBO H T.n. VCTOYHMKAMU JaHHBIX CIYXaT BHIACOKaAMEpHI,
pas3IMYHbIC JATYUKH, CEHCOPBI, HH(POPMAIMOHHBIE CHCTEMBI U rpodee [3].

ITo onerxkam OOH, k 2050 roxy 67% nHacenenus: 3emun OyAyT MPOKUBATH B rOpojax. YiKe ceiuac
HEKOTOPBIE METaIoJINChl MHpa TepeHaceseHbl. [ OpoJICKHMe BIACTH HE BCETAa CHPABISIOTCA C YOOPKOM
MycOpa, IOCTaBKOM KOMMYHAJBHBIX PECYPCOB M AJIEKTPOIHEPIUMU IO pailOHAM M MHOIOE APYroe, C 4eMm
MPUXOIUTECA  padotarh. UTOOBI MpPEnOCTaBIATh HACEJICHUIO KAdeCTBEHHBICE TOPOJACKHE YCIIYTH,
aJIMHHHUCTPAIMH BCE Yallle BHEAPSIOT pa3nuHbie HH()OPMAIIMOHHBIE CUCTEMBI PHC. 4.

150 § §
2010 w w w i i‘ 51%
o R REERE T o
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Hoas .*uodel‘(, npoXxusamouux e CENBLCKOLL MEeCIMHOoCImu

Puc. 4 TlpoueHTHOE COOTHOIICHUE JIOACH MPOKUBAIOIINX B TOPOJaX U CENbCKOW MECTHOCTH
(paspaborano http://www.admkrsk.ru)

Wnpexc nudpoBuzanuu ropojackoro xossictsa «lQ ropomos» paszpaboran Munctpoem Poccun
coBmecTHO ¢ MI'Y um. JIoMoHOCOBa B paMKax BEJOMCTBEHHOI'O IPOEKTa «Y MHBIN ropo». Peanuzyercs B
pamMKax JByX HalMOHAJIBHBIX MpoekTax — «OKmibe u ropoackas cpena» u «LludpoBas IKOHOMHUKaA».
[udpoBuzamus 370 0O0IMIEMHUPOBOM TpEeHA, OT HEe HUKTO HHUKyJa HE JEHEeTCsS, TJaBHOE BO BpeMs
pa3o0paThCs U cO3aTh THOKUE KOHKYPEHTOCTIOCOOHBIE MPon3BOACTBa. «lQ TOpoI0B» paccUMTHIBAETCS 1O
JIeCSITU HalmpaBlieHUsIM (ropojckoe ynpasieHue, ymHoe JKKX, HHHOBaIMM AJi TOPOJICKON Cpebl, YMHBIN
TOPOJICKON TPaHCIOPT, MHTEIUICKTYaJIbHBIE CHUCTEMBbI OOIIECTBEHHONH M IKOJIOTHYECKOW OE30MacHOCTH,
TYpU3M U CEPBUC, UHTEJUIEKTYaJbHbIE CUCTEMBl COLMAIBHBIX YCIYI, SKOHOMHYECKOE COCTOSHHE H
WuBecTknumar, MHPPACTPYKTypa ceTeil cBs3M) U coaepxkur 47 mokaszareneil. B Texymem wuHaekce
OTpa)KeHBbI PEe3yNbTaThl MUGPOBU3ALUU TOPOJACKOro xo3siicTBa 191 ropoma - 3To ropoaa ¢ HaceleHHEM
cBbiie 100 ThICSY 4YenOBEK M aJIMHUHHUCTPATUBHBIE PETHOHAIbHBIE LIEHTPBI, KOTOPBIE MO YMOIYAHUIO
Y4acCTBYIOT B IIPOEKTE

WMHBeCTUIIMOHHBIN KIMMAaT;, MOHATUE, XapaKTEPHU3YIOIee WHBECTULHMOHHYIO IPUBJIEKATEIbHOCTh
pPBIHKA C TOYKU 3pEHUS €ro noreHuuana. IHBeCTKIMMAar — 3T0 He KOHCTaHTa. OH MOCTOSSHHO MEHSIETCS U
3aBUCHUT OT IMHAMUKHU MPOBOJUMON BHYTPEHHEN 3KOHOMUYECKOMN MOAUTUKU. [IpuHsaTas meToauka pacuera
nnnekca «IQ roponos» mpeamnonaraeT aeaeHue ropoaoB Ha 4 rpynnbl. [lo yncieHHOCTH HaceneHus Mo
aHAJIOTMU pacueTa MHJEKCa KauecTBa FOpOJCKON Cpenbl: KpynHeiimue ropoaa (0T 1 MUIUIMOHA) — TaKUX
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roponos Bcero 15. Kpynnsie ropoaa (ot 250 Thicsu 4enoBek 10 MUUIMOHA) — 63 ropoaa. boisimue ropona
(ot cra go cra martuaecatd Teicsd denoBek) — 93. C macemenuem (menee 100 Teicsia uesoBek) — 20
rOpo/IOB 3TO aJAMUHUCTPATUBHBIE LEHTPbI, YYACTBYIOIIUE B IIPOCKTE YMHBIA rOpoJ U MYyHUIIUIAIUTETHI,
KOTOPbIC YUYAaCTBOBAJIH B pacyeTe HHEKCa M0 COOCTBEHHOW MHULIHATHBE [4].

[IpoexT «YMHBIA rOpoa», pOAOHAYAJIBHUKOM KOTOPOIO SIBJISIETCS SITOHCKas KoMmranus «HukkeH-
Cukkeiiy. DTOM KOMITaHHEH OBLIO NIPEMIOKEHO co3AaTh B KpacHOApCKe COBpEMEHHBIN KUJION paiioH,
HSKOHOMHYHBIN, O€30MACHBIA C TOYKH 3PEHHS SKOJIOTHH, TJ€ MOXHO OYyIeT HCIOJIb30BaTh HEYYTCHHYIO
sHepruto peku Enuceit. J{s 3TOro Hy>kKHO MPEIIoKUTh TOPOKAHAM Pa3yMHO PaCHOPSAIUTHCS JEHbIaMH, HE
OIJTAYMBATh YTEUKY TEIJIOBOM SHEPruM, a uTOOBl TOPOKAHWH MOT CaMOCTOSTENBHO PETyINpOBaTH
TEIUIONOTpeOJIeHHe B CBOEH KBapTHpPEe B MHOTOATAKHOM JoMme. [IpemiokuB anbTepHATUBHBIE JICLIEBBIC
TEXHOJIOTUH, IO TEIJIOCHAOKEHHUIO JKWIIbS, MOXKHO HAWTH pecypc IUIsl COAepKaHus Xuioro (oHma
KpacHosipcka 0e3 TOBBIIIEHHs OIUIAThl 32 KOMMYyHalbHbIe yeuyru [5, 6]. XKurenu paiiona OymyT HTh B
caMOM COBPEMEHHOM paiioHe Meramnonuca. C MOMOIIBIO COBPEMEHHBIX CIOCOOOB CBS3UM OHU CMOTYT
OTCIeKUBATh HMH(OPMAIMIO O 3arpy:KEHHOCTH JOpPOr, 00 OYEpPEAHOCTH B PA3MUYHBIX YUPEKICHUSX.
[IpencraBuTenu SIMOHCKOM Jeneranuu nogdepkHynu, uyto «KpacHospck-Cutu» cTaHeT [uid UX KOMIIAHUU
MEPBBIM MIPOEKTOM, PEaJTU3yeMbIM B TaKUX KIMMATHUECKHUX yCIOBHIX: « MBI peann3yeM MpOoeKThl «Y MHBII
JIOM» B pa3HbIX cTpaHax U ropogax: B KpacHosipcke Temneparypa 3umoit gocturaer —30, —40 rpanycos,
B roponax CaynoBckoi ApaBum — a0 + 50 rpagycoB. ['maBHBIM KpUTEpUEM BHEAPEHUS SBISIETCS
MPaBWIbHBIM BbIOOp TEXHOJOTMH M  JalibHEHINAas CUCTEMa YIpaBleHUs». B HOBoM MukpopaiioHne
«KpacHosipck-Cutu» co37anyT KpyNHBIM TpaHCIOPTHO-TIEPECaJ0uHbld y3el, KOTOpBI cMOr Obl CTaTh
MECTOM CTBIKOBKM pa3JIMYHBIX BUIOB TpaHcrmopTa. I[IpoexTsl, mnpesaraemplie kommnanued «HukkeH-
Cukkeii», HEMOCPEICTBEHHO CBSI3aHbI ¢ Pa3paboTKoN reHepanbHoro miaHa KpacHosipcka. «Pa3pabateiBas
HOBBIN T'€HEpaJIbHBIN IUIaH, Mbl JIOJKHBI OPUEHTHUPOBATHCS HA HOBBIE TEXHOJIOTUU, CBA3aHHBIC HE TOJBKO
C BO3BEICHHMEM 3/1aHUI, HO U C MX 3KCIUIyaTalluell U B IIEJIOM C JKU3HbIO ropoaa». Ilocie 2033 roxa mp.
Mupa npoeKTUPOBILKKH 00€IIal0T HaM Mpeo0pa3oBaTh B MELIEXOAHO-TPAHCIIOPTHYIO YIIHILY pUC 5.

3axnouenue Jlannas Tema 3aMHTEpecOBalia MPAKTUYECKU BCEX HE PABHOIYIIHBIX JIIOJICH U K Hel emé
He pa3 OyzaeMm Bo3BpamaThes. llepeopueHTanyst B CTpaTerMM pa3BUTUS TOPOJOB B «YMHBIE» SIBIISIETCS
o0uIeMHpoOBBIM TpeHAoOM. [lpeanonaraer KOMITJIEKCHBIM TMOAXOJA, TUHAMHUYHON MEPECTPOUKH CHCTEMBI
YIIPaBJICHUS, PA3BUTHE MYHULUIIAIMTETOB, BKIIOYAIOIIYI0O CMEHY CTaHAApTOB, KPUTEPUEB, LIEJICH U 3a1ad,
nokasaresieil pe3ylnbTaTUBHOCTH U 3((EeKTUBHOCTU. ['TaBHOUW ABIMKYIIEH CHUIION pa3BUTHS CTAaHOBHUTCA
aKTHBHOE Y4YacTHE TpakJaH B MHOTOCIOHHOW, MHOTO()YHKIIMOHAIBHOW XHM3HH TOPOAA, CIIOCOOHOH K
TpaHchopMaIuu cpebl OOUTaHUS YeJIOBeKa, COXPaHEHHS SKOJOTHUYECKOT0 PAaBHOBECHS MTPUPO/IBI.

bubanorpaguyeckuii cnucok:

1. Vwmusiii ropoxa (Smart City) [Daexrponnsiii pecypc]. URL: robo-sapiens.ru/stati/umnyiy-gorod
2020r.

2. NuterpanuonHas miatdopma [dnekrponnsiii pecype]. URL: integra-s.com/smartcity 2020r.

3. Bebep M. T'opon [Dnextponnsiii pecypc]. URL: http://krotov.info/ library/03_v/eb/er_07.html
(mara obOpamenus: 11.02.2014).

4. JIsunpu Y. TBopueckuit ropoa [DnextpoHHbiit pecypc] // 60 mapamnens. 2004. Ne 3 (14). URL:
http://www.journal.60parallel.org/ru/journal/2004/8/69 (nata o6parmenus: 0.02.2014).

5. Seisdedos G. ;Qué *%&! es una Smart City? [Dnektponnsiii pecypc]. URL:
http://www.coit.es/publicaciones/bit/bit188/monograficoseisdedos.pdf (nara obpamienus: 12.02.2014).

6. [Dnextponnsiii pecype] URL: http:// 24rus.ru/news // economy/143157.html (mara obpareHwus:
sHBapb 2020).

12


https://krasnoyarsk.bezformata.com/word/umnih-gorodov/542024/
https://krasnoyarsk.bezformata.com/word/nikken-sikkej/4438696/
https://krasnoyarsk.bezformata.com/word/nikken-sikkej/4438696/
https://krasnoyarsk.bezformata.com/word/krasnoyarsk-siti/1473422/
https://krasnoyarsk.bezformata.com/word/nikken-sikkej/4438696/
https://krasnoyarsk.bezformata.com/word/nikken-sikkej/4438696/
http://www.admkrsk.ru/
http://robo-sapiens.ru/stati/umnyiy-gorod/
http://robo-sapiens.ru/stati/umnyiy-gorod/
http://go.mail.ru/redir?type=sr&redir=eJxVUW2SmkAQ3ZPkBma7YRBI8mcGARej-IW9-IdCnVVcRl0FgfzJVXKX_MwtcoD8yQWiiZVNXlV3TdV73W-q36YoDu_u79Pd2ybdrWT99ljeL_flrrgXtVPMxvO25TUGtFPNGVjBeFHCFa69HzopsAewKYdHCSstWp4TroeATS3kRvAw9Z6SGMzyk4ws9wxIGaftnIcwGQ3rbe_lGczWgc-ddgMoyQwhWo8VzgimhyxVBwkhaTGIo0oclCCaRKtDIKFgI07r1ou5BJflh74EFStQgUSbz7SE2NMkdWPoL_Z-5WNUD0wORjxO2Rr60xO5CofFCGoyVNUzFQyej7uDhRN3gS0wMCIDZmDAkNpzZx2lyiVcjSSuxoiZ7FdxlOBxU5388PcdnunSeGqez7W1Dfh0gm2FpQapHvioBGEZ8saPxg_BeVoWWf8yZukdsB4tDuRoQNYIIAQOE8bhhkZPQo0EaVKzo5w4iV64pszviqbQWlEEgKgzh8rq8s9OKl69TalVA1vPQVwO6lTb-WXclDq2bJ1uyz1IUqjhUT-RnmnMGzHvH9-hrl51JTRIqHUooyC9OG47ebfVcXtJ6OPyEWzmv2r3qJG1BX872ueDhPzkChUBm10fjSm77CbWlVdRV1n-pwwZxmhheql1V4j1qGAOT1-8mj1sluHWtmlWHpIntoqw7s2eqCqPDYrfqzGhh78eyR-PGL0_3BmCGxcyJW78Dcok1lyyrqB3zX-NwTV_MCy93PuBZUDgG95_-tDg84hyx3jBviykOOCUPqpwc6q56-Xebt7gAON8nMmy1SRtB-7u0LCYblhtpt_9ePP-g_bl82Lxzf_-86vt_wLKLg6Y&src=4fd16f7&via_page=1&user_type=22&oqid=9b84dcba85343140
http://krotov.info/
http://24rus.ru/news/economy/143157.html

EcrectBeHHOHAy4HBIN )KypHaT « TouHas Hayka» www.t-nauka.ru

CarropoB Kapum Kapmnesuu
KaHIMJaT TEXHUYECKUX HayK, JOLEHT,3aBe Ly Kadeapoi MUIEeBbIX TPOU3BOJICTB,
I'ynucranckoro rocy1apcTBEHHOI0 yHUBepcuTeTa,r.I'ynucran,Y30ekucTan

Sattorov Karim Karshievich
Candidate of Technical Sciences, Associate Professor, Head of the Department of Food Production,
Gulistan State University, Gulistan, Uzbekistan

VJIK 665.335
BJIMSIHAE YCJIOBHI THIPOTEHN3AIINN MACEJI HA CEJJEKTUBHOCTH ITPOIIECCA
INFLUENCE OF OIL HYDROGENIZATION CONDITIONS ON PROCESS SELECTIVITY

AHHOTanusA. M3ydeHO BIMsSHHME YCIOBUM THMAPOICHU3ALMM MAacell Ha CEJIEKTMBHOCTBH IIpoLecca.
OmnpeneneHHbI TEXHOIOTUYECKUI MapaMeTphbl 00€CIIeYnBAIOIIUE BBICOKYIO CTEIIEHb CEJIEKTUBHOCTH

Annotation. The effect of oil hydrogenation conditions on the selectivity of the process was studied.
Certain process parameters providing a high degree of selectivity

KutioueBble ci10Ba: THAPOTCHU3AIMS, YCIOBUS CEIEKTUBHOCTh TEXHOJIOTMYECKUN TTapaMeTphl

Key words: hydrogenation, conditions selectivity process parameters

B xuMuueckux mporieccax THMAPOTSHHU3AINH Macel M JKHUPOB YYaCTBYET HECKOJIBKO BEIIECTB WJIH
CMECh BEIIECTB, CIOCOOHBIX K pA3IUYHBIM MPEBpPALIECHUSIM, IO CEJIeKTUBHOCTHIO TMOHUMAIOT
MIPEUMYIIECTBEHHOE MPOTEKAHWE JIUIb OJHOW M3 BO3MOXKHBIX PEAKIMH, MPEeBpallecHUE MO OJHOMY W3
BO3MOYKHBIX HAIPABJICHUH, 100 pacxo/ JIUIIb OJJHOrO U3 BemecTs [1,2].

Henaceimienaple  TpUTIIMIEPUIBI  OOJBIIMHCTBA PACTUTEIBHBIX Macel U JKUBOTHBIX JKUPOB
0o0pa3oBaHbl TUHEHACHIIICHHONW JTUHONEBOW KUCIOTOW (JI) U MOHOHEHACHIIIEHHOW OJIEMHOBOW KHCIOTOM
(Omn) [3]. CenekTHBHOCTH THIPUPOBAHMUS TAKUX MACEs U )KUPOB BBIPAYKACTCS MPEIKJIE BCETO B CIICAYIOIICM:

MPEUMYILECTBEHHOE TUAPUPOBAHUE TIIMIIEPUIOB JUHOJIEBOW KHCIOTHI B CMECSX C IIIMIEpUIAMU
MOHOHEHACHIIIEHHBIX KUCIOT (OJIESMHOBOM KUCIIOTHI U €€ U30MEPOB);

3HAUUTENBHO O0Jiee BBICOKAs CKOPOCTh THUIPHPOBAHUS TIUIEPUIOB IJHUHOJIEBOM KHUCIOTHI IIO
CPaBHEHHUIO CO CKOPOCTHIO THAPHUPOBAHUS TIUIIEPUIIOB OJEHHOBOM M IPYTrUX MOHOHEHACHIIIIEHHBIX KUCIIOT;

TUJPUPOBAHUE TOJBKO OJTHOW IBOMHOM CBSA3HU B JINHOJIEBOW KUCIIOTE;

3HAYUTENILHO 00Jiee BBHICOKAs CKOPOCTh THAPHUPOBAHUS TIIMIICPUJIOB 1IUC-U30MEPOB HEHACHIIIEHHBIX
KUPHBIX KUCJIOT B CMECH C UX TPaHC-U30MEpaMu;

3HAYUTENIbHO Oo0Jiee BBICOKAs CKOPOCTh THAPUPOBAHUS TNIMIEPUAOB JTUHEHACBHIIICHHBIX >KUPHBIX
KHUCJIOT C CONPSDKEHHBIMM JBOMHBIMHU CBSI3SIMH TI0O CPaBHEHHUIO C HX HM30MEPAMH C HU30JMPOBAHHBIMU
JIBOMHBIMU CBSI3SIMU.

DKCIEPUMEHTAIBLHO Y CTAaHOBJIEHO, YTO MPHU Pa3eIbHOM THIPUPOBAHUU TIIMIIEPUIOB JMHOJIEBON U
OJICMHOBOM KHCJIOT CKOPOCTh HACBIIIEHUS AlMJIOB JIMHOJIEBOW KHUCJIOTHl B 3aBUCHUMOCTH OT YCIOBUU
nporecca B 2—10 pa3 mpeBOCXOAUT CKOPOCTh HACBHINICHHS alMJIOB OJCHMHOBOW KHCIOTHI [4]. B Takux e
YCJIOBHSIX OTHOCHUTEJIBHBIE CKOPOCTH OJHOBPEMEHHOI'O TMAPHUPOBAHUS ALIWJIOB JIMHOJIEHOBOW, JTUHOJIEBOU U
OJICMHOBOM KHUCJIOT Ha HUKEJIEBBIX KaTalIN3aTOPaX XapaKTePU3yIOTCs BETUUHMHAMU:

. oJIeMHOBag Kuciaora 1
. nmHoneBas kuciiora 20-50
. JIMHOJIEHOBAs KUCJIOTa 30-100

CenexkTuBHOE THIPUPOBAHUE CMECEH TPUIVIMLIEPUIOB JIMHOJIEBOM U OJIEMHOBOM KHUCIOT MOXHO
[PEJICTaBUTh CXEMOM, B KOTOpoii OykBoii C 0003HaueHa cTeaprHOBast kuciaora [5].

JI—22 5 0n

On—2Xo 5 C

B aTo0it cxeme Kjp — yaenbHas CKOpOCTh THAPUPOBAHMS JTHHOJIEBOM KHCIOTHI B CMECSX TJIMIICPH/IOB
JIUHOJICBOM M OJICMHOBOM KHCJIOT (KOHCTAaHTa CKOPOCTH PEAKIMHM THAPUPOBAHHUS JIMHOJIEBOH KHCIIOTHI).
Oo6o3nauenue Ko, OTHOCHTCS K YAEIBHON CKOPOCTH THIPUPOBAHUS OJICMHOBOW KHCIOTHI W 0003HAYaET
KOHCTaHTY CKOPOCTH PEaKIK THIPUPOBAHUS OJICMHOBOW KUCIIOTHI.
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[Tpu aGCOMIOTHO CENIEKTUBHOM IPOIIECCE THAPHUPOBAHNE OJICMHOBOM KUCIIOTHI M €€ 00pa30BaBLIMXCS
M30MEpPOB HAYMHAETCS TOJBKO IOCIIE 3aBEPILEHUs] THAPUPOBAHMS JIMHOJIEBONW KHMCIOTHI B TPUINIMLIEPUIAX.
[Mpouecc mpoTekaeT CTpoOro 1Mo NocieaoBaTebHoN cxeme, Ko, = 0 10 Tex 1op, nNoka B THAPUPYEMOM ChIPbE
IPUCYTCTBYIOT TJIULIEPUIbI TMHOJIEBOM KMCIOTHI:

JI—->01—>C

B npoMBIIIIEHHBIX YCIOBHSIX, 32 HMCKIIIOUEHUEM OCOOBIX CIy4yaeB, TMIPUPOBAHUE HE IMPOXOIUT
a0COJIOTHO CEJEKTUBHO — MapauIeNIbHO C TOM MM WHOM CKOPOCTBIO MPOTEKAIOT o0e peakiuu (Tadn.1). Uem
BBIIIIC CCIICKTUBHOCTD FI/I)IpI/II)OBaHI/ISI, TEM MCHBIIIC KOHCTAHTAa CKOpOCTI/I peaKHI/II/I HpeBpaHleHI/Iﬂ OJ'ICI/IHOBOﬁ
KHCIIOTHI, BXOJAIIEH B COCTaB TIIUIEPH]IOB, B CTEAPHHOBYIO.

TaOmuma 1.
N3MeHeHne sKUPHOKUCIOTHOT'O COCTaBa MXJIOMKOBOTO Maciia MPH CEeJICKTUBHOM THAPUPOBAHUU HA
HUKCIIb-MCIHOM KaTaJ'II/I3aT0p€

. KupHokucnotHslil coctas, %
Y, r I,/100r [Tpumeuanue
18:2 18:1 18:0 16:0
116,8 54,6 20,9 4,2 6,3 CelneKTuBHOE
104,8 32,4 55,6 4,6 6,4 TUIPUPOBAHUE
TJIMUEPUI0B JTUHOJIEBOU
85,6 12,9 73,6 7,1 6,4
KHUCJIOTBI
77,2 5,6 78,5 9,5 6,4 [lepexomHas 001acTh
72,6 3,2 78,0 12,4 6,4 TUAPUPOBAHUS
65,6 1,8 72,7 19,1 6,4
57,3 0 66,6 27,1 6,3 I'unpupoBanue
51,4 - 59,8 33,8 6,4 TJIALEPUIOB OJIEUHOBOM
46,1 - 53,6. 40,0 6,4 KHCIIOTHI U €€ U30MEPOB
41,5 — 48,2 46,4 6,4

Mepoii cenekTuBHOCTH TIPOIECCA CIYKUT KOIPGUIIMEHT, YUCIECHHO PABHBIM OTHOIICHUIO
KOHCTaHT Ky = Ko, 4eM BBIIIE CEICKTUBHOCTH IpoIlecca, TeM OOJbIINEe 3HAYCHHUE ITOTO
Koo pUIIUEHTA.

Bboiee HarJsiIHbIM METOAOM OILICHKU CCJIICKTUBHOCTH I'MAPHUPOBAHUS ABJIACTCA OTHOUICHUC IPUPOCTA
COJIEpP>KaHUsI MOHOHEHACHIIIEHHBIX KUCIIOT B INIMIEpUIAX T'HApUpoBaHHOro xupa (A[On] =
[On]on — [On]g) K BenWuMHE, XapaKTEPU3YIONMICH CHI)KECHUE CONEPKAaHMsS JTMHEHACHIEHHBIX
kucaot (A[JI] = [J]o — [M]xon):

_Alor]

"]

rae A[On] — pasuuna Mexay KoHeuHbIM M HAYAJIBHBIM COAEPKAHUEM OJIEMHOBOM KUCIIOTHI
B IiMIepuaax ruapupyemMoro coeipbst ([On]y U [On]o coorBercTBeHHO); A[JI] — pasznuia
MEXIy HadadbHbIM M KOHEYHBIM cojepxkanuem JHHONIEBOM KHUCIOTHI ([JI]o #  [J]on
COOTBETCTBEHHO).

Mexay kunermueckum kod(pduimentom CEIEKTUBHOCTH Ky = Ko, M KOHIIEHTPAIIMOHHBIM
KO3 UIIUEHTOM CeIeKTUBHOCTH K)j CyIIecTByeT 3aBUCUMOCTD, MTPECTaBICHHAs B Ta0.2.

K «100

Tab6mma 2.
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CootHo1iecHHe MCKAY KHHCTUYCCKUM U KOHICHTPAIITMOHHBIM KOB(l)(bI/H_[I/IeHTaMI/I CCIICKTUBHOCTHU

THJIPUPOBAHUS

Koaddurment 3HaveHue K03 dUIreHTa
K = Koy, % 10 15 20 30 40 50
Ki, % 85 90 92 95 96 97

CHIKEHHME CEJIEKTUBHOCTH THUApUpOBaHUS A0 YpoBHSI 85-90% mnpHBOIUT K CYIIECTBEHHOMY
MPUPOCTY COJEpX aHUS B TIHULEPUIAX CAJIOMACOB CTEAPUHOBOM KHCIIOTHI MPU BBICOKOM OCTATOYHOM
COJIep>KaHUU JIMHOJIEBON KUCIOTHL. J1Jis MOTOOHBIX CaJIOMAacOB XapaKTEPHBI CIEAYIOIIHE OCOOCHHOCTHU:

o HEOAHOPOAHASI KPUCTAIUIA3ALMS IIPU OXJIAKIECHUU 10 KOMHATHOW TEMITEPATYpHI;
o pacciiavuBaHue Ha JKUJKYIO U MATKYIO 3aCThIBIIME (PpaKLIMU IPU XPaHEHUU;

. MIOBBILICHHAS TEMIIEPATypPa IUIABJICHUs IIPU OTHOCUTEIILHO HU3KOM TBEPIOCTH;

. CaJIMCTBIN IIPUBKYC 3aCTHIBLLIETO KUPA U APYTHE.

CrnemgyeT pa3nuyaTh CEJICKTUBHOCTH TMpOIecca M CEICKTHBHOCTh XHUMHYCCKOW peakiud Ha
Karanuzarope (CeNeKTUBHOCTh KaTanmuzaTopa) [6]. CenekTHBHOCTh KaTaM3aTopa OINPENeNsieTcsl €ero
MOPUCTOM CTPYKTYPOIH M XMMHUYECKHM COCTaBOM [7].

[ToBpillieHHE AaBJICHHUS BOAOPOJA W HHTEHCHUBHOCTH TEPEMEUIMBAHUS, CHUKCHHE TEMIIEPATYypPhI
PEaKLUMOHHON Cpellbl, CHIKEHHE KOHIIEHTPAIMH TJIMIEPUAOB JTMHOJIEBOM KHUCIOTHI U HEKOTOpbIE OpYrue
(akTOpbl yMEHBIIAIOT CEJICKTUBHOCTh TMpoIecca Ja)xe TMPU HCIOJB30BAHUM BBICOKOCETIEKTUBHBIX
TUAPUPYIOMIUX KaTaIu3aTOPOB.

CeJleKTUBHOCTB TIpoliecca MOAYHHSSTCS PSAAY 3aKOHOMepHOcTel [8]:

o Ha TEpBBIX CTAAMSIX Ipollecca TUAPOTEHU3AIMU JHHOJNEeBas KHUCIOTa, BXOIANIas B COCTaB
TJIALIEPHUJIOB, HACKIIIIAETCS TOPA3/I0 MPENOYTHTEILHEE OJICHHOBOM;

o MpU THAPUPOBAHUU TIHIEPUIOB JHHOJEBOM KHUCIOTHI MPEANOYTUTEIbHEE HACHIIAETCS
JIBOMHAS CBSI3b B MMOJ0KEHUH Al12 110 CpaBHEHHIO C IBOMHOMW CBSI3bIO B TOJIOKeHUU A9,

o NP THIPUPOBAHUU TIIMIICPUIOB JHCHOBBIX KUCIIOT C M30JMPOBAHHBIMH U COMPSKCHHBIMU
JBOMHBIMU CBSI3IMU TPEINOUYTHTENbHEE THUAPUPYIOTCS KUCIOTHI C COMPSKEHHBIMU JBOWHBIMH CBS3SIMHU,
MMO3TOMY, HECMOTPSI Ha HEINpPEepPhIBHOEC 0O0pa30BaHWE COMPSIKCHHBIX HM30JWHOJIEBBIX KHCIOT B TIpoOIecCe
TUIPUPOBAHUH, UX KOJIMYECTBO B THAPOTEHU3aTaX peaKo mpesbinaet 2—3%);

o IpU TUIPUPOBAHUHM MPOCTPAHCTBEHHBIX H30MEPOB MPEANOYTUTEIbHEE HACBIIIAIOTCS LIHUC—
HU30MEPBI, YUeM TPAHC—U30MEPHI.

CenexkTUBHOCTh THIPUPOBAHUS PA3TUYHBIX COCTUHEHHH B CMECSX OOBICHIETCA Pa3InyMsIMH B UX
ancopOIMOHHON cmocoOHOCTH. B  dWacTtHOCTH, aacopOIMOHHAS CIIOCOOHOCTh CHIDKAETCS IO  Mepe
YMEHBIIECHUS YHCIIa STHUJICHOBBIX CBS3€ B MOJEKYJE KUCIOTHL. B pe3ynbrare 3TOr0 aIuiibl JIMHOJIEHOBOM
KHCJIOTHI BBITECHSIOT C KATATUTUICCKOHN MOBEPXHOCTH AITMIIBI JINHOJIEBOM KUCIIOTHI U T. . (KOHKYPHUPYIOIIas
aacopOuus). AUMiabl JTUHOJEBOM M TMOJMHEHACHIIICHHBIX KHUCIOT CIOCOOHBI BBITECHSITH C MOBEPXHOCTH
KaTaanu3aTopa U XeMOCOPOUPOBAHHBIA BOJIOPOJ, YTO TAKXKE CIIOCOOCTBYET CEJICKTUBHOMY THAPUPOBAHHIO
BCJIEICTBHE HEAOCTAaTKa XeMOCOPOMPOBAHHOT'O BOAOPO/Ia HAa KaTalnu3aTope.

Ha celleKTHBHOCTh THIPUPOBAHUS OKA3bIBAIOT BIHMSIHUE M TEXHOJOTrHUYeckre GakTopsl. Ha ocHOBHOM
JTame Mmpolecca, Korjaa rupupoBaHue MPOTEKAET B KMHETUYECKOW 001acTH MO OTHOLICHUIO K TIIHIIEPUAAM
JUHEHACHIICHHBIX KUCTOT (nuddy3roHHast 001aCTh MO OTHOUIECHUIO K BOJOPOJY), BO3MOXKHO ITOBBIIIICHUE
CEJICKTHBHOCTH THAPUPOBAHUS 32 CUET BO3PACTAHUS TEMIIEPATYPHI, YBEITUUCHHUS KOJIMYECTBA U TMOBBIIICHUS
aKTUBHOCTH KaTaJu3aTopa, CHIKEHUS JaBJeHHs BOJOpOJia U MHTEHCUBHOCTH NepeMeninBanus. B obmactu
MOHIDKEHHBIX KOHIEHTPALMK TIHIEPUAOB JTUHEHACHIIIEHHBIX KHUCIOT, T.€. B YCJOBHSIX, KOTJIa CKOPOCTb
TUAPUPOBAHUS TUMUTHPYeETCS nuddy3ueit 3Tux TpurimuepuaoB (auddy3noHHas 00J1acTh M0 OTHOIIEHUIO K
[IIMLEPUIaM JTUHEHACHIIICHHBIX KHCIOT), CEJCKTHBHOCTh THIPHUPOBAHUS CHWXKAETCS C IOBBIIICHUEM
TeMIIepaTyphl (Tak KaK CKOPOCTh MOBEPXHOCTHON PEAKIMK BO3PACTAET CUIIbHEE, YeM CKOPOCTh MU dy3un),
MOBBIIIACTCS] ¢ MHTCHCUBHOCTBIO MEPEMEIIMBAHNS, CHIDKASTCS 110 MEPE YBEIIMUYCHUS TaBIICHUS BOJOPOIA H
aKTUBHOCTH KaTalu3aTopa.

KauecTBeHHass XapakTepUCTUKA BIMSHHUS TEXHOJIOTMYECKMX (DAaKTOPOB Ha CEIEKTUBHOCTH
TUPUPOBAHUS AllWIIOB JIMHOJEBOW KHCIOTHI MpuBeaeHa B Tabn.3. 3HakoM (+) OTMEYEHO MOBBILICHHE, a
3HAaKOM (—) — CHIDKCHHME CEJICKTUBHOCTH IpoIlecca MO Mepe BO3PACTaHUS JAHHOTO TEXHOJOTHYECKOTO
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napamerpa.
TaOmuua 3.

Bnusiaue TexHonorndeckux (pakTopoB Ha CEJICKTHBHOCTh THAPUPOBAHUS TIPU MOBBIIICHUH MTapaMeTpa
W3MeHeHne CeNeKTHBHOCTHU TUPUPOBAHHS

B 11 Py3nonHoit 00nactu

BosnelictByromuii mapamerp nporecca
IO TJIMLEPUIAM
HO BOJIOPOY .
JIMHOJIEBOW KUCJIOTBI

Temmepatypa + -

JlaBneHnue Bogopoaa - -

HNHTEHCUBHOCTD ITEpEMELINBAHUS - +
AKTHUBHOCTh KaTaJau3aTopa + -
KoHuentpanus katanu3aropa B CbIpbe + +

Takum 00pa3oM, TOBBIIICHUIO CEJIEKTUBHOCTH TMIPUPOBAHUS CIIOCOOCTBYET OCYIIECTBICHHE
IpoLecca B YCIOBUSX, PH KOTOPBIX THUIPUPOBAHHUE MPOTEKAET B KMHETUYECKOW 00JIaCTH MO IIIHMLIEPUAAM
JUHEHACBIICHHBIX KUCIOT U JIUMUTUPYETCS IEPEHOCOM BOAOPOJIa K 30HE peakuuu. OIHaKO TOCKOJIBKY AJIs
MOBBIUIEHUSI  MPOU3BOJAUTEIBHOCTH  THIPOT€HU3ALMOHHBIX  yYCTAaHOBOK  HEOOXOAMMO  YyJIy4llIeHHE
THJIPOAMHAMUYECKOTO pPEKUMa PEAKTOpPOB, TPeOyeMyr0 CEeJIEeKTHBHOCTh THAPUPOBAHHS OOECIEeUUBAIOT

10700pOM KaTaau3aTopa, ero KOJNYECTBa M TEMIIEpaTyphl IIpoLecca.

B T2611.4 nokazaHa 3aBucUMOCTh cenektuBHOCTH Katanuzatopa N-800 (¢pupmer Basf, ['epmanus) npu
Pa3IMYHBIX TEMIIepaTypax THAPUPOBAHMSA, a B TaOJI.5 NPHUBENEHBI JaHHBIC MO CEJIEKTUBHOCTH JTOTO XKe
KaTaju3aropa MpH pa3IMyHON MHTEHCUBHOCTH OapOoTaka BOJOPO/Ia.

TaoOmuma 4.

CenextuBHOCTh KaTanuzatopa “Hucocen-800 (N-800) mpu paznuuHbIX TemmepaTypax
3
ruipupoBanus (xJonkosbie Macio, 0,05% Hukens, ”HTEHCUBHOCTh OapOoTaxka Bojoposaa 180 m™/4 Ha
TOHHY MacJia)

[Nokazarenn 3HaueHue MmokaszaTens
Temmneparypa, °C 120 140 160 180 200
1Y canomaca, r 1,/100 r 86 81 79 81 77
CeneKTUBHOCTD:
K, % 90 90 92 93 95
ki / Kox 15 15 17 20 30
Tabnuna 5.

CenextuBHocThb Katanmzaropa N-800 mpu pa3inyHoil nHTeHCHBHOCTH OapOoTaXka BO0poaa

(xonkoBble Macio, 0,05% nukens, 200°C)

Tlokazarens 3HayeHUe noKa3aTeisa

bap6orax Bogopona, M4 Ha

15 30 60 120 180
TOHHY MacJlia
WY canomaca, r 15/100 r 81 80 84 79 77
CeeKTUBHOCTD:
K, % 97 97 96 96 95
ki / Koy 50 50 40 40 30

Jannsle Tabn.4 u 5 nokassiBaloT, uto Karaiau3aTtop N-800 oTinyaeTcsi BHICOKON CENEKTHBHOCTHIO

16




EcrectBeHHOHAy4HBIN )KypHaT « TouHas Hayka» www.t-nauka.ru

THUIPUPOBAHUS JaKe B YCIOBHUSIX HHTCHCHUBHOTO NIEPEMEIIMBAHUS U YMEPEHHBIX TeMIIepaTyp mpoiecca.

ITpu 180-220°C wm w30bITOYHOM maBieHUM Boaopoma no 0,2 Mlla coBpeMeHHBIE HUKEIICBBIC
MIPOMBINIICHHBIE KATAIM3aTOPhl 001aal0T ceNeKTUBHOCThIO Kit = 92-98% B 0071acT BBICOKHMX M CPEIHUX
KOHIEHTpAalUi JUHEHACHIIICHHBIX KUCJIOT B IHuepuaax. [Ipy KOoHLIEHTpaluu JTMHOJIEBON KHUCIOTHI HIKE
15-17% cenekTUBHOCTH TUApUpOBaHus Kosebnercs B mpeaenax 70—-80%.

B umensx mMOBBILICHUS CENEKTHUBHOCTH THIPHUPOBAHUS HEOOXOAMMO CO3[aBaTh KaTalU3aTOpPhI C
IIUPOKUMHU TIopaMu — amamerpoM Ooiee 2,5 HM. Illupoko pacrnpocTpaHEHHBIM TPHUEMOM TOBBIIICHUS
CEJICKTUBHOCTU THIPUPOBAHUS SBISETCS MoAu(UKAlMg KaTald3aTopa IyTeM €ero MOBTOPHOTO
UCTIONIb30BaHus. B Tabn.6 mpuBeneHbI pe3yinbTaThl THAPUPOBAHUS XJIOMKOBBIE Macia Ha OTPaOOTaHHOM
katasmsatope N-800.

Tabmuua 6.
['unpupoBaHue XJI0MKOBBIE Maciia Ha oTpabotanHoM katanuzatope N-800 (200 °C, 0,1% Hukens B
Maciie)

ITokazarens 3HaYeHHEe TIOKA3aTes
WY runporenusata, T 15/100 r 99 95 89 80
CeeKTUBHOCTb TUAPUPOBAHUS, A,, %0 99 97 96 95
[IpupocT conepxkaHus cTeapuHOBOMN

0 0 3 3
KHUCIOTEHI, %
OcTtaTouHoe cojiepKaHue JINHOJICBOI

24 18 12 6

KHUCIIOTEL, %

AHalM3 KOIWYEeCTBEHHBIX ITOKa3aTeliell CEJIEKTUBHOCTH TUAPUPOBAHUA KHUPOB IMO3BOJACT CACIIATH
CleyIolee 3aKJIYeHue: YeM BBIIIE CEJIEKTUBHOCTh MPOIECCa, TEM MEHBIIE IPUPOCT COJIEPIKaHUS allUIOB
CTeapHHOBOﬁ KHCJIOTBI B TpUIIMOCPUAAX cajloMaca Ipu SaHaHHOﬁ FJ'Iy6I/IHe HACBIIICHUSA ChIPbA.
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OB WJIEHTU®UKAIIAU OJJTHOM MATEMATHYECKOM MOJIEJU MAKPOSKOHOMUKH C
NCITIOJIb3OBAHUEM BPEMEHHBIX PA/10B PEAJIBHBIX TAHHBIX

ON IDENTIFICATION OF A MATHEMATICAL MODEL OF MACROECONOMICS USING
TIME SERIES OF REAL DATA

AHHoTanus: B ctaTthe paccMaTpuBaeTcs paciidpeHHe XOPOILIO M3BECTHOM AMHAMUYECKON MOaenu
Comnoy. Jlns oueHKH nmapaMeTpoB pacIIMPEHHONW MOJENIM HCIOJb30BaIMCh MAaKpO3KOHOMHUYECKHE JaHHbIC
CCCP 3a ronbl ¢ 1958 mo 1990. Ilouck pemieHusi MOMy4eHHOW HEIMHEHHON CHUCTEMBI OOBIKHOBEHHBIX
g depeHINATEHBIX YPABHCHHUHA BBITIONHEH YHCICHHBIMU METOJAMHU.

Annotation: In the article an extension of the well-known Solow dynamic model is considered. To
evaluate the extended model parameters, the USSR's macroeconomic data for the years from 1958 to 1990
were used. The search for a solution to the obtained nonlinear system of ordinary differential equations is
realized using numerical methods.

Kurouessble cioBa: [IpousBoactBenHas QpyHKIUs, 0ObIKHOBEHHOE AM(depeHInaIbHoe YpaBHEHHE,
BPEMEHHOU Psijl, METOJ] HAMMEHBIITUX KBAJIPaTOB.

Keywords: Production function, ordinary differential equation, time series, least squares method.

Beenenue. [llupoko wu3BectHas (¢ 1956 r.) makposkoHommueckass Moxaenb CoJoy COIEpPKUT
WCXOJIHbIE MPEANOJIOKEHHUS, KOTOpPbIE MPOTUBOPEYAT peaibHbIM JaHHbIM. Eciam oTkazatbesi OT
COMHUTENBHBIX OTPAHUYEHUN B HWCXOJHBIX MPEANOJIOKEHUSX, TO TOSBISETCS BO3MOXXHOCTh COCTaBUTH
0osee OOIIyI0 TUHAMUYECKYIO MOJENb, 00ECIEYHBAIOIIYIO0 BHITIOJHEHHE PACUYETOB, PE3YNIbTAaThl KOTOPHIX
XOpOIIIO COTJIACYIOTCS C UMEIOIIMMHUCS TaHHBIMH HaOmrofaeHui. [Ipu aTom 00e Moenu nmpeaHa3HaueHbl IS
OIMCAaHMS OJIHOTO M TOTO K€ MpOoIecca B MPOCTPAHCTBE nepemennvix cocmosinusi {K, L, Z}: K - kanuran, L —
YUCJIO 3aHATBIX, Z — COOTBETCTBYIOIIMM pasmep BBIL

IIpousBoacTBeHHble PyHknun. OMH U3 TOCTYIAaTOB MAaKPOIKOHOMHKH  YTBEPXKIAET, YTO
cytiectByeT npoussoocmeennas ¢yuxyus (IID) F(K,L) [1-4], xoTopas yCTaHABIMBAET «TCOPETHUYECKYIO»
3aBUCUMOCTh

Z=F(K,L)

B Tpoiike BenmuuuH {K,L,Z}. C uenpl0 BBINOJHCHUS TEX WM HHBIX PACUYETOB HCIOJIB3YIOT
ananumuyeckue gopmor 1D, mepedeHb KOTOPHIX MOKHO HaWTH Tam ke, B [1-4]. B wactHocTH, croma
OTHOCUTCSI MoJIe3Has mynvmunaukamusras Gopma I1D:

Z=f(K,L)=e"K*LE (a>0,8>0). (1)

Besikoe cooTHOIIEHNE TAKOTO pojia PACCMaTPUBAETCS KaK YPasHeHUe COCMOSHUSL.

YpaBHenue 0ananca. J[pyroit moctynar cBsi3pIBa€T CKOPOCTh U3MEHEHUS BEIUUYHHBI K C TEKyIIUM
coctosHueM. Omyckasi 3KOHOMHUYECKHE COOOpakeHUsI U TOAPOOHOCTH, MPUMEM ypaeHeHue Oananca
cieayromieM Buje [3-4]:

dK
= KKtz Z=f(K D). (2)

3/1ech ypaBHEHHME COCTOSHUSI pPacCMaTpHUBAETCs KAaK «CbEMHBI MOAYNb», TaK 4YTO B Cllydae
HEOOXOMMOCTH MOXHO 3aMEHHUTH f KaKOW-TO Apyroi ¢popmoii I1dD u3 ymoMsHyTOTO BBIIIE IEPEUHS.

Bpemennblie psiabl st naeHTHGUKAaNuKM. Hroke uCnonp3yroTcss MakpOAIKOHOMUYECKHE JaHHbBIE
CCCP 3a 33 roma (c 1958 nmo 1990), B3siteie u3 padotsl [2] (Ilpmnoxenwue 1; c. 81-82). Bece nmanubie B
Tabnuiie 6e3pa3MepHbIe, B %-Tax M0 OTHOIIEHHUIO K ypoBHIO 1970 rona.
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Tabauna 1.
HNupexkcobl Boiycka, pouaos u Tpyaa no CCCP
Ne=t | Ton Z K L Ne=1t | Ton Z K L

1 1958 | 43.20 | 30.83 | 61.97 18 1975 | 131.73 | 145.69 | 113.30
2 1959 | 46.45 | 33.94 | 64.19 19 1976 | 139.48 | 156.78 | 115.52
3 1960 | 50.17 | 38.10 | 68.74 20 1977 | 145.81 | 167.69 | 117.96
4 1961 | 53.59 | 41.59 | 73.06 21 1978 | 153.32 | 179.45 | 120.40
5 1962 | 56.63 | 44.97 | 75.72 22 1979 | 157.10 | 191.56 | 122.62
6 1963 | 58.90 | 49.79 | 78.16 23 1980 | 164.82 | 203.74 | 124.72
7 1964 | 64.38 | 54.31 | 81.26 24 1981 | 173.55 | 216.58 | 126.39
8 1965 | 68.81 | 60.16 | 85.25 25 1982 | 186.64 | 230.20 | 127.72
9 1966 | 74.39 | 68.11 | 88.36 26 1983 | 195.43 | 244.73 | 128.71
10 1967 | 80.85 | 78.00 | 91.24 27 1984 | 203.11 | 259.80 | 129.49
11 1968 | 87.55 | 86.68 | 94.35 28 1985 | 206.29 | 274.32 | 130.60
12 1969 | 91.68 | 93.01 | 97.45 29 1986 | 211.03 | 288.73 | 131.37
13 1970 | 100.00 | 100.00 | 100.00 30 1987 | 214.41 | 303.50 | 131.49
14 1971 | 105.65 | 107.84 | 102.88 31 1988 | 223.85 | 318.14 | 129.93
15 1972 | 109.81 | 116.64 | 105.54 32 1989 | 229.43 | 333.94 | 127.94
16 1973 | 119.62 | 125.98 | 108.09 33 1990 | 220.26 | 349.49 | 125.17
17 1974 | 125.98 | 135.32 | 110.64
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Puc. 1. BpemeHHBIe psizibl «<HaOM01aeMbIX» TaHHBIX: a) {K;}; 0) {L;}.

HNnentndpuxanus popmpl [1®. MynsruruinkatuBHas ¢opma IID (1) nmomyckaer mepexon K
yYpaBHEHUIO BUJA
InZ=y+alnK+pInlL.
CormacHo memody naumenvuux kéadpamos (MHK) omrumanbusii Bextop (&,f,7) Moxer GHITH
MOJIy4YEH KaK pelIeHHue 3ajaul MUHUMHU3AIIN

n
Z (y +alnK, +pBInL, —InZ;)?> — min .

t=1
PGSYHBTaTLI IMOUCKa PCIICHUA:
@ = 0631453, f=0260211; 7 = 0.500404.
z f(KiL)
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L
30

200 -

100

L
10
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Puc 2. Bpemennsie psipl: a) {Z;} «HabmonaeMbix» nanubix; 0) {f (K, Ly)} «BBIYACISEMBII».
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Hcxonnbie npeanonoxenus moaean Cojoy. Ota  MozAeldb  PEKOMEHAYET  IPHHATH  HEKHUe
orpannyeHus [3-4], kacaromuecs [1® 1 ckopocT U3MEHEHHUS BEIUYUHBI L.

(A) @opma I1D onnopoanas crenenu 1.

(b) dL/dt = aL (a > 0).

CMBICTT 3THX MEPONPHUATHA COCTOUT B cieaytomieM. Ecim mpunsate yciaous (A) u (b), To mus
«ynenbHOM» BennuuHbl U := K /L ¢ momomplo ypaBHeHMs OanaHca BBIBOJAMTCS HEKOE OOBIKHOBEHHOE
mudpepennuansioe ypasuenue (OY) 1-ro mopsinka. bonee Toro, eciu BbIOpaTh MYJIbTHUIUIMKATUBHYIO
dbopmy I1D Kobba-/Jyenaca (x + f = 1), To nmoayvaercst ypaBHeHHEe BepHYIIM, TOYHOE pelIeHHE KOTOPOTO
mupoko u3BecTHO. lleHHocTs Momenu Cosoy 3akiro4yaeTcss B TOM, YTO OHa OOECIEeUMBAEeT IMOIY4YECHHE
TpeOyeMbIX pe3yabTaTOB YHCTO aHAIUTHYECKUMHU MeTonamHu. Ilpocras mozxens Conoy NpUMEHSETCS TaKkkKe
KaK MOJIyJIb B 00JIee CJIOKHBIX MAaKPOIKOHOMHUYECKUX Moesx [3].

NzBectHo ([1], c.69-72), yTo B mpOILIOM HMEIH MECTO HCCIEAOBAaHUSA C LENbI0 O0OOCHOBATH
npaBoMepHOCTh BbiOopa popmbl 1D Kobba-/yrnaca.

Hekxoropoe HenoymeHnume MoxeT BbI3BaTh npuHsATHe YypaBHeHus (b), oOecnednBaromiero
HEOorpaHUUYEHHBIH pocT L mpu ¢ — oo. OnHAKO 3Ta «OKCIOHEHIMAIbHAsA MOJENb)» (10 ManbTycy) HEpeaKo
BCTPEUYACTCS B TE€X WM MHBIX TEOPETHYECCKUX KOHCTPYKIumsax [3].

B cuity orpaHMueHHOCTH pecypcoB, Oosiee peaTuCTUYHON BBITTISAUT «JIOTUCTUYECKass MOAENb (110
DepXI0IbCTY):

(B") dL/dt = aL — cL* (a >0, ¢ > 0).

Henuneitnoe ypasuenue (B') crmyxur pacumpenuem nuneiinoro ypasuenus (B), memonctpupyer
orpanmueHHBINA pocT B ostoce 0 < L < a/c.

Bb106op pacmupenust moaesau npouecca. Cpeau (A) u (b) ecTp ele 0oAHO OrpaHUYEHUE, KOTOPOE
HE BBICKa3bIBaeTcs sBHO. 1o dakTty ypaBHeHue s dL/dt BBogutcs kak HezaBucumoe. C Ipyroif CTOpOHHI,
u3 puc. 1. a) BuaHO, 4to L(t) MMeeT JIOKaNbHBIi MaKCUMYM TIPU HEKOTOpoM t = t*. TeM caMbIM NPUHATHE
KaKoro-m0o0 OT/AeIbHOTO YpaBHEHUS BHJIA

dL/dt = G(L)
HEN30€KHO BeET K NPOTUBOPEUHIO, TOCKOJIBKY
0>L{t") =6'(L{))L(EY) = 0.

Yro6bl n36€xaTh BOSHUKHOBEHHS TPOTUBOPEUNBLIX MOMEHTOB, 11€J1€CO00Pa3HO CHATH YIOMSHYTHIE

BbIIIIE OTPAaHUYEHUS, a TAKXKE JOMYCTUTh K MIPUHITHIO YpaBHEHHE OoJiee o01Iero Buja:
dL/dt = G,(K,L).
Jis omucaHUs TUHAMHMKH COCTOSTHUH MOYKHO HPEUIOKUTh MOJETh B BHJIE CIEIYIOLIEH CHCTEMBI

OJIY:
dK
dt 3
d (3)

3nech b # 0, MOCKONBKY B CHCTEME HE JOJKHO OBITh OTAENbHBIX ypaBHeHMH. IIpu 3TomM BTOpOE
ypaBHEHHUE CITYXHUT MPOCTHIM paciiuperreM kak ypasuenust (B'), Tak u ypasuenus (b).

Oo0parnas 3agaua.

Bo-niepBrix, WaeHTH(HUKANMA: C HCIOIB30BAHUEM HCXOJHBIX JaHHBIX (B (opmare BpPEMEHHBIX
panoB {K:}, {L:}, {Z;}) TpeOyercs ompenenuts onTHMalbHbIE 3HAYCHHUS (OICHKH) BHEIIHHX IapaMEeTpPOB
cuctemsl OLY (3), T. €. K03 PUIMEHTOB €€ ypaBHEHUI.

Bo-BTOpBIX, MOMCK pelIeHHUsI: C HCIIOIb30BAHHEM MOJTYYCHHBIX 3HAYCHUH BHEIIHUX MapaMeTPOB
tpebyercs Haiitu perrenne (K(t), L(t)) cucremsr OY (3), yIOBIETBOPSIOIEE HAYAIBHBIM YCIIOBHUIM:

K(t=1)=K;, L({t=1)=L,. (4)

JTan naeHTHQUKAIUT THHAMHYecKoil Moneau. [lycTh y — paBHOMepHas ceTtka ¢ marom § = 1

Ha TIpOMeXyTke Bpemenu [1,nd], rae n == 33 — yucio s1eMeHTOB BpeMeHHOro psina {K;}. B pesynbrare

cykeHus Ha ceTky y, OJ1Y cucremsl (3) mpuoOpeTaroT BHI:
D,L
X X
K =—u+pK+61, L =a—bL — cK + €,.

B tpymax mo M3 [3] oObrano mpunmmaror § = 1. Yepes D, o0003HauaeTcss OmepaTop B3ATHS
Pa3HOCTHOM MTPOU3BOIHOM HA CETKE )
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( Y(t+8)—-Y()/5 t=3,
DY(®) = iY(H(S)z_gY(t_(S)' gz T
Y(t—-96)—-Y())/5, t=nd,

rne Y (t) - npou3BoIbHO B3sTast MpoOHAsk GYHKIMS Ha MpoMexyTke [1, nd].
ITycts ({,p) u (d, b, é) - 3TO BEKTOPBI HCKOMBIX OIIeHOK ko3 dummentoB. Cornmacao MHK, kaxpiii
U3 3TUX BEKTOPOB €CTh PEIICHHE CBOEH 3ajauil MUHHUMHU3AIHH:

n n
Z (€1£)? — min, z (631)? — min.
t=1 t=1

Pesyneratel MHK-nnentudukanuu 1-ro OJY cucremsi (3):
f =0.027049, p = 0.108683.
YMeCTHO 3aTpOHYTh BOIIPOC 00 OIIEHKE 3HAYUMOCTH KOA(DPHUIIMEHTOB 2-TO YpaBHEHHUS C TOYKH
3peHHsI PErPECCUOHHOTO aHau3a [5].

Coeff. Estimate Standard Error | t—Statistic PlT| = |t])
a 0.0303202 000000328 3.58000 [4.41788%10°°
b 0.000189735 | 0.0000270565 | 701254 |8.57405x107®
¢ |-651918x10°% | 0.000119211 |-0.0546861 0.936731

Puc. 3. Oruer no upentudukanuu popmsl (a — bK — cL).

W3 ortuera BUAHO, 4TO «HYJeBas runore3a» [¢ = 0] He oTBepraeTcs B MOJB3Y ANBTCPHATUBHOM, Ha
ypoBHe 3HauMMOCTH 5%. 3nech T — 3TO0 KpuTHUeckoe 3HaueHue t-cratuctuku CreiogeHrta, a P(...) —
COOTBETCTBYIOIIAsl TOBEPUTENIbHAS BEPOATHOCTh. TakuM 00pa3oM, UMEIOTCS OCHOBAaHUS NPUHATH € = 0 u
3aHOBO OIPENEIUTh KO3 (DUIIUEHTHI (&, b,c= 0) no cxeme MHK:

n

z _ (egec = 0])? — min.

Coeff. | Estimate |Standard Error |t—Statistic P(IT] = |
a 0.0307998 0.00199830 | 254203 |2.52562 % 10722
] 0.000188385 | 0.0000108068 | 17.288 |1.79683 x 10717
c

Puc. 4. Oruer mo unentudukanuu ykopouenHoi popmer (a — bK).
Cornacao HoBoMy oTueTy pe3ynsrarsl MHK-unentudukanyum 2-ro OJY cucremst (3):
a = 0.0507998, b = 0.000188385, ¢=0.
[Tocne Bcex aTux MeponpusTuii cucrema (3) npuoOpeTaeT OKOHYATEIbHbBIN BU:

dK . R

E = —MK + pf(K, L),

dL - ®)
E = L(a - bK)

JTan noucKa pemeHus. 31eCb HE UACT pedyb O HAXOXKJACHUU TOYHOTO PEUICHUS B SIBHOM BHUJIE.
C UCroap30BaHMEM YHCIEHHBIX MeToaoB, s cucteMbl OJIY (5) ¢ ydyeToM HauyaiabHBIX yclIoBUM (4)
nosydeno npubmmkennoe pemenue (K(t),L(t)), B BHIe MaccuBa YHMCIOBBIX JaHHBIX C IMOCIEAYIOLIEN
WHTEPIOJIALMEH.

L (t) and L; Z (t):=f (K (t).L (1) and Z;
T T T aedy T T T T L ———
120f ot -k _—
~ e o
wo | / _ ok ")”.
sl -/ 1 “gz
150 -t
sof ] Pl
60 \\ f
40 100 |- . ‘6“
o
20F 0 .”.gﬁ“
or 1 1 1 1
0 0 ) 30 0 50 oL, . - L .
o 10 20 30 0
a) 6)

Puc. 5. BusyanpHoe cpaBHEHHE HAOTIOAEMBIX JAHHBIX C PACUCTHBIMHU.
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K 3TOMy MOXHO 100aBHTh, YTO MaKCUMaJIbHasi OTHOCUTEIbHASI OIIMOKA anmpoKcuManuu psaa {L¢},

BBbIUKCJIEHHAs 110 popMyJie
err[L] := max.e, {|L(t) — L¢|/L¢},

coctaBiseT 3.2546%, nocturaercs npu t = 4.

3akiaodenue. B HacTosimeld paboTe Bce HEOOXOAMMBIE pacueThl (KaKk YWCICHHBIE, TaK |
rpaduueckre) BBIIOJIHEHBI ¢ HCIONIb30BaHueM porpamMbl Wolfram Mathematica.
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