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JHEPI'ETHUKA - ENERGY

YAK 621.311.243:551.521(575.3)

BNMUAHUE NSMEHYMBOCTU COJTHEYHOWU MHCONALNU HA 3DDEKTUBHOCTb

DPOTOIMMEKTPUYECKUX CUCTEM B YCITOBUAX KOTA TAIDKUKUCTAHA
U.b. Maxcymos, A.T. Uco3oaa, A.H. [laBnaT3ona

I/IHCTI/ITyT OHEPIrCTUKHN TaH)KI/IKI/ICTaHa

B ycloBHsSX BBICOKON COJHEYHOW AKTHBHOCTH B XATJIOHCKOW O0OJIACTH aKTyaJbHBIM CTAHOBUTCS MOBBIMCHHE 3(P(PEKTHBHOCTH
(dorosnexTpryeckux cucteM. LIenbio HCCIenoBaHus SBISIETCS OIECHKA BIUSHUS W3MEHYMBOCTH COJIHEYHOTO M3JIyYCHHUSI W TEMIIEpaTyphl Ha
BBIXOJHYIO MOIIHOCTh COJHEYHBIX MaHeNeH. DKCIEPUMEHT MPOBOAMIICS Ha aBTOHOMHOM COJHEYHOW 3JIEKTPOCTAHIMH MOMIHOCTHIO 10 KBT ¢
HCIIONIb30BAHUEM JIFOKCMETPA U HHMPAKPACHOTO TEPMOMETpA IS 3aMEPOB HHCOJSILIMU U TeMreparypsl. [IpoBeféH KOPPEIsIHOHHbINA aHau3,
MOATBEPAUBILIHIN MPSAMYIO 3aBUCHMOCTH MKy YPOBHEM HHCOJISAIMH M BBIXOAHOM MOIIHOCTBIO, & TAKKE BBISBICHO BIHSHHE TEMIICPATYPhI HA
CHIKEHHE 3QPEKTUBHOCTH. Pe3ynbTarsl JEMOHCTPUPYIOT BBIPAKCHHBIC CYTOYHBIE U CE30HHBIE KOJICOAHUS COTHEUHOM paHallii, OKa3bIBAIOIIIHE
CYILIECTBEHHOE BIIMSIHHE HA TEHEPAIUIO 3JIEKTPOdHEpTruu. [IpakTHdeckas 3HAYMMOCTh PabOTHI 3aKIFOYAETCsl B BBIPAOOTKE PEKOMEHIAIMI 10
Ppa3MEIIEHHI0, OPUEHTUPOBAHUIO U IKCIUTYaTaIlUH COTHEYHBIX YCTAHOBOK JJIsI TIOBBIMICHUSI MX IPOU3BOIUTEIILHOCTH B YCIOBHsAX TaDKUKHCTAHA.

Knrouesvle cnosa: 60300H0615:eMAs Hep2usi, QOMONEKMPUUECKUE CUCMEMbL, COTHEYHOe USIYYEeHUEe, BbIXOOHAS. MOWHOCMb,
agppexmusrocmes @I-cucmenm.

TABCUPU TAFUMPEBUU A®KAHMLLOTHU OPTOBMN (MHCONALMA) BA CAMAPAHOKUU
CUCTEMAXOU ®OTOIJJIEKTPUKU OAP LULAPOUTU YAHYBU YYMXYPUUN TOYUKUCTOH
U.b. Maxcymos, A.T. Uco3oaa, A.H. [laBnaTt3ona

Jlap mapoutu avonusaTHOKMU Oananau o(pToOn map BWIOATH XaTIOH Machaidaw OajaHz OapJOIITAaHH CaMapaHOKHH CHCTEMaXOH
(hOTORIIEKTPUKIA aXaMHATH MaxCyc KacO MeKyHal. Xagahu TaXKUKOT 0ax0 JoAaH 0a TabCUpH TariupEoun adkaHumoTn opTodit Ba Xapopar 6a
HUKTUIOPU UCTEXCOJMH MaHeNnXxou opTodit Mebomaa. TaxKUKOT nap HEpYroxu aBTOHOMUHU oToO#i 60 mkrumopu 10 kBT ry3aponuna mryx, xu
06apoy YEHKYyHUH CaTX¥ a(KaHMIIOTH a3 JIIOKCMETp Ba 0apow YeHKYHHMH Xapopar a3 TepMoMeTpu HHppacypx uctudoma rapmun. Taxmmm
KOPPEJSATCHOHT I'y3apOHH/IA IIy/a, BOOACTaruy MyCTaKUM MHUEHHN caTX¥ aKaHUIIOT Ba MKTHIOPH MCTEXCOJI TaCAMK rapIu/, HHIYHUH TabCUPH
MaH(bUH XapopaT 6a KOXHIIN caMapaHOKi MyalsiH Kap/ia mrya. Harngaxo MaB4yausITH TaFriiMpoTH py30Ha Ba MaBCUMHHU a(KaHUIIOTH 0(hTOOHPO
HUIIOH MeIVXaHA, KU Oa TaBIMIu Hepyu OapK TabCHpU Hazappac MEpacoHaHI. AXaMHATH aMalnH TAJKUKOT Jap TaXHsAH TaBCUSAXO Ooup Oa
YOWTUPKYHHA, caMTrupi Ba McTU(oAabapuu cucteMaxou opToOi Oapom OanmaHx OAapIOINTAHHM CaMapaHOKHMHM OHXO Jap IIapouTH YyMmxypuu
TouukucToH udoma me€oda.

Kanumaxou Kanuodi: snepeusiu 6apKapopuasanoda, cucmemaxou Gomosiekmpui, agprkanuuiomu ogpmoodi (uHcorayus), ukmuoopu
uCmexcont, camapanoKuu CUCIeMaxou omo31eKmpuKii.

INFLUENCE OF SOLAR INSOLATION VARIABILITY ON THE EFFICIENCY OF PHOTOVOLTAIC
SYSTEMS IN THE CONDITIONS OF SOUTHERN TAJIKISTAN

I.B. Makhsumov, D.T. Isozoda, A.N. Davlatzoda

Under the conditions of high solar activity in the Khatlon region, improving the efficiency of photovoltaic systems becomes particularly
relevant. The aim of this study is to evaluate the impact of solar irradiance variability and temperature on the output power of solar panels. The
experiment was conducted at a 10 kW autonomous solar power plant using a lux meter and an infrared thermometer to measure insolation and
temperature. A correlation analysis was performed, confirming a direct relationship between the level of insolation and output power, as well as
identifying the negative influence of temperature on efficiency. The results demonstrate pronounced daily and seasonal fluctuations of solar
radiation, which significantly affect electricity generation. The practical significance of this work lies in the development of recommendations on
the placement, orientation, and operation of solar installations to improve their performance under the conditions of Tajikistan.

Keywords: renewable energy, photovoltaic systems, solar irradiance, output power, efficiency of photovoltaic systems.

BBepneHune

doToanekTpnyeckme (P3) cuctembl, UM CUCTEMbI CONMHEYHON IHEPreTWKU, UrparoT KM4YEBYH pOrb B
nepexoge K yCTOMYMBbIM 3HepreTndeckum pelueHnsiM. OHM OCHOBaHbl Ha MPSMOM npeobpas3oBaHMM COMHEYHOTrO
U3MNyYeHNs1 B SNEKTPUYECKYIO SHEPr0 NOcpeacTBOM (POTOINEKTPMYECKOro adpdekTa, YTO NO3BONSET NCMOMb30BaTh
YNCTbIN, BO3OOHOBSEMbIN UM MPaKTUYECKM Heucdepnaembll UCTOYHMK dHeprun. OcHoBy ®3I-cucTemM cocTaBnsioT
NonynpoBOAHUKOBbIE 3NeMeHTbl (POTO3NEKTpUYeckne Moaynu, 4alle BCero W3roTOBIEHHble W3 KpeMHUud. ITu
3NeMeHTbl NOrNoLWAaKT COMHEYHbIV CBET U FEHEPUPYIOT 3MNeKTpU4eckuin Tok. [ng noBbILLEeHNS MOLLLHOCTM HECKOMNBbKO
Mopaynen obbeamHaATCA B hOTOINeKTpruIeckne maccumsebl [1-2]. Mpouecc HaYMHaeTcs ¢ nonagaHvs CONHEYHOro CBeTa
Ha NMOBEPXHOCTb (POTOINEMEHTOB, YTO BbI3bIBAET BO30YXAEHUE 3MEKTPOHOB B MOSyNPOBOAHUMKOBOM Martepuane u
CO30aET anekTpuyecknit Tok. brnarogaps oTCyTCTBUIO OBWXKYLLMXCS YacTel, pabota ®I-cucteM conpoBoXaaeTcst
MVWHUManbHbIM  YPOBHEM LUYMa, BbICOKOW HAOEXHOCTbI, MPOAOIMKUTENbHBIM CPOKOM CNYXObl U HU3KUMMU
aKcnnyaTaunoHHbIMU 3aTpaTtamu [3].

KnumaTtnyeckme daktopbl, Takme Kak TemnepaTypa BO3dyxa, OTHOCUTENbHasd BNaXHOCTb U COMHEeYHas
06Ny4EHHOCTb, OKa3bIBalOT 3HAYUTENBHOE BMMSHNE Ha 3PEKTMBHOCTL paboThl hoToanekTpmnyeckmx (P3IJ) cucrem.
OcobeHHO BaXHbIM MapamMeTpoM SIBMSETCH YPOBEHb COMHEYHOrO W3My4YeHMS] OCHOBHOMO MCTOYHMKA 3HEepruu ans
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(POTOSNEMEHTOB, KOTOPbIA WM3MEHSETCA B 3aBUCMMOCTU OT MOroAHbIX YCNOBWUA, BPEMEHM CYTOK, Ce30Ha U
reorpadu4eckoro NoOfoXeHUs1 yCTaHOBKU. OTU U3MEHEHMSI HOCAT KaK KPaTKOBPEMEHHbIN, TaK U CE30HHbIN XapakTep,
YTO BbI3blBAET KONnebaHusi BbIXOAHOW MOLLHOCTU U MOXET CHMXaTb 00LLYy0 3P(EKTUBHOCTE cUCTEMbI. [10OBbILLIEHHASs
TemrnepaTypa, HanpuMmep, CHWXaeT HanpsbkeHWe Ha BbIXOA4E COMHEYHbIX MoAynen, 4YTO NPUBOAWUT K MNadeHuto
BbIpaboTKM 3nekTpoaHeprun. [1odTOMy TOYHOE MOHMMaHuMe Uu YYET WU3MEHYMBOCTU COMHEYHOro pecypca Wu
CONYTCTBYIOLUMX KNMMATUYECKMX (hakTOPOB ABMSAIOTCH BXKHENLLNUMW YCIIOBUSMUY O11S1 ONTUMarnbHOIro NPOEKTUPOBaHMUS,
akcnnyaTauum n ynpaenenusa ®3-cuctemamu [1, 4].

OpHble paroHbl LleHTpanbHOW A3nn, BKoYas TapKMKUCTaH, XapaKTepusytTCa BbICOKOM M3MEHYMBOCTbLIO
COMHEYHOro WU3NyYeHusi, MNPOSIBISIIOWLENCH B CIOXHOW CE30HHOW M CYTOYHOW [AuMHaMuKke. OTW OCOBEHHOCTU
O[HOBpPEMEHHO CO3[4aloT Kak onpefenéHHble BbI30Bbl, TaK W 3HAYUTENbHble MNepcrnekTvBbl AN 3 eKTMBHOro
BHeapeHus1 poToanekTpudecknx (PIJ) TexHomnorun [3, 5-7]. HecmoTps Ha LWIMPOKOE pacnpOoCTPaHEHUE COJTHEYHbIX
3HEPreTMYEeCcKUX YCTAHOBOK, BOMPOC BIUSAHMS MEPEMEHHOCTW COMHEYHOW paguauuyM Ha WX 3JKChiyaTauMOHHYHO
3(PPEKTUBHOCTE OCTAETCH HEAOCTATOYHO M3YYEHHBIM, OCOBEHHO B KOHTEKCTE KOHKPETHBIX reorpadouyecknx permoHos,
TakMx kak XaTnoHckad obnactb Pecnybnvkm TapxkukuctaH. ConHevHoe w3nyyeHue, MOABEpXKEHHOE BINSHUIO
aTMoC(EepHbIX YCIOBWUIA, AEMOHCTPUPYET 3HAYMTENbHYHO BPEMEHHYIHO U MPOCTPaHCTBEHHY HECTabuibHOCTb, YTO
HanpsMyto OTpaXkaeTcsl Ha BbIXOAHOW MOLLHOCTU U Npom3BoauTensHocTn P3-cuctem [2, 8].

HepocTtatok AeTanbHbIX 9MMUPUYECKMX KCCneaoBaHui, (DOKYCUPYIOLNXCA B YCMOBUSX TamKMKUCTaHa,
CYLLECTBEHHO 3aTpyOHSIET HaAEXHOEe MPOEKTUPOBaHME, IPMEKTUBHYIO IKCMyaTaLmio U onTUMarnsHoe ynpasreHue
COITHEYHBIMY SHEPreTUYECKNMU YCTaHOBKaMu B permoHe. B cBs3n ¢ 3noXXeHHbIMM Npobriemamun BO3HUKaEeT HacyLHas
HeobXx0AMMOCTb B NPOBEAEHMMN LieneHanpaBneHHbIX NCCreaoBaHnn, HanpaBneHHbIX Ha CUCTEMaTUYeCcKoe UdyvyeHne
BMUSIHUS M3MEHYMBOCTU COSTHEYHOrO M3ITyYeHUs Ha MPOU3BOAUTENBbHOCTL (DOTOIMEKTPUYECKUX CUCTEM B YCIOBUAX
XaTnoHckon obnactu Pecnybnukn TamKuKMCTaH.

AKTyanbHOCTb TaKOro uccrefoBaHuns obycrnoBeHa Kak He4OCTaTOYHON aMNUpUYECcKon 6a3on, Tak u pacTyLLen
NOTPEBHOCTLIO B YCTOMYMBBIX WMCTOYHMKAX 3HEPrMn B pervoHe. [lonyyeHHble pesynbTaTtbl MOryT CyLECTBEHHO
cnocobCcTBOBaTb PasBUTUIO TEXHOMOTMMA COMHEYHOW 3JHepreTukn B TamkukuctaHe, obecnevmBass OCHOBY AN
npoekTupoBaHns 6onee addeKkTUBHbIX KOHCTpyKumn PI-cuctem, BbibOpa onTUMAarnbHbIX KOMMOHEHTOB, a Takke
BbIpabOTKM CTpaTernin ynpaBneHusi, HanpaBneHHbIX Ha MOBbILLIEHNE IHEPreTUYECKON OTAauM, HaAEXHOCTN 1 obLien
3P PEKTUBHOCTU DYHKLUMOHNPOBAHNS COMNHEYHbIX YCTAHOBOK.

ABTOpbI cTatbu [9] nccnegoBanu BNMSHWE TemnepaTypbl OKpyXatowen cpeibl, MUHTEHCMBHOCTU COSNTHEYHOrO
NMoTOKa M OTHOCUTENbHOW BMAXHOCTU Ha 9G(EKTMBHOCTb NPeobpa3oBaHNsl CONTHEYHOM 3HEPIUM B ANEKTPUYECKYHO.
Pe3ynbTaTthl Nokasanu NpsmMyo 3aBUCUMOCTb BbIXOAHOrO Toka 1 3PEKTUBHOCTU CUCTEMbI OT BEMUYUHBI CONTHEYHOTO
noTtoka. Bosgencreme OTHOCUTENbHOW BNAXXHOCTU Ha TOK U 3(P(PEKTUBHOCTb OKa3anoCb CONOCTaBUMbIM MO CTENeHn
BNusaHMA. Kpome TOro, ObIno yCcTaHOBMEHO, YTO TeMMepaTypa CONIHEYHOW NaHenu onpeaenseTcs rnaBHbIM o6pas3om
WHTEHCUBHOCTbIO COMHEYHOro N3ny4YeHusl, Torga Kak Temrnepartypa OKpyxarLlen cpefbl OkasblBaeT NuLlb KOCBEHHOE
N MeHee 3HauuTenbHoe Bo3gencTBue. NoCTOAHHO OTHOCUTENBbHO PaBHOMEPHLIN CBETOBOW [eHb U BbICOKasi BbicOTa
Hag YpPOBHEM MOPS Ha NPOTSHKEHUM rofa CNOCOOCTBYIOT YCUIEHWIO CONTHEYHOW paguaumm, oboralléHHoM NPoToHaMM.

B wuccnepgoBaHum pabotbl [10] paccmaTtpuBanocb BIWUSIHUE COJIHEYHOrO M3MyYeHuMs K TemnepaTypsbl
OKpyXaloLen cpedbl Ha 3JNeKTpUYecKne XapakTepucTukm oToanekTpuyeckux moaynen. KMcnonbsys Kak
TeopeTnyeckme, Tak U IKCNepuMeHTanbHble NOAXOAbl, aBTOPbI NPOaHaNM3MpoBanu N3MEHEHUS TOKa, HaMpsKeHUs,
BbIXOQHOMW MOLLUHOCTM U 3EPEKTUBHOCTU MoAyfen non BO3OEWCTBUEM PasfnyHbIX KIMMAaTUYECKUX YCIOBUMN.
OkcnepyMeHTbl NpoBoannuck B yHuBepcutete Coxapa (CyntaHat OMaH) ¢ ucnonb3oBaHMeM MOHOKPUCTanIM4YeCckoro
OTO3NEKTPUYECKOrO MOAYyNs MoLHOCTb0 50 BT kak B nabopaTopHbIX, Tak U B YNINYHBLIX YCNoBuAX. PesynbTaTthl
nokasarnu, 4To Npu yBeNn4eHn CONTHEYHOrO N3NyYeHns HanpshkeHne Bo3pacTtaeT 3HauntenbHo (¢ 0,16 B go 19,92 B),
TOrfa Kak ToK u3amMeHsieTcs nuwb He3HauutensHo (¢ 0,153 A po 0,167 A). B T0 e BpeMs noBbILLeHNe TemnepaTtypbl
OoKpyXatoLlen cpefbl OKasblBaeT MPOTUBOMOMOXHOE BIIMSIHWE, CHWXAaA HanpsbkeHue, 4TO, B CBOK OuYepenb,
oTpyLaTeNbHO CKa3biBAeTCs Ha MOLLHOCTM, SHEPrum 1 obLuen adekTMBHOCTM Moayns. Takke aBTopbl cTatbk [11] B
CBOEM UCCRefoBaHUM COCPeaoTOYUIIMCL Ha NPOOMEMEe 3KCTpeMaribHbIX YCIOBUA COJNTHEYHOrO WU3IyYeHUs U KX
BMUSIHWSA Ha reHepaLuio SNeKTPOIHEPTM C MOMOLLLIO (DOTOINEKTPUYECKUX CcUCTEM. B pamkax nx nccnegosaHms Obinm
npoaHanuM3npoBaHbl MOCNEACTBUA KakK YCTOMYMBO BbLICOKOW, TaK W MOHWXEHHOW OCBELLEHHOCTU, WCMOMb3ys
rnobanbHble KnuMmatudeckme Mogenu. [lonyyeHHble [aHHble MNO3BONUAM  BbISBUTb 3HAYMTENbHOE BMWUSHUE
9KCTPEMANbHOW M3MEHYMBOCTM COJSTHEYHOIO M3NyYeHUs Ha IPEPEKTMBHOCTb M HadéxHocTb PIO-cuctem. ABTOPbI
NoavYEPKNBAOT HEOBXOANMOCTb pa3paboTku YCTOMYMBBIX K TaKMM KonebaHnsiM cMcTeM, CnocoBHbIX aaanTMpoBaThCs
K 3KCTpemarnbHbIM NOroAHbIM ycrnosusam [12].

HayyHas HOBM3Ha MCCneaoBaHWs 3aknovaeTcs B NPOBeAEeHUN KOMMIIEKCHOMO 9KCNepUMEHTanbLHOro aHanmaa
BMUSHUS U3MEHYMBOCTWN CONIHEYHOM WHCOMSUMM M TemnepaTypbl OKpyXalllewh cpefbl Ha BbIXOAHYH MOLLHOCTb
POTO3NEKTPUYECKMX CUCTEM B YCNOBUSIX tora TamkukuctaHa. B oTnunume ot GonblumMHCTBaA nNpeaplaylimx pador,
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[aHHoe nccnefoBaHMe OCHOBAHO Ha SMMMPUYECKUX AaHHbIX, MOMYyYEeHHbIX HEMOCPEACTBEHHO B XaTnoHCKoN obnacTu,
YTO MO3BONSET Y4YeCTb pPEernoHarnbHble KnumaTuyeckune ocobeHHocTu. [lonyveHHble pes3ynbTaTbl BOCMOMHSOT
CyLLeCTBYIOLLMI AedULNT NPUKNagHOM MHAOpMaLMM NO 3KCNnyaTaunoHHOM 3EKTUBHOCTU CONMHEYHbBIX YCTaHOBOK
B [JaHHOW reorpadmyeckon 30HEe U MOryT CIYXWTb OCHOBOW AN ajanTauum MPOEKTHbIX PELUeHUn K MECTHbIM
YCNOBUAM.

Llenbio gaHHOro uccrnegoBaHMS SIBNSAETCA OLEHKA BIUSHUA M3MEHYMBOCTM COJTHEYHOrO W3Ny4YeHusl Ha
BbIXOOHYI MOLLHOCTb (DOTOSMEKTPUYECKUX CUCTEM B KNMMATUYECKMX YCNOBUSAX XaTnoHCcKon obnactu TamkmkncraHa.
WccnepoBaHve HampaBneHO Ha BbISBIEHME KOPPENsUMU  MeXZy CONTHEYHOW WHCOMsAUMEN, TemnepaTypon
oKpyXatoLlen cpeabl U 3adpdekTBHOCTLIO paboTbl PI-cucTem. Takke cTaBunacb 3afjada onpegeneHus akTopos,
CMocobCTBYOWNX ONTMMU3aUMM paboTbl COMHEYHbIX YCTAHOBOK B YCIOBMAX BbICOKOM COSTHEYHOW aKTMBHOCTU U
CE30HHbIX KonebaHui.

MaTepuanbl U meToAbl
Mecmo uccnedoeaHus

VccnepgosaHme npoBOAUIIOCH Ha Tepputopun MHCTUTYTa SHepreTukn TamXuKMcTaHa, PacrofioXeHHOro B
ropoge boxtap XatnoHckowm obnactu Ha tore Pecnybnuku TagpxkuknctaH (koopguHaTtel: 37,883° ¢. w., 68,731° B. 4.; cMm.
puc. 1). PermoH xapakrepusyeTcs KOHTUHEHTarnbHbIM KNMMaToOM C XapkuM, CyxXMM FIeTOM U MSArKOW 3MMON, a Takke
BbICOKMM YPOBHEM COJSIHEYHOW aKTUBHOCTM Ha NPOTSXKeHWM Gonbluen vacTtu roga. [NoHumaHue KnuMaTuyeckux u
MOroAdHbIX YCMOBWMI XaTnoOHCKOW 0BnacT MMeeT KIlYeBOe 3HayYeHue AnA aHanvM3a M3MEHYMBOCTU COSTHEYHOrO
N3MYYEHNS U OLIEHKN €ro BNSHWSA Ha BbIXOAHYIO MOLLHOCTb (DOTO3MEKTPUYECKNX YCTaHOBOK (PIY).

Pucynox 1 — I'eoepauueckoe pacnonodicenue IKCnepumMeHmanibHol yemanosku 8 Xamuouckou obnacmu, Pecnybnuka
Taoorcuxucman (2. Boxmap, xoopounamwi: 37.84° c. wi., 68.78°6. 0.)

OKkcnepvMeHTaneHoe uccnegoBaHve 6bINO NPoBedeHO Ha aBTOHOMHOW COMHEYHOW 3NeKTpoCcTaHuuu
moLHocTblo 10 kBT, pacnonoxeHHon Ha 6a3e WHCTUTyTa SHepreTukm TamkukuctaHa. [ns onpegeneHuns ypoBHS
COMHEYHOro M3nydeHus ucnonb3oBancs uudposon nokemeTp MS6610, a B kKayecTBe partyvmka Temnepartypbl
MOBEPXHOCTM COSTHEYHOrO MOAyNs npumeHsncs uHdpakpacHeli TepmomeTp |IR0O1D. B kayectBe Harpysku
ncnonb3oBanucb Tpy nocrnegoBaTenbHO coeAuHEHHble ranoreHosble namnel MAAK 12V/60/80W. [Ona n3amepeHus
ANEKTPUYECKMX NapaMeTpoB MOAyMNen NnpuMeHsanca umdposon mynstumetp Tuna CHY Victor VC890D [13].

OkcnepumMeHTbl npoBoannnck ¢ 5 no 10 anpensa 2024 roga, B Hayane nbifIbHOr0 Ce30Ha, KOTOPbIV BMSET Ha
NPOHUKHOBEHME OTAESbHBIX Y4aCTKOB CONTHEYHOrO CnekTpa K MOBEPXHOCTU POTO3NEMEHTOB, Bbl3blBast UBMEHUYMBOCTb
COJSTHEYHOTO MU3NydYeHnsa aAns oTo3NEKTPUYECKoro Moayns. NamepeHnsa BoeINONHANUCE exeaHeBHO B nepuog ¢ 11:00
0o 16:00, 4To COOTBETCTBYET NMUKOBOMY MHTEPBASY COSTHEYHON aKTUBHOCTM.

[na KonvyecTBEHHOW OLEHKM B3aMMOCBS3M MeXy YPOBHEM COMHEYHOW WHCOMNAuUKW, TemrepaTypon u
BbIXOAHOW MOLLHOCTbIO (DOTO3MEKTPUYECKON YCTaHOBKM MCMOMNb30BaNUCbL MeToAbl MaTeMaTU4eCcKoM CTaTUCTUKU U
KoppensaumoHHoro aHanm3a. OCHOBHbIM MoKa3aTeneM 3aBMCUMOCTM CRYXun koadduuneHT koppensumm MNMupcoxa (r),
KOTOPbIN NO3BONSAET YCTAHOBUTb CTEMEHb NIMHENHOW 3aBUCUMOCTM MeXady NepeMeHHbIMU. 3HayeHns KoadpdpuumneHTa
WHTEepPNpeTUpoBanunce No CTaHgapTHOW LKane:

> o1 0,0 no 0,3 — cnabas cBA3b,

» o1 0,3 0o 0,7 — ymepeHHas,
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» cBbliwe 0,7 — cnnbHasi NONoXuTenbHas Koppenauua.

AHanns NnpoBoauIcst Ha OCHOBE YCPeaHEHHbIX JaHHbIX 3a Kaxabln AeHb n3amepeHuit (¢ 5 no 10 anpensa 2024
roga), BKMoyasa 3HaveHus mHconsumm (BT/m3), TemnepaTypbl naHenu (°C) u BbixogHoW MowHocTu (KBT). Bce
NU3MepeHNss MOBTOPSANUCbL HE MeHee TPEX pa3 B TeveHue [Hs, C Mocrneayrlmum ycpeoHEeHMEM 3HadeHun Ans
MOBbILLIEHUS HAAEXHOCTUN pe3ynbTaToB.

OueHka TOYHOCTU pe3ynbTaToOB NPOBOAMNACL C MCMOMb30BaAHMEM CTaHAAPTHOrMO OTKMOHEHWUS, a Takke
pacuéta 95% poBepuTenbHbIX WHTEpBanoB. [lOrpewHoCcTb MamepeHun no wHconsuun (npubop MS6610) He
npesblwana +3 %, no temnepatype (gatynk IR01D) +1,5°C, no HanpshkeHuto n Toky (mynstumetp VC890D) B
npeaenax +0,5 %. Npu HeobxoaNMOCTU BENUYNHBI BbINN CKOPPEKTUPOBAHbLI C YY4ETOM MONPABOYHbLIX KOIPDULNEHTOB,
NpeayCMOTPEHHbIX TEXHUYECKMMM nacnopTamu npnbopos.

JdononHuTenbHO ANs pacyéTta BbIXOAHOW MOLLHOCTM U CYyTOYHOW reHepaLMm UCnosib30Banmcb ypaBHEHUS:

P=U-I (1)

roe

P — MrHoBeHHas BbiIxogHas MoLLHOCTb (BT),

U — namepeHHoe HanpshkeHne Ha knemmax naHenw (B),

| — N3MepEHHBIN TOK Harpy3ku (A).

CobpaHHble AaHHble Oblnu NpoaHanMsMpoBaHbl ANs onpedeneHus KoadduumeHTa Koppensauum Mexay
TemnepaTtypon, obnyyeHnem un 3deKTMBHOCTbIO oToanekTpnyeckon cuctembl. ComnHeyHble naHenu OGbinn
yCTaHOBIEHbl NOA YoM HakrnoHa 45° ¢ opmeHTauven Ha ro-3anag ¢ OTKIoHeHnem 12° no ropnsoHTanu, Tak 4Tobbl
MX NOBEPXHOCTb Oblna HampaBreHa K COrMHuy. YCTaHOBKa pa3melyanacb Ha nnatdgopme Bbicoton 1,5 meTpa Haa
YPOBHEM 3eMNn. TexHM4Yeckue XxapakTepuCTMKM UCMOoMb3yembliX MaHernew npeactaBneHbl B Tabnuue 1, a
3MeKkTpuyeckas Cxema IKCrnepuMeHTarnbHON YCTaHOBKW, MpedHas3HavYeHHas AN WU3yYeHWs BIWSHWSA COSTHEYHOro
N3MyYeHNsi Ha BbIXOAHYO MOLLHOCTb (DOTOINEKTPUYECKNX NaHeneun, nsobpaxeHa Ha puUcyHke 2.

—0O—®
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Pucynox 2 — Dnexmpuueckas cxema 3KCNepUMERmanbHoU YCMano8Kuy, pasmeuénnol ha meppumopuu Mncmumyma suepeemuxu
Taoocuxucmana (2. boxmap, 37.883° c.u., 68.731°8.0.)
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Tabmuna 1 - TexHnueckue XapakTepUCTUKH (POTONICKTPUUECKOTO MOYJIS THIIA

SOLARMODUL ALEO S19 HE 300W Supercharged

TexHHuecKue napaMeTpsl O0o3HaueHNe 3HaueHHe IapaMeTpoB
[MukoBast 3MeKTpHYCSCKasi MOIIHOCTh Pax 300 Bt
HampspkeHue B Touke MaKCUMaJbHONW MOIITHOCTH U mp 31,2B
Tok B TOUKe MaKCUMaJIbHOI MOILITHOCTH Lo 9,63 A
ToK KOPOTKOTO 3aMBIKAHHUs .. 9,97 A
HanpsokeHue X0I0CTOro Xoa U, 39,4 B
TemnepatypHblil K03(GHUIUEHT IO TOKY KI +0,05%/K
TemmeparypHBIit KO3 GHUIMEHT 110 HAMIPSDKEHHIO KU -0,29%/K
KIIJI ¢poTO3IIeKTpHYECKOTO MOIYJISt n 16,7%
Pazmep JAxI1IxB 1660 x 990 x 50 MM
CraHmapTHBIC YCIOBUS HCIIBITAHUN (STO) 1.000W/M%; AM 1,5; 25 °C
KonuuectBo siueek (10x6) 60
Macca 1 mTyk 20 xr

U3mepeHue conHe4YHO20 u3ny4yeHusi (Gam4vuku): [aHHbI KOMMOHEHT MCMNonb3yeTcs Ans M3MepeHus
KonmMyecTBa COMHEYHOW paguauumv, JOCTUratolen NoBepxXHOCTM 3emnu B MecTe MpoBedeHWs IKCMepuMeHTa Ha
Tepputopun UHCTUTYTa SHepreTukn TamkukmctaHa. OOblMHO Ans 3TUX Uernen NPUMEHSIoTCS NpaHoOMEeTpbl Unu
OaT4YMKN OCBELLEHHOCTM HA OCHOBE KPEMHWSI, CMOCOBHbIE 3MepsTh rnobanbHoe ropudoHTansHoe obnydeHue (GHI),
BKIIOYaKOLLEee Kak MpsAMYyl0, Tak M pacCesHHyl COCTaBrsloWwme CONMHeYHow paavauun. B pamkax gaHHoro
nccrnegoBaHUs MCMOMb30Barncs JIOKCMETP, a MOSyYeHHble AaHHble B eOuHMUaxX OCBELUEHHOCTW (MHKCbl) Bbinn
npeobpasoBaHbl B 3HAYEHUS1 COMHEYHOW uHconsauuun. lNMonyyeHHas vHdopMauus Heobxoauma Anst yCTaHOBMAEHUS
KoppensaumMn mexagy ypoBHEM CONHEYHOro U3MNy4YeHUst N BbIXOOAHOW MOLLIHOCTbLIO (DOTOINEKTPUYECKUX CUCTEM.

domoanekmpuyeckue naHenu: PoTOSNEKTPUYECKME NAHENMN ABMAOTCS KIHOYEBLIMU dNIEMEHTaMN CUCTEMBI,
npegHasHavYeHHbIMM A Npeobpa3oBaHMsA COMHEYHOW 3HEePrMn B 3anekTpuyeckyto. OHM COCTOST M3 MHOXEeCTBa
NosynpoOBOAHMNKOBbLIX 311EMEHTOB, Kak MPaBuso, Ha OCHOBE KPeMHWs, 1 paboTaroT Ha NpuHLUMNe hOTOINEKTPUYECKOrO
adppekta, npeobpasys COMHEYHOEe U3fyvyeHue B SMeKTPUYECKUA TOK MNOCTOAHHOro HampasneHus. B gaHHoM
nuccrnefoBaHUM OCHOBHOE BHWMaHWe YAenseTcsl OUeHKe NPOou3BOAUTENbHOCTU MaHernen npu pasfnyHbiX YPOBHSX
COITHEYHOrO M3Ny4YeHus.

Mamemamu4deckoe onucaHue napaMempos ¢omoasieKmpudecKkol naHesnu: TemnepaTtypHas
3aBMCMMOCTb MaTepuara COMMHEYHON NaHenn onucbiBaeTcs TeMnepaTypHbIM KO3aduumneHTom. 3TOT KOIDULIMEHT
OoTpaxaeT, Kak M3MEeHSIeTCS BbIXOQHOE HanpsikeHne (MM MOLLHOCTb) NaHenu npu nameHeHumn temnepatypbl. Obuiee
ypaBHEHWEe AN OUEHKM BbIXOOHOMO HanpshkeHus OTOINEeKTpUYeckor naHenu npu 3agaHHOW Temnepartype

BblpaXkaeTcs creyoLmm o6pasom:
VmeM.Koagb = lxosgh = (T stc —T+V XX) @)

'Ooe Vi — HanpsiXeHne XonocToro xoa (pasoMKHYTOW Lenu), KoTopoe B AaHHOMW YCTaHOBKe cocTaBnseT 24 B;

Tstc — Temnepartypa npu cTanHgapTHbIX ycnoBusx mucnbitaHui (STC), paBHas 25 °C npu ypoBHE COMHEYHOrO
nanyyerns 1000 Bt/m?;

Trosp — TEMNEPATYPHBINA KOSDPULINEHT;

T — dpakTuyeckas TemnepaTypa naHenu B MecTe nposegeHuns namepexun (B °C).

Kaxgaa conHeyHasa naHenb o6nagaet coOCTBEHHbIM TemnepaTypHbIM  KO3(DMUUMEHTOM, KOTOPbIi
nokasblBaeT, Ha CKONbKO CHUXKaETCH HanpshkeHWe Mpu KakOoM rpagyce NpeBbllUeHWs cTaHOapTHOW TemnepaTypbl
ucnbiTaHuii. Takum o6pasom, BNusHUE TemnepaTypbl Ha 3 EKTUBHOCTL PaboTbl POTOINEKTPUYECKON NaHeNn MOXeT
GbiTb PaccyMTaHO C MCMONb30BaHMEM TEMMepaTypHOro KoadguumMeHTa, YTo No3BonseT NpPorHo3npoBaTh NoTepu B
BbIXOOHOWM MOLLHOCTM MPU M3MEHEHUW KIIMMATUYECKUX YCIOBUIA.

P, =PRtx[1+a(7. —Ts)] (3)

3aecb
P; — MOWHOCTb Npy Temnepatype T.;
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Pst — MOLLHOCTb NpW CTaHAAPTHbIX YCMOBUSX UCMbITaHU (06bI4HO 25°C);

a — TemnepaTypHbIN KO3(PDULMEHT NaHenew;
T~ pabouyas Temnepartypa naHenen B °C;

T — CTaHAapTHas TemMnepaTypa TeCTUPOBaHNs (0bbI4HO 25 °C).
BnusaHne conHeuyHoro nsny4dexus: CytouHas BelpaboTka aHeprum.

Eqg = AxGy x7i7 4)

Eq — CyTouHas BblpaboTka sHeprum (BT-4 nnm kBT);

A — lMNnowagb conHeyHbIx naHenemn (m2);

Gq — CyTouHasi conHeyHasi ocBeLLeHHOCTb (BT/m32);

n — O heKkTNBHOCTL (POTOINEKTPUYECKON CUCTEMBI.

KomnnekcHbli noaxod K W3MEpPEHUsIM W cTatucTudeckon ob6paboTke AaHHbIX MO3BONUIT MOBLICUTH
OOCTOBEPHOCTb BbLIBOAOB UM 00ecneuntb OOBLEKTUBHOCTbL aHanmMsa BIMSHUS KIUMaTUYECKMX hakTopoB Ha
3a(pPeKTNBHOCTb (POTOINEKTPUYECKNX YCTAHOBOK.

Pe3synbTaTtbl n obcyxaeHue

Ha rpacuke (puc.3) npeacraBneHa 3aBMCMMOCTb BbIXOAHOM MOLLUHOCTM (KBT) OT COMNMHeYHon MHconsumu
(B1/M?) 3a wecTb nocnegoBatenbHbix gHen ¢ 5 no 10 anpens 2024 roga. NposeaéHHble nccrnegoBaHns 3a nepyog, ¢
5 no 10 anpensa 2024 roga Nno3BoNuy yCTaHOBUTbL XapaKTep 3aBUCUMOCTU MEXAY YPOBHEM COMHEYHON MHCONALUN U
BbIXOOHOW MOLLHOCTbIHO (DOTOSMEKTPUYECKON YCTaHOBKU. AHanM3 MoslydeHHbIX AaHHbIX MokKasar, YTO MOBbILEHMWE
WHCONALUN COMPOBOXAAETCA YBENUYEHMEM BbIXOAHOW MOLLHOCTU, YTO YKa3blBaeT Ha MPSAMYIO KOPPENSAUMIO Mexay
3TMMM NapameTpamu.

Ha HavanbHoMm atane akcnepumeHTta (05-06.04.2024) npu ymepeHHon mHconsauum (310-317 B1/m?) Bbina
3adukcupoBaHa ctabunbHas reHepauus aHeprum B npegenax 4,128-4,647 kBt. OgHako 07.04.2024 pe3Koe CHMKeHne
uHconsauum o 143 BT/M? BbI3Bano OWyTMMOE NageHue MOLHOCTM Ao 2,872 kBT, 4TO nogyépKMBaET BbICOKYHO
YyBCTBUTEMNbHOCTb CUCTEMbI K YMEHbBLLEHWNIO YPOBHS CONMTHEYHOrO U3MNyYeHus.

WHTepecHo oTmeTuTb, 4To yxe 08.04.2024 npu BoccTaHoBneHum uHconsdumm go 300 Bt/mM? BbixogHas
MOLLIHOCTb Bo3pocna Ao 4,868 kBT. 970 3Ha4yeHWe NpeBLILAET OXngaemMoe Npy Tako OCBELLEHHOCTU, YTO, BEPOSITHO,
00yCnoBneHo BPEMEHHbLIMU YIyYLIEHUAMW MOrOAHbIX YCIOBUA, WU3MEHEHWEM Yrfa COJIHEYHOTrO W3MyYeHUs WIu
NOBbILLEHHOW 3(PEKTUBHOCTBIO PaboTbl CUCTEMbI B JAHHbIX YCIOBUSIX.

MakcmumanbHble nokasaTtenu obinm 3adunkcnpoBanbl 09.04.2024: nHconsums gocturna 444 B1/m2, a MOLLHOCTb
5,644 kBT. 3TO NoATBEPXOAET, UTO NUK reHepaunn 3NEeKTPOSHEPTUN MPUXOANTCS Ha OHM C HanbornbLUEW COMHEYHOWN
aKTUBHOCTLI0. B TO e BpeMs He3HaunTenbHoe CHKeHne nHconsuumn o 406 Bt/m? Ha cnegytowmn gexb (10.04.2024)
MPUBENO K CHWXEHMIO BbIXOOHOW MOLUHOCTU nuwb Ao 5,057 kBT, 4yTo Takke CBMAETENbCTBYET 00 YCTOMYMBOCTU
cuctembl. B uenom, BbisiBneHa yctonynmBas 3akOHOMEPHOCTb: YBENIMYEHNE CONHEYHON MHCONALUMM NPUBOOUT K POCTY
BbIXOOHOW MOLLHOCTM (POTO3INEKTPUYECKOW YycTaHOBKM. MckmodeHnem ctan geHb 08.04.2024, npu KOTOpOM
3ahMKCUPOBAHO OTKIOHEHME OT obwen TeHAeHUMW. ITO yKasbiBaeT Ha HanvyMe JOOMOSIHUTENbHbLIX (hakTopos,
cnocobHbIX OKasbiBaTb BNUSAHME Ha 3¢pPEKTUBHOCTb FreHepaLmMu, BKITHOYas NOrogHbIe YCNOBUS, YUCTOTY MOBEPXHOCTH
COITHEYHbIX NaHeNemn, NX OPUEHTaLMI0 N TEXHUYECKOE COCTOAHME CUCTEMBI.

mmm Connesnad wHEComAnET (Br/am2) ——Brmxognas MomHOcTE (KBT)
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Pucynox 3 — 3asucumocms 8bix00HOU MOWHOCMU HOMOINEKMPUYECKOU YCMAHOBKU O USMEHUUBOCTNU COTHEYHOU UHCONAYUU 6
nepuoo ucciedosanus 01 Xamiouckou oobracmu
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Takvm 06pa3oM, MOXKHO 3aKMNOYUTb, YTO COMHEYHast MHCONALNS ABMSETCS OCHOBHbLIM, HO HE €4MHCTBEHHbIM
napameTpoM, OnpefensiowmMm ypoBeHb BblpaboTku  3nekTpoaHeprun. [Ona  OOCTWXKEHUA  MakCcMMarnbHOW
apekTnBHOCTU paboTbl (POTOINEKTPUYECKUX CUCTEM HEOBXOOUMO Yy4UTbiBaTb BECb KOMMMEKC BHELLUHUX W
3KCMMyaTauMoHHbIX PaKTOPOB.

Tawke Ha OCHOBE [daHHbIX O COSIHEYHOW WHcoNsAuuW, nonyyveHHblX n3 6asbl Photovoltaic Geographical
Information System (PVGIS), [14] 6bi10 NOCTPOEHO CYTOYHOE pacnpefeneHne cornHevHon uHconauum (Bt/m?) no
KaxxgoMy mecsauy roga ang ropoga boxrap (Pecnybnuka TamkuknuctaH) (puc. 4). Mpaduk nnniocTpupyeT nameHeHne
WHTEHCUBHOCTM COJIHEYHOro M3ny4veHust B TeveHue cytok (¢ 1:00 go 24:00) ons Bcex ABeHaauaTM MecsLEB, YTO
Nno3BoMsieT HarmMsA4HO OLEHWTb, Kak CYTOYHYH, TaK U CE30HHYI0 AVMHAMUKY MHCOMALNN.

MakcumanbHble 3HayYeHus MHCONAUMM HabmnpalTca B NEeTHWE Mecsubl WIOHb U uionb. B atm nepuogpl
COJTHEYHOE M3ryYeHne AoCTUraeT NMKOBbIX 3Ha4YeHnn okono 1000 B1/m?2 B nonygeHHble Yackl (12:00-13:00), npy aTom
NPOAOIMKUTENBHOCTL CBETOBOrO AHS 3HAYUTENBHO YBEMMYUBAETCS: MHCONAUMS HaduHaeTca okono 6:00 n cnapgaet
Tonbko k 19:00. 310 obecnevnBaeT HanbOMNbLUNIA SHEPreTUYECKUA NOTEHUMAN ANsi CONMHEYHbIX YCTaHOBOK.

B nepexoaHbie MecsLbl MapT, anpenb, CEHTAOPb 1 OKTAOpb HabnoaalTCAa yMEepPEHHbIe YPOBHU MHCONALMK (C
nukamy okono 700-800 Bt/m?), npu aToM hopMa CYTOYHbIX KPUBbLIX OCTAETCH CUMMETPUYHOM U BIM3KOM K NEeTHUM.
OTO roBOpUT O BLICOKOW CONMHEYHOWN aKTMBHOCTW Aaxe Npu COKpalLlEHHOM CBETOBOM AHE.

MuH1ManbHble 3HaYeHNsT MHCONALMM 3achMKCMpOBaHbl B 3MMHME MecsLbl Aekabpb, AHBapb 1 cheBpanb, koraa
COIHeYHoe n3ny4veHune He npeebiwaet 500—600 B1/m2. MNpogomknTenbHOCTb OCBELLEHHOTO Nepmnoaa orpaHn4mMBaeTcs
MHTepBanoM npmumepHo ¢ 8:00 go 17:00, 4To 0OYCNOBNEHO HU3KMM YIIIOM MaAEHUS1 COMHEYHbIX NyYen U KOPOTKUM
OHEM.

MonyyeHHble pe3ynbTaTbl MOATBEPXKAANT BbIPAKEHHYIO CE30HHYK AMHAMWKY COMHEYHOW MHCOonAuuM B
XaTnoHcKkon obracTu: MakcuMmarnbHasi reHepauus aHepruu HabniogaeTca B NeTHWE Mecsiubl, Torga kKak 3vMMOoWn
3HEpPreTMYECKNn NOoTEeHUMan 3Ha4YUTENbHO CHWXAeTCsA. OTW OaHHble NPEeACTaBnsT NPaKTUYECKyH LIEeHHOCTb Ans
pacyéta rogoBon BbIpabOTKM 3MNEKTPO3HEPrUn, a Takke ANs pauMOHaNbHOrO MPOEKTUPOBAHUA, pasMeLLEeHUst U
onTuMusauum poTOINEKTPUYECKNX CUCTEM B YCINOBUAX PErMOHa.

MonyyeHHble pesynbTaThbl cornacylTcs ¢ BblBogamu aBTopoB [8-10], kOTopble Takke yCTaHOBWUAM MpsSIMOe
BMMSIHNE YPOBHSA COMHEYHOrO U3ny4yeHnst Ha apdeKTBHOCTb paboThbl ConHeyHbIX NaHenen. Hanpumep, B pabote [10],
BbINOSIHEHHOW B ycroBusix OmaHa, npoAeMOHCTPUPOBAHO CYLLECTBEHHOE YBENMYEHUE HaMpPsPKEHUS UM BbIXOAHOMN
MOLLHOCTW NpW POCTe UHCOMALUKN, aHanornyHo ToMy, YTo Habnwganock B ycrnosusix Tagkukncrada. Pabota [11, 15-
17] noo4€pKMBaeT 3HAYNTENBHOE BIIUSIHWE SKCTPEMASIbHbIX TeMMNepaTyp, YTO Takke NoATBEpPXKAAeTCA B HACTOALLEM
nccrnegoBaHUK: MOBbILEHVE TeMnepaTypbl COMPOBOXAAETCA CHWXKEHMEM HaMnpsbKeHWs MU MOLLHOCTWU, OOHaKo npw
BbICOKOW MHCONSALMUN 3TOT 3PheKT YAaCTUYHO KOMMEHCUPYETCS.

Pucynox 4 — Cymounoe pacnpedenenue COTHEUHOU UHCOTAYUYU 8 PA3TULHBIE Mecaybl 200a 0751 copoda Boxmap, XO

11



[Monurexunueckuit BectHUK. Cepusi: Mmkenepusie uccnenoanus. Ne 3 (71) 2025

HekoTopble OTKMNOHEHMS OT obLlern 3aBUCUMOCTM MOryT ObiTb OOYCNOBMNEHbI BHELUHUMMK aKTopamu:
06navyHOCTbLIO, MbINbIO, 3arpsi3HEHMEM MaHEenen, a Takke TEeXHUYECKMMU norpelHocTaMu npubopos. Kpome Toro,
OrpaHUYEeHHOCTb nepuoda u3mMepeHun (6 AOHen) He nO3BOMNSET MOMHOCTbI) OXBATUTb BECb CMEKTP CE30HHOM
NM3MEHYMBOCTU, YTO creayeT yunTbiBaTh NP MHTEPNPETALNM AaHHbIX.

MpakTnyeckass 3HaAYMMOCTb pPe3ynbTaTOB COCTOMT B TOM, YTO KOPPEKTHbIA YYET CYTOYHOW U CE30HHOM
N3MEHYMBOCTU CONTHEYHOrO pecypca Heobxoamm Ans adEKTMBHOIO NMPOEKTUPOBaHNS 1 akcnnyaTtaunm ®3-cuctem B
IOKHBIX panoHax TamkukuctaHa. [lonydeHHble 3aBUCMMOCTM MOTYT ObiTb MPUMEHUMbI U B APYIMX pPermoHax
LleHTpanbHOM A3uM C aHanorMyHbIMKU KIMMaTUYECKMMKU yCnoBUSMU. [1Ns NOBLILWEHMSI TOYHOCTM PEKOMeHAyeTcs
npoBefeHne 6ornee ANUTENbHbIX NOMEBLIX UCCNeA0OBaHWI U BHEAPEHNE aBTOMATU3MPOBAHHBLIX CUCTEM MOHUTOPUHra
COJTHEYHOW aKTUBHOCTU 1 TeMnepaTypbl OKpYXXatoLwen cpefbl.

3aknioyeHue

lMpoBeaéHHOE aKCnepuMeHTarnbHoOe WccnefoBaHve MOATBEPAMIIO HanmuMyne YCTOMYMBOM MOMOXUTENbHON
KoppensuMn Mexay YpPOBHEM COMHEYHOW MHCOMAUMM W BbIXOOAHOW MOLUHOCTbIO (DOTOIMNEKTPUYECKUX CUCTEM B
KNMMaTUYEeCKUX YCrnoBUSAX XaTnoHCKOM o6nactu. YCTaHOBMEHOo, 4YTO Haubonblias BbipaboTka 3NEeKTPO3Hepruun
OOCTUraeTcsl Mpu BbICOKOW WHCOMALUUM MU YMEPEHHbIX TemMnepaTtypax OKpyxaiwlen cpegbl. HecmoTpa Ha TO 4TO
noBbILeHne TeMnepaTypbl CHUKaeT 3PMEKTUBHOCTEL COMHEYHbIX MOAYIEN, 3TOT APdEKT YaCTUYHO KOMMEHCMPYETCH
yBENMYEeHNeM noToka CONHEYHON SHepruu.

Ha ocHoBaHMM nony4yeHHbIX pesynbTaToB pasdpaboTaHbl crnegyllive npuknagHble pekoMeHgauun ans
noBbIWeHNs 3pdHEKTUBHOCTU aKCnyaTaunmn OTOINEKTPUYECKMX CUCTEM B HOXHBIX pernoHax TamKukucraHa:

1. OnTumanbHbIA Yron HaknoHa naHenen gomkeH coctaenatb 30-35° B BeceHHe-NeTHU nepmoa u go 45° B
3UMHME MecCsLUbl, C OpUeHTaumMen Ha tor-loro-3anag, 4to obecnevymT MakcuMarnbHbIA NPMEM COMHEYHON paguauun B
TeyeHue roga.

2. PerynsapHoe obcnyxvBaHne poTO3MeKTpUYecKnx Mogyrnew, BKIoYas OYNCTKY OT MbifA U 3arpsa3HEHUN He
pexe o4HOro pa3sa B Heaern, 0COBEHHO B MbIfbHbIV CE30H (anpenb-nioHb), CyLLEeCTBEHHO NoBbIWaeT 3h(eKTMBHOCTL
YCTaHOBKM.

3. lNnaHupoBaHve reHepauny SOIMKHO YYUTbIBaTb CE30HHbIE M CyTOYHblE konebaHusa nHconauum Hanbonee
npoaykTveHbin nepuog ¢ 11:00 go 15:00 1 mecsaubl ¢ Mas No aBrycr.

4. Y4yeT KnNMMaTtuyeckmx ocobeHHOCTEW permoHa npu MPOEKTUPOBaHWMK: Lenecoobpa3Ho MCnonbL30BaTh
MOZYIN C HU3KMUM TeMNepaTypHbIM KOIPMULNEHTOM U YCUNEHHON BEHTUNSALMEN 3a4HEN NOBEPXHOCTY NaHenw.

OrpaHu4eHuns uccriefoBaHUS 3akrmio4aloTCa B KpaTKOCPOYHOM XapakTepe akcrnepumeHTa (6 AHen B anpene),
YTO HEe NO3BONSAET OXBATWUTb MOMHBLIN CE30HHLIA LMK MHCONAUMM M TemnepaTypHbiX uM3MeHeHun. Kpome Toro,
NPUMEHSANUCL NaHenu n obopygoBaHMe O4HOro Tuna, YTO OrpaHWYMBaeT mMacwTabupyeMocTb pesynbTaToB Ha BCe
Krnaccbl CONHEYHbIX MOAYNEN.

MonyyeHHble AaHHble MOrYT ObiTb MCMOMb30BaHbl KAk OCHOBA AN1A pa3paboTku permoHanbHblX cTpaTternii no
WHTErpaumm CoNHEYHON reHepaumm B foKarnbHble SHEProCUCTEMBI, @ Takke ANA ONTUMU3auunM NPOEKTHbLIX peLleHnn
MpW CTPOUTENBLCTBE HOBbIX OGBEKTOB CONHEYHOW IHEPreTukM B ycroBusx LieHTpansHom Asun.

Peyensenm: Kupzuzos A.K, —«K.m.n., douenm Kagedpvl «Irekmpuueckue cmaryuu JIIITY umenu akademuxa M.C. Ocumu
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AHANU3 MECTA U POJIU BETPOBOW 3HEPIETUKN B OBLLEM KOHTEKCTE

QHEPIrOOBECNEYEHUNA MUPA U TAOXKUKUCTAHA
H.U. YcmoH3oaa, A.J1. KagbipoB

I'OY «Xymxkanackuii rocy1apcTBEHHbIM YHUBEPCUTET MeHH akagemuka b. ['adgyposay

B craree mpenmaraercs mpoBeCTH OLEHKY MOTEHIIMANa, COCTOSHUA M TEpPCIEeKTHB pPAa3BUTHS BETPOSHEPTETUKHM B MHUPE U B
Tamxukucrane. [loquepkuBaroTcs 100agbHbIC TESHACHIIUN POCTA MOIIHOCTEH BETPOBBIX AJICKTPOCTAHIIMIA, UX POJIb B 00ECIIEUSHIH YCTOMYHUBOTO
9HEPreTUYECcKoro OanaHca, a TaKkke 0COOCHHOCTH Pa3BHTHUS BETPOIHEPTeTUKH B PAa3NIMUHBIX pernoHax. Ocoboe BHUMAaHHE YAENSETCs OLICHKE
IIOTCHIIMa1a BeTpOBOﬁ OHEprun B Ta,I[)KI/IKI/ICTaHe, B TOM YHUCJIC C HMCIIOJIb30BAHUCM FI/IC-TeXHOHOFHﬁ, a TakKXe aHaJln3y BO3MOXKHOCTEH €€
HCIIOJIb30BAHHUSA B COFHHﬁCKOﬁ obnmactu. B crarne NpPEACTaBJICHBI JaHHBIE O TEXHUYCCKOM W 3KOHOMHWYCCKOM IMOTCHIIMAJIE BETPOIHCPTETUKH,
BBISBIICHEI HanOOJIEE NEPCHEKTUBHBIC paﬁOHBI JJIA CTPOUTEIILCTBA BETPOBBIX 3J'IeKTpOCTaHIII/I17L PaCCManI/IBaIOTCSI " JICIar0TCsA CPaBHUTCIIbHBIC
aHaJIn3bl MCETOAUYCCKUX aCIEKTOB OIIPEACICHUSA PECYpPCOB U BHCAPCHHA COBPEMCHHBLIX TEXHOJIOTHI JJIs1 TTIOBBIIICHUSA 3(1)(1)CKTI/IBHOCTI/I
HCIIONIb30BaHMsI BETPOBBIX PecypcoB. PaboTa MOTYEPKMBACT BaXXKHOCTH AMBEPCH(HKAIMK SHEPTETHYCCKOTO CEKTOpa CTPAaHBI M Pa3sBUTHS
BO300HOBIIICMbIX HCTOYHHUKOB SHEPTUH [T 00ECIICUCHHUS SHEPTETHUCCKOM O€30IaCHOCTH U YCTONYMBOTO Pa3BUTHS PErHOHA

Knroueevle cnosa: 60306H06/15eMble UCMOYHUKU dHepcUuuU, eempoIHepecemuKka, nomeHyual 6emp060ﬁ OHepeuu, FHC-mexHOflOZMM,
MexHuYecKuil nomenyuai, SKOHOMUYECKULL nomernyuall, SHepeemuveckas cmpamecus, yCmano61eHHaAs1 MOUHOCHTb.

TAXNUNK YO BA HAKLLUM SHEPFETUKAU BOON OAP 3AMUHAU YMYMUU TABMUHOTHU
QHEPIT'MAN YAXOH BA TOYUKUCTOH
H.U. YcmoH30aa, A.J1. Kogupos

Jlap MaKoJjia OMy3HIIN HKTHIOP, TAPKUO Ba JypHAMOM PYILIM SHEPreTHKau OOIA Hap 4aXOH Ba TOYMKHUCTOH, TAMOIOIXOHW II0GaIuu
a(30UIIM UKTHIOPXOU SHEPIeTHKUH OO, HAKIIK OHXO JIap TabMUHH TaBO3YHH YCTYBOPU DHEPreTHKA, HHUYHHH aXaMHATH MaxCyCd PYIIId
SHepreTHKau OO Jap MUHTAKaXOu TYHOTYH OBapja Irynaact. TaBaqqyxu Maxcyc 0a ap3e0uu HKTHIOPU SHepreTHKUU 6o gap TOYMKUCTOH, a3
yqymia 60 uctudona a3 rexuoaorusxou ['MC, HHYYHHH TaxX MM HMKOHHATXOU HcTH(oman oH qap munTakau CyFi paBoHa Kap/a myaaact. Jap
MaKoJI1a MabJIyMOT Jap OOpau HKTHUIOPH TEXHHUKA Ba HKTUCOANM SHEPreTHKan OO/ MEIHNXO/ Kap/ia MEUIABa/l BA HHUYHHH CAMTXOH OSIHAAIO0P
06apou COXTMOHHM CTaHCHSIXOHM OOJA MyaistH Kapia MeniaBaHi. TaxJIiid MyKOUCABHH YaHOAXOHM METOIOJOTHH MYalsiH KapJaHW 3aXHpaxo Ba
TaTOMKK TEXHOJOTUSAXOU Myocup Oapou OanaH OapIoIITaHN caMapaHOKHK UCTH(OIan 3aXUpaxou IIaMoJl Tax 1M1 Ba Ty3apoHua myaaact. Kop
aXaMHATH JTUBEPCUPUKATCHSN OaxXIy SHEPTETHKAM KHIIBAP Ba PYIIAM MaHOABXOM OapKapopIlaBaHAaW SHEPTUSPO 6ApOU TAbMUHU aMHHSATH
SHEPreTHKHA Ba PYILIAN YCTYBOPH MUHTAKA TABKHI MEKYHA/.

Kanuosoorcaxo: manbavxou bapxapopuasanoau snepeus, Hepyu 600, ukmuoopu nepyu 600, mexronozusxou GIS, ukmudopu mexnuxii,
UKMUOOPU UKMUCOOH, CIMpameusiu SHeP2eMuKi, UKMUOOpU MyKappapuiyod.

ANALYSIS OF THE PLACE AND ROLE OF WIND ENERGY IN THE GENERAL CONTEXT OF ENERGY
SUPPLY IN THE WORLD AND TAJIKISTAN.
N.I. Usmonzoda, A.L. Kadyrov

The article proposes to assess the potential, state and prospects of wind energy development in the world and in Tajikistan. The article
highlights global trends in the growth of wind power capacity, their role in ensuring a sustainable energy balance, as well as the specifics of wind
energy development in various regions. Special attention is paid to assessing the potential of wind energy in Tajikistan, including using GIS
technologies, as well as analyzing the possibilities of its use in the Sughd region. The article presents data on the technical and economic potential
of wind energy, identifies the most promising areas for the construction of wind farms. Comparative analyses of methodological aspects of
resource identification and the introduction of modern technologies to improve the efficiency of using wind resources are considered and made.
The work highlights the importance of diversifying the country's energy sector and developing renewable energy sources to ensure energy security
and sustainable development of the region.

Keywords: renewable energy sources, wind power, wind energy potential, GIS technologies, technical potential, economic potential,
energy strategy, installed capacity

BBepgeHue

YBenuueHne cnpoca Ha SHEpPruio 1 CBA3aHHOEe C 3TUM HeraTMBHOE BRMSHME BbIOpoca NapHMKOBbLIX ra3oB Ha
OKpYXXaloLLyto cpefy BCE oOCTpee CTaBAT Ha MOBECTKY [AHS BOMPOCbl MO 6onee akTMBHOMY WCMOMb30BaHMIO
HeTpaauUMOHHbIX, BO30OHOBISEMbIX MCTOYHUKOB 3Heprumn (BU3), 3anackl KOTOPbIX HENCTOLLMMBI.

HayuyHble wnccrnegoBaHusA nocrnefHUX neT gatoT BO3MOXHOCTb cAenatb 3akfioveHue, 4YTO HblHEeLHWEe
BHE3anHble nepemMeHbl aTMOCHEPHOro Knumarta, a Takke (OpMMpPOBaHME NAPHMKOBBLIX ra3oB, OOYCMOBIEHHbIE,
HapaBHE C MHbIMW BEPOSTHbIMK hakTopamu, B TOM 4ducrne 4denoBedecknmn. CoOTBETCTBEHHO, MexayHapoaHbIMM
opraHusaumsMm nNpeanpuHMMAalOTCss Mepbl B 00MacTM yMEHbLUEHUS BPEAOHOCHBIX BbIOPOCOB B aTmocdepy u
3HeprocbepexeHus!, a Takke No UCNONb30BaHWUIO «3eMNEHbIX TEXHOMornn»[1].

Mo nporHo3am MexayHapogHoro AreHTctBa no BW3O IRENA mupoBor nokasaTtens Mpov3BoAcCTBa
3ANEKTPO3HEPrum oT HeTpaaMLMOHHbIX BUAOB Bo3pacTET k 2030 r. Ha 75% no oTHoweHuo k 2022 rogy. Ha doHe aTtoro
B 2024rogy Npou3BOACTBO 3IIEKTPOIHEPIMU 3a CHET BO30OOHOBMNSIEMOWN 3HepreTuku npupocna Ha 15,1%, gocturas
pekopaHy MoLLHOCTb B 4448 BT, npyn 3Tom 2998 BT U3 HUX COCTOSAT B OCHOBHOM U3 CONHEYHOWN 1 BETPOBOM 3HEPTUU
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[2]. CornacHo aBTOpa [3], OCHOBHbLIM NUAEPOM NOTPEeBneHNs 3NEeKTPOIHEPrUM OCTAETCA NPOMBbILLNEHHOCTb, CriefoM
3a Hel AET TPaHCMOPTHLINA CEKTOP, a HA TPETbEM MECTE - XKUMble U KOMMEpPYECKME 34aHNS.

Hanbonblwnii yaenbHbIi pOCT 3HepronoTpebneHns nponsovaéT B pasBUBAKOLEMCH MUpe, MPUYEM K3
nckonaemoro Tonnuea [4].

CornacHo nporHo3zam IRENA [5] n IFC [6], npouecc NOCTENEHHOro 3amMeLleHNst HEKOTOPOM YacTu OObLIYHOMO
3HepronoTpebneHusa BU3 GygeT npogomkaTtbcsa B Onvxanilme HeCKONbKO AeCATUNETUN BO BCEM Mupe. YTo kacaeTcs
pa3sBUBAIOLLMXCS CTPaH, TO KapAMHanbHbIX MEPEMEH B CTPYKTYpe dHepronotTpebneHns noka He OXMaaeTcs, HECMOTPS
Ha TO, YTO MHOIME aBTOPbl YXXE€ CEerogHs XOTAT caenatb MpPOoeKTbl abCcomoTHOro NMbo npakTnyeckn abcontoTHOro
nepexoga Ha B3 gna 6onblumMx HacenéHHbIX NMyHKTOB, PETMOHOB, B TOM YMCe 1 Lernoro rocyaapcrtea. [logobHoe
N3MeHeHne cnocobHO NPOAOMKaTbCS HE OAHO OeCATUETNE, XOTA TEXHUYECKN OHO OCYLLECTBUMO YXXe cenyac [7].

CornacHo aBtopam [8,9], rmaBHbIMM (hakTopamu pocTa NOTPeOHOCTU HEeTPagUUMOHHBIX BUOOB 3HEPrun
SABNAOTCA:

1 — pocT cnpoca 1 noTpebneHnsa Ha IHepPru HaceneHmewM;

2 —OTHOCUTENBHO crabble 3KoNorMYeckne NocrneacTeus;
3 — HeorpaHM4YeHHOCTb U HEe UCTOLLL@eMOCTb 3arnacoB BUO3.

NMocTaHoOBKa 3agaumn

OpHon u3 cbopm B3I aBnaeTca BeTpoaHepreTrka, kKoTopasi, Kak oxugaeTcs, OyaeT B OCHOBHOM KOMMEpPYECKHU
yCneLwHbIM, MOTOMY YTO MOXET OblTb 9KOHOMUYECKU XKN3HECTIOCOOHON 1 HE 3arpsa3HaeT nraHeTy.

MoTeHuman BeTPOBON 3HEPrMM Ha NnaHeTe oueHmnsaeTcs B 175 — 219 Teic. TBT.4 B roa, 310 NnpumepHo B 2,7
pasa 6onblue CyMMapHOro pacxofa aHeprumn Ha nnaHete. CuntaeTcs, YTo APPEKTUBHO MOXKET OblTb UCNONb30BAHO
TONbKO 5 % 3TOM 3HEPruK, a B HACTOsILLLEeEe BPEMS UCMONb3yeTCst 3HaunTenbHo MeHbLue [10].

BeTposHepreTuka nmeet HanbonbLlee pa3BMTne N PblIHOYHOE UCMONb30BaHUE, Yem Apyrme BO30O6HOBNAEMble
pecypcbl. Tak, Hanpumep, 3a nocnegHve wWwecTb neT oHa coctaBnana 30% exerogHoro pocra yCTaHOBIEHHOMW
MOLLHOCTU B Mupe 1 cnocobcTeoBana cosganmto 300 000 HOBbIX paboyrx MeCT BO BCEM MUpe 1 B rnobansHom busHece
ctoumocTbto 40 munnuapgos gonnapos B rog [11].

mobanbHbIn CoBeT No BeTpoaHepreTuke B 2024r pasmectun Aoknag kacaTernbHO (hOpMMPOBaHNs oTpacnu,
BKIIHOHAIOLLMIA NPOrHO3 Ha KpaTtyanwyto nepcnektusy. CornacHo Bepcumn CoseTa, B 2023 r. B Mype Oblnv BBEAEHbI B
CTPOW BETPOBbIE 3MEKTPOCTaHUMM MoLHOCTbI0 116,6 BT (prcyHok 1) [12].

Pucynox 1- Yemanosnennas mowHocms 8empogou snepeemuxu 6 mupe no umozam 2023 cooa [12].
BeTpoBas 3HepreTrka AMHaMMYHO Havana pocT B EBpocoto3e (PUCYHOK 2), CerogHs aHanormyHasi BCrbiLka rno

OaHHoun geatenbHocTu npocnexnaeTtca B Kutae, CLLUA a Takke B KaHage, HoBenKne pbiHKK NOABNSAIOTCA B A3uu, B
yacTHocTH, B IHauu, a Takxke B KOxHon Amepuke (pucyHok 3) [13,14].
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Pucynox 2 - JJunamuxa pacnpedenenus gempoanexmpocmanyuii 6 Eepocorose [13].

Pucynox 3 - Pacnpedenenue ycmanognenuou mownocmu BOC no cmpanam na 20242[12]

Mo paHHbIM BcemupHon BeTpsiHon accoumaumm (Global Wind Energy Council, GWEC), k koHuy 2024 roga
o6Las ycTaHOBEHHas MOLLHOCTb BETPSIHLIX 3MEKTPOCTaHuUMi B Mupe npesbicuna 1100 MB1. OxupaeTtcs, 4To k 2025
roy 3TOT nokasaTernb MoXeT Joctuyb 1,5 TBT.
A Takke MexayHapofHas opraHusaums no BeTpoanektpoctaHuusam GWEC nporHo3upyeT nocnefoBatesibHble
pekopaHble rogbl Ao 2030 roga [14] (Tabnuua).
Ta6muna 1 — I1poruo3 passurust B Mupe 10 2030roay

Ton IIpornosupyemasi ro10Basi MOIHOCTh
2025 138 I'Br
2026 140 I'Br
2027 160 I'Bt
2028 167 I'Bt
2029 183 I'Br
2030 194 I'Br
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B nocnegHue roabl HabnogaeTcss pocT MHTepeca K OPMLUOPHBIM BETPSHBIM 3NEKTPOCTaHLMAM, KOTOpble
obecneunBaloT 6onee BbICOKYID 3(PMEKTUBHOCTL M MEHbLLUYIO 3aBMCMMOCTb OT MOroAHbIX ycrnoswui. o crnosom
OPLIOPHBIE BETPOSMNEKTPOCTAHLMM MOHUMAETCS BETPO3IHEPreTUYEecKue YCTaHOBKW, PAaCrOfiOXKeHHbIe Ha Mope U
oKkeaHax He paneko oT ux bepera. A HaseMHbIMW BETPOBBLIMW JNEKTPOCTAHUUSAMWU WX Ha3bliBalT, Tak Kak OHMU
pacnonoxeHbl Ha cywwe [14].

OCHOBHblE Pa3HOBWAHOCTM BETPOKONEC MO MOLUHOCTAM MOXHO pasfgenuTb Ha criedytolme KaTeropuu,
KOTOpble MOKa3blBalOT UX pa3BUTUE (BETPSKOB) MPOLLIIO Yepes HECKOMBbKO KIYeBbIX 3TarnoB C MOMEHTa WX NOosBIEHNS
(pncyHok 4).

Pucynox 4 - JJunamuxa pasmepos Hazemuuix u oguioprulx mypoun, 1980-2030 22 [14].

OcHoBHOM Uenblo  3HepreTudeckon cTpatermm LeHTpanbHo-AsmaTckmx (LIA) pervoHoB  cumTaetcs
yCTaHOBMEHNE NyTEW pasBUTWUS COMMacHO Kputepusim ©Oe3onacHoro, pesynbTaTMBHOIMO, a Takke CTabunbHOro
PYHKUNMOHNPOBaHNSA SHEpreTMYeckoro pasfena rocygapctsa; KpoMe TOro, ciofa BXOAUT pasBuUTME pauMOHanbHOW
KOHLUEeNUMM B3aUMOOTHOLLEHWUA B cpefe TOMMMBHO-IHEPreTUYEeCKoro KOMMMekca, NoTpeduTensaMmu, a Takke mexagy
rocyaapcTteom [15].

OCHOBHYIO YacTb TEPPUTOPMM CTPaHbl OXBATbIBAKT ropbl, U MX MNnowaab coctaBnsaeT okorno 93 % u Bcero
b 7 % NnpuxoguTcsa Ha paBHUHHBIE MECTA, NPU 3TOM U3YYEHME N OLeHKa pearnbHOro NoTeHLMana BeTpOBON SHEPTN
0N OTAENbHbIX PaNoHOB pecnybnvku - BeCbMa akTyanbHada 3agada. B HacTosLwee BpemMs anekTposHepreTuka urpaet
ocobylo ponb B >xM3HeobecneyeHun nogen M yaoBNeTBOPEHUM HACYLLHbIX NoTpebHocTenm yenoBeka. OgHuM K3
BaXXHEWLLNX BbI30BOB AMsi 0OLLIEMMPOBON SHEPrETUKN ABMSIETCS BHYLUUTENLHOE YBENUYEHME SHEPronoTpebreHns B
Mupe, obyCrnoBNeHHOE 3KOHOMUYECKMM POCTOM U Pa3BMTUEM HAcerneHus. Y Hac B cTpaHe Hanboree nepcrnekTUBHbI
cnegywowune Buabl BUD: manble rmapoanekTpocTaHuMu, COfIHEYHble YCTaHOBKM AM1S NPOWM3BOACTBA TEMMOBON U
3MNEeKTPUYECKON SHEPIMKN, BETPOIreKTpUYeckme u brnorasosble yctaHoBku [16,17].

CornacHo HauuoHanbHoOWm cTpaterum passutus Pecnybnuvkm TampkukuctaH Ha nepuog go 2030 roga, B
KOTOPOM YNOMUHAETCs1 OCHOBHbIE HanpasneHus pas3suTtua BUO B Tom uncne:

- co3gaHwue ycroBun ansa gusepcnduvkauumn n ocsoeHne BUJ;

- KakK MmMnopTo3amMellarllas ans BHYTPEHHOro noTpebrieHus 3a cyeT HapalwmBanHua BU3I (conHeuHas,
BeTpsiHas, Ouorasosasi, reoTepmarbHas);

- MoOepHM3aLMs dNeKTpoceTen AN cCoKpalleHMs noTepb Npy UCMOMb30BaHUSA pasnnyHbIX Buaos BUJI;

- BHegpeHune aHeprocbeperaroLmnx TEXHONOMMIA 1 NOBbILLEHUS 3HeproaddekTnsHoctT Ao 500MnH.kBT.4acos
anekTpoaHeprun [18].

[nsa paspaboTkm cTpateruun passutusa BUD n, camoe rmaBHoe, ans nx aeKTMBHOrO pa3BuTUs, HE06XxooMMOo
3HaTb WX pearnbHbI MOTEHUMan M pearbHble BO3MOXHOCTU MX MCMONb3oBaHMs. COOTBETCTBEHHO ANS peLUeHus
KOMMnekca pasHooOpasHbix 3ajad B obrnactm BWO B kaxgom cTpaHe LenecoobpasHO UCNOoNb30BaHME
WHCTpymeHTapus Ha ocHoBe TMC  TtexHomorwi [19], a Takke B [20-22] npuBOAWTCS, 4YTO MNPOOMAEMbl OLEHKM
3(PPEKTUBHOCTU U BO3MOXHOCTU MUCMNONb3oBaHWs BNS B pervoHax BO3MOXHO peLUUTb C MOMOLLbI BHeApPEHUS
reonHdopMaLmoHHbIX cuctem (TUC).

Hamu Takke B nocrnegHee BpeMs MPOBOAATCHA UCCrefoBaTenbCckme paboTbl MO 3TOM TeMaTuKe ONis TaKux
pacnpocTpaHeHHbIX ICTOYHUKOB BO30OHOBMNSIEMOW 3HEPTEeTUKN, KaK BETPO3HepreTuka[23-24].
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B atom wuccneposaHumn [25] npepnaraeTcs OCYLWECTBMSATb pPaNoOHWPOBaHWE TEPPUTOPUMN MO CTENeHU
npurogHocTn pecypcoB B3 ¢ uenbto Beibopa Hanbonee nepcnekTUBHbIX MAOLWAA0K AN UX Pa3BUTHS.

C y4yéToM MUpOBBIX TEHOEHUMIA MCNONb30BAHWUS 3KOJOTMYECKM YUCTbIX BUOOB 3JHEPruM, HaMm KaxeTcs
uenecoobpasHbIM yKa3aHHY HULWyY AeduumTa 3NeKTPOIHEPreTUKN YaCTUYHO BOCMOMHUTL 3a cHET BMO, noTeHuman
KOTOpbIX MO BCEM pernoHam pecnybnukm orpomeH [25]. Tam e BrnepBble NPUMBOAWUTCA pasfderieHne Kaxaoro Buaa
3HEeprum No KaTeropusam BarioBoro, TEXHNYECKOro 1 3KOHOMMUYECKOro noTeHuuana B ycrnosusax PT.

Takoe pasgeneHve no KaTeropuMsM MO3BONMUT Mydlle y3HaTb WX peanbHblil MOoTeHunan u peanbHble
BO3MOXHOCTU X UCMOMNb30BaHWS

MHTeHcuBHOe passuTue rugposHepretnkn PT npoxoguno ¢ 1950 no 1980 r.r. [26-27], cornacHoO 3TuMm
NCTOYHMKaM B TapkvkuctaHe Npon3BOACTBO 3NEKTPO3HEPTUN CBSI3aHO NpenMMyLLeCTBEHHO c
rMAPO3NEKTpoCTaHUnsiMuK, koTopble B 2023 rogy npoussenu 20,6 munnuapg kBt-4, yto coctaBnsaet 94% oT Bcen
3MNEKTPO3HEpPrum, BoipaboTaHHOM B cTpaHe [28].

W3 aToro cnegyeT, 4To HECMOTPS Ha To, 4To 98% anekTpoaHeprum B Pecnybnuke TagknkuctaH npon3soanTcs
NCNONb30BaHNEM TMAPO3HEPIUN CErOAHS AN OCyLIEeCTBNEHNE rocyaapcTBeHHon [porpammbl cnefyeT Bcé 6onblue
npuBnekaTb BO30OHOBMSEMbIE NCTOYHUKN SHEPTUU, TakK Kak HECMOTPS Ha TO YTO 3anacbl rMOAPOIHEPreTUKU KaxyTcs
HeuncyepnaembiMuM 3a NocneaHne rofabl 3anacbl BOAHbIX PECYPCOB CTPpaHbl YMEHbLUAOTCH, YTO NPUBOAUT K AeunLmTy
anekTpoaHeprnn. OcobBeHHO 3TO KacaeTcsi CeBepHoro TamkukucTaHa, permoHbl Corguickon obnactn, rae
€[VHCTBEHHbIM WCTOYHUKOM 3nekTpoaHeprnn sensietca Kawvpakkymckasa OC, koTopasi He MOXeT obecneyntb
HaceneHue 3Hepruern B 4OCTaTo4HOM obbeme.

XoTd, B nocnegHve roAabl B MraHe pas3BUTUS BO30OHOBMSEMbIX MCTOYHMKOB, OCOBEHHO, 3Heprun BeTpa U
comnHua B pecnybnvke nosnyYeHbl Xxopowne pesynbTaThl.

CornacHo pgaHHon paboTte [29], roe BnepBble onpeAenunu noTeHuMan HeTpaguuMHHBLIX BUMAOB 3HEPrun
Pecnybnuku, TexHMYeCcKkuin noTeHunan BeTPOBOM SHEPTNM OLLEHUIN C MOMOLLbIO CYLLIECTBYHOLLMX JAHHbIX UCMOMb30BaB
10% TeppuTOpMM, KOTOPbIE MOSTYYUNIN NOCHE BbIYMTAHUSA paBHUHHbIE MecTa oT obuien nnowaan TagkuknctaHa. B
pe3ynbTate OLEHUNN TEXHWYECKUIN NOTeHuuman BETPOBOW 3Heprum MowHocTbio 3852,7 MBT. A Takke, no gaHHOMW
MeToauke aBTop paboTbl [4] pacunTan TexHMYeckui BeTpoBor noteHuman 2840 MBT, a 3KOHOMUYECKUI NOTeHuunarn
28MBT, Cc y4yeToM TOr0O 4YTO OHW Mpednarann  HEKOHKYPEHTOCMOCOOHOCTb  BETPOBOM  3HEpPTUM  C
rMAPO3NEKTPOCTAHLUSIMM.

Ho nosgHee coBpeMEHHOW METOAMKOW C MPUMEHEHMEM MYMbTUKPUTEPWUANbHOrO MOAXOA4A aBTOPbl AaHHbIX
pabot [30] nccnegoBanu TEXHUYECKUIA NOTeHLman BeTposon aHeprun 15557 MBT 1 akoHoMudeckun noteHunan 4485
MBT cooTBeTCTBEHHO (MOkas3aHO Ha pucyHke 5 u 6). [Ona onpegeneHvs nNOTEeHUManoB BETPOBOW 3JHEPruu
ucnonb3oBanuck MMobanbHeIN aTnac BeTpa.

Pucynok 5 - Kapma mexnuueckoeo gemposoeo nomenyuana Taoscuxkucmana
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PuCyHOK 6 - Kapma IKOHOMUYEeCKo20 nomenyuata eempa Taosicuxucmana nocie aHAIU3A UCKIIOYEHUTL

CornacHo pab6orte [31], B TagxukucrtaHe HeT gencteytowmux BAY, ogHako, B onpeaenéHHbiX permoHax MoXHo
OOMONMHUTL AOMUHUPYIOLLYIO 3HEpruio Bodbl ¢ BeTpoBOW. Camble CunbHble BETPbl AOCTUMAKT Takmx PaBHUHHBLIX
panoHOoB, Kak panoHbl Corgunckon obnactu, rge nangwadT cnocobcTByeT CONMXKEHMO BO3OYLUHbIX MOTOKOB. Ha
OTKPbITbIX M LUMPOKNX PaBHUHAaX CPeAHsis rogoBas CKOPOCTb BeTpa AocTuraeT npubnuantensHo 3 - 4 m/c. Ha apyrux
PaBHWHHbLIX TEPPUTOPUSX CPEeAdHHAs rOAoBasf CKOPOCTb BeTpa He mnpeBbiwaeTr 1 - 2 M/C, YTO He NOAXOAuUT Ans
reHepMpoBaHusl BETPOBOW 3Hepruu. [epcrnekTMBHbIMU TeppUTOPUSMU SABMASAOTCA pavioHbl CorguiAckon obnactu.
CornacHo pabote [30] C nMpvMeHeHMEM MynbTUKPUTEPMAnNbHOrO Mogxoda onpedeneHbl W BbISIBEHbI
BbICOKOMOTEHUMArbHbIE 30HbI U YYaCTKN AMsi MOCTPOEHUS BETPOINEKTPOCTaHUMI. ABTOPbI 3asBNSAIOT O TEXHUYECKOM
noteHumnane BeTpoBon 3SHeprum Coraunckonn obnactm Ha 4938km? nnowagbu 9689 MBT anekTpoaHeprum u
COOTBETBCTBEHHO SKOHOMMYECKUIA NoTeHuman Ha 740km? nnowaabu 3700MBT sekTposHepruu.

BbiBoAbl

B coBpemMeHHOM Mupe OofHOM K3 Npobnem 3SKOHOMMUKM SBMSIETCS HeOQOCTOTOK 3MeKkTpoaHeprun. [Ons
yCTpaHeHus 3Ton npobnembl BCE Oonblie CTpaH Mupa, B TOM 4ucre M TamKUKUCTaH YAEnsoT BHUMaHWE
UCNONb30BaHUIO 3€MEHON 3HEpPreTukn. AHanuM3nMpysi COBPEMEHHOE COCTOSIHWE 3fIeKTPO3HEepPreTMYeckoro Komnrekca
Mupa, B ToM uyucne PecnyOnuky TampKUMKMCTaH, M OCHOBHble MpobGnemMbl pasBUTUSA 3HEPreTUMKW, B TOM 4uUcne
HEeTPaaNLUMOHHBLIX BUAOB SHEPrumM, MOXHO paccMaTpvBaTb BO3MOXHbIE MyTW pelleHus 3Tux npobnem. CornacHo
aHanunsy noTeHumMarnoB 1 OLEeHKe BETPO3HepreTuyeckoro cektopa PT, nokazaHO YTO NSIOTHOCTb TEPPUTOPUM PECYPCOB
[AaéT BO3MOXHOCTb CO34aTb 3NIEKTPOCTaHLUMM HA OCHOBE BETPOBOW SHEPTUN.

Hanbonee TexHMYecKM BO3MOXHbIA M 3KOHOMMYECKM LernecoobpasHbii noTeHuwan umeeT Corguinckas
obnacTb.

Takum obOpas3om, HamM MOCTaBfeHa 3agada MPOBECTU UcCneaoBaHUst OTAEeNbHbIX panoHoB Corgunckon
obnactm ¢ Tem, 4ToObl [aTb BCECTOPOHHIOW OLIEHKY peanbHOro noTeHuuana u peanbHon 3hdeKTMBHOCTU
MCMNONb30BaHMS U CTPOUTENLCTBA BETPOINEKTPOCTAHLMN.

Peyensenm: Kupzuszos A.K, —«.m.n., douenm Kagedpvt «Iekmpuveckue cmanyuu» JIIITY umenu akademuxa M.C. Ocumu
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O BO3MOXHOCTHU COBMVECTHOIZ PABOTbI TMWAPON'EHEPATOPA BAP30B N'3C -
3 C TPABUTALMOHHOU AKKYMYJTUPYIOLLEN SNEKTPUYECKOU CTAHLUIMEN

IM.B. Wamcues, ?[.T. MamagxaHoBa, ’LLI.M. CynToH3oaa
lq)I/IJlI/IaJ'I HaHI/IOHaIII)HOFO HCCJICO0BATCIILCKOI'0 YHUBEPCUTETA «MoOCKOBCKHU Z-)HepI‘CTI/ILIeCKI/Iﬁ HUHCTUTYT» B
r. Hymanbe
*Ta/PKUKCKUI TEXHUYECKUI YHUBEPCHUTET UMeHH akagemuka M.C. Ocumu

B pabore paccmarpuBaeTcsi BO3MOXKHOCTH IIOCTPOCHUSI TPABUTAIOHHON aKKyMyiaHpyromied snekrpudeckoid cranmun (IPADC),
ONTHMAJILHO COYETAIOIIEH B ceOe TOCTOMHCTBA TBEPAOTEIBHON U TEIINO — aKKyMYIHPYIOMeld cTaHnuH. [ paBUTaIOHHBIH 3(G{EeKT HaKOIICHHUS
SHEPIHU YCHIIMBAETCS 32 CUET HCIOJB30BAHUS Beca aKKyMYJSITOPHBIX Oarapei, CHHXPOHHOH MalIMHBI, PeIyKTOPOB, METAJUIOKOHCTPYKIUH,
COJTHEYHBIX TTaHeJeH U COIyTCTBYIOLIETO 3IeKTPo0o0OpynoBaHNs. AHAIM3UPYIOTCS PEKUMBI TOABEMa U CITycka Iurardopmel. [lomuepkuBaercst
aKTyaJbHOCTb MOJOOHOT0 MOAX0/[a B IPUPOAHO-KIMMATHUECKUX yCloBusax Pecny6onuku TamKHKUCTaH U pacpOCTpaHEeHHs TOA0OHOTO MOAXO0AA
k npyrum ['DC.

Kniouegvle cnoga: zpasumayuonnas akKymyaupyowas 21eKmpuieckas cmanyus, CUHXPOHHAS MAWURA, PeOYKMop, aKKyMYIAMOPHAs
bamapesi, conneunasn namens.

AAP BOPAU UMKOHUATU AKHOA UCTUDPOAA BAPUN TMOPOIEHEPATOPU HEO — U BAP30B -
3 BO HEPYITroXy rPABUTATCUOHUN SNEKTPUKU
M.B. Wamcues, [1.T. MamagyoHoBa, LLI.M. CynToH30A4a

Jlap MaKojia IMKOHMSTH COXTaHU HEPYTOXH DJICKTPUKHU YabMKyHaHIau rpasutarcuonit (HOYI'P) Gappacii memaBan, ku OexTapuH
XOCHSTXOH MCTTOXHU CaxTTabCcup Ba 0QTOOMH YabMIIaBaHIAPO Jap Xy[ MyTTaxul MeKyHaJl. TabCHpH TpaBUTATCHOHHA Oapou 3aXupan SHEprHs
TaBacCyTH UcTH(OIan Ba3sHM OaTapesxoHM aKKyMyJSATOPH, MOIIMHU CHHXPOHH, PEIyKTOPXO, COXTMOHXOM METAJUI, NMaHeIXoH opTob# Ba
TaYXHM30TH JICKTPUKUAU XaMpox ad3oumt me€dan. XomaTxou 0apaomT Ba GpapoMananu miatdopma Tax Ml MemaBana. MyXUMUSITH YYHUH YCYIT
Jlap MIapouTH Tabuuio HKIUMu Yymxypun ToUMKHCTOH Ba TyCTapHIIM OH 0a AUTap HEPYroXXou OapKi TabKHI Kap/a MeIIaBas.

Kanumaxou kanuoi: ucmeoxu axymynupyKyHanoau epasumayuonil, MOWUHU CUHXPOHIL, PeOYKIMOop, bamapesu aKxKymyiamopii, naxenu
ogpmoobi.

ON THE POSSIBILITY OF JOINT OPERATION OF THE VARZOB HPP-3 HYDROGENERATOR WITH
AN ELECTRIC GRAVITY ACCUMULATING STATION

M.V. Shamsiev, D.T. Mamadjonova, Sh.M. Sultonzoda
The article assesses the possibility of constructing a gravity-based accumulating power station (GAPS), optimally combining the
advantages of solid-state and helio storage stations. The gravity effect of energy accumulation is enhanced by the use of the weight of battery
units, a synchronous machine, gear mechanisms, metal structures, solar panels, and associated electrical equipment. The modes of lifting and
lowering the platform are analyzed. The relevance of this approach in the natural-climatic conditions of the Republic of Tajikistan and the potential
spread of this approach to other hydroelectric power stations are emphasized.
Keywords: Gravity accumulating power station (GAPS), synchronous machine, gear mechanism, battery unit, solar panel.

C poctoM MMPOBOro crnpoca Ha 3Hepruio M ObICTpbIM pasBUTUEM BO30OHOBNSEMOW 3HEpPreTukM posnb
TEXHOMOMMN aKKyMyNMpPOBaHWNS 3HEPrMN B SHEPreTUYEecKoW cucteme CTaHOBMTCH Bce Goree 3ameTHOW. BeTpsHble,
CONHeYHble M Apyrme BO30OHOBNSEMble WCTOYHWKM SHEPrnu SBMSIOTCSH HEeMNOCTOSHHbIMU K Konebnowmmncs. Ux
LuMpokomMacliTabHoe npumeHeHne TpebyeT 3(MEKTUBHbIX U HaAEXHbIX CUCTEM akKyMynMpoBaHWUSA 3Hepruu Ans
peanusaumMm CcTabunbHOW MOCTaBKM 3Hepruv. [paBMTALMOHHOE aKKyMynuMpoBaHWE 3JHEpPruu, Kak TexHOMorus,
OCHOBaHHasi Ha PU3NYECKUX NPUHLUMNAX, UMEET YHUKarbHble NpeMMyLLecTBa No CPpaBHEHWIO C OPYrMMY MeTo4amu
XpaHeHus1 3Heprum, OCOBEHHO C TOYKM 3peHUs ANUTENBHOrO Cpoka Cryx0Obl, 60nbLoro macwrtaba akkyMmynmMpoBaHus
3HEPrnn 1N IKoNOorm4yHocTH [1].

B pabote [2] npoBedeH kpaTkuii 0630p HayyHbIX Nybnukaumi, roe BbloeNeHbl OCHOBHbIE U3BECTHbIE TUMbI
HakonuTenew anekTpoaHeprmun. NpusBegeHbl NONyYeHHbIE OCHOBHbIE A(PdEKTHI OT MpakTU4eckoro BHegpeHns HOO B
3MneKTpoaHepreTuky. MNMokasaHo, 4To AN aHepreTudeckon cuctemol Pecnybnukm TamkukucTaH, rae B 3MMHUIA nepuog
Habniogaetcs AeduUMT reHepupyemMon MOLLHOCTW, MpuMeHeHne cucteMbl H3O3O moxeT cnocobcTBoBaTb €ro
CHWXKEHMUIO.

OcHoBononaramLwwmn NPUHLMN TEXHOMOTUN aKKyMynUPOBaHWUSA TPaBUTALMOHHOW 3SHEpruu 3aknyaeTcs B
OOCTWXeHUM npeobpas3oBaHUsi Mexay rpaBUTALMOHHOW MOTEHUManbHOW 3HEepruert U 3aneKTpUYecKon 3JHepruen
NOCpPeACTBOM MoAbeMa U OnycKaHusa Tspkenbix npeameToB. Bo Bpems dasbl nogbema m3bblTouHas anekTpuyeckas
3Heprusi NpeobpasyeTcs B rpaBUTaLMOHHYH0 MOTEHUMANbHYO SHEPIMIO AN XpaHeHus. [1pyn HexBaTKe aneKTpo3Heprum
COXpaHeHHas rpaBUTaLMOHHas noTeHuuanbHas 9Heprus BbICBOOOXAaeTcd U npeobpasyetcd obpaTtHo B
ANEKTPUYECKYIO SHEPTUIO.

B pa6ortax [3,4,5] 6binmn Harnsi4HO NokasaHbl NPeuMyLLeCTBa NpeanaraeMomn 3NeKTpMYECcKOn rpaBUTaLMOHHON
aKKyMYNMpYIOLLIEN CTaHLMK, COBMeLLatoLen B cede 3 npuHumna nosbiweHnss 3¢pHeKTUBHOCTM, Takue Kak :

- MCMOMnb30BaHMe B KAYeCTBEe OCHOBHOTO rpy3a Gatapemn akkyMynsiTopos;
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- UCMONb30BaHUe B Ka4yeCcTBe AOMOMHUTENbHOrO rpy3a BCe MexaHU4eckoe 1 anekTpoobopyaoBaHue CTaHLmm
(cuHxpoHHast TpexchasHas anekTpudeckas MalluHa, peaykTopbl, TpaHcdopmatop COBGCTBEHHbLIX  HyXA,
KOMMYTUpYOLLasa annapaTypa, UHBEPTOP U T.4.);

- a TaKkKe Ha Kpbllle NraTdopMbl KOMMNIIEKC COMHEYHbIX NaHenen.

MpumeHnTenbHO k Bap3ob MN3C-3 ¢ ncnonb3oBaHnem nepenaga BobicoT 40 METPOB BO3MOXHO UCMONb30BaHNe
BapuaHTa NTPAJC, HaknoHeHHOro noa 45 rpagycoB K ropuU3oHTY NCMOSTHEHWS.

M3BeCTHO, 4TO 3Ha4MTeNbHYyl 4YacTb BpemeHu Ha Baps3ob OC-3 B paboTe HaxoguTcs nuwb OAMWH
rmgporeHepatop MowHocTbo 1780 KBT Ha HanpskeHue 6,3 kKB. EcCTeCTBEHHO, YTO MOLLHOCTbL TpexdasHoM CUHXPOHHON
anekTpunyeckon mawuHbl TPASC He gomkHa npeBbiwaTb MOLWHOCTb rnaporeHepatopa Bap3ob '9C-3. U ecnu
NCXOOUTb U3 BO3MOXHOCTW pexuma MCMofb30BaHWsl BCEW MOLLHOCTU ruagporeHepaTopa Baps3ob MN9C-3 B pexume
3apsagkm TPASC, To MOXHO BblbpaTb CUHXPOHHYI0 MaluvHy ans TPAQC nucxoas n3 ctTaHgapTHOIO Kracca HanpsKeHUin
— 6,3 kB 1 Bo3MOXHOCTM obecneyeHns ee MNyCcKOBbIX TOKOB. [10gOGHbIN OPUEHTMPOBOYHBLIA BbIOOP AaeT Ham:
CUHXPOHHbIN  reHepaTop-aAsuratens Ttuna CIAO2M-17-36-16YB-YXJ14 ¢ HuxecnegywowumMm  TeXHUYECKMMn
xapakrepuctukamum: P, = 630 kBT, U, = 6,3 kB, I,, = 72A n T7.4. Cxema 3/1eKTpU4eCcKoro COBMeLLEHNS BbIXOAHOW CEeTH
Bap3o06 MN3C-3 n N'PASC npuseneHa Ha puc.1.

Tudpozenepamop 6,3kB Kabenvnas
AP — — =>4 Bapz06 I'OC 2
Bap306 I'DC 3 ‘ o
A
1'49C <

Pucynox I — Cxema anexmpuueckoeo cogemeujerus bixooHou cemu Bapzo6 '9C-3 u TPADC

MoLHOCTb akkymynsaTopHow GaTapen onpegenseTcd Takke HOMWHANbHOW MOLLUHOCTbIO rMAporeHepartopa
Bap3o6 3C-3. N cOOTBETCTBEHHO KONMUYECTBO M TWUM COSHEYHbIX MaHenewm onpegenseTca nnowanblo KpbiLwn
nnatgopMbl, rae yCTaHOBMEHbI akKyMynaTopHas 6aTtapes un anekrpoMmexaHudeckoe obopygosaHune MPASC.

MapameTpbl rmgporeHepaTopa: P, = 1780 kBT, U,, = 6,3 kB, I, = 204 A, cosp=0,8
Mepenapg BbicoT 40 M MEXAY HKHEN N BEPXHEWN TOYKaMM MyTn NnaTtdopmbl. (puc.2)

S=v40? + 402 = 56,4 M

0 40m

\ 1 6.3xB @

40m »  Tuopozenepamop
Bap3o6 'DC 3

Pucynox 2 — Pacnonoscenue nymu niamgpopmor I'PASC.
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Ecnu cuntaTh AONYCTUMON KpaTKOBPEMEHHYIO neperpysky rugporeHepatopa Bap3ob 'BC — 3 B 1,5 pasa, 10,
Lneperp = 1,5 - 204 = 306 A. HOMMHarbHbIN TOK CUHXPOHHOW MalwuHbl TPASC npubnusnTenbHO coctasut I, ~ % =

61,2 A. 3gecb NnpegnonaraeTcs NATUKPaTHbIA BPOCOK NMYCKOBOro ToKa.
PH :\/§'UH'IH'COS(pH
Prpasc = 6,3+ 103 -4/3-61,2-0,8 = 534247,6 BT ~ 534 xBr.
MowHOCTb CMHXPOHHON MawwunHbl TPADC cooTBeTCTBEHHO BbIOMpaem no katanory [6] onvkanwen CUHXPOHHOM

MalUMHbI C NapameTpamu, ykazaHHbIMU B Tabn.1.
HomuHanbHbIM TOK rmgporeHeparopa:

Py _ 1780-10°
V3-Uy-cospy V3-63-103-0,8

Ha nepBom ataxe nnatgopmbl pacnonaratTcs:

- CUHXPOHHas aneKkTpuyeckas MallvHa ¢ AByMs paboymmu koHuamu Bana secom 5280 kr.

- [Ba pedykTopa, COeAMHEHHble C ABYMS paboummu KOHLAMW Bana CUHXPOHHOW MalUuHbl. TexHuyeckune
napameTpbl NpuBeaeHbl B Tabn.2.

- TpaHcopmaTtop cobcTBeHHbIX Hyxa (TC3MNd11-100/10-Y3) Becom 850 «r.

- BeinpsimuTens BTE-320/75 — YXJ14, Becom 850 kr

- NHuBepTop, Becom 1000 «r.

- TBY, Becom 450 «r.

- Wkadbl ynpaBneHus n kommyTauum, odwmm secom 150 kr

Ha BTopom aTaxe nnatdopmbl pacrnonaratTcs:

- AKB — 250 Ay — 12 B — 72 «kr. NnaTtdpopma pasmepom 10x12 M, pasmepsbl akkymynatopa — 0,296x0,52m,
pa3MeLlLieHne akkyMynaTopoB: 16 wT. B wnpuHy, 30 wT. B AnvHy. Obuwee konnyectso akkymynsatopos 480 wt. Oowun
BeC — 480x72=34560 r.

Kpblwa nnatdopMbl COCTOMT M3 COMHeuvHbIXx naHenen SM170-12P pasmepamn 0,668x1,485 m Obuwee
KOnmM4ecTBO — 126 wT. 7WT. — B WNpKHY, 18 wTt.— B anuHy. Macca ogHow conHevHon naHenu — 12 kr. O6wwmi Bec
COMHEeYHbIX naHenemn — 126x12=1512 «r.

Macca meTannokoHcTpykumin coctaenset 20% obuiero Beca Bcer nnatopmei.

O6wwit Bec nnaTopmbl C yHETOM METamNOKOHCTPYKLUNIA COCTaBNSET:

Zm = 5280 + 2960 + 850 + 850 + 1000 + 450 + 150 + 34560 + 1512 + 20% = 57134,4kr =~ 60 T

=204A

1H=

Tabauna 1- ITapaMeTpsl CHHXPOHHOTO TeHEpaTopa

Tun reseparopa CIrI2M-17-36-16YB-YXJI4
MoiHOCTh, KBT 630
Toxk cratopa, A 72
Hanpsbkenne Bo30yxaenust B 58
Tox Bo30OyxneHus, A 225
OK3 0,84
KITI % 93,7
MOMEHT MHEp-IIMK POTOpa KI* M2 400
Hanpsokenne oOMOTKH cTatopa, B 6300
HomuHanbpHas ckopocTb, 00/MHH 375
Bec, kr 5280

Tabmuna 2 - Texauueckne napaMmeTpsl peIyKropa

Tun pexykTopa HTHA-500 (muauHapugecKuii)
IlepeaaToyHoe YHCIIO 100
HommuHanpHas paananbHas Harpy3ka Ha THXOXOIHOM 42200
Bany (Ipu CKOpOCTH BpameHus 3,75 06/mun), H
HoMunanbHbIi KpyTsiumi MoMeHT, H'M 28500
K 0,96
PexuM paboTh I1oBTOpHO-KpaTKOBPEMEHHBII
Macca, Kr 1480
Bec nByx penykropoB — 2960 kr
CnegyeT OTMETUTb, 4YTO KOMMMEKC: COMHEYHble MNaHenmm — akkyMynatopHas 6artapesi, MOMHOCTbIO

obecneynBaeT NUTaHNe POTOPHOW 0BMOTKM BO3OYXAEHMSA CUHXPOHHON MallWHbl (HanpsbkeHne Bo3byxaeHust 58 B, Tok
BO30OyxaeHus 225 A), a yctaHoBka TCH ¢ TBY rapaHTupyeT ycnewHyo paboTy M B Nepuog HU3KOW COMHEYHOW
aKTUBHOCTMW.
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3anacaemasi aHeprus u3 2-x CoCcTaBnsoLLmnX:
1. OHeprus AKB — 250-12-480=1,44- 10° BA-uy=1,44-10° - 3600 = 5,184 - 10° I
2. 3acuerrpaButaumm -y m = 60T
[MoTeHunanbHasa aHeprnsa NNaTgopMbl, HaXoasLWeNCcs Ha BepLunHe cTaHumun, T.e. h=40 meTpoB cocTaBnseT:
E,or = mgh = 60-103-9,8-40 = 23,52 - 106 [
HomMuHanbHas CKOPOCTb CUHXPOHHOM MaluMHbl n, = 375 06/MUH NpU NepegaTtoyHOM 4ucrne peayktopa i=100
CKOPOCTb BbIXOAHOrO Bana pefykropa n, = 3,75 06/MuH
Ha BbixogHOM Bany pegyktopa ycTaHaBnuBaeTcsi 3ybuyaTaa wectepHa ¢ D=1m, cnepoBaTenbHO, AnuHa
OKPY>KHOCTU WecTepHu: L=nD = 3,14 m.
JInHenHasa ckopocTb NnepemelleHns nnaTgopmbl COCTaBUT:
9,=3,75-3,14 = 11,775 M/MuH.

Ortcrloga Bpemsi nogbema nnatopMbl K BEPXHEN TOYKE:

56,4
t, = m = 4,8 MuHyT = 288 cek
HomMuHanbHbIM MOMEHT, pa3BMBaeMbli CUHXPOHHOW MaLUWUHOW:
P, 630-103
Mﬂ=w—H=m=16051HM

30

MoMeHT conpoTuBneHus:

D
=Zm-5-g=60-103-0,5-9,8=29,4-1O4H-M

MoMeHT conpoTuBIEHNs, NPUBEAEHHbIN K Bany CUHXPOHHOW MaLUuHbI: (C yyeTom i=100)
29,4-10%
Mgp = ——— = 2940 H- M, Y4TO 3HaYUTEIHHO MEHbIIE M,;.
100

MoTpebnsemas u3 cetTn MOLHOCTb (C y4eTOM NOTEPb):

P, = 21%375.9940 = 115395 Br ~ 116 kBT , ur0 cocrasnsier —2 - 100% = 18,4%

OT HOMWHanbHOW MOLLI,HOCTVI CMHXPOHHOW MaluHbl. Takum 06pasom, pacxop, aneKTpoeHeprMM Ans nogbema
nnaTtgopmMbl:

3, =116-0,08 = 9,28 kBT - u

Bce BhlilenepeyvncneHHble BbIKNagku Kacanncb pexmma nogbema nnatdopmbi.
Mpun pacyeTe pexunma onyckaHus NNaTOpMbl BO3HUKAIOT CrieayoLne Bonpochl:

1) Heobxognmo obecnevmTb HOMUHANbHY CKOPOCTb BpaLLEeHNsi Bana CUHXPOHHOW MalluHbI, paboTatoLlen B
pexuMe reHepatopa, T.e. 375 06/MuH, T.K. B MPOTUBHOM Cly4ae 4YacToTa HanpsbkeHnsi reHepatopa byaeTt otnvyaThes
oT 50 Ny, 4TO HegOMNYCTMMO. YNPOLUEHHBIN pacyeT, UCXOAs N3 YPaBHEHUS OBWXEHUS 3NEKTPONpUBOAA, NoKasbiBaeT,
yToO:

39,25-9,8

Menp = ]——2940H M = 400 ===

~ 52,3 cek

I'Ipm 3TOM 6yp,eT pa3BmBaTbCA MOLLHOCTb:

E.or 23,52-10°
Pornyckanns = At - 523 - 449713 Bt ~ 450 kBT

JInHenHasa ckopocTb ABMXKEHUS NnaTgopmbl:

4
Yinarg = 523 = 1,078 m/cek

OnpegensawwmM nNpy 9TOM SIBASIETCA TOK HArpy3ky CMHXPOHHOW MaLUMHbI, CKOPOCTb BpaLLeHNss MOXeT ObITb
Heckonbko 6onblien 375 06/MUH 1 ANst HeOQONYLLEHMS 3HAYUTESNBbHOMO MOBbILLIEHUS CKOPOCTU MOXHO 3a4eNCcTBOBATb
pEerynmpoBkKy Lienu Bo30yxaeHus.

2) Mpu oTCYTCTBMM TOPMO3HOIO AENCTBUS CUHXPOHHOMW MaLUUHbI (M ecriv npeHebpeyb cnnamm TpeHus), T.e. Npu
peXnUMe X.X., ABWXKEHNE MnaTopMbl BHU3 6y,u,eT onpeaensTbes ypaBHeHmeM

Sz%; Te. 56,4—98; t ~ 34 cek

CKOpOCTb nepemMeLlleHund:
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56,4
Ynarg = 34 16,6 M/cek

370 3HauuTenbHas (Hep,onycmmaﬂ) CKOPOCTb nepemeLlleHna, crnegosartesibHO, CrnyCcK I'IJ'IaTCbOprI BO3MOXEH
TOJTbKO Npn Hann4nm Harpy3kn B 3HEpProcncreme.
BbiBOoAbI

1. PaspaboTtka [PASC gnsa Bap3o6 GC — 3 npeacrasnsaet 6€3yCnoBHbI MIHTEPEC, C TOYKM 3PEHUS NOBbILLIEHMWS
3(PPHEKTUBHOCTU akKyMynsaunm aHeprum u pabotel '3C.

2.MonyyeHHble pesynbTaTbl MOryT ObiTb pekOMeHAOBaHbl npu npoektupoBaHum TPASC gna coBmecTHowM
paboTbl ¢ Apyrummn MIC, 4TO aKkTyanbHO ANs rMAPO3HEPreTMkn TamknkucTaHa.
Peyensenm: Hasupoe X.B. — K,m.n., douenm, 3a6.Kagpedpoii sneKmpoanepzemuxy Puanara HUY "MIH" 6 2. Dywanbe.
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YAK 621.311

ONTUMU3ALNA KPATKOCPOUYHbLIX PEXXUMOB BAXLLUCKOIO KACKALOA

rMMAOPOJJNIEKTPOCTAHLIUU
LL.M. CyntoH3opaa, M.LL. Pagxa6oB
TamKuKCKUid TEXHUYECKUH YHUBEpCUTET UMeHH akaaemuka M.C. Ocumu

B crarbe paccMoTpeHa 3amada KpaTKOCPOYHOW ONTHMHU3AIMH PEKHMOB PAaOOTHI THUAPOIICKTPOCTAHLMN BaxIickoro kackanaa.
Pa3pa60TaHa MareéMaTu4eCckKasd MOACJb, YYHUTBIBAOIAA OJKCIIIYaTallMOHHBIC, THAPABIMYCCKUE W OHEPICTHYCCKHUE OIPAaHUYCHHUA, a TaKKE
0COOCHHOCTH PEryIMpPOBaHUS CTOKA BOJOXPAHWIHUIL. Mojenb peanusyeT HeleByo (YHKIHI0 MaKCHMH3ALHH BBIPAOOTKH JICKTPOIHEPTHU C
yuéroM OayaHca BOABI M OTpaHIMYEHHH 110 YPOBHSM Obe()OB, pacxoqaM U MOLTHOCTH.

Knroueswie cnosa: xackao eudpoaﬂekmpocmanuud, KpAamKoOCpO4UHas OnmumMusayus, pesxitcum pa60mbz, Mamemamuyeckas Mooenb.

ONTUMUIATCUAUN PEYAXOU KYTOXMYOOATU CUNCUNA HEPYITOXXOU BAPKUA OBUU BAXLL
LU.M. CyntoH3opaa, M.LLU. Paya6oB

Jlap Maxona Machaiad ONTUMHU3ATCHIN KYTOXMYIIATH PEYaxoH KOPUH CHIICHIA HEpyroxxou Oapku obum Baxin Oappaci mrymaact.
Mopenn MaTeMaTHKA TaXyst KapAa [IyAaacT, Ki MaXIyAUsITXOH KOPH, TUAPABIUKA Ba SHEPTETHKUPO, HHIYHUH XYCYCHATXOU TaH3UMH YapaHH
obanbopxopo 6a Hazap merupan. Momen a3 ¢GyHKcHsH Xamapuu MakCUMyMH HCTEXCOJIM SHEPTHSd JJIEKTPHKA 00 pHOsSH TaBo3yHH 00 Ba
MaxAyIUATXOH caTXu 0051000y OEH000, caphu 00 Ba TaBOHI HUTAPOHHU/IA IIyIaacT, HOOpaT acT.

Kanuoeosrcaxo: cuncuna nepyeoxxou bapku o6, onmumuzamcusiu Kymoxmyooam, peyau Kopi, MOOeiu MamemMamuKi.

SHORT-TERM OPTIMIZATION OF THE VAKHSH CASCADE HYDROPOWER PLANTS
Sh.M. Sultonzoda, M.Sh. Rajabov

This paper addresses the problem of short-term optimization of operating modes of the Vakhsh cascade hydropower plants. A
mathematical model has been developed that incorporates operational, hydraulic, and energy constraints, as well as the specific features of
reservoir flow regulation. The model implements an objective function aimed at maximizing electricity generation while accounting for water
balance and constraints related to forebay and tailwater levels, discharges, and power output.

Keywords: cascade of hydropower plants, short-term optimization, operating mode, mathematical model.

BBepneHune

'mapoaHepreTvka SBNAETCA OOHUM K3 CaMbIX YUCTbIX WUCTOMHMKOM 3JHEprMM Ha Hawen nnaHeTe. Ha
CEToAHSILLHWI eHb OHA ABMSETCS OCHOBHbLIM BUOOM BO30OHOBMSAEMbIX MCTOYHUKOB aHeprumn. N3 30% anekTpoaHeprum
B Mupe BblpabaTbiBaemMon BO30OHOBMSEMbIMM WMCTOYMHMKAMW 3JHEpPrMM Ha [Jonto rugpoanektpoctaHumin (F3C)
npuxogutca 15%. [lo paHHbIM  MexayHapoaHou accouunauuun [mapoaHepretukoB (International Hydropower
Association) [1] B 2024 rogy ycTaHOBNEHHasi MOLWHOCTb MMAPO3HEPreTUkn B MUpe cocTaBnseT okorno 1443 BT, a
BbIpaboTKa 3NEKTPOIHEPIMM 3a CYET 3TUX CTaHUMN cocTaBnsaeT 4578 BT*y.

OcCHOBHblE rMapo3aHepreTndeckne mMolHocTn Pecnybnukm TamKMKUCTaH cocpefoToveHbl MPEUMYLLLECTBEHHO
Ha pekax Baxw, Cbipgapbs n Bap3o6. Ha peke Baxw B HacTosiwee Bpems dpyHkunoHmpyeT Bocemb ['OC [2], cpeam
KoTopbix Bblgensetca PoryHckas OC — camasd mowHas B LeHTpanbHonm A3un. C y4ETOM BbICOKOW CTEmneHu
KackagHOCTU TMAPOY3MnoB M MX B3aUMOCBS3aHHOrO pexuma paboTbl, KruyeBoe 3HadeHve npuobpetaeT 3agava
pa3paboTku 1 BHeOPEHUST METOL40B ONTMMAarnbHOMO YNpaBfeHUsa aKCnnyaTaumoHHbIMU PEXUMaMU OTAENbHbIX CTaHLMIA
M Kackaga B uenom. OdekTBHOE nepepacnpegeneHne BoaHbIX pecypcoB mexay '9C kackaga obecneumBaeT
yBENUYEHNe CyMMapHON BbIPAOOTKM 3MNEKTPO3IHEPIM M pauMoHanbHOE MWCMONb30BaHUE TMAPOSHEPreTUYeCcKoro
noteHumana [3]. OntTumusauns pexumon NSC knaccupuumnpyeTcs No BpeMeHHbIM MHTepBanam Ha JONroCPoYHyto (OT
O[HOro MecsiLla 0 HECKOJbKUX NeT), CPeAHECPOYHYIO (OT HECKONbKUX AHEN 40 Mecsua) U KpaTKOCPOYHYO (OT OAHOro
Yaca 0O HecKonbkux cyTok) [4]. B 3agaye kpaTkocpodHor ontumwusaumm kackaga N'9C onpegendeTtcsa nodacoBsoe
pacnpegeneHve BbIpaboTKM C y4ETOM KOMMIIEKCA IKCMIyaTaLMOHHbLIX OFPaHUYEeHNIA, BKITOYas npeaeribHble 3Ha4YeHus
MOLLHOCTW arperaToB, YPOBHU BEPXHETO U HWXHEro 6bedoB, AONYCTUMbIE pacxodbl BoAbl, @ Takke ruapaBnnyeckme u
3HEpreTMyecKkne OrpaHuyveHus. Y4yetr 3TUX (PakTOpoB MO3BOMSIET He TONbKo OOecneynmTb  BbIMOMHEHUE
3KCnnyaTaunoHHbIX TpeboBaHWA, HO U MPOBECTU OLEHKY 3(PPEKTUBHOCTM UCMONb30OBAHUSA TMAPOIHEPreTUYECKMX
pecypcoB [5]. B coBpeMeHHbIX yCNOBUAX 0CODYH akTyanbHOCTb NpuobpeTaeT NpUMEHEHNe YCOBEPLUEHCTBOBAHHbIX
METOL0B MaTeEMaTMYEeCKOro MOLENMPOBaHUSA U anropuTMOB OMTUMM3ALMK, NO3BONSAKLWNX YYMTbIBATb B3aMMOCBS3b
rMOPOJSIOTMYECKMX U INEKTPUYECKNX PEXUMOB. JTO, B CBOK Oo4yepenb, obecrneynmBaeT BO3MOXHOCTb KOMIMIIEKCHOMO
yrnpaBneHus kak otaenbHbiMu [3C, Tak 1 KackagoM B LLEeNoM.

OdbhekTUBHOE ynpaBrneHne pexMMamu paboTbl TMAPOSNEKTPOCTaHUMIA TpebyeT ob6si3aTenbHoro ydeta
KOMMMeKca aKcnnyaTaluMoOHHbIX, TEXHUYECKUX, TMAPONOrMYecKmnX N 3KONOrMYeCcKnX orpaHU4eHnI Kak Ha 0NroCPOYHOM,
Tak U Ha KpaTKOCPOYHOM rOpM3OHTax nraHupoBaHus [6]. C y4eTOM BbLICOKOM PasMEpPHOCTU W CIOXHOCTU 3TUX
OrpaHUYeHn, 3agadva CTaHOBUTCS KpaniHe TPYLOEMKOM 1 TpebyeT NpMMEHEHNS aBTOMaTU3NPOBAHHbIX PACYETHbLIX U
ONTUMU3ALMNOHHBIX CUCTEM. BEpoATHOCTHLIN XapakTep NPUTOYHOCTM BOAbI K CTBOPY rMOpoy3noB OOycrnoBnuBaeT
Heo6X04MMOCTb BbIMOMHEHUS CEPUM CLLEHAPHBLIX BOAHO-3HEPreTUYECKUX PacyeToB 415 OLEHKM JOMYCTUMbIX PEXMMOB.
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Ontummusauusa pexumoB [OC, paboTawwwmx B Kackage, 3aBUMCUT OT Hanuuus BoAOXpaHunuuia u eé
XapakTepucTuk (napameTpoB). B HacTosLemM uccnegoBaHmm paccMaTpmBaeTcs 3agada KpaTkocpodHOM onTuMusaunm
pexumoB pabotel [OC Baxwckoro «kackaga. [aHHbln Kackag obObeauHsieT BOCEMb  OEWCTBYHOLLUX
rMOpO3NEKTPOCTaHUNIA, a Takke O0BEKTbl, HaX0AdLWMecss Ha CTagun CTPOUTENbCTBA. M3 HUX LWIEeCTb pacnonoXeHbl
HenocpeacTBeHHO Ha peku Baxw: PoryHckas, Hypekckas, BannasuHckas, CaHrtyauHckas-1, CaHrtygnHckasa-2 u
"onoBHas. KoMnoHoOBKa M B3aMMHOE pacrnosiokeHne ruapoyaros Kackada NnpeAacTaBreHbl Ha pUcyHke 1, 4To no3sonseT
OTPa3nTb X rMAPaBINYECKYI0 B3aMMOCBSA3b M CTEMEHb KAackagHOCTH.

I
T'onoBnas

j§cle

Bbaiinasunckas
I2C

Porynckas
Iae

Hypexkckas
j§cle

CaHrTyauHCcKas
IaC-1

CaHrryanHcKas
IaC-2

QL1 Q.1Q,

Pucynok 1 — Cxema I'OC kackada pexu Baxw
BoigensawoT  cnefylowmMe  OCHOBHble  BUObl  PErynMpoOBaHWs  PEYHOro  CTOKa,  OCYLLEeCTBMASeMOro
BOAOXpaHUnuwamm 3C: mHoroneTtHee, rogn4yHoe, Ce3oHHOe, HepelibHOe, CyTO4YHOE U oes3 perynmpoBaHunA (ﬂO
BOLOTOKY) [7].
B Tabnuue 1 npuBeaeHbl OCHOBHbIE NapamMeTpbl BogoxpaHunu, FAC Baxuickoro kackaga.

Tabmuna 1 — IMapamerpsr Bomoxpanmmm ['9C kackana peku Baxm

HITY, YMO, OO6bEM BOLOXpaHMIHIIA, KM® Bun
I'mppocrannus Hamop, m
M.H.Y.M. M.H.y.M. > " " peTyIUpOBaHUS
TTOJTHBIN MEPTBBIN MOJIC3HBIN
PoryHckas 1290,0 1185,0 13,30 3,00 10,30 Mnuozoremnee 245*
Hypexkckas 977,0 857,0 10,50 6,00 4,50 Tooosoe 223
Baitnmasnnackas 630,0 617,0 0,13 0,04 0,09 cymounoe 54
Canrrynnackas 1 571,5 569,6 0,02 0,01 0,01 cymounoe 58
CanrryauHckas 2 508,5 507,8 0,08 0,07 0,01 cymounoe 21
TonoBHas 485,0 482,0 0,10 0,08 0,02 cymounoe 23,3
*Hpoekmnbze dannvle cmposiyetics Poeynckoii I'DC.
Matematunyeckas mogenb kackaga N'9C Ha peke Baxw
LleneBas pyHKUMSA, KpUTEPUI ONTMMMU3aLUN — MaKcmmaanaﬂ BblpaﬁoTKa 3IEKTPOSHEPTUN.
F=max W = Y Y1 P - (1)

roe: W - cymmapHas BblpaboTtka aHeprum (kBT*4); i=1,..., n - nHgekc N3C; t=1,..
MOLLHOCTb (KBT) cTaHuuu i B uHTepBane At - AnuMTenbHOCTbL MHTEpBana (4).
CyMMapHas aHeprus kackaga CoCTosias u3 N paBHa CymMmme aHeprum kaxgon M9C:
W=3L W, =X{_1PAt (2)

., T - nHTepBanbl BpeMeH; P;, -

MoLLHOCTb KaXkaon cTaHumnmn
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Pt =pgniQitHit =9.81-Q;¢ - Hir -1y (3)

p-nnoTHocTb BoAdbl (= 1000 kr/m3), g-yckopeHue cBobogHoro nageHus (9.81 mic?), Ni-koadDULMEHT NONE3HOro
fevicTeua arperarta, Q; - pacxon soabl (M*/c), H; .- Hanop (m).

Hanop H ana MNSC ¢ BogoxpaHunuiiem n3mMeHsieTcst BO BpEMEHM.

Hi, = ZE}:S - ZiP,{tB (4)

ZB% — yposeHb BepxHero Bueda i-on MAC; ZP- yposeHb HMXHero 6beda i-oi M3C.

YpoBeHb HmkHero 6bedba Ha MOC BapbupyeTcsi B 3aBMCUMOCTM OT pacxoga Boabl. OHa xapakTepusyeTcs
KPUBOM HuXHero Bbeda, To ecTb 3aBucumocTbio Z/P = £(Q), koTopas ucnonbayeTcs Npyu ONTUMU3ALIAN PEXVMMOB
paboTbl kackaga, 4Tobbl y4ecTb U3MEHEHWNE pearlbHOro Hanopa u, COOTBETCTBEHHO, BbIPaboTkM 3anekTpoaHeprun. OHa

obs3arenbHa Ans TOYHbIX BOOAHO-3HEPreTUYECKNX PacvETOB M NnaHnpoBaHus pexumoB paboTtbl [AC. Kaxgaa MNOC
UMeeT Kp1BYLO HUXXHero 6eeda, Hanpumep anga Hypekckon MNOC oHa npeacTaBneHa Ha pUCYHKe 2.

646
A7
645

HO

644

643

642

641

640

639
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Q, m¥/c
>
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Pucynox 2 — Kpueas yposna Hudicneeo 6vepa Hypexckou I'DC om pacxoda

637

Mpu yBenuyeHnn pacxoda TypOGUH MOLLHOCTb PacTéT He MporopuMoHarnbHO, Tak Kak OOHOBPEMEHHO
BO3pacTaeT ypoBeHb HIKHEro bbeda, CHkaa Hanop. ATO OTPaXKaeTca B 9KOHOMMUYECKUX pacyétax 1 onTUMU3aLmm
pexuma.

KoadbpuumeHT nonesHoro AencTsusi rugpoarperata 17 wiv 7)1y, 3aBucumoctb ot KIA Typ6uHsbl n KA
reHeparopa:

Nra = Nmyp * Nzen (5)

Mo ypoeHsim eodoxpaHunuuwa
Ons kaxgon MNAC 3agaeTcsa MakcumanbHoe ¥ MUHUMarnbHOE 3Ha4YeHUe YPOBHS BepxHero bbeda.

zBbmin <7Bb <z BEMax =10, Vt=1...T (6)

ZL-E_‘P — YpOBeHb BepxHero bbeda i-on MNOC B MOMEHT BPEMEHM t;
OKBMBaNeHTHO Yepe3 0ObEM BOJOXpaHUNMLLA

VALLEQVARR VAL (7)
Vit — O0BBbEM i-ro BOOOXpaHWUMULLA B MOMEHT BPEMEHM t;
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KpuBas 3aBUCMMOCTU YpOBHS BepxHero bbeda BogoxpaHunuiia oT obbéMma, KoTopas onpefensietcs Ha
OCHOBE [aHHbIX TOnorpagnyeckon CbEMKM MECTHOCTU N BaTUMETPUYECKNX N3MEPEHUIA AHA.

Vie = f2(288) & Z28 = f71(Vip) 8)

[aHHas KkpvBas MMeeT KIOYEBOE 3HaYeHWe Npu MOAENUPOBaHUM pexumoB paboTbl MAC, nockonbky
obecneynmBaeT KONMMYECTBEHHYIO OLIEHKY M3MEHEHMs1 oObema BOAOXPaHUMMLLA NpU BapbMpoBaHWM BepXHeEro bbeda
BOAOXPaHWUMMLLE, YTO BaXHO npu onTummsaumu. Kpveas 3aBUCMMOCTU YPOBHS BEpXHero bbedpa BogOXpaHunumuia
Hypekckon '3C oT o6bEMa, MOCTPOEHHOE Ha OCHOBE HaTUMETPUYECKUX U3MEPEHUI NpUBEaEHa Ha PUCYHKe 3.

920
A Z, M.H.y.M.

910 HITY

900
890
880

AV
870

860 YMO

850 / V. Mg m°

2500 3000 3500 4000 4500 5000 5500 6000 6500 7000

Pucynok 3 — Kpueas 3asucumocmu yposHs eepxueo ovepa eodoxpanunuwa Hypexckou I'9C om 06véma

Mpv HaNMYMM JOCTATOYHO ANUTENBHON MMAPONOrMYECKOW CTaTUCTUKM IKCTIyaTalNOHHbIE KPMBbLIE NO3BONSHOT
3 HEKTMBHO ONpeaenaTb pexumMbl paboTbl AN nboro BHYTPMrOO4OBOMO MM BHYTPUMMECSIYHOTO nepuoaa npu
3aaHHOM 06LLEM NPUTOKE BOAbI M YPOBHE BEPXHEro bbeda. T kprBble MOTyT GbiTh MCMOSb30BaHbl B UMUTALMOHHbIX
MoAenax Ans pasnuyHbIX UCCNegoBaHWUA.

Ha xapaktep pacuyetHom kpuBom obbemoB V=f(Z) wn, cnepoBaTenbHo, nonesHbli obbvem PoryHckoro
BOOOXPaHWUnMLLA BNSET B OCHOBHOM MPOAOSIKUTENBHOCTb €ro dKChnyaTauum, B Te4eHne KOTOPON MPOUCXOAUT ero
3auneHve.

Mo mowHocmu kaxdol 'SC
leln < P|,t S Pimax (9)

Mo pacxody eoOdnI Ans kaxoou 'AC

Ons kaxgoi FOC Kackaga MMeeTcs orpaHMyYeHrs No pacxodam Yepes TypbuHy, XonocTble c6pock! U Ans BCero
raC.

myp,min m myp,max xonocm. xonocm.,max
QP <@ <P, 0<QY <Q : (10)
min.o6s3. Jpcle CYMM.,max
Qit <Qi¢ =<Q (11)
YpaBHeHMe ©anaHca BOAbI

Vit =Vig1+3600- Q" -Q'7) At (12)
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F3C Qpac _QI myp. +Qx0ﬂocm (13)

F3C Qpac I]:CftCiQeodox +AQi—1,i (14)

roe:

li‘ﬁ = Elatc — NpWUTOK BoAbI NpeablayLei MAC;

QBOf)Ox — pacxof BOAbl C BOAOXPaHUNULLA «+»-Koraa BogoxpaHunuile cpabartbiBaeTcst; «-» - Koraa

BOAOXpaHUNuLie 3anoJiHAEeTCA,

igtoaox' =0 - npu paboTe Ha TPaH3UTHOM CTOKE;
igtoaox' — 3HaueHuWe pacxofa Bofbl C BogoxpaHunuia -ton FAC onpeaenseTcs no cpaboTaHHOMY Wn
.. +AV;
HaKonneHHoMy 06b&My BOfbl B BOJOXPaHMMULLA ;
3
68000X. +AVi .M (15)
it B
At c
«+»-Korja BogoxpaHunuie cpabatbiBaeTtcs Zprﬁm ZlBIgH
«-» - KOrja BOAOXPaHUIIULLE 3arosiHseTcs Zﬁﬁm ZZBKBOH
AV; B sasucumoctn ot ZBP 1, 7BP  onpepensertca rpacmueckum vnM MeTomoMm  KyCOUHO-MMHENHON
I l,Hay. 1,KOH.

annpokcuMauum no KpBOM 3aBUCUMOCTM YPOBHSI BepxHero bbeda BogoxpaHunumwa oT o6béma Vi = fiZV(ZiBtB)

(puc. 3).
AQifli — BoAo3abopkl, 6OKOBbIE MPUTOKM U Ap. BogoxpaHunuwa -tom ni — 1; F'9C.

AQi—1| QI box.np Qeoam AQiucnap Aquuﬂ + roaa AQ]Z@(). (16)

3aec,
QI bokMp _ GokoBbile NPUTOKM BOAbI B BogoxpaHunuuie i-toit FAC;

igfaf’?- — pacxop Ha Bogo3abop (opolueHue);

AQ{"“"P" — noTepu BoAbI U3 BOAOXPAHUNMLLA HA UCMAPeHKe;
AQF™™®™: — chunbTpaumoHHbIe noTepy;

ioca‘)’“’ — NOCTYMMNEHMS1 OT OCAIKOB;

AQiﬂe‘)' — noTepu Ha NbaoobpasoBaHme.

OrpaHunyeHmne nNo CKOPOCTN U3MEHEHNS (I/IHTeHCI/IBHOCTI/I) YPOBHS BepxHero bbeda

2t -2 | < az”rm (17)

Pexxumbl F'3C kackada Ha peke Baxw

Kaxpas (i-0) FOC, paboTatowasn B kKackage peku Baxw paboTtaeT B cnefytolleM pexnmax. B 3aBncmmocTtu ot
NpUTOKa BOAbI B BOAOXPaHUNMLLA MOTryT paboTaTb B TPEX peXnmax.
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1. Pexum cpaboTkM BoAoxXpaHunuia — Koraa AOMONHWUTENbHO K MPUTOKY BoAbl B BOOOXPaHWNMLLA U3

BOOOXpaHWNuLLA pacxoayeTcs Boada Qﬁ’&w", TO ecTb uaeT cpaboTka BoOoOXpaHUnuLLA ZiBFlBL;’{ >~ ZiBfou , B 3TOM

cny4vae opmyna (14) 6yaoet nmeTb BUA;
19C _ Apac. _ ~A1OC 6000X.
i =Qft =Qay +Qit +AQy;
2. Pexum 3anonHeHns BO4OXpaHUmnMLLa — KOraa YyacTb NpUMTOKa BOAbl MOET Ha 3anorfiHeHue

BOJOXPaHUNNLLA, Zﬁqu =< ZiBfon.’ npu atom (14):

12C ac. 12C 8000X.
=Qff" = +AQ

it —NIt TNI-Lt TN
3. TpaH3uTHbIi pexMm — Korga pacxop BoAbl U3 BOAOXPaHWIULLA MPUPaBHMBAETCA K MPUTOKY BOAbl B
BbE BE
BoZOXpaHunue. B Tom pexumMe ypoBeHb BepxHero 6beda octaeTcsi NOCTOSIHHbBIM, Zi . = Zi on. - DTOT PEXUM
’ . 1 .

nmeeT Hambonblmnm 3deKT, Korga ypoBeHb BepxHero 6beda paBHOo HIMY, Tak kak npu atom BC umeet
MaKCMMarbHbI Hanop, U COOTBETCTBEHHO NOMy4YaeT MakCMMaribHY MOLLHOCTb.

10C _ ac. _ ~N\IDOC
i = QN =Qiy +AQy;

Mpacbnuneckn Bo3MOXHbIE PEXMMbI BOAOXPaHUNULL kaxaon FOC nmeeT BUI, kak NokasaHa Ha pUCyHke 4.

Kackan M3C pacnonoxeHHble Ha peke Baxw (puc. 1) npy onTummusaumum no NpeanoXeHHoW MaTeMaTUyYeckon
MOZENWN N PEXMMOB BoAoXpaHunuwy, (puc. 4) 0yayt paboTtaTb B cnegyloLwmx BO3MOXHbIX pexnmax: Jonyctum MN9C 1
Ha pucyHke 5 — PoryHckas F'9C, 6yaet paboTaTb no 3agaHHOMY Mo rpadiuky cpaboTky 1 3anonHEHUSI BOAOXpaHMNULWA,

TO €CTb, Mo pa3paboTaHHOMY AMCMETYEPCKOMY rpacuKy 1 pacxodyeT KOMYECTBO BOAbl paBHbIM Qll?c = ﬁac'.

Pucynox 4 — Bosmosicnuie pedcumvt soooxpanunuuy ' 5C

OT0T pacxof BoAbl C y4ETOM BOA03abOPOB 1 APYIrMX pacxonoB BOAbI AQi—li , MonagaeT B BOAOXpPaHWUNULLIE

3C 2 — Hypekckon M3C. Ha Hypekckon MOC, BogoxpaHunuiLe UMeeT rooBoe perynmpoBaHue CToka, U OHa MoXeT
paboTaTb B BO3MOXHbIX TPEX pEXUMAX, KOTOPbIE MPUBEAEHbI HA PUCYHKE 4, TO ecTb BogoxpaHunuuie MNOC-2 moxeT
OOMOJSTHUTENBHO K NPUTOKY cpaboTaTb COGCTBEHHOE BOAOXPaHUNMLLA, 3aMNOfHATL €e UCMOMb3ys YacTb NpUTOKa MIu
Xe pacxofoBaTb 00bLEM BOAbI paBHOE K NPUTOKY — paboTaTb B TPAH3UTHOM pexume. [Mpy 3TOM AoMmkHbI cobnogaTtbes
BCe yCnoBus npusegeHHble (6 — 17).
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Pucynox 5 - Moodenw peaxcumos I'IC kackada pexu Baxw
[anee no kackagy pacxop Bogpl n3 NGC -2 nonagaet B BogoxpaHunuuwe MNAC 3 — bannasunHckon MOC.
KaxxgomMy 13 BO3MOXHbIX Tpex pexumoB OC - 2, cootBeTcTBYET 3 pexxuma F'3C -3, 10 ecTb, Tpem pexumam OC-2
cootBeTcTBYeT 9 pexuma 'OC 3. [lanee aHanornyHo pacxogpl Bogbl noctynatT Ha NOC 4 — CanrtyguHckyto-1, FI9C
5 — CaHrtyaunHckyto-2 n N'9C 6 — NonoeHyto MAC, n kaxgast 3 HUX MOXeT paboTaTb B TPEX BO3MOXHbIX PEXMMAaX.
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Takum obpasom, Npu pacxope BoAbl Qll?c = Qll’tac- n3 NSC-1, NSBC-2 moxeT pabotats B 3 pexumax, ['3C-3

B 9 pexxnmax B 3aBMCMMOCTU OT pexnma ['OC-2, F3C-4 B 27 pexumax, ['9C-5 B 81 pexumax n N3C-6 moxeT paboTtaTb
B 243 pexunmax (puc. 5). B kaxgom pexnme kaxgon 'AC kackaga gOMmKHbI cOBMoAaTbCs BCE YCNOBUS 1 OrpaHNYeHs
npuBeneHHble (6 — 17).

Mcnonb3oBaHve NpeanoXeHHOW Mogenu no3BOonseT ONTUManbHO nepepacnped]ensTb CTOK  Mexay
BOAOXPaHUNULLLAMN B KPATKOCPOYHOM rOpM30oHTE. TeM cambiM AOCTUraeTcsl MakCMMmnsaumsi CyMMapHOW BbipaboTku
npu cobniogeHun rMapaBNYECcKUX, TEXHUYECKUMX W  IKCMyaTalMOHHbIX OrpaHUYeHuid, a Takke MoBblaeTcs
3P PeKTUBHOCTb N HAAEXHOCTb PyHKLUMOHUpoBaHuA MIC Bcero kackaa.

3aknroyeHue

Ha ocHoBe paspaboTaHHOM MaTemMaTM4YeckoM MOoLEeNnn u anropuTmumyeckoro obecnedeHus peann3oBaH
nporpaMmMmHbii  komnnekc gnsa OBM [8], npegHasHayeHHbI AN ONTUMANbHOrO KPaTKOCPOYHOrO YnpaBreHus
pexuMmamm paboTbl Kackaga rmapoaneKkTpocTaHuMi Ha peke Baxw. B ocHoBe pacyéToB NexuT MeTon NMHENHOW
onTUMmM3auun, No3BONSLWNN 3PPEKTUBHO YUUTbIBATb TEXHOMOMMYECKME OrpaHUYeHUs Mo YPOBHSAM, pacxojam U
MOLLIHOCTW A1 KaXXA0oW CTaHUMK Kackaga.

PaspaboTtaHHas maTematunyeckas mogenb, obecneunBaeT onpeaerneHne onTUmarbHbIX PEexMMoB paboTbl

BC kackaga Baxw B KpaTKOCPOYHOM FOpPU3OHTE MraHMpoBaHus. OnTuMmM3aums OCyLLEeCTBASETCH MO KPpUTEpUto

MaKCMMU3aunn BbIpabOTKM INEKTPOIHEPTUM MPU CTPOTOM Y4ETEe TMAPaBINNYECKNX, TEXHUYECKMUX U INEKTPUYECKNX

orpaHmdeHuin. Peanusaumsa gaHHoro nogxoga no3sonsiet 3dMeKTUBHO NCMONb30BaTbh BOAHbIE PECYPChl, MOBbLIWATH
9KOHOMWYHOCTb paboThbl Kackaga n obecnevmBaTtb HaAEXHOCTb (PYHKLUNOHMPOBAHNS AHEPrOCUCTEMBDI.

Peuensenm: Tanues 3.C. — K,m.H., douenm Kagedpst «IreKmpoanepzemura» guruara HHY «<MOM» 6 e. Dywanbe
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YK 669.45.018.8.24 /884
KUHETUKA OKUCITEHUA ANNFOMUHUEBOIO NPOBOAHMUKOBOI'O CIJIABA AITi0.1
C KAIIMEM B TBEPOOM COCTOAHUA

1¢p.1lU. 3okupos, U.H. MaHues, .M. Paxmatynnoesa, M.M. Maxmagusoga
'Tamxukcknii TexHuuecKuit yauBepeuteT uMenn akagemuka M.C. Ocumu,
'V «LleHTp 1o MCCIe0BaHMI0 HHHOBAMOHHBIX TEXHOIOTHIA

HAH Tamxukucranay

B HacTosIIee BpeMst BO MHOTHX 00JIacTSIX TEXHUKH PacTeT HHTEPEC K )KapoNpOIHEIM MaTepHalaM Ha OCHOBE aJIOMHHHEBBIX CIIABOB,
KOTOpPbIE IPUMEHSIOTCS B JNEKTPOTEXHUKE, a TAK)KE P N3TOTOBJICHHUH YKapOIPOYHBIX POBOJIOB JULS BEICOKOBOJIBTHBIX JIMHHH 3JIEKTPOIIEpeadH.
B paborte mpencraBieHbl Pe3yJbTaThl TEPMOTPABUMETPHYECKOTO MCCIEIOBAHUS B3aUMOACHCTBHS AITIOMHHHEBOTO IMPOBOJHUKOBOTO CILIABA
AITi0.1, comeprkaliero Kajauii, ¢ KUCIOPOAOM Bo3ayxa B HHTepBayie 723-823 K B TBepaom cocrossHuu. OnpeneseHbl KHHETHYSCKHUE TTapaMeTphl
nporecca okucieHus. [lokazaHo, yto 1o6aBku kanus 10 0.5 mMac.% yBeIMYMBAIOT CKOPOCTh OKMCIICHUS aTIOMHHIEBOTO IIPOBOIHUKOBOTO CILIABA
AlTi0.1, 94T0 CONPOBOXKAACTCS CHIDKEHHEM KaKylleiicss SHepriy akTHUBAIlMy npouecca okuciernus co 140.00 mo 117.11 x/Ix/momns. IIponecc
OKHCIICHUSI CIIABOB TIOJUUHSCTCS THIIEPOOINIECKOMY YPaBHEHHIO.

Knrouessie cnosa: amomunuessii ciaB AlTi0.1, kanuid, TepMOrpaBUMETPUYSCKHI METOM, KHHETHUKA OKUCIICHUSI, HICTHHHAS! CKOPOCTh
OKHCIICHUS, SHEPTUsI aKTUBAI[MH OKUCICHHSI.

KUHETUKAU OKCUOLLABUU XYITAU HOKUNU ANFOMUHUUK AITI0.1 BO KAJNTUW OAP XONATU
CAXT
®.Ll. 3okupos, U.H. FaHueB, .M. PaxmaTtynnoesa, M.M. Maxmagnsoga

Jlap aitHu 3aMOH, 1ap OMCEP COXaxOH TEXHHUKA TaBaqdyX 0a Macosiexy 0a rapmia ToOOOBap JAap aCOCH XyJIaXOH aJIOMHHUHN 3UE] ITyIaacT.
OHX0 J1ap IEKTPOTEXHUKA OapOH UCTEXCOIH HOKHIXOH 0a rapMit ToOOBap Ba XaTXoM OaJlaHIIIHIAATH IEKTp ucThudoaa medapan. Jdap Makona
HAaTHYaXO0H OMY3HIIH TEPMOTPABUMETPHUU TabCUPU MyTaKOOWIau Xyyau HOKwiIK amomuauiin AlTi0.1 mopou xanuid, map arMocdepa xaBo aap
xymynu 723-823 K, nap xonaru caxT oBapaa mynaact. [lapaMeTpXxon KWHETUKUH paBaHIW OKCUAIIABHA MyalsiH Kapaa myfgasa. MabiiyM mym, Ki
uioBau Kajuii To 0,5 mMac.% cypbaTy OKCHAIIABHH X y1au HOKHIH anmoMuuuitn AlTi0.1-po 3uén MekyHa 1, Kk HH 00 KaMIIaBUH SHEPTUSN HAMOEHU
(davonmraBun paBanmu okcuamasi a3 140.00 to 117.11 kY/mon myBoduk MeOoman. PaBaHau OKCHANIABHN XyIaxo 0a Myoausiau THUIepOoi
HTOAT MEKyHAaI.

Kanuoeosncaxo: xynan anromuanii AITi0.1, kamuii, ycyin TepMOTpaBUMETPH, KHHETUKAW OKCHIIIABH, CypbaTh OKCHIIIABHH XAKUKHA,
SHEPrusu HaboICH OKCHIIIABH.

OXIDATION KINETICS OF ALUMINUM CONDUCTOR ALLOY AITi0.1 WITH POTASSIUM IN THE
SOLID STATE
F.Sh. Zokirov, I.N. Ganiev, G.M. Rakhmatulloeva, MM. Mahmadizoda

At present, interest in heat-resistant materials based on aluminum alloys has increased in many areas of technology. Along with electrical
engineering, they are used to manufacture heat-resistant wires for high-voltage overhead power lines. The article presents the results of
thermogravimetric studies of the interaction of the A1Ti0.1 aluminum conductive alloy with potassium in the air atmosphere in the range of 723-
823 K, in the solid state. The kinetic parameters of the oxidation process were determined. It was found that the addition of potassium to 0.5 wt.%
increases the oxidation rate of the AlTi0.1 aluminum conductive alloy, which corresponds to a decrease in the apparent activation energy of the
oxidation process from 140.00 to 117.11 kJ/mol. The oxidation process of alloys obeys the hyperbolic equation.

Keywords: aluminum alloy AITi0.1, potassium, thermogravimetric method, oxidation kinetics, true oxidation rate, oxidation activation
energy.

BBepneHune

B nocnegHue roabl 3HaUMTENbBHO BO3POCIO UCMOMNb30BaHWE antoMUHUEBBLIX CMMABOB B 3MNEKTPOTEXHNYECKMX
Lensx BMecTo Meau, YTo NO3BONUIIO CYLLIECTBEHHO CHU3UTL BeC kabenbHon npoaykumm [1].

XOpoLo U3BECTHO, YTO AOCTWKEHWE MPOYHOCTU B anmtOMUHWMEBBIX ChfaBax nyTem obpas3oBaHus TBEpAbIX
pacTBOPOB KpanHe HeXenaTenbHO C TOYKU 3PEeHMs MOBbIWEHMS anekTponpoBogHocTM. OgHako NpOTUBOPEYMBBIN
XapakTep MPOYHOCTM M INEKTPOMPOBOAHOCTM B 3TUX MaTepuanax nobyxaaeT uckaTb OamaHC Mexay 9TuMmu
cBouncTBamu [2,3].

ANIOMVHUIA 1 ero chnnaBbl HaxXoOSAT OYEHb LIMPOKOE MpPUMEHEHME B pasfMyHbiX 0bnacTsix, Takmx Kak
aBMacTpoeHue, KOCMOHaBTUKA, TPaHCMNOPT, 3MeKTPOTEXHWKa, CTPOUTENbCTBO, YMNaKoBKa, 3MEKTPOHMKA, KYXOHHas
yTBapb W T. f., [MaBHbIM 0O6pa3om Onarogapss CBOEMY ManoMy BecCy, KOPPO3VMOHHOW CTOMKOCTU M XOPOLUUM
ANEKTPUYECKMM U  MEXaHUYECKMM CBOMNCTBaM. BbICOKOE COOTHOLUEHME MNPOYHOCTM K Macce (MpPOYHOCTb/BEC)
antoMUHMEBBIX CMITAaBOB NPEBOCXOAMT TakoBOe NPaKTUYECKM BCe APYrme KOHCTPYKUMOHHbIE maTtepuanbl. ANOMUHWNA
OTHOCUTCS K NErkMM MeTannam, M ero npoYyHOCTb MOXET ObiTb ynydweHa nyTéM NermpoBaHuMs U TePMUYECKON
obpaboTku [4,5]. B HacTosLLee BpeMsi uccrnenoBaTeny u y4éHble BO BCEM MUpEe COCPeoTOYMM CBOE BHUMaHUE Ha
YNYYLEHUMN KaK MeXaHUYeCKUX, TaK U 9NEeKTPUYECKMX CBONCTB antoMUHNS A51S1 ero UCMNOfb30BaHWs B LLMPOKOM CEeKTpe
NPUNOXEHUI.
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B nocnegHve gBa gecATunetust B CBA3WM C POCTOM CMpOca CO CTOPOHblI NUHUIA 3nekTponepenadv mMedb
3aMeHsieTca antoMMHMeM Grarogaps eé Manomy Becy M OTHOCUMTENbHO HM3Kol ctommocTu [6]. Kpome Toro, cpeam
KOHCTPYKLUMOHHBIX MPOBOAHWUKOBBIX MaTepuarioB anioMuHuiA 06nagaeT O4YeHb XOPOLUEeN 3MeKTPOnpOBOAHOCTHLIO
6rarogaps HU3KoMy yaenbHOMY Becy (MpaKkTU4ecku BTOPOW nocne mean). 3aMeHa meau anioMuHMeM Ansi nepegayu
3NeKTPO3HEpPrnn, Hanpumep, Ha nposogax ACSR (antomuHveBble CTarnbHbIe MPOBOAHUKM), CUITOBBIX kKabensax u T.4.,
pacTéTt Bo BCEM Mupe. bonee Toro, 3ameHa meau anioMMHUEM NPOUCXOAUT U B CTpaHax, obrnagatoLmnx 4OCTaTOUHbIMM
pecypcamu meau, NOCKONbKY antoMUHUA EMOHCTPUPYET CyLLIECTBEHHbIE 9KOHOMUYECKNE NPEMMYLLIECTBA B KayecTBe
CEPbESHOro KOHKYpeHTa Meau.

OneKkTponpoBOAHOCTbL antMUHUS OOCTAaTOYHO BbicOKka 6Gnarogapsi OrpoMHOMY KONMYECTBY CBOOOAHBIX
3MNEKTPOHOB, BpaLLAKLLNXCA BOKPYr €ro Kpuctannuyeckon pewletku [7]. OgHako aneKTponpoOBOAHOCTb TEXHUYECKU
YMCTOro antoMUHWUSA Bbille, YeM Y BCEX antOMUHUEBBLIX Matepuanos U cnnaeoB. Ero npMmeHeHne orpaHuyeHo 13-3a
0OYeHb HU3KOM MEeXaHM4YeCcKom MPOYHOCTM 1 BA3KOCTHM [8-10].

Cnpoc Ha BbICOKOMPOYHbIE M 3MEKTPONpoBOAdALLME aNtOMUHMEBBIE CMNaBbl AN NIMHWIA 3nekTponepeaayu
(Hanpumep, Ans Npou3BOACTBa NPOBOAOB U Kabenewn) Bo3poc. Ha npakTuke, nobaBnss nernpyowme anemeHTbl K
YUCTOMY arntoOMUHUIO, MOXHO 3HAUMTENbHO MOBLICUTE €ro MpPoYHOCTb. OAHAKO, C APYron CTOPOHbLI, MPOUCXOAUT
3HAYNTENBbHOE CHWXEHUE 3MNEKTPONPOBOAHOCTM M3-32 PACTBOPEHHbLIX aTOMOB M MpuMecen, obpasyloLlumxcs npu
3aMeLLeHUN NermpyoLmnx aneMeHToB. [pyrum npoueccom, BANSIOLLMM Ha 3MNeKTPONpPOBOAHOCTb aNtOMUHUS, SIBNSETCA
Tepmuyeckas obpaboTka, NOCKOMNbKY 3N1EMEHTbI B TBEPAOM pacTBope obnagatT 6ornee BbICOKMM CONPOTUBIIEHNEM,
YeM HepacCTBOPEHHbIE ANieMeHTbI. [03ToMy KpalHe BaXXHO nogobpaTb MPOYHOCTb YMCTOMO antoMUHNSE Takum 06pasom,
YTOObl CHWXEHME €ero 9neKTPOoNpOBOAHOCTM OCTaBanocb MpPUEMIIEMbIM W COOTBETCTBOBAaNO BblOpaHHOMY
NPUMEHEHMUIO.

[MoCKONbKY 3MNeKTPONPOBOAHOCTb M MeXaHuMdecKasi MPOYHOCTb SABMSANOTCSH BaXKHEMLIMMW CBOWCTBaMU AN
Nnpov3BOACTBa NMPOBOAHMKOBLIX Matepuanos, pa3paboTka antoMUHNEBOro NPOBOAHMKA C MOAXOAALLMM COYEeTaHUEM
nNpMemMnIeMon NPOYHOCTU 1 BbICOKOWN 3NEKTPONPOBOAHOCTU ABMSIETCS OCHOBHbLIM YCNIOBMEM UCMONb30BaHUSA antoMUHUSA
B kabensix anekTponepegayn. JnNeKkTponpoBOAHOCTb 3aBMCUT OT MUKPOCTPYKTYpPbl MeTanfmnyeckoro marepuana,
MOCKOJIbKY OHa OYeHb YyBCTBUTENbHA K HAPYLUEHWUSM pacCesiHUS SNEKTPOHOB, BbI3BaHHbIM NOOLIMU AedekTamu nnm
pacTBOPEHHbIMM BeELLECTBaMM B KpUCTamnmnuMyeckon cTpykType. [Ona OonblMHCTBA anOMUWHUEBLIX CMNIABOB,
YMPOYHEHHbIX CTapeHueM, ObiNo OOHapYXEHO, YTO 3aBUCUMOCTb MEXAY 3NEKTPOMpPOBOAHOCTLIO, TBEPAOCTLIO U
npeAaenom NpoYHOCTM Ha pa3pbiB uMeeT «C-obpasHyto» dopmy [11]. MaHavanbHO TBEPAOCTL antOMUHUEBLIX CMITaBOB,
YNPOYHSAEMbIX CTapeHMEM, CHWXaeTCsa M0 Mepe YBENUYEHUS JreKTPOMpOBOAHOCTU U3-3a  OrpaHUYEHHON
pacTBOPMMOCTU B TBEPAOM pPacTBOpeE, YTO BNUSAET HA CKOPOCTb BblAEMNeHUs 1 NpUBOAMT K 06pa3oBaHMi0O MHOXECTBA
pasnuuHbiXx ¢a3. NpoTMBononoxHas TeHAeHuMs HabnogaeTcs MNpy BbICOKMX TemnepaTypax, MOCKOMbKY HU3Kas
3MNEeKTPONPOBOAHOCTb CBSA3aHa C 6onee BbICOKMMW 3HAYEHUSIMU TBEPAOCTU (4TO MOXET BbiTb CBA3aHO C 06paTHbIM
pacTBOpeHUEeM BblOENEeHUN B OCHOBHbIX anemeHTax Matpuupl) [11]. CooTBeTCTBEHHO, B HAay4YHO-UCCNeAoBaTeNbCKOM
OeATenbHOCTU OCHOBHOE BHMMaHWe yaensieTcsi pa3paboTke BbICOKOMPOYHbLIX antOMUHMEBBIX CMIABOB C BbICOKMMM
3MNEeKTPONPOBOAHBIMY CBOMCTBAMM C NMOMOLLbIO HOBbIX METOA0B 06paboTku U U3roToBneHust [12]. Yny4weHne CBONCTB
MOXeT ObITb OOCTUrHYTO MHOIMMU MeTOAaMu, TakuMu Kak xonogHas obpaboTka, Tepmudeckas obpaboTtka u
OobaBneHve NernpyLwmx 3NemMeHToB B antoMUHUEBYO MaTtpuuy. [JobaBneHne nervpylowmnx aneMeHToB, BKo4Yas
MMWKPOJIIEMEHTbI, OCHOBHbIE 3MIEMEHTblI M MUKPOCTPYKTYPHbIE MPMMECK, MO3BONSET KOHTPONMpoBaTb Tpebyemyro
NMPOYHOCTb M 3NEKTPONPOBOAHOCTL CNriaBa.

Takne nervpyroLime anemMeHTbl, Kak Meab, MarHnm n cepebpo, obecneynBaoT NPEBOCXOAHbIE MEXaHNYECKNE
CcBOMCTBA cnnaBa npu 6Gonee BbICOKUX TemnepaTypax. Kpome TOro, conpoTuBreHMe MNON3yyecTu yryyliaeTtcs
6narogaps paBHOMEPHOMY M MeNKOOUCNEPCHOMY pacnpeieneHunio BblaeneHuin, obpasytomxcs no rpaHuuam [13-15].

Bbicokoe cpoacTBO anioMWMHUSA K KUCIOpody MpUMBOAMT K ObicTpoMy 00OpasoBaHUi0 3alMTHOMO, HO
BbICOKOCTOMKOrO OKCMAa Ha ero noBepxHocTu [16]. XoTa okcup BaXeH AN 3aluMTbl antoMUHUS OT KOppO3uu, OH
yXydLlaeT BHELUHIOW MOBEPXHOCTb MPOBOAHUKA, YXyALIaeT ero NpoBOAUMOCTb U HexenaTteneH Ans SneKkTpU4eckmx
npumeHeHui. [pu NOOKNHOYEHMM OKUCMEHHOrO NPOoBOAHMKA ©e3 npeaBapuTenbHOW 06paboTkM NOBbILEHHOE
KOHTaKTHOE COMpPOTUBMEHUE NPUBOAUT K MOBLILWEHUIO TemnepaTtypbl, YTO yckopsieT okucneHue [17]. ToncTbiv
OKCUAHbIN CrOW AOMNOSNTHUTENBHO YBENMMYMBAET COMPOTUBMEHME U TeMnepaTypy 3MEKTPUYECKOro COeAMHEHMS], YTO
MOXET NPUBECTU K MEPErPEBY.

CnnaBbl, cogepxalue TuUTaH, LUMPOKO MPUMEHSIIOTCS B KavecTBe nerupytowen nobaBku npu Bbinnaske
KOPPO3UOHHOCTOMKMX U XKapomnpoYHbIX CTanen, Ans CHWXEHUS BPeOHOro BrMSHUA a30oTa, cepbl, U3MeNbYeHUs IMTOro
3epHa ¥ MNOBbLILEHUA MeXaHUYeCKUX CBOWCTB. Mcnonb3oBaHue nuratyp antoMUHUS € TUTAHOM NO3BOMSeT NOHU3UTb
OCTaTOYHOE CcoAepXXaHue KUCropoda W HemeTannuyeckux BkrnoyeHun. C Apyro CTOPOHbI, antoMUHUA SBNSETCS
pacnpoCcTpaHEHHON nervpytowen 4o6aBKo B NPOU3BOACTBE TUTAHOBLIX CMIABOB, NMPUMEHSAEMbIX B HOBOW TEXHMKE
[18].

BbicokoTeMnepaTypHOE OKUCINEHNST TUTAHa U3y4vanocb MHOrMMu aBstopamm [22]. B paboTe [23] nokasaHo, 4To
TUTaAH OKUCMSIETCS CO CKOPOCTSIMU, MOOYMHSIIOLUMUCS PaBHbIM YPaBHEHMSIM B 3aBMCUMOCTM OT TemnepaTypbl 1
BpemMeHu. [JocTaToyHO MoApobHO MccrnegoBaHa M OKUCNSIEMOCTb TBEPAbIX CMMAaBOB TWTaHa C antoMuHuem [24].
YCTaHOBMNEHO NOMOXUTENBHOE BIUSHME anMtoOMUHUS Ha )XKapOCTOMKOCTb TUTaHa.

JononHutenbHyto uWHdopmaumio 06 0COBEHHOCTSIX OKUCIEHMS 3TUX CMNMaBOB MOXET AaTb W3yyYeHue
ob6pasyoLmxcsa oKUCHbIX MneHok. B cucteme Al2O3—TiO2 oTMevaeTcs KpanHe Huskas pactBopumMocTb TiO2 B Al203 [18]
N CyLLeCTBOBaHME OOHOro xummudeckoro coeamHenus Al2TiOs (1850 °C) [18]. NMpu bonee HU3KMX TemnepaTypax OHO
noABepraeTcs 9BTEKTUYECKOMY pacnagy Ha pyTun un a-Al20s. Tak, no AgaHHbIMK [18-24], peHTreHorpadunyecknii aHanms
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cmecen Al203 n TiOz, HarpeTbix Ha Bo3ayxe Ao 1700 °C ¢ pasnuyHbIM BpeMeHEM BblAEPXKKM, HE NOoKa3arn 3ameTHbIX
CMeLLEeHNI NINHUIA, XapaKTepHbIX A4S 00oXCKeHHOro rmmMHo3eMa. Bo Bcex cnydasx, korga B obpasuax Habnwoganach
BTOpas asa, oHa cooTBeTCcTBOBana coegmHernto Al2TiOs.

B pabotax [18-24] npeacTaBneHbl pesynbTaTbl PEHTFEHOCTPYKTYPHOrO aHanmMsa CMecel CUHTETUYECKMX
cnnaeoB Al203—TiOz, cogepxawmx 0; 0.5; 1.0; 5.0; 10; 50 n 100 mon.% TiO2. N3 3Tnx gaHHbIX crneayeT, YTo Aobaeka
0o 5 mon. % TiO2 K KOpyHAY Bbi3biBaeT owyTumyto aecdopmaumio pewetkn A0z, a nocnegytouiee nosbilLIeHVE
cogepxaHusa TiO2 He BnuseT Ha ee napameTpbl. [Mo-Bugumomy, npu Temnepatypax cnekaHus (1800 °C) B a-Al2Os
BO3MOXHO pactBopeHune o 5 mon. % TiO2, 1 nogTBEpPXAEHUEM ITOMY SIBMSIETCA TO, YTO BblAeneHne HoBon dasbl
dukcupyeTcsa B cmecsx, cogepxalumx 6onee 5.0 mon. % TiO2, 1 0cCOGEHHO OTYETNMBO OHa MPOSBNSAETCH B CrnaBax
3KBUMOJIBHOIO COCTaBa.

CnekTp NpMMEHEHNUS LLENOYHbIX METaroB B COBPEMEHHOM MUPE Ype3BblYaNHO LUMPOK. OTK anemMeHThl (Li,
Na, K, Rb 1 Cs) wupoko ncnonbaytorcsa 6narogapsi YyHUKanbHOMY COYETaAHUIO (PUINYECKMX U XMMUYECKUX CBOWCTB,
TakuX Kak HM3Kas NMOTHOCTb N BA3KOCTb, BbICOKME TemnepaTypbl nnaeneHus (ot 301.59 K (Cs) go 453.69 K (Li) npwu
CcTaHOapTHOM atMocdepHOM AaBneHun), Bolcokne TemnepaTypbl nnasneHns (ot 943 K (Cs) go 1615 K (Li) B »xugkom
COCTOSIHWK), TENMONPOBOAHOCTb, 3NEKTPONPOBOAHOCTL U MHOMME Apyrne ceoncTea [25].

B nutepatype nM3BEeCTHO MpPMMEHEHME LWENOYHbIX METannoB B KadecTBe MOAMMKaATOpOB antoMUHUEBO-
KpeMHMEBbLIX cnnaBoB [26, 27]. OgHako cBegeHNs O BAUSHUKN Kanusa Ha pr3nMKo-XumMmyeckne CBOMCTBa antoMUHNEBO-
TUTaHOBbIX CMITABOB OTCYTCTBYHOT.

B HacTosiLee BpeMs B nUTepaType OTCYTCTBYIOT AaHHbIE O BAUAHUM A00aBKM Kanus Ha KUHETUKY OKUCMEHUS
antoMnHMeBOro npoBodHnkoBoro cnnaea AlTi0.1. Llenbto gaHHoM paboTbl ABNSETCS MccnegoBaHe BNUSHUS 0ob6aBky
Kanus Ha KUHeTUKy TBepaoasHOro OKUCIEHNs antoMMHMEBOro NpoBogHMKoBoro cnnaea AlTi0.1.

MaTepuanbl 1 METOAUKN UCCNe[oBaHUsA

Ona uccnepoBaHus BnNusHUs aob6aBok kanust B guanasoHe 0.01 — 0.5 mac.% Ha KMHEeTUKY OKUCINEHUS
antoMuHMEBOro nposoaHnkoBoro cnnasa AlTi0.1 B TBepA4OM COCTOAHMM ObINK Nony4YeHbl cepun cnnasoB. Cnnasbl €
Kanvem nofyyanu B LWaxTHow neuyn conpoTuernenns Tuna CLUOJ B Turnax w3 okcuga antoMyUHUS Npy TemnepaType
723-823 K. JlermpoBaHue npoBOoAMnM C y4eTOM yrapa MeTanna. B kayectBe cnnaBoB [nsi uccnegoBaHus
ucnonb3dosanu anoMuHun mapkm A5 (TOCT 110669-01), Tutan mapku TIM-90 (TOCT 19807-91) ¢ antoMnHMEBBLIM
cnnasoM (Al+2.0 mac.% Ti) n metannuyeckun kanun mapkn K (TOCT 10588-75) B Buge nuratypsl (Al+10.0 mac. % K).

KWHEeTNKY OKMCNeHus CnnaBoB M3yvyanu MeToAOM TEpMOrpaBUMETPUM B M30TEPMMUYECKUX YCIOBUSIX B
aTMocdepe Bo3ayxa no meToauke, onucaHHon B paboTax [18, 28-34]. Cxema ycTaHOBKM NpuBeAeHa Ha puc. 1.

Pucynox 1 — Cxema ycmanosku 0Jist u3yyeHust KUHEMUKU OKUCAEHUsL MeMaios u cniaeos. 1- neus Tammana; 2-uexon uz oxcuoa
anomMunus; 3- 2a30nposodswas mpyoka,; 4- mueens; 5- mepmonapa, 6- RAGMUHOBAS. HUMb, 7-80000X1adcOaeMas Kpbluika, 8-
nomenyuomemp; 9-600a; 10-kamemomemp, 11-uexon uz monuboenosozo cmekaa, 12-npysxcuna uz moaubOeHo8o nposoIoKu,

13-noocmasxa; 14-kpviuka; 15-mpon u xo100UIbHUK
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OKcnepuMeHTarnbHbIe pe3ynbTaThl U UX 06CyXaeHue

PeaynbTatbl MccrnegoBaHUA OKUCIIEHMS antOMUHMEBOro npoBogHukoBoro cnnasa AlTi0.1, nermpoBaHHOro
Kanuem, MpeacTaBneHbl Ha pucyHkax 2, 3 u B Tabnuuax 1, 2. KpuBble OKMCNEHUS CMaBOB XapaKTepu3ytTcsl
yBenMYeHneM npmeeca obpasuos B nepBble 15-20 MMHYT OT Hayana okucneHusi. 3atem npouecc cTabunmnsmpyeTcs,
4YTO CBSI3aHO C 06pa3oBaHMEM 3aLLUTHOWM OKCUAHOM NITEHKM Ha MOBEPXHOCTU pearnpoBaHns (puc. 2).

Tabmuma 1 — Kunetndeckue XapakTepHCTHKU IIPOIIECca OKUCIICHISI aTIOMHHNEBOTO poBoaHUKOBOTO cruaBa AlTi0.1 ¢ xkamiem B
TBEPJIOM COCTOSIHUH

X
g
= % EE VICTHHHAs CKOPOCTh Haxnon nuaun | Kaxyiasics sueprust
é 5 o= oxucnenns K-104, InK A(nK) aKTHBALIMH,
o F = Q = K
5 © S B kr-m2-cl A(F) kJIK/MOIb
] ()
O « = ©
=
3
N
723 0.697 -9.571
0.0 773 2.700 -8.217 -16856.857 140.00
823 11.25 -6.789
723 0.883 -9.334
0.01 773 3.092 -8.081 -16059.280 133.51
823 12.50 -6.684
723 1.075 -9.138
0.05 773 3.883 -7.853 -15559.049 129.35
823 14.00 -6.571
723 1.234 -8.999
0.1 773 4,187 -7.778 -14950.539 124.30
823 14.55 -6.532
723 1.471 -8.823
0.5 773 4,708 -7.661 -14086.519 117.11
823 15.04 -6.498

K-Ucmunnas ckopocms okucnenus;
Q-Kaorcywasics snepeus akmusayuu OKUCIEHUs.

Ha pucyHke 2 npefcTaBneHbl KUHETUYECKME KPUBBIE N3MEHEHMWS YAENbHOM Macchl (m/s) o6pasLoB cnnaea B
3aBMCMMOCTM OT BpemeHu (t) B3avmoaencTBMA ra3oBol asbl C KUCIOPOAOM W TemnepaTypbl. [lo-Buavmomy,
obpasyolascs Ha HavanbHbIX CTagusax MnpoLecca oKcuaHas nreHka He obnagaeT AOCTAaTOYHbIMM 3alMTHLIMM
CBOWICTBaMU, O YEM CBUAETENbLCTBYET YBENTMYEHNE CKOPOCTU OKUCMEHUS MUccrneayemMbix cnnasoB (puc. 2). CKopocTb
OKUCNEHMS anioMMHNUEBOro NPOBOAHMKOBOrO cnnaga, cogepxattero 0,5 mac. % kanus, npyn TemnepaTypax 723, 773 n
823 K coctaBnsieT 1.471-104, 4.708-10 n 15.04-10* kr-m2-c1 cOOTBETCTBEHHO (Tabnumua 1).

KBagpaTuyHble KMHETUYECKME KPUBbLIE NPOLIECCA OKUCTIEHNS antOMUHUEBOrO NPOBOAHNKOBOTIO CrfiaBa UMeoT
HeNnVHEeWHbIN XapakTep, YTO CBUOETENbCTBYET O HeNnapabonuMyeckom xapakrepe npouecca OKUCIEHWS 3TUX CNaBoB
(puc. 3).

OdbekTnBHaAA 3Heprus akTuBaLMu Mpouecca BbICOKOTEMMNEPATYPHOrO OKMUCIEHUSI MCCRedyeMblX ChylaBoB
coctaenseT ot 133.51 go 117.11 kx/monb (Tabnuua 1). B Tabnuue 2 npvBegeHbl MONMHOMbI KBagpaTUYHbIX
KMHETUYECKMX KPUBLIX OKUCIIEHWS CMaBOB, KOTOPbIE OMUCHLIBAKOTCA OOLWMM ypaBHeHVeM y =k -x", roe n =1+ 4.
BugHo, 4To KBagpaTuYHbIE KPUBLIE OMUCBIBAKOTCA rMNepOonnyeckum ypaBHEHNEM.
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Pucynox 2 — Kunemuuyeckue Kpugble OKUCTIEHUS ATIOMUHUEB020 NP08oOHUKo8o2o cnaasa AITi0.1 (a), cooepaicawezo kanuii, mac.
%. 0,01 (6); 0,05 (8); 0,1 (2); 0,5 (0), 8 méepdom cocmosinuu
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Pucynox 3 - Keadpamuunvie kunemuueckue Kpugvle OKUCIEHUs ATIOMUHUEB020 NP08oOHUK08020 cnaasa AlTi0.1 (a),
cooepaicaweeo kaauu, mac. %: 0,01 (6),; 0,05 (8); 0,1 (2); 0,5 (0), 6 meepOom cocmosnuu
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Tabnuna 2 — [ToTMHOMBI KBaJAPATHYHBIX KHHETUICCKUX KPUBBIX OKHUCIICHUS alFOMUHHEBOTO MPoBOAHMKOBOrO cruiaBa AlITi0.1 ¢
KaJIieM B TBEPJIOM COCTOSIHUU

®
g
[_4
g = & w g g
= EE SR
XS 28 g B
& 2 &5 S 3E
lé( o s E ITonuHOMBI KBaAPATUYHBIX KUHECTUYCCKUX KPUBLIX OKUCJICHUS CIIJIaBOB "% o
S = = © S e
=
5
4
723 (M/s)?=-2-10°t5+2-10715-1-10"5t*+2-10t3-7-104t*+3.6- 103t™ 0,999
0.0 773 (M/s)?=-2-10"°t54+2-107t5-2-10°5t*-3-10-43+8.4-10°t>-1.16- 102 0,999
' 823 (M/s)?=2-10"8t5-2-106t5+1-10"%*-1.9-10%+5.5-10-3t?+0.255t 0,990
723 (M/s)?%=-3-10°t5+5-107t5-2-105t*+4-10t3-2.3-103t24+9.4- 103t 0,999
0.01 773 (m/s)?=-1-10"85-2-10"6t>+1-10*-3.1-103t3+3.8-10%t2-7.4- 102t 0,998
823 (M/s)?=2-10"8t8-2-106t5+1-10"%*-1.5-10-%t%-9.6-10-3t>+0.456t 0,981
723 (M/s)?=-4-10"°t5+6-107t5-3-10"5t*+6-103-3.5-10°t>+1.28- 10t 0,999
0.05 773 (m/s)>=2-10"8t5-3-10"6t5+2-10"4*-4.6-10t3+5.34-1072t2-0.104t 0,996
823 (M/s)?=1-10"8t8-2-106t5+7-10-5t*-6-10"t3-2.32-10°%t?+0.536t 0,971
723 (M/s)?=-5-10"t5+7-107t5-4-105t*+7-10t3-4-103t>+1.36- 10t 0,998
0.1 773 (M/s)>=2-10"8t5-3-10"t5+2-10"4*-4.6-10°t3+5.16- 102t>-6.6- 10" 0,998
823 (M/s)?>=9-10°t5-8-10"t>+2-10°3t*+7- 10"*3-4.09- 102t>+0.665t 0,984
723 (M/s)?=-5-10"°t5+7-107t5-4-10"5t*+7-103-3.4-10°t>+1.29- 10t 0,999
05 773 (m/s)>=2-10"8t5-4-10"5t5+2-10"4*-5.5-10°t3+6.42-1072t2-0.115t 0,997
' 823 (m/s)?=-3-10"%5+5-107t5-6-10"5t*+3.2-10°3t3-8.01- 10"2t?+0.95t 0,982

m/s - npueec maccuvi cnnaeos, k2/m?;
t™- npodonoicumenvrocms pemeni OKUCICHUS, MUH.

B3avmopencTteme antoMuHMEBOro nposogHnkoBoro cnnasa AlTiO.1 ¢ pa3nMyHbIMK KOHLEHTPaLMAMN Kanvs B
rasoeon dase npu WUCCNedoBaHHbIX TemnepaTypax CyLeCTBEHHO OTNMYaeTcd OT OKUCNEHUS WCXOLHOro
anioMuHMeBoro cnnasa. JluHenHas 3aBMCMMOCTb COXpaHsieTcss B TeveHne 12-15 muH, 3atem npu obpasoBaHum
OKCUHOWN MMEHKN XapakTep npoLecca OKUCMEHUS MEHSieTCa Ha runepbonunyeckuin, a popMmMpoBaHNE 3aLUUTHOM
OKCUAOHOMN NMOBEPXHOCTM 3aBepLuaeTcs Yepes 20 MUH.

KuHeTnueckme KpuBble Mpouecca  BbICOKOTEMMEPATYPHOr0  OKUCMNEHWS  antOMWHUEBLIX  CNIaBoOB
XapakTepusyrTcs MOHOTOHHbIM POCTOM WCTUHHOW CKOPOCTU OKUCNEHUA U YMeHbLleHWeM 3(PEKTUBHON 3SHEPruun
aKTMBaLuMmM C yBENMYEeHWeM KonmuyecTBa Nernpyrollero KoMnoHeHta B ucxogHom cnnase Ao 0.01 mac.%. OgHako
pobaenexve 0.1 n 0.5 mac.% kanusi HECKONbKO YBENMMYMBAET OKUCIIUTENbHYIO CNOCOOHOCTL MCXOAHOro cnnasa (puc.
4),

KpuBble npouecca BbICOKOTEMNEPATYPHOrO OKUCNEHNS B KoopanHaTax —IlgK ot 1/T npenctaBnsaoTcsa NpambiMm
nnHnsaMK (puc. 5), Mo yrny HaknoHa KOTOpbIX paccuntaHa adekTuBHaa sHeprus akTuBaumm cnnasoB. Cpeau
nernMpoBaHHbIX CMNIaBOB MaKCUMAarbHYIO CKOPOCTb OKWUCIIEHUS, COOTBETCTBYIOLLYIO 3dHepruun aktueauum 117.11
k[>x/Monb, nmeet TokonpoBoasAwmnn antoMmmHmnesbin cnnae AlTi0.1 ¢ 0.5 mac. % kanua, Toraa kak gnst UICXO4HOro
cnnasa nocnegHasa senuumHa coctaendaet 140.00 kx/monb (Tabnuua 1).
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Pucynox 4 — H30xponvl oxucienus anomunueso2o npogoonuxogozo cnaaga AlTi0.1 ¢ kanem npu 723(a) Ku 823 K (6)
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Pucynox 5 — 3asucumocmu —ln K om 1/T 0na antomunuesoco  nposoouuxogoeo cnaasa AlITi0.1 (1), codepacawezo kanuii,
mac. %: 0.01(2); 0.05(3); 0.1 (4) u 0.5 (5)

M3yyass NnpoayKTbl OKMCNEHWS CMaBoOB, B YACTHOCTM OKCWAHYIO NIIEHKY, 06pasytoLlytocs Ha NOBEPXHOCTU
06pasLoB NpW HarpeBaHUM, MOXXHO MOMYYMUTb BaXHY0 MHAOPMALMIO O MexaHm3me ux okncneHms. OkengHas nneHka
ABNSETCH NPOAYKTOM B3aUMOAEVNCTBUS MeTarnna ¢ KUCNopogoM BO3AyXa U CHUXAET ero XMMMYECKYH0 aKTUBHOCTb Ha
NOBEPXHOCTU Crnasa.

MeTogom peHTreHoa3oBOro aHanmsa M3yyYeHbl NPOAYKTbl OKWUCMEeHMs, obpasylowmnecs npu OKUCIEHUU
ancoMnHMeBOro cnnasa C ﬂ,O6aBKOI7I kanuda. Mo pesynbTaTtam peHTI'eHO(baG!OBOFO aHanmsa npoAyKTOB OKUCTIEHUA
artroMnMHMEBOro NpoBOAHNKOBOIO CrnJlaBa AITi0.1 YCTaHOBJ1€HO, YTO NPU OKUCIIEHNN 06paayr0Tc;1 OKCnObl cnenyrwmx
cocTtaBoB: Al2O3, Ti3Os, TiO2, Al21.86K2.59034 (puc. 6).
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Pucynox 6 — Jlugppaxmoepammovl npodykmoas oKucienuss anomMunueso2o nposoonukogoo cnaaga AlTi0.1 ¢ kxaruem
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3akntoyeHume
Ha ocHoBaHuMM aKCnepuMeEHTarnbHbIX UCCMEeAOBaHUA KUHETUKU OKUCMEHMUST antoMUHUEBLIX MPOBOAHMKOBBIX
CMNaBoB C Kanvem B TBEPAOM COCTOSIHUM ra3odasHbiM KUCMOPOAOM YCTaHOBMEHO, YTo cnnaebl ¢ 0.1 1 0.5 mac. %
Kanusi, npu 3TOM cnnaebl ¢ HU3kuM cogepxaHunem (0.01-0.1 mac. %), nmeloT Hanbonbllee 3HaYeHne hakTU4EeCKon
CKOPOCTU OKUCMEHUSI U HauMeHbLUee 3HavyeHne 3hPEKTUBHOM SHEPIUN aKTMBALMKN. YCTAHOBIEHO, YTO NErnpyoLmi
KOMMOHEHT HEe3HAYNTENbHO MOBbILLAET OKUCIIUTENBHYI0 CMOCOBHOCTEL antoMUHUEBLIX cnraBoB B AmanasoHe 0.01-0.5

mMac. % kanus.
Peuensenm: bepoues A.D. — 0.m.n., npogheccop Kagedpwr xumuu u buoroeuu Poccuticko-TILadKuxcKozo (CrassncKozo)
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YIK. 676.1-035.42
BNUAHUE XAPAKTEPUCTUK BYMAI'N HA KAHECTBO OTTUCKOB,
OTNEYATAHHbBIX CTPYUHOU NEYATbBIO

X.A. ba6axaHoBa?, H.)XK. CagpuaauHoBa?, [1.4. PaswaH3opa (0.4Y. PaBwaHoB)!
'TamkuKkckuii TeXHUYECKNH YHUBEPCUTET MMeHH akanemuka M.C. Ocumu

2TaIIKeHTCKMI HHCTUTYT TEKCTUIBHOM M JIETKOH ITPOMBINITIEHHOCTH

IndpoBsie cUCTEMBI CTPYWHOU TEYaTH 33 MOCICIHEE BPEMs MONyYWIH IMUPOKOE PACIPOCTPAHEHHE, OOBSICHEHHEM 3TOTO SBISETCS
ONTUMAJIbHOE COOTHOILICHHE «II€HA-KadeCTBO» MEYaTHOM Mpoaykuuu. [IoMuMo 3TOro, K MpeuMyIIecTBaM OTHOCSTCS JIETKOCTh M MPOCTOTa B
00CITy)KUBaHUH CHCTEMbl, MUHUMAJIbHOE BPEMS IMOATOTOBKU K MeYaTH TUPaXka, BHICOKAS CKOPOCTH BBIMOJHEHUS 3alaHHU, MEPCOHATU3ALUS U
MHOTO€ JPYroe B CPaBHEHUH C KJIacCH4eCcKUM odceToM. s moaydeHus CTaOMIBHOTO KauecTBa HeOOXOIUMBI B 3aBUCHMOCTH OT TUIIA IEYaTHOH
TEXHUKH WHIUBHIYATbHAS HACTPOMKA CHCTEMBI YIPABICHUS I[BETOM, OOCCIICUCHHE 3a/JIaHHBIX MMapaMeTpPOB OKPY)KAIOIICH CPEIbl U CBOWCTB
Oymaru. CTereHb BIMSHUS KOKI0To (GakTopa pa3liniHa, H UX CIEAYeT pacCMaTpUBaTh B OTACIBHOCTH. B 1aHHON cTaThe UCCIenyeTcs BIUSHAC
XapaKTEePUCTHK OyMaryd Ha Ka4eCTBO BOCIIPOU3BEACHHS TIPU CTPYHHOM neyatu. B kauecTBe medaTHol cucteMbl nenosib3oBagach M®Y Epson Eco
Tank L3200. [Ins meyaTv MCIIOIB30BAIUCH YEPHHUIIA MTPOM3BOACTBA (upMbl Epson, BeIICPKUBAIUCH TpeOyeMble IS TeYaTH MapaMeTphl 10
aKKJIMMaTH3aIiy OyMaru, 1o MoJIepKaHUI0 IIOCTOSIHHBIX KIMMAaTHYeCKUX YCIoBUH. [l aHanu3a CTeNeHN BIUSHUA XapaKTepUCTUK OyMaru Ha
KaueCTBO MeYaTH CIEKTPOPOTOMETPOM H3MEPEHBI 3HAYCHUS ONTHYCCKOW IUIOTHOCTH PACTPOBBIX MoJiel it ocHOBHOU Tpuamel CMYK u
cMmemaHHbIX 1BeTOB (CM-cunmid, CY -3eneHblit, MY -KpacHblit), IMEIOIUXCS Ha pa3padOTaHHOM TeCT-00beKTe. AHANM3 rPaJalliOHHBIX KPUBBIX
MOKa3aJI, 4TO IPKUE ¥ HACHIIICHHBIE LIBETA BBIABICHBI y Oymaru Ne2 IBycTOpoHHe# MisHLeBoi (hotobymaru 130 r/m2, uTo 00BACHAETCS €€ MaaKoit
1 OnecTsel HOBEPXHOCTHIO, 00€CTICUEHHOH 3a CUeT KaOJIMHOBOTO IOKPHITHS XPOMUPOBAHHBIM HAaIPETHIM BaJIMKOM K Oymare. OmpeneneHo, 4to
HauOOJIBIINH [IBETOBOM OXBAT, NAIOIIMKA OOBEKTHBHYIO OIICHKY KOJHYECTBY BOCIPOM3BEICHHBIX LIBETOB, XapakTepeH Oymare Ne4 - Epson Matte
140 r/m? , 3atem Oymaram Ne2 - IBycTOpoHHeH misHIEBOH poTtodymare 130 r/m?, Ne3 - Epson Premium semigloss 130 r/m2. BeIBieHO, 4TO
OyMaru ¢ DISIHIICBBIM TOKPBITHEM SBJISIOTCS ONTHMAIBHBIMH ISl TIOJNYYCHUS KAYCCTBEHHBIX OTTHCKOB M TIOMHUMO 3TOTO 00ECICYMBACTCS
SKOHOMHUYHOCTH 32 CUET MEHBIIIETO PacXo/a KpacsIiero BelecTBa pu CTPYHHOM reyaTu.

Knrouesvie cnosa: xauecmeo ommuckos, CmpyiHas neuams, ONMu4ecKas NiomHOCMb, nepedaya zpadayuil, Y8emogol OxXeam.

TABCUPU XYCYCUATXOU KOFA3 BA CUDATU MABOOXOU YOMNKN OAP YOMU KATPATI.

XA. bBo6oxoHoBa, H. CagpnaoouHoBa, [1. PaBwaH3opaa (A.4. PaBwaHoB)

CucremMaxou pakaMHU YOIM KaTparfl Iap COJIXOM OXHp Baceb IaXH LIyJaaH[, MH a3 XUCOOM TaHOCYOM ONTHUMAIIMH HapX Ba cudaru
MaxcyJIoTH yomi Mebomaz. Mnosa 6ap uH, OapTapuxou 3uénpo HucOar 6a 4omu o(ceTHH KIACCHKA TOpaa: OCOHN Ba COAJArdd HUTOXJIOPHH
CHUCTEMa, BAKTH MUHHMAJIA 0apou oMoJa IyAaH 0a 401, CypbaTH OaaHau HYpou Basuda, hapaucosii Ba raipa meboman. bapou Houn nrymaH 6a
cugaru yctyBop, BobacTa 6a HaMyau TAYXHU30TH YOI CHCTEMau WIAOPAKYHHH paHrpo 0a TaBpu MHGHUPOIA TaH3UM Ba MapaMETPXOH MyausHU
MYXHTH 3HCT Ba XOCHATXOHM KOFa3po TabMHH KapaH JIO3UM acT. Jlapayan TabCHPH Xap sSK OMIJI I'YHOTYH acT Ba OHXO Oosiz anoxuna Gappacit
Kapzaa maBaHA. Jlap MH Makoia TabCHPU XyCYCHSATXOM Kora3 6a cudary TayIuau YOIM KaTparil oBapia HIyZaacT. XaMuyH CHCTeMau YOI
nactroxu M®Y Epson Eco Tank L3200 uctudoma myn. MHYYHWH map paBaHId YOI paHTXOW a3 YOHMOM mupkatd Epson mcrexcosnmryma
uctudoa myza, mapaMeTpXou 3apypHr 40 6apor HKIMMKYHOHHH KOFa3 Ba HUTOX JOIITAHH IIAPOUTH JOUMHUH HKJIUM 0a Hazap Tupudra mry.
Bapowu Taxnuimm qapadan TabCUPH XyCyCHITXOHU KOFa3 0a cudaru 4or, 60 CeKTpopOoTOMETp ap3UIIXOH 3UYHH OTNITUKAN MalJIOHXOH pacTp Oapou
ceronan acocun CMYK Ba panrxom omexra (CM-kabyn, CY-ca63, MY-cypx) nap oObEKTH Taxusllyla MyasH rapaui. TaxJHiIn XaTXoH
IPaJaTCUOHM HULIOH [0/, KU Jap KOFa3u pakaMu 2, KOFazu akcGapopi aytapadan To0HoKH 130 r/M2, paHTXOM PaBIliaH Ba FaBC MaiI0 NIy1aaH,
KU UH a3 CaTXH XaMBOP Ba TOOHOK Oy/aHu OH, HIapX Meauxas. MyaiisiH Kap/a Uy, Ki KalOHTapuH KaOy/IKyHaHIau PaHT, Ki 6a MEKIOPH PAHTXOH
TaKkpopmaBaHia 6axou 0ObeKTHBH Meauxas, XocH korasu Ned, Epson Matte 140 r/m?, 6ab korasu Ne2 - koFasu akcOapiopi ypaxinu aytapada
130 r/m2, Ne3 - Epson Premium 130 r/m?> Me6omay. MyaiisH kapaa ITyfaacT, KH KOFa3XOM J0POH PYRITYIIN quIofop 6apou 6a 1acT oBapAaHH
yomxou OanaHacudar onTHMaIi MeOOIIIaH T Ba HJIOBa 0ap MH, OHXO a3 XUCOOU KaM capd IIyIaHHu paHT XaHTOMH YOTIH KaTpari 6apTrapu TOpaHI.

Kanuoeoorcaxo: cugpamu magoou yonii, yonu Kampaeii, 3utuy ONMUKi, 2y3apuuiu 2padamcuonii, KabyIKyHuu paxe.

INFLUENCE OF PAPER CHARACTERISTICS ON THE QUALITY OF INKJET PRINTS
K.A. Babakhanova, N.Z. Sadriddinova, D.C. Ravshanzoda (D.C. Ravshanov)

Digital inkjet printing systems have recently become widespread, the explanation for this is the optimal price-quality ratio of printed
products. In addition, the advantages include: ease and simplicity of system maintenance, minimal preparation time for printing, high speed of
task execution, personalization and much more in comparison with classic offset. To obtain stable quality, it is necessary, depending on the type
of printing equipment, to individually adjust the color management system, ensure the specified environmental parameters and paper properties.
The degree of influence of each factor is different and they should be considered separately. This article examines the effect of paper characteristics
on the quality of reproduction in inkjet printing. The Epson Eco Tank L3200 MFP was used as a printing system. Epson inks were used for
printing, the required printing parameters for paper acclimatization and maintaining constant climatic conditions were maintained. To analyze the
degree of influence of paper characteristics on the printing quality, the optical density values of raster fields for the main triad CMYK and mixed
colors (CM-blue, CY-green, MY-red) present on the developed test object were measured with a spectrophotometer. Analysis of gradation curves
showed that bright and saturated colors were detected in paper No. 2, double-sided glossy photo paper 130 g / m?, which is explained by its
smooth and shiny surface provided by the kaolin coating of the chrome-plated heated roller to the paper. It was determined that the largest color
gamut, giving an objective assessment of the number of reproduced colors, is characteristic of paper No. 4 - Epson Matte 140 g / m?, then papers
No. 2 - double-sided glossy photo paper 130 g/ m?, No. 3 - Epson Premium semigloss 130 g / m?. It was found that papers with a glossy coating
are optimal for obtaining high-quality prints and, in addition, they are cost-effective due to lower consumption of ink-jet printing dye.

Keywords: print quality, ink-jet printing, optical density, gradation rendering, color gamut.

BBepeHue

LindpoBble cucTteMbl CTPYWHOW NeyaTM 3a MocrnedHee BpeMda MNOMAyYunu LWMPOKOe pachpoCTpaHeHue,
0OBACHEHNEM 3TOro ABMAETCS ONTUManbHOE COOTHOLLEHME «UeHa-Ka4yecTtBO» nevyaTHom npoaykumun. MNomumo 3TOrO, K
npemmyliectBamMm OTHOCATCA NErkocTb n npocToTa B 060]'Iy>KI/IBaHI/II/I CUCTEeMbl, MUHUMalbHOE BpeMA NOAroToBKMU K
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neyaTtu Tupaxa, BblCOKasi CKOPOCTb BbINOMHEHMS 3afaHui, MepcoHanu3aumsi U1 MHOroe ApYyroe B CpaBHEHWUU C
knaccumyecknum odcetoM. OgHako Ans OXMOAEMOro kKadectBa HeOOXoOuMbl MpaBuiibHas HacTponka CUCTEMbI
ynpasneHus LBETOM, CTabnnbHOCTb NapaMeTPOB OKpYXatoLen cpebl 1 CBOMCTB Bymaru B npoLecce nevyaTn Tmpaxa
[1]. Kaxabin cpakTop cnepyeT paccMmatpuBath B OTAENbHOCTM, NO3TOMY B AAHHOMW CTaTbe uccrnepyetcs BnusiHME
CBOMNCTB Bymaru Ha Ka4yecTBO BOCMPOU3BEAEHNS.

Mo AaHHBIM  MHOFOYMUCINEHHBLIX Hay4yHbIX paboT [2-8] BbIABNEHO, YTO OT MOBEPXHOCTHbIX CBOWCTB
3anevyaTbiBaEMOro Marepuana 3aBucuT rpaduyeckasl TOHHOCTb, KpAaCKOBOCMNPUSTME, pacTUCKnBaHue u ap. (tadbn.1).

Tabnuya 1 — llpeumywecmsa u HedOCMAmKyu NP UCNOAb30BAHUU PASTUYHBIX MANEPUATIO8
Tun mamepuana Ipeumywecmea u HedOCMamKku PU UCHOIb308AHUU
Menosannas 6ymaza Makcumanvuas moynocms ygemonepeoayu
Cymmaproe kpackonanoxcernue 0o 340%
Haumenvuiee pacmuckusanue moyxku
Od¢cemnas 6ymaza Pacmuckusanue mouxu 15-20%
Cruorcenue nacotuyennocmu na 10-15%
Cymmapnoe kpackonanoxcernue 0o 280%
Kapmon Tpebyemcst KOppeKmupoBKa cxemvi Y8EMoOeNeHUs.
Yeenuuenue nooauu black na 5-71%
Komnencayus enumvleaemocmu Kpacox
IThacmux Cneyuanvhule cepuu Kpacox
Hogvruwennas aozesust
Konmpons memnepamypro2o pexjcuma 3aKpenienus
Koppexmuposka ysemonepedauu 05t pazvlx MAmMepuaios

[na TOYHOro KOHTpONA TOHO- M LUBeTonepedayn TpebyeTcs CUCTEMHbIN MOAXO4 C WUCNOMb30BaHWEM
cneumanbHbIX MHCTPYMEHTOB - OeHCUTOMEeTpa AN M3MEPEHMS OMTMYECKOW MMOTHOCTM KpacouHbix crnoeB Cyan,
Magenta, Yellow n Black. OnTumanbHbIMK1 Noka3aTensamm onTMYeckon nnoTHocTn aenstotes: C - 1.35-1.45, M - 1.35-
1.45,Y - 0.90-1.05, K - 1.60-1.80 [9].

CnekTpohOTOMETPUYECKNA KOHTPOSb MO3BOMSET OLEHUTb LIBETOBbIE KOOPAWHATbI B PABHOKOHTPACTHOW
cucteme Lab [10-12]. PaBHokoHTpacTHas cuctema Lab — 3T10 cuctema koopamHaT u3 Tpéx ocen: L — sapkocTb
00bekTa; a — 0Cb, MO KOTOPOW OTNOXEHbI rpagaunm OT KPacHOro K 3enéHoMy; b — ocb € rpagaumsiMmn OT XENTOro
K CUHemMmy. 3a eauHuly B NPOCTPaAHCTBE MPUHUMAETCS MMWHUMAanbHOE LIBETOBOE pasnuune, BOCMPUHUMAEMoe
yenoseyeckum rnasom [13]. JonycTuMble OTKNOHEHUS LIBETOBOro pasnuuusa AE He JOMmKHbI NpeBbiwaTh 3-5 eanHuL,
[Ons1 OCHOBHbIX LiBeTOB Mogenu CMYK. NamepeHnst npoBoAATCS MO KOHTPOSbHbLIM LUKanam, pa3mellaeMblM Ha Nonsx
OTTUCKA UNW OTAENbHO pa3paboTaHHbIX TeCT-0bbekTax.

LleﬂbPO OaHHON paGOTbI ABNAETCA aHaln3d rpagaunoHHbIX W UBETOBbIX XapaKTepUCTtukKk OTTUCKOB,
oTne4vyaTaHHbIX Ha 6ymarax C pa3anH017| ﬂOBerHOCTHOIZ CTPYKTypOVI, aOna  OueHKn KaydectBa TOHO- M
LuBeToBoCnpon3seneHna npu CprVIHOIZ TEXHONOornn.

MeToabl uccnegoBaHuA

B kayecTBe neyaTHOW cucTembl ucnonb3oBanace M®Y crtpynHoe Epson Eco Tank L3200, TexHuuyeckue
XapaKTepUCTUKN KOTOPOW MpeAcTasreHbl B Tabn.2. [na neyaTn MCNONb30BanuCb YepHuna npovsBoacTea upMbl
Epson, BbiaepxuBanucb Heobxogumble npouenypbl MO akknumatusauum Oymarn, NOAAEPXKaHUIO MOCTOSHHBIX
KNMMaTU4eCcKnx yCroBuin 1 BpeMEHU cTabununsaumm nevaTHoro nsodpaxerus. lNMeyartb BbINOMHANACL Npy cOONOAEHUN
NOCTOSIHHOTO pexuma nedatn 6e3 MCnosb30BaHUsi CUCTEMbI YPABMNEHUS LLBETOM.

Tabauia 2 — Texauueckue xapakrepuctukt MOV crpyitnoe Epson Eco Tank L3200

YcerpoiicTBo: Moy
®dopmar neyaru 10x15 cm, Ad
Meron neyaru Epson Micro Piezo™ print head
TexHoJsiorusi neyaTu cTpyiHas
Konduryparims comia 180 Coma (uepnsiii), 59 Coruta (1BeT)
Ckopoctb niedatu ISO/TEC 24734 9,2 ctp./mMuH. MoHOXpOMHast evars, 4,5 crp./mun. Colour
KonnuectBo kapTpumken 4

47



[Monurexunueckuit BectHUK. Cepusi: Mmkenepusie uccnenoanus. Ne 3 (71) 2025

OxoHYaHKe TaOIUIBI

Pecypc yepHOro KapTpuIKa, CTp 4500
Pecypc 11BeTHOTO KapTpuaKa, CTp 7500
O0nacTb neyatu 210 x 297 MM
[euaTp Ha Oymarax MaToBOM, IJISIHIEBOH, (poTOOYMare, KapTouke, KOHBEPTaxX
TexHosorHs YepHHUI YepHuiia Ha KpacuTeIsIx
Makc. paspemenue, dpi 5760 x 1440
EMKOCTB JIoTKa BBIBOA OyMaru 30 scroB
[TnotHOCTH OymMaru 64-256 1/m?
Tun ckanepa TJTAHUIETHBIN
TexHONOrys U TUI CKAHUPOBAHUS CIS u usetHoit
O05acTh CKAHUPOBAHUS 216 x 297 mm
Paspenienne ckaHupoBaHUs 600 x 1200 DPI
JluanaszoH pabouux TeMneparyp 10-35°C

OO01BLeKTbl uccnegoBaHus
B kayectBe 00BEKTOB WUCCNegoBaHUS B3AThI

NOBEPXHOCTHOW 06paboTkon (Tabn.3).
Tabnmma 3 — XapakTepUCTHKH HCCIEAYEMbBIX Oymar

4yeTblpe BuMAa 6y|v|ar, oTnnyarwwmeca nrnoTHOCTbIO U

Ne HanMenoBanue Oymaru Macca, /m?
1 Odcernas 6ymara CHerypodka 80 r/m?
2 JIBycTOpOHHSA TIIsHIIEBas (oTOoOyMara 130 r/m?
3 Bymara Epson Premium semigloss 130 r/m?
4 XynoxectBeHHast Oymara Epson Matte mis nByctopoHHEH meyaTu 140 1/m?

[na aHanusa cteneHn BAWSHWA XapakTepucTuk Bymarn Ha kayecTBO neyaTn CnekTpohOoTOMETPOM U3MEPEHbI
3HaYeHWs ONTUYECKOW NITIOTHOCTM PacTpPOBbIX Nonen Ans ocHosHon Tpuagsl CMYK n cmewanHbix useTtos (CM-cuHui,

CY-3eneHbinn, MY-kpacHbIn), umetoLmxcs Ha pa3paboTaHHoM TecT-o6bekTe (puc.1).

Pucynox 1 — I'padayuonnas wikana ons ocHosHwix yeemos (CMYK)
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Mo N3MepPEeHHbIM 3Ha4YEHNAM ONTMYECKOM NIOTHOCTU NOCTPOEHbI rpagaunoHHbIE KpUBbIE (pMC.2-5).

Pucynox 2 — I'padayuonnas kpugas: 0ns 201y6020 yeema ommucKo8, omnedamanuvix Ha obymaze: Nel - ogpcemnou dymaze 80
2/m?, Ne2 - 0gycmoponneii 2nanyesoti pomobymaze 130 2/m? Ne3 - 6ymaze Epson Premium semigloss 130 2/m?, Ned —6ymaze
Epson Matte 7140 a/u?

Pucynok 3 — I'padayuonnas kpueasi: 0ist nypnypHO20 yeema Ommucko8, Omnedamanuvix Ha oymaze: Nel - ogpcemnoui bymaze 80
2o/m?, N2 - 0gycmoponneil ananyesoti pomobymaze 130 2/m?, Ne3 - 6ymaze Epson Premium semigloss 130 2/m?, Ned —bymaze
Epson Matte 740 2/m?
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Pucynox 4 — I'padayuonnas kpugas: 0 H#ceimozo ysema ommuckos, Omne4amanuvlx Ha oymaze: Nel - ogpcemnou bymaze 80
2/m?, Ne2 - deycmoponneii ansnyeeoti pomobymaze 130 2/m?, Ne3 - 6ymace Epson Premium semigloss 130 2/m?, Ned —6ymaze
Epson Matte 140 2/m?

Pucynox 5 — I'padayuonnas kpueas: 01s uepHo2o yeema ommuckos, omnedamannvlx Ha oymaee: Nel - ogpcemnoii bymaee 80
2/M?, Ne2 - deycmoponneii 2namnyesoti pomobymaze 130 2/m?, Ne3 - 6ymaze Epson Premium semigloss 730 2/m?, Ned — 6ymaze
Epson Matte 740 2/m?
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AHanu3 rpagaumnoHHbIX KPUBBIX (prC.2-5) nokasan, YTo sipKMe U HachblLLEHHbIe LBeTa BbisiBNeHbl y bymarn Ne2
OBYCTOpOHHEN rnsiHueBon doTobymare 130 /M2, 4yTo OOBbSICHAETCA ee Mnaako U GrecTsawen NMoBEepXHOCTbLIO,
o6ecneyeHHON 3a CHET KaONTMHOBOTO MOKPLITUA XPOMUPOBAHHLIM HarpeTbiM Banvkom K bymare. [MsHUEBOE NOKpbITE
ONTMMarbHbIA BapyaHT AJ18 KAYECTBEHHOW CTPYWHON nevaTu u, NOMMMO 3Toro, obecrnevmBaeT 3KOHOMUYHOCTb 3a CHET
MEHbLLEro pacxoaa KpacsiLlero BeLlecTsa.

3HayeHns LBETOBbIX KoopauHaTt, USMepeEHHbIX CﬂEKTpOCpOTOMeTpOM, npencrtaBrieHbl B Tabn.4-5.

Tabmnuna 4 —[TokazaTesnu IIBETOBBIX KOOPAUHAT (IPH PEKHME BBICOKOE))

Ha3zBanue L[BeTOBBIC KOOPIUHATHI
KOOD/HHAT < M | Y | K | MYy | cy | CM
Ha oQceTHol Gymare 80 r/m?
L 63.04 56.16 81.61 29.43 56.01 57.11 43.88
A -15.9 45.73 4.06 3.22 37.13 -30.7 13.47
b -41.8 6.48 63.09 -1.25 15.34 20.08 -28.3
Ha IBYCTOpOHHel rsiHueBoi GoTobymare 130 r/m?
L 59.24 41.33 81.01 9.28 38.72 50.21 24.34
a -17.0 71.56 3.97 -0.24 63.38 -38.1 10.79
b -47.1 -1.22 82.05 -1.77 28.83 27.94 -28.7
Ha 6ymare Epson Premium semigloss 130 r/m?
L 58.24 43.08 81.54 15.94 41.14 48.90 24.30
a -15.8 69.37 4.93 1.37 60.87 -38.0 9.19
b -49.3 -1.94 81.16 -3.21 25.46 24.62 -29.7
Ha 6ymare Epson Matte 140 r/m?

L 60.63 41.53 81.73 5.87 39.75 49.88 16.98
a -11.4 72.52 3.01 2.21 65.01 -49.9 25.88
b -53.3 -0.71 93.03 -3.58 29.56 33.69 -50.9

Tabnuua 5 —[Toka3aTeny [IBETOBBIX KOOPIMHAT (TIPHU PEKUME «CTAHAAPTHOEY)

HasBanue [1BeTOBBIE KOOPAUHATHI
KOOpJMHAT C | M | Y | K | MY | CYy | CM
Ha oQceTHol Gymare 80 r/m?
L 68.18 59.10 84.49 33.33 57.86 59.08 45.01
A -13.5 46.9 2.40 3.70 41.11 -30.6 12.74
b -35.9 1.77 60.14 -2.82 12.49 17.08 -28.6
Ha JBYyCTOpOHHel risiHueBoi GoTobymare 130 r/m?
L 58.39 42.66 79.57 11.45 41.08 50.72 26.13
a -14.6 69.62 6.38 -0.53 58.38 -34.6 11.84
b -49.8 -3.08 78.87 -0.86 32.47 23.68 -29.9
Ha Gymare Epson Premium semigloss 130 r/m?
L 56.88 43.73 80.24 17.38 41.80 48.58 24.33
a -15.2 68.37 7.30 0.95 57.77 -37.1 10.11
b -51.9 -2.71 82.51 -2.44 27.96 24.94 -29.4
Ha 6Gymare Epson Matte 140 r/m?

L 60.35 41.41 81.96 5.07 40.53 49.47 15.69
a -13.0 71.78 3.63 1.92 64.56 -49.1 23.05
b -55.3 1.11 94.05 -3.28 29.02 35.32 -45.3

Mo paHHBIM UBETOBbIX koopaumHaT (Tabn.4-5) nocTpoeHbl LBETOBblE OXBaThbl, umewwme dopmy
LIEeCTUYrofibHUKa B npouecce CybTpakTMBHOIO CMHTE3a, BEPLUMHAMM KOTOPbIX SIBNSAKOTCA TOYKM, COOTBETCTBYIOLLUE
Kpackam CMHTEe3a 1 LiBeTaM UX NonapHbIX HanoxeHun (puc.6-7).
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Pucynox 6 — L{eemosoii oxeam 01a 6ymaziu npu pexcume «6blcokoey» kavecmso: 1 - ogpcemmnoii bymaze 80 2/m?, 2 -
osycmopouneti ananyesoii pomobymaze 130 2/m?, 3 - Epson Premium semigloss 130 2/u?, 4 - Epson Matte 140 2/?

Pucynok 7 — L{BeToBOIt 0XBar jist GyMaru py pexuMe «CTaHIapTHOe» KauecTBo: 1 - ofceTHol Gymare 80 r/m?, 2 -
JIBYCTOPOHHEH risHieBoit Gporodymare 130 r/m?, 3 - Epson Premium semigloss 130 r/m?, 4 - Epson Matte 140 r/m?

Kak BmaHO u3 puc. 6-7, HanbonblUMI LBETOBOW OXBaT, OaloWMii OOBEKTUBHYIO OLEHKY KONMYecTBy
BOCNPOM3BEAEHHbIX LIBETOB, XapaktepeH Oymare Ne4 - Epson Matte 140 r/m2, 3aTem Bymaram Ne2 - ABYCTOpPOHHEN
rnsHueBon potobymare 130 r/m?, Ne3 - Epson Premium semigloss 130 r/m?2.

BbiBOAbI

AHanu3 rpagauMoHHbIX KPMBBIX MOKasan, YTO SipKMe W HacbilWeHHble LBeTa BbisBMeHbl y Oymarm Ne2
OBYCTOPOHHEW rnsHueBon doTtobymare 130 /M2, 4To 0BbSCHSETCA ee rnagko M OnecTsilend MOBEPXHOCTbIO,
obecneyeHHON 3a CYEeT KaoJNIMHOBOrO MOKPbITUS XPOMMPOBAHHBIM HarpeTblM BanukoM k 6ymare. OnpegeneHo, 4Tto
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HaMbonbLUNA LIBETOBOW OXBaT, AaloLnii 06 bEKTUBHYIO OLEHKY KONMYECTBY BOCMPOM3BEAEHHbLIX LIBETOB, XapakTepeH
oymare Ned - Epson Matte 140 r/m?, 3atem 6ymaram Ne2 - oBYCTOpOHHeN rnsiHueBon oTtobymare 130 r/m?, Ne3 -
Epson Premium semigloss 130 r/m2. BbisiBreHo, 4To GyMaru ¢ rnsiHUEeBbIM NOKPLITUEM SBASIOTCA ONTUMaribHbIMK AN
NOMyYeHnNst Ka4eCTBEHHbIX OTTUCKOB WU MOMMMO 3TOro 0obecneynBaeTcs 3KOHOMWYHOCTb 3@ CYET MEHbLUEro pacxoga
KpacsLuero BeLlecTBa npu CTPyNHOW nevatu.

Peuensenm: DiKypaes JIL.D. — 0.X,H., npogheccop Kagedpwvt «<Memarrnypeus», JIIIY umenu akgdemuxg M.C. Ocumu
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YK 669.17

TABCUPU HEOOUM BA KWHETUKAWU OKCUOLWABUU XYJTAU Zn0.5Al
ldupysn Xampokyn, 2U.H. Fanues, 23.P. O6ugos
NNonumroxu nasnarun omysropuu ToyukucTon 6a Homu Caxpuiun AHi
2Jlonumroxu Texuukuu ToyukucToH 6a Homu akagemMuk M.C. Ocumit

Jlap MH MaKoI1a HaTHYaxou TaXKHKOTH TabCHPH HEOAUM 0a KMHEeTHKau okcuamasny Xynan Zn0.5Al memHuxon nrynaact. Xycycusr Ba
CypBaTH OKCH/IIIABH a3 OMHIIXOH 3uéze BobacTa Mebomany. OMIIXON MyXUMTapHH HH KOpPKapaHu caTX, MyXHT, COXTOP, XapopaT, BaKT Ba TAPKHON
KOMITOHEHTXOH Xyia Mebomana. Knnernkan oxcuamasuu xynan Zn0.5Al Ba Xxynaxon HeoquMaonITa Bodacta a3 Xapoparxo Ba BAKTH TaXKHKOT
¢apx mexyHan. Tascupn WiIOBaxoW HeoAuM 0a KMHETHKaW OKCHJIIABHU MH Xyia Hazappac acT. bo suénmasmn muxnopu Heomum (0.01+1.0%)
nap xynaan Zn0.5Al kuHeTHKan OKCHIIIaBUH OH ad3out Meéban. Kumaru sHeprusiu GhaboiaKyHaHIal paBaHIN OKCHIIABA 6apou Xyaax0o KOXHII
Mee0a.

Kanuoesoorcaxo: neooum, xynau Zn0.5A1, kunemuxau okcuowasi, xapopam 6a 6axmu maxKukom, dHepeusiu avoikyHanoau pasaHou
OKCUOWABIL.

BNMUAHUE HEOOAUMA HA KMHETUKY OKUCJIEHUA CIMITABA Zn0.5Al
®Pupysun Xampokyn, U.H. MaHwues, 3.P. Obupos

B naHHOIi cTaThe MpeACTaBICHEI Pe3yNbTaThl HCCIICNOBAHUS BIMSHUS HEOIMMa Ha KMHETUKY OKUcieHus ciutaBa Zn0.5Al. Xapaxrep u
CKOPOCTb OKHCIICHHS 3aBUCAT OT MHOXKeCTBa (hakTopoB. K unciy Hanbosee BaKHBIX OTHOCATCS 00pabOTKa IMOBEPXHOCTH, OKpY’Kalolas cpena,
CTPYKTypa, TeMIleparypa, BpeMsi U COCTaB KOMIOHEHTOB cIulaBa. KuHeTnka okucineHus cmiaBa Zn0.5Al u criiaBoB, copepkaliux HEOAUM,
pazinyaeTcs B 3aBUCHMOCTH OT TEMIIEPaTypbl U BPEMEHHU HCCIIeOBaHMs. BiusHue 106aBOK HeoMa Ha KHHETHKY OKHCIICHHUS JAHHOTO CIUIaBa
siBIseTcs 3HaunTenbHBIM. C yBenuaeHueM conepxxanus Heoguma (0.01+1.0%) B cruraBe Zn0.5Al kuHeTHKa €T0 OKUCIICHHS yCKOpsAeTcs. 3HaYeHHe
9HEPIHH aKTHBALMK IPOIiecca OKUCICHUS ISl TAKUX CIDIAaBOB YMEHBIIACTCSI.

Kniouesvie cnosa: neooum, cnaas Zn0.5A4l, xunemuka oxucienus, memnepamypa u epems ONblmMa, dHepeus akmueayuu npoyecca
OKUCTIEHUS.

INFLUENCE OF NEODYMIUM ON THE OXIDATION KINETICS OF THE Zn0.5Al ALLOY
Firuzi Hamroqul, I.N. Ganiev, Z.R. Obidov

This article presents the results of a study on the effect of neodymium on the oxidation kinetics of the Zn0.5Al alloy. The nature and
rate of oxidation depend on numerous factors. The most important among them are surface treatment, environment, structure, temperature, time,
and the composition of the alloy components. The oxidation kinetics of the Zn0.5Al alloy and neodymium-containing alloys vary depending on
the temperature and duration of the study. The influence of neodymium additives on the oxidation kinetics of this alloy is significant. As the
neodymium content increases (0.01+1.0%) in the Zn0.5Al alloy, its oxidation kinetics accelerate. The activation energy of the oxidation process
for such alloys decreases.

Keywords: neodymium, Zn0.5Al alloy, oxidation kinetic, the temperature and duration of the study, activation energy of the oxidation
process.

Mykapanma

MabnymoTxo ova 6a ycTyBOpuM navBacTarMxoum MeTannii waxodat a3 OH MeauxaHi, KM amanaH xe4 sk
MeTann & xyna gap MyxuTu rasin KommnaH uHepTin 60kiA HamemoHag. MNanrvpoHa, Hasapusan KUHETUKKIA new a3 xama
CyonoT ouan padTv peakcuapo Jap Tynu BakT Gappacih MekyHad, sbHe Basudpaum asBan 6a YycTyyym
B6axamanokamaHan 6ariHn cypbaTi OKCUALLABI Ba BaKT paBoHa wypaacTt. Basudan gyseym 6a 6appacum cyon ovam
Aap kagoMm gapadauv pymnyLl, KM xaHromu Tabcupu MyTakobunam meTannxo € xynaxo 6o ras 6a Byyyd MeosHA,
KOOUNMATHOKUN Myxodm3aTum OH mMaB4yAd acT, baxwwuaa wypaact. ba nbopaun gurap, gap MH 4o MeTaBoH Ga cyon
onau MexaHu3Mm Ba cypbaTy ad30oMLLIM Tallakkynédbum kabatu okenai gyyop wyg [1-3].

MexaHn3my OKCMALABA XyCYCUMATXOM OKCMALaBuMM KabaTxoun okcmaupo Oapou xamaryHa Xamrmpomnxom
MeTann-ras; Tapkub Ba COXTOpW MamBacTarmxou yCTyBOPe, KM Aap YyHVWH Xamrupoi Talakkyn meébaHa; xonatu
SHEPreTUKn Aap caTxy Maps; XonaTun 3HepreTUkin Aap AOXUNN MaBo Ba navBacTarmxon Metannuvpo gap catx, kv gap
LapouTn oaain gap 4oXunv MaBog HoycTyBop mebowaHa, aap 6ap mervpaa [4-6].

MaBoaxo Ba yCynxomu TaxKuKoT

Hap paBaHau okcuplaeBum BGanaHgxapopaT, XyCycusiT Ba CypbaTll OKCMALIABA a3 oMunxoun 3véne Bobacta
mebowaHa. A3 6alHN OMUMXO MYXMMTapuHUM OHXO MH KOpKapawm caTx, Tapkubum MyxuT, COXTOp, xapopaT, BakT Ba
Tapknby KOMMOHEHTXOM Xxyra mebowaHa. A3backu okcuallaBii gap acn sk xogucaun caTxi acT, 3apyp acT, ku Oa
OMO[Aco3uM caTxy HaMyHax0 XaHroMu rysapoHuaaHu Taypubaxo aukkatv 3vén aoga waeag. OgaTtaH 6apon uHryHa
Taypmnbaxo HamyHaxou 3mége nos3umang, O6uHoDbap WMH Myxum acT, K4 YyCynM OMOAAaco3MM OHXO cogja Ba
TakpopLuaBaHgarMm HaTu4yaxopo TabMuH KyHag. bapou canymwn 6yHER, Aap xonatu naeanin 60514 YyHUH LWapouTe
MaB4yg bowan, Ku 3uMHU Tan€pKyHUM HamyHaxo Habosa napAaxov OKCuan Aap caTxy OHXO XOCWUI WaBaHA, kn 6a
paBULLIN OKCUALLABI XaHIOMU ry3apoHuaaHmu Ta4ypmbaxo TabecmppacoH 6owaHg. CypbaTtu okcualasmm catxm 6ogukkat
KopKapglyaau xyna (maxcycaH gap mapxunaun nbtugoi) Hucbat 6a catxym HoxamBop KaMTap acT.
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Xanny dacnu TeXHUKUE, KN XaHroMU Tapxpesnn xynaxo kabyn kapaa mellasaH, 60a4 UCTEXCONM MacHyoTH
pexTtarapupo mytobuk 6a ctaHgaptxon FOCT Ba TanaboTu TexXHUKMM MyansHwyaa 60 Tawkunu Hasopatu cudatu
MaxCynoT TabMWH HaMosiHA. BbuHobap uH, 6apon XOCUMKYHUN XyNaxo a3 MeTanxou 3epuHu pyxu (Zn) rpaHynwiakn —
XT (FTOCT 24231-80), antomunuinn (Al) A7 (TOCT 11069-2001), Heoanmn (Nd) HM1 (TY 4840205-72) uctudoaa
Hamyaewm. Jluratypam cucteman Al-Nd (10%) newakin gap kypan CHB3-1.3.1/16U13 xocun kapaa wya. MNac a3 rapm
KapAaHu Kypa, pyx Ba antoMUHWUIA ryaoxTa wyna, cunac MH nuratypaxo anoxmyaa Bopua kapaa wyaadHa. Jap xyayou
xapopatum 750-850°C rygoxta 6oamkkaT omexTa kapa wyna, HaMyHaxou xyna pexta wygaaHa. bapon taxkukoTtm
KMHETMKaM OKCUMALIABMM UH XyIiaxo yCynu TepMmorpaBumeTpin [7-9] nctnudoaa kapaa wyn. Tapkubu dasaBum okecuaxomu
[ap caTxu xynaxo xocunwyga 6o ycynu peHTreHodasasi [10] myalisiH kapaa wya.

HaTtu4yaxom TaxKMKOT Ba MyXOKUMa

Xynaun Zn0.5Al-po 60 HeooMM YaBxapOHi KapAa, OKCUALLABUM MH XYNaxopo Aap XyAyaxou xapopaTtumn 523-
623K Taxkuk Hamygem. Mapxmnaxoun nbtngonn pasang 60 Talakkynébum napgaxou TYHYK Jap caTxy Xynaxo Of03
rapavaa, VH Hyktaxou Ttaypubasii Aap xatn pocT 60 KOHYHMSATU xaTTih 6a pevan KMHETUKMM OKcugLlasi MyBOGUK
mebowang. CypbaTy OKCMALLIABIA XaHroMK BaxamTabempun xynaxou TaxkukwasaHaa 60 xaBo MUEHN xynaun Zn0.5Al
Ba Xyraxou HeogMmMmaoLwTa aap xama xapopaTtxo dapk MekyHaa, ku 6apon xynaxom HeogumpowTa kame 6anaHgrap
acT. bo 6anaHgwaBmmn xapopaT Ba3HM caTxMy HaMyHaxou xyna gap mapxunav 15 gakukau aBean ag3onil meébag.
Bo radpciaBmmn kabaTn myxodumsaTnm oKCuan NH paBaHg 3yaTap kaTb Merapgad. Kayxatuxomn okcmawasin 6apoun xap
SIK HAMYHau xyra XycycusaTu runepbonumm paBaHapo HULIOH AodaHg (pacmu 1).

Hap muconu okenay ZnO 6oan Kang kapa, kK 6yFxonm HOyCcTyBOpU pyx 60 oKcUreH BOKYHMLL Kapaa, 3appaxou
ZnO x0ocun MeKyHaH[, KM OHXO [Jap OKCUOM KOBOKMM HeoauM TaxLUMH wwyaa, 6a oH Bopua melwasaHa. bo Taliakkynu
ZnO, KOBOKMXO Ba TapKULIXO Taapu4yaH Nyp MellaBaHd, KM Aap HaTvya Ak kabaTu anum GepyHun ZnO Tallakkyn
mMeéb6an. babau aH4yomM MH Mapxuna, kabatn ZnO xaMuyH napgav MyxoduaaTtii aman kapaa, cypbaTy oKcuallasi
MUHGabA 60 cypbaTu Anddyanan pyx TaBaccyTv kabatm ZnO MyalisiH kKapaa Meluasag,.

BanaHawasum xapopaT 6a ad3oMLLM CcypbaTi OKCUALIABUM Xamau Xynaxou TaxkuKLLyaa oBapaa MepacoHas,
KM UH XonaT dap ad30ulLUM MUKOOPXOM Heoaumu dap xyna 6yaa Hv3 avaa Melwwaeag (4agsanu 1). MIHpo MHYYHWH
BoGacTaruv MUEHu aHepruan abonkyHUU paBaH Ba cypbaTy OKCUALABUWM OH TacOuK MekyHad. VIH KOHYHUSATPO
MeTaBOH 60 XyCyCusITU COXTOpY KabaTu caTxi Ba KOGUNUATU afAcopOCUOHNN SNeMEeHTU YaBXapoHil HU3 LapX Ao/,

Pacmu 1 — Kayxamxou xunemuxuu okcuowaeuu xynaxou Zn0.5A41 (a) ea Zn0.5Al,
xu 60 0.01 (6) neodum yasexaporudautyoa.
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Yansanu 1 — TariiupEOun HUIIOHANXAHIAXOH PABAH/IXOU OKCHIIIABH Jap Xynaxou 00 HeouM yasxapouumarrygaun Zn0.5Al
Humonauxangaxou paBanaxou WnoBaxou HeoauM aap xyiaaun Zn0.5Al,
OKCHUIUIABHA %-u Ba3Hil
- 0.01 0.05 0.1 0.5 1.0
Xapopar, K 523 523 523 523 523 523
Cypnaru xakuki K-10%, kr/m?-c 3.68 3.72 3.83 3.87 4.07 4.18
Xapopar, K 573 573 573 573 573 573
Cypnbatu xakukid K- 104 kr/m?¢ | 3.91 3.99 4.04 4.16 4.50 4.67
Xapopar, K 623 623 623 623 623 623
Cypnaru xakuki K-10%, kr/m?-c 4.11 4,17 4.28 4.35 491 5.00
Oueprusiu habonkyHi Q, 168.4 165.3 160.6 157.2 152.0 145.9
kY/mon

XaHromn Bappacunm okcupllaBuy TapkMbxou Xyna, new a3 xama MakCagHOK acT, KM MyKoucau SHeprusu
habOonKyHUM Tallakkynébum nansactarmxo Aap Waknu napgaxou myxodusatum 3uMH/N okcuallaeii 6aByyynosHaa Ba
MaBYyOUSATM OHXO Aap 6appacuu xapopaTtn MyansiH MMKOHNa3up bolwan, MmyansH Kapaa wasag, ki kagom a3 Tapkub
€ KOMMOHEHTXOoM xyrna Hasap 6a gurapaw 60 wwggat okcua Mewasag. A3 WH py, Hasapusm oKCuAlaBmMm Myocup
acocaH MexaHM3MX0epo, KM MHTMKOMM KOMMOHEHTXOM XYNaxopo TaBacCyTn kabaTxou caTxuu sikxerna Ba KOrepeHTi
MyaWisiH MekyHaHg, Oappacin mekyHad. [dap paBaHau okcuawasuv OanaHoxapopaTtii Sk MexaHusM MeTaBOoHaj
TagpuyaH 6a mMexaHu3mu gurap rysapag, kv oH a3 fadcuv napaa, BakT Ba xapopaT Bobacta acT. IH mexaHu3m
facpcaBnm napgaxopo newbuHn MekyHad, Ku OHpo Auddy3ns gap Hatu4am  MaBYyausATM  rpagueHTu
KOHCEHTpaTCWOHA MyalsiH MekyHazd. A3backu napaaun caTxi a3 KaTMOHXO Ba aHMOHXO ubopat acT, YyHUH anddyaus
TaBaccyTv UH napga 6os4 xam3amoH 60 Andy3nsan aNekTPOHXO Aap XaMOH caMTe, Kn auddyansam katmoHxo, € aap
Mykobuncamtum anddy3nsam aHMoHxo amanii wasag. bo fradcasmm napaaxoe, Kn XxaHroMu oKCUALaBmMmn CMCTeMaxon
mMeTannuu xynaxo 6a By4yn MeosHA, BobacTtarmm runepbonin Sk KOHYHUATM MyBakkaTi Mellasag, kvu bewTap gap
amanus gydop meosa. MexaHnamm uH okcugwasin HuUcbat 6a gurap mexaHnsmxo 6extap haxmmuga wyana, myxumTap
a3 MexaHuU3Mx0U NyYHOTyYHU OKCMALLIaBi aap amanus 6yaa, acocHokTap 6okin memoHaa, 3epo oH 6apon BUcép xynaxom
TEXHUKIA Jap wapoutn uctudgpogabapin MyBodmk act. Minoea 6a uH, 6apoun 6axoamxmm cucpatumn gapavaun Tarnmpeodmnn
KOHCEeHTpaTCuAN KOMMOHEHTXO0M Xyra Aap caTx METABOH a3 KMMaTx0M MyKOMCaBUM CypbaTu OKCUALLABKA Ba 3Hepruav
habOonKyHUM TaMoMW paBaHa ucTudopa Hamya.

KayxaTunxown okcuglwasmm xynam Maskyp gap koopguHataxou rpaduvkn mypabbabmn uH paBaHg xaTxon pocTpo
HULWIOH HameguxaHg (pacmu 2), kKn nH MyBodMKaTh MexaHm3mm paBaHg 6a Hamyau runepbona xoc act. Myoaunaxoum
MaTeMaTuKMM NOMMHOMXOW MH KayxaTxo Aap Yaasanv 2 oBapga LyaaacrT.

Pacmu 2 - Kayxamxou mypabbavu xunemuxau okcuowasuu xynau Zn0.5A11.0Nd.
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Yagsaym 2 — [TomMHOMXOM KaYyXaTXOHW KHHCTHKHH allPOKCHUMATCHANTYIau OKCHIIaBuu xynau Zn0.5Al 60 wioBau HeoIuM

Wnosau Nd map xyia, %-u BasHi Xapopar, K Myouinan MoJIMHOMHAINK KayxaTxon | 3apuOu perpeccus,
OKCH/IIIAaBUU HAMYHAX0H XyJia R2

523 gs=-0.001t*-0.001t3+0.010t?-0.176t 0.9870

- 573 gs=-0.001t*-0.001t3+0.020t2-0.471t 0.9854

623 gs=-0.001t*-0.001t3+0.044t>-0.786t 0.9813

523 gs=-0.001t*-0.024t3+0.27212-0.422t 0.9974

1.0Nd 573 0s=-0.001t*-0.028t%+0.338t2-0.612t 0.9950

623 0s=-0.001t*-0.033t%+0.354t2-0.931t 0.9971

YMyMaH, gap caTxy Xyna xaHromum xapopaTtxon banaHarapvH kabaTxon OKCMAMN MUEHaMyCTaxkam TallaKkKyr
MeébaHp, K1 OHX0pO B0 XypATapuH KMMaTu TaBceau XaTTil TaBcud MekyHaHA. Fke a3 ganenxon MyxuMpo MeTaBOH
[ap MUCOonM TabCupU SIK KATOP OMUIIXO Ba WMaaaTxon goxunii 6a wukactn kabatn okcuan Ba Tallakkynu wapouT
©apou yapaéHu peakcusin okcupwasun banaHaxapopatii HAWOH aoA. Janenu gurap vH gapayau Tto3arum xap sk
KOMMOHEHTU Tapknubu xynaxo mebolwiaa, 3epo gap cuctemaxom GUCEPKOMMNOHEHTA MEXaHM3MU YapaéHu OKCuaLaBi
xene Mmypakkab act. [lap UH xonaT, Myx1MMm acT, K1 aBBan paBaHAXOW CUHTE3M XYIax0opo XaHroMm TallakKynu Maxynm
CaxT, 3BTEKTMKA € gurap navBacTarmxo Taxiun KyHeMm. XaM3aMOH, HaKWn Myxummn 6e3bTUpo3po MaxCysnn ryHOryHU
oKCMALaBMKN Xynaxo, KOHCEHTPATCUAN MeTanxo Aap xXyna, Xycycusit Ba Tabcupm oHxo 6a Oz Ba fanpa mebosaHg. bo
WH KOHCEHTPATCUAXO UHYYHUH 3HEPTUsin pabornkyHaHOan paBaHAM OKCUALIABIA HA3 caMapaHoK TaFnnp Meébag.

A3 Mykoncan HULLOHOUXaHO4AXO0M paBaHAXoM OKcuAank Bapmeosn, K1 xap kagap MUMKOOPW HEOAMM Aap Xyrau
acoci 3uén bowapn, XaMoH kagap cypbaTv OkcualaBum OH BanaHATap Ba 3Hepruan pabonkyHUU paBaHg nacrrap
MewaBagd. VIH maxcycaH gap maepugmn xynau 1.0% HeogmmpowTa BO3ex MyLloxuaa Merapgag. Xam 6apou xynau
acocin Ba xam 6apou xynaxom HeogumpowTa cypbaTu okcuawasin 60 GanaHgwasmm xapopaT mead3osa. bapou
Xynaxov HeogMmaoLTa Koxuweébnn aHeprnsin pabonkyHun H paBaHg avaa wyaa (Yageanum 1), Maxcynv okcualiasi
a3 okcmaxou 3epuH nbopart act: ZnO, Al203 Ba Nd203 (pacmu 3).

Pacmu 3 — HImpuxpenmeenocpammau maxcyau okcuowaeuu xyrau Zn0.5410.5Nd.

Taxnunu waboxatn HaTu4axomn adpsonumn BasH (pacmm 1) Ba ad3omnwlm okenaxo (pacmm 3) HULIOH Meamxag,
K1 paBaHaM okcuallaeii acocaH 6a adpzomwmn kabaTtu okenaxo 6apobap act. ap Yapaénun ad3ouLl, K cypbati oH 60
cypbatu guddysmnsa MyansiH Kapga mellasag, fadpcmm kabaTxomn ryHoryH a3 cypbati HUcbum guddyamnsa gap oHxo Ba
rpagveHTn KOHCEHTpaTCHAN XumMusaBin BobacTa act. Arap anddysns TaBaccyTh sk kabaTt 60 cypbaTtu 6anaHa YyapaéH
rmpapg, oH kabat HucbartaH Fadc mewasad. bapwakc, arap cypvaTtu anddysmsa gap kabat Hucbart 6a cypbaTtu oH gap
dasaxomn xamcos xene xypg 6owap, fadcun kabat MeTaBoHaZ YyHOH HOuM3 Goliag, K OHpo Taypubasii MyawsiH
KapAaH MyLwkun acT. inosa 6ap wH, arap Bobactarnm xapopatum ad3ounllm kabaTxom ryHoryH skcoH Habowag, fadhcum
HUCOMM KabaTxo xaMuyH PyHKCUAM xapopaT aMmarn MeKyHaa.
Xynoca

XaHromu 6a xynau Zn0.5Al Bopug HamyaaHu Heogum 60 mukgopxom a3 0.01 T1o 1.0% cypbaTtu okcugwasum
OH ach3omnw €édTa, sHeprnsam aborkyHaHgan paBaHAM OKCuawanin koxyw meéban. VIH xonat 6ewTtap 6a xynaxoe, Ku
nap tapkubaiioH 0.5 Ba 1.0% Heogum gopaHg, xoc acT. [Jap HaTnyaun okcuaLlaBumn Xynaxo Aap caTxy OHX0 napaaxou
OoKCUOWKM ryHoryH 6a By4ya MeosiHA, K1 a3 okcuaxou 3epuH nbopataHa: ZnO, Al2Os Ba Nd20s.

Mykappus: Pysues Y.P. — 0.u.m., npogeccopu DonuweoXu muiruu 1104 uKUCMOH.
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YAK 691.75

TAXKUKU XOCUATXOU MEXAHUKUN XYINAU Zn0.5A1, KW BO CEPUWA, MPA3SEOQUM

BA HEOOAUM YABXAPOHUOALLUYOA
ldupyau Xampokyn, U.H. Fanues, 23.P. O6uagos
1)10HI/11Hr0x1/I JaBiatuu oMmy3ropun ToyuknucToH 62 Homu Canpuina AliHi
2,Z[OHI/IHJFOXI/I texHukuu ToyukuctoH 0a Homu akagemMuk M.C. Ocumi

TaxKUKH XOCHUATXOW MeXaHWkuu Xxymaum Zn(0.5Al, ku nmap amoxumarii 00 WIOBaXOWM TYHOTYHH CEpHM, TPa3comuM Ba HEOINM
YaBXapOHUAAIY/a, Ty3apOHHU/IA IIyJaact. MnoBaxon YaBXapoOHHUHU DJIEMEHTXOHU 3ePIyPYXU CEpHii 1ap XyAyAHd KOHCEHTPATCHUSIXOU TaXKHKIIyIa
(0.01+1.0%-u Ba3Hil) XOCHATXOM MEXaHHKH, Oaxycyc caxTid Ba MycTaxkamuu xymam Zn0.5Al-po ad3oumr meauxaHn. MaxcycaH, HIOBaXou
kamrapuau (0.01+0.1%) Ce, Pr Ba Nd 6a XycycHATXOHU CaxTil Ba MyCTaxKaMuu Xyiau aydanaau Zn0.5Al tascupu Myc6it mepaconans. MnoBaxon
6emrapunn (bem a3 0.1%) UH MeTaIXO Jap Xyjaa KaMe XOCHATXOM MEXaHWKUU OHPO KOXHUII MEAMXaJ, KU Jap HUXOSAT XYCYCHATXOH CaxTil Ba
MycTaxkamuu xynmam nydangad Zn0.5Al mycOit Tariiup meéban. KoHceHTparcusxon MyHOCHOM TapKuOM Xynaxo MyaisH Kapjia IIydaact.
3uéamaBuu Ha3appacu CaxTil Ba MyCTaxKaMUH XyIaxo 00 cepuii, HucOar 6a xyiaaxo 00 mpa3eoarM Ba HECOJUM aHHK Kapja IIyTaacT.

Kanuoeoorcaxo: xynau Zn0.5A1, snemenmxou yagxapouii, ceputi, npazeooum, HeoOuM, XOCUAMXOU MeXaHuKi, memoou bpunenn, caxmii,
MYyCmaxkamu. .

UCCINEOOBAHUE MEXAHUYECKNX CBOUCTB CIJTABA Zn0.5Al, IETUPOBAHHOI'O LEPUEM,
NMPA3EOOUMOM U HEOOUMOM

®Pupysu Xampokyn, U.H. NaHunes, 3.P. O6uagos

ITpoBeneHoO MCCIIeNOBaHHEe MEXaHUIECKIX CBOMCTB cruiaBa Zn0.5Al, 1ernpoBaHHOTO IO OTACIBHOCTH PA3IMYHBIMU 100aBKaMH LEPHs,
mpazeorMa 1 HeoauMa. JIernpyromux 100aBoK 3JIEMEHTOB IIEPHEBOM MOATPYIIIBI B UCCIEAOBAaHHOM auana3zone koHneHTpaui (0.01+1.0% mo
Macce) TOBBIINIAIOT MEXaHWYECKHE CBOKMCTBA, B YaCTHOCTH TBEPAOCTh W MpodyHOCTh ciutaBa Zn0.5Al. OcoOeHHO, HeOONbIIUE TOOABKU
(0.01+0.1%) Ce, Pr u Nd oka3bIBalOT MOJNOXKUTENbHOE BIMSHNE HA TBEPAOCTh M NPOYHOCTHBIE CBOMCTBAa OmHapHoro crasa Zn0.5Al. Bonee
KpynHbie 1o6aBku (6onee 0.1%) 3THX METAJUTIOB B CIIJIaB HECKOJILKO CHIDKAKOT €r0 MEXaHHYECKHE CBOWMCTBA, UTO B UTOTE TIOJIOKHUTEIILHO U3MEHSCT
TBEPJOCTH ¥ IPOYHOCTHBIC XapaKTEPUCTHKK OMHapHOTO ciiaBa Zn0.5Al. OnpeneneHbl COOTBETCTBYIOIINE KOHIICHTPAIIMH KOMITOHCHTOB CILIaBa.
YcTaHOBIIEHBI 3HAYUTEIHHOE MOBBIMICHNE TBEPAOCTH M IPOYHOCTH CIUTABOB C LIEPUEM TI0 CPABHECHHIO CO CIIABAMH C TIPA3COAUMOM U HEOIMMOM.

Knruesvie cnosa: cnnas Zn0.5Al, necupyiowue snemenmel, yeputi, npazeooum, HeOOUM, MexaHuueckue ceoucmea, memoo bpunenns,
MeEPOOCmy, NPOUHOCHD.

RESEARCH OF MECHANICAL PROPERTIES OF Zn0.5Al1 ALLOY,
DOPED WITH CERIUM, PRASEODYMIUM AND NEODYMIUM
Firuzi Hamroqul, I.N. Ganiev, Z.R. Obidov

A study was conducted of the mechanical properties of the Zn0.5Al alloy, alloyed separately with various additives of cerium,
praseodymium and neodymium. Alloying additives of cerium subgroup elements in the studied concentration range (0.01+1.0% by weight)
increase the mechanical properties, in particular the hardness and strength of the Zn0.5A1 alloy. Especially, small additions (0.01+0.1%) of Ce,
Pr and Nd have a positive effect on the hardness and strength properties of the binary alloy Zn0.5Al. Larger additions (more than 0.1%) of these
metals to the alloy somewhat reduce its mechanical properties, which ultimately positively changes the hardness and strength characteristics of
the binary alloy Zn0.5Al. The corresponding concentrations of alloy components have been determined. A significant increase in the hardness
and strength of alloys with cerium compared to alloys with praseodymium and neodymium has been established.

Keywords: Zn0.5Al alloy, alloying elements, cerium, praseodymium, neodymium, mechanical properties, Brinell method, hardness,
strength.

Mykapauma

Kopkapan xyrnaxou HaBu pyx XaMyyH pynnyLixoun angankoppo3noHnn MacHyoTU NyroAi Ba KOHCTPYKCMOHI Ba
OMY3ULLIN XOCUSTXOM N'YHOTYHU OHX0 axaMUSTU Maxcycpo Aap COXaxom ryHOryHu caHoati 3oxmp HamygaacTt. ['yHOoryHum
XOCUATXOWN XYraxou pyx-arntoMUHUA SKe a3 OMUIIXOM acoci acT, KM Baceb McTMdoaallaBun OHXOPO Aap TexHuka
MyansiH MekyHag,. Xynaxo JOpOu XOCUATXOMN N'YHOIYH MeboLLaHA, K1 Xap KagoMmn OHX0 6a XyCyCUsiTXOM KOMMOHEHTXOMU
Tapkubin BobGactaaHg. XOCUMATXOM aCOCUM UH XYIaxopo XOCUATXOU (hU3MKaBi, XMMUSIBIA, MEXAHWUKA, TEXHONOMA Ba
Maxcyc Tawkun meamxang [1-5]. Jap 6arHu XOCUMATXOM MEXaHMWKA, CaxTil Ba MyCTaxkamil YoM MaxcCyCpo WLUFON
MeKyHaH. TaxKnKym XOCUSTXOU MyCTaxkaMil Ba BaWpOHLUABUWM XYraxo Ha TaHXO a3 YnxaTu TabMUHU MyCTaxkKami,
009bTMMOA Ba 4apO3yMpPUN MacHYoT, BankM MHYYHWH a3 YyuxaTu TEXHOMOorn axamuatu bysypr gopad. buHo6ap uH,
3epu TabCcupu capboprxom rapoH LWMKacTa WyaaH € HalygaHu MacHyoTpO Max3 MycTaxkamii MyansiH mekyHag,. VH 6o
OH BobGacTa acT, kn bucépe a3 amanxou LIaknguxin Ba TaxKMMu KUCMXO, kn Oa xopuy HamygaHu kabatv maBozg
mMapbyTaHa, Aap acn, paBaHAM BaWpOHCO3WM MAopallaBaHOan TexHonori 6yga, MyBOMKU peyan mMyalsiH Uypo
MellaBaHz [6, 7].

[ap YyapaéHu nctexconu mMacHyoT, MeTann € xyna 6a Kopkapau TEXHOMOMMM r'YHOTYH — MeXaHWKi, xapopaTi
Ba fanipa — Oy4yop MellaBag, KM gap HaTU4am OH COXT Ba XOCUSITXOM MEXAHWKWUM OH Tafimp Meébang. A3 uH py,
Ha3opaTh XOCUATXOM MEXaHUKA Aap Mapxmnaxou ryHoryHu UCTEXCONU MacHyoT Xene 3apyp acTt. XaHromu nctudoaau
MacHYOT 3epyu TabCUPW OMUITIXOM NYHOTYH — XxapopaTtu 6anaHg € nact, ouop, MyxuTu arpeccuBii Ba fampa — COXT Ba
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XOCUATXON MEXaHUKUN OH Tafinp meébaHg, kn 60 rysawTn BakT GOMCKM KOXULLM XOCUATXO Ba XaTTO BaWpOHLIABUM
MeTann mewasaHz. 3epo MacHyOT Ba KOHCTPYKCUSIXO Aap CaHOATU MOLUMHCO3i, COXTMOH Ba Fanpaxo Baceb uctudoaa
MewaBaHa. VIH 3apypaTtu Ha3opaTtu JaBpumn XOCUSATXOM MeXaHUKMPO 6a MMEH Meopaa, TO K1 Yy3bxou ocebnasup aap
KMCMX0 Ba KOHCTPYKCUAXO MyalsiH Kapda wypaa, a3 cagamaxo newirnpi kapga wasag [8, 9].

XOCUSITXOMN MEXaHWKUM XyNax0 acocaH XxaHroMu Tabcupu KyBBam 6epyHa € capbopii Aap HaTM4am caH4yumLLXO
MyalsiH kapAa MeluaBaHg. [lap HaTn4am YyHUH CaHYMLLIX0 HALLOHAMXaHOAX0M MUKLOPUN XOCUSATXOM MEXaHUKA MyansiH
kapga MewasaHd. WVIH HuwoHAMxaHOaxo 6apou MHTMXOOM MaBoA4 Ba pevaxou KOpKapAuM TEeXHOMOrMW OHXO,
XMCOOKYHUXOW YCTYBOPUM Yy3bXO Ba KOHCTPYKCUSIXO, UHYYHWH Ha3opaT Ba TaLUXWCKU XOraTu YCTYBOPWUM OHXO Aap
YapaéHu uctudoa 3apypaHa. Hasopatn xocusiTxom MexXaHuKin annakam gap Mapxmnam ucTexconmn metann € xynaxou
OH [Jap KOpXOHaxou meTannyprit oFo3 meébag. Bakte, ku xyna € macHyot 6a nctebmornkyHaHga, macanaH 6a KopxoHau
MOLLWHCO3i Mepacad, oH BobacTa 6a caTxy HULLIOHOMXAHOAXO0M XOCUSITXOM MeXaHuKin Bapon MCTexXconu MH € OH
mMacHyoT 60 HasapgowTu wapouTn mnctudodaaw UHTUXOO kKapga Mewasag. BuHoGap WH, TyHOryHUM LWapouTu
nctndogan MacHyoT 3apypaTty ry3apoHugaHu LwymMopau 3néam CaH4ymLLIXoM MexaHnkmpo 6a Byyyn meopag. bo Byyyau
WH, HULLIOHOUXAaHOAX0M acoCumM 3epVH UMKOH MEeANXaHA, KM HaBbXOW CaHYMLLXON MEXAHMKIA: ycynu capbopi (Kawm,
duwyppalwiaei, xamuwl, Toduw, 6ypuil, 6opbapaopun Takpopin Ba Fanpa); cypbaTu capbopii (CTaTukia, MHaAMKWKRA) Ba
OaBOMHOKUWN paBaHAM caH4uL (KyToxMyAaaT, 4apo3MyanaTt) MyalsH kapAa WwaBaHg. XaMYyyHUH HULWOHaxou aurapwm
rypyxbanam Hu3 maBvygaHg, km 60 mypakkabum xonatu wwmppaty gedopmartcusi, pevaxoum capbopit, HaBbxou
HaMyHax0 Ba MyxuTW arpeccuBin TaBcud Meé€bang. [Jap HaTu4am cCaH4y1LLIXOM MEeXaHWKNM MaBo XOCUSITXOM YaHaMpii
(kobunuaTtu 6apkapopLuasi), To6oBapuxo 6a xapopatu 6anaHg, capmo Ba 6a LwKKacT, 3u4yin, bacypaaluaBii, caxTil
Ba MyCTaxkami MyawsiH Kapaa mMellaBaHz,.

MaBop Ba ycynu TaxKkukoT

TaxK1KM XyCyCUSITXON CaxTii Ba MyCTaxkaMum Xynaxo Ba mexaHuamm om3nkaBmnm BanpoHLLIaBUM OHXO Ha TaHX0
6apou MHTMXOOM MaBOAM KOHCTPYKCUOHK, BankM xaHromu Kopkapau paBaHAXOM TEXHOMOrMU Kopkapau mMaBof Ba
MYaNSHKYHUM HAMyX0 Ba XYCYCUATXOM TEXHUKMM TayxmM30TW TEXHOMOMMM UcTUdodallaBaHaa HU3 HUXOST 3apyp acT.
A3 uH cabab, pap vH 6axw 6a TaBcuUdU INEMEHTXON TapKMOMM MH COXTOP Ba OMy3uULLIM Macbanaxoum Bobacta ba
KOHYHUSITXOW TalLAKKynM OH Aap Xyraxo axaMusaTv maxcyc goaa mewanad. IH MMKOHVAT Meamxan, KU XyCycusiTxou
COXTOPW XyIiaxoun aHOAA Ba KOHCTPYKCUOHI, KN MyCTakMMaH 6a MycTaxkaMum OH TabCUp MepacoHaHa, Ta4ypubasii aHuK
Kapga waBaHg.

Caxtih — vH KOOUNMATM MyKoBMMaTu MaBogd Oa gedopMaTcusiv KOHTaKTiA € LMKacTnasvpi XaHromu
dypomagaHm nHaeHTop 6a pynn oH Mebowan. CaH4yMLXom caxTii a3 Yymrau gacTpacTapuH Ba BacebTapyH HaBby
CaH4YMLLXOM MexaHukin Byaa, 60 ycynxom ryHoryH, maxcycaH 60 ycynu bpuHenn Taxkuk Ba MyansiH Kapa MmeluaBaHg,.
TaxknMkm XOCcuMATU caxTuM HamyHaxou xynam Zn0.5Al Ba xynaxom 60 cepun, npaseogum Ba HEO4UM
YaBxapoHugawyaapo 60 wakny aHgo3axou ctaHgapTtii (10x16 mm) gap gactroxxu caxtucany, TLU-2 rysapoHvaa wya
[10]. CaHyuwwm caxTid 60 ycynu BpuHenn (FTOCT 9012-59) 3uMHM NaxLwKyHUM HaMyHaxou xyna 60 Kypallaknm nynoamm
avameTpaw D (10 mm) 3epu Tabcupu KyBBan capbopuaw P (250 kr) amanin kapga wypga, nac a3 6apgowTn 6op,
avameTpu n3m 6okumoHaa d veH kapaa wyn. Kumatu caxtin 60 yeynu BpuHenn (HB, krc/mm? € MIMa) Tubku myoaunau
3epyviH xMcob Kapaa LWyA:

2P

nD(D — VD% — d%)

Hap 6aviHn caxTum xynaxo, kK 60 yCynu MaxwKyHid Ba OUrap XOCUATXOM MEeXaHWK (acocaH MycTaxkamit)
MyaWisiH Kapga MeluaBag, BobacTtarum Mukgopi Byywya gopaa. buHobap vH, 60 nctudoana as sobacrtarnv amnypukin Ba
KMMaTxonm 60 YeHKyHii MyansiHKapgallyaaum CaxTuu Xynaxo XOCUSITU MyCTaxkamum HamyHaxou xynam Zn0.5Al Ba
xynaxou 60 cepui, npaseoanm Ba HEOOMM YaBxapoHuaawyaa 60 Mmyoamnam 3epuH xucob kapaa wyna;

o = kHB.
Aap WH 4o HB — caxTin a3 pynmn bpuHenn; k — 3apub, kn a3 xyCycusaT Ba xonaTu coxTopum xyrna BobacTa acT.

HB

HaTtunyaxom TaxKMKOT Ba MyXOKUMa

HaTtnyaxomn TaxknkyM XOCUATXON MEXaHMKIA — CaxTii Ba MycTaxkamum xyram Zn0.5Al, km 60 KOHCEHTpaTCUAXou
FYHOTYHU 3MIEMEHTXOM 3€prypyxym Cepuin YaBxapoHuaallyga HULOH MeauxaHd, KM xaHromu 6a xynau gydaHgau
Zn0.5Al pap anoxugarii BOpUOKyHUM cepuvn, npaseogum Ba Heogmm 60 mukgopxou a3 0.01 1o 1.0%-1 Ba3Hi XOCHUATXOM
caxTii Ba MyCTaxkamumn xynauv gyvyaHga xene Hasappac 6exrap mewaag. MaxcycaH, MycOi TaFmmpeonm XocmaTxom
caxTil Ba MycCTaxkaMuu Xynau gyyYaHga xaHromu 6a Tapkubu oH BopuakyHuu mnoBaxou kamtapuHu (0.01+1.0%)
MeTanxou 3eprypyxs cepun gvaa mMewasag. TacBupu Tarmmpeéomnm xatxoun rpadmknm caxtii Ba MycTaxkaMmmn xXynaxo
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MyBOUKaTM 60TapTMb YoMrupLLIaBumM 3NEMEHTXON Cepui, NpaseoaMM Ba HEOOUMPO Aap 3eprypyxu cepun mgona
MeKyHaHp (pacmxou 1, 2).

HB, MIla
350 [~

300 !\'\\ﬁ -— e
250 T o

200 r 1—Zn0.5Al+Ce
150 2—Zn0.5Al+Pr
3—-Zn0.5AI1+Nd

WN

100
50 |

0 1 1 1 1 1 1 1 1 1 1
o o1 02 03 04 05 06 07 08 09 1 ¢%

Pacmu 1 — Taziupédbuu caxmuu (HB, MIla) xyrau Zn0.5Al xaneomu yasxaponuu on 60 unogaxou eynoeynu (c,%) cepuii,
npazeooum 8a HeoOuM.

o, MIla
100
A’\“ 1
80 F‘QH » . 2
/\ ﬁ‘ 3
60 |
1-Zn0.5Al+Ce
40 r 2 — Zn0.5Al+Pr
— . +
20 | 3—Zn0.5AI+Nd
O 1 1 1 1 1 1 1 1 1 1

o 01 02 03 04 05 06 07 08 09 1 %

Pacmu 2 — Tasiiupébuu mycmaxxamuu (o, MIla) xyrau Zn0.5Al xaneomu yasxaponuu on 60 unogaxou eynoeynu (c,%,) cepuii,
npazeooum 6a HeOOUM.

Kumatun Taypmnbasum caxtin 6apomn xynam Zn0.5Al 265.02 MlMa-po Tawkmn goga, 6apon xynaxo 60 0.01%-u
cepun, npaseoanm Ba Heoaum bowapn 6a kumartxom 348.15, 324.14 Ba 306.87 mytaHocubaH 6apobap melasag.
MykoucakyHuu gurap Tapknbxou xyna, kn 60 Ce, Pr Ba Nd yaBxapoHvgaluyaa, H13 6a ach3omium caxtum xynaxo uwiopa
MekyHag. [lap vH xonaT, 6apTtapit 6a xynaxou kamyaBxapoHugaiuyaa Hucbar 6a xyrnaxou anéayaBxapoHugallyaa Xxoc
acT, 3epo TaFnnpEbun caxtin 6a caMTn KOXMLLIEOUN KUMATXO HU3 Yo gopad. [dap ymyM, xamau Tapkubxomn xynaxou
cepuii-, Npaseofum- Ba HeogMMaowTa 6anaHawasny caxtupo Hucbat 6a xynau Zn0.5Al MHbMKOC MeHamosiHA. [dap
6apobapu UH, KUMaTXOM MycTaxkaMumn xynaxo Hu3 6a camTu Mycbin BoGacTa a3 KOHCEHTPATCUAXON KOMMOHEHTXOU
TapkMbum xynaxo tafnnp meé€bana. NH BobacTarin € KOHyHUATU TaFMnMpEGn 6a TaFMMpEOUN camapaHoKn MycTaxKkaMmm
Xynaxou cepui-, Npaseogum- Ba HeogumaoLLTa HucbaT 6a xynav gyvyaHgau pyx 4ov gopag (Yaaean).

Yansan — Tariimp&Oun caxTii Ba MycTaxkamus xymnan Zn0.5Al XxaHroMH YaBXapOHHH OH 00 cepHid, Mpa3eo M Ba HEOAUM

TapKuOu Xxyia, caxtii HB, MYCTaxKaMm,
%-u Ba3Hil MIla MIla
Zn0.5Al 265.02 68.90
Zn0.5A1+0.01Ce 348.15 90.52
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OxoHuanue Tadauusl 1

Zn0.5AI1+0.05Ce 340.05 88.41
Zn0.5AI1+0.1Ce 334.42 86.95
Zn0.5AI1+0.5Ce 328.41 85.39
Zn0.5Al+1.0Ce 320.68 83.38
Zn0.5Al1+0.01Pr 324.14 84.28
Zn0.5Al1+0.05Pr 316.24 82.22
Zn0.5Al1+0.1Pr 303.77 78.98
Zn0.5AI+0.5Pr 299.33 77.82
Zn0.5Al+1.0Pr 294.73 76.63
Zn0.5A1+0.01Nd 306.87 79.79
Zn0.5A1+0.05Nd 297.65 77.39
Zn0.5Al1+0.1Nd 286.34 74.45
Zn0.5AI1+0.5Nd 283.01 73.58
Zn0.5AI+1.0Nd 271.22 70.52

Xynoca

HaTnyaxon Taxkukm XOCUATXOM MEXaHUKiA — CaxTih Ba MycTaxkamuu xynau gyyvadgam Zn0.5Al, kn cepun,
npaseoavm Ba HEOAMM YaBxapoHMAallyaa, HALWOH MeauxaH, KM YaBxapoHMK Xynaxo Aap XyAyau KOHCEHTpaTCusaxom
Taxkukwydam (0.01+1.0% Ce, Pr, Nd) kobunusatn GanaHgobapoopuy XOCUSITXOM CaxTil Ba MyCTaxkamuum Xynau
AydaHgan pyxpo 30xup MeHamosid. Xyrnaxoum cepun Ba npaseogumpowita Hucbat 6a xynmaxoum HeogmmaoLwiTa
XOCUSATXOW CaxTil Ba MycTaxkamMmnpo Hasappac 6exrap mekyHaHg. KOHyHUATU TaFmnpébrn XOCUATXoN MeXaHuKi, SbHe
adpsonm caxTil Ba MycTaxkammm Xynaxo XaHromu rysapuvw a3 xynau Zn0.5Al 6a xynaxo 60 Heogmm, xynaxo 6o
npaseoduM Ba xynaxo 60 cepun, aHVK kapaa LyaaacT.

XaMuH TaBp, HaTMyaxou amanaH TaypubaBil aHWKKYHUM XOCUATXOM MEXAHWKA, XYCYCUSITXOU YCTyBOpUM
Xynaxov HaBu Kopkapdlwyda Ba mexaHu3mu dusvkasii bextapliasii € BavipoHLLIABMM OHXO 6apon MyTaxacCuCOHU
KOPXOHaxou caHoaTin 3aMUHauM MyxmMmn Hasapusieid xoxag 6ya. VIH MabnymoTxo Ha TaHxo 6apou MHTUXobu mMacHyoT
Ba pymnyLxomn xynaei MyBodumk 6yaa, MH4yHWH 6apon MakcagHOK YyCTy4yM pOXX0U OKUIOHaMW TalLakKyin XOCUATXOoM
caxTil Ba MyCTaxkamil Jap OHXO Ba KOpkapAu paBaHOXOW TEXHOMNOMMW KOpKapauM MacHyoT, MyansiHKyHUM HaMyaxo Ba
XYCYCUATXOU Ta4yxmU30TN TEXHONOIMM Aap caHoaTt uctudodallasaHgapo xocaTaH TabMUH MeKyHaHA,.

Mykappus: Bepoues A.D. — 0.u.m., npogpeccopu Donuwizoxu carassnuu Pycussy JI10Y4 uKUCHOH.
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TEXHOJOIMSAU KUMUEBHA - XUMHWYECKAS TEXHOJIOI' A -
CHEMICAL TECHNOLOGY

Y/JIK 625.85

NOBbILWEHUE TPELLUMHOCTOUKOCTU ACPAJIbTOEETOHA EINO

APMUPOBAHUEM CUHTENMOHOM
Mx.3. Towos, 2A. lWapudos
Tamxukcknii TexauuecKuii yauBepeuteT uMenr akagemuka M.C.Ocumu
2Mucruryt xumun umenn B . Hukntuna HAHT, Pecniy6nuka TamkuKucTan
B crarhe npuBencHBI Pe3ysIbTaThl HCCIICIOBAHUS CBOUCTB ac(aasTo0eTOHA C apMUPYIOIICH T00aBKOH CHHTEIIOHA, TOJYYCHHOTO B BH/IC
BarooOpa3Hoii cMecH BOJIOKOH TojmuHOM 10 10 Mkm. CunTenoH mpu comepkanusx Bcero 0.3-1.0 maccel acdaapToOeTOHa CYMIECTBEHHO
YIy4dmaeT €ro Ka4€CTBO MOBBIIIEHUEM IIPOYHOCTH, BOHOCTOﬁKOCTH 1 KOHCTPYKTHBHOI'O Ka4€CTBA.

Knrouesvie cnosa: acanemobemon, apmuposanue, CUHMENOH, NPOYHOCHb, NAOMHOCMb, 6000CHOUKOCMb, MPEWUHOCHOUKOCb,
Ko3ghpuyuenm KoHCmpyKmueHo2o Ka1ecmad.

BO CUHTENOH APMUPOHUN ACO®ANTBETOH BAPOU BANNAHA BAPOOLUTAHU
TAPKULLYCTYBOPUKU OH
Y.3., Towos A. LLlapudoB

Jap Maxoya HaTMYaxOW TaXKUKOTH XOCHATXOM ac(aiaTOeToH 00 HMIOBaM apMHUpPOHAHAAW CHHTEIIOH, KU Jap HaMyIW OMEXTaW
MaxTaMOHaH/IU HaxXoH FadcuamoH 1o 10MkM Meboman, oBapaa mygaana. Cuatenon 6o mukaopu xamari 0.3-1.0 % a3 maccan acdantdeToH
Jiap TapkuOM OH cudartu OHpo 00 3UEN HaMyIaHH MyCTaxKaMi, 1ap 00 yCTyBOP# Ba CU()aTHOKHH COXTOPH OeXTap MEHaMOsII.

Kanumaxou xanuoi: acanmbemon, apMupouil, CUHMENOH, MYCMAXKaAMi, 3uyil, Oap 00 YCmygopil, MAapKuulycmysopii,
Ko3pumcuenmu coxmopuu cugham.

INCREASING THE CRACK RESISTANCE OF ASPHALT CONCRETE BY REINFORCING IT WITH
CENTEPON
J.Z. Toshov, A. Sharifov
The article presents the results of a study of the properties of asphalt concrete with the reinforcing additive centepon, obtained in the
form of a cotton-wool mixture of fibers up to 10 pm thick. The centepon with a content of only 0.3-1.0 mass of asphalt concrete significantly
improves its quality by increasing its strength, water resistance and structural quality.
Keywords: asphalt concrete, reinforcement, centepon, strength, density, water resistance, crack resistance, structural quality coefficient.

BBepgeHue

O6bl4HO nNMoTHas CTpykTypa acdanbTobeToHa co3gaétca BbIOOPOM pasHOMPaKLUMOHHOIO KaMEHHOro
3anonHUTENs M3 necka u WebHa ¢ gobaBneHneM MMWHepanbHOro nopollka pasMepamu YacTul, Medblle 0.071Mm.
[aHHbIN cocTaB 3anofiHUTEeNen Npy NpaBUIbHOM BbIOOpPE KONMMYECTBEHHbLIX COOTHOLLEHUI YacTUL, pasHbIX pasMepoB
obecneynmBaeT [OOCTATOYHYK MNPOYHOCTb W HenpoHuuaemocTb acdanbTobeToHa, OAHAKO He Bcerga CMOXeT
obecneuynBaTb €ro TPELYMHOCTOMKOCTb MO BO3AEWCTBMEM CABWraloLEen Harpysku, BO3HMKAKOLWEWN OT ABWKEHMUS
aBToTpaHcnopta. OcnabneHne TpeLMHOCTOMKOCTU acdanbTobeToHa MOXET MPUBECTU K MPEXAEBPEMEHHOMY €ro
paspyLUEHUNIO 13-3a BbICTPOro 3HOCa €ro Cros NoA UCTUPatoLLEn CUNON aBTOMOBUITbHBIX KOMNEc. [103ToMy NoBbILLEHNE
TPELLUMHOCTOMKOCTM acanbTobeToHa Hapsaay C ero NOTHOCTbI0, BOOOHEMNPOHMLIGEMOCTbIO U MPOYHOCTBIO SBMSeTCA
BaXXHbIM (PAKTOPOM AN MOBbLILEHUS OONITOBEYHOCTU MOKPbITUS aBTOMOOUINBbHBIX AOPOr U YANWHEHUS CpokKa WX
CNy>x0bl.

OObIYHO ANst NOBbIWEHNST NMPOYHOCTM U TPELLUMHOCTOMKOCTU acdanbTobeToHa ero coctaB MoanULMPYOT
nobaBkaMM MUHeparnbHOro U OpraHM4eckoro npoucxoxaeHusi. B pabote [1] B cocTaBe acthanbTob6ETOHHOM CMecH,
COCTOsILEN 13 3anonHUTenen N3 WebHsa 1 necka, akTMBMPOBAHHOIO MMHEpPabHOrO NOPOLLKa U3 KapOoHATHLIX NOpoa
N HedTsIHOro 6MTYyMa, B Ka4eCcTBe AOMONHUTENBHON [06aBK1 BBOAUTCS NOBEPXHOCTHO-aKTUBHOE BellecTBo ([1AB) u3
CMeCH NPOAYKTOB LIEMONMO3HO—OYMaxHOWM NpoMeiwneHHocTy (LBIM)—cbiporo Tannosoro Macna, AUCTUNIMPOBaHHOIO
TanmnoBoro Macna v TanfoBoro neka npu ux MaccoBom cooTHowleHun 1:(0,4-0,66):(0,6—1,66), 1 cnaHueBoe Macno
NN OTCTOMHYIO MWPOSM3HYI0 ApeBecHyto cmony B konuyectBe 0-50% OT ykasaHHoW cmecu npogyktos LIBI.
Vicnonb3oBaHne gaHHon JobaBku B cocTaBe acdanbTob6eTOHHON cMecn 00eCneyYnBaeT CHIMKEHNE BOAOHACKILLEHNS U
MOBbLILLIEHNS ANUTENbHON BOAOCTOMKOCTU acdanbToOeToHa, yBEnuMyeHuMe ero npepena MpPOoYHOCTU MpU CxXaTtuu,
CHWKEHUN XPYMKOCTU U yBENUYEHUMN TpeLymHocTormkocTu npu 0°C. OgHako cnegyeTt oTMEeTUTb, YTO OrpPaHUYEHHOCTb
Lenono3Ho—0yMaXHOM NPOMBILLIIEHHOCTU MO MECTaM PacnosiIOKEHUS NPAKTUYECKN OrPaHUYMBAET MPOMbILLSIEHHYHO
nepepaboTKy eé 0TX040B AN UCMONb30BaHMs B MPOM3BOACTBAX acqanbTO0eTOHHbLIX CMEeCcen.

B pabotax [2,3] ans noBbllWeHUs kavyecTBa acanbTobeToHa U CHUXKEHMS S3HEPrOEMKOCTM €ro Npon3BoacTBa
HamMu B kadecTBe mMoaudumumpyrowmx o6aBoK AOPOXHOrO 6UTymMa ObinvM MCNONb30BaHbl NMPOMBILMEHHbIE OTXOAbI:
LEeMEHTHasi Mblfib OOXUraTenbHbIX MeYer NMPoU3BOACTBA LIEMEHTHOrO KIMHKepa; 3ona yrns; 00n kepaMunyeckoro
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Knprvya n otxoabl hnotaumoHHoro oboratleHunst pniooputoBbIX pya. [aHHble BellecTBa NONOXUTENbHO NOBNUSANN Ha
noBblLLEHME KayYecTBa achanbTobeToHa, B TOM YMCIE N HA ero TPELMHOCTOMKOCTb.

B paHHOW cTaTtbe npuBedeHbl pe3ynbTaTbl UCCNEAOBAHMS CBOMCTB acanbTobeToHa npu AONOMHUTENBHOM
BBEZEHMM B €ro COCTaB B KayecTBe apMupytoLLen 4o6aBkM - CUHTENOHA, NONyYeHHOro 13 nonuatuneHTepedTanara
(M3T) nnacTrkoBbIX BYTLINOK ANs XpaHEeHWUs BOAbl NpeaBapuTerbHbIM NpeBpaLleHneM MnacTuku B BaToOOpasHyto
CMECb TOHKUX HUTeNn TonwuHon Ao 10 Mkm.

MpurotoBneHue achanbLTOGETOHHON CMECHU U UCNbiTaHUe CBOMCTB achanbTobeToOHa
a) npuezomoessieHue apmupyrouielti dobaeku cuHmernoHa

ApmupytoLyto go6aBKy nonyvanu Ha cTaHke Mo NPOM3BOACTBY CMHTENOHA METOAOM M3MENbYeHUS LIeNTbHOro
nnactuka 4o rpaHyn unu ¢rnekcoB ¢ nocnegyowum HarpeBaHuem npu Temnepartypax 250-300°C v ganbHenwmm
pasMeLLeHNEM B 3fIEKTPOMarHMTHOM nore, rae Nnpu Bo3aencTemm Bpawatouwenca cunbsl ¢ o6opotom 300-2000 06/MuH
obpasyloTca BonokHa ¢ TonwmHom 1-10 MKM, KOTOpble NpW OXNaxaeHUU npeBpallaTcsa B BaToobpasHyto cmech. B
KayecTBe Cbipbsi UCMOMb30BanM MMAcTUKOBble OYyTbINKM AN XPaHEHUs  BOAbl, W3rOTOBMIEHHbIE U3
nonuatuneHTepedrtanara (MaT).
6) npuzomoeneHue acghanibMob6emoHHoOU cmecu

ActhanbTo6eTOHHY CMEChb roTOBMNN criegytowmm obpa3om: BbiIGMpanyM KOMMNOHEHTLI COCTaBa CMecu: Butym,
webeHb, Necok, MuHepanbHyto A00aBKYy M apMupyOLWMIA KOMMOHEHT. B cmecutenb BBOAUNM OTOO3MPOBAaHHbIE
KonuuecTBa LUebHs, necka, MyHepanbHoW Jo0aBKu U apMUpPYHOLLErO KOMMOHEHTa, UX NnepemeLunBany, 3aTeM BBOAMNN
OTA03MPOBaHHOE KONMYECTBO GUTyMa, nonyyeHHyto oLy Maccy acdanbTobeTOHHOM CMecu nepemMelumBany npu
TemnepaTtypax 120-180°C pgo obpas3oBaHuA OOHOPOOHOrO COCTOSHWMA. W3 nMpuUroToBNEHHOM CMeEcu TOTOBWUU
cooTBeTCTBYOWME 06pasLbl AN nccnegoBaHMs CBOMCTB acdanstobeToHa 1 onpeaeneHns BANsSHUS apMupytoLLen
[obaBku Ha nx nokasartenw.

OdEKTUBHOCTEL NCMOMb30BaHMSA apMUPYOLLErOo KOMMOHEHTA, NOMYyYEHHOro BbILLEONMCaHHbIM cnocobom, B
coctaBe acanbTobEeTOHHOW CMecH, OUEeHUBanuM CpaBHEHWEM CBOWCTB acdanbTobeToHa Ha 6utyme mapkvu BOH
60/90. BbibpaHHbIi cornacHo TpeboBaHmsm [TOCT 9128-2013 [4] cocTaB KaMeHHbIX 3anorfiHUTenen
acanbTobeToOHHON CMecuM COOTBEeTCTBOBan pAaHHbiM Tabnuubl 1. Pasmep 4actuy MuHepanoHonm [Aobasku
cootBeTcTBYyeT TpeboBaHuam FOCT 16557-2003 [5].

Tadamnna 1 - 3epHOBOI M KOIMYECTBEHHBIH COCTABBI 3a0JIHUTENEH ac(haabTOOETOHHON CMECH.

Ne Marepuan u ero Pa3mep oTBepcTuil cuta, MM
/n COZICPIKAHNC 20 15 10 5 2,5 1,25 | 0,63 | 0,315 0,14 | 0,071 | <0,071
[lebenn ppaknnu ) i i i i i i
1 510 oo, % 547 | 78,98 | 15,05 [ 0,49
2 ITecok, % 043 | 21,12 ]12,64 | 16,71 | 20,54 | 17,16 | 8,03 | 3,37
g | Muucpansiias |- - : | o | 03| 06| 29| 148]| 814
no6aBka,%
4 | Conepranne | 5, 274 | 3949 | 753 | 0,25 | - : : i i :
meOHs1, %
5 | Comepanne | 4, | - 019|929 | 556 | 73 | 904|755 |35 | 148
necka,%
Copepxanne
6 | munepanbHO#l | 6 - - - - - 0,00 | 0,02 | 0,04 | 0,17 | 0,89 4,88
nobasku, %
OO6mras Macca
7 | 3amomuuTens, | 100 2,74 139,68 | 16,82 | 581 | 7,35 | 9,06 | 7,59 | 3,71 | 2,37 4,88
%

g | ‘lacmbiiioctatok | o | 574 | 4249 | 59,24 | 65,04 | 72,40 | 81,45 | 89,04 | 92,75 | 95,12 | 100,00
3anoHuTEeN, %

g | Mommtitoctatok | 45 | 97 57 | 57,58 | 40,76 | 34,96 | 27,60 | 18,55 | 10,96 | 7,25 | 4,88 | 0,00
3anoaHuTels, %

10 ITokazaTenu mo 90- 75- 62- 40- 28- 20- 14- 10- 6-12 | 4-10
T'OCT 9128-2013 | 100 | 100 100 50 38 28 20 16
CooTBeTCTBHE C

TI'OCT 9128-2013
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Pacxon 6utyma B coctaBe acdanbTobeToHHOW cMecn cocTaBun 4,8% oT obulenn macchbl 3anonHuTenen.
Pacxon apmupytowlen nobaeku BapbupoBaH B konmyectBax 0.3-1.0% OT cymMmapHOro Konuyectsa 3anonHuTenemn u
outyma, npunatoro 3a 100%. MiccnenoBaHne cBOMCTB acansTobeToHa ocyLlecTBuMnm cornacHo metoamkam FOCT
12801-98 [6].

Pucynox 1- 3asucumocms npounocmu acgharomobemona bes u ¢ cunmenonom npu memnepamypax, °C: a) 0°C; 6) 20°C u 6)

50°C.
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Ha puc. 2 npuBeaeHa 3aBUCMMOCTb NPOYHOCTU acanbTobeToHa Ha pacTskeHue npu caBure, kotTopasi Takke
nokasblBaeT Ha BO3pacTaHue NpovYHOCTU obpasua acdanbTo6eToHa C CUHTEMNOHOM MO CpaBHEHMIO ¢ obpa3uom 6e3
apmupyoLen 0obasku.

3,5

I\)
(6]

Mlla

Ha PaCTSHKECHUE TIPH
packorie,

[TpounocTts acdanbrodbeToHa

0% 40,30% M 0,50% H0,70% H1,00%
Coz[epncam/le CHHTCIIOHA B COCTAaBC aCCbaJ'IBTO6CTOHa

PucyHOK 2- 3asucumocme npodYHocmu acgbafzbm06em0rta Ha pacmsidiceHue npu packojie om codepofcanuﬂ CUHmMenoHa 6 eco
cocmaee.

MokasaTenu Apyrnx xapakTepHbIX CBOWCTB acdanbTobeToHa Npu pasHbIX KoNnyecTBax apmupytoLlen gobasku
B €ro cocTtaBe npueeAeHbl B Tabnuvue 2.
Ta6auna 2- [InoTHOCT M BomoMNOTIIoNIeHHE acaapTo0eTOHA

CgoiictBa acanpTobeToHa [Toxa3zatenu cBoOWCTB acanpToOeTOHA IPH
UCIIOJIb30BaHMH apMUPYIOILEH 100aBKH B €€ CoCTaBe B KOJIMYECTBaX,% OT
Macchl ac(hanbToO0STOHHOH cMecH

- 0.3 0.5 0.7 1.0
T110THOCTB, ¥, KI/M° 2.42 2.40 2.39 2.38 2.38
Bogonornomienue, B, % 2.36 2.45 2.54 2.68 2.83
Koadpuuument Bogocroiikoctu, Ky 0.85 0.87 0.85 0.89 0.99
K mpu Temneparype 20°C 1.49 2.04 2.09 2.56 2.35

AHanu3 BblWENPUBELEHHBLIX 3KCMEPUMEHTANbHbLIX AaHHbIX MOKa3biBAeT, YTO NpW BBEOEHWM CUHTEMOHA B
KayecTBe apMupytoLLen obaBkm B cocTaB acdanstobeToHa B konuvecteax 0.3-1.0% o1 eé obuien Macchbl NNOTHOCTb
acganbTobeToHa cHkaeTcd Ha 0.8-1.7%; eé NnpodHOCTb Npu cxaTum Bo3pactaeT npu 0°C Ha 56-57%; npu 20°C - Ha
36,1 - 69,4%; a npu 50°C — Ha 2,2 - 18,2 %; npoyHOCTb acdanbTobeToHa Mpy packone Ha TPEeLUMHOCTOMKOCTb
Bo3pacTtaet oT 2.4% po 20.6%; Bo3pacTaHune koadpdmumeHTa BOOOCTONKOCTM acdanbTtobeToHa coctaBnseT ot 2,4%
0o 16,5%; 3HauyeHune koahdurumeHTa KOHCTPYKTUBHOIO kavectBa (Kk) acdanbTtobeToHa noBbiwaeTcs Ha 55-71.8%.
Mpn aTom BopgonornouleHme accanbtobeToHa c apmupytowlenn gobaekon BospactaeT Ha 3.6-19.9%, Ho aTo
oTpuLaTeNbHO He BNUSET Ha NnokasaTenu Apyrnx CBONCTB acdansTobeToHa.

Takum  00Opa3oM, MOXHO  3aKM4YWUTb, YTO  WUCMOMb30BAHWE  CUHTEMOHA,  MOJTyYEHHOTO U3
nonuaTuneHTepedgTanaTa UCnonb3oBaHHbIX OYTbINOK ANS XpaHeHWUs BOAbl, B Ka4ecTBe apmupyolien fobasku B
coctaBe acdanbTobeTOHHOM cMecH, yny4luaeT kavyecTBa acdanbTobeToHa NOBbILLEHNEM NOKa3aTeNen ero CBOMCTB,
obecneynBaLLMX YCTOMYMBYHO WM LONTOBEYHYK 3KCMyaTauuMio aBTOMOOWIbHBIX Aopor. BBeaeHve apMupytollen
pobaBku B cocTaB acanbTobeToHa He OKasbliBaeT CyLLEeCTBEHHOE BIUSAHME HA ce0eCcToMMOCTb ero NpomM3BOACTBa,
MOCKONbKY CMHTEMOH Nofy4valT M3 oTpaboTaHHOW NNacTUKOBOMW MOCYAdbl MO HECIOXHOW TEXHOMOrnM nonyvyeHus
BaTOOOpPA3HON CMECK BOJTOKOH.

Peuensenm: Hemouazoda J.C. — K,m.H., O0UEHT, HAYAABHUK OMOeAd IKCHEPMU3bL NPOEKINos 00poz, MOCINO6 U MPAHCHOPMHBIX,
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BUCMYT - AHANOInA, TEPMUYECKUE XAPAKTEPUCTUKU ETO CIMJIABOB C

JIAHTAHUWOAMU U BAKOHOMEPHOCTU UX USMEHEHUA
C.K. HacpupauHos, I'.K. PyamatoBa, A. baganos
TamKuKCKA TEXHUYIECKUI YHUBEpCUTET MMeHH akafgemuka M.C. Ocumu

PaccmoTpena ananorus B CBOMCTBax CypbMbl, BUCMYTa U CBUHIIA. [IpOBEIEH CHCTEMHBIN aHATN3 BaXKHOW MIPUKIIATHON XapaKTepUCTUKHI
— TeMIIepaTyphl [UIABJICHHS HHTEPMETAIUINYECKUX COSAMHEHHI CIIaBoB cucteM BUCMYT (Bi)- mantanuas! (Ln) momy MOupHIecKUM METOIOM,
KOTOPBIA YYHUTHIBAET OCOOSHHOCTH OJIIEKTPOHHOTO CTPOCHHUs JaHTaHUAOB. OTIpeiesieHbl W/WIH YTOYHEHBl TEeMIIepaTyphl IUIaBICHUS
HHTEPMETaITHAOB cocTaBoB BisLns, BiLn u BisLn4. YcTaHOBIEHO, YTO 3aKOHOMEPHOCTH U3MCHEHUS TEMITEPATyphI IUIABICHUS HHTEPMETAILTHIOB
B 3aBHCHMOCTH OT MPUPO/BI JIAHTAHU/IOB U OT COCTABa CILIABOB HMCIOT CIIOXHBIN XapakTep ¢ MPOsBICHHEM «TeTpan-3ddexr»-a. CocTaBlieHbI
MaTeMaTHYEeCKHE MOJICIIH 3aKOHOMEPHOCTEH.

Knroueswvle cnosa: ananoeus, cniasvl UCMyma ¢ 006a6Kamu TAHMAHUO08, MEMNEPAnypa NideLeHus,, 3aKOHOMEPHOCHIU UBMEHEHUs,
npupooa 1aHmManuo08.

BUCMYT — AHOJTIOIN'NA, XOCUATXOU TEPMVJKVII/_I_ XYINNAXO OH BO NAHTAHUOXO BA
KOHYHUATXOUTAFUMPEBUUN OHXO
C.K. HacpupouHos., I'.K. PyamaToBa., A.baganos

MoHaH# Jap XyCyCHATXOHM CypMa, BUCMYT Ba cyp0O Oappaci rapaua. TaxJmiam MyHTa3aMH TaBCUPOTH MYXHMH aMallii — Xapoparu
TYIO3HIIN TaiiBACTATrUX0H HHTEPMETAIIMH CUCTEMad BUCMYT- JIAHTaHU 00 yCyaH HUMAMITMPHUKA aHYOM J0Aa IIya, 00 Ha3apAOIITH COXTOPH
JJICKTPOHUU JIAHTAHHIIXO. XapOpaTXou TyIO3WIIH WHTePMETAUIUAXOoU 3epuH BisLns, BiLn Ba BisLng MyaiisiH Ba € makuk kKapaa IIydaH.
KonyHusTX0M TarMipEOHH XapopaTy TyI03HUIIH HHTEPMETALIHIXO0 BoOacTa a3 TabUaTH JIAHTAHUAXO Ba TapKUOM XyIax0o XapaKTepu Mypakkad
Jonita, 60 3yXypoTu TeTpaj - 3hGheKTr 30Xup Merapaan. Monenxou MaTeMaTHKiA 0a KOHYHHATXO TapTHO Jo/a IIyaaH .

Kanuoeosrcaxo: ananoeus, xyraxou sucmym 00 unosaxou IaHMAHUOX0, XApopamu 2y003uul, KOHVHUSMU mauupéoi, mabuamu
AAHMAHUOXO.

BISMUTH - ANALOGY, THERMAL CHARACTERISTICS OF ITS ALLOYS WITH LANTHANIDES AND
REGULARITIES OF THEIR CHANGES
S.K. Nasriddinov., G.K. Ruzmatova., A. Badalov

The analogy in the properties of antimony, bismuth and lead is considered. A system analysis of an important applied characteristic —
the melting point of intermetallic compounds of bismuth (Bi) — lanthanide (Ln) alloys — is carried out using a semi-empirical method that takes
into account the features of the electron structure of lanthanides. The melting points of intermetallic compounds of the BizLns, BiLn and BizLns
compositions are determined and/or refined. It is established that the patterns of change in the melting point of intermetallic compounds depending
on the nature of lanthanides and the composition of alloys are complex with the manifestation of the “tetrad effect”. Mathematical models of the
patterns are compiled.

Keywords: analogy, bismuth alloys with lanthanide additives, melting point, patterns of change, nature of lanthanides.

BeepeHue

XuMmnyeckue anemeHTbl - CypbMa, BUCMYT U CBUHeL, B Tabnmue XMMUYeCKNX 3N1eMEHTOB PacronoXeHbl PSAoM
MU BO MHOTOM MPOSBASIOT aHanormio B (PU3NKO-XMMUYECKNX CBOWCTBax. [lonroe Bpemsi BUCMYT BOCMPUHMMANM Kak
pasHOBMAHOCTb CBMHLA, OfoBa WM CypbMbl [1]. AHanorvs xapakTepucTuK CypbMbl M BUCMYTa TakKe MposiBNseTcs B
CTPYKTYPHOM aHOManuu, Hapsgy ¢ BOAOW W rannueM, 3akniodatrowencs B TOM, YTO Y HUX MNOTHOCTb Xunakon dasbl
fonbLue, YeM TBEPAON. YCTaHOBMNEHO, YTO B pe3ynbTaTe nepexoda BUCMYyTa U3 XWUAKOro B TBEPOOE COCTOSHME, ero
yaernbHbli 06bEM yBenuumBaeTcs Ha 3.32 % npu TemnepaType nnaenexHus 544 K, a y Bogbl CTPYKTypHas aHoManus
HabnopgaeTca npu +277 K n 06bEm Bo3pacTaeT Ha 9 % [1-3]. MiccnepgoBaTtensamu WHctutyta chmankm KasaHckoro
dhenepanbHOro yHMBepcuTeTa NokasaHo, YTo «...aTOMbl 3TUX MeTannoB B6NN3M TemMnepaTypbl NNaBneHus B pacnnase
MoryT 06pasoBbIBaTb CBSA3aHHbIE CTPYKTYPbl B BUAE KOMMAKTHBIX KNAacTepPOB UMM NPOTSXKEHHBIX Lienoyek» [2], koTopble
BO3MO>HO NPUBOASAT K CTPYKTYpHON aHoManuu. CornacHo Apyrov Teopun aHoManus HabnogaeTcs Tak, kak B TBEPAOM
BMCMYTE Hanmyne KOBaneHTHO - MeTarim4eckon CBs3n npenaTcTByeT obpasoBaHuio 6onee NNoTHOW yNakoBKU aTOMOB
B KpUCTannu4yeckon peluétke, KoTopasi paspyliaeTcs npu nepexoge B Xuakyw ¢asy ¢ nposiBneHMem TOMbKO
MeTannMyecKkomn CBS3N Mexagy atoMamu.

Bmecte ¢ Tem cBuHel (?°72g:Pb) sBnseTcs ycTOWYMBBIM NPOAYKTOM pagMOaKTUBHOINO pacnaga MHOrmx
PafMOaKTUBHbIX SNTEMEHTOB, @ BUCMYT - (20898g3Bi) OTKpbIBAET NOPOT TSHKENMbIX PaAMOaKTUBHBLIX 31IEMEHTOB (O -pacnas)
[1-2].

BucmyT OTHOCKTCS K KaTeropmm pegkvMx MeTansioB U CoAepXaHue ero B 3eMHON Kope OLeHNBaeTCs B npedenax
9*1077 — 2*10°% macc. [1-4]. BucmyT u ero cnnasbl NPOSBNSIOT BaXHble NPUKNaAHbIE CBOMCTBA U NO3TOMY HaxoasiT
LUMPOKOE MPUMEHEHNE BO MHOMMX 06MacTaX NPOMbILWNEHHOCTU: NoYTn 46% NPOM3BOAMMOro BUCMYTa MCMONb3yeTcs
ONS NOMyYeHnst NerkonnaBKMX CNaBoB — AN N3rOTOBIEHUS KIULLE C AePEBSHHbLIX MaTpul, B NpoTe3npoBaHnm 3y6os,
Hamamke KonnakoB Ha GpoHebOoMHble CHapsAbl, ANS CMalku MeTanna CO CTEKINOM, B aBTOMaTM4eCKux CucTemax
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noxapoTtylweHuda. Cnnas coctaBa BiMn npvmMmeHsieTcss ANs M3roTOBMEHMS MOLLHbBIX MOCTOSIHHbIX MarHuToB. Cnnas
cuctembl Hg-Bi-In aBnseTca ocHoBow Ansa nony4YeHus CTabunbHbIX U HAOEXHBIX 3NIEMEHTOB NUTAHWUS, NCMOMb3YEMbIX
B KOCMWUYECKOW M BOEHHOW TEXHUKE (M3 BUCMYTa Mnosy4atoT nsoTon 219Po, KOTOpLIN MCNOMb3yeTcs Kak UCTOYHUK Ha
KOCMUYECKMX CTaHuuax u  kopabnax). CnnaBbl BUCMyTa WCMNONb3YOTCA B MNpPOM3BOACTBE  MOMUHOGOPOB,
CEerHeToaNeKTPUYECKMX, akyCTOOMTUYECKNX, CBEPXMPOBOAHNKOBbIX, POTOHHbBIX, NTa3epHbIX 1 Apyrux maTepunanos [3-5].

B nocnegHee Bpemsi NpoOBOASATCS WMHTEHCUBHbIE WCCReaoOBaHWs MO pas3paboTke BbICOKOTEMNEPATYPHbIX
TEPMO3MUCCUOHHbIX reHepaTopoB, NpeobpasyoLLmX TEMMOBYO 3HEPrn0 B anekTpudeckyto [6-8]. Ocoboe 3HauveHune
nprobpeTalT 3TN UCCreaoBaHUss B 06nacTu BbICOKOTEMMEPATYPHLIX TEMNSIOHOCUTENEN B peakTopax Ha ObICTpbIX
HEeWTpPOHaX, Kak MaTepuansl Ansi KOHTypa oxnaxaeHus bnaHkeTa TepMosiiepHbIX peakTtopoB [9-12]. B aTom acnekrte
cnnaBbl BUCMyTa M €ro aHanoroB — Cypbma M CBUHel ¢ gobaBkamu peako3emerbHbIX MeTannoB, B 4YaCTHOCTU
NaHTaHWAOB, MPOSBMSAT Hapsily C BbICOKOW TEPMWMYECKOW YCTOMYMBOCTBIO M TEPMO3MWCCUOHHBIE CMOCOBHOCTM
[13,14].

MeToabl n pe3ynbTaTbl uccnenoBaHusA

B HacTosiwen paboTe npuBedeHbl pesynbTaTbl MCCNEOOBaHWS BaXHOW XapakTepUCTUKM - TemnepaTtypbl
nnaeneHus CnnasoB BUCMYTa C naHTaHmgamu (Ln) n eé 3aBMCMMOCTb OT NPMPOAbl NaHTaHWAOB 1 OT cocTasa crnasa.

CeegeHvss no AguarpaMmaMm coctosHus cuctem  BucMyT (Bi) — naHTanmgbl (Ln) o6o6weHsl B
dyHaaMmeHTanbHOM cnpaBo4yHuke [15] n 06 ux xapakrtepuctukax B paboTte [16]. YcTaHOBMEHO, YTO B CUCTEMAX BUCMYT
(Bi) — naHTaHngbl (Ln) obpasytoTca nHTepMeTannmyeckne coeanHeHms coctaroB BizLn, BisLns, BisLns, BiioLni1, BilLn,
BisLn4 n BiLn2. AHanu3 nuTepaTypHbIX CBEAESHWUI NOKa3bIBaeT, YTO AMarpamMmma CoOCTosAHMSA cuctem Bi-Ln 0THOCKMTENBHO
noapobHO M3ydeHa onsd naHTaHWAOB LiepMeBOn NOArpynbl (3a nckntodeHnem Bi-Eu), yactnyHo nayyeHbsl cuctemsl Bi-
Gd, Bi-Dy 1 oTcyTCTBYIOT CBEAEHUS ANS UTTPUEBON NOoArpynnbl (kpome Bi-Yb).

AHanm3 MMelLmnxca CBedeHMN No TemnepaType nnaeneHust uHtepmetannuagos (UM) cuctem BucmyTt —
naHTaHWabl MOKa3biBaeT, YTO OTHOCUTENBHO NOAPOBHO U3yYeHbl U NOMy4YeHbl B3aUMOCOTrIaCoBaHHbIE 3HAYeHWs O5s
cocTtaBoB BisLns, BiLn 1 BisLns, ocobenHo ans UM uepueson nogrpynnel. [1oaToMy 3T cucteMbl cTanu obbektamm
nccrnegoBaHuns Hactosiwen paboTol. Ona UM utTpreBor noarpynnbl 3TM CBeAEHUS U3yYeHbl HeJOCTaTOYHO M HOCAT
OTPbIBOYHBIN XapakTep. [109TOMy HEBO3MOXXHO YCTaHOBUTL 3aKOHOMEPHOCTH B U3MEHEHMNSAX TemnepaTypbl NNaBneHns
MM B 3aBMCMMOCTM OT NPUPOAbLI NaHTaHWAOB B Npefernax Bcewn rpynrbl.

C uenbto onpegeneHns n/mnu yTouHeHns TemnepaTtypbl NnaBneHns nHtepmetannmaos (MIM) coctaBoB Bislns,
BiLn BisLns4 n nonyyeHns Hanbonee NOMHbIX CBEAEHUA HAMU MPUMEHEH MONYaMMNMPUYECKNA MeToA, pa3paboTaHHbIV
aBTopamu pabort [17, 18].

Mcnonb3oBaHo KOppensuuoHHOe ypaBHeHne

Thn. Bix)Ln(y) = A Bix)La(y) + ONf + BS + 'S (ce - Eu) (Y"'L(Tb - Yb)) (1)

MO 3HaueHnsaM koadPUUNEHTOB ypaBHEHUS (1) BO3MOXHO yuYnTbiBaTb BnusgHme: — a — 4f — anekTpoHosB, 3 - 1
Y — cnunHOBbIX (S) — 1 opbutanbHbIX (L) — MOMEHTOB ABMXEHWS aTOMOB M WMOHOB faHTaHWAOB Ha Temnepartypy
nnaenexvus (T nn.) WM. KoadpdpumumeHT y' - OTHOCUTCHA K NaHTaHugam LepueBOn noarpynnel, y' — K MeTannam
nTTpueBon nogrpynnel. MeToa nokasan CBOK NPaABOMOYHOCTb ANS aHaNOMMYHbIX METanInYeckmx CUCTEM C y4acTuem
naHTaHugos [19-22].

3HadeHuns koaduumneHToB ypaBHeHus (1) nmo onpepeneHuto Temnepatypbl nnaenedus VM cuctem Bi-Ln
cocTtaoB BisLns, BiLn u BizLns npuBegeHsbl B Tabnuue 1.

Tabmuna 1 —3Hauenns ko3 Punmentor ypapaeHus (1) mo onpeneneHuro reMneparypsl miasiaeHns UM cuctem Bi-Ln

nm [Mapamerp o B v' v

BiLn T oy K 17,99 74,02 -12,39 -8,74
BisLna T ey K -1,65 -39,55 27,50 -42,35
BisLns T ey K -7,14 -25,71 -10,82 12,72

N3 gaHHbIX Tabnuupl 1 MOXHO OTMETUTb, YTO Ha BEMUYMHY TemnepaTypbl nnasnexHus VMIM cyuiectBeHHoe
BMMSIHME OKa3blBaloT Ansi cocTaBa BilLn koadduumeHTol a u B, ans coctaBoB BisLng u BisLns— 3,y 'ny "

OnpepenéHHble N/nnn yToYHEHHbIE, TakkKe nMTepaTypHble 3HayYeHust Temnepatypbl nnaeneHna VMIM cuctem
Bi—Ln 0606LeHbl 1 NpuBeAeHbl B Tabnvue 2.
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Tabnuua 2 — 3Ha4eHHs TeMIIePATYPhI [UIABICHHS U3yYCHHBIX HHTEPMETAITHAOB CHCTEM
Bi — Ln: P-1 — pacuérHble, nutepatypa — ucto4ynuk: [15]; [16]

Cocras [Hoxrpynma Ln La Ce Pr Nd Pm Sm Eu
Ilepuenas P-1 1888 1923 1954 1997 2052 2119 2000
[15] 1888 1903 - 2073 - 2090 -
Jlutepatypa | 1167 iggg 1798 | 2083 | 2223 i 2090 :
Urrpu- Ln Gd Tb Dy Ho Er Tm Yb Lu
BilLn eBas P-1 | 2273 2246 2209 2182 2163 2152 1792* 2140*
[15 | 2273 - 2323 2045 773 - - 2140*
JIutepa ]
Typa
[16 2173 ) 2103
1 2300 2193 2323 2193 2133 2153 2323
Hoarpynmna Ln La Ce Pr Nd Pm Sm Eu
IepueBas P-1 1943 2003 2036 2042 2021 1972 1750*
Trepatypa [15] 1943 2013 - 2023 - 1970 723
patyp [16] | 1883 | 1903 | 1918 | 2023 - 1970 -
) Urtpu Ln Gd Th Dy Ho Er m Yb Lu
BisLng -eBast P-1 | 1793 1683 1616 1592 1610 1670 1650* 1920*
Jurepa [255 1793 - - - - - 1773 -
RIS
1 1803 1848 - - - - 1773 -
Ioarpymma Ln La Ce Pr Nd Pm Sm Eu
Lepuenas P-1 1790* 1730 1689 1658 1638 1629 1450*
TTHTenatvoa [15] 1623 1673 - 1473 - 1878 623
patyp [16] - - 1643 1493 - 1878 -
Urttpu- Ln Gd Tb Dy Ho Er m Yb Lu
BisLns eBas P-1 | 1650* 1687 1718 1736 1742 1735 1250* 1690*
[15 | 1548 - 1788 - 1098 - 1673 -
Jlutepa ]
VP g
] 1579 1743 1720 1693 1700 1783 1673 1723

M3 gaHHbIX Tabnuubl 2 BUOHO XOpollee COBMajeHue pacyéTHbIX U nuTepaTypHbIX 3HAYeHW TemnepaTypbl
nnasnexHns UM ¢ pacxoxaeHnem B npegenax 50 - 150 rpagycos, koTopble cocTtaBnsatoT + (5+8) %. CyliecTBeHHoe
pacxoxaeHue gaHHbix Habngaetes ons M coctaa Bislns, mano nccnegoBaHHbix MM cuctem BUCMYT - naHTaHUabl
uepvieBou nogrpynnel, u gns M BiEr, 06ycnoBneHHoe TpyAgHOCTbIO MOyYeHUs COOTBETCTBYIOLLEN CTEMEHN YNCTOThI
naHTaHWaoB.

O6cyxaeHune pe3ynbTaToB

Takum 06pa3om, Ha OCHOBE MOMyYEHHbIX CBeAEHWIN No TemnepaType nnaeneHus MM coctasos BiLn, BisLns n
BisLns ycTaHOBNEHbl 3aKOHOMEPHOCTU €€ U3MEHEeHWs B 3aBMCUMOCTM OT NpuUpoAbl NaHTaHMAOB UM OT cocTaBa B
npegenax Bcel rpynnbl NAHTaHUOOB. XapaKTepHble OCOBGEHHOCTU YCTaHOBIEHHBIX 3aKOHOMEPHOCTEN HarnsigHo
OoTpaxeHbl Ha pucyHkax 1-3. ObLien xapakTepHOW OCOBEHHOCTbIO KPMBBIX 3aKMoyaeTcs B MPOSIBNEHUN «TeTpag-
adphekT»-a u ux YETKOro pasgenenHns no nogrpynnam naHTaHngoB. OTKNOHEHWE OT obLen 3akoHoMepHocTh ans UM
eBponus (Ne63) n uttepoumsi(Ne70) o6ycrnoBneHo nx 3reKTPOHHbIM CTPOEHMEM - YACTUYHBIM UITN NMOJTHBIM 3arnofIHEHUEM
Af — opbuTanen anekTpoHamu.
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2400
2100

1800 !
1500 :
1200 :
900 !

: X
600 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

56 58 60 62 64 66 68 70 N 72

Pucynox 1- Kpueas 3akonomepHocmu usmenenus memnepamypul naaenenus UM cocmasa Biln 6 3asucumocmu om npupoovt
JIGHMAHUO08!
® — Pacuém, X — numepamypa.

2100 B THH-a K

1900 !
1700 !
1500 !
1300 !
1100 !
900 !

700 1 1 1 1 1 |><| 1 1 1 1 1 1 1 ]
56 58 60 62 64 66 68 70 N72

Pucynox 2 - Kpueas sakonomeprocmu usmenenuss memnepamypul naasienus UM cocmasa BisLna 6 sasucumocmu om npupoost
AAHMAHUOO08:
® — Pacuém, X — numepamypa.

72



[Maému momurexaukin. BAXIIIN TAXKUKOTXOU MYXAHJIUCH. Ne 3 (71) 2025

2000
1800 |
1600

1400

1200
1000 |

800

600 1 1 1 1 1 1 X 1 1 1 1 1 1 1 1 ]
56 58 60 62 64 66 68 70 N 72

Pucynox 3 — Ipaghux 3axonomeprnocmu usmenenus memnepamypul niasnenuss UM cocmaea BisLns ¢ sasucumocmu om
npupoosl 1aHmanudos: 8—~Pacuém, X— numepamypa.

HaHHble Tabnuubl 2 nO3BOMSAT YCTAHOBUTH 3aKOHOMEPHOCTM W3MEHEHWst TemnepaTtypa MraBreHus
n3ydyeHHbix MIM cuctem Bi-Ln B 3aBMCMMOCTM OT cocTaBa cnnaBoB. Ha pucyHkax 4 u 5 HarnsgHo mM3obpakeHbl
XapaKTepHble 0COOEHHOCTN 3TUX 3aKOHOMEPHOCTEW Arsi COOTBETCTBYIOLUMX MOArPYNM NaHTaHWOOB.

2200 - Tmr, K
2100 +
2000 t
1900 |
1800 |
1700
1600 |
1500 | )
- BisLn4
1400 : ' : '
0,55 0,65 0,75 0,85 0,95 x/y 1,05

BilLn

Pucynox 4 — I'pagpuku 3axkoHoMepHOCU USMEHEHUS MeMnepanypbl NIAGLeHUs 8 3agucumocmu om cocmaea oast UM cucmem
Bi-Ln (ranmanuoer yepuesoii noozpynnot).
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2300 ——Gd
2200 | o
2100 |
—o—Dy

2000 |
1900 | ——Ho
1800 | ——Fr
1700 —e—Tm
1600 | ——Lu
1500 | —e—Yb
1400
1300 f : .
1200 . | | BII?,Ln4 | | | B||Ln

0,55 0,65 0,75 0,85 0,95 x/y 1,05

Pucynox 5 — I'paghuxu 3axonomeprocmu usmMeHeHuss memMnepamypbl NiaeieHus 6 3agucumocmu om cocmaga ons UM cucmem
Bi-Ln (nanmanuovt ummpuesoii noozpynnoi).

M3 pucyHkoB 4,5 BUOHO crneaytoLime xapakTepHble 0COBEeHHOCTU:
-B LENnoM, C POCTOM KOHLEeHTpauuu nervpylolen pobaskum naHtaHuga B psagy BisLns—BisLns—Biln
noBbilaeTcsa Temneparypa nnasnexHvs VIM npu pasHoxapakTepHOCTN 3TUX N3MEHEHWI B MOATPYyNnax faHTaHW4oB;
-ana UM uepuesov noarpynnel npu nepexode BisLns —BisLns Habniogaetca peskoe noBbileHWE
TemnepaTypbl NNaBneHnsi, KOTOpPoe 3ameandeTca npu nepexoge BisLns—BiLn;
-ana VMIM uTTpueBon noarpynnel npu nepexoge Bislns —BisLna HabniogaeTcs peskoe MOHWKEHWe
TemnepaTypbl NnaeneHus, a npu nepexoe BisLns—BiLn nponcxoauT noBbileHWe AaHHON xapakTtepuctuku UM;
-M eBponus 1 UTTEpOMSA OTKIMOHAIOTCA OT YCTAHOBIIEHHbLIX 3aKOHOMEPHOCTEN, KOTOpble 0BYyCnoBreHbl nX
3MEKTPOHHbIM CTPOEHMEM.

MopgenupoBaHneM no crtaHgapTHon nporpamMme MICROSOFT EXCEL nonydeHbl ypaBHeHus (Tabnuua 3),
KOTOpble C BbICOKOW CTEMNeHbld [OCTOBEPHOCTU BbIpaXalT YCTAaHOBMEHHbIE 3aKOHOMEPHOCTUM W3MEHeHMs
TEPMOXUMUYECKNX XapaKTEPUCTUK n3yveHHbIXx M cuctem Bi—Ln oT npupogbl naHTaHngoB no mx nogrpynnam. Mpu
pacuyétax He ydTeHbl faHHble ana MM ¢ yyactuem eBponus n utrepous.

Tabruya 3. YpaBHEHHs 3aKOHOMEPHOCTH U3MEHEHHUS TEPMUUECKHX CBOUCTB UM cuctem Bi — LN oT npupo/ 16! TaHTaHKUIOB: (a)
— 1epueBoi, (0) — UTTPHEBOH OATPYIIIIBI

Cocras CBOMCTBO Bun ypaBHenuit Bun tpenna R?
BiLn T a y =45,172x - 698,77 Jluneiinas 0,976
o 0 y = 2,8143x? - 399,44x + 16313 ITosmHOM. 0,996
Bi-Ln T a y = -13,604x2 + 1624,7X - 46466 ITosmHOM. 0,999
= - 6 y = 21,315x? - 2859,4x + 97486 TTOJIHHOM. 1,000
Bisl T a y = 6,048x? - 751,56x + 24977 TOMMHOM. 0,999

IsL.N [

T 0 y = -5,7456x? + 781,56x - 24837 TTOHHOM. 0,998

XapakTepHble 0COBEHHOCTU U3MEHEHUA 3aKOHOMEPHOCTU B U3MEHEHNAX PACCMOTPEHHBIX XapakTtepucTuk MM
cuctem Bi-Ln B npegenax naHTaHMOHbIX NOArPYNM Harns4HO NokasaHbl Ha pUcyHkax 6 — 3.35.
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(a)

56 57 58 59 60 61NG62
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1750

1650

1550

62

T, K

(6)

64 66 68 70 N72

Pucynox 6 — Kpuevie 3axonomeprocmu usmenenus memnepamypul u sumanvnuu niaeienus UM cocmaesa BisLns om npupoout
JIGHMAHU008 Yepuesot (a) u ummpuesou (6): N — nopsaoxoswiii Homep ranmanudos, (P-1), — nunus mpenoa.

2150

2100

2050

2000

1950

1900

1850

C T, K

56 57 58 59 60 61NG62

2300

2250

2200

2150

2100

62

T, K

64 66 68 70 N72

Pucynok 7 — Kpueble 3aKOHOMEPHOCIU USMEHeHUs memnepamypbl u sumanvnuu niagienuss UM cocmaea BilLn om npupoowt
JIAHMAaHUu008 yepuesoti (a) u ummpuegou (6): N — nopsoxoswiii Homep ranmanudos, (P-1) — naunus mpenoa.

75



[Monurexunueckuit BectHUK. Cepusi: Mmkenepusie uccnenoanus. Ne 3 (71) 2025

1850 T K 1760 r 1 K
1800 1 1720 |
1750 (a) i
- 1680 F
(6)
1700 i
' 1640
1650 F
1600 PR R TR R T TR T NN TR SR T | 1600 1 1 L 1 N 1 N L . |
56 57 58 59 60 61N 62 62 64 66 68 70 N 72

Pucynox 8 — Kpusvie 3axonomeprnocmu uzmenenus memnepamypol u sumanvnuu niaeienus UM cocmasa BisLns om npupooet
JIaHMAaHU008 yepuesoll (a) u ummpuesoii (6): N — nopsoxosviii Homep ranmanudos, (P-1), — nunus mpenoa.

3aknroyeHue

Mony4yeHHble CBEOEHUS O TEPMMUYECKUX XapaKTepUCTUKaX MHTEPMETannMaoB NMOMOryT BHECTU MOMNpaBKu U
YTOYHWUTb AMarpaMmmbl COCTOSIHUS! UCCeA0BaHHbIX CUCTEM BUCMYTA C y4acTMeM NaHTaHnaoB. [onyyYeHHble cBeaeHus
NUMeT yHOaMeHTanbHbIN XapakTep, KOTopble NOMOMHAT 6aHK TEPMUYECKMX XapaKTePUCTUK METamIMYECKMX CUCTEM
HOBbIMW [aHHbIMW ¥ OyaoyT cnocoGcTBoBaTb 0Goree LUMPOKOMY MNPUMEHEHUIO 3TUX CMMaBoB. YCTaHOBMEHHbIE
3aKOHOMEPHOCTN M3MEHEHUA TemnepaTtypbl MiaBlieHunA MM cuctem Bi-Ln ot npupoabl NaHTaHWOoB MNO3BOJIAKT,
ncxoga m3 yCJ'lOBVIVI JKCnJ1yaTauuu, ﬂOﬂ,O6paTb COOTBeTCTByI'OLUMM NaHTaHng KU COCTaB chjiaBa, YTO BaXHO AnNA
HaYKOEMKUX OTpacrnei MPOMbILLMEHHOCTH.
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Baces uctudona rapauaa ucronaact. Jlap aiiHu 3aMOH miia3Mau nmactxapopar 6apou 6a 1acT oBapAaHA MaBOIXOW HUMHOKHJINH 6a oTau To00Bap
Ba KaTaJIM3aTOPX0H OHMCEPKOMITOHEHTa Baceb ucTUdona Oypaa Memmasas. Jlap MaKoian Ma3Kyp OMyXTaHU IMKOHUATH 0a JaCT OBaplaH! XOKaXou
XypIH AUCTIEPCHU CYI(GHIN Kabarii, ki 00 poxu 6edocuina 60 aToMxon ruporeH 6oM6ab0pOH HaMyJaH! OMEXTaH MEXaHUKHE, KU a3 XJIOPUAH
Karpari Ba cynypu KpHcTauIii HOopaT acT Oappaci Iryaact.

Kanumaxou kanuoii: niasmau nacmxapopam, NAaueacmacuxou HUMHOKUNG, Kanvalid, omexmau mexanuxkit, SnCl> ea cyngypu
Kpucmannii, ougppaxmozpamma, chexmpockonusau UC.

NMNA3MOXUMWUYECKUUA METO[ NONYYEHUA BbICOKOAUCIMEPCHbIX MOPOLUKOB CYJNIb®UOA
OJIOBA
B.C. Cacpapos

B mocnenHee BpeMst HU3KOTEMIIEpATyPHas IUIa3Ma [IMPOKO IMPHUMEHSICTCS IS TTOMYYCHUS HOBBIX KOHCTPYKIIMOHHBIX MATE€PHAJIOB C
YOpaBIsIeMBIMK CBOMCTBaMHU. B HacTosiee BpeMst Takasi METOIUKA IIHPOKO MTPUMEHSETCS IS TOTyYEHHS TYTOIUIABKUX IIOIYIIPOBOIHUKOBBIX
MarepuaioB M TONH KOMIIOHEHTHBIX KaTanu3aropoB. Hacrosimiass paboTa TMOCBSIEHA WCCICIOBAHMIO BO3MOXXHOCTH —IOJIYYCHHS
MEJTKOTUCIIEPCHBIX TTOPOIIKOB CYIb()UIOB 0JI0Ba METOIOM HEMPEPHIBHOW OOMOAPIUPOBKH aTOMaMH BOJOPOIa MEXaHUIECKYHO CMECh M3 XJIOPHIA
0JIOBA C KPUCTAJUIMYECKOI cepoit .

Knwuesvie cnosa: nuzkomemnepamypuas niasma, NOIYNPOBOOHUKOGble COCOUHeHUs,  O0N080, Mexanuueckas cmecvb, SnCly u
ukpucmaniuueckas cepa, ougppaxkmozpamma, UK-cnexkmpocrkonus.

PLASMA-CHEMICAL METHOD OF PRODUCING HIGHLY DISPERSED TIN SULFIDE POWDERS
B.S. Safarov

Recently, low-temperature plasma has been widely used to obtain new structural materials with controlled properties. Currently, low-
temperature plasma is widely used to obtain refractory structural materials and polycomponent catalysts. This work is devoted to the study of the
possibility of obtaining finely dispersed tin sulfide powders by continuous bombardment of a mechanical mixture of tin chloride and crystalline
sulfur with hydrogen atoms with hydrogen atoms.

Keywords: low-temperature plasma, semiconductor compounds, tellurium, tin, mechanical mixture SnCl12, diffraction pattern, IR
spectroscopy.

Mykapamma

Hap faxconam oxupwm acpu XX TagkmkoT Taypubasum nnasma Baceb MHKULWOG T, kn 6a BUCEP Macbanaxou
Myxum Ga MOHaHOM CUMHTE3W ugopallaBaHfau Tepmosiapoin, 6a Byyya oBapAaHu TabamnguxaHgaxou 3Hepruau
nnasma, Myxappukxou nrnasmMaBsii, COXTaHMU reHepaTopxou Mna3mMaBi Ba fampa gaxn gopag. fke a3 ycyrnxou xene
camapabaxiwu xocun kapaaHu atoMxou rMaporeH, kn 6apomn xannum 6ucép macbanaxou dyHAameHTann Ba amani
Baceb uctndoga mewasad, AuccoTcnaTcusam rMaporeH gap nnasmau paspsgu rasum nactxapopaT mebowag. Oap
nnasmMau paspsav ras TaBnuayM aTomMmxou rmgporeH 6apou Talkunu paBaHAXoM reTEporeHnn Talakkynm kabartum TyHyK
Ba peakcusaxou xumusiBun dasaxom caxtv 6a gacT oBapOaHu XOKaxou AWcrnepcualloH GanaHa, Xokau meTtanni,
cyndug Ba kapbug nctudoga mewasag. Victudogam xnopnaxon MeTannin xamyyH peareHtTn nétugon 6apon 6a gact
OBapAaHu NNéHKaxou MeTanni new a3 xama a3 OH MbopaT acT, KM peakcusn XUMWUSIBUA FeTEPOreHMn aToMXowu
rmaporeH 6o Xnopmnaxo a3 YmxaTun aHepreTukin mycoung byaa, gap wapoutu cabykrap cypaT Mmermpag Ba ndnociasum
nnéHkaxo 60 MaxcynoTu unosarmm peakcus mywoxmuaa Hamelwasag.Mictncdogam nnasmam nactxapopar a3 oH néopat
acT, KM yCynxou nnasmam Xocun KapgaHm mMaBoaxo Huchbat 6a ycynxoum XMMusaBiA SK kaTop adp3anuatxo AopaHa.
BapTapum MyxyMn TexHonorvam nna3ma gap 9KOorns HM3 30xup Mewasag, 3epo 60 ycynxou ncrexconu nrasma-
XUMUABHA NhnocLiaBum MyxuTi 3UcT kapmb Byvya Hagopaa. [ap conxou oxup paBaHOX0 Ba 4ACTOXXOU TEXHOMOri Aap
acocu uctudogam nnasmam nactxapopaT axaMusTU KanoH nango kapga act [1-4].

OHeprusin 6anaHon paBaHAXOM Mra3ma MMKOH Meauxan, KM peakcusixoe, Ki gap wapoutu mykappapi 60
nctndoa as TEXHONOMMAXON MyKappapi FanpMumMKoHaH, amanii kapga wasaHa. MaxcycaH gap uH coxa JacTroxxo
Ba KOHCTpyKcusixoe mebolwaHa, kn 60 6bacomaam 6anaHg rapm kapgaHu raspo uctudona medapaHs, KM gap OHXO
HabyaaHn aNeKkTpoAxou AOXWMA UMKOH Meauxag, Kv nrna3man maxcycaH codu 60 Maxcynotu Hobyalwasum OHx0 onyaa
Hawypna 6a gact oBapga wasag. MacanaH, TexHonorvau nnasma gap kopu 6a Bydyn oBapgaHu paBaHLXOM HaBu
TEXHOMOr Aap XUMusi, MeTanmnyprusi, Kopkapau Maconex Ba gap ucrexconu okcuaun kpemuun (1), 6abse wnuHenxo,
HUTPUAXO, kKapbuaxo, dTopnaxo Ba rMAPULAXOM SEMEHTXOM T'YHOryH BomyBaddakusaT nctudona Oypaa melwlasag.
Mew a3 xama, a3 rasxon KpeMHUi Ba kapbormgpug, namnsacrarnxov meTannii Ba MAKOOPY 3MEQN Aurap MaxcyrnoTu
FanpuopraHvkin Ba opraHukum 6a oTtaw ToboBap 6a MoOHaau ankumn- Ba apuricunaHxo Mmconu uctmdopa wynaHu
TexHomnoruaun nnasmapo tTascud MekyHag [5-7].

78



Taému nomurexauki. BAXIIA TAXKUKOTXOU MYXAHUCH. Ne 3 (71) 2025

Asbackn namBacTarmxou HUMHOKWIMXO Xaccocuatu Ganang AopaHa, HUMHOKUNW Tennypuau kanbarii gap
[acTroxxou CUCTemMaxoun onTO3INEKTPOHN TaTbukM Baceb nango kapgaaHs [8].

Ycynu nnasmo-XxMMmMABUM XOCUN KapAaHu Xokaxou gucnepcuwoH 6anaHpg 6a uctudogau rysapuwum
fanHndasaxo gap nnasmMau nactxapopaTt paspsagm peaktuBum GanaHpbacomMagun MHAYKCUOHUM  chuiopu
atmocdepa acoc édpraacT. IH TexHonorua rysawtaHn mogaan n6tungovmpo 6a xonatu rasin 60 KoHAeHcaTCuAn
MnHbBabOa [ap peakTopu nnasMo-xMMusaBin TabMUH MekyHan. Peakcma pgap pactroxm 6anaHpgbacomagu
nnasma-xmmusaBi, ku gap [8] TaBcud wypaacT, rysapoHuga wygaact. ATomxoun rugporeH H taBaccytu paspsaau
anekTpukue, kn 6ariHu oy anektpoau 6epyHa 6a xasg4yoH omagaaHa, Hz 6a By4yyn omagaaH, ku sike a3 oHxo 6a
duaepn reHepatopu 6anaHgbacomagu JNIMO-12 navBacTt kapaa wypaact. [maporeH taBaccyTu rysapuwl as
Kanunnspu HUKenun TadcoH To3a kapga mewasag [9-12].

OwmexTtan mexaHukmn SnClz2 60 cyndypwu Kpuctannin gap xa4mum 5r 6a cybectpaTtn TexHonorin 6op kapaa wya
Ba gap cuctema duiopu pasoHu rugporerHu 130 MNa mykappap kapga wya.

Peakcusxown rysapuw 60 nctndoga a3 ycynxou anekrpoHorpadn Ba Taxnunm peHtreHodasasin 60 nctndona
a3 mukpockonu anektpoHun JEM-1100CX Ba pgactroxu peHTtreHun APOH-1.5 (acdpkaHunwoTtn Cu Ka) HasopaT kapaa
WwyaaHa.

MyanaH kapga wyn, ki gap gasomu 80 gakukan 60MBabOpOHKYHUM omexTa 60 rmgporeH CycT LiyaaHu
WnaaaTm MHbUKOCKH KOMMOHEHTX0N Nb6TNAoN Ba Nnangoullv HaB Aap LWaknm peHTreHorpaMma MyLloxuaa MeLlaBag, Ku
a3 nango wypaHun gurap nanBacrtarmxo waxogart meguxag (pacmu 1a).

WHpekcnsaTtcusam (cabtn xaTxon OuPaKkCUOHUN WHBUKOCLLYAA) peddriekexon WHBUKOC, kK gap pacmmn 16
oBapAa wwyaaaHs, Tawakkynm Sn2Ss Ba SNS2-po xaMyyH MaxcyrnoTu peakcusi HULWOH Meanxaa.

XaHromn 6GombabopoHn MuHbabga 60 atomxou rmgporeH pap Tynu TOo 120 pakvka, gap  LWakmu
andpakTorpaMmma cycTwaBi Ba ap30omLLmM WKMAAATU MHBUKOCK SN2S3, SNS2 Ba SnS MyalisiH kapga wyg (pacmu 2a).

Bosig rydT, kKn xaHrommn 6o0MG6ab0pPOHKYHIE ap AeBOPXOUN PeaKTop KOHM XOKUCTappaHr MyLloxuaa Kapda wya.

Bapou myansiH kapgaHu CTpykTypa Ba Tapkubu dasaxo 6a geBopu peakTop TOpXouM MUCUMHWM OO0 nnéHkaw
KapboHMM appallyga YacnoHuga wynang; Topxo 6abau 6a oxup pacugaHu Taypuba Ba nact kapdaHu uopu
peaktop 6a Mukpockonu anektpoHun JEM-1100CX rysapoHuga wynaHa.
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Pacmu 1 - Jupppaxmoepammau omexmau mexanuxuu SnClr+S new (a) sa 6avo az 6omo6abopouKyHii 60 amomxou 2uopoeeH 0ap
myoamu 80 oaxuxa (6)

Pacmu 2 - Juppaxmoepammau maxcyromu peaxcusi 60 bombadboponu omexma 60 euopocen oap myau 120 oaxuxa (a) éa 160
oaxuka ().
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HamyHaun andpakcmoHun nnéHkaxoe, ku aap Hatu4yam 6omM6abopoHKYHM NnanBacTaM oMmextam MexaHuku 60
aTomxou rmgporeH 6a gact omagaaHg, a3 TalakKynm COXTOPU LIaLLKyHYyaBmum ucynduan kanbari waxonaTt meauxas
(pacmm 3).

Mykappap kapaa wya, Ku gap OeBOPXOW peakTop TaxXWuH LyAaHU MAEHKaxX0 HaTuyam peakcusin sikxernau
navBacTarmxouv ruaporeHun ngopallaBsanan kanbari Ba cyndyp mebowas. 5o makcagu Tacamk HaMmyaaHu UH TaXMUH
nap cnektpodotometpn M-80 pgap muHTakam 200—800 cm?® TagkmkotTu MC-cnekTpockonmu NNéHkaxo rysapoHaa
wynaHa. Jap 6ab3e maBpuaxo aap cnektpu MIC-u nnéxkaxo Tacman 4abbuw gap muHtakam 350 cm! MyaiisiH kapga
wyn.

Pacmu 3 - Hamynau ougppaxcusiu niénkaxou oucyipuou kanroazi, Ku oap Hamuyau 6omoabopon kapoanu omexma 60 cuopocen
oap myoamu 120 dakuxa 6a dacm omadaacm.

Xynoca

1. Mykappap kapga LwyaaacT, KU TaxwmuHK NNEHKaxo Aap BakTu 6o0MOGabopoH kapgaHu OMexXTaxou MeXaHWKn
00 aTtoMxou rmgporeH gap Hatuyaum 6a By4y4 omagaHu dhasam ra3 Ba TaxLMHHAMOMWM MaxcynoTu peakcusa meboluag.

2. Kobunuatu rugporeH pap paBaHan OomMOGaboOpoH KapdaHu OMexTaum peakTMBXOM MOTMAOM Ba XOCWUN
HaMygaHu MaBoaxou HaB 6a aHresaHgaun peakcusxou Myboamnam mogaaxo MyansiH Kapga LWwyaaactT.

3. MexaHuM3Mxon XOCusLiaBii, NapaMeTpxou U3MKUI0 XUMUSIBUM OHXO BobGacta Ga MuKaopu aTomMxou
bombabopoHLyaan rMaporeH, xapopar, (ouWop Aap peakTop Ba aHO03axou reOMeTpun peakTop Mykappap Kapga
wynaaHa.

Peuensenm: Doxypaes JIL.D. — 0.m.H., npogeccop Kagedpst «<Memarrypzus», I umenu akademura M.C. Ocumi.
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OIrHEYNOPHBIE MWMHbI TAXUKUCTAHA KAK NMEPCMNEKTUBHOE CbIPbE ONA
NMPOU3BOACTBA HOBENMUPHbIX TUTTNEN
X.B. Ka6ros, ®.H. Maxmygos, 3.H. LlanmapgaHoB
HaIlI/IOHaJ'ILHaSI aKaJiIcMus HayK TaI[)KI/IKI/ICTaHa,

WuctutyTt xumun umenn B.1. Hukutuna HAH Tamxukucrana
OT UCTOKOB OUBUJIM3alUU U 1O HaAIIUX Z[Hefl KE€paMHKa OCTacTCsd OAHUM U3 BOKHEUIITHUX MarepualioB, BOCTpeﬁOBaHHLIX B 6BITy u
HNPOMBIINUICHHOCTH. I/ICTOpI/IS{ KEpaMUKHU HAaCUUTBIBACT TBICAYCIICTHS, U JaXKE€ B 53110XY BBICOKHUX TEXHOJIOTHIA OHA HE yTparujia CBOCTrO 3HA4YCHUA.
OrHeyr[opHaﬂ Ke€paMuka, CIIOCOOHast BBIICPIKUBATH SKCTPEMAJIBHBIC TEMIIEPATYPhbI, HAXOAUT IMHUPOKOE NPUMEHEHHNC B PA3JIMYHBIX obmactsax. B
I[aHHOﬁ pa60Te MBI COCPE€AOTOYUMCA HA HCCICOAOBAHHWU BO3MOXHOCTHU HMCIIOJIB30BaHUA MCCTHBIX INIMH Ta,ZL)KI/IKI/ICTaHa A4 IIPOU3BOACTBA
OTHEYITOPHBIX IOBEIMPHBIX THIVICH — H3/ICJIMH, COYETAIONINX B ce0e TpaaUIIUU JPESBHETO PeMeciia M COBPEMEHHBIC TPEOOBAHHS K TEPMOCTONKOCTH.
Knrwuesvie cnoea: Kepamuka, 2iuHd, O2HeynopHOCmb, y20jlb, MU2iu.

MIXOU OTALLTOEOBAPY TOYUKUCTOH XAMYYH ALLEU XOMWU YMEOBAXLL BAPOU
UCTEXCOJN TUTENXOU 3APIAPU
X.B. Ka6ros, ®.H. Maxmypnos, 3.H. LlanmapaoHoB

A3 uOTHION TaMaiyH TO 6a UMpY3, cadoll ke a3 MyXUMTapHH MaBOAX0 OOKA MEMOHaJ, KM Jlap Py3rop Ba caHoar 0a TaBpH Baceb
ucrudoma Memasan. Tabpuxu cadoir 6a Xa30pcoaxo Mepacaj Ba XarTo Jap JaBPOHH TEXHOJIOTUSIXOHU OJI HU3 aXaMHUSITH XyIpO T'yM HaKapIaacr.
Cadomu orair To00Bap, Ki KOOWIHATH TOO oBap/iaH 6a XapopaTHXOU HUXOAT OalaHaApo I0paj, Tap COXaxou T'yHOTYH 0a TaBpu Baceb ucTHdona
Mmenrasaz. Jlap uH Kop, MO 6a TaXKHKH HMKOHHUSTH UCTH()OIAU THIIXOM MaXaJuTii TOYMKUCTOH Gapoy HCTEXCONM KypaxoH OTall TOOOHH 3aprapi,
MaxcyyoTe, Ki aHbaHaXOU XyHapMaHANH KaauMpo 60 TanaboTxou Myocup 6a MyKOBUMATH rapMii MyTTaXUI MEKYHAa, TAMApPKy3 XOXeM Kapi.

Kanuoeoorcaxo: caghon, eun, omaw mobosapi, aneuwm, mueenxo.

REFRACTORY CLAYS OF TAJIKISTAN AS A PROMISING RAW MATERIAL FOR THE PRODUCTION
OF JEWELRY CRUCIBLES
H.B. Kabgov, F.N. Makhmudov, E.N. Shaymardanov,

From the dawn of civilization to the present day, ceramics have remained a vital material, widely used in both everyday life and industry.
The history of ceramics spans millennia, and even in the age of advanced technologies, it has not lost its significance. Refractory ceramics, capable
of withstanding extreme temperatures, find extensive applications in various fields. This study focuses on investigating the potential of using local
clays from Tajikistan for the production of refractory jewelry crucibles — products that combine the traditions of ancient craftsmanship with
modern requirements for thermal resistance.

Keywords: ceramics, clay, refractoriness, coal, crucibles.

BBegeHune

MuHUCTBIE antoMocunukaTHble Nopoabl, 6narogaps CBOMM yHVKaNbHbIM CBOMCTBaM U AOCTYMHOCTH, HaxogdaT
LuMpoYanilee NnpMMeHeHne B COBPEMEHHON MPOMbILLNIEHHOCTU. CNeKTp MX UCNOMb30BaHWS OXBaTbiBAeT MHOXECTBO
oTpacneu, BKroyas Npou3BOACTBO CTPOUTENbHOW KepaMuku (Kupnuya, NiamMTkn 1 T.4.), TOHKOW Kepamuku (dapdopa,
dasHca), BblCOKOTEMMNEepaTypPHbIX OFHEYMOPHbIX MaTepuarnos, pPasfuyHbIX BMOOB LEMEeHTa, MMUHUCTbIX pacTBOpPOB,
HeobXxoaMMbIX AN OypeHUst CKBaXUH, NUTENHbIX hOpM ANs MeTannypriy, a Takke B OyMa)KHON NPOMbILLIIEHHOCTH.
MoMUMO 3TOro, anMOCUIIMKATHbIE [MMHbI MCMONb3YKTCA B Mpoueccax OYUCTKUM HedTEenpoayKToB WU XMPOB,
NPON3BOACTBE MUHEParbHbIX KPAaCoK 1 BO MHOTMX Apyrux cdepax [1].

B cTpykType MuHeparnbHbIX PECypCOB BaXHOE MeCTO 3aHMMaloT FMMHUCTbIE MUHEpanbl, cpeamn KOTOpbIX
0cob0e 3Ha4YeHne NMEIT OrHEYNOPHbIE MMMHbI, LMPOKO UCMOMb3yeMble B PasnmyHbiX cdhepax HapogHOro xo3sAncTBa.
OrHeynopHble AWHbI  KrnaccuuumMpyoTca N0 MWHEparnorM4eckoMy CoOCTaBy, BblOensas TpWM OCHOBHbIX Tuma:
KaoNMHUTOBbIE, MOHTMOPWIMOHUTOBbIE W TUAPOCIAUCTbIE MUHBI. Hepeako BCTpevyalTCA CMeLlaHHble TUMbl,
COCTOsALLME U3 KOMOMHaUMM 3TUX MMUHepanoB. KaonnHUTOBbIE MMWHbI SBASIOTCS Hanboree pacnpocTpaHeHHbIMU B
3eMHoW Kope [2, 3].

Kaonuuut  (Al2Si2Os(OH)4) npegctaBnsieT coboM  CNOUCTBIA - anioMOCUNWKAT,  XapakTepusyoLmincs
HemeTannM4yeckum 6reckoMm, MArkocTblo, 6enbiM uBeToM u 6enon 4depton. Ero ctpyktypa OOblMHO MnoTHas u
3emnucTasi, a Npu yBra)KHEHUN OH MPOSBMASET XapaKTepHbIN MUHUCTBIM 3anax. naBHOM 0COBEHHOCTBIO KaonuHMTA
ABMNSETCA €ero CrnocobHOCTb 0O6pa3oBbIiBaTb MMACTUYHYIO Maccy Npuv CMELUMBaHUW C BOAOW, YTO OTNM4YaeT ero oT
bokcuta. KaonmHut cdopmupyeTca B pesynbTaTe MHTEHCMBHOIO XMMWYECKOTro BbIBETPMBAHMSA artoMOCUITMKATHbIX
MWHEpPanoB, B 4YaCTHOCTM, MOMEBbIX LUNATOB, NO4 BO3AeNCTBMEM aTtMocdepHbIX (HakTOpOB M rMapoTepManbHbiX
npoLLeccoB.

MoHTMopynnoHUT (Al2(OH)2[SiaO10]-NH20) — MuHEpan € MOHOKMWHHOW CUHIOHWEW, XapaKTepu3yroLmMncs
nepeMeHHbIM LBETOM (Cepbli, YepHbIA, KpacHOBATbIW, 3ereHblil), MaToBbIM OMeckoM M >XMPHOCTbIO Ha OLyMb.
OTnn4mTENBHON 0COBEHHOCTHI0 MOHTMOPUITIIOHWUTA SIBNSETCS €ro CNOoCOBHOCTb K 3HaYUTENBLHOMY HabyxaHuio B BOAE,
obycrnoBneHHad cnabon CcBsA3bD Mexgy CrnosgMu B KpucTannuyeckom cTpyktype. [pu rugpatauum obbem
MOHTMOPUITITIOHUTOBBIX TMIMH MOXET YBENMUYMBaTbCS B HECKOMNbKO pa3. ATO CBOWNCTBO OMpeaensieT ux npuMeHeHvne B
KayecTBe KOMMOHeHTa OypoBbiX pacTBOpPOB Mpu OypeHun HedTAHbIX CKBaXkMH, a Takke B Mpoueccax OYMCTKA B
HedTAHON 1 TEKCTUIBHOW NPOMbILLIIEHHOCTU. KpoMe TOro, MOHTMOPWITIIOHUT UCNOSb3yeTCs B KAYeCTBE HanoHMTens
B PE3MHOBOMN 1 KOCMETUYECKOWN OTPacrisiX.
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MmppocniogncTble MUHbI NPEeACcTaBnsalT cobor 3eMnucTble Nopoabl ¢ 6enon, cepon, 3eneHon Unu NecTpomn
okpackon. OHM He HabyxaloT B BOAE W MPUMEHSIIOTCS B MPOM3BOACTBE OFHEYMOPHOIO KMpNu4Ya M pasnmyHbIX
Kepamumyeckmx wusgenuin. B LleHTpanbHOM A3uMM, B 4YaCTHOCTM B LEHTpasibHbIX M CEBEPHbIX PEerMoHax Hallewn
pecnybnvkun, Anst U3roTOBMEHUS] KepaMUKM TPaauLMOHHO WUCMOMb3yeTCsl MECTHOE MPUPOOHOE Cbipbe — [MWHbI U
neccosble CYrnnHKn[4].

Ha tepputopun TagxuknctaHa sapermctpmposaHo 6onee 36 yronbHbIX pygonposisrieHun. Bmelyatowme yrone
nopoAakl NpeAcTaBneHbl B OCHOBHOM antoMOCUAUKATHBIMW FINHUCTBIMU MUHepanamu [5].

Bo MHOMMX yronbHbIX MECTOPOXAEHWAX, rAe MPOBOAATCA WCCNEedOBaHUS, BaXKHOE 3HAyeHne umeroT
MECTOPOXAEHWS, coAepXalume Kak yronb, Tak U OrHeynopHble rmuHbl. K Takum obbektam oTHOCATCA 3uAaanMHCKoe
(kameHHbI yronb), LWwnwkatckoe (Bypbii yronb), Llypabckoe (Bypbii yronb) W Apyrme MeCTOPOXOEHWS,
pacnosioXeHHble B LEHTpanbHOM M ceBepHow 4vactu Pecnybnuvku. eonoropassefgoyHbie paboThl ykasbiBaloT Ha
3HavuTenNbHbIE 3anacbl MOMe3HbIX UCKOMaeMbIX B BOCTOYHOM YacTu 3TUX MeCTopoxaeHuin: Hanpumep, 17 700 Tbic.
TOHH yrna 1 46 700 TbiC. TOHH OTHEYNOPHbLIX MMNH [6].

Llenbio NpoBOAMMBIX MCCNEAOBaHUN ABMASETCA OLEHKa OrHEYNOPHbIX CBOWCTB, [MWH HOPCKUX TEpPPUreHHO-
YFMEHOCHbIX OTNOXEHUN 3TUX MECTOPOXAEHMIN. DTO BKINOYaET B Cebs OLIEHKY Ka4eCcTBa MUHEPanbHOro Chipbs (Yrns u
NNacTtoB OrHEYynopHbiX TFMAMH) W pa3paboTKy KOMMMEKCHbIX, O6e30TXOAHbIX M 3KOHOMMYECKN IAPPEKTUBHBIX
WHHOBALMOHHbIX TEXHOMOrMI Ans Ux nepepaboTku.

Ha 3unpgavHckom un LUMWKaTCKOM MECTOPOXOEHUAX OrHEYNOpPHbIE TMUHBI ABMASOTCA BTOPbIM MO 3HAYUMOCTU
nonesHbiM nckonaemMbim nocrie yrns. OHU LMPOKO pacnpoCcTpaHeHbl Ha BCEN NIoLaam MecTopoXaeHusl, noacTmnas
N NepeKpbIBas yronbHble NNacTbl. JIMTONorM4yeckn, rMmHUCTbIE NOpPOoAbl NpeacTaBneHbl KPpYNHO- U MENKO3E€PHUCTLIMU
aneBponuTamMu, aprunamtTamMmmn n yrnncteiMmn aprunnmtammu. MowHocTe nnactoB BapbupyeT o1 0,5-1,5 m go 3-5 m.

OueHka kayecTBa OrHEeYynopHbIX MUH NpoBoAunack B cooTBeTCcTBUM ¢ TpeboBaHusammn FOCT 9169-75 “Ceipbé
FMUHNCTOE ANsi KepaMn4eCcKon npomblwneHHocTn. Knaccudukaums”.

MaTepuansi n metoabl

Onst n3ydeHus rmMHUCTBIX Nopog Oblnn UCNOMb30BaHbl Creaylmne MeToabl U 00opyaoBaHUE; XMMUYECKUN
CUNMKaTHbIA aHanua Ans onpegenexHns nopogoobpasyrolmx anemeHToB; SiO2, Al20z, Fe203, TiO2, MnO, CaO, MgO,
Na20, K20, n.n.n. paHynoMeTpuyecknii aHanma nopoa, 4718 BblAeNeHUst oTAeNbHbIX pakunii U yCTaHOBNEHUSA TUMOB
nopog M WUX BELECTBEHHOTO cocTaBa. PeHTreHoasoBbIi M TEPMUYECKMA aHanua fAns  ycTaHOBMEeHMs
MUWHEpPAaNornyeckoro coctasa rMMHUCTBIX, NeCHaHbIX NOPOA.

[ns npoBegeHus nccnegoBaHMn oToupanucb Npobbl aneBponUTOB N aprunnMToB, NPeACcTaBNSaLWmnX cobon
rMUHUCTOE MUHeparnbHoe Cbipbe. M3yyeHne rnvHucTon dpakumm (<0,01 mMM) npoBoAMNOCE MHCTPYMEHTarnbHbIMU
MeTogamu: peHTreHodas3oBbl aHanm3 Ha npubope OPOH-2 1 TepMuyecknin aHanna Ha BEHrepckom aepusaTorpade
MOM (Q-1000 D).

PeHTreHodas3oBbIn aHann3 ToHkon dpakuumn muH (<0,01 MM) nokasan npucyTcTBMe AByX has: KaonmHuTa u
rmapocniodbl (MNnuTa), KOTopble MAEHTUMULMPYIOTCA MO MHTEHCMBHLIM 6asanbHbiM pednekcam 7,14 u 3,56 A
(KaOMUHWT) U MeHee UHTeHCUBHLIM pedoniekcam 10,1, 5,0 n 3,35 A (rugpocnioga) (puc. 1).

Pucynox 1 — JQuppaxmoepamma moukoii hpaxyuu enun (<0,01mm) 3uoounckozo mecmopodicoenus
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[Ona aKkcnepuMeHTanbHOro YCTaHOBMNEHWUS TemnepaTypbl CAEKaHWs [MMHUCTOrMO Cbipbs  3MAAMHCKOro
MECTOPOXAEHNSA ObINM M3roTOBMEHLI OMbITHble 06pa3ubl. C NOMOLLLI CTanbHOM npecc-opMbl U NabopaTopHOro
rmgpasnunyeckoro npecca mapku [1P-36-7/75 (Carl Zeiss Jena, ([epMaHuns) U3 rmMHUCTON MaccCbl TEXHONOMMYECKMX Npod
METOAOM MOSTyCyXxOoro MnpeccoBaHWs C BRaXxHocTblo 7-8% npu paenedmn 150 krc/cm? Gbinv  0TOPMOBaHbI
LMNMHOPUYECKME CTEPXHU C 3adaHHbIMK pasmepamu 40x50 mm (Puc.2) n orHeynopHble TUrMu pasHbiX pasMepos
(Pwvc.3). U3 kaxgown TexHonormdeckon npobbl 6bI10 M3roToBNeHO No 5 obpasuos A8 NpoBeaeHUst 0b6xura B LUIMPOKOM
ananasoHe Temnepatyp: ot 1100 °C go 1300 °C ¢ nHtepeanom 50 °C.

Pucynox 2 — Onsimuvle 00pasyvl 02HeynOpHbIX 21UH 6 8uoe YUIUHOpUYecKux cmepicuell (pazmep 40x50mm)

Pucynok 3 — Ozneynopusie muzau 018 NIABKU OPALOYEHHBIX Memanos u3 enunsl LLIuwkamckozo y2onbvHo20 MecmopoicoeHus

Mo p[aHHBIM  M3MEpPEeHUn BOJOMOIMOWEHNS OBOXOKEHHBbIX 00pasLoB, HEe3HAYMTENbHOE W3MEHEHUE
BoZoOMNornoweHns Habnwogaetca go Temnepatypbl obxura 1200 °C (o1 11,71% po 8,23%). Mpu goctukeHum
TemnepaTypbl 1250 °C npoucxoguT peskoe CHmxeHue BofonornowleHns Ao 2,41%, a ganbHevwee nNoBbilleHne
TemnepaTypbl 4o 1300 °C npuBoaMT K cTabunusaumm atoro nokasartens (2,45%).

O6cyxaeHue pe3ynbLTaToB

lMony4yeHHble pe3ynbTaTbl WUCMNbITAHUA CBUOETENBCTBYOT O TOM, 4YTO OFHEYNoOpHble TMAPOCIANCTO-
KaonuHUTOBbIE MMUHbI 3mpgamHckoro u LUvwkatckoro mecTtopoxaeHu obecneyvmBaloT (POPMUPOBAHME MIOTHOMO
yepernka npu Temnepartype 1250 °C. CornacHo NOCT 9169-75, rmnHucToe chipbe 3MAONHCKOrO MECTOPOXAEHMS MO
TemnepaType crnekaemocTu KnaccuduumpyeTcs Kak cpeHecneKkatoLeecs.
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M3roTtoBneHHble 06pasubl OrHEYNOPHbIX TUrMen BbiNn npegocTaBneHbl Ansg nposeaeHus ucnoitaHnii 8 OO0
«PaBwan» (r. OywaHbe), cneuvanuaupyloweecs Ha W3roTOBNEHWUM OBENUPHbLIX u3genui. [lo pesynbTatam
NPOBEAEHHbIX UCMbITaHWA Obin NOMYyYeH MNOMOXUTENbHLIW akKT, MNOATBEMKAAIOWMIA BO3MOXHOCTb BHEAPEHUs
pa3paboTaHHOM TEXHOIOTMMN.

Peuensenm: Camuxzoda 1L P. — 0.m.H., npogheccop, zAashwlil Hayunwii compyonux rabopamopuu “Obozowenus pyo”
Hucmumyma xumuu um. BH. Huxumuna HAHIIL.
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TABCUPU YOU3UN AHOO3A BA 3 bTUMOOAHOKUUN HY3BXOU ABTOMOBWI
H.B. Caxn6oB

Jonumroxy TeXHUKUN TounKucTOH 6a HoMHU akageMuk M.C. Ocumin

Jlap Makonman Ma3Kyp 4aHOaxOH acOCHH TabCHPH YOU3HU aH03a 0a cr(aTHOKHU MCTEXCONH Yy3bX0 Oappacil mryaa, MOXHSITH
YOHu3U aH/Z103a, XyCyCUITXO0U aCOCHUU OH AuJia 6ap0Maz[a mrygaacT. Hummon J0[a mynaacT, KM YOU3U aH03an TapoerI Ba TEXHOJIOTH Aap
BaKTU HCTEXCOJH aHA03aXO0Uu YYy3bXO 621 3’bTI/160p l"I/IpI/I(i)Ta IaBaHO. XyCyCI/IﬂTXOI/I acoCuM 4YOH3HM aHOO03a auaa 6ap0Maz(a myna gap
X0JIaTX0€, KU arap 40u3u aHJa03au TEXHOJIOTH a3 YOHU3HU aHI03anu Tapxpe3171 KaJIOH 60maz{, 6ap01/1 6anaHz[ 6apZ[OIHTaHI/I cmba'm HUCTEXCOJIN
qYy3bX0 I/ICTI/I(l)O}Ia6apI/II/I yCyinmn I/IHTI/IX06I/I CEJICKTUBH TaBCHS Kapaa mynacrt. Macrpanau 6anaHz[ 6apﬂ0HITaHI/I CaMapaHOKHUU HCTEXCOJIN
qy3b a3 Ha3apH UKTUCOMMA Jap BaKTH Tali€p HaMyJaHW JaKUKUU aHII03ad 4y3b quna 6apomana mynaact. CTaHmapTH JaBiatid qap Gopau
TaH3UMH YOM3H aHI03a Iuaa 0apoMaja IIyaa, XyCyCHIATXOH aCOCHH YOM3H aH103a TaX I Kap/a [Iyaact, Ku 6apou OanxaHm 6apaomiTanu
cu(aTi UCTEXCOIH Yy3bX0 MYCOUIAT MEKYHA].

Kanuoeosrcaxo: yousu anoosa, yy3v, yousu aH003au KOHCIMPYKMUGil, Yousu aHoo3au mexHonoi, cugham, ucmexcoiom.

BNUAHUE OONYCKA HA HAOEXXHOCTb OETANEUW ABTOMOBUNA
H.B. CaxnboB

B naHHOI cTaTbe pacCMOTPEHBI OCHOBHBIE ACHIEKTHI BIMSHUS JOIIYCKa HA Ka4€CTBO U3TOTOBJIECHU JeTanell. Y TOUHEHO BIMSIHUE
M CyITHOCTH BEJTMUUHBI JOIYCKa IPU U3TOTOBICHNH AeTaneil. [lokazaHo, 4To mpH U3TOTOBIEHUN JeTalel YIUTHIBAIOTCS KOHCTPYKTHBHBIC
MU TEXHOJOTHYECKHE JIOMyCKH. PacCMOTpPEHBI OCHOBHBIE CBOMCTBa JOIMYyCKa. B ciydasx, Korga BeNTMYMHA TEXHOJOTHYECKOTO JIOITyCKa
0oJIbIIIe KOHCTPYKTOPCKOTO JIOMYCKa, TO B LEJIAX YBEIHMUYCHHUS KadecTBa H3TOTOBICHHBIX JETANICH B CTaThe MPUBEAEH METO] CEJICKTUBHON
TPYIITUPOBKH JETaJeid, TO €CTh BEIMYHHA JOIMyCKa pa3aelicHa Ha HECKOJIBKO TPYIIL, U COCIHHEHHE JIETajeld OCYIIECTBISICTCA COTJIACHO
oTiM TpynmnaM. C SKOHOMHYECKOH TOYKH 3pEHUS BEIMYHMHA JIOMycKa omnpeaensieT 3)(eKTUBHOCTh M3TOTOBICHHS AETalICi U BIUSET Ha
CTOMMOCTB M3TOTOBJIEHHOW JeTanu. PeriaMeHTaluy JOIyCKOB OCYIIECTBISIETCS] COMIACHO TOCYIapCTBEHHBIM CTaHAapTaM, TpeOoBaHHE
KOTOPOT'O TIPH M3TOTOBJICHHWH IETald HEOOXOAMMO YUYHUTHIBaTh. PacCMOTpeHa CYIIHOCTh BEJIMYMHBI JOIYCKa, KOTOPHIE CIIOCOOCTBYIOT
MOBBIIICHUIO Ka4eCTBa JieTalell Ipu N3rOTOBIEHUH UX Ha IPOU3BOJICTBE.

Knrouesvle cnosa: oonyck, demaib, KOHCMPYKMUGHDBIL OONYCK, MEXHON02UHECKULl OONYCK, Ka4ecmeao, npou3go0cmeo.

INFLUENCE OF TOLERANCE ON THE RELIABILITY OF CAR PARTS
N.B. Sahibov

The article discusses the main aspects of the impact of tolerance on the quality of parts manufacturing. The essence of the
tolerance is highlighted and its basic characteristics are presented. Revealed state standards regulating the regulation of tolerances. The
features of the tolerance have been studied, which must be applied in order to improve the quality of manufacturing of production parts.
The characteristic properties of quality are considered, which is a toolkit of the engineering field and which proves the dependence of the
quality of parts manufacturing on one or another tolerance.

Keywords: tolerance, production, technological process, quality.

Mykapauma

[dap anHn 3aMOH Jap HaTU4yan TapakkMETU caHoaT Ba Mypakkab LuyaaHu Macoriexxou KOHCTPYKCUOHI
XaMUYYHUH TEXHOMOMMSAXOU MyOCUp, 3apypusiTU Tallakkyn goAaHu cucTemanm cTaHaapTxo 6a MMEH oMagacT, Ku
WMKOHUSITM TalLKUNN camapabaxium UCTexconoTpo TabMnH Hamosig. TanaboTu nosnma 6apoun McTexconu Yysb
aBBasn fnew a3 xama fap LapouTu ik KOpXoHau anoxmaa Bopua kapga wyaa sa 6abvgaH 6apon Tamomu caHoaTy
ncTexcornkyHaHaa nctudgoga bypaa mewasagd. ViH 6ovcn nangountin haHxom cepLlyMopu MyXaHaUcin rapana, Ku
Aap oHxo 60 Mypypu 3aMOH Madxymxon maxcyc 6a MOHaHAM YOou3nM aH[o03a, LWMHULL, aHA03axon 3aH4yMpin Ba
fanpa nango wynaHAa.

Hap wctexconotr 60 cudbatm GanaHg WUCTEXCON HaMyfaHW Yy3bXO $IKE a3 HULIOHOUXaHOaxou
MYXMUMTapuHU abonuaTK caHoatin Mmeboluag, 3epo Max3 gap Hatu4a 6a cugaTt KOHCTPYKCUSIXO Ba BOCUTaxou
TEXHUKMN Yy3BXOW UCTEXCONLLYAA TabCcupy 6eBocuTa MepacoHa. XaMuH Tapuk, axaMuUsiTU UCTEXCON HaMydaHu
Yy3bxou banaHacudaT xene acocHok Mmebowaa. Jap akcapu MaBpuaxo, cudgart a3 MaB4yyausaT Yousm aHgos3a
Ba NapaMeTpxou Tapkmbumn oHxo BobacTa acT, k1 paBaHAM MyansiHA UCTEXCOSTUN Yy3bXOpO TabMUH MeHaMOos,.

Oap HaTn4yam KOMbLEOMXOM HAaBTAPWUHU UIM, STbHE Kam LyaaHu 0y3yprumn Yousmn aHgo3a, cababu acocun
UCTEXCONN MaxcynoTu Ganavacudatn 4Yysbxou aBTomMoOun rapgug. MacanaH, 3bTUMOOHOKA Ba MyxnaTu
nctncogabapmm aBToMobUNX0 TO TabMupK Yopin xene adayn. Myxnatn mebEpun rapoulin aBToMobunxo 1o
TabCcupu HaBOaTUM TEXHWKIA, TaHxO Bapou MowurHXou uctexconu Pycusi 6ew a3 1,5 mapotuba 3mnén wyga,
camapaHokun uctncoadbapum cysmwBopuM aBTOMOOWMNXO OGexTap Wyda, WWAOATHOKUK MexHaTTanabum
XM3MaTpacoHUM TEXHUKN Ba TabMuUpn Yopi nact padrt [1].

MNysopuwmn macbana

Axke a3 HydysTapuH TawKunoTxou OavHanMmunanh, K canoxuatun oH HMé3 Ga Tacaouk Hagopag,
Tawkunotn baHanmunanum Ctangaptmsatcus — ISO (International Organization for Standardization) me6owap,
[5]. 1 TawkmnoT cuncunam ctangaptxoun cudatum 1ISO 9000-po Taxms kapaaacT, ku 6a xama ryHa KOpXoHaxo,
HoBOOacTa a3 6y3yprii Ba coxan pabonuaT, TaTouk mewasang. Acocu ctaHgapTtxom ISO 9000 ycynu ngopakyHum
xamartapadan cudat — Total Quality Management (TQM) mebowap [7]. Wupkate, kn MeTaBoHag
waxopaaTHomam cuncunam 1SO 9000-po newHmxoa KyHaa, 6o TaBcusam 6ebaxc Ba gacTrmpuv Yaamm TawkmunoTm
OoHyby3n GanHanmunanum I1ISO TabMWUH acT, 3epo LwaxogaTtHomaun mytobukat 6o crtaHgapTtxou ISO 9000
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Tacauku pacMumn kadgonat cudaTHOKMM MaxCcynoT, KOp Ba XM3MaTpacoHuxo mebowaa. [lopou waxogatHoMmaun
ISO 9000 6ymaH HUWIOHaW pywan AVMHAMUKUMW LWIMPKAT acT, KM 6a OH Aap HUroxuv MyLITapuéH Ba LLUAPUKOHU
axTumoni abTnbopu Gewtap mebaxwaa. Ake a3z poxxom banaHg 6apaowTaHy cudat MaxcyrnoT Kam KapaaHu
Oy3yprum yousn aHao3a mebowiag,.

AcnaH, 4ou3n aHgo3a Sk MagoHW TaH3uMwaBaHgan 6anHn Tamornxon 6onoi Ba NOEHN a3 aHgo3am
HOMUWHanNn mebowan. [ap MCTexconoT aHgo3an 3apypuypo KOMUMaH AakuK Tanép HamygaH xene OyLiBop
mebowaa. A3 uH py, bapon MyarsH KapgaHn MangoHu Yomsm aHao3aum UcTexcorniaBaHaa aHa03axom Makcumani
Ba MMHUManuu no3umapo kabyn kapgaaH no3um act. Youan 6ariHu aHgo3axoun xyayan maxayn byaa, gap kmcmu
rpadukin HUCbaT 6a xaTn cudp Yonrnp mebolwwang. Yousm aHgo3a MyToOMKM CTaHOApPTXoN AaBnatii 6a mebep
AapoBapfa Wwypaa, YyHUH cTaHgapTxopo aap 6ap mernpag: Cuctemaum siroHam 4omau aHgosa Ba wuHuwxo (ECOIM)
Ba Mebépxoun acocun Tabeuanasupin (OHB) [2].

Younsn aHgo3a Ba LWMHULLIXOW OypyCT MHTMXO0O Ba TapTMb gofawyda xamyyH acocyM TaMOMU paBaHOXou
TEXHUKIA, KN Aap goupaun abonuaTtn muctexconn nctudopa bypaoa mewwasaHd, xvu3MaT MekyHand. CaHyuwn
TEXHUKMN aHO03axou Xyayain 6a kopxoHaxoe, Ku MaxcyrioT UCTEXCON MEKYHaH[, ry3oLTa WynaacT.

Bosg kang Kapa4, Ku XaHroMm COXTaHu Yy3bXxOoW NYHOTYH, MeL a3 xama, HaKwaun Aaknku OHXO 60 HULLIOH
O04aHN aHO03ax0M HOMWHani Taxus Kapaa Mewasag. AMMO gap aman gy 4y3b 60 aHgo3axou OakvKMalloH
sIKXena ncTexcon kapaaH MMKoHHonasup acT. Max3 60 xamvH cabab xamau MaxcyrnoT gap KOpxoHa MyBOMUKM
CVHhXOM JaKUKMKN xapxerna UcTexcon Kapaa MelwasaHgd. Ui kagape, ku Tanép kapaaHu CMHMU JaKUKUWM MaxcynoT
b6anaHg Oowad, xamMoH kagap Oy3ypruv 4ou3m aHgo3a Ba Tamoronxo (6onoi Ba MOEHK) KaM MeluaBaHA.
MyTaHocubaH, Yyomaun aHgo3a dapku Tamotonum 6onoi Ba NoéHin mebowan. Yomsm aHgosa TaHxo 60 anomatu
mycbart (+) kabyn wyaa, aHgo3axou Xyayan gap Hakwa a3 xattn cudp 6010 € NoéH Yonrmp Lwyaa MeTaBoHaHA,.
Yousm aHgo3anm UcTexconum 4y3bxo 60 aHgo3axou xyayanv 3apypin TabMnH meboluag,.

Bapon 6anaHg GapgowTaHu cudatn 4y3bxou WUCTExcornwaBaHAa nacT HamygaHu Oysyprum 4ousu
aHpgo3a 6osp newbuHin waeagn. bab3e MyTaxaccncoHu MH coxa Aap TaakukoTxou Xy 6o uctndona as xucobxom
ryHoryH 3apypatu 6anaHg GapaoliTaHn gakukmy Tanép kapdaHn 4y3bxou anoxugapo gap 6ab3e coxaxou
caHoaTU UCTexconin 3apyp MewymopaHg. AMmo, a3 Tapadu gurap, 6anaHg GapgowTaHn Oakvkun Tanép
HaMyaaHu aHgosau Yy3b, rysapoHuaaHu kopu ympain 6apon a3 HaB anaa 6apomagaHy cucteman TEXHOMOTMPO
Tanab mekyHap [3]. Bo By3yprun yomnsm aHgosam xypa, ousn KOPHOLLIOSAMUM Hy3bX0 Xene 3néa mMellaBaHz Ba
NCTEXCONM Yy3bx0 MeTaBOHaz 3apapoBap rapgag. Bobacta 6a rydpraxom 6ono gap Hatuya 6a gurap paBaHau
KOpKapAu TeXHONMOri ry3aliTaH fo3um MelaBag, KM UH a3 xucobu uctudopga 6ypaaHu tayxmsoTu gakuktap 6a
aman Meosia Ba boncu mypakkab wygaHu nctexconoT, gap HaBbatu xya 6ovcy 6anaHg WwyaaHu apsuwmv acnmm
MaxcynoT wmerapgag. A3 Tapadum pgurap, Oy3yprum kanoHuM 4ousm aHpos3a Myxnatu  uctudpopabapum
MeXaHM3MXx0po KoxuL meauxag. H myammo 6apTapad HamygaHu 3ugusatu 6aHm Tanabotn uctudonabapii Ba
paBaHAW TEXHOMOMMN KopKapa, UMKOHUSATX0, UHYYHUH TabMUHOTU MEeTposiorMm Bocutaxo 6a kagpw kndos aakuk
Ba cepmaxcynpo 6a MnéH merysopag.

TabMUHM METPOSIOTMMUM UCTEXCONOT - UH Ma4yMyn YopabnHUXOW TaLLKWUMA Ba TEXHMKA Meboluag, kn 6apou
MyalsiH HamyZaHu XyCYyCUSITXOU MaxCymnoT, FMPexxo, Yy3bx0, MaBof, aléun XOM, MapameTpxou paBaHau
TEXHOMNOorin Ba Tayxmu3oT 60 OakuKMM 3apypii paBoHa LWydaaHd Ba UMKOH MeauxaHd, Ku cudatu maxcyrnoTu
uctexconwasaHga 6a TaBpu Hasappac 6anaHg 6apaoliTa wasag Ba Xapo4oTu Fanpumctexconii 6apon Taxus Ba
NCTEXCOMN OH KOXUL €0anp.

TabMUHM METPONOrMun nctTexcornoT aap 6ap mervpag;

- MyaWsiH HamMydaHW HOMEHKNaTypaun MaHTUKMM MNapamMeTpxouM YEHKYHiA Ba MebLEPXOM LaAKWKRA, Ku
9bTUMOOHOKUM Ha3opaTh BopuALlaBi Ba KabyNKyHUM MaxCyroT, UHYYHUH HasopaTh XyCYCUSITXOU paBaHOXou
TEeXHOMOor Ba Ta4yXM30TPO TabMUH MeHamMosiHA. MebEpxon OakuKkUM YEHKYHUXO Aap SK KaTop cTaHA4apTxo 6apou
YCYFXOW YEeHKYHiA, Taxnum Ba 03MOULLIXO TaH3MM KapAa WyaaaHa,;

- TabMWHUW paBaHOXOM TEXHOMorin 60 ycynxou MykammanTapyu U4pou YEHKYHUXO, KU OAKUKUK 3apypun
YEHKYHUXOpo kadbonaT MeguxaHd, aTTecTaTcusi Ba cTaHgapTusaTcusi MH ycynxo (6a maymym ycyrnxou
Taxusiwyaa 6os4 ycynxoe OOXWi WwaBaHg, ku 6exatapin Ba xud3n MexHaTpo TabMUH MeEHaMOSIHA);

- TabMWH HamygaH (60 Tayxu3oT, Taxusi, UCTEXCON) BOCUTAXOM YEHKyHi, a3 yymna Gapou makcaaxou
MaxcyC, BOCUTaxou KOpKapay NewHnxoam UTTUNOOT, UHYYHUH BOCUTaxoM FaipucTaHaapTUn YEHKYHA;

- TabMMWHU XMOMATPACOHUN METPOSIONA Ba CaHYMLLN BOCUTAXON YEHKYHIA;

- TabMMWHU LLAPOUTU NYPOU YEHKYHUNXO, K1 Aap Xy44aTXon UIMA-TEXHUKIA MyalsiH WyaaaHa;

- OMOJaco3uM xamaTtM KOpMaHOOHM WUCTEXCONA Ba XM3MaTxoum MyBOMK Gapou mn4ypon amanmnuérxou
HasopaTi-YeHKyH, CaHYULL Ba TAH3MMMW BOCUTaXOW YEHKYHIA;

- TalWKun Ba ry3apoHMAaHW Has3opaTu METPOSIOriA Ba 3IKCMepTUsam Xy4y4aTxou KOHCTPYKTOpWA-
TEXHUKIA.

TabMyHM MeTponormm BocutTaxo Aap ucrexconot Gapou 6a 6anang GapgowTaHu cudat MaxcyrorT,
AbHE KaM kapAaHu by3yprum 4ousn aHgo3a paBoHa LyaacrT.

Younsn ctaHgapTii waptaH 6o xapdxomn IT Ba 60 pakamum KBanuTeT uwopa Kapda MelwlaBas, MacanaH,
IT6 Yonsn aHgoo3am kBanuTeTn 6-ym act. Yomsun aHgosa a3 Boxmaxou magamn qous (i) Ba wymopan Boxuaxo (k)
BoGacTa acT, kn 6apon KBanMTeTXou r'yHoryH doapk MekyHag.
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IT = k-1 1)

Boxuau yonau aHaosa 6apou ksanuTeTxoun a3 5 1o 17 60 hopmynam 3epuH aHUK kapaa MeluaBap;

i = 0.453D + 0.001D )

D - 6ysyprum MMéHa gap docunam myamsiH 60 Mm.

MyBodmku cuctemam ngopakyHmum cudpar (1ISO), 19 kBanuteT 6apoun aHgo3axom a3 1 To 500 mm mykappap
kapaa wypacT. Yomnsum aHgosa 6a 19 ksanuTeT 60 TapTMbM kKamwaeun gakukia a3 01, 0, 1, 2 Ba faripa 1o 17 uwopa
Kapga wyaaacrt [3].

Yonsn aHposaun Tappoxi 6apou cudatin MyalsiHu MaxcynoT HM3 MyaWsiH Kapga MelwlaBag. XaHromu
TabVHW YOU3M aHO03aun Tappoxi, Mebepun nctngogabapin 6apon Tamomm gaspan uctudogabapum maxcynor 6a
Hasap rupudTa Mewasad. [ap BakTn uctexconu 4ys3b 6a Hasap rmpudTaHum YyHUH TanaboTtxo, 6a mMoHaHau
TanaboTu MeTponori, NKTUCOANA Ba TEXHONOMA XaTMUCT. XaHromun nctucgogabapi, 4y3bxo TagpudaH dapcyaa
MellaBaHf, a3 vH py TanaboT 6a MMEH Meosa, K1 YOM3Kn aH403amn Tappoxmpo a3 MebEp KaMe AakukTap rupudTaH
nosum acT.

Tt = Ty.a.x.T + 6x.94 + T6.2.49.u 3

TyaxT — 4YOU3N aHO03aM TappoXxi Aap HaTU4am XMCOOKyHIA
Ax.y - XaTOrMM YEHKyHUN aH4o03aun Yyy3b
T6.5.44 — OY3yprum axTnéTumn 4omsm angosa 6apou nctncdogadapi

Mnoea 6ap wH, bapou Tanép HaMmyaaHu aHgo3amn Yy3b, YoM3u aHgo3am TeXHONOrn TakpnbdaH 6apobapu
80%-1 Yon3mn aHOo3an Tappoxi kabyn kapga MellaBag.

A3 WH py, XaHroMu namBacTaHN OHXO MYMKMH acT doocunae nango waeagd, ku TeXHOMOori nyosarnasup
acT. AHOo3aM YyHUH dhocuiia HaMmeTaBoHa a3 hapky Yousu aHao3am Kopkapam MH Yy3bxo 3néa Gowan. AbHe,
Tapkuwim 60 aHgos3au MyaisiH cababu Kopy HOAypycTVM NarBacTWaBi Liyda HameTaBoOHaZ Ba MaxcyrnoT
MeTaBoHaa yHKcusixou Xyapo 6e 3véa wynaHu dapcyaallasi My4po KyHan,.

[ap xonaTxoe, kv 6y3yprim 4ousm aHao3amn Tappoxin HuCbaT Ga TeXHONOr kKaMTap acT, Aap nanBacTari
YCYn MHTMX06M cenekTuei nctndoaa bypaa Mewasag. Bysyprum yoman aHgosa, kKu gap HaTuyaun Tappoxmmn Yysb
Xerne KanoH LwypgacT, oap navBacTwasi 60 ucTudgopabapum ycynu MHTMXOGM cenekTuBin Bysypruv Y4ousu
aHOo03apo SK YaHad MapoTMba kKam KapaaH MyMKWH acrT.

ManBacTkyHUn 4y3bxo 60 MHTUXOOM cenekTusi, 60 Epumn Ba rypyxxo YyOOKYHUU MELLaKMM Yy3bXo,
nanBacT HamygaHu Yy3bX0ou rypyxxom sikxena aH4yom fofa MelaBag. XaHromu 6a rypyxxo Yy4o kapaaHu 4y3bxo
00 ycynu mHTUX06WM cenekTuBiA 60 namgapnavvM MyansH amanii Kapga Melwasag. XaMyyH Mucon, auaa
mMebapoeM, K1 Yl TaBp BaCIKyHUM MHTUXOOW CENEKTUBMN CUMNMHOP-MOPLLIEHN MyXappuUK aH4yoM Jofa MellaBag.
Arap noplieH 60 gMameTpy HOMUHanNM Ba 4ousu aHgo3aum guameTtpu gomad 0,060 mm (109,880 mm - 109,940
MM) UCTEXCON KapAa Wwaeagd. [Jap xonatu guametpu goxunuu cunuHap 6o aHgosaxom 110.000 mm - 110.060 mm
ncTexcon kapaa waeag. Tamomu chocunam aHgo3axopo gap goupam 4yousm aHgosa 6a ce rypyx 6o dgpocunam
0,020 MM Takcum KapgaH MyMKWH acT.

Yaneamu 1 — docuan TaKCUMKYHHU aHJ103aX0 0apou BacIKyH#A

WNinopakyHuu rypyxu aHjo3axo JrameTpu JoMaHu NOpUIEH, MM JraMeTpu CUITMHAP, MM
1 109.880 — 109.900 110.000 — 110.020
2 109.900 — 100.920 110.020 — 110.040
3 109.920 — 109.940 110.040 — 110.060

XaHromu Bacn KapAaHu MopLleH Ba CUJIMHOPU MYyXappuyK a3 pyn pakamxou uwlopalwygau 4omsm aHgosa 6a
rypyxxo TakcuMm KapAa MellaBag. Arap BanckyHn 6uayHu 6a rypyxxo TakCMMKYHiA n4po wasagd, 60 nctudoga a3
YCYnu NBa3KyHUN Nyppa, 4ap WH XoraT aHgo3an WMHULWK Yy3bX0 Aap Xy4Ayau 3epvH Tariup Meé€baa: Tapkuwmm
makcumanii (110.060 - 109.880) = 0.240 mm, Tapkuwunn muHumania (110.000 - 109.940) = 0.060 mm. AvHe gap
MexaH1M3M MarBacTLaBun 60 TapKULLIMK Xene KaroH nango Melwasag, KM MH TaMoMaH Koounu kadyn Hect. [ap
cypatn Tapkuwmm 0.240 MM, cudpatv narBacTLWaBi xene nacT MelaBad. XaMuH Tapuk, OMayHu NHTUXoOu
Yy3bX0, LUMHMLLM MOPLUEH ap CUNUHAP MeTaBoHag a3 Tapkuwum 0.240 mm 1o 6a marBacTLaBUKN TapKULLIMK
0.060 mm TafFnp Meé€baa. Arap LapTXou MHTUXOOW cenekTuBin pMos kKapaa LWaBag, Tapkulimm 6aliHu nopLueH Ba
CUNMUHAP Oap Xy4you 3epuH 6apou rypyxm 1 TabMuH KapAa MellaBag: Tapkuwmm makcumania 110,020 - 109,880
= 0,140 MM, Tapk wun MHUManii 6a 110.000 — 109.900 = 0.100 mm 6apobap acT.

MyBOOUMKM WIApPTXOM TEXHUKA TapKUUKM MUHUMann gap nameBacTwasin xamyyH 0,060 MM, Tapkuwmu
mMakcumanii 0,240 mm, abHe Yyousn aHoo3aum 6aHam maxkamkyHaHga T = 0,060 mm kabyn kapga wypaact. bapown

HoWM WwyaaH 6a WWHULWK 3apypid, You3n aH4o03aun NopLUEH Ba CUNUMHAP 00 WwapTu 3epuH aHWK Kapaa MellaBag.
A 0.060
TM = E = T = 0.030 Mmm (4)
YyHuUH 6y3yprum yomaun aHgosapo dakat 60 Tayxm3oTy banaHacmdat TabMUH kapaaH MyMKWUH acT, K1 UH
Oovcn adh3omumn xapo4oTn mMaxcyrnoT merapgag. bapon 6apTtapad kapaganm nxtunodu 6a Byyyaomaaa, To 6a

aacT opapgaHu 6ysyprum kobunu kabynm qyomsm angosa (Twm), oH 6a n mapoTmba 31én kapga mewasag. Lap
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Muconu 3epuH, n 60 6ysyprum 3 kabyn wynaacT. Yy3bxoun kopakapgawyna 60 4ousn aHago3an HaBu UCTEXCONi
(Twn) 60 nctndona a3 acbobu aakukm YeHkyHin 6a n rypyx 4yyao kapaa mewasag. bo BacnkyHun yysbxom 6a
rypyxxon MyBOMMK Takcumilyga, Gy3yprim 3apypum TapKULLMPO XOCUIT KapdaH MyMKWH acT. XaMuH Tapuk,
MBa3KyHIn Jap goupauv rypyxxou aHgosav Mykappapwyaa 6a gact osapga mewasag. bapou 6a gact oBapgaHm
TapK1LLIMK 3apypi, MOPLUEH Ba CUIMHOPXo0e, kK 60 4ousn aHgosam 60 Mkm mcTexcon kapga wypaaHg, 6o
cababxon mkTucoaim 6a 3 rypyx takcum kapga mewaBang, T = 60/3 = 20 mkm. Tapkuwii gap narnBacTLIaBi
XaHrOMM MHTMXO0OM cenekTmein 6a By3yprum HoMMHaNMM TapkNLWiA xene Ha3auvk mebowad. XamyyHuH TanaboTtxomn
YoM3Kn aHgo03am Tapxpesii Ba TexXHoNormpo 60 TanaboTxoun 3epyH Aap UCTEXCONOT Ba TabMup 6a xucob rmpudTaH
3apyp acT:

1. MyBohmku Hakwa 4yomsum aHgo3am 3apypuu WvHMW 60 ycynu 4yam HamydaHu 4ousu aHgosau
Tapxpe3uxou da Ba Ob Gapou aHOo03axom Yy3bxou NanBacTlaBaHaa MyansaH kapga MellaBag.

2. bapou wucTexconu 4y3bxou namBacTllaBaHAa MavioHu Yom3u aHgo3a 60 Oy3yprum kanoH kabyn
MeKyHaH[, sbHe 4ounsn aHgo3am TexHonoruxom dat Ba dbt. H yonsum aHgosam 60 6y3sypruaw a3 6ysyprum 4omau
aHpo3aun Tapxpesin sikiaHa mapoTtuba 6osag xypa 6owwag.

3. Uymopan rypyxxm 4yy3bxou naveacTiaBaHga 60 chopmynam 3epuH MyansiH kapga mellasag.

sdar+débt

da+ 6b ©)

Yousn aHgosa Gapou 4y3bxoum xap SK rypyxmu anoxuga 60 ycynu TakCMM KapgaHu 4ou3n aHgo3am
TexHonorin 6a wymopamn rypyxxo MyansH kapga Mmewasag. bapou oH ku cocunam muéHaw Tapkuwin Sm 6apom
xamawm rypyxxmu aHgosaxo akxena 6owag, waptxoun da = db Ba dart = dbT - po pnosi kapgaH 3apyp acT. XaHromu
TakCcuM HamyZaHu 4y3bxo 0a rypyxxo, acbobxoum Maxcyc, Tayxu3oT Ba XaMUyHUH MOLUMHXOM Ga HaBBbXO
4YyOoOKyHUM cepmaxcyn uctudona bypaaH sapyp mebowaa.

Mabnym act, kn maHban Myxummn GanaHg GapaowwTaHu camapaHOKMM UcTexconot goumo bHanaHg
BGapgowTaHn caTxnm TEXHUKMIO cudaT MaxcyrnoTu ncrexconwasanga mebowan. [lap xap SK KULWBapW YaxoH
maxcynoTtu banaHgcudat 6axoun banaHg mermpad Ba Aap 6ariHu nctebMonkyHaHgaroH Tanabot gopag. A3 vH
py, Ha3apu HaBTapuH Ba cTpaTernaxon UCTEXCONOT Ba coxmbkopin aap haxmugaHn oH nbopat acT, kn cudar
BOCUTau AroHa Ba caMmapaHoKTapuH gap mybopmsa 60 paknboH, kKoHeb kapaaHu TanaboTu NCTebMONKYHaH4aroH
Ba MacT KapAaHu Xapo4oTu uctexconin mebowuas.

Bapou 6a gact oBapaaHu catxu 6anaHam cudpati MaxcynoT, 3apyp acT, ku ngopaun cudatpo gap catxm
3apypi aH4oM AojaH no3mm act . 3epu Madxymu ngopam cudatn MaxcyrnoT paBaHOxou OouMiA, GapHOMaBi, Ba
xagadmaHaoHan TabCuppacoHn b6a xamaun caTxxo Aap OMUIIXO Ba LWapoutxo daxmuga mellaBaf, KU OHXO
TabMWHKyHaHOau 3404M Maxcynotu cudartaH ontumanii Ba nctucpogav nyppav oH mebowwang, [8].

Xynoca

XaHroMmy xannuM macbanaxoum cudaTu MaxcyrioTM KOpXOHaxo kabnaH 6a caTxy TexHukun cudatu
MaxCyrnoT Taka Kapga mewyn, bugyHn 6a Hasap rupudTaHm HME3xom 0030p. Xam3aamoH, 6084 Kang Kapg, ku
HU30MW MUNNUN NOOPAKYHUM cudaT caxMu Hasappac Aap pyLuan paBuULLXON MAOPaAKyHMK cudhat MaxcynoT gap
TaMoOMM YaxoH rysowtaact. Cucatn Maxcynot XxaMuyyH KaTeropusiv UKTMcoam 60 YyHUH xycycusaT, 6a MoHaHaum
ap3uLIn UCTEBMONIA, 3UY anokamaHg acT. A3 HyKTau Hasapu Hasapuaun UKTUCOAN, ap3uLLM UCTEBMONA XaMyyH
MaYymMym XOCUSATX0M PONOAHOKM MO, SbHe homaaHoKumn OH, 6appaci MeLuaBag; Aap xone Ku cucatm maxcynor
Japayaun 3yxypu ap3uvm UCTEbMOMNMPO Aap WapoMTU MyLlaxxacu uctugogam oH MHbBUKOC MekyHan. A3 UH py,
cndaT 60 ap3nwn UCTEBMON YyaoHallaBaHaa act, ammo 6a oH 6apobap Hecr.

[ap bopan MOXMSTU MKTUCOOAUM YOU3N aHA03a XaMUHPO 6osaa Kana kapa, kn gap 6apobapu kam wyaaHu
Oy3yprum Tamonxon aHgo3a cudaTtn MaxcynoT 6anaHa mewasan. AMMO ap3uLLIM acliin UCTEXCOSIN MaxCyJioT
xene 6anaHg mepaBag. TabvH HamydaHu KBanuMTETU AakMKTap MeTaBoHag Oomcy a3 HyKTaum Hasapu UKTMCoan
HoMyBOMK ByaHN UCTEXCOmnM Yy3bXo rapgag.

MyKappus: FOnycoe M.JO. — n.u.m., domcenu Kaghedpau «<Hcmugpodabapuu nakruému asmomoburid» -u DIIIIL ba nomu
axademux M.C. Ocumi
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YK 656.13
AHANN3 TOMMMBHOUN 3PPEKTUBHOCTU KAPbEPHBLIX ABTOMOBWIIEW,
9KCMNYATUPYEMbIX HA CTPOUTENLCTBE POMYHCKOM M3C
P.A. OaBnaTtwoeB, ®.U. [xxobumpo, ®.A. TypcyHoB
TamKUKCKHA TEXHUYIECKUI YHUBEpCUTET MMeHH akafgemuka M.C. Ocumu

B crarbe npencraBieHbl pe3yasTaThl XPOHOMETPAKHBIX HAOMIONEHHI 32 pab0TON KaphepHBIX aBTOMOOHIICH Pa3INYHBIX MapoK,
3a/IeICTBOBAaHHBIX B CTPOMUTENLCTBE POryHCkod ruaposnexkTpocTaHuMu. IIpoBeaéH cpaBHMTENbHBINM aHAIU3 SKCIUTyaTAallMOHHBIX
1'10Ka3aTene1‘/'I, B YaCTHOCTU pacxoja TOIIWBa, cpez[Heﬁ CKOpPOCTH ABUKCHUSA U S(I)q)eKTI/IBHOCTI/I TNIEPEBO30OK. HpeZ[CTaBJ'IeHBI paC‘léTLI
YACIBHOI'O pacxoaa TOIINBA, IPUBEACHBL Fpa(i)I/IKI/I 3aBUCUMOCTH pacxoJia OT MAaCChI IICPEBO3UMOTI'0 I'py3a U paCCTOSTHUSA TPAHCIIOPTUPOBKU.
Cq)OpMyJ'II/IpoBaHI)I PEKOMEHJANU 11O OINITUMH3AINU UCIIOJIB30BaHUs aBTOTPAHCIIOPTA B TOPHBIX YCIIOBUSX.

Knrouesvie cnosa: rapvepmuvie asmomobunu, pacxoo monnusea, Poeynckas I'OC, Xxponomempagic, 9KCHAYAMAYUOHHAS
agppexmusrnocms, BenA3, HOWO, SHACMAN.

TAXNUIU CAMAPAHOKUN ABTOMOBUITXOU KAPLEPW OAP COXTMOHU HEPYIOXU
BAPKWN POFYH
P.A. NaBnaTwoeB, ®.U. Yob6upos, ®.A. TypcyHoB

Jap Maxosia HaTHYaxOu MYLIOXHUIAXOH XPOHOMETPAKUH KOPU aBTOMOOHIXOU KapbepHH HAMYIXOU T'YHOTYH, KU Jap COXTMOHH
Hepyroxu 0apku o6un PoryH uctudoaa MemaBana, NEMIHUXOA Tapanaaan. TaxImim MyKOMCaBHHM HUIIOHIUXaHAaxou uctudomadapi,
a3 qymia capu Cy3WIIBOPH, CypbaTd MHEHAHM XapakaT Ba CAaMapaHOKHH HAKJIHET aHYOM [I0fa IIymaacT. XucoOXoHu caphu SKITyXTH
CY3HMIBOPH MENIHUXO]] Tapauia, rpagukxou BodacTaruu GaitHu capdu Cy3uIIBopi - Maccau 60p Ba Maco(har HHTUKOI OBap/a NIyJdaaHI.
TaBcusxo 6apon MyHOCHOTapJOHHH UCTU(ONAN HAKITUET Aap MAPOUTH KyXCOp TaXus IIyJaaH]I.

Kanumaxou kanuoii: asmomobunxou xapvepi, capgu cyzuweopi, HBO-u Pogyn, XxpoHomempasc, CcamapaHoKuu
ucmugooabapi, benA3, HOWO, SHACMAN.

ANALYSIS OF FUEL EFFICIENCY OF MINING TRUCKS OPERATED IN THE CONSTRUCTION
OF THE ROGUN HYDROPOWER PLANT
R.A. Davlatshoev, F.I. Jobirov, F.A. Tursunov

The article presents the results of time-motion studies of various mining trucks used in the construction of the Rogun Hydropower
Plant. A comparative analysis of operational parameters is conducted, focusing on fuel consumption, average travel speed, and
transportation efficiency. Calculations of specific fuel consumption are provided, along with graphs showing the dependence of fuel
consumption on the transported load mass and transport distance. Recommendations for optimizing vehicle use in mountainous conditions
are formulated.

Keywords: mining trucks, fuel consumption, Rogun Hydropower Plant, time-motion study, operational efficiency, BelAZ, HOWO,
SHACMAN.

BBepgeHue

PasButre rmgpoaHepreTvkn TpebyeT NPUMEHEHUss TSXKENOW KapbepHOW TEXHUKM ANs nepemeLleHus
3HaunTeNbHbIX 06BEMOB nopobl. OgHUM 13 MacLTabHbIX CTPOUTENBbHBIX NPOEKTOB B Pecnybnuvke TagxukicTaH
apnsieTca PoryHckasa M3C, rge akcnnyatupytotca asTtomobunu tuna benA3, HOWO n SHACMAN. B ycnoBumsx
ropHoro penbeda BaxKHeWLWnM nokasaTtenem adp@eKTUBHOCTM TaKON TEXHUKN SABNAETCA pauMoHanbHbIA pacxon
TOMNMNMBA, OT KOTOPOro HanpsMylo 3aBUCAT Kak 9KOHOMUYECKME 3aTpaTbl, Tak U JKorormyeckasi ycTomymBocCTb
npoekTa. B HacTosweln paboTe npeanpyHATa NOMbITKa aHanuaa aKkcnnyaTaunoHHON 3pdeKTUBHOCTU yKa3aHHbIX
aBTOMOOMNEN Ha OCHOBE AaHHbIX XPOHOMETPaXHbIX HabnoaeHn.

XpoHoMeTpaxHble HabrniogeHns C uenbio onpedeneHns TapudoB Ha rpy3oBble NepeBo3kn Obinn
npoBedeHbl npenogaBatensamu kadenpbl «OKkcnnyaTaumsi aBTOMOOMIBHOMO TpaHCMopTa» B COOTBETCTBUM C
odmumansHbIM nucbMom MuHucTepcTBa TpaHcnopTta Pecnybnvku TagxukmuctaH (PucyHok 1).

Pucynox 1 — Momenm e36euusanus aemomoouns bend3-7540B u usmepenus pacxooa monauea Ha CMpoumenrbHom
obvexme.

O606LLEHHBIE pe3ynbTaTbl XPOHOMETPaXHbIX HabMNoAeHWIA NpeacTasneHsb! B Tabnuue 1.
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Tabmuma 1 — XpoHOMETpaXk aBTOTPAHCTIOPTHBIX CPEJICTB OOIIECTBA C OTPAaHMYEHHOW OTBETCTBEHHOCTHIO «COXTMOHH
acocm»

E [3) [_L é( s Q E qE.)
< T
¥ S o g E e § & g o g; 8 g E E = 8
2 £ 9 o G | o= o ST RS | 2| vt | 2| &%
= = = < > o © =] o = Q : T % = e >~
ol < S o &= E S 2 = > = /A = S ) >‘ o =
- EE |5 2 S| E | B |EE|g<|S5| 28| & g8
5 5 |85 |2 |8 | 28|25 |28 |sE|2|¢g”
& & = 3= |8 S |2E|FElgg| 3¢
S @ S &5 e &= | 2| 3
o m| M
1 BenA3 — 234 21.06.2018 | 2013 51,7 | 22,9 | 28,8 20 9 135 9 51 9
7540B
2 BenA3 — 231 21.06.2018 | 2013 50,9 | 22,9 | 28,0 20 9 135 9 50 13
7540B
3 | HOWO 336 3426 21.06.2018 | 2011 346 | 152|194 13 9 32 9 26 6
PP 01
4 | SHACMAN 514 21.06.2018 | 2014 39,9 [ 158 | 24,1 18 9 38 9 45 12
360
5 BenA3 — 234 21.06.2018 | 2013 549 | 229 | 32,0 31 14,4 135 14,4 | 62 4
7540B
6 BenA3 — 231 21.06.2018 | 2013 53,1 | 22,9 | 30,2 30 14,4 135 14,4 | 61 4
7540B
7 BenA3 — 234 22.06.2018 | 2013 53,7 | 22,9 | 30,8 29 14,4 13 144 | 55| 35
7540B
8 | SHACMAN 514 22.06.2018 | 2014 50,8 | 15,8 | 35,0 40 14,4 38 14,4 | 75 4
360
9 HOWO 336 3426 22.06.2018 | 2011 36,4 | 151 | 21,3 25 9 32 9 26 6
PP 01

UccnepoBaTtenbcKaa YacTb

[Ona aHanm3a ObINM paccunTaHbl CriegylolmMe nokasaTenum Ha OCHOBE XPOHOMETPaXHbIX AaHHbIX,
NnonyyeHHbIX MO pe3dynbTatam 9 pencoB pasnuuHbiXx aBTOMoOOunen. B kaxgom cnyyae UKCUMpoOBanuchb
cnegyrwolne napameTpbl: NofHaa Macca aBToMOOWMs C rpy3oM, Macca rpysa, hakTMYeckuin pacxon TOnnmBea,
paccTosiHMe NepeBO3KM, HOPMaTUBHLIN Pacxof TONMUBA, a Takke BpeMsi ABUXKEHUSA 1 BpeMs 3arpy3Kku.

Ons oueHkn acpdekTmBHOCTU paboTbl aBTOMOOMIEN B NpoLiecce NepPeBO30K NPUMEHSAIOTCS crieqyoLume
nokasaTenu:
1. ®akTU4ecKkui yaenbHbIN pacxod Tonnmea
XapakTepusyeT KOnM4ecTBO TONNMBa, 3aTtpadeHHoe Ha 100 KM nyTW, HE3aBMCUMO OT Macchl rpysa.
PaccuutbiBaetca no opmyne:

qp = 2100, @
roe:
Q— chbakTnyeckumin pacxoq Tonnuea, n
L— paccTosiHne nepeBo3Kku, KM
2. ®akTnyecknn pacxop Tonnmea Ha 10 T-km
OtpaxaeT TOMNMBHYH 3(@EKTMBHOCTL C YYETOM BbINOSIHEHHOM TPAHCMOPTHOM paboTbl (rpy3 X
paccTosiHue).

Q 10
Ar = o 7 2
roe:
W— macca nepeBo3nmoro rpysa, T
2.CpepnHsisi CKOPOCTb ABUXEHUA aBTOMOOMUNA
[Mo3BonseT OUeHNTb AMHAMMUYECKYH0 MPOU3BOAUTENBHOCTb Y ONEPATUBHOCTbL AOCTaBKMU:
9., = =+ 60 3)
cp t
roe:

t— Bpems ABWXEHUS, MVH

MpoBeném pacyétol Ha npumepe asToMobuns benA3-7540B (penc Ne1)
(Tabnuua 1):

Pacxog Tonnuea: Q=29n,

PaccTtosiHne nepeBo3ku: L=14.4km,
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Macca rpysa: W=30.8T,
Bpems asmxeHus: t=55mMuH

=% 100=22 100 = 20139 "
Q=7 ~ 124 = 0271 00km
_Q10_29710
&=y L T308 144 OOHATTIEM
9 _L 60—14'4 60 = 15,71
T ~ 55 Ty

AHanornyHble pacyéTbl BbINOMHEHbI ANS BCEX wuccrnegyembix asTomobunen. WTorm pacyétoB
npeacrtasneHbl B Tabnuue 2.
Tabnuma 2 — AHamu3 pacxo/a TOIUTHBA U MIPON3BOIUTEIFHOCTH aBTOTPAHCIIOPTa OOIIECTBA C OTPaHIMYCHHOM
OTBETCTBCHHOCTBHIO ((COXTMOHI/I acocm»

=® - &)
= o 5] = = o =
< = = o N S X s ® = 5 -
S & Sl &gzl = S EE| es|lg: EE |5 |58
= g = > || €73 o s o 5 o= || & 2 K o ]
ol < S o g =) g = oo > O B S 5 O = = >§ & Z|l = =
z = e s 2 || 32| E* EllEell 525l =2 8¢%|5 =
= | Bs| % | E|cz|:T| D |Ec| g5z 2a|i%| ¢
g = S| S5 & 2 sc| as|leg| g8z 3 5
e |8 =l g =g mles|2E|FE g8 |& |72
S s O ) e ) M >
1 [PrA3 = loss  lb1.06.2018[2013 |57 |29 l2ss [0 |9 135 |9 51 |lo
7540B
benA3 —
2 231 |[21.06.2018]2013 [50.9 |[229 k80 [0 |9 135 |9 50 |l13
75408
HOWO  |[3426
3 |5 20 [21.06.2018[2011 346 [152 [19.4 |13 o 32 |l 2% |l
4 ﬁIHB'g‘gMA 514 [21.06.2018/12014 [39.9 |l158 |241 [18 o 38 |9 45 |12
5 ]752%3* 234 |21.06.2018/2013 |54.9 |229 320 31 |44 (135 |144 |62 |4
6 ];gj(‘;“g‘ 231 [21.06.2018]2013 531 229 302 |30 144 |35 (144 |61 |la
7 ]752%3* 234 |22.06.2018/2013 |53.7 |229 308 |29 |44 (13 |44 |55 |35
8 ﬁIHB'g‘gMA 514  [22.06.2018|12014 50,8 |l158 |50 |lao |44 |38 |faa |75 |a
HOWO  |[3426
9 |8 20 [22.06.2018[2011 36,4 [151 [213 |25 o 32 |l 2% |l

Ha ocHoBaHMM 3KCnepuMeEHTanbHbIX OAHHbBIX MOCTPOEH rpadmk (PUCYHOK 2) 3aBUCUMOCTU yOEIbHOro
pacxoga TomnmMBa OT MacChl MEPEBO3UMOro rpysa [Ansi pasfUYHbIX MAapoK KapbepHbIX aBTOMOOMMEN,
3KcnnyaTupyembix Ha cTpoutenscTee PoryHckon M3C.

3aBHCHMOCTE YIASJBHOI0 pacxXoJa TOILIHBa OT MacChl I'py3a
B33

U0 e —— UTE) 17 79
~omlly? 69 0,67 é

=
0,60

-

B

L

u

-

u

-

u

u

V IenBHEI pacxon

tornBa 11/ 10T KM
coDoooooo

o—ifoiriaena,sio

[y
o

21 23 25 27 29 31 33 35
Macca rpyza, T

Pucynox 2 — Hzmenenue yoenbno2o pacxooa monauead 6 3a8Ucumocmu om mMaccul 2py3a
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AHanua nony4eHHoro rpaduka nokasbiBaeT, YTO C yBENMYEHUeM Macchl rpy3a Habnogaetcs TeHAeHUns
K CHVXEHWUIO yOenbHOro pacxoda ToMnnvBa, BbIPaXeHHOro B nutpax Ha 10 T-kKM. 3TO CBA3aHO C TeMm, YTO npu
yBENUYEHUN NMONE3HOW Harpy3ku ABuratens aBToMobunsa pabotaeT B 6bonee onTumanbHOM pexuMe, a obbem
nepeBe3EHHON NPOAYKUUN BO3pacTaeT, CHKasA pacxof TOMMvBa Ha eanHMLY TPaHCMOPTHOW paboTsl.

Hanbonee adhpekTBHLIM OKasancs kapbepHbli camocBan benA3 — 7540B, koTopbii Npu Macce rpysa
30,2-32 T AeMOHCTpUpyeT MUHMMarbHble 3HA4YeHUs yaenbHoro pacxoga tonnmea (0,65-0,67 n/10T-km). 31O
CBUOETENLCTBYET O BbICOKOM 3h(peKTUBHOCTM ero paboTbl Npy MOMHONM 3arpy3ke. B 1o xe Bpemsa aBToMoounm
HOWO 336 n SHACMAN 360 xapakTtepusytotcsa 6onee BbICOKMMM 3HA4YeHMAMM yaensHoro pacxoaa (0,74-0,83
n/10T-km) npy MeHblwKnx Harpyskax (19,4—24,1 T), 4TO ykasblBaeT Ha MeHee pauuoHarnbHOe WUCMOoNb30BaHWe
TONNMBa B YCNOBUSAX YaCTUYHOW 3arpysku.

OtaenbHoe BHUMaHWe 3acnyxuBaeT nokasatens SHACMAN 360 npu macce rpysa 35 T, rae yaenbHbIn
pacxoq coctasnget 0,79 n/10T-km, 4TtO Bblwe, Yem y BenA30B C MeHbluen maccon. OTO MOXeT ObITb
00yCMNOBNEHO KOHCTPYKTUBHBIMW OCOBGEHHOCTAMU aBTOMOOWIS, PEXUMOM 3KCniyaTtauuu Wnu mapLipyToMm
OBWKEHMS.

Takum ob6pazom, Ans obecneveHns HamnyyLmMx nokasaTenemn TONMBHOW SKOHOMUYHOCTU NPY NEPEBO3KE
CKanbHbIX NOpPO4 B ycrnoBusix cTpouTenbctBa PoryHckon MOC uenecoobpasHo MCMonb3oBaTb aBTOMOOUNN,
MaKCMMarbHO NPUOMKEHHbIE K CBOEW HOMWHAIBHOWN rpy30N04bEMHOCTM. 3TO NO3BONSAET 3HAYMTENBHO CHU3NUTb
3aTpaTbl Ha TONNUBO HA €AVMHULY BbIMOSTHEHHOW TPaHCNOPTHOW paboThl.

Ha pucyHke 3 npeacraBneH rpaduk 3aBUCMMOCTM pacxoa TOMMMBa OT pacCTOAHUSI NEPEBO3KMN.

Pucynox 3 — 3asucumocmsv pacxoda monauea om paccmoanus nepeo3Ku

paduk nokasbiBaeT NUWHENHYID 3aBUCUMOCTb pacxoda TonnvMBa OT paccTosiHua nepeBoskn. C
yBenMyeHneM paccTosHUS yBenuuMBaeTCcs CyMMapHbI pacxod Tonnmea, YTto normyHo. O4HaKko HaKMmoH NUHUM
MOXET OTNINYaTLCA Y pasHbIX MapoK aBTOMOOWMEN.

AsToMOOMIM BenA3 - 7540B OeMOHCTPUPYHOT MEHbLUMA MPUPOCT pacxoja Tonnuea Mo Mepe
yBenuyeHusa pacctosHus no cpasHeHntio ¢ SHACMAN n HOWO, 4To noateepxgaeT MUX NyudLyk TOMSIMBHYIO
3(pPeKTUBHOCTL Ha ANUHHBLIX MapLUpyTax.

Ha pucyHke 4 noctpoeHa auarpamma Ans cpaBHEHUs 9MEKTMBHOCTU TPaHCMNOPTHBLIX CPeAcTB
pasnU4YHbIX MapoK Mo CpedHeMy 3Ha4YeHUIo YAenbHOro pacxoaa Tonnmea.
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Cpennuii ynenpHbIN pacxon, /10T kM

0,82 0,81
08 0,78

0,78

0,76

0,74

072 0,71

0,68 -
0,66 - T T )
benA3 7540B HOWO 336 SHACMAN 360

mbenA3 7540B “ HOWO 336 4 SHACMAN 360
Pucynox 4 — Jluacpamma cpasnumensvroii 3¢pgpexmusrocmu asmomoounell pasiudHovix Mapox

Haunydwmne 3HadeHus ypenbHoro pacxoga TonnveBa W 3dEKTUBHOCTM TPaHCMOPTHOM paboThl
HabntogatoTcs y BenA3 — 7540B. HecmoTps Ha GonbLuyto Maccy OH pacxogyeT MeHblue Tonnmnea Ha 10 T-KM no
cpaBHeHnto ¢ HOWO n SHACMAN.

Takum obpasom, BenA3 — 7540B sensietca onTumanbHbIM BbIOOPOM AN YCIOBUIA CTPOUTENLCTBA
PoryHckon M'9C, ocobeHHO nNpu nepeBO3Ke THKEMbIX rPYy30B Ha cpeaHue 1 6onbLune PacCTOSHUS.

P93yanaTb| nccrnegoBaHus
B xoae ﬂpOBe,El,éHHOFO aHanm3a yCtaHOBJIEHO cleayrlLlee:

v' HaumeHblIWiA yaenbHbIA pacxog TonnuBa 3adukcupoBaH y aBTomobuns HOWO 336 npu manbix
paccTosHUAX 1 Harpyskax, coctasnss 144,4 n/100 km npu macce rpysa 19,4 1.

v' KapbepHblit camocBan BenA3 xapaktepusyeTcs Gosbluelt cTabuNbHOCTbIO MokasaTenen yaenbHOro
pacxofa Tonnuea, OAHaKo 4EMOHCTPUPYET NOBbLILEHHbIA pacxo Npy KOPOTKUX ANCTAHLUUAX NepeBO3KU.

v' AsTomo6unun mapkn SHACMAN nokasbiBatoT Hauny4Llyo TONNMBHY 3h(EKTUBHOCTL NPU NEPEeBO3Ke
rpy3oB maccon cebiwe 30 T Ha paccTosHum 14,4 km.

v Bo Bcex paccmaTpvMBaeMblX TPaHCMOPTHbIX CPeAcTBax HabnogaeTcs NpeBblleHWe HOPMaTMBHbIX
3Ha4yeHuMn pacxoga Tonnuea, npu 3Tom y benA3 nokasatenes gocturaet 80 n/100 km.

v' CpefHssi CKopoCTb ABMKEeHUs1 BonblUMHCTBA aBTOMObOUE Haxoamnack B agnanasoHe 10-20 km/y, 4To
00YCMNOBNEHO CMOXHBIMU LOPOXHbLIMU YCITOBUAMU U CeundmrKor MapLLIpyTOB B FOPHOW MECTHOCTW.

3aknioyeHue
AHanu3  aKkcnnyatauuoHHOM  3PEKTMBHOCTM  KapbepHbIX aBTOMOOUNEW, WCMOMb3yeMblX Ha

ctpoutenbcTBe PoryHckon MOC, BbisiBUN, 4TO (DaKTMYECKMA pacxon TonnuBa B psge ChnyvaeB npeBblllaeT
HOpMaTuBHbIe 3HayYeHus. OCHOBHbIMM MPUYMHAMU OAHHOTO SABMEHUS ABMSIOTCH CMOXHbIE OOPOXHbIE YCIOBUS,
3HaYUTENbHbBIA YKNOH MapLUpyTOB, U3HOC TEXHUYECKUX CPEeACTB, a Takke HepaumoHarbHOe WUCNorib3oBaHue
pecypcos.
Ona noBbiweHns 3dhdEKTUBHOCTU IKCNNyaTauum KapbepHbiX aBTOMOOWUMEN W CHWXeHWs pacxoga
TONnvBa pekoMeHayeTcs:
e 1CNOMb30BaTb aBTOMOOWMAM C MakCMMarnbHOW AOMYCTUMOW Harpyskow, G61vM3Kon K HOMWHaNbHOW, Ans
obecneyeHns 6onee HU3KOrO yAenbHOro pacxoga TonnmBea.
e ONTUMMU3NPOBATL MapLLPYThI MEPEBO3OK C YYETOM YKITOHA U [OPOXKHbLIX YCIOBUM;
e MPOBOAUTb PErynsaApHyto ANarHOCTMKY U TEXHUYECKOoe 0OCnyXMBaHWe TOMMMBHbBIX CUCTEM;
e MpPVMeHsiITb aBTOMOOUNK, MakCcMMarbHO COOTBETCTBYHOLUME MaccaM MepeBO3VMMbIX FPy30B W ANUHE
MapLUpyTOB;
e BHeAPsSTb CUCTEMbl MOHUTOPWHIa M KOHTPOMS pacxofa TOornnvMBa B peXxvMe pearnbHOro BpeMeHMu.
e [N CHWXEHUsA pacxoda TOMnuMBa B TOPHbIX YCMOBUAX LenecoobpasHo oTaasBaTb NpeanodTeHne
camocBanam € MOLLHbIMW ABUraTensamu, aganTMpoBaHHbIMU K paboTe Ha YKIMOHaxX U Npu MOHMXEHHbIX
CKOPOCTSX.
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Peanunzauna paHHbIX MepOI'IpI/IHTMVI Nno3BOJINT MNOBbLICUTL TOMIMMUBHYKO 3KOHOMWYHOCTb W CHU3UTb

aKCnnyaTauMOHHbIe  3aTpaTtbl  Mpu

rTMAapoaneKkTpocTaHunn.

TpaHCMNopTUPOBKe

ropHom

Macchl

B yCnoBuaAx CTpouUTeNnbCTBa
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YK 625.76:625.758:005.8(575.3)

OCHOBHBIE NMOKA3ATEJIN TPAHCIOPTHO-3KCIJTYATALMOHHOIO

COCTOAHUA ABTOMOBMWUIJIbHbLIX AOPOI' TAOXKUKUCTAHA
C.B. Mup3sosopga, XX.U. Cogukos, ®.C. Mupsoes
TamKuKCKUi TEXHUYECKUH YHUBEepcUTeT UMeHH akajgemuka M.C. Ocumu

B nanHOW cTaTthe pAcKpBITBI TEOPETHUYECKHME U MPAKTHUYECKHE AacHeKThl OCHOBHBIX IIOKa3aTelied TpaHCIOPTHO-
OKCIITYyaTallUOHHOI'O COCTOAHUA aBTOMOOHMIBHBIX Jopor TaL[)KI/IKI/ICTaHa. OX&paKTCpI/ISOBaHH KIIFOYECBBIC IIOKA3aTCIM TEXHHYCCKOI'O
COCTOSTHHSI TOPOXKHOM CETH, BBIABICHBI CYIIIECTBYIOIINE MPOOIEMBI €€ COMEp)KaHNSA W MPHUBEACHBI IMyTH MOBBIMICHNUS d((PEKTUBHOCTH
JKCILTyaTalMOHHOTO oOcmyxuBaHus. [IpoBenéH 0030p MEXIyHAPOAHOTO OMBITA B YACTH MCIOJIb30BaHUS aBTOMATH3UPOBAHHBIX CHCTEM
ynpasieHus: opoxkHbIMUA akTuBamu (CY/IA), Ha OCHOBE KOTOPOTO JaHBl PEKOMEHIALUH MO aJanTaluy JYYIIUX MPaKTHK K YCIOBUAM
Ta}:[)KI/IKI/ICTaHa. HpeI[CTaBJ'[eHI)I CXEMBbI TUAarHoCTUYCCKOIo Mmpoiecca u CpaBHI/ITeJ'H)HI)II‘/‘I Fpa(bI/IK HHIOCKCa IRI mo PEruoHaM CTpaHbl.

Knroueevie cnosa: MpAanCcnopmHroO-3IKCNiyamayuoHHoe cocmosHtue, asmomooOunbHAs ()0]702(1, asmomMamu3upoearnHbvle CUCHeMbl,
Memoobl, NOKA3AMeENU, COOEPIHCaHe 00po2, IPPEeKmueHoCns 3ampan.

HULLOHOUXAHOAXOU ACOCUU XONATU HAKINUETU-UCTUDPOOABAPUN POXXOU
ABTOMOBUIITAPOUN TOYUKUCTOH.
C.B. Mup3o3oaa, XX.U. Cogukon, ®.C. Mup3soeB

Jap Makonan Ma3Kyp 4aHOaxou HazapusBH Ba aMalM{ HUIIOHIWXAHIAXOH aCOCHM YCYIXOM MaBUy[ad HAOPAaKyHHU XOJaTH
HaKIHETHIO-UCTH(OTa0apHH POXXOH aBTOMOOMNTapayu TOYUKUCTOH HUIIOH A0/ ITyAaan . HumoHIuxanaaxon acocuu X0IaTi TEXHUKIH
mabakan poxxo TaBcu( kKapja mIygaaH[, MyMIKWIOTH MaBYyJad HUTOXJOPUH OH OIIKOP Kapja IIy[JaaH] Ba POXXOH OalaHA OapHoIITaHu
CcaMapaHOKHH XHM3MarpacoHWu uctudonabapit oBapaa mrymaann. bappacuu taupuban OaitHanMmuiianii oua 6a uctudomad CHCTEMaxou
aBTOMATHKYHOHHJaNIynan upopakyHun jpopou poxxo (CHUJIP) rysaponmza mryn, KM Jap acoCH OH TaBCHSXO OWA 0a MyTOOHMKCO3UH
Taypubaxon OexrapuH Oa mapoutn TOYMKUCTOH noza mynaan. CxeMaxou paBaHIy TAIIXKC Ba 4aaBaJId MyKOUCABUH MHIECKCH XaMBOPH
(IRI) a3 pyu MUHTaKaxoH KHIIBap MENTHUXOA Kap/a [IyfaaH.

Kanuoeoscaxo: xonamu naxmémuio-ucmugooabapii, poxu agmomoounzapo, cucmemaxou agmoMAmuKyHOHU, YCYIxo,
HUUWOHO00X0, HU20XOOPUU POXXO0, CAMAPAHOKUU XAPOYOM.

MAIN INDICATORS OF THE TRANSPORT AND OPERATIONAL CONDITION
OF TAJIKISTAN'S ROADS
S.B. Mirzozoda, J.l. Sodikov, F.S. Mirzoev

This article covers theoretical and practical aspects of the main indicators of the transport and operational condition of highways
in Tajikistan. Key indicators of the technical condition of the road network are characterized, existing problems of its maintenance are
identified, and ways to improve the efficiency of operational maintenance are given. A review of international experience in the use of
automated road asset management systems (RAMS) is conducted, based on which recommendations are given for adapting best practices
to the conditions of Tajikistan. Schemes of the diagnostic process and a comparative graph of the IRI index by regions of the country are
presented.

Keywords: transport and operational condition, highway, automated systems, methods, indicators, road maintenance, cost

efficiency.

BBepgeHue

ABTOMOOMIbHBIE JOPOTM UrPaloT peLlatoLlyo pofib B 06ecneyeHnn TeppuTopranbHON CBSA3AHHOCTU U
3KOHOMMYecKkoro passutua Pecnybnukn TampkukuctaH. [Npu 3TOM SKCnnyaTauMoHHas NPUrogHoOCTb LOPOr,
oLeHMBaemMasa 4epes3 COBOKYMHOCTb TPAHCMOPTHO-IKCMIyaTaLMOHHbIX MoKasaTenen, BO MHOIOM onpegensieT
6e3onacHOCTb OBWXEHUSA, CKOPOCTb NEPEBO30K U YPOBEHb TPAHCMOPTHLIX M3gepxek. OcobeHHOCTU FOpHOro
penbeda, CENCMUYHOCTb, KMMMaTUYECKME Harpy3kum M OrpaHuyveHHble (ODUHAHCOBbIE PECYPChl CYLLECTBEHHO
OCMNOXHSAT 3a4ayn CoAepXaHWsi JOPOXHOW ceTu Ha HeobXxooumom ypoBHe. B faHHbIX ycrnoBusix ocoboe
3HayeHne npuobpeTaeT CUCTEMHbIV MOAXOL K MOHUTOPUHTY U NOAAEPXKAHUIO TPAHCNOPTHO-3KCMyaTauuoHHOro
CoCTOsIHMSA aBTOMOOMNbHLIX gopor (TACAL) [1, 2].

OcHoBHble anemeHTbl TOCA]] n HopMmaTUBHbIE TpeboBaHUA
TOCAL BKMOYaeT COBOKYMHOCTb NokasaTenewn, xapakTepuayoLmnx NpUrogHoCcTb Oporv kK 6e3onacHom u
appekTnBHOM akcnnyaTaumm. K OCHOBHbIM arieMeHTaM OTHOCAT:

e UHpekc npogoneHon posHocTu (IRI);

KoadhumumneHT cuenneHuns Konéc ¢ NoKpbITUEM;
[MoBepxHOCTHLIE AedeKThl;

CocTosiHMe 0604MH, BOOOOTBOAOB M LOPOXHbBIX 3HAKOB;
MporHo3 nsHoca NoKpbITUNA.

HopmaTtumeHble gokymeHTbl Pecnyonuku TagpkukuctaH, Takme kak CHwull 2.05.02-85 n TOCT 33132-2014,
npeaycMaTpuBaloT pPerynsipHbiii KOHTPOMb COCTOSIHUS BblleyKa3aHHbIX MokasaTenen C MCNosfib30BaHUEM
BM3yanbHbIX U MHCTPYMEHTarbHbIX MeToaos [1, 2].

MeToabl n hopmynbl pacyeTa anemeHToB TOCA[LL

[nsi KONMYECTBEHHOM OLIEHKN M3HOCA N COCTOSIHWS MOKPLITUS MOTYyT ObiTb MCMOMb30BaHbI criegyoLme
copmynbl:
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1. OnpegeneHue npoaonsbHon poBHocTU NokpbiTUs (IRI).
IRl onpepenseTcs kak UHTErpanbHasa xapakTepucTuka BepTMKanbHOro npoduns goporn, oTpaxarLlasi
cTeneHb KOMGOPTHOCTU 1 Be3onacHOCTM ABWXKEHUS. Micnonb3ytoTcsa crnegytoLlime MeToabl:
e UmumayuoHHbIlU (O8yxmaccoenil) Memod - U3MepeHVe peakunm nnatopmbl C MHEPLIMOHHOM
CUCTEMOW NPU OBUKEHWUM;
e [Ipochunozpachudeckuli memod - perncTpaumsi BepTUKalbHbIX MEPEMELLEHMN TOYEK LOPOXKHOM

MOBEPXHOCTY;
e Memod nazepHo20 npoghunupoeaHusi - Haubonee TOYHbIN, UcNonb3yeTcs B cuctemax PMS n HDM-
V.
a) Pacuét npogonbHon poBHocTU (IRl) no oTknoHeHusim npoduns BbinonHsieTca no opmyne:

IRI = (Z[Z() - Z(i-1)]) / L 1)

raoe Z(i) - BepTukanbHOe OTKIMOHeHue (M); L - anuHa yyacTka (km).

lMpumep pac4yéma:
Ecnu cymma oTknoHeHuin 45 mm Ha 100 m, 1o IRl = 0,045 m/0,1 km = 0,45 M/KM (OTNIMYHOE COCTOSHME).

6) PacuéT npopgonbHon poBHocTH (IRI) no mogenu HDM-4 BbinonHsieTcs no ¢hopmyne:
IRI(t) = IRIo + Ba-t + B2 ESALA s (2)

rae IRI(t) - pacyéTHoe 3HauyeHue nHaekca NPOAONbHOW POBHOCTM MOKPbLITUSE aBTOMOBUIbHOM goporn (M/KM) Ha
MOMEHT BPEMEHMU t;

IRI, - UCXxodHOe (Ha4yanbHOoe) 3HayYeHue MHOeKca NPOAOSIbHOWM POBHOCTM NOKPbLITUSE Aopork (M/KM), N3MepeHHoe
HernocpeaCTBEHHO Mocre CTPOUTENbCTBA UMK NpeablayLLero PEMOHTA;

ESAL - HakonneHHass 3a nepuog SKCnnyaTauuMum Harpy3ka Ha [OOpPOXHOE TMOKpbITUE, BblpaXeHHas B
3KBMBAIEHTHbBIX OCAX (MWUMMMOH 3KB. ocert). OgHa aKBMBaNeHTHast ocb 0ObIYHO COOTBETCTBYET OCU C Harpy3Kow
8,21,

t - nepuog akcnnyaTauum 4Oporu nocrne HavanbHOro cocToaHus (neT);

B1, B2, Bz - aMnupuyeckne koapduumeHTbl, onpedensieMble No pesynbTataMm HaTypHbIX UccneaoBaHun U
KanMbpoBKM MOAENU Ans KOHKPETHbIX KINMMaTUYeCKUX W 3IKCMyaTauuMoHHbIX ycrnoBuiA. OHM  yunTbIBaKOT
0COBGEHHOCTU MECTHOTO [JOPOXXHOIO MOKPbITUS, MHTEHCUBHOCTb ABWKEHUS, NMOrOAHbIE YCMOBUSA U TEXHOJOMMI0
cTpoutenbcTia [5, 6].

lpumep pac4yéma rno modesiu HDM-IV:

Ecnu: HavyanbHOe 3HadeHue uHAekca npoponbHom poBHocTu IRIG=2,0 m/km - gopora HaxoguTcs B
XOpoLLeM COCTOSIHMM; Nepuoa aKkcnnyaTtauuu goporu t=5 neT; HakonneHHasa Harpyska ESAL=1,5 MnH. 3kB. ocel;
koapdbuumeHTol: $1=0,15 koadpduumeHT yBenuyeHms IRI Bcnegcteme KNMMaTUYECKMX U BPEMEHHbBIX hakTopoB
(ectectBEHHOE cTapeHue nokpbiTuda); B,=0,3 M Pz=0,4 ko3pMLUMEHTbI, XapaKkTepuaylLlime BO3OEeNCTBUE
TPaHCMOPTHOM Harpy3kn (MHTEHCUBHOCTb U BECOBbIE MapameTpbl ABWKEHNS).

MoacTtaBuM 3HayYeHUs1 B popmyny:
IRI (5) = 2,0+0,15-5+0,3- (1,5)%#=3,10 m/km

ITonyuennoe 3nauenue IRI=3,10M/kM yKa3bIBaeT Ha YXYALICHUE SKCIUIYaTAlIMOHHOT'O COCTOSIHUS JIOPOTH.
OOBIYHO HOPMATHBAMHU CHUTAIOTCS:

¢ IRl go 2,0-2,5 m/km - xopoLuee COCTOSIHUE;
¢ IRl oT 2,5 o 4,0 M/kmM - y0OBNeTBOPUTENBLHOE COCTOSIHUE (PEKOMEHAYETCHA CPeaHNA PEMOHT);
¢ IRI Bbiwe 4,0 m/km - Nnoxoe coctosiHme (TpebyeTcs KanuTanbHbIA PEMOHT).
Mony4yeHHbIn uHaekc (3,10 m/kMm) O03HayaeT, YTO Jopora HaxoaAuTCs B 30HE «YOOBMETBOPUTENbHOMO
COCTOSIHMAY, OnmMska K «MNIOXOMY COCTOSIHMIO» W TpebyeT nNpoBedeHVs CpefHEero pPemMoHTa WM Opyrux
MEepPONPUSATUIA NO BOCCTAHOBMEHMIO.

M3meHeHune nnaekca npogonsHon posHocTu (IRIl) no BpemeHu, rpacgmyeckun nsobpaxeHo Ha Puc. 1.
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I"'onb! 3kcIuryaTanmu
Pucynox 1 - I'pagux usmenenus undexca npodoavroii pognocmu (IRI) no epemenu

HaHHbIN rpacdmk nokasbiBaeT HapacTaHMe HEpPOBHOCTEN [OOPOXHOIO MOKPbITUSE B TevyeHue 6 neT
akcnnyaTauun. HavyanbHoe 3HaveHue IRI B 2,0 M/KM nocTeneHHo yBenuumMBaeTcs, gocturas 5,2 m/km Ha 6-o rog,
YTO yKasblBaeT Ha yXyALlEeHNEe COCTOSHUS MOKPbITUS. Takas AuHaMuka TpebyeT nnaHoBOro BMeLLaTENbCTBA,
Hanpumep, B pOpMe Ha3Ha4yeHus cpefHero peMoHTa Ha 4-5 rogy, 4Tobbl u3bexaTb nepexoda LOPOXKHOrO
MOKPbITUSI B HEYA,0BNETBOPUTENIbHOE COCTOSIHME U POCTa TPAHCMOPTHbIX U3OEPXKEK.

Taknm o6pa30M, rpachK No3BOJIAET HarndgHO onpenesimtb MOMEeHT BpeMeHWu, Koraa HeobxoaMmo
npoeegeHne MepOﬂpMﬂTMVI NO PEMOHTY U BOCCTAHOBJ1EHUIO NMOKPbLITUA OOPOrN, 4YTOObI 06ECnEeUNTb HOpMaTuBHbIE
nokasatenu n 6e3onacHocTb AOOPOXXHOTO OBMXEHUA.

2. Koaghpuyuenm cuyensnerus (f) paccumtbiBaeTCs C NOMOLLLIO TOPMO3HOMO CTEHAA UMK U3mepuTenen

TPEHUs:
f=(Fr/G) (3)

roe f - KoadbpmumeHT cuenneHms NokpbITUa goporn (6e3pa3mepHas BenMyMHa, YUCNEHHO paBHas OTHOLLEHMWIO
cun);
Fr - cuna Tar1 (TpeHns), BO3HMKaIOLLAaa MeXAy LUMHOW aBTOMOOMNSA U AOPOXHbBIM NMOKPLITUEM MPU TOPMOXEHUM,
namepsetcs B HotoToHax (H);
G - Bec (cvna TaxkecTn) aBTomMobuns, OeNCTBYIOLLAA Ha JOPOXHOE NOKPbITUE, Takke namepseTca B HbloToHax

(H).

lMpumep pacyéma:

,D,OI'IyCTI/IM, B pe3ynbTaTte MCNbITAHU Ha TOPMO3HOM CTeHOe wunn cneunarnbHbIM I'IpVI60pOM Obinn
nony4eHbl criegyruine nokasartenu:

Cuna 1aru (cuna TpeHus) Fr = 1800 H; Bec aBTtomobunsa G = 9000 H.
MoactaBnsiem 3HaveHus B popmyny: f = 1800/9000 = 0,2.

lMonyyeHHoe 3HayeHne koadpduumeHTa cuenneHusa f=0,2 HaxoauTCa HKe HOpPMATUBHOIO npeaena
(06bl4HO HOpMaTKMBbI TPEDYOT KoadhduuneHT He meHee 0,3-0,4, B 3aBMCMMOCTU OT TUMNa AOPOrv 1 MOKPbITUS).
OTO 03HavaeT, YTO AOPOXKHOE MOKPbITME He obecnevmBaeT gocTaTouyHOM Ge3onacHocTv 1 TpebyeT npoBeaeHUs
paboT MO BbIpaBHUBAHUIO, OYMCTKE MUKW 3aMeHe MOKPbITUS.

3. [NosepxHocmMHbIe Oeghekmbl oyeHusaromcsi yepe3 degpekmHbit 6ann (D):

D=%(K;*L;)/Logy (4)

roe D - pedbekTHbI Gann OOPOXHOIO MOKPbITUS (Oe3pa3mepHas BenuYMHA), OTPaXKaMLWUA COCTOSHME
MOBEPXHOCTN JOpOry;

K; - k0abULNEHT BaXXHOCTU KOHKPETHOro aedekrta. Yem Bbille 3HayeHue KoadhduumeHTa, TeM CepbE3Hee
AedeKT BNMseT Ha aKCcnnyaTalMoHHOe COCTOsiHUE A0POory;

Li - 4NWHa 30HbI JOPOXHOIO MOKPbLITUSA C KOHKPETHBIM AedekToM (M);
Ly, - 0BWasA anvHa obcneayemoro ydacTka goporu (m).
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lNMpumep pacyéma:

McxoaHble AaHHbIe: KOIMPMULNEHT BaXXHOCTU TPELUNH Kipeyy, =2; ANMHA yyacTka ¢ TpelyHamu L1=40
M; KO3(p(PMUMEHT BaXHOCTU BbIOOVH K ouu =3; ANMMHA yyacTka ¢ BblbomHamn L,=30 M; obwiasi gnvHa
obcrneayemMoro yqactka foporu Lyg, =100 m;

MoactaBum 3HadeHus B popmyny: D = (2x40 + 3x30) / 100 = (80 + 90) / 100 = 1,7

Mony4yeHHoe 3HayeHne D=1,7 yka3biBaeT Ha HEYAOBNETBOPUTENbHOE COCTOSIHME MOKPbLITUA.

4. CocmosiHue 0604UH, 80300ME80008 U GOPOKHLIX 3HAKOE.
OueHKka 3TMX 3NMeMEHTOB OcCyLlecTBnsieTcs no 6annbHOW CUCTEME C MCMONb30BaHWEM BU3YyarbHOIo
KOHTpOns. Kaxabln anemMeHT nMeeT CBOIO LUKany oueHku [6, 7]:
e O60YUHbI - OLIEHNBAIOTCS MO POBHOCTM, HANMYNIO OChINEN, SPO3NN:
0 — paspyLueHsbl
1 — YyacTM4HO paspyLUeHbI
2 — yAOBreTBOPUTENbHOE COCTOSHNE
3 — xopollee COCTosiHME
e Bodoomeodsi (Klogembl, JIOMKU) - OUEHUBaomMcs o crnocobHocmu omeoda 800bI U HAUYUIO
3acopos:

0 — NONHOCTBLIO 3acCOpPeHbI
1 — orpaHu4eHHas NpoBOAMMOCTb BOAbI
2 — paboTaloT YaCTU4HO
3 — PYHKUMOHMPYIOT LITATHO
o [lopoiHble 3HaKu - OUeHU8atomcs o UX Haiu4uo, yumaemocmu u eepmukanbHOCmu:
0 — oTcyTCTBYIOT
1 — noBpeXaeHsbl
2 — YynuTaeMbl C UCKaKEHNEM
3 — B NOSIHOM Nopsiake
WToroBas oueHka y4acTtka (Mo 5 kputepusm) onpegensietcs no popmyne:
Q=(Q1+ Q2+ ...+ Qy)/n ®)
roe Q, - OUEeHKa No KaXXaAoMy 3feMEHTY.

lNpumep pac4yéma: o6o4mHbl: 1 6ann (4acTMYHO paspylueHbl); BoA4oOTBOAbLI: 2 Oanmna (4acTU4HO
paboTatoT); JOpOXHbIe 3Haku: 3 Ganna (B Hopme).

Q=(1+2+3)/3=2,0(cocTosiHNE YOOBNETBOPUTENBHOE, HO TPEDYET yNy4dLLEHUIA).

5. [lpoeHO3 u3HOCa nokpbIMusi onpepenseTca no coopmyne:

U(t) = Uo + (a-N-t) (6)
raoe M(t) - HakonneHHbIN U3HOC NOKPbLITUA 3a Nepunos akcnnyataumum (Mm); Uy - NCXOAHBLIA U3HOC NOKPLITUA (MM),
00bIYHO npuHUMaeTcsa 0 ANA HOBOro MOKPbLITUA; G - KO3(MUUMEHT M3HOCA MOKPbITUS, XapakTepusyeT
CKOPOCTb M3HOCA Ha OAHO TPaHCMOPTHOE CpeacTBo B CyTku 3a 1 rog (Mm/(aBT./cyT.*roa)); N - MHTEHCUMBHOCTb
OBWKEHMS, KONMYECTBO aBTOMOOUNEN B cyTkM (aBT./CyT.); t - Nnepmnog akcnnyaTaumm nokpeitus (ner).

lMpumep pacyéma: N, = 0; a = 0,001-0,002; N = 5000 aBT./cyT.; t = 5 neT;

U(t) =0 + (0,001-5000-5) = 0 + 25 = 25 mm.

HakonneHHbIN M3HOC NOKPLITUA 3a 5 neT aKcnnyaTaumm CocTaBuT 25 MM.

Ha Puc.2 npepncrtaBneHa 6nok-cxema, koTopas MNMOCTPUPYET MO3TanHbli npouecc obcrnemoBaHus
COCTOSIHMS aBTOMOBUIBHBIX A0POT, Ha4YnHas oT cbopa ncxoaHom MHgopmMauum o HPOPMUPOBAHUS TEXHNYECKOTO
oTyéta. Takonm noaxon obecneuvmBaeT NOCNEAOBATENbHOCTb, OOBLEKTUBHOCTL M BOCMPOU3BOANUMOCTb OLIEHKM
COCTOSIHUS [IOPOXHOM ceTu. BaxkHo, 4TObbI BCE aTanbl BbINOMHANNCE PErYNSPHO U C MPUMEHEHNEM COBPEMEHHbIX
ANarHoCTUYECKMX CPeacTB, YTO ABMSETCH OCHOBOMN AN 3pEKTUBHOIO yrnpaBneHus JOPOXHbIMU akTuBamu [5].

101



[Monurexuuueckuit BectHUK. Cepusi: MrxenepHbie uccnenosanus. Ne 3(71) 2025

Co6op
HCXOIHBIX
JAHHBIX
[TonaroroBka oTuera MHcTpyMeHTaIbHas
JOTUArHOCTHUKa
IOKPBITHA

Knaccudukanu Pacuer
S HHJICKCOB H
TEXHUYECKOTO OIICHOYHBIX
COCTOSIHUS MoKazaresneu

Pucynok 2 - Dmanwt 0b6credosanus u oyenxu TOCAL]

TeKyLwiee cOCTOAHME OOPOXHON CeTU N Npobnembl eé coaepkaHus
AHanu3 cocTosiHMS pecnybrukaHCKOM [OPOXHON CeTVM MNOoKasbiBaeT, YTO 3HauuTenbHas €€ 4YacTb
HY)XgaeTcsl B KanuTanbHOM MNW TEKyLLEM peMOHTe. o 3KCMepTHLIM OLEHKaM, YPOBEHb M3HOCA MOKPLITUA Ha
oTAenbHbIX yyacTkax gocturaet 70-80%, 0cobeHHO B OTAANEHHBIX U TOpHbIX paioHax. OCHOBHbIE NPOGneMbI:
e HepeeynsapHasi OuaeHocmuka cocmosiHusi Gopoe, YTO 3aTpydHSIET MNMaHWPOBaHWE PEMOHTOB WU
NpoUNaKTUYECKMX MEPONPUATUI;
e HedocmamoyHoe puHaHcuposaHue, He MO3BOMAKLLEE peanu3oBbiBaTb KOMMIEKCHbIE MPOrpaMmbi
coaepxaHus;
o  Omcymcmeue crneyuanu3upog8aHHOU MexHUKU U 0by4eHHO20 nepcoHana, 0COBEHHO B pernoHasnbHbIX
[OPOXHO-3KCMITyaTaLMOHHbIX YNpaBneHusx;
o CmuxuliHocmb U peakmueHbIl no0xod K peMoHmy, Korga MeponpuaTus NpoBOAATCA TOMNbKO Mocne
BO3HWKHOBEHWSI CEPbE3HbIX NoBpexaeHun [5].

Tabmuna 1 - Cpenaue 3HaueHns uHaekca IRI mo permonam Tamkukucrana

Pernonsl PecrryOmkn Tamkukuictan 3nayenus IRI, m/xm
Corauiickas o0yacTb 3,5
XatioHckas 00J1acThb 4.2
l'opro-banaxmanckas aBToHOMHas 061acth (TEAO) 5,8
Pations! pecrrybnmkanckoro nmogunaeHus (PPIT) 4,6
JonycTiumoe 3HayeHne corjiacCHO HOpMaTUBY <3,0

MpegcTtaBneHHble B Tabnuue 1 3HadeHusa mHaekca npogonbHon poBHocTu (IRI) oTpaxarT Tekywmn
ypoBeHb AedopmMauuin U HEPOBHOCTEN MOKPbLITUSA B pa3pese permoHoB. 3HaveHue Bbiwe 3,0 M/KM cunTaeTcs
KpUTUYeCcKnM 1 TpebyeT BMeLLaTeNnbCTBa B BUAE BbIpaBHMBAIOLLETO CIIOSA UK KanuTanbHOro pemoHTa. Hanbonee
HebOnaronpusaTHas cuTyauuss Habnogaetca B FBAO, roe wmHOekc poBHOCTM cocTaBnsieT 5,8 M/km, 4TO
00yCrnoBNEHO CMOXHbIM TOPHBIM pPerbedOoM, MOBLILUEHHON CEWCMUYHOCTBIO U HELOCTATKOM TEXHUYECKUX
pecypcoB AN CBOEBPEMEHHOIO obCnyxmBaHusA. [aHHble 3Ha4YeHUs Nofy4YyeHbl Ha OCHOBE aHanusa MnofeBbIX
0obcrnegoBaHuin, BbIMONTHEHHBIX MOBMABHBIMW AuarHocTudecknumm komnnekcamm B 2024 rogy [5].

Me»KAayHapoAHbIii ONbIT U BO3MOXHOCTU aAanTauum

Bo MHOrmx crtpaHax C pasBuMTON [AOPOXHOW MHMPACTPYKTYPOW MCMOSb3yHTCA aBTOMaTU3NPOBaHHbLIE
CUCTEMbl YyMpaBneHus [OpoXHbiMu aktuBamu (PMS - Pavement Management System). 3tu cucrtemsl
MO3BOMAOT:

e cobupatb u obpabaTbiBaTb AaHHblE O COCTOSIHUM [OOPOXHOrO MOSIOTHA C MOMOLLBK MOOUMbHBLIX

nabopatopun n N’c;

MOOEeNMpPoBaThb N3HOC MOKPLITUSI U MPOrHO3MPOBATL €ro0 COCTOSIHWME Ha NEPCNEKTUBY;

OLUEeHMBaTb CTOMMOCTb Pa3fNYHbIX PEMOHTHbIX CTpaTerni u BblOMpaTb ONTUMAlbHbIE C YYETOM
Owopxerta [3, 4].

Haunbonee achdektnBHble PMS-cuctembl BHegpeHbl B CLUA (AASHTO PMS), Kanage (TAC), AnoHunm u
cTpaHax EBpocotoza. Onsa ycnosuii TamkukuctaHa aktyarnbHa pa3paboTka agantupoBaHHo PMS-cucTtemsl,
yuuTbIBaloLLen ocobeHHOCTN penbeda, KnuMmaTta U pecypCHbIX OrpaHUYeHuUN.

MpenctaBneHHas Ha Puc. 3 cxemMa [OEeMOHCTPUPYET FOrMYECKY0 CTPYKTYPY TUMWYHOM CUCTEMBI
ynpaeneHnsa gopoxHoiMn aktneamu (CY[A), obecneumBatoLeri cbop, aHanM3 M UCNoNb30BaHNE OaHHbIX AN
MPUHATUS PELLUEHUA N0 PEMOHTY U 06CIYy>XMBaHMIO OOPOXKHOM ceTn. Cnctema OopreHTUpPOBaHa Ha LUKIMYHOCTb U
3aMKHYTOCTb MpoLecca: oT cukcaumm 4edeKkToB 4O KOHTPOMs BbIMONMHEHUs paboTt. E€ BHegpeHne nossonser
CYLLECTBEHHO MOBbICUTb OBOCHOBAHHOCTb UM 3PMEKTUBHOCTL 3aTpaT Ha coAepXaHue Aopor, ocobeHHO B
YCNOBUSIX OrpaHuMyeHHoro 6rogxeTta [3, 4].
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CBop JaHHBIX > AHaTHTHIECKHH > TIpHOpHTE3aIHs
06cIe0BaHHL MOTyTb PEMOHTOE
Y \ 4 A
Bbaza naHHBIX Pacuet cnieHapHeB H DopMHpOBAHHE
(IRI, PCI 1 ap.) 3arpar TIpOTpaMMEL PEMOHTOB
MoHHTOpHHT
H peanH3amt

Pucynok 3 - Cmpyxmypa munuunot cucmemol ynpaeierus 0opodxcrvimu akmueamu (CVJA)

BbiBOAbI 1 NpeanoxeHus
[nsa noBbILWEHUA TPaHCNOPTHO-3KCMNyaTaLNOHHOIO COCTOSAHNA aBTOMOBUIbHBIX AOpor Heobxoanmo
BbINOMHEHWNE criefyLwmx 4eNCTBUN:
e cucTemartum3aums obcnegoBaHui;
e LUMPPOBU3aLMSA OAHHBIX;
e BHegpeHue cuctemol CYJA;
e MOArOTOBKA KBANMLMPOBAHHLIX KagpoB;
® UCMOMb30BaHWe Mogenen N3Hoca, POBHOCTU, KOID(ULIMEHTOB CLENNMEHNs N AedeKTOB NoKpbITUs [5].
YkaszaHHble Mepbl MO3BOMAT CYLLECTBEHHO MOBbICUTH 3PEEKTMBHOCTb UCMNOMb30BAHUA OrpPaHMYEHHbIX
pecypcoB 1 obecneuvnTb yCTOMYNBOE pa3BUTME LOPOXKHO-TPAHCMOPTHON MHAPACTPYKTYPbl CTPaHbI.
Peyenzenm: Caiipaxmoros PX. - Km.n., douenm, 3asedyiowui Kagedpoi
'Cmpoumenvcmeo dopoe, cOOpYKeHuil u Mpancnopmubix, Kommynuxauui"JIIIY um. akao. M.C. Ocumu.
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ouna 6A BEXATAPUN ABTOMOBUITXOU BAPKU
!MamagamoH A6aynno, 2LU.C. Cabaynnosoaa, *A.A. Abaynnoes
UITT 6a Homu akagemuk M.C.Ocumil,
2)11_[ ATT 6a nomu akanemuk M.C.Ocumit nap m. Xy4as,
SYCK “TTOM”

Jap maxona Oexarapiuu aBTOMOOHJIXOM OapKid Ba THOpPHIA, KM OMHJIM aCOCHH MAaxHIIABHM BAaCChbH OHXO Ba IYBTHMOIU
HCTEHMOJIKYHaHJarOH MeOoIIall, HHYYHUH CTaHIAPTXOU OexaTaphu HaKIHETH aBTOMOOWIIHA Gappaci mrynaact. TaqKMKOTXOH OXMPHUH Ba
HATHYaXOM O3MOMILIXO CaJaMax0 HHIIOH MEIWXaHA, KA HH MOILIMHXO XaM4yH MOJCIXOHM aHbaHaBd 0O MyXappHUKXOH JapyHCy3d
GexarapaHz Ba 1ap 0ab3e YHXaTXO XaTTO a3 OHXO 3UEATApaH]. ABTOMOOMIXOH OapKi a3 XUCOOH YOHTUPKYHUH GaTapesixon akKyMyJIsTOpi
MapKa3y Ba3HUHUH IACT IOPaH/L, KM yCTyBOPUSATH OHXOPO 3UEA MEKyHa/l Ba XaTapy YalallaBupo KOXULI Meauxa. HaOynanu Myxappuku
JapyHCy3 a3 eIl UMKOH MeOuXaj, Ku Xyayau aedopmarcusi BacebTap rapamaa, Myxodusaru 6exrapu Myco)HpOH TabMUH Tapiaj.
ABTOMOOMJIXOU THOPHIA OapTapuxOoW aBTOMOOHMJIXOHW aHbhaHABHPO 0O KapOpXOW HHHOBATCHOHA MYTTaxXWa MEKyHaHII, aMMO 0a OHXO
XaTapxoy MYIITapakd XaM CHCTEMaH CY3HIIBOPA Ba XaM OarapesxoM aKKyMyJIsTOpid XocaHa. MYyIIKWIOTH acocuu Oexarapuu
aBTOMOOMIIXOU GapKid Ba THOPHIA HH SXTHMONH “(GUPOPH rapMit”-u Garapesxou akKyMyJIsTOPA Ba AyHIBOPUH XOMYLI KapIaHH OHXO
Me0OomIaja, KM TEXHONOTHSXOM MaxCyC Ba OMy3HIIM XaaaMoTd (GaBKynoqmapo Tamnab MekyHaa. Jlap MayMmyb, OHXO carxu OajaHau
Oexarapuu (abol, Falipruaboll Ba mac a3 cagamapo 60 pUOsSH CTAaHIAPTXOU OaifHAIMUIIANA TABMUH MEKyHAH]I.

KanuaBoxkaxo: Oexarapuu snekTpoMoOminxo, Oexarapuu ¢Qabon Ba Fapudabon, Oexarapuu SKOJOTH, Oexarapuu
ANIEKTPOMArHHUTH, THOPU, aKKyMYISTOPXOH JTUTHI-UOHH, (GUPOPH TrapMid.

O BE3OMNACHOCTW ANEKTPOMOBWUIEN
MamapgamoH A6aynno, LL.C. Cabaynnosona, A.A. Abaynnoes

B crarbe npoBeneH 0630p 6e30MaCHOCTH 3IEKTPOMOOWIIEH U THOPHIHBIX aBTOMOOMIIEH, SBIISIOMIAsCS KITIOUeBBIM (PaKTOPOM MX
IIMPOKOTO PacHpOCTPAaHEHHs U JIOBEpHUs OTPEOUTENEH, a TakKe CTaHAapThl 0E30MAaCHOCTH ISl aBTOTPAHCIIOPTHBIX cpeAcTB. HenaBHue
HCCIIEIOBAHMUS U Pe3YJBTaThl KPAII-TECTOB MOKA3bIBAIOT, YTO STH aBTOMOOMIIM HE YCTYIAIOT M0 O€30I1aCHOCTH TPaAUIIMOHHBIM MOJIEIISIM C
JIBUT'aTeJISIMU BHYTPEHHETO CTOPAHMsI, @ B HEKOTOPBIX OTHOIICHHSIX Ja)Ke IIPEBOCXOAAT UX. DIEKTPOMOOHIN HMEIOT HU3KHH LEHTP TSDKECTH
Grnaronaps pacroIOKEHHIO aKKyMYJIATOPHBIX OaTapeii, 4TO MOBBIIIACT UX YCTONYMBOCTH M CHI)KACT PHCK ONPOKHbIBaHusA. OTCYTCTBHE
JIBUTATeIIsi BHYTPEHHETO CrOpaHus B IEPEIHEH 4acTh Ky30Ba 0OecredrBaeT OONBIIYIO 30Hy Ae(opMaIivi 1 Iy UIIyIo 3alUTy acCaXUPOB.
I'uOpuaHbIe aBTOMOOMIIM COYETAIOT B cebe MPeUMyLIecTBa OOBIYHBIX aBTOMOOMIICH ¢ MFHHOBAI[MOHHBIMHU PEIICHUAMHU, HO MM CBOHCTBEHHbI
oOmmme pUcKH, CBA3aHHBIE KaK C TOIUIMBHOM CHCTEMOM, TaKk U C aKKyMYJSATOpHBbIMH Oarapesmu. OCHOBHOH mpoOneMoil 6e30macHOCTH
9NEKTPOMOOMIIEHl ¥ THOPHUIHBIX AaBTOMOOWIIEH SIBIISIETCSI BO3MOXKHOCTD «TEINIOBOTO Pa3roHay aKKyMYJISITOPHBIX Oarapeil U CIOKHOCTh MX
OTKJIIOYCHUSI, 4TO TpeOyeT NMPUMEHEHHs CIIEIHAIbHBIX TEeXHOJOTUI W IOATOTOBKH COTPYAHUKOB SKCTPEHHBIX CIyX0. B memom, oHu
o0ecreunBalOT BBICOKMH YPOBEHb AaKTHBHOW, ITAaCCMBHOM M MOCIeaBapUiHONW 0€30MacHOCTH, COOTBETCTBYIOLIMH MEXKIyHAapOIHBIM
CTaH/apTam.

KnioueBble cjioBa: 0e30MacCHOCTh AIEKTPOMOOMIICH, aKTUBHAS M MACCHBHAsE OE30MACHOCTh, SKOJOTHYECKas Oe30MacHOCTH,
9JIEKTPOMarHUTHas 6€30MaCHOCTb, TMOPU, TNTUH-MOHHBIC aKKyMYJISTOPBI, TEIZIOBOW PasroH.

REGARDING THE SAFETY OF ELECTRIC VEHICLES
Mamadamon Abdullo, Sh.S. Sadullozoda, A.A. Abdulloev

This article provides an overview of the safety of electric and hybrid vehicles—a key factor in their widespread adoption and
consumer confidence—as well as vehicle safety standards. Recent studies and crash tests show that these vehicles are as safe as, and in
some respects even superior to, traditional models with internal combustion engines. Electric vehicles have a low center of gravity due to
the location of the battery packs, which increases their stability and reduces the risk of rollover. The absence of an internal combustion
engine at the front of the vehicle provides a larger crumple zone and better occupant protection. Hybrid vehicles combine the advantages
of conventional vehicles with innovative solutions, but they share common risks associated with the fuel system and batteries. The main
safety concerns with electric and hybrid vehicles are the potential for "thermal runaway" of the batteries and the difficulty of separating
them, which requires specialized technology and the training of rescuers. Overall, they provide a high level of active, passive, and post-
crash safety, meeting international standards.

Keywords: Electric vehicle safety, active and passive safety, environmental safety, electromagnetic safety, hybrid, lithium-ion
batteries, thermal runaway.

MewrycdTop
ABTOMOOUNXOoN Oapkin gopou papadanm GanaHgu Gexatapum uctudopabapin HM3 mebowang. OHxo a3
03MOMLLUXOW Waanan cagamasii (Kpall-TecT), CaHYuwwn GaTapesaxomn akkyMynsaTopi Ba cepTudmkaTcusan xatmim
MerysapaHf, To 9bTUMOOHOKA Ba 6exaTapuu xXy4po Aap Baktu uctndogabapin ncbot kyHaHg. dap 3ep YaHbaxou
acocumn 6exatapu anekTpomMobunxo Ba aBTOMOOMITXOM rMOpMaNPO Taxmn MeKyHaMm.
Cundpatv aBTOMOOUN MH MaYyMym XOCUSATXOM OH Meboluag, kn 6a TanaboTv goga wyna aap WapouT MyansiHu
uctncdonabapin Yaoodry mebowwag,.
XocusAaTxom aBToMobUNpo MeTaBoH 6a ce rypyx Takcum Hamya (pacmu 1):
— dyHKCMOHanum;
— wuctndonabapit (nctebMoni);
— Oexarapii.
Xocusatxou bexatapii 6a Yop 3eprypyx 4yao MellaBaH;
a) XocuATxom Bexatapum abon KOBUNMATU kaM HamydaHu 3bTUMoOnuAaTM 6a cagama gydopluasBum
aBTOMOOUIIPO HULLIOH 00A4a, KMCMXOM 3epUHPO aap 6ap mernpaa:
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— XocuATxou 60300pi (TOPMO3iA) — KOBMNMATK 3y NacT kapgaHu cypbaT, 609bTMMOA 60340LWTaH Ba
OPOM HWrox, AoLITaHW aBTOMOOUST;

— unAopallaBaHaari Ba YCTYBOPUSIT Aap XoraTxou daekyrnoda — KoOMNuUATM Te3 TaFiiMp doaad
(voopalwaBaHgari) Ba OOMMIA HUMOX, AOLWITaHM (YCTYBOPMSIT) MapameTpxou xapakaTu aBTomMoGun
(cypbar, wnTob, caMTy XapakaT Ba faipa) Aap xonatxou daBkynioaa TMOKM XOXULK poHaHAa;

— [oupaun Hasap a3 4You poHaHOa — MMKOHUATW a3 Tapadu poHaHAa kabyn HamyaaHu uttunoot 6a
Tapuku Yawwm gap 6opan Myxutm atpod, ku 6a coxTu kabuHa, LWKnLLIaxo, OMHaxou Anan kado Ba Farpa
BoOacTa acT;

— wuTTunonasvpun GepyHau aBTOMOOMIT — MWKOOP, pPaHr, YOoWxou YoWlrmpiaBum acto6xom
paBLIaHManxaHaan GepyHa (4apoFxou acocii, HULLOHAUXaHAaxou rapavwy 6o034opii Ba Faipa);

— [apayav Fynfyna aap Yoiu HULWAacTU poHaH4a — gapayav nacTwaBumi KOpLIOSIMUKM poHaHaa Aap 3epu
TabCUpU MaFanw (FynFynan) 4aBOMHOK.

Pacmu 1 — Bexamapuu naknuému agmomoouni

ABTOMOOMNXON Oapkin gopou papavan bGanaHau GexaTapum uctudopabapit HM3 mMebowaHa. OHxo a3
03MOULLXOW Waanay cagamaBsii (Kpall-TecT), caHymwn B6aTapesaxon akkymynsaTopi Ba cepTuduKaTcusan xaTtMmi
MerysapaHf, To 3bTUMOAHOKI Ba 6exaTapum xyapo aap Bakti nctudonabapii ucbot kyHaHa,. [ap 3ep YaHbaxou
acocum 6exaTtapu anekTpoMobunxo Ba aBTOMOBUIXON FTMOPMANPO Taxnnn MEKyHaM.

Xocusitxon 6exatapii 6a Yop 3eprypyx 4yao MellaBaHA:

a) XocuATxoum bBexatapum abon KOOBUNUATM kam HamygaHu dbTuMonuATM 6a cagama Adydvopluasuuv
aBTOMOBUNPO HULLIOH A4oAa, KNCMXOU 3epuHpo gap 6ap mernpaga:
—  XocuaTxom 60300pit (TOPMO3in) — KOOUNUATK 3y NacT KapgaHu cypbar, 60abTMog 6o3gowTaH Ba
OPOM HUWrox OoLTaHu aBToMobun;

— wupopallaBaHgarini Ba YCTYyBOPWUAT dap xonatxou daskyrnoga — KobunuaTu Te3 TafFimp godaH
(voopawaBaHgarii) Ba OOMMIA HUIOX AOWTaHU (yCTyBOPUAT) MapamMeTpxou xapakatu aBToMobun
(cypbart, wuntob, caMTn xapakaT Ba fanpa) gap Xonartxou gaBkynnona TMbKM XOXULWM poHaHAa;

— [Jowupaum Hasap a3 4You poHaHOa — VMIMKOHMATW a3 Tapadu poHaHga kabyn HamygaHu uttunoot 6a
Tapvkn Yawm gap 6opaun Myxutu atpod, ku 6a coxTu kabuHa, WuLaxo, OMHaxou Anan kado Ba fFampa
BobacTa acr;

— wutTunonasvmpun  6epyHam aBTOMOOUIT — MWKOOP, PaHr, YowWxou uvonmrvpwasuym acbobxou
paBLaHuanxaHaam 6epyHa (4apoFxou acocil, HALOHAMXaHA4axom rapauwy 6o3gopi Ba fanpa);

— [apavav fFynfyna gap Yowv HULWacTu poHaHga — gapayav nacTliaBuy KOpLLoOSMUY poHaHaa Aap 3epu
Tabcupu Maranu (FynFynam) GaBOMHOK.

b) Xocuarxom 6exatapumn fanpudabon KOBMNMATU NacT kap4aHu BasHWHUM OkubaTu cagamaun pyxgonapo
HWULLOH A04a, KUCMX0oW 3epuHpo Aap 6ap mervpag;

— XOCMHATM NacT KapdaHu dapadan mabloblaBuvM poHaHOa Ba MyCOMUPOH XaHromu cagama, kv 6a
kobunnuatn dypybypamn sHeprusa a3 Tapadum Ky3oBu aBToMoOMn, acbobxom xMmosikyHaHaa (Tacmau
fexartapii, 6onvHu gamwaBaHgau (noaywek) Gexatapi, 3epcapakxo (NOAronoBHUKOB) Ba fampa),
COXTM LUMLLIAXO0, WOOPaKyHUW pyrid Ba COXTU JAPYHUM canoHu aBToMoou;
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— XocusiTe, K1 Japayan MabiobluaBum NnéaarapaoHpo kam meHamosng (HabyaaHu KMCMXOU XaTapHOKM
BepyHa);

— OexaTapum CyxTop, KM a3 pyu COXTU cucTemau Fu3oguxi, yonrmpiasum 3apcu (6aku) cysmBopi,
MaByyn OyoaHu BOoCUTaxom CYXTOPXOMYLLUKYHIM Ba Favpa 6axo goda MelaBsag.

c) bexaTapum akonorit — XOCUSITU KaM kapAaHu TabCcupu 3apapoBapu aBTomobun 6a myxutun atpod 6yaa,
KMCMX0U 3epuHpo Aap 6ap mervpag:

— [apayau 3NIEMEHTXOM 3apapHOK Adap Tapkubu rasxoum OOKMMOHOAM Myxappukxou aBToMobun —
Aapayan UAOCKYHUM MyXUTU XaBO TapWKK ra3xou 3axpHOK (OKCuam KapOOH, OKCUAXOW HUTPOreH,
KapbormapaTxo Ba fanpa);

— [Japayav MmafanHokih — papayan Tabcupu MaHduu MaFan 6a ogamoHe, Ku gap rupgy atpodw
LLIOXPOXOW aBTOMOOMNrapa YourmpaHga,;

— papavyau uctudpogawasum Mmasoaam 6esapap gap Tanép HamyZaHu Yy3bxou aBToMobun;

— MyTOobukat 6a 6esapaprapgoHin 6abam Myxnatu umctudpoga — mMytTobmkaTu aBToMOOMM, y3BXO Ba
KMCMXxou Tapknbum oH 6apou Kopkapau gyoopa.

d) bBexatapum GabaucagamaBb MayMym 4YopabumHuxoe Mebowapn, kM 6a xagau akanmn pacoHugaHu
oknbaTxon cagamau HaknMéTn Gapon poHaHOa, MycoUMPOH Ba AUrapoH HWrapoHwvaa wyaaaHg. OH gk Kucmun
cuctemanm ymymun Gexatapum BOCUTaxou HaknMET Oyaa, macbanaxou 3epuvHpo gap 0ap mervpagaap 6ap
mernpag;

— Hwurox powTaHu siknopyarmm canoHn MycoupoH;

— Myctaxkamumn 6agaHa (Ky3oB) Ba MUMHTakKaxou gedpomaTcusiiasaHaa;

— Xud3u cuctemaum cy3nwBopin a3 ULLIOP Ba CYXTOP;

— Kam kappaHu YyapoxaTxou aylomaapaya;

— ba TaBpu aBTOMaTin Yyao kapaaHu 6aTapesi akkymynatopii;
— KaTtb KapaaHu 3aH4ympxon 6anaHawmaaatv asTomobunxom 6apki;

— TabMuHM 3BaKyaTCMAN MyCOUPOH;

— VIMKOHUVATU KyLodaHu aapxo nac a3 6apxypa;

— Hurox gowtaHy dhabonuaTtn Kydrxo Ba MexaHM3Mxomn xonaTu aekynoana;

— CucTtemaxov anokau aBkynoaaa Ba OroxKyHid;

— cucTemau XyOKopW 3aHrv Tab4yunii xaHromu cagama (eCall);

— dpupucTogaHn MabnymoT oma 6a MakoHM Aakuky aBToMobunu 6a cagama ayyop wyna 6a xagamoTu

TabyuIin.

YaHbaxou acocum GexaTapum anekTpoMobunxo Ba asToMobunxomn rmépuan gap Yyagsanv 1 osapga wynaaHa.
Yaosanu 1 — Bexamapuu snekmpomodunxo 6a agmomooumxou 2ubpuoi

Hamyn

CTaHAapTXOH aCOCHH TAH3MMKYHAHIA

Bexarapun daboin, ssbHE ccTEMaxoe, KM XaTapH
0apxypapo Jap MapXuiiau aBBall IEIIOWHA Ba MEIITHPH
MeKyHaHJI, CapOOpHH POHAHAAPO KOXHUII MEINXaH Ba
UIOPaKyHHH aBTOMOOMIPO OexTap MerapIoHaH.

I1SO 26262-1 (6exarapuun pynkcuonani) [49], Euro NCAP
AEB testing®, UNECE R13-R155? (cucremaxou 603mop,
ADAS - (Advanced Driver Assistance Systems)) Ba raiipa.

Bexarapuu raiipuaborn, SpHE amanxoe, KU 1ap Jax3au
Oapxypi € 3apba 0a kop MemaposiH: OamaHa (Ky30B),
Kypcuxo0, KaMapOaHIX0 Ba OOIHINTH Oexarapi
sHeprusapo Gypy Oypra, MycopHupoH Ba muéaarapJOHPO
Myxo(du3ar MeKyHaHI.

UNECE R94/R95 (xparu-tectu py 6a py Ba naxiyi)®,
FMVSS 214 BaT'OCT P 54811-2011 (map ®Peneparcusiu
Poccust) Tan3um kapaa memraBann [7; 36; 55; 58].

bexarapuu 3K0JI0TH, KU TAMOMH 3aHYUPU JaBpau Xa€Tu
BOCHTAaM HAKJIUETPO a3 HCTUXPOYH aIén XoM (MabIaHu
OXaH, JIUTHUH, CY3UIIBOPiI Ba Faiipa) To OezapaprapIoHit
Ba KOpKapu AyOopan MaBoy MacoJIeXu
ucrudoaanryaapo aap 6ap Merupam, 60 XycycusTXon
3€pHH TaBcu( MeIaBa.

Euro 6 / Euro 7/ WLTP (Espoma), ISO 14001 - (tana6or 6a
CHCTEMaH WAopaKyHur MyxutH 3uct)[48]. Kouyun
Yymxypuu Touukucton “Jlap 6opan TabMUHH aMHHSITH
9KOJIOTHH HAKIHETH aBTOMOOHT " [2].

Bexarapuu 6abancagaMaBit TEXHOJIOTHUAX0EPO Aap Oap
Merupa, ku (haBpaH nac a3 xojauca 6a Kop MeAaposH,
a3 gymJia OHXO a3 CYXTOp MEMTHpiA MEKYHAH]I, KOPH
HAYOTAMXAHAATOHPO OCOH MEKYHAH]I Ba XaTapXou
JIyroMaapaqapo KaM MeKyHaH]I.

UNECE R131* (eCall) — cucremau 3aHTH Tab4uJIi.
UNECE R100° (myxodusar a3 3apbau 6apK Ba Faiipa).
ISO 26262 — (6exarapiu GpyHKCHOHAIH, KK aITOPUTMXOPO
6apon xu(3u MEKTPOHUKA Ba MEITHPUHA HOKOMHXO ITac a3
Gapxypnx dpapo merupan). FMVSS 305 (MMA) —
(memrupruh UXPOYH IEKTPOIIUT Ba PACHIIN KyTOX Mac a3
cagama) [35]. TOCT P 54811-2011 (cucremaxou nac a3
cagama). GB/T 18384 Yun (xud3u OaTtapest Ba KaTbH
ABTOMATHH CHCTEMaxo mac a3 cajgama) [39].

Capuawma: maxusu myariug@on

1 https://www.euroncap.com/en/car-safety/the-ratings-explained/safety-assist/aeb-car-to-car/

2 United Nations Economic Commission for Europe. https://unece.org/

3 United Nations Economic Commission for Europe. https://unece.org/

4 https://unece.org/transport/documents/2023/02/standards/regulation-no-131-revision-1-amendment-2
5 https://unece.org/transport/documents/2022/03/standards/requlation-no-100-rev3

106


https://www.euroncap.com/en/car-safety/the-ratings-explained/safety-assist/aeb-car-to-car/
https://unece.org/
https://unece.org/
https://unece.org/transport/documents/2023/02/standards/regulation-no-131-revision-1-amendment-2
https://unece.org/transport/documents/2022/03/standards/regulation-no-100-rev3

[Maému nomurexuuki. BAXIIIN TAXKUKOTXOU MYXAHMCH. Ne 3 (71) 2025

PentnHrn 6exatapin gap acocu sik KaTtop 03MOULLIXOM aBTOMOOWNiA, k1 a3 4yoHnon Euro NCAP Taxus Ba
rysapoHuaa wygaacT, MyasiH kapaa Mellasag,.

Euro NCAP® cucteman naH4ycutopagopu penTuHrn OGexatapupo Tabcuc Aopaact, To bOa
NCTEBbMOIKyHaHOaroH Ba KOPXOHaxo Mykouca KapaaHu aBToMoOuMIIxo Ba Aap MHTUXobun GexaTapTapuH BocUTau
HaKMMET Bapoun IXTUEYOTM OHXO KYMaK pacoHap.

PentnHrn 6exatapin gap acocu sik kKatop 03MOULLXOM aBToOMobuni, kn a3 4yoHnbmn Euro NCAP Taxusa Ba
rysapoHuga wygaacT, MyalsiH kapgaa MelwaBad. VIH 03MOoMLXO CeHapusixou coggakapaallygan cagamaxou
BOKeMpPO ndoaa MekyHaHA, Kn MeTaBoHaHa Goucur yapoxaT € mapri MycoupoH € aurap UWTUPOKYNEHN XapakaT
aap pox wasaHg. OH TamomMu YaHHaxomn YaxoH BOKEUPO Nyppa UHBbUKOC KapAa HaTaBOHaHA XaM, TEXHOMOTMSIXOoM
TakMunédTan HaKkNUET, K1 Aap COnxou oxup Aap Hatnyau ctaHgapTxov 6bananan 6exatapii 6a Byyya omagaans,
camapaHok bygaHu Xyapo McboT kapaaHz Ba 6a MCTebMONKyHaHAAroH MaHguaTn BOKe MeopaH.

[apyaHge aBTOMOGOUNxown Oapkid gap BakTuU mucTudonabapin napToBn GeBocUTanM rasxoum 3axpHOK Ba
rynxoHariA TaBnNug HakyHaH4 xam, TabCuUpu yMyMUM OHXO Ba MyxuTu 3ucT, Gaxycyc 6a mapToBXou rasxou
rynxoHai, 6a TaBpu Hasappac a3 maHban Hepyu Bapke, kn Gapou 3apsag godaHn OHxO uctudoda mellasag,
BobacTa acT. AbHe HaknuéTn Bapknpo Aap OH cypart as yYnxaTu 3konorin HucbataH To3a LymMopuaaH MyMKUH acT,
KN 3Heprnst Gapou 3apsig OogdaHu OoH a3 MaHbabxou OapkapopluiaBaHgawn 3Heprusi rupudpta wasag. Arap
3apsiaavxi TaBaccyT MaHOabxom aHepruam bapk, Kn a3 cyxTaHu Cy3ULWIBOPA (aHrvwT, ra3, MaBoaam HadTi Ba
Fanpa) aH4yoMm goja wasaf, 6apTaprxom aKoNorMm oH Hasappac Haxoxaa oy [4].

Yymxypum ToYMKUCTOH gopon MmaHb6abu acocnn bapkapopluaBaHgan 3Heprusi, SbHe 3axmpaxou 0y3ypru
rmoposHepreTukii Mebowwapn Ba 1o 98 chomsun nctexconn Hepymn 6apk 6a nctndoagam saxmpaxom obii poct Meosia

[1].

BapTtapuaTtn TexHonorusaxou Hae gap 6ucép xonatxo 6a TaBpu MHTMKOAW Kabyn meluaBag Ba axoni
ofataH cagokaTpo 6a TexXHONornsaxou 4opin Ba Mykamman KapAaHu OH HUrox megopaHg. WHpo xonatpo agap
pyWAan HaknmMéTn aBToMobunun Bapkii HUM3 MyLioxmaa KapgaH MYMKUMH ac, a3 Yyymra Tabeupy adKaHUWOoTU
(papunaTtcuan) anekTpoMarHuTii, 6esapaprapaoHUM akkyMynaTopxou NMTUN-NOHIM Ba Faripa.

MH 03MOULLIXO CeHapusaxou coggakapgallygan cagamaxonm BOKeMpo udpoga MekyHaHd, KM MeTaBOHaHz
Boucu Yyapoxat & mapru MycodupoH é aurap UWTUPOKYMEHM XapakaT gap pox LuaBaHA.

MapyaHge, kv penTuHrn 6exaTapin TaMomMun YaHb6axomn YaxoHU BOKENPO Nyppa NMHBUKOC KapAa HaTaBOHaHA
XaMm, TEXHONMOrMAXoM Takmunédran HaKnMET, K1 Aap CONxoun oxmp Aap HaTuyam ctaHgaptxou 6anaHgv bexaTtapi
0a By4yn omagaaH, camapaHok 6yaaHu xyapo ucboT kapaaHa Ba 6@ MCTebMONKyHaHO4AroH MaHduaTu BOKEN
MeopaHA.

Bexatapuun 6apku

Bexatapun Gapkum anekTpoMOBUIIXO Maymyn Yopaxo Ba xannu TexHukin mebolwag, ku 6a newwrmpum
TabCcupu 3apapoBapu YapaéHu 6apk, MangoHxom ANEKTPOMarHuTii Ba gurap oMUNXoun anekTpukii 6a ogamoH Ba
MYXWUTK 3UCT HWUrapoHuga wypgaacTt. bo adsouwmn mabpycusatn Haknmétn Bapkin, macbanaxou G6exatapin 60
Ha3apdoWwTn XxaTtapxou Myliaxxace, ku 00 cuctemaxou OanaHgwmpnaT Ba Oartapesxou NUTUA-UOHIA
anokamaHgaHg, MaxcycaH Myxvum apébi meluaBaHa.

Cncrtemaxon 6Ganangwupgpat. AsTomobunxou 6Gapkum Myocup a3 cuctemMaxou 6GanaHgwuvpgaTtu
wmpnatawwoH a3 200 1o 650 BonbT nctndona mebapang. batapesaxou akkymynaropi 6o wuggatn a3 200 To 300
BONT KOp MEKYHaHA Ba KyBBau yapaéH mMeTaBoHag 6a 50 amnep mepacapg, k1 xatapu ymaaum 3apban 6apkupo
0a By4ya meopaa. [lap cxemaun TabMUHU Myxappukun 6apki wungaaTt metaBoHag 6a 650 BonbT pacag, K1 XxaHromm
XM3MaTPaCOHUN TEXHUKIA Ba TabMUP YOpPaxou Maxcycu axTMeéTnpo Tanab mekyHag [13].

BaTtapesixon akkyMynaTopum arekTpomMobunnxo gap KyTTUxom Maxcycu yCTyBOp YOWUIrMp Kapaa MelluaBaHA,
KN OHXOPO a3 ocebu MexaHukin, YaHr Ba 00 MyxodmsaT mekyHaHa. Cuctemaxou 3uagn cyxtope newwbuHin
WwyaaaHa, Kv gap xonatv paculim KyTox € xapopaTtu a3 xag 3néa 6a taBpu aBTomatii 6apkpo XOMyLLIMEKyHaHg
[9].

Cncrteman vpgopakyHun OGaTapesxon akkymynsatopin (BMS) pasaHgm 3apsg Ba paspsan b6atapesu
aKKyMynaTopupo HasopaTt MekyHan Ba 6apown kopu 6exatapu OH Ba HasopaTtu xonaTtun OH Macbkyn acTt. BMS a3
pacuLm KyTox, KyBBan YapaéHu a3 xad 3nén, 3apaaun 6apsvéan, as xag 3véf rapMmLuaBii Ba a3 Xaf 3nén XyHYKKYHi
Myxodusat mekyHag. Cuctema MeTaBoHad WMAAATU xap SK Xydampau anoxugapo 60 JakuKMaTh 4YaHg
MUIIIMBONT YeH KyHag Ba xapopatpo 60 gakukum +1 °C Hasopat kyHag [10; 16].

6 https://www.euroncap.com/en/about-euro-ncap/
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Pacmu 1— Bexmapun snexmpomoobunxou b6examap oap coau 2024 mubxu petimuneu mubxu ozmouwixou Euro NCAP [32]

HVIL (High Voltage Interlock) - xycycuatn pgurapu 6Gexatapin mebowag, ku Gapou HasopaTt KapaaHu
sKnopyarMm 3aHympy 6anaHawmaaart a3 3aHyupu (xankau) nactwuggart uctudgona mebapag. Cuctema 6apom
Myxodm3aT kapgaHu odamoH a3 wupdatv 6anang Tapxpesi WwydaacT, KM MeTaBoHaHh 60 4y3bxou
OanaHowmnagaTn SNekTpoMobunxo gap TamMoC LaBaHd, WHYYHMH, POHaHOApo Aap XonaTtu KaHa LydaHu
navBacTtu GanaHgwunanaT Ba XxanangopLliaBumn KOpy OH orox, MekyHag, [43].

[acTtroxu 3apsgomxin 60 cuctemaxom myxodusaTum TyHOTyH Myyaxxas LlygaacT, To 6exaTapuu paBaHau
3apagaMxmMpo TabMuH KyHad. MyxodmsaTtuy a3 wuanatm a3 mebep 6ap3nén Ba nact. VIH cuctema ogaTaH BakTe,
K/ caTxy WunppaTtpo, KM a3 xagaum 6exartap 3nén acT, OWKOop MeKyHad Ba MaHbau 6apkpo XoMyLl MekyHap.
Myxodusat a3 wmugnoatu nact kadonat meguxad, KM paBaHaW 3apagouvxii kaTb Merapgag, arap wuaaatm
TabMVHOT a3 caTxu MyaWsiH nacT wasafj, KM UH MeTaBoHag Goucu 3apsgamxum 6ecamap € BapoH LydaHu
baTapes rapgaa. Myxodusatu a3 capbopuu a3 xaa 3vmén 6a gacTroxm sapsaaanxin UMKOH Meauxag, Ku 4acTroxm
3apsaavxi a3 xad 3vén rapM HallaBaf, Ba CYXTOpM 9XTUMOMiA pyx Hagmxad. MyxodmsaT a3 tanadotu yopum
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aHeprns H6apoun OWKOp KapAaHu xama ryHa TanadoTu 4opin gap AacTroxu 3apsaauxi, Ku meTaBoHag Gowcwu
3apbau 6apk rapgaa, myxum act. OH daBpaH H6apkpo KaTb MeKyHad, TO Xap ryHa 3apappo newrupin KyHag.
BamuHBacnan myxodusasin kaconat meguxad, kKM gactroxu 3apsagouxi 6a taBpu gypyct 6a 3aMmvH namBacT
wyna, xatapu 3apbav 6apkpo KOXMLW Meauxan Ba TayxusoTpo Yaxuwu wuagatn 6apk myxodusaTt mMekyHas,.
Cucteman myxodmsaTu a3 rapMum a3 xag 3vén xapopaTtu 4acTroxy 3apsaaanxi Hasopat MeKyHa Ba arap OH a3
xapopatun 6exaTapu kopin 3mén bolwaa, 6apkpo KaTb MekyHaad. Cuctemaxom myxodusaT a3 pabay 6apk 6apou
MyxodusaT kapgaHu OACTrOxu 3apsgovxi a3 wuagatv pabdy 6apk, ku MeTaBoHaH4 MaxcycaH xapobuosap
OowaHa, Tapxpesin wypdaaHg. Cuctemam myxodwmsaTu a3 pacuwim KyTox K XyCcycusaTv Myxumn Gexartapi
meboluag, K1 pacun KyToxpo Aap OOXMIU SACTTOXM 3apagauxin € anekTpomobunm Bacnwyaa OwKop MekyHaz
Ba Gapkpo Gapou newrnpii kapaaHy oceb katb MekyHaa. [lap KOHCTpyKCUan JacTroxomn 3apagamxi masoaxom 6a
oTaw ToboBap uctudoaa mMelwarag, TO NaxHWaBUN CYXTOP Aap CypaTu pyx AoAaHM OH NeLurnpi kapga wasag
[24].

CraHgapTxou acocum banHanmunani ISO 26262 6apon 6exaTtapumn oyHKCMOHANMM BOCUTAxX0oM HAKNMETU PoXx,
Ba IEC 618517 6apon cuctemaxon 3apsaamxmmn anektpomobunxo medowaHa. ISO 64698 tanabotn 6exatapmpo
Bapou cuctemaxoum HUroxaopum aHepruan GapkrupaHga Ba XycycusaTxou doyHKCMoHanuu Bexatapii mykappap
MeKyHag.

BexaTapun aneKTpoMarHuTi

AdKaHMLLIOTW 3NeKTpoMarHuTiA BokeaH Aap aBTomobunxon 6apki a3 cababu kopu Myxappukxomn 6apki,
BaTapesaxon akKymynaTopuu KallaHga, dMeKTPOHUKan WOopakyHin Ba cMcTemMau 3apsagauvxin Xocun meluaBag
(Pacmu 2). Pagnatcusiv anekTpo-mMarHUTMpo AnMAaH fFanpumMMKOH acT, OHPO TaHx0 TaBaccyTy acbobxom maxcyc
YeH KapaaH MyMkuH acT[5; 15]. Victndogan nypwimvaaat SHeprusay anekTpoMarHnTii gap Yyomeam myocup 6a oH
oBappa pacoHa, ku gap oxmpu acpy 20 OMUIM HaBy MyXUMKU pROCLLABUN MYXUTU 3UCT — OMUITN SNIEKTPOMarHnTi
0a By4yyZ oMaz Ba Taluakkyn édr.

Mukécn ndnocLiaBnm aneKTpoMarHMTin gap MyxuTu MHCOH TO Xagde Hasappac wypaaacT, ku Co3MOoHu
YaxoHnn Tangypyctin (World Health Organization, WHO) uH mywkunotpo 6a katopu MyLwikunotu 6apow
WHCOHMAT MybpamMTapuH oMU KapaaacT Ba Bucépe a3 onmmMoH OHPO OMUNN KaBWM 3KOMNOriA, Kn 6apon Tamomum
MaBYyydoTW 3vHAAa dap pyu 3amuH okubaTxoum dpanmokatoBap AopaHd, BOpug Hamygaact.  Mctunoxu
"ucpnocwasun rnobanun 3NeKTpoMarHUTUM Myxutu 3uct" pacmaH conu 1995 a3 yoHnbm WHO vopin kapga
wynaact. OJap 6anHn sikdyang nomxaxou rnobanin, WHO Jlovxan GawHanmunanum anektpomariutini (WHO
International EMF Project) -po amanin MekyHad, K4 axamusT Ba TaBady 6a MH MaB3ybpo a3 Y4oHMOM Yomeau
YaxoHn Tabkug mekyHapg [14].

Hap anekTpomobunxo MaH6abxoum acocuy MamaoHW 3SMEeKTPOMArHWT Tayxu3oTy AacTroxou 3epuH
MeboluaHn;

— Myxappukxon 6apkii — MaHbabu acocun MakLoHXOW SIEKTPOMAarHUTiA, K1 TaBaccyTu 4o Ba TaFnmnp
AodaHN ManOoHXOW 3rekTpoMarHuTii 6apon Tabaun OooaHW SHeprusn anekTpukin 6a aHeprusam
MeXaHUWKn Kop MekyHaHp [12].

— bartapesixon akkyMynsaTOpvM KalWLiA Ba HOKUITXOM YapaéHaop — MaHbabu aHeprusmn 6apk goap
aBTOMOOUN Ba HOKUNX0M (Kabernxo) MaigoHXoun anekTpomariutum 6acomagm nactpo (60—420 'c) 6a
By4ya meopag [8; 12].

— OneKkTpoHUKan wuaopakyHin Ba TabgunguxaHgaxou ©6apKk — WHBEPTEPXO, KOHBEPTEPXO Ba
KOHTponnepxo 60 nctudgoga a3 TpaHauctopxou 6anaHacypwat (IGBT, MOSFET) maH6aby mangoHm
anekTpomarHnTum 6anaHgbacomag gap xyayam a3 2 1o 20 kl'c Ba 6onoTtap mebowang [11].

— [JacTroxu 3apsgauxi — xaHromun 3apsig AogaHu asTomobunu 6apki, oHxo gap 6acomaaxon 50-60
c (YapaéHu TaFnnpébaHga) MaigoHXou anekTpoMarHutii 6a Byqyn Meosin. WMHYYHWH, WCKOHM
TaBnuam 6acomaan 6anaHaTap HM3 MaB4yg acT [5].

TayxmsoTn nnosarnmn bapkin — cUCTEMaxou XaBOTO3aKyHM Ba rapmMuanxi (capaKyHn), paBliaHUAnXM Ba

falipa HU3 capyallMan MakgoHX0M 3NeKTPOMarHUTUKN xyayam 6acomagu nact mebowang, [8].

Komucecusam banHanvmnnanii ong 6a xudpsun pagmnatcuam nonwgopwasanga (ICNIRP - The International
Commission of Non-lonizing Radiation Protection) gactypxo Ba CTaHOapTXOM MnMaH acOCHOKLIyOapo Taxus
MeKyHan, kn 6a maxayd kapoaHu TabCcmpu MangoHxom anektpomariuTin (EMF) 6a uHcoH Ba xmd3n canomartii
paBoHa wypaaHg [17].

MykappapoTu acocum ctaHgapTtxoun ICNIRP:

— [Hownpaun Bacen 6acomagxopo aap 6ap mermpag - a3 MangoHXou 3NeKTpoMarHuTum nactbacomas Ba
©onoTap a3 oH, a3 Yyymna adkaHnwoTn pagnobacomag.

" 1EC 61851. Electric vehicle conductive charging system. https://webstore.iec.ch/en/
8 Electrically propelled road vehicles — Safety specificationsPart 1: Rechargeable energy storage system (RESS).
https://www.iso.org/standard/68665.html
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— MaxayguaTtxomn acocupo, kn 6a Tabecupm 6uornorin acoc édTaans, Mykappap kapaa MellaBaHz Ba gap
xe4 xonart agpkaHMWwoT Habosig a3 Mebep 3néa bowwan.

— Xam TabCcupu MyCTakMMyW ManOOHXOM 3rneKTpomMarHuTMpo 6a 6agaHu MHCOH Ba XaM TabCupu
FanpuMMycTakum - TaBaccyT Tamoc 60 06BbEKTXOM 4OPOW NOTEHCHMANN ANEKTPOMArHUTUM ryHoryH 6a
Hasap rMpudTa MellaBaHA.

— Maxayausitxopo 6apon napameTpxou ryHoryH gap 6ap mervpag: wugaatHoKMM MangoHn aNeKTpUKia
(V/m), nuaykeunsan maramTin (uT), cypbatn xocn doypydapii (Specific Absorption Rate, SAR9, W/kg) Ba
fanpa.

— ba HaTnyaxom TagkukoTy nabopartopii Ba aNMAEMMONONA acoc €dta, UHYYHUH MabiyMOTpO Aap
6opan o3momLxo 60 xalBOHOT Oa Ha3ap MermpaHg Ba OHXOPO HUCOAT MHCOH 3JKCTPanonsATcus
MEeKyHaHz,.

— Bapou Taxusau cTaHaapTxo Ba KOUaaxou MU Jap KULWBAPXoW N'YHOTYH 3amMuHa dhapoxam MeopaHz.

Pacmu 2 — Manbawvxou acocuu matidonxou snexkmpomaznumi oap anexmpomoounyo [20]: 1 — myxappuxu 6apxuu new, 2 —
unsepmep, 3 — cumxou baranowuodam, 4 — bamapesxou akKymyaiamopuu 6aianowudoam, 5 — myxappuku oapkuu Kago,
dacmeoxu 3apsaoouxuu 0oxuni, 6 — naueanou 3apsa0ouxi.

Makcag Ba Basudan CtaHgaptxou ICNIRP:
— TabMuHM caTxm KOOMNIK Kabynu xn3sm canomaTini a3 TabCUPU MaNLOHMN ANEKTPOMArH1TiA Ba NeLrnpi
KapgaHv 6aj wyaaHm Ba3by canomMaTii Aap HaTuyam TabCupu OH.

— 34oaM 3amMMHan UNMaH acoCHOK Gapown ap3ébuu xaTapx0 Ba MOHUTOPMHIM CaTXy adKaHWULLOTU
3MEKTPOMarHuTi gap MyxuTu caHoaTii Ba MauLUn.

CraHgapTtxon ICNIRP xy4y4atxom poxHamo gap catxu banHanmunani abTupodwyaa 6apoun ap3ébin Ba
Maxay4 kapAaHu TabCUpy MangoHXoM aneKTpomarHuTin 6a MHCOH, a3 Yymna paamaTtcust a3 asTomMobumnxom 6apki,
OACTroxxou MauLlii Ba CaHOaTi, UHYYHUH TEXHONOrNAX0M MOBunin Ba gurap pagMoMaByxo mebowaHa. Pvosu nH
CTaHOApPTXO caTxy MyHOCUBU xMd3n canomMaTnm YaMbUATPO TabMUH MeKyHas,.

ICNIRP vHYyHWH, MaxayansTXon acocMpo MyansiH MekyHag, a3 yymna Tubkm tanabotn SAR:
— Bapou axonii: SAR < 0,08 Bt/kr (6a xncobun muéna), < 2 B1/kr (HykTaBi, cap/TaHa).
— bBbapou KopmaHna: SAR < 0,4 B1/kr (6a xucobu muéna), < 10 B1/kr (HyKTaBi, y3BXx0).

Hap 4yagBanu 2 MebEpxou Xyayauu adkaHWWoTu anekTpomarHuTini Tk gactypm ICNIRP 6apon xyoyaum
ryHoryHu 6acomagxo Ba HaMyaxoum MaoHX0 Aap acocu TaBCUSXOM pacMid oBapga wygaact [17; 41; 62]:

9SAR - mapavau X0CH a3XyIKyHHH SHEPTHSH 3IEKTPOMATHUTH HUINIOHIUXAHIAECT, KU SHEPTHAN Mai{IOH! SJIEKTPOMATHUTHHH J1ap
G6odraxon GagaHu HHCOH Jap K COHMS yaOOumanryiapo MyaissH MeKyHaa. MIH HUIIOHAUXaHa, a3 YyMJIa, XayMH TabCHPH 3apapoBapH
Tenedorxon MOOMIIi 6a HHCOHPO YeH MEKyHaJI.
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Yaosanu 2 — Huwonouxanoaxou xydyouu matioouxou snexkmpomaenumii (1 I'c — 300 I'T'c) mubxu ICNIRP

Bacomay (f10) Typyx | E, B/m | H, A/m | B, uT S,Br/m* | Acoc
yay 6acomanu nact (Tascup Oa cucreman aca0)
1-8T¢ Kopmann 20000 8 000/ f(I'c) 1x107/f(T°c)
Axomnii 10000 32 000/ f(I'c) 4x107/f(T°c)
8-25T¢ Kopmann 20000 8 000/ f(I'c) 1x107/f(T°c) =
Axoni 10000 4 000/ f(I'c) 5x10%/(Tc) b=
25400 I'c Kopmatz 5 x 105/f(T¢) 320 400 =
Axonfi 250/f(Tc) 100 125 o
400 I'c —3 kI'c Kopmann 5 x 105/£(I'c) 320 400 %
Axomnii 250/f(Tc) 0,25*f(I'c) 0,1*{(I°c) =
3xI'c—100kIc Kopmanng 167 320 400
Axomnii 83 83 104
Xynaynu 6acomanu 6anann (Tabcup: rapmiasuu 6odraxou Oaman)
100 xkI'c — 10 MTI'c Kopmann 610 1,6*f (MI'¢c) (B06. a3 H)
100 xI'c — 400 kI'c Axonit 87 0,73 (B00. a3 H)
400 xkI'c —2 MTI'c Kopmann 87 0,73 (B06. a3 H) f(MI'c)/ 400 |
2 MI'c — 10 MI¢c Axoni 1,375*f0,5 (MI'c) | 0,0037*f0,5 (MIc) (B06. a3 H) fiMI'c)/ 400 | &
10— 400 MI'¢c Kopmann 61 16 (B06. a3 H) 10 8/
Axomni 1.375*f0,5 MI¢) | 0,0037*f0,5 (MI'c) (B06. a3 H) f(MI'c)/ 400 Q
400 MI'c—21IT¢c Kopmann 61 16 (B06. a3 H) 10 >
Axonit 27,5 0,073 (B00. a3 H) 2 O
2-300TTc Kopmann 137/ 10,5 (I'T¢c) 0,36/f0,5 (B006. a3 H) 50
(I'Tc)
Axonit 61 0,16 (B06. a3 H) 10

Capuawma: [17; 41; 62]

D30x.: E-waoouousmu matidonu snekmpukil, B/m; H-waodouduamu mavioonu macnumii, A/m, B - unoykcusu maenumi,
wTn, S- suuuu cenau suepeus, Bm/m> [ap xyoyou bacomaoxou 6anano, HUWOHOUXAHOAU UHOYKCUAU MASHUMI 00AmaH
HUWoH 0oda namewiaeano (B). Oupo az pyu wadoudusmu mauoonu maenumi (H) 6o gopmynau B=u0-H, xu dap unyo u0
~1.257x10—6 Tn-m/A mebowao, xucob kapoan MymMKur acm. AXonil akcap 6aKm a3 mavCupu Marooxou 1eKmpOMaAeHUMI
020X Hecm 8a wapoumu 6y0yoouwu Xyopo oap Xy0you uyHUuH MatlOOH HA30pam Kapoa Hamemagonao. Kopmarno az xamapxou
IXMUMONT 020X 6Y0a, A3 OMP3UUL ME2Y3APAHO 84 MEMABOHAHO A3 MAYXUZ0MU MyXoPuzamuu uH@upool ucmugoda bapano
€ uopaxou >xmuémil aHOeuano.

[ap yagBanu 3epuH KMMMaT MMEHA Ba MakCcMManiii MangoHW anekTpoMarHuTii a3 acbobxom mauwwii Ba
caHoatin 60 HasapgowTn mawbnymotu ICNIRP, WHO, IEEE, IEC Ba TaxkukoTu gurap gap AeBpyno oBapaa
wypnaaHg (Yagsann 2).

Yaosanu 2 — Maitidonu snexkmpomaznumii az acbobyou mauwil éa canoami (Oypuu 3uéoa az 30 cm)

Tayxuzor/ac600 Coxa le:':él\r:rz(l:#) Mal{:}r_;lyM

Purrraporniaku 0apki Acb06xo0u py3rop 0.08-9.0 10 15.0

My HXyIIKyHaK Acbobxou py3rop 0.01-6.0 T0 10.0

Tanypu MUKpOMaBUit Acbobxou py3rop 0.01-0.3 To 1.0
YaHrKaiak Acb00x0u py3rop 0.1-2.0 10 7.0

Sxn0H Acb00x0u py3rop 0.01-0.3 10 0.5

MouiH YoMany Acb00x0u py3rop 0.1-2.0 10 3.0

IlMTan MHIYKCHOHM Acb00x0u py3rop 0.3-2.0 10 15.0
KommtoTtep, MOHHTOp, POyTep Oduc € xona <0.05 T0 0.2
ABTOoMOOMIXOM Kaduiepu Oapki HcrexcosoT 100 — 300 To 1000
Tpanchopmaropxo 10-35 kB HcrexcosoT 20 —200 To 1000
Tauypxou Oapkit (MHIYKCHOH#) HcrexcosoT 100 —500 T0 2000
Myxappukxou 6apkit >10 kBt HcrexcosoT 10 — 200 To 500
Konsetiepxo (60 xapakatoBapu 0apKi) Hcrexconot 5-50 t0 100
Kabenxon 6ananmmuagar (1-10 kB) Hctexconor 1-50 10 100
Tayxuszoru paguodacoman (13,56 MI'¢c) Hcrexconor 10 -100 T0 300
Tayxu30TH PCHTICHI Tub <0.1 10 1.0

Tauxuzoru MRI (map moxwmarir) Tub 1500000 — 0 3000000
3000000
XaB3XOH DJICKTPOJIU3N Hcrexconor 5-200 10 500

10 f - Gacomay 60 MI'g
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Tauxuzor/ac600 Coxa Mlilp.;xr?:% Mal((:fld.;lyM
XapakaroBapxou 00 6acomaj] TaH3UMINIABAH A HcTexconot 10 -150 T0 400
DneKTpOMOOMIT (XaHTOMH 3aPSLILIHX i) Haknuér 2-10 T0 20
OnexkTpoMoOuMI (Iap JOXWin KaOMHa XaHTOMH XapaKar) Haxnuér 02-30 T0 10
ABTOMOOMIM THOPHI# (XaHTOMH POHJIaH) Haxnuér 01-25 1O 8
Tponneiidyc (cayioH, gap 600U MyXappHK) Haknuér 1-10 T0 30
TpamBaii (nap 60sion yapa€HKaOyJIKyHaK € MyXappHKH O0apKi) Haxnuér 2-20 10 50

Capuawma: [18; 29, 34; 46, 47, 61]

Hactypxomn ICNIRP (2010), kn 6apon Bucépe a3 kuwBapxom YaxoH UCTUHOAXOM MybTabap meboluaHs,
B6apou mangoHxoun marHuTum 6acomaam nact 50/60 'y nHaykenan marHntum 1o 200 mukpoTtecnapo (UT) 6apoun
axonin mykappap kapgaact. H catx 60 3axupaun 6y3ypru Gexatapin 6apon myxodusat a3 xama TabCupoTu
MabNyMu KYTOXMyZAaT Ba fapo3myaaat 6a canomaTtini Mykappap kapga wynaacrT.

TagknkoTxom cepLlymope, Ku Aap MOLENXOou FYHOryHW aBTOMOOunxowu Gapkin rysapoHua wynaaHg,
HULIOH MeauxaHd, KA caTxy BOKEMU ManWgOHXOW MarHuTiA gap canoHy MycO(MpOH Oap akcapu XoraTxo a3
TaBcuaxoun ICNIRP gaxxo Ba xaTtTo cagxo mapotnba kamTap acrT.

Kwwrwtod Npms Ba anrapoH gap makonau xya Hatnyam TagkmkoTpo BobacTta 6a MyLIKMNOTK adpKaHULLOTH
9NEKTPOMarHnTiA a3 HakNMETK Wwaxpin Hawp HamygaaHg [40].

Yaosanu 3 — Unoykcusu macnumuu Hakiuému 6apxi

Bocunatn Hakauér Ycyiu YeHKYHi Muéna MakcumaJi
TpamBait Jap naznukuu tauxuzoru AC Ba DC (N=10) 0.48-0.85 1.8-20
Yotixon KaHopit (N =20) 0.05-0.20 0.18-2.9
Tponneiibyc Jap wazaukun tTauxu3oti AC Ba DC (N =10) 0.03-1.00 4.9-33
Yotixon KaHopit (N=10) 0.03-0.29 0.57-1.7
ABToOycxou PEV Jap naznukuu tauxuzoru AC Ba DC (N=37) 0.03-2.6 4.8-28
Yoiixon KaHOPHA (N =65) 0.08-1.7 0.55-2.2
AsromooOumun PEV Yotixou et (N=8) 0.04-0.10 0.95-1.3
(1) Yoiixou Kaho (N=8) 0.17-0.30 1.3-15
ABTOMOOMIH Yoiixou meur (N=8) 0.05-0.12 0.76-1.2
HEV(2) Yoiixou kado (N=8) 0.12-0.73 1.9-16

Capuawma: [40]

D30x [40]: Unoyxcusu macnumii oap xyo0you 6acomaou andosazupuu 40-800 I'y 60 6acomaou ouckpemukynonii 1,5 ¢ uen
wydaacm,; N — mukoopu eawmu d1eKkmpomooun 60 cabmu unodykcusau maewumil,; (1) bacmau 6amapesxou axkymynamopii
oap 3epu kaburau Hakuém youeup 6yoano ea uneepmep DC/AC 6a myxappuxu 6apkuu yapaénu maiupébanoa oap Kagou
agmomodbun 6yoano, (2) Bacmau bamapesxou axkymyasmopi éa unsepmep DC/AC dap xaghou mowun 6a myxappuxu
bapxuu yapaéuu maguupébanoa dap newi youzup 6yoaHo.

Ake a3 TagkukoTxou OexTapuH Ba xamadoHuba mMycdhaccan oung 6a MaigoHXOU INEKTPOMArHuTiA gap
aBTOMOGOUNXo a3 Tapadwm BfS!! rysapoHvpa wypgaacT Ba TagkuKOT Jap WH caMT gaBoM gopag. Mabnymotu
YyamboBapgawyaa 6a YeHKyHUM MyHTa3amMy Man[oHXO Oap MOAENXO0M YOpil XaHrOMU XapakaT gap POXXou
Yymxypumn degeponumn OnmoH acoc €dpTaacT. TagkMkKoT Aap ce XxomnaT rysapoHuia wypaacT: gap cTeHau
Maxcycu OMHaMOMETPUM FUNOUPaKOop, 4ap poxy O3MouwuM Nylmnaa Ba XapakaT gap XonaTu BOKEWW POX.
Xamari 11 MOLUWHM KOMUIAH 3MEKTPUKIA, Ay MOLUMHU TMBpUAA Ba SK MOLUMHM SOPOV MyXappyKN APYHCY3 Taxun
Kapoa wygaHg. Hosobacta a3 Hamyou MaHOaby 3HEPrnsu MexaHukii, MangoHxXoW MarHuTiAi gap xamau
aBTOMOOUNXOM caHyvpawyna a3 xagou akcapu 6apoun xud3m canomatii TaBcudwyga kamtap Oyaada.
MangoHxon MarHUTii fap Kypcuxou HuwacTu 14 Mopenu ryHoryHu aBToMoOunxom ncrexconu conxom 2019 —
2021 pgap wapouTu FryHOTYHU KOpi YeH Ba ap3€6i rapavpgaang. VIHY4yHWH, gyyvapxau 9MneKTpuKinA Aap Laknm
Monea, Oy MOTOpPCMKNM cabyk Ba MOTOPCUKNM MyKappapi Mapuau TagkMKOT Kapop Aoda LydaaHd, YyHKu gap
OHXO HU3 MandoHXOM MarHuTuyM G6anaHgTapyH Aap MUHTakau Movxo Ba poHW MOEHi 6a By4yyd meosHg. Oap
MayMyb, namgovuy Tabcupu cobuTwygam MawmgoHM 3SfekTpoMarHutumM 0a canomatii Tabcupbaxw, aap
BOCMTaxoM HaKNMETU Taxnunwyaa xene kam ap3€bn rapgmaact [19; 53; 54].

BobacTa 6a 6GexaTapun aneKTpoOMarHUTM HaknNnMeTn dapki:

— AdKaHMNLWOTN 3MNEKTPOMArHUTin BOKeaH Aap aBTOMOOWMxoum Gapkin a3 cababu Kopu MyxappuKxou
Gapkin, BaTapesaxon akkymMynaTopuu KalaHga, MHBEHTOpPXO (TabaunguxaHgaxo) SMeKTpOoHWKau
naopakyHi Ba cucteMan 3apagauxin maesyyg act [45; 52].

— CaTtxu mMangoHu mMarHuTii gap kabuHanm aBTOMOBUNXOW INEKTPUKUM Myocup Ba rMBpuaxo, as pyu
HaTM4yaxomn YeHKyHUn cuctematukin, ogataH a3 0,1 To 2 uT 6yaa, xaTTo Aap xonaTtu capbopum 6anaHg
(wunTo6, Bo3gopi, 3apsananxi) xene kam 6a 3—4 pT mepacag [22; 40]. IH a3 MebEepxoUn KyHyHUU

11 BFS (Bundesamt fiir Strahlenschutz) — Cosmonwu (Jladtapu) dpenepanmuu 6exarapuu panuarcronii Omvon. hitps://www.bfs.de
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6anHanmunanun ICNIRP (2010) 6apon axonin (200 uT) gaxxo Ba cagxo Mapotuba kamTap act [22;
31; 59].

— Kwnmatxon 6anang (to 100-500 pT) 6a TaBpu nokani Ba KyToxMyaaaT, acocaH gap MUHTaKkau nomxo
€ xaHromu poHgaHu 6on3TMpob nMkoHNasmpaHg [22; 59].

— MangoHxon mMarHuTiA gap 9nekTpomMobuMnxo a3 MamgoHu MarHutum Gucép acbobxon maumui
(macanaH, gap3mor, TaHypu MMKpOMaBYii Ba fanpa) Ba caHoaTil kKamTapaHza Ba kobunu mykouca 60
HOKMMXoMn 6apkum MabMynuM ManuLlid xactaHa [22] .

— Canomartii Ba b6exartapit: TaxkMkoTu MycTakunu KyHyHin (macanaH, SINTEF, BfS, BMUV) tacauk
MEKyHaH, KU MangoHXOW 3reKTpoMarHuTin dap anekrpomobunxo 6a poHaHga Ba MyCOMMPOH
TabCupu 3apapoBap HagopaHg Ba a3 Tanabotn mebepxom xmd3n canomatii 3uéa HecTaHg [21; 22;
40; 59].

— MargoHxon anekTpomMarHuTii gap astomobunxoun 6apki TaFimpébaHgaan Ba Tononorusamn Mypakkab
AOpaHf, K1 TagknkoTn MMHGabaapo 6apou ap3ébum Tabcvpu gapo3mynnaT Tanab mekyHad, aMmmo
MabJlyMOTM MaB4yyAa XxaTapxou 4yaaupo 6apo canomaTii owKop HakapaaacT [6; 8; 23; 37; 63].

ABTOMOGMNXOUN Bapkin Ba rMbpMaxo MangoHXoN 3NEKTPOMArHUTMPO TaBNUA MEKYHaHZ, aMMO CaTxXM OHXO
Aap kabuHa a3 Mebepxou amMHUSTUM GaliHanMunanii xene nacTrtap acT. TO MMPY3, SiIrOH acocu WUIMA ByYyn
Hagopag, K1 Kopu 3reKTpoOMOBUIXopo a3 YmuxaTu pagnaTcusin anekTpoMarHuTii 6a canomaTin xaTapHoK TaBcud
kapaa 6owagp [6; 8; 20; 22; 30; 33; 40; 57; 59]. Bobacta 6a 6exatapuun 3uaamn cyxtopn asToModunxom 6apkin gap
Makofiau nelmHa MabnyMoT oBapaa oyaem [3].

BexaTapuu akonoru

Mapuyange aBtomobunxou Gapkin gap BakTM nctudpogabapii naptoBn 6eBocMTam rasxoum 3axpHOK Ba
rynxoHarii TaBnuWA HaKyHaH4 Xam, TabCuUpu yMyMum OHXO Ba MyxuTu 3ucT, Gaxycyc ©a napToBXxou rasxouv
rynxoHai, 6a TaBpu Hasappac a3 maHban Hepyu Oapke, ki Gapoun 3apsig AOAaHM OHXO ucTudopa mellaBag,
BobacTa acT. AbHe HakNMETN 6apknpo Aap OH cypart a3 YnxaTu akonori HucbataH To3a LWymMopuagaH MyMKUH acT,
KN 3Heprnst Oapou 3apsig OodaHu oH a3 MaHbabxou OapkapopluiaBaHdawm 3Heprusi rupudpta wasag. Arap
3apsiaavxii TaBaccyT MaHbabxom aHeprusam bapk, Kn a3 cyxTaHu Cy3ULWBOPRA (aHrvwT, ra3, MaBogam HadTi Ba
Fanpa) aH4yoMm goja wasaf, 6apTaprxom aKoNorMm oH Hasappac Haxoxaz oy [4].

BapTapuaTtn TexHonorusaxou Hae gap Ovcép xonatxo 6a TaBpu MHTMKOAW Kabyn meluaBag Ba axoni
ofaTaH cagokaTpo 6a TEXHONOrMsaXon Yopin Ba MykaMmMarn KapAaaHun OH HUrox megopang. MacanaH gap acpu XIX
HaKMMETM acoci Aap LWaxpxou KanoH BOCMTaxou ryHOryHU HaknMéTum (apobaxoun Xxypay 6y3ypr) TaBaccyTu acnxo
xapakaTtkyHaHga bya. Ak acn 6a xucodbu MuéHa aap gk py3 a3 15 1o 35 kuno nopy naptoB MekyHag. A3 nH cabab,
Ky4axowu waxpxou kanoHu acpu XIX 60 nopyw acn nyp MewynaHga, ki gap Has6aTtu Xy LwymMmopav 3véam naiiiwapo
0a xyg 4anb® mekapp Ba nopyu XxyLwKy mMangawynapo wamon 6a xap Tapadg naxH Mekap Ba oH cababu
©emopwuxou ryHoryH rapgnga 6yn. PysHomam The Times newryin kapga 6ya, kv "gap 50 conuv osHaa, xap kyya
aap INoHooH 3epu 9 cyT (2,75 meTp) nopy ryp kapaa mewasag'" Ba 6abarap oH 60 Homu "ByxpoHn Gy3ypru nopym
acn aap conu 1894" mabpyd wypa [28; 50]. Conn 1898 pap Hblo-Vlopk aBBanuH koHdepeHcuan BaiHanxanki
oug 6a xannu macwkanauv 3ukpwyga, 6apou 10 py3 Tawkun wyaa 6ya. AMMo oH nac a3 3 a3 cababu nango
HaKapAaHV POXXOMW Xannu MYLLKUOT KOpY Xyapo kaThb kapa. [ap conm 1900 gap Hwo-Mopk, anéaa a3 100 000
acn gap sk py3 2,5 munnuoH dyHT (=1134 TOHHA) NMopyu acn NapToB MeKapAaHg, KM OHpO xamapys3a pydrTa,
KopKapA kapAaH nosum 0ya.[26; 28].

Xannu MyLwKunoT TaMOMaH a3 gurap tapad namngo wyn. AbHe TaBacCyTy TO3a KapgaHu Kydaxo a3 nopyu
acn Helw. ueas kapaaHu acn. Myxappukxou AapyHCY3 xaMyyH MaHOabn SHEPTrUAN MEXaAHUKIA acnxopo 6a Tagpuy
MBa3 kKapAaH4 Ba MyLIKMNOTM MOpy Aap Myagatv KyToxTapuH xan rapava. OnMoH gap Taxusn Myxappuiki
AapyHcy3 60 MXTMpOobLKOpPOHW GapyacTtaaw, 6a mucnu Hukonayc OTTo, Kapn beHc, Pygond [Odusen, denukc
Banken, ®epavHang MNopwe, Notnnb OJanmnep Ba Bunxenm Manbax Hakwm myxmum 6o3ngang [44].

Hap HaBbaTV Xyg Myxappukxou OapyHCY3 MyLIKUNOTK gurapepo 6a Byvyn oBapgaHa. Cagou 6anaHgm
KOpi, MapTOBM ra3xon 3axpHOK Ba rynxoHarii HaTu4yau Cy3ullM CY3ULIBOPK Jap MyXappukxou AapyHCy3
MebowaHg. [apyaHOe napTOBM rasxoum 3axpHOK 00 Yopit kapaaHu TanaboTxou 3KOMorin Ba TaTOMKK
TEXHOSOMMAX0M HaB TO Xaaam akkan kam wwyaa 6owaHa xam, NapToBuM rasu ryfixoHarii, sbHe ayokcuaun kapoboH
(CO2) a3 6anH Haxoxag padT, YyHKM OH HaTU4au Cy3uLn nyppau xamaryHa cy3vBOpuM opraHukin meboluag.
Mapxunaun aBBanu rysapuil 6a HaknuaTy SKONori Ba camapabaxiu TaBaccyTv aBTOMOOMIXomn rmbpuain oro3 édr,
Kn gap oH gap 6apobapu Myxappukm OapyHCy3 a3 xmcobu CY3ULLIBOPKA, UHYYHWMH, a3 Myxappuku Gapkin Ba
DOaTapesaxon akkyMynaTopi HM3 uctudoga mellasag,.
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Pacmu 3 — Xuébonu nanyymu Hio-Hopx 15 anpenu conu 1900 (ax asmomo6un) éa 23 mapmu conu 1913 (ax acn) [25; 44]

Xannv MyLK1noTy NapToBX0 Aap Mapxuiian HaB acocaH TaBacCyTu HaKnMETn bapki xannm xygpo nango
Kapgoa wuctogaacT. MyxappuKxou SNeKTPUKA YOWTy3MHW MyXappuKxou OapyHCy3 rapavgadHg.  MywkunoTtu
3KONOrMM HaKNUETK Gapkin TaMoMaH camTh gurappo aapbap mermpag, Kn oH acocaH Aaspau uctexcon sa 6abau
a3 uctndona 6apoMagaHn OH, € KMCMXOM XOCU OH, a3 Yymria akKyMynsaToOpXou NUTUA-MOHIA 30xXMp Merapgag.
lMapToBXO Oap TaMOMM JaBpaun XaéT, a3 Yymra, paBaHau uctexcor, uctucdponabapii Ba 6esapaprapgoHmpo gap
6ap mermpag. Victexconm anekTpomobunxo, XxycycaH 6atapesxoun akkymynsatopin ogataH Hucbat 6a ncrexconm
aBTOMOBUNXON aHbaHaBMKN 60 MyxappuyKkmn apyHCY3 KOPKyHaHAa napToBxou 3néarappo gap 6ap mermpag, YyHku
NCTUXPOYM aLIEN XOM Ba UCTEXCONU BaTapesaxon akkyMynaTopii paBaHAXoM aHepruaTanab mebowaHg [42; 44;
51; 60]. A3 Tapacm gurap, TagKMKOTXO HWULLOH MeauxaHd, KM MH MapTOBXOW MeLlakid akcapaH gap AaBoMU
MyxnaTtn nctugpogabapum anekTpomobunxo a3 xncobu maHbabxomn GapkapopLlaBaHaan aHeprus YyopoH Kapaa
MeluaBaHg. [ap sik KaTop Taxnuixo oMagaacT, KU 3reKTpoMobunxo a3 HykTam Hasapu NnapToBXOM YMyMid Ha3ap
6a aBTOMOOMIXOM JOPOM MyXappukM gapyHcy3 aap Tynm 1,5 To 1,9 con 6apTapusitn KOMUIpPo coxmnb mMeLlaBaHz
Ba dap TamoMu OaBpan “Xaé€T” aneKkTpoMoOWNxo Aap KOXMLIKM YMYMWUW MapToBxO, a3 Yyymna “nsm kapboH”
ad3anuat gopaHa [27; 38; 56; 60].

AnbaTTa TexHonorusa Ba MHHoBaTCUSA Aap SK 4O HameucTaHg Ba 60 6GoBapun TOM MeTaBOH ryd, K1 WH
MYLLKUIIOT HU3 Xannu xyapo meébag, a3 Yyymrna TaBaccyTy anekTpomobunxou rugporeHii. Victndopna as sHeprusin
rMaporeH TaBaccyTu Xyyavpaxou cysuwsopin (FCEV), kn gap oHxo aHeprusibapana (gap WH cypat rmaporeH)
nap 3apdxoum (banoHxou) maxcyc 3epu duwopu To 700 aTmocdepa HMrox gowTa Melwasag, CaMTu
ad3anuATHOKM pyLLan Haknuétn asTomobunin mebowan. Oap 6apobapu UH YyHUH aBTOMOOMIIXO 60 MUKZOPU
MyalsiHU aKKyMynsTOpXO HU3 YMX030HMAa MellaBaHg. Taenuan aHepryaun Oapk TaBaccyTu Xy4yampaxou
cysuwBopi 60 mnctudodan rugporeH sk camTm Bucép osHgagadop, XycycaH gdap HaknvéTu asTomobunii
mebowag.

BapTtapum MyXUMTapuHW YyHUH SNEKTPOMODUIIXO BaKTWM KyTOXM MNyp KapgaHu 6annoH 60 rugporeH
mebowan. bannoHn rmgporenn anektpomodbunu FCEV-po gap gaBomu KamTap a3 naHy gakuka nyp Kapgad
MYMKWH acT. bapTapun gurapuv Kynnin gap KMéc 60 anekTpoMobunxom akkymynaTopin 3axmpam rawt mebowag,
kv ogaTaH a3 500 knnomeTp 3néa act. CamapaHOoKMM YyHWH 3NEKTPOMOBUIX0 a3 xapopaTtn 6epyHa BobacTa HecCT.
YyHoHe, kn gap 6ono 3ukp rapava, gap kuwsapu Mo 98 cdousm Hepym G6apk 60 nctudoga a3 saxmpaxou o6
nucTexcon melaBag. AMMO UCTEXCOI Ba capdu aHepruamn 6apk gap YyMxypin XyCycuaTu MaBCcuUMin fopag Ba gap
WH pOCTO WCTEXCON Ba 3axvpau rMaporeH gap MaBCcMMK rapM a3 xucobu aHepruau Gapk Ba mctudogam
MUHOabOan OH Jap MaBCUMMM XYHYK camapaHokuu uctndonav aHeprusv 6apkpo 3vén meHamosa. A3 Tapadwm
avrap rmgporeHun ucrtexconwyna 6a maxcynotv BopuaoTMBaskyHaHga mybagnan merapgag, YyHKu 3apypatu
BOpUA KapAaHu cy3uBLUOpuM HadTuto rasin 6a Tagpuy kam Merapgag.

Hepyu 6apke, k1 akkymynsaTopxom asTomobunxon 6apkii a3 xnucobu oH 3apsg meanxada, a3 maHoabxou
FYHOIYH, a3 Yymna Cy3uLIBOPUM UCTUXPOYLLaBaHAa (aHMULIT, MaxcynoTn HadTin, ra3u Tabuii Ba Fanpa), aHeprusam
aToMin Ba MaHbGabxou TavyauawasaHaa (odTob, wamon, o6) TaBnug Mewasag. [MapToBu HUCOUM rasxou
rynxoHai a3 MaHbawm sHeprusi, ku 6apow 3apsarupin uctucgopa mewasag, BobacTta acT. MuHTakaxoe, ku gomau
6anaHam maHbabxou bapkapopLuaBaHan IHeEPrUspo nctudoda mebapaHa, nap Mykouca 60 MUHTakKaxoe, kv a3
CY3M1LLIBOPMM UCTMXpOYLUaBaHaa caxT BobacTaaHa, 6a TaBpy Haszappac NapTOBXOM KamMTapuUHWU HaKknETn 6apki
XOXaHg OOLT.

Xynoca

Bexatapun aBTomobunxomn 6apkii Ba rmbpuai sike a3 macbanaxon Mmybpamu caHoatm aBToMOGMICo3nn
Myocup 6a WyMop mepaBag, 3epo OH abTuMoay 6oBapuM NCTEBMOSIKYHAHAArOH Ba AypHaMou TaTOUKW Bacebu
TEXHOMOMMSAXOM HaBpPO Aap HakKMWMET MyarsH MekyHad. [dap maymyb, TaOKUKOTXOM CepLlymMop, HaTuyaxou
CaHy WM cafjamaxo Ba Taypubam KOpi HULWIOH MeauxaHng, K aBTomMobunxou Gapkin Ba rmbpuain Mmcrnu
aBTOMOOMNXOM JOPOV Myxappuku AapyHCY3n aHbaHaBi GexaTapaHz Ba gap 6ab3e MaBpuaxO XaTTo a3 OHXO
b6exataptap MebowaHg. Bo By4yyau VH, OHXO MHYYHWH XaTapXxou XOC AOpaHa, KU AMKKaTM Maxcycpo Tanab
MekyHaHA. Oap pobuta 6a Gexatapuu ¢abon, aBTomobunxou myocupu 6apkii Ba rmbpuain akcap Bakt 60
cucTemaxou newpadtam newrnpmm cagaMmaxo My4yaxxas kapga MellaBaHi: 6apHoman yCTyBOPUWM SMEKTPOHA
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(ESP), cucteman sunpgombnokupoBkan 6o03gopin (ABS), Hasopatu kpyusin, 6o3popum aBTomatum daskynoaaa,
KyMaK dap HWUrox OOoWTaHW XaTu xapakaT Ba cucTemMaxoun xamayoHubaun Hasopatu atpod, K1 9XTUMONUSATU
cagamaxopo 6a TaBpu Hasappac koxuw meauxaHa. [dap pobuta 6a 6exatapum fanpudabos, aBToModunxou
Oapkii, buaoyHN Myxappviku OapyHCy3 Aap newl, TakCMMOTU MyacCuMpTapu MUHTakaxou LimMkacT Ba ¢has3on OHpO
3négpo Gapow asxyn KapgaHu aHeprusu Gapxypd Myxané mecosang. ABTomobunxou rmubpuain MabmynaH gap
nnaTtgopmMaxou 3aMOHaBi COXTa MeluaBaHg, kUM Jopou 4vaxopvybaum myctaxkamwypau 6agaH, kamapbaHgu
Oexartapii Ba 6onuwiti bucépmnHTakasin mebolwang. Fanp a3 oH, 6actaxon 6atapes 60 KOpnycxon MycTaxkamm
Myxodu3aTii Ba CUCTEMAxOM Has3opaTu XxapopaT Tapxpesin wypaaHd, ku xaTapu ocebpo gap xonaTxou
MyKappapuv poHaHaari koxuw meamxaHg. baptapum Hazappacu aBTomobunxon 6apki Ba rmbpuain nH Mapkasu
nacTu Ba3HMHUM OHXO Meboluaj, KM TaBacCyTu Yournp kapaaHu 6atapesixou akkyMynatopuv BasHUH Aap Aap
3epu bagaHa (ky3oB) 6a gact meosa. ViH 6a ycTyBopii Ba MaopakyHUn aBToMobun Tabcunpm mycbin mepacoHag,
XxaTapu YannaluaBuMpo KOXML Meanxad Ba MAOPaKyHUPO XaHroMU MaHEBPXOW HOraxoHm bextap MekyHaa.

Xam3zamoH, aBTomobunxou 6apkin myLLknnotTn 6eHasnpu bexatapum nac a3 cagamapo 6a 6op meopaHz;:
xaHromu 6apxypauv waaua, 6atapesxon NUTUA-MOHN MeTaBoHaHA 6a nctunox 6a "dpupopu rapmin” rysapaHg, kv
boucKn cyxTaHu CTUXMSBIA Ba MXPOYM ra3xomn 3axponyAkyHaHda mellaBaH. XOMYL KapAaHU YYHWH CYXTOPXO
MUKZOpK 3méan o6 Ba TEXHOMOrMsAXouM maxcycpo Tanab MekyHad, kK 6apon CYyXTOPHMWLLOHOHWW CTaHAapTH
pactpac HectaHa. bapou kam kapgaHm WH XaTapxO, WCTEXCOMKYHaHOArOH kaTbW aBToOMaTUM cucTeMam
fanaHgwunagaTpo xaHromu 6apxypa, Katbu WHTMKONWM Gapk 6a cxemaxou BanpoHLWyga Ba anropuTMXou
HapMmad30pn XyATalWXUCKyHaHda, kn Gapon GapBakT OLWIKOP KapgaHu MYLIKUAOT KymMak MeKyHaHa, TaTtouk
MeKyHaHg. ABToMoOuMnxou rmbpuain 60 gk katop xatapxo pybapy MewaBaHa: 6a fanip a3 xaTapu CyxTopwu
CY3WLIBOPWA, XaTapy BavpoH LydaHn Oatapesixom akkyMynsiTopid HM3 Byyyn Oopaf, rapyaHge Ttaypuba HULLIOH
Meguxag, ku 6a wapodartm myxodusaTn bucépkabata Ba cTaHAapTU3aTCUAN CMCTEMA, YYHWUH X04Mcaxo Kam pyx
MeauxaHg.

A3 HyKTanm Hasapu MyxuTu 3UCT Ba canomaTii, aBTomMobunxon Gapkin Ba rmbpuaxo a3 cababu By4vya
HagowTaH € 6a TaBpu Hasappac koxuw gogaHn naptoBxoum CO, Ba rasxou 3axponyakyHaHga, 6apTtapuxom
Hasappac gopaHa. bo By4yyam vH, nH 6apou nBas Ba kopkapau gybopan 6atapesxon akkyMynsiTopid, K Kopkapau
Maxcycu bexaTappo Tanab mekyHaHa, MyLUKUIT 3404 MekyHan. Fanp a3 oH, xagamoTtu daskynogaa 6apon kop
60 aBTOMOBUNXOM Bapki Ba rmbpnaxo 6a oMysnwmM Maxcyc Ba Tayxm3oTM Maxcyc HWE3 opag, 3epo YCyrixou
aHbaHaBMKN XOMYLL KapAaH Ha xama BakT MyBO(UK MeOsHA,.

Hdap mMaymyb, MeTaBOH Xyroca KapA, KM XaHroMu Tapxpe3un Oypyct Ba MyTobukaTt 6a ctaHgapTxou
OarHanMunanin, aBTomobunxoun 6apkii Ba rmbpunaxo catxu 6anaHan 6exatapumn dabon, fanpudgabor, 3KoNori
Ba nac a3 cagamapo newHuxoa mekyHaHa. bo By4yyam nH, oHxo myHocnbaTtu xamayoHmba 6a ngopakyHum xasu
cuctemaun 6atapesaxon akkymynaTopi, pyLan MHAPacoXToOpn XM3maTpacoHin, Yaxopyyban Mykammanu Mebepit
Ba OMy3u1LIN MyTaxaccMcoHpo 6apoun xagam akcap pacoHmaaHu MmaHduaTxo Ba kam KapaaHu XxaTapxou aXTUMOnii
Tanab mMekyHaHg.

Peyensenm: Dasramuoes PA. — K.m.H., 00uenm Kagedpvl «IKcnayamayus asmomoburvtozo mpancnopma» JIIITY um.
axad. M.C.Ocumu
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V]IK: 656.12(575)

METOAONOIrnAn sAXoanxmm CAMAPAHOKUA UICTUDPOOAU TAPKUBU

XAPAKATKYHAHOAU HAKNMUETU POXU OXAH OAP YYMXYPUU TOYUKUCTOH
LL.H. Kyp6oHos, Y.4. Yanunos

Jlonumiroxu TeXxHUKuu TouukucToH 0a Homu akageMuk M.C. Ocumi

Jap makoia Macownu MapOyT Ga ap3éOmm camapaHOKMKM HUCTH(OTAW TapKHOM XapakaTKyHaHIaW POXH OXaHH YyMxypuu
ToyukucToH MaBpuau OGappacii Kapop rupudTaact. MyalnmmpoH METOMOJIOTHAN TaXJIMIH HUNIOHAUXAHIAXOM TEXHHKUIO HKTHCOIUPO
TEIIHUXO0J] MEHAMOSI]T, KH UMKOHU 0axOTry30pHH JTAKHKH Ba3bH MaBUYIApo Jap COXaW HAKIHETH POXH OXaH (apoxaMm Mmeco3an. Tabcupu
OMIIXOH MyxTanu} 6a camapaHokuu ucTH(omabapur TapkuOH XapakaTKyHaH[a, a3 qymia carXd HUCTH(ONaH MKTHIOPU TEXHUKHA Ba
camapaHokud uctudonabapuu TapkuOW XapakaTKyHaHIaW HAKJIHETH POXHM OXaH Oappaci merapian. Jlap Haruya, pOXXOHM TaKMHI Ba
PYLIAM YCTYBOPH COXAaW HAKIMETH POXH 0XaH Aap YyMxypuu TOUMKHUCTOH MEIIHUXON Myaaana. bo gapHazapaomTu yapaéHu 00CypbaTh
HaBco3uu wuH(ppacoxTopu HakauETHH Yymxypun TodukuCcTOH, Mackanan OanaHj OGapIOLITaHW CaMapaHOKUHM HCTH(OZaW Tapkudu
XapakaTKyHaHJau HAKIHETH POXH OXaH aXaMUsATH Maxcyc Maio MeKyHa/.

Kanuoeosrcaxo: naxmuému poxu oxan, mapxkubu XapaxamkyHaAHOA, HUUWOHOUXAHOAXOU MEXHUKUIO UKMUCOOH, CaMapaHOoKuu
ucmughooa, memooono2usu 6ax00uxii, uHGpacoxmop.

METOOONOINMA OUEHKUN 9PDPEKTUBHOCTU UCIMOJIb3OBAHUA NOABUXHOIO COCTABA
XENE3HOOOPOXHOIO TPAHCMNOPTA B PECNYBJIUKE TAOXUWKUCTAH
LW.H. Kyp6oHos, Y.[x. [xxanunoB

B crarhe paccMaTpHBarOTCS BOMPOCH, CBI3aHHBIC C OIICHKOH 3((EKTUBHOCTH UCTIOJIb30BAHUS MOABIKHOTO COCTABA JKEIE3HBIX
nopor Pecryomuku Ta/pKuKuCcTaH. ABTOPBI MPEJIaraloT METOMOJIOTHIO aHAJTM3a TEXHUKO-DKOHOMUYCCKUX TOKA3aTeleH, TTO3BOISIONYIO
TOYHO OICHUTH CIIOXKHMBLIYIOCS CUTYaIHIO B cepe jKeIe3HOTOPOKHOro TpaHcnopra. OOcyxnaercs BIMSHHE Pa3IUYHBIX (AaKTOpPOB Ha
3(hhEKTUBHOCTH HCIIOIB30BAHMUS OABIMKHOTO COCTaBa, B TOM YHCJIE YPOBHS HCIOJIb30BaHUS TEXHHYECKOW MOIIHOCTU U 3(h(HhEeKTHBHOCTH
HCIOJNB30BaHUS TOABI)KHOTO COCTaBa IKEIE3HOJOPOXKHOTO TpaHCIopTa. B pesynbrare OBUTM TPEATIOKEHBI MYyTH YIy4IICHHS H
YCTOHYHMBOTO PAa3BUTHS OTPACIH IKEIE3HOJOPOXKHOTO TpaHcmopra B PecmyOnmke TamkukuctaH. B CBS3M ¢ OBICTPBIM IPOIIECCOM
MOJICPHHU3ALMHA TPAHCHOPTHOW HH(pacTpykTypbl PecmyOnukm TamKHKHCTaH BONPOC TMOBBILEHHS 3()()EKTHBHOCTH HCIIOIB30BAHUS
HOJIBIDKHOTO COCTaBa JKEJIE3HOJOPOXXHOTO TPAHCIIOPTa MpUoOpeTaeT 0co0oe 3HAaUeHHE, B TAaHHOW CTaTbe PacCMaTpUBAIOTCS Hay4IHBIS
MOAXOMBl K pa3pabOTKe W BHEAPCHHIO METOJMKH OIICHKH, B KaueCTBE OCHOBBI Ui aHAIM3a W OICHKH MPEICTABICHBI OCHOBHBIC
TEXHUYECKUE, SKOHOMUYECKUE U HKCIUTyaTal[HIOHHBIE TIOKa3aTelH.

Kniouesvle cnoga: icene3Ho00OpOJICHIN  MPAHCNOPM,  NOOBUIICHOU — COCMAB,  MEXHUKO-DKOHOMUYECKUe NOKA3amenu,
ahhexmusHOCIb UCTIONBLI0BAHUSL, MEMOOON02UsL OYEHKU, UHGpACMPYKMYypa.

METHODOLOGY FOR ASSESSING THE EFFECTIVENESS OF THE USE OF RAILWAY ROLLING
STOCK IN THE TAJIKISTAN
Sh.N. Kurbonov, U.J. Jalilov

The article discusses issues related to the assessment of the effectiveness of the use of rolling stock of the railways of the Republic
of Tajikistan. The authors propose a methodology for the analysis of technical and economic indicators, enabling an accurate assessment
of the current state of the railway transport sector. The discussion focuses on the impact of various factors on the efficiency of rolling stock
utilization, including the degree of technical capacity use and the operational efficiency of railway rolling stock. As a result, ways to
improve and sustainably develop the railway transport industry in the Republic of Tajikistan were proposed. Due to the rapid process of
modernization of the transport infrastructure of the Republic of Tajikistan, the issue of increasing the efficiency of the use of railway rolling
stock is of particular importance. This article examines scientific approaches to the development and implementation of evaluation methods,
and presents the main technical, economic and operational indicators as a basis for analysis and evaluation.

Keywords: railway transport, rolling stock, technical and economic indicators, efficiency of use, assessment methodology,
infrastructure.

CapcyxaH

Haknnétn poxy oxaH Jdap pywaud WYTUMOA Ba WKTUCOAMM TOYMKUCTOH HaKWM Kanuai [opaa.
MaxayamsTxo, TexHUkanm HucbaTaH KyxHa Ba TanaboTu py3mappan NOMUCTUKA 3apypaTu YyCTyyyu YCynxou
OanaHgbapaopum camapaHokun uctudogabapumn Tapkmbu xapakatkyHaHAau HakmMeéTn poxy oxaHpo 6a MUEH
MeopaHa. [ap uH 3aMuHa, Ha TaHXO HABCO3UM TEXHWUKA, Ganky TakMUnn ycynxom 6axoauxum cuctemasil HU3
3apyp acrt [7].

Hap ToYMKMCTOH Tapknbu xapakaTKyHaHOa (NOKOMOTMBXO Ba BaroHx0) akcap BakT 6a TaBpu OkuroHa
nctndona HamelLaBag: KMCMaTu 3véae 6ekop MeMoHaz, caTxy oMoaarMm TEXHUKIA NacT Ba XapoYyoTh HUrOX40pii
3nén MewaeaHa. HabypaHu mebeépxom aroHam ap3ébit Goucu TacBupu HOOQYPYCTU CaMapaHokuu uctudona
Merapgag. Oap YyHuH xonar, 3apyp acT, ku MyHocubaTtu Taxnui Ba UOopakyHWM Tapkubu xapakaTkyHaHaa
ymanaH Takmun ébag.

Makcagn acocum OMy3uLIM MasKkyp Taxusii MeTOLOJSIONMAN KOMMMeKcun ap3eébum camapaHoKkum
uctncdogan Tapkmbu xapakaTKyHaHgaum Haknumétu poxu oxaH gap Yymxypum ToyumkucToH mebowag. WH
mMeTogonorus 6osg MMKOHMAT chapoxam oBapapg, KM BasbW KyHYHUM UCTMdOAan Tapkubu xapakaTkyHaHaa 6a
TaBpu o6bekTMBIA ap3€bii rapgan Ba camTxomn acocumn 6exrapco3nm habonuaT Taxus kapaa wasang. Maymaan

119



[Monurexuuueckuit BectHUK. Cepusi: MrxenepHblie uccnenosanus. Ne 3(71) 2025

HaknMéTum HYymxypum TOYUKUCTOH HAMYZXOU F'YHOTYHU HaKknNMETpo, a3 Yyymna Haknmétn asToMobunii, poxm oxaH

Ba aBmaTcuoHMpo gap 6ap mernpag. Xam3amoH, poxxoun aBTOMOBUNA HU3 Aap UH Maymyb LLOMW Me60LuaHu12.

Ba pywan HaknMéTn poxm oxaH, MaxcycaH 6a COXTMOHM POXXOU OxaHe, kKu Mapka3po 60 MUHTakaxou
cTpaTerin MmenavBaHgan, AMKKaTM Maxcyc noga Mmewasad. Haknuétn poxm oxaH “...6apon MHTUKoONu macodaxou
Oyp camapaHoK acT, aMMO [Jap TaH3MMu Tapudxo xamella pakobatm 0304 Byyyn Hagopan, ku uH ba
caMapaHOKMM Kop TabCup MepacoHad. HaknmméTtn poxu oxaHu 4yymxypin 60 kobunuatn GanaHam MHTMKON Ba
ap3vwu HucbaTaH nacTu xmaMaTpacoHin papk MekyHad. XaHroMyM COXTMOHM POXXOM OXaH CapMOsIry30p1K KasoH
103MM acT, K1 akcap BakT TaHxo 60 yanbu Haszappac Ba nctudogan camapaHoku OH NapAoXT Kapda Mellasag,.
Poxu oxaHn To4ymkuctoH gopou 33 nctrox meboluaa, ku gap kutbam mapkasin 10 uctrox, gap kutbam wmmonin 10
UCTTOX Ba Aap kuTbau 4aHy6i 13 nctrox yovirmpaHa. CoxTopu MHTUKONM 60p Ba MycoUpPOH TaBacCyTn KUTbaxou
POXM OXaHW TOYMKUCTOH HULLIOH MeAuxad, KM NnypmaaaTrapuH kutbaxo 6apou MHTUKONU Gopy MycodMpoH
ryHoryHaHa. Hap 6GanHm kutbaxou 6GopkalwoHin GewTtap gap MuHTakaxou [dyuwiaH6e—Yuntypa, Yuntypa—
TypcyH3opa, XyvaHo—Kownbopom Ba KyproHTenna—Xowage wuHTMKon MeébaHa. [dap camTtu BopkalloHuu
b6anHanmunanii 3uéaa a3 90% TaBaccyTu poxm oxaH amanin mewasaa. dap Yymxypumn TOYUKUCTOH MyHOCMBaTU
MycTakumu 6ariHm cypbaTti ad3oULLM AapoOMaan BOKEUN axornii Ba Xa4ymMmu MyCoUpKaLLOHA Aap HaKMMeTn poxm
OoxaH By4yyA Hagopan”. Cababu uH acT, ku TanaboT 6a xm3amaTpacoHMxom HaknMéTu mycodupbap GewwTap 6a
TafMMPOTN Myxo4yupaTu axonii Ba xonatm nytumoun kabarxom kambusoat Bobacta mebowwan, Ha 6a caTxu
ad3omnwim JapoMagm MnéHam Bokein. bosg Tasakkyp 404, KU Aap conxom oxup XykymaTn Mmamnakat 60 poxbapum
MewBon myassamu munnat, YaHobu onii Mmyxtapam Omomanin PaxmoH Taabnpxou myllaxxace Ynxatu pyLiam
coxa amanin HamygaaHga, K1 XyaalloH Hu3 aap 6apomaan pacMusiLioH 6a OH Tabkug KapgaaHa: “...4ap 4aBpOHM
coxmMbucTuknonin gap kviweap 58 nowvxan capmosry3opuu AaBrnaTili Jap CamTM COXTMOHY Tayauau POXXOou

MOLLUMHrapg, Ba poxy oxaH, byHEéOu MHAPACOXTOPU OHXO Ba TaxkMM GaxiumaaHu MKTUOOPU TEXHUKUKM coxa Ga

mabnafu 26,6 Munnmap COMOHI amani rapauaa, xono Kopxo gap uH camt 6omapom ngoma ,qopaH,q”13.

Poxxon maB4ygau poxy oxaH gap TamoMu kutbaxo To conv 2025 Gapou xmaMaTpacoHuMn Xxaymu
newodnHUWYaan WUHTUKON KOOunmaTtu kodpid gopaHa. Taxnun HUWOH meauxad, ku “ ...capmosary3opuxo 6a
NHIPACOXTOPU POxM oxaH HucbaT 6a gurap baxwxon HaknuéT BewTtap 6a makcag mysodukaHa [3]. bo Byyyau
WH, pywamn Bacen wabakan poxu oxaH gap camtu pobutam YaHyb6-Mapka3 Ba Mapkas-LUumon gap 4ymxypi
newbwuHn wypaacTt. ANHWM 3aMOH xa4ymu Bopxon BariHanmunani, kn gap KoHTenHepxou ctaHgapt ISO nHTukon
Aofda MewasaHd, HucbaTtaH kam act. [ap conu 2008 TaBaccyTn poxu oxaH kamTap a3 15 000 koHTenHep Ba
TaBaccyTu poxu aBTomobunii a3uéaa a3 2 000 KoHTeriHep UHTUKon eédtaact’[2].

MaBoaxo Ba yCynxou TagKuKoT

Bo By4yam vH, TMbKM gypHamo, To conu 2025 cypbaty adh3omw koxuww édpta, adh3oULLIN CONOHa Xamari

TO 5% Mmaxayn xoxag wya (Yagsanu 1).

Yansanu 1 - Adzonmn natukonu koHTerHepxo (ISO) nap poxu oxanu TO‘II/IKI/ICTOH14

JlaBpxo Cypwparu adzon (%) XaymMu MHTUKOJ (KOHTEHHEDP)

2010 — 27 500
2010-2014 25 56 200
2015-2019 15 100 000
2020-2025 10 127 000

Yagsanu 1 HALWOH Meauxagn, ku capcum Hasap as Koxuw édpTaHun cypbaTu acd3onw gap gaespaxov babai,
Xa4yMu YMyMUM MHTUKONWN KOHTENMHEPXO NarBacTa ad3omn édraacr.

Pywan xamny Haknu KOHTeHepin gap TOYUKUCTOH YK TaBpe kana HamypaaHpg “...6a moHeaxou yupan
aydop wynaact. Cababxoun acocum oH a3 HabyaaHu Tayxm3oTn maxcyc 6apon 6opkyHii Ba 6opdapopin, HabygaHu
CO3MLIHOMaxoun pacMii 60 KMLWBaPXOM xamMcos, kam bygaHu 6opxo gap camTy 603rawT Ba TaHOCY6m HOMycoMamn
6opxon rapoHb6axo Ba 3yABanpoHLIaBaHga ubopaTtaHd. MIH oMunxo mMcTudoganm KOHTEMHEepPXopo AyLIBOp Ba
Kamcamap MerapgoHaHa’[2].

Bo papHazappowTn MH MYLIKWMOT, 3apypaTtu Taxusau MeTodonornmsayM Mmyliaxxac 6apou 6axogmxuu
camapaHokum nctudpogam Tapknbu xapakaTkyHaH4an HaKMMETU poxy oxaH 6a MMEH Meos .

MeTogonorvamn TagkMkoT 60 Maymyn HULLIOHAMXAHOAXO0N acocumn Baxoanxunm camapaHokum nctudgogamn
Tapknbu xapakaTKyHaH4an HaKMMETU PoxXU OXaHn 3epuH bosg acoc €6aHa:

12 TocynapcrBennast nenesas nporpamma «Passurue TpaacrnopTHoro komruiekca PecniyGnuku Tamxukuctan ua 2010-2025
TOJBI»

13 [Taému Ilpesmmentn Yymxypum TouumkucToH Myxrapam Omomanin Paxmon «Jlap OGopam caMTXom acochu
cuécaT JOXWIHA Ba XOpUYUH YyMXypi», 28.12.2023c., maxpu [ymante

14 TocynapcTBenHas meneBas mporpamma «Pa3BuTHe TPaHCIIOPTHOTO KoMIuiekca Pecny6nuku Tamkukucran Ha 2010-2025
TOJBI»
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1. KoadhdputcmeHTn omogarnm tTexHukin (Ktr):
Ktr=Bp/Bp+BT (1)
aap vHyo: Bp - BakTu kopia, BT - BakTu gap Tabmunpbyaa.
WH koadhutcueHT gapayan omogadboLumm TEXHUKUN XanaTn xapakaTkyHaH4apo HULLOH Meauxaa.
2. KoaddutcmeHTtn nctucdpopamn macodan rawt (Kyn):
Kyn=Mn/N (2)

aap unH4yo: n - macodhan Tankapgawygav MysgHok, 1 - macogan ymymumn Tarkapgawlyaa.
VH HMWoHaMxaHaa camapaHokum uctndogan xapakar gap Macuppo MmyansiH MekyHag.
3. MaxcynHokuu BaroH & nokomoTus (B):

B=Q/N (3)

Aap nH4yo: Q - xa4mm ymymunm nHTukonun 6op (MycodmpoH), N - wymopan BaroHxo (JTOKOMOTUBXO).

VIH HUWoOHOMXaHOA XOCWUIMHOKMM MUEHAM $IK BOXMAW XapakaTKyHaHOapo HUWOH meamxan. WH
HULLIOHAMXAHAAX0 MMKOHUAT MeanxaHz, K1 caMmapaHoKnn TEXHMKNIO nctndonabapumn Tapkubu xapakaTkyHaHaam
HaKNMETM poxm oxaH ba TaBpu aHMK ap3€0ii rapamaa, 3axmpaxom 6exco3nm OH MyansiH LuaBaHA.

MeTtogonorvam ap3ébin Ha TaHXO WMKOH Meauxad camapaHokMuM Yopuu wuctudoganm Tapknbu
XxapakaTKyHaHOapo OakuK KyHaHa, 6anku paBaHaoxou nctudogam oHpo gap caTxu ctpaTterii Hu3 ngopa Hamoss.
Bapon TOYMKUCTOH, KM HAKNMMETWN POXM OXaH HaKLIM MYXMMKU NavBacTKyHaHOan KALWLBAPXOW XamMcospo aopag, UH
Macbarna Maxcyc axamusaTt gopaa.

[ap wapounTtn Mmaxgyansitu MabiyMOTU OMOpPI Ba XyCyCuaTU Mypakkabu cucteman Munmmm poxm oxaH,
yCcynu ap3ébumn akcnepTin MeTaBoHa xamMyyH pOxHaMou OKUioHa Ba Myaccup nctudgoaa waeag. A3 vH NMxo3 Mo
OMUIX0M acoci, kn 6a camapaHokum nctudonan Tapknbn xapakaTkyHaHAan HaKNMETU Poxu oxaH gap Yymxypum
TOYMKUCTOH TabCup MepacoHaHa, MyansH HaMygem.

Bapown rysapoHugaHu Taxaun Ba 4amMbOBapuUM aHAeLlaxoun MYTaxaCCUCOH, YCynu ap3ébuun rypyxumm
kopmaHgoHu nyptaypmbamn KB “Poxm oxaHu ToYMKMCTOH” MHTUXOO kapga wynaacT. MH ycyn MMKOH Meauxag,
Kn Taypmbam amannm MyTaxacCUCOH Ba KOpOapoHU coxaun HaKMETN pOXM OxaH Aap LaknM MykoMcallaBaHaa Ba
DOaxorysopvwaBaHga YamboBapii Ba Taxnun rapgag. bo HasapgowTtn 3apypatm Taxnunm XxamayoHubam
PabonuAaTM HaKMMETU POXM OXaH, xam Aap caMTu 6opkalloHii Ba xam Mycodmpbapii, ap3€bum camapaHokii 6054
xamaun YaHbaxom Myxumu paBaHgpo capo rupag.

Bapown 6axory3opum Mmykamman Ba Oakvku camapaHokum mycodmpbapum poxy oxaH, OMUMXOWU F'yHOTyH
0a rypyxxou 3epvH TakCMM MeLLaBaHA;:

-Omunxon TexHukin: VIH rypyx HULWOHAMXaHO4axopo gap 6ap mernpag, ku 6a xonatn TEXHUKUKU Tapkubun
xapakaTkyHaHaa pabT gopang. A3 yymna, KoapMTCMeHTn oMmogarmm TeXHUKA, dpocunam 6anHm Tabmmup, xmccam
Tapkubu xapakaTkyHaHaa 60 3vépn wyaaHm myxnatm uctudoga, Wwymopam HoCO3UXOoN TEXHMKA Ba BANpOHLLABUXO
Aap siKk MOX, MHYYHUH CUHHW MUEHaN BaroHx0 Ba FTIOKOMOTUBXO.

-Omunxon nctudpopgabapin: H rypyx 6a HUWOHAMXaH4AX0N MUCAN KO3UTCUEHTU ncTudodamn napk,
mMacodan MuéHau Tarkapgawypau waboHapysin, BakTM MuéHam Oekopii Ba cypbatM MUEHaM KaTopau
Mycodmpbap aaxn gopag.

-Omunxoun cudpatin: Bappacumn cudaTn xM3maTpacoHin Ba wapontu mycodupbapupo gap 6ap merupag.
A3 yymria nypLiaBum Tapkubu xapakaTkyHaHaa, Mukgopu cadhapxoun 6ekopluyaa Ba TabxvpLuyaa, puosin rpacpmkm
XapakaT Ba XaM4yHVH MaB4yyausaTN KOHOUTCUOHEP.

-Omunxon uktucogin: Oap 6ap mernpag ap3vwun acnum mycocpmpbapin 6apomn sik Mycodmp-KunomeTp,
Aapomap as sk BaroH Ba MCTebMOnM cy3uwwBopii 6apon 1000 Mycodup-kunomeTp.

-Omunxoun akonori: ba catxu naptoexon CO, 6apon 1000 kM gaxn gopag.

WH rypyxmn omunxo Bapoun Gaxoamxum xama4yoHuba Ba cucTeMaTUKiA Jap camTu Mycodumpbapum poxm
0XxaH nctudgoaa MelwwasaH Ba 6a 6ex0yan camapaHokin Ba cudath XM3amaTpacoHin Myconaat MeKyHaHA.

VIH HULWIOHOMXaHAaxo Aap Waknm pyHKeusaxom MatemaTukin ndona édra, gap Yagsanu 2 6apou xap sk
rypyxu oMmmnxoun Gaxory3opum camapaHokum mycodmpbapum poxym oxaH 60 HULIOH Oo4aHW BOXMAXOW YeHak
oBapfa LwygaaHg,.

Yanpanu 2 - HumonanxaHaaxoun rypyx0aHIud OMHIIXON 0axX0Ty30pHHu caMapaHOKHN MycopupOapii TaBaCCyTH HAKIHETH

POXH 0XaH
['ypyxu oMH/IX0 Ba HUIIOHAUXAHIAX0 | Boxuam yenak
Owmunxou texuukii (F1)
Koaddurcuentn omonaruu TexXHuk, (Xu) Bbe Boxun
®ocunau GaiiHu TabMup, (X2) I1abonapysii
Xyccau TapkubH XapakaTKyHaHAad MyxjiaTu uctudomaant 3uémmyaa (Xs) Dowus (%)
LIymopan HOCO3MXOU TEXHUKHA Ba BAaPOHLIABUXO Aap K MOX, (X4) Anan
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TI'ypyxu oMIJIX0 Ba HUIIOHAUXAHAAX0 Boxuan yeHak
CuHHE MUEHAH BaroHXO Ba JIOKOMOTHBXO, (Xs) Con
Omwmiixou uctudoaabapi (Fo)
Kosdpdutcuentu ucrudoman napk, (Xe) be Boxun
Macodau MuéHau Tafikapaairygau maboHapysa, (X7) Kunomerp (kM)
Cypwaru MuéHau KaTopau Mmycodupbap, (Xs) Kwm /coar
Owmunxou cudati (Fa)
[ypuraBuu Tapkubu xapakatkyHauaa, (Xo) Dous (%)
Puosiu rpaduku xapakat, (X1o) Dous (%)
Mukopu cadapxou GeKopinyaa Ba TabXupiryaa, (Xi1) Cagapxo
MaBuyIisTH KOHIUTCHOHED, (X12) Dous (%)
Owmmuiixou ukrrcoai (Fa)
Apsumn acnuu Mycopupbapi 6apou ik MycodHp-KUIoMeTp, (X13) CoMoH/KkM
Japoman a3 sik BaroH, (X14) CoMmoHit
Hcrepmonu cysummBopi 6apou 1000 mycodup-kumomerp, (Xis) JIutp/1000 M.xM
Owmmusixou skomnori (Fs)
Carxu naprosxou CO2 Gapou 1000 mycodup-kunomerp, (Xis) | Kr/1000 m-km

Manbav: dap acocu newHux000mu MyaiiugoH

Bapoun 6axoanxuun nyppav camapaHokum MHTUKoNM 6opxo Goluas, OMUxo Ba HULLOHOUXaHAAXO0W 3€PUH
YyOo Kapga mellaBaHf;

Omunxoun TexHukin: KoaddutcmeHTn omogarum TexHukin, docunam 6amHn Tabmup, xuccaum Tapkubu
xapakaTkyHaHga 60 3nén wypaHu myxnatm nctmdoga, (%), Wwymopanm HOCO3MXON TEXHUKA Ba BaWpOHLLABMXO
Aap sIK MOX Ba CMHHU MUEHaun BaroHxo Ba JTIOKOMOTUBXO.

Omunxoun nctndogabapin: KoadpurecneHtn nctndogav napk sa 6oprapavi gap sk Mox.

Omunxoun nctexconin: MaxcyrnHokum sik BaroH Ba 60pKyHUN MUEHAN BaroH.

Omunxoun ukTucoai: Ap3vwm acnum GopkalwoHin 6apon 1 TOHHa-KMMIOMETP, Aapomaj a3 sik BaroH,
Xapo4oTU HUTOXOOPUU TEXHWKUM BOCUTaxou HaknmMeT Gapou xap 1000 TOHHa-kMNOMETp Ba MCTEBMOMMU
cy3unwsopi 6apoun 1000 knnomeTp.

Owmunxown akonorin: Catxu naptosxom CO, aap 1000 ToHHa-KMnomeTp,

Omunxoun noructukin: Myxnatm MuéHam TapTub [oJaHW Xy44aTXOU WHTUMKONA, Myxnatm MuEHau
amannéTtun 6opdapopii Ba 6opbapopit, xuccam bopkalloHin 60 nctndoga as xy44aTry3opum pakamin Ba LLymopam
LUMKOATX0M BopdmpucToHaHgaroH ong 6a xusmaTpacoHMxomn nornctukii 6apom xap 1000 musoy,

WNH rypyxm omunxo 3amumHam 603bTumon 6Gapou ap3ébum xamavoHnba Ba Gextap HamydaHu
camMapaHOKuM MHTUKONM B0pXxopo hapoxam MeopaHa.

HaTtunyaxou TagKkukoTt

NH4yyHMH Bapon Baxoguxmy nyppam camapaHOKMM WHTUKONM 60pX0, OMMUIIXO Ba HULLOHAMXAHAAXOoM

3epwviH rypyxbaHguwiyaa, 4yao kapga wygnaada (Yagsanm 3):

Yamsan 3 - ['ypyxxou OMHIXO Ba HUIMIOHIUXAaHIaX0 6apou 6aX0JuXUi CaMapaHOKUH HHTHKOIH OOPX0 TaBacCyTh
HaKJIMETU POXU OXAH
T'ypyxu OMHJIX0 Ba HHILOHIMXAHIAX0
1. Omwixon TexHUK#, (F1)

| Boxuau yeHak

1.1. Kosbdurcnentn omMmomariu TeXHUKH, (X1) be Boxuz
1.2. ®ocunau Gaiiau TapMup, (X2) [TaboHapy3i
1.3. Xuccau TapkuOM XapakaTKyHaH1a 00 3uéaiiaBuu Myxjaatu uctudosa (Xs) Doms (%)
1.4. lllymMOpan HOCO3MXOM TEXHHUKIA Ba BAMPOHIIABMXO JIap SIK MOX, (X4) Apan
1.5. CuHHM MHEHAM BArOHXO Ba JIOKOMOTHBXO (X5) Con
2. Omunxon ucrudonabapi, (F2)
2.1. Koadhdurcuentu uctudomaun napx, (Xs) be Boxuz

2.3. Boprapaumi gap siK MOX, (X7) T.km
3. Omuixou ucrexcont, (F3)
3.1. MaxcynHOKHH SIK BaroH, (Xs)

TOHHA-KM/BaroH

3.3. BopkyHun MuéHau BaroH, (Xg) TonHa
4. Omunxon ukrrcoi, (Fa)
4.1. Ap3uiu acauu 6opkauioni 6apou 1 ToHHa-Kuiometp, (Xio) CoMoH#/KM
4.2. lapoman a3 sik Baro, (Xu) Comonit
4.3. Xapo4oT HUTOXJIOPUHU TEXHUKHU BocuTaxou HaKmET Oapou xap 1000 TonHa- CoMonii

Kuiomerp, (Xi2)
4.4. Ucrepmonu cy3umBopit 6apou 1000 TonHa-KrmoMeTp, (X13)

JIntp/1000 T-KM
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['ypyxu oMH/IX0 Ba HUIIOHAUXAHIAXO0 Boxuau yenak
5. Omunxou 3KoJord, (Fs)
5.1. Carxu maptoBxou CO2 6apou 1000 ToHHA-KHIOMETP (X14) | Kr/1000 1.-km
6. Omunxou JtorucTuk, (Fe)
6.1. MyxyaTu MUEHau TapTHO TOJAHU XyU4aTXOH HHTHKOIMA, (X15) Jakuka
6.2. Myxyatu MuéHau amanuétu 6opdapopi Ba 6opoapopi, (Xis) Jakuka
6.3. Xuccau 6opkauioni 60 uctudoaa a3 XyqyaTry30pin pakam, (Xi7) Dous (%)
6.4. lllymopan MIHKOATXOU 60pHUPHCTOHAHIATOH OUJT 6a XU3MATPACOHUXOH JIOTHCTHKH,
Anan
6apou xap 1000 mu304, (X1s)

Manbavw: dap acocu newHux000mu MyaiiugoH

VH HuwoHamxaHpaxo Gapou Taxnuny 6axorysopum xamadoHubau camapaHOKUM WUHTUKONM Bopxo
TaBacCyTW HAKNMUETU POXM OXaH, UCTMdOAa MeLLaBaHg Ba UMKOH MeanxaHa, KM OMUITXOU r'yHOTyH 6a TaBpu Aakuk
ap3ébii rappaHa.

Mac a3 myariaH HamyZaHu rypyxxom oMunxo Ba baxorysopum akcneptii (Hagsanu 4 Ba 5), 60 makcagu
CaHYyMLLIM XaMOXaHTUM akugaxou KOPLUMHOCOH, a3 koaddutcmeHTn Kengann uctudoga 6ypoa wya. WH
KO3(PADUTCUEHT HULLIOH Meanxad, K1 TO Y4 aHAo3a aHOeLlaxon SKCNepToH Aap MaBpuau axamuaT omunxo 6a
Xam Ha3guk Ba MyBoduvK meboLuaHa.

Yansanu 4 - Haruyaun ap3é0My KOPLUIMHOCOH OUJ 02 OMHJIXOU aCOCHUH MyaiisiHKyHaH/Ial CaMapaHOKUU MHTHUKOJIU
MycOGhHPOH TaBACCYTH HAKJIUETH POXU OXaH

OMIIXO Kopumunnocon

Nol | No2 | Ne3 | Ned | Ne5 | Ne6 | No7 | No8 | No9 | Nel(O | Nell | Nel2 | Nel3 | Nel4 | Nel5
X1 70 | 78 | 715 | 78 | 75 | 79 | 78 | 77 | 75 75 76 75 78 76 75
X2 63 | 65 | 70 | 65 | 70 | 63 | 60 | 73 | 62 60 65 63 63 64 63
X3 60 | 60 | 65 | 63 | 65 | 67 | 65 | 65 | 60 63 59 60 61 61 60
X 86 | 85 | 80 | 80 | 60 | 90 8 85 | 60 80 84 58 83 83 80
Xs 7 | 77 | 70 | 70 | 70 | 85 | 70 | 75 | 65 76 76 70 76 77 72
Xe 90 | 88 | 85 | 8 | 90 | 75 | 90 | 90 | 95 92 92 95 92 91 85
X7 85 |91 | 95| 90 | 90 | 90 | 85 | 90 | 90 87 90 90 93 90 83
Xs 70 | 75 | 50 | 65 | 65 | 90 | 70 | 60 | 75 65 66 70 60 67 57
Xo 90 | 90 | 70 | 90 | 95 | 60 | 90 | 95 | 95 96 93 93 65 93 97
Xio 95 | 90 | 90 | 90 | 90 | 90 | 80 | 90 | 90 70 80 98 95 96 95
X 80 | 70 | 75 | 56 | 70 | 50 | 50 | 50 | 50 80 75 50 70 60 51
X2 70 | 75 | 68 | 60 | 70 | 73 | 60 | 70 | 70 60 70 73 76 65 75
X3 93 | 90 | 90 | 85 | 93 | 90 | 80 | 80 | 85 90 92 85 91 91 85
Xia 97 | 95 | 93 | 80 | 95 | 95 | 85 | 85 | 90 93 90 90 93 95 90
Xis 86 | 8 | 80 | 8 | 90 | 85 | 80 | 75 | 80 85 86 85 80 85 80
X6 82 | 75 | 78 | 75 | 80 | 8 | 75 | 70 | 80 70 75 80 75 81 75

Manbav: Hamuyau nypcuwinoma
Yansanu 5 - Harnyam ap3é0uu KOPITMHOCOH OMJT 02 OMUIIXOU aCOCUHU MyalssHKYHaH/Iau CaMapaHOKUU UHTHKOJIU OOpPXO0
TaBaCCYTH HAKJIMETU POXHU OXaH

KopumHocon
Omuixo Ne | Ne | No | No | No | Noe | Ne | No| No | Nol | Nel | Nel | Nel | Nel | Nel
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5
X1 82 |8 | 8 | 8 |8 | 75|75 Z 80 | 82 73 85 88 79 82
Xa 53 | 75 | 55 | 50 | 60 | 70 | 60 g 55 | 50 60 60 53 53 60
X3 45 | 47 | 40 | 43 | 47 | 40 | 50 g 40 | 40 45 50 50 a7 40
Xy 70 | 70 | 50 | 70 | 60 | 60 | 70 g 70 | 70 65 70 80 70 65
Xs 40 | 55 | 40 | 45 | 40 | 45 | 35 é 55 | 49 50 35 39 45 55
Xs 75170 | 70 | 70 | 89 | 74 | 80 ?) 90 | 88 82 83 75 80 80
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Kopmmnocon
Ommixo Ne | Ne | Ne | Ne | Ne | Ne | Ne o | Ne | Nel | Nel | Nel | Nel | Nel | Nel
1 2 3 4 5 6 71819 0 1 2 3 4 5
X7 60 | 65 | 60 | 63 | 70 | 66 | 70 g 70 | 70 | 73 73 73 | 70 | 75
Xs 85190 | 90 | 94 | 90 | 91 | 85 g 95 | 90 | 80 | 95 92 | 91 | 85
Xo 90 | 96 | 92 | 95 | 95 | 94 | 90 3 89 | 98 | 80 | 92 92 | 88 | 83
X0 92 1 93 | 90 | 95 | 95 | 92 | 90 Z 93 | 94 | 8 | 95 90 | 90 | 85
Xu 97 | 94 | 99 | 98 | 95 | 91 | 97 g 95 | 96 | 94 | 98 97 | 95 | 90
X1z 60 | 70 | 66 | 70 | 69 | 75 | 75 g 68 | 74 | T2 75 74 | 70 | 75
X3 65 | 70 | 65 | 65 | 62 | 60 | 60 g 62 | 65 | 60 73 66 | 65 | 70
X 70 | 68 | 70 | 70 | 71 | 73 | 65 (7) 74 | 67 | 65 75 72 | 70 | 65
Xis 70 | 72 | 82 | 75 | 83 | 84 | 78 g 80 | 8 | 74 | 84 | 75 | 78 | 60
Xi6 70 | 97 | 95 | 95 | 96 | 94 | 93 g 99 | 91 | 90 | 92 65 | 90 | 85
X7 63 | 63 | 75 | 70 | 64 | 72 | 70 g 75172 |71 67 65 | 70 | 90
Xis 59 | 50 | 60 | 45 | 59 | 48 | 43 g 48 | 53 | 49 | 51 | 40 | 50 | 60

Manbav: Hamuyau nypcuwnoma

HaTtnyan xmcobu koadbdputcmeHtn Kengann gap 3ep newHuxopd merapgag, kv gapadam MyBodukatu
Hasapxom 3KCMepTxopo Aap 6axory3opuMm OMUIXOM CamapaHOKMU WHTUMKOMM MycCOgMPOH Ba GOpX0 MHBUKOC
MeKyHag,.

Bo nctndona a3 koadpmcrneHtn mysodukatn Kengann W gapavam xamoxaHrmm Hasapu KOPLUMHOCOH
Taxnun merapgag.

Bapou ap3ébum axammaTn ctatucTuknm koadpducneHtn mysodpukatn Kengann W, uctndpoga 6ypaanm
¥2 MnpcoH, kn 60 gapayam o3ogmm (m-1) Tobeb acT, MMKOHNA3Mp acT.

AxamnaTtn koadpducneHTn Kengann (mysodumkatn) W 60 Mykoucam apsuum x? xucobllyga Ba Yaasani
MyalsiH MellaBaf, KM OH a3 caTxy axamuat (p) Ba gapadaun osogum (k = m - 1) BobacTa acT. Arap ap3uwm x?
xucoblwyna a3 Yaaeani kanoH dowaz, axamusaT CTaTUCTUKA gopag.

Bap acocu xmcobkyHuxoun camapaHokum Mycodupbapum poxu OxaH Ba CaHYMLIM axaMUsTU OH,
HaTu4yaxomn 3epuH 6a gacT oBapaa WwyaaHa;

W=0,74; x2pacy.=166,05; x21abn=24,99;

X2pacy =166,05 > x21abn.= 24,99

Xncobu camapaHoKMM OOpKALLOHMM POXM OXaH Ba CaHYULLIM axaMUSTU OH HULIOH AOA, KM HaTU4axou
6apacTomaga 6apou Taxnuny 6axory3opumn camapaHoKMm cucTemMan HaknMET axaMUsATX KanoH JopaHa;
W= 0,88; x2pacy. = 224,19; x21abn = 27,58;

X2pacy =224,19 > x21abn.= 27,58

Hap Hatuya, rmnoTesa oug 0a MyBOMMKATM HULWIOHAOAXOM KOPLUMHOCOH, kM 00 wuctndoga a3
koadbdutcmeHTn Kengann W xmcob wypaact, pag kapAaa Hawya. MuéHn kopluMHOCOH MyBodhmkaT aap MH 6opa
By4yA Aopag.

Bo By4yyau myBObMKATU HULLIOHAOAXOWM KOPLUMHOCOH Aap Gopan axaMusitTu OMUNXOoM MHTMXOOLyAaa,
TaxJMnxo HWULWOH MeauxaHd, KU caMapaHoKmm cucteMam bexaTapum HaknMMETU poxu OxaH, cagamaxo Ba
3apapxou Moaai xap con naoma AopaHa, K aMHUATU HaKNUET Ba pyLan MHAPaCcoOXTOppo Taxaunag mekyHaHz [4].

A3 UH py, coxTopxou Macbyn gap TouumkucTtoH 6054 maopakyHum GexaTapupo TakBUAT OuxaHm,
TEXHOMOrMaAn Myocump Ba Mykammanu 6exatapupo 4opi KyHaH[, cuctemMaun uaopakyHum 603bTUMOLPO Taxus
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HaMOsiHAO Ba OMUIIXOM rYHOTyHU XaBdpo, ku 6a nctudopan 6exarapum NOKOMOTUBXO Aap WAPOUTU TOYUKMCTOH
TabCcup MepacoHaHa, baptapad cosaHa.

Tatbukn cTpaTternsixom Myaccup 6apou TabMuHM Bexatapin Ba YCTYBOPUM HaKMMETM POXM OXaHU
ToynkncToH, k1 6a pywam ycTyBOp Ba CONMMU MHAPACOXTOP Ba MKTUAOPXOU HAKNMET MycouaaT MeHaMosHA,
Bapou kuweap axamusaTun 6ysypr gopag.

JToKOMOTUBXOM POXM OXaH XaMyyH YHCYpu acocum Haknmétu poxu oxaH 6a xmcob mepasaHa, 3epo
KaTtopaxo TalKWIM acoCum CUCTEMan HakKMUETU POXU OXaHPO TalKui MeauxaHd. A3 vH py, camapaHOKuu
WHTMKOMNW KaTopaxo Ba GexaTtapum OHXO gap xap Sk Mapxunau xapakaT 6apou pywau 6exatap Ba ycTyBOpM
HaKMMEéTn poxu oxaH Aap TOYMKUCTOH axaMUSTU Kanuan nopaa.

KoadhputcneHTn nctudogam KaTopxom poxm oxaH a3 sk4aHg OMUNxo, a3 kabunu pupuctogaHm KaTopxo
Aap xaTTxou MyawsiH, xamkopun 6anHun xaraTn KOpi Ba KaTOpx0, Ba MHYYHWUH MabiymoT gap 6opaun uctudopan
BaKT, LUyMOpaun xappysau katopxo Ba CypbaTh UHTMKOMNM OHXO BobacTa acrT.

Bbo TaxkukoTu amuk gap 6opan uctudoganm NOKOMOTUBXO, MO METaBOHEM MYLLKUIIOTU camMapaHOKuu
amanun OHx0 Ba poxxou bBexTap kapdaHu cuctemapo navgo kyHem. bananp 6apaolwuTaHu camapaHokum
uctndoga TaBacCyTu TakMUNM TEXHWKA Ba KaM KapAaHW Xapo4oT KYMak MeKyHap, KM gap HaTu4ya Haknuer,
XMAMaTpacoHi Ba TMyopaT camapaHokTap MewasaHd. VIHYyHMH, xM3MaTpacoHun MycodupoH Ba BOpKaLUOHi
bextap Merapp,ap,ls.

MywiknnoT gap ngopakyHun 6exatapum nOKOMOTUBXOM POXM OoxaH 60 uctudogan ycynxou KyxHa Ba
TEXHOMNOrMAXon Homykamman 6a MméH meosiHa. Xono bucépe as wyvbaxo a3 ycynxom aHbaHasi kKop mebapaHa,
kv Bboncn xaTapxo Ba kambyamxo melwaBaHi. bapou TabmMuH HamygaHu 6exatapum MHTUKON Ba YCTYBOPUM OH,
3apyp acT, K1 cucteman Myocup Ba CTaHgapTusaTcuswyaan naopakyHumM amHUST Yopin kapaa wasag,.

TexHonornsixom newpadgra, a3 Yyymna TEXHOMOTNAXOM WTTUNOOT, Aap HaKMMETW pPOXM OXxaH Aap
TOYMKNCTOH axamMuATh 3néa nango mekyHaHg. Cuctemaxon aMHUATIA Ba nctudpogan TOKOMOTUBXO 60 Mypypu
BaKT gommo Takmun édrta, 6oag 6a Tanabotn myocup myBodumk BowaHg. Arap ycynxou KyxHa Ba HOMyKaMmarn
Bbapov ungopakyHun Gexatapum NOKOMOTMBXOWM POXM OXaH MCTU(OoAa LwaBaH4, XaTapxoum aMHUSATA nyppa
baprtapad HamewasaHg. Kambyauxo gap ngopakyHin metaBoHaHa 6a HaTu4axom HomaTnyb Ba xaTapHOK oBapAa
pacoHaHg. bapou TabMuHM GexaTtapum MHTUKOM Ba YCTYBOPMU POXWM OXaH Aap TOYMKUCTOH, MO3UM acT, K1
cucTemMaxon aMHuATiA 60 uctudogan TEXHONOrMAXOM HaB Takmun €6aHg, Ba xaM3aMOH TaxacCycu KOpMaHOOoH
Aap coxaun b6exaTapi Ba ngopakyHin 6anaHg 6apgowTta wasag.

ObTMMoaHOKn Ba GexaTtapum uctudgogam NOKOMOTUBXO Aap ToyumkucToH 6a Manakaum OanaHa Ba
omMoJarmm KopmaHAoHW nokoMoTuB Bobacta acT. bo TaBayyyx 6a pywam TEXHOMOrMaxouM WTTUNOOTA Ba
aBTOMaTU3aTCus, YCYNXoM MAOPaKyHn fap COxan HaKkMMETU pOxn OxaH nanBacTta Takmun meébaHg [5].

Bapown 6extap kapaaHu ngopakyHun 6exatapii Ba YCTyBOPUM HAKMUETM POXM OXxaH TOYMKUCTOH, 3apyp
acT, KM CUCTEMaxou KyxHa Ba kamOyamxo xapuu 3yaTap ucrnox wasaHg. KopmaHaoH Ba wybbaxom macwyn 6os4
MKOOMOTW MyacCcup aHAellaHa, To Kn 6exatapum xapakaT Ba M4poun KOpu HaKknMET MyTobuk 60 Tanabotu myocup
Ba LLAPOUTN BOKEUW KULLBAP TabMWH rapgag.

Bapon TabMuHM GexaTapumn poxm OxaH, Myxum acT, k1 “...cucTeMau aHbaHaBuUWM NUOOPAKYHUU aMHUAT
NCNox Ba TakMun goda wasad. ba wapouTtn xo3npa, 6oa4 cucteman mgopakyHin 6a catxy MnMmBy Mykamman
Oapobap kapga waeag, To ku 6exartapum xapakaT gap Yovv aBBar Kapop rvpag. Xam3amoH, Hakwan BOKYHULL
0a Taxanaoxou aXTUMONMKN XaTapxou amHUATA 6osa Taxmsa Wwyna, KopMaHOoH omoAdarum nyppa gowTa 6olwwang,
TO [ap X0naTxoun xatapHok 60 abTMMog aman HamosHA ' [8].

Lyb6axoe, kv 6apon noopakyHun 6exaTapum poxu oxaH macbynaHi, 6osg 6a cuctemanm HaBTabCUCH
WOOPaKYHUM aMHUAT PUOS KyHaH, XaMOXaHrco3i Ba XaMKOPMXoM aMUKPO GaiiHu AKgurap TabMUH HaMOsIHA,
BakonaTx0 Ba yxdadopuxou KOpWUPO OakUK MyalsH KyHaHn Ba Gapou GanaHa GapOoliTaHu camapaHoKum
NO0OPaKyHUM aMHUAT Ba BGexaTapum HaKNMET MycomaaT KyHaHz.

Boxuaoxoun gaxngop 6os4 “...TanaboTxon TeXHUKUM Gexatapum amanvétpo Taxusa Ba 6a Wwaknu gactyp
TapTnG AuxaHd, TO pyLwan MyHas3amu coxau HasopaTu GexaTapupo TabMUH KyHaHd. Bapou newrvpi kapaaHu
XaTapxo, cypbaT Jdap xap kuTbau pox 6084 MyBoMKM TanaboT TaH3uM LiaBafd, kKM 6a Kopu camapaHOKu

NIOKOMOTMB Ba kaM kapAaHu UCTEBMONMN Cy3uULIBOPI MycouaaTt KyHa,q”16.

Bapown 6exTtap kapgaHu 6exaTtapum nctndogam poxm oxaH gap TOYMKUCTOH, 3apyp acT, KM cucTemau
neLurynm xatapxo Ba newrmpum cagamaxo, Tascuc €ééag. VI pasang 6a 6anang 6apgowtann catxy 6exatapum
NOOPaKyHUN HaKMETU POXU OxaH KymMak MekyHad. Max3 omogarMm KopMaHZOHW poxu OxaH Ba OanaHg
OapgowTaHu oroxumn oHxo gap 6opaun Basmdaxon 6exatapii Ba MyLLKUIIOTK 3XTUMONUK XaTapxo Aap abonusTi
HakKNMET myxum act. LUybbaxomn mapbyT 6084 AOHMLLI Ba Manakaxou KopMaH4oHpo Aap 6opan TexXHUKam myocupu

15 JTan Iuncunb. KpaTkoe Mccien0BaHue [0 UCIONIb30BAHMIO CUCTEMbI YIPABJIEHUS 0€30IIACHOCTBIO B JKEJIE3HOA0OPOKHBIX
nokoMmoTHuBax. Hayka u rexanka Wind, 2020.

16 Uxao Mun. HccnenoBaHue IO HCIOIB30BAHMIO CTPATETHH YIIPABIEHUS OGE30IMACHOCTBIO IS JKENE3HOJOPOMKHBIX
noxkomotuBoB. CoBpemeHHbII MapkeTuHr (busnec-nznanue), 2019
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pOXX0OM OXaH Ba MacbynuaTxou bexatapin 6extap KyHaHA. Boxuaxou ngopakyHum 6exatapumn poxm oxaH 6osg
6a TabnMun xamayoHnban kopmaHgoH oug 6a ngopakyHun 6exatapii axammuaTt anxaHa.

OHxo 6osag xuccu 6exatapin Ba mykoBumat 6a TaFMpoTpo TaluBUK KyHaH, amanuéTpo ctaHgapTm3aTcus
KyHaHa Ba 6apou BOkyHu Ga xonatxou haBkynogaa MMKOHUATXOM Koin dhapoxam opaHf, To bexatapuu
MycoumpoH Ba Lwapoutn GapoxaT Ba 6exatapuu cacap TabMuH kapga wasag. [dap XaMmuH xon, “CoOXTopxou
mMacbyn 6apoun ngopakyHum GexaTapum HaknMETU poxu oxaH 6osa MexaHusmm MykodoT Ba 4a3o Bapowu
JacTtoBapaxou xybu kopMaHAOoH newwHuxoa KyHaHa. Cncteman mykodhoT Ba Yaso 6osa4 namBacta Takmun édra,
KopMaHaoHpo 6a kop 60 wWaBk Ba MacbynusT BOAOP CO3ad, TO OHxo Gapou 6anaHa OapaowTaHu cudaTtu Kop
Kywmw KyHaHa'[10].

Myxokumaxo

Hap acocu rydpTtaxo 6omnosukp, 6apoun wapontn TOYMKUCTOH, KM HaKIMETU POXM OXaH Aap OH HaKLu
MYXUMPO Oap Xamsly Hakn Ba pyLan uktucoain mebosan, Tatomku cucteMam 6exatapmm Myaccup Ba camapaHok
3apyp act. A3 nH py, 6apon Gextap HamygaHu catxm GexaTapum muctudogam Tapkubu xapakaTkyHaHOau
HaKNUETN POXM OXaH Ba MHAPACOXTOPU OH Aap wapontn Yymxypum TOYUKNMCTOH YYHUH TaBCUAXO NeLUKall Kapaa
mMelwlaBaj:

-amanu HamygaHu HM30MMK xaBacMaHArapAoHWM KOPMaHOO0H Ba My4030TH OHX0 [9];

-6anang 6apaowTaHn caTxm TaxacCyHOKUM KOPMaHAOH;

-TaTouK Ba nctmdogam TEXHONOMMSAXOM MHHOBATCUMOHI Aap cucteman bexatapum xapakaT[l1];
-6apTtapad HamyaaHu xonaTxom cagaMaHoKii Ba Newrypum xatapxo gap paBaHam UCTEXCOni;
-TalLakKynm cucteMam UTTunooTin 6anHu Wwybbaxo Ba KUCMATXOU MyYHOTYH;

-uctudpogam Bacebm cUTEMaxoU MHTENNEKTyanin Aap paBaHan MAOPaKyHi.

Xynoca

Oap wapontn Yymxypum TOYMKMUCTOH, KM HaKMMETWM POXM OxaH Aap pywaun MKTUCOAMETM KuwBap Ba
aMHUATU MHTUKONW MOSY MaxCyrioT MaBKebV MyXUMPO WLLUFON MeHamosid, Taxnunu uctudogan camapaHoku
Tapknbu xapakaTKyHaHOaW HakNMETU POXM OXxaH Aap acoCy TeXHAarormsixoum WHHOBATCMOHN axaMWSITU KaroH
popad. bo vH makcag 6a uHobaTt rpudpTaHnm TabcMpu oMUNXouM Aoxunid Ba GepyHa 6a mMaxCynHOKUM Kopwu
HaknMMETW POXM OxaH Ba MHAPACOXTOPU OH, MHYYHUH Ba nHobaT rmpudTaHm 4abxaxom SKOMOrid, UKTUCOAW Ba
TEXHUKME, KM naopan CaMapaHOKN HAKMNETU POXM OXaHPO TabMUH MEHaMOsiHA, MyXMM AOHWCTa Melwasagd. VH
Ha TaHxo 6a pyLwan yCTyBOpU COXan HaKMMETU poxu OxaH, 6anku 6a kam KapaaHu xaTapxo Ba gap maymyb, 6a

pywamn 60cy60TH MKTUCOAM KMLWIBAP HWU3 KyMaK pacoHag.
Mykappus: Payabos A.A. — n.u.u., u.6. domcenmu Kagedpau gavorusmu zympykuu DoHumzoxu baiHAAMUAGAUL CaTléXU
8a coxub—igopuu JIl0Y uKucmou
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COXTMOH BA MEBLMOPH - CTPOUTEJILCTBO U

APXUTEKTYPA - CONSTRUCTION AND ARCHITECTURE
YJIK 72.03 (575.3)

PA3BUTUE APXUTEKTYPHOIO U XYﬂO)I(ECTBEI-jHOFO UCKYCCTBA B CPEOHEBEKOBOM
UEHTPAINIbHOU A3UUN
C.M. MamapxaHoBa

TamKuKCcKuid TEXHUYECKUH YHUBEepcUTeT UMeHH akajgemuka M.C. Ocumu
Hacrosiiee uccrnenoBaHue IMOCBSIICHO apXHTEKTYPHO-ACKOpaTMBHOMY HCKyccTBY LleHtpanbHoit Asum VIII-XIV Bekos,
chopMupoBaBIIEMYCsI B YCIOBUSIX HHTEHCUBHBIX KYJIBTYPHBIX, PEJMTHO3HBIX M TEXHOJOTUYECKUX MTpeoOpazoBanuii. OCHOBHOE BHUMAHHUE
VIENSAeTCsl BIMSHUIO HCIAMCKOW TpaJWIMM HA apXUTEKTYpy pPErHOHa, a TaKXKe COXPaHEHWI0 M TpaHCc(opMaluu JOUCIaMCKUX
XYAO0KECTBECHHBIX q)OpM AHaJ'H/I3I/IpyIOTC$I 0COOEHHOCTH CTPOUTCIBHBIX TEXHOJIOTHI H JCKOPAaTUBHBIX 3JICMECHTOB: pe3},6a 0 ra”Huay,
JACPEBY, TEPPAKOTE, IPUMEHECHUC FJ'[a3yp0BaHHOI71 KE€paMHuKHu, 3n1/1rpa(1)1/11<1/1 u MHOFOHBCTHOfI pocnucu. Oco60€e MECTO 3aHUMAET HU3YUCHUEC
(bOpMPIpOBaHI/ISI PETHOHAJIbHBIX apXUTECKTYPHBIX MIKOJI, a TaAKXKE ycTOﬁ'IPIBOﬁ NPpEEMCTBECHHOCTH q)OpM 1 MOTHUBOB.
Knrouesvie cnosa: cmpoumenbcmgo copoda, ckyrenmypa, mpaouyus, Llenmpanenas Asus, meopuecmeo, Kyibmypa,
apxumexkmypa.

PYLLAN XYHAPXOU MEBMOPW BA OPOULLW AP OCUEUN MAPKA3 OAP ACPXOU MUEHA

C.M. MamapgxaHoBa

TagkuKoTH Ma3Kyp 0a Pyl caHbaTh MebMOpH Ba oporiru Ocuén Mapkasii nap acpxou VIII-XIV Gaximmaa mynaact, Ku qap
3aMUHaW TUTapTyYHUXOU (apXaHrii, Ma3xabd Ba TEXHOJOTHH (aporup Tamiakkyna épraact. [lap Mapka3u TaBau4qyX TabCUPU CYHHATXOH
ucIoMii 0a MEhbMOPWUM MHHTAKa, WHYYHHH HHTOXJOPHA Ba TaXaBBYJIHM MIAKIXOM XyHApUH TOUCIOMA Kapop Hopan. MaxcycHsITXou
TEXHOJIOTHAXOH COXTMOH Ba YHCYPXOHU OPOMIIIA — KaHIAKOp# ap ray, 4y0, Teppakora, HCTU(OIau cadoIXxon paHTOPaHT, dUTpaduKi Ba
HaKKOIIMK PaHra — MaBPHIX TaXJHJI Kapop Merupania. TaBaqqyyxu Xoc 0a TalIaKKylIH PaBHSIXOM MHHTAaKaBUM MEbMOPHA Ba MaiBaHIN
YCTYBOpPH aHbaHAXOH IIAKJI Ba YCIyO paBOHA IIIyJaacT.

Kanuoeoacaxo: waxpcosii, xaikaimapowi, anvara, Ocuéu Mapkasii, 3400Kkopi, papxare, mMevMopi.

THE DEVELOPMENT OF ARCHITECTURAL AND ARTISTIC HERITAGE IN MEDIEVAL CENTRAL
ASIA

S.M. Mamadzhanova

The present study is devoted to the architectural and decorative art of Central Asia from the 8th to the 14th centuries, which
developed under the conditions of intensive cultural, religious, and technological transformations. Particular attention is given to the
influence of Islamic tradition on the region’s architecture, as well as to the preservation and transformation of pre-Islamic artistic forms.
The research analyzes the features of construction techniques and decorative elements, including ganch, wood, and terracotta carving, the
use of glazed ceramics, epigraphy, and polychrome painting. A special focus is placed on the emergence of regional architectural schools
and the enduring continuity of forms and motifs.

Keywords: urban construction, sculpture, tradition, Central Asia, creativity, culture, architecture.

BBepgeHue

CpegHsasa Asus B VIII-IX Bekax nepexnBana CroXHbIi UICTOPUYECKUIA 3Tan, CBSA3aHHbINA C BXOXAEHNEM B
coctaB Apabckoro xanudata. 3Tu cobbiTMa conpoBoXaanuchk rMyB6oKUMU KyNbTYPHLIMU NOTPACEHUSAMM:
paspyLlanvcb cTapble BEPOBaHUS, YHUHYTOXaNMCb N300paXKeHMA U XyA0XKECTBEHHbIE CUMBOIIbI MPEXHEN 3MOXN.
OpHako c ocrnabnenvem Bnactu xanudparta yxe B IX—X Bekax Hayancs HOBbIA MOALEM KyrbTypHOW WU
CTPOUTENBHON AEATENBHOCTU, OTPA3MBLLUNCS B apXUTEKTYPE N N306pas3nTenbHOM UCKYCCTBE pervoHa.

Pa3BuTure cTponTenbHbIX TEXHOMOIMIN Chirpano Krnto4veByro porb B (hOpMUPOBaHUN HOBOW apXUTEKTYPHOW
cpegbl. [epexod OT MCNONb30BaHUS CbIpLOBOrO KMpnnya K 0O0XOKEHHOMY, a Takke pacnpoCTpaHeHne KynosbHbIX
N apOYHbIX KOHCTPYKLMI NoTpeboBanu He TONbKO TEXHUYECKNX 3HAHWI, HO U BbICOKOW CTEMEHU XyA0XECTBEHHOTO
MacTepcTBa. ApXUTEKTypa TOro BpeMeHu ctana He NpocTo OYHKUMOHANbHOW, HO U 9CTETUYECKN HaCILLEHHON:
OpPHaMeHT, MpPOMopLMU U TeOMETPUst MOMYYMIIM HOBOE OCMBICIIEHME KaK 4acTb €OUHOro XyAOXXeCTBEHHOro
3ambicna.

MeToAabl 1 pe3ynbTaTbl UCCNeAOBaHUA

[aHHOe uccnegoBaHue NOCBALLEHO KOMMNNEKCHOMY aHann3y apxXntekTypHO-Xy40XeCTBEHHOro Hacneaus
CpenHeekoBorn CpegHen A3uun, packpbliBaloLLeMy ero xapakTepHble YepTbl, MPUHLMNbLI POPMUPOBAHUSA U POSib
B pasBMTUU UCKYCCTBA B LUMPOKOM KYNbTYPHOM KOHTEKCTe. AKUEHT caenaH Ha B3avMOCBSI3M KOHCTPYKTUBHbIX
OCHOB W [eKopaTMBHOIMO YyOpaHCTBa, YTO MO3BONSAET paccMaTpuMBaTb apxXMTEKTypy He TOMbKO Kak
PYHKUMOHambHYI0 Cpeay, HO U KaK Bblpa3nTernbHOe CPeaCcTBO XyAOXKECTBEHHOIO CaMOBbIPaXKEHNS.

Mcnamckasa Tpaguums, pacnpoctpaHuBluasics B CpegHen A3vuy nocrne BXOXOEHUS pernoHa B COCTaB
Apabckoro xanudarta, okasana rrnybokoe BoO3genicTBME Ha (OPMMPOBaHME HOBbIX XYOOXECTBEHHbIX U
apxuTekTypHbix ¢opm. OgHako 3TOT npouecc He Obll OQHOCTOPOHHMM: HECMOTPS Ha aKTMBHOE BHeApeHue
KaHOHOB MCMaMCKOro UCKyCCTBa, apXUTEKTYpHbI gekop CpedHen A3vum coxpaHun v pa3sun Goratble MecTHble
Tpaguumm 3og4vecTsa.

XapakTepHOMN YePTON apXUTEKTYPbI ATOrO Nepuoa cTano akTMBHOE NPUMEHeHNe 060XOKEHHOIO KUpnn4a,
N3 KOTOPOro macrtepa opMupoBanu CrioXHble penbedHble Bblknagku. Kupnuyumn pacnonaranvcb B 6rnokax no
ABa 1 Tpu, C YepegoBaHUEM, NepepbiBamu, 3y64aTbiMK, YrioBbIMU, ThIYKOBBIMU U JTOXKKOBBIMU COEANHEHUSIMU.
lMopobHas TexHuKa mnpuaaBana CTeHam CIOXHYK TEKCTYPHYK CTPYKTYpy, co3faBas BblpasuTerbHbIN
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BU3yanbHbIn pUTM. Urpa cBeTa M TEHM Ha TakOW MOBEPXHOCTM Bbi3biBana oOLUyLEHWE 3aBepLUEHHOCTU WU
XYOOXECTBEHHOW LenocTHocTU. [ononHuTenbHoe [fekopaTtuBHoe ©GoraTtcTBo obecneumBanocb 3a CYHET
MCMNOMb30BaHNA MUMEHbIX W LWNNGOBaHHLIX BPYCKOB, KOTOPbIE BHOCUNN B KOMMO3ULMIO OpHaMeHTanbHoe
pa3Hoobpasue [11, 12].

Takum obpasom, faxke B YCIOBMSAX CUMBbHOTO BNMSHMA obLexanndaTcKoro CTuns, apxmTekTypa permoHa
He yTpaTuna CBOW WMHAMBMAYaNbHOCTb. YHUKaNbHOCTb AEKOPATUBHbIX PELUEHUIN OOBACHSETCA COXpaHeHuem
MECTHbIX MNPEACTaBMeHW O KpacoTe, TpaguUMOHHbIX (OpM UM MPUEMOB XyOOXECTBEHHOW 06paboTku
MaTepuanoB. Kak otmevyaeT M.P. MyknmoB, apxuTekTypHbii aekop IX—X BekoB B CpegHent Asnm oTnu4arcs
WMEHHO TEM, YTO «ero YHMKanNbHOCTb U KpacoTa TECHO CBSA3aHbl C MECTHbIMU TPaAULUSAMN, XyO0XKECTBEHHbLIMU
nagesamm n opmammy [7, 8].

VIMEHHO 3TOT CnnaB BHELUHErO BVSHWUS U BHYTPEHHErO KyNbTYPHOrO Koga cTan OCHOBOW apXUTEKTYPHOTO
CTUNSA pernoHa, B KOTOPOM WCramMcKue uaen nonyynnu csoeobpasHoe M camobbiTHOEe XyOoXeCTBEHHOe
BOMNIOLLEHNE.

OfHUM M3 HarnsaHbIX CBUAOETENbCTB XyOOXECTBEHHON NPEEeMCTBEHHOCTU SABNSAETCA KoroHHa X Beka,
obHapyxeHHasa B OBypaoHe — MeCTHOCTU B JonuHe pekn 3epaBliaH. B eé odopmneHun npocnexmsaroTcs
MOTVBbI, GepyLiMe Ha4yano B OOWCNAMCKOM KyrbType, COXpaHsiBLUENCA B HApoAHOW namsATu. 3oguve yaayHo
coyeTann 9TU 3NEeMEeHTbl C HOBbIMW [eKOpaTMBHbIMW OopMamK, BKMOYas pacTUTENbHbIA OpHaMEHT,
BbINOMHEHHBIN B Ayxe apabeckn. Ocobbli MHTEpPEC NpeacTaBnsieT NpUMMEHeHMe anurpaguyeckmx y3opoB —
HaanMcen, rapMOHUYHO BKITHOYEHHBIX B KOMMO3ULMOHHYK CTPYKTYPY apXUTEKTypHOro obbekta. Takown nogxon
NoO3BOMSAN COEAUHUTb TPAaULMK pasHbIX 3MOX B eUHOM Xy[oXXecTBeHHOM obpase [6].

Knaccuuyeckne obpasLbl apxMTeKTypHOro gekopa IX—X BekoB npeacTtaBnsitoT cob0l BaXkHbIe NaMATHUKM,
oTpaxarlume XygoKeCTBEHHble TpaguuMm U MactepcTBO TOro BpemeHu. B HOxHOM TypkMeHucTaHe K Takum
namsiTHMKam OTHocuTcs pesbba no raHdy B mMeveTu-mas3onee LUnp-Kabup, gatmpyemon X Bekom. JTOT BUA
AEKOpaTUBHOIO WUCKYCCTBa [OEMOHCTPUPYET TOHKyl0 paboTy C TrMNCoOBbIMU CMECAMW, CO34aBasi CIOXHble
OPHaMeHTbI 1 y30pbl, XapakTepHble ANS NCNaMCKOW apXUTEKTYPbl PaHHEro CpeaHEBEKOBbS.

B TapxumkncrtaHe 3HauMMbiMK ABASIOTCA pe3HON AepeBsHHbIN Mnxpab ns Uckogapa (X Bek) n obpasubl
pe3bbbl MO AepeBy, HaWAEHHbIE B FTOPHbIX paioHax BEPXOBbEB peku 3epaBluaH, B YacTHOCTH, B Yopkyxe. OTu
n3genus cBnaeTenbCTBYOT O Pa3BUTUM MECTHBLIX PEMECTIEHHbIX TPaANLNA U CUHTE3e XY OXECTBEHHbIX CTUNen,
roe NpupoaHble MOTUBbLI COYETAalTCH C UCIIaMCKOW CUMBOSIMKOMN.

B Y3bekncraHe nsBecTHbl 06pasupbl pe3bdbl MO raH4vy, obHapyXeHHble B 3anax gsopua CamaHnaoB B
CamapkaHge (IX—X Beka), a Takke B KyrnoJfibHOM 3ane TOro e apxeonorMyeckoro Komnnekca, gatmpyemom X
BekoMm. Kpome TOro, K BaHbIM MaMATHMKAM OTHOCUTCS Pe3HOW LUTYKaTypHbI Aekop Mae3ornes Apab-ara,
KOTOPbIN TakkKe OTpaxaeT BbICOKUIA YPOBEHb XyA0XXEeCTBEHHOrO MactepcTaa anoxu [1].

Takum o0bpa3om, nepeyvncrneHHble NaMaTHUKU UNNIOCTPUPYIOT pa3Hoobpasne MaTepuarnoB U TEXHUK, a
TakkKe permoHanbHble 0COBEHHOCTN apXUTEKTypHOro aekopa B CpegHen Asum anoxu IX—X BekoB, nogvépkusasi
3HAYUMMOCTb 3TOr0 Neprofa B UCTOPUM UCIIAMCKOTO UCKYCCTBaA.

BnusHue Tpaguumm Ha apxuTekTypHbi gekop MasepaHHaxpa IX—X BekoB 6bino rnybokum wu
MHOFOrpaHHbIM, OAHOBPEMEHHO C YEM MPOUCXOAUIIO aKTUBHOE BHEAPEHME HOBbIX XYAOXKECTBEHHbBIX KOHLIENLNNA,
0COBEHHO B YCMNOBUSIX FOPOACKMX LLIEHTPOB. [ANs kaaoro MaTepuarna paspabaTtbiBanvch cneundudeckne Metoabl
06paboTkn u odopmneHns, MO3BOMSALWLME afanTMpoBaTb TPaaWMLMOHHbIE MOTUBbBI B COOTBETCTBUM C
TEXHOMNOrMYeCKMMU BO3MOXHOCTAMU N 3CTETUHECKMMIU 3aia4amu.

Teopus apabecok B 3TOT Nepuop, ctana cucTemMaTM3npoBaHHON HaAyKOMW, @ UX UCMOSTHEHNE — BbICOKUM
uckycctsoM. OCHOBOW HOBOro HanpaBneHust MNOCHYXWUNW NPUHUMMABI  MOCTPOEHUSI PacTUTEMbHbLIX W
reoMeTPUYECKNX OPHAMEHTOB, B KOTOpblE OPraHW4HO BMMCbIBANMCb pa3HoobpasHble urypbl 1 MeganbOoHbl,
N3BECTHbIE MOA HAa3BaHUAMU KUCTIVMUY», KTUPUXY», «KMAZOXUIT» N «TYPYHOXK». OTW dNEeMeHTbl CTann xapakTepHon
YepTOr apXUTEKTYPHOro JeKopa pernoHa, oTpaxasa CUHTE3 KyNbTyPHbIX BANSHMIA 1 MacTepPCTBO MacTepos [2].

ApxuTekTypHble coopyxeHus XI-XIII ctonetun Ha Tepputopum CpegHert A3nv BnevaTnsiloT BbICOKUM
YPOBHEM UCMOMHEHNS KNagkv u AeKopaTUBHOIO oopmneHns. B 0XkHbIX panoHax TypkmeHucTaHa K Hambornee
Bblpa3uTeNbHbIM MOCTPOVKAM OTHOCATCH MWHapeTbl KoMmmnnekca MecTtopmaH, B 4aCTHOCTU COOpYXeHue,
natnpyemoe 1002 rogom, a Takke Lenbin pag Mas3oneeB MepBckoro oasuca, Bkrioyasa maBsonen Myxammaga
nbH 3enga n Anambepaapa, noctpoeHHsle B Xl Beke. CyLLeCTBEHHbIN UHTEPEC NPEACTABNSAET TakKe KapaBaH-
capaw [Jas-XatblH 1 MeyeTb TanxaTaH-6aba, oTHocsiwumecs k nepuogy Xl Beka. Ha Tepputopun coBpemMeHHOro
KbipreiactaHa ocoboe 3HaveHue umetoT bawHs BypaHa (X—XI Beka) n muHapeT B Y3reHte (XI Bek). Bce atn
NaMsTHUKLA  WUIAOCTPUPYIOT PasBUTME CTPOUTENBHOW TEXHUKM U M300pasmTensHOM KynbTypbl, OTpaxkas
yCTOWYMBbIE TPAOULUKN apXUTEKTYPbl PErMoHa B COMETaHMM C MOUCKaMM HOBbIX Xy4OXECTBEHHbIX hopMm [3, 4].

K uucny Bblgawowmxcss obpasuoB XyOOXeCTBEHHOW 006paboTkm LITyKaTypKu, XapakTepHbIX Ans
apxutekTypbl XI-XIl BEKOB, OTHOCATCS Takume NamsaTHUKKM, Kak gBopel B Xynbbyke, maB3onewn Llax dasunb B
cenexHnn Cadbep byneHz Ha TeppuTopmMM COBPEMEHHOM FOXKHOM Knprmaum, peangeHums TepMesckux npaButenen,
MaB3onen Xakuma aT-Tepme3sn B Tepmese, a TakkKe MOHYMEHTallbHOE COOpYXeHWe MaB3ories CynTaHa
Canpgxapa B MepBe. 3T 06beKkTbl 4EMOHCTPUPYHOT BbICOKYIO CTENEHb MAacTEPCTBA B TEXHMKE pe3bObl MO rmncy
N ABNSIOTCA BaXHbIMW CBUOETENbCTBAMU pPasBUTUS OEKOPATUBHO-MNNACTUYECKOrO MCKYCCTBA B MCHaMCKOW
apxutektype CpeaHen A3umn ykasaHHOro nepuoaa.
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K uncny BblgatoLLmxcsa npomsseaeHuii pessbol no gepesy XI—XIl BEKOB, COXpaHMBLLMXCHA Ha TeppuTopumn
ropHbIX panoHOB AonuHbl 3epaBliaHa (KypyT, daTtmeB, YpMeTaH), OTHOCATCA U3SLLHbIE OepeBAHHbIE KONMOHHbI,
oTnMyaroLLmMecst TOHKOM NpopaboTKon AeKkopaTUBHbIX anemeHToB. OcobbIn NHTepec NpeacTaBnaeT pe3Hon hpus
XIlI ctoneTtus, obHapyXeHHbI B O4HOM U3 ApeBHeNWnX nocTtpoek Hekpononsa LWaxu-3nHaa B CamapkaHge. He
MEHee 3Ha4YMMbIMKU SBASIOTCA U XyOOXECTBEHHO OMOPMIIEHHbIE KOJMOHHbI MedeTn [hkyma B XuBe,
OEMOHCTPUPYIOLLNE BbICOKWIA YPOBEHb PEMECIIEHHOTO MacTepPCTBA M YCTOWYMBbLIE TPaguuUM OEKOPATUBHOIO
0ohOpMIEeHUs KynbTOBbIX COOPYXXEHWUI 3TOro nepunoaa.

lMpumeHeHne raHva onsg uMuTaumm urypHom KUPNMYHONM KNagKuM Noy4mno WMPOKOe pacnpocTpaHeHme
B JeKOopaTUBHOWN OTAENKE apXMUTEKTYPHbIX coopyeHuin XI-XIl BekoB. Apkne npumepbl Takoro Xy40XXeCTBEHHOro
npuéma MOXHO HabniogaTb B opopMneHun parMeHToB KapaBaH-capasi Pabatn Manuk, pacnonoxeHHoOro B
ctenHon 3oHe mexay CamapkaHgom u Byxapon, a Takke BO BHyTpeHHeM ybpaHcTBe MaB3onea ApTbl-l'ymbes B
Cepaxce. OTW 9nemMeHTbl AEMOHCTPUPYIOT CTPEMIIEHWE MacTepoB K CO34aHMI0 BU3yarnbHbIX 3¢deKTOB,
noavepknBaloLLnX MMNacTUYECKYl0 BblPaA3UTENbHOCTb  APXMTEKTYPHbIX (OPM NpM  NOMOLUN  MECTHbIX
CcTpouTenbHbIX Tpaguumm [12].

B apxutektypHo-aekopatnBHoMm mnckycctse XI-XII BekoB npocnexuBaeTcst CTUNMCTUYECKOE eQNHCTBO B
OpHaMeHTUKE PEe3HON TeppakoThl, 4EPEBAHHON pe3bbbl N KEpaMUYECKNX aNeMeHToB. NoBTopsSOLWMNECs: MOTUBEI
N XyOOXXECTBEHHbIE MPUEMbI YKa3bliBalOT Ha hopmMupoBaHne OOLLEro XyOOXeCTBEHHOrO fA3blKa, CBS3AaHHOMO C
pa3BUTMEM CpedHEBEKOBbIX (peofanbHbiX ropogoB BocToka, B KOTOPbIX aKTMBHO pa3BMBanvMCb TOProOBMS U
pemecna. OTO KynbTypHOE MW 3SKOHOMMYECKOE OXMBIEHWE CMNocobCTBOBANO CTAHOBMEHWIO €4MHOrO
XyOOXXECTBEHHOIO HarnpaBneHusi, (hopMUpPOBaBLLErocs B pamMKax WOEeoriormM4eckux yCTaHOBOK Mcrama. XoTs
BMUSIHWE 3TUX (DAKTOPOB HA apXUTEKTYPHbIN OBNUK 1 M306pasnTenbHy0 CUCTEMY HECOMHEHHO, B PSiAe Cry4YaeB
OHO MPOSABNSAETCA HESABHO U TpebyeT KOMMNIIEKCHOro aHanuaa Ansi CBOEro TOYHOro BbISABIIEHNS.

Ha HavyanbHOM aTane BO3pOXAEHWS XyAOXKECTBEHHbIX Tpaamuuin ocoboe MecTo 3aHAno obpalieHve K
dopmam apxutektypHoro gekopa XI-XIIl Bekos, npnyém ero BocnpmusTrne nponcxoauno Tak, byaro ncropmnyeckas
NMpeemMcTBEHHOCTb He Obina npepBaHa. 3Ta TeHAeHuMss ocobeHHO 3ameTHa B namsaTHukax CeBepHoro
TypkecTtaHa 1 ropHbix panoHoB CpegHen Asun. Apkumu npumepamu cnyxat mas3onen Myxammeaa bowapo
BOnM3n [lMeHmpkukeHTa, maB3onen MaHaca B ceBepHol 4Yactu Kuprusmu, a Takke HaarpobHbI NamsATHUK
HapuHgxaH-6aba B Kapakannakuu, roe dpacagbl yKpawaT M3bICKaHHbIE KOMMO3MLUN U3 PE3HOW HEMOSMBHON
TeppaKkoTbl, OTNMYAOLLNECS TOHKOCTBH OPHAMEHTA U MAacTePCTBOM UCMONHEHMS [5].

B apxuTekTypHO-OEKOpaTMBHOW MpaKTUKE TOrO0 BPEMEHM MNPUMEHSANNCH MaToOBble  KUMPMMYW,
M3roTOBIEHHbIE M3 KAlUMHHOW MacChbl, a TakkKe KUPMW4YW, MOKPbITbIE TEPMOCTOMKMMMK Nakamu, LIBETHON
nonynpo3padHon rnasypblo UM HENPO3paYvyHON aMarnbilo. V3 Kepamukum MponsBoavNUChE Kak OBNMLOBOYHbIE
NAUTKM C rNasypblo, TaK U 3NEMEHTbI CIIOXHON (POPMbl — CTanakTUTbl, UCMOMb30BaBLUMECHA B OEKOPATMBHbIX
cBodax MW Huwax. PasHoobpa3sve TexHomormyeckux mnogxo4oB WM TUMOB NPOAYKUMM CcnocobcTBOBano
(HPOPMMPOBAHUIO  NOKANbHbLIX XYAOXECTBEHHO-PEMECIEHHbIX LUKOM, Kaaas W3 KOTOpbIX WUMena CBOM
ocobeHHocTU. Hambonee wusBecTHbl cpean HuMX LWKonbl mMactepoB byxapbl, CamapkaHga, Kawkagapbu u
Xopeama, YbM TPaanLMn Cbirpaniy 3HauYUTENbHYIO POSb B Pa3BUTUM pErMOHarbHbIX )OPM apXUTEKTYPHOIO Aekopa

[9].

Bo BTopou nonosuHe XIV Beka Ha Tepputopum MaBepaHHaxpa cdopmupoBanacb XyOOXeCTBeHHast
WwKona, obbeAnHMBLIAsE MECTHbIX MAacTeEPOB U BbIXOOLEB U3 APYrMX permoHoB. Miges cuHTesa pasnuyHbix hopM
n306pasnTeNbHOIO MCKycCTBa (3@ WCKMIOYEHWEM MNNacTWKK, 3anpeLléHHON PEenUrmo3HbiMM HOpMamu) crana
onpeaensowmMM nNpuHUMNoOM eé pas3BuTusa. MIMEHHO B paMkax 3TOM LWKoMbl Obln co3faHbl Bblakolmecs
apXUTEKTYpHble MaMATHUKM 3MNoxm — mae3onen [yp-Omup, medveTb Bubu-XaHeiM, a Takke aHcambrb
BEnuKonenHelx MaB3ornieeB Hekpornonsa LWaxu-3uHga. Momumo 06GMMUOBOYHOM Kepamuku, B ybpaHCTBe
WHTEPbLEPOB aKTUBHO MPUMEHSINNCL HAaCTEHHblE POCMUCK, 3NeMeHTbl U3 nanbe-Mawe C MO30M0YeHHbIM
penbedomM, a Takke OpHaMeHTbl B BUAe MedaribOHOB M LBETOYHbIX MOTUBOB Ha HAaCbILLEHHOM cuHeM doHe. Beé
37O npuaasano MOBEPXHOCTSAM BU3yarnbHbI 3(EKT POCKOLUHOW TKaHEBOW ApanupoBKU WM nogvepkuBano
AeKopaTUBHYIO HacbILWEeHHOCTbL nHTepbepa [10].

ApXxuTeKTypHO-AekopaTuBHoe nckycctso CpegHen Asum B nepmog c VIl no XIV Beka passuBanoch B
YCMOBUSIX 3HAUYUTENbHbLIX WUCTOPUKO-KYMbTYPHbIX TpaHcdopMauumi. [locne BKMAOYEHWS perMoHa B COCTaB
Apabckoro xanudata W NOCMedylLEero pacrnpocTpaHeHUs uWcnama Habnwoganca Kpusuc NpexXHen
XyOoXecTBeHHoM cuctembl. OgHako, HECMOTPSA Ha yTpaTy MHOMMX JOUCHaMCKuMX (popM, MeCcTHast apxuTekTypa
cMorna He TOMbKO MpPUCMOCOBUTLCA K HOBBIM PENUIMO3HO-KyNbTYpHbIM TpeboBaHuaM, HO U BblpaboTaTb
CBOe0Opa3HbIi  XYyOOXECTBEHHbI A3bIK. B npouecce 3TOro CTaHOBMEHUS CMOXWUIICA OPUTMHAIbHBIN
apXUTEKTYPHBLIN  CTUNb, OOBLEAWHMBLUMIA 3SNEMEHTbl MECTHbIX Tpaguuuin C  NpUHLMNAMU  UCINaMCKOM
XyOOXXEeCTBEHHON KyNnbTypbl, YTO MO3BONUIIO CO34aTb yHUKanbHble (POpMbl 3044€CTBa, OXBaTMBLUME OBLLUMPHYIO
Tepputopuio MaBepaHHaxpa.

BaxHyto ponb B hopMMpOBaHUM apXuUTekTypHoro obnuka CpegHen Asumm B VII-XIV Bekax cbirpano
COBEpLLEHCTBOBAHME CTPOUTENBHLIX MPMEMOB. B 3TOT nepnog akTMBHO pa3BMBanncb TEXHOMOMMKU, NO3BONMBLLNE
peanu3oBbiBaTb Oonee CrNoXHble KOHCTPYKTUBHbBIE U XyOOXECTBEHHble 3aMbiCribl. [pumeHeHne 060X0KEHHOrO
KMpnvya BMECTO CbIpLIOBOro, pa3BuMTUE KYMOJSbHbLIX Y apOYHbIX NEPEKPbITUN, a TakkKe LUMPOKOE UCMOoNb3oBaHne
OEeKopaTUBHbLIX MaTepuanoB — pPe3HOW TeppakoTbl, raH4ya, OPeBEeCUHbl, MONIMBHOW KepaMWKM N HacTEHHON
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POCMNCU — OTKPbLINO HOBblE BO3MOXHOCTU AN apXUTEKTOPOB. YKpalLeHNe 34aHNIN cTano He NpocTo OTAENKOW,
a yacTblo obLien xyooXeCTBEHHON naew, rae AeKop BbINOMHAN He TOMbKO 3CTETUYECKY, HO U CMbICITOBYIO
dyHKUMIO, NepeaaBas yXOBHbIE U KyNbTypHbIE OPUEHTUPbI 3noxu [9].

ViccneqoBaHue apxXMTEKTYpHbIX nNamATHMKOB IX—XIV BekoB no3BONMSIET BbIABUTH  YCTOMYUBYHO
NPeeMCTBEHHOCTb XyO0XXeCTBEHHbIX (hOPM 1 MOTMBOB. HECMOTpPSi HA 3aMeTHOE BNNSIHNE BHELLHUX KyJbTYPHbIX
N CTUMUCTUYECKMX WMMYyNbCcoB, apxutektypa CpegHeri A3nM coxpaHura BHYTPEHHIOW LENOCTHOCTb U
Bblpa3nTEeNIbHYH CaMOBbITHOCTb. 3TO MPOSBAANOCh B OCOOEHHOCTAX OPHAMEHTUKM, TUMOMNOMMYECKUX PELLEHNSIX
30aHuiA, nogbope CTPOUTENbHbIX MaTepuanoB W XapaKTepHbIX AeKopaTuBHbIX Mpuémax. PopmupoBaHue
pervoHarnbHbIX LUKOM apXWUTEKTypbl W MPUKNagHOro WCKyCcCTBa CBMAETENbCTBYET O Hanuuum rryboko
YKOPEHEHHOMN Tpaauummn, B KOTOPOW TEXHUKA, PENUTMO3HbIE YCTAaHOBKMN N 3CTETUYECKOE MbllLfeHne 6binm TeCHO
B3aUMOCBSI3aHbl.

Ha npoTsxeHun BEKOB XyAOXKECTBEHHas KynbTypa pervoHa NOCTOSIHHO pasBuBarnacb, oTpaxas Kak
NUCTOPUYECKME W3MEHEHUS, TaKk W IokanbHble ocobeHHocTu. 3oaume toxHbIX obnacten CpepgHen Asnn —
CeepHoro XopacaHa, ToxapuctaHa, Kawkagapeu, byxapel, CamapkaHga, TalwkeHTa, ®epraHbl, Xope3ma u
CEeBEpPHbIX paoHOB TypkecTaHa — BHECNW 3HaYUTENbHbIN BKNad B pa3BUTUE apXUTEKTYPHOrO A3blka CBOEro
BpeMeHn. Wx peaTenbHoCTb cnocobcTBoBana (OPMUPOBAHMIO OPUIMHamNbHbIX TPaguMuun OeKopaTUBHOMO
0hOpPMIEHNS, BbIPA3MBLLUMXCA B YCTOMYMBBIX MPU3HAKax W CTUMEBbIX OCOOEHHOCTsX. HapogHble opMbl
yKpalleHns 30aHui, BblpaboTaHHbIE M COXpPaHEHHbIE MacTepamu Ha MPOTSHKEHWMU MOKONEHWA, Mpogosnkanm
ucrnonb3oBaTbCA B TEYEHME [OJIMTENbLHOrO BPEMEHW, OTpaxas MNPEEeMCTBEHHOCTb W YCTOMYMBOCTb
XyOO0XECTBEHHOWN KynbTypbl pervoHa.
3akntoyeHue

ApxuTtekTypHo-gekopaTtusHoe uckycctso CpegHent Asum B VIII-XIV Bekax oTpaxaeT CrOXHbIN NyTb
NCTOPUYECKNX U KYNbTYPHbIX U3MEHEHWUI, OKa3aBLUMX BIUSHME Ha pa3BuTMe 3og4ectBa. HecmoTps Ha cepbésHble
NOTPSACEHWs!, BbI3BaHHblIE PACMPOCTPAHEHMEM WCNamMa U CMEHOW MNPEeXHEeN XyAoXKeCTBEHHOW napagurMmbl,
apxXuTeKTypHas Tpaauuus perMoHa He wucyesna, a, HaobopoT, obpena HoBoe copepxaHue. [locTteneHHoe
CcoefMHEHMNE MECTHbIX PEMECIIEHHbIX MPAaKTUK C HOPMaMK UCNAaMCKOro MCKycCTBa cnocobcTBOBaNO MOSIBIEHUIO
CaMOBbITHOTO apXUTEKTYPHOrO CTUMS, OTIMYAKLWLErocs BbICOKUM YPOBHEM OEKOPATUBHOMO M KOHCTPYKTMBHOMO
WCMOSHEHUS.

TexHUYECKMIN MPOrpecc B CTPOMTENLCTBE, NPUMEHEHNE Pa3HOOOpPa3HbIX 4eKOpPaTUBHbBIX MaTepuaros U
paspaboTka HOBbIX XyOOXECTBEHHbIX MPUEMOB FOBOPHAT O BbICOKOM YPOBHE MPOdECCUOHANbHON MOArOTOBKM
cpenHeBeKoBbIXx MacTepoB. Apxutektypa CpegHenm A3um B 3TOT Nepuog crana BaXHbIM CPeACTBOM
XyOOXECTBEHHOMO BbIPAXEHUS, rAe kaxgoe 3aaHue coBMmeLlano MyHKUMOHANbHOCTb C ryB6oKMM 3CTeTUYECKUM
CMbICIIOM.

ApXeonornyeckne 1 apxuTeKkTypHble NaMAaTHUKN, COXPaHMBLLMECH B CTPAHaX pPerMoHa, 4EMOHCTPUPYIOT
Kak OBLLHOCTb XyOOXeCTBEHHOro MOAXOAa, Tak M pa3Hoobpasve nokarnbHbIX Tpaguuui. OTO noaTBepxaaeT
CYyLLIECTBOBAHME HECKONbKUX PEernoHasnbHbIX LUKOS, KaXgas W3 KOTOpbIX BHECNa CBOW Bknag B pas3BuTue
apxuTekTypHoro ssbika CpeaHeBekoBbsl. Ocoboe 3HayeHWe MMeeT TO, YTO MacTepa CMOIMNM COXPaHUTb
NpeeMCcTBEHHOCTb hOPM M NMPUEMOB, OCHOBAHHYIO HA OPEBHEN XyO0XKECTBEHHON NaMATH.

B uenom, apxuTekTypHo-AekopaTuBHoe Hacrnegue CpegHen Asum paccMaTpuBaemoro nepumoga — 370
He TONMbKO pe3ynbTaT B3aUMOLENCTBUSA pas3fiMyHbIX KyJbTYPHbIX NacTOB, HO Y BXXHOE CBMOETENbCTBO AYXOBHbIX
OPWEHTUPOB 3MNOXWU. Ero nayyeHme oTKpbIBAET HOBblE BO3MOXHOCTW ANSl MOHUMAHWUS MPOLECCOB KyIbTYPHON
TpaHcopmauum n gaét bonee nomnHoe npeacTaBrieHMe O PonvM MCNamcKOro MCKyccTBa B (POPMUPOBAHMM
pervoHanbHON XyA0XeCTBEHHOM Tpaanuuu.

Peyensenm: Oounazoda B.. — Kanoudam ucmopunecKux Hayx, u.o. douenma Kagedpvt «DeKopamusHo-npuxaaonoe
UCKYCCMB0», npopeKmop 1o nayke u meopuecmey THHUHDIIT
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VJIK 72.033(575.3)

COXPAHEHUE U PA3BBUTUE APXUTEKTYPHbIX TPAOULUUU TAIDKUKUCTAHA B
COBPEMEHHOM CTPOUTEJIbCTBE
C.P. MykumoBa
Tamxukcknil TeXHUYeCKU yHUBEpcUTeT uMeHH akaaemuka M.C.Ocumu

B cTarhe paccMaTpHBAKOTCS aKTyabHbIC IPOOIEMBI COXPAHEHHS U EPEOCMBICTICHHS apXUTEKTYPHBIX TpaauLuii Ta/UKHKHUCTaHa
B KOHTEKCTE COBPEMEHHOTO CTpouTenbcTBa. Oco00e BHUMaHNE YeIeHO BIMSHUIO IPUPOAHOTO JaHAmadTa ¥ KyJIBTYPHBIX 0COOCHHOCTEH
Ha (HOpPMHUPOBAHHE YCTOWYMBOH apXUTCKTYPHOH Cpeabl, CIIOCOOHOW COXPaHHUTh HAIMOHAIBHYIO HWACHTUYHOCTh. Ha ocHOBe aHamm3a
TPAAMIMOHHOTO 304€CTBAa, aBTOP BBISBIISET NMPHHIMIIBI, JIKAIINE B OCHOBE PETMOHAIIBHOW apXHUTEKTYPbI: HCIOJIB30BAHHE MECTHBIX
MaTepHaNOB, OPUSHTALUS 3aHUH TI0 CTOPOHAM CBETa, YCTPOHCTBO BHYTPEHHHUX IBOPUKOB U TEPPACHAsI 3aCTPOIKA B TOPHON MECTHOCTH.
PaccmarpuBaeTcs BIMsIHHE MHOTO3TaKHOTO CTPOUTENBCTBA Ha pa3pyLICHHE HCTOPUIECKH CIOKHUBIICHCS CPEAbI M IIOJHUMAETCSI BOTIPOC O
BO3BpAILICHUH K MAJIO3TaXXHOM, 3KOJIOTHYECKH aJallTHPOBAHHOI apXHUTEKTYype.

Kniouessvle cnosa: apxumexmypnvle mpaouyuu, pecuoHatusM, KyIbmypHas UOeHMUYHOCMb, MAIOIMAICHOE CIPOUMENbCMBO,
yemouuugoe pazgumue, Taodrcukucmat.

XUd3 BA PYWLWOUN AHBAHAXOU MEBMOPUU TOYUKUCTOH AAP COXTMOHXOU MYOCUP
C.P. MykumoBa

Jap makomna mMachanaxou Madbpamu xu}3 Ba OO3HUTapHU aHbaHAXOW MEHMOPUH TOYMKHUCTOH JAap 3aMHHAM COXTMOHH MYOCHDP
MaBpUIM TaXJIHi Kapop rupudraana. Tagqaccym O6a TabCUpu MaH3apau TaOHi Ba XyCyCHUATXOH (hapXaHTH Jap TAIaKKyJIHd MyXUTH YCTyBOPU
MEBMOPI 1012 MEIaBal, Ki KOOMITUSTH HUTOX TOPHH XYBUATH MUIUTAPO J0IITa 601mai. Jlap acocu TaXJ 1M MEbMOPHH CyHHATH, MyayuTiQ
YCyaX0€e, KM MOSH MEhMOPUH MHHTAKAaBUPO TAIIKWI MEIUXAHI, MyaisH MEHaMOsA: UCTU(OIAW MACOJCXH Maxallli, MyTOOHMKCO3UH
OMHOX0 0a CaMTXOH OJIaM, TapXPE3UH MUHTAKAXOW HA3MUXABIHIA Ba COXTMOHHM MaH3HJITOXXOHM 3MHAIIAKJ (TeppacHas 3acTpoiika) map
MHUHTaKaxou Kyxi. Tabcupu coxTMOoHH OucEpkadaTta 0a a3 OaifH padTaHH MyXHTH TabpUXUH TAIIaKKynEPTa Ba Mackanau Oo3ramT Oa
MEbMOPHUH KaMKabaTan 0a MyXHUTH 3UCT MyTOOMKOy/Ia MyXOKHMa Kap/a MelaBa/l.

Kanuoeorcaxo: anvanaxou mevMoOpi, MUHMAKABUAM, XYGUAMU (DAPXaHei, COXMMOHU NACMOWEHA, pPYWou YCmysop,
Toyuxucmon.

PRESERVATION AND DEVELOPMENT OF ARCHITECTURAL TRADITIONS OF TAJIKISTAN IN
MODERN CONSTRUCTION
S.R. Mukimova

This article addresses the pressing issues of preserving and reinterpreting the architectural traditions of Tajikistan within the
context of contemporary construction. Particular attention is given to the influence of the natural landscape and cultural characteristics on
the formation of a sustainable architectural environment capable of maintaining national identity. Based on the analysis of traditional
architecture, the author identifies key principles underpinning regional design: the use of local materials, orientation of buildings according
to cardinal directions, incorporation of inner courtyards, and terraced construction in mountainous areas. The article explores the impact of
high-rise buildings on the destruction of historically developed environments and raises the question of returning to low-rise,
environmentally adaptive architecture.

Keywords: architectural traditions, regionalism, cultural identity, low-rise construction, sustainable development, Tajikistan.

BBegeHune

ApxutekTypHoe Hacneave TaKuMKMCTaHa OTpaxaeT MHOrMOBEKOBOW OrbIT, HAKOMMEeHHbIM Hapogamu
pernoHa B ycrnoBusX pa3HOOOpa3Horo knMMara u 6oratoro aTHOKynbTypHoro coHa. C Havana 1990-x rogos B
CTpaHe HabnpaeTca akTUBHOE CTPEMIIEHWE K MEPEOCMbICIIEHMIO apXMTEKTYPHbIX Tpaguumi. 3TO CBSI3aHO C
HEOOXOAMMOCTBIO COXPaHUTb HaLMOHarNbHYK WOEHTUYHOCTb U CTPEMISIEHMEM OPraHUYHO BNUCATb SMEMEHTHI
TpaauLMOHHOIO 3044eCTBa B COBPEMEHHbIE apXUTEKTYPHbIE pPELLEeHNS.

B snoxy cTpemutenbHon ypbaHuM3auum M akTUBHOIO CTPOMUTENbLCTBA BO3HMKAET Cepbé3Has yrposa
yTpaTbl MPUBLIYHOTO APXUTEKTYPHOIO 06nMKa ropogoB U 06egHEHMA OYXOBHOW COCTaBMSIOLLENA apXUTEKTYPHON
cpenpbl. Bmecte ¢ Tem ycunuBaeTcsi UHTEPEC K MECTHbIM CTPOMTENbHBLIM MpakTukam, npupogocbeperaromnm
TEXHOMOMMSAM U apXUTEKTYPHBIM hOpMam, afanTUpoBaHHbIM K cneumduke permoHa.

CoxpaHeHve 1 pasBUTME apXMTEKTYPHbIX TPagMUUA CEerogHs pacCMaTpuBalOTCA He TONbKO Kak akT
YBa)KEHWS K MPOLUMOMY, HO M KaK CTpaTerMyecky Ba)KHOE HamnpaBfieHWe YCTOMYMBOIO rpagoCTPOUTENBbHOIO
pa3BuTus. Llenbio ctaHoBUTCA co3faHne KOMAOPTHOW, rapMOHUYHOM Cpefbl, COOTBETCTBYIOLLEN KyNbTYPHLIM
oXugaHuam HaceneHus. B aTom cBA3M 0coOyl0 akTyanbHOCTb MpuobpeTaeT u3yyeHne WCTOPUYECKU
CNOXUBLUMXCH MNPUEMOB CTPOUTENBLCTBA U AEKOPATUBHbLIX PELLUEHUN, a Takke UX porib B (hopMmpoBaHun
y3HaBaeMoro apxuTekTypHoro obpasa coBpemeHHoro TaaxunkuctaHa.

Mounck apXMTEKTYpPHOM CaMODOLITHOCTM OCTAETCA OTKPbITBIM W Mpogornkalwmumcs npoueccom. MoxHO
oXxuaatb, YTO B Onukawmwune roAbl MNOSIBATCS HOBblE SIPKME apXUTEKTYpPHble popMbl, B KOTOpbIX OyayT
nepeocMbICeHbl TPaauUMM HaUMOHanNbHOrO 3044ecTBa. YXe cerogHs oyeBMAHa TeHAeHLUMs Bo3BpaTa K
NpoBepeHHbIM BpeMeHeM NpuémamM — C UX TBOPYECKUM NePEeOCMbICNIEHNEM B IyXe BPEMEHN.

VIHTEpecHO OTMETUTb, YTO B COBPEMEHHOW apXUTEKTYPE, HauMHasi ¢ KoHLa XX Beka, ocobeHHo B 1980—
1990-e rogbl, cTano opMMpPOBaTLCA HaNpaBlieHNe, N3BECTHOE KaK apXUTEKTYPHLIN pErmoHanm3mM. OTo TeYeHne
BO3HMKIO Kak peakumsi Ha 6e3nukve yHuBepcanbHble POPMbl MOLEPHUCTCKOTO MPOEKTUPOBAHUA, KOTOPbIE
UrHOpUpoOBanu cneundgurky MecTa, KnuMmarta u KynbTypHou cpefpbl. OCHOBHas nges permoHanuama 3akmnioyaercs
B CTPEMIMEHUUM K apXUTEKTYPHOW ayTEeHTUYHOCTM, CBSA3AHHOW C IOKanbHbIMW TpaguuUsaMn, NPUPOOHLIMU
YCMOBUSAMN N UCTOPUYECKUM KOHTEKCTOM. [lpu 3TOM permoHanusam He orpaHu4MBaeTca pamMkamMu OLHOro
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rocygapctsa UM 9THUYECKOW KynbTypbl, @ OXBaTblBAeT reorpadnyeckm OAHOPOAHbIE PErMoHbl — Hanpumep,
30HbI C BrIM3KNMK KNMMATUYECKUMM XapakTepUCTUKAMU, penbedoM Unn NpupoaHbIMU pecypcamu.

B koHTekcTe CpegHen Asum, BknovatoLwen TagkuknctaH, Y3bekuctaH, TypkmeHucTaH, tor KazaxcraHa u
ceBep AdpraHnctaHa, pervoHanuam onupaeTcd Ha obllee Hacnegune TPagMUMOHHOTO 3044ecTBa, CXOXue
KnMMaTu4yeckne BbI30BbI (}kapkoe neTo, AeduUmMT Briaru, BbICOKasi MHCONALMS) 1 06LLMe COLMOKYNbTYPHbIE KOAb,
CHOPMMPOBABLLMECS B YCIOBUAX UCITAMCKOW apXUTEKTYpbl U OOLLMHHONM opraHu3auun noceneHun. NpumexHeHne
MPVHLUMMOB pernoHanuama no3eonseT yYnTbiBaTb Takme 0COOEHHOCTH, Kak:

e HeobX04MMOCTb 3aTeHeHust hacafoB Y BHYTPEHHNX ABOPOB (alBaHoOB);
NCNONb30BaHNE TOMNCTbIX FMMUHOBUTHBIX CTEH C BbICOKOW TEMNNOEMKOCTbIO;
OopueHTauma 34aHui No CTOpoHaM ceeTa Ang obecneyeHnss eCTECTBEHHOW BEHTUNALUN 1 MHCONALNN;
NPOEKTUPOBaHNE BHYTPEHHNX ABOPUKOB, 06ECNeUYNBaOLLIMX MUKPOKITUMATMYECKY0 CTabUNbHOCTb;
OEeKopaTUBHbIE 3NEMEHTbI, OTpaXarwlme roKanbHble XyOOXeCTBeHHble Tpaauumu (pe3bba, Manonwuka,
MyKapHac, CTanakTutbl U T.4.).

C Hay4yHOWM TOYKM 3pEHMS, perMoHan1MamM nosnyyun obocHoBaHMe B Tpyaax TakMx TEOPETUKOB, Kak KeHHeT
®pamnToH [8], koTopbin B 1983 rogy B cBoern ctatbe "Towards a Critical Regionalism: Six Points for an
Architecture of Resistance" npegnoxun KoHUENUW KpuTudeckoro pernmoHanuama. OH nogYépkmBan
HeobX04MMOCTb OTKa3a OT rnobanM3npoBaHHbIX LIAGMOHOB apXMUTEKTYPHOrO MbILLIIEHNS M BO3BPALLEHUst K
"Tonocy", TO eCTb MeCTy C ero reorpaduen, KyrnbTypoW, UCTOPUEN U Aaxe TaKTUIbHbIMU OLLYLLEHUSIMA
MaTepuanos.

[MpuMeHeHNEe pervMoHanucTCKOro MNoAaxofda B apxuTekType TapkuknctaHa OCOOEHHO akTyanbHO B
YCIOBUSAX CTPEMUTENBHON YpOaHN3aLmMmn, N3MEHEHUS KnMMaTa u 3po3nn NCTOPUYECKON MOEHTUYHOCTM FOPOACKON
cpeabl. BospoxaeHne nNpvHUMMNOB TPaaAMLMOHHOIO 3044eCTBa — TakUX Kak TeppacHas 3acTponKa B FOPHbIX
pavoHax, MWCMonb3oBaHME Maxcbl M camaHa, (OpMUPOBaHME KBapTanoB MO pPOAOMMAEMEHHbIM UMK
npodeccnoHarneHbIM NPU3HaAKaM — pacCMaTpMBaETCA KaK BaXKHbIi BEKTOP YCTOMYMBOrO M WOEHTUYHOrO
rpagoCTpOUNTENBHOIO pasBUTUSA.

B noOHUMMaHUKM TaKMKCKMX apXUTEKTOPOB HaLUWOHanNbHas apxutekTypa npeacraenseT cobon He TOMbKO
COBOKYMHOCTb KOHCTPYKTUBHbIX W OEKOPATUBHbIX MPUEMOB, HO W CUCTEMY accoumaTuBHbIX 06pasos.,
YKOPEHEHHBIX B KOMNMEKTUBHOW NamATV onpeaenéHHon 3THOKYNbTYPHOW o6LWHOCTU. B 3TOM KOHTekcTe ocobyto
aKkTyarnbHOCTb NpuobpeTaeT 3agaya BO3POXAEHUS U akTyanu3aumm Tpaguunii, CBA3aHHbIX C 0OLLMHHBIM 06pa3om
XWU3HU, XapaKTepHON apXUTEKTYPHOW NNACTUKOMW, NOKanbHLIMU CTPOUTENBHBIMU TEXHOMOIMAMMU N KYNbTYPHBIMU
MoZensiMy NPOCTPAHCTBEHHOW OpraHM3auun. 3TU ANEMEHTbI, SBMSAACH pe3ynbTaToM ANUTENbHOW UCTOPUYECKON
3BOMNIOLNUN, MPeacTaBnaiT coboW LEeHHEWWNA NNacT COLMOKYNbTYPHOW MaMsaTh, OO CUMX MOP HEeZOCTaTO4YHO
3a/1eICTBOBaHHbLIN B COBPEMEHHOWN NMPOEKTHOW MpaKTUKe.

CoBpeMeHHble ypbaHu3aLMoHHbIE MPOLECChl, XapaKTepusylLwmecs YCKOPEHHOW 3acTpOWKOW W
OOMUHUPOBAHNEM TUMOBbLIX PELLUEHWUNA, B 3HAYUTENBHON MEpe HUBENUPYIOT apXUTEKTYPHO-NPOCTPAHCTBEHHYIO
NMOEHTUYHOCTb cpeabl 0buTaHua. OCOBGEHHO OTYETNMBO 3TO MPOCMEXMBAETCa B cdepe >KUIMULLHOMO
CTPOUTENLCTBA, rAe B YCNOBUSAX COBETCKOro neproga nofy4vmn pacnpocTpaHeHne YHUULMPOBAHHbIV NOAXOLA;
MaccoBOe BO3BEAEHME MHOMOJTAXHbIX >KUMbIX [AOMOB, CTaHAapTu3auusa NMaHMpPOBOK, YNPOLLEHHAs
apxXuUTeKTypHas Bblpa3nTenbHOCTb. HecMoTpsa Ha Hannuyme noroXuTerbHbIX acneKkToB, Taknx Kak KOMMaKTHOCTb
3aCTPOMKN, SKOHOMMUSI CTPOUTESNbHBIX PECYPCOB U MOBbIWEHWE MMOTHOCTU pasMelleHusi, JaHHble MpoLecchl
O[HOBpPEMEHHO crnocobCcTBOBaNy yTpaTe JoKarnbHbIX rpagoCTPoUTENbHbBIX TPAOULNIA, CHUXXEHUIO 3CTETUYECKOTO
N MUKPOKIMMAaTUYECKOro KayecTBa cpefbl, a TakKe HapyLLeHWo NMPUPOLAHON U coLmarnbHOM rapMOHUK.

Cpean nonoXuTernbHbIX acnekToB MHOMO3TaXHOro CTPOUTENbCTBA CnefyeT BblAeNUTb €ro 3Haunumyto
rpagoCTpouTenbHY0 ponb. BbICOTHbIE 34aHWs, BbICTYNAasi apXUTEKTYPHbIMU OOMWHAHTaMu, QopMupyoT
BM3yarbHYK CTPYKTYPY FOPOACKOro NPOCTPaHCTBA, akLEeHTUPYS KITHYeBbIE 30HbI ropoackon cpeapl. Kpome Toro,
Takme COOPYXEHMSI MOTyT BbIMOMHATE KNMMaToperynmpyoLwyo dyHKumo. B yacTHoOCTM, B ycrioBusix ropoja
[ywaHbe apxnTekTypHOe pacnosioXXeHne BbICOTHbIX 06 bEMOB NO3BOMSIET ONTUMU3NPOBATL BO3OYLUHbIE MOTOKM,
HanpaBnasa ropsiyne AHEBHbIE BETPbI B MarucTparbHble 30Hbl, YTO CMOCOOCTBYET CHUXKEHMIO YPOBHS 3arpsi3HEHUS]
aTtMocepHoro Bo3ayxa, BbI3BAHHOIMO AEATENbHOCTLIO aBTOTPAHCNOPTa M NPOMbILWMEHHbLIX npeanpusatun [1].
HemanoBaxHbiM NPENMYLLECTBOM MHOIOSTaXXHOW 3aCTPOVKU  SABMSIETCA pauuoHanbHOe WCMNonb30oBaHWe
OrpaHUYEHHbIX 3eMerbHbIX PEeCypCoB, BbICOKMMA YPOBEHb KOMMOpPTa XWUMbIX MOMELLEHUN M BO3MOXHOCTb
obecneyeHns 3Ha4YUTENBHON MITOTHOCTM HAceNeHWs B Npeaenax ropofAckon TEPPUTOPUN.

OpgHako Hapsagy € 3TUMKU NpevMyLLecTBaMn CyLLECTBYIOT U CyLLeCTBEHHble HegocTaTkn. Cpeam HUX —
BblCOKas MEeTarnnoOEMKOCTb KOHCTPYKLUWA, CHUXEHWE CTeneHn B3aMMOCBS3U apXUTEKTYPHOro MpoCTpaHCcTBa C
NPUPOAHON Cpefdon, a Takke paspyllueHUe CrOXMBLUMXCA (POPM COUManbHOro B3avMOAEWCTBUS B paMKax
noKanbHbIX COOOLLECTB, paHee XxapaKTepHbIX A1 Marno3aTaXXHOW 3acTporiku. BeicoTa 3gaHvn Hepeako Bbi3biBaeT
Yy OKUNbLOB YyBCTBO MCMXONOMMYECKOro AMCKoMdopTa, YycunmBaeT ©0053Hb BbICOTbl, OCOOEHHO Mpu
NCMOMb30BaHMM OTKPbITbIX BANKOHOB M MNOMXMI, a Takke MpeacTaBnseT NoTeHuuanbHyl yrpody Ans AeTen.
Kpowme Toro, npymeHeHne 6eToHa C BbICOKMM COAEpKaHUeM MeTannyeckorn apmaTtypbl MOXeT cnocobCcTBoBaThb
BO3HWKHOBEHWIO HEGNAronpmusaTHOroO 3NEKTPOMarHUTHOrO U paarMauuoHHOTo OOHa.

Ocobyto akTyanbHOCTb B ycroBusax TamKuMkuctaHa npuobpeTtaeT npobrnema coxpaHeH s HauMoHanbHOro
apXUTEKTYPHOrO KOmopuTa npuv NPOEKTUPOBAHUN MHOFOSTAXKHbIX KUMbIX 34aHuMn. COBpeMEHHble BbICOTHbIE
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XWUNble KOMMNIEKCbl C WX MaKOHUYHbIMW FEOMETPU30BaHHbIMU (hOopMamMu 4acTo BCTYNakT B BU3yanbHbIN U
CMbICITIOBOW KOHMMNUKT C TPagMLMOHHON Mano3TaXHOW 3aCTPOMKOW, 0COBEHHO B UCTOPUYECKU CHOXMBLLUXCSA
panoHax, Takux kak ctapasi YacTb ropoga XymkaHaa.

B nocrnegHue roabl ycununacb KpUTMKA MHOFOSTaXXHOMO >KUITMLLHOMO CTPOUTENbCTBA, CBA3aHHas C
yTpaTo TpaguUMOHHOW KBapTanbHOW OOLWMHHOCTM, KOTOpas elWé HedaBHO BbIMOMHSANA  BaXHble
OYXOBHO-coUMarnbeHble OYHKLUMN Ana HaceneHnsa TamkmknuctaHa. B HayyHo-npodeccrnoHanbHbIX ANCKYCCUSIX BCE
yawe noavYEpKkMBaeTcsi HeoOXOAMMOCTb Nepexoda K MarodTaXHOMW 3acTpoWke, OMuparoenca Ha onbIT
HapOAHOro 3044eCcTBa: NCMOMb30BaHWEe TeppPacHbIX JOMOB Ha CKITOHAX rop M XOIMOB, YTO OCODEHHO akTyanbHO
ONS FOPHOW CTPaHbl C ANMTENBHOM UCTOPUEN TOPHOW apXUTEKTYPbI.

[aHHaa TeHaeHUMsa nposiBnaeTcs Hanbonee oTyé€Tnmeo B [lywaHbe. HebGnaronpuatHasa akonormvyeckasi
cuUTyaumst CTONuLbl — BbICOKUA YPOBEHb 3arpsi3HEHWsA BO34yxa, vacTble nbineBble 6ypu, crnabas Bo3aylwHas
LMPKYNAuna u geduumnt 3enéHbiX HacaXXaeHUn — CTUMYNupyeT nepexon OT MacCUBHbIX BETOHHbLIX BbICOTOK K
akonormyeckn 6Gornee 4YUCTbIM M NaHAWaTHO COrMacoBaHHbIM pPeLUeHUsIM. JKOMOrM 1 MNPOEKTUPOBLLUKA
npegnaralT OTKa3aTbCsd OT MHOMO3TaXHbIX >KEeNe300eTOHHbIX [OMOB B MOMb3y MaroaTaXHbIX 30aHWUN,
BO3BEAEHHBIX M3 MECTHBIX MPUPOAHBIX MaTepraroB, B YaCTHOCTU U3 BUTON MWHbI — naxchbl [7].

B kayecTBe nepcnekTMBHOW TeppUTOPUM [Afisi TakoW 3aCTPOMKU Ha3blBAOTCH BOCTOYHbIE XOSMMbI
OywaHbe, roe MecTHble XUTENU M3gaBHa BO3BOAAT [OMa, aganTUPOBaHHble K CINOXHOMY penbedy [2, 7].
AHanornyHele NpuMMepbl BCTPEYAKTCA B BEPXOBbAX 3epaBluaHa, rae TpaauLMOHHbIE TeppacHble MoceneHus
BEKOBbLIMW MPaKTUKaMu ObifNiv MHTErpUPOBaHbI B FOPHbIA NaHawadT, PopMUpYyst eQUHY0 TapMOHUYHYIO cpeay.
OTW WCTOPUYECKN BbIBEPEHHbIE MPUEMBI MOTYT CIY>XWUTb OCHOBOW AMS1 PasBUTUS YCTOWMYMBOIO, KyINbTYpPHO
NMOEHTUYHOIO U 3KOSNOrMYeckn cbanaHCMpPOBAHHOIO XUIULLHOMO CTPOUTENBCTBA B COBPEMEHHbIX YCNoBusix [3].

CoBpeMeHHble apXMTEKTOPbI 1 rpagocTpouTenu BCE valle obpalyatoT BHUMaHUE Ha 0COBEHHOCTY XXN3HN
B Ta[KUKCKMX CEnax, rge OO CUX MOp COXPaHSATCA Tpagauuum, CroXMBLUMECHA Bekamu. Bo MHOrMx ropHbix,
NPeAropHbIX Y PaBHUHHbBIX HACENEHHbIX MYHKTaX XWUTENW NPOAOKaT CENUTLCA HE CryvyalrHbiM 06pa3om, a no
NPUHUMMY POACTBEHHbIX WM COCEACKMX CBA3er, no obwum npodeccusMm unv BuAaM XO3SMCTBEHHON
AeAaTenbHOCTU. Takol MOAXOA MO3BOMSET He TONbKO COXPaHATb OnM3KMe 4YenoBeveckue OTHOLLUEHMUS, HO U
nomoraeT MasaM COBMECTHO peLuaTth ObiToBbIe, coLManbHble U Jaxe BocnuTaTenbHble 3agaun [4, 5].

XKutenu Takux KBapTanos 3HaAKT APYr Apyra, NOMOrailT B TPYAHbIX CUTyauusix, BMECTe yCTpauBaloT
npasgHukn, obycTtpamBatoT obume npoctpaHcTBa. Ocoboe 3HavyeHne B TakOW OOLUMHHOW XW3HWM BCerga nvena
MeYeTb — OHa OCTaETCSl BaXHbIM OYXOBHbIM LIEHTPOM, rge NpoxogsaT He TONbKO PernvrnosHble obpsabl, HO 1
BaXXHble BCTpeuun, obcyxaatoTcs obme gena. axe B rogbl, Korga penurno3Hble UHCTUTYThI Dbl orpaHuyeHbl,
MeYeTn He yTpaTunmn CBoern ponu B hOpMUPOBaHMN HPABCTBEHHbBIX OPUEHTUPOB U NOAAEPKAHWUM TPAOULMOHHBIX
LIeHHOCTEWN MECTHbIX COODLLECTB.

Kpome TOro, TpaguumMoHHasa apxuTekTypa TagXUKCKUX cerieHun nctopudeckun dopmmpoBasnach B TECHOM
B3aMMOCBSI3M C OKpY>XaKLMM NpUpoaHbIM naHgwadgToMm. MecTHbie Xutenn ¢ paHHero AeTcTBa ycBauBanum
NPVHLUMMBLI NPOCTPaHCTBEHHOro BanaHca, rapMoHun uBeTa, Macwtaba u mepbl. CTpoOUTENLCTBO BENOCH C Y4ETOM
ocobeHHocTeln penbeda v reoniorM4eckmx YCroBui: 3gaHnst OpraHMYHO BNUCHIBANMCh B NPUPOOHYIO cpeny, He
Hapywass eé Bu3yanbHOro eguHcTBa. MacTepa HapogHoro 3o4yecTBa  AEMOHCTPUPOBANU  BbICOKYHO
afanTMBHOCTb NPW BbIOOPE KOHCTPYKTUBHBIX PELLEHWIA: MPU BO3BEOAEHNM XUIbIX LOMOB Ha NPOCaA0YHbIX NoYBax
nsberanu ycTpowcTBa rnybokMx ¢yHOAMEHTOB, NPUMEHANW OEPEBSAHHbIE OMNOPbl U MOAMNOPHbIE CTEHBI,
co3fiaBanu orpaxpgaroLlme KOHCTPYKLMM Ha OCHOBE Kapkaca C rMUHAHbIM UMW KaMeHHbIM HanorHeHuem. Ons
3alnUTbl NOCENEHUn OT CeneBbiX MOTOKOB MpedycMaTpuBanunchb crneuuanbHble UHXEHEpPHbIe COOpYXeHUs —
capbaHfbl, ycTpavBaeMble Ha CKITOHaX Bbllle YPOBHSI 3aCTPOMKN.

ViccnegoBaTenu M apxutekTopbl BCE 4Yalle obpallaloT BHMMaHMe Ha OOWH U3 XapaKTepHbIX NPUEMOB
TPaAVLMOHHOTO XMUIMULLHOIO CTPOMTENBCTBA B FOPHBIX parioHax TamkukmcraHa — yCTPOWCTBO JOMOB Teppacamm
Ha cknoHax. Takue goma, Kak npaBuio, UMenu HebormblUMe BHYTPEHHME OBOPUKM, BbIXOOALLME HA COJTHEYHYHO
CTOpoHy. Npun aTOM nNnaHMpoBKa Obinia NpogyMaHa Tak, YToObl coceHMe ABOPbI HE MpPOCMaTpuBanucb Apyr ¢
apyra, obecneumBas yeamHeHue. BmecTe ¢ TeM OeTu, XMBYLUME B 3TUX JOMAX, C paHHEro Bo3pacTta MOrnv BUAETb
rOpHblEe NEeN3axu, YyBCTBOBATb MacluTab 1 pUTM OKpy>KatoLLen npupoasbl.

VIHTepecHo, UYTO B TakMx NOCENEeHUAX HEBO3MOXHO HaWTW OBYX OOMHAKOBbIX JOMOB — Y KaXoro cBoé
BHYTpPEHHee YCTPONCTBO, NNaHnpoBka 1 doopma nomelleHnin. OgHako HECMOTPS Ha 3To pasHoobpasue, Bce Joma
BOCMPUHMMAIOTCA KakK YacTb €4MHOr0 apXUTEKTYpHOro aHcaMons. Mx o6beanHaeT obLwmin cTunb, XapakTepHble
POpPMbI 1 ECTECTBEHHAsA rAPMOHUS C OKpyXKarowum naHgwadToMm. bnarogapsi pasHoobpasnio reoMeTpUYeCcKmx
PELLEHMI N OPraHUYHOMY BKITFOYEHWIO B penbed MECTHOCTU, hopMUpyeTCs HEMOBTOPUMbIA OBNNK KaXK4oro cena
— LIENOCTHbIW, HO XMBOW, B KOTOPOM KaXkdoe Xunuiie kak 6bl npogomkaeTt npupoay [6].

[aHHble HabnaeHnst N03BONAT 060CHOBAHHO YTBEPXKAAThb, YTO NPUPOAHLIV NaHAWwadT BbICTyNaeT Kak
0OBEKTMBHBIV M MOCTOSIHHBIN aKTOp, (POPMUPYHOLLUIA KaK OTAENbHbIE apPXUTEKTYPHbIE 0OBEMDI, TaK N CTPYKTYPY
BCEro apxuMTeKTypHOro KoMmnekca HapopHoro 3oayectBa. bonee Toro, BnusHWE nNPUPOAHBLIX YCNOBUMN
crnocobcTByeT BblpaboTKe YCTOWUMBBLIX PErMoHanbHbIX WM HaUMOHAaNbHbIX OCOOEHHOCTEN apXUTEKTypbl, eé
CTUITUCTUYECKOTO £3blka WM Tpaguumi. JKOMOrMYECKUN MOAXOA W MbllfieHue, noggepXuBarlune CBs3b C
UCTOPUYECKMMU KOPHAMU U KYNbTYPHbIM HAcreamMeM, UrpatoT KI4YeBY porb B YCTAHOBIIEHUN HENPEpPbIBHOM
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CBSA3N MEXAYy NPOLUMbIM M HACTOALLMM, YYNTbIBAA NpU 3TOM UX BNUSHME Ha Byaylulee pasBuTue apxXmMTeKTypHOMU
cpensl.

CoBpeMeHHble NPOoLECChl apXUTEKTYPHOrO pa3BuTus TamknkMcTaHa CBUOAETENbCTBYIOT O HapacTaloLlem
CTPEMIIEHMMN K UHTErpaumm UCTOPUKO-KYNIbTYPHOrO Hacneams B akTyanbHble NPOEKTHbIe NPakTuku. B ycnoBusix
rnobanbHbIX TPaHCHOPMaLMI, COMPOBOXAAMLLMXCS YTPaTON NOKasnbHbIX rPagoCTPOUTENbHBIX OPUEHTUPOB U
CTaHOapTu3auMen apxvMTeKTYpHOW cpefbl, obpalleHne K TpaauuMOHHbIM opMaM 3acTpOMKW, YCTONYMBBLIM
TMNOMNOMMSAM 1M NPUEMaM NPOCTPaAHCTBEHHOM OpraHu3aummn npmobpeTaeT 0cobyo 3HaYNMOCTb.

AHanu3 TpaguMuVOHHOW apXMUTEKTYpbl, CHOPMMPOBABLUENCA B Auarnore ¢ MpUpoAHbIM NaHAwadTom,
KNMMMaTU4EeCKMMN OCOBEHHOCTAMU M couManbHbIMU CTPYKTYpamu, MO3BOMsieT yTBepXAaTb, YTO MNPUHLMMbI
permoHanuaMma obnagatoT BbICOKMM NPUKNaAHbIM  MOTEHLManoOM Ans  YCTOMYMBOrO NPOEKTUPOBAHWUS.
Wcnone3oBaHne npupogocbeperaolinx matepuanoB, KOHCTPYKTUBHbLIX —peLUeHWA, afanTUpOBaHHbIX K
reorpadu4eckMM yCcroBusiM, 1 COXpaHEHWe 3NEMEHTOB OBLUMHHONM MNaHMPOBKM CNOCOBCTBYIOT (DOPMUPOBAHMIO
apXUTEKTYPHOW cpeapbl, aAeKBaTHOW Kak NPUPOOHbIM peanusam, Tak U KyNbTYPHbIM OXUAAHUAM HaceneHus.

B 37Ol CBA3M COXpaHeHue 1 akTyanunsaumio apXUTEKTYPHbIX TpaauLnin cnegyeT paccmaTpmBaTb HE Kak
PETPOCNEKTUBHYIO MNPAKTUKy CTUNU3aUMM, a Kak LUeneHanpaBreHHylo CTpaTeruio, HarnpaseHHyl Ha
obecneyeHne yCTONYMBOro, MAEHTUYHO OPUEHTUPOBAHHOIO Pa3BUTUSA apXUTEKTYPHOW cpefbl. Bocnpon3soacTeo
HapOOHbIX CTPOUTENbHbLIX MPUHLIMMNOB B COBPEMEHHON WHTEpPNpeTaumMm He TOMbKO YCUMITMBAET HaLMOHAIbHYIO
CaMOObITHOCTb apXWUTEKTYypHOro obpasa, HO M 3aknagblBaeT OCHOBbI 3KOMorMdeckn cbanaHCcMpoBaHHOW W
COLMOKYNbTYPHO YCTONYMBOM cpeabl 06uTaHus.

Peyensenm: Cyonos J.C. — douenm, 3ae. Kapedpoi «Dusaiin u apxumexmypa» um. Kapuma Hadxmudourosa
Tocydapcmeennozo uncmumyma usobpasumervnozo ucKyccmea u ousaiina JIadKuKucmana.
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M3MEHEHUA B XKUITOM NMPOCTPAHCTBE: COBPEMEHHbLIUN APXUTEKTYPHBIUN KOHTEKCT
(HA NPUMEPE XXUITOU APXUTEKTYPbI KbIPIbIBCTAHA)
C.T. KoxxobaeBa, A.[1x. KoxanueB
KoIpreisckuii rocyaapcTBeHHbIN TexHUUECKUH yHuBepcuTeT uM. M. Pa33akosa
Crarbsl TOCBSIIEHAa aHAIIN3Y COBPEMEHHBIX H3MEHEHUH B apXHUTEKType KWIBIX 30aHui Keipreizcrana Ha oHe ypOaHU3auy n
BHereHI/IS{ HH(i)pOBLIX TeXHOJ’IOFHfI. PaCCManI/IBa}OTCSI TCHACHIIUN r[epexoz[a K FI/I6KI/IM, aIaliTUBHBIM H 3Hepl‘03(1)(1)eKTI/IBHLIM
APXUTCKTYPHBIM PEIICHUSAM, COOTBETCTBYIOIIUM HOBBIM TpPEOOBaHUSAM KadecTBa H3HH. (Oco00o¢ BHHUMAaHHE VYICICHO BIHSHHUIO
COLIMOKYJIBTYPHBIX (DPaKTOPOB, KIMMATUYCCKUX YCIOBUW M HAIIMOHAJIBHBIX TPAIUIMA Ha MPOEKTHBIC MOIXOAbl. [IpuBOASTCS MpUMEpPHI
CTPYKTYPHBIX TpaHC(hOpMaIHid ¥ HHTETpaluy HU(POBBIX HHCTPYMEHTOB B apXUTEKTYPHOE MTPOEKTUpOBaHue. McciaenoBanne 0CHOBaHO Ha
CpaBHEHUH MEXIYHAPOIHOTO OIbITA C MECTHOM MPAaKTUKOW. BBIBOIIBI cTaTbi MOTYT OBITH IIOJIC3HBI ISl apXUTEKTOPOB, MPOESKTUPOBIIIKOB
" ClICMUaJINCTOB B C(bepe l"pa}lOCTpOI/ITeI[BCTBa.
Knroueewvie cnosa: apxumexkmypdad, HCuioe npocCmpancmeo, npoeKkmuposarue, UsMeHerus, 5peOHOMUKA, 2u6KOCWlb, KOHYenyusl.

TAFUUPOTXO OAP ®A30U MAH3UNA: MYXUTU MYOCUPU MEBMOPWY (JAP MUCOJIUN
MEBMOPUN MAH3UITUUN KUPFU3SUCTOH)

C.T. KoxxobaeBa, A.[lx. KoxanueB

Makosa 6a TaxJIHIH TaFHUPOTXOH MyOCHP Jap MEbMOPHH OMHOXOM UCTUKOMATHU KUPFU3UCTOH Jap 3aMHHAM ypOaHU3aTCHsI Ba
4Opi HAMYJAHU TEXHOJOTHSIXOW pakaMil Oaxmimia mrygaact. Jlap Makojia TaMOIOJIXOH Ty3apHil 0a Xajain MEbMOPHUH HAMYIH YaHIUPH,
MyTOOMKIIIaBaH/Ia Ba kKaMmmacpadu dHeprus, ki 0a Tanad0TH HaBUHU cu(daTH 3UHAArA 4aBoOTy MeOoman, bappaci MemaBanI. TaqXxu3oTu
HYTUMOUBY (hapXaHT#, MIAPOUTH HKJIUM Ba aHbAHAXOUW MHIJUIA XaMYyH OMUIIXOM TabCHPTy30p 0a yCylXou TapXpes3d MaxcyC TabKUI
urygaang. Muconxou TabquIoTH COXTOPHA Ba XaMTHPOUH BOCHTaXOH paKaMid Jap TappOXWH MEbMOpPH oBapja murymaaua. TaakukoT Ga
MyKoucau Taypuban GaiiHaIMuIIaIi 60 aMalisIy MaxaJuid acoc épraact. XyJIocaxou MaKkojia MEeTaBOHaHA 6apou MEbMOPOH, JIOMXAKAIIOH
Ba MyTaxacCCHCOHHM COXaH IIaxpco3it Mydua Gomani.

Kanuoeoscaxo: mevmopi, ghazou mau3uii, mappoxii, mauupom, Ip2oHOMUKA, YAHOUDT, KOHCENCUsl.

CHANGES IN LIVING SPACE: MODERN ARCHITECTURAL CONTEXT (USING THE EXAMPLE
OF RESIDENTIAL ARCHITECTURE IN KYRGYZSTAN)
S.T. Kozhobaeva, A.J. Kozhaliev

The article analyzes contemporary changes in the architecture of residential buildings in Kyrgyzstan in the context of urbanization
and the integration of digital technologies. It explores the shift toward flexible, adaptive, and energy-efficient architectural solutions that
meet new standards of quality of life. Special attention is given to the influence of sociocultural factors, climate conditions, and national
traditions on design approaches. The paper presents examples of structural transformations and the use of digital tools in architectural
design. The research is based on a comparison of international experience with local practice. The findings may be useful for architects,
designers, and urban planning specialists.

Keywords: architecture, residential space, design, transformation, ergonomics, flexibility, concept.

BBepneHune

Ha coBpemeHHOM 3Tane pasBuTUs 06LLEeCTBa apXMTEKTYpa XWUMbIX 34aHUIA NpeTepneBaeT CyLLECTBEHHbIE
U3MEHEHWs!, CBSI3aHHble C BHEAPEHWEM HOBbIX TEXHOSOMMN, U3MEHEHUEM MOBCEAHEBHOrO YKraja XWsHu U
obHOBMEHNEeM coumanbHO-9KOHOMUYECKNX OpneHTUpoB. OCoBeHHO 3amMeTHbI 3TV NPOoLeCChl B pa3BMBaloLLMXCS
rocygapcreax, Takux Kak Kblprbl3cTaH, rge COBPEMEHHOE XWNbe CTaHOBUTCH OTPaKeHMEM He TOISbKO
NUCTOPMYECKOTO WM KyNbTYpHOrO Hacneausi, HO W akTyanbHbIX MOTpebHocTewn HaceneHus. dopmupoBaHue
apXUTEKTYPHON cpedbl CerogHs TpebyeT He TOMbKO ydeTa TpaguLMOHHbLIX MOAXOAO0B, HO U aKTMBHOMO OTKMMKa Ha
BbI30Bbl BPEMEHWN.

MoBbiweHne TpeboBaHUI K KAYECTBY NPOXMBaHWS, pa3BuTme LMpPOBON cpedbl U CTPEMUTENBHBIN POCT
ropoAcKOro HaceneHus NpuBenn K HeobxoanMocTun co3aaHusi 6onee yaobHbIX, PYHKLMOHANbHBIX U 3CTETUYECKN
BblpasuTeNbHbIX POPM XUION apxuTekTypbl. COBpeMEHHblE NOoNb3oBaTeNn OXUOAKT OT XUMbA He MPOCTO
Hanmumsa 6a30BbIX YCNOBUIA, @ KOMMOPTHOWM OpraHn3aunm NpoCTpaHCTBa, BO3MOXHOCTU rMBKOM TpaHcgopmaLumm
noMeLleHui, yCTONYUMBOCTU K BHELUHUM BO3AENCTBUAM U COOTBETCTBUS CTUIEBBLIM NPEANOYTEHUSIM.

B KbiproisactaHe, kak M B [Opyrux CTpaHax, MNEepexuBlUIMX COBETCKUN WHAYCTpUanbHbIA aTan
CcTpouTenbCcTBa, HabniogaeTcss akTMBHoe OOHOBrEHMe xunoro doHga. OTO CoMpoBOXAaeTCsi NepecMoTpPOM
NNaHUPOBOYHBLIX PELLUEHUN, akKUeHTOM Ha pauMoHanbHOe WCMoMb3oBaHWe MPOCTPaHCTBA U yYeToM
9KOJOTMYECKMX, TEXHOMNOIMYECKUX M KyNbTYpHbIX hakTopoB. CyllecTBeHHOE 3HayYeHne NprMobpeTaroT NPUHLMMLI
3HeproaPeKTUBHOCTU, LMGPPOBOro MOAENNPOBAHNA U NPOEKTUPOBAHNS C YY4ETOM KIMMAaTUYECKMX YCNOBUN 1
CEeNCMUYECKON aKTUBHOCTH.

>Kunoe npocTpaHCTBO CTaHOBMTCA ©omee CNOXHOM CUCTEMOW, BKMOYaloWeh He  TOrMbKo
PYHKLUMOHAmMbHbIE 30HbI ANS MOBCEAHEBHOWM XU3HM, HO U 3MEMEHTbl TEXHOMOIMYECKON UHMPaCTPYKTypbl. JTO
TpebyeT OT apXUTEKTOPOB W MPOEKTUPOBLLMKOB HOBbIX PELUEHWI, OCHOBAHHbIX KaK Ha MeXAyHapo4HOM OnbiTe,
TaK 1 Ha HauMoHarbHbIX TPaAULUSX U YCITOBUSX.

Takum obpasom, uccrnegoBaHue, MOCBALEHHOE CTPYKTYPHbIM Npeobpas3oBaHWsaM XUMbIX 30aHUNA B
YCIOBUSIX COBPEMEHHOrO MPOEKTUPOBaHWSA, MPEACTaBnsaeTcA CBOEBPEMEHHbLIM U MPaKTUY4ECKU 3Ha4YUMbIM.
PesynbTatbl aHanusa no3BoONST OnpedennTb OCHOBHbIE HamnpaBfeHUs PasBUTUS apXUTEKTYPHbIX PELUEHUN,
OTBevalLLMX peanbHbIM 3anpocamM obLecTsa 1 3agadam yCTONYMBOrO Pas3BUTUS rOPOLCKON cpeapl.
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YKvnoe 3paHue, kak ogHa 13 cambixX ApeBHUX OPM UCKYCCTBEHHO CO3[aHHOW NPOCTPAHCTBEHHOW cpeabl,
CBSI3aHHOM C BbITOM MoAen, MMeeT MHOTOBEKOBYIO UCTOPUIO pa3BuTus. Kaxaasa anoxa BHOCKIIAa CBOW U3MEHEHUS
B 06pas XK13HW Noaen, TEM caMbiM MEHSASA YCMNOBMKS CYLLECTBOBAHUSA, U Kak pe3ynbTaT oTpaxanacb Ha BMaax u
TMNax XunbiXx 3gaHun. Bce aTto npuBoaMno K mMx MNpeobpas3oBaHWi0 M YCOBEPLUEHCTBOBAHMIO, PacLUMPSs
Tunonoruto. HeobxoaMmMo oTMeTUTb, YTO Ha POHE BCEW 3BOJIOLMM OT APEBHOCTU OO COBPEMEHHOCTU, MMEHHO
Xunuue HeceT B cebe BoraTyto uctopmio hopmMmpoBaHnsa 1 ganbHENWero pasBntusa apxmTekTypbl 3gaHuin. Ha
NPOTSXKEHUN BCEro nepuoaa xunas cpefa n3MeHsnacb B 3aBMCUMOCTM OT M3MEHEHUS coLmarnbHbIX CTPYKTYP Y
coumanbHbIX npoleccoB B obuiectBe. Takke cerogHst MOXHO yTBepXAdaTb, YTO CBOKO NENTy B pas3BuTue ctana
aKTMBHO BHOCUTb MHAOPMALMOHHO-TEXHUYECKass Moaudukaumsa. Ha cerogHAWHWA AeHb Xunble 34aHue Kak
XXWBOW OpraHu3m ctanu Hectu B cebe He Tonbko nHdopmaumio ObiTa Noaen, HO U Bce cBoeobpasne KynbTyphl,
oTabixa, pabotbl. MwupoBas wucTopusi poxpana LweaeBpbl apXUTEKTYPHbIX MaMSATHUKOB, WCTOKU KOTOPbIX
npuHaganexanu K pasHblM rocygapctBaMm B pasHble BPEMEHA, U MMEHHO Xunulle BCerga rnaBeHcTBOBana u
SBNANacb aktyanbHon. Ha npoTskeHun CTONeTuii OHa nposiBfsAnacb B pasHbiX opmax, Tunax, Buaax,
CTpyKTypax. Hanpumep, ABopubl NpaBuTenen, 3amMKn 3HaTHbIX N0AgeNn, pe3ngeHunn uapen, ¢ OaQHOM CTOPOHbI, C
OPYron — XWKuHbI, navyrn, HebonbLumne xunuiia ans NnpocToro Hapoga. PaccmaTtpuBasi U aHann3npys MUpPOBYHO
NUCTOPUIO, MOXHO MNPUBECTU ThICAYM NPUMEPOB pPasBUTUS Xunoin cpefdbl. B gaHHOM wccnegoBaHum Ans
MOMTHOLIEHHOTO aHanu3a CTPYKTYPHbIX M3MEHEHMWI KMIOro MPOCTPaHCTBA paccMaTtpuBaeTcd 3apybexHas u
oTevecTBEHHas npakTuka ¢OpMUPOBaHNS, PasBUTUA U YCOBEPLUEHCTBOBAHWUS >KUIOMO MpOCTpaHCTBa B
COBPEMEHHbIX YCMNOBUAX NPOEKTUPOBAHUS XUMULLA B LIefNoM.

MeTogonorus uccrnegoBaHus

WccnepoBaHme ocHoBaHO Ha cbope uwHMoOpmauum w aHanu3e apxXMTEKTYPHO-MPOCTPaHCTBEHHbIX
peleHnn, a Takke 0ObeMHO-NNaHMPOBOYHON CTPYKTYPbI XUNoro goHaa. paHuubl nccnegoBaHns oxBaTunm
MOCTCOBETCKUA W COBPEMEHHbIV nepuopd passuTus. Pabota BbiNonHAnacb MNOCPEACTBOM  M3yYeHUs U
cucTemaTmsaumMm nuTepaTypHbIX, MPOEKTHbIX WM Hay4YHO-UCCreaoBaTeNbCKMX MaTepuanoB. CpaBHUTENbHLIN
aHanu3 apXuTEKTYPHO-MPOCTPAHCTBEHHbIX W3MEHEHWUIA W CTPYKTYPHbIX OCOGEHHOCTEN npu opMupoBaHmMm
XWUMbIX 30aHWA OCHOBaH Ha M3yyYeHun paboyer OOKyMeHTauuu, HOPMaTUBHbIX U MPOEKTHbIX MaTepuaros.
MprBOOATCA XapaKTepUCTUKU M3MEHEHWA MPUHLMNOB W KayecTBa MPOEKTUPOBaHUSA C nepuofa BHeApPeHUs
KOMMbIOTEPHBIX MpOorpamMmm 1 NPUMEHEHNST UCKYCCTBEHHOIO UHTENNEeKTa.

Pe3ynbTaTt uccnegoBaHus

B npoBegeHHOM nccnenoBaHum Gbinm paccMOTPEHbI BONPOCHI CTPYKTYPHBbIX M3MEHEHWI B apXUTEKTYpe
XWUNbIX 34aHWIA COBPEMEHHOr0 Meproaa, KOTOpble OCHOBbIBANMCb Ha acnektax couuanbHO-3KOHOMUYECKOro
dakTopa UM  UCTOPUKO-apXUTEKTYpHOro aHanmsa. OCHOBHbIM MPUHLUMMOM SBNSANUCb CPaBHUTENbHbIE
XapaKkTEPUCTUKM CTaTUCTMYECKUX AaHHbIX, NpobnemMm u 3agay pasBuUTUS COBPEMEHHOM XUITON apXUTEKTYpbl B
Kblprbi3cTaHe.

B HblHELWHUX ycnoBusix ObICTPOro pocTta u rnobanunsaummn Bcex oTpacnen apxXnTeKTypHO-CTPOUTENBHON
WHOYCTPUM MPOUCXOOUT OYEeHb MHOro MamMeHeHun. C Havanom [BajuaTb MepBOro CTOMETUS B HaLly >XWU3Hb
BOpBancsi [OWHaMWYHbIN ypOBEHb, B OOMblUEN CTENeHW CBA3AHHbIN C BHEOPEHUMEM W Pa3BUTMEM
NMH(OPMALIMOHHBIX TEXHomnorvin. Ha cerogHsAWHMA OeHb Mbl MOXeM HabnwpaTb, Kak war 3a Larom Bcs
XN3HeOesTeNbHOCTb YenoBeKa BOBMeYeHa B 3TOT npouecc 1 6onee Toro 3aBuUcUT OT Hero. BeiToBoN ypoBeHb
XWU3HM YeroBeka cTan aBTOMaTU3NPOBaHHbIM. CepBUCHOE 06CnyXMBaHME OCYLLUECTBASETCA Npu MOMOLLM
TEXHMYECKOro ocHalleHus. Hanpumep, anemeHTapHasi 6biToBasg TexHMKa B BUOE XONOOUITbHUKA, CTUparbHON
MalUVHbI, Fa30BOW NINMTbI B KBApTMPE BCerga Obina, ogHako napameTpbl, rabapuTbl U XapakTePUCTMKU Oblnun
pasHble. CerogHsi 3T0 COBPEMEHHOE ObITOBOE UM TEXHWYECKOE OCHalleHue, Tpebyrouiee AOMONTHUTENBHOro
NMPOCTPaHCTBA, YCMNOBUN ANA cogepxaHus u obcnyxmsaHus. Npocto ob6oNTUCh CTUpanbHOW MalUWHOW cTano
HeJOCTATO4YHO, KaK OKa3anoCb HyXHa e€elle W CylurbHas MawuHa, MeCcTO NS pasBeluvBaHusa Oerbs,
rmagunbHas, a Takke MecTo Ans CKNagupoBaHusi CpeacTB 0OCNYXUBAHNUS U COAEPXKaHWS 3TOro 06opyaoBaHus.
M 31O TONBLKO OAUH 13 HEGOMbLLLNX NPMMEPOB.

CoBpeMeHHble TeHOEHUMU OTpaxalwTCss BO BCEM XWM3HEHHOM LMKNe. YpOBEHb pocTa Kak nyTb K
UMBUNN3aLMM N HeobpaTumas fopora 3BOSOLMM — 3TO OXKUAAEMbI pe3ynbTaT, a AaNbHENLLNA NPOLIECC XKNU3HN
N yCOBEpPLUEHCTBOBaHME HOBbIX TEHAEHLNA, cO3a4aHMe YCMNOBUIN - 3TO Halla uernb U 3ajada. Tak elle B Havane
pBaguatoro Beka Jle Kop6iosbe (Charles-Edouard Jeanneret-Gris), cppaHLy3CKuii apxuTekTop, ausaiiHep u
TEOPETUK, OOUH M3 BaXKHEWWWX npeacTaBuTenerd MOOepHu3Ma B apxXuTekType, ckaszan o6 aTom: «BbiTb
COBPEMEHHBIM — 3TO HE MopAa, 3TO cocTosHMe. Kaxabi u3 Hac AOMMKEH MPUHMMATb YCIOBUS, B KOTOPbIX OH
XWUBET, M MPUCNOCOBNEHME K HUM — €ro A0Sr, a He BbIOOop...». Kak oguH 13 nepBbiX pehopMaTopOoB B apXUTEKTYPE
COBPEMEHHOIO XXMIOro MPOCTPAHCTBA, OH M3MEHMN OOLWMIA NOAXo W B3rMsaAbl HA MAAHMPOBOYHYH CTPYKTYpPY,
co3fan Teopuro (PYHKUMOHaNbHOCTU, paumMoHanmM3Ma U KOHCTPYKTMBM3MA. Ero KoHuenuusi, Metofgbl, CTUIb U
NPUHUMNbI CTann OTNPaBHOM TOYKOW ONS apXUMTEKTOPOB COBPEMEHHOCTWU. Kaxaoe BbiCKasbiBaHME O XMUIbIX
NPOCTpaHCTBaxX noapasymMeBano KOHLENUUIO pasBuTus Xunon cpeapl. Hanpumep, B 3HameHnTon dpase: "Jom
— 3TO Xunow mexaHuam. dopma HeobxoaMma TONbKO B TOM Cryvae, ecrnm oHa cooTBeTcTByeT (pyHkumun", Jle
Kop6to3be nogvepkmBan oTpaxeHne OCHOBHbIX MPUHLUMNOB OyHKUMOHanNu3ma. Takum obpasom, MOXHO ckasaTb,
YTO ANg aBTOpa AaHHOW LUMTaTbl PYHKLNS JOMa UNU 34aHWUS OOSDKHA OnpeaensaTb ero BHELWHWI BUA U CTPYKTYPY.
B ero koHuenumu "gom-mawmHa" (Maison Dom-Ino) oH BbigBWran naeto, Yto 3gaHne AOSMKHO ObiTb MOCTPOEHO
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KaK MexaHu3M, OYHKLUMOHamnbHbIN 1 3pdekTBHbIN. [Ansg Hero cdopMa W CTPyKTypa 34aHusA AOMKHbI Obinu
cnegoBaTb €ro OCHOBHOW LEnuM W npegHasHayeHuio, a He ObiTb MUWb OEeKOpaTUBHbIM 3fIEMEHTOM. 3TO
BblCKa3blBaHWe Takxke nogyepknsaeTt npoTusocTtosHue Jle Kopbiodbe TpagnuMOHHOMY AEKOPATUBHOMY MOAXOAY
B apXUTEKType U1 BblpaxaeT ero cTpeMneHme K YeCTHON, paumoHanbHON 1 (PyHKLMOHANbHOW KOHLENUMU 30aHUS.
OpHako, genas aHanus, MOXHO BblAENUTb U TO, YTO KaK BblAAKLINACS apXUTEKTOP OH He oTpuuan acTeTuky U
cBoeobpasne, a HaobopoT, oTMeyar, 4To "YKunoe NpoCcTpaHCTBO AOIMKHO ObITb apXUTEKTYPOW, apXMTekTypa —
NCKYCCTBOM, MCKYCCTBO — KpacoTOM, a KpacoTa — YAOBMNETBOPEeHMeM Aywn." 3TO BbiCKa3blBaHME OTpaxaeT
XygoxecTBeHHyo dunocodputo Jle Kopbrosbe, KOTOPbIN cyuTan, YTO apxXuMTekTypa M >XuMble NpOCTpaHCTBa
AOIMKHbI HE TONMbKO (PYHKUMOHMPOBATL, HO U 0ONagaTh 3CTETUYECKON LLEHHOCTBIO U MPUHOCUTL YOOBNETBOPEHNE
aywe. Hanpumep, nepeasi yacTb umTtaThl "XKunoe npocTpaHCTBO JOMKHO ObITh apXMTEKTYpOn", aBTop BblpaxaeT
30€eCb MbICIb O TOM, YTO XWUIOE NPOCTPAHCTBO HE AOIMKHO BbITb NPOCTO (PYHKUMOHAMNBHBLIM U YAOOHBIM, HO TaKxke
OQHOBPEMEHHO MOXeT obnagatb apxWUTeKTYpHbIM 3HadeHveMm. OH npuaaeT BaXHOCTb TOMYy, 4TOObl Aaxe
06blaeHHble NpocTpaHcTBa ObinM NPOAYyMaHHbIMUM U UMENWU apXUTEKTYpHYto CTpykTypy. Crepylowas 4acTtb
umTaThl "ApXMTEKTYpa — MCKYCCTBOM" AaeT yTBEepXKAeHWe, YTO apxuTekTypa HeceT B cebe uepThbl uckycctaa. OH
nogyepkuBaeT BaXHOCTb TOro, YTOObl MPOEKTUPOBaHWE 34aHui BbINO He NPOCTO TEXHWYECKMM 3adaHueMm, a
npoLieccoM, BKIOYaLWKMM TBOPYECTBO M 3cTeTudeckoe Bocnpuatne. [anee yrteepxaeHue "MckycctBo —
KpacoTon", nog4yepKkMBaeT CBA3b MeXAy UCKYCCTBOM M KpacoToh. OH BUAWT B apXUTEKTYpE WCKYCCTBO, U 3TO
WCKYCCTBO JOJPKHO ObITb KpacuBbIM. [INsi HErO KpacoTa B apXWMTEKType SIBNSAETCA Kro4deBbiM acnektom. U B
3akntoveHmmn dpasbl Jle Kopbiosbe nogyepkmBaeT: "A kpacoTa — yooBneTBOpeHneM aywimn", raoe noaTBepxaaet,
YTO KpacoTa B apXMUTEKType HeceT B cebe amMoumoHanbHoe U AyXOBHOE yAoOBneTBopeHue. [Ans Hero kpacmsas
apxutekTypa crnocobHa co3gaBaTb MOMOXWTENbHbIE YyBCTBa WM YAOBMNETBOPEHWE B Aylle 4ernoBeka. Takum
06pasoM, apxMTEKTOp NogvYepKnBaeT BaXKHOCTb TOr0, YTOObLI Xn1Noe NPOCTPaHCTBO He TOMbKO COOTBETCTBOBAIO
PYHKLMOHAMNbHBIM NOTPEBHOCTSAM, HO U BbINO BblIpa3nTenbHbIM U NPEKPacHbIM, CNOCOBHbLIM MPUHOCUTL PaAOCTb
n ygosneTBopeHve. Ecnn paccmaTpvBath yTUAMTaPHBLIN NOAXO4 K CO34aHUI0 XWUIOW cpedbl, TO 3aech Jle
Kop6to3be oTmevaeT: "[JoM — 3TO YCTPOWCTBO AfS XW3HW, @ He CTaTyCHbIn cumBon". [lJaHHOe BbiCKasblBaHWe
nogyepkuBaeT YHKUMOHAmbHbIA M NparMaTUYHbIA MOAXOA K MOHMMaHWIo AO0Ma, rAe OCHOBHas (yHKUUS
3aknyaeTcsa B obecneyeHnm NpocTpaHCcTBa AnA NpoXmBaHua. [loM B JAaHHOM KOHTEKCTE paccMaTpuBaeTcs Kak
npaktuyeckoe W QyHKUMOHANbLHOE YCTPOWCTBO, MpefHasHayeHHoe AnS  YOOBMNETBOPEHUS  KUIULLHbBIX
notpebHocTeN, a He BOCNPUSITUE €ro Kak CUMBOa coumanbHoro cratyca. Bmecto Toro 4tobbl paccmatpuBath
AOM Kak nokasaTenb 6oraTcTBa WM COUMArNbHOrO MOSOXEHWS, aBTOpP MOAYEPKMBAET, YTO €ro LIEHHOCTb
3aknio4aeTcs B TOM, KaK OH CMAYXWT CBOEMY OCHOBHOMY MpedHasHayYeHuo, a UMEHHO MpefoCTaBeHuto
KOMOPTHOrO XXWIOro NpOoCTpaHCTBa. Takke NogYEepPKMBAET, YTO BakHee BCEro B JOME — 3TO ero cnocobHOCTb
yAOBNETBOPSATb NOTPEBHOCTU XKMIbLIOB.

lMpogenaHHbI aHanM3 nokasarn, YTO BbILWEN3NOXEHHbIE BbiCKa3biBaHWS OTpaxaroT dunocodpuo Jle
Kop6to3be OTHOCUTENBHO (PYHKLUMOHANBHOCTU, NMPOCTOTHI U FAPMOHUK B XXUNbIX NpocTpaHcTBax. OH cTpemMurcs
co3gaBaTb apxXMTEKTypy, KoTopas oTBevaeT noTpebHOCTAM coBpemMeHHOro obiectBa M npu 3TOM ABMseTcH
3CTETUYECKN NPUBIEKaTENbHON, MakCMManbsHO KOMOPTHOW 1M YAOGHOW. [Mpn 3TOM MOXHO OTMETUTb, YTO XUIoe
NPOCTPaHCTBO KaK ABMXKYyLLasi cCUCTeMa, BCerga HaxoguTcs B chepe pasBUTUS U YyCOBEPLLEHCTBOBAHMS, HE TepSs
CBOEN aKkTyanbHOCTU 1 FMaBHOro npeAHasHayeHus. B 3aBUCMMOCTH OT BpeMEHU, YPOBHSA pas3BUTUSA TEXHOMNOMUIA,
XN3HEeOeATeNbHOCTU NM0AEeN, UMBMIM3aUMM U MaTepranbHOro 6r1arococTosiHUSE MeHsnMcb TpeboBaHus K ObITy,
NPOAMKTOBAHHbIE 3MOXOW BbICOKUX TEXHOSOMMI 1 MOBMEKLIME 32 COOON M3MEHEHUS B MPOLLECCE CO3OaHMS XKUITOrO
npocTtpaHcTBa. [1oaTomy B uccnegoBaHMm ObInn cONOCTaBIEHb! KOHLENTYanbHble pa3paboTkuM Xunuvuia B Lesiom,
nX (PYHKLMOHANBHO-NPOCTPAHCTBEHHbBIE XapPaKTEPUCTUKN, 0O bEMHO-NNTAHNPOBOYHBIE 3NIEMEHTbI, 3CTETUYECKNE
N Xy[4OXKEeCTBEHHblE OCODEHHOCTU, MCTOPUKO-apPXUTEKTYPHbIE LIEHHOCTN.

Yxxe B XX| Beke usBecTHbil GputaHckuin apxutektop Hopman ®octep (Norman Foster), kotopbii
CNaBUTCS CBOMMUW MHHOBALMOHHBIMU 1 (PYHKLMOHANBHBIMU NPOEKTaMu, NPOSOIHKNA TEMY M3MEHEHUS KayecTBa
XKWMIOro MpPOCTPaHCTBA, rAe B CBOWMX MPOEKTax NMpUAEPKUBaAETCH NPUHLMNOB 3((PEKTUBHOCTM, YCTONYMBOCTMU U
coBpeMeHHocTu. OH CTpemMmuTCsi CO30aBaTb XWMble KOMMMEKChbl, KOTOpble co4veTalT B cebe komdopT,
PYHKLMOHAMNBbHOCTb M 3KOSOTMYECKYI0 YCTOMYMBOCTb. OOgHMM M3 Hamboree M3BEeCTHbIX MPOEKToB HopmaHa
docTepa B obnacTtu xunon apxutektypsbl aensietca "30 CeHT Dxerimc Ckeep" (30 St Mary Axe) B JloHOoHe, Takke
n3BecCTHbIN kak "LLlapnotka". 3To Hebockped, KOTOpbIA CTanm CMMBONIOM coBpeMeHHoro JloHgoHa. OH nmeet
YHUKanbHyto copmy 1M obnagaeT BbICOKOW 3HEProadpdeKTUBHOCTLIO Grarogaps MCNOMb30BaHUIO COJTHEYHbIX
naHenewm u cUCTEMbl eCTECTBEHHON BEHTUNAUUN. ELLle ogHUM NMpUMEPOM XUITOro Kommnnekca, pa3paboTaHHOro
HopmaHom doctepom, saengaetcs "BuomopdHas pesmaeHuma” (Biomorphic Residence) B Jloc-Angxkenece, CLUA.
OTOT NpoeKT NpeacTaBnseT cobol COBPEMEHHbIV A0M, BOOXHOBIEHHLIN NPUPOAHBIMM (DOPMaMu, 1 BKIOYAET B
cebs MHHOBaUMOHHbIE TEXHOMorMu Ansg 3HeproaddeKkTMBHOCTM U ycTtomumBocTn. HopmaH ®Poctep Takke
n3BecTeH cBoMMM paboTamu B 06r1acTu ropoACcKoro nnaHuMpoBaHus 1 pa3suTtus. OH co3gan MHOXECTBO XUIlblX
KOMIMIIEKCOB, BKIMOYast MHOrohyHKLMOHarnbHbIE rOPOACKME KBapTarbl, KOTOpble coveTaroT B cebe xunbe, opucel,
KOMMep4yeckme nomelleHus n obliecTBeHHble npocTpaHcTBa. B uenom, Hopman ®octep npupgaet 6onbluoe
3Ha4yeHne MHHOBaUMSM, YCTONYMBOCTM U (DYHKLMOHANLHOCTU B CBOUX MPOEKTAaX XXUMOW apXUTEKTYpPbI, CTPEMSACH
co3faBaTb COBPEMEHHbIE N KOMGOPTHbIE NPOCTPAHCTBA ANSA XU3HWU.[2]
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[aHHbIN aHanu3 Bkntoyan B cebs paccMOTpeHMe pasnnyHbIX acnekToB, rAe OCHOBHLIMU KOMMNOHEHTaMu
BbICTYNanu TeHOEHUUN CTPYKTYPHbIX U3MEHEHWI XWMbIX NPOCTPAHCTB B YCMOBUAX MHHOBALMOHHOIO Noaxoaa K
NPOEKTUPOBAHUIO U POPMUPOBAHUIO COBPEMEHHOW Cpebl.

Tabmmna 1 — TUIbl ¥ XapaKTePUCTUKH CTPYKTYPHBIX U IPOCTPAHCTBEHHBIX H3MEHEHUH

Ne THIBI CTPYKTYpPHBIX U OO01as XapakTepUCTHKA IPOCTPAHCTBEHHBIX H3MCHEHHI
HPOCTPAHCTBEHHBIX H3MEHEHUH
1 OproHomuKa U QyHKIHOHANEHOCTE | COBpeMEHHBIE KIIIBIE MPOCTPAHCTBA CTPEMSATCS OBITH MAaKCHMAIBHO
SPrOHOMHYHBIMHU u (YHKIIMOHAJIBHBIMHU. AHanusupyrorcs
TUIAHUPOBOYHEIE peuieHus, UCIIONIb30BaHHE IPOCTPAHCTBA,

pactipeneneHre (QyHKIMOHAJIBHBIX 30H, a TakXke YyI0OCTBO W
5 PEKTUBHOCTh HCHOJIb30BAHUS KAXKJIOT0 KBaIPaTHOTO METPA.

2 TexHoNIOrMYeCKe UHHOBAIMU C pa3BUTHEM TEXHOJOTHH B >KUIMIIHOM CTPOUTENHCTBE MOSBISIOTCA
HOBBIE BO3MOYKHOCTH JUIsS aBTOMAaTH3allM, SHeprod(h(eKTHBHOCTH,
YMHOTO Jo0Ma M Tpouero. AHaIM3UPYIOTCS TEXHOJOTHUYECKHE
WHHOBALIMH, X BIUAHHE HA KOM(OPT 1 0€30MaCHOCTb JKUIIBIIOB.

3 OHepro3¢HeKTUBHOCTH U CoBpeMeHHBIE POEKTHI yICNAI0T BHUMAHUE SHEPTro3(hEKTUBHOCTH U
9KOJIOTUIECKHE acCIICKThI 9KOJIOTUYHOCTH.  AHAIM3UPYIOTCS ~ MaTepHaibl  CTPOUTENBCTBA,
CHCTEMBI  OTOIUICHHMS W  KOHIMIMOHWPOBAHWS, BO3MOXKHOCTH
HCIIOJIb30BAHMS BO30OHOBIISIEMBIX HCTOUHHKOB SHEPTHH.

4 I'mbxocTh 1 CoBpeMmeHHBIE qU3ailHEPCKHE PELIEHNsT OPUEHTUPOBAHbBI Ha CO3JaHHE
MHOTO(YHKIINOHAJIBHOCTh THOKMX TPOCTPAHCTB, CHOCOOHBIX aJaNTHPOBATHCS K Pa3IMIHBIM
MPOCTPAHCTBA MOTPEOHOCTSIM. AHATM3UPYIOTCS KOHIENIIMK MHOTO(YHKINOHAIBHBIX

MTOMEUICHUH, BO3MOKHOCTH U3MEHECHUS IUIAHUPOBKH.
5 ComMOKyIbTYPHBIE TPEHABI AHanmu3  COIMOKYJIBTYPHBIX  TPEHJOB  IO3BOJIAET  IPEIBUIETH

U3MEHEHHsT B MOTPEOHOCTSAX M NPEANOYTEHHSAX o0IlecTBa. ITO
BKITFOYAET B ce0s1 aHAIN3 TPEOOBAHUM K COIMATBHBIM U 00IIECTBEHHBIM
MPOCTpaHCTBaM, TPeOOBaHMH K TEXHOJOIMYECKHUM BO3MOXKHOCTSM
KHJIIbS U T.JI.

6 Ludposuzanus u Bupryanusauus | C  pa3BurueM  UUQPOBBIX  TEXHOJOTHH  MOSBISIOTCS  HOBBIC
BO3MOXKHOCTH [l BUPTyalH3alUMK M LU(GPOBOro MOJCTHPOBAHUS
KHJIBIX MPOCTPAHCTB. AHAJIM3UPYETCs BIUSHHUE MU(PPOBBIX PEIICHHUIN
HA [MPOEKTUPOBAHHE M BOCIIPUSATHE MPOCTPAHCTBA.

7 Toponckast uHGPacTpyKTypa AHanM3upyeTcsi B3aUMOCBSI3b JKUIIBIX TMPOCTPAHCTB C TOPOICKOM
uH(ppacTPyKTYypOHl, TAKOH KaK TPAHCIIOPT, 00pa30BaHue, METUIINHCKHE
YUPEKICHUS U IPyrue 00IIEeCTBEHHbIE CEPBHCHI.

8 Y CTOWYMBOCTD K KPH3KCAM U B cBeTe pasnMYHBIX KPU3UCOB M MPHUPOJAHBIX KaTacTpod, BaKHO
katactpodam AHAIM3UPOBATh YCTOWYMBOCTH JKWJIBIX MPOCTPAHCTB K  TaKUM
CUTyallMsM, BKJIOYas acleKThl Oe30MacHOCTH, 30HHPOBaHUE, |
BO3MOKHOCTHU OBICTPOH PEKOHCTPYKIIMH.

AHanmM3 3TUX acnekToB NMOMOraeT apxuTeKkTopam K Au3avHepaMm Co34aBaTb >KUMble MPOCTPaHCTBA,
OoTBevYalllMe COBpPeEMEHHbIM TpeboBaHMsaM U OXuaaHusM obliectBa. B npogomkeHun aHanmsa U
NOATBEPKAEHUSI aKTyanbHOCTU TeMbl [AHHOMO WCCNELOBaHUSA Takke MOXHO OTMEeTUTb cregylollee
npov3BeaeHne amepuKkaHCcKoro nucatensi, punocoda, akTMBucta M npeanpuHUMaTens, LWMPOKO WU3BECTHOro
CBOVM BKITa4oOM B 0611acTu OKpyXatoLLel cpefbl, TexXHomnorun u kynstypbl CTioapta BpaHaa (Stewart Brand) «Kak
3[aHus yyaTcs: YTo npomexoauT nocrne ux noctpoeHus ("How Buildings Learn: What Happens After They're Built")
[2]. BT10 kHUra, onybnukoBaHHast B 1994 rogy, B koTopor BpaHa paccmaTpurBaeT KOHLEMUUIO TOro, Kak 34aHus
pa3BMBaAlOTCA W W3MEHSIIOTCS C TEYEHUEM BPEMEHW, KaKMe CTPYKTYPHbIE W3MEHEHUs MpOoMCXoddaT 3a
onpenerneHHbl Nepuog, Takke akTyarnbHbIMU OCTAOTCA U CErOAHS.

KHura npepoctaBnseT WHTEPECHbI B3NS4 Ha apXUTEKTYPY WM [ONTOCPOYHbIE  acnekTbl  ee
ncnonb3oBaHusa. OHa BbI3bIBAET pa3MbILLNEHMS O TOM, Kak 34aHuMs MOryT ObiTb Oornee aganTMBHBIMU K
N3MEHSALLMMCA NOTPEBHOCTAM 00LLECTBA M KaK MPOLLECC NPOEKTMPOBAHMS MOXET YyUNTLIBATL MX MOTEHUMAIbHOE
passuTMe B ByayLiem.

OpyruM sIpKMM NPOMEPOM CO3[aHWS COBPEMEHHOW XWUITOW apXUTEKTYpbl CTana camblii U3BECTHLIA U
BNUSATEnNbHbIN apxuTekTop 21 Beka 3axa Xaava, koTopas nonyyuna nonynspHOCTs CBOMMU MHHOBALMOHHBLIMU U
cMmenbiMn ausanHamn. B ee paboTax npocnexmBaeTcsi XapakTepHasi Xunas apxuTekTypa, OThnmyaloLllascs
OPUIMHaNbHOCTLIO U AKCNEPUMEHTaMM ¢ bopmamMm 1 maTepmanamm, GUHaMUYHBIMU 1 OpraHnyYeckuMmn dopmamu,
cOo3[aloWnMM YHUKanbHble NpocTpaHcTBa Ans Xu3Hu. OHa 4acTo UCNONb3YeT KPUBbIE MNUHUMW, NEPEKPLITUS Y
HecTaHgapTHble reomMeTpuyeckne opmbl, 4TOObI co3gaTh BMEYaTNSAWME WU MHHOBAUWMOHHBIE XWMble
komnnekcbl. 3axa Xagug Takke M3BECTHA CBOUM MUCMOSIb30BaHUMEM MEpPenoBbIX TEXHOMOMMIA U SKOJTOrMYEeCKU
YCTOMYMBBIX NOAXOO4OB B CBOMX npoektax. OHa cTpemunacb co3gaTb XKWUMble MPOCTPaAHCTBA, KOTOpPble
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rapMOHWYHO COYETAKTCH C OKPYXKaloLen cpedon U yumTbiBalOT NoTpebHOCTN U koMdpopT xutenen. MNpoekThbl
Xagng Bknto4valoT B cebA BbICOTHbIE XWMble KOMMMEKChI, BUMNIbI, anapTaMmeHTbl U Xunble Komnnekcbl. OHu
pacnonaratoTCs B pasHbIX YacTAX MMpa W OTNINYAKOTCH CBOEN YHUKANbHOCTbI0O M MHHOBALMOHHBIM NOAXOAOM K
ansanHy. Xunas apxutektypa 3axv Xagug ctana CMMBOJIOM COBPEMEHHOCTM M NMPOrPECCUBHOCTH, U ee paboThl
OCTaloTCsl BaXXHbIMW 1 BOOXHOBMALWMUMU B 06nacTn apxmTekTypbl 21 Beka.

Tabnmna 2 — KoHnenTyanbHbIE XapaKTepUCTUKH, ONPEACIIIONINE CTPYKTYpHBIC H3MEHEHUS B KI3HH XKIJIOTO 3JaHUS 32
Bech nepuox dkcruryartarmd (ITo Bpenay)
Konmnemnus «[lonumanne 3Bonmronnu | bpsHa mpemmaraet B3I Ha 3aHUS KakK KMBBIE OPTaHU3MBI, KOTOpPHIE
3IaHUI Pa3BUBAIOTCS W AAaNTUPYIOTCA ¢ TeUeHHeM BpeMeHH. OH aHaJIH3HpYeET,
Kak 37aHus "ydarcs" OT CBOMX oOuTaTelied W Kak HM3MEHEHHS B
HCIOJIb30BaHUU MPOCTPAHCTBA BIMSIOT HAa UX CTPYKTYPY
Konuenmus «Illects ypoBHEit Bpenn BeiensieT mecTh YPOBHEH, Ha KOTOPBIX MPOUCXOJUT U3MEHEHHE
30aHUN. 3IaHUs: TUIAHUPOBKA, 00pa3oBaHue, OOIIECTBO, rajepes, 00CTy)KUBaHHE
U cTpykTypa. Kaxaplil ypoBeHb BHOCUT CBOM BKJIaJ B 9BOJIIOIMIO 3aHHsI
Konnenmus «IIpumeps! u3 peaiabHol | BpaHa MpuBOAUT MHOKECTBO MPUMEPOB M3 PA3IHUHBIX MECT M BpEMEH,
JKAZHUY YTOOBI ~ MPOWUIIOCTPHUPOBATh, KAaK  3JaHUS  aJalTUPYIOTCS K
HM3MEHSIIOIIUMCS TOTPEOHOCTSIM U YCIOBHAM
Konuenmus «Pomnb nmons3oBatenei, | ABTOp MOJYEpKUBACT BAXKHOCTh POJHM IIOJNb30BaTeNel, >KUTelned Hu
T.C. XXHTCIICID) oburarerneii 31aHUI B UX JOJTOCPOYHON IBOTIONHA. VIMEHHO OHU BHOCST
W3MEHEHHS U TPHUCIOCA0IMBAIOT 3JaHUE IOJ CBOM IOTPEOHOCTH,
KOTOPBIE B ITOCIECICTBHH IEMOHCTPHPYIOT HOBBIC TPEOOBaHUS U IPOBOIAT
K CTPYKTYPHBIM U3MCHEHHUSAM M YCOBEPIICHCTBOBAHHIO JKHIIOM CPEIIbI
Konnenmus «TexHOTOrHYeCKHE BpaHI Takke paccMaTpHUBaeT BIMSHUE TEXHOJOTHUYSCKUX MHHOBAIM Ha
MHHOBALIMI 3MaHUSI ¥ TO, KaK HOBBIC TEXHOJOTHMH MOTYT OBITh MHTETPHPOBAHBI B
CYIIECTBYIOIINE CTPYKTYPHI

UTo KacaeTca pasBUTMSA XUNOW apxuTekTypbl KbiprblacTaHa Heo6xoaMMO OTMETWUTb MocrneaHue
TEHAEeHUMM B (POPMMPOBAHUN CAMOro 34aHUS W MNOCnefoBaTeflbHOM M3MEHEHUM B CTPYKType OO6BbEMHO-
NNaHMPOBOYHbIX U OYHKLMOHANbHO NPOCTPAHCTBEHHbIX 3NIEMEHTOB. HECMOTPS Ha TO, YTO UCTOPMS KbIPrbI3CKOro
XWnuLa HacuMTbIBaeT HEOOMbLLOW ONbIT, OHA NpoLUa BCe CTyneHu pa3suTtus. K npumepy, kpaTkoe cogepxaHve
NCTOPVKO-apXUTEKTYPHOIO aHanmn3a nokasbiBaeT, YTO HAa PaHHMX aTanax yHKLMIO XXU1LLA Kblprbl3CKOro Hapoaa
BbiMoNHaAna topta. Kak m3BecTHo, M3 anoca «MaHac» MOXHO MONyYMTb CBEAEHWUS O XapakTepe Xunuu,
npegMeToB JoMallHero obuxoda, OAexabl U CPeACcTB NEpPEOBWKEHUS, KOTOpble OTpaxawT obpa3s XU3Hu U
reorpacmyeckyto cpely obutaHusi Kelprel3oB. B CBSI3M C KOYEBBIM YKMaLoM >XU3HU U OCOOEHHOCTSIMU POJOBO-
natpuapxasnbHoro 6biTa Kelprbi3bl XU aunamm B NePEHOCHbIX XUnuiiax — ropmax [4].

Kak n3secTHO, OHa MMeEeT Kpyrroe o4depTaHue y OCHOBaHUA 1 cpepudeckyto orpaxgatoLyto obonouky. B
KayecTBe HeCyLUX 3N1eMEHTOB UCMNoNb3yeTcst COOpHO-Pa3bopHbI kapKkac U3 cneumnanbHbIX BUOOB OPEBECUHbBI C
KynonoobpasHbiM MOKpbITUEM. [TMBKOCTb KOHCTPYKTMBHOW CXembl M Hebonblive rabapuTbl OokasblBalOT ee
ObICTpyto COOpKY M pa3bopky crnamm O4HON CeMbM B TEHEHUN HEBOMBLLOro NpoMeXyTka BpeMeHu. B cuny cesoero
ynobcTBa M NPakTUYHOCTM OHAa MOJTHOCTBLIO YAOBNETBOPSET 06pasy XM3HU KOYEBHUKOB, K KOTOPbIM OTHOCATCS
Kblprbi3bl. OQHAKO BOT yXXe Ha MPOTSKEHMU CToNeTus obuiee HaceneHue KbipreldacTaHa NepeLuno Ha ocearbii
06pa3 xun3Hn. CTanu CTpoUTbCH Xuible JOMa U3 MECTHbIX MaTtepuanoB B BUAe ManoaTaxHbix 3gaHui (1900-
1930 rr.), B 6onee no3gHue nepuoabl C pa3BMTMEM NPOMbILLIIEHHOCTM U MHAYCTpUansHoro ctpoutensctea (1930-
1960 rr.) TMNbI XWUNbIX 30aHUIA YCOBEPLUEHCTBYHOTCH, BHOCATCHA CTPYKTYPHbIE M3MEHEHMSA B BUAE BbICOTHOCTM
nomMeLleHnin n pasHoobpasus no uHdpacTpykType. BBoasTCA HOBble HOPMbl Ha MPOEKTMPOBAHWE, MEHSAIOTCS
TpeboBaHWsA, yny4yllaTca YCINOBUSA U TexXHoMorus ctpoutenbcTBa. CoCTosHME (hOPMMPOBaHUSA U pasBUTUS
ApPXUTEKTYPbI XUMbIX 34aHWI, UX XyO0XECTBEHHO-BbIPA3UTENBHOE 3HAYEHME LIENTMKOM U MOJTHOCTBLIO NEpexoanT
B MONIMTUYECKYIO KOHUenuuio pa3sutuda Ttorga ewe Cosetckoro Cotosa, B cOCTaBe KOTOPOMW M Oblf HbIHELIHWN
KblprbidactaH. CtaBunucb 3agayum 00ECNeYeHHOCTU KaXKAOW CEMbMW XXUIOW MMOLaAblo, YIyyleHWe YCIOBUN
NPOXMBaHUA 1 pas3BuTUSA cembu [5]. CrieacTBMeM Yero NOCNyxXuno paspabdoTka TUMOBbLIX NMPOEKTOB M BbICTPOro
WHOYCTPManbHOIrO METOAOB BO3BEAEHUS 34aHMIA U COOPY>XEHUI. [InNa CTpOUTENbCTBA XUMbIX U 0OLLECTBEHHbIX
30aHu paspabaTtbiBanvcb YHUMOULMPOBAHHBIE KOHCTPYKLUMU 3aBOACKOIrO M3roTOBIIEHMWS, KOTOPbIE MOCIYXXUMN
3MOXON COBETCKOW OAHOOOPa3HOM, TUMOBOW U BE3NUKON apXMUTEKTYpbl. XOTs, cnpaBeanneo byaet oTMETUTD, YTO
B 1980-e roabl apxutektopamu KbiprblacTaHa genanvcb NonbITKM BOCNPOU3BEAEHNSI HALNOHANbHOM KyNbTypbl C
MOMOLLBI MPUMEHEHUSI OPHAMEHTOB U (POPM Mpoema NOMKUIA B KpyNHOMAHemnbHbIX 3gaHuax. OgHako atu
nonbITKN BbIiNn TOMBKO He3HaunTenbHbIMU anemeHTamun. Ha pybexe BekoB ¢ 1900 no 2005 roabl Tenepb yxe
cyBepeHHbI Kblprbi3CTaH Nepexun TsKenoe BpeMs 3acThiBLUEN apXUTEKTYPHO-CTPOUTENBHOM AeaTensHocTu. A
TONbKO cenyac 3a nocnegHue 20 net Mbl BUAMM OYpHBIA POCT CTPOUTENLCTBA MMEHHO XUIbIX 34aHUIA pa3HbIX
TUMOB, A€ MOXHO HabnaaTe parMeHTbl CTPYKTYPHbIX M3MEHEHUI XKNIMOro NpocTpaHcTea.[6]
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Pucynox 3 — Juacpamma cmpoumenscmea, sHcunbix 30anuil 6 2. buwikex, umeowux KoauuecmeeHtvle U KaiecmeeHHble
noKa3amenu cOBPEMeHHOU JHCUNOU cpedbl

Takum obpasom, apxuTekTypa Xunblx 3gaHui B Kblprbl3cTaHe Ha CEerogHAWHWA AeHb OoTpaxaeT
pa3Hoobpasne KynbTypHbIX U UCTOPUYECKUX BAUSHUA. BaxkHbiMu dhakTopamu, BAMSIOWMMM Ha COBPEMEHHYIO
CTPYKTYPY W apXWUTEKTYPHbIA CTWUMb, SBMSAOTCA KIMMaTU4YeCcKue YCMOBWS, TPagULMOHHbIE CTPOUTErbHbIE
mMatepvanbl W 9MeMeHTbl, a Takke COBpPEeMEHHble TeHaeHUuuW B ausanHe. Hanpumep, mpaduyuoHHble
as1eMeHmabl, KOTOPble BblpaXXeHbl B UCMNOMb30BaHUM y30pyaThiX AeKopaLni, KOBaHHbIX 31eMeHTOB B 6arnkoHax u
3pKepax, KAMEHHbIX 3NIEMEHTOB M BbICOKMX KPbILL, YTO OTpaXKaeT BUSHWUE KbIPrbl3CKON HaLWOHarbHON KyrbTypbl.
lMpupodHo-knumamu4yeckue ocobeHHocmu (CypoBble 3MMHME YCINOBWUS M peskue nepenagbl TeMmnepaTtypbl
BO3dyxa), KOTOpble BNUAIOT Ha acafHble OTAENKA MHOMMX 3[4aHWN, CNPOEKTUPOBAHHBLIX C  y4eToM
HeobXoAMMOCTM TennousonsAuMn 1 3awmutbl OT Xonoga. KameHHble CTeHbl, TOMCTble CTeHbl U AepeBsiHHble
3MNeMeHTbl MOryT UCMONb30BaTbCa ANS NOAAEPKaHWUS KOMMOPTHOW TemnepaTypbl BHyTpu goma. ObssatenbHo
yuuTbliBaE€TCA pernoHanbHas 0COBEHHOCTb BbICOKOW CEMCMWUYHOCTU panoHa, KoTopas Takke BNuaeT Ha dopmy
30aHns, ero obbeM U  apXMTEKTYPHO-KOHCTPYKTMBHOE pelleHne. CoepemMeHHble apXumeKmypHOo-
npocmpaHCcMeeHHbIe PeWeHUs KUJIbIX KOMI/IEKCO8, KOTOPble MOXHO YBUAETb NPY UCMOMb30BaHUM HOBbIX
TEXHOMOrMN 1 MaTepuanoB. 3TO MOXET BKNoYaTb B cebsA CTeknsHHble hacagbl, COBPEMEHHbIE (hopMbl 1
WHHOBALMOHHbIE MOAXOAb! K NNIAHMPOBKE MPOCTPAHCTBA, MMETb COBPEMEHHbIN An3aliH, KOMGOPTHbIE YCNOBUSA U
yaobCTBa, a Takke oTpaxaTb COBPEMEHHbIe FTOPOACKNE TeHAeHUMN 1 ypbaHUCTKy. DKosroauyeckue acrekmal,
4YTO JaloT aKUEHT Ha yyeT MHTepeca K YCTOMYMBOMY pa3BUTMIO TEPPUTOPUIA, OOBEKTOB CTpPOUTENbCTBa U
3KOIOTMYECKM YNCTBIM TEXHOMNOIUAM. B 3aBUCUMOCTY OT 9TOr0, HEKOTOPLIE HOBbIE NMPOEKTbI XUIbIX 3AaHUA MOTYT
BKMoYaTb B cebs acnekTbl 3HeproddEKTUBHOCTU M YCTOMUMBOCTU. Takum 0o6pa3oM, apxuTekTypa XurbiX
30aHuA B KbiprblscTaHe npoaorkaeT pasBuBaTbCs MO BIMAHUEM COBPEMEHHbLIX TEHOEHUMN U CTPEMINEHUS
COXpaHWUTb U NepefaTb TPaAULMOHHBIE KYNbTYpPHbIE YepThbl.

Jenas BbIBOO, MOXHO OTMETWUTb, YTO B HbIHELIHMX YCNOBMAX rnobanm3aumm u obwen TeHOeHuMK
pa3BUTMS CEPBUCHOrO OBCNyXMBaHWs, TPebOBaHUSA K KavyecTBY XXM3HW NOBbIWAOTCHA. B3rnsg Ha peanbHoOCTb
COBPEMEHHOW XWUIMOW cpedbl CErOAHA OTNNYaEeTCs U BHOCUMT CBOW KOPPEKTMBbLI HA CTaauu NpoekTnpoBaHud. Ha
CerogHsLWHMN AeHb B ropofde buwkek HabniogaeTtcs ctpemmntenbHas QUHAMUYHOCTb B CTPOUTENbCTBE XKUIbIX
3[0aHWUA C pa3HOOBpPa3HON apxXUTEKTYPON U MHAPACTPYKTypon. NX pasHoobpasne BapbupylOTCS OT CTapUHHbIX
COBETCKMX MOCTPOEK [0 HOBbLIX COBPEMEHHbIX KOMMMEKCOB. Ha ocHOBaHMKM aHanusa MOXHO cAenaTb BbIBO O
COCTOSIHMM Xuroro poHaa, a Takke NPUBECTU HECKOSbKO XapaKTepuUCTUK U ocobeHHocTel. MMaHenbHble doma,
MOCTPOEHHble B COBETCKOE BpEMs, M COCTaBnsloT Oonbllyld 4YacTb >xunoro coHga B buwkeke. 3Tu
MHOrOKBapTMpHble AoMa OObIYHO MMEIOT HECKOSIbKO 3TaXen Y CUMMETPUYHY0 CTPYKTYpy. o ctatuctnyeckum
AaHHbIM B HUX MPOXMBAIOT MHOMe Xutenu ropoga. Yacmueie doma, NOCTPOEHHbIE Ha OKpavHax ropoga v B
npuropogax. OHWM npeacTaBnsAlT CcoOOOM Kak OOHOSTaXHble CTPOEHMs, Tak KM Oonee COBpPEeMEHHble WU
koMdopTabenbHble AOMa C HECKONbKMMM aTaxxamun. Hoeble Jusble KOMIMIeKCbl, npeanaratrwme COBpeMeHHbIe
anapTameHTbl U MHPaCTPYKTYpPY, KOTOPbIE B NOCNEAHME rofbl aKTUBHO CTPOATCS. OTW KOMMIEKChI, KPOME XXM0oM
COCTaBMSAIOLLEN, TAKKE MOTYT BKMOYaTb B €65 30HbI OTAbIXA, CMOPTMBHBIE COOPYXXEHUSA, MarasviHbl 1 NapKOBKW.
Cmapsble keapmarbl, Kak ICTOPUYECKOE Hacreaue, MOXHO HalWTu B LEHTpanbHon Yactu ropoga. Mepuogbl nx
BO3BEAEHUS JATUPYIOTCA pas3HbiMU nepuogamu. OTW panoHbl MOTYT MPEANOXUTbE YHUKanNbHYK atMmocdepy v
apxXuTeKTypHble 0COBEHHOCTH, codeTas B cebe TpaguUMOHHBIN CTUMb Y COBPEMEHHbBIE 3NTIEMEHTHI.

3a nocnegHve pecsatuneTtust obwas atmocdepa Xunbix 30H B buwkeke ctana codvetaTb B cebe
TPaaMUMOHHbIE HabpoCKM C COBPEMEHHbIMU TeHAeHUMAMWU. Takum obpasom, CTPYKTYpHble M3MEHeHWus Ans
yCOBEPLLEHCTBOBaHWUS XUMOr0 NPOCTPAHCTBA MOrYT BapbUpOBATLCH B 3aBUCUMOCTU OT KOHKPETHbLIX YCIOBUA U
notpebHocTen, B 6onbLUen CTENEHN OCHOBAHHbIX Ha BO3MOXHOCTWU ONTUMU3aLUN OBBEMHO-NNAHUPOBOYHLIX U
YHKLUMOHaNbHO NPOCTPaHCTBEHHBLIX PELLEHUSIX.

3aknrio4yeHue

W B 3akntoyeHnmn xo4eTcs BHOBb npouutupoBaTh Jle Kopbro3be: «ApxutekTypa — 3TO XMBOE UCKYCCTBO,
apXUTEKTypHblEe (POPMbI XXMBYT MMEHHO B TOM, YTO OHW MPU3BaHbl YOOBNETBOPSATh XXU3HEHHbIE NOTPEOHOCTUY.
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370 BbICKa3blBaHWe Takke MOXET BAOXHOBMATb HA pa3MbILLIIEHWsI O TOM, Kak apXMTEKTypa MoxeT 6blTb Bonee
YyBCTBUTEMbLHOW K YenoBeYeckuMm noTpebHoCTAM, aMouMsaM U n3MeHeHusam B obuiecTse. B koHeyHoM wuTore,
ycrellHas apXuTekTypa AOMKHa He TONbKO BWU3yanbHO BMeYaTnsiTb, HO W CNYXWUTb (YHKLMOHAaMbHbIM W
NPaKTUYHBIM LiensiM, COAeNCTBYS YNyULIEHWIO Ka4eCcTBa XU3HWU Nioaei.
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B3AUMOOENCTBUA 30AHUA C TPYHTOBbIM OCHOBAHUEM NMPU
CENCMUYECKOM BO3OENCTBUU
O.H. Husomos?!, U.K. Kanangap6ekos?, U.U. KanaHgap3oaa?
NucTuryT reonoruu, ceicMOCTOMKOro cTpouTenbeTsa u ceticmonornn HAH Tamkukucrana,
2TamKUKCKUI TEXHUYECKHUI yHUBEpcUTeT uM. akagemuka M.C.Ocumu
B nanHO# 0030pHOI cTaThe pacCMaTPUBAIOTCS COBPEMEHHBIC MOJICIH U METObI aHAIM3a AMHAMUYCCKUX 33134 B3aUMOICHCTBHUS
3IaHKS C TPYHTOBBIM OCHOBAHHEM TPH CEHCMUYECKOM BoszeicTBUU. Oco00e BHUMAHKE YICICHO YUETy HETMHEHHBIX CBOMCTB IPYHTOB, a
TaKke BIMSHUIO Pa3MYHBIX TUMOB (yHIaMeHTa Ha OOIIyI0 CeWCMOCTOMKOCTh KOHCTPYKIMH. [IpHBENCHBI YHCICHHBIE METOBI
MOJICTIMPOBAHHS, a TaKXKe Pe3yJbTarbl KOMIBIOTCPHBIX 3KCIEPUMEHTOB, IEMOHCTPHPYIOIINE XapaKTePHBIE OCOOCHHOCTH Tepeaavu
ceficCMUYeCKUX BOJIH OT OCHOBaHHS K HAJ36MHOW YacTH 3NaHMsA. AHanu3 paOOThl HANpPaBICH Ha MOBBIIICHUE TOYHOCTH PAcYETOB MPHU
MIPOCKTUPOBAHUY 3[[aHUH B CEHCMOOIIACHBIX paifOHaX M MOXKET OBITh IMOJIC3CH CIEIUATNCTaM B 00JIaCTH CEHCMOCTOMKOTO CTPOUTEIBCTBA
¥ HWH)XCHEPHOH IeOJIOTHH.
KnrwueBble ciioBa: celiCMOCTOMKOE CTPOUTENHCTBO, B3aWMOJICHCTBHE 3[AaHHUS C OCHOBAaHHEM, CEMCMHMYECKOE BO3IECHCTBHUE,
KoJieOaHWe, YHCICHHBIE METOABL, YHCICHHOE MOJICIUPOBaHUE, MOAATINBOCTE OCHOBAaHHS, MaTeMaTHUeCKoe MOIECIUPOBaHUE,
(byHIaMeHTHAS IUTUTA.

MOAEJIXO BA METOAXOU TAXIIUIIU MACBAJTAXOU OUHAMUKUA _
BAXAMTABCUPKYHUUN BUHO BA ACOCU XOKU XAHITOMU TABCUPOTU CENCMUKIA
Y.H.Husomos, U.K. Kanangap6ekoB, U.U.Kananpap3sona

WH maxoman OappacHy aMCHIaXOH MyOCHpP Ba METOAXOH TaxJIHIH MachallaXOW JHHAMHKHU 0aXaMTabCUPKYHHH OUHX00 60
ACOCXOM XOK XaHTOMH TabCHPOTHU CEHCMUKIT Oappacy Kapaa IIynaacT. baxucoOrupum XycycusaTH FaipuXaTTHU XOK Ba HHUYHHUH TabCHPH
HaBbXOU T'YHOTYHH TaxKypci 0a KOOWIMSATH 3WI3MIIATOOOBApUH KOHCTPYKCHSXO OUKKATH Maxcyc JoAa IIygaacT. MeTomxow axamun
MOJICJIKYHOHH, MHIYHUH HaTHYaxOoM TauprOaxoH XUco00apopi, KM XyCyCHSITXOH XapaKTEpPHOKH a3 TaXKypcil 0a KHcMH Ooionuu OHHO
I'y30IUTaHH MaBYXOU CEHCMHKPO HHIIIOH MEIMXaH, oBapa Irynaani. Taxamin kop 6a 6anana 6apIoIITaHH CaXeXUH XUCOOX0 XaHTOMH
JIOMXAKaIlNK OMHOXO Jap MHMHTaKaXOW a3 YUXaTH CEHMHKA XaB()HOK HUrapoHMzAa Ioyda, 0apou MyTaxXaCCHCHCOH COXauh COXTMOHH
3WJI3MIaTOO0BAPUH Ba T€OJIOTUSH MyXaHauch Mydu Oya MeTaBoHaI.

Kanmumaxou kaauai: 3WBHIATOOOBapHH COXTMOH, 0aXaMTabCHPKYHHH OMHO 0O acoc, TabCHPOTH CEHCMHUKH, JAIlIuII,
METOIXOH aJlaJIi, MOAEIKYHOHUH aJia/ii, HAPMHUH acOC, MOJIEIKYHOHUN MaTeMaTHK, INTNTal TaXKypCiL.

MODELS AND METHODS OF ANALYSIS OF DYNAMIC PROBLEMS OF INTERACTION OF A
BUILDING WITH A GROUND BASE UNDER SEISMIC IMPACT

D.N. Nizomov, I.K. Kalandarbekov, I.I. Kalandarzoda

This review paper considers modern models and methods of analyzing dynamic problems of interaction between a building and
a soil foundation under seismic action. Special attention is paid to the consideration of nonlinear properties of soils, as well as the influence
of different types of foundations on the overall seismic resistance of the structure. Numerical methods of modeling as well as the results of
computer experiments demonstrating the characteristic features of seismic wave transmission from the foundation to the above-ground part
of the building are given. The analysis of the work is aimed at improving the accuracy of calculations in the design of buildings in
earthquake-prone areas and can be useful to specialists in the field of earthquake-resistant construction and engineering geology.

Keywords: earthquake-resistant construction, building-foundation interaction, seismic impact, oscillation, numerical methods,
numerical modeling, base pliability, mathematical modeling, foundation slab.

BBepeHune

ObGecneyeHne CEMCMOCTONKOCTM 34aHNA U COOPY>KEHN OCTAETCSA OAHOMW U3 BaXKHENLLUX U B TO XXe BpeMS
Hanbornee CroOXHbIX 3a4ay B CTPOUTENbHOW Hayke. NpUMEHEHWE aHanMTUYEeCKUX METOAOB MpU pacyéTtax
B3aMMOJEWNCTBMSA 34aHUSA C TPYHTOBBIM OCHOBAHMEM 3a4acTyl0 OrpaHU4eHo rpybon ngeanumsaumen, kotopasa He
MoO3BOSISIET B MOSTHOM Mepe y4nTbiBaTb 0COOEHHOCTM KOHTAKTHOrO B3aMMOAENCTBUS CUCTEMbI «34aHNEe—TPYHT». B
CBSA3N C 3TUM ANs1 pelleHnst NodobHbIX 3a4ay BCE LUMPE MPUMEHSIOTCA YMcneHHble meToabl. OgHako Takue
bakTopbl, KaK ANUTENbHOCTb CENCMMYECKOro BO3AENCTBUS, KOMMAKTHbIE pa3Mepbl 34aHUN U BbICOKOYACTOTHbIN
xapaktep kornebaHun, TpebyoT Bbibopa Gonblion pacyE€THOM 06nacTM M UCMOMNb30BaHUS MIOTHOW KOHEYHO-
3NIEMEHTHON CeTku. OTO, B CBOK OYepedb, NMPUBOAMUT K 3HAYUTESNbHbIM BbIYUCIUTENBHBIM 3aTpaTtam. [losTomy
aKTyarnbHOW 3afadven ABMNseTCsl COBEPLUEHCTBOBAHUE YUCTEHHbIX METOA0B, NO3BOMSAIOLLNX HE TONBKO aeKBaTHO
MoAenupoBaTbh (u3ndeckMe MnpoLecChl B3auMOAENCTBUS KOHCTPYKLUUM C OCHOBAHWEM, HO U CYyLLEeCTBEHHO
CHUXaTb OOBbEM BbIYMCIIEHUIA.

OnHamunyeckne B3anMoaencTBUS COOPYKEHUSA C TPYHTOBbIM OCHOBaHUEM

Mpobnema AnHamMU4eCcKoro B3aMMOLENCTBUSA COOPYXEHUSI C TPYHTOBBIM OCHOBaHMEM SBMSETCS OOHOMN
M3 KIOYEBbIX B 06MacTM CEeNCMOCTOMKOrO CTPOUTENbLCTBA M AMHAMWUKM  COOPYXEHWW. [uHamMunyeckue
XapaKTePUCTUKMN COOPYXKEHUS B 3HAYUTENBHON CTENEHN 3aBUCAT OT CBOMCTB OCHOBaHMS, YTO, B CBOKO OYepenb,
BMMSIET Ha €ro NoBeAeHNe Npy BO3LEVCTBUN OUHAMUYECKMX HAarpy3ok. PelleHne gaHHOM 3a4a4vm OCMOXHSAETCS
psAooM (PakTopoB: OrpaHUYEHHOCTBIO MH(popMaLMM O napamMeTpax CencMUYEecKoro BO3AENCTBUS, BbICOKOW
CMOXHOCTbIO M CTOMMOCTBIO MPOBEAEHUS (PUNYECKMX IKCMEPUMEHTOB, a Takke TPYOHOCTAMU NpU nepeHoce
pe3ynbTaToB C Mofenen Ha pearnbHble O0beKTbl. [JONOMHWUTENbHLIM MNPEensaTCTBMEM ANS  YUCIIEHHOTO
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MOAENVPOBaHNSA B3aUMOLENCTBUSA COOPYXXEHUA C OCHOBAHWEM MpU CENCMUYECKOM BO3AEUCTBUM SIBNAETCH
BbICOKas TPYOOEMKOCTb PaCHETOB M 3HAYUTENbHbBIE BbIYMCINTENBHbIE 3aTpaThl pac4eTos [2].

B HacTosllee BpemMsi YNCNEHHbIE METOAbI LLUMPOKO MPUMEHSIOTCS UHXEHepaMn U uccregosatenamm B
0bnacTn TEXHNYECKMX HayK A1 peLleHns CNOXHbIX 3agady. T MeToabl npeanonaraioT NpubnumkéHHoe peLLeHne
ypaBHEHU, OnuCbIBaKOLLMX (u3ndeckme npoueccbl. Ha cerogHAWHMN OeHb CyLeCcTBYeT MHOXECTBO TaKux
METOAOB, BKIlOMAs MeETOon KOHEYHbIX Pa3HOCTEW, METO[ KOHEYHbIX 3f1EMEHTOB, BapuaLNOHHO-Pa3HOCTHbIN
MeToA, MeTo[ rpaHUYHbIX 3NEeMEHTOB, METOL COCpeAoTOYeHHbIX aedopmauun n apyrme. OgHUM M3 NepBbIX
NPUONMWKEHHBIX MOAXOAOB CTan MeTod KOHEYHbIX pas3HOCTENW, B KOTOPOM MCXOOHble YpaBHEHUS
annpoKCMMMPYIOTCS C UCMONb30BaHNEM JTOKaNbHbIX Pa3noXeHWIN MCKOMbIX PYHKLMIA B yCEUEHHbIE psaabl Tennopa
[34]. OcHoBHbIM TpeboBaHMEM K NOAOOHBIM YMCNEHHBIM METOAAM OCTAETCSI CHUXKEHME BbIYUCIIMTENbHBLIX 3aTpaT
Nnpu COXpaHEeHN AOCTaTOYHOWM TOYHOCTU Pe3ynbTaToB.

CornacHo HopMaTuBHbIM TpeboBaHWAM Ans obecrnevyeHns HopManbHOW 3KCMyaTauMn U yBenM4eHus
Ccpoka Ccnyx0bl COOpPYXEHUsI HeobGXoAMMO YCTpaHeHVWEe HepaBHOMEPHbIX OCAAOoK, a TakKe OrpaHudeHue
abCcontoTHBLIX M OTHOCUTENbHbBIX NepeMeLLeHU hyHAaMEHTOB U HaadyHAAMEHTHbIX KOHCTPYKLUMIA. B HacTosiwee
BpeMSl CYLLEeCTBYET MHOXECTBO PasfiMyHblX MEeTOAOB MaTeMaTUYeckoro MOAENMpPOBaHWs MOBEAEHMUS TPyHTa.
KntoueBbiM acnekTom siBnsieTcs Bolbop Hanbonee acppekTUBHOM N afekBaTHOW MoAenu ocHoBaHus. YacTo npu
MCMonb30BaHUM OQHOTO M TOTO e NPOrpaMMHOro 06ecneyeHunst MPOEKTUPOBLLMKM NOMy4YatoT pasHbie pesynbTaThl
paCHéTOB, 4YTO, BEPOATHO, CBA3aHO C pasnynamMm B MeTodax npeactaBlieHuAa peanbHOro noBeneHua
KOHCTPyKUMM B Buge mMaTematmdeckon mogenu. [loaTomy OCOBGEHHO akTyanbHOW 3ajadent ocTaétcs
coBepLlueHCTBOBaHME OOCTOBEPHbIX N TOYHbIX MEeTOAO0B YNCIIEHHOIo MoaernmpoBaHnA rpyHToOBOro OCHoBaHuA.
MatemaTtuyeckoe MmoagenmpoBaHue

MaTtemaTtunyeckoe mMmoaennpoBaHune n aHanms Haﬂpﬂ)l(éHHO-D,e(bOpMVIpOBaHHOI'O COCTOAHUA
B3aUMOAENCTBUSA Coopy>+<eHvu7| C OCHOBaHMEeM OCTalTCH aKTyalibHbIMU 3agavdyamMu CTpOI/ITeJ'IbHOIZ MeXaHUKN.

M3BecTHO, 4TO KonebaHus OCHOBaHWS 30aHWS BO BPEMSI WMHTEHCWMBHbLIX 3E€MIIETPACEHUA UMeEeT
XaOTUYECKU XapakTep U 3aBUCAT OT MHOXeCTBa (pakTopoB, TakMX KaK CNEKTP CEeWCMUYECKMX BOJSIH, Yromn ux
noaxoAa K MOBEPXHOCTU, TN 1 XECTKOCTb 34aHus, bopma v rnybrHa 3anoxeHuns yHaaMmeHTa, a Takke cocTaB
N CTPYKTypa 3eMHOW Kopbl. [epBbIi 3 3TNX (haKTOPOB BbI3bIBAET HU3KOYACTOTHLIE KONlebaHUsA COOpYXKEHWSs, YTO
NPVBOANT K BO3HUKHOBEHWIO 3HAYUTENbHbIX CUM MHEPLUMK. B OTAenNbHbIX 30HaxX KOHCTPYKLMMN 3TO MOXET NPUBECTYU
K 06pa30BaHUI0 BbICOKUX HaMpPsKEeHWI, NPeBbILLaoLWMX NPOYHOCTHbIE XapaKTePUCTUKN MaTepuanos, 4To B UTore
CNocobHO BbI3BaTb NOBPEXAEHNA 1 Aaxe obpylieHne 3aaHust. CyliecTByeT HeCKONMbKO METOAO0B onpeaeneHns
CeNCMMNYECKUX Harpy3oK Ha COOpPYXXeHWe, KOTOpble Y4MTbIBAOT COOTHOLLEHNE Mexay COOCTBEHHbIMU YacToTaMm
KOHCTPYKUMM 1 Npeobnagarwumm YyacToTaMm BHELHMX BO3AENCTBUN [4].

B wuctoyHukax [6,7] paccmaTpuBaloTCs BOMPOCHI, CBSI3aHHble CO CTaTUCTUYECKOW Teopuen
cencmoctorkoctn. OOHUM M3 KNHOYEBBIX acrneKkToB MNpW pacdeTax CEMCMOCTOMKOCTM 30aHuMK aBnsdeTcs
npaBurbHbIA BbIOOP pacyeTHOW MOLENN COOPYXEHUS U TPYHTOBOIO OCHOBaHMA. [py 3TOM K MOAenu 3gaHus
npeabsBnsaloTCs MNPOTMBOPEYMBbIE TPeOOBaHWS: C OQHOWM CTOPOHbI, OHa [AOJPKHA ObITb [A0CTaTOYHO
AEeTanuavpoBaHHOW AN TOYHOro ONMcaHWs pacrnpefeneHnst Harpy3ok B KOHCTPYKUUW, C APYron - YNPOLLEHHOWN,
YTOObl CHU3UTb BbIYUCIUTENBHYK CIOXHOCTb MHAMMYECKOrO aHanu3a. Takasi NpoTMBOPEYMBOCTb 3acTaBnsaeT
nckaTb KOMNPOMUCC MeXay YPOBHEM afeKBAaTHOCTM MOAENN N €€ NPOCTOTOWN.

Pacuyétel €  uMCMONb3OBaHMEM  HEMWHEWHbIX  Mogenew  (Hanpumep,  HENUHENHO-YMpPYrux,
ynpyronnactnyeckux n Apyrvux) no3sonsiot 6onee aetanbHO onncaTb NOBEAEHVWE MaTepuanoB M KOHCTPYKUMNA
30aHMA, a Tawkke Y4yeCTb WX MPOYHOCTHble pecypcbl. OgHako Takue MoAenu OTNNYaKTCH BbICOKOW
BbIYMCMUTENBHOWM CIOXHOCTBLIO, TaK Kak BKMOYaT 60MbLIOe KONMMYECTBO NapameTpoB, OTPaXalLmx Heynpyrue
CBOWCTBa MaTepuarnoB. B cBA3M ¢ 3TUM npakTnyeckoe npumeHeHne nogobHbIX Mogenen npu pacyérax 3gaHumn
3a4acTyl0 OrPaHNYEHO M B HEKOTOPbIX CryYasix MOXeT ObiTb HeuenecoobpasHbIM 13-3a 3HaYMTEeNbHbIX 3aTpat
BbIYNCITUTESbHBIX PECYPCOB.

CnepoBartenbHO, BbIOOP KOHKPETHOW MOLENM AOIMKEH OCHOBBLIBATLCS Ha XapaKTepe pellaeMon 3agayun,
0COBOEHHOCTAX paboTbl HECYLUMX SIEMEHTOB KOHCTPYKLUUN 1 Tpebyemon cTeneHn guckpeTtusauum [4].

Y4éT noAaaTnMBOCTM OCHOBAHUSA Npu BbIOOpe pacyeTHOM MOOEeNnu 34aHus OCODEHHO BaXKeH Aris
MaCCUBHbIX U XXECTKUX COOPYXXEHMIN, BO3BEOEHHBIX HA NPOCafO0YHbIX rpyHTax. Kak n3BecTtHo [4], xapaKTepucTuKu
OCHOBaHW4A - ynpyrme, MHEPUMOHHbIE U AeMNAUPYIOLWNE - CyLLeCTBEHHO BNUAIOT HA AUHaAMUYeCKne CBOMCTBA
camMoro 3gaHus U, COOTBETCTBEHHO, Ha €ero peakumio Ha OuHaMuyeckne Harpysku. Ha cerogHsWHUN OeHb
BbIMNONMHEHO 60nblLUOEe KONMMYECTBO WCCIeAoBaHWUNA, MOCBALWEHHbLIX 3agavyaM AWUHAMUKUA U CEMCMOCTOMKOCTU
34aHWNA B pasfnyHbIX pacyeTHbiX Mogensx [30, 36]. Bonpockl AMHaMN4YeCKOro B3auMogencTBUS COOPYXKEHUS C
OCHOBaHMeM nogpobHO paccMaTpuBatoTcsi B pabotax [1, 5, 24, 40, 43-45].

Mpu pelleHun TakuMx 3a4ad 3gaHvie, Kak NpaBuiio, MOAENMpyeTcs MeHee AeTanbHo, YeM npu pacuyéTte
OTAENbHbIX 3JIEMEHTOB, a Heynpyrie AedopMauny U NoBPEXAEHUs OBbIMHO He MPUHUMAKOTCH BO BHMMAaHME.
YpoBeHb y4yéTa BIMSIHUA OCHOBaHUS 3aBUCUT OT KOHKPETHOW 3ajayu WCCefgoBaHusi: 4alle BCero
paccmaTtpuBaeTcs TOMbKO ynpyras noAaTMBOCTb OCHOBaHMS, TOrda Kak MHEpUMOHHble U AemMndupyome
3 heKTbI, Kak NpaBuUMo, OMNycKalTCs.
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Mpn wuccnegoBaHMu 3afad  B3aMMOAEWUCTBUSA COOPYXKEHWUW C  OCHOBaHMEM Mo BO3AeNCTBUEM
CENCMUYECKMX Harpy3ok HeobXxoAMMO Takke yuuTbiBaTb MOAEMNMPOBAHWE PaCnpOCTPaAHEHUSI CENCMUYECKMX
UMNYNbCOB B FPYHTOBOM cpefe. Peakumsi reonormyeckon cpefbl Ha OUHamMMYeckne BO3L4eNCTBUSA NoapobHO
paccMoTpeHa B paboTax Takmx uccnegoBartenen, kak AnseHbepr A.M., babewko B.A., baduy B.M., Boposuy
.U., Hemnposwny-aHyeHko M.M., Muxannenko b.I"., lNeTpawenb I".W., PaTHukosa J1.L., Norenua T.U., aHunos
A.l'., Hukndopoe C.T1., Aki K., Bardet J.P., Lysmer J. n gp. BnvsHne HeogHOpoO4HOCTEN rPYHTOBOW Cpeabl Ha
nepepacnpegeneHme SHeprum CENCMUYECKNX BOJTH aHanuanpyeTcs B uccnegosaHmsix babewko B.A., Boposuya
N.N., Danmnoa A.T". n Hukndoposa C.T1. NpaBunbHbI BbIOOP pa3MepoB 351IEMEHTOB KOHEYHO-PA3HOCTHOWM CETKU
NPV YMCIEHHOM MOAENMPOBAaHNM B3aUMOLENCTBUSA COOPY>KEHUS C FTPYHTOM CYLLECTBEHHO BMMSIET HA TOYHOCTb
nony4aembix pesynbTaTtoB. CBA3b MexXay ANWHOM BOMHbI U pasMepoM siveek ceTku obcyxaaetca B paboTax
CnensHa J1.U., Jannnosa A.l"., Hukndgoposa C.I1., Aby-Jleina M.A., Nielsen P., Berg P., Skongaard O., Dablain
M., Miyatake T. n Trefethen L.N. B aTux nccnegosaHmsax nog4epkuBaeTcs, YTO A5 YACNIEHHOIo MOAENMpPOBaHuS
MarbIX COOPYXXEHWUW, YyYUTbiBad OMUTENbHOCTb M BbICOKOYACTOTHLIN XapakTep CEeMCMUYEeCcKOro BO3OeNCTBUS,
TpebyeTcs Gonbliaa pacyéTtHass obnacTb M NNOTHAd ceTka, YTO BeAET K 3HAYUTENbHOMY YBEMUYEHUIO
BblYMCNIUTENbHBIX 3aTpar.

B gucceptaumoHHon pabote [18] npennoxeH MeTOA pPeLleHUs OBYMEPHbIX M TPEXMEpHbIX 3agay
CENCMOCTONKOCTN COOPYXXEHWUA, KOTOPbIA CYLLECTBEHHO CHWXAET BbIYUCIIUTENbHbIE 3aTpaTbl, yYUTbiBAET
apbeKTbl KOHTAKTHOTO B3aUMOLEWNCTBUSA C FPYHTOBbIM OCHOBAHWEM U OEMOHCTPUPYET YAOBMETBOPUTENBHOE
cornacoBaHue C aKCnepuMeHTanbHbIMU SaHHbIMU.

Bonpocbl Bbibopa ageksaTHOM MOAenu TFpyHTa paccMOTpeHbl B wuccriegoBaHusax Jlaxosa [.M.,
Hemuposuya-aHyeHko M.M., Kucenésa ®.b. n BosneceHckoro E.A. [10,23,26,27]. B paHHbIX paboTax
OTMeYaeTcs, YTO B psae Cry4vyaeB JOCTaTOYHO NMPUMEHEHMWS NIMHENHO-YNPyron Mogenu. PasnuyHble pacyeTHble
MOZJEeNW yrnpyroro 0OCHoBaHWs ObinNy NpeanoxeHbl uccnegoBaTensaMmn Ha NPOTSXKEHNN BPEMEHM.

Mopgenu ynpyroro ocHoBaHuA

Mogenb BuHknepa paccmaTpvBaeT rpyHTOBOE OCHOBaHME KaK CUCTEMY HECBSA3HbIX Mexay coGoii
yNpyrmx npyxuH. ®unoHeHko-Bopoany  ycoBeplueHCTBOBan 3Ty Modenb, NPeariokuB CBEpXy COeauHWUTb
CUCTEMY BMWHKIIEPOBCKUX MPYXWUH HepacTskMMoi meMOGpaHoi. Brarogapss atomy npu  NpUnoXeHum
cocpedoTOUYeHHOW CUTlbl K OHOM U3 MPYXXMH B paboTy BOBIIEKAOTCS TaKKe COCeAHMEe NPYXXUHbI, U AedopMaums
OCHOBaHMsI pacrnpocTpaHsieTcs 3a Npeaenbl 06MacTy NPUNoXKeHUs! Harpysku.

Mogenb MacTepHaka [14, 31] yuuTbiBaeT CONPOTMBIIEHME TPYHTA KaK CXKaTuto, Tak U cOBUrY, NMpu 9TOM
MexaHU4Yeckue XxapakTepuUCTUK OCHOBaHWUS 3a4atoTcs ABYMsi KO3dhduLMeHTaMm, oTpakaloLwyMmn 3T CBOMCTEA.

Mopgens BnacoBa [9] ocHoBaHa Ha 0O6lleM BapualLMOHHOM MeTo[e, KOTOpbI/ MO3BOMNsAEeT CBECTU
TPEXMEPHYIO 3afayy TeopuW YNpyrocTu K ABYMEpPHON, a 3aTeM - kK ogHoMepHol. OcHoBaHMe B 3TOW Moaenu
paccmaTpvBaeTCs KaK OAHOCIIOMHasi CTPYKTypa, XapaKTEePUCTMKM KOTOpOW 3adaloTcs [OBYMS  Yrpyrumu
napaMeTpamu, B3aWMOCBA3aHHbIMW C TOMWWHOM Cros, YTO OTnMYaeT eé oT mogenu [lacTepHaka, roe
UCNoNb3ylTCA ABa HE3aBUCUMbIX KO3hdULMEHTA.

MpenMyLLeCTBOM pPacCMOTPEHHbIX Bbllle Mogernei yyéTa MNoAaTNiMBOCTM OCHOBaHWSA SABRsieTCs
OTHOCUTENbHAas NPOCTOTa anropuTMOB, UCMONb3yeMblX MpW pacuyéTe KOHCTpykuui. B pabotax [43,45] anst
YMCINEHHOTO  MOAENUPOBAHUS  B3aUMOOEWCTBUA  COOPYXEHUIA C TPyHTOM nNpeasiokeHa MeToauka,
npegycmaTtpuBatowas pasaernbHblii pacyéT cusl, AeUCTBYIOLLMX CO CTOPOHbI FpyHTa Ha doyHAaMEHT Npu YCIroBmn
KECTKOI KOHTAKTHOW NOBEPXHOCTU, a 3aTeM NpoBeeHne pacyéToB BO BpeMeHHOI 06/1acTi ¢ UCMONb30BaHUEM
YNPOLLEHHBIX MEXaHWYeCKUX MOZEeNien rpyHTa, YYUTbIBalOWMX MepeMelleHus U peakuuM B BapuaHtTe 06es
MCKYCCTBEHHOTO YMPOYHEHUS.

B aTux uccnegoBaHuMsAX nokasaHo, YTO XOTH MOAATNMBOCTb (DyHOAMEHTa OKa3blBaeT He3HauuTernbHoe
BMUAHWE Ha CENCMUYECKYIO peakumio BEepXHEN 4acTu COOPYXEHWS, Harpysku, nepefaBaemMble PYHTOM Ha
KOHTaKTHYI0 MOBEPXHOCTb (pyHAaMeHTa, 3HauYUTemnbHO 3aBUCAT OT nogatnueocTw. [Mpu aTom Habnogaetcs
nepepacnpegeneHve Harpy3ok mexagy OTAerNbHbIMU y3namu, Npu coxpaHeHun obuero 6anaHca Harpysok, 4to
NpMBOAUT K 6onee BbICTPOMY N3MEHEHWIO BHYTPEHHMX YCUMI B PYHAAMEHTHbBIX KOHCTPYKLMSIX MO CPABHEHUIO C
obwen peakumern coopyxenus. AT 3PdEKTbl HEOOXOAMMO Y4MTbIBaTb MPU OMPEeAEeneHMn HanpsKEHHO-
aedopmmpoBaHHoro coctodHms (HOC) dyHOameHTa N CMEXHbIX KOHCTPYKLMIA B CUCTEME «COOPYXKEHUE—TPYHTY.

B HacToswee Bpemsa OAng aHanusa OUHAMWYECKOro B3aMMOEWCTBUS COOPYXKEHWUW C OCHOBaHWEM, a
Takke Ans MOAEeNnMpOBaHUSA BOMHOBbLIX MPOLLECCOB B reOIOrMYECcKOn cpede LUMPOKO NPUMEHSIOTCS pasnnyHble
YUCIIEHHbIE MEeTObl, BKMOYaa KOHEeYHO-pa3HOCTHble MeToAbl [12,35], BapnaumnmoHHO-pa3HOCTHbIE MeToabl [35],
MEeTOA KOHeYHbIX anemMeHToB [13,20,21,22] n meTon rpaHuyHbIX anemeHToB [1, 25].

KpaTko paccMOTpuM 0COBEHHOCTM KaXaoro 13 aTMx MeTOA0B.

YucneHHble meToabl

KoHe4yHO-pa3HOCTHbIE MeTOAbI ABNANTCA OAHMMU U3 Hambornee yHuBepcanbHbIX U TMBKUX NOAXO40B
ONa pelleHnsa pasnuyHbiX 3agady MatemaTudeckon usmkn. Yalle Bcero B 3TUX MeTogax UCXO4HOM GhopMOoi
CMYXWUT cucTemMa ypaBHEHUIN OBMKEHNS, OOMONHEHHAsA BbIpaXXeHUsaMmn s gedopmaumin Yyepes nepeMeLleHms n
onpeaensowmMMn COOTHOLLEHUSMMU.

146



[Maému nomurexuuki. BAXIIIN TAXKUKOTXOU MYXAHMCH. Ne 3 (71) 2025

BapuaunoHHO-pa3HOCTHbIE MEeTOAbI OTNINYAKOTCHA OT KOHEYHO-PA3HOCTHBIX TEM, YTO Ba3npyOTCA He Ha
andbdepeHumansHoW, a Ha BapuauMOHHOW MOCTaHoBKe 3agayn. K HUM GnM30K MHTErpo-MHTEPNONALNOHHbIN
noaxon [35]. BapuauMOHHO-pa3HOCTHBIM MOXHO cuyuMTaTb N06ON MeTo, OCHOBaHHbIN Ha CETOYHOW
annpokcMmaumm BapuvaunoHHOW 3adadvn, copmynupoBaHHOW 4Yepe3 HeKoTopbld (pyHKuuoHan. lMpu aTtom
noctpoeHve 6asncHbIX QyHKUMA HeobsidaTenbHO, 4YTO SABMSETCS OTIMYUTENbHOW YepTo BapuauUOHHO-
pPa3HOCTHOro MeToAa Mo CPaBHEHUIO C METOAOM KOHEYHbIX 3NIEMEHTOB.

Hepoctatkom KOHEYHO-pa3HOCTHbIX W BapuvauMOHHO-Pa3HOCTHbLIX CXeM 4dABNAEeTCA BepOATHOCTb
BO3HUKHOBEHUA SC*)Q)GKTa HeyCTOVI‘JMBOCTVI 0cobeHHOo npn wmcnosib3oBaHnMnm 4d4eek C YUCIIOM Y3J10B,
npesbilavWnM MUHUMaribHO Heobxogumoe.

MeTop KOHeuYHbIX anemeHToB (MK3) BO3HMK Ha OCHOBE METOAOB CUIT U NEPEMELLIEHNA, NPUMEHSIEMBIX
B CTPOUTENBLHOM MexaHuke, a Takke metoaoB Panesa-Putua n bybHoBa-lanepkuHa. BapnaunoHHO-pa3HOCTHbIE
N KOHEYHO-pa3HOCTHble MeTodbl MO CyTU SBMAAKTCA YNpowéHHbIMM BapuaHTamu MKS. [uckpeTHble
COOTHOLLUEHMS, MOfyYyaemble B BapuaLMOHHO-Pa3HOCTHBIX WM KOHEYHO-PAa3HOCTHbIX MeTodax, MOryT ObiTb
BblBeJeHbl M3 MeToda KOHEYHbIX 3MEMEHTOB MpU WCMONb30BaHWW OrnpefenéHHbIX MYHKUMA opMbl 1
COKpaLLE&HHOIro UHTErpMpoBaHus.

naBHoe oTnnune MKO OT KOHEYHO-pa3HOCTHbIX METOAOB 3aknyaeTcs B ToM, 4To B MK3 unckomble
YHKLMN ONpeaerneHbl HenpepbIBHO Mo BCel 00nacTy 3agayu, a He TONMbKO B OrpaHMyYeHHOM Habope ANCKPETHbIX
Toyek. IMpn 3TOM B KadecTBe UCXOAHLIX ypaBHeHul ans MK3 moryT npumeHsiTbesi kak anddpepeHumnanbHble
YPaBHEHUS], Tak U BapuauMOHHbIE MPUHLMMbI - B 3@aBUCUMOCTK OT BblibpaHHOro cnocoba NoCcTPOEHUS CUCTEMbI
YpaBHEHWA, Hanpumep, MeTon KOMfokauuu, MeTo[ B3BEeLUeHHbIX HEeBA30K unu Metoabl Panes-Putua u
"anepkuHa.

MeToa rpaHMYHbIX 3N€MEHTOB 3apekomMeHgoBan cebs Kak OAMH M3 MepCneKkTUBHbIX NOAXO40B ANd
pelleHns 3ajady reHepauum W pacnpocTpaHeHus KorebaHui B MONyorpaHUYeHHbIX CIOUCTbIX cpefax C
noKanbHbIMU HapyLLEHUAMMW CTPYKTYpbl U AeddeKTamun Ha nnockon noepxHocTn. CyTb MeToda 3akni4vaeTcs B
NMOCTPOEHMM BOSTHOBbLIX NOMEN C UCMONb30BaHMEM nHTerpanos Tuna pyHa-BonbTeppa, agpamu KOTOpbIX CriyxaT
byHOAMEHTarnbHbIE PeLleHns ypaBHEHWI dNacToaMHaMuKkK [8]. OTO 03Ha4aeT, Y4To Norne NnepemMeLleHnn BHYTPU
Tera BblpaxaeTcs Yepes rpaHnyHble NepeMeLLLEHNS U NOBEPXHOCTHbIE CUIbl, YTO CBOAMUT 3a4avy K onpeaeneHuio
3TMX BenuyunH. OMAEKTUBHOCTL MEeToAa BO MHOMOM 3aBUCUT OT yOayHOro pasbueHns rpaHuubl Ha
anemMmeHTapHble a4enkn. OBbIYHO byHAaMeHTanbHble peLleHns BbibnpatoTcsa B hopMe pacxodsaimnxcs BOSH.

CHWKeHre pasMepHOCTM 3afa4m, XxapakTepHoe Ansg MeToAa rpaHnYHbIX MHTerpanbHbiX ypaBHeHun (FNY)
MO CpaBHEHWIO C MeTOAaMM KOHeYHblX anemMeHToB (MK3) wnm pasHocTHbix metogoB (MKP), cywiectBeHHO
YMeHbLUAEeT YNCNO HEU3BECTHbIX N OOBEM BbIMUCIUTENbHBIX AaHHBIX. OTO NPEMMYLLECTBO OCOBEHHO 3aMeTHO
npuv MogenMpoBaHUM B HeOrpaHUYeHHbIX cpeax [25], B 4aCTHOCTM B 3afadax pacrnpocTpaHeHUss CeMCMMUYECKNX
BornH. OfHaKko B OrpaHuWYEeHHbIX Tenax CHWXKEHWe pasMepHOCTW He Bcerda npuBOAMUT K 3HAYUTENbHOMY
ynyyLeHnio 3PdEKTUBHOCTH.

B pabote [19] paccmaTpuBaeTcs 3agada B3aMMOAEWCTBMSA B CUCTEME «OCHOBaHME-COOPYXeHWe» Ha
f6a3e mogenuM OOHOPOAHOTO FIMHEWHO-YMNPYroro MOMynpoCTpaHCTBa C MNPUMEHEHMEM MeTOAa PaHUYHbIX
WHTErpanbHbiX YpaBHEHWWA. AHanu3upyeTcs HanpsXEHHO-gedopMMpPOBaHHOE COCTOSIHWME  COOpPYXEeHUs,
B3aUMOEWNCTBYIOLLLEro C YNpyrnm nonynpocTpaHCTBOM MpK yCrioBUM NNockon aedopmauun. [ns wnmoctpaumm
peLleHnsa 3afavv UCMosb3yeTcs NMpUMep CTaTUYeCcKoro B3anMOAENCTBUS COOPYXEHUS C MOSYNpOCTPaHCTBOM B
NIOCKON MOCTaHOBKE.

MpegnonaraeTcsi, YTO KOHeYHasi oAHopoAHasi 06NacTb C KOHTAKTHOW rpaHuLen B3aumoaencTByeT C
nonybeckoHeyHol obnacTblo. Ha KOHTaKkTHOM rpaHuuLe Mexay 3TMMmKU obnactamu cobroaarTcs YCrosus
COBMECTHOCTU: NepeMeLLEHNS Ha rpaHnLe pasaena AoMKHbI CoBNaaaTth, a CyMMa HanpsiKeHU — JOSHKHbI ObITb
paBHOW Hymo. Mcxogs M3 3TUX YCMOBUIA U ONMMpasicb Ha TEOPeMy O B3aMMHOCTU paboT, cchopMUpOBaHO
CUHIYNSIPHOE TPaHWYHOEe MHTEerpanbHoe ypaBHeHMe.

BTopoe MHTEerpanbHoOe ypaBHeHUe, onucbiBakwllee OCHOBaHME COOPYXeHWUdA, nony4yaeTcAa U3 aHalmsa
KOHEYHOM 0bnacTu, 4YacTUYHO ﬂOpr)KeHHOVI B NONynnocKOCTb, rae 4actb eé NOBEPXHOCTN coBnagaeT C
NOBEPXHOCTbIO HOﬂy6eCKOHe‘~IHOI7I obnactn. B atom YpaBHEHNN HEU3BECTHbIMWU BbICTYNMAKT nepemMmeLlleHna un
Hanpsa>XeHna Ha KOHTaKTHOM rpaHuge.

Takum o6pasoM, 3ajada B3aMMOLENCTBUS COOpyXeHuAa C OoCcHOBaHMEM CBOAUTCA K COBMECTHOMY
peLweHnto nonyquHon CUCTEeMbI UHTErpalbHbIX ypaBHeHl/IIZ C yLIéTOM yCJ'IOBI/IIZ COBMECTHOCTU Ha rpaHuue
pasgena. B pe3ynbTate peweHuna CUcTtemMmbl onpenendeTrca Haﬂpﬂ)KéHHO-,D,G(bOpMVIpOBQHHOG COCTOdAHMKE!:
Hanps>xXeHna n nepemMeLlleHna Ha KOHTaKTHOW rpaHunue, a Takke nepemMeLlleHnd no KOHTYpy anemMeHTa.

Takum obpas3om, U3 BbllLe PacCMOTPEHHbLIX METOAOB AN PELLUEHMSI AAHHOMo Kracca 3agad Haubonee
npeanoyTUTENbHLIM U 3P EKTUBHBIM ABNAETCA METOA KOHeUHbIX anemeHToB (MK3). OgHako npumeHeHne MK3
npu aHanuse B3aMMOAEWCTBUS 34aHWA W COOPYXEHUN C TPYHTOBbIM OCHOBAHUEM COMPSXKEHO C pPsaoM
TpyaHocTten. OQHOM U3 rnaBHbIX NPOGNeEM SBRseTCs NpaBumbHbIA BbIGOP pa3mMepoB 3NIEMEHTOB KOHEYHO-
aneMeHTHoOW ceTku. Hebonblune pasmepbl CTPOUTENbHbIX KOHCTPYKUMA U UX 3arnybneHue B rpyHT TpebyloT
MCMONb30BaHUSA MEJNIKOM CeTKM, KOoTopas MO3BONSeT [OOCTaTOYHO TOYHO MOAENMpoBaTb KOHTaKTHOE
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B3anmoaencTene KOHCTPpYyKUMM C OCHOBaHUEM. Kpome TOro, pas3Mep KOHEeYHbIX J3JIeMEHTOB [OOJIXEH
obecneunBaTb agekBaTHOE onucaHue pacnpocTpaHeHunsa CEeNCMUNYECKNX BOJSTH B prHTOBOVI cpepe.

YucneHHoe mMoaennpoBaHmne KOHTaKTHOro B3auMogencTBus coopyxeHnda C OCHOBAHUEM

JIN. CnensaH [39] pokasan, 4to npu BblbOpe OOCTAaTOMHO MMABHOIO WUCXOAHOro MMMySibca MOXHO
obecneuntb ero pacnpoctpaHeHne 6e3 naMeHeHns OpMbl Ha 3agaHHOE pacCTosAHME; NpM 3TOM Ans nodon
HarpysKku CyLLLeCTBYeT BpeMs (Mnv pacCTosiHMe), MOCre KOTOPOro nposiBnsieTcst acpekT anckpetmsauuu.

Bbin coenaH BbIBOA, YTO MUCMOMb30BAHUE MESKOM KOHEYHO-3NIEMEHTHOW CEeTKW MO3BONSAET aAeKBaTHO
MOZEenMpoBaTh pacnpoCcTpaHeHne CeNCMUYECKMX UMNYMNbCOB B rpyHTOBOW cpefe. OaHako cnegyeT yunTbiBaTh,
YTO Ype3MEpPHOEe YMEHbLUEHNE Pa3MeEPOB ANIEMEHTOB 3HAYUTENbHO YBEMNMUYMBAET BblYUCMUTENBHbIE 3aTpaThl.

Ewe ogHon ocobeHHOCTbIO paccmaTprMBaeMon 3afdayn ABfseTcs TO, YTO obnacTb aHanmM3a sBNsieTcs
nonyorpaHNYeHHoON, a NpMMEHEHME MeTo4a KOHEYHbIX 3NeMeHTOB TpebyeT annpokcnumauumn pacyeTHom obnactu
KOHEYHbIMY Tenamu, YTO MOXET NPUBECTU K 3HAYUTENbHbIM NOrPELLHOCTAM B pacyeTax. Kpome Toro, yumTbiBas
ONUTENBHOCTL CENCMUYECKOro BO3OENCTBUSA (OO0 HECKONbKMX [OECHATKOB CEKyHA) M BbICOKYHD CKOPOCTb
pacrnpoCcTpaHeHusi BOJTH B rPyHTE (00 HECKOSbKUX KUITOMETPOB B CEKYHAY), pa3Mepbl MOAENTMPYEMOIO rPYHTOBOIO
MaccmBa OOJMKHbI OblTb OOCTATOYHO G0ONbINMMK, YTOObI MUHMMU3MPOBATL BRUsIHUE KpaeBbiX 3dEKTOB Ha
pe3ynbTaThbl B panoHe 3gaHns Ha NPOTSXKEHNN BCEro BpeMeHM cemcMmnyeckoro sBosgencrems [1,2].

B cosokynHocTn c TpeboBaHWEM OrpaHMyYeHMs pa3MepoB KOHEYHbIX 3fIEMEHTOB AaHHOe YCroBue
NPVMBOAUT K 3HAYUTENbHLIM BbIYUCIIUTENBHBLIM  CIIOXHOCTAM MNPW  peLleHuM 3a4avnM Ha COBPEMEHHbIX
BblUMCIIUTENBHBIX KOMMekcax. Kak oTmeyanocb paHee, cericMuyeckme konebaHus rpyHTa MMeroT cnyyvanHbiv
XapakTtep, No3TOMy [JOCTOBEPHAs OLleHKa NOBEAEHNS COOPYXEHUS MO BO3AENCTBUEM OXNAAEMBIX Ha MIoLLaaKe
Harpy3ok BO3MOXHa TOSbKO NPy NOMOLLM CTaTUCTUYECKOro ModenmpoBaHus [42], koTopoe TpebyeT npoBeaeHns
MHOXECTBa YMCIIEHHbIX pacyeToB C pasHblMU napameTpamu. MHOrokpaTtHOe BbIMOMHEHUEe TakMX OOBbEMHbIX
BbIYMCIIEHNA MPUBOAUT K TOMY, YTO [aXe Ha COBPEMEHHBIX BbIMMCIUTENBHBIX CUCTEMAaX 3aTpaTbl BPEMEHU U
pecypcoB CTaHOBSATCS HEMNPUEMIIEMO BbICOKUMMU.

lMockonbKy Npu pelleHnn 3agay CeNCMUYECKNX KonebaHum coopy>KeHUn pasmepbl pacyeTHoOM obnacTtu
FPYHTa OrpaHuyeHbl BblYMCAUTENbHBIMW BO3MOXHOCTAMM, BaXXHO CBECTU K MUHUMYMY OLUMOKW, BbI3BaHHblE
KpaeBbiMn addektamn. B oblem cnyvyae 4YMCNEHHOrO MOAENUPOBAaHWS B3aMMOLEWCTBUSA COOPYXEHUS C
OCHOBaHWeM HeoBX0AMMO peLlaTb MPOCTPAHCTBEHHYIO AMHAMWYECKYIO 3a4ady KOHTaKTa doyHAaMeHTa C rpyHTOM.
Bonblwoe konnyecTBo 3apybexHbIX MccnegoBaHW MOCBALWEHO AMHAMUYECKUM KOHTaKTHbIM 3adayvam Ans
MaCCUBHbIX COOPYXeHW C 3aJaHHON B MnaHe popmMon, B3auMMOAENCTBYIOLLMX CO CIOUCTON rPYHTOBOW Cpefon.
BOMbLWMHCTBO M3 HWX COCPeoTOMEHO Ha 3ajayvax KOHTakTa abContoTHO XEeCTKOro wwTamna onpenerneHHown
¢opMbl CO COEM UMK NONYNPOCTPAHCTBOM B MIOCKOW UMM OCECUMMETPUYHOM nocTaHoBke [15,17,37].

Kak npaBsuno, npu YncrieHHoM MOAENVPOBaHUN KOHTAKTHONO B3aMMOLEWNCTBUS COOPYXEHUS C rPYHTOM
ceTKa, MpUuMeHsiemas ans rpyHTa, uMmeeT 6onee KpynHble S4EnKM Mo CPaBHEHUIO C CETKON CoopykeHus. B paboTte
[44] paccmaTpuBaeTca npobnema nepexoga OoT Habopa y3noBbIX CUM, OEWCTBYHOLMX B y3Mnax pegkon CeTku
rpyHTa, K Habopy cun, NPUNoXeHHbIX B y3nax bonee Menkon ceTkvn coopyXeHus. bbino BbIiBNEHO, YTO Npu TakoMm
nepexofe MOryT BO3HMKaTb BHYTPEHHME KonebaHus, KOTopble YCTPaHSHTCS, €CMu Mofie KOHTaKTHbIX CUl Ha
noaoLBe NpeacTaBUTb Kak CyMMYy TPeX KOMMOHEHTOB: MepBOro - pacnpefeneHHoro no nnowaan, BToporo -
COCpPefoTO4EHHOro no pebpam, u TpeTbero - NpeAcTaBnALLero cobor cunbl, COCpeaoTOYEHHbIE B yriax. Takke
HeobX0aAMMO peLnTb BOMPOC O MUHMMAarbHOM YMCIE Y3M0B Ha KOHTaKTHOW noBepxHocTU. CornacHo HopmMam npu
KOHTaKTe TOMbKO MO MOAOLLBE PEKOMEHOYETCS UCMONb30BaTb HE MEHEe BOCbMW 3fIEMEHTOB BAOfMb KOPOTKOMW
CTOPOHbI NOAOLIBbLI. ECnn ke KOHTaKT MpoMCXOoauT Takke Mo GOKOBbIM CTEHKaM, HOPMbl TPebyloT y4uTbiBaTh
KOHTaKT MO HWXHEM 4acTu OGOKOBbIX CTEHOK rnybvHom He 6Gonee MOMOBMHbI O6LIEN TMyOuHbI 3anoXeHus
dyHOameHTa, HO He 6Gonee 6 meTpoB. [Ans BepTuKanbHbIX «pebep» HOPMbI He YyCTaHaBMNMBaKT TOYHOrO
KONM4ecTBa Y3roB, OAHAKO HE PEKOMEHAYIOT MPUMEHATb CETKU C MEeHee YeM ABYMS y3namu Ha pebpe [44].

Mpu yncneHHoM MoAenMpoBaHUM CENCMUYECKUX kKonebaHum Coopy>KeHW BO3HWKaeT HeobBXOAUMOCTb
yunTbiBaTb AeNCTBME cunbl TshkecTu. Kak oTmevaeTtcs B pabotax [1,45], maccuBHble 30aHusl, NOCTPOEHHbIE Ha
FPYHTax C HEBbICOKOM XECTKOCTbH0, OKa3biBaloT 0bpaTHoe BNUsHUE Ha KonebaHust OCHOBaHWS MpU CENCMUYECKMX
BO3[ENCTBUAX, CYLLECTBEHHO U3MEHSS [ABWXEHWe rpyHTa Ha nrowagke no CpaBHEHUIO C TaK HasbiBaeMbIM
«MNOMNeBbIM» [ABWXEHUEM - TO eCTb [ABWKEHMEM [pyHTa Ha TOW >Xe nrowagke B OTCYTCTBUE COOPYKEHUS.
CtpoutenbHble HOpMbI TpebyloT npu pacyE€Te KOHCTPYKUUM Ha CEeNCMUYECKMe Harpysku YyuuTblBaTb
OOMNONHUTESNbHbIE YCUMNUSA, BO3HMKAIOLME B 30aHNAX BCNEACTBME NPOCadKM rpyHTa B poLuecce akennyaTtaumn. B
pabote [18] npu YMCrEHHOM MOAENUPOBAHUM B3aMMOLEWCTBUSA COOPYXKEHUIN C FPYHTOM AaHHble TpeboBaHus
TakKke NpMHMMAalOTCH BO BHMMaHMe.

Ewe ogHum BaXHbIM acrnekTom npn 4YMcrneHHomMm moaennpoBaHUn B3aMMOAENCTBUSA COOpYyXeHna c
FPYHTOBbIM OCHOBaHUEM ABNAETCA Bbl60p Moaenun rpyHTta. [nsa storo onpenendarTcd Krnto4YeBble XapakTePUCTUKA
rPyHTa - AMHaMU4eCKme Moayrnn cxatma n casura, KOS(beMLI,I/IeHT 3aTyxaHunda v gpyrme napameTpbl, Ha OCHOBE
KOTOPbIX BbI6MpaeTCﬂ nogxogduiaa mogenb nosefeHuA rpyHToOBOro OCHOBaHUA [26]. [Ons 6onee TO4YHOro
onmncaHna pacnpocTpaHeHunda CENCMUYECKMX BOMH B rpyHTE pa3pa60TaHb| CIIoOnCTO-HEeogHOpPOOHbIE W
TpewmnHoBaTble MoaeNn cpeabl.
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B paboTe [27] paccMOTpeHbl MeTOoAbl U MOAX0AbI, UCMOMb3yEMbIE NPU PELLEHNN NPSIMbIX AUHAMUYECKMX
3ajay TeopuM ynpyroctTn u CEnCcCMoriornn, a Takke NpoaHanM3MpoBaHbl Pas3nuyHbie MOAENWN FPYHTOBbLIX Cpes.
OTMeHaeTCﬂ, YTO NOCTpoeHne CEeNCMNYECKMX BOMHOBLIX Monen BOaNIM OT UCTOYHUKaA 00ObIYHO BbIMONHSAETCS B
paMkax [OUHaMWYecKOW Teopuu yMNpyrocTu, Torga Kak Heynpyroe noBedeHWe cpefbl y4uTbiBaeTcs
NpenMMyLLeCTBEHHO BONN3M NCTOYHUKA KonebaHui.

B pa6ote [23] uccneayoTca CBOWCTBA MPYHTOBOrO MacCKBa, COCTOSILLErO M3 HECKOSbKUX croeB. [ns
CroeBs, BKIMIOYaIOLWIMX CKanbHble MopoAdbl M U3BECTHSKM, a Takke HecKarnbHble Mopodbl C MEeNKO3epPHUCTOM
CTPYKTYpOW (Hanpumep, FMuHbI), NPYM YMEPEHHbIX Harpyskax npeanaraeTcsi UCMOSb30BaTb JIMHENHO-YNPYryto
MoZesb NOBEAEHUS.

[Mpn NPOEKTPOBAHUN MHOTOITaXKHbIX 30aHWI BaXHbIM SIBNSIETCA CTporoe cobnoaeHne TpeboBaHun no
HecyLlen cnocobHocTn u aeopmaumsam pyHaameHToB. Ecnv nAnTHBIN oyHAAMEHT B onpeaenéHHbIX YCNoBMsaX
He oTBevaeT 3TUM TpeboBaHUAM, ero rpyHTOBOE OCHOBAHME MOXET ObITb YCMMEHO BypoHabuBHLIMKU CBasiMu Mo
TexHonormm CFG. Korga dyHaameHTHas nnuTa U BEepXHME KOHLbl CBall He CBSA3aHbl XXECTKO, @ MexXay HUMM
NPUCYTCTBYET FPYyHTOBasa noAyllka, B3aumMoOencTBMe B CUCTEMe «MnuTa — nogyllka — cBau — FPyHT» noj
Harpyskon CTaHOBUTCHA BECbMa CNOXHbIM. BonbLuoe konnyecTso cean NPUBOANUT K 3HAYUTENbHOMY YBENUYEHNIO
yncna creneHen cBoOOAbl, YTO YCMOXHSET OUEeHKY 3h(eKTMBHOCTM MPOEKTHbIX pelweHuin. Kpome Toro, npwu
KOMOVHUPOBaHHbIX OObEKTax, HanpuMMep, KOMMSeKcax 34aHUM C NOA3EMHbIMW 3TaXamu, pasMeLleHHbIX Ha
eavHon yHOAMEHTHOW nnuTe, AaXe WCMNOMb30BaHWE OLHOMEPHbIX CBaWHbIX 3MEMEHTOB, BCTPOEHHbIX B
0OBEMHYIO CETKY IpyHTa, MOXET MpMBECTM K npobnemMamMm CXOOUMOCTM YMCMEHHBIX PELUEHUN UNKN Ype3MepHO
OONromMy BpeMeHu pacdéTta. Takum obpas3om, Ha NMPaKTUKE CMOXHO HaWTU 3PEEKTUBHYIO CXeMY ANs OLEHKM
paboTbl BbIGpaHHbLIX KOHCTPYKTUBHbBIX PELLUEHUN.

Ona peweHns aton 3agaum B pabote [38] npegnaraeTcs MeToqd 3amMeHbl CBaMHOrO OCHOBAHUSA
9KBUBANEHTHbIM  MAacCMBOM T[PyHTa, pacCMaTpyMBaeMblM Kak eOuHOe Teno C  aHW3O0TPOMHbIMU
yNpyronnacTMyecKUmMn CBOMCTBAMM U YIYYLIEHHBIMU MEXaHWYECKUMUN XapakTepUCTUKaMnU. ITO 3HAYUTENbHO
CHWXXaeT CNOXHOCTb MOAENN 1 YNPOLLAET BbIYUCIEHUS.

Takum obpazom, BO MHOrmx crny4vasx [10,23,27] BO3MOXHO UCNONb30BaTh AOCTAaTOYHO NPOCTYH MOAENb
yNpyroro nonynpocTpaHcTBa. OTO NO3BOMSIET CBECTU 3a4a4y K pacyeTy konebaHun TBepaoro unm ynpyroro Tena
C 3aQaHHON MaccCOKn, PacrnofioKEeHHOro Ha NOBEPXHOCTU OAHOPOAHOW, W3OTPOMHOW M HEMNpPEepPbIBHOW YNpyrown
cpeabl Unu cpeabl, COCTOSALLEN N3 HECKOIbKUX CITOEB C Pa3NNYHbIMU MEXaHUYECKMN CBOMCTBaMM.

Mpn matemaTu4yeckoMm MOAENMPOBaHUN CENCMUYECKMX BMOpaUMiA Ha3eMHbIX KOHCTPYKUMI BO3HMKaeT
3afava BbibOpa METOLOB MOLENMPOBAHUS CencMMYecknx konebaHui. PelueHne 3TOM 3agaym OCOXHSETCA
HeonpeaenéHHOCTLIO HaMnpaBneHUs1 PacrnpoCTPaHEHUA N aMMNIIMTYAHbIX XapPaKTEPUCTUK CENCMUYECKUX BOJTH.
OKcnepvMeHTanbHble M CUMHTE3WPOBAHHbBIE akceneporpaMMbl AAalOT KMHEMaTUYeCcKMe MnapamMeTpbl TOYeK Ha
NOBEPXHOCTU, OAHAKO ANSi YUCIIEHHOrO MOLENMPOBaHMS HEOOXOAMMO 3a4aTbh UMMYSbCHYK Harpysky, kotTopas
npy NPUNOXEHUN K rpaHuLaM pacdeTHOW oOnacTu rpyHTa Ha MOBEPXHOCTWM BOCMPOM3BOAMIIA Obl 3a4aHHYI0
akceneporpammy.

BbiBOAbI

1. 3gaHve n ocHoBaHWe 0bpasyloT eAuHY AMHAMUYECKYIO CUCTEMY, B KOTOPOM NapameTpbl COOPYKEHUS
BNUAIOT Ha XapakTepuUCTUKM CEeNCMUYECKMX BO3OAENCTBUNW, [AEWCTBYIOLMX Ha YPOBHE OCHOBaHWS.
CnepoBatenbHO, (M3nyeckne CBOWCTBA MPyHTa OCHOBAHMSA OKa3blBalOT 3HAYUTENbHOE BMMSHWE Ha peakuuto
COOpY>KEHWS.

2. AHanus nutepaTypbl NOKa3bIBaeT, YTO A pacyéta 34aHun U COOPY>KEHUI Ha CENCMNYECKME Harpy3Ku
ONTUMAarbHO MPUMEHATb YUCFEHHbIE MeTOoAbl C WCNONb3OBaHWEM Cheuuanu3npoBaHHbIX MPOrpamMMHbIX
KoMmnnekcoB. [ns  noBbiweHns 3PdEKTUBHOCTM Takmx pacy€ToB Heobxoammo paspabatbiBaTb U
COBepLUEeHCTBOBaTb MOAENN, cnocobHble afeKkBaTHO OnucbiBaTb CENCMUYECKME MPOLIECCHl B CPeAe C YY4ETOM
KOHTaKTHOro B3anmMoLencTBus 34aHnsa 1 OCHOBaHUS.

3. N3 0630pa nuTepatypbl Mo BLIGOPY afekBaTHOW MOAENW rpyHTa CreayeT, YTo BO MHOMMX Criydasx

LenecoobpasHo NCMOsb30BaTb JIMHENHO - YNPYTY0 MOAENb FPYHTOBOTO OCHOBaHUS.
Peyensenm: 3apugos C.C.—Kanoudam mexpunecKux, Hayx, i.o. douenma Kagedpvl «JTpomvliurenoe i 2paxKQaHcKoe
cmpoumenvcmeoy JIIITY umenu axademurg M.C. Ocumu
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YAK 711 379.8

rPAOOCTPOUTEJIbHOE NMNIAHUPOBAHUE BHYTPEHHEIO NPOCTPAHCTBA
PErMOHA (HA NPUMEPE NrOPOOA OYLWAHBE)

LI.N. PaxmaTtynnosona
TamKuKCcKkuii TEXHUYECKUH yHUBEpCUTET UMeHH akagemuka M.C. Ocumu

AHanu3 COBpPEMEHHBIX MOAXOAOB K Pa3pabOTKe M peaju3allid T'eHEPaJbHBIX TUIAHOB TOPOAOB M PAHOHOB IMOKAa3bIBACT, YTO
3(h(HEKTUBHOE IPATOCTPOUTEIHHOE PA3BUTHE HEBO3ZMOXKHO 0€3 PEAIMCTHUHBIX CTPATETUI, OCHOBAHHBIX HA aKTyaJbHBIX JaHHBIX. OIHUM
U3 KJIIOYEBBIX BBI30BOB XX Beka CTAHOBHUTCS CTPEMUTENBHBIA POCT TOPOACKOTO HACENEHUsS, KOTOPBIM COMPOBOXKIAETCS M3MEHEHHUEM
KJINMaTa, Ierpajialiei OKpy-Karomieil cpeibl 1 yCHUIEHHEM COLIMAIbHON MOspu3auu. B Takux yClIoBUSX BaXKHBIM CTAHOBUTCS MEXaHU3M
KOPPEKTHPOBKH TeHepalbHbIX IaHOB. CBOCBPEMEHHbIC M3MEHEHHs, OCHOBAHHBIC Ha aKTyaJbHOW MH()OPMAIMH U MEKCEKTOPAIbHOW
AHAJIUTUKEC, SABJIAKOTCSA HCO6XOHI/IMI)IM YyCI0BUEM B(b(i)eKTHBHOﬁ peanmnszanu rpaJoCTPOUTEIILHBIX ITPOTPaMM.

Knrouesvle cnosa: nianuposauue, 2padocmpoumenscmeo, apXumekmypd, HPOEKMUpOSawnue, CHPOUMEIbCmeo, 20pood U
paiionbl.

URBAN PLANNING OF THE REGION'S INTERNAL SPACE (using the example of Dushanbe)
Sh.l. Rakhmatullozoda

The analysis of contemporary approaches to the development and implementation of master plans for cities and regions reveals
that effective urban planning is impossible without realistic strategies based on current and projected data. One of the key challenges of
the 21st century is the rapid growth of urban populations, accompanied by issues such as climate change, environmental degradation, and
rising social polarization. In this context, the mechanism for adjusting master plans becomes particularly significant. Timely incorporation
of changes—based on up-to-date information and cross-sectoral analysis—is a critical prerequisite for the successful implementation of
urban development programs.

Keywords: planning, urban development, architecture, design, construction, cities and districts.

BAHAKLIATMPUN LLAXPCO3UN PA3OU OOXUNTUN MYXUT (6a muconu waxpwm
AywaH6e)
LU.U. PaxmaTynnosoga

TaxJIMIM paBULIXOM MYOCHP Jap TaXus Ba TaTOMKM HAKIIAXOU TEHEPAINH LIaXPXO Ba HOXUSIXO HHIIOH MEAWXaJ, KU PYIIAN
caMapaHOKH MIaxXpco3ii 6e CTPaTerusikon BOKEH, Ki 6a MabIiyMOTH BOKE# Ba IypHaMO acoc é(Taan, FAPUUMKOH acT. SIKe a3 MyIIKHIIOTH
acocun acpu X X1 ad3onmm 6ocyprary axonuu maxpi Mmedomaz, Ku 00 MaYMyH MYIIKAIOTH MyTaKOOWIIaH aTOKaMaH XaMPOX il MEKyHa:
TarHUpEONN MKINM, OaaIIaBUM X0JIaTH MyXUTH 3UCT, ah30UIIHN OEKOpH Ba IIUIaT TupudTann TadhpuKan HYTUMOi. [lap 4yHHUH OIapowT,
MEXaHM3MH BOPHUJ Kap/JaHW HCIOXOT Oa HaKIIaXOW TeHepalliM IIaXp axaMHsATH Maxcyc Maiio MekyHaa. Bopuacosmu capuBakTHH
TaFHMPOT, KM 0a MabIyMOTH aKTyaJlil Ba TaxJIMiIM OaifHMcoxaBé acoc €pTaaHi, SK Yy3bH MyXHMH IIAPOUTH TAaTOMKH MyacCHpH
0apHOMaxOH PYIIOH HIaXp Ba OEXTapCO3UH MyXUTH 3UCTHU IIaxpi Oa ImryMop MepaBal.

Kanumaxou kanudi: banaguazupu, waxpcosii, MebMOPI, mapxpesu, COXMMOH, GUHO, MYPAKKAD, Waxpxo 6d HOXUAXO.

BeepeHue

pagocTpouTenbHoe MNNaHUpPoOBaHWE SBMSAETCA OCHOBOW 3MMEKTUBHOTO PpasBUTUA TEPPUTOPUNA,
OXBaTblBas NPOEKTMpOBaHWe, pa3paboTKy 1 KOPPEKTUPOBKY reHeparibHbIX NNaHoB, pacnpeaeneHne pecypcos U
pa3BuTue WHPaAcTPyKTypbl. CoBpemMeHHble BbI30Bbl, TakMe Kak ypbaHu3auus, W3MeHeHwe KiumaTta u
3KOHOMMYECKMe TpaHcdhopmaumm, TpebytoT OT rpagocTponTenel pa3paboTkm aganTMBHbIX peleHnn. OgHum 13
Ba)KHbIX aCMeKToB SABMNSETCA KOPPEKTUPOBKA MNIMAaHOB Ha OCHOBE aKTyarbHbIX AaHHbIX, YTO NO3BONSAET co3faBaTb
Gonee rmbkne Mopenu ropoAcKkoro WM pPervoHanbHOro pasBuTUs. [ns ycnewHoW peanusauuyM MpOeKToB
HeobX0AMMO HanuuMe KavyeCTBEHHOW OOKYMeHTauuu, BKMoYas CXeMbl TepPpUTOPManbHOro NraHWMpOBaHUSA U
MOSICHUTENbHbIE 3anUCKN. ATW OOKYMEHTbl CryXaT OCHOBOW ANS MNPUHATUS pPeELLeHWA W OonpeaerneHns
HanpasneHnn pasBuUTNA TEPPUTOPUNA.

MpucyTcTBNE OOKYMEHTOB TEPPUTOPUANIBHOIO MITAHUPOBAHUSA, TakKUX Kak CXeMbl C 0OOCHOBaHUAMU U
NOSICHUTENbHbBIE 3anuckK, obs3aTenbHo. K 06bekTaM, BNUAIOLWMM Ha pa3MelleHne OObLEeKTOB pervoHarbHOro
3Ha4YeHUs1, OTHOCATCHA 3KOHOMUYECKNE 30HbI, OXPaHAEMbIE TEPPUTOPUM N OOBEKTBI KyNbTYPHOIO Hacneaus.

YCnoBuMss U U3MEHEHUsI TeOoMNoONIMTUYECKON OOCTAHOBKM, B KOTOPbIX pPeanu3yloTCa MeponpusTus
coumnarnbHO-3KOHOMUYECKOrO  pas3BUTUA  PanOHOB, BKIKOYAKT  pernoHarnbHoe nnaHupoBaHue. [pyrue
MEpOonpuUaTUS - 3TO WHHOBALMOHHO-3KOSIOrMYeckme, WHOPMaUWOHHAa cpeda, BHELWHWe BO34encTsus,
CTaHOBMEHNE PbIHOYHOW 3KOHOMMKW, BO3POXAEHWE HaLUMOHANbHOW KynbTypbl AWKTYIOT HOBble MpaBuna wu
TpaHcdopMaumn B CUCTEME TPadOCTPOUTENBHON MPaAKTUKKA, MOCTOAHHO OBHOBNAS U KOPPEKTUPYSA UX C YYETOM
HOBBbIX YCITOBUN XU3HECTONKOCTH.

Takum 06pas3om, NnaHMpoBaHMe MOXET ObITb Kak KpaTKOCPOUYHbLIM, TakK M JONITOCPOYHBLIM B 3aBMCUMOCTU
OT cTpaTtermyecknx uenen. Ecnu pernoHansHoe nnaHMpoBaHWe peluaeT couuanbHO-3KOHOMUYECKOe pas3BuUTme
OTAENbHbIX paviOHOB, TO TeppuTopuarnibHoe NfaHMpPOBaHWE OTNMYaeTcd pasMelleHMeM OObEKTOB
HeABWXMMOCTU, OOBLEKTOB KanuTanbHOrO CTPOWUTENbCTBA, OTBETCTBEHHOE 3a peanu3aumio HaMeYeHHbIX
nporpamm. [lpucyTcTBME [OKYMEHTOB TEppUTOPMAnbHOro MNMaHUPOBaHUSA, KOTOPbIE BKMAKYAKOT  CXEMbl
TeppuTopmanbHOro NnaHMpoBaHWsi ¢ 0BOCHOBbLIBAKLIMMU MaTepuanamu, To €CTb MOSICHUTENbHY 3anucky ¢
COOTBETCTBYIOLLMMN XapaKTepucTukamu, siensietca obssarenbHbiM. K obbekTtam, BAMSAIOWNM Ha pasMeLleHne
0BOBEKTOB pernoHanbHOro 3HavyeHusl, OTHOCHATCH CXeMbl TEPPUTOPUAnbHOrO MNaHUPOBAHUSA, 3KOHOMUYECKUe
30HbI, OXpaHsieMble MNpUPOAHblIE TEppUTOPUKN, OBBLEKTbl KyNbTYPHOrO Hacneausi, a Takke 30Hbl C OCOObIMU

152



[Maému nomurexuuki. BAXIIN TAXKUKOTXOU MYXAHIMCH. Ne 3 (71) 2025

YCMNOBMSIMW MCMNOMb30BaHUsi TeppuTopuun. B 3aBMCMMOCTM OT NpPOLECCOB KOHLEHTpauuM rpagocTpouTenbHOM
aKTUMBHOCTM - MPUCYTCTBYET Xunasi, MpOM3BOACTBEHHAS, PEKpeaLnoHHas cpefa, YTo BeaET 3a cobon akTUBHOE
HOBOE CTPOMUTENLCTBO U PEKOHCTPYKLMIO (PUCYHOK 1,2).

Pucynok 1 - a) acku3 nianuposouHo2o peuieHus KOHKYPCHO20 npoekma 67- Mukpopaiiona 6 2. [yuwanbe, npumeHss 0CHO8bl
2Pa0oCmpoumenbHo20 dcnekma (MuyHslll apxus, macmepckas 1) 6) obpabomarnnasn 31eKmpoHHAs 8epCUsl ICKU3A

Pucynox 2 - a) lpumep nianuposounozo pewenusi KOHKYPCHO20 NPOeKma Mukpopationa «3apaguiony 6 2. [ywanbe
(nuunblil apxue, macmepckas 2) cxema 3ckusza 6) ICKU3 yeemosoe peuwienue 8) ICKU3-npoexm paspabomxu 2eHepaIbHO20
naaua

Mpeobpa3oBaHue NnaHMpPOBaHUSA U NOLTOTOBKA CXEM TeEPpUTOpPUI obecneunBatoTca 6e3onacHbIMA 1
OnaronpuATHLIMW YCIOBUAMUN A1 XKU3HEAEATENbHOCTU YenoBeka. BaxHyo pornb B 3TOM UrpatoT CKOPOCTHbIE
aBTOMarucTpanu, Manasi aBuauusi, CMyTHUKOBAsi CBSA3b, OECNWMOTHbIE CUCTEMbI, @ TaKKe COBPEMEHHbIE
VMHOPMALIMOHHBIE TEXHOMOTMK, BKIYAas KOMMbIOTEPbI, WHTEPHET U MOOUIbHbIE YCTPOWCTBA, KOTOpble
cnocobcTBYOT 3(OEKTUBHOMY MCMOMB30BAHNIO r€OUHGOPMALMOHHBIX cucteM. [1]Y7. OTu cuctembl Kak ¢poH
oblwecTBa, rge MeHSATCA MOTPeOHOCTU TOPOACKUX, CenbCKUX xuTenen. OCHOBbI PagoCTPOUTENBLHOIO
NNaHMpoBaHWsi BHYTPEHHENO MPOCTpaHCTBa NOOOro pervoHa 3aBUCAT OT (PaKTOPOB M ChnyaT MexXaHW3MOM
opMMPOBaHMSA B COBEPLUEHCTBOBAHUMN TAKOrO acrnekTa Kak naHawadTHOe nnaH1MpoBaHUE ropogoB M pafioHOB
— MMaHMPOBOYHAsA CTPyKTypa. OTO MOAeNb MPOCTPAHCTBEHHOW OpraHmsaumMmM Tepputopuu, cocTosllas u3
MIaHUPOBOYHLIX LIEHTPOB, OCEN, pPaMOHOB W 30H, BMOCMEACTBMM KapKac B COCTaBE Y3MOBbIX W JMHEWHbIX
KOMMOHEHTOB.

B ropoge [ywaHbe cornacHo reHepanbHOMY NiiaHy Ans uccnenoBaHus Obinv paccMmoTtpenbl 20 Xunbix

pavioHoB 1 113 MukpopanoHoB (MO OTYETY [MaBHOrO ynpaBfeHUs1 apXWUTEKTYpbl U rPagoCTPOUTENbLCTBA T.
OywaH6e) [8]. B pamkax 0OHOBMNEHHbIX MOAXOAOB NpeAnonaraeTcsa co3gaHne OeBATU HOBbIX XWUSbIX PaloHOB U
0CBO€HMe 47 MUKPOPaANOHOB C COBPEMEHHOW NHAPACTPYKTYPOW. YunTbIBasd TeMMbl ypbaHn3aumm, ni1aHMpoBaHme
AOIMKHO OPMEHTMPOBATLCS Ha CPeOHECPOYHYIO U AOMNrOCPOYHYIO MepCnekTnBy, paspabartbiBas cTpaTermyeckme

nnaHbl Ha Gnvkanwmne 5-20 NeT B 3aBMCUMOCTM OT XapakTepa TepPUTOPUN.

17 E.H0.KonboBCKMit cTpaTernyeckoe NpocTpaHCTBEHHOE NNaHUPOBaHME KaK MHCTPYMEHT PErMOHaNbHOMo Pas3BuTUs.
fipocnaBcKkuii neaarormyeckmii BectHMk-2011Ne3, T Il (ecTecTBEHHble HayKu)
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"eHepanbHbI NNaH ropoaa, paccumTtanHbii 0o 2025 roga, Hadan peanusauuio B 2019 rogy. OgHako anst
yCMneLwHon peanusauumn HeobxoamMMm TaTenbHbIN aHan3 PUCKOB Y BO3MOXHbIX OTKIOHEHWI OT NepBOHaYarnbHbIX
peweHnin. OCHOBHbIE BbI30Bbl CBSA3aHbl C agantauMen nnaHoB K rrnobanusaumn M KOHKYPEHTOCMOCOBHOCTU
ropogos.

CoBpeMeHHble MeToAOMornyeckne OCHOBbI pa3paboTkM reHepanbHbIX MNaHOB KPYMHbIX TFOPOAOB
3a4acTyl0 He CrnocoBCTBYIOT CO34aHUI0 3PPEKTUBHBIX, adaNTUBHbBIX U XMU3HECNOCOOHbIX FPagoCTPOUTENbHbIX
cTpaternin. 3T nNoaxodbl B psAae CnyvyaeB OKasblBAOTCA WHEPTHbIMU K COBPEMEHHbLIM BbI3OBaM U yrposam, ¢
KOTOpbIMW CTanKMBarTCS ropoda B ycrnosusax rnobanmsauun. OauH U3 KoYeBbIX BbI3OBOB — HEOOGXOAMMOCTb
nHTerpaumun B rrobasnbHble NPOLECChl, B pamKax KOTOPbIX 0COBEHHO BO3pacTaeT pofib KPYMHbIX rOPOAOB Kak
LIEHTPOB KOHLEHTpauun Kanurtarna, TEXHOIOMi, YernoBeyecKoro pecypca u KyrnbTypHOW akTMBHOCTWU. B aTon
KOHKYpPEHTHOM cpede ropoga OoptoTca 3a MHBECTUUMM, 3a pasMelleHWe COBPEMEHHbIX MPOM3BOACTB U 3a
npuBreYyeHve KeannUUMPOBAHHbIX CMeuuannucToB, OCOBEHHO B KpeaTUBHbIX W BbICOKOTEXHOMOMMYHbIX
oTpacnsx.

B cBA3M C 3TMM BO MHOIMMX 3apyBexHbIX Meranonucax peanvayetcs KOHLenums KOHKYPeHTOCnocobHOoro
ropoga, nexaiuas B OCHOBe pa3paboTku reHepanbHbIX nnaHoB. OCHOBHOE OTMMYME MEXAY OTeYEeCTBEHHOMN U
MeXOyHapOAHOW NPaKTUKOW MIaHUPOBAHUA 3aKMYaeTcs B CTEMEHN UHTerpaumm coumanbHO-9KOHOMUYECKON U
rpafocTpouUTENbHON  NONUTUKA. B MexayHapooHoW npakTuke 3Tu  cdepbl  paccMaTpmBaloTCs  Kak
B3aUMOOMONHSALWINE U Hepa3fgenuMble KOMMOHEHTbl YCTOMYMBOrO pas3BuTUSA FOpodoB, B TO BpPeMs Kak B
OTeYeCcTBEHHbIX nogxogax NogobHasi CMHeprusa Noka peannsyeTcs parmeHTapHo.

MoHaTne ypobcTBa pacceneHns HOCUT  KOMMMEKCHbIA Xapaktep W BKMAyaeTr B cebsa psag
B3aMMOCBSA3aHHbIX (DAKTOPOB [7]: TPAHCMOPTHYK AOCTYMHOCTb K OCHOBHbIM MeCTaM 3aHATOCTM, 6nmM3ocTb
obpasoBaTeribHbIX, TOProBbIX M MHbIX OBCMYXMBAIOLWMX YYpeXOeHUn, ypoBeHb BnaroycTporucTBa TepputTopumn,
KayeCTBO TPaHCMOPTHOrO coobuieHus. B cnyvae cenbCkux TeppuTopui AOMNOMHUTENBHO YYUTbIBAKOTCH
napameTpbl, CBSi3aHHble C OpraHM3auvMen XO3AWCTBEHHOM W XUBOTHOBOAYECKOW AeATenbHOCTW, a Takke
3KOMNOTNYECKMMU PYHKLNAMN 3TUX TEPPUTOPUIN.

LleHTpanbHOe nonoxeHune ropoga OywaHbe B cucteme arnomepaunn, obbeamHsowen npuneratowme
HacenéHHble MyHKTbl, @ Takke Hanuume YCTOMYMBBLIX TPAHCMOPTHbLIX CBA3EN C APYIUMW PermoHamu CTpaHbl,
npegonpeaensoT noTeHumarn CTpeM1TENbHOro pocTa ero 9KOHOMUYeCKon 6a3sbl 1 BCEro CTONMYHOIO permoHa [3].
Oywanbe Tawke BbicTynaetr sgpom [wmccapckon (OywaHOUMHCKOW) cuUCTEMbl paccerneHus, OxBaTblBaloLlen
HaceneHue NepBoro 1 BTOPOro NOSCOB TPaHCNOPTHOW AOCTYMHOCTU YNCNEHHOCTbIO A0 1,5 MIH. YenoBek.

Ctonuunbin  ctatyc [ywaHbe npegnonaraeT BbINOMHEHWE UM PErynupylowwmx  dyHKLUR,
obecneynBaloLLMX MHTErpaumio TeppuTopuarnbHbIX OTHOWEHWA B MacwTabax Bcew pecnybnukn. K Takum
PYHKUMAM OTHOCATCH aAMUMHUCTPATUBHO-yNpaBreHyYeckne, couuarnbHble, KOMMEpPYecKo-4eroBble, a Takke
Npou3BoACTBEHHbIE. [laHHbIN cTaTyc TpebyeT BbipaboTKM HOBOM KOHLIENUUW Pa3BUTKS ropoaa, B LLIEeHTpe KOTOPOW
HaxoguTcsa 6anaHc Mexay BbIMONHAEMbIMU PYHKUMAMM, NX MacliTaboM 1 TeppuToprarnbHON HanpaBieHHOCTLHO.

AHanu3 coBpeMeHHbIX Npobnem pocTa ropoAoB Yepes NpuaMy ypbaHUCTUYECKUX NOAXOA0B MO3BOSMMII
bonee CUCTEMHO paccMoTpeTb Bonpockl pa3suTus AywaHbe. BoisBneHHbie NpobnemMbl 1 BO3MOXHbIE NYTU KX
pelleHnst pacCMOTPEHbl B pamKax TPEX KMIOYeBbIX HanpasneHwun rpagoperynupoBaHusa. Ocoboe BHUMaHWe
yAaeneHo npobnemam peanu3auum MexaHW3MOB perynMpoBaHusl, KOTOpble, C OAHOW CTOPOHbI, HanpaBneHbl Ha
ynyudlleHne KavecTBa XM3HW HaceneHws, a ¢ ApYyro — 4acTo peanu3ytoTcs 6e3 y4acTusi cammx ropoXaH.
OTtcyTcTBME MpoayMaHHbIX (POPM BOBIIEYEHUSI HAceneHus B MPOLECChl PasBUTUSA, a Takke WUrHopupoBaHwWe
HeobxoaMMoCTM (hopMMpPOBaHMSA YCTOMYMBBIX TeppuUTOpMarbHbIX COODLLECTB KaK Kro4veBbiX CyObekToB
rOPOACKOro pa3BUTUS SBMSIIOTCS OOHUMW M3 Hanboree OCTPbIX BbI30OBOB COBPEMEHHON ypbaHusauum [2].

MiMeHHO B npoekTax [fgeTanbHOW MNMaHUMPOBKM MOXHO HabnwgaTb MNPOEKT  OCYLLECTBIEHUS
XKN3HEOEATENBHOCTU XKWMOro opraHvamMa. [lpumepoMm Ansi aHanmMsa MOXET CHYXWUTb MPOEKT AeTarbHON
NNaHNPOBKN HEKOTOPbLIX MWKPOPANOHOB, B YAaCTHOCTM MepeceyeHus NpoekTa nnaHMpoBKU B pavioHe ynuu A.
Jloxytin, bexson, M. TypcyHsoga u Lotemyp, panoHa W. ComoHu (aBTopel OOO "I'M Ba [lapTHépbl",
Paxmartynnosoga W.W.) npeactaesneHHoro Ha (pucyHke 3). OTo npeaBapuTenbHbln 3CKU3HbIM BapnaHT, KOTOPbIN,
HECMOTPS Ha CBOK 3HAYMMOCTb, TpebyeT TwaTenbHOW NpoBepku. Ecnu npoBecTu HaTypHble obcrneaoBaHus
OAHHOrO y4yacTKa, MOXHO OOHapyxuTb, YTO GOnblUMe NyCTylLWMe MNPOCTPAHCTBA, yKasdaHHble B MpPOEKTe, B
peanbHOCTM HAYMHAKT 3aMNOSNHATLCA AOMNONMHUTENBHBIMU XUITbIMU 3aCTPONKaMMU.

OpHor 13 npobnem JaHHOro 3CKM3HOMO BapuaHTa SIBMSIeTCA OTCYTCTBME TOMOrpacouyecKkor CbeEMKN U
WHXXEHEpPHbIX ceTel. B CBA3W C 3TUM [aHHbIA MPOEKT HE MOXET ObITb NMPUHSAT 3@ OKOHYaTENbHbIN JOKYMEHT U
rMaBHYO OCHOBY ANs AarnbHenwen paspaboTku npoekTa geTanbHOW NNMaHWPOBKW. Ha CMyTHUKOBBLIX CHUMKaX
Google yeTko oTOOpakeHa YacTHas 3acTpoWka, KOTopasl, Kak MOKa3blBaeT MpaKTMKa, He COOTBETCTBYET
npeanoXeHHOMy nnaHy. B npoekte Takke He y4TeHbl BaXXHeWwune napameTpbl, Takue Kak JIMHWUS 3aCTPONKU
(kpacHas nNuHKA), NOTHOCTb HAceNeHNst U COBPEMEHHbIE TeHAeHLMN ypbaHm3aumm B 3TOM panoHe.
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Pucynok 3 - Dcku3z npoekm demanvHoll naanuposku 6 pauone yauy A. Jloxymii, Bex300, M. Typcynzooa u LLlomemyp,
pationa U. Comonu (OO0 "I'M sa [lapmnuépet”, Paxmamynnozooa I1.H.)

MHorune ackuaHble NpoekTbl AeTanbHoi nnaHuposku (MAM), NpeanoXxeHHble NS ropoda, NPMHMMAaloTCS
3a ocHoBy. OpHako Mpu peanu3auMm 3TMX MPOEKTOB 4YacTO BO3HWKAET HEeCOOTBETCTBME MeXay
nepBoHaYanbHbIMK 3CKM3amMu M KOHEYHbIMU pe3ynbTaTtami. B ropoae dywaHbe Ha CEerogHsILLHMI AeHb HET TOYHO
NMPOCUYNTAHHBIX M OKOHYaTESbHO YTBEPXAEHHbIX BapuaHToB MAMM, 4yTo 3aTpyaHSeT NPOLIECC UX BHEAPEHWS.

CocTosiHMe ropoackon cpefbl MOCTOAHHO ycnoxHseTcda. PactyT macwtabbl u pasHoobpasve npobnem,
CBsi3aHHbIX C ypbaHusauuen. Fopoackoe pasBUTUE COMPOBOXAAETCS HEeraTMBHBIMU MOCNEACTBMAMMU, KOTOpbIE
3aTparnBaloT 3KOJOTMYECKYD, COLManbHyto, Aemorpaduyeckyto, MCUXONorMyeckylo M apyrue cdepbl. 3Tu
N3MeHeHUs POpPMMPYHOT HOBblE TpeOOBaHWS K rOPOACKOMY PasBUTMIO U yMpaBneHuto. 'opon CTaHOBUTCS He
TONMbKO OBWXYLLEA CUMOW NPOLLeCCOB M y3rIOM B3aUMOLEMNCTBUSA BCEX MyTel COBPEMEHHOro pasBUTUS, HO U
MoZenNblo COBpeMeHHOoro obLectsa, NPOCTPaHCTBOM AN USMeHeHun [5].

Ecnu paHee ropoa paccmaTtpuBarncs kak OCHOBHas onopa npoMbILLIEHHOro pa3BnTus, TO cenyac OH BCé
fornblue cTaHOBWUTCA OnaronpuATHOW CPedon AN KU3HELEATENbHOCTM MoAeN, CO3AaloLMX COBPEMEHHbIE
TOBapbl 06MeHa: UHopMaLMIo, 3HaHWS, SMOLMOHanbHbIE U Ncuxonoruyeckne 6nara. KomgopTHOCTb ropoackon
cpedbl CTaHOBUTCA KaK yCrnoBMEM, TaK M CpPeACTBOM B CMOXHOW KOHKYpeHTHOW 6Gopbbe 3a pecypcbl u
nepcnekTuebl pa3sutus [9,10].

VIMEHHO TakOM aKLEeHT — «ropoA ANs NI0OEeN», UM «ropod, YAOOHbLIN AN XU3HU» — 3anoXeH B
COBPEMEHHOM ypBaHn3Me Kak MexancumniMHapHon cucteme naen, Teopun u B3rnsaoB, KOTOpble NepecekalnTes
C pasnuyHbIMK 0BNacTaAMK, TakMMK Kak reorpadumsi, rpagoCcTpoMTENbCTBO, SKOHOMUKA, COLMONONUS, KynbTypa u
apyrve. B npaktnyeckom acnekre aTOT TEPMUH UCMOMb3yeTcH Ans 0603Ha4YeHns NpoLeccoB Co3aaHuns, pa3BuTns
1 COBEpPLLEHCTBOBAHNA rOpPOACKOro npoctpaHcTea. o MHeHno akcnepToB [4], ropoackoe pasBuUTUE 3aBUCUT He
TONbKO OT CaMWUX ropogoB, HO M OT CTpaTerMm TeppuTopuanbHOro pasBUTUS CTPaHbl, BKIKOYas PervoHbl U
MyHUUMnanuTeTbl [6], KOTOpble 4acTO MIIOXO COOTBETCTBYIOT HE TOSMbKO COBPEMEHHbIM HOpMam, HO W
noTpebHOCTAM ropoACKOro HaceneHus.

3aknrouyeHue

OdbhekTUBHOE TeppuTopranbHoe nnaHMpoBaHWe TpebyeT KOMMMEKCHOro Moaxoda, OCHOBaHHOIMoO Ha
aKTyallbHbIX JaHHbIX 1 CBOEBPEMEHHOM KOPPEKTUPOBKE reHeparnbHbIX NIaHOB. 3TO co3AaeT adanTUBHbIE rOpoaa,
cnocobHble 0TBeYaTb Ha BbI30BbI COBPEMEHHOCTU. BaxHyto posb B 3TOM npoLecce UrpatoT Ka4eCTBEHHbIE CXeMbl
TePpPUTOPNArnbHOTO MIIaHMPOBAHUA U MOSACHUTENbHbIE 3aMuCKW, KOTOPblE Cry)XXaT OCHOBOW AN YCMELIHOW
peanusauunm npoekToB. TONbKO C NOCTOAHHLIM OBHOBMEHMEM MTAHOB MOXHO 0BecneynTb YCTONnYBOe passuTue
TEPPUTOPUNA.

Peyensenm: Tanuzoda DK I —douenm Kagedpo: «Dusaiin u apxumeximypa», Tocyoapcmeenviil UHCMUMYm
usobpasumeavrozo ucKyccmea u ousaina JIadKuKucmana
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TAXJTUINN AKYCTUKUNN BUHOXOU YAMBUATHU
B.C. Awyp3oga
Jonnmroxu TexHukun TouynkrucToH 6a HoMu akaaeMuk M.C. Ocumin

Makosa 6a OMy3HII Ba TaX MK JA3aiHE aKyCTUKHA, KM 6apou GEXIOIITH Xy3ypy XaJOBaTHAKYCTUKUH OJaMOH Jap Xy4paxo Ba
ucrudoman 6ocamapu GHHOXO ap yMyM MYCOHUJIAT MEHAMOSIH]I, OaxIIu/a IIyIaacrt.
Iap Maxosia Kaiiji rap{uaact, K1 JU3ailHi aKyCTUKH sIKE a3 CAMTXOH KaJIUJIUH MEbMOPH Ba COXTMOH 0a X1cob padTa, OH 6apou TalIaKkKyJIu
MIAPOMTXOU MYCOH/IH MTaX HITABHH CaJI0 Jap JOXMIH Xy4paxou OH paBOHA rapu/aact. Xanahu acoCHU Tax TN aKyCTUKH a3 MyaisiHCO3UH
Tajgab0TH aKyCTHKH HECOaTH OHHOXO0 0a Xicob padTa, OH a3 TABMHUHH Ca0MyX0(hH3UH 3apypHUr OaliHK XyUpaxo0, XOMYIII HAMYIaH! CaI0BY
Fajorynau OepyHaBy JOXHUIIA, TAIIAKKYIA MyXUTH GopaMu cano, XyCycaH aap OMHOXOU YaMbUSITH, MyacCUCaX0H TabIUMit Ba Mabpubari,
WHYYHHH MEUITHPUA TTAHJOUIIH X0IaTX0H FaHpHYALIMIOLITH aKCH cafo nbopar meborma.

Kanuoeosrcaxo: ouzaiinu akycmuxi, cado, cadomyxo@usii, mMyxumu caoo, 3y0i, cypbam, IHepeus, 3ubuu caoo, WudOamHoKil.

AKYCTUYECKUW AHATNU3 OBLLECTBEHHbIX 30AHUNA
B.C. Awyp3oga

Crarbsl MOCBAIICHA H3YYCHHIO U aHAITN3Y aKyCTHYECKOTO TU3aifHa, CTIOCOOCTBYIOIIETO YIYYIICHUIO aKyCTHICCKOTO IPUCYTCTBUS
JIONeH B MOMEIEeHHUSIX U 9()h(HEKTHBHOMY HCITOJIBb30BAHUIO 3[JAHHH B IIEJIOM.
B crarbe oTMeuaercs, 4TO aKyCTHYECKHHA MU3aiH SBJISACTCS OJHUM M3 KIIIOYEBBIX HANPABICHHH apXUTEKTYPbl U CTPOMTENIBCTBA, OH
HampapjieH Ha (OPMUPOBAHHE OJIATONPHUATHBIX YCJIOBUH PAaCHpOCTPAHEHUS 3ByKa B MOMeEIIECHUsAX. OCHOBHOHM IIETIbIO0 aKyCTHYECKOTO
aHaJM3a SBIETCS ONpeeIeHIe aKyCTUIECKUX TPEOOBaHUIA K 30aHUSAM, OH 3aKIIFOYAETCsl B 00€CIIEYeHUH HEOOXOAUMON 3BYKOM3OIALINH
MEXIy MOMEHICHUSAMH, OTKIIOUCHHH BHEIIHETO W BHYTPEHHEro Nryma, (GOpMHUPOBaHHUH KOM(OPTHOI 3BYKOBOW Cpelbl, OCOOCHHO B
OOIIECTBCHHBIX 3IaHHIX, O0pPa30BaTCIBHBIX W IPOCBETUTEIBCKHX YUPEKICHUAX, a TaKkkKe B MPEIOTBPALICHUH BO3HUKHOBCHHS
HENPEABUICHHBIX DXO-CUTYaIHH.

Knruesvie cnosa: axycmuueckuil Ousaiin, 36yK, 36YKOU30AYUSA, 36YK08AS Cpedd, YaCmMOmd, CKOPOCHb, dHepaus, NIOMHOCHb
38YKd, UHMEHCUBHOCD.

ACOUSTIC ANALYSIS OF PUBLIC BUILDINGS
B.S. Ashurzoda

The article is devoted to the study and analysis of acoustic design, contributing to the improvement of the acoustic presence of
people in the premises and the efficient use of buildings in general.
The article notes that acoustic design is one of the key areas of architecture and construction, it is aimed at creating favorable conditions
for the propagation of sound in rooms. The main purpose of acoustic analysis is to determine the acoustic requirements for buildings, it
consists in providing the necessary sound insulation between rooms, shutting off external and internal noise, creating a comfortable sound
environment, especially in public buildings, educational and educational institutions, as well as in preventing the occurrence of unforeseen
echo situations.

Keywords: acoustic design, sound, sound insulation, sound environment, frequency, speed, energy, sound density, intensity.

Mykapauma

AKyCTMKa ke a3 CaMTXOM Kanuamv MebMOpi Ba COXTMOH 6a xvucob padta, oH 6apou Taluakkynm
LLIAPOUTXOM MYCOMAM NaxHLLIABMKN Cafo Aap AOXUMNM Xy4paxom OH paBoHa rapavaaact. CamTy Maskyp Yyabxaxou
cagoMyxodusii, sbHe Mnewrupii a3 BOpMAOTM CaZoXxoM HOMaTny® Ba WMHYYHWH, Tallakkynu MyxuTu cago €
NeLOnHA HaMyAaHN MyXUTU MyCOMON aKyCTUKUPO Bapon TabMHOTXOM MyalsiHu xy4paxo aap 6ap rupudra, as
Yy3bXxOM Tapkubii Ba MyxMMU CUATHOKMM MyXUTU Joxunanm OGUHOXO Ba WMHLWOOT, Bobacta 6a TabMHOTK
dyHKCHOHanMm oHxo 6a xmcob mepasag. TanaboTn acocUTapyHN OH a3 KOXULL 40AAaHM caTxu Hodopamu cagoBy
maran, TabmuHu 6ypporin Ba dpaxmo OyaaHn HyTK Ba xamM3aMOH xanoBaTHOK BydaHn AapKy axcocu cago (HyTK,
Mycuka Ba f.) ubopat mebowag [1,4].

MaBop Ba ycyrnxou TaxKukoT

CapoBy Maranxou xapxena Ba bepyHa gap xaé€ty dabonmsaTu xamapy3anm ogamoH MaB4vyg Oypa, 6a
cuctemam acabu OHxO TabCupyM MaHgn MepacoHaH Ba OoMcKM KOXULLIEDOMM XOCUITHOKMW MexHaT € cudatu
UCTMPOXaTN OHXO Merapgana. bo Mmakcaam Tawwakkyn goaaHn MyxuTu akycTukum 6oxy3ypy xanosat aap 6uHoxou
T@bWHOTU TyHOryHOoWTa a3 YOHWOM ONMMMOHY FNOMXAKALUOH, MyTaxaCUCOHY WCTEXCONKYHaHAAroH LWundTxou
OBE30HW aKyCTUKA, HaMyaXOou 3UEOM MACHYOTY KOHCTPYKCUSIXOM MaxCycy YHMBEpCanuu LWUTXO MNeLHUXon
rapongaact. WndTxon akycTukii gap GuHOXOM TeaTpy KMHOTEaTpxo, CTyaMsixom cabTu OBO3, CMHAIXOHaxOoBY
ayauTopusIxo, HAMOULLIFOXY TONOPXOU TabMl HOTW ryHoryHgowTa 6ocamap uctudoaa merapaaHa.

Boucu 3ukp act, kv gap AaBpaum xo3vpa gap fouxakawuu akcapyu OUHOXOW LuaxpBaHai MMTWE3 Ba
AVKKaTW Ynaain TaHxo 6a Macbanaxou rapMmuMyxousmBy aHeprusgcaMapaHokin Ba TabMUHOTU paBLUaHi goaa
Wwyaa, MyLKMNOTY MaBYyaan akyCTUKiA Aap caTxy 3apypi 6a Hasap rupudta Hamewasag [2].

MacanaH, gap nHTMxoby novxakawmnm mnéHagesopy 6ononyixom 6anHNOLEHABI Ba UHYYHUH OEBOPXOU
OepyHaun Hamo#, a3 Yyymna gapy tmpesaxo, TanabdoTxom Mebepum cagomyxodusii 6a nHobart rupudpta Hawyaa,
Aap HaTu4ya cagoBy Maranu Homatnyoum 6epyHa (poxy HaknméT) 6a MyxuTn goxunan nctudogallaBsaHga Bopug
merapgang. [ap akcapu 61MHOXO, XycycaH BGUHOXOM MabMypuBY MyacCUCaxon COxau TaHOypyCTh, Xy3ypy
xanosaTun aKyCTMKMBY X0MnaTn OpOMiA Xxanangop rapavaa, Aap OHxO0 Marfanv 3amuHasii 6anaHa Mewasag Ba OH
Hovcm moHpawasun 3nén Ba 6a Hopopammm pyxmm ogamoH myconaaT MeHamosns,.

MyLIKMNoT aurapy akyCTMKMM — MyxuTWM AoXunanm OGUHOXOM LuaxpBaHAi MaB4yy[oTWM akcu cago Ba
pesepbepaTcusam a3 xag 3vén mebowan. OHXo gap HaTU4am novxakawwum HOAYPYCTU LIaKnNu xyypaxom 6uHo,
WMHTUXOOM MaBOLy Maconexxou caxTv opouLlid, a3 kabwunu 6eToH, wuwa, cadon Ba farpa naugo MerapAaHa.
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MyLIKMNOTU MasKyp, XycycaH gap MyxXuTu LOXMIlan TOMOPXOM HaMOWULLMBY MauynCii, Bap3uLii Ba TOJIOPXOM
Japomagroxy poxpasxo 6apbano Hasappac xactaHg. [ap HaTuyanm MaByyauATU MH MYLLKUIOT AapKy 9XCOCK
HYTKPOHIA xanangop Lwypaa, xonatu HomaTnybu akyCTWKiA, xam3aMOH “4apaHrocsaHi™-u xy4ypaxo 6a Byyya
MeosiHA.

CagoBy Maranu TayxuM3oTW MyXaHOMCKA, kM MaHbabM MangovwalloH CUCTEMAaxoW XaBOTO3aKYHUBY
KOHOWHCWOHEPOHM, Myxappuky duwopad3oxon ryHOryH Ba nuMdTx0 MebowaHg Qgap Hatu4yau XxaTormxou
niovxakawlin, a3 4ymna: YOWrMpoHWM HOOYPYCTU Tauyxm3oTu HoMOypaa gap wadatu Xy4ypaxou 3uCTy KOpH,
newbuHin HarapangaHn YopabuHUXoW 3naannap3viii (BUOpPaTCUOH), YMNay KyTTUXoM cagomyxodusii Ba Fampa
6a By4yn MeosiHA,.

MebMOpOHY noOMxakalloH Adap akcapu MaBpUAXOW Tapxpesumn nouxaxom O6uHOX0 6a macbanaxowu
rapMOTEXHUKMBY paBLUAHHOKA Ba 9CTETUKA, Oe HasapOowTy TabMUHU Xy3ypy XanoBaTu aKyCTUKIA
(capomyxousin) TaBaydyxmu GewTap gona, paBaHAM MHTUKONW CafoBYy fanofyrau xaBorumey 3apbasupo aap
caTxu Mebépii 6a Hasap HamervpaHa. Maranu xaBorin 6a BocuTam XaBo Ba HO3UUYUIMXOM KOHCTPYKCUSXO, Mararnm
3apb6asi 6owaa, oap HaTM4Yam KagamsaHuxo, YorumMBasKyHUM acHobu Brncotun xo4arii Ba pyHkcnoHanin 6a sBocutam
bononywxo naxH merapgan. Cababxom acocum mH xonaTtxo newbuHin HamygaHu MUEHaOEBOpxou fFadcum
HokucposigowTa, MaB4yyd HabygaHu 3epkabaTxon CcagoMyxodu3ii Ba WMHYYHMHU  hapLluxom Mmaxcycu
“lUMHOKYHaHOa” mebowagp [2,3,5].

Hap xy4ypaxou Tonopum GMHOXOM YaMbUSATUN XyCYCUATU MabMypuaoLTa, a3 cababu 3apypaty newwbuHi
HamygaHu a3oxou HUXOAT KaroHn BeMnéHaaeBop, 3n4uM 3NEQM YOWMXOU KOpi, MaB4vyn HabyaaHu yHCypxou
cagodypybapanga cagoxou 6Oa gurap Tapad 4YanbkyHaHga 6a Byyyn MeosHA, ku Goucu nacTwaBun
MaxCysrHOKMM MeXxHaT Ba MOHAaLLaBUM KOPMaHAOH MerapaaHs.

Cababw pgurapu nangovwiy MyLLUKUMIIOTU aKyCTMKUM OMHOXO, MH a3 YOoHMOM IomxakaloH newbuHin
HarapgugaHu MuHTakabaHounm akycTukin mebowan. MacanaH, gap GMHOXOM Myaccucaxoum TaxcumnotTu yMyMid,
6emMopxoHaxo Ba OMHOXON MabMypit MUHTakabaHaWMW aKyCTUKIA, SbHE Yy[oCO3UM MacoxaTu Kopin 6@ MuHTakau
opom (KabuHeTy CMHMXOHaxo, Xyypaxou rydTylyHua) Ba cepraBFo, a3 kabunum Tomnopy poxpaBxo, newbuHi
HarapgugaHu MUHTakaxon Oydepit MUEHWM Xyypaxoum capbopMxOM TYHOTYHW akyCcTMKMZowTa Ha gap Xxama
MaBpuOXo amanii kapga MelwaBsag, ku cababu Koxuwébun xy3ypy xanoBaTtu akycTukin mebowag.

Mywknnotn agurap gap Hatu4aum uMcTudpodanm  Maconexy  KOHCTPYKCUMSIXOM — cagoMyxodunsum
caHynpaHawyna Ba Gecamap, ku gopou KoadhutcneHtn cagodypydapum kamtap a3 0,2 Ba MHYYHWH 40U
OOLUTaHN XaTorMxon BacnKyHUN KOHCTPYKCUSIX0 6a MUcnu: By4yd HaOoLTaHW xaBoHOry3api (repmeTusaTcust),
YOMIrMPOHMU HOAYPYCT Ba NewbuHin HawynaHu kabaTtn xasory3ap 6a By4ya meosg [6].

Ba HuxosT 604 Kang Hamyg, KM akcapy MYLLKUINOTK akyCTUKA fap HaTuyaxou 6a Hasap HarmpudTaHu
Xanxou AypycTW Tapxpes3uu akyCTUKA Aap Mapxuraxou kabnvuu nouxakawmm OMHOXO Ba MHLIOOT 6a By4dya
MeosiHa. TanaboTu akycTukin 6apon xyypaxou TabAMHOTK F'YHOTYH Aap YadsBanu 1 Ba MyLUKMIIOTW akyCTUKA Ba
POXXOW Xannu oHx0 Aap OMHOXOM WaxpBaHAh Ba Aap Yagsany 2 gapy, WwWygaass.

Yamsaum 1 — TamaboTn akycTHKA Oapou Xy4dpaxou TapinHOTH ryHOTYH (THOKH MKC, MK, ISO 3382 Ba ¥.)

Hamyam xyupaxo

AHI032X0

Mebép

Tas3exor

Xy4paxou HCTHKOMATH
OMHOXOHU MaH3WIIA

R’w > 52 nb

MK 51.13330.2011

JleBopxou OaliHUMAH3HIII

RT <0,6 ¢ (map moupau

R’w > 52 nb

Kabunerxou MabpMypit 500-2000 I'm) 1SO 3382-2 Bakru peBepbeparcus
Cundxonaxou MTY RT <0,6 c, Lp <3540 CanlluH [TapTxou mypparuu HyTK
ab(A) 2.4.2.2821-10
Tonopxou ma4sucit Ba Bobacra a3 xaumu xy4paxo
KOH(EPEHCHUIXO RT=10-1,5¢ 1SO 3382
Maranu MUHTaKaxou
3uHAaX0HAX0 R’w > 50 nb MK 51.13330.2011 YMyMit
Xyupaxou MyoJINYaBUU Opomit —OMHITH
0eMOpXOoHaX0 Lp <35 ab(A), MK 158.13330.2014 OapkapopIiaBuu MHY030H

Omyanwy Taxnunu MaH6axoum UMMM coxau ayKCTMKaum MebMopi waboxaT MeauxaHd, Ku capgoBy
Maranxo gap 6MHOXOoM ryHoryHTabiiMHOTA Jap acocu anomaTtxou xapxerna, a3 yymna: Bobacta 6a nangoLuasi,
Tap3y yCynu naxHLwaemn, BakTu TabCMpoT rypyxbaHan rapamoaaHa.

BobacTta 6a namgowu, oHXO MeTaBOHaHA 6a cagoxou Aoxuna, KM gap OoXuIvM xyvypaxou OumHo cap
Me3aHaHz (Kkagam3aaHid, ryTyry3op, acboby Ta4yxmns3oTy TEXHUKIA Ba F.) Ba Fanorynamn 6epyHam a3 MyxuTu atpodou
6epyHu GMHO BopuALlaBaHaa, a3 kKabunu HaKNMET, caHoaT, YOpabMHUXOM Ky4aBy POXx0 YyA4o KapAa LaBaHz,.
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Yansanu 2 — MyIIKWIOTH aKyCTHKH Ba POXXOH XaJUIM OHXO Jiap OMHOXOM IaxpBaHAl
MymKwiIor Tascudgor XaJjly TAaBCHXO0
Uctudonau nesopxou ducépkadara,
1. Canomyxoduzun HOKHpOsH Bopunmasuu cagoBy marain 6a MacoJsexu cagomyxodus,
KOHCTPYKCHUSIXOU UXOTaB Xy4paxo a3 Kyya XaBOHOTY3apOHHHU YOHXOU
naiiBacTIIaBA

2. Axcu cafio Ba peBepOepaT-cusu a3 XananmopIraBuu Imypparuu Uctndonan mmpTxon

xan 3uén HYTKPOHT 1ap TOJIOPXO, canodypybapanna, yHCypxou
CHH(XOHAXO Ba F. MAaToril, TAFHUPOTH MIAKIHN Xy4pa

3. CamoBy Maranmd TadXxHU30TH Bubparcust, FyppHuIIy Ta4Xu30TH YoHrupoHuu Tayxu3oT AypTap a3

MYXaHIUCH XaBOTO3aKyH#, THDTY XyYpaxoHu 3UCTy MabMypH,

¢umopadzoxo nucrudoman TaYXU30TH
3UAIUIAP3ULLIA
4. Maranu 3ap6aBit Kanamzani, aptroanu qucMxo nap [Nem6ua HaMyaHU QapIIxon
oménaxou 60110 “IIMHOKYHaH/a” Ba 3epKadaTxou
aMOPTU3aTCUOHI

5. MaBuyn HaOynaHu YolrupoHuu oMeXTau MUHTaKaXxoH [MemoOunun MuHTaKaxou Oydepit,

MHHTaKaOaHIUU aKyCTUKM OpOMY cepMaral TapXpe3uu IyPyCTH Xy4paxo

6. Uctudomau Macosexxou | Maconexxou nqopou kodhurcuentr | MHTHX00M MacoyieXxou MyBOQHK 00

FalipucaMapaHoK mactu canodypyoapi o > 0.6, canuuiy yobayorysopi

Hatuyaxo

Uin TaBpe, kun kabnaH kucmaH gapy rapavaa 6ya, gap acocu tapay ycynu naBxHLLABA CagoBYy Fanofyna
MeTaBoOHazd xaBow, 6a Mucnu rydTyrysopy mycukam 6a Bocutam xaBou MyxuT naxHwasaHga, 3apbasi, ku gap
HaTM4yam TabCUPOTU MexaHuKin 6a KOHCTPYKCKAK hapll nango merapgag, coxtopum (BMGpaTcuoHin) 6a Bocutam
KOHCTPYKCUSIXOM COXTMOH NaxHLlaBaH4a Ba akycTukin bowaHa. Hamyam akyctukum cagoBy fanofyna madxymm
yMyMUM OHpO ndoa Hamyaa, HaMyaxou ryHOryHU caoBy Fanofynapo gxap 6ap mervpag.

MyxaKKkMKOHM coxa cobOuT coxTaaHA, KU CafoBy Fanofyrna MHJYyHWH BobacTta Oa BaKTM TabCUpPOTU XyA
rypyxoanam merapgang Ba fap acocu OH MeTaBOHaHA TabCUPOTY OOMMIA (XaBOTO3aKyHiA, POXXOW HAKMUETA), Ki
Aap MyooaTv 4aBOMHOK NaxH MerapAaH, UMMIycuBMKM KyToOxMyaaaT (FyppuLl, Tapkuw) Ba gaspum 60 docmnam
BaKT nangowasaHga (MowmvHav nubocwynid, nudT Ba £.) 6owang [1,7].

[ap camTn akycTukan MebMOPUBY COXTMOHW, KM MaB3yM acocuM OMY3WULLM OH aKycTukaum BUHOXO Ba
MHLWOOT 6a xncob mepaeag MaHbaxom acocuMm NangouLLn cagoBy Fanofyna 6a gy rypyx, 6epyHa Ba goxuna yyao
rapavgaang. ManH6abu 6epyHamn cagoBy Fanofyna gap GMHOX0 HakNUETU PoxXXo (MOLLMHY MEXaHW3MX0ou aurap),
POXX0OM OXaH, XaBoNMammoxo (aBMaTCcus), KOPXOHAXOM caHoaTuUn xamwadat Ba abonmaTn 6epyHapo (6o3opy
YopabuHuxou gurap Ba f.) gap 6ap mermpag.

MaHbaxon nanWgouin cafoBy farofynaum goxuna a3 rydTyry3opy poxpaBuMu OOAMOH, KyllodaHy
nywmaaHn [apxo, TEXHUMKaM Maulil (AXOOH, MOLUMHaxoum NUOOCLUYIAA, KOHOMHCUOHEPXO), CUCTEMaxou
MyXaHOMUCIA (XaBOTO3aKyHM, rapMUanxi, TabMUHOTU 00), NPTy Tayxn3oTn axnoTnapToi Ba MHYYHUH TEXHUKAM
caHuTapin (cagou 06, XxycycaH gap xonaTtu newobuHin Harapangadu cagomyxodusnmn 3apypii) néopat meboluag.

Bovicy 3uKp acT, knu Tamomu OH MyLLKUINOTM HOMBypaam 60 cagoBy fanofyna Bobactabyna gap Hatu4a
cababu sk kaTop kamOyauBy HOpacorMxo gap abonuaTu xamapy3an ogamoH merapgag. A3 Yyymna: KOXULL
€dTaHn xy3ypy xanosart Ba cudatu xaéty habonuar, xanangopwasum xobn 6odaporar, UICTUPOXaT Ba XonaTu
pyXuBy paBOHWM odaMoOH, GanaHApaBuMM xaTapu nangouln kacanuxou kanby parxo gap xonatum TabcupoTu
AapoamMypaar Ba faumpa.

XyCycusiTXOM aKyCTMKMM OUHOXO Ba Xy4ypaxou aroxuaanm OHXO Yabxanm MyxXumTapuHWU Tapxpesvsy
nouxakawin 6a xucob padTa, 6a caTxy Xy3ypy XanoBaTHOKMA, TAbAMHOTA Ba cudaTn MyxuTn OU3NKMK Joxunan
OMHOXO0 TabCcupw Hasappac gopana. Taxmnm xanxom MeEbMOPMBY COXTMOHUM BUHOXO a3 HyKTan Hazapu akycTuka
WMKOH Meamxag, KM OMUNXoM TabcupbaxLim naxHwaBMm CaloBy Fanofyna MyalsiH kapga Wwyaa, XaM3amMoH POXX0
Ba Tap3y ycynxou a3 6anH 6ypaaHu oH newHnxod rapgaHg [3,8].

Xagadum acocumn Taxnunu akyCTMKiA a3 MyansiHco3um TanaboTu akycTuku HucbaTtm GuHoxo 6a xucob
padTa, OH a3 TabMVHM cagoMyxoduanm 3apypum 6aiHn Xxy4paxo, XomyLl HaMmyaaHu cafoBy Fanorynav 6epyHaBy
JOXvna, Tawakkynu MyxuTu copamm cago, xycycaH gap OMHOXOM YaMbWSITA, MyacCcucaxou Tabivmii Ba
Mabpudatii, UHYYHUH NELWrMpmum NangouLLm xonaTxom FaipuyaliMaoLw T akem cago nbopat mebowuag,.

Tanabotn akycTvkm HucbaTm BUHOXO acocaH caTx¥ MMKOHMA3WpU TabCUMPOTU CaZopo Aap Xy4ypaxou
rYHOryHTabAMHOTan 6MHOX0 Myappudii Hamyaa, 6apoun Talakkynm MyxuTn 6oxy3ypy xanosaTtu cago gap OMHoxo
paBoHa wypaacT. [New a3 xama Tanaboty mebépxomn mMaskyp 60 mMakcagu cagomyxodumsini a3 cagoxou XaBow,
3apbaBin Ba COXTOpPW, TabMWUH HamydaHw cagomyxodusnm 3apypum GamHu Xyypaxo Ba 6a gacTt oBapgaHu
LyHaBoumn 6ocudaT gap GUHOXoM WaxpBaHan Mykappap kapga wygaang (Yagsanm 3).
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Yansanu 3 — Hamyaxou acocuu TanabOTH aKyCTHKA HUCOATH OMHOXO

Hamynu Tanador Tas3exoT
[Nemrupun BOPUIOTH CATOBY FAJIOFyJIa OaliHU Xy4Ypaxo
CanoMyxo(du3uu KOHCTPYKCUSIXOH UXOTABH (neBopy Oonomymnixo)
Tana6ot HucOatu dapury 60J0MyIIX0, KA CaIon

Maxay HaMmyaHu cajiou 3ap0asit KaJaM3aHi, 3ap0a Ba BUOPATCUAPO MACT MCHAMOSH]T

Canomyxohusuu TUPTX0, TAYXU30TH XABOTO3AKYH{l,
Canmomyxo(u3un cucTeMaxon MyXaHIuCH 00TabMHUHKYHH Ba Faiipa

TamaboT HUCOATH TaBOMHOKHH HHBUKOCH Casio Iap
PeBepOeparcust (BaKTH caJI0IHXH) Xy4paxo

AkycTuKam BUHOXOM WaxpBaHah 6eBocuTa a3 9Kk KaTop OMUIXOM Kanuai, a3 Yymra, Xxanxom MeEbMOpUBY
Tapxpesil, KOHCTPYKTUBIA Ba MacOSIEXXON OPOULLNKM MYXUTK OXUNaun Xy4paxo (MHTepep) Bobacta mebowaa. Jap
HaBbaTu Xy4 oMunnxon HomOypAapo MeTaBoOH WwapTaH 6a Hamyan U3KKn, MEbMOPUBY COXTMOH Ba TEXHOMOTA
4yno Hamyq.

Xannu mebMopuBy TapxpeauuM BMHOXO, a3 HyKkTaum Hasapu TabMuHM TanaboTu akycTuKiA acocaH a3
MHTUXOOW OypyCTM LaKy Xxaymm xyypaxo (MacanaH, Tornopxou ryHbasiwakn € 6opuky gapos 6ewwtap 6a agp3omnil
édTaHn akcu cago gap OHXO MycouaaT MeHamosHA), MuHTakabawauu mydug, 60 HasapaowTh YOUrMpOHUK
MUHTaKaxou “cepmaran” (MMdTy xy4ypaxom caHuTapmey 6exaoLTin) aap macodam 3apypin a3 MMHTakaxom “opom”,
yobayorysopum xyypaxo BobacTta 6a caTxy cagoBy fanofyna gap OHx0, Ba MHYYHWH NeWwOWHA HaMydaHu xyypaBy
pOXpaBx0 xam4yyH MUHTakaxoun 6ydepin nbopat mebowag, [10].

Hdap OuHOXOM TabWMHOTU YaMbUATA (MyaccMcaxou TabnvMMmuBy Tapbussil, MabMypii, BEMOpPXOHaxo)
bowag, 3apypaTti HasopaTtu WyHugawasum nyppasy bypporun HyTK Ba 6apTapadco3nm MHBUKOCOTN Takpopum
capo 6osg TabMUH Kapga wasag,.

Jlonxakawmm BMHOXON TabWUHOTM Maxcyc, TeaTpy TOJIOPXOU KOHcepTin 6osg 60 HasapowTu xmucodu
BakTM peBepbepaTtcusa, uctudogam maconexxou capgodypybapaHgoa Ba anddy3opxo, SbHE YHCYpPXou
cafonaxHKyHaHaa, ap acocy MyHocubaTy MayMybin (reoMeTpusan akyCTUKin, Maconexy TEXHOMOMMAXoN Maxcyc)
6osa amanin kapga wasag.

Myxokuma

LWakny yHCypxon MebMopii sike a3 4yabxaxom MyxXMMTapuHW Tallakkynm MyXUTU akyCTukum GuHOXo Ba
xncob padpta, a3 Tapxy Cypobu OeBopy WMATXO, KYHYY XayMu YMyMUWM Xyypa HULLOHAWXAHOaxXO0W acocuu
aKyCTUKMKN OHXO, a3 Yyymra pesepbepartcus, naxHwasmm cago, maByyg OyaaHun akcu cago Ba xy3ypy xanosatu
aKycTukin BobacTtarnm 6esocuTa gopag.

MyxuMTapuH a3 HULOHAMXaH4AX0N Ma3Kyp LUaKMM reoMeTpil Ba NaxHLIaBumM cago Aap MyxuTu JoxXunam
xy4paxo meboluang. LLlaknxon Hamyam pocTKyHYaBy Mykaab aap akcapyu MaBpuax0 MaBYxou yCTyBOPY NCTOAAPO
6a By4ya MeoBapaHA, KM OHXO Jap Hasbatu xyg Ooucu namgovwum HoMyHTasamuBy Hobapobapwum cago
mMerapgaHs.

LWaknxon ryH6a3amoHaH4y MygaBBap Ba paBOKOOPM Xy4pax0 MeTaBOHaH4 MaBYyxou Cafopo Aap siK HyKTa
capvyamb Hamyda, MUHTakaxou LWWAAaHoKM Homatnybpo 6a MuéH osapaHg. CaTxoum mown Ba € KaMOHLUaKn
Gapou naxHwasum cafgo Aap MyxuUT mycouaaT kapAa, MeTaBoHaH4 MHBLWKOCK Cadopo MeLrvpin HamosHA Ba
WHYYHWH, TAKCUMOTY NaxHLlaB1mn cagopo 6exrap rapgaoHaHa.

Hap Tawakkynun Myxmutn 60cy60TH akyCTUKA HaKLWW LWMTXO H13 Hasappacy Mydua mebowag. LndTxom
GanaHam xyypaxo MeTaBoHaHa cababu 6onopaBum BakT peBepbepaTcus WwaBaHg, K1 MH xonaT 6apoun Tonopxoun
MYCUKMBY KOHCepTi MycOin ap3ébi rapompa, xam3amoH 6a cudaTty akyCTUKMM ayauTopusiBy CUHXOHaXoM
TabMMid € Xy4paxon MabMypuyBY MOOPaBi Tabcupn MaHdn MepacoHaHa. LndTxon 6anaHamMm nactoowTa BakTy
peBepbepaTcusipo KoxmL goaa, bypporum HyTKkpo 6exTap MmerapLoHaHA.

Hdap nouxakawmy akycTMKMM OMHOXO Xamnmnu akyCTUKMU LWKUETXO SKe a3 YHCYPXOM acocuMTapuHU
cagomMyHocubrapgoHum xy4ypaxo 6a xmcob mepasag. Anbartta, UHTMXOOU HaMyau KOHCTPYKTUBUN LWNATXO, NeLw
a3 xama a3 Ba3ndaxom TabinHOTUM BMHOBY Xy4paxoun anoxmaaun oH Bobacta mebowag. KoHcTpykeus Ba wakny
Hamyaun WndTxo 6eBocuTa 6a BakTy peBepbepaTcus, naxHwasumn cago gap MyxuTun atpodum goxuna, gypybapum
cafo, NaxHWaBum fanofyna Ba cudath 9XCOCKM aKyCTUKIA Jap Xy4ypax0o TabCcup MepacoHaHd. [ap maspugu
nomxakawunm wndTxon GMHOX0 MEBMOPOHPO Mebosg 6a Yabxaxom acocum Xannam akyCTUKMM WUATXO axaMUsiTu
YnoamBy xoca ouxaHg.

dypybapun cagoBy maran sike a3 yabxaxoum Myxumun xannum macbanau 6onosukp 6yga, nctndoaan
LM TXOM aKyCTMKMM 0BE30H 60 naBxaxom cypoxagopu (nepdopaTcusaop) a3 Haxxon MabAaHi, rad, Haxy Wuwa
Ba fanpa coxTalwlyha MMKOH MeauxaH[ caTxy cagou UHbuKocrapaugapo 6a TaBpu Hasappac KOXULL OMXaHA.
MewbuHin HamygaHun maconexm cagomyxodus, a3 kabunu mabpaHnaxta, 6ypéu akyctukin aap 6onou wngT
WHTMKONKM cagopo 6a BocuTam 6ononyLum oéHaxom xamwadat kam meHamosa[1,9].

Yabxan gurapu MyxMMu xannu akyCTUKMKU WndTxo, MH NapoKaHULLIM cafoBy Fanofyna 6a xucob padTa,
YHCYPXOM Maxcycu napokaHuLLmM W TXO0 (NaBxaxou catxm bapyacTtaBy penedit) YyambLuaBuio ad3ouLliv cagopo
newrvpin meHamosiHg Ba 60 MH pox nNaxHwasun mMyHTasamy 6apobapu maByxou cagopo MeTaBOHaHA TabMUVH
KyHaHg.
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Uin TaBpe, kn kabnaH 3ukp rapguga 0ya, gap xannu akyctukmm BMHOXO Ba a3 yymna wudtxo nact
HamyaaHu BakTu peBepbepaTtcus Myxum ap3ébin wyaa, wndTxoM akyCTUKMM AypycT WMHTMXOOLWyaa OHpOo
6ocamap koxuw AOoda MeTaBoHaHA. VIH xonaTt, XycycaH Adap CUMHAIXOHaxo, Xyypaxou MabMypin-umaopasi,
TONIOPXOW MaYSINCi, KU TabMUHM Bypporum HyTK ad3anaT gopag, Myxum meboluag.

Hakwu gurapm wWM@TXoM OBE30H a3 MWHXOHY HOaéH Ba xam4yos kapgaHu wabakaxon MyxaHOWCih
(xaBOTO3aKyHii, paBlUaHin Ba f.), 66 xanangop rapgoHVMAaHW XYCYCUSITXOM aKyCTMKMM OHXO, Aap MaBpuau
nctndpogan mMmaconexxov MyHocmb mebowuag,.

LLndTn akyCcTUKMM OKMnoHa newbuH1yga MmeTaBoHaa Ha TaHxo 6a cudatu yHcypu ausarH uctudoga
WwaBag, 6anku oH sike a3 poxxou TabMUHU MyxuUTK BOXy3ypy xanosaTtu xy4ypaxo 6owag. OH MeTaBoHaa nypparney
LWyHuaalwaBun HyTKpo BexTap Hamyada, caTxyu MOHAALLABMPO KOXULL Meamxan Ba MHYYHUH, nypoun Basudaxou
TabUMHOTUM XyYypaxopo TabMuUH MeHamos. VIHTnxobu Hamyam wndTn akycTukin 6ewybxa a3 TabunMHOTU BUHO,
caTxy 3apypum xud3m akyCTUKin Ba XYCYCUSITXOM MebMOpi BobGacta mebowan. HamyHaxom xannu wmdtxoun
aKyCTuKin fap Yaasanu 4 gapy wygaaa.

Yansanu 4 — HamyHaxou Xa/utl U TXOU aKyCTHKMA

Hamyan mmgt XycycHATH aKyCTHKM Coxau uctudonadapi

Canopo ¢pypy Mebapas Ba 6a 0CoH Myaccucaxou TabJIuMil, HA0Paxo,

AKYCTHKHH OBE30H Bacy Merapaaj 0eMOpPXOHAX0

KammnanraBarna 60 memGpaHau CanoBy Falorynau 3yAIuu BUHOXOM UCTHKOMATH, KHHOTEATPXO

AKYCTHUKH OaJIaHIOIITAPO MABX MeCOo3ajl

Yopuybdamop 60 cypoxuxo Canoy rasorynapo kucMaH ¢ypy Tonopxou 1apoMaarox, poxpaBxo

(nepdoparcusop) Mebapan

Ug6HH 6o yHCYpXOU aKyCTHKH I-I_OJ'II/I6I/I$ITI/I ) Tonopy TapabxoHaxo

9CTETUKA+CaIOMyX0pH3H

Jlonxakawi Ba nctudogam wWmdTxom oBe3oHn akyctukin (LUOA) pap acocu tanabotn mebépum TOCT
P 58324-2018. LLUndhTxom 0BE30H, k1 X0no gap kanampasun Yymxypun TOYMKUCTOH amani kapga mewasag. fAke
a3 TanaboTu acocuTapuH Ba Kanuaih Hucbatn WKdTXOM OBE30H bGexaTapun 3nagaucyxTopi, 3apypaTu
XM3MaTpacoHin Ba TabWMHOTA OygaH 6a xuco® mepaBad. YHcypxon (OUNN3MM CUCTEMAXOW KOHCTPYKTUBMU
LWMhTXOM OBE30OHU aKyCTUKiA 6osi OpOM XyCycusiTu xapopaTtu obwasum Ha kamTap a3 750 C° 6owaHg [1,4,10].

Oap dason 3epwmdTini YyHOHE, KM Kana rapguga 6yn, KOMMyHUKATCUst Ba Tayxu3oTW MyxaHauci, a3
Kabunmn cuctemaxou xaBoTO3aKyHI, paBLUaHn Ba Gapki, Tayxm3oTn cagoTabMUHKHIA YOUrMpPoHMAa Lwyaa, OHX0
3apypaTu XxM3amaTpacoHUXoM JOUMMBY AaBpuUpo 6a MMEH MeoBapaHd. A3 MH NNX03, KOHCTPYKCUSM HTUXOOLWYyAa
0054 MIMKOHUATM Ha3opaTy XM3MaTPaACOHUXON MYXaHOUCMBY TEXHUKUM OHXOPO TabMWH HAMOSIA.

Xannu KOHCTPYKTMBMM LLIMADTXOM OBE30HM aKycTukin Bobacta 6a Hamyam yHcypu pynbactii Ba Tapau
nanBacTKyHin 6a KoHCTpyKcusixom 6opbapgopu 6ononywy 6omMnywxo dapk HaMmyaa, OH MeTaBoHag Aap Tapkuou
XyL, yHcypxoepo aap 6ap rupudpta 6owag, ku cypybapin Ba cagoMyxodusnpo gap xyypaxo TabMWH Kapaa,
XaM3aMOH caTxM fanofynapo KOXMW MeauxaHd Ba WMHBUKOCUM HOMYHOCMOW Cagopo Newrnpin MeHamosiH4.
Basundaxou acocuTaprHmn oHx0 dypybaprm MaB4yxomn cafgo, MHbMKOC Ba NaxH HaMyaaHu cafo Aap TaMmoMm Xa4yMu
xy4paxo mebowag.

Tapknby KOHCTPYKTMBUM LLUMAITXOM OBE30HU aKyCTUKIA a3 sk KaTop YHCYpPXOWU 3epyH MeTaBoHag, noopat
6owan:

1. Cuctemaxom oBes3OHLWIaBaHOa a3 MakTaxou hunusii € nnactukin, km 6esocuta Oa WMdpTU acoci
(6ononyww Ba KOHCTpYKCUsixon bopbapaopu 6oM) 0OBE30H KapAaa MeluaBaHz, nbopartaHg.

2. llaBxaxoun akyCTMKiA a3 MabhaHnaxrta, NeHOMONMCTUPOS, Haxy LWWMNLLArMH € Maconexxon gurape, ku
Aopoun xycycuatxom 6anaHam cagodypybapin jopaHa Ba Aap KOPXOHAXO0U UCTEXCONn OMOAa MerapAaHa.

3. Pynbactn opouwii (oekopaTuBii) MeTaBOHaHA a3 NaBxaxou paHrkapgawyga, NnamuHupoHuwyna é
caTxu opovwgodalwyna noopar 6owag.

4. YHCypxou uWroBarii, macanaH Makraxou KyH4yin Gapou opouwn Tapadxou wudT, naH4yapaxom
XaBOTO3aKyHMUM CUCTEMAXOWN XaBOKaLLIA.

Taxnuny Taxkukm Taypmban Mmyocupm nomxakaiui, oyHén sa nctndogabapum LUOA nMkoH MegmxaHsa, ku
OHX0pO 6a Tapau 3amn rypyxoaHan Hamoem:

- Aknyxm. Hamygn maskypu wndt 60 Bacnu a3 4eBop TO AEBOPU NaBXaxoun akyCTUKA, Kn TaMoMu dha3om
wndTpo Nyp MekyHag, nbopar acr;

- nopyau wugpm. Kucme a3 wmdT O0BE30H, kKM gap Gab3e a3 Yomxou HULIOHAMXAHZAxou Xybwu
aKyCTMKMpO Tanab MeKkyHagd, Bacn kapga MellaBag;

- lagxaxou akycmukuu Oap anoxudael newbuHd wyda. JNlaBxaxoe, kn 60 Makcagu newbuHii HamygaHu
Xy3ypy XanoBaTu akyCTMKA Jap KMCMaTXOM MaxcyC YyAolwydaun xyypaxo Ba € xaMuyyH YHCypwu wuroBarin Hach
MerapgaHa.

Xynocaxo

AKyCTUKan MebMOPIN-COXTMOH SIKE a3 HaKLLUXON acOCUTapuHy Kanuampo Aap Tallakkynu MyxuTu cagouv

Mycoug, ku Tanabotn TabiMHOTUM BUHO Bosa YaBobry 6Gowan, mebosaa. HuwoHanxaHgaxom MyxmuMm akyCTUKiA
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a3 BakTu peBepbepaTcus, cagoMyxodusii, KoadputcneHTn cagodypybapin, SKyMHCarnm akyCcTukin Ba catxm cago
nbopat 6yna, 6aHazaprupumn oHxo gap nouxakalimm akycTukum 6MHOX0 3apyp acrT.

LLlaknn mebMopii Ba reoMeTpum xyypaxo 6a naxHLiasi, UHbUKOC, YamMblLLaBi Ba Taxpudu cago aap OHX0
TabCWpKW Hasappac gowrTa, 6054 Aap Mapxanaxou HUXouMM ronxakawmm 6uHoxoba Hasap rmpudTa WwaBaHA.

MaHb6abun HazapusiBUN AM3anHW akyCTUKIA ke a3 BacoUTXomM 3apypi 6apov TabMyHU TanaboTn MebEepi,
6anaHg 6apgowTaHm cudat MyxuT MEbMOPIA Ba Xy3ypy XxanoBaTu akyCTUKMn nctmdogadbapangaroHn 6MHoxo
mebolian,.

MyKappus: MyKumoe P.C. — 00Kmopu mMevMOpA, npogeccopu Kagheopau ousaiini MyXumu MesMopy 64 mapmumu
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PA3BUTUE NAHOWA®THOIO UCKYCCTBA B APXUTEKTYPHO-TPAOOCTPOUTENIbHOM
CPEOE roPOOA
@®.3. MupsoeBa, I.®. CagueBa
TamKukckuil TEXHUYECKUM yHUBEpCUTET UMeHH akagemuka M.C. Ocumu

B crarbe paccMaTpmBaroTCs OCOOEHHOCTH HPHUMEHEHMs JAHIA(THBIX pEemeHHH B apXUTEKTypHO-IPaOCTPOUTEIHLHOM
Pa3BUTHHU rOpOZIOB. DTO BKIIIOYAET B ce0s KaK PECTaBPallMI0 HCTOPUUECKHX 3€IEHBIX MACCHBOB, TAK M BHEIPEHUE HOBBIX (HOPM O3CIICHEHUS,
CIIOCOOCTBYIOIIMX T'apMOHM3AIMKM TOPOACKOH cpenmbl. TakuM 00pa3oM, MOXKHO ClieaTh BBIBOX O TOM, YTO IOJYYEHHbBIE PE3Y/IbTaThl
JTaHAUadTHBIX PELICHUH B COOTBETCTBHE C TOPOJCKHM IUTAHUPOBAHHEM, HAIIPABJICHbI HA yCOBEPLIEHCTBOBAHUE TOPOACKOH CPEIBI B IICJIOM.

Knrouesvie cnosa:  apxumekmypro-epadocmpoumenshas — cpeod, IaHOWAGMHOe UCKYCCME0, —O3€eleHeHue,  20pood
Taosrcuxucmana, bnazoycmpoicmso, ypoanusayus, IKoL02UYecKas yCmouyusocmy, UCHOPUKO-KYIbIMyPHOe HAcaeoue, 20po0cKas cpeod.

PYWAU CAHBATU NAHOWASDPTU OAP MYXUTU MEBMOPU-LLUAXPCO3U
@®.3. MupsoeBa, I'.®. CagueBa

Jlap Makoina XyCyCHsATXOH HUCTH(OIan KapopXoH JaHAmAQTA Jap pyIIAN MEEMOpH Ba IIaXpCO3MHU HIaXpakxo Oappacit kapaa
MemaBaz. MH 6apKapopco3ny MacCHBXOU TabPUXHU MaH3apaBi Ba XaM YOP#l KaplaHH IIAKIXOH HaBHM ca03aKopupo Aap 6ap Merupan, Ku
6a XaMOXaHI'CO3MH MYXUTH IaXpid MyCOH/aT MEKyHaHI. XaMHH TapUK, METaBOH XyJoca KapJ, KH HaTu4axou GajgactoManan Kapopxou
nanamad T THOKK OaHAKIIArMPUH maxp 0a TAKMUIIA MyXHUTH HIaXpi Aap MaYMy'h paBOHA KapJa IIyTaaH/I.

Kanuoeoorcaxo: myxumu mevmopii 8a waxpcosi, canvamu nanowiapmil, kabyousopkyui, waxpxou Toyuxkucmon, 06000Hil,
ypbanuzamcus, ycmygopuu 9K0102H, MepOCU MAbLPUXUIO PaApXaAH2il, MyXUmu umaxp.

THE DEVELOPMENT OF LANDSCAPE ART IN THE ARCHITECTURAL AND URBAN
ENVIRONMENT OF THE CITY

F.Z. Mirzoeva, G.F. Sadieva

The article discusses the features of the application of landscape solutions in the architectural and urban development of cities.
This includes both the restoration of historical green areas and the introduction of new forms of landscaping that contribute to the
harmonization of the urban environment. Thus, it can be concluded that the obtained results of landscape solutions in accordance with
urban planning are aimed at improving the urban environment as a whole.

Keywords: architectural and urban environment, landscape art, landscaping, cities of Tajikistan, landscaping, urbanization,
environmental sustainability, historical and cultural heritage, urban environment.

BBegeHune

NanpwadptHas apxutekTypa npeacrasnseT cobon MHOrorpaHHyo obnacTb, KOTopas BKitoyaeT B cebs
NpOEeKTMPOBaHWNe, Co3AaHne N PEKOHCTPYKLMIO OTKPbITbIX MPOCTPAHCTB Kak B rOPOACKOW, Tak U B CENbCKOW cpee.
KnioueBbIM acnekTom SIBNSAETCS rapMOHUYHOE coYeTaHue MPUPOAHbLIX U UCKYCCTBEHHO CO3A4aHHbIX 3NIEMEHTOB
nanvpwadgTa, 4To CcnocobeTByeT HOPMUPOBaHMIO 3CTETUYECKM MNpUBMEKaTenbHbIX WM YHKUMOHANbHbLIX
NPOCTPaHCTB.

MpupoaHbIn naHgwadT B reorpauyeckoM KOHTEKCTE — OQHOPOAHbIM Y4aCTOK 3eMMn, OrpaHUYeHHbIN

€CTeCTBEHHbIMM rpaHuuamm, obpasyoLlen B3anmMocBa3aHHOE €AMHCTBO M3 MPUPOAHBLIX KOMMOHEHTOB, TaKUX Kak
penbed, noysa, BoAa, PACTUTENbHOCTb U XMBOTHbIM Mup [1]. B naHawadTHOW apXxuTekType OCHOBHbLIM
NPVHUUMOM SIBNSIETCHA 3KONOrMYyeckasi yCTOMYMBOCTb, KOTOpasi BKIovaeT B cebsa Mcnonb3oBaHWe NpupogHbIX
pecypcoB C MUHUMAarbHbIM BO3AEMNCTBMEM Ha OKPY>KaloLLyto cpedy. JTO npegnonaraet co3gaHne 3enéHblX 30H,
3pheKTNBHOE NCMOMb30BaHME BOAHbLIX PECYPCOB M BbIOOP pacTUTENbHOCTU, ONTUMANbHO aganTUPOBAHHOMN K
MECTHbIM KIMMaTUYECKMM YCroBUAM. BaxHbIM Takke SABMSETCS NPUHUMN YyBCTBUTENBbHOCTM K KOHTEKCTY,
KoTopbln TpebyeT yyéTa KynbTypHbIX, WCTOPUMYECKMX W coumanbHbIX OCOBEHHOCTEeW pernoHa npu
NPOEKTMPOBaHNN.
Martepuanbl U MeTOAbl UCCNEAOBAHWUA 3aKMOYaloTCs B BbISIBIIEHWM KIHOYEBbIX HamnpasieHW pas3BUTUS
naHawagTHOrO WUCKYCCTBa B apXMTEKTYPHO-rpadoCTPOUTENbHOM Cpede ropoda, a Takke onpegeneHuun
3a(ppeKkTNBHBLIX NOAXOA0B K (POPMMPOBAHWMIO 3KOMOMMYECKM YCTONYMBONO M ICTETUHECKUM BbIPA3UTENbHOMO
naHaWwadgTHOro NPOCTPaHCTBA HAa OCHOBE aHann3a COBPEMEHHbIX TEHAEHLUMIA U permoHarnbHbIX OCOOEHHOCTEN, B
TOM 4uCre C YY4ETOM MNPUPOOHO-KNMMaTMYeckux ycroBui TapkukuctaHa. Ocobo CTOUT OTMETUTb, YTO B
COBPEMEHHbIX YCNOBUSX akTyanusuMpyeTcsl 3ajada YNyudlleHUs KayecTBa >KU3HW HaceneHus, MnoBbllleHne
3KOMOrMyecKkom yCTOMYMBOCTU U COXPaHEHMe KynbTYpPHOro Hacneams.

OObekToM uMccnefoBaHWs BbICTyNaeT NaHAawadTHas opraHWsauus ropoAcKOW cpefbl B YCIOBUSIX
COBPEMEHHOro rpagocrtpouTtensctea. Metoabl 1 npuvéMbl NaHawadTHOW apXMTEKTypbl HamnpasrieHbl Ha
dopmupoBaHme KOMMOPTHOW, (PYHKUMOHANbHOW U  3KOMOrMYECKM YCTOMYMBOWM FOPOACKOM cpefbl C
NCNOMb30BaHNEM NPUPOAHbIX, KYNbTYPHBIX N TEXHOMOMMYECKNX PECYPCOB.

"opogckoe o3eneHeHve npedcTaBnseT cobov BaXHbI ANeMeHT naHawadgTHOM apXUTEKTYPbl FOPOLCKOM
cpenpbl. OHO urpaeT KINoYeByo porib B CO34aHNN KOMGOPTHbBIX YCIIOBUIM FOPOACKON cpefpbl, 0COBEHHO B YCNOBUSAX
nameHsoLerocsa knuvarta. B TampkuknctaHe, roe npeobnagatoT ropHble 1 3acyLUnvBble TEPPUTOPUN, 3enéHble
HacaxaeHus cnocobCTBYIOT CMAMYEHUIO KIMMaTUYECKNX YCNOBUI, YIYYLLIEHUIO KAYeCcTBa BO3ayXa 1 MOBbILLEHWUIO
YPOBHS XWN3HU HaceneHus.

TagKUKUCTaH xapakTepusyeTcsi KOHTUHEHTalNbHbLIM KNMMATOM C >Kapkum fETOM U XOSIOAHOW 3MMOMN.
CpepnHerofgoBas TemnepaTtypa B CTpaHe yBENMYMBaeTCs B CBA3W C rnobanbHbIMU U3MEHEHUSMM KNMMaTa, 4To
HabngaeTca B COKpaLLEHUN KOMMYECTBA MOPO3HbIX AHEN N YBENUYEHUM YNCNA XKaPKUX AHEN C TeMnepaTypon
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cBbile 40°C. 3TU M3MEeHEeHUs1 OKa3blBalOT BNUSHME Ha FOPOACKYI0 WMHAPACTPYKTYypy M TpebyloT agantauum
3€nEHbIX 30H.

Ponb 03eneHeHusa B ropoackon cpene BecbMa pasHoobpasHa:

CHWXEHMEe TemnepaTtypbl: AepeBbs N KYCTAPHMKW CO30al0T TEHb, YTO MOMOraeT YMeHbLUNTb 3deKT
«TOPOACKOro TENOBLIAENSAIOLWErO ropoaKay;

- ouMLlEeHne BO3ayLIHOro G6anaHca: (acnupaums-BabixaHue) Ucnonb3oBaHne 6onblue pacTUTENbHOCTH,
nornoLwarLLen yrinekncnbl ras, nbinb U GUNbTPYIOLLEN 3arpsi3HEHHYIO Cpeay;

3almMTa OT 3aTOMIEHUs M MaBOAKOB: 3efleHas Tepputopus (30Ha pekpeauuu, pacTUTENbHOCTb)
CMOCOOCTBYET CHXKEHMIO U YAEPXKaHMIO BNarv 1 npefoTBpaLLEHNIO pa3pyLLEHUS NOYBbI;

3enéHble NpOCTPaHCTBa, NpeaHa3HaYeHHble ANA OpraHv3auuuM OTAblXa HaceneHus, ynyylleHus
MUWKPOKNMMaTa, COCTOSIHMS aTMOCEPHOro Bo3ayxa U CaHUTAPHO-TUTIMEHNYECKMX YCIOBUNA;

MOBbLILLIEHMNE KAYeCTBa XWU3HW: MAapKM W CKBEpbl CO34alt0T KOMMOPTHbIE YCMOBMS AMs OTAbIXa W
HM3MYECKOM aKTUBHOCTMU.

OpgHako, HECMOTPS Ha OYeBUAHbIE MPEMMYLLIECTBA, pa3BUTUE 3eNEHON MHPPACTPYKTYPbl CTankMBaeTcs
C psigoM npobnem:

- HeOoCTaTOK BOAblI: B YCIOBUSIX 3acCyLUSIMBOrO KnMMarta HeobxoauMmo 3ddeKTUBHOE ynpaBrieHune
BOAHLIMW pecypcamu;

- TOPOACKasi 3acTpolKa: poCT ropooB BEAET K COKpaLLEHNIO 3ENEHBIX 30H;

- 3KOJOrMYecKkne PUCKK: MOBLILLEHME TEMMNepPaTypbl U U3MEHEHME peXxuma OcagkoB MOryT HeraTMBHO
cKasaTbCsl Ha PpacTUTENBHOCTMW.

[na peweHunsa aTux npobnem HeobXoaNMbl YCTONUYMBBIE METOAbI O3ENIEHEHUs], TaKne Kak UCMOoNb30BaHmNe
3aCyXOYCTOMUMBBIX PACTEHUN, BHEOPEHWE CUCTEM KanesribHOro OpPOLUEHMWS, CO30aHUE «3eNEHbIX KpbIW» U
BepTMKaNbHOE 03eNeHeHNe 34aHUMN.

cee

Pucynox 1,2 — Pewenue npupoOonvix 3Kkocucmem 8 npoCcCmpancmee 20pooa

Pucynox 3 — 3enenviii 20poo [Jywanbe

Ocoboe 3HaveHne npuobpeTaeT KOHUEeNUMs «3enéHoro ropogay, Bkrovatowas B cebsa ncnonb3oaHne
MECTHbIX BUAOB pacTeHWUA, MUHMMM3aLMIO BOAONOTPEONEeHUs, NOBbILLEHNE A0NW NPOHMULIAEMbIX MOBEPXHOCTEN U
WHTErpauuio NPUPOAHbLIX 3KOCUCTEM B CTPYKTYpy ropoga. OTO CrnocoOCTBYEeT CHMXKEHUKD TeMMepaTypHOro
abdekTa ropoACKMX TEMMOBLIX OCTPOBOB, YIYYLLEHMWIO KA4YECTBa BO34yXa M BOCCTAHOBIEHMNIO FOPOACKOM (hopbl
n cpayHbl (puc. 1-3).
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JTangwadTHOE NCKYCCTBO HE TONBbKO BbIMOMHAET 3KOMOrMYECKME N CaHUTAPHO-TUTMEHNYECKMe PyHKLNUN,
HO W UrpaeT BaxHyK pornb B (popMMPOBaHWM BU3yanbHOro obrvka ropofga M yKpenneHun ero KynbTypHOW
MAeHTUYHOCTW. [paBWMbHO OpPraHNM3oBaHHOE O3€erieHeHne CMoCOOHO MOAYEPKHYTb WCTOPUKO-KYNbTypHOE
Hacnegue, co3gaTb y3HaBaeMble 06pa3bl FrOPOACKON cpedbl, a Takke YKPenuTb 3MOLIMOHANbHYI0 CBA3b XuTenen
C MECTOM MpOXuBaHMA. APTUKYMPOBaHHbIE 3enéHble ocK, BynbBapbl, NApKM U NNowaan CTaHOBATCS He TONbKO
MecTamun oTAblXa, HO U BaXHbIMW 3rieMeHTamun ypbaHucTuyeckoro naHgwadTa, BAMAOLWMMA Ha NoBeaeHwue,
BOCMPUATME N KAYECTBO XXWU3HW TOpOXaH. APXWUTEKTYpHO-NaHAwadTHbIE PeLUeHWs, YYUTbIBaloWme MEeCTHYHO
crneundunky, YCUNMBaKT YHUKaNbHOCTb FOPOACKOrO MNPOCTPaHCTBA M CNOCOBCTBYIOT Pa3BUTMIO JIOKaNbHON
NaeHTUYHOCTH (puc.4).

PucyHOK 4— Hpoekm HCUIOCO KOMNJIEKCA C «3C€JIEHbIMU KPbIULAMU) HA dMAdHCAX 6 2. ﬂymaH6e

B TamxukuctaHe B cuny crneunduryecknx npupogHoO-KNMMaTUYECKMX YCIOBUI - XXapKoro 1 3acyLUimBoro
KnumMmara, OrpaHU4eHHOCTM BOAHBLIX PECYPCOB WU CIIOXHOro penbeda - GopMuUpoBaHMe naHawagTHbIX
npocTpaHcTB TpebyeT MHAMBMAYanNbHOro noaxoda. BaxHyo ponb nrpaloT aganTvBHbIE PeLleHnsi, OCHOBaHHbIe
Ha MCNoNb30BaHUN KCEPOMUTHLIX U 3aCyXOYCTONYMBLIX PACTEHUN, a TakKe CUCTEM KaresribHOro 1 noa3eMHoro
opoLUeHus.

MoTeHuman ana pas3suTus NaHawadgTHOrO UCKycCcTBa B TamkukucTtaHe Benuvk. [opoga obnapatot
foratblM KynbTypHbIM M MPUPOAHBIM Hacreguem, KOTOpoe MOXeT OblTb FapMOHWYHO WHTErpMpoBaHO B
COBPEMEHHbIE apXUTEKTYPHO-rpagocTpouTenbHble NpoekTbl. Heobxoanmo yaenaTe BHUMaHMe hopMUPOBaHMIO
3eNEéHbIX KapKacoB, O3efleHEeHWI0 ABOPOBbIX U OOLLIECTBEHHbIX MPOCTPAHCTB, CO34aHWMI0 FOPOACKUX CafoB U
«3enéHbIX ynuu», ocobeHHO B MarnbIxX 1 cpeaHux ropogax (pvc. 5-7).

O3seneHeHne ropodoB W MeponpuaTMS MO WX OnaroycTpOWCTBY NpeAcTaBnsloT cobow KnoyeBble
3MNeMeHTbl afanTauMOHHbIX CTpaTernin K MnocrneacTBUsM W3MEHEHUs KnuMaTta B YCNoBusAX TamxukucTaHa.
dopMupoBaHMe ¥ paclimpeHue 3enéHblX TeppuTopui  CnocobCcTBYeT CcTabunusaumm  3KOOrMYecKMX
nokasarenew, CMArYeHM0 TemnepaTypHbIX Konebanui u ynyylleHwWio oOLLero YpoBHSA >KWU3HU TFOPOACKOro
HaceneHus. Micnonb3oBaHne MHHOBALMOHHBLIX NOAXOA0B, a Takke adheKTMBHOE U paunoHarnbHoe ynpasreHne
NPUPOAHLIMKA  pecypcaMn  SABMSIOTCA  OCHOBOW AN (POPMUPOBAHWS  YCTOMYMBOW,  SKOSOTMMYECKU
cbanaHcUpoBaHHOM N KOMOPTHOW FOPOACKON Cpeabl.

He MeHee 3HauumbiM aBnsieTcs obecneveHne ynobCTBa TFOPOACKOM WHGPACTPYKTYpbl Ons eé
obutatenen, 4YTO npeanonaraeT HanmuyMe pasBUTON ceTM OOBEKTOB OOCMyXMBaHWS, peKpeauVoHHbIX W
KyNbTYpPHO-AOCYroBbIX MPOCTPAHCTB. [pagocTpouTenbHas cpefa npyv 3TOM [AOMMKHA Y4YuTbIBaTb WCTOPUKO-
KyNbTypHble OCOBEHHOCTU KOHKPETHOW TeppuTopuMuM W CnocobeTBoBaTb MNoAdepKaHuio 6raronpuaTHOro
3Konornyeckoro oHa. Tem He MeHee, B NpoLecce peanuaaumm NpoekToB No 6naroyCTponcTsy U MOAEpHU3aLmUn
rOPOACKOWN MHPPaCTPYKTYpPbl BbISBASETCSH HEManNo TpyAHOCTeN M 6apbepos.
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Pucynok 5 — I padocmpoumenvuwiii npoexm ¢ opeanuzayuetl 1auomagpma
Pucynox 6 u 7 — 3enenas cpeda u brazoycmpoticmeo eopooa J{yuanbe u Jlanecapvi

Onsi noBbiweHMs noka3aTtenen WHOoekca kadyecTBa ropoAckoW cpedbl Heobxoaumo geTarnbHO
aHanuampoBaTb (aKTOPbI, BIUSAIOLLNE HA CHXKEHUE OLIEHKW, U NNIAHOMEPHO YCTPaHATL BbISIBIIEHHbIE HEOOCTATKU
nocpeacTBOM LieNeBbIX MEPONPUATUA U CUCTEMHOMO NoaxoAa K yrny4lleHWI0 ropoAcKoro npocTpaHcTea. Takke
Ba)XHO B3aUMOAEWCTBUE C HAceneHmem Yepes nyonmyHblie obcyxaeHus, cobpaHmsa u onpochbl, YTobbl y4eCcTb KX
NoTpebHOCTN NpK NNAaHMPOBAHNM FOPOACKMX NMPOEKTOB.

C pocTtom ypbaHu3auumn pactéT noTpebHOCTb B 3€MEHbIX MPOCTPAHCTBAX, KOTOPLIE SABMASIKOTCS Ba)KHOW
YacTbl ropoackon MHPPACTPYKTYPbl. AKTUBHOE CTPOMTENBCTBO XMUIbIX U 0OLLECTBEHHbLIX KOMMEKCOB BEOET K
YHUYTOXEHUK UCTOPUYECKMX NaMATHUKOB W COKpalleHUo 3enéHbIx 30H, 4TO yXxXyAwaeT J3Konorn4yeckme
XxapakrepucTtuku ropoga. Npu passutnm ropodoB BaXKHO yAENATb BHUMaHUe BONpocam COXpaHeHUs Npupoasl 1
C034aHu1s IKOMNOorm4eckn 3gopoBon cpedbl [2].

paMOTHO oOpraHM3oBaHHas O3eneHEHHAs WHQPACTPYKTypa OKasbiBAET 3HAYMTEITbHOE BIUSHUE Ha
3KONOrMYeckMe NnapameTpsbl, ynydllasi Ka4ecTBO XU3HM U YKpensisia CBs3n Yenoseka ¢ npupogon [3].

O3eneHéHHble TEPPUTOPMM BBIMOSMHAT Kak CaHUTapHO-TUrMeHnveckne pyHKUUKM, Tak u opMupytoT
apXUTEKTYPHO-MPOCTPAHCTBEHHYH KOMMO3ULMIO TOPOACKOM 3acTporKu. VX Hanuyiue BOONb Maructpanen, Ha
acagax 3gaHuMn U B OOLLECTBEHHBLIX 30HAX yrydllaeT BOCMPUATUE ropoda W yKpennseT 6uodunbHblie CBA3N
Mexay YeroBEKOM 1 NPUPOAON.

B rpapgocTpouTenscTtBe O3eNeHEHHble Tepputopumn unbTpyT atMocdepy ropoga OT HeraTUBHbIX
BMUSIHWA, BpedHbIX BbIOPOCOB TEXHWMKM W TEXHOMOIMMIN, PEerynupyloT BETPOBbIE MOTOKM O4YMWas U CHuXas
3arpA3HeHHOCTb BO34yXa U NnoBblillaaA ee BaXXHOCTb ANA bonee ynydweHna MUKpoKnmnmmaTa FOpO.EI,CKOI7I cpeabl.

C yBenunyeHnem obbEMa TpaHCMOpTa U CTPOUTENbCTBA MIoWadb 3eNéHbiX HacaXaeHuh Ha ynuuax,
nnowagsax 1 ABopax ropoJoB COKpallaeTcs, YTO HaknaablBaeT Ha apXUTEKTOPOB W NaHAWadTHbIX AU3aiHepoB
OTBETCTBEHHOCTb 3a COXpPaHEeHWe 3KONornyeckom 6esonacHocTn pervoHa. NMpoekTbl JOMKHbI CMOCOOCTBOBaThL
COXpaHeHulo npupogHoro 6GoraTctBa M OGuopasHoobpasnsl, CHWXas aHTPOMOreHHoe BO3JEeWCTBME Ha
OKpYy>KatoLLyto cpefy.

KoHuenunst «koMdOpTHOM cpedbl» 3akntoyaeTcss B TOM, YTO [epeBbsl U 3€MEHble HacaXaeHWs
CNOCOBCTBYIOT YIyYLLEHUI0 OCHOBHbIX KOMMOHEHTOB KOMAOpTa, Takmx Kak CHUXEeHWe TemnepaTtypbl BO3dyxa,
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perynmpoBaHvMe BNaXXHOCTU, YMEHbLUEHNEe CKOPOCTWU BeTpa, yMydlleHue NCUXO3MOLMUOHANbHOMO COCTOSIHUA U
CHUXeHuWe cTpecca.

B EBpone u gpyrux cTpaHax mupa pasBuTME naHawadTHOM apXMTEKTypbl CBSI3aHO C BOAHbLIMM
anemeHTammn (6accenHbl, (POHTaHbI, Kackadbl, Bogonaabl W Ap.), ManbiMU apXWUTEKTYpHbIMU (OpMaMu |
CKyNnbNTypol, a Takke 3enéHbiMu 3o0Hamu [4]. K npumepy, B ropoge MioHxeH (epmanus) nangwadTHas
apxXuTeKTypa uUrpaeT KIH4eBYyl0 porfb B (hOpMUPOBaHMM BU3YanbHOrO U PyHKLUOHANbLHOro obnmnka ropoackomn
cpenpbl, OCOODEHHO B KOHTEKCTE FapMOHWYHOIO B3aUMOAEWCTBUS C NPUPOOHBIM OKpyXeHneM. BynbBapbl,
obcaxkeHHble 3penbiMuM  OepeBbsAMU, obecneuymBaloT Bu3yarnbHO MNPOHMUAEMble U yAoOOHble newexoaHble
MapLUpyThbl, CBA3bIBAKOLWIME XWMble KBapTanbl. POpMUPOBAHHbBIE XMBble M3ropoan 3PdEKTUBHO 3IKPaHMPYIOT
nepBble 3TaXn 30aHU, co3aaBas YyeaANHEHHbIE 3eNéHble OBOPUKM ANd uTenen. JlyroBble napky ¢ LBETYLLMMU
pacTeHnaAMN BbICTYNaOT B PONM AEKOPATUBHOIO naptepa nepen apxXuTtekTypHbIMU JOMUHAHTaMK, nogvyepkusasi
MOHYMEHTarnbHOCTb OBLLECTBEHHbLIX COOPY>KEHUN.

Kpome Toro, 3actpovika B JaHHOM panioHe OTBeYaeT BbICOKMM CTaHOapTam 3HeproadpekTMBHOCTA 1
COOTBETCTBYET knaccam oT A+ o B, Tem cambiM noBbIWaeT KOMOPTHOCTb B UCMONb30BaHNN peCYpPCOB, BKNaz
B COXpPaHEHWM OKpYyXatoLlen cpeapl.

KomnnekcHoe meponpuatue ¢ KOMOPTHON NPOCTPAHCTBEHHOW CPpeaon OpraHM3aumm XUMoro parnoHa
npogymMaHa C WCMOMb30BaHWEM YIyYLEHUss MUWKPOKNMMAarta, 3aluTbl OT  3KOMorM4eckux npobrnem w
OnopasHoobpasnsi. Ocobbli  MHTEpeCc nNpoSIBNSETCA B MNPOEKTUPOBAHUN BHEOPEHUS  CYLLECTBYHOLUMX
03€eNeHEeHHbIX MacCMBOB 1 UCTOPUKO-KYTbTYPHbIX NApKOB, K NpUMepy Takux, kak HumdeHbyprep, XnpwrapTeH, a
Takke ABopLOBble Napku Ha b6epery pekun Biopm [5] (puc.8).

Pucynox 8 — @paecmenm meppumopuu 3enenozo kapkaca Llenmpanenoti Oopozu
Miouxena u npunezarowux naprkog [5]

Pucynox 9 — Ipupoouwiti ranowaghm Yopryx (Ucghapa)

Ocoboe 3HayeHue B coxpaHeHun BuopasHoobpa3susa urpaeT napk XvpwrapgeH B MIOHXeHe, KOTOpbI
paHee ucnonb3oBasncs Ansa passefeHus dasaHoB. B napke 4E€TKO pasgensarTcs 3enéHble NPOoCTpaHCTBa Ans
nogen, BKItoYast CTPYKEHHbIE MOMsIHbI U XOJNIMbl C BUOOBBIMU CKaMenKkamu.

B pamkax OaHHOro uccrnegoBaHusi 0coboe BHUMaHVE yaenseTcs Takke M KOMMIEKCHOMY aHanmay
NUCTOPUYECKMX LLEHTPOB psda ropofoB TamkukuctaHa, Bknovas Xymkana, UctapaswaH, MNengxukeHT, Ucdapy
n Nnccap (puc. 9). BT ropoga npenctaBnsaoT cobon LeHHble rpagocTpouTenbHble 00BbEKThI, obragatoLine
YHUKanbHOM 06 beMHO-NPOCTPAHCTBEHHOW CTPYKTYPON, CROXMBLUENCS B NpoLiecce ANUTENbHOIO NCTOPUYECKOTO
pa3utusa. Ocobbll MHTEpeC npeacTaBnsloT apXUTEKTypHble aHcamMbnu u HekoTopble 30aHus, KOTopble
opMUPYIOT TPaAOULMOHHOCTL FOPOACKOM 3aCTPOMKN C UCMOMb30BaHMEM METOA0B KyrbTYpHbIX OCODEHHOCTEN.
YHUKaNbHOCTb 3TUX 30aHWI 3aKTYaeTCcs B U3SILLHOM 1 OPUIMHANbHOM BbIMOMHEHNW AeKOpaTUBHOroO yopaHcTBa
W MpuaaHns apxXuTeKTypHOMY 06pasy TpagULMOHHBIA CTUMNb APEBHUX KyNbTYPHbIX LieHHoCcTen. OCOBEHHOCTBIO
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OaHHbIX TOPOACKMX TEPPUTOPUIN SABMNSETCA UCTOPUKO-KYNbTYpHas rpagocTpouTensHas cpefa, Bkr4vawlas B
cebsa KynbTypHble naHAwadTHbIE KOMMMEKChbl, FOPOACKME MPUPOAHbIE Mapku, K MpUMepy, Ha TeppuTopum
NCTOPMYECKOro My3es ropoga XymxaHa, a Takke OXpaHsaemyto TEpPUTOPUIO MCTOPUKO-KYNbTYPHOro 3anoBegHuKa
['Mccap. VICTopuKo-apXUTEKTypHOE Hacrneame BbIMOSHAET He TOMbKO (PYHKLMIO COXPaHeHWs MPUPOAHOro u
KynbTYpHOro MHoroobpasus, HO Takke OKa3blBalOT CYLLECTBEHHOE BNusHME Ha (DOPMMPOBAHUE 3CTETUHECKOro
obnuka ropoAackon cpeapl. OTM 0OBbEKTbl CMOCOBCTBYIOT MOAOEPKAHMIO MPEEMCTBEHHOCTU apXUTEKTYPHbIX
Tpaamumii n obecnevmBaroT COXpaHeHNEe YHUKaNbHON MAEHTUYHOCTN TEPPUTOPUN.

Pe3ynbTathbl

Cpeamn KroYeBbIX KOMMOHEHTOB KynbTypHOro naHgwadra ocoboe 3HayeHue WUMeT BuayarbHble
OOMVHAHTbI - BUAbl, NEPCMNEKTUBbLI U NaHOPAMHbIE PACKPbITUS, (POPMUPYIOLLME MPOCTPAHCTBEHHYO KOMMO3ULIMIO
onpenenéHHon MecTHOCTW. VIMEHHO OHM 3adaloT Y3HaBaeMOCTb FOPOACKOM CTPYKTYpbl U 3akpennsawT eé
XYLOOXECTBEHHO-apXUTEKTYPHbIM 06MMK B OBLLIECTBEHHOM BOCTPUSTUN.

Kpome Toro, Heob6xoammo obpaTuTe BHYMaHVe Ha Mano3amMeTHble, HO LIeHHbIe 3NeMeHTbl TPaaULMOHHON
apXUTEKTYpbl, Cpean KOTOPbIX MOXHO BblAENUTb [eKopaTWMBHbIE KOMMOHEHTHI acafoB, pe3Hble OKOHHble W
OBEpHble HalNMYHUKW, OpPUrMHasbHble OYepTaHUsA Kpbill M OrpaxaeHui. HecMmoTps Ha CBOK BHELLHIOW
CKPOMHOCTb, NOAOOHbIE apXUTEKTYPHbIE AeTann HECYT 3HAYNTENbHYIO KyNbTYPHYO U CUMBOSMMYECKYO Harpys3Ky,
aKUeHTMpys foKanbHble 0COBEeHHOCTM cpedbl U OPMMPYS Bblpa3UTENbHYIO apXUTEKTYPHO-XYOO0XKECTBEHHYIO
aTMocdepy, Kak oTAernbHbIX HACENEHHbIX MYHKTOB, TaK U pernoHa B LesioMm.

Ocoboe BHMMaHNe 3acny>X1BatoT CeNbCKNe HacerneHHbIe MYHKTbl U 3THNYECKM CamMObbITHbIE panoHbI, B
KOTOPbIX A0 CUX MOP COXPaHATCA dNEeMEHTbl HauMOHAaNbHON apXMTEKTYpbl U TPaAULMOHHOIO obpasa >KU3HW.
Takne noceneHvs obnagalT APKO BbIPAKEHHbIM 3THOKYMbTYPHBIM KOMOPUTOM. MIX MCTOPUKO-apXMTEKTypHas
TKaHb OTnMyaeTcs ocobow mnacTukom obbemoB u HGoraton gekopaTuBHOM 06PabBOTKOM, BbINONHEHHOW B AyXe
HapoOHOro TBOpPYECTBa, YTO NMpUAaeT TEPPUTOPMM OLLyLLEHME MOSTUYHOCTU U rryBoKoW ayTEeHTUYHOCTU. OTK
3MNEeMeHTbl ABMAITCA HEOTbEMIMEMOMN YaCcTblo KyMbTypHOro Hacrneaus, opMupys yHUKanbHyl0 aTmocdepy u
YKpennss cBA3b NOKONEHUN.

Kak yxe ynommuHanocb paHee, UCTOPUKO-KYNbTypHblEe LIEHTPbl Hapsay € NpupoaHbIMU naHawadTamu
CYyLLEeCTBYIOT B TECHOM B3aMMOCBA3W, OOpasys eAuHyl0 MNPOCTPaHCTBEHHYIO W CMbICIIOBYIO CUCTEMY. OTO
B3avMopgerncTeme cnocobCcTByeT hopMMPOBaHMIO HOBbIX KA4eCTB, 00YCMOBMNEHHbIX BINSAHWEM KYfbTYPHOrO Cros
Ha NpupoAHYyl0 cpeay, u HaobopoT [6]. Takum 06pa3om, MHTerpaumusi NPUPOAHbBIX U KyNbTYPHbIX KOMMOHEHTOB
MO3BOMSET HE TONMbKO COXPaHUTb MCTOPUYECKOE Hacrneame, HO U akTMBHO MCMONb30BaTb €ro NoTeHuuan B uensx
YCTONYMBOrO Pa3BUTUS TEPPUTOPUN.

MOXHO OTMEeTUTb, YTO HEOOXOAMMO paccMaTpmBaTbh UCTOPUKO-KYTbTYPHbIE OOBbEKTHI B €ANHON CUcTeMe
¢ OOIT (ocobo oxpaHseMbiMU NPUPOAHBIMU TEPPUTOpUsaMHK), obecneunsas TemM camMbiM (DYHKLMEN OMOPHbIX
TOYeK unu saep naHgwadTHO-KYNbTYPHOrO Kapkaca. Takum oBpasoMm, BaKHYH poOfib B KOHCTPYMpPOBaHWM
permoHanbHOW WOEHTUYHOCTU peanu3oBbIBalOT  CTPYKTYPHblE 3MeMeHTbl, CnocobCcTBYs POpPMMPOBaHMIO
YCTOMYMBOW KyIbTYPHOW Cpebl U NoaaepXaHuio LENoCTHOCTU UCTOPUKO-NaHawadgTHOro NpocTpaHcTaa.
O6cyxaeHue

dopMumpoBaHMe U pasBuUTME naHAWadTHOrO WUCKYcCTBa B YCMNOBUAX COBpeMeHHoW ypbaHusaumm
CTaHOBUTCH BaXXHEMNLLUVM 3IEMEHTOM YCTOMYMBOrO TeppuTopuanbHOro passutus. JlaHawadTHele aeMeHThbl B
apXUTEKTYPHOW CTPYKType ropoda BbIMOMHAOT HE TOMbKO 3CTETUYECKYHD W 3KONOTMYECKyto (OYHKLMKU, HO U
CTaHOBATCS KIMOYEBLIMU MapkepaMu permoHanbHoON MAEHTUYHOCTMW.

Mx rpamoTHOE BKMOYEHNE B 00LLYHO cucTtemy GraroyCcTponcTea cnocobCcTByeT co3aaHmio KOMGOPTHOW,
OYHKUMOHANbLHOM 1 BbIpasuTenbHOM ropofckor cpefbl. B aTon cBs3u naHawadTHas apxuTeKkTypa BbICTynaeT He
MPOCTO KaK AUCUMMAMHA, HanpaBrieHHas Ha O3efleHeHne, HO Kak CTpaTermyecknii MHCTPYMEHT, NMO3BONSOLNIA
hopMUPOBATb YHUKANbHbIN apXMTEKTYPHO-NPOCTPaHCTBEHHbIN 06pa3 ropoaa, oTpaXatoLmin ero UCTOPUYECKoe,
KynbTypHOe 1 NpupogHoe cBoeobpaswe.
3akniouyeHue

PesynbTatbl NpoBeA&HHOrO UccrnefoBaHUs NOATBEPAUIM, YTO pasBUTUE NaHALWadTHOrO UCKyccTBa B
apXUTEKTYPHO-rpagoCTPOUTENBHON cpede ropoda TpebyeT KOMMIEKCHOMO Noaxo4a, OCHOBAHHOMO Ha riybokoMm
MOHUMaHWM B3aMMOCBSI3eN Mexdy NPUPOOHbIMM U KyNbTYPHbIMW KOMMOHEHTaMN FOPOACKOW CTPYKTypbl. Ons
BbISIBIIEHNSI MPOCTPAHCTBEHHOW OpraHu3auvMn npyMpoOHO-KyNbTYPHOrO KOMMMEKCa MPUMEHSIIOT MnpakTuyeckoe
pelweHne naHawadTHO-NCTOPUYECKOrO MOAX0Aa, nonarawllee NPOBEAEHUS apXWUTEKTYpHO-naHAawadTHOro,
PYHKUMOHaMNbHOrO M rpagoCTPOUTENbHOrO aHanmaa. Takon nogxon Nno3BonsieT He TOMbKO COXPaHSITb NCTOPUKO-
npumpoaHoe Hacneave, HO U rapMOHWYHO MHTErpupoBaTb €ro B COBPEMEHHbIE rPafoCTPOUTENbHbIE NPOLIECCHI,
obecneynBas NpeeMCTBEHHOCTb KyIbTYPHbIX LIEHHOCTEN B rOPOACKON cpeae.

Peuensenm: Xacanzoda H.H. — DoKmop apxumeKmypul, 1ipogheccop Kagedpvt <ApXumeKmypot 30aHuil 1 COOPYKeHU»
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NMPOLIECC ®OPMWPOBAHUA NAHOLWA®TA U CUCTEMbI BNAFOYCTPOUCTBA MAJbIX
roerogoB TALXKUKUCTAHA (HA NPUMEPE PAUOHOB PECNYBJIMKAHCKOIO
NOAYUNHEHUA)

r.®. CagueBa, ®.3. Mup3oeBa
TamKuKkcKkuid TEXHUUECKUH YHUBEpCUTET UMeHH akajgemuka M.C.Ocumu

B crarbe paccMarpuBalOTCs OCHOBHBIE ATambl (OpMHpOBaHHs JaHAmadTa M OIaroycTpoiicTBa MaibIX TOPOJOB PalilOHOB
pecnyonukanckoro mogunHenus Pecyonuku Tamxukucran. [IpoaHanu3npoBaHbl HCTOPUYECKHE IPENOCHIIKH, 0COOEHHOCTH COBETCKOTO
U MTOCTCOBETCKOTO Pa3BUTHUS, a TAK)KE COBPEMEHHbIC TEHICHIMU B 00nacT iaHamadTHOH apXUTEKTypsl U OinaroyctpoiictBa. CrenaHsl
BBIBOJBI O HEOOXOAMMOCTH KOMIUIEKCHOTO IIOAXOMA K DPAa3BHTHIO TOPOACKOH Cpembl C YYETOM OKOJOTHYCCKHX, KYIBTYPHBIX H
(YHKIMOHAIBHBIX (aKTOPOB.

Knrouesvle cnoea: wmanvie eopooa, namowagmuas —apxumexmypa, 6nacoycmpoiicmso, Taoddcukucman, —parioHsl
PecnyOnuUKanHcKo20 NOOYUHEHUS.

PABAHOU TALLAKKYNN NAHOLWA®T BA CUCTEMAU OBOAOHUU LLUAXPXOU XYPOU
TOYNKUCTOH (OAP MUCOJIU HOXUAXOU TOBEU YYMXYPW)
Ir.®. CagueBa, ®.3. Mup3oeBa

Jap Makona MapXWiIaXxOH acOCHHM TAalIaKKyau JaHAmadT Ba OOOJOHHMM INAXPAaKXOW XypAW HOXUSAXOH ToOen YyMxypuu
TouukucTOH Oappacéi Kapia MelIaBaHA. 3aMUHAXOW TabpUXH, XyCYCHSATXOM PYIIIW IIYpaBid Ba MAcOIIypaBi, HHYYHHUH TaMOIOJIXOH
MYOCHp Aap COXau MEbMOPHUH JaHAIIa(TH Ba 000ZOHA TaxJIMII Kapa Iyaani. XyJaocaxo aap 0opau 3apyparu MyHOCHOATH KOMILIEKcH Oa
PYIIAN MyXHTH IIaxpit 00 Ha3apIOIITH OMHIXOH IKOJIOTH, (hapxaHrit Ba GpyHKCHOHaA OapoBap/a ITyaaH .

Kanuosooncaxo: waxpaxxou xypo, mevmopuu 1anowagmi, 06000ui, Toyukucmon, Hoxusxou mobeu yymxypu.

THE PROCESS OF FORMING THE LANDSCAPE AND LANDSCAPING SYSTEM OF SMALL
TOWNS IN TAJIKISTAN (ON THE EXAMPLE OF DISTRICTS OF REPUBLICAN
SUBORDINATION)

G.F. Sadieva, F.Z. Mirzoeva

The article examines the main stages of landscape formation and urban improvement of small towns in the republican
subordination districts of the Republic of Tajikistan. It analyzes historical prerequisites, the specifics of Soviet and post-Soviet
development, as well as modern trends in landscape architecture and urban improvement. Conclusions are drawn about the necessity of an
integrated approach to urban environment development, taking into account ecological, cultural, and functional factors.

Keywords: small towns, landscape architecture, urban improvement, Tajikistan, republican subordination districts.

BBepeHune

PassuTture nangwadTta u 6rnaroyctponcTea Manbix ropogoB TampKMKMCTaHa MMeeT CBOM OCOOEHHOCTH,
00yCrnoBneHHbIe KNUMATUYECKUMN YCIIOBUAMU, peNbedOoM MECTHOCTU, UCTOPUKO-KYNbTYPHBIMU TPAAMLMAMU U
aTanamu coumarnbHO-3KOHOMMYECKOro pa3BuTtuda. Manble ropoaa, pacnonoxeHHble B parioHax pecnybrmkaHcKoro
NOAYMHEHUS, BbIMOSHAOT HE TONMbKO (PYHKLUMM agMUHUCTPATUBHBLIX Y3MOB, HO Takke SABMSATCSH BaXXHbIMU
3BEHbSIMM B arpapHON 9KOHOMUKE U LIEHTPaMM KyNbTYPHOW KOOPAMHALUN 1 B3aUMOAENCTBMS.

Manble ropoga, HECMOTPS Ha CBOK KOMMAKTHOCTb MO CPaBHEHMIO C KPYMHbIMW Meranonncamm, urpatot
CYLLLECTBEHHYIO POJib B KYNbTYPHOM N 3KOHOMWUYECKOW XN3HU NM0OO0I CTpaHbl, OPMUPYS BaHOE 3BEHO B O0LLEN
cUCTEME TeppuUTOpUanbHOro YCTPOMCTBA. JTU HACENEHHble MYHKTbl BbICTYNalT HEe TOMbKO XpaHUTensMu
noKanbHbIX TPaguUUA U UCTOPUKO-KYNbTYPHOTO Hacneaus, HO M NPeACTaBnslT cOOOW 3HaYMMble LIEHTPHI
3aHATOCTU HaceneHus, obnagas passMToN NPON3BOACTBEHHOW 6a3oM. [NpoLecc nx cTaHOBNEHWS U AanbHeNLWero
pa3BuUTMSA CNOCODEH BLICTYNAaTb KIOYEBLIM 3NIEMEHTOM B CTpaTernyM ycTom4mBoro pocta, cnocobCcTBys HE TONMbKO
YIYYLLIEHUIO YCINOBUIA MPOXUBAHMUS MECTHOIO HaCeNeHWsl, HO M CO34aHUK0 NPeanocChifiok Ansi CTabunbHOro
3KOHOMMYECKOro nporpecca Ha MecTax.

Matepmanbl M MeToAbl MUCCNeQOBaHMA 3aK/OYaATCA B PACCMOTPEHUM OCHOBHBIX 3TaroB
dopmMmpoBaHMa naHgwadgTHON opraHmM3aumMm u G6raroyCTporMcTBa MarbiX ropogoB, PacrONOXEHHbIX B 30HaX
pecnybrMKaHCKOro NOAYMHEHUS, a Takke B BbISIBIIEHUN X NIAHMPOBOYHBLIX 0COBEHHOCTEN, NPOBIIEMHbBIX 30H U
NepcnekTUB AanbHENWero pasBuTUst Kak NMPUPOOHOro, Tak WU aHTPOMOreHHoro nadHawadrta. VccnepoBaHue
OaHHOW CTaTbW BKIOYAET UCTOPUKO-rPagoCTPOUTENbHBLIN aHanM3 U pacCMOTPEHUE COBPEMEHHOIO COCTOSIHUS
yKa3aHHbIX HaCenéHHbIX MNYHKTOB.

Ha TeppuTtopun TamxuknuctaHa ocobyro ponb MrparT Marble ropoga M NOCENKWU, BXOASALME B COCTaB
panioHoB pecnybnukaHckoro nogunHenus (Muccap, TypcyH3ane, Pygoaku, Pomut, WaxpuHae, Baxgat v gp.) (pwc.
1, 2). 3TN HacenéHHble MNyHKTbl XapakTepuaylTcs OoraTbiM WCTOPUYECKUM Hacrneavem, pasHoobpasnem
npupoaHoro penbeda M cTpaTterMdeckum MecTtornonoxeHmem. Wx aBonoums oTpaxaeT KruyeBble 3Tanbl
ypOaHUCTNYECKOro pasBUTUA CTpaHbl: OT aKTMBHOIMO CTPOWUTENbCTBA B COBETCKMA MEpUo OO COBPEMEHHbIX
npoLeccoB MoAepHN3aLmm U BOCCTaHOBMNEHNS.
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Pucynox 1- Jlanowaghm u 6aazoycmpoiicmseo ucmopuxo-kyavmyproeo I uccapckoeo 3anogeoHuxa

Pucynox 2 — I'opoockoil nandwagpm cospemennozo Typcynzade

VicTopryeckne n3MeHeHus, NpoucxXoamBLLUMe Ha NpoTsbkeHun XX—XXI| BekoB, okasanu 3HauuTernbHoe
BMNUSIHWE Ha MNMAHMPOBOYHYIO CTPYKTYPY 3TUX FOpOJOB, XapakTep O3efeHeHMs U KadecTBO GraroycTpoincTsa.
YpbaHucTuyeckoe pas3BuMTUE B JaHHbLIX pavioHax BCErga HaxoAwusrocb NOA BIUSHMEM OOLLMX apXUTEKTYPHBIX U
rpafoCTPOUTENbHBLIX TEHAEHUNIA, XapaKTePHbIX AN1A pecnyOnvkn B Lienom.

Ha paHHuX atanax Manble nocerneHus ¢opMUMpPOBanNUCb BOKPYr KrOYeBbIX MPUPOLHbLIX PEecypcoB -
WUCTOYHMKOB BO[bl, NNOOOPOAHBIX 3eMefnb UM TOProBbiX MyTen. TpaguuMOoHHAa NnaHUpoBKa BKMNo4ana y3kue
YIOYKM, BHYTPEHHME ABOPbI U Hebonblmne cagbl, YTO obecneumBano 3awuTy OT KumaTa U MakcumarbHoe
ncnonb3oBaHWe NPUPOAHbLIX ycrnosun. [1].

B HayuHbIX Tpygax Mo O3efeHeHu 1 6raroyCTpoMCTBY, PEKPEaLNOHHbIX TEPPUTOPUIA FTOPOAOB U
nocenenunn ®.3. Mup3oeBa oTMeuyaeT, YTO BONbLUYH LEHHOCTb NPEACTAaBMSAT B ropax pekpeaLoHHbIE PECYPCbI
ONS Co34aHns yry4vleHHOro MUKpPOKNMmaTa B rpaHuuax TeppUTOpUK KOMMIEKCa, OXpaHe OKpy»KatoLLern cpeabl 1
oborauleHno naHawadTa Mmanbix U CpegHUX ropoaos.

B HacToslLee Bpema B ropogax v panoHax TamXnkmctaHa BbINOMHAETCH psi nporpaMm no peanusauum
KOMMMNEKCHbIX PaboT MPOEKTUPOBAHWS W MMAHUPOBAHWUS KyMbTYPHbIX LIEHTPOB ANSA PasBUTUS NIMYHOCTU U
naTpuoTM3mMa K HaLMOHanbHbIM Tpaauumnam [2].

B cBoen kHure M.MicmannoB oTMeyvaeT, YTo hopMUpoBaHMe naHAaWagTHOro UCKYCCTBA N O3€MNEeHEHHbIe
TeppuTopum ropofa Hallen CTpaHbl B MpPUHLUMNE, Kak MOMOXUTENbHbIM (akTOp MOXHO pacLeHuBaTb
npucoeguHeHmns Tepputopun Pecnybnukm TamkukuctaH k Poccun, Tem cambiM Takoe BAMSIHUE MOXHO 3aMeTUTb
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B OpraHunsaunn napkoB 1 CKBEPOB, pa3BUTUN roCyaapCTBEHHbIX y'-lpe>|<,1:|,eH|/||7| N Npon3BOACTBEHHbIX npe,qnpmmmﬁ

[3].

[MpMMeHeHne COBPEMEHHbIX CTPOUTEMNbHBIX MaTtepuarnoB, TaKMX Kak >XENe3HbI KMPMuY, U YyCTPONCTBO
OEepPEeBsiHHbIX MOJIOB B AOMax 3HamMeHoBanu cobow HOBbIM 3Tan B apxuTekType ropogoB. OgHAko akTMBHas
3acTpoyika Hapyliana TpaauUUOHHbIN CpefHEBEKOBbIM OBNMK TakMx ropodos, kak CamapkaHa, XymxkaHg, Ypa-
Twobe. B koHuUe XIX Beka agMUHUCTpauusa XyopkaHaa 3anoxuna nepBbli ropodckon ckeep, pa3buTein B 1893 roay
Ha TeppuTOopUM NNOLLaAbI0 OKOMO rektapa.

B cosetckun nepmog (¢ 1920-x no 1990-e rogbl) pasBuTUE MarbiX ropogoB NpMoOpeno MnnaHoBbLIN
xapaktep. Havanacb peanusaumsa reHeparnbHbIX MMaHOB, 3aknagblBanvCb MapKoBble 30Hbl, MMoLWaau,
OCYLLLEeCTBMANOCH BNaroyCTpoMCTBO ynuL, U 0BLECTBEHHBIX NPOCTPAHCTB. B 03eneHeHun ncnonb3oBanmnchb Kak
MECTHbIE, TaK U NPUBHECEHHbIE BUAbI pacTeHUn. bnaroycTponcTBo Hocuno 6onee popManmnaoBaHHbI XapakTep:
perynsipHble NnaHUPOBKKU, NOCaaKa annewn, ycTponcTso (POHTaHOB.

Mo ceepmeHuam Mykumosa P. C. nu MamagxaHoson C. M., Bo BTopon nonosuHe 1950-x rogos B
TapxuknctaHe Habnoganacb TBopYeckas TpaHcopMauns apxXxMTeKTypHOW aedatenbHocTu. lNMpoekTupoBaHue
HOBbIX FOPOAOB, Takux kak fAsaH n Perap (HbiHe TypcyH3age) (1964-1965 rr., apxutektopbl Mutarikuna J1.I.,
TuxoHoea 3.[., Opnos IN.B6., Cmbicnos W.I.), 66110 06yCnoBneHo CTPOMTENbCTBOM KITHOYEBbBIX MPOMbILLIIEHHbIX
OOBEKTOB - aniMWHMEBOrO 3aBOA4A W SMEKTPOXMMUYECKOro KombuHaTa B FBaHCKOM AOMVMHE M KPYMHOro
antoMuHMeBoOro 3asoga 6nms ropoga TypcyH3aze — OBYX OCHOBHbIX noTpebutenen aHeprum Hypekckon M3C.

B otu rogbl ObinM BBINOMHEHbI U YTBEPXAEHbI MPOEKTbl FeHeparnbHbIX MMaHOB ApPYrMX ropogoB
TamKuMknucTtaHa M pocT FOpPOACKOro HacerneHusi, obpa3oBaHWE HOBbIX FOPOAOB, YBENMYEHUE KanuTanbHbIX
BMNOXEHUA B XWMULLHOE CTPOUTENbCTBO pPecnybnvku npegonpenenunu HanpaBneHHOCTb rpagoCcTpouTens,
KOTOpOE OOMH U3 BaXKHEWLUNX 3afad SBNSANOCh 03ereHeHne n bnaroycTponcTea ropoios.

MocTeneHHo popmmpoBanack naHawadTHas apxmTekTypa n 6naroyCTporcTBO Hapsgy CO 30aHWSMU 1
COOPYXEHUAMU, N3MEHSAST B NYYLLYIO0 CTOPOHY 06nmKk ropogos» [4]. Takke ANS ynyylWeHUs U BOCCTAHOBMEHUS
aTMocepHOro Bo3gyxa ropogoB MpaBUTENbCTBO BbIABUHYIO HECKOMbKO 3agad Mo COKpalleHMO BbiOpOCOoB
BbIXJIOMHbIX ra30B, BbICOKOW KOHLEHTpaLUM aBTOMOBUITbHOIO ABWXKEHUS, NbINM U U3MEHeHUs knumarta. Nocaaka
OepeBbeB BAOMb AOPOT BMeYaTnseT KpacuBbi 0630p, co3gaBas 3efeHyo Nosfocy M TeHb AN OTAbIXaloLWwumXx, a
rMaBHOE OHW MOTMOLLAT YIMEKUCTTbIA ra3 U BbIAENAT 000ralleHHbIV KMCNOPOoA, O4YnLLas BO34yX B panoHax C
BbICOKOW KOHLeHTpauuen AOBwKeHus MawuH. Kpome 3Toro, B Kapkyl Morogy oO3efneHeHue nomoraeT oT
neperpesa, co3gaBasi KOMPOPTHbIE ycrnoBus [5].

Mocne 1991 roga manble ropofda CTOMKHYNIUCb C SKOHOMWYECKUMWU TPYOAHOCTAMMU, UTO NPUBENO K
3amennieHvo TemnoB GnaroyctponcTtea. OgHako B nocnegHve OecATUNEeTUs HaMETUITUCb MONOXUTENbHbIE
N3MEHEHNS: Pa3BUTUE HOBbIX MAPKOB, PEKOHCTPYKLNA CTapbiX CKBEPOB, NOSIBIEHWE 3NIEMEHTOB COBPEMEHHOMN
naHawadpTHON apXUTeKTypbl. AKLEHT cTan [fenaTbCA Ha 3KOMOrMYHOCTb, YCTOMYMBOCTL W ajantauuto
MPOCTPaAHCTB MO, HYXXAbl HACENEHUS.

B uenax peanusaumym HaumoHanbHow nporpammbl «3eneHasd cTpaHa» Ha nepwog 2023-2027 rr.
3annaHnMpoBaHO 03eneHuTb nnowanbio 6onee 4 Thicay ra go koHua 2025 roga, nocagkamu B 65 MUNNIMOHOB
OEepeBbLEB U KyCTapHuKOB. [laHHas nporpaMma HanpaBfeHa Mo CHWXEHUKO HeraTMBHOIO BO3OENCTBUSI Ha
OKpY>XaloLLylo cpedy € peanusauuven npoekta Ha ABa aTana: nepsbii — ¢ 2023-2025 r., n BTopor — ¢ 2026-2027
r. BknountenbHo [5]. Mo atomy cny4yar go 2040 roga npuHATa [ocygapcTBeHHas nporpamma Pecnybnuvku
TamKnKnCcTaH No o3eneHeHno ropoaos [6].

Marnble ropoga 4Yacto 06nagatoT YHUKANbHOW UCTOPUEN U KyNbTYpHbIM Hacneguem. Passutme Typuama
3a CYET pecTaBpauun WCTOPUYECKUX 34aHUA, NPUPOLHbIX naHawadToB M OnaroycTpowcTBa, CO3L4aHust
KyNbTYPHBIX MapLUpPYyTOB M ecTuBanem npuerekaeT TypUCTOB W CMOCOOCTBYET pPasBUTUIO TOCTUHUYHOTO
OM3Heca, pecTOpaHOB W MECTHbIX pemécen. JKOTypu3M U arpoTypusM Takke MOryT CTaTb BaXKHbIMU
HanpaBleHNAMU ANa MarbiX ropoAoB, HAXOOALUMXCS PSOOM C MPUPOLHBIMU 3aNoBEAHMKAMMU UMK CENbCKUMMN
permoHamu (puc.1).

Mo cTaTMCTNUYECKMM OaHHBIM PanoHbl PpeCcnyBMKaHCKOro NoAYMHEHUS SABMSOTCS BTOPbIM NoKasaTenem
No 3aHMMaemoW NfowaanM Cpeau PErmoHOB CTPaHbl U BenuMuMHe okoro 28 Thic. 600 kM2, rae MioTHOCTb
HaceneHus coctaBnseT — 68,9 yen. Ha 1 km?. Mo gemorpadmMyeckoMy aHann3y MOXHO BbISIBUTb, YTO TapKMKCKas
HaLmMs coCTaBnsieT OCHOBHYIO YacTb HaceneHust — 85%, MEHbLUMHCTBO - 12% cocTaBnaAloT y30ekn 1 nakawubl, a
TaKKe 3aHMMaloT OCTalbHYH YacTb PYCCKUe, KUprnabl, Tatapbl 1 ap. NogpobHo MoXXHO nepevncnuTe coctas PPIT,
B KOTOpbI BkntovawTca 13 panoHoB: [mccapckun, Baxpatckuin, Bap3aobckun, Hypabapgckuii, Pawtckui,
PoryHckui, Jlaxw, Pynaku, WaxpuHasckuii, TypcyH3agesckuin, CaHreop, Tamkukabaackun, dansabagckmn. 3tu
panoHbl HAXOAATCA Ha FOPHOW TEPPUTOPUN, KOTOPbIE CUMTAIOTCS OAHUM U3 aKTyarbHbIX BOMPOCOB NO Pa3BUTUIO
MarbIx ropofos [7].

B HayuHoW paboTe goktopa apxuTekTypbl AkbapoBa A. A npuBegeHbl UCCneaoBaHNa OPMUPOBAHUS
MarbIX HaceneHHbIX MecT, rAie OTMEYEeHO, YTO Halla CTpaHa — ropHbli pervoH, rae 93% Tepputopum 3emnm
3aHUMaloT ropbl. [1oaToMy AN pellueHns rpagoCTPOUTENbHBIX BOMPOCOB MO PasBUTUIO paccerieHns B 30Hax
FOPHbLIX 1 NPEAropbIX PErMOHOB Ha CErofHSLWHWIA AeHb CTAaHOBUTCSA Hanbonee BaXXHOW NEPCMNEKTUBHOW 3adaven
MO COXpaHeHUIO OKpYXatoLen NpUupoaHON cpeabl, COLManbHOro KayecTBa U KOMGOPTHOW XU3HM HaceneHus [8].
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PesynbTaThl

CnenyeT oTMETUTb, YTO B COBETCKUM MEPUOA CpedHMe U Marnble ropoga Ha tepputopun Pecnybnvku
TamXMKNCTaH NONyYMnM HOBbLIV MMMYNbC pa3BUTUS Brnarogaps NonvTuKe MHAOycTpuanusauun u ypbaHmsaumm.
Bbinn nocTtpoeHbl 3aBoAbl, habpuky, LIKOMAbI U KyNbTYpPHbIE YYpEeXAeHWsl, B KOTOPbIX MaHawadTHas cpefa
urparna BaXkHYH poflb B apXUTEKTYpPHOM 065nke ropoaoB. NHpacTpyKTypa ropo4oB 3Ha4YMTENbHO yny4ylunnacs,
N MHOTME U3 HUX CTanu UHAYCTpUarnbHbIMU LEeHTpPamMu ¢ npeobnagaHvem NErkon u NMLEBON MPOMbILLIIEHHOCTH.
K atum ropogam oTtHocATcA - ropod TypcyH3age, rae HaxOAMTCS MPOMBILIMIEHHbIV antioOMUHEBBIN 3aBof,
LLlaxpmHaBckuiA LenkoBbIn KOMOMHAT, LLlaxpnHaBCKnin KOHCEPBHbIN 3aBOA W T.4., KOTOPbIE A0 CEroAHSLLHATO OHS
©oraTbl NpMpOAHbIM NaHawadgToM, MECTOM OTAbIXa, a TAKKe Pa3BUTMEM MPOMbILLSIEHHOCTHY (pUc. 3, 4).

Pucynox 3 — Opeanuzayus nanowaghma 6 yenmpe 2opoda Lllaxpunas

Pucynox 4 — Opeanuzayus ranowagma 6 yenmpe 2opoda Llaxpunas

Mocne pacnaga Cosetckoro Coto3a Manble ropoda TamXuKucTaHa CTOMKHYNUCb C CepbE3HbIMMU
SKOHOMWYECKMMMU TPYAHOCTAMW, OOYCMNOBMEHHBIMW MEPEXOAOM K PbIHOYHOM 3KOHOMMUKE WM MOCNEACTBUMSIMU
rpaxkgaHckon BolHbl B 1990-x rogax. Tem He MeHee, B nocneaHne roabl HabnogaeTcss BOCCTAHOBMNEHME 3TUX
HaCENEHHbIX MYHKTOB, YeMy CrMocoOCTBOBANoO pa3BUTUE CENbCKOrO XO3SWCTBA, TOProBNW W YryudlleHue
TpaHCnopTHOW MHAPACTPYKTYPbI.

O6cyxaeHue

MHorrne manble ropofa pervMoHa akTMBHO CTPEMSITCS aAanTMPOBaTbLCA K COBPEMEHHBIM 3KOHOMUYECKUM
BbI30BaM, pasBMBasg TYpu3M, CENbCKOE XO3SINCTBO W Marnbil GU3HEC, 4TO WUrpaeT KIHYEBYH pPoOSib B UX
9KOHOMMYECKOM BO3POXAEHWUM U AanbHenwen ypbaHusaumu.

Cpean n3BeCTHbIX ManbiX ropodoB 3anagHoro TamkukuctaHa MoXHO Bblaenutb Vcdapy, MNMeHmxnkeHT
n KaHnbagam, kaxapiii U3 KOTopbiX 0b6nagaeT YyHUKanbHON UCTOPUEN U KYNbTYPHbLIM HacNeaneMm.

B 1991 rogy nocrne nonyyeHuss He3aBUCUMOCTU TaXMKUCTAHOM MPOU3OLINN U3MEHEHUS B
agMUHUCTPaTUBHO-TEPPUTOPUArbHOM AerneHnn. bbinu obpasoBaHbl panoHbl pecnyOnmMKaHCKOro NogYMHEHMS,
KOTOpble NONy4Yunu ocobblin CTaTyC U CTanu BaXXHENLLUMM LieHTpaMn ynpaBneHusi U pacnpeaeneHns pecypcos.
OTu panoHbl YacTOo BKITKOYANM KpynHble ropoaa 1 arnoMepatmm, YTo CnocobCTBOBAIO X 3KOHOMUYECKOMY POCTY.

CoepemeHHble meHOeHUyuu. CeroaHs B Manblx ropogax M panoHax pecrny6nvMKaHCKOro nogyYMHeHus
pa3BMBaeTCs NoAxon K 6naroyCcTponcTBy, OCHOBAHHbIN HA NMpUHUMNAXx:

e  YCTOW4YMBOrO pasBUTUS;
e  COXpaHEeHWA NCTOPUKO-KYIbTYPHON NOEHTUYHOCTH;
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e  1ICNONb30BaHUA MECTHbLIX MaTepManoB U PpacTUTENbHOCTY;
e  BOBIIEYEHMS MECTHOIO coobLlecTBa B NPOLECCHI NNTAHMPOBAHUSA U O3ENEHEHNS.

BaxHyto ponb WrpaeT co3fgaHue peKkpeauMOHHbIX 30H, MeLexXOAHbIX MapLpyToB, ©naroycTpowmcTBO
HabepeXXHbIX 1 00LECTBEHHbLIX MPOCTPAHCTB.

[na co3gaHMs B TOPOACKMX LEHTpax 3MOLMOHamNbHO-AEACTBEHHOW MNPOCTPAHCTBEHHON cpeabl,
poxaalllen cBeTnble U pafoCTHble YyBCTBA, pacnonararollen K obLecTBeHHOMY €AMHEHUIO U Bbi3biBaKOLLEN
YyBCTBA YOOBMETBOPEHNA U ropaoOCTU OOCTUXKEHUAMU CBOEW 3MOXM UM CBOEro Hapoda B CTpaHe, LUMPOKO
npuBreKalTCa camble pa3HOObpasHbie CPeacTBa XyOOXECTBEHHOM BbIPa3UTENbHOCTU apXUTEKTYpbl, B TOM
yuncre CMHTEe3a UCTOPMYECKON 1 HOBOW apXUTEKTYphbl, a Takke CPeACcTBa PasnuyHbIX BUAOB M306pasnTenbHbIX 1
OEKOpaTUBHBbIX WCKYCCTB, 3MeMeHTbl ropoackoro 6Gnaroyctponmctsa u naHgwadra, anemeHTbl An3anHa U
nHcpopmaumm (puc. 5, 6).

Pucynox 5 — Jlanowagpmuwiii ouszaiin Manvix 20po0os

Pucynok 6 — Jlanowagpm u brazoycmpouicmeo manvix 20po0os

BonbLlion Bknag B 3Ty cdepy rpafocTpoUTENbCTBA BHECIM apXUTEKTOPBI U XYAOXKHUKM TamKUKMCTaHa,
pa3pabaTbiBatoLine NpoekTbl 0OLLECTBEHHbIX LLIEHTPOB (haKTUYECKM BCEX rOpoaoB pecnybrnmku n nocBsATUBLLNE
3TOW TEeMe HEMaro TEOPETUYECKUX UCCIIefoBaHMiA U Ny6GnunkaLmii, OTMEYEHHbIX Fy6OoKoN MaeHO-NONUTUYECKO
HanpaBleHHOCTbI W LeNeyCcTpeMIeHHOCTb. K HacTosilleMy BpeMeHW MHOrMe M3 MPOEKTHbIX 3aMbICIOB
peann3oBaHbl.

3aknoveHune

Mpouecc dopmupoBaHusa naHAwadgTHOM CTPYKTYPbl M CUCTEMbI GnaroyCTponcTBa MarnbiX FOpOLOB
TapKukncTaHa npOLWEN 4Yepe3 HECKOSIbKO WCTOPUYECKMX 3TanoB, KaXAbl M3 KOTOPbIX BHEC BKMNag B
dopMMpoBaHME NX apXUTEKTYPHOrO U NPOCTPaHCTBEHHOro obnnka. Ha coBpeMeHHOM 3Tane pasBUTUS BaXKHbIM
CTaHOBUTCHA MOWUCK PaBHOBECUSI MeXOy COXpaHEeHWeM KynbTYypHO-UCTOPUYECKOro Hacneaus u BHeOpeHUeM
NPUHLMNOB YCTOMYMBOro pas3Butus. [lpuMeHeHWe KOMMMEKCHOro noaxoda, B KOTOPOM  Y4YMTbIBAKOTCS
3KomMormyeckne, coumnanbHble U 3cTeTUdeckme akTopbl, CnocoBCTBYeT COo3aaHMio KOMMOPTHOW roponcKown
cpeabl, NONOXUTENBHO BNUSIOLLIEN HA KQYeCTBO XU3HU HaCeneHus.
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OT npodeccroHarnbHbIX PeELLEHUn apXUTEKTOPOB W rpagocTpouTenen HanpsiMyto 3aBUCUT YPOBEHb
Onarononyyna un 300poBbsi ropoxaH. Bce npoekTHble MeponpuatTMS  AOMKHbI  ObiTb  HaMpaBrieHbl Ha
yOoOBMneTBOpeHNe 0OLEeCTBEHHbIX NOTPEBHOCTEN U (HOPMUPOBAHME BbLICOKOMO YPOBHS FOPOACKON KyMNbTypbl.
OpraHusauma naHgwadTa u 61aroycTponcTBO ropogoB OO/MKHO ObiTb NPoAyMaHHbIM B MOMb3y obLecTBa U
WHTEPECHI Kak4oro ropoxkaHunHa.

Peyensenm: Xacanzoda H.H. — DoKimop apxumeximypbl, npogheccop Kagedpvt <ApxumeKmype 30anuil 1 cOOPYKeHU
JIIITY umenu axademuxg M.C. Ocumi.
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2. MupzoeBa @.3. dopmupoBaHHE TpalOCTPOUTENBHOW cpenbl Topona JymanOe: Tpamuius u
coBpemeHHOCTb. [lonurexnnueckuii Bectuk. Cepusi Mnxenepusie nccnenoBanus. Ne4 (44) — 2018;

3.Ucmanmnos M. JlanamadrHas opraHuzanms u  OJaroycTpoiCTBO TOPOICKUX TEPPUTOpPHUit
TamxkukucTana (TpaJulii U COBPEMEHHOCTB): yueOHoe nmocodue. — Jymanoe- 2018. — C.62-63,;

4. Mykumor P.C., Mamamkanoa C.M., 3omyectBo Tamkukucrana: // ydeOHOe IOCOOHE st
ApPXUTEKTOPOB U CTPOUT By30B— Jyrman6e.Maopud - 1990. - C. 140-141.

5. https://www.asiaplustj.info/ru/news/tajikistan/society/20241007/tadzhikistan-ozelenit-bolee-4-
tisyach-gektarov-do-kontsa-2025-goda-v-ramkah-programmi-zelenaya-strana

6. https://khovar.tj/rus/2024/06/

7. https://ru.ruwiki.ru/wiki/ PPII Tampkukucrana

8. AkOapoBA.A. Apxurektypa ropaoro Tamkukucrana: - lyman6e-2021. - C. 5.
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TAXJIUNIN MYKOUCABUN UCTUDOOAU APMATYPAN NYNOAN OAP

KOHCTPYKCUAXOU OXAHYBETOHW
U.lW. Awypos, U.C. MymuHoB
Jonnmroxu TexHuKun TodukcHTOH 60a HoMHU akageMuk M.C.Ocumin

Jlap MakoJ1a Tax)IMII MyKOMCaBHH apMarypaw mynoxun cuadxon A500, AS00C Ba AlIl (A400), ku qap Xopruda HCTEXCOII IIya,
0a QyMXyp# BOpH MerapJana, MyToOuK 6a tanabotu maumyu konnaxo (MK), TOCT P 52544-2006, 'OCT 34028-2016 BaI'OCT 5781—
82 anyom nona mrynaact. [TapameTpxou acocii: MyKOBHMAaTH MyBaKKaT# (BpEMEHHOE COIIPOTHUBIEHHE — Os), XaIN MyCTaxKaMil (TIpexern
TEKy4eCTH — Gr) Ba Japo3MIaBUM HUCOM MaBpuanm oMy3uml Kapop rupuprtana. HomyBodukarit 60 cranmaprxou OGalHHWIaBmatii nap
MaxcCyJOTH BOPUAOTHA MyaisiH rapauaa, 0apou Oanana OapaomTaHi MyCTaXKaMi, TApKUAIITYCTYBOPH Ba Ma30yTHH OWHOXO Jap COXTMOHHU
KHUIIIBap NEITHUXOAXO IIyIaaH].

Kanuosoorcaxo: apmamypau nynooi, MyKoSUMamu My8akKamil, Xa00u Mycmaxkamii 0apo3masuu HUcoi, Mebeépxou 10UXaKaulil,
KOHCIPYKCUAXO0U 0XAHYOEMOHIL.

CPABHUTEJbHbIA AHANNU3 UCMNOJNIb3OBAHUSA CTANTbHOW APMATYPbI B
XEJNE3OBETOHHbLIX KOHCTPYKLUUAX
U.lW. Awypos, U.C. MymuHoB

B crarbe mpoBenéH cpaBHHUTENBHBIN aHANN3 CTAIBbHOH apMarypbl kiaccoB AS00, AS00C u AlIIl (A400), nmponsBoanMoii 3a
py6exoM u mmMnoptupyemoii B Tapkukucral, B coorBeTcTBuH ¢ Tpedoanmsmu CIT (Ceox npasun) [OCT P 52544-2006, TOCT 34028—
2016 u 'OCT 5781-82. M3y4eHbl OCHOBHBIE MTApaMEeTPhl: BPEMEHHOE COIPOTUBIIEHUE — Gg, MPEACT TEKYYECTH — Or U OTHOCUTEIILHOE
VIJIMHEHHE. YCTaHOBICHBI HECOOTBETCTBUSI MMIIOPTUPYEMOU MPOLYKIMH MEKIOCYIaPCTBEHHBIM CTaHIApTaM, U MPEIIOKEHBI MEPhI 110
MOBBIIICHUIO MTPOYHOCTH, TPEITUHOCTONKOCTH M HAIEKHOCTH KeJIe300€TOHHBIX KOHCTPYKIIMIA 3MaHUH U COOPYKCHUH.

Kniouegvle cnosa: cmanvhas apmamypd, 6peMeHHOe CONPOMugieHue, npeodel NPOYHOCMU, OMHOCUMENbHOe VOIUHEHUe,
npoeKmHble HOPMbL, JiCeNe300eMOHHbLE KOHCIPYKYUUL.

COMPARATIVE ANALYSIS OF THE USE OF STEEL REINFORCEMENT IN REINFORCED
CONCRETE STRUCTURES

[.Sh. Ashurov, I.S. Muminov

In the article a comparative analysis of steel reinforcement of classes AS00, ASO0C and AIIl (A400), produced abroad and
imported to Tajikistan, in accordance with the requirements of SP (Code of Rules) GOST R 52544-2006, GOST 34028-2016 and GOST
5781-82 is carried out. The main parameters were studied: time resistance — or, tensile strength — o5 and relative elongation. The
discrepancies of imported products to the interstate standards have been established, and measures to improve the strength, crack resistance
and reliability of reinforced concrete structures of buildings and structures have been proposed.

Keywords: steel reinforcement, time resistance, ultimate strength, relative elongation, design standards, reinforced concrete
structures.

Mykagauma

Hap OyHEO KapAaHW KOHCTPYKCUMSIXOM OXaHybeToHi, apmaTypaxou nynogin Hakwu acocih 603vaa,
KyBBaxou OOXUNPO kabyn mekyHag. ApmaTypaxov Nynoai gap YHCYypxou oxaHybeToHin Oa kawwvpawasin Ba
duwyppawaeii kop MekyHaHa. OgataH gap 6ucépu maBpua apMaTtypaxoun nyrogn a3 xmcobu skyuHca bygaHu
MaxcynoT 6a kawuvpawaeih Ba KaTwasBih caHyuga Mewasang. MysBodwmkatm maxcynotr 60 cTaHgapTxou
GanHvpgaBnatii axaMuaTu KanoH gopapd [1-6]. Makcagm TaxkMkoT — MyansiH HamydaHu YyaBobryun cudatu
apmatypaxou nynoan, ku 6a Yymxypun TOYMKMCTOH a3 XOpu4yM KuwBap Bopwug mMellaBaHg, 60 cTtaHgapTxou
b6anHugaenatii mebowan. A3 Taypmnbaxom UNMn-TaxKUKOTiA MablilyM rapang, Kn xap kagape xagan Mycraxkami
(oap 3epn madhxymu kanmmanm MycTaxkamii xagau vopuvwasidi haxMuaa MelaBag, kKu gap nynoaxou Hapm Ba
kauw 6a Hasap MepacaHz) Ba MyKOBMMaTu MyBakkaTii 6anaHg 6olwwaa, xamoH Kagap Aapo3LlaBiumn HUCOM H1U3 kaM
mMerapgag. dap makonau [7] — HUWOHAMXAHAAxoM MebEpun apmaTtypau nynoguve, kun gap Pycusa ncrexcon sa
uctndona mewwasas, 60 HUWLOHANXAHAAXOW apMmaTypae, ku gap kuwsapxoun Nttuxoan Aespyno, MMA Ba YonoH
ncTexcon merapaag, Mmykouca wynaacrt.

Ycynu TaxKMKOT Ba MaxcynoTu caHYyuLUin

TaxknKoT aap o3mouLLroxm Hasam MNapku TexHonorun OTT 6a Homu akagemunk M.C. Ocumin a3 conun 2022
To 2025 caH4yuwmM HaMyHau apmaTypaxou nynoaum KyTpxosiloH @16, 18 Ba 20 mm cuHdpxom A500C Ba Alll
(A400), kn pap xopuya (lWunpkatn metannyprum Khorasan Hamyan KSC CT, Lupkatu EBpas KacnvaH Ctanb) —
ncTexcon wyaaaHa aHyom goaa wyn.

YCynu CaH4uWxo:

e MyansH HamydaHn xaaan myctaxkamii — Or, (dap 3epyu madxymy Kanmmaun Mycraxkami, xanau
yopuLlaei paxMmmaa Mellasag, kK1 gap nynoaxou Hapm Ba Kaul 6a Hasap MepacaHa) 60 nctudona a3 gacTroxm
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caHyuwmm yHmesepcanin WES-1000B myBodmk 6a tanabotn TOCT 12004-81 pap pacmxom 1 Ba 2 oBapaa
wynaaxg [1-4];

e eH kapaaHv MyKoBMMaTW MyBaKkkaTii — Os, MyBOUMKN 6a Tanabotn FOCT 12004-81 [1-4];

e Xucob kapgaHu gaposiiasum HUCbin — O, Nnac a3 kaHgalasuu HamyHau Taypubasin mysodumku FTOCT
12004-81 [1-4].

Mykounca 60 TanaboTu ctaHgapTxou 6aHugaBnNaTUK 3epPUH:
e [OCT 34028-2016 Ba TOCT P 52544-2006 6apou cnHdxom A500 Ba A500C;
e [OCT 5781-82 6apou cuHdum Alll (A400), rysapoHmaa wygaHa.

Pacmu 1 - Canyuwiu namynau apmamypau nyioou oap oacmeoxu canyuwuu ynusepcanii WES-1000B

Pacmu 2 - Hamynaxou apmamypau nynooii 6av0 a3z canyui
Hatun4yaxo Ba myxokmma

HaTtuyam caHymum xycycuaTn usnkin-mexaHmknm apmatypaxomu nynoan cuHdgpxom A500 sa A500C TrMbku
FOCT P 52544-2006, TOCT 34028-2016 gap pacmxou 3, 4 Ba 5 oBapaa LwyaaaHa.
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u Khorasan KSC CT  ®T'OCT 34028-2016 = Epa3 Kacnuan Craan

Pacmu 3 - Xaoou mycmaxkamuu muénau apmamypau cungpxou A500 sa A500C
Tubkn MabnymoTu pacmu 3, HULIOHAMXaHOAW Xagou MycTaxkamum MuéHau (gap 3epu mMadxymu
Kanumau MycTaxkamid, xagau Yopuvasin axmuga Melwasad, kv gap nynogxou Hapm Ba kKauw 6a Hasap
mMepacaHf) apmaTypau uctexconu wupkatu "Khorasan" as mebé€pu mykappapHamygau FOCT gap xyayav 7,8 10
26,8 cdoouns Ba apmaTypau wunpkatu "EBpa3s Kacnman Ctanb" gap xyayam 35,8 to 40,6 boms 6anaHaTap mebowag.
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m Khorasan KSC CT ®T'OCT 34028-2016 = Espa3 Kaciuan Craib

Pacmu 4 - Myxosumamu myeaxgamuu muénau apmamypau cungxou A500 ea A500C

TubkM MabnyMoT pacMmu 4, HULLOHAMXAHAAN MYKOBMMATU MyBaKkaTM MUEHAN apmaTtypaun UCTEXCONK
wupkatn "Khorasan" asz mebépu mykappapHamynaun FOCT gap xyayam 12,0 To 28 chouns Ba apmatypau LWnpkaTu
"EBpas KacnuaH Ctanb" gap xyayam 13,16 1o 17,16 coons 6anaHarap mebowua.
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Pacmu 5 - Haposzwasuu nucouu muénau apmamypau cunghxou A500 ea A500C
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Tubkn MabnymMoTW pacMu 5, HULIOHAUXAHAAM OapOo3LaBMM HUCOMM MUEHAM apmaTtypan MCTEXCONM
wupkatn "Khorasan" a3 mevépu mykappapHamygaum FOCT pap xyayam 10 1o 22,8 dhouns 3néa byaa, aap xamuH
x0n, apmaTypau wupkatn "EBpa3 KacnmnaH Ctanb" 6apon kytpxomn 16 Ba 20 mm gap xyayou 4 1o 7 dous a3
MeBbEPU MyKappapi kamTap meboluag,.

HaTtu4yaun caHymwmn xycycnsatn usnkin-mexaHukmm apmatypaxou nynoai cuHdepm Alll (A400) Tmokm TOCT
5781-82 pap pacmxou 6, 7 Ba 8 oBapa LwynaaHa.
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m Khorasan KSCCT ®I'OCT 5781-82

Pacmu 6 - Xaoou mycmaxkamuu muénau apmamypaxou cungpu AIIl (4400)

A3 pacmun 6 guaga melwaBag, KM HULWOHAUXAHOAU Xaaau MyCcTaxkaMum MuéHau apMmatypav UcTexconm
wupkaTtn "Khorasan" a3 mebvépu mykappapHamyaan FOCT gap xyayam 6,1 1o 13,6 poms 6anaHa mebowiag.
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m Khorasan KSCCT ®TI'OCT 5781-82
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Pacmu 7 - Mygosumamu mysaxgamuu apmamypaxou curngpu AII (4400)

A3 pacmu 7 Ouvaa MewaBag, KM HULWOHAMXaHOaW MyKOBUMATW MyBakkaTUM MUEHaU apmaTypawu
uctexconu wwupkatu "Khorasan" a3 mebvépu MmykappapHamypan OCT pap xyayam 5,6 10 1,7 dous nact
mebowuag,.
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m Khorasan KSCCT ®=T'OCT 5781-82
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Pacmu 8 - aposwasuu nucouu apmamypaxou cugpu Al (4400)
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Tnbkn mMabnymotTu pacmu 8, HUWIOHAMXAHAAW Aapo3llaBuu HUCOUM MUEHaM apmaTtypan UCTEeXCconu
wupkatn "Khorasan" 60 mebvépu mykappapHamyaau FOCT yaBobry mebowuag.

ApmaTtypawn wupkatn metannyprum Khorasan, Hamyam KSC CT xagam myctaxkamum HucbataH 6anaHg
Ba [Japo3laBuM HUCOUM 31Mén OopaHd, WMH MeTaBOHaZ HULIOHOWXAHA4au HOYCTyBOpUM MaxcyrnoT 6owag.
HaTuyaxou caH4ymL HULIOH Meavxan, K1 xagau Mycrtaxkamum 6anaHz Ba aposLaBum HUXOAT 3néa nH cababu
nacT rawTaHn MyKOoBUMAaTK MyBakkaTili marapgag. Mnosa 6ap xaMvH mMaB3yb 6054 kana Hamya, Ki gap acocu
Taxnunxoe, K1 gap 03MOULLIroXM Maskyp rysapoHuaa wypaaHg, apmatypaxomn a3 kytpu 10mm 1o 14mm Bapakc
MyCTaxKkamMnm HavyaHOoH 6anaHg Ba JaposLluasum HUCOUM HavYaHOoH 3uén gopansa, kn 6a tanabotn FTOCT 5781-
82 yaBobry Habyna, nH Goucu caprapgoHUM YaHOUHKapaTan bapMouvLrapoH Ba TanadoTu BakT Aap paBaHaum
COXTMOH Merapgag [3,8].
Xynoca

1. Apmartypaxou cuHdpxom A500 Ba A500C mnctexconu wimpkatxom “Khorasan” Ba “EBpas Kacnunan Cranb”
a3 pyv xagam mycrtaxkamin Ba MyKOBUMaTU MyBaKKaTi HALLOHAUXaHOaxom 6anaHarap a3 MebEepxoun cTaH4apTUpo
HULLIOH MeauXxaHA.

2. [aposwaBun HUCOUM MnéHam apmaTtypamn “Khorasan” mytobuk 6a tanadotn NOCT Oyaa, a3 mebépu
MyKkappapi 6onoTtap meboliaa, xon oH ku gap maxcynotn “Espas Kacnuan Ctanb” kamOygu 4y3bin Mmywioxuaa
MellaBag.

3. Apwmatypau cuHdpm A400-n wnpkaTtn “Khorasan” a3 pyu xagam mycraxkamin 6a tanabot 4aBobry, Bane
a3 pyn MykoBMMaTW MyBakkaTi kKame nacTtrap acr.

4. bapowu 6anaHg rapavaaHm 3bTUMOAM COXTMOHUYMEH Ba XapuOoOPOHN apMaTypaxon Nyrnoam, Ku a3 Xopuyu
kuwBsap 6a Yyymxypii BOpug MelwasaHd, 3apyp acT, kn 6a cudatn MaxcynoTt TaBaqyyxu 4nann 3oxup Kapga
waeag. TaBcus goga Melwwasag, ki gap waxogatHoMmam cudatv MaxcynoTt MmabinymMmoT gap 6opauv cuHd, Tavra,
KyTp, pakamu naptusi, HaTU4axoum CaHyull Ba HOMW O3MOUWrox Oa TaBpu paBlUiaH HULWIOH AoJda LuaBaHA.
LWaxogaTHoma ©Oosg Oopov pakamu KaWgu cTaHgapTu3aTcusilyda Ba MWOpan akkpeauTaTcusiv pacMuu
o3mouwroxm “ToymkcTangapT” 6owag.

Mykappus: Huzomoe Y.H.- 0.u.m., npogheccop, yseu sobacmau AMIIIL. Mydupu aabopamopusu “3ursuramobosapuu
buno ea unwoom”-u Hucmumymu eeorozus, coxmmonu ba samunyynb mobosap éa ceiicmoroeusu AMMUIIL.
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TEOPETUYECKUE NPEONOCHLINKUA U S3KCNMEPUMEHTANNIbHOE UCCINEOQOOBAHUE
CO30AHUA BETOHOB BbICOKOI'O KAYECTBA OJ14 NOKPbITUA ASPOOPOMOB
P.X. CanpaxmoHoB, XacaH Myxammagép, [.C. Nacyp3oaa

TamKuKckuii TEXHHYECKUH yHUBEPCUTET nMeHn akanemuka M.C. Ocumu

BOSﬂyH_IHLIe TpacCbhl U MECTHBIEC BO3QYIIHBIC JIMHUU PeCHyGJ'II/IKI/I Ta,I[)KI/IKI/ICTaH JOITYCKAKTCA K SKCIUTyaTalliu Cr€HaJIbHO
YIIOJIHOMOYE€HHBIM OpraHoM peCHy6J’II/IKI/I B obmactu Fpa)KHaHCKOﬁ aBUaluy, ra€ B HaCTOALIEE BPEMS UMHU HCIIOJIB3YIOTCSA a3pOAPOMBI 110
Ha3Ha4YCHUIO Pa3JIMIHBbIX KaTerOpHﬁ. OZ[HaKO HEKOTOPBIC U3 HUX Tp€6yIOT KalmuTaJIbHOTO PEMOHTA UK PEKOHCTPYKIHUU. Ha »T0i#1 ocHOBE
B HMHTepecax BOCHHO-BO3MYNIHBIX CHJ M TPAXKAAHCKOW aBUAIMHM PECIyOIIMKH CTPOUTEIBCTBO HOBBIX adPOAPOMOB M PEKOHCTPYKIUS
CYIIECTBYIOUIMX TPeOyeT NMpHU MPOCKTUPOBAHHH, CTPOUTEIILCTBE W IKCIUTyaTallMd COOJIOICHHE BBICOKOM TOYHOCTH M KA4eCTBa BCEX
CTPOUTENILHBIX paboT. B 3TOM HampaBIeHWH OIHUM M3 BAXKHBIX ATAIOB MPU CTPOUTEIBCTBE a3POAPOMOB SIBIISCTCS CO3MaHNUE OSTOHHBIX
MOKPBITHH, KOTOpPBHIC O0ECIECUYHUBAIOT MPOYHOCTh M JOJTOBEYHOCTHh B3JICTHO-TIOCAZAOYHBIX ITOJIOC M APYTHX OCTOHHBIX COOPYKECHHUS
asporpoma. B crarbe paccMarpuBarOTCs TEOPETHUECKHE NPEANOCBUIKH, MEPCHEKTUBBI CTPOMTENBCTBA COBPEMEHHBIX a’pOJPOMOB,
HUMCIOIIHUX CIIOCOOHOCTE IpreMa BCEX THUIIOB BO3AYIIHBIX CyJOB, U SKCIICPHUMEHTAJIbHBIC UCCICJOBAHNA BO3SMOKHOCTU CO3JaHUA 6€TOHOB,
KOTOPBIC 00ecreunBaroT Ha}:[é)KHOCTI; 1 JOJITOBEYHOCTH a3pOAPOMHBIX HOKpI)ITI/Iﬁ TIpH SKCIITyaTalluy B YCIIOBUSIX CYyXOI'O JKapKOro KiimMmara
PecnyOnukn TamkukuicTaH.

Knrwuesvie cnosa: cmpoumenvcmgo aspoopomos, asapoOpomMHoe NOKpvlmue, OemOHHAs CMeCh, Op2aHuyeckas 000asKa,
MuHepalbHas 0066161(’&, yemeHmmubsle esorcyujue, Zpa.’)lCC)aHCKaﬂ asuayus.

3AMUHAUN HA3APABIN BA TAXKUKOTU TAYPUBABUN UCTEXCOJIU BHTOHXOU
BABAHOCUDAT BAPOU BONonywn A3rPOgPOMX0O
P.X. CanpaxmoHoB, XacaH Myxammagép, Y.C. Nacypsona

Xarcaifipxou XaBOH Ba XaTXOH XaBouu Maxawmu Yymxypun ToyukHCcTOH a3 Tapadu Uaopan Maxcyc rapAOHHAAIIyaa BoOAcT
6a coxau aBMATCHSAM IPaKIaHil XaHTOMHU UCTH(O/A HA30paT Kapaa MELIaBaH I, KM XaHy3 Jap 3¢pH Ha30paTH OHXO 3POJAPOMXOHU Japadau
TYHOTYH XH3MaT MEHaMOSHJ. AMMO alfHM XOJI 3aTXOW IapBO3 Ba HUIIAIITH aKCapy OHXO IIEMI a3 MyXJiaT BalpOH LIy[a TabMHUpTanad
nrygaas. Jlap uH acoc 0a aBHaTCHs TpaXkIaHHU Ba KyBBaxoH XapOu-xaBou Yymxypuu ToYMKHUCTOH 3apyp MeOomian, ki HEUCOaTH GalaH
0apIoIITaHN MyXJIaTH XM3MaTH XaTH HmapBo3y (Qypyau a3poapoMxX0 XaHTOMHM JIOMXAKallfl BA COXTMOHH a3pOAPOMXO JUKKATH YHJIU
JTUXAHI.

Jap Makona 60 TaBpu Ha3apHsABA 3aMHHAH COXTMOHH a3pPOIPOXOH X03MPa3aMOH, KU KOOWIIATH KaOyll HaMy[IaHH XaMaryHa arnaparxou
MapBO3KyHaHAaW TapOHBA3HPO NOINTa OOIIaHA, OBapAa IIynaaHA. MHYYHMH TaxXKMKOTXOH O3MOMIIN, OMAM MCTEXCOJIU OETOHXOH
GanaHcudar, K1 yCTBOPiI Ba JapO3yMpPHH XaTXOH MapBo3 Ba (pynu aspoapoMxopo TabMUH MEHAaMOSIH]I OBap/ia Iy aacT.

Kanooesoscaxo: aspoopomxo, xamu napeos éa Huwiacm, kabamxou OemoHil, COXMMOHU adpoopoxo, gapuiu a3poopomxo,

COXMMOHU KAOamxou aspoopomxo, CemeHmobemon.

THEORETICAL PRELIMINARIES AND EXPERIMENTAL STUDY OFTHE CREATION OF HIGH-
QUALITY CONCRETE FOR AIRFIELD PAVEMENTS.

R.Kh. Sayrahmonov, Hasan Mukhammader, J.S. Gafurzoda

Air routes and local air lines of the Republic of Tajikistan are allowed to operate by a specially authorized body of the Republic
in the field of civil aviation, where they currently use airfields for various purposes of various categories. However, some of them require
major repairs or reconstruction. On this basis, in the interests of the Air Force and civil aviation of the Republic, the construction of new
airfields and reconstruction of existing ones requires high precision and quality of all construction work during design, construction and
operation. In this direction, one of the important stages in the construction of airfields is the creation of concrete pavements that ensure the
strength and durability of runways and other concrete structures of the airfield. The article discusses the theoretical background, prospects
for the construction of modern airfields that have the ability to use all types of aircraft and experimental studies of the possibility of creating
concrete that ensures the reliability and durability of airfield pavements when operating in dry hot climate conditions of the Republic of
Tajikistan.

Keywords: airfield construction, airfield pavement, concrete mixture, organic additive, mineral additive, cement binder; civil
aviation.

BBepneHue

B Pecnybnuke TamkukuctaH aspogpoMbl 3aHMMAlT BaXHOE MECTO NSt YCTOMYMBOIO pPas3BUTUS
NMPOMBILLIIEHHOCTU U YKPENSEHNsT MeXOYyHAapOAHbIX OTHOLIEHWUIA C OpyruMu rocygapcteamm mupa. [ns storo B
COBPEMEHHOW CUTyauMM MOBbILEHME COLManbHO-3KOHOMWYECKOTO YPOBHS HAPOOHOrO XO3sIMCTBa MU
MPOMBILLIIEHHOCTM CTpaHbl C YYETOM BbILECKA3aHOr0 B 3HAYWTENbHOM Mepe OydeTr cCBsi3aHO C
COBEPLLEHCTBOBAHMEM a3POAPOMOB U a3pOAPOMHOro X03ancTea. B 9ToM acnekte pekOHCTPYKLMS MMEIOLLMXCS
a9poJpPOMOB U CTPOUTENBCTBO HOBLIX COCTaBMSAET OAHY W3 BaXHEWLIMX MNPUOPUTETHBLIX 3agady B MaHax
peanu3auun ctpaternyeckux uenew MNMpasutensctea Pecnybnukm TagxukuctaH. Ha aTolh ocCHOBe B nepcrnekTvee
pasBuTME rpaxgaHckon asuauumn Pecnybnukn TamKUKMCTaAH OCYLLECTBNSIETCA B pamkax [ocyaapCTBEHHOM
ueneeson nporpaMmbl "PasButve TpaHcnopTHoro kommnnekca Pecnybnukn Tagxukuctan Ha 2010-2025 rr.",
YTBEPXOEHHOW NOCTaHOBMEHMEM MpaBuTenbcTBa cTpaHbl B 2009 r. B 3TOM AOKyMEHTE npoaHanv3vpoBaHbI
COCTOSIHME W pasBUTUE TPAHCMOPTHOIO KOMMJIEKCA, OMUCaHbl MyTU €ro pasBUTUMS B  KPATKOCPOYHOW,
CpegHecpoYHOW W JonrocpovHon nepcnektuBe. CormacHo nporpamme OCHOBHasd poflb  OTBOAUTCH
aBTOMOOUIBHOMY TPaHCMOPTY, 3@ KOTOPbIM CreAyeT Xene3HOOOPOXHbIN, a rpaxaaHckas aBmaums 3aHMaeT
nvwe TpeTbe MecTo. 1o 2025 r. nbBMHas gond cpeacTs OyaeT HanpasneHa Ha cTpouTenbcTBO aBTogopor (2,09%
o1 BBIT), pmHaHcnpoBaHue xenesHogopoxHOro TpaHcnopTa coctasut 0,7% BBI1, a Ha rpaxgaHcKyto aBraumio
otnyweHo nuwb 0,18% BBI1. HecmoTpsi Ha aTto B nepcnektuee cunamm (BBC) u rpaxgaHckon aBmaumu
Pecnybnukun TamkuvkuctaH npegycMoTpeH nrnaH npoBefeHUs Wu3blckaTenbHblX paboT no  BbIABMAEHMIO
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paboToCnoCOBHOCTN  CyLeCTBYIOLLE adpOapPOMHON CeTu B MecTax 6asvpoBaHWs BOEHHOW U rpakaaHCKOW
aBnauun. metotca B Buay GasoBble aspoapoMbl, obecneymBarolime UCMbITaHUs aBUALMOHHOW TEXHUKU, U
NMoWwaaKkm Ans apMencKon n rpaykaaHckon aBnaugun.

M3BecTHO, 4TO  nocrne npuobpeTeHus HesaBucumocTu Pecnybnuvku TamKuMKMCTaH No MHUUMaTUBE
MpaBuTenbcTBa pecnyonnki Havyanocb CTPOMTENBCTBO HOBbLIX MOKPbLITUA ANs B3METHO-MOCAA0YHbIX MOSoc,
3[4aHMIN N COOPYXeHUI, obecneynBaroLLMX PyKOBOACTBO MofieTaMy Ha 6a3oBbix aspogpomMax B r. [dywaHbe u
HeKoTopbIX obnacTax pecnybnukn. OpgHako NpakTyKka 3KcnyaTauum aspoapoMOB NMOKa3bIBAET, YTO OHU OOITKHbI
MMEeTb CMOCOOHOCTbL MPUMHMMAaTb BCE TUMbl BO3AYLUHbIX CYAOB, HaXOOSLMXCA B rpaXgaHCKoOW aBvaumm U
BoopyxeHun BBC n nvetowimecs B aBmanapke Pecnybnukm TagXnkmctaH. YMeCTHO OTMETUTL, YTO B NocreaHee
BPEMSs B CBA3M TEM, YTO B BO3AYLLUHOM MPOCTPAHCTBE MMpa MOSIBUNUCH TSXKENble U CBEPXTSKENble BO3AYLUHbIE
cyha, B pesynbTaTte 4ero YBENMYUIUCL Harpysku Ha MOKpbITUA a3poapomoB. Kak nokasbiBaeT npakTuka
aKcnnyaTaumm aspoapOMHbIX MOKPLITUA, COBPEMEHHbBIE a3pPOaPOMHbIE MOKPLITUSA OOIMKHLI 06NaaaTh BbICOKMMU
3KcnnyaTaumMoHHbIMU XapakTepucTukaMmm U B TO Xe Bpems OblTb AOBOMbHO 3KOHOMUYHbIMU. OAHAKO OnbIT
aKcnnyaTaumm nokasbiBaeT, YTO CPOK UX CNyXObl MeHbLLE HOpMATUBHOrO. JTa TeHAeHUus Habnwogaetcsa Ha
HEKOTOPbIX OENCTBYIOLLMX MECTHbIX a3pOApOMax Hallen CTpaHbl, OHW HAYMHAIOT paspyLlaTbCs, He AoX04s OO0
HOPMAaTMBHbIX CPOKOB Cry»xObl. Ha 3TOM OCHOBE MOXHO OTMETUTb, YTO C TEOPETMYECKOW TOYKM 3pPEHUSI B
COBPEMEHHbIX YCMOBUSIX CO34aHWE BbICOKOMPOYHOro GeToHa Ans aspOApPOMHBLIX MOKPLITUIA He npeacTaBnsieT
npuvHUMNuanbHbiX TpyaHocTen. Npu Takom packnage npumeHeHne B 6€ToH Bce 6onee TOHKMX KOMMOHEHTOB M3
MUHepanbHOro Cbipbsi, BogoOpeayuMpyloWmMx [obGaBok W cynepnnacTudukaTtopoB TpebyeT HayyHOro
nccneaoBaHus 1 3KCNepuMeHTarnbHON NPOBEPKN ero kKavecTBa.

TeopeTnyeckas 4acTb

BeToH - 3TO Kak OCHOBHOWM M CaMblil pacnPOCTPaHEHHbIV CTPOUTENbHLIV MaTepuarn, COCTOWUT U3 CMecu
uemMeHTa, LWebHA, necka, BoAbl W WMHOT4A  OPraHMYeckux U MUHeparnbHbIX 0o6aBoK  pasnMyHoOro
YHKUMOHANBHOIo AENCTBUS, KOTOpble 0becneynBatoT cneumanbHble CTPOUTENBHO-TEXHUYECKME €ro CBOMCTBA
npu padoTte B coopyxeHusix. MNMpu  n3rotoBneHnn GETOHHBLIX U Kene300eTOHHbLIX KOHCTPYKLWUA, B TOM 4ucChe
COOpPYXXEHUI Ha UX OCHOBE, Hapsily C OCHOBHbIMW KOMMOHEHTamu 6eToHa, AobaBkuM B 6ETOH MCNONb3yHTCA C
LEenbio MOBbLIWEHUS X HAAEXHOCTU N AONITOBEYHOCTM B 3aBUCUMOCTU OT YCIOBUI SKCNyaTaumm.

B npakTuyeckux ycrnoBusix Cco3gaHMe KauvecCTBEHHbIX M3Oenuii U3 6eTOHOB, KOTOpble obecneynBatoT
HaOEXHOCTb M JONTOBEYHOCTb BO3BOANMbBIX Ha MX OCHOBE COOPYXXEHMWI, HE TONBbKO 3aBUCUT OT BMAA U NPUPOAbI
nobaBok, HO u oT crnocoba M ycnoBuh UX MNPUrOTOBNEHUS. B 9TOM acnekte MOXHO OTMETUTb, YTO Mpu
NPUroTOBNEHNN CMECEN LIEMEHTHbIX BETOHOB ANsi YCTPOMCTBA a3pOAPOMHbIX MOKPLITUA OOHUM W3 BaXHbIX
(haKTOpOB SABNAETCHA NPaBUSbHbIN BbIOOP TEXHONOMMN 1 YCNOBUSA NPUTOTOBEHUSA. MOXHO OTMETUTL, YTO BbIGOP
HEenpaBUIIbHOrO COOTHOLLIEHMSI KOMMOHEHTOB MPY A03MPOBKE MOXET NMPUBECTU K YXYALLIEHUIO KayecTBa 6eToHa n
CHWXEHUIO €ero yCTOMYMBOCTU Mpu 3SKcnnyataumu. Onsi 3TOro npurotoBfieHne OEeTOHHbIX CMecCen OOMMKHO
NpPOBOAMTBLCHA B COOTBETCTBUMN C TPEOOBAHNSIMN TEXHUYECKUX HOPM U NpaBus. [103TOMy B HEKOTOPbIX Cry4asx B
NpaKkTUYeCcKUX YCrnoBusx noBeaeHne 6eToHa Npu aKcnfyaTtauum B COOPYKEHUSAX OLLEHMBAIOT B 3aBUCMMOCTU OT
CBOWICTB CMECU U3roTOBIIEHHOIO AaHHOro 6eToHa. [MoToMy 4TO M3 BETOHHBLIX CMeCel Npu yyeTe KoachduumeHTa
Bapuaumm opmyeTcs KOHCTPYKLMSA UNN B LLESTOM COOpYXeHus [1-6]. [Ans aToro B NpOu3BOACTBEHHbLIX LENsAx
npu nogdope coctaBa 6eToHa OAHOBPEMEHHO NPOM3BOAAT NOAOOp cocTaBa GETOHHOW CMeECH.

CocTaB u cBowicTBa HETOHHOWM CMeCcK B pasHble 3Tanbl pa3BuTUs 6E€TOHHOWM NPOMBILLNIEHHOCTU N3yyanm
MHorne uccnegosatenu [1-6, 8,11,25]. OpHako cBocTBa GETOHHbLIX CMECEWN ellle He B OCTaTOYHOW CTENeHU
YyUMTbIBAKOTCA NMpu nogdope coctaBa 6eToHa n  TpebykT CBOEro AanbHEMWero CUCTEMaTUYECKOro N3yvyeHus.
CkasaHHOe noaTesepxganu aBTopbl B pabote [8,13,14,16,18], no ux MHeHWIO, MO NoOKa3aTento OCafku KoHyca
cmecu 13 6eToHa HEBO3MOXHO OLIEHMBATL B [JOIDKHOM MEpe XapakTepucTuku 6eToHa npu skcnnyataunn. B aTom
HanpaBlieHUN MOXXHO OTMETUTb, YTO NOKa3aTeslb OCaZKM KOHyCca B ONpeaeieHHOM CMbICIe OLeHUBAET peoriormm
cmecu 6eToHa. C TOUKM 3pEHUS PEOSIOrMM KOHCUCTEHLMS, CTENEHb MSITKOCTU CMECEN, WX TyCTOTbl, CBA3HOCTb
OOCTaTOYHO XOPOLLO XapaKTepu3ylT TakMe OOHOPOAHbIE MaTepuanbl, KakK NakoOKpPaCO4Hble, >KMPbl U UM
nofgobHble. B npakTtuyecknx ycnosusix ons 6eTOHHOM cMecu, KOTopasi HEOAHOPOAHA MO COCTaBy, onpefeneHne
CTEMNEHN MSTKOCTU MOHATUEM KOHCUCTEHUMM HE COBCEM YyAauyHo[3,4]. B HayyHbIX nutepaTypax MHorve
nccnegoBaTtenu u cneumanuctel [2,6,7] cuyuTaloT Ooree COBEpLUEHHbIM XapaKTepu3oBaTb COCTOSIHUE CMECU
NNacTUYHOCTLIO U XXECTKOCThLIO, MOABWXXHOCTBIO, YA000yKnaabiBaeMocTbio, hopmMmyeMocTbto. MOXHO nn cuntaTb
3TW MOHATUSA B3aUMO3aMeHsieMbiMU. Teopust NNacTUYHOCTU OETOHHBLIX CMECEW U3y4vanu MHOrMe UCCNeaoBaTENM,
Nno MHeHMIo aBTopoB [3,6,7], MNAaCTUYHOCTb Kak Obl XxapakTepuayeT Takoe hn3nyeckoe CoOCTOSAHNE, NPU KOTOPOM
CMEeCb OJHOBPEMEHHO MNoABWXHA W ogHopogdHa. Mo Mx MHeHuto, GeToHHasi CMecb He pacnagaeTca Ha
COCTaBIAOLLMNE YACTU, MPU 3TOM LIEMEHTHOE TECTO XOPOLLUO CBA3AHO C MOBEPXHOCTHH KAMEHHbBIX MaTepuarnos.
Cmecb 6Gonblien wunM MeHblen MIacTUYHOCTUM MOoXeT ObITb [OCTAaTOYHO MPOCTO MoflydeHa MNyTeMm
nepeMeLLnBaHns BSKYLLMX U MUHEparnbHbIX MaTepuanoB B 6eToHocMmecutensx. [nacTuyHble cMecu MOXHO
nepeBectn Ge3 paccrnoeHus K MecTy YKIaZKku, U UxX yrnoTHAT 0e3 cylecTBeHHbIX ycunuin [15,17,19].

B npakTunyeckmx ycnosumsx 6eToHHast CMeCb N0 CBOMM (PU3UKO-XUMUYECKUM XapaKTepucTMukaMm HaMHOro
OoTnMYaeTcs OT ApYrnx NpUMpoaHbIX MaTepuanos, NOToOMy 4TOo 6eToH obpasyeTcs M3 pasnNUuUHbIX MaTepuanos C
pasnnyHbIMK onpeaeneHHbiMM cBoncTBamm [2,17]. B BETOHHbIX CMEeCsX 3HaHWe NIacTUYHOCTU HegOCTaTOYHO
ONS NONTHON XapaKTePUCTUKM ero kadecTBa U No psay Apyrux npudmH. K Takum npuymMHaMm MOXHO OTHECTHU : -
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yCroBusi NpUMeHeHns1 BeToHa, CBOMCTBA BSXYLLNX, KAMEHHbIX MaTepuarnoB 1 apMaTypHOMN CTanu; 0COGEHHOCTH
npon3BoAcTBa paboT B pasnuyHbIX YCNOBUSX; Hanuune obopynoBaHus U CpeacTs NpousBoacTBa GETOHHbIX
paboT. Mpy NPOEeKTUPOBaAHUN UIN CTPOUTENLCTBE COOPYXEHUS C NPUMEHEeHneM BeToHa MOXHO OTMETUTb, YTO
ceyeHne KOHCTPYKUMM 1 0COBEHHOCTV ee apMMPOBaHWUS AWKTYIOT BbIOOp 3anonHUTENsa Takow KpynHOCTW, Mpu
KOTOpOW CMecb 6e3 paccnoeHuss MoXeT pa3mMecTUTbCca B dopMe. Hanpumep, npu CTpouTensCcTBE AOPOT UMK
a9poapOMOB Afsi BEPXHEro Crios MOKPbITUS Hado BbIOpaTb MENKO3epHUCTLIN B6eTOH He3aBMCUMO OT y4yeTa
paccroeHus cmecen 6etoHa. Kpome Toro, B aKcniyaTaLMOHHbIX YCIOBUSX Y4YeT AENCTBUS arpecCUBHbIX Cpes
Bbl3bIBA€T HEOOXOAMMOCTb NMPUMEHATb LEMEHTbI C fobaBKaMy U LLEMEHTbI, MPOU3BOAUMBIE AN TaKMX Lenen.
OTciopa crnepgyeT, 4TO BCe MNepedvncrieHHble YCnoBus B OETOHHOW MPOMBLILIINIEHHOCTM  Npegonpeaensior
pasHoobpasune pacxona CbipbeBbIX CMECe ANsi NPUroTOBNEHNS OOHOPOAHOrO 1 HagéxHoro 6eToHa. Kpome Toro,
B MPOU3BOACTBEHHbIX YCNOBUAX ANs NONyYeHUs OOHOPOAHbIX cMecel BeToHa KONMYECTBO BOAbI UrpaeT BaXKHYHO
ponb. lNpumeHeHne 6Gonbluero KonuvyecTBa BoAbl B OETOHHbIX CMECAX MOBbILIAET MOPUCTOCTb BGETOHHbIX
N3genun, MeHbllee KONMMYecTBO BOAbl B OETOHHOM CMecu yxydllaeT ero CnocobHOCTM npu  yknagke B
coopyxeHusix. C gpyrom CTOPOHbI, M3BECTHO, YTO YMNMOTHEHME MNNacTUYHbIX CMecen BubpaTopamu B psae
Cny4YaeB BbI3bIBAET YaCTUYHOE paccrioeHme LeMeHTHoro Tecta [1,18].

M3 BbILIEN3NOXKEHHOIO MOXHO caenatb BbIBOA, YTO MPU MPOU3BOACTBE OETOHHBLIX CMECEN HYXHO
ncnomnb3oBaTh Takne MeToAbl, KOTOPbIe MO3BONANN Obl 3apaHee ckasaTb, YTO M3 AaHHbIX MaTepuarnoB - LEMEHTA,
BoAbl M WebHA (rpaBus) - MOXHO MNOMYYUTb OOHOPOLHYK_CMECb, KOTOpasd NpW  €ero MUCMofb30BaHWM B
Npon3BOACTBE COXpPaHAEeT CBOK OAHOPOAHOCTb.

B npoun3BoACTBEHHBIX YCIOBUAX, €CNM 6ETOHHAA CMeChb MNacTU4Ha, TO OHa OJMKHA ObiTb NOABWKHOW,
C APYron TOYKM 3pEeHUs, MOXET paccrnamBaTbCs NPU TPaHCNOPTUPOBAHUM UK YNNOTHEHUW. ABTOpLI [8] B CBOMX
nccnenoBaHMaX MoKasbiBalOT, YTO Takas CMecb He OyaeT obnagaTte Hagnexalwen OOHOPOOHOCTbI W
ynoboyknagpiBaeMocTbio. [1o MHeHUto aBTOpoB [8,19], oaHa YacTb pacCnoeHHON CMecu, coaepXallen n3bbITok
KaMeHHbIX MaTepuarnoB, OKaXeTCcs C HeOOCTaTKOM LeMEeHTHOW nacTbl. [lpyras 4acTb CMecu MMeeT U30bITOK
KaMEeHHOro marepuarna, Ho Npy 3TOM KaMeHHbIX MaTtepuanoB byaeT He xBaTaTb. 10 MHEHMIO aBTOPOB, U3 TaKMX
CMeceln HEBO3MOXHO MONyYnTb MaTtepman BbICOKOW MMAOTHOCTM. Ha 3ToM OCHOBE MOXHO caenaTb creayoLlimne
BbIBOAbI, YTO B3aMMO3aMeHSIeMble NepeyYnCriEHHbIE XapaKkTEPUCTUKN He MOryT onpeaennTb COCTOsIHUE CMECH.
MOXXHO OTMETUTB, YTO Kaxaasl U3 MEPEYMCIIEHHBIX XapaKTEPUCTKK Kak Obl BOCMONHSIET OTCYTCTBUE TEXHOMOMMM
©eToHa - yHMBepCcanbHOro peoniorM4eckoro KpuTepms OLLEHKM kKavyecTBa CMECMU.

C TexHONornyeckom TOYKW 3PEeHUsi, NMacTUYHOCTb WM KECTKOCTb B COYETaHUU C NOOBUMXKHOCTbIO,
yaoboyknaabiBaeMoCcTbio U QOPMYyEMOCTBIO  MPY BbIMONIHEHMN OETOHHBIX PaboT OLEHUBAOT MPUrOAHOCTb
OeTOHHbIX cMecen Ansa npuMeHeHus. Kpome Toro, YMcrneHHble NokasaTenu BblLLIEN3NOXKEHHbBIX XapaKTepUCTUK
OOJMKHBbI COOTBETCTBOBATL YCMOBUAM, A5151 KOTOPbIX NMPOEKTUPYETCS CMECh.

B npoun3BOACTBEHHBIX YCIMOBUSX MO MOKa3aTeNto TOMbKO OAHOW MAAaCTUYHOCTU WUIN XECTKOCTU CMEecu
OeToHa, M3rOTOBMEHHOW OaXe Ha LIeMEHTE XOpOLUero KayecTBa, HEBO3MOXHO OLEHMBATb €€ OCHOBHblE
CTPOMTENbHO-TEXHUYECKMNE XapaKTEPUCTUKN. 34eCb YMECTHO OTMETUTb, YTO MPU TaKUX YCIOBUSAX COXpaHseTcs
OAHOPOAHOCTbL CMEecu OT MOMEHTa ee rnepemMelnBaHua U OO0 OKOH4YaHusa opmoBaHuA. 1o aTon npuymnHe
KauecTBO CMecel crieayeT OLEeHUBATb NOCIE KaX40ro TEXHONOorm4eckoro npegena B 6€TOHHbIX paboTax C Tem,
4YTOObI ObITb YBEPEHHBIM B COXPAHEHNM CMECHHO MMAaCTUYHOCTU, KECTKOCTU U OOHOPOLHOCTMW.

Takum obpasoM, BbIOOpP NPOEKTUPOBAHUA cocTaBa OETOHHbIX CMECen npy ux nNpUMeHeHun B
CTPOUTENBLCTBE a3pPOAPOMHbIX MOKPbLITUIA 3aBUCUT OT MHOIMX hakTopoB M TpebyeT KoMMnekcHoro nogxoga. B
3TOM HanpaBfeHWM  BaXHO Y4uTbiBaTb BCe napamMeTpbl 6eToHa, 4TOObI 00ecneynTb HaOEeXHOCTb U
OONrOBEYHOCTb a3pOAPOMHbIX COOpYXeHun. Ha 3To ocHoBe npu CTPOUTENbLCTBE a3pOApPOMOB MOXKHO
NPOEKTUPOBAaTb COCTaB creuunanbHbiX 6ETOHHbIX cMecen, HanpuMmep, O6eTOH AnA CTPOUTENbCTBA MOKPLITUN -
aspoapoMHbI 6eToH. Cmechb Takux 6ETOHOB AOMmkHa ObiTb NIIACTUYHOW U OAHOPOAHOW. BeToHbl N3 Takmx
cMeceill OOSMKHbI OTANYaTbCH MNOBbILLEHHOW NPOYHOCTLIO M YCTOMYMBOCTLIO K BO3AENCTBUIO arpeCCUBHbIX Cpes,
Takux Kak macna, TOnMBo 1 Ap. Tak Kak aspoApOMbl SKCMyaTUPYOTCA B Pa3fMYHbIX KITMMaTUYECKUX YCIOBUSIX,
OeToH Ons HUX Takke [orkeH obnagaTbh BbICOKOW MOPO30CTOMKOCTbIO M BOAOHEMNPOHULIAEMOCTbIO. Takum
00pas3om, 13 BbILLEN3NOXKEHHOIO MOXHO cAenaTb BbIBOA, UTO AN 3TUX Lene Hado NpoeKkTupoBaTb Takue
cocTaBbl cMecell OETOHOB, Y4TOObI OHM MMENU MpeuMMyLLecTBa B CPaBHEHWW C TPagULUMOHHBbIMKU GeToHamu.
OpfHUM 13 rMaBHbIX NPEUMYLLIECTB CO34aHUsA 6eToHa BbICOKOIO kKavyecTBa Anst OETOHHbLIX NOKPLITUI a3pOoL4pPOMOB
ABNAETCA MOBbILEHWe WX  HaAEéXHOCTWM W [OMroBeYHOCTM Npu akchnyatauun. Takue MnOoKpbITUS B
NPOW3BOACTBEHHbIX YCIOBUSAX MOTYT BblAEPXMBATbL OONbLUME HAarpy3ku 1 He NoABEPXKEHbI KOPPO3WK, KPOME TOTO,
nx nerko obcnyxmeatb 1 He TpebytoT YacTon 3ameHsbl [1,2,7]. ns aToro npu CTpPOUTENLCTBE a3pOLPOMOB B
3aBMCMMOCTU OT TpebOoBaHUM YCIOBUIA SKCNIyaTauMm COOPYXKEHMS MWCMONb3YHOTCA pa3fuyHble TUMbl CMECEeN
0eToHOB. 30€Cb MOXHO OTMETUTb, YTO A1 CO34aHNs B3NETHO-NOCAA0YHbIX MOMOC a3poApOMOB MCMOMb3YHTCA
OETOHHbIE CMEeCK C BbICOKOW MPOYHOCTBIO M YCTOMYMBOCTBIO K M3HOCY. OQHaKo nmpu yCcTponcTBe  BETOHHbIX
MOKPbITUA Ha TaKCUMPYIOLIMX [OOPOXKKAxX W CTOSHKAX WCNonb3ytTcd OEeTOHHble CMecu C  MOBbILEHHON
YCTONYMBOCTBIO K MEXaHUYECKUM BO3AENCTBUAM.

B HacToslLee BpeMsi eAMHCTBEHHBIM JOKYMEHTOM, perfnaMeHTUpyoLWmnm TpedyemMble CBOMCTBa NOKPbITUS
aspogpoma, asnsietca CHull 32-03-96 - oduumanbHbI cTaHOApT HOPM CTPOMTENbCTBA U MPOEKTUPOBAHMUSA
aspoapoMOB, BEPTONETHLIX MMOLWAA0K U ApYrnxX OObEeKTOB AN pas3MeLleHus Bo3ayLuHbIX cyaoB. B gaHHoMm
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OOKYMEeHTe npuBedeHbl KpUTEPUN COOTBETCTBUSA a3poapoOMOB ANS pasMeLlleHus BO3ayLUHbIX cyaoB. B Hawmx
YyCrnoBusIX AaHHble TpeboBaHMA OOMKHbI pasnuyatbCs No obnacTtam U panoHam, MMest B BUOY OCOBEHHOCTU
rpyHTa, TEMMEPATYPHbIN PEXNM, KNMMaTUYECKne ycrnoBus n HazHadeHme aspogpoma. Ob6bl4HO ycrnoBus paboThbl
MOKPLITUST a3poApoMa OTIIMYAKTCS OT MOKPbITUA aBTOMOOUIBbHBLIX OOPOr, MOKPLITUS aspoApoMa MOCTOSHHO
UCNbITLIBAIOT 3HAYUTESNbHbIE Harpy3kn. Kpome TOro, Ha MOKPbLITUS a3pogpoOMOB  CUCTEMATUYECKU OENCTBYIOT
OWHaMM4yeckne Harpysku. 1oaToMy OHM  [OSKHbI COMPOTUBAATBCA MOCTOSHHO AWMHAMUYHO OENCTBYOLNM
Harpyskam OT B3fieTatlolmnX 1N npu3eMnsaLwmnxca annapatos. Kpome Toro, MOXXHO OTMETUTb, YTO aspOApOMHOe
NMOKPbITUE CUCTEMATMYECKM WCMNbITbIBAET TEPMUYECKNE U MEXAHMUYECKME HArpy3KuM OT ra3o-BO34YyLUHbIX CTPYKH
aBmagBuratenen. OHM [OIMKHO BblOEPXUBATbL AJNMTENBbHYKD CTATUYECKYD Harpy3Ky B MpOLECCEe CTOSIHKM
MHOFOTOHHbIX BO3AyLUHbIX cyaos [1,3,5,20,26].

B HbHewWwHMx cuTyaumsax npobnema CTpouTenbCTBa, PEMOHTa M BOCCTaHOBMEHWS a3poapOMOB B
Pecnybnvke TagXukucTaH SIBNSETCS akTyanbHOW B CBA3M C Pa3BUTUMEM BOEHHO-BO3AYLIHbIX CUM U C
OBOHOBNEHNEM aBMALMOHHOIO napka Bo34yLUHbIX CyfoB. KpoMe Toro, ¢ NosBneHMeM TSXKENbIX U CBEPXTSKEbIX
BO34YLLUHbIX CyOB YBENUUMANCH HAarpy3kn Ha NokpbITUS a3poapomoB. Kak nokasbiBaeT npakTuka akcnnyaTaumm
a’poOAPOMHbIX  MOKPbITUA, COBPEMEHHbLIE  a3pPOAPOMHbIE  MOKPbLITUA  AOMKHbI  0bnagaTb  BbICOKMMMU
3KcnnyaTauMoHHbIMU XapakTepPUCTUKAMN U B TO Xe BpeMsi ObiTb AOBOSIbHO 3KOHOMWUYHbIMWU. OgHaKo onbIT
aKcnfyaTauMm nokasbliBaeT, YTO CPOK UX CryObl MeHbLUE HOPMaTMBHOrO. JTW TeHOeHUus HabnogaeTcs Ha
HEKOTOpbIX OENCTBYHOLMX MECTHbIX a3pOApOMax Hallen CTpaHbl, OHW HaYMHAKOT paspyLllaTbCd, He AoX0Asa A0
HOPMAaTUBHbIX CPOKOB CIy>Obl.

Mo MHeHuto aBToOpoB [2,3, 26], NpUYMHAMKU paspyLUEHUS N CHUMXKEHWA AONrOBEYHOCTU MNOKPbLITUI
aspoapoMOB  SIBMAKTCA  Credylolime: HenpaBunbHbIM BbIOOp MaTepuana; HeBEepHbI y4eT MpUPOLHO-
KnumaTnyeckux akTopoB M TPYHTOBO-TEOSNIONMYECKMX  YCIOBUIM CTPOUTENbLCTBA; HapyLUeHWe TEeXHOMormu
CTpOUTENBLCTBA adpPOAPOMHbBIX MOKPLITUIA; HENPABUIbHBIA YX04 NPW  3KCNnyaTauun NoKpbITUSA. MI3BECTHO, YTO
npu SKcnnyaTtauum, He OOXO4S A0 HOPMaTMBHBbIX CPOKOB CMy»Obl, HA MOBEPXHOCTU MOKPbLITUA a3pOAPOMOB
nosienstoTca gedektol. K gedekrtam, BO3HMKAWOWMM MNpWU  3KCMNyaTauuu, MOXHO OTHECTM creayloLlime:-
LenyLweHne NoBepPXHOCTU;- BbIOOUHBI;- TPELLMHbI ;- 3pO31st MOBEPXHOCTU;- OTCIIOEHNE BEPXHETO CrOsi MOKPbLITUA
N ycagouyHble TpewwuHbl [1,2,26]. [lpn 3TOM TpewwuHbl MNOABMAAIOTCA B MOKPbITUSAX MNpU  Creaytowmx
obcTosATENLCTBAX: OTCIOEHME BEPXHErO Crlosi MOKPbITUS, M3-3a LIMKITOB 3aMOpaXXMBaHWUSI U OTTauBaHWUs, U3-3a
BO3AENCTBUS AMHAMUYECKMX N MEXAHUYECKMX Harpy3oK, 13-3a 6eTOHMPOBaHUS NPU NOBbLILLEHHbIX TEMMepaTypax
N HenpaBunbHOro yxoda. B aTom acnekte MOXHO OTMETUTb, UTO TPELLMHbI UMEHT CBOWCTBA MNOCTENEHHO
YBENUYMBATBLCA B MMYOWHY M ANMHY 3KCNNyaTUPYEMOrO COOPYXKEHUS.

M3 BbILEN3NOXEHHOIO TeopeTuyeckoro ob3opa no co3gaHuMio OeToHa BbLICOKOrO KavecTBa Ans
a3pOApPOMHbBIX MOKPLITUIA CReayeT, YTO NpU NPOEKTMPOBAHMM COCTaBa Takmx 6ETOHOB, KPOME MOPO3OCTONKOCTH,
HaJo y4ecTb NPOYHOCTb Ha pacTsKeHue npu n3rnbe n yCTOMYMBOCTb Ha MOSIBIIEHUE B PaHHWE CPOKWU CryXObl
aedekToB. B npakTM4eckmx yCcnoBusX Ha OCHOBE TaKMX XapaKTepUCTMK pacCMaTpyBalOT pasfnyHble CrnocoObl
OOCTWXXEHUNS TaKkNX Lenen.

B npakTnyeckunx ycnoBusax ang noBbILLEHWS 3KCNyaTauMOHHbIX Ka4eCTB OeTOHa BbIMOSHSAT pasfnyHble
TEeXHOMorm4eckne 1 aKcnepumeHTansHble onepaummn. B pabote [23] npuBegeHa onTumm3aums coctaBa beToHa
3a CYET NPUMEHEHNA MWHeparibHbIX HanonHUTENen. ABTOPbI NoKasanu BO3MOXHOCTM COKpaLLEHUS LiEMEHTa Kak
cnaboro matepuana CTOMKOCTM NPOTMB OENCTBUSA arpeCcCUBHbIX Cpef B 6ETOH NyTeM NPMMEHEHWS B €r0 COCTaB
cynepnnactugukaTopoB n 6asanstoBon ¢ubpbl. B gaHHow paboTe  aBTopam yaanacb [23] onTumu3aums
coctaBa OeToHa MyTeM COKpalleHWUsi pacxoda LemeHTa B 6eToHe nMpu HEUM3MEHHOW CTaHO4apTHOM MPOYHOCTW.
Opyrve aBtopbl [10-12,18] oTmevatoT, 4TO kKayecTBO OeTOHa 3aBUCUT OT WCMOMb3yeEMbIX B €ro COCTaB
MaTepuanoB, CBOWCTBA KOTOPbIX [OOJDKHbI obecneuvBaTh 3afaHHbIA KIMAcC MPOYHOCTU, MOPO30CTOMKOCTM.
ABTOpbI [9] OTMeYatoT, YTO MPUMMEHEHME MENKOro necka B O6€TOH NPMBOOUT K YMEHbLUEHUIO MOOBWKHOCTU U
ypooboyknagblBaeMocTn OETOHHOW CMecu, BCneacTBue OOMblIOW YAENbHOM MNOBEPXHOCTU MENKME 3epHa
yXyALaKT CTPYKTYpY 6ETOHa 1 CHUXAKT ero JONroBe4YHOCTb. B CcBA3M ¢ 3Tum Anga nony4veHns 6GETOHHOM cMecu
3a[jaHHON NOABMXHOCTM M 6eTOHa 3ag4aHHOro knacca TpebyeTcs onTuMmmnsauns coctasa 6etoHa. OHM oTMevaloT,
YTO B 3TOM KOHTEKCTe AN OOCTMXKEHUS 3adaHHOM MPOYHOCTM GEeTOoHa Hado MOoBbIWATb pacxon LeMeHTa.
Mepepacxoq LeMeHTa Unu yBenuvyeHne pacxoda LemMeHTa B NPaKTUYECKUX YCMOBUSAX NPUBOAUT K CHUKEHUIO
CToMKOCTN BEeTOHA MPOTMB arpeccuBHbIX CPEA U K POCTY LieH Ha B6eToHHble usgenuvs. [nsa peleHus aBTopbl
[10,11,12,18] npeanaratoT 3aMeHy HEKOTOPOTO KONMMYECTBa LleMeHTa ANCMNEPCHBIMYU MUHEpPAnbHbIMK fobaBKkamu,
KOTOpble MO3BONAT NOBLICUTL MOKa3aTeNn NPOYHOCTM Ha pacTshkeHue npu n3rnbe B 1,5 pasa no cpaBHEHUIO C
TpagULMOHHBLIM OOPOXHBLIM 6ETOHOM.

B psge pabor [10,18,24] nokasaHo, 4To fanbHenlee pa3BuMTne TEXHOMNOMMN LLeMeHTHbIX 6eToHOB ByaeT
NpOVCXOaUTb B HANPaBMEHUN NPUMEHEHNST TOHKOOUCNEPCHbIX A00ABOK B COCTaBe LIEMEHTA, KOTOPOE NO3BOSNUT
penakcupoBaTb HanpsbkeHue npu  CTpykTypoobpasoBaHum uUemeHTa. [lpu 3Tom gobaBku noebiwatoT
OAHOPOAHOCTbL MO MPOYHOCTU U AePOPMATMBHOCTM U yIyylaoT pr3mMKo-MmexaHmydeckme cBoncTea beToHa. Ha
3TON OCHOBE MOXHO OTMETUTb, YTO C TEeOPEeTUYECKOM TOYKN 3PEHUA B COBPEMEHHbIX YCOBUAX CO3gaHue
BbICOKOMPOYHOro GeToHa AN a3pOAPOMHBIX MOKPLITUA HE NPeAcTaBnsieT NpUHUUNUanNbHbIX TpyaHocTen. Mpu
Takom packrnage npumeHeHue B 6eTOH Bce Bonee TOHKUMX KOMMOHEHTOB, BOoAOpeayLMpyloLmx Ao6aBoK U
cynepnnactugukaTopoB TpebyeT Hay4yHOro uccneaoBaHus U dKCNepuMeEHTarnbHON NPOBEPKU ero kadvectsa. B
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nepcnekTMBe BO3MOXHa paspaboTka Hay4HO 0B6OCHOBaHHbLIX CMNOCOB0B NOMYyYeHUs Ka4eCTBEHHbIX BETOHOB Anst
adpOAPOMHbBIX MOKPbITUN C UCMOSIb30BAaHNWEM TOHKOAMCMEPCHbLIX MUHEpPAarbHbIX HanoNHUTENENn N XMMUYECKNX
0o6aBOK Ha OCHOBE MECTHbIX OTEYECTBEHHbIX MaTepuanoB. B aTon cBsA3M uLenbio JaHHOW paboThbl aBnseTcs
paspaboTka TEXHONOMMM co3gaHuns u coctaBa 6eToHa C NPUMEHEHNEM B LLeMeHTe [06aBOK pasnmMyHON TOHKOCTU
nomona.
JkcnepMMeHTanbHasa 4acTb

Ha ocHoBe BbILEN3NOXEHHOIO TeopeTuyeckoro ob3opa U aHanm3a MOXHO OTMETUTb, YTO AnA
yNy4yLLEeHNsa CNnOCOBHOCTU LIEeMEHTHbIX BETOHOB MpY 3KCNyaTauum B TPAHCMNOPTHBIX COOPYXXEHUAX HAZ4Oo B MX
COCTaB MNPUMEHATb MUHepanbHble U XuMmnyeckune aobaskn. OQHaKo B MPaKTUHECKMX YCNOBUSX C TOYKN 3peHUus
9KOHOMMKUN O06aBkn 6biBalOT 3(PPEKTUBHBIMU, KOrAa OHU MMEKT UCTOYHWKM BO30OHOBMEHUA ANS AaHHOro
Npon3BOACTBA.

C aTon uenbio Hamu ns uccnegosaHnsa 6un BblbpaH nopTnaHauemeHt LEM1 42,5 mapku M-500
0O 3AO0 «TOYMKCEMEHT» CO CriefyloLen XxapakTePUCTUKON: TOHKOCTb nomona 98,5%,;-BennynHa yaenbHomn
noeepxHoctn 3500 cM2/r;- NPOYHOCTL Ha cxaTue Yepes 28 gHen 51,6 MIMa -FTOCT-22266-2013.

B kauecTBe 3anonHuTenen 6binm BeibpaHbl criegylolwme MmaTepuvans:

-uebeHb ¢ MakcUmarnbHOW KpyNHOCTbIO 3epeH Ao 20 MM;-, NNoTHocTb 2701kr/m3 ;-mapka webHs 1200-
FOCT-8267;

-NecoK 13 0TCeBOB ApobneHMIn NponsBoacTBa LWebHsi ¢ moaynem kpynHoctn; Mk= 2,34- TOCT 8736.

-MuUHepanbHyto gobasky u3 oTxoAga NpPOM3BOACTBA (PrioTaAUMOHHOro oboralleHus proopuToBbIX Pya
Takobckoro ropHo-oboratutensHoro kombuHata (OlN®). B tabnuue 1.1 npuBeaeH XMMUYECKUA COCTaB OTXoda
hNIoOPMTOBOro NPOM3BOACTBA, a B Tabnuvue 1.2 npuBegeH ero rpaHyfioMeTpuyecKin CocTas.

Tabuuua 1 —Xumuueckuii coctas OIID

No /i Haumenosanue
1 CaO SiO; Al,O3 Fe,O3 MgO K>0 + Na,O Fe,O3
2 6 74,75 7,33 6,1 0,73 3,55 0,1

Tabauna 2 — ['panynomerpuueckuii cocra OIID

Ne Pa3mep oTBepctuii cut, MM

HaumenoBanue
/1 1.25 0.315 0.16 0.071 <
1. 2 3 4 5 6 7
2. YacTtHble ocTaTkH, % 0 1.50 12.69 13.71 71.88

AHanu3 pgaHHbIX Tabn.1.1 nokasbiBaeT, 4YTO B COCTaBe OTxoda prnoopuMTOBOrO NpPOM3BOACTBA
npeobnagatT KpeMHe3EéM M okcug Kanbumsi. Ero 3anacbl sBNAKOTCA MHOFOTOHHBIMWM U HAKOMUIUCL Ha
NPOTSHKEHUN MHOTUX FeT.

B psiae paboT oTeyvecTBeHHbIX aBTopoB [10,27] oTxoAdbl OT NPOM3BOACTBA hrioTaunoHHoro oboraieHus
dnoopuToBbIX pya Takobckoro ropHo-oboraTuTenbHOro KombuHaTa MCMoNb3oBaHbl B KavecTBe [0OaBKU C
Lenblo MOBLILEHUST KOPPO3UOHHOCTOMKOCTU OObIYHLIX OETOHOB, W aBTOpPaMW MOMYYeHbl MOMOXUTENbHbIE
pesynbTatbl. OQHAKO MMW HEQOCTATOYHO U3yyeHo BnusHue ONd B 3aBUCUMOCTM OT €ro CTENEHN ANCMEPCHOCTU
Ha n3nKo-MexaHnyeckme cBoncTea 6eToHa. [1nsa atoro nepBoHayansHo OMN® noasepranv NoMony B MenbHuULE,
nocrie 6bina paccesiHa Ha dpakumm: <0,05mm ; 0,05-0,08mm; 0,08-0,14 . [Insa yToUYHEHMS Gbiny MCMOMb30BaHbI
cnocobbl NpyMeHeHnsi [OH6aBOK B 3aBUCUMOCTM OT UX rpaHyn B coctaB 6eToHa no meToanke aBTopoB [25].

MuvHepanbHble go0aBkM, MMeWMe B COCTaBe 4YacTuubl MEHbLle pasMepa 4acTul, LeMeHTa,
HasbiBatoTCA ynnotHutenamu(<0,05mm) [25]. Mpu npumeHeHun mnx B UeMeHTe Ond npoussBoactBa OeToHa
crnocobcTByOT 06pa3oBaHUio AOMOMHUTENbHBIX LIEHTPOB KpUCTannm3aumm B LEMEHTHOM KaMHe Npu TBEpOEHWM,
CMocobCTBYOLLMX NOBbLILIEHMIO MPOYHOCTN OETOHA B paHHee Cpoku TBepaeHus [17,19,25].

[obaBku, MMeroLLMe B COCTABe YacTuubl, OrM3kMe K LeMeHTy, Ha3biBaloT pasbasutensamu, JobaBku no
pasMepy 4acTuubl HaxoOATCsl B NMpedenax Mexay pasMepoM YacTul LeMeHTa U MUHUMarbHbIM pasMepomMm
YacTuL, Necka, X MOXXHO OTHECTM K fio6aBkaM — HanNoNMHUTENsAM LeMeHTa [25].

B npakTuyeckmx ycnoBusax onTMMmM3aums COOTHOLLEHUSA MeXAY BSPKYLUM 1 fobaBkamMy B 3aBUCMMOCTU
OT UX NpUpPOabI NPOU3BOAUTCS IKCNepuMeHTanbHbIM nytem [10,25]. [ns aToro B NTHEBMaTUYECKOM CMecuTene
nepemMeLLMBanu ueMeHT ¢ gobaskon n3 ONd. [ina nccnegoBaHumsa BNUAHUS MUHeEpanbHOM 0o6aBky Ha pr3mKo-
MexaHM4YecKkne CBOWMCTBA NMPOYHOCTM NogobpaH coctaB 6eToHa, M GbIM M3roToBNeEHbl cMecu GeToHa. Cmecu
rOTOBMIMCb NO OObLIYHOW NTabopaTOPHON TEXHONOMMN, N BbINM M3roToBIEHbI 06pasubl pasmepomM 10x10x10 cm n
0anouykn pasmepoM 4x4x16 cMm. [Nocne o6pasupbl XpaHUNCh MPU HOPMaITbHO-BITAXHbIX YCITOBUSX.
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Mpn wuccnepoBaHuUM AN onpedeneHns nokasaTenen kadecTBa CMecell M (pU3MKO-MeXaHMYEeCKUX
xapaktepucTtuk 6etoHoB ncnone3sosaxbl FOCT 10181, FTOCT 7473 - ansa onpegeneHus ceoncts cmecen u FOCT
10180 - gnsa onpeaeneHnst PU3NKO-MEeXaHNYECKNX XapakTepucTumk 6eToHa.

Bbinn nogobpaHbl cocTaBbl 6eToHa ¢ gobaBkamn. CoctaBbl 6eToHa ¢ gobOaBKamMu MpeAcTaBfieHbl B
Tabn.1.3.

Tab6muma 3 — CocraBbl OETOHHBIX cMecel ¢ To0aBKaMu

Ne IopTmananemMent Jo0GaBka 3anoiMHATEIN
KOJI-BO, KO0JI-BO, % [le6eHb, Ilecoxk,
BUJ Kr/m3 OIld Kr/M3 Kr/m3
1 420 - - 496
2 357 - - 559
3 420 YIUIOTHUTENb 15 433
4 AyuranGuHCKni 357 YIUIOTHUTENh 15 496
5 1150040 420 pa3baButenb 15 1228 433
6 405 pa3baButeIb 15 496
7 420 HAIOJIHUTED 15 433
8 405 HAIOJIHUTEIb 15 496

Pe3yJ'IbTaTbI nccnenoBaHM4a nokasanu cnegyroilee.

Tabinuna 4 — u3uko-MexXaHUYECKHe CBOMCTBA OeToHa ¢ nobaskoi OITD

IIpounocts, MIla
cxKarue
Ne cocrapa Kip=Rusr/Rex Bn By M,
n3ruo
2 14 28
1 2 3 4 5 6 7 8 9
1 22,5 41,2 51,6 7,43 0,143 6,45 B4 F100
2 17,3 31,3 45,1 6,12 0,136 7,28 B2 F50
3 21,6 39,5 56,63 8,80 0,155 5,21 B8 F200
4 18,4 31,6 53,51 8,16 0,152 5,92 B4 F100
5 20,5 33,6 54,42 8,08 0,148 5,81 B6 F150
6 17,9 30,58 50,31 7,02 0,139 6,55 B4 F75
7 19,56 29,41 52,22 7,62 0,145 5,96 B6 F150
8 16,62 28,41 49,69 6,86 0,138 6,61 B2 F75

IIpumeuanue k maoa. K,y — xoa3gpuyuenm mpewunocmoiikocmu, B, xoaghguyuenm eooonoenowenus, B, —
KoagPuyuenm goodonenponuyaemocmu, M; — kosgpgduyuenm mopo3ocmouxocmu.

M3 Tabn.1.4 BUAHO, YTO NPU CHWXKEHUN pacxoda uemeHTa Ha 15% npoyHocTb 6GeToHa 6e3 gobaskn OINd
ymeHbLuaeTcst Ha 18%, npy aToM fobaBka—ynnOTHUTENb NOBLILAET NPOYHOCTL GeToHa npu 100%-Hom pacxoge
uemeHta Ha 10%. Mpu 3ameHe 15% uemMeHTa [OGaBKOW YMMOTHUTENS MPOYHOCTL GEeToHa npu CxaTum
coctaBnseT 53.51 MlMa, a npu n3rmbe Ha 8,16 MIMa. YMeCTHO OTMETUTb, Y4TO AoOaBka ynIoTHUTENS NOBbILIAET
npo4HocTb 6eToHa npu 3ameHe 15% uemeHTa. lMpu 3TOM NoBbIWAETCA KOIMPUUNEHT TPELLUMHOCTOMKOCTH,
BOAOHENPOHNLIAEMOCTU 1 MOPO30CTOMKOCTU. M3 Tabn.1.4 BugHo, 4To Npu BCEM packnage gobasku nx OO, kak
ynnoTHUTENb, pas3baBuTenb, HAMOMHUTENb, K UEeMeHTy B ©OeTOHe noBbIWakT (U3NKO-MEXaHNYECKMe
XapakTepucTukn d6eToHa.

AHanuanpys nomnyyeHHble pesynbTaTbl, MOXXHO OTMeTUTb, 4To OlN® kak 4o6GaBku yNNOTHUTENS, 3aMEHSIS
15% pacxoga uemeHTa, CcnocobCcTBYHOT (POPMMPOBAHNIO MENKOMOPUCTON CTPYKTypbl 6eToHa. lNpu atom ero
BOAOHENPOHMNLIAEMOCTb BO3pacTaeT A0 3HadeHul B4-B8, a moposocTtorikocTb B 1,51 6onee (tabn.1.4). Mpu
apyrom packnage gobaska OlN®, kak pasbaBuTenb KU HaMonHWTENb, B COCTaB OGeTOHa MCNONb3yeTcHa Kak
CTPYKTYpupytowas n ctabunuanpyrowas gobaska (tabn.1.4).
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BbiBOAbI
Ha ocHoBe TeopeTnyeckoro 060CHOBaHNS 1 0630POB  MOXHO OTMETUTbL, YTO a3pOaPOM — 3TO KOMMSIEKC
COoOpyXeHui, obecneumBatowmin 6ecnepeboitHyto  paboTy COOPYXEHUA B MPOCTPAHCTBE WU BPEMEHMW.
A3pOoapPOMHbIE MOKPLITUS ABMSOTCA OOHWM M3 OCHOBHBLIX WCKYCCTBEHHBLIX COOPYXKEHUI aspoapoma, KoTopble
AOIMKHbI 0bnagatb HeoOGXOAUMONM MPOYHOCTbIO, YCTOMYMBOCTBLIO, HAOEXKHOCTHIO M [ONITOBEYHOCTbIO Mpu
BO3JENCTBMU CaMOSETHbIX Harpy3oKk U NpUpoaHbIX hakTOpoB B Mepuof ero akcnnyaTauuu. [na cosgaHus
BbICOKOKQYECTBEHHbIX a3pOAPOMHbIX MOKPLITUIA 3a NocneAHne roapl CyLWeCTBEHHO OBHOBMMACk HOopMaTUBHAsS
6asza nNpoekTMpoBaHWUA W CTPOMTENbCTBA a3poApPOMOB, BO3pOCNM TpeboBaHMS K KOHTPOM KayecTBa
CTPOMTENbHOM MPOAYKLUMN C UCMONb30BaHWEM NepeaoBbiX METOAOB W TEXHUKM UCMbITaHUA a3poApOMHbIX
NOKPbITUA. 3HAYMTENbHO YCOBEPLUEHCTBOBAHbI TEXHOMOMMW CTPOUTENbCTBA a3POAPOMHbIX MOKPLITUA C
NPUMEHEHNEM HOBEWLLUMX CTPOUTENbHBIX MaTeprarnos, B TOM YMCre BblCOKOKa4eCTBEeHHbIX 6eTOHOB. B faHHOM
pabote wucnonb3oBanu B OETOHHbIX CMecsix [Ao0baBKy M3 OTxoda Npou3BOACTBa (NOTALMOHHOrO
oboraweHusa cdnwoputoBbix pya Takobckoro ropHo-oboratutenbHoro komomHata (OM®P) kak
ynpoyHsiowyto aobasky, 3ameHssi 15% pacxoda LemeHTa, KoTopasi crnocobcTByeT (DOpMUPOBAHUIO
MESKONOPUCTOM CTPYKTYpbl 6eToHa. OlN® nosbilwaeT uranko-MexaHuveckme ceoiicTea 6eToHa 6e3 yBenuyeHus
pacxoga ueMeHTa npu NpMMeHeHNM pasHOBUAHbLIX NMECKOB MO MOAYIO KPYMNHOCTH.
Peuensenm: Karandapbexos H.K, — 0.m.n., npogpeccop Kagheopwi «JIPoMbIUACHHOE U PAKIAHCKOE CIPOUTEABLINBO»
IJIIITY um. axgo. M.C.Ocum.
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K CBEJEHHUIO ABTOPOB

[Tpunoxenue 1
k [lomoxkeHnto 0 Hay9IHOM KypHaJe
"TlonuTeXHUYECKUN BECTHUK"

TPEBOBAHUSA U YCJIOBUSA NPEJOCTABJIEHUA
crateii B :xypHaJ "lloinTexHuyeckuii BeCTHUK'"

1. B xypHase myOIuKyIOTCS CTaTbU HAyYHO-TIPAKTHUECKOTO U MPOOJIEMHOTO XapakTepa, IpeACTaBISIOINE
c000i1 pe3yIbTaThl 3aBEPIICHHBIX UCCIEAOBAaHN, 00IaJAI0NIIe HAYYHONH HOBIH3HOW U MPEACTABIISIONIIE HHTEPEC
JUTS ITAPOKOTO KpyTa YATaTeNeH JKypHaia.

2. OcHoBHBIE TPeOOBAaHUS K CTaThsIM, IPEJICTABISIEMbIM JJIS IyOJIUKALUHU B KypHaJe:

- craThs (32 UCKIIIOYEHHEM 0030pOB) JIOJKHA CO/ICP’KaTh HOBBIC HAYYHBIC PE3YJIbTATHI,

- CTaThs JOJDKHA COOTBETCTBOBATH TEMAaTHKE M HAYYHOMY YPOBHIO JKypHAIIa;

- CTaThs JIOJDKHA OBITH O(pOpPMIICHA B TTOJIHOM COOTBETCTBUH C TPEOOBAHUSIMU K 0(DOPMIICHHUIO CTaTeH (CM.
MYHKT 5).

3. CraTps mpeAcTaBIsieTCsl B PEAAKIIHIO 1O DJIEKTPOHHOW TMOYTE M B OJHOM DK3eMIUIApe Ha Oymare, K
KOTOPOMY HEOOXOIMMO MPUIIOKHUTD dJIEKTPOHHBIA HOCUTEIh TEKCTa, UACHTUIHOTO HalleYaTaHHOMY, a TAK)Ke JIBE
pELeH3UH Ha CTaThIO U CIPABKY O pe3yJIbTaTe MPOBEPKU Ha OPUTHHAIILHOCTb.

4. Crpykrypa cTaThu

TekcT cTaThu HomKeH ObITH mpencTasieH B Gopmare IMRAD®®  Ha TamkukcKOM, aHIIMIACKOM HITH
PYCCKOM SI3bIKE:

BBEJIEHUE (Introduction) [Touemy mpoBeneHo uccienoBanue? YTo ObLIO HMCCIICIOBAHO, WU b
WCCIIeIOBAHMSA, KaKWe THIOTE3bl MpOoBepeHbl? BrirouaeT: akTyalbHOCTH
TEMBl HCCIICJIOBaHMs, O0030p JIUTEpaTypbl 1O TeMe HCCIIeIOBaHNs,
MOCTAaHOBKY TMPOOJIEMBbI HCCIIE0BaHMS, (GOPMYIUPOBAHKUE IIETH U 3a7ad
WCCIIe/IOBAHMS.

MATEPHAJIbI U METOAbI | Korma, rie n kak ObUTH TPOBEICHBI HccienoBaHus? Kakue martepuaiisl

HNCCIEOJOBAHUS ObUIM HCIIOJB30BaHBl WJIM KTO OBUI BKJIIOUEH B BBIOOPKY? JleTraiabHO

(MATERIALS AND OMMCHIBAIOT ~ METOJBI WM CXEMYy  OKCIIEPUMEHTOB/HAOIIOICHUIA,

METHODS) MTO3BOJISIONINE BOCIIPOM3BECTH UX PE3YITATHI, TIOJI3YSICh TOIBKO TEKCTOM
cratbu. ONKCHIBAIOT MaTepHaibl, MPUOOPHI, O00OPYAOBAaHWE W JPyTUe
YCIJIOBUSI IIPOBEJICHUS SKCIIEPUMEHTOB/HAOJIIOICHHI.

PE3YJIbTATHBI (RESULTS) | Kakoii orBer Obul HaiiieH. BepHo sin Oblma mpoTecTHpoBaHa rumnoresa?
[IpencraBisitor pakTHUECKHE PE3YIIbTAThI HCCIEA0BAHUS (TEKCT, TAOINIIB,
rpad UKy, IuarpamMmebl, ypaBHeHus, hororpaduu, pUCyHKH).

OBCYXJIEHHUE Uro moxmpa3dymeBaeT OTBET M To4YeMy d5To mMmeeT 3HaueHue? Kak sTo

(DISCUSSION)

BIMCHIBAETCS B TO, 4YTO HAUUIM Jpyrue wucciaegonarenu? KakoBbl
MIEPCIIEKTHBBI I Oyaymux ucciienoBaHuii? ConepKUT WHTEPIPETAIUI0
MOJYYEHHBIX PE3YyJbTAaTOB HCCIIE/IOBAHUS, BKIOYAs: COOTBETCTBUE
IIOJyYEHHBIX PE3YJbTATOB THMIIOTE3€ MCCIECAOBAHUS;, OrPAHUYEHUS
WCCIICIOBAaHUS H OOOOIIEHUS €ro pe3ysbTaToB; MPEMIOKEHUS IO
HpaKTI/IT-IeCKOMy HpI/IMeHeHI/IIO; HpGJIHO)I(CHI/IH 110 HanpaBneHmo 6y21yH1HX
HCCIIeI0OBaHUHN.

3AK/IIOYEHHUE CozepXHUT KpaTKM€ WTOTH Da3JelioB  CcTaTbu 0€3  MOBTOPEHUS
(CONCLUSION) (hOpMYJIMPOBOK, IPUBEACHHBIX B HUX.

BUBJIUOTPA®UYECKHUN | CIIMCOK JINTEPATYPHI (cMm. m.3).

CIIMCOK (REFERENCEYS)

CBEJEHUSA Ob ABTOPAX o opMIISIETCSI B KOHIIE CTaThU B CJICYIOIIEM BHJIE:

(AUTHORS’ BACKGROUND)

18 NaHHbIM TEPMUH COCTaBAEH M3 NepBbIx BYKB aHrAMINCcKMX cnos: Introduction (BeeaeHue), Materials and Methods
(Matepmanbl 1 meToapl), Results (Pesynbtatbl) Acknowledgements and Discussion (O6cykaeHune). ITo cambliit
PacnpoOCTPaHEHHbIN CTUIb OPOPMAEHUA HAYYHbIX CTaTeN, B TOM uncae Ana *KypHanos Scopus n Web of Science.
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Howmy macab, @110, Name

TJ RU EN

Japada Ba yuBoHM mimit, CTENeHb U TOJKHOCTB,

Title!®

Tamknnot, Opraamsanus, Organization

e-mail
ORCID? Id
Tenedon

KOH®JIUKT UHTEPECOB
(CONFLICT OF INTEREST)

KoHpmukT nHTEpECOB — 3TO JTI00BIC OTHOIICHUS WX CHEphl HHTEPECOB,
KOTOpbIE MOTJIH OBl IPSIMO WJIM KOCBEHHO MOBJHSITH HAa Bally padOTy HIIH
clenarhb e€ NpeaB3aTou.

[Ipumep:

1. Koudmukr wunrepecoB: Aprop X.X.X. Brmageer akuusmu
Komnanuu Y, koTopas ynomsinyta B cratee. ABTOp Y.Y.Y. — wieH
komuTeTa XXXX.

2. Ecnn xoH(IMKTa HMHTEPECOB HET, aBTOPbI JOJDKHBI 3asBUTh:
ABTODBI 3asBIISIIOT, YTO Y HUX HET KOH(IUKTa HHTEPECOB.

Bce aBTOpbI IpOUYUTAIH U 000N OKOHYATEIbHBIA BAPHAHT PYKOIHCH

3ASIBJIEHHBIN BKJIA ]
ABTOPOB (AUTHOR
CONTRIBUTIONS).

[TyGnukyetcs a7s onpeAeaeHus BKIaJga KaXa0ro aBTopa B UCCIICAOBaHME.
Onucanue, Kak MMEHHO KaXIbli aBTOp Yyd4acTBoBal B padore
(MpenoYTUTENBHO), MU COOOIIEHNE O BKJIaaX aBTOPOB B MIPOIICHTAX HIIH
IoJIsIX (MEHEe JKeaTebHO ).
[Ipumep nanHoro paszaena:
1. Asropsl Al, A2 u A3 npuaymanu u pa3padboTain SKCICPUMEHT,
aBTopsl A4 u A5 poBenH TEOpeTHUYECKUE HCCieIoBaHne. ABTOPBI
Al u A6 yyactBoBaiu B 00paboTKe JaHHBIX. ABTOpEI Al, A2 1 AS
y4acTBOB&JIM B HANMCaHWM TeKCTa CTaThbh. Bce aBTOpHI
YYacTBOBAJIM B 00CYKICHUH PE3YJIbTATOB.
2. Bce aBropml caenany SKBUBAJCHTHBIM BKJaJ B IOJITOTOBKY
Ty OJTMKAII

JOIIOJIHUTEJIBHO (mo xenanuro aBTopa)

BJATOJAPHOCTH
(oNIMOHAIBHO) -
ACKNOWLEDGEMENT
(optional)

Ecnu aBTOpBl B KOHIIE CTaTbd BBIPAXKaloT OJIAr0JapHOCTh WJIM YKa3bIBAIOT
UCTOYHUK (DUHAHCOBOW MOJACP)KKH IPH BBINOJIHEHWH HAy4YHOW pabOTHI, TO
HEo0X0AMMO 3Ty MH(POPMAIHIO POIYOIMPOBATh HA AaHIVIMIICKOM SI3bIKE.

®UHAHCUPOBAHUE
PABOTBI (FUNDING)

Wudopmanus o rpanTax u 000 Apyroii puHAHCOBO MOAIEPIKKE UCCIIeIOBAaHUT.
[IpocuM He HCIONB30BATH B ATOM pa3fielie COKPAIICHHBIC HA3BaHUS WHCTUTYTOB H
CIIOHCUPYIOIIMX OpPTraHHu3alni.

JOINOJIHUTEJIBHASL
NHOOPMALIUA
(ADDITIONAL
INFORMATION)

B aTom pazaene MOTyT ObITh TOMEIIIEHBI:

Hecranngapthele ccbuikd. Hampumep, Marepuaibl, KOTOpbIE [0 KaKUM-TO
NPUYUHAM HE MOTYT OBITh OINYyOJMKOBaHBI, HO MOTYT OBITh IPEIOCTABIICHBI
aBTOpaMH 110 3arpocy. JlONOJHUTENbHBIE CCHUIKM Ha MNPOQHIM aBTOPOB
(manpumep, ORCID). HasBanusi TOpProBbIX MapoK Ha HWHOCTPAHHBIX S3BIKaX,
KOTOpBIC HEOOXOMMBI JUISi HOHUMAaHHMS CTaTbU MJIM CCHUIKH Ha HUX.

Oco0ble cooO1eHnsT 00 NCTOYHUKE OPUTHHAJIA CTAaThU (€CJIM CTaThsl IyOJIMKYeTCs
B IIEPEBO/JIE).

Nudopmanus o cBA3aHHBIX CO CTAaThel, HO HE OITyOJIMKOBAaHHBIX paHee AO0KIaI0B
Ha KOH(EpeHINIX ¥ CeMUHapax.

5.  TpeboBanus k opopMIeHUIO cTaTel

19 Title can be chosen from: master student, Phd candidate, assistant professor, senior lecture, associate professor, full professor
20 ORCID nan Open Researcher and Contributor ID (OTKpbITbI aeHTUdGUKATOP UccneaoBaTeNs U y4acTHUKA) —
He3anaTeHTOBaHHbIN BYKBEHHO-LMPPOBOM KOA, KOTOPbIN O4HO3HAYHO MAEHTUDULMPYET HayUHbIX aBTOPOB.
www.orcid.org.
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xauki. BAXIIA TAXKUKOTXOU MY XAHJIUCT.

PexomenmyeMbrit 00beM OpUTrHHAIBHON cTaThu — 10 10 cTpaHuI], o63opa — 1o 15 crpaHuIl, BKIIOYas
pPUCYHKH, TaOmuibl, obudnuorpaduyuecknii cimcok. B pyOpuky «KpaTtkue cooOmeHus» TpUHUMAIOTCS CTaThH

o0wemoM He Oornee 3 cTpaHuIl, BKiItodas 1 Tabiuiy u 2 pucyHKa.

Pexomenmanuu o Habopy 1 0OPMIICHHIO TEKCTA

CTpaHMIIBI M ab3ara

crpaBa - 2 cM; TaOYJIIIIHS - 2 CM;

HaumenoBanue TpeboBanus IIpumeuanust
dopmaT CTpaHHIIbI A4
[TapameTpsbl OTCTYIIBl CBEPXY U CHU3Y - 2.5 C¢M; cieBa U | OpUEHTALMS - KHUKHAs

PenakTop Tekcra

Microsoft Office Word

[Ipudr

Times New Roman, 12 myHKTOB

MEKCTPOUHBIH OnuHapHBIN, BEIpaBHUBAHUE 110 MINPUHE He ucnone3oBats Oonee oxHOTO Mpobdena MeExmy

HHTEpBaI CIIOBaMH, poOeIBI TUIS BBIPABHUBAHUS,
aBTOMATHYECKUH 3amper TIEPEHOCOB,
T10/TYePKUBAHMSI.

Enununua nsmepenus

MesxnyHapoanas cuctema equaur, CU

JHarpaMMBbl, CXEMBI)

MIEPBOTO YIOMUHAHUS O PUCYHKE.
PucyHKH HODKHBI IMETh pacIIupeHue,
cosmectumoe ¢ MS Word (*JPEG, *BIF,
*TIFF (TommmHa TUHUHA HE MeHee 3 TKC)
®dororpaduu JOIHKHBI OBITH MTPEIEIHEHO
4eTKUMH, ¢ paszpemtenrem 300 dpi.
MakcumanbHbIH pa3Mep pUCyHKa: IHPHHA
150 MM, BbIcOTa 245 MM.

Kaxaplil pucyHOK JOIKEH UMETh
HOJPUCYHOUHYIO NOJMHCH, B KOTOPOH
Jaercst 0ObSCHEHUE BCEX €r0 2JIEMEHTOB.
Kpusrsle Ha puCyHKaxX HyMepyrOTCS
apaOCKuMH I paMu 1 KOMMEHTHPYIOTCS
B TIOAMHCSAX K PUCYHKAM.

CoxpareHus B coorerctBun ¢ 'OCT 7.12-93. JIOJDKHBI OBITH CBEJICHBI K MUHIMYMY

TEPMHUHOB U

Ha3BaHUU

Ddopmyibt Marematndyeckue — gopmyiasl  cinenyer | OO03HauYeHHs BEJIMYMH W MPOCThIE (OPMYJBI B
HaOuUpath B (OPMYIBHOM pEIaKTOpE | TEKCTE U TabiuilaXx HaOUPaTh KaK 3JIEMEHTBI TCKCTa
MathTypes Equation mma MS Equation, | (a He Kak 00BEKTHI POPMYIEHOTO PEIAKTOPA).
rpedeckue U pycckue OyKBeI B popmyrnax | HymepoBatrs cimemyer Tompko Te (opMymBl, Ha
HaOWpaTe TMpsMBIM MpH(GTOM (OMIHMA | KOTOPBIE  €CTh  CCBUIKH B MOCJIEAYIOUIeM
TEKCT), JIATHHCKHE KyPCHBOM. mnoxeHnd. Hymepamms — ¢opMyn  CKBO3HAS.
@opMmynbel W ypaBHEHHs TIedataloTcs ¢ | [IoBTOpeHHEe OTHHX W TeX K€ JaHHBIX B TEKCTE,
HOBOH CTPOKH H IIEHTPUPYIOTCA. TaOIHMIAX U PUCYHKAX HEJOIMYCTUMO

Tabmumer [Ipu co3manmm TabIUII PEKOMEHTyEeTCS BHyTpu TaOIUIIBI 3aTOJIOBKU IHITYTCS C 3arJIaBHOM
HCITI0JIB30BaTh BO3MOXkHOCTH MS Word OYKBBI, TMOA3arOJIOBKM — CO CTPOYHOH, €CIM OHU
(Tabsuna — Jo6aButs Tadmuiry) wim MS COCTaBIISIFOT OJIHO TPEJIOKEHHUE C 3aroJOBKOM.
Excel. Tabau1iel JOTKHBI UMETH 3aroyoBKM IEHTPUPYIOTCS. BOKOBBIE — MO LEHTPY
MOPSIKOBbIE HOMEPA, HA3BAaHHE M CCBUIKY | WM clieBa. JluaroHajbHOE JIEJICHUE SUeeK He
B TEKCTE. pexkomenayercsi. B myctoii suelike oOs3areneH
Tabnuiy cienyeT pacnojaraTh B TEKCTE npodyepk (tupe —). KommuecTBO 3HAKOB Tmocie
MOCJIe TIEPBOTO YIIOMUHAHUS O HEH. 3armATOl (TOYHOCTh HW3MEPEHHUs) IODKHO OBITh
WHTepBaN MEXIy CTpOYKAMH B TaOJIHIIe OJTMHAKOBBIM.
MO’KHO YMEHBIIIATh IO OJUHAPHOTO,
pasMep mpudTa — 10 9 TyHKTOB.

Pucynkun JI0TKHBI UMETh CKBO3HYIO HYMEpAIHIo, 3arooBKH TaOMUI] W IOJPHCYHOYHBIC ITOIITUCH

(wTrocTparum, Ha3BaHUE U CCHUIKY B TEKCTE, KOTOPYIO JIOJDKHBI OBITH TT0 BO3MOXXHOCTH JIAKOHHYHBIMU, a

rpaduku, CJIe/IyeT pacriojiarath B TEKCTE 10Cje TaK)Ke TOYHO OTPAKAFOIIMMHU CMBICI COZIEPIKAHUS

TaOJIMIl U PUCYHKOB. Bce OykBeHHBIE 0003HAUCHUS
Ha PHUCYHKax HEOOXOJIHWMO TOSICHUTh B OCHOBHOM
WJTH TIOAPUCYHOYHOM TEKCTaX.

Bce magmucn Ha pucyHKax (HaMMEHOBAHHS OCeEH,
nudpsl HA OCSX, 3HAYKH TOYEK U KOMMEHTapHu K
HUM ® T1pPOY.) JOJDKHBI OBITh  BBITIOJTHEHBI
JOCTAaTOYHO KPYIHO, OJWHAKOBBIM IIPH(TOM,
YTOOBI OHH JIETKO YUTAJIKCH MIPH BOCIPOHU3BEICHUH
Ha nevyaru. HaumeHoBaHuS ocell, eIUHUIIBI
M3MEpeHUsT (U3WYECKHX BCIWYMH W I[POYHE
HAJIMUCHU JIOJDKHBI OBITH BBITIOJHEHBI HA PYCCKOM
s3pike. He momyckaercss Halmu4ue paMoK BOKPYT H
BHYTpPHU TpaUKOB U JUATPAMM

Kaxnenii  rpaduk, mguarpamma  wWid
BCTaBJIICTCS B TEKCT Kak 00bekT MS Excel.

cxema

Pyxomuch nomKHa OBITH MOCTPOCHA CIIETYIOIUM 00pa3oM:
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conepxats 800-1200 neyarubix 3HakoB (120-200 cnos).
Crpyktypa pedepara: Brenenne. Marepuassl 1 METO/BI
ucclieioBaHusl. Pe3ysbrarhl nccienoBaHusi. 3aKI0UeHHUE.

Paznen Coneprxanue (mpumMep) Pacnonoxenue
Unpexc VK VK 62.214.4; 621.791.05 B BEPXHEM JIEBOM YIITy
MIOJTY>)KUPHBIMHU OyKBaMH
3aroiaoBok HA3BAHUE CTATbBU B nentpe
(1os1KeH OBITH HH(POPMATUBHBIM U, 10 BO3MOKHOCTH, TTOJTY>KUPHBIMHU OyKBaMHU
KPaTKUM)
(Ha s13pIKE OPUTHHAJIA CTATHH)

ABTOpBI Nuannunans! 1 (paMUJInu aBTOPOB B nenrpe
(Ha sI3BIKE OpUTHHAJIA CTATHH) TTOTYKUPHBIMA OYKBaMU
Opraam3anus TagKUKCKNA TeXHUYEeCKUIl YHUBEPCUTET UMEHH B nentpe
akagemunka M.C.Ocumu IOJTY>KUPHBIMU OYKBaMU
Pedepar JlomkeH ObITh MHGOPMATHBHBIM M Ha SI3bIKE OpPHTHHAJIA BbIpOBHSATH IO MIUPUHE

(apHOTAIIHS) cTaThl  (TAPKUKCKOM, PYCCKOM U  aHTIUHCKOM),

KiroueBrle citoBa

5-6, pa3neneHs MEXTy COOOM « , ».

(Ha sI3BIKE OpUTHHAA CTAThU)

[Mpumep: sHeprocOepexeHne, MPOU3BOJACTBO KOPYHIA,
TJIMHO3EM, SHEPronoTpedIeHne, ONTUMH3ALIUS

BrIpoBHATE MO MIMpUHE

Ha nByx npyrux
SI3BIKAX
MIPUBOAUTCS:
3aroioBox

ABTOpBI
Opranusanus
Pedepar

(aHHOTAIMSA)

IepeBO/l HAa3BaHHWs CTaThbH, ABTOPOB?, OpraHM3alUu>,
3arofoBKU M pedepar? um KiodeBble CI0Ba®® Ha JBYyX
JPYTHX SA3BIKAX

CraTted COTJIACHO
CTPYKTYPBI

CornacHo TpeOOBaHUSIM MyHKTa 4 TpeOOBAHUS U YCIOBUS
npeaocTapieHust crateil B xkypHan "[lonurexHuyeckuit
BECTHHK"

BrIpoBHATE 11O IIUPUHE

K cratbe npuiaraercs (cM. http://vp-es.ttu.tj/):
1. ConpoBoaurenbHoe THCEMO (IpriIokeHue 1A).
2. Amropckoe 3asBienue (rnpunoxenue 1b).
3. Jlunensuonnsli goroop (mpunoxenue 1B).
4. DKCIepTHOE 3aKIIOYCHUE O BO3MOXKHOCTH OIyOJIHMKOBAaHHS CTATBH B OTKPBITOH nedaTH (TPHIOKEHHE

1I).

5. Penensus (mpuioxenue 1]1).

21 YHuBepcanbHas gecatTnyHan knaccudurauma (YOAK) — cuctema knaccudmnkaumm nHbopmaLmm, WMPOKO UCMOAb3YeTCa BO BCEM MUpe
O/ CMCTEMaTU3aLMM NMPOU3BEAEHMIA HAYKK, IUTepaTypbl U UCKYCCTBA, MEPUOAUYECKON NeyaTu, pasanyHbIX BUAOB AOKYMEHTOB U
opraHu3aumMmn KapToTeK. MesxrocygapcTeeHHbli ctaHgapt FOCT 7.90—2007. Npumep: https://www.teacode.com/online/udc/

22 B aHIIMIACKOM NepeBosie GaMuaMK aBTOPOB CTaTel NPeACTaBAAOTCA COrNacHO cucTeme TpaHcauTepaumm BSI (British Standard
Institute). CtaHaapT BSI 06bI4HO NpUMeHseTcs B Cyyae, Korfaa TpebyeTca KOppeKTHas TpaHCAMTepaLms ByKB, CI0B U NPeaioKeHni ns
KMPUANMYECKOro andasuTa B IaTUHCKKIA B ciydae odopmaeHus 6ubanorpadmyeckmx CNmMcKos ¢ oduumManbHbIM CTaTycom. Mm
Mo/b3yHTCA A/1A TOro, YTOBbI NONAacTb B 3apybHeskHble 6a3bl AAHHbIX.
23 HasBaHWe OpraH13aLun B aHIIMACKOM NepeBoae LOIKHO COOTBETCTBOBATb 0OULMaNbHOMY, YKasaHHOMY Ha CaiiTe opraHu3aLmu.
HenepeBoavMble HA aHIIMACKUIA A3bIK HAMMEHOBaHWA OpraHM3aLMii JAtOTCA B TPAHCIMTEPUPOBAHHOM BapUaHTe.

24 Heo6X0AMMO MCNONBL30BATL NPABM/IA HAaNWCAaHUA OPraHN3aLMI Ha aHTIMIACKOM A3bIKe: BCe 3HAaUYMMble CN0Ba (Kpome apTukaei u
NpPeAnoros) AOMKHbI HAYMHATLCA C NPONMUCHOMN 6yKBbl. COBEPLIEHHO HE AO0MYCKaeTcA HanncaHne o4HUX CMbIC/IOBbIX C/1I0B C NPOMNUCHOM
6YKBbI, 4PYrMX — CO CTPOUHOIA.
25 B aHI/IMIACKOM NepeBoe KYEBbIX C/IOB HE AO/MKHO BbITb HUKAKUX TPAHC/IMTEPALMIA C PYCCKOTO A3biKa, KPOMe HemnepeBoANMbIX
Ha3BaHMI COBCTBEHHbIX UMEH, NPUBOPOB M AP. 06EKTOB, UMEILIMX COBCTBEHHbIE HAa3BaHMA; TaKKe He LO/IKEH UCMO0/1b30BaTbCA
HenepeBoAMMbIN CNEHT, N3BECTHbIN TO/IbKO OrpaHUYeHHOMY Kpyry Creuunanmcros.
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Myxappupu MaTHHU pycii: M.M. sIky0oBa
Myxappupu MATHH TOYMKIA: Myasnudgon
Myxappupu MATHH aHIJINCH: Myanaudon
Opouiiy KOMIITEPil Ba TAppoOXi: M.A. U33aTy/u10eB
PenakTop pycckoro Tekcra: M.M. sixyOoBa
PenakTop TaasKUKCKOro TeKCTA: ABTOpCKas pefaKuus
PenakTop aHriumiickoro tekcra: ABTOpCKAas pelaKnus
KomnbroTepHslii Au3aiiH 1 BepcTKa: M.A. U33aTyninoes

Humonii: m. lyman6e, xuéoonn akan. Payagosxo, 104
Anpec: r. lyman6e, npocnekt akai. Paxkadosbix, 104

ba yom 25.09.2025 um3o mrya. ba mat6aa 30.09.2025 cynopuna mrya.
Yomu odceerii. Korazu odcer. Annozau 60x84 1/8
Ananu Hamp 50 Hycxa.

Marto6aaun J{lonnmroxu texHukun ToyukucTon 6a Homu akagemMuk M.C. Ocumid
m. Jlymanée, kjuan akaa. Pauabosxo, 10 *
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