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TEOJIE3UA

YK 528.71: 631.17
TUIEPCIIEKTPAJIBHASL U MYJIbTUCIEKTPAJIBHASI CbEMKA B TOYHOM 3EMJIEIEJIUA

M.A. TEPACHMOBA
(IIpeocmaeneno: I1.@. Ilapaonus)

B cmamve paccmompenvl maxue 6udvl cneKmpanbHol CbEMKU, KAK 2UNepCneKmpanibHas u Myaomuc-
NeKMpanbHas, a makice demvlpe Memooa NOJNYHeHUs 2unepcnekKmpanisoHoll un@opmayuu, Kaxcovlli u3 Ko-
MOPLIX UMeem C60U NpeuUMyujecmed 0as MmexHoI02Uull MOYH020 3eMAeOeUs..

Tounoe 3emienenue — 3TO PsA KOMIBIOTEPHBIX TEXHOJIOTUH, MpeJHAa3HAYEHHBIX JUIS KOMIUIEKCHOTO
yIpaBleHUs NPOLYKTUBHOCTBIO MIOCEBOB. biarogaps UCHoOIb30BaHUIO CITYTHUKOB M OECHMJIOTHBIX JIETaTEIbHBIX
anmnaparoB, Ha KOTOpBIE YCTaHOBJIEHBI CIIEIHAIbHBIC CIIEKTPaJbHbIE KaMephl, MOJy4al0T CHUMKH, IIUPOKO HC-
MOJIb3yeMble AJIS ONpEeAeNICHUs ypPOXKaWHOCTH, 3aCEIHHOCTH, YPOBHS BJAard M APYTHX XapaKTEPUCTHUK ITOJIEH.
IlosToMy B HacTrosIiee BpeMs B TEXHOJOTHSAX TOUHOTO 3eMilefeins BcE OOJbIlle HMCHOIb3YeTCs] THIEepCIeK-
TpajbHas U MYJIbTUCIIEKTpalbHas ChEMKH [1].

OOBIYHO B TEXHOJOTHSAX MAIIMHHOTO 3PEHMS HCIIONB3YIOTCS NATYMKH KaMep ¢ MaKCHMalbHOW CIEK-
TPaNbHON 4yBCTBUTEIBHOCTHIO OKOJ0 550 HM, IPH 3TOM CBET COOMPAETCS C IIOMOIIBIO BCTPOCHHBIX JIMH3 BHYT-
pu kamepsl. OHAKO IIPU PacIIMPEHUH B yIbTPa(UOIETOBBIN Win OMMKHUI MHPpPaKpacHBIH AMAIa30H 3HAYHU-
TENIBHO YMEHBIIACTCSI KBAaHTOBast 3(PEKTUBHOCTh JAaTYMKOB KaMephl. Takke JaT4WK BBIOAET MAacCHUB 3HAYCHUH
B CEpBIX OTTEHKAX, YTO MMPUBOIMT K HoIydeHuto 2D-m300paxenuit [2].

PaccMoTrpum Gosee eTalibHO MyJIBTHCIIEKTPAJIbHYIO U THIIEPCIEKTPATIBHYIO ChEMKY.

I'mnepcnexTpanbHas ckeMKa, nHaue rosops HSI, ucnons3yeT TeXHOJIOTHIO, KOTOpas AaéT BO3MOXKHOCTh
3axBaThIBAaTh M300paXKEHUsI, cojepikaline HHHopMaLio 0oJiee MUPOKOTO JIEKTPOMArHUTHOTO ClieKTpa. Takum
00pa3oM, B TUIEPCIEKTPAILHON ChEMKE Pa3IMYalOT OT YJIbTPa(HONETOBOrO M3IY4YeHHS 10 KOPOTKOBOJIHOBOI'O
MH(paKpacHOro U3NTy4YEeHUs, YTO AAET BO3MOXKHOCTH OIPENENUTh CBOWCTBAa Marepuala, KOTOpble HEBO3MOIKHO
OTIPENIeNUTh B IPYTUX CIIydasx.

Kak rosopunock paHee, JaTYMKH, UCIOJIb3yEMbIE B MAIIMHHOM 3PEHHH, MO3BOJSAIOT MOIYYHUTh JAHHBIC
B OTTEHKAX CEpOro, 4To JaéT BO3MOXKHOCTH OIPENEIUTh MECTOIOJIOKEHHE 00BEKTOB. Tak NMpOMCXOANT U3-3a
TOr0, YTO JAaTYMKH HE PACHO3HAIOT AJMHBI BOJH. B rumepcnekTpanbHON ChEMKE UCTIONB3YIOTCS JAaTUYUKHU, UMe-
romme cxemy (mibpTpa batiepa, koTopas mpencTaBisieT co0oi MaccuB IBETHEIX puiabTpoB RGB, cocTosmux u3
(UIBTPOB KPAacHOTO, 3€JICHOTO W CHHETO IBETOB. B TakoMm cirydae, Ka>kKAbIH MUKCETb MPOXOIUT (DUIIBTPALHIO
U 1ociie 00pabOTKK eMy NMPUCBAaWBAIOT IBET. Tak Kak KaXkKIOMY IHKCEII0 COOTBETCTBYIOT OIpeeIEHHbIE KOOp-
JIUHATHI, AJIMHA BOJIHBI M MHTEHCHBHOCTh CUI'HAJIa, TO THIIEPCIEKTPANbHYIO ChEMKY 9acTO HA3bIBAIOT CIIEKTPO-
cxonueit cpéMku. braaromaps stomy HSI cuctema BeIgaét runepcnekTpaibHbIil KyO n3o0pakeHus UK KyO AaH-
HBIX (PUCYHOK 1).

CymiecTByeT 4eThIpe OCHOBHBIX METO/Ia MOJIyYEHHsI THIIEePCTIEKTPAIbHON HHOpMAIH.

IepBbIM MeTOIOM, KOTOPBIH Ha3biBaeTcst whiskbroom u mosyyaer crieKTpaibHYH0 HHPOPMAIIUIO IS OJ1-
HOM MPOCTPaHCTBEHHOH KOOPAMHATEHI 32 pa3, SBJISIETCS TOUeYHOE CKaHUpOBaHHUe. Takas TeXHOJIOTHs YBEINIUBA-
eT BpeMsl 00pabOTKH, TaK KaK CHCTeME HEeOOXOAMMO OTCKaHHPOBATh 00JACTh MO OCSIM X M y. OfHAKO AaHHBIA
METO/I CIIOCOOEH 00€CIeYNTh BHICOYAHIIINN YPOBEHb CIIEKTPAILHOTO Pa3pEIIeHHS.

Bropoii MeTon — IMHEHHOE CKaHMpPOBaHUE, Ha3bIBaeTCcs pushbroom. B naHHOM TexHOIOrMH CKaHMPOBa-
HUS UCIONB3YETCsl TOJIBKO OJHA OCh MPOCTPAHCTBEHHOIO MEPEMEILEHHs, HHAYe TOBOPs, CKAHUPYETCS psifl IHK-
ceneil. [IpenmyniecTBOM MeTOa ABISAETCSA TO, YTO CUCTEMBI MMEIOT HEOOJBIION Bec, pa3Mep, IIPOCTOE yIpaBJie-
Hue. OJHAKO y JIMHEWHOTO0 CKAaHHPOBAaHHE €CTh HEIOCTATOK — HENpaBHJIBHOE BpPEeMs SKCIO3HMIHU MPHUBOIUT
K HECOOTBETCTBHSAM B OTHOIICHNH HACHIIIIEHHOCTH WJIM HETOAKCIIOHHMPOBAHNUS CIIEKTPAIBHBIX MOJIOC.

Tpernii MeTO — CKAHUPOBAHUE TUIOCKOCTH WM TUIOIIAIHU. JIaHHBI METO ] TO3BOJISIET MOYIUTh H300pa-
xeHne 2D-001acTi B KaXI0M WHTEpBaJle [UIMH BOJH. VICIONb3ysl CKaHUPOBAaHKE MIIOCKOCTH HEOOXOANMO yUH-
TBIBATh, YTO OOBEKT JTOJDKEH HAXOTUTHCSA B HEIIOJBIDKHOM COCTOSIHHH, TaK Kak Iporecc 00pabOTKH IpeaCTaBIIs-
eT co00if co31aHNe THIIEePCIEKTPATBHOTO Ky0a JaHHBIX.

YerBepThlid MeTo]| Ha3biBaeTcs single shot, oAMHOYHBIN MM MOMEHTaNBHBIH CHUMOK. Cucrema opmu-
pyeT n3o0pakeHHe UCTIONIB3Ys OJIMH KaJp U COOMpAeT BeCch KyO I'MIEpCIEeKTPAIBHBIX JaHHBIX. DTOT METOJ] M03-
BOJISIET ITOJIYYHUTh 300pakeHHe ¢ Oosiee HU3KMM MPOCTPAHCTBEHHBIM paspenieHueM [2].

MynbTHCIIEKTpalbHasl ChbEMKa 00BEANHSET OT JABYX 10 ISTH CHEKTPAIbHBIX TUara30HOB H300paXKEeHUs C
OTHOCHTEJIFHO OOJIBIION MOJIOCON NPOITyCKAaHHS B €JMHYIO ONTHYECKYIO cucTeMy (pucyHok 2). Taxke oHa 103-
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BOJISIET OOBEIMHUTH B KOMOMHAIMM BUIMMBIN, ONMKHUN MH(paKpacHBIH, KOPOTKOBOJIHOBOW HH(pPAKPaCHbIH,
CpPEHEBOIHOBOM MH(PAKPACHBIN WM JITMHHOBOJIHOBOI MH(paKpacHBIH TUaNla30HbI B O/IHY LETIBHYIO CHCTEMY.

Continuous Specrum Several Spectral Bands

—~

iy

Wavelength (pm) Wavelength {pm)

Response
Response

Pucynok 1. — 'unepcnekTpajibHas chéMka PucyHok 2. — MyabTHCIIEKTPaJIbHAA ChEMKa

OTnuMsMU TUNIEPCHEKTPATBHON U MYJIBTUCIEKTPAIbHOW ChEMKHU sBiIsieTCsl TO, uyTo cucrema HSI mpen-
CTaBJIsIeT cO00it cOOp MaHHBIX C MUCIIONB30BaHMEM 3(P(PEKTHBHO HETPEPHIBHBIX BOJH, a cucTteMa MSI ocHoBaHa Ha
00paboTKe HECKOIBKIX THANa30HOB BOJH, YTO JaET MPEUMYIIECTBO KaXIOW M3 CHCTEM B PA3IMIHBIX 33/1a9ax.

O6nacte npumenenus cucreM HSI 1 MSI nocTossHHO pacimupsieTcs, OJHAKO JaHHBIE CHCTEMBI HAMHOTO
JIOpPO’KE CUCTEM MAIIMHHOTO 3PEHUs, UCIONb3YyEMbIX B CEJIbCKOM XO03iUCTBE. Takke CUCTEMbI OCHAILEHBI CIEK-
TPaJbHO YyBCTBUTEIILHBIMHU TaTYHKAMHU, YTO TPEOYET UX KATUOPOBKH CIICI[HATHCTOM.

Ha ocHOBE CHUMKOB, IIOJIy4EHHBIX C KaAMEPBI, HA KOTOPOM YCTaHOBJIEH MOAYJIb JUIsl CHIEKTPAIbHON ChEMKH,
BBIYMCIISIETCS HOPMAJIM30BAaHHBIN BeretamoHHbI uHAekc NDVI, Bcé uamie vcnonb3yemblil B TOCIEAHUE TOJbI
B TEXHOJIOTUAX TOYHOTO 3emuienenus. NDVI no3Bosiser onpenenuTh Kak pacTeHUE pa3BUBAETCS HA TOM WJIM MHOU
JTare BereTaly U MpoaHaIU3UpOBaTh ypoxaiHocTs nons [3]. Tawke cuctembl HSI m MSI sBnsitoTCsl BasKHEH-
IIAMHU KOMIIOHEHTaMH JTUCTAHIIMOHHOTO 30HAUPOBAHUSA B a3pO(OTOCHEMKH TOBEPXHOCTH 3eMJIH, TIE HCIIONB3Y-
I0TCSI OCCITUIIOTHBIC JIeTaTeTbHBIC alllapaThl ¥ CITyTHUKH. biaromaps THIEpCIeKTpaTbHON U MYJTBTHCIICKTPAIbHOM
CHhEMKE CTAHOBHUTCSI BO3MOJKHBIM TTOBBICHTh TOYHOCTh M YCKOPHUTH BpeMs 00OpabOTKM JAaHHBIX CO CITyTHHKOB, UTO
JAéT CIIeIMAJIFCTaM BOBPEMsI BELIBUTH NIPOOJIEMBI M YCTPAHUTh HX Ha PaHHEM CPOKe. DTH METOJBI ChbEMKH C KaXK-
JIBIM TOZIOM COBEPIICHCTBYIOTCS H CTAHOBSATCS O0Jice 3HAYMMBIMU TIPH U3YYCHUH OKPYIKAIOIIEH Cpepl.
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YIK 528.71: 631.17
ONPEJIEJIEHUE UHJIEKCA NDVI JIJIS1 IEJIEM TOYHOT'O 3EMJIEJIEJIVA

M.A. TEPACHMOBA
(Ilpeocmaeneno: I1.®D. Iapaona)

B cmamve paccmompen uszuueckuii cmvici HOPMAIUZOBAHHO20 GecemayuoHHo20 unoekca NDVI,
npueedeHvl e2o Yuci08ble NoOKaamenu u 0aHa ux pacuu@posxa, yKasano npoepammuoe obecnevenue Ol
ux pacuema. Ha npumepe npoepammmnozo cpedcmea OneSoil u cnymnuko8uix CHUMKOS, NOTYYEHHBIX C cep-
suca Copernicus, 6bl0eleHbl NPEeUMyWecmsd ux Ucnoib308aHUsL 8 MEXHOI02UAX MOUHO20 3eMAe0enusl.

TouHoe 3emiefenye — 3T0 CUCTEMA YIpaBJIeHUs IPOJYKTUBHOCTBIO IIOCEBOB, OCHOBAHHAS HA UCIOJb30-
BaHWM KOMIUIEKCA CITyTHUKOBBIX U KOMITBIOTEPHBIX TEXHOJIOTHH, a TaKKe FeOMH(OPMAIIIOHHBIX CHCTEM H TJIO-
0aTbHOTO CITYTHUKOBOT'O IO3UIIMOHUPOBAHUA [1].

B Hacrosmiee BpeMst ClIENNANNCTBI TOYHOTO 3€MJISICNUS CTaIN BCE Yallle MCHONb30BaTh OCCIIMIOTHUKHI H
CIIyTHUKH, 000pyI0BaHHbBIE MOAYJISIMH JJISI CHEKTPATbHBIX M MATHUTHBIX U3MEPEHUI.

Bnarogapst cHUMKaM ¢ MyJBTHUCTIEKTPAJIbHON KaMepbl MOJKHO OTPEETUTh, Ha KaKOH TeppUTOPHUHU O0JIb-
IIe WM MEHbIIE OBUIO BHECEHO YIOOpEHMH, IUIOJOPOAHOCTD HOYBEI, 3aCyIUINBBIC 3€MIIM, & TAK)XKE PAacCUUTATh
HEoOX0MMOe JUII BHECEHHS KOJMYECTBO YAOOpeHHid. [{JIs 3TOro MCmosib3yercss HOpMaln30BaHHbIH BereTau-
OHHBIN MHJIEKC.

HopmanuzoBannslii BeretanoHHblid nHAEKC NDVI — 310 okasareiab MHOTUMX KaueCTB U pOCTAa PACTCHUM
u, Garogapsi IporpaMMHOMY OOECTIEUEHUI0, UMEET HaTJISAHOE [IPEICTaBICHHUE.

PaccuuThiBaeTCsl OH 1O CITyTHUKOBBIM HIJIM a3pO(TOCHUMKAM W 3aBHCHUT OT OTPAKEHHsS W TOTJIOLICHHS
CBETOBBIX BOJIH pacTeHHeM. [IpoucxXoauT 3To M3-3a TOro, YTo XJIOPO(DUILI, COJACPIKAIMICS B PACTCHUSX, AOCTa-
TOYHO XOPOIIO OTPaykaeT BOJIHBI 3€EHOTO I[BETA, MOMJIONIAs BOJIHBI KPAaCHOTO LiBeTa. biarogaps aToMy mpouec-
Cy IPOUCXOANT (POTOCHHTE3 U MOSBISETCS BOZMOXHOCTD ONPEJIEIUTh, KaK PACTCHUE Pa3BUBAETCS U pacTET. Pac-
TEHHE, KOTOPOE IUIOXO IOTJIONAET KPACHBIN CBET M MPAKTHYECKU HE OTpaXKaeT ONMKHUN MH(pPaKpacHBIA CBET,
MMeeT MPOOIIEeMBI ¢ Pa3BUTHEM N3-3a PA3IHYHBIX (PaKTOpOB [2].

Brruncnuts HOpMAIM30BaHHBIN BEr€TAlIMOHHBIN HHIEKC MOXHO 10 (hopMyIIe:

) (1),
NIR+RED

rre NIR — nHTeHCHBHOCTBIO HH(paKpacHOTo anana3oHa, a8 RED — HHTEHCHMBHOCTH KPacHOTO JHAIa30Ha.

UwncnoBoii oka3aTeslb HOPMAIM30BAHHOTO BETE€TAIMOHHOTO MHJIEKCA B Pa3HBI MOMEHT C€30Ha MOKa3bl-
BaeT Ha ONpeaeNEHHbIe MPOOIEMBI C pacTeHHEeM. TakuM 00pa3oM, BeTeTAIIMOHHBIA epUO ASTUTCS Ha TPU 4a-
CTH: B Hayaje, B CEPEJMHE U B KOHLIE CE30HA.

B Hauvaze ce30Ha 0 HOPMAaIH30BAHHOMY BETETAIIHOHHOMY HHICKCY MOXXHO Y3HATh, KaK pacTeHHe ceOs
YyBCTBYET mocje 3uMoBkU. Hanpumep, eciim nokaszatenp uHaekca MeHbiue 0,2, TO pacTeHHs IJIOXO MEPE3UMO-
BaM ¥ OONBIIMHCTBO MOTHOI0. CpeqHUM (XOpOIINM) ITOKa3aTelieM B TaHHBIM Tepuo] sBiseTcs naaeke ot 0,2
10 0,5. AHomanbHBIM NOKa3aTeneM nocie 3uMoBKH saBisiercst NDVI, npesbimaromuit 0,5. B ciyyasix, eciu no-
Ka3aTellb HU3KWH WM CIHWINIKOM BBICOKHIA, JIY4IIE BBITIOJHHUTH OOCIIEIOBAaHUE YYacTKa HEIOCPEACTBEHHO Ha
MECTHOCTH. B cepenuHe ce30Ha XOPOIIMMH TOKA3aTeNIIMHU SIBISIOTCS CPEIHUI M BBICOKMH MHJAEKCH oT 0,5 110
0,85. Ecmu NDVI Hmxe 0,5, 3HauuT pacTeHHe pa3BUBAETCS TUIOXO, CKOpEe BCEr0 €My He XBaTaeT BJaru Wiu
JIPYTUX HEOOXOAUMBIX JIJISl pa3BUTHS DJIEMEHTOB.

Hopmanu3oBaHHBIN BereTallOHHBIN HHICKC MMO3BOJSICT ONMPEACINTh, KOT/Ia PACTCHUE TOTOBO K yOOpKe.
Jyist 5TOrO B KOHIIE CE30HA 3HAYCHUE UHJEKCA He MO/UKHO mpessimats 0,25, Takum 00pa3oM, yeM OJIiKe TOTOB-
HOCTB pacTeHHs K yOOpKe yposkasi, TeM Hixe 0yaer unnexc NDVI

BaxHBIM 271eMEHTOM TOYHOTO 3€MJICICNUS SBISCTCS MPOrpaMMHOE 00ecTiedeHre, KOTOpOe pemaeT MHO-
rue 3ana4yu. [loaromy ucnonb3yrorest takue cepBuchl, kak KAPTA YPOXAS, NEXT GIS, DIRECT.FARM,
OneSoil, TEOMMUP, Sas Planet, AJITYM.

PaccmoTpuM omnpezaeneHue HOPMaJU30BAHHOIO BEreTAllMOHHOIO HWHAEKCAa Ha NpUMEpe MPUIOKEHHUS
OneSoil, kKoTopoe MpeCTaBIeHO B OTKPBITOM JIOCTYTIC.

OneSoil — 310 Oenopycckuii arpoOTEeXHOJIOTHISCKHN CTapTal, MPECTaBISIOMUN co00i MPIIOKEHUE U
onnaitH-athopmy [3]. B ymoOHOM mHTepdeiice Kaxaplid MOIb30BATENIb MOXKET MONYYUTh JaHHBIE C TOJIEH,
Oyiarogapst anropuTMaM MaITUHHOTO OOYYCHHS M aHaJN3y KOCMHUYECKUX CHUMKOB Sentinel-1 u Sentinel-2, koTo-
pBI€ TAaKXKEe HAXOMATCS B OTKPBITOM JocTyre cepBuca Copernicus.

Copernicus — 3TO mporpamma JAUCTAHIIMOHHOTO 30HAMPOBAHHS 3eMJM, KOTOpas yIpaBlseT-
ca EBpomnelickoil KoMHccHel B COTpyJHUYECTBE C rocyaapcTBamu-uiieHaMu EBpomnelickoro corosa. Llensto mpo-
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TpaMMBI SIBISIETCSl oOecriedeHne T100aIbHBIX, HEITPEPHIBHBIX, aBTOHOMHBIX M BEICOKOKQYE€CTBEHHBIX BO3MOKHO-
CTel 11 HaOMIoIcHUH 3eMITH B IIMPOKOM CIIEKTPaTbHOM quana3oHe [4].

Kocmmueckue canmkn Sentinel-1 i Sentinel-2 nmeroT paspemierne 10 MeTpoB 1 OOHOBIISIOTCS KaKIbIE 5
JHEH, TO3TOMY XOPOIIO HOAXOASAT AJISI HCIOIb30BaHUS B TEXHOJIOTHAX TOYHOTO 3eMieaenus. braronaps stomy,
nokazarenb uHaekca NDVI mocTossHHO 0OHOBISETCS W TOYHO ITOKA3bIBACT CUTYAIIHIO, IIPOUCXOISIIYIO C pacTe-
HUSIMH Ha MECTHOCTH.

CrnenyromuM 1 HanOoJee BayKHBIM IIaroM SBJsieTcst 00paboTka n3o0pakeHuid. M3-3a TOTo, 9TO Ha CHUMKAX
3a4acTyl0 BHACH CHET WM oOJiaka, ObLTH pa3pabOTaHbl CHEHHANbHbBIE aTOPUTMBI, TIO3BOJITIONINE ONPEACINTh Ha
CHHMKE IIIyMBbI B BHJE 00JakoB M TeHel. [locne Hajo)xeHUs: MHOXKeCTBa (PHIIBTPOB MOJTYYAIOT OYHMIIEHHOE M300-
paKeHHe, KOTOpOe B JaJIbHEHIIIEM CMOKET MCHOJIB30BATHCS VISl ONpe/ieSIeHHs HOPMaITH30BaHHOTO BEreTallMOHHO-
ro uHnekca. [locne 06paboTkn cHUMKOB Tpoucxoaut pacuer NDVI, a 3ateM paccuMTaHHBIM 3HAYECHUSIM 3a]al0T
L[BETa, COOTBETCTBYIOLIUE OMpPEACAEHHOMY AMana3zoHy HHAekca (pucyHok 1). Hampumep, kpacHble msTHa Ha
y4acTKe I0JIs YKa3bIBalOT Ha OTCYTCTBHE PAaCTUTENBHOCTH, 3€JICHbIe — Ha Xopoulee miogopoaue. [Tocnenanm sta-
TIOM SIBJISICTCS] OTOOpaKeHHE TIOYYeHHBIX JaHHBIX B MIPUJIOKESHIH TN Ha OHJIalH-TaTdgopme OneSoil.
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Pucynok 1. — LIBeToBoe oTo0pa:kenue 3Hauenuii NDVI

Hcnonp30BaHie CHUMKOB BBICOKOTO pa3pelieHus MO3BOJISIET IETAIbHO PACCMOTPETh YIaCTOK MECTHOCTH,
OMpEeJIeTINTh ero rpaHuilbl U paccuntath nHAekc NDVI. OqHako Ha TOYHOCTH OMPEE/ICHUs] WHAEKCA CHIBHO
BIIMSIFOT TIOTOJIHBIE YCIIOBHS. ECITM Hax MCCIeayeMbIM yIacTKOM MECTHOCTH JIOJIT0€ BPEMs HAXOJHJINCh 00JaKa,
TO TOYHOCTH 3HAYUTECJIBHO YXYAUIUTHCA. Ha6J'IIO):[eHI/Ie 3a HOpMaAJIM30BAHHBIM BETC€TAIUOHHBIM MHIACKCOM IIpU-
BOAUT K ITIOBBIIICHHUIO ypO)KaﬁHOCTH 1 CHU)KCHUIO MaTCPUAJTIbHBIX 3aTpar. A HMCHOJIb30BaHUE TEXHOJIOTHH TOYHO-
r0 3eMJIEENHs B [EJIOM MMO3BOJISIET ONTHMHU3UPOBATh MPOM3BOICTBO, YMEHBIIMB 3aTPAaThl Ha TOIJIMBO, CEMEHA,
BHOCHUMBIC y}:[06peHI/I$I, CHOCOGCTByeT ITIOBBIIIICHUIKO Ka4yeCTBa HOHy‘IaeMOﬁ MMPOAYKIIUH, a TAKXKE CHUKACT HETa-
THBHOE BJIMSHUE HAa OKPYKAIOIYIO CPEIY.
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PACUYET OBbEMOB 3EMJISIHBIX PABOT
C UCIIOJIb30BAHUEM IIU®POBBIX MOJEJEN PEJTBE®A

A.H. TABH/IOBCKAA, H.C. HBAHOB
(Ilpeocmaeneno: B.B. nmuixoe)

B cmamve paccmampueaemcs 00na uz nepcnekmueHbIX mexHoI02ul 6 2e00e3uu — co30anue YUu@Pposwvix mooe-
neu pevegpa (LIMP) u pacuem 06vemos 3emusinvix pabom. Ilpusedena ungopmayus o LIMP, paccmompenvt mexmo-
JIO2UU UX CO30AHUS U NPUMEHEHUS, a MAKICe NPOSPAMMHOE obecneyeHue 05t ROCMPOEHUs U pabOmbl ¢ HUMU.

Knroueswte cnosa: yugposvie modenu penvea, 3D mooenu, TIN-mooenu, mpuaneynsyus /lenone, ob6vem
3eMIHbIX MACC.

OmnpenencHre 00EMOB 3EMIITHBIX MacC BBIIOJIHAETCS KaK Ha CTaJUH NPOESKTUPOBAHMSA, TaK U B IIpoLEcce
cTpoutenscTBa. [loncuér 06BEMOB 3eMIITHBIX Mace, HOAJIEKALINX Pa3pabOTKe, CBOIUTCS K OIPEAEICHHIO 00b-
€MOB pa3INYHBIX TEOMETPHUIECKUX (QHUTYD, ONPEACIAIOMHNX (POPMY TOTO MM HHOTO 3€MJISTHOTO COOPY)KEHHS.

Ceituac pa3pabOTaHO MHOXECTBO CPEACTB, IMO3BOJITIOIIMX aBTOMATH3MPOBATh BBIYHCICHHE 00BHEMOB
3eMIIIHBIX paboT. Hambosee moiHBIMHU MONTy4aroTCsl pe3yabTaThl, oCHOBaHHbIE HA 3D monenmpoBanuu. Torma
B 001IeM cllydae 3aJa4a CBOJHUTCS K BEIYUCIICHHIO 00beMa, 3aKIII0YEHHOTO MEKAY JBYMSI TIOBEPXHOCTSIMH.

ANropuTMBI co31aHKs IM(PPOBBIX MOAEIeH penbeda TO0IDKHBI 00eceuuBaTh Nepeaady CBOWCTB MOJIEIIH-
pyeMoro ooOwekTa: ¢GopMmy, 00BEMHOCTh, pacmojioxkenue, U T.10. Jas cosmanus [IMP MOXHO BBIACTUTH 1Ba
HanOoJiee 4acTo yHnoTpeOIseMbIX METOa MOJIEIUPOBAHMS: HA OCHOBE IPOCTPAHCTBEHHON TPUAHTYIALUHU U IO
PETYNSAPHON CETKE BBICOT.

ANTOpUTMEI cO31aHMs IU(PPOBEIX MOAENEH penbeda ITOKHBI 00eceynBaTh epeaady CBOWCTB MOACIH-
pyeMoro o0bBeKTa: 0OBEMHOCTb, PACIONIOKEHHE, TEKCTYphl NMOBEPXHOCTH W T.A. ['eHepamms Takux 0OBEMHBIX
M300paKeHUH TPEICTABIACT COO0 OUEHb CIOXKHYIO BBIYMCIMTENBHYIO 3a/ady. B cBs3M ¢ 3TUM Ha IpakTHKe
BBITIOJTHAIOT €€ AEKOMITO3HINIO: OOBEKTHI Pa30MBAIOTCSI HA COCTaBHBIC YaCTH, U CIIOXKHBIE N300pakeHHs (OpMH-
pyIoTcs U3 monydaeMbix (parmMenToB. Ha nmpakTuke, Hanbosee 9acTo MpuMeHseTcs pa3oieHne n300paxeHni Ha
TPEYTONBHUKH. JTO CBSI3aHO C TEM, YTO TPEYTOJBHUK - MPOCTEHIIHNNA MOJIUTOH, BEPIINHBI KOTOPOTO OJHO3HAYHO
3aJal0T rpaHb. AJITOPUTMBI pa30MEHHs] Ha TPEYTOJbHUKU CYIIECTBEHHO NPOIIE, YeM MPHU HCIIOJIB30BAHUH JIPY-
I'UX NOJIUroHoB. Pa3OueHne Ha TPeyroJbHUKH CYIIECTBEHHO YIPOILACT pealn3alfio npoueayp penaepunra. Hy
1 HAaKOHEI, Ha TPEyroJbHUKH MOXKHO TapaHTHPOBAHHO Pa30UTH JIOOYI0 00JacTh, YEro He CKaXKeIlb O APYTHX
nonuronax. [Iporecc pa3doueHns MOJUroHAIBLHOM 00IaCTH CO CI0XKHON KOH(Hryparueil B Habop TpeyroyibHH-
KOB Ha3bIBaeTCS TPUAHTYJIAIHEH.

Tpuanrynsanus 3To ojHa U3 (GopM mpencTaBICHHUS TOBEPXHOCTH 110 HEPETYIAPHO 3aJaHHOM CHCTeMe OT-
cueToB. OOpa3oBaHHAs COBOKYITHOCTBIO TOYEK C X, Y, Z KOOPAMHATAMU M HA0OpOM pedep, COSNMHSAIOMHNX ITH
pebpa B TpeyroiabHUKN (PUCYHOK 1), Takas MOJENb 4acTO MCIIOJIB3yeT MEHBIIIEE YHCIO TOYEK, YEM JIpyTrHe Mo-
JeTi. OTO 0OBSICHSETCS TEM, YTO UCXOAHBIE TOUKH OOBIYHO YKa3bIBAIOTCS B ONTHUMAIBHBIX MECTax (IMKax, BIa-
JIMHAX), 9TO MO3BOJISIET «KYCKM» HEMEHSIOIICHCS TTOBEPXHOCTH NPEICTABIATh OAHUM-IBYMS TPEYroJIbHUKaMH,
a He pa30MBaTh ee Ha COBOKYITHOCTb €IMHOOOpa3HBIX MalleHbKUX dacTei. [Ipu aToM nmemaercst nomymeHue, 9To
00BEM 3eMJIM OTPaHHYEH IUIOCKOCTSIMH M OTAEIbHbIC HEPOBHOCTH JEHCTBUTEIBHOM MOBEPXHOCTH TPyHTa HE
BIIHSIOT 3HAYUTEIBHO Ha 00bEM. Ha miuockocTu cper BCeBO3ZMOXKHBIX BHJIOB TPHAHTYJISIIIMK 9acTO TOJIB3YIOTCS
Tpuanrynauuei lemone [1].

IMpu noctpoernu TIN-Monenu TUCKPETHO PACHIONOKEHHBIE TOYKH COCAMHSIOTCS JIMHUSAMH, 00pa3yrolu-
MU TpeyroabHUKH. Kax bl TpeyroabHHUK 337aeTCsl BRICOTAMH TPEX €ro BEPIINH, OOBIYHO MPEACTABIACTCS KaK
IUIOCKOCTh ¥ TIOMHUMO MH(OPMALIMU O BBICOTE MMEET aTpHUOYTHI yIJla HAKJIOHA M SKCIIO3UIMU. Takas MOJeNb pe-
IIaeT OAMH M3 TIaBHBIX HeZAocTaTKoB [IMP — «u30pTouHOCTEY MHPOpManmu. B cetn TIN Ha paBHMHaX MOXHO
yOpaTh TOYKH, IIOXOXHE 110 BBICOTE M, TAKUM 00pa3oM, IUIOCKHE Y4acTKU OyIyT MOJEIHPOBATHCS HEOOIBIINM
YHCIIOM OIPOMHBIX TPEYTOJIbHHKOB, @ Ha Y4acTKax KPYThIX yCTYIOB, TaM, I7ie HEOOX0IMMO JIeTalIbHO MOKa3aTh
BCE TpaHU peibeda ocraercst OOJbIIE TOYEK M MOBEPXHOCTh OTOOpakaeTcss MHOTOYMCICHHBIMH MalleHbKUMHU
TPEyroJbHUKaMu OJIMKE K IeHCTBUTENLHOCTH. [2]

[Ipn BbIUMCIEHNN 00BEMOB 3eMIIIHBIX pador mo LIMP, HeoO6xoanMo nepBOHAYaNBHO 3a/aTh TPAHHIIBI
KOTJIOBAaHA WJIM HACHIIH B KauecTBe 00JacTH co3maHusl TpuaHTysui. OObeM 3achIIKH\CPE3KH 3JIeMEHTapHBIN
¢urypsr ompenenseTcs Kak 00beM COOTBETCTBYIONIEH TPEYTOJIBHON MPU3MBI C JABYMSI OCHOBAHUSMH, OJHO W3
KOTOPBIX SIBJIAETCS TEKYIIUM TPEYTONBHHKOM, a BTOPOE — MPOEKIHEH 3TOro TPeyrojbHUKa Ha THO KOTJIOBAHA,
KOTOpOE TIPEJICTABIICHO B BHJE IMMOBEPXHOCTH WM IUIOCKOCTH. ECIIM TpEeyroipHUK ImepeceKkaeTcsl ¢ INIOCKOCTHIO
JTHS KOTJIOBaHA WIIM HACBINH, TO JAETAETCs CEUSHHE TPEYTOJIbHIKA Ha JIBE YaCTH, I KOTOPBIX OTIEIBHO BBIYHC-
JISFOTCS 00BEMBI COOTBETCTBYIONMX MpHu3M. OO0beM HACHIH WM KOTJIOBaHA ITOJyYalOT MyTEeM CYMMHPOBAHUS
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00beMOB 3J1eMeHTapHbIX uryp. B cirydae, korna He0OXOJMMO OINPEAETUTh KOMIIO3UTHBIH MIIM OrpaHUYEHHBIH
00bEM NPOCTPAHCTBA, 3aKJIIOYEHHBIH MEXAy IMOBEPXHOCTSAMH, METO]] BHIUMCIICHUS MPEIyCMaTpPUBAET TPHUAHTY-
JSIIAIO HOBOH IOBEPXHOCTH Ha OCHOBE TOUEK O0CHX ITOBEPXHOCTEH.

PucyHok 2. — Moae1upoBaHue NOBEPXHOCTH B BH/IE PEryJIsIPHOI CeTKH

TToMuMO TOYEK 0OEHX MOBEPXHOCTEH B 3TOM METOJIC UCIOJIB3YIOTCS TOUKH MEPECCUCHHUsT pedep TpUuaHry-
TSN MEXIy JBYMS MTOBEPXHOCTAMH. 3HAUEHHS OTMETOK JIJIsI HOBOW KOMITO3UIIMOHHOH TTOBEPXHOCTH BBIYHCIIS-
€TCsI HA OCHOBE Pa3HOCTHU 3HAYCHHI OTMETOK JJISl IBYX TIOBEPXHOCTEH.

MeTtoauka pacyera 00bEMOB [UIS ABYX IMOBEPXHOCTEH CBOJUTCS K CICTYIOMIEMY:

— KaxIas TOYKa MOBEPXHOCTH | MpOenupyercs Ha MOBEPXHOCTH 2, a KaXIas TOYKA MOBEPXHOCTH 2
MIPOETUPYETCS Ha IIOBEPXHOCTH 1.

— g xaxaod mapbl TAKUX TOYEK OMpeNeseTcsl Pa3HOCTh BBICOT M3 MOJIENeld 00erX MOBEPXHOCTEH.
Kpowme toro, Takue mapbl (OPMHUPYIOTCS B KXKJOH TOYKE MEPECEUYCHUs B IUIaHE pedep TPEYroIbHUKOB MOBEPX-
Hoctelt 1 u 2. Takum 00pa3oM, oOpasyercss HabOp TOYEK, KOIHMIECTBO KOTOPBIX PABHO CyMMeE KOJIMYECTBA TOUEK
MOBEPXHOCTHU | U 2, KONMUYECTBA TOUYEK NepecedeHus pedep TpeyrobHUKOB. Kaxmas Touka 3Toro Habopa uMeet
3HaYEHHWE Pa3HOCTH OTMETOK MOBEpPXHOCTEH 1 1 2.
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— Ilo BceM 3THM TOYKaM CTPOST TPUAHTYIALUIO, 00pa3yst Habop mpu3M. 11 KaXkJ0i NpU3MBbl paccuu-
THIBaeTCS 00BEM, CyMMa BCEX 0OBEMOB IPU3M JaeT HCKOMBIH 00heM. CoOCTBEHHO, OTMCaHHAs MPOLEAypa 3Ha-
YUTENIFHO CIOKHEH, TaK KaK YUUTHIBAIOTCS CTPYKTYPHBIC JTMHUH, TPAHHIBI 00IacTH pacdeTa 00bEMOB, pacCcUh-
TBIBAIOTCS JINHUU HYJIEBBIX paboT, 00bEMBI BBIEMKH, HACHITIH H T. 1.

Takum o6pazom, B [IMP 00BeMbI ¢ TOUKH 3peHIs] MATEMATHKH 110 OTHOIICHUIO K MOJETH CUUTAIOTCS ab-
COJIFOTHO TOYHO. VX TOYHOCTH II0 OTHOMICHHIO K (paKTHUeCKOMY 00beMy (HU3MYECKHUX MOBEPXHOCTEH 3aBUCHUT
TOJBKO OT TOTO, B KaKOH Mepe cama CheMKa IIOBEPXHOCTH COOTBETCTBYET (paKTHUECKOIA.

Jnst BEIUHCIEHUST 00bEMOB 1O IH(PPOBEIM MOJENAM penbeda, CO3AAHHBIM B BUIC PETYISIPHOIN CETH BbI-
COT MPEATIONAraeM, 4TO B KaXKJOM y3JIe CETKH M3BECTHBI 3HAYECHUS BBICOT Ul 0OEHX MMOBEPXHOCTEH, MPU ITOM
HET HEOOXOJMMOCTH HCIIOJIb30BATh METOMBI MHTEPIIOJSIINN JUIS TEepecdéTa BBICOT KAXKAOW M3 MOBEPXHOCTEH
B IIPOMEXKYTOUYHBIX TOYKax. Torma o0beM mo00il GUrypbl MOKHO MpPEACTaBUTh, KAK CYMMY OOBEMOB MPSIMO-
YTOJIBHBIX MapaJuIeIIEHIIE/IOB.

B pacueTHBIX mporpamMMax 4acTo NMPUMEHSIOT METOJbl, OCHOBaHHbIE HAa YMCICHHOM HMHTETPHPOBAHHU.
Paznuuue 3akmovaeTcs B allpOKCHMAIMU TOABIHTETPANbHON (YHKIMHU (JMHEHHas, KBaJpaTnieckas, KyOuue-
cKas U T.1). Pa3HOCTH 3HAUEHMH, OJTYUYEHHBIX Pa3INYHBIMH METOJJAMHU, MOKET CITY)KUTh KAYECTBEHHON OIICHKOW
TOYHOCTH BBIYHCICHUSI 00BEMOB.

Ha aGcomoTHYI0 MOTpEeIHOCTh OIIEHKH 00beMa OKa3bIBAIOT BIMSHHUE INIaBHBIM 00pa3oM Takue (hakTopsl,
Kak: CJIO’KHOCTh KOH(UI'ypanuu MOBEPXHOCTH, YHCIIO M3MEPEHHH W MHTEPBAT MEXIY CHEMOYHBIMH TOUKAMH,
TOYHOCTh W BO3MOXKHOCTH M3MEPHUTEIHHOTO MHCTPYMEHTA, YCIOBHS IMPOU3BOJCTBA I'€0/IC3NUECKOI ChEMKH, He-
IUIOCKOCTHOCTh NOBEPXHOCTEH M MECTHBIE HEPOBHOCTH, T'€OMeTpHueckas ¢opMa M crocod MaTeMaTHYECKOH
00paboTKN pe3yabTaToB H3MepeHHnil. OTHOCHUTEbHAS MTOTPEITHOCTD 3aBICUT TaKkKe M OT 00beMa IpyHTa.
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ONPEAEJNEHHUE OFBEMOB 3EMJISIHBIX PABOT
B CUCTEMAX ABTOMATHU3UPOBAHHOT'O TIPOEKTUPOBAHMUS

A.H. TABH/IOBCKAA, H.C. HBAHOB
(Ilpeocmaeneno: B.B. Anmuixog)

B cmamve paccmompen mexnonoeuueckuil npoyecc 6blNUCIeHUsl 00beMa 3eMISIHBIX pabom 6 npoepamm-
HbIX NPOOYKIMAX CUCMEM ABMOMAMUIUPOBAHHO20 NPOEKIMUPOSAHUsl. Buinoanen pacuem 06bemo08 3eMIAHbIX pa-
6om ¢ npocpamme GeoniCS memooom npusm u Memooom no Keaopamam ¢ paziuiHbiMu 3HAYEHUAMU pasmepa
Keaopama.

Knrouesvle cnosa: o6vem semusinvix pabom, yugposas mooenws pervegha (LIMP), noeepxrocmo, niockocme.

ABTOMAaTH3NPOBAaHHOE BBHIYHCICHHE 00BEMOB 3eMIISTHBIX paboT - 3TO MPOIECC, KOTOPHI MTO3BOJISET OBICT-
PO ¥ TOYHO ONPEAEIUTH KOJIMYECTBO MaTepHana, HEOOXOIUMOTO Ul BBIMONHEHHS PA3IHYHBIX CTPOUTEIBHBIX
MPOEKTOB, HAYMHAS OT CTPOUTEIHCTBA JKMIIBIX JOMOB, 3aKaHYHMBas 1aM0aMH U MOCTaMH. JTO IPOILECC, KOTOPBIHA
BKJIIOYaeT B ceOs cOOp M aHanmM3 JaHHBIX O 36MHOH HMOBEPXHOCTH, CO3/aHHME TPEXMEPHBIX MoJenel pembeda
U OIIpeZieTIeHHe 00bEeMOB I'PYHTA, HEOOXOANMBIX JUIS BBITIOJHEHUSI CTPOUTEIBHBIX padoT. [lomydeHHbIe naHHbBIE
HEOOXOIUMBI JIJIS ONPEICICHHS CTOMMOCTH U CPOKOB BBITIOJHEHUS paboT, a Takke JJIs BeIOOpa Hambosee 3¢-
(heKTHBHBIX METO/OB IPOU3BOJCTBA 3EMIISTHBIX paboT. B pesynbraTe olieHKH 00BEMOB IpyHTa ONPENEIISIOTCS
HeO6XOI[I/IMI)Ie Marepualbl, O60py,£[OBaHI/Ie N CPOKHU BBIITOJIHCHUA pa60T, YTO IMO3BOJISICT KOHTPOJMUPOBATH Kade-
cTBO 1 3()(heKTUBHOCTH CTPOUTEIHCTBA HAa BCEX JTamax.

[IporpammuOe oOecrieueHue i ABTOMATU3UPOBAHHOTO BBIYHMCIICHUS 00BEMOB 3eMIISIHBIX PA0OT 0OBIYHO
uMeeT psif QYHKIUHA 1 BO3MOKHOCTEH, KOTOPBIE TIO3BOJISIOT MOJI30BATEI0 BBOJUTh AaHHbIE C BBICOKOH TOYHO-
CTBIO U JIeTATBbHOCTHIO. HeKoTophIe U3 3THX (PyHKINI BKIIOYAIOT B €0 MHCTPYMEHTHI [ U3MEPEHUS M BU3ya-
mizanuu 3D-Mopenei, cpeacTBa Ui ONPEAEICHNUs YKIOHOB M BBICOT, a TaK)Ke BO3MOXXHOCTh MMIIOPTA M JKC-
MOpTa JaHHBIX B Pa3lINYHBIX (hopMaTax.

Ceituac pa3pabOTaHO MHOXECTBO CPEACTB, IMO3BOJITIOIIMX aBTOMATH3MPOBATh BBEIYHCICHHE 00BHEMOB
3eMIIIHBIX PaboT. K MeTosam aBTOMaTH3MpOBAHHOTO BEIYMCICHHUSI MOXHO OTHECTH:

— Hcnone3oBaHue CenUaIN3UPOBAHHOTO MPOrPaMMHOI0 obecreueHus: OTOT METO/ BKIIIOYaeT B cebd
HCIIOJIb30BaHUE MTPOrPaAMM U MPUIIOKEHHIA, KOTOPBIC Pa3paboTaHbl CIICIMATIBHO IS pacyeTa 00bEMOB 3EMIITHBIX
paboT. DTH NporpaMMBbl MO3BOJISIOT MOJIL30BATEISIM BBOIUTH NaHHbIE O (hopMe, pa3Mepe M YKIIOHE y4acTKa, Ho-
clie Yero OHM aBTOMATUYECKHU BBIYUCIISIIOT 00bEM 3eMIISTHBIX pa60T.

— TIlpumenenue reouHdopmannonssix cucteM (GIS): T'eonHdopManMOHHBIE CHCTEMBI UCMOIb3YIOTCS
Juist cOopa, aHaJIn3a ¥ BU3yalln3allMy JaHHBIX O 3eMeJIbHBIX yuacTkax. OHM MO3BOJISIOT CO3/IaBaTh TPEXMEPHbIC
MOJIETIH MECTHOCTH, KOTOPBIE MOTYT OBITh UCIIOJIL30BAHBI [UISl OIPEJICIICHNsI 00BEMOB 3EMIITHBIX PaloT.

— Hcnone3oBanue MeTONOB IMCTaHIMOHHOTO 30HAMPOBAHUS: J{MCTAaHIMOHHOE 30HIMPOBAHHME — ITO
TEXHOJIOTHsI, KOTOpast MO3BOJIIET COOMPATh JTaHHBIE O 3€MEJbHBIX yJacTKax 0e3 HeoOXoIUMMOCTH (PU3HMUECKOTO
KOHTaKkTa ¢ HUMH. [Ipn 3TOM, JUIsl CO3AaHMs TPEXMEPHBIX MOAENEH MECTHOCTH HCIIOIb3YEeTCSl CEPUHU MEPEKpPhI-
BAIOIIMXCS (POTOCHMMKOB, KOTOPBIC BO3MOXKHO IOJIyYHTh, HAIIPHIMEDP, C TIOMOIIBI0 OSCITMIIOTHBIX JIETATEIbHBIX
anmaparoB. OTH MOJAEIH MOTYT OBITh HCHOJB30BAHBI JUIA pacueTa 00beMOB 3eMIITHBIX paboOT, OCOOEHHO eciH
TpeOyeTCst OnpeeanTh 00bEMBI TPYHTA JIJISl CO3/IaHMUs HACHITIEH MIIM BHIEMOK.

Hawnbosee nmosHBIMM MOJTyYaroTCsl pe3ybTaThl, OCHOBaHHbIE HAa 3D MOAENIMPOBaHUM TIPH HCIIOJIB30BAHUH
cneruanbHoTo mporpammHoro obecneuenus (I10). Torma B obmiem cinyyae 3ajada CBOJUTCS K BBIYHCICHUIO
00beMa, 3aKITFOUCHHOTO MEXIY JABYMS IOBEPXHOCTSIMH. AJITOPUTMBI CO3MaHus IM(PPOBBIX Mojeneil penbeda
JOJDKHBI O00ecTIeYnBaTh Iepefady CBOWHCTB MOAEIHPYeMOro o0wekTa: (opMmMy, 0O0BEMHOCTh, PaclOOKEHHE,
u 1.4. st cozpanust [IMP MoxHO BBIIEIHUTH ABa HanOoIee 4acTo yHoTpeOIsieMbIX METO1a MOAEINPOBAHUS: Ha
OCHOBe MpocTpaHcTBeHHOHN TpuaHTyssiuu (TIN) u mo perynspHoii ceTKe BBICOT.

B mpenenax xaxnoro tpeyroibHuka Moaeian TIN moBepXHOCTH OOBIYHO MPENCTABISETCS IUIOCKOCTHIO.
[TockonmbKy MOBEPXHOCTh KaXKJOTO TPEYTOJbHHKA 3a7aeTcs BBICOTAMH TPEX €ro BEpLIMH, NMPUMEHEHHE Tpe-
YrOJIBHUKOB 00ECTIeUnBaeT KaKAOMY Y4aCTKy MO3aMYHOM ITOBEPXHOCTH TOYHOE MPHIIEraHUe K CMEKHBIM ydacT-
KaM. JT0 00ecreyrBaeT HeNpepPHIBHOCT MMOBEPXHOCTH IPH HEPETYIIIPHOM PACIIOJIOKECHHUH.

PerymsipHast ceTh BBICOT TpEACTAaBIAET COO0H pEImeTKy ¢ pPaBHBIMHU MPSMOYTOJIEHUKAMH WIH KBapaTaMH,
T/ie BEPIINHBI 3THX (QUTYp SABISIOTCS Y3IaMU CETKH. TOUEK.

CylIecTBYeT MHOKECTBO CIEIMAIM3UPOBAHHOTO POrPAMMHOI0 oOecreueH s Uil aBTOMaTH3UPOBaHHO-
I'0 BBIYKCIIEHUS 00BEMOB 3€MIITHBIX pa60T. Bce oHn ocHOBaHBI HA BRIUKCIIEHHE 00BEMaA MpaBUIIBHBIX TCOMETPHU-
4ecKuX (QUryp, Ha KOTOpPBIE pa30MBAETCS HCXOIHBIN CI0XKHBIN penbed.
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BeiensitoT cienyronye croco0bl onpeeneHns: 00beMOB B 3aBUCHMOCTH OT UCIOJIB3YEMBIX MaTeMaTH4e-
ckux ten [2]:

1) cmoco6 kBampaTos;

2) cnoco0 KBaIpaTHBIX MIPH3M;

3) cnoco0 TPEeyTOIBHBIX MIPHU3M;

4) crioco0 TOPHU3OHTANBHBIX IIJIACTOB,

5) crioco6 nzopad;

6) cioco0 BepTHKAIBHBIX PO Qe (CrIoco0 cedeHunit).

[oxacuer 0ObEMOB 3eMIISIHBIX MacC BBIIIOJIHSIOT, KaK MPAaBHUIIO, METOJOM KBaJpaToB. Jlomyckaercs B 3a-
BUCHMOCTH OT KOH(UTypaluu IUNIAHUPYEMOHW TEPPUTOPHHU JUIsl MojcyYeTa 0O0beMa 3eMISTHBIX MacC HPUMEHSTh
(urypsl, OTIMYHBIE OT KBaJapaTa. TaKke JOIyCKaeTcsl BHIMOIHATH HOACUYET 00bEMOB 3EMIISTHBIX MacC C UCIIOJb-
30BaHHUEM APYTUX MeTOAOB [1].

Jnst TpoeKkTHpOBaHuUs IPOM3BOCTBA 3eMIITHBIX PaboT pa3paboTaH psiji KOMITBIOTEPHBIX MPOTPaMM, TAKUX KaK
KPEJJO OB BEMBI, TopoCad, Civil3D, GeoniCS, Zwcad, Bricscad, Pyfagoras, Surfer, Tonomatuk Robur u ap.

Paccmorpum T1O GeoniCS st BeImcIeHHS 00beMa KOTIOBaHA IO ABYM HabopaMm TOYeK, YepHOBOH IO-
BEPXHOCTH M TOTOBOTO KoTioBaHa. GeoniCS — 3T0 yHUBepcalbHas cpeda JJs BBHITONHEHHS paboT B o0xacTu
T€0/Ie3UH, TONorpaduu, MPOSKTUPOBAHNIO U PEKOHCTPYKIUH TCHEPANbHBIX IIAHOB M JMHEHHO NMPOTSKCHHBIX
00BEKTOB (aBTOMOOMIIbHBIC M JKEJIE3HBIC JOPOTH, HHXKEHEpHBIE ceTH). OCHOBHOW OCOOCHHOCTBIO MPOAYKTA SIB-
JSIeTCsl AMHAMUYECKask POCKTHASI MOZENb, KOTOpas MO3BOJISIET ONEPATUBHO U 0€3 OMMOOK BHOCHTh N3MEHEHHS
B TIPOEKT Ha JIF00OW CTaJMU MPOEKTUPOBAHUS U B JIIOOOM NpelcTaBieHHH Moaenu. [IpoayKT oTnnyaercss yHuU-
BEPCAILHOCTBIO, YTO TIO3BOJISIET OPraHU30BaTh PabdOTy BCEX IPYIII HPOSKTHPOBIIMKOB B €IUHON HHTEpdeiicHOM
cpene. TexHonornveckuii npouecc BeIYUCIEHHsT 00beMa 3eMIIsIHBIX paboT B GeoniCS mpuBeseH Ha puc. 1

MMNopT MCXOOHBIX AaHHbIX
(kaTanor KoopaAWHAaT TOYEK)

y

YkasaHue rpaHuy u
CTPYKTYPHBIX NIMHWIA

[MocTpoeHue "kpacHon" 1
"yepHoi" noBepxHoCTen

BeiGop meToaa
BbluMCNEeHWsA obbema

Y

Onpegenexune pasvepa
KBa,u,paTa M BblYUCINEHKE
obvema

BbluncneHne o6sema
METOA0M Npuam

A4

NOCTPOEHUE KapTorpaMMbi

Pucynok 1 — TexHosiornyeckuii mpouecc BbIYucIeHUsS 00béMa

g moscgera o0mmx 00BHEMOB 3EMIITHBIX PabOT TOCTATOYHO MMETh B UEPTEXKE JIBE MOBEPXHOCTH: 0a30-
BYIO TOBEPXHOCTH (OOBIYHO B €€ KadecTBE BHICTYNAET IOBEPXHOCTH CYIIECTBYIOIIEH 3€MIIH) W IOBEPXHOCTH
cpaBHeHUs! (OOBIYHO NMPOEKTHAS TIOBEPXHOCTH ).

Jlist BeumMcIeHus: 00beMOB 3eMIISTHBIX paboT HE0OXOIMMO BBITTOJIHUTH CIIEAYIONINE ACHCTBUS:

ITocne uMmopTra Bcex TOUYEK, IMPU MOMOINM MOJWIMHUM YKa3blBa€M IpaHMIbI KOTJIOBAHA U IPOBOIAUM
CTPYKTYpHBIE JINHUH, COTJIACHO TosIeBoMY abpucy. [lanee co3aaém JjBe HOBEPXHOCTH, «BEPXHS) M KHIKHSS.

Jist BeIAncneHnst 00beMOB IIEPEXOMM BO BKIAJKY «YCTaHOBKH BEPTHKAIBLHON IUITAHUPOBKKM» M BHIOMpa-
€M INPOEKTUPYEMYIO TOBEPXHOCTb U CYIIECTBYIOLIYIO U3 paHee HaMu co3faHHbIMU. [lanee B MeHI0 «KapTo-
rpaMMay BBIOMpaeM «YCTaHOBKH KapTOTpaMMBI», II€ yKa3bIBaeM METOA HpU3M MM KBanaparos. llocme dero
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MPOM3BOJIUM PacyeT C MOMOIIBIO BEIOPaHHOTO MeTo/ia. B pe3ynbrare BHIIIOJIHEHHUS pacyeTa B KOMaHIHOH CTpOKe
MOSIBSITCSL 3HAYCHUS 00BbEMa 3eMIISIHBIX PadoT, T.€. 001U 00beM BEIEMKH B HallleM CIlydae.

JIJIsL OIIeHKH TOYHOCTH BBIYHCIICHUI 00BEMOB PA3IMIHBIMA CIIOCOOaMH, IPOBEIEM KOHTPOIHHOE BBIYHC-
JeHue 00beMa KOTIOBaHa METOZIOM KBaJpaToB C Pa3HOM IIMHONW CTOPOH M METOJIOM IIPH3M.

[TomyueHHBIE pe3yIbTaThl BBIYMCICHHUH, MPEACTaBIeHB B Tabmumne |. Brramcnenne o0bemMa MeTOIOM
MPU3M SBISIETCSI CTPOTHM METOJIOM C TOYKH 3PEHHS TEOMETPHU M TOYHOCTH 3TOTO METOZA 3aBHUCHUT TONBKO OT
TOYHOCTH CO3/IaHMA IBYX MOBepXHOCTEH. IIpy BBIUMCICHNN 0OBEMOB METOAOM IO KBaapaTaM O0BEM 3JJIEMEH-
TapHOH (PUTYpBI BEIMHCIACTCA KaK NIPONU3BEACHNE IUIOMAay (GUTypsl Ha CPEIHIO0 BBICOTY. Takoil mogxon Oynaer
JlaBaTh Pa3IMYHbIC PE3yJIbTAThl B 3aBUCHMOCTH OT pa3Mepa dJIeMeHTapHO# (GUrypsl.

OObEM, BBIYKMCIIEHHBI METOJIOM MPHU3M, TOJNYUYHIICS paBeH 2664.4 M3 U MBI IPHHAMAEM €TO 3a UCXOJI-
HbI. B mocnennem crosnbre Tabu. 1 BelYnciieHa pa3HOCTh 00bEMOB METO/IA KBAIPATOB OT METO/a IIPHU3M.

Ta6nnua 1 — BeIUKCIEHHE 00BEMA 3EMIISHEIX pa60T MCETOAOM KBaJApaTOB

Pasmepsl kBagpara Briemka, M° ITnomans KapTorpaMMEI, M2 Pa3HOCTh 06BEMOB, M°
10.0 2169.6 1962.3 474.8
5.0 2498.9 1962.3 145.5
2.5 2565.5 1962.3 78.9
1.0 2629.4 1962.3 15.0

[o 3HaueHHUAM FTHX pa3HOCTEH B Tabimie 1 I HATJISAHOCTH, TIOCTPOUM TpadUK OTKJIOHCHHUS PACCUU-
TaHHBIX 00BEMOB.

[ ]
o0 o
o o

PasHocTb, %

=
K=)]
=]

12,0
10,0
8,0
6,0
4,0
2,0
0,0

0 1 2 3 4 5 6 7 8 9 10 11
Pasmep KBagpata, M

Pucynok 2 — I'pa¢guk pa3HocTH 3HAYeHHUIT 00beMa MeToAa KBAPATOB OT MeTO/1a MPH3M

Kak mMoxHO yBUaETh U3 rpaduka, ¢ yBeIUUCHHEM pa3Mepa KBajpara MajaeT TOYHOCTh BhIUYUCICHUU. U,
4YeM CIIoKHee OyayT (popMbl perbeda MECTHOCTH, TeM XykKe OyAeT TOYHOCTh METoJa KBaapaToB. [[iis moBsImie-
HUS TOYHOCTH BBIYMCIICHUS METOJIOM KBaJpaToOB, HEOOXOIMMO MaKCHUMAIILHO YMEHBIIIATH CTOPOHEI KBa[paTa.

OKOHYATEIBHBIM PE3yIbTaTOM PAOOTHI SIBJICTCS KapTOrpaMMa 3eMIISTHBIX pa0oT, Ipe/ICTaBICHHAs HA PU-
CyHKe 3.

Haubomee 3ppekTUBHBIM U TOYHBIM SBISCTCS METOA MPH3M. I IUTOCKOTO M PaBHHHHOTO penbeda,
HanpuMep, NpHU BEPTUKAJIBHON IIAHUPOBKE, MOXKHO NPUMEHSATh METOJA KBaapaToB. OJHAKO METOJ MPHU3M BCE
paBHO 6y)1eT MMPEANOYTUTEIIBHEE, TAK KaK OH TOYHEE, U ABIIACTCA Ooiee YHUBEPCAJIIBHBIM.
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V]IK 528.77
BO3MO’KHOCTH UCCJIEJOBAHUS OMOJI3HEBBIX TPOLIECCOB
MIPA IOMOIIY CIY THUKOBBIX CHUMKOB

B.C. CTET'AILIEBA
(Ilpeocmaeneno: E.B. /leemapesa)

CnymHuxogvie CHUMKU AGNAIOMC MOUWHLIM UHCIPYMEHMOM 01 UCCAE008AHUA U MOHUMOPUH2A 2€07102U-
YecKux s61eHUll, 6 MOM Yucie U MmaKux Kak onoazHesvie npoyeccvl. CnymHuKoeble CHUMKU NO360JAI0M NOJY-
Yame U AHATUIUPOBAMb UHPOPMAYUIO O PA3BUMULU ONOA3HEL HA OOWUPHBIX MEPPUMOPUSX, YMO MOdicem Oblmb
UCHONBL30BAHO 0151 OYEHKU PUCKA ONOA3HEU U pA3pAOOMKU Mep 3auumbl Om HUX.

[lepBrie uccneq0BaHUS OMONM3HEH ¢ MOMOIIBIO CIIYTHHKOBEIX CHIMKOB OBLTH TpoBeneHH! B 1970-x romax.
B TO Bpems CIyTHHKOBBIE CHUMKH OBLIM €II€ HE TAKMMHU COBEPIICHHBIMHU, KaK ceifuac, HO OHH Y€ ITO3BOJIIN
MOTy4YaTh NEHHYIO MH(OPMAIUIO O pa3BUTHH onom3Hedl. OHUM 13 MEPBBIX MCCIEIOBATENEH, KTO NCIIOIb30Bal
CIIyTHUKOBBIE CHUMKH ISl U3yUeHHUs onoy3Hei, Obi1 BanenTnn CeMeHOBHY DTKUH.

B 1980-x romax uccieoBaHus OMOJI3HEH C TOMOIIBIO CIYTHUKOBBIX CHUMKOB CTaIK 0oJiee pacipocTpa-
HEHHBIMH. B 3T0 Bpemst Obutn pa3paboTaHbl HOBbIE METO/IBI U TEXHOJIOTHH, KOTOPHIE TO3BOJIMIN HOBBICHThH TOY-
HOCTb ¥ 3()()EeKTUBHOCTH TAKUX UCCICAOBAHMUI.

B Hacrosmee BpeMst ucciie10BaHUS ONOJI3HEH ¢ IOMOIIBIO CITyTHUKOBBIX CHUMKOB SIBISIOTCS OJHUM H3
OCHOBHBIX METOJIOB H3Y4EHHs 3TOro siBieHHA. CIyTHHKOBBIE CHMMKH IO3BOJIIOT IOJMY4aTh HWH(OPMAIHIO
0 Pa3BUTHHM OMNOJI3HEH Ha OOMIMPHBIX TEPPUTOPHSIX, YTO JENAET MX HE3aMEHHMBIM MHCTPYMEHTOM JUIS OLCHKH
pHCKa OIIOJI3HEH M Pa3pabOTKH Mep 3aIIMTHI OT HUX. B mocieaHue rosl HCCIeI0BaHMUS OIOI3HEH ¢ MTOMOIIBIO
CIIyTHUKOBBIX CHMMKOB MNPOBOASATCA BO MHOTMX cTpaHax mupa. B CHI' Takme uccienoBaHus NMpOBOASTCS,
B yacTHOCTH, B Poccun: Pocruapomerom, MUC Poccuu u IpyrumMu Hay4HbIMU OpPTaHU3aUsIMU.

HccnenoBanue OMONI3HEH ¢ MOMOIIBIO CIIYTHHKOBBIX CHUMKOB — 3TO METOJ M3y4YEHUs OIOJI3HEH, OCHO-
BaHHBI Ha MCHOJIb30BAHUM HM300pa)KEHUH, MOJYYSHHBIX C MOMOILIbIO CITyTHUKOB. DTH H300paKeHUS MOTYT
OBITH MCIIOJIBb30BAHBI AJIS BBISABIICHUSI, KIIacCU()UKAMU 1 MOHUTOPHHTA OTIOJI3HEH.

HccnenoBanue Omoi3HEell ¢ MOMOIIBIO CITyTHUKOBBIX CHMMKOB SIBISETCSI aKTyaJbHBIM B COBPEMEHHBIX
peanusx Mo CIeAyINUM IpUIUHAM:

— Omnomn3HU MpeACTaBISIOT CepPhEe3HYI0 YIpo3y [UId KHU3HM U UMyIecTBa Jiroaei. [o omenkaM skcmep-
TOB, €KETOJAHO B MUPE NPOUCXOJUT 0KOJIO 10 MHJUTMOHOB OMOJI3HEH, KOTOpPBIE IPUBOIAT K THOCIH THICSY JIFO/IeH
¥ MIJUTHApIHBIM YOBITKaM.

— l3MeHenue knmMMmara NMpUBOJIUT K POCTY YMcia onoi3Hel. [loBbIeHne TeMIepaTyphl U yBEJIHUCHUE
0Ca/IKOB CIIOCOOCTBYIOT Pa3BUTHIO OTIOJI3HEH.

— VYpbaHuszanms Takke COCOOCTBYET poCTy 4Hcia onoy3He. CTPOUTENHCTBO B ONACHBIX paiioHax Mo-
BBIIIAET PUCK PA3BUTHS OTOJI3HEH.

OnoisHU NPEJCTAaBIAIOT CEPhE3HYI0 yIpo3y MUId XKHU3HM M uMyIliecTBa Jirofei. Ilo omeHkam skcrepTos,
€XErofHO B MUPE TMPOUCXOANUT OKoJIO 10 MIJUITMOHOB OMON3HEH, KOTOPBIE MPUBOJAT K THOENH ThICAY JIIOAEH U
MIIIHApAHBIM YOBITKaM. VI3MeHeHue KiauMaTa MPUBOAUT K POCTY YHCIIa onoji3Hel. [loBrIIeHne TemMmneparypsl
U yBEIHUYEHHE OCAIKOB CIIOCOOCTBYIOT Pa3BUTHIO OINOJI3HEH. YpOaHM3aIMs TakkKe CIOCOOCTBYET pOCTy 4YHCIa
onoysHed. CTPOUTEIHCTBO B OMACHBIX paifoHaX MOBBIMIAET PHCK Pa3BUTHUS OMONM3HEH. McciaenoBanus onon3Hen
C IOMOIIBIO CITYTHUKOBBIX CHUMKOB TO3BOJISIFOT MOBBICUTH 3((EeKTHBHOCTH OILIEHKH PHCKa OIOJ3HEH u pa3pa-
6OTKH Mep 3alIUThl OT HUX.

CymiecTByeT HECKOIBKO METO/IOB M3YUEHHS OTIOJI3HEH C IIOMOIIBIO CITyTHUKOBBIX CHUMKOB. K Hamboiee
pacnpocTpaHeHHbIM METO1aM OTHOCSITCSI:

— BusyanbHblii aHanu3: BU3yalbHBIH aHAJIN3 CIyTHUKOBBIX CHUMKOB MOXET OBITh HMCIOJIB30BaH IS
BBISIBJICHUSI IPU3HAKOB OTIOJI3HEH, TAKNX KaK TPELIMHBI, CABUTH U N3MEHEHHE PACTUTEIbHOCTH.

— Papnomerpudeckuil aHaNM3: pagMOMETPUYECKHH aHAJIN3 CITyTHUKOBBIX CHHMKOB MOXET OBITH HC-
MOJIF30BAH JUIS OIIEHKN M3MEHEHUH B PACTHTEIBHOCTH, BIAXHOCTH U APYTHX MapaMeTpax, KOTOpbIe MOTYT OBITh
CBSI3aHBI C PA3BUTHEM OTIOJI3HEH.

— JuddepenmmansHas nHTEpYEPOMETPHUs palapHEIX CHUMKOB: Tu(QepeHInanbaas HHTephepoMeTpHs
pazapHBIX CHUIMKOB MOXET OBITh MCIOJB30BaHA JJIS BBIABICHHS M3MEHEHHH B penbede, KOTOpele MOTYT OBITh
CBSI3aHBI C PA3BUTHEM OTIOJI3HEH.

HccnenoBanus ONOI3HEH € IIOMOIIBIO CITYTHUKOBBIX CHUMKOB IIPUMEHSIOTCSI B CIIEIYIOIINX cepax:

— OreHka pUcKa OIOJI3HEH: CIYTHUKOBBIE CHUMKH MOTYT OBITH MCIHOJIB30BaHBI /ISl OLICHKH BEPOSTHO-
CTH BO3HHUKHOBEHUS OIOJI3HEH B ONPEC/IEHHBIX PallOHAX.

— MOHUTOPHHT ONOJ3HEN: CITyTHUKOBBIE CHUMKH MOTYT OBITh MCIOJIb30BAaHBI JJIsI OTCIIC)KUBAHUS pa3-
BUTHSI OTIOJI3HEH BO BPEMEHHU.
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— IlporHo3upoBaHue OIOJ3HEH: CIYTHUKOBBIC CHUMKH MOTYT OBITh HCIOJIB30BaHBI Ui pa3pabOTKu
MO/Iefieil MPOTHO3UPOBAHUS PA3BUTHS OIMOJIZHEH.

— 3ammra OT ONOJ3HEH: CITyTHUKOBBIE CHUMKH MOTYT OBITh MCIIOJIB30BAHbI IS Pa3paOOTKH Mep 3allu-
TBI OT OITOJI3HEH.

HccrnenoBanue omoi3Hel ¢ MOMOIIBIO CITYTHUKOBBIX CHUMKOB ABIsieTCSA 3()(EeKTHBHEIM METOIOM H3yde-
HUS 3TOrO siBJeHUA. CIyTHHKOBBIE CHUMKH ITO3BOJISIIOT MOJMYYaTh HHPOPMALUIO O Pa3BUTHHU OMOI3HEH Ha 00-
MIMPHBIX TEPPUTOPHUAX, UTO JeNaeT UX HE3aMEHUMBIM HWHCTPYMEHTOM /IS OLIEHKH PHUCKa ONOJI3HEH U pa3padoT-
KU1 Mep 3allUTHI OT HUX.

JIMTEPATYPA
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V]IK 528.77

JAEHNIN®PUPOBAHHUE OITIOJI3BHEBBIX TIPOITECCOB
HA KOCMHUYECKHUX U ADPO®OTOCHUMKAX

B.C. CTETAIIIEBA
(IIpeocmaeneno: E.B. /leemapesa)

Onoasnu — 3mo 00HO U3 Hauboree pacnpPoOCMpaHeHHbIX U ONACHLIX 2eonocuyeckux aeneHul. Onu npeo-
Ccmaegnsaom coboll cmewerue Macc oPHbIX NOPOO, NOYBLL Wi 0010MKO8 NoO delicmeuem epagumayuu. Ononsuu
MO2Ym 8bl3b18AMb CEPbE3HbIE PA3PYULEHUSA U YeTI08eUEeCKUE HCEPMBD.

B xauecmee memooa 0na ceoespemennoco 6viasieHUsi U UCCICO08AHUSL CKOPOCHEL ONON3HEBbIX AGNEHUL
8ce yawye npeonazaiom Kocmudeckue u aspohomocHuMKY, Komopwle obaadarom psoom npeumywecms. Onu
NO360AI0M NOAYYAMb U300pANCEHUs DONLUIUX MEPPUMOPULL C 8bICOKOU YACMOMOU 0OHO8IeHUA. DMo nomozaem
OMCAEHCUBAMD USMEHEHUS 8 COCHIOAHULU ONO3HEN U NPOSHO3UPOBAMb UX PA38UMUE.

Jns ucenenoBaHus OMOA3HEH HEOOXOAMMO 3HAHHE OCHOB T'€0JIOTUH, TeOMOP(OIOTHHN, TEOTEXHUKH, THA-
posoruu, reoU3NKH M APYTUX HAyK, CBSI3aHHBIX C M3YYEHHEM 3€MHOH KOpHI M ee mporeccoB. Kpome Toro,
HE0OX0MMO TIOHMMaHNE NPHUHIMIIOB U METOAOB KapTorpadyu, MOASINPOBAHUS U AUCTAaHIMOHHOTO 30HAUPO-
BaHMs. BakHO Tarxke MMETh 3HAHUS B 00JIACTH KOJIOTHMU M OXPaHbI MPUPOJIBI, YTOOBI IOHMMATh MOCIEICTBHS
BO3JICHCTBYSI OMOJI3HEN ISl OKpYIKaIOIIei Cpeabl ¥ IPUHUMATH MEPHI 110 UX NPEI0TBPAICHUIO.

I'eoMopdoorust omos3HeH MOKeET ObITh OYEHb PA3HOOOPA3HOM, U OHA 3aBHCUT OT MHOXKECTBa (haKTOPOB,
BKJIFOYAsl XapaKTEPUCTHKH CKIIOHA, TUI TPYHTa WM CKaJbHOW MOPOJBI U NMPUYMHY BO3HHKHOBEHHS OIOJI3HS.
Jnist aHanmM3a TMHAMHKK OTOJI3HEH MO CITyTHUKOBBIM CHHMKaM MX JIEIH(PUPYIOT, T.€. PaCHO3HAIOT OOBEKTHI U
SIBJICHUSI, IPHCYTCTBYIOIUE HA CHUMKAX.

A»po(hOTOCHIMKH TOTYyHaroT C TIOMOIIBIO BO3AYIIHBIX JICTATEIBHBIX aNiapaToB (CaMOJIETOB, BEPTOJIETOB
WM OECTIMIIOTHBIX JIETaTeNNbHBIX anmapaToB). VX mpenMymiecTBa rnepes KOCMUYECKUMH (CITyTHUKOBBIMH) CHUM-
KaMU: KPYIHBIH MacmTad, qeTadbHOCTh penbeda, crepeockonmueckuit 3¢ dekr, a npu Hammunu BIUIA eme u
IIEHOBAs IOCTYITHOCTB, 1 BO3MOKHOCTH ITOJTy9IECHHUs CHIMKA Ha HY)KHYIO J1aTy.

Jemm¢pprpoBanue omon3Hed 1Mo a3podOTOCHUMKAM — 3TO HPOLEecC MICHTU(PHUKALMH U KJIACCUPHUKALIH
OTIOJI3HEH Ha OCHOBE aHAIM3a a3pO(OTOCHUMKOB. J[JIs 3TOr0 HEOOXOIMMO MIPOJIENAaTh CIETYIOINE [IIarh:

1. INony4yenue a’3po(HOTOCHHUMKOB: C IOMOILBIO CHENUATBLHOTO 000PYIOBaHUs MOJydaroT (ororpadun
BBICOKOT'O pPa3pelIeHus ¢ BO3AyXa.

2. O6pabotka aspodoTocHUMKOB: (oTorpadun noaBepraoTcs HUPPOBOI 00padoTKe, YTOOBI YIyUIIUTh
Ka4yecTBO N300paXkeHHs U BBIIEIUTh OCOOCHHOCTH pelbeda.

3. Unentudukaiys omnon3He: Ha adpo(OTOCHUMKAX BBIJEISIOTCS 30HBI, TJI€ POUCXOIUIIO TepeMele-
HHE TPYHTA WJIH CKaJIbHBIX MTOPOJI.

4. Knnaccugmkanust Onoi3Hei: omoa3Hu KiaccuuuupyroTes mo ¢popMe, pasMepy M ApyruM XapaKkTepu-
CTHKaM, TAKMM KaK THII TPYHTA HJIH CKaJIbHOM MOPO/ABI ¥ IPUYNHA BO3SHUKHOBEHHS OTOJI3HS.

5. Co3naHue KapThl OTOJI3HEH: Ha OCHOBE IOJTYYEHHBIX JaHHBIX CO3JaeTCs KapTa OINOJI3HEH, KoTopas
MOXET MCIOJIb30BATHCS IS INTAHMPOBAHMS CTPOUTENILCTBA HITH ITPEAOTBPALICHHUS BO3SMOXKHBIX OIOJI3HEH.

JemmpprupoBanne onoy3HEH 1Mo a’poPOTOCHUMKAM SIBISETCS 3(GPEKTUBHBIM CIOCOOOM H3YUEHHS I'eo-
MOP(QOJIIOTHYECKUX POLECCOB U MOXKET OBITh MOJIE3HBIM JJIsl IPUHSTUSI PELICHUI B 00JIaCTH I'PaloCTPOUTENb-
CTBA U OXpPaHBI OKPYKAIOIIEH Cpeibl.

OO6HapykeHre ONOJI3HeH Ha a’pOoPOTOCHHUMKAX MOXKET ObITh BBHIMOJIHEHO MyTeM aHallM3a U3MEHEHWH B
reoMop(OJIOrHIECKON CTPYKTYpE 3eMHOM MOBepXHOCTH. OMOM3HU 00BIYHO MPOSBISIIOTCS HAa a3pO(OTOCHUMKAX
Kak siBHbIE Jie()OopMaIy 3eMHO# MOBEPXHOCTHU, TAKUE KaK BBICTYIIBI, IMbI, TPEIIUHBI U T.J. DTH U3MEHEHHUS MO-
I'YT OBITh OOHAPYKEHBI C MOMOIIBIO CIEIHAJIBHBIX MPOrpaMM 00pabOTKH M300paXKEeHH, KOTOpble MOTYT CpaB-
HUBATh J]Ba WK O0JIee a9pO(POTOCHUMKOB, B3ATBIX B pPa3HOE BPEMSI.

Kpome Toro, npu oOHapy>KeHHH OTOJI3HEH Ha a3pO(OTOCHUMKAX MOXKET OBITh MCIOJIB30BaHO U JIpyroe
o0opyioBaHNe, TaKOE Kak JIa3epHBI CKaHEp WM pajapHas CHCTeMa OOHapyXeHHs OIOJ3HEeH. JTH CHCTEMBI
MIO3BOJISIOT HOJIYYHUTh O0Jiee TOUHYI0 HH(pOPMALHIO 0 (hopMe U pa3Mepax OIMOI3HEH.

OOHapy»xeHHe OIoJI3Hel Ha a3pOPOTOCHUMKAX MOKET OBITh BBIIIOJHEHO CIIETYIONIMMH CIIOCO0aMu:

— BiyansHBII aHATN3: CIICIHAIMCTEI MOTYT PACCMOTPETh a3pO(OTOCHIMKH M HANTH SBHBIC PU3HAKH OTTOI3-
Hsl, TAKHE KaK OTJIOMEHHS [JIMHBI MIIK IPABHs HA CKJIIOHAX, M3MEHEHHs ()OPMBI CKIIOHA B PE3YJIbTaThI CJIBUI'a MOYBBI.

— Hcnone3oBaHue criellMAIbHBIX AITOPUTMOB KOMIBIOTEPHOTO 00Y4EHHS: TAKHUe alTOPUTMBI MOTYT HC-
MOJIL30BATHCS 11 00pabOoTKN OONBIINX 00HEMOB ad3PO(HOTOCHUMKOB U aBTOMATHIECKOTO BBISIBIICHUS OTIOJI3HEH.

— AHanu3 HaKJIOHOB CKJIIOHOB: Ha a3pO()OTOCHHMKE MOXKHO OIIEHHTH TPAJWCHT HAKJIOHA JUII KaXIOW
TOYKH CKJIOHA, YTO MOKET TIOMOYb BBISIBUTH YYAaCTKU C BEICOKOH BEPOSITHOCTHIO OTOJI3HEH.
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— Hcnone3oBanue MyJbTUCIIEKTPAIBHBIX JAHHBIX: Ha OCHOBE a’3pPO(GOTOCHUMKOB MOXKHO MOIYYHUTh
MYJIBTHCIICKTPAJIbHBIE JaHHbBIE U UCIIOJIb30BaTh UX /IS ONPEIENICHUs pa3Iniuil B TEKCTypax M LBETaX B Pas3ind-
HBIX y4acTKax CKJIOHA.

— OOHapyXeHHE M3MEHEHHI: MOXHO CPaBHHUTH HECKOJIBKO a3pO()OTOCHUMKOB, CHCIAHHBIX B pasHOE
BpeMs, 4TOOBI OOHAPYKHUTh H3MEHEHUS B CTPYKTYpe penbeda, KOTOpPble MOTYT CBHACTEIECTBOBATE O BO3HUKHO-
BEHHUH OIOJI3HEN.

[pu3Haky NOSABICHUS ONOJI3HEH HA ad3pOOTOCHIMKAX MOTYT BKIIIOYATh CIIEAYIOIIEe:

1) OO6pa3oBaHue TPYHTOBBIX TPEIIMH U Pa3IOMOB: Ha (oTorpadusx MOKHO 3aMETUTh 00pa3oBaHUE pa3-
J0MOB ¥ aedopmaruii rpyHTa. OHM CITy)KaT NPU3HAKAMH HAJIMYHs JJIsL abHEHITNX U3MEHEHHUH.

2) H3menenue penbeda: Ha MECTE OMOJI3HS MOXKET 00pa3oBaThCs BIIAJMHA, TI€ pesibed CHIBHO MEHseT-
cs1. Ha aspooTocHMMKaX 3TO MOXKET BBIIVISZETh KaK BBIEMKa Ha TOBEPXHOCTHU IPYHTA.

3) HaxsioHHBIE YCTyNBI: B HEKOTOPBIX CIIydasX Ha MECTE OIOJI3HS MOXKET 00pa30BaThCsl HaKJIOHHBIN
yCTyIl. DTO MOXKET IPOU3OUTH, ECIIM OTIOJI3EHb NPOU30IIEN Ha CKJIoHe Topbl. Ha oTorpadun 3To MOKeT BBITIIS-
JIeTh, KaK M0JIoca KPaCHOTO IPYHTA Ha CKJIOHE.

4) HepoBHOCTH HOBEPXHOCTH ITOYBHL: Ha (OTOrpaduil MOKHO 3aMETHTh U3MEHEHHE (POPMBI TOBEPXHO-
CTH TIOYBBL. DTO MOXKET NIPOU3OUTH, €CIIN ONOJI3CHb NPUBENT K 00PAa30BAHUIO H3BUIIUCTHIX YIIIYyOJISHHH MIH BO3-
BBILICHUH Ha TPyHTE.

B oTinunm oT a3po(OTOCHUMKOB CITyTHUKOBBIE CHUMKH UMEIOT PsiJi HEZOCTATKOB B PELICHHH 3a/1ad UC-
clieOBaHUs Ono3HeH. OHU MOTYT OBITh JOPOTUMH M TPYAOSMKHMH B NosTy4eHHH. KpoMe Toro, kauecTBo CIyT-
HHUKOBBIX CHUMKOB MOXET OBITh OTPaHHYEHO YCIOBHSMH ChEMKH, TAKUMH KaK IOTr0Jla U BpeMsl CYTOK.

HccnenoBanusi B 00JaCTH UCMONBb30BAaHMSI CITyTHUKOBBIX CHHMKOB JUIsSl MCCJICAOBAHUS OIOJI3HEH Ipo-
Joikatorest. JlemudpupoBaHue CIyTHUKOBBIX M a3pO(OTOCHUMKOB IJIsl MCCIICIOBAaHHS OIOJ3HEH SIBISETCS
CJIOXKHOI 3a7ja4ueii, KoTopasi TpeOyeT MCIOJIb30BaHUs Pa3InYHBIX METOI0B M TEXHOJIOTHH. B HacTosee Bpems B
MHpe BeJIeTCsl pa3paboTka HOBBIX METOJIOB U TEXHOJIOTHH, KOTOPBIE IO3BOJIT OoJiee (P (PEKTUBHO UCIIOIb30BATh
CIIyTHUKOBBIE CHUMKH JJIsl U3YUSHHUS KaK OIOJI3HEBBIX, TaK M APYTUX OMACHBIX '€0JIOTMYECKUX SIBIICHHUH.
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VK 528.2/3
HENPOHHBIE CETH B TEOE3UH

JI.B. LLIKYT
(Ilpeocmasneno: A.C. Heawnésa)

na pewenus 3a0auu mpanc@opmuposanus cucmem KOOPOUHAM CYUeCmayem MHOMCeCmso nooxo0os. B
cmamve npeocmagiensl pe3yibmamovl RPUMeHeHUs 08X H00X0008 K OAHHOU 3A0auu, Nepablil, Memoo HAUMeHb-
WUX K8AOPAmMo8, Mopou, NpUMeHeHUe UCKYCCMBEHHbIX HelpoHHbIXx cemell. Llenv cmambu cocmoum 6 evlsicHe-
HUU, MO2YM AU Memoobl MAWUHHO20 OOYYEHUsl CIYHCUMb HAOENCHOU ANbMePHAmuUBol 01 peuwenus 3a0aqu
Mpancoopmuposanus cucmem KOOPOUHAM.

OpmHuM U3 HamboJIee YacTO HCIIONB3YEMBIX HHCTPYMEHTOB B TOIOTpaduu, TeOAe3MH U TeONH(pOpMaTHKe
ABJISIETCA TPAHC(OPMHUPOBAHUE CHUCTEM KOOpAWHAT. TakuM 0Opa3oM, JaHHBI MHCTPYMEHT MMEET MHOXKECTBO
peanu3aiyii, KOTOpbIE JOIDKHBI OBITh ONTUMH3UPOBAHBI JUISI 00ECIEUCHUS] MAKCHMAIIbHOM TOYHOCTH, HAJICKHO-
CTH ¥ CKOPOCTH TIpOIIEcca.

B maHHBIN cTaThe MPEACTABIEHBI 1B MOAXOB! K PEIICHHUIO 33a4i TPAHCOPMHUPOBAHHS CHCTEM KOOP-
nuHAT. [IprMeHsIcs MeTo HauMEHBIINX KBaJpaToB, TAKXKE HCIIOJIb30BAINCH NCKYCCTBEHHBIE HEHPOHHBIE CETH
JUISL pellIeHHs TaHHOW 3a/1aui.

Korza cymiecTByer n30bITOUHAs cucTeMa YpaBHEHUit, TO KOA(QQUIHEHThI TpaHCHOPMHUPOBAHUS MOXKHO
OIpe/IeINTh NMPUMEHEHHEM MeToJia HauMeHbIuX kBaapatoB (MHK). Ha ocHoBe Haunbosee obmiero u3 JuHEH-
HbIX, ah(PUHHOTO IPe0Opa30BaHusl, PACCMOTPUM KJIACCHYECKUI ITOPUTM METO/1a HAMMEHBLINX KBaJpPaToB.

Juns pewienus 3anaun TpaHcHOPMHUPOBaHUS cUCTeM KoopauHat ¢ nomoinsio MHK cocraisitor BekTop
CBOOOJTHBIX YJICHOB, COCTOSIINM U3 KOOPJMHAT TOYEK B HOBOIl CHCTeMe KOOpAMHAT U MAaTpUIly IJIaHa, KOTopas
COJICPKHUT B cebe KOOpAMHATHI Todek B cTapoil cucreme (1). Ha ocHOBe MUHMMHU3anny CyMMBI KBaJpaToOB II0-
MPaBOK IOJIydaeTcsl BEKTOP HEM3BECTHBIX Kod3(dumenTos Tpancdopmuposanus [1,2].

(X1 [(veds] {:‘1]1. {'![":]L 0 0 1 0T q

Yeh | |vehy 0 o &), M, o 1 b

) (vg)a {3\1]: {Y:]: 0 0 1 0 c

{YE]: + {VE]: = 0 0 {X-::I: {Y::]: 0 1 al (1)
I::Xl-:;ll:l l::vl-::]l:l {}\f]p {Y:]ﬂ 0 0 1 0 l:

L(Yednd Lvglpd b0 0 {k‘:]i" I:Y:]r! o 1-

rae XH, YH, Xc, Yc — KoopAHHATE B HOBOW W CTapoil cucremax, a, b, ¢, d, e, f - koadppumeHTs TpaHc-
(hopMHpOBaHUS Ha IIIOCKOCTH.

TenaeHIUU pa3sBUTUS HEUPOHHBIX CETEH PACTYT C KaXKIbIM rofioM. VCKyCCTBEHHBIE HEHMPOHHBIE CETH
(manee MHC) mpenctaBisitoT co0oi MaTeMaTHYeCKHE MOJIENH, MOCTPOCHHBIE MO IMPUHIUITY OPraHU3aINH |
(YHKIIMOHMPOBAHUS CeTell HEPBHBIX KIETOK HMBOTO opraHu3ma. CylIecTBYIOT MHOXKECTBO Pa3JIMYHbIX [IpUMeE-
HEHUI HEUPOHHBIX CETEH, B TOM YUCIIE U B T€OAC3UU.

B pesynbrare aHann3a JIUTEPaTypPHBIX HCTOYHUKOB IPHUBEICHBI HEKOTOPBIE TIPUMEPBI TPUMEHEHHS METO-
JIOB MAIIMHHOTO 00YYEHUsI B T€0IE3HH:

— wuccnenoanus aedopmarnmii (Samui, 2012; Li & Kong, 2014),

— omenka npmmuBoB (Okwuashi & Ndehedehe, 2017),

— ompenenenue reonna (Kavzoglu & Saka, 2005; Veronez et al., 2011),

— MojenupoBaHue rpaButanronHoro mous (Turgut, 2016),

— mnpeoOpaszoBanue u TpanchopmupoBanue cuctem koopaunHat (Tierra et al., 2008, 2009; Tierra &
Romero, 2014).

Moaemun HC moryT ObITh c(OPMUPOBAHBI C PA3IMUHBIMKU apPXUTEKTypaMu B 3aBHCUMOCTH OT KOJIMYe-
CTBa JIOTIOJHUTEIIBHBIX CJIOEB U HEHPOHOB, AITOPUTMOB 00Y4eHHS U (PYHKIINH aKTHBALHH.

[IpeumyliecTBaMH MAITMHHOTO O0YUESHHUS SIBIISETCSl CAMO aanTHPYIOIIAsICS CIIOCOOHOCTh 0OHAPYKHUBATDH
3aKOHOMEPHOCTH B Ha0bOpe JaHHBIX 0e3 y4éTa CyIIeCcTBOBaHHMS (PYHKIIMOHAIBHBIX B3aUMOCBS3EeH MEXIy BXOII-
HBIMM U BBIXOJHBIMH JaHHBIMH. METOJbl MAalIMHHOTO OOy4YEeHHS! MOMOTAIOT HM30eKaTh BO3MOXKHBIX OLIMOOK
OLICHKH IIapaMeTpOB, TOCKOJIbKY OHHU He paboTaroT ¢ napaMeTpamy [3].

Tarxoke CymecTBYIOT HEIOCTaTKW MalIMHHOro oOydeHus. IIpupona MCKYCCTBEHHBIX HEHPOHHBIX CeTei
«4EPHBIA SIUK», HA TOJy4aeMYI0 TOYHOCTb M 3(PQPEKTUBHOCTH BBIYMCICHHH CWJIBHO BIMSET apXUTEKTypa
HEWPOHHOM CeTH, KOTOpast OOBIYHO OIPEAENISIeTCS IIOCPEICTBOM MOCIIEA0BATEIBHBIX IIAroB Mpod 1 OMINOOK.
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B unccnenoBaHum aisi co3laHMsl MCKYCCTBEHHOW HEWPOHHOW CETH MCIOJIB30BAJICS MAKET MPUKIAIHBIX
nporpamm Neural Network Toolbox, ¢pyHkumOHMpYIOMmKit MO yripaBieHueM siapa cucteMsl Matlab. beina npu-
MEHEHa MPOCTas ABYXCIIOItHAas HeHpOHHAs ceTh (pHc.l.), s mepBOro Ciiost BRIOpaHa CUTMOUIHAS (QYHKITUS aK-
THBALUH, C KOJINYECTBOM HEHPOHOB PaBHBIM ACCATH, I BTOPOTO JIMHEHHAS, C KOJMMIECTBOM HEHPOHOB PaBHBIM
IBYM. ApXHUTEKTypa HEHPOHHOH CETH MpeCcTaBlIeHa Ha PUCYHKe 1.

Hidden Layer Output Layer
Input Output
W W
D @D/
2 B B 2
10 2

PucyHok 1. — ApxuTeKTypa HelipOHHOU ceTH

OOyueHune ceTH MPOU3BOIMIIOCH 0 00y4aroleil BEIOOpKe, Tak ke i oueHku padotsl MHC co3naBanack
TecToBas BeIOOpKA. [Iporecc 0O0ydeHus] HEHPOHHBIX CeTel CBS3aH C TaKO¥W HACTPOWKOW ee BECOB M CMEILICHHUH,
4T0OBl MUHUMH3HUPOBATh (DYHKIHOHAJ, 3aBUCALIMNA OT OLIMOOK CETH, TO €CTh PAa3HOCTU MEXAY TPeOyeMbIM U
peaybHBIM CHTHAJIOM Ha ee BbIXxoze. B kauecTBe Takoro (yHKIMOHAaja MCIOJb30BaHA CyMMa KBaJpaToB OTJIH-
YU peanbHbIX 3HAYE€HUI KOOPAWHAT U KOOPJUHAT, MOJy4EHHBIX C TIOMOIIBIO HEHPOHHON CETH.

ITo getsipem BrIOOpKaM, coctosmuM u3 30, 50, 70 u 100 oOmux Touek OblIa perieHa 3agada TpaHcop-
MHPOBaHHs cucTeM KoopanHat MetogoM MHK u ObutH paccunTaHbl CyMMBI KBaJpaTOB MONIPABOK ISt OCHOBHOM
BBIOOPKH M TecToBOM. Taxke st pemeHus 3agaun Oputa npuMeneHa MHC u Tak ke OBUTH MOJY4eHBI CyMMBI
KBaJIpaToB MOMPABOK AJISI OCHOBHOH BBHIOOPKH U TECTOBOIA.

Tabnuua 1. — Pe3ynbTaThl SKCIEpUMEHTa

MHK Heiiponnas cetpb
KomnuecTBo 0061mx
ToUCK OCHOBHAs TECTOBAst OCHOBHAs TeCTOBas
[v], m? [v2], M2 [v], m? [v?], m?
30 0,069 0,013 0,055 0,885
50 0,097 0,024 0,108 0,145
70 0,144 0,009 0,178 0,016
100 0,203 0,014 0,217 0,031

[To pesymbratam MOXXHO CAEIaTh BBIBOJBI, YTO CyMMa KBaJpaTOB ITONPABOK IOJIyYEHHBIX C ITOMOIIBIO
MHK amst TecTOoBO# BRIOOPKH BCET/Ia MEHBIIIE YeM CyMMa KBaJIPaToOB MOMPABOK MOIY4IeHHBIX ¢ moMoInsio MHC.
Crout no0aBuTh, 4TO MpH HeOOIBIIOM KomudecTBe Touek (30 u MeHee) UHC MokeT BhITaBaTh HEKOPPEKTHBIE
pe3yJbTaThl, 8 UMEHHO MbI TI0JIy4aeM O4YeHb OOJIBIIYI0 CYMMY KBaJpaTOB MOMPaBOK. Tak ke LeNbio paboTbl Obl-
JIO IOCMOTPETh MOXKHO JIM, YBEJIMYHMBasi KOJMYECTBO TOYEK J0CTHYb TOro, 4ro 661 MHC BhmaBana Takue xe pe-
3ynbtaTthl, kak ¥ MHK. Iloka3aHo, 4To pa3HOCTh MEXAy CyMMoH kBazaparoB mompasok mpu MHK u MHC
YMEHbIIAETCsI TP YBEIMYEHUH TOYeK, HO aaxxe mpu 100 obmux Toukax cymma kBajpaToB nonpaBok y MHC
Gouiplle. YBEIHMYMBATH KOJIMYECTBO TOUYEK JaJiblle ObLIO PEIIEHO HE LIeNIec0o00pasHo.

Jlenmaem BBIBOJI, UTO KOJIMYECTBO TOUEK HECOMHEHHO BEJET K yIy4IICHHIO pe3ynsTaToB pabotst MHC, HO
3TO He ABiIseTcs (PaKTOPOM, KOTOPBIH MOXET caenath e€ Oonee HanexxHbIM nHCTpyMeHToM yeM MHK. Bo3mox-
Hble yTH At Toro uyto 661 MHC TpanchopmupoBana KOOpAWHATHE ¢ OOJIBIIEH TOYHOCTBIO 3TO: YCIOKHEHHUE
apxutektypbl MHC u Hopmanu3zauus ganssix [3,4,5].
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C Kajicobim 2000M NOAGNAEMCS 8CE OONbULE PAZHBIX NPUCNOCOONEHUT, MeCm, OOCMYNHOCMU cpedbl OJis
co30aHust KoMpopma u obnecueHust JHCUZHU TH00ell ¢ NOBLIULEHHBIMU NOMPEOHOCMAMY. Yeeruuueaemces Koiue-
CMB0 HOPMAMUBHBIX OOKYMEHMO8 8 OanHou obnacmu. Ho 60 6cem amom npakmuvecku Ynyckaiomest NHompeoHo-
cmu mo0eli ¢ Oehekmamu 3peHus.

Knrouesvie cnosa: ocobennocmu spenus, 6e3dbapbepras cpeod, OaibmoHU3M, YBemMosocnpusamue, OU3AaliH.

s ymoOcTBa co3manusi 6e30aphepHON Cpeibl B OOIICCTBEHHBIX MECTaX MPHUHSATO PacojiaraTh Marasu-
HbI, Kade, TyaneTsl Ha nepBoM dTaxe. [1Jisl Jrojeil ¢ MOBBIILIEHHBIMU NOTPEOHOCTSAMH €CTh CIIEHUAbHBIC TT0Ib-
éMHI/IKI/I, qamie BCEro ux MOXXHO YBHUJACTb B METPO U a3ponopTax. Taxkxe B mOCTAaHOBJICHUSX YaCTO YIOOMUHACTCA
Marepuai: ocodas ITUTKA JUIsl ONpeIeIEHHBIX MECT, 3BYKOBBIE CUTHAJIBI, HAIPUMED BO BpeMs 3€JIEHOTO CBETa Ha
cBerodope u3naéres onpenesEHHbIA CUTHAN, YTOOBI YeJIOBEK 3HAJN, YTO MOXHO UATH. OIHAKO 3TH MOCTAHOBIIE-
HHS CO3J]aHbl B OCHOBHOM JIO/ICH ¢ HapyIIEHUSMH OIIOPHO-ABUTaTEIBHOTO alapaTa Wi ciayxa. A BoT padora ¢
I[BETOM HE OTHOCHTCS K IPHOPUTETHOH Jja’ke MPH YCIOBUH, UTO JIIOAEH ¢ AeeKTaMH 3peHUS HEMAJIO.

Ota cTaThs MOAHMUMACT BOIPOC YIIydIIeHWs KOoMGOpTa XHU3HM JoasaM ¢ nedekramu 3penus. K stomy
CIIMCKY OTHOCHUTCS 4aCTh HACEJICHUs C IUIOXUM 3PEHHEM, a Takke ¢ JedeKkraMu nBetoBocnpuatis. Ctont noda-
BUTB, YTO JIIOAH C OCOOCHHOCTSIMH 3pEHHSI HE SBILSIFOTCS] HHBAIMAAMH. MIHBAIMIHOCTD AAIOT TOJIBKO B TEX CIIyda-
AX, KOTJa TOJIHOCTBIO WJIM YaCTUYHO yTpaueHa pabOTOCIOCOOHOCTh 3pUTEIBHOTO aIlllapara, a AalbTOHH3M HIIH
K€ TaKhe pacrpocTpaHEHHBIC AE(EKThI, KaK TaIbHO30PKOCTD, OIM30PYKOCTh M ACTUI'MATH3M, K 3TOMY HE OTHO-
ciarcs. B ciryyae nanbTOHHM3MA YEIOBEK MOYKET UMETh XOpOILee 3peHre, UMes IIPH STOM HPpOoOIeMBbl ¢ OTINYHUEM
IBCTOB. HpI/I 3TOM 11 JAJIBTOHUKOB U JIIOI[eﬁ C IJIOXUM 3pCHUEM UMCIOTCA CBOU OTrpaHUYCHMUS. CaMBbIM SIBHBIM
OTpaHMYEH CUMTAETCSI BOKACHHE MalluHbl, /3/. JlanbToHMKaM OaHalIbHO CIIOXKHO MOHSATH KaKoH ceifyac cUrHan
CBeTO(bOpa, CaMbIMH YaCTBIMH CJIydasasMU SBJIACTCA HEBO3MOXKXHOCTL Pa3jIMYUTh KPAaCHBIC U 3eJIEHbIC OTTEHKH
(pucynok 1), /5/.

an

PROTANOPIA

Pucynok 1. — Kak 1a;J1bTOHMKH BUISIT IBETOBbIE CUTHAJIBI CBeTO(OpoB

ABTOp JTAHHOM CTaTh ABISIETCS 00IaaTeNeM III0X0T0 3peHus. 3-3a CHITbHOTO HAMPsSHKEHUST BO BpeMsl 00y-
YeHHMs ero 3peHHe Hayajxo ObICTPO yXyAmathcs. [lomydaercs, 4To MOJIOBHHY JKH3HH y aBTOpa ObLIO XOpoliee 3pe-
HHE, a JPYTYI0 TOJIOBUHY — Iu1oxoe. [To3ToMy nM OBLIM 3aMeUeHBI 3HAUNTEIIbHBIE IPOOJIEMBI B Oe30apbepHoi cpe-
ne. KonewHo, /1j1s J110/iei C IMIOXUM 3pEHHEM €CTh BO3MOKHOCTb HOIPABUTh 3pEHHE, HAIIPUMED, OUKH, JIMH3bI HIIN
Ja3epHas Koppeknus 3peHus. Ho nanbToHu3M — siBieHue 6ojiee HeOAHO3HAYHOE, YeM IUIOX0€ 3peHHe.
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JlanbTOHN3M — 3TO 0COOEHHOCTH 3PEHHMs, KOTOpasi BBIPaXKaeTCs B TIOJIHOM HECTIOCOOHOCTH WMJIM CHU)KEH-
HOM CIIOCOOHOCTH BUAETH WJIM Pa3BUBAThH BCE MJIM HEKOTOpHIE 1BeTa. /lalbTOHN3M MOXET ObITh BPOXKIEHHBIM H
nproOperéHHpM. Ha cerogHsmHmiA JeHb TOIBKO MPHOOPETEHHBIN NaTbTOHU3M MTOIAAI0TCS JICICHUIO, a BPOXK-
JEHHBIN — HET, TAaK KakK SIBJIETCS HACAEICTBEHHON T€HHOM MyTaluei.

Hmeercst 1OCTaTOYHO MHOTO MCTOYHHMKOB, OCBAIIAIOIIMX 3Ty TEMY, HO MOAPOOHOE OIMCAHHE AAHHOM
ocobenHOCTH MOXHO Haiith y M.JI. KBacoBoii "3penne u HacimencTBEHHOCTE", /1/. A 9TOOHI ITyd4llle MMOHATH TO,
KaK BUIAT JaTbTOHHUKH, JIydlne oOpaTuthcs K Tabmmmam Priokuaa E.b. "TaOmumpel 1 uccineqoBaHUs IBETO-
omymieHus", /2/.

[o craTucTHKe N3BECTHO, YTO KOJIMUECTBO JIFOJIEH C 0COOCHHOCTAMH 3pEHHMS, TAIbTOHU3MOM, COCTaBIISIET
8% Bcero HaceneHus 3emin (puc. 2), /1/. A nroneit ¢ pa3nTUUHBIM HapyIIEHUEM 3pEHUEM HACUUTHIBACTCS MUHU-
MyM B 2,2, Mipz — 370 28,8% xureneit 3emuu. IIporeHT mroael ¢ MI0XUM 3peHUEM YBEJIHUUUBACTCA C KaXKIbIM
roaoM, /4/.

[To HEeKOTOPBIM pacuéTaM U3BECTHO, YTO €CIIM CUTYallsl He U3MeHUTCs, To kK 2050-oMy roxy Goiee 1moso-
BUHBI BCETO HaCEJICHUA OyAyT 00JamaTeNiMi Kakoro 1000 AedekTa 3puTenbHOro anmnapara, /4/.

HopMmambHoe 3peHHe . I
HefiTepaHoMATIHSA .
IIpoTamona THs
TIporanonus

JefiTepaHonHA

TpuTanonusa

T]]IITR HOMAJTHA

1%  Axpomatoncus

PucyHok 2. — YpoBeHb pacnpocTPaHEHHOCTH JaIbTOHU3MA

Jaxe U HBIHEIIHEro 4ucia Jofeil ¢ nedexraMu 3peHus cleqyeT co3laTh 0e30apbepHylo cpeny, Beé-
TaKH YHCIIO TaKUX JIIO/ICH He MalleHbKOe, Jia U JIF000i MOXKET HauaTh TEPSTh M 3pEHUE N3-3a TIepEeHAIPsDKeHUE Ha
pabote. Tem Gouee oy BCE yale o0palIaloTcs K COBPEMEHHBIM TEXHOJIOTHSIM B padoTe.

besbaprepHast cpena Ha TaHHBI MOMEHT NPaKTUYECKU OTCYTCTBYET. UeNoBeKy C IJIOXUM 3pEHHEM ceiuac
OYEHb JIETKO TOTEPSTHCS B KAKMX-THOO OOIIECTBEHHBIX MECTaxX, TAKMX KaK METPO, a3poIopT, BOK3aJ, Pa3IniHbIe
TII n Tak nanee. [1oaToMy aBTOp CTaTbU CUMTAET, YTO JIFOAU C ITIOJOOHBIMH OCOOCHHOCTSIMU 3pEHHS TOXKE HY>K/a-
10TCsl B cCBOe0oOpa3Hoii Oe30apbhepHoit cpene. U pa3BuTie Takoi cpesl — neso Onkaimero Oyaymero.
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Bnazooaps pewenuio sonpoca 6e3bapveproil cpedvl 05t OAbMOHUKO8 MOJCHO c030amb DoJlee YHUsep-
canvholil ouzain. Tpu 2mom nosensemcs 8eposimHOCb MO0, 4MO ICMEemuueckull 6ud He nocmpaoaem OJis
bonvuiezo Koauwecmea mooetl.

Knroueenvie cnosa: ocobennocmu spenus, be3dapvepHas cpeod, OanbmoHU3M, Y8emo8OCHpUsmUe, OU3ALIH.

"Jlfonu ¢ HapyIIeHHEM B KPacHOU M 3eNEHOI 9acTAX CIIEKTpa MPaBHIBHO ONPEACIST IIBETa IIPHUMEPHO 5
KapaHJalei U3 craHgapTHOW KOPOOKH U3 CTaHAAPTHON KOPOOKH ¢ 24-Ms IBETHBIMHU KapaHaamamu'" /5/.

Tem Gounee, ecnu paccMaTpuBaTh pabOTHI CAENAHHBIE AATbTOHUKAMHU, TO MOXHO IOHSTH, YTO OHU YHH-
kanbHbl. Kak ororpadsl, Tak n XyJOKHUKU ¢ 0COOCHHOCTSIMH 3pEHUS CO3/IAI0T HEUTO TaKOE, YTO B JIU TIPH-
IET B TOJIOBY Y€JIOBEKY CO CTaHIAPTHBIM 3peHHeM (pucyHOK 1), /1/.

MpotaHonua TpuTaHonua

Pucynok 1. — [Ipumep BocnpusiTusi padoThl CO CTOPOHBI JII0/Iei ¢ 0cO0EeHHOCTAMHU 3PeHHUst

Xouercs HallOMHHUTb, COBPEMCHHLIC y‘IéHI:-Ie MNpUXoJAT K BBIBOAY, UYTO MHOTHEC XYIOKHHUKHU MNPOLIJIOTO
MMEJH CTENIeHb YMEPEHHOTO AaibToHu3Ma. [Ipennonaraercs, 9To B 3TOT crimcok otHocstest Ban ['or, CaBpacos,
Penun, Bpy6enb, Koncredas, Mepuon, /3/.

Ha camom nene mu3aiiHep AanbTOHUK B 21-0B Beke He SIBISICTCS KAKMM-TO HOBBIM W HEOOBIYHBIM SIBJICHHU-
em. Jltoau HaxomsT crnoco0, 4ToObl paboTtartk B cepe qu3aiiHa U ¢ 000HBIMH AeeKTaMu.

lon ITaTTepcon, GppoHTIHN pa3paboTUHK, 3aHUMAETCs Pa3pabOTKOH MMOJIB30BaTEIbCKOTO HHTEp(eiica, TO
€CTh BU3YaJIbHYIO YacTh caiiTa win npunoxkeHus. OH IUIOXO pa3iauyaeT OTTeHKH KpacHoro u 3enéHoro. Illox
YTBEPIKAeT, 9TO NaJbTOHN3M HE CHIIHO MEIIaeT B ero padoTe, Tak Kak I[BETOBas MaJUTPa B MOJOOHBIX MPOCK-
Tax Ha MOXET I0XBAacTaThCs pasHooOpasueM. Tak ke juiss paboThl OH MPEANOYHUTAET HCIOJIB30BaTh T'OTOBbHIE
MAUTPHI [[BETOB, KOTOPBIE TpeacTaBieHsl Ha caiitax Color Trends + Palettes u Palleton, /4/.

ApxunaB [llapma, nu3zaiiHep npoaykTa, 3aHUMaeTcsi pa3pabOTKON pa3JIMYHBIME MPOJYKTOB: OT BeO- U
MOOWJIBHBIX HPHIIOKEHUH 0 PA3IMYHBIX YCTPOMCTB, B TOM uHcie ObITOBBIX. CaM ke Iu3aifHep sBISIETCS MPo-
TOMOTOM. JTO cuibHas (opMa JanbTOHHU3MA, MOAOOHBIM AUArHO3 BCTPEYAETCS MEHee 4eM y 1-0ro mpoieHTa
JTanbTOHNKOB. C 1MoI00HBIM JieheKTOM 3peHUs YeNOBEK HE MOXKET Pa3IM4UTh OTTEHKH KPAaCHOTO M 3€JIEHOTO.
ApXWHaB HCIIONB3YET CTAaHIAPTHBINA HAOOp [BETOB, KOTOPBII 3apaHee 00CY)KIaeTCs C 3aKa3UMKOM WIIH KOJUIeTa-
mu. Korzia oH moHMMaeT, 4TO MEepeXOAMT K LBETY, KOTOPBIH IUIOXO pa3jindacT, IPOCUT KOro-HUOYIb TIOMOYb.
OpHako nu3aifHep yTBEp)KIAeT, YTO JAIbTOHU3M IOMOraeT eMmy B pabore. OH ocTOpOXXHEe BBIOMpAeT IIBeTa, a
TaKOKe MoJaraeTcs Ha MAJINTPBI, CUCTEMBI, 3aKOHOMEPHOCTH, O1aroapsi 4eMy MOXKHO JOOMTBCS €IMHOM CTHIIH-
CTHKH HPOIyKTa. MM 3aayMBIBAINCE JM BBl KOTIa-HUOY b ToueMy ohopMIIeHHE colraibHoil cetn Facebook -
cunmnit? Mapk LlykepOepr siBiseTcs DalbTOHHK, 2 KIMEHHO MPOTOINONOM. TO €CTh TOXKE HE pa3in4aeT OTTEHKU
KpPacHOTO U 3eJIEHOT0, HO XOPOIIIO BUIUT OTTEHKU CHHETO, /4/.

XopomuM NMpUMepPOM TBOPYECTBA YEJIOBEKA C JIeeKTOM 3peHus siBiseTcs portorpad-nansronnk Kame-
poH bymonr. OH He pa3nn4aeT OTTEeHKH KpacHoro u 3enéHoro. Onnako KaMepoH wHOTIa MCHOIB3yeT CIenH-
JIBbHBIE OYKH JUIS JaJbTOHUKOB, HO B MEPBYIO ouepenb (ororpad nonaraercs Ha BHYTPEHHEE YyThE M IIPOAOII-
&KaeT paboTaTk C IBETOM. B ToM gucie — ¢ KpacHBIM (PUCYHOK 2), /2/.
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Pucynok 2. — Padora Kamepona

He yuutbsiBath moTpeOHOCTE 8-MU MPOIICHTOB MOJIB30BaTEINICH - HE caMoe JIydIliee pelicHne I Au3aiHa.
Tak e 3T0 o4eHb OOJIBILIOE YITYIICHHUE.

B ucnonezoBaHnr 0COOCHHOCTEH 3pEHHA €CTh OTPOMHBIN MOTEHIMAald. MOXKHO CO3[aTh Ooliee yHHBEp-
caJbpHbIE U He3aypsiaHble nu3aiiHbl. HampuMmep, He oueHb XOopouio [ Au3aliHa caiTa MCIOJIb30BaTh KOpPUYHE-
BbIC OTTCHKH. HeKkoTophle HaTbTOHUKH YBHUIAT HE KOPHYHEBBHIH, KaKOW-TO KPacCHOBATHIM OTTCHOK. [TomoOHOM
I[BET caiiTa cHJIbHO OpocaeTcs B riia3a U Hampsraer 3penue. [laxe Ha npumepe Facebook, y nroneit B o0CHOBHOM
HE TIOSBIICTCS Kao0 10 IIBETOBOMY pelIeHHIo caifta. CHHHI IBET JIydIle BCEro BOCHPUHHUMACTCS TAIbTOHU-
KaMH, Kak 1 axpoMartndeckue 1pera. [Tostomy nmzaiin Facebook siBnsieTcss onTHManbHBIM AJIsl OOJIBIIMHCTBA
JATETOHUKOB W AJIS JIFOLCH C OTCYTCTBHEM JIe()EKTOB 3PCHHS.

Hcxons w3 Bcero BBIMIETIEPSUNUCIICHHOTO, MOXKHO IMOHATH, YTO HEOOXOIUMO YIUTHIBATH TOHKOCTH IIBETO-
BOTO PEUICHHs KakK JUIs JIOJeil ¢ OOBIYHBIM 3pEHUEM, TaK M Ui Joed ¢ aedekramMu 3peHus. ITO 0COOSHHO
Ba)XHO JUTA CO3IaHUS 0e30aphepHON Cpeibl B OOIIECTBEHHBIX MECTaX: METPO, BOK3al, asporopT, T1I.
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Janemonusm Ovin 6ce20a, HO 8nepgvie dmo 3abo0aeganue Oviio onucauo 8 1794-om 200y anerutickum
yuénvim [owconom lanemornom, y komopozo ovin depexm 3penus. B 21-om eexe Oeghexmvl 3penus coomeem-
CMBEHHO He AGNAIOMCA YeM-mo HogbiM. M obradamenu nodob6Ho20 3penus pabomaiom 6 CamblX pasHo0OpaA3HbIX
cepax, nanpumep 6 cgpepe uckyccmsa.

Knroueswte cnoea: xyoosicnuxu, ocobeHHocmu 3peHus, be30apvepras cpeod, OalbmMOHUSM, YEEMOBOC-
npusimue, UcKyccmeo.

Ecnu 4enoBek MCKpEHHE TOPUT XKeITaHHEeM paboTaTh B cepe NCKYCCTBA, TO Jake Ae(EKTH 3pCHUST eMy
HE NoMemarT. PaccMOTpUM HECKOIBKO IMTPUMEPOB TAKOTO CTPEMIICHHS K XyI0KECTBEHHOH NEITEILHOCTH.

W3BecTHBIE XynoxHUKH-MILTIOcTpaTops! [lonm KapaBan u ban Lpaiidens ¢ qeTcTBa mioxo pa3andaroT IBe-
ta: Ilom ¢ Tpynom pasnudaer 3enéHbld, CHHUI 1 KENTHIN 11BeTa, a y baHa mpoOieMbl ¢ BOCIPUSATHEM OTTEHKOB
KpacHOro U 3enéHoro. O0a Ha MPOTSHKEHNH MHOTHX JIeT pabOTaloT B MOMYJISIPHBIX KOMIIAHUAX TI0 CO3/IaHUIO UTP.
XyI0KHUKH TTOATOTOBHIIM CIICIMAIBHYIO CEPHIO M300paKeHUIT Ha ocHOBe KapTHHBI [)koHa Cunrepa CapmxeH-
Ta «I'BO3MKA, JIHMJIHS, JTUIKA, PO3ay, YTOOBI NIOKA3aTh Pa3IndMs B BOCIPHUIATHH 1[BeTOB /1/. IloToM OoHHU co3maiu
IIBETOBOH KPYT, I1ie 0003HAYMUIIU 1IBETA, KOTOPBIE CIOKHO BOCIPHUHUMATE. 11 Ha €ro OCHOBE OHM Pa3OUparoTCs ¢
TOHOM H300paxkeHus. XyI0KHUKH JIOBEPSIOT BHYTPEHHEMY YYBCTBY LIBETOBOCHPHSATHS M CTaparoTcs paboTaTh
0e3 UCIIOJIb30BaHMs KaKMX-TTH00 XUTPOCTEH, HO MHOT/1a IPEIIOYUTAIOT CBEPATHCS C KPYroM (PUCYHOK 1).

Pucynok 1. — LiBetoBoii kpyr. bejbIM moMeyeHbI IBETA, KOTOPbIe MPAKTHYECKH He BUIAHBI,
YEPHBIM - KOTOPbIe BOCIPHHUMAIOTCS, HO He 0YeHb SIPKO

XyI0KHUKH MOJIB3YIOTCS eIIE OAHN MPUEMOM — TI0Ka3aTh paboTy KoJulere, KOTOPBI He MMeeT NpoodiieM
C IIBETOBOCIIPHUSITHEM.

OjHaKO 3aHMMATBHCS MCKYCCTBOM, MOXHO W HE HCIOJB3Ysl XpoMaTHdeckue 1BeTa. [10700HBIM SIpKUM
npumepoM siBisiercst [okum KM — MynibTHIUIMKATOp Ha M3BecTHOM cTyauu Disney. M3-3a nanpronusma JJxu-
My HE CMOT XY/IO’)KECTBEHHOE 00pa3oBaHue, eMy OaHAJIbHO OTKa3aiM B MOCTyIUieHHH. OH TMOCTYNUII Ha 9KOHO-
MHCTa W TPOJOJDKAN MPaKTHKOBATHCS B pucoBaHuH. [loke oH moman B Disney, rie Havanx pucoBath 4€pHO-
6enple HaOpocku nepcoHaxel. CaM e MYJIBTUIUIMKATOP YTBEP)KJall, YTO MHOTHE XyIOKHHUKH JTIOOAT HCIOIb-
30BaTh pa3HbIC [[BETA U OTTEHKH, a MYJIbTUIUINKATOPH! MCIIONB3YIOT MPH CO3JaHUN 4EpHO-0enbie n300pakeHus
JUTS Pa3HBIX CIICH, /2/.

Emé onnum npumepoM mMoxHO cuuTath Ilurepa Muntona. OH ABIseTCs XyA0XKHUKOM M IIPEnojaBaTe-
JIeM, KOTOpBIN TOJIKOM M HE MpeJNpUHHMai MONBITOK HCIOJb30BaHUS IL[BETA, a Cpa3zy PELIMI COCPEIOTOUYUTH
CBOE BHMMaHME Ha TpaBlopax M n300paxkeHusx B u€pHO-0enbix ToHax. PaboTs! [Turepa HaroIHEHB! AMHAMUKOH,
JleTalin3anreil 1 BBICOKON HAaCBIIIEHHOCTBIO KaJIpoB. TakuM 00pa3oM XyIOXKHHK KOMIIEHCHPYET OTCYTCTBHE
Beta. OH TOBOPHT, YTO HE CKydYaeT IO IBETy. VIMEHHO HajdW4yMe AWAarfHo3a «IalbTOHH3M» momorio [lutepy
cAenaTh BAKHBIA BEIOOP B €r0 JKHU3HU.
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EcTb 1 npyrue cnoco0bl JanbTOHUKY UCIOIB30BaTh IBeT. PaccmoTtpum He npumepe ['ypa Wnanu. OH pa-
0oTaeT nu3aliHEpOM, MYJIbTHILTUKATOPOM, IIPU 3TOM HE MOXET pa3inyarh 3¢JEHbIC U KpacHble nBeta. CHavana
XYJIOXHHK HCIIOJIB30BAJ CIICIINATFHYIO TaOIHIly IBETOB, TJ€ KaKIBIH OTTEHOK HMEET CBOM OyKBEHHO-UHCIIOBYIO
KoaupoBKy, Hanpumep #EE204D — xon oTTeHKa «KpacHBIA Kpaionay. Mo>KHO co3/1aBaTh cebe MaTuTpy U3 Ta-
KHX KOJIOB Ha OCHOBE pabOT pa3HBIX XYIOXHHUKOB WM HCIIOIB30BATh TOTOBEIE MAMUTPHI ¢ caiitoB Color Trends
+ Palettes u Palleton. Ogaaxo I'yp Hagasm moHIMaTh HEKOTOPBIE MIPUHIMIE KoMOMHaNH 11BeTOB. Co BpeMeHeM
OH TIepecTaj HCIOIB30BATh TAOIHITy U CMOT IPUACPKUBATHCS OTPEACIEHHOTO CTIIISA B CBOMX paboTax.

CToWuT NOMHHTB, 4TO Ja’ke JaTbTOHHK MOKET BHICTH [[BETA TAKUMH, KAKIMHU MX BUIAT JIIOTU C OOBITHBIM
3penreM. CyIeCTBYIOT CICIUANBHBIC OYKH JUIS JAIFTOHUKOB, M HEKOTOPBIC XYTOKHHUKH HCIOJIB3YIOT HX JIJIS
CO37IaHMsI CBOUX MPOU3BENEHUI HCKyccTBa. OJHUM U3 TaKUX JIOJAeH sBisercs pHuen Apiiuem, XymAOXKHHK-
CKyIbOTOp. B MEepBBIX paboTax CKyIbITOpPa MPOCICKUBATIOCH UCIIOJIL30BAaHIE OTTCHKOB CEPOro, a aKICHT CTPO-
WICS Ha TEKCTypax MPEeaMETOB U OKpykeHus. [1oqo0HbM npuéMom JI3HUEN XOTell KOMIICHCHPOBATh HEXBATKY
uBeTta. [locine mpuoOpeTeHus CreIMAaTbHBIX OYKOB PabOThI XYI0KHHUKA MTPUOOPEITH IPKUE HACBHIIICHHBIC OTTCHKH
(pucyHok 2), /1/.

Pucynok 2. — Padora [Ipuusjia Apuema, «po30Bblil cax KaMHel»

[ocne ananu3a BCexX MCTOPUI MOXHO CHIENIaTh BBIBOJ, YTO JIOAM C Ae(EKTaMH I[BETOBOCIIPHATHS HAXO-
JSIT MaKCHMallbHO pa3HOOOpa3Hble BapUaHThl caMOpeaau3allii B UcKyccTBe. KTO-To HcIob3yeT 1BeTa, KOTo-
pble MOXKET pa3iIndaTh, KTO-TO MPEANOYUTAET HCIOIb30BaTh aXPOMAaTHYECKYIO MAIUTPYy LBETOB, a KTO-TO MpPHU-
MEHSIET XUTPOCTH JAJISl UCIOJIb30BAaHUS HEOTPAHWYCHHOW MaJIUTPHI I[BETOB. B MTOre MOTy4aroTCs yHHKaJbHbIE
paboThI, KOTOpBIE HE caenai Obl YEIOBEK ¢ OOBIYHBIM 3pEHHEM. ABTOpP CUMTAET, YTO y JATbTOHH3Ma MMEETCS
OTPOMHBIH MOTEHIMAJ KaK B HCKYCCTBE, TaK U B 0oJiee NpaKTHYHBIX Belax. [0/ mpakTHYHBIMK BelllaMU O/Ipa-
3yMeBaeTcs co3ianue 0e30apbepHoii cpetbl st moei ¢ aedekramu nBetroBocnpustus. [penmymiectsa
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The article presents indicators of sorption humidity of thermal insulation materials based on natural raw
materials and provides a comparison with each other. Based on the results of the research, the factors that have
the greatest influence on the value of sorption humidity were determined.

The main indicator when choosing a thermal insulation material is the thermal conductivity coefficient.
Currently, many insulation materials from natural raw materials have been developed, characterized by high
thermal properties. However, changes in thermal conductivity are associated not only with the nature of the
structure of the material, but also with phenomena that arise during operation. One of the most negative factors
that changes the properties of thermal insulation during operation is exposure to moisture. For this reason, the
study of sorption humidity is of particular interest to developers

A study of the sorption humidity of heat-insulating boards based on plant raw materials was carried out at
Polotsk State University named after Euphrosyne of Polotsk. Based on the test results, it was established that
insulation based on flax tow and liquid sodium glass as a binder (Fig. 1) at a relative air humidity of 97% has a
sorption humidity of 47%. The use of lime and gypsum as a modifying additive makes it possible to reduce the
sorption moisture content to a value of 38%. At the same time, the value of sorption humidity of thermal insula-
tion made from flax tow from a relative air humidity of 60% is 14% [1].

Figure 1. — Thermal insulation boards made of flax tow

The sorption humidity of thermal insulation materials based on chopped straw and liquid glass at a rela-
tive air humidity of 60% is 9%. An increase in relative air humidity leads to an increase in sorption humidity by
10 times to 85%. The introduction of flax seeds makes it possible to reduce the value of sorption humidity by
15% to 72%. At the same time, insulation made from a mixture of chopped straw with flax shreds and sodium
liquid glass has a sorption moisture content of 10% [2].

The determination of sorption moisture by the desiccator method was carried out on samples from eucalyptus fi-
bers of various fractions. Based on the results of the studies, it was established that the large fraction of eucalyptus bark
fibers has lower sorption rates compared to samples of the medium and small fractions. At a relative air humidity of 40%,
the sorption of the large fraction of fibers was 6%, which is 19% lower than that of medium and small fibers. The sorption
humidity of large fibers reached 10% at 60% relative air humidity, which differs by 16% from the values of the medium
and fine fractions. The values of sorption moisture content of bark fibers of the medium and fine fractions are equal to
16% and 17% at a relative air humidity of 80% and exceed that of the large fraction by 14% and 18%. At 90% relative air
humidity, the excess of the sorption humidity of samples of the medium and fine fractions relative to the large fraction
corresponds to 12%. It should be noted that the sorption rates of all fractions have insignificant differences and vary with-
in the range of 27,5 —30,9% at a relative air humidity of 97% [3].

Studies of water vapor sorption were carried out on rice husks without a binder component and on com-
posite compositions from a mixture of husks and straw using modified liquid glass (liquid glass, lime and gyp-
sum) [4]. The maximum sorption humidity of rice husk corresponds to 19,25-19,5% at a relative air humidity of
97%. The duration of the sorption process at a relative air humidity of 40-97% is 28. At a relative air humidity
of 60—80%, the sorption rates of rice husk are in the range of 7,75-12%.
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The data on the kinetics of water vapor sorption of a mixture of rice husks and straw do not differ significantly
from the indicators at relative air humidity of 40% and 60%. Significant differences appear when samples are kept at a
relative humidity of 80-97%. Thus, already at an air humidity of 80%, the sorption rate reaches 20%. At a relative air
humidity of 90%, the sorption humidity indicator increases by 2 times compared to the husk sorption value and reaches
30,7%. The maximum sorption rates that were recorded were 48,2-49,5% and were achieved at an air humidity of 97%.
The described indicators of sorption humidity of thermal insulation are summarized in Table 1.

Table 1. — Sorptive humidity of thermal insulation boards

Sorption humidity at relative
Structure-forming insulation material binder additive air humidity
60 97
flax tow liquid glass - 16 47
flax tow liquid glass lime and gypsum 14 38
chopped straw liquid glass - 9 85
chopped straw | fire flax liquid glass - 10 72
eucalyptus fiber liquid glass - 10 31
rice husk - - 8 19
rice husk | chopped straw liquid glass lime and gypsum 16 49

Analysis of the presented data (Table 1) allows us to establish that at a relative air humidity of 60%,
thermal insulation materials based on rice husks have the lowest sorption humidity, equal to 8%. The highest
indicator - 16% - has thermal insulation made from flax flakes and liquid glass, as well as insulation based on a
mixture of chopped straw with flax shreds and modified liquid glass.

At an air humidity of 97%, thermal insulation boards made from rice husks have the lowest sorption hu-
midity value (19%). The sorption moisture content of insulation materials based on chopped straw and flax
husks is 4,5 times higher than the value of slabs made from rice husks and is equal to 85%.

Conclusion. The given values of sorption humidity of thermal insulation based on natural raw materials
allow us to conclude that insulation materials without a binder have the lowest sorption humidity. It is also worth
noting that the addition of lime and gypsum makes it possible to reduce the sorption moisture content of thermal
insulation boards.
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Options for structure-forming materials of plant origin are presented for the production of thermal insu-
lation materials based on fibers of plant origin. The production of jute and coconut fibers is described. The re-
sults of studies of the strength characteristics of the developed thermal insulation materials are presented.

Environmental friendliness is a characteristic that is a stumbling block when choosing insulation for a
home. Formally, all building materials that can be found on the domestic market today have appropriate envi-
ronmental certificates. But, in most cases, when choosing thermal insulation, heated debates arise regarding the
environmental friendliness of these insulation materials.

For example, supporters of stone wool claim that the foam contains harmful styrene. Fans of foam plastic
in response hint at phenol-formaldehyde binders of mineral wool insulation. As a result, everyone remains to
their own, although both groups of materials are of synthetic origin. At the same time, people are increasingly
striving to choose natural, natural materials for building a house. This is not just a fashion trend, but also a con-
cern for one’s own health, well-being and safety [1]. This article discusses several options for structure-forming
materials for further use in the manufacture of insulation materials.

Jute refers to an annual herbaceous plant, shrub and subshrub, otherwise called Calcutta hemp. There are
up to 80 species of this plant in the world. The stem of jute is erect and branched with a tap root and oval-
lanceolate leaves with appendages, serrated along the edges. The flowers are bisexual, small, and have a yellow
tint. The fruit is a ribbed capsule, which, depending on the type, is pod-shaped or spherical. The seeds are small
and may be grey, green or brown in color..

The height of jute, depending on conditions, can reach more than 3 m. Jute consists of plant fibers such as
lignin (a key component of wood fiber), cellulose, which is a combination of ligninocellulose fibers, which at the
same time have the qualities of wood and textiles.

Jute grows in the tropics and subtropics of Asia, Australia, America, and Africa. It has become especially
widespread in Bangladesh and India. In many densely populated areas of South Asia, where the lion's share of
world production of this crop is concentrated, jute fibers are of great economic importance. This is due to the fact
that jute fibers there are a key source of income for small family farms.

Plant ripening continues within 120—150 days, after which harvesting begins. Collection and preparation
of raw materials is a labor-intensive process. The harvest is harvested by hand, tied into sheaves, and the cut
stems are left on the field for 3 days. During this period, the leaves fall and the bundles are soaked for 5-15 days
in ponds to destroy the connecting plates and facilitate the separation of the fibers. The next stage involves thor-
ough washing and drying of the raw materials. The average productivity of a jute plant varies from 1,5 to 2 t/ha.
To remove excess moisture, raw materials are hung on poles to dry and sent for processing.

For many hundreds of years, people have used jute fiber to make rough clothing and rope, but over time
the situation has changed. New technologies that have emerged have made it possible to expand the range of
products made from jute to several hundred types of goods. These include bag containers, ropes, wallpaper mate-
rials, linoleum, and carpeting. And the best varieties are used for the production of fabric and tufted jute carpets
[2, 3]. Thus, jute fibers have a fairly wide range of applications, but finding ways to maximize the effective use
of jute fibers for the human environment remains an open question.

Not so long ago, products made from coconut fiber were exotic. Currently, it is a common and widely
used natural material in various spheres of people’s lives and activities. The desire for maximum environmental
friendliness has made this product one of the most widely used materials in our everyday life.

History says that, according to some sources, the coconut palm originated in the Malaysian archipelago.
The coconut palm is one of the most ancient trees on the entire globe, growing even in the era of dinosaurs. Fos-
silized fruits were discovered in New Zealand. It is also known that palm trees have been growing in India for
4000 years. Therefore, many scientists believe that this type of palm tree originated on the coasts of the Indian
Ocean. The coconut is also believed to be native to Southeast Asia, Polynesia, India, the Pacific Islands, Hawaii,
South Florida, the Caribbean and Southern California.

Currently, the exotic fruit today exists both in the wild and in cultivation in the Philippines, Africa, Sri
Lanka, South America, India, Brazil, Thailand and the Antilles. All these countries have a fairly hot tropical cli-
mate. Coconut palms are cultivated mainly in developing countries [4].

In total, 54,716,444 tons of coconuts are grown in the world per year. The Philippines is the leader in co-
conut production — 19,500,000 tons of coconuts per year. In second and third place are Indonesia and India,
which grow 15,319,500 and 10,894,000 tons of coconuts per year respectively.
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All other countries lag significantly behind. Brazil - 2,759,044 tons of coconuts per year, Sri Lanka -
2,200,000, Thailand - 1,721,640. And then Mexico, Vietnam, New Guinea and Malaysia (total 555,120 tons of
coconuts per year). It turns out that Thailand is far from a leader in this matter, and Malaysia even more so. But
the Philippines has taken the coconut issue seriously. Many Philippine islands are densely planted with coconut
palms, especially the less developed and less populated islands [5].

The material obtained from the pericarp or, more simply, the coconut shell is coconut fiber. The shell of a
ripe coconut fruit itself is a fairly durable material. But when soaked in water for a long time, it is divided into its
constituent fibers - coir. The fibers are combed out and sorted into fractions depending on length and thickness.
The quality of the fibers and some parameters depend on the water in which the coconut is soaked. Fiber soaked
in sea water contains some sea salt and is stiffer. Fibers obtained from freshwater soaking are softer and lack
mineralization [6].

Coconut fibers have a wide range of applications; the longest and medium ones are used to make fishing
nets, ropes and ropes that do not get wet and do not sink in water, mats, etc. Coarse lignified fibers are used, for
example, to make brush products. Made from short and tangled coconut fibers - filler for mattresses and furniture
[7]. It is worth noting that the given geography of growth of the raw materials under consideration indicates the
possibility of developing, obtaining and practical implementation of thermal insulation based on coconut fibers
in almost various regions of the world.

To determine the strength characteristics of insulation materials, the average density was varied from 60 to
100 kg/m* with changes in the structure-forming material and binder consumption. The quantitative composition of
heat-insulating boards made of jute fibers is given in Table 1. The average density and compressive strength at 10%
deformation of samples made of jute fibers were determined on samples measuring 100x100x%100mm.

Table 1. — Quantitative composition based on jute fibers

Ne Component consumption, kg/m* Ne Component consumption, kg/m?
composition jute fibers liquid glass composition jute fibers liquid glass

1 52 8 9 78 12

2 62 8 10 88 12

3 72 8 11 44 16

4 82 8 12 54 16

5 92 8 13 64 16

6 48 12 14 74 16

7 58 12 15 84 16

8 68 12

Indicators of average density and compressive strength at 10% deformation are presented in Figure 1.
Analysis of the results obtained allows us to establish that an increase in the density of thermal insulation materials
due to an increase in the amount of structure-forming material leads to an increase in compressive strength at 10%
deformation. With an average density of 60 kg/m? and a liquid glass consumption of 8 kg per 1 m* (composition 1),
the compressive strength is 1 kPa. Increasing the amount of jute fibers to 92 kg per 1 m? (composition 5) increases
the compressive strength at 10% deformation by 4 times to 3,9 kPa. Samples of thermal insulation materials based
on jute fibers with a maximum density of 100 kg/m? (composition 10) achieve a strength of 4.4 kPa. A decrease in
density to 60 kg/m> causes a decrease in the compressive strength value at 10% deformation by 3.7 times. An in-
crease in the average density of cube samples from 60 kg/m? (composition 11) to 100 kg/m? (composition 15) leads
to an increase in compressive strength by 3,2 times. It was also found that an increase in compressive strength at
10% deformation occurs due to an increase in the consumption of liquid sodium glass (Fig. 1). At a density of 60
kg/m? (compositions 1, 6, 11), a 2-fold increase in binder from 8 kg per 1 m? to 16 kg per 1 m? leads to an increase
in compressive strength by 50%; at a density of 70 kg/m? the increase is 40%; at 80 kg/m® — 38%; at 90 kg/m> —
27%. Increasing the amount of jute fibers to 92 kg per 1 m3 (composition 5) increases the compressive strength at
10% deformation by 4 times to 3.9 kPa. Samples of thermal insulation materials based on jute fibers with a maxi-
mum density of 100 kg/m3 (composition 10) achieve a strength of 4.4 kPa.

To determine the strength characteristics of thermal insulation boards, the average density was changed from
70 to 145 kg/m?® with varying coconut fibers and sodium liquid glass consumption. The quantitative composition of
thermal insulation boards made from coconut fibers is presented in Table 2.

The dependences of compressive strength at 10% deformation on the average density of thermal
insulation materials based on coconut fibers are presented in Figure 2. According to the data obtained (Figure 2),
it was established that an increase in the density of thermal insulation due to an increase in the amount of
structure-forming material from coconut fibers leads to an increase in strength compression at 10% strain. An
increase in the average density of cube samples from 70 kg/m? (composition 1) to 145 kg/m? (composition 6)
leads to an increase in compressive strength by 6,4 times. With an average density of 70 kg/m? and a liquid glass
consumption of 14 kg per 1 m?® (composition 7), the compressive strength is 16 kPa. Increasing the amount of
coconut fibers to 131 kg per 1 m® (composition 12) increases the compressive strength at 10% deformation by
5,4 times to 86 kPa. Cube samples of thermal insulation materials based on coconut fibers with a maximum den-
sity of 145 kg/m? (composition 18) achieve a strength of 98 kPa. A decrease in density to 70 kg/m? causes a de-
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crease in the compressive strength value at 10% deformation by 4,5 times to 22 kPa. It was also found that an
increase in compressive strength at 10% deformation occurs due to an increase in binder consumption (Fig. 2).
At a density of 70 kg/m? (compositions 1, 7, 13), a 2,5-fold increase in binder from 8 kg per 1 m? to 20 kg per
1 m? leads to an increase in compressive strength by 83%; at a density of 85 kg/m?> the increase is 75%; at
100 kg/m?® — 50%; at 115kg/m® — 36%; at 130 kg/m> — 33%,; at 145 kg/m> — 27%.
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Figure 2. — Dependence of compressive strength
at 10% deformation of coconut insulation on average density

Table 2. — Quantitative composition of insulation based on coconut fibers

Ne Component consumption, kg/m? Ne Component consumption, kg/m?
composition coir liquid glass composition coir liquid glass

1 62 8 10 101 14

2 77 8 11 116 14

3 92 8 12 131 14

4 107 8 13 50 20

5 122 8 14 65 20

6 137 8 15 80 20

7 56 14 16 95 20

8 71 14 17 110 20

9 86 14 18 125 20

In most countries, it is possible to use fibers of natural or agricultural origin in the production of insula-
tion materials. Considering the volumes of waste jute and coconut fibers and the ways of further use, the use of
these fibers as the main components of thermal insulation materials can be an innovative and promising solution
for the use of these wastes.
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The conducted studies allow us to conclude that in the considered ranges of component consumption, the
compressive strength at 10% deformation of heat-insulating boards based on jute fibers varies from 1 to 4,8 kPa,
and for heat-insulating boards based on coconut fibers it varies ranging from 12 to 98 kPa.
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(Presented by: S.A. Romanovskiy, A.A. Bakatovich)

Data are presented on the use of jute and coconut fibers to obtain effective thermal insulation materials.
The compositions of thermal insulation boards based on coconut fiber and jute were selected. The results of
studies of the thermal characteristics of the developed thermal insulation boards are presented.

In recent years, eco-construction has become especially popular. People want to live in houses that are
safe for life and health, using materials that do not emit harmful substances and help maintain a normal micro-
climate. Therefore, many owners of private houses are considering the possibility of insulating the building with
materials based on natural raw materials. An example of thermal insulation boards of plant origin are insulation
materials made from flax tow, cotton waste, sphagnum moss and oil palm bark fibers [1-5]. The high efficiency
of thermal insulation boards with a fibrous structure and a practically unlimited raw material base give the right
to consider the development of the production of such insulation materials as one of the most important direc-
tions in the development of new progressive building materials. Currently, at the Polotsk State University named
after Euphrosyne of Polotsk, research is being conducted on the production of insulation materials based on jute
and coconut fibers. Sodium liquid glass is used as a binder.

To determine the physical and mechanical properties of insulation materials, the average density was varied
from 60 to 100 kg/m® with changes in the structure-forming material and binder consumption. The quantitative com-
position of heat-insulating boards made of jute fibers is given in Table 1. The average density and thermal conductivity
of samples made of jute fibers was determined on samples measuring 250x250%30mm.

Table 1. — Quantitative composition based on jute fibers

No Component consumption, kg/m? Ne Component consumption, kg/m?
composition jute fibers liquid glass composition jute fibers liquid glass

1 52 8 9 78 12

2 62 8 10 88 12

3 72 8 11 44 16

4 82 8 12 54 16

5 92 8 13 64 16

6 48 12 14 74 16

7 58 12 15 84 16

8 68 12

Indicators of average density and thermal conductivity are presented in Figure 1. Analysis of the obtained
dependencies (Figure 1) allows us to conclude that an increase in the amount of jute fiber to a density of 80 kg
per 1 m3, regardless of the binder consumption, leads to a decrease in the thermal conductivity coefficient , and
a further increase or decrease in the consumption of the structure-forming material causes an increase in the
parameter under study. For example, with a consumption of jute fibers of 92 kg per 1 m? for composition 5, the
thermal conductivity is 0,041 W/(m-°C). A 20% reduction in jute consumption causes a decrease in the thermal
conductivity coefficient to 0,037 W/(m-°C). A further decrease in the amount of bark fiber causes an increase in
thermal conductivity by 14% to 0,042 W/(m-°C). With a consumption of structure-forming material of 52 kg per 1 m?
for composition 6, the thermal conductivity is 0,042 W/(m-°C). The thermal conductivity coefficient decreases to
0,04 W/(m-°C) when the consumption of jute fibers increases by 1.6 times. A further increase in the number of jute
fibers leads to an increase in the thermal conductivity coefficient to 0,045 W/(m-°C). For compositions 11-15, the
minimum value of the thermal conductivity coefficient of 0,044 W/(m-°C) corresponds to a consumption of struc-
ture-forming material of 72 kg per 1 m®. With a reduction in jute consumption (composition 11), an increase in the
thermal conductivity coefficient was found to increase by 11% to 0,049 W/(m-°C), and with an increase in the
amount of jute fiber (composition 15), the studied parameter increased to 0,049 W/(m -°C). It has also been estab-
lished that with a constant density, but an increase in sodium liquid glass, an increase in binder consumption causes
an increase in the thermal conductivity coefficient. For example, with an average density of 60 kg per 1 m* (compo-
sitions 3, 8, 13), the increase in thermal conductivity is 17%. In the considered ranges of component consumption,
the thermal conductivity coefficient of the insulation varies from 0,037 to 0,049 W/(m-°C).

32



TIPUKJIAJIHBIE HAYKHU, CTPOUTEJIbCTBO. Cmpoumenvcmeo. Apxumexmypa. J{usaiin Buvinyck 49(119)

0,052

Thermal conductivity coefficient.

50

60 70

BO

[f=]
=1

Average density, kg/m?

100 110

Figure 1. — Dependence of the thermal conductivity coefficient of jute insulation on average density

The average density and thermal conductivity of samples made from coconut fibers were determined on
samples measuring 250x250x30 mm, varying the average density of the samples in the range of 70—145 kg/m>.
Table 2 shows the quantitative composition of the components of thermal insulation boards.

Table 2. — Quantitative composition of insulation based on coconut fibers

Ne Component consumption, kg/m? Ne Component consumption, kg/m?
composition coir liquid glass composition coir liquid glass

1 62 8 10 101 14

2 77 8 11 116 14

3 92 8 12 131 14

4 107 8 13 50 20

5 122 8 14 65 20

6 137 8 15 80 20

7 56 14 16 95 20

8 71 14 17 110 20

9 86 14 18 125 20

Indicators of the average density and thermal conductivity of samples made from coconut fibers are
presented in Figure 2.
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Figure 2. — Dependence of the thermal conductivity coefficient of coconut insulation on average density
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Based on the data obtained (Figure 2), it was established that an increase in the number of coconut fibers
to 115 kg per 1 m?, regardless of the binder consumption, leads to a decrease in thermal conductivity, and further
An increase or decrease in fiber consumption causes an increase in the thermal conductivity coefficient. Thus,
with a quantity of coconut fibers of 62 kg per 1 m?® for composition 1, the thermal conductivity of the sample is
0,046 W/(m:°C). An increase in the amount of structure-forming material by 1,7 times causes a decrease in the
thermal conductivity coefficient to 0,039 W/(m-°C). An increase in the amount of coconut fibers to 145 kg per 1
m?® causes an increase in thermal conductivity by 13% to 0,044 W/(m-°C). With a fiber quantity of 131 kg per 1
m? for composition 12, the thermal conductivity coefficient is 0,045 W/(m-°C). A decrease in thermal conductivity
to 0,042 W/(m-°C) occurs when the amount of structure-forming material is reduced by 30%. Further reduction of
fibers leads to an increase in the thermal conductivity coefficient to 0,049 W/(m-°C). For compositions 13—18, the
minimum thermal conductivity value of 0,046 W/(m-°C) corresponds to a quantity of coconut fibers of 95 kg per 1
m®. With a decrease in the structure-forming agent (composition 13), an increase in the thermal conductivity coeffi-
cient was established by 22% to 0,056 W/(m-°C), and with an increase in the amount of coconut fibers (composi-
tion 18), the thermal conductivity increased to 0,05 W/(m-°C). It has also been established that with an increase in
the consumption of liquid glass, but a constant density of thermal insulation materials, an increase in thermal con-
ductivity occurs. For example, with an average density of 70 kg per 1 m* (compositions 1, 6, 11), the increase in
thermal conductivity is 22%. In the considered ranges of binder consumption, the thermal conductivity of insulation
varies within the range of 0,039—0,056 W/(m-°C).

The conducted studies confirmed the possibility of using jute and coconut fibers for the manufacture of
thermal insulation boards. The use of coconut and jute fibers makes it possible to solve the problem of recycling
plant waste for the Philippines, India, as well as other regions of Asia and Africa, and to produce effective natu-
ral insulation from local natural raw materials.
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M.V. KONYUHOV, E.V. POSLED
(Presented by: S.A. Romanovskiy, A.A. Bakatovich)

Innovative materials based on fibrous plant raw materials are presented. The above thermal insulation
boards were developed at Polotsk State University named after Euphrosyne of Polotsk. For thermal insulation,
the main thermal characteristics are indicated.

Environmental safety and economic efficiency of thermal insulation of buildings at the current scale of
heat consumption largely depends on thermal insulation materials. Thermal insulation serves to reduce heat loss-
es and ensure acceptable temperature of the insulated surface. This article presents thermal insulation boards on
structure-forming materials made of plant fibers for various countries of the world, developed in the green build-
ing laboratory of the Department of Construction Production of Polotsk University.

Thermal insulation boards based on jute fibers. Insulation made from jute fibers contains a fibrous struc-
ture-forming material, liquid soda glass as a binder and the addition of lime and gypsum. Thermal insulation has
a thermal conductivity coefficient of 0,046—0,063 W/(m-°C) and a tensile strength at 10% deformation of 0.11—
0.59 MPa with an average density of 86 to 239 kg/m?. The best thermal conductivity of 0.046 and
0.047 W/(m-°C) is achieved by insulation materials characterized by an average density of 142 and 170 kg/m°.
The maximum strength indicators at 10% deformation of 0,55 and 0,59 MPa were obtained for compositions
with an average density of 170 and 198 kg/m?[1].

Thermal insulation boards made of sphagnum moss. Research on the production of thermal insulation
based on sphagnum moss was carried out at Polotsk State University named after Euphrosyne of Polotsk [2].
Liquid glass was used as a binder. Thermal insulation materials are characterized by the following thermal indi-
cators: average density 150—170 kg/m? and thermal conductivity coefficient from 0,034 to 0,04 W/(m-°C). When
replacing 20-30% of sphagnum moss with crushed straw, the thermal conductivity of the insulation increases to
0,046 W/(m-°C) [3].

Thermal insulation boards made from fibrous waste from cotton production. For the countries of Central
Asia, cotton production waste can be used as a structure-forming material [4]. Modified liquid glass is used as a
binder. The insulation is shown in Figure 1. Thermal insulation at a density of 40 to 100 kg/m3 provides a ther-
mal conductivity coefficient of 0.037-0.041 W/(m-°C). The lowest thermal conductivity coefficient of 0,037
W/(m-°C) corresponds to a density of 50—60 kg/m3. However, with the introduction of lime and gypsum, the
insolubility of the binder and the thermal conductivity of the insulation increases to 0,039 W/(m-°C). At a rela-
tive air humidity of 60—70%, the sorption humidity of thermal insulation materials based on cotton fibers is 11—
12%. The thermal conductivity coefficient of the slabs at the specified sorption humidity is 0,043—
0.045 W/(m-°C).

Figure 1. — Thermal insulation board made from fibrous waste from cotton production
Thermal insulation boards based on flax tow. The secondary raw material of flax fibers used as a struc-

ture-forming material for thermal insulation is flax tow [5, 6]. Sodium liquid glass is used as a binder. Gypsum
and lime are also used to increase the insolubility of the binder.
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Based on the results of comprehensive tests, it was established that thermal insulation boards based on
flax tow have an average density of 40 to 120 kg/m? and provide a thermal conductivity coefficient of
0,035-0,042 W/m-°C. The sorption humidity of the insulation materials under consideration at a relative air hu-
midity of 60% to 80% is 14—16%. The vapor permeability coefficient of thermal insulation materials based on
tow at a density of 40-120 kg/m? is 0,34-0,41 mg/(m-h-Pa).

Full-scale tests confirmed the possibility of using thermal insulation as an effective insulation for build-
ings and structures. Samples of thermal insulation boards were laid between the wooden beams of the attic space
and between the wooden posts of a wooden frame house, and were also mounted to a brick wall when installing
a ventilated insulation system. In the process of ongoing monitoring for four or three years, no damage, defor-
mation, or changes in the geometric

Thermal insulation boards based on flax from eucalyptus fibers. A preliminary study of eucalyptus bark
made it possible to establish that, based on fibers, it is possible to obtain a structure-forming material for the
production of insulation materials using natural raw materials. The use of eucalyptus bark with a moisture con-
tent of 20-30% during grinding reduces the amount of dust produced by 45 times and helps to increase the av-
erage fraction to 20—30% in the total mass of fibers. The best indicator of thermal conductivity is provided by
the middle fraction of eucalyptus bark fibers. With a density of 70-90 kg/m?, the thermal conductivity coeffi-
cient of eucalyptus bark fibers is 0,049 W/(m-°C) [7]. In further studies, it is possible to introduce a second plant
component in order to further reduce the thermal conductivity coefficient of the structural composition.

Interest in the creation of safe thermal insulation materials from raw materials of plant origin is associated
with increased requirements for the ecology of the home. Fibrous plant raw materials are promising raw materi-
als for the production of thermal insulation materials. Due to their properties, the structure-forming materials
presented in the article provide high thermal performance, environmental friendliness and help maintain favora-
ble temperature and humidity conditions in the premises.
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IN THE IMPLEMENTATION OF THE WET SHOTCRETE
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(Presented by: A. Yagubkin)

At present, the research on the durability of shotcrete in our country is still very insufficient, and basical-
ly no fruitful elaboration has been carried out. Therefore, for the development of shotcrete technology, it is very
necessary to carry out research in this area actively.

Since the 1980s, the design of concrete structures in developed countries has gradually transitioned from
a strength-based design method to a method that emphasizes both strength and durability design, while modern
concrete structure design is a design method that focus on durability, which requires concrete with high fluidity,
high mechanical properties and high durability, high performance concrete was produced under this background.
High performance concrete is an effective way to improve the durability of engineering structures [1]. Low wa-
ter-binder ratio, high-efficiency water-reducing agent and large-volume mineral admixture are the salient fea-
tures of high-performance concrete.

Among all building materials, concrete consumes less energy and creates less pollution. However, due to
its wide application and large amount, it has caused a shortage of resources such as limestone and sand aggre-
gates and has also damaged the natural environment. In order to save energy and reduce consumption, it is nec-
essary to vigorously promote the preparation technology of machine-made sand sprayed concrete, and at the
same time use various industrial wastes as the main source of cementitious materials, which can fundamentally
reduce the amount of cement used.

Many engineers and technicians have done relevant experimental research and exploration on the use of
machine-made sand to replace natural sand in concrete [2-3]. However, in previous experiments, machine-made
sand was used as the fine aggregate of concrete. Due to the excessive stone powder content of machine-made
sand, the concrete has a large water demand, poor workability, and reduced strength, which is difficult to meet
the construction needs of the second lining of the tunnel. Therefore, machine-made sand is not suitable for use as
fine aggregate of pumped concrete. If a certain amount of fine river sand is mixed into the machine-made sand as
the fine aggregate of concrete without reducing the performance of concrete, it can not only solve the shortage of
natural sand, but also reduce the cost of concrete and reduce the cost of concrete. pollution of the environment.

After mixing mineral admixtures, high-efficiency water reducers and alkali-free accelerators into high-
performance wet shotcrete, the hydration mechanism of cementitious materials is different from that of ordinary
wet shotcrete. The hydration hardening process of cementitious materials and its influence on the properties of
cementitious materials are studied. Liu Wenbin [4] and other studies have shown that the water-binder ratio has a
great influence on the performance of concrete. The greater the water-binder ratio, the worse the frost resistance
and sulfuric acid corrosion resistance of concrete. If fly ash, slag powder, limestone powder and air-entraining
water reducer are mixed in, the frost resistance and sulfuric acid corrosion resistance of concrete will be im-
proved. Under the condition of low water-binder ratio, better mechanical properties can be obtained, and it has
"super-stacking effect". Feng Chunhua [5] and other studies have shown that under the conditions of low water-
binder ratio and insufficient curing, after the concrete is hardened with ordinary Portland cement, there are still a
large number of unhydrated cement particles in the cement paste; substitution of cement of equal quality by ad-
mixtures can promote early hydration reactions, which is equivalent to increasing the water-cement ratio. In the
early stage of hydration, fly ash and slag do not participate in the pozzolanic reaction; in the later stage of hydra-
tion, fly ash and slag react with cement hydration products to promote the hydration reaction of cement and im-
prove the performance of concrete.

Pan Lisha [6] proposed that the use of high-efficiency water reducers is one of the most cost-effective
methods to solve the durability of concrete. This paper summarizes the research status of the influence of water
reducing agents on the durability of concrete in the past ten years and points out that it is urgent to systematically
study the law of the influence of water reducing agents on the durability of concrete, so as to provide theoretical
guidance for the correct selection of water reducing agents in engineering, so as to prepare concrete with good
durability. high-performance concrete. Kennth C. [7] research shows that adding high-efficiency water-reducing
agent to concrete can reduce the water-binder ratio of concrete, reduce the amount of water and cementitious
materials, reduce the porosity of hardened concrete, improve the structure of the concrete interface zone, and
improve the durability of concrete. Studies of Zhang Jianqiang etc [8] have shown that over-dense concrete is
not durable, and it is beneficial to increase the durability of concrete by reasonably increasing the number of
harmless pores and less harmful pores inside the concrete. Different water-reducing agents have different effects
on improving the pore structure of the gel. The water-reducing agent with a large water-reducing rate and a small
air content is beneficial to improve the pore structure inside the concrete. Naphthalene-based water reducer
(FDN) and sulfamate-based water reducer (MAS) have excellent performance.
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Wang Jiliang [9] studied the effect of fly ash and slag on the durability of high-strength concrete. The test
results showed that: fly ash and slag reduced the early strength of concrete, but significantly improved the later
strength of concrete. The growth rate of concrete strength is higher; both fly ash and mineral powder can signifi-
cantly improve the compactness of concrete, and mineral powder has a better effect than fly ash, and the con-
crete compaction performance increases with the increase of the content. Zhao Qingxin [10] and other studies
have shown that the addition of fly ash to concrete can improve the morphology of the interface transition zone,
thereby enhancing its durability.

Xia Jitao [11], under the same conditions of cementitious material dosage, water-binder ratio, and sand
rate, respectively mixed 0%, 15%, 25%, 35%, 45%, and 55% natural sand to replace Manufactured sand, to
study the change law of the working performance and mechanical properties of concrete under different ma-
chine-made sand replacement rates, so as to find the best machine-made sand replacement rate suitable for tunnel
secondary lining concrete is about 35%. and mechanical properties are well developed.

Therefore, the concrete in the future must reduce the amount of cement fundamentally, and must make
more use of various industrial wastes as its raw materials; the concrete in the future must be high-performance,
especially durable. With the development of concrete technology, corresponding changes have taken place in the
composition and composition of concrete. High-performance concrete will surely become the type of material
widely used in tunnel engineering in China.

From 1948 to 1953, Austria used shotcrete support when constructing the Mier Tunnel of the Kapron Hy-
dropower Station. This is the first shotcrete project in the world. This is the "New Austrian Method" theory that
was later generally recognized by the engineering community. Since the 1980s, China first used shotcrete in the
construction of Dayaoshan Tunnel, and the application of shotcrete has a history of more than 30 years. At pre-
sent, shotcrete has become an indispensable and important part of the railway tunnel structure system.

Shotcrete is widely used in underground engineering, geotechnical engineering, repair and reinforcement
engineering, thin-walled structural engineering, fire-resistant engineering, protective engineering and other civil
engineering fields (especially water conservancy engineering, tunnel engineering construction) [12]. In the past
10 years, with the construction of large-scale high-speed railways and highways in China, the amount of sprayed
concrete has been increasing. According to the "Medium and Long-term Railway Network Plan" approved by
the State Council, the main channel of China's high-speed railway will reach 45,000 km, the connecting line of
high-speed railway will be about 10,000 km, and the intercity railway will reach more than 10,000 km. By 2030,
a large number of high-speed railway and intercity railway tunnels will continue to be built, with a total scale
expected to be over 10,000 km [13]. According to statistics, by the end of 2020: my country has 2,746 railway
tunnels under construction (total length 6,083km), and planned 6,354 railway tunnels (total length: 16,255 km);
my country has 1,811 high-speed railway tunnels under construction (total length: about 2,750 km), and planned
3,525 high-speed railway tunnels (The cumulative length is about 7966 km) [14]. In the process of tunnel con-
struction, it is difficult to accurately calculate the amount of shotcrete used in highway, railway, and water con-
servancy projects, which is related to many conditions such as the area of the tunnel section of each project, the
thickness of the designed shotcrete, and the grade of surrounding rock. Combined with scientific theoretical cal-
culations and relevant data of actual tunnel engineering, it can generally be estimated by using 20 m® shotcrete
per linear meter of the tunnel [15]. It can be estimated that 177 million m? of sprayed concrete is required for the
railway and high-speed railway tunnel projects under construction in my country, and 484 million m? of sprayed
concrete is required for the currently planned projects to be constructed. Therefore, a large number of railway
tunnel construction projects need high-quality shotcrete as support, and the development of my country's infra-
structure projects also requires the continuous development of shotcrete technology, so shotcrete has a lot of
development space and market potential in my country.

Shotcrete has been used in engineering for more than half a century. Its raw materials and technology
have matured. Wet spraying of spraying process gradually replaces dry spraying and tidal spraying. The injection
quality has been guaranteed by technology. Shotcrete design has moved from a purely thickness design to a
comprehensive performance design. Under different surrounding rock conditions. Shotcrete with different prop-
erties. It is an important development trend of the current shotcrete technology.

In general, the performance of shotcrete is closely related to its supporting function. At present, shotcrete
is mainly used in the initial support and permanent support of tunnels and underground projects. In terms of per-
formance design, according to its different engineering uses, it should be treated differently and different design
parameters should be adopted.

Shotcrete as a permanent support must not only meet the basic performance requirements of shotcrete, but
also meet the structural waterproof, anti-cracking and anti-stripping performance requirements. In a corrosive
environment, it must also meet the anti-corrosion durability performance requirements.

In China, tunnels constructed by mining methods mostly adopt composite lining structures. Shotcrete is
located between the surrounding rock and the second lining, in a relatively closed space, isolated from the at-
mospheric environment, and is slightly affected by the external environment. Shotcrete is affected by carboniza-
tion. The possibility of wind erosion and abrasion is very small, and shotcrete is generally used as primary sup-
port to seal surrounding rock and form a shell-like structure to distribute external forces. In structural design,
shotcrete is generally used as temporary support, and secondary lining is used as permanent support. Therefore,
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it is generally believed that the durability of shotcrete used as primary support can be ignored. Therefore, when
designing the tunnel structure, only the safety performance and serviceability of shotcrete are regulated, and
there are no special regulations on its durability. Therefore, domestic research on the durability of shotcrete in
composite linings is still blank.

The durability of shotcrete used as primary support is directly related to the environmental conditions of
surrounding rocks. For tunnel structures, unlike ground structures, the corrosive environmental conditions in the
tunnel mainly come from the erosion of groundwater and harmful substances in surrounding rocks. There may
also be a freeze-thaw environment in cold regions. Therefore, when designing shotcrete, the durability perfor-
mance in erosive environment and freeze-thaw environment is mainly considered. The durability performance of
shotcrete includes the following aspects.

The peeling resistance is related to factors such as the adhesion strength of shotcrete and cracking caused
by drying shrinkage. At present, the test methods and standards for evaluating the anti-stripping performance of
shotcrete have not yet formed a standard, but the adhesion strength of shotcrete can be used for evaluation. From
the current engineering practice, if the adhesion strength of shotcrete exceeds 1.0N/mm?, it can basically guaran-
tee that the shotcrete will not peel off.

At present, the cracking mechanism of shotcrete cannot be explained clearly, and further research is need-
ed. The cracking of shotcrete is related to factors such as autogenous shrinkage, drying shrinkage, temperature
shrinkage, load action, and construction quality. After shotcrete cracks, it provides erosion channels for ground-
water, and the concrete will undergo corrosion, chemical corrosion, and freeze-thaw damage.

For tunnel structures, the intrusion of chloride ions mainly comes from the content of groundwater and
surrounding rocks containing chloride ions. The subsea tunnel mainly comes from the intrusion of seawater.
Submarine tunnels in European countries mostly use steel fiber shotcrete as permanent support, and the intrusion
of seawater must be checked.

At present, the research on the durability of shotcrete in our country is still very insufficient, and basically
no fruitful elaboration has been carried out. Therefore, for the development of shotcrete technology, it is very
necessary to carry out research in this area actively.
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In recent years, 3D printing technology has been widely used in machinery manufacturing, aviation, med-
ical and other fields, and has gradually expanded to the construction field. 3D printing technology can effec-
tively solve the problems of manual work, large amount of formwork, and difficult realization of complex shapes
in traditional building construction, and has significant advantages in personalized architectural design and
intelligent construction.

With the development of the third industrial revolution [1-2], science and technology play an increasingly
important role in the process of promoting the development of productive forces, accelerating the transformation
of science and technology into direct productive forces. While promoting the interpenetration among various
disciplines, scientific research is also constantly developing in a comprehensive direction. 3D printing technolo-
gy, which integrates mathematics, information, machinery, materials and chemistry [3], as a new type of rapid
prototyping technology, has become one of the important technical symbols in the third industrial revolution.
The development of manufacturing industry plays an important role. With the increasing improvement of 3D
printing technology, the technology has been involved in various fields such as medical [4], automobile [5], con-
struction [6], military industry [7], etc., and has shown its huge productivity and unlimited potential. The emer-
gence of 3D printing technology in the construction industry has demonstrated its superiority in terms of labor,
construction period, and resource utilization [8-10], making rapid manufacturing and industrialized production of
future buildings possible, and even mass customization of personalized products. Construction, which will inevi-
tably lead to a technological innovation in the construction industry [11-13]. As a new building construction
technology [14], 3D architectural printing has innovated the traditional construction methods. While showing its
huge production potential, it also inevitably puts forward new requirements for building materials.

3D printing is mainly based on the data model file [15-17]. After the modeling is completed on the comput-
er, the material is extruded through the printer nozzle, and the material is added layer by layer to complete the print-
ing and manufacturing technology of the three-dimensional object. Additive manufacturing. The realization of its
technology [18-19] mainly includes 3D modeling, slice processing, printing and spraying and post-processing. It
includes various technical knowledge such as three-dimensional modeling, process control, materials, information
processing, etc., and there are various printing methods, such as: layered entity manufacturing (LOM) [20-21], se-
lective laser Melting molding (SLM) [22-23], fused deposition (FDM) [24-25], etc. 3D architectural printing is con-
trolled by computer, using large-scale mechanical extrusion equipment, and spraying construction materials layer
by layer to construct architectural entities. Compared with the printing of other objects, there is not much difference
in principle, but the printing materials used are different, and the printed entities are relatively large. The application
of 3D printing in the field of building construction enables us to have higher precision in the construction of some
complex-structured building equipment and greater flexibility in choosing the structural form of the building [26].

In recent years, 3D printing technology has been widely used in machinery manufacturing, aviation, med-
ical and other fields, and has gradually expanded to the construction field. 3D printing technology can effective-
ly solve the problems of manual work, large amount of formwork, and difficult realization of complex shapes in
traditional building construction, and has significant advantages in personalized architectural design and intelli-
gent construction. Specific application scenarios in China include:

. 3D printing houses.

. 3D printing bridge main structure and auxiliary components.
. 3D printing public facilities.

. 3D printing large landscape components.

. 3D printing decoration envelope.

. 3D printing special-shaped sketch components.

. 3D printing epidemic prevention shelter [27].

NN W=
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In foreign countries, as people pay more and more attention to environmental protection, energy saving
and other issues, considering the relative. Superiority, people mix grass straw and soil with water as materials
for building walls, such walls The structure is stronger and there are no cracks. However, it is burned on the
spot, causing a large amount of smoke and dust, resulting in the formation of smog and haze, which has caused
great problems to the environment. China has always attached great importance to the issue of straw. Relevant
regulations have been made for comprehensive utilization, and the comprehensive utilization of straw resources
has been planned as a "five modernizations" project. The test showed that after the treatment, the sugar precipi-
tation in the straw was effectively blocked and the concrete was shaped; when the straw content was 30% At the
same time, the 28-day compressive strength of concrete reaches 9 MPa, which meets the requirements for the
use of thermal insulation materials.

In foreign countries, as people pay more and more attention to environmental protection, energy saving
and other issues, considering the relative. Superiority, people mix grass straw and soil with water as materials for
building walls, such walls The structure is stronger and there are no cracks. By the 1980s and 1990s, on the
North American continent. This technique is becoming more and more popular. Countries around the world have
begun to test the various mechanical properties of this straw wall [1-4].

In 1980, a Finnish research center [5] took the lead in developing a concrete composite material of crop
straw fiber and measured the mechanical properties of various crop fiber concrete composite materials with dif-
ferent densities and gave the wood within a certain density range. Durability of fiber reinforced concrete.

Beginning in 1981, a well-known Australian company began to develop autoclaved plant straw fiber rein-
forced cement, and finally developed this technology to parts of North America, Asia and Africa [6].

H.Sattlerl [7] mentioned in the article that if wood fiber, shavings, glass fiber, etc. are properly added to
the gypsum slurry as reinforcement materials for gypsum, as long as there is sufficient bonding strength between
the slurry and the fiber, then the fit The performance will be affected by the reinforcement content and its prop-
erties. The addition of reinforcing materials contributes to the

High mechanical properties of materials, such as brittle fracture behavior, tensile and flexural strength, etc.

In 1990, M. Sarigaphuti [8] in the United Kingdom extracted the plant cellulose of pine and poplar, put it
into the matrix of concrete material as a reinforcing substance, and studied various cellulose under the same vol-
ume dosage. The effect of fibers on retarding crack growth in concrete under accelerated aging environments.
The results of the study showed that the two types of fibers can well control the crack propagation of concrete.

In 1993, the relevant departments of India promulgated a decree prohibiting the use of wood in construc-
tion, with the purpose of developing low-cost construction materials that use agricultural waste, such as wheat
straw, sugar cane bagasse, soybean straw and rice straw as raw materials [9]. In 1995, some scientists in Egypt
[10] adopted palm leaf fibers to study the mechanical properties of reinforced concrete.

Crop straw is an available biomass resource rich in nitrogen, phosphorus, potassium and organic matter
nutrients, and is the main by-product of agricultural production [11]. China is very rich in straw resources. In
20135, the total amount of straw in China reached 8.28125X 108 t [12]. Most of the stalks are not effectively.

However, it is burned on the spot, causing a large amount of smoke and dust, resulting in the formation of
smog and haze, which has caused great problems to the environment. China has always attached great im-
portance to the issue of straw. Relevant regulations have been made for comprehensive utilization, and the com-
prehensive utilization of straw resources has been planned as a "five modernizations" project [13].

Li Chaofei [14] studied the impact resistance of straw fiber concrete and found that when the concrete is
continuously impacted by external forces, the impact resistance of rice straw fiber concrete is 73% higher than
that of standard concrete. 3%, the reason is that the straw fiber can absorb this part of the energy first, delaying
the crushing of concrete. Sun Jing et al. [15] used corn stalks to prepare new energy-saving and environmentally
friendly concrete, and designed a covering pretreatment. The test showed that after the treatment, the sugar pre-
cipitation in the straw was effectively blocked and the concrete was shaped; when the straw content was 30% At
the same time, the 28-day compressive strength of concrete reaches 9 MPa, which meets the requirements for the
use of thermal insulation materials. Ji Yiqi [16] tried to prepare fiber concrete with aloe bar. The test showed that
the method of mixing cement can better improve the retarding effect of fiber extract on cement; the 28-day com-
pressive strength of aloe fiber concrete mixed with cement mortar can be improved up to 59.8 MPa.
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In order to reduce the springback rate of wet shotcrete and prepare high-performance wet shotcrete that
meets on-site construction requirements and save costs, the Weiwu Expressway Suiguangshen Intercity Railway-
Qianhai Turnback Line Tunnel is used as the engineering background, through on-site cooperation Selection of
ratio parameters, design of mix ratio, on-site rebound rate test, sprayed large slab test and other methods,
through optimization to find the mix ratio that best meets the actual engineering requirements and meets the
principle of saving economic costs, so as to effectively reduce the rebound of wet shotcrete rate.

The equipment used in the spraying test is the TK500 wet spraying machine produced by Chengdu Yanfeng
Technology Co., Ltd. Each mix ratio cuts and processes 6 sets of split tensile test piece (1d, 3d, 7d, 28d, 56d, 90d
compressive strength), 1 One set of tensile test pieces (28d strength), one set of flexural test pieces (28d strength)
and one set of electric flux test pieces (56d) are used to test the mechanical properties of shotcrete [1-2].

The steps to make the test piece are: (1) Preparation and weighing of raw materials; (2) Equipment trial run; (3)
Spray large board and bracket installation; (4) Prepare materials according to the mix ratio; (5) Spray large plates layer
by layer; (6) Cutting and processing of test pieces. The detailed production process is shown in Figure 1-8.

In order to reduce the springback rate of wet shotcrete and prepare high-performance wet shotcrete that
meets on-site construction requirements and save costs, the Weiwu Expressway Suiguangshen Intercity Railway-
Qianhai Turnback Line Tunnel is used as the engineering background, through on-site cooperation Selection of
ratio parameters, design of mix ratio, on-site rebound rate test, sprayed large slab test and other methods, through
optimization to find the mix ratio that best meets the actual engineering requirements and meets the principle of
saving economic costs, so as to effectively reduce the rebound of wet shotcrete rate.

Figure 3. — Loading
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Figure 7. — Large plate cutting Figure 8. — Slab core drilling

In addition to meeting the design reference strength, the shotcrete mix ratio should also meet the require-
ments of spraying construction, such as low rebound rate, low dust concentration, and good pressure-feeding
performance.

REFERENCES

1. Xu jiqi. Study on the compatibility of plant fibers in lightweight aggregate concrete[C] / Ji Yiqi // The 11th
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Based on the above analysis, the test results show that when the water-binder ratio is 0.40, 0.42, and the
sand rate is 0.46, the working performance of concrete and the compressive strength of each age are better than
other sand rate conditions, so the optimal sand rate of wet shotcrete can be determined is 0.46.

The water-binder ratio is 0.40 and 0.42. The amount of gelling material is 450 kg/m>. Under the condition
that the dosage of water reducing agent is 1%. Table 1 and Figure 1 show the test results of concrete slump,
expansion and compressive strength of different ages with different sand ratio formulas.

Table 1 — Compressive strength, slump and expansion of shotcrete with different sand ratios

Spe;}gmen waterra-tli)(l)nder 3dCompresswe 7s(tirength (MPa;8d Slump/mm Expansion/mm
Al 19.33 25.06 32.83 115 250
A2 19.76 27.51 35.44 120 265
A3 0.40 19.89 28.99 40.20 175 370
A4 ’ 22.27 35.52 41.69 185 410
AS 20.98 25.37 31.29 174 360
A6 18.43 21.98 29.07 165 355
Bl 16.77 21.01 28.12 145 320
B2 17.28 22.92 29.57 155 340
B3 0.42 17.89 23.51 30.94 174 370
B4 ’ 20.94 27.72 34.71 198 425
B5 18.05 22.97 30.79 184 405
B6 15.41 17.96 25.75 155 345
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Figure 1. — Compressive strength of concrete at different ages with different sand ratios

From Figure 1 (a), it can be seen that when the sand rate is less than 0.46, the strength of each age of
concrete increases continuously with the increase of the sand rate; when the sand rate is 0.46, the strength of
each age reaches the maximum; when the sand rate is 0.50, the strength of concrete at each age reaches the
minimum value. It can be seen from Figure 1 (b) that when the water-binder ratio is 0.42, the strength changes of
concrete at 3 d, 7 d, and 28 d are basically the same as when the water-binder ratio is 0.40, when the sand ratio is
0.46, the strength reaches the maximum value.

Based on the above analysis [1-2], the test results show that when the water-binder ratio is 0.40, 0.42, and
the sand rate is 0.46, the working performance of concrete and the compressive strength of each age are better
than other sand rate conditions, so the optimal sand rate of wet shotcrete can be determined is 0.46.

The effect of water-binder ratio on the compressive strength of concrete the amount of gelling material is
450 kg/m?, when the water-binder ratio is 0.40 and 0.42, the compressive strength of concrete at 28 d age under
different sand ratio conditions is shown in Figure 2.
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Figure 3. — Compression resistance of concrete at different

ages with different amounts of cementitious materials

It can be seen from Figure 3 that the trend of concrete strength with the increase of sand ratio under the
two conditions of water-binder ratio is basically the same, which shows that the influence of sand ratio on con-
crete strength basically shows a good regularity between 0.40 and 0.50. It is feasible to explore the optimal mix
ratio of wet shotcrete by adjusting the sand rate. In order to fully consider the variability of raw materials on site
and the strength factor of wet sprayed concrete, the actual concrete water-binder ratio is selected as 0.40.

The main characteristics of compositions for 3D printing with different straw fractions are shown in the
table 2 and figure 4.

Table 2 — Compressive strength, density of compositions for 3D printin

g with different straw fractions

Specimen

water-binder

Compressive stren

oth (MPa)

Density,

No ratio 3d 7d 28d (kg/m?) Note

1 0.49 0.71 1.02 1138 Not suitable for load-bearing structures
2 0.5 0.77 1.07 1.53 1230 Not suitable for load-bearing structures
3 1.26 1.75 2.51 1195 Suitable for load-bearing structures

SRS

(a) form retention
Figure 4. — Making a mixture for 3D construction printing in the laboratory
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The sulfate corrosion resistance of shotcrete is: benchmark = mineral powder alone < fly ash alone <
compound mix ratio, and the compound mix ratio of mineral admixture (cured under the same conditions) is
resistant to sulfate corrosion The ability is worse than that of compound mineral admixture (standard health).
Generally speaking, the ability of shotcrete to resist sulfate corrosion is poor. The reason is that the quality of
shotcrete is not high and the density is not very good.

The test equipment is the concrete electric flux measuring instrument produced by Beijing Naier Instru-
ment Equipment Co., Ltd., as shown in Figures 1-2. The concrete electric flux test procedure is as follows: (1)
first vacuum saturate the specimen, apply a 60V DC voltage in the axial direction of the specimen during the
test, and place a concentration of 0.3mol in the test tanks on the positive and negative sides of the specimen re-
spectively /L NaOH solution and 3% NaCl solution; (2) After turning on the power for 6 hours, calculate the
total electricity Q passing through the test piece (that is, the electric flux of the test piece).

—Q
7
2
o O
A + |4 |
1— 6
NaOH 3
NaCl
3
Figure 1. — Schematic diagram of the test device Figure 2. — Electric flux measuring instrument

Five groups of specimens N1, N3, N4, N10, and N13 were selected for the sulfate corrosion resistance
test. Through comparative analysis, the corrosion resistance in pure cement, single-mixed fly ash, single-mixed
mineral powder, compounded with various mineral admixtures and health-preserving conditions were analyzed.
The ability of shotcrete to resist sulfate corrosion under different conditions, the test results of shotcrete against
sulfuric acid corrosion are shown in Table 1, Figures 3-4.

Figure 3. — Specimen soaked in sulfate Figure 4. — Drying the specimen

Table 1 — Corrosion resistance coefficient of shotcrete anti-sulfuric acid corrosion test

Serial number Types of Wet and dry cycles (n) Strength and corrosion resistance coefficient (%)
NI Z]) 60 0.71
N3 S30 60 0.62
N4 F20 90 0.70
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It can be seen from Table 2 that the sulfate corrosion resistance of shotcrete is: benchmark =~ mineral
powder alone < fly ash alone < compound mix ratio, and the compound mix ratio of mineral admixture (cured
under the same conditions) is resistant to sulfate corrosion The ability is worse than that of compound mineral
admixture (standard health). Generally speaking, the ability of shotcrete to resist sulfate corrosion is poor. The
reason is that the quality of shotcrete is not high and the density is not very good [1-2].

Five groups of mix ratios N1, N3, N4, N10, and N13 were selected for antifreeze tests. Through compara-
tive analysis, the conditions of pure cement, single-mixed fly ash, single-mixed mineral powder, mixed with
various mineral admixtures, and different health conditions were analyzed. The anti-freeze ability of shotcrete
under the above conditions, the results of anti-freeze test of shotcrete are shown in Table 2, Figures 5-8.

Figure 7. — Freeze-thaw cycle device Figure 8. — Antifreeze test piece

Table 2 — Shotcrete antifreeze test results

Serial num- Types Freezing and thawing | Dynamic elasticity antifreeze Antifreeze grade
ber times Modulus durability factor
N1 Z] 175 0.71 0.41 F175
N3 S30 100 0.70 0.23 F100
N4 F20 100 0.51 0.17 F100
N10 S30F20 75 0.63 0.16 F75
N13 S30F20T 25 0.28 0.02 F25

It can be seen from the test results in Table 2 that, anti-freeze ability of shotcrete: the mix ratio of com-
pound mineral admixture (same condition) is worse than that of compound mineral admixture (standard health),
the single-mixed mineral admixture concrete is worse than the reference concrete, and the reference concrete is
frost-resistant The maximum capacity can reach F175, but only F25 under the same conditions of curing, indicat-
ing that it is very necessary to carry out standard curing after shotcrete construction.

REFERENCES
1. Fang Fang. Beijing-Tianjin-Hebei Straw Nutrient Resources and Straw Incineration Gas Quantitative estima-
tion of emissions[J] / Fang Fang, Wang Fei // Journal of Agricultural Engineering. — 2017. — 33(3). — P.1-6.

2. Xie Guanghui. China crop straw resources assessment research Research status [J] / Xie Guanghui, Wang
Xiaoyu, Ren Lantian // Journal of Bioengineering. —2010. — 26(7). — P.855-863.
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P.JI. OBPOMITAJIbCKHH
(Ilpeocmaeneno: A.A. bakamoeuu)

B oannom uccnedosanuu oceewenvl meniouz0IayUOHHbIe MAMEPUATbL, CO30AHHblE HA OCHOBE KOPbl I8KA-
aunma. Onpeoenén spanyioMempuyeckuil cocmas G0JOKOH KOpbl. YCmanogneHo eiusiHue niomHocmu u Qpax-
Yuu B0JI0KOH HA MENIONPOBOOHOCHL BOIOKHUCIOU cmpyKmypbl. Tlonyuenv 3nauenus kosgguyuenma menno-
nPOBOOHOCMU CIMPYKIMYPbL U3 BOJIOKOH KOpbl dekaiunma ¢ npeoenax 0,042 — 0,062 Bm/(m-°C), npu niomnocmu
50-220 xe/rt®. Haunywwuii nokasamens kosguyuenma mennonpogoonocmu paguwiii 0,042 Bm/(m-°C) docmu-
eaemcs npu nnomuocmu 140 — 160 ke/M* na ynompamenxoii ppaxyuu cmpykmypoobpazyioujezo mamepuaa.

Ha coBpemeHHOM 3Tane pa3BUTHs B MUpE BCe OOJIbIIE BHUMAHUS YAEIAETCS 3€JICHBIM TEXHOJIOTHSM B
CTPOUTENBCTBE 3/IaHNH, U OJHUM M3 BXHBIX aCIICKTOB CTAHOBHUTCS 3KOJIOTHUYECKash O€30MacCHOCTh YTEIIUTENCH.
B cBs3u ¢ 3THM, Bce Oonblliee BHUMAaHUE YACISCTCS pa3padOTKe TEIIOM30JIALMOHHBIX MAaTEpHAIOB HA OCHOBE
PacTUTEIIFHOTO CHIPhsI, BKIIIOYAs HCIIOIb30BAaHNE KOPBI PA3IMIHBIX ITOPO]] IPEBECHHBI B KAYECTBE CTPYKTYpOOO-
pasyloIero marepuana.

OBKaJINNT OTHOCHUTCS K MTOPOJAM JIEPEBLEB, NMEIONINX IMHUPOKUI apean pacupocTpaHEeH!Us U IIpou3pacTa-
HUA. B HacTosmee BpeMsl IIIOImMaah MOCAIOK SBKAIUITA COCTABIAET 0KOJI0 20 MIUIIMOHOB TE€KTAPOB U OXBATHI-
Baet Oosiee yeM 90 cTpaH MHpa, C OCHOBHBIMU LieHTpaMu B bpazwmuu (5,7 i ra), Uunum (3,9 mun ra) u Kurae
(4,5 mutH ra). Beicokoe KauecTBO APEBECHHBI M OBICTPBIN POCT JENa0T IBKAIUIT MPUBJICKATEIbHBIM AJIS BhIpa-
IIMBaHUS HAa KOMMEPUECKMX IUIAHTALMAX C IIeJbI0 IONYyYEHHUS IPOMBIIUIEHHOTO CBIPbA (LIE€IUII0JI03HO—
OyMaxkHasi IPOMBIILICHHOCTh, JPEBECHBIN Yroilb, MHJIOMATEpUalIbl, ICPEBSIHHBIC MAHEIH), a TaK)Ke Ha HEOOIb-
MIMX JIECHBIX Y4acTKax JUIs MPOU3BOJICTBA JAPOB U APEBECHOT'O YIS AJs OBITOBOTO HMcronb3oBanust [1]. Onqnako
HCIIOJIb30BaHUE APEBECHHBI ABKAIMITA B MPOMBIIIJICHHBIX MacIITabax MPUBOAUT K OOJBIIOMY KOJIMYECTBY He-
UCTIONb3YEMOIl KOpBI, KOTOpass OOBIYHO CHKMUTaeTcsl JJIsi MPOM3BOJCTBA dHeprun. OQHAKO JAHHOE pEIICHHE He
aBisieTcs 3(pQeKTHBHBIM, Tak Kak Kopa 00jalacT HU3KOH TEIUIOTBOPHOM CIIOCOOHOCTBIO, B OTJIIMYHE OT APYTUX
BHJIOB TOIUTHBA [2].

B yauBepcurere Koncencrona (Ymin) nmpoBeeHs! HCCIEIOBAaHMS 10 UCIOIb30BaHHUIO KOPHI 3BKAJIMIITA B
Ka4yecTBE 3allOJHUTEINS Ul TEIUIOM30JsIIMU. BookHa KOpBI 3BKanmunra JUIMHOH Oosee 20 MM ITOJBEpraimnch
MEXaHUYECKOMY HM3MEJIbYEHHIO M HCIOJB30BAINCH B Ka4ECTBE CTPYKTYPOOOpa3yIOIEeTro MaTepuaia Uil H3ro-
TOBJICHUS TEIUIOM30JILIMOHHBIX TUHT. CBS3YIOIUM KOMIOHEHTOM siBisieTcss 10 % denondopmanbaernanas
cmoa. TemIonpoBoIHOCTh H30ISIMK H3MeHsuIach B npenenax ot 0,052 no 0,07 B1/(m-°C) npu mioTHocTH 0T 80
10 250 kr/m® u Tommuue muutT 50 MM [3]. OTMeuaeTcs, 4TO TOJydYEHHbIE KOMIIO3HIMM 00aNa0T HH3KOH
YCTOIYMBOCTBIO K 00Pa30BaHUIO IJIECEHH U ToprodecThio. KpoMe Toro, HCIONb30BaHUE CBA3YIOIIETO Ha OCHOBE
(henondopmanpaeruaa HETaTUBHO CKa3bIBAE€TCS HA 3JI0POBBE YETIOBEKA M OKPYIXKAIOIIEeH cpee.

Llenbi0 IaHHOTO MCCIJIEIOBAHUSI SIBJISUIOCH MOJy4eHHe 3((GEKTHBHOTO TEIUIOM30JISIIMOHHOTO MaTepHana
Ha OCHOBE BOJIOKHA KOPBI 9BKAJIUIITA, OE30IIaCHOTO ISl OKPY>KaIOIeH CpeIbl.

OCHOBHOI 3a/1aueil ucciIeJOBaHNH ABISUIOCH ONpEEICHNE BIMUSHUS (pPaKUU U TNIOTHOCTH W3MEIIbUeH-
HOHM KOPBI Ha TETUIONPOBOTHOCTD BOJIOKHUCTOM Macchl, HE CO/IepXKalleil BsDKyIee BEIIECTBO.

J1s mosTydeHHst BOJIOKOH KOPY MEXaHWYECKH NepepadaThIBaiy ¢ IIOMOIIBIO U3METIBUUTENS «DIUKop 1».
Pa3mep vacTuil Ha BBIX0JIE KOHTPOJIMPOBAIH YCTAHOBICHHBIM B U3MEIBYHUTEINIC CUTOM C JUAMETPOM SUEEK 5 MM.
[Nocne M3MenpYeHUsI BOJIOKHUCTAsT Macca Mo/ABeprajiach (ppakIMOHUPOBAHHUIO Yepe3 CUTa C sSYeHKaMH JAWaMeT-
pom 0,16 — 5 Mm.

B nporiecce m3menbueHus: KOphl ¢ €CTECTBEHHON BIaXKHOCTBHIO 5 — 6 % HaOmroanach CWIbHAs 3ambUIEH-
HOCTB C 00pa3oBaHueM MbUIK B KomuuecTBe 70 28,1 % ot ob1ieit maccel MaTepuana. [ljis ycTpaHeHus: TaHHOW Mpo-
OnemMbl KOpYy TIpelBapHUTeNbHO cMaunBaiu 10 BiakHocTH 20 — 30 %. Ilocne 4ero MHTEHCHBHOCTH 3aIbLICHUS
yMmeHbImmiach 10 18,1 % u BU3yaapHO 0TMEHaNoch YBETMUSHNE KOJINIECTBAa TOHKUX BOJIOKOH CPETHIX Pa3MepoB.

ITocne m3menp4eHNsT BOJOKHUCTAs Macca IOABEPraiach (ppakIIOHMPOBAHUIO Yepe3 CHUTa C pa3Mepamu
saueek B quamerpe 0,16 — 5 MM. M3menpueHHyr0 Kopy ¢ pasmepoM dactun 0,16 — 5 MM pas3zensanu Ha 4eTsIpe
(pakuuy 1o pa3Mepy IONEPedHOro cedeHus (IIMpHHE) BOJIOKHA: KpynHYyIo (2,5 — Smm), cpeantoro (1,25 — 2,5
MM), Menkyro (0,63 — 1,25 mm) u ynsrpamenkyto (0,16 — 0,63 mm).

Kpome pa3mepoB B MomnepeyHOM CEYeHHH BOJIOKHA OTJIMYAJIMCh W N0 JiIHHE. J{JTMHA BOJOKOH KPYITHOH
¢pakuum coorBercTByeT 15 — 40 MM, cpenneit — 8 — 15 MM, Menkol — 5 — 8 MM u ynbTpaMenkoi 2 — 5 mm. Pe-
3yJIbTaTHl TPAHYJIOMETPHYECKOTO aHAIM3a CMECH N3MENNbYCHHBIX BOJIOKOH ITPUBEACHBI B TabHIIe 1.

ITo pe3ynpTaTaM rpaHyIOMETPHYECKOTO aHAN3a YCTAaHOBJICHO, YTO IPU M3MENIBYCHNHN YBIAKHEHHOH KO-
PHI CYIIIECTBEHHO COKpamiaeTcsi 00pa3oBaHHE MBUICBUAHBIX YacTUI] B 1,54 pa3a OTHOCHTEIBHO MacChl BUIEBU/-
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HOTO OTCceBa KOphbl 0e3 yBnaxkHeHus. st ¢ppakuuii 0,63 — 5 MM yBenrueHHe coiepKaHUsl M3MEJIbYEHHbIX BOJIO-
KOH KOpBI OTJINYAETCsl HE3HAYUTEIBHO M HAXOJUTCS B rpeaenax 6,5 — 7,4 %. CyliecTBeHHOE pa3niue B CTOPO-
HY YBEJIWYEHHS MO0 IPOLEHTHOMY COAEpKaHUIO — Ha 26,9 %, oTMedaeTcs U1 H3MENIbYEHHBIX BOJIOKOH KOPBI (pak-
mmn 0,16 — 0,63 MMm.

Tabnnna 1. — I'panynoMeTpudeckuii cocTaB KOPHI MOCTIE W3MEIbUCHHS

V)
BraxHOCTb Conepranne ppakimu, % _
KOpBI, % 25-5um | 1,25-25um 0,63 — 1,25 mm 0,16-0,63mu | PR
5-6 154 16,8 14,9 24,9 28,1
20 -30 16,4 17,9 15,9 31,6 18,1

[TomydeHHBIE MaHHBIE CBHICTENBCTBYIOT O TOM, YTO MPEABAPUTEIHHOE YBIAXHEHHE KOPBI, MO3BOJISET
YMEHBIINTH 00pa30BaHNE NMBIIICBUAHBIX YacTHI Ha 35,4 %, yBETUUUTH OOLIYI0 MacCy IMOJYIaeMbIX BOJIOKOH IIPU
n3MenbpueHnH Ha 13,8 % 1 B 9aCTHOCTH MOBBICUTH COAEPKAHNE YIBTPAMENKHUX BOJIOKOH 10 31,6 %.

Jn1st M3ydeHust IIOTHOCTH M KO3 GHIIMEHTa TEIUIONPOBOAHOCTH (PPaKIIMOHUPOBAHHBIC BOJIOKHA 3aChIIa-
mm B kKamepy npubdopa «UTII-MI'4», pukcupoBamu KpBIIIKOW ¥ MPOU3BOIIIN m3MepeHne. Heobxoaumo otme-
TUTh, YTO BOJIOKHA 00JIaJal0T BBICOKOHW CIOCOOHOCTBIO K CLEIJICHUIO MEXIY c000il ¢ 00pa3oBaHHEM CBSI3HOM
CTPYKTYpHI coxpanstomieil opmy. IIpu BapsupoBasuy mIoTHOCTH 50 — 220 Kr/M* K03())HUIMEHT TEMIONpPOBO-
HOCTH M3MeHseTcs B auana3one ot 0,042 o 0,062 Bt/(m-°C).

JInst KpymHO# (paKIMH BOIOKOH 3BKAIMITA NPH INIOTHOCTH 50 Kr/M* Ko3((GHUIHEHT TEIIONPOBOIHOCTH
pasen 0,062 Bt/(m-°C). IIpy IOCTEIIEHHOM yBEINYEHNN CPEIHEH TIOTHOCTH M AOCTHKeHnn 140 kr/m® mpowmc-
XOJUT CHIKEeHHE Koddduienta reronpoBoagHocTr Ha 19,4 % 1o 0,05 B1/(m-°C). IToBsienue kosdduimenta
TemonpoBoaHOCTH Ha 12 % 10 0,056 B1/(M-°C) HaGmoaaeTcs npy HaubodbIIeil mIoTHOCTH 220 Kr/M®

[Tpu n3yueHnu nokasatesnel cpenHell Gppakuyuy BOJOKOH yCTaHOBIICHO, YTO JUIi MUHHMAIbHOM IJIOTHO-
ctu 50 kr/M? kodddurment remnonposogHocTH cootBercTByer 0,053 BT/(M-°C). YMeHbIneHne KodhuImenTa
TertonpoBoaHocTH 10 0,049 B1/(M-°C) 3aukcuposano npy mioTHOCTH 70 Kr/M° . JlaHHBIH MOKa3aTelb TEIIo-
MIPOBOHOCTHU COXpAHsIETCS U I CTPYKTYPHI C TWIOTHOCTHIO 90 Kr/me, Jns MakcuManbHOM cpeHel MIOTHOCTH
220 kr/M? mpupocT Kod(pHUIEEHTa TEMIONPOBOAHOCTH cocTaBun 20,4 % u noctur 3Hauenns 0,058 Br/(m-°C).

Kod())HILMEHT TemIONpOBOIHOCTH BOJIOKOH 3BKAJIMIITA MEJIKOH (DPaKIMU IIOTHOCTBIO 50 Kr/M® paBeH
0,054 Bt/(m-°C). MuHMManbpHbIH NOKazaTesab TemonpoBogHoctd coorserctByeT 0,051 B1/(M-°C) mpu miaoTHO-
ctu 90 kr/m*. Tlociemyroliee MOCTENIEHHOE BO3PACTAHUE IUIOTHOCTH BOJOKHHCTOH CTPYKTYpPHI CIIOCOOCTBYET
TIOBBINICHHIO KOd(HUIHEHTa TemIonpoBoaHocTy. Tak npy mioTHocTH 220 Kr/M* Kod(h(GHUIHEHT TEIIonpoBos-
HOCTH BOJIOKOH 3BKanunta paseH 0,061 B1/(m-°C), To ects Ha 19,6 % npeBblIaeT MUHUMAaJIbHBIN 10KA3aTellb.

Haunyumme nokaszarenn ko3¢ QUIMEeHTa TEIIONPOBOIHOCTH 3a(MKCUPOBAHBI HA BOJIOKHAX YJbTpamer-
Koit dpakuun. Tak npu miotHOcTH 70 — 90 Kr/M? KO3(hUIHEHT TemmonpoBoHocTH coctaBui 0,043 Br/(m-°C).
[pu yBenuueHun TIOTHOCTH 10 120 Kr/#*, KOO)GHUIMEHT TEMIONPOBOIHOCTH MPAKTHUECKH HE H3MEHSETCS H
paser 0,044 B1/(m-°C). HanmeHsIree 3HaueHIEe K03((UIMEHTAa TEILIONMPOBOIHOCTH 3a(h)UKCHPOBAHO IIPH TLIOT-
HoctH 140 — 160 kr/m*, u cooterctByer 0,042 Br/(M-°C). JlanbHeiilee yBeIHUeHHE CPEIHEH MIOTHOCTH TIPHU-
BOJIUT K ITOCTETIEHHOMY POCTy K03(dHIMeHTa TermIonpoBogHoctu Ha 9,5 % u nocturaer 0,046 Br/(m-°C) npu
TIoTHOCTH 220 Kr/2*.

CrenyromuM 3TarnoM H3ydalil BO3MOXXHOCTb TIOJIyYEHHUS TEIUION30JIIIIMOHHBIX IJIUT 0€3 BSHKYIETO KOM-
MIOHEHTA MCIOJNB3YsI METO BaPKH KOPHI B mieioke. J{iist (hopMOBKH CHIPHEBOM CMECH MCTIONB30BAIN CIICAYOIIHE
TEXHOJIOTHYECKHE PEIICHHUS:

1. TTomy4eHHbIe TIACTUHKH KOPBI MOCIOWHO YKJIAAbIBAIH B (HOPMY B TOPH3OHTAIBHOHN IIOCKOCTH, (Qop-
MUDPYSI CJIOM ¢ MUHUMAJIbHBIMH 3230paMHU MEXy IUTACTUHKaMH (BapuaHT 1);

2. [InacTUHKKM KOPBI pa3essii Ha y3KHe MOJIOCh MIMPUHON 3 — 4 MM IOCje Yero cMech M3 MoJIoC yKiia-
JIbIBAITM B ()OPMY U PAaBHOMEPHO pacipelielisuin (BapuaHT 2);

3. Kopy pa36uBanu Ha oT/eNbHbIE BONOKHA. [loydeHHYI0 cMech paBHOMEPHO yKJIaIplBau B popmy (Ba-
puasT 3).

VYioxeHnyto B GpopMy cMech 3aKpbIBajHM KPBIIKON U npeccoBanu. [Tocie pacnanyOKu IUIMTHI BBICYIIH-
BAJIN U ONPEJIEIISINA CPETHION0 TUNIOTHOCTbD, KOO (MHUIIMEHT TEIIIONPOBOIHOCTH 00pa3IoB.

Haumenbumii koddduruent Teronposoaroctu 0,055 Br/(m-°C) npu mwiotHoctr 200 Kr/M*nonyden Ha
IUIMTaX, OT(OPMOBAHHBIX U3 Y3KHX Pa3HOHAIPABJICHHBIX 1OJIOC KOpHI (BapuaHT 2). IInuTel 00nafaloT HU3KOH
JKECTKOCTBIO, HO TIPH 3TOM HE Pa3pyIIAOTCs 10 NPUYMHE C(OPMUPOBAHHOM CBSI3HOW CTPYKTYpHI pa3HOHAIPaB-
JICHHBIMH Y3KHMH I10JIOCAMHU KOPBI.

JIJisl IUTHT C TOPU3OHTANBHO YJIOXKEHHBIMH MOCJIOMHO MIIACTHHKAMHU KOPBI IPH IIIOTHOCTH 250 Kr/M* (Ba-
puant 1), ko3pduunent remonposoaHocTu poctur 0,059 Br/(M-°C). Otmeuaercs, 4TO IUIMTH 001a1al0T HU3-
KOH CBSI3HOCTBIO CJIOEB KOPBI MEX1y CO00i B 00beMe IUINTHI, TAK KaK IUIACTUHKH KOPBI U COOTBETCTBEHHO BO-
JIOKHa OPHEHTHPOBAHBI TOJIKO B TOPU30HTAIBHON IJIOCKOCTH B paMKax Ka)JIOrO CJI0S KOPBL.
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Taxoke aHanoruuHblil okasarens pasHblid 0,059 Br/(M-°C), 3adukcrpoBaH Ha miMTax U3 BOJIOKOH KOPBI
(pucyHOK 1) pa3GHTHIX CTPOMTENBHEIM MHKCEPOM, HMpH MIoTHOCTH 230 kr/M? (BapmanT 3). IIpu TOM ILIHTEI
00J1aJat0T CBA3HOM CTPYKTYPOH H KECTKOCTBIO.
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Pucynok 1. — Iliiuta u3 BOJIOKOH KOPBI Pa30HTBIX CTPOMTEIBLHBIM MHKCEPOM

[omydeHHBIE SKCIEPUMEHTANBHBIE 00pa3Ibl IUTUT MOATBEP)KIAAIOT BO3MOXKHOCTH IPOM3BOZICTBA TEILIO-
M30JSIIMOHHOTO MaTepHaia B BUJE TUIUT 0€3 BSOHKYILETO ITyTeM MPEABAPUTEIHHON BapKK KOPHI IBKAJIMIITA B pac-
TBOpPE JIPEBECHOM 30116l. KpoMe Toro, MO>XHO IPEATNOI0KUTE, YTO IIUTHI TaKKe dPPEKTUBHO MOTYT HCIIOIb30-
BaThCS ISl 3BYKOM30JIALIMH, TaK KaK MMEIOT JIOCTATOYHO BBICOKYIO IUNIOTHOCTH M BOJIOKHHUCTYIO CTPYKTYPY.

3ak/roueHue

1. IIpenBapuTenbHOE YBIQXKHEHUE KOPBI 3BKAJIMITA Nepe/l U3MENIbUeHHEM 03BOJISIET CHU3UTh 00pa3oBa-
HHUE MBUICBUIHBIX YacTHIl Ha 35,4 % U yMeHbIIUTh Maccy mbutn 70 18,1 %. [Tpu 3ToM HanOONBIIHIA TPUPOCT 110
Macce Ha 26,9 % ¢ukcupyercs it Gpakiuu 0,16 — 0,63 MM, odpasyroruiicst B koauuectBe 31,6 % ot obmeit
Macchl U3MEIbYEHHOM KOPBI U SBJISIOLICHCS] OCHOBHOM (pakiuei mo macce.

2. Hanmensmiee 3nadenue koadunmenta remionposognoct pasHoe 0,042 B1/(m-°C) 3adukcupoBaHo
Ha BOJIOKHAX KOPbI 3BKAIUIITA yIIbTPAMENKOH (paKiiu, npH mioTHoctH 140 — 160 kr/m?.

3. [Nomydenne BOJIOKHUCTOTO CHIPhS COCOOOM BapKH B APEBECHOI 30J1€ ¢ JanbHeimed GpopMoBKoii nox
JlaBJIeHHEeM 0e3 CBS3YIOIIEro, aeT BO3MOXKHOCTD IOTYy4YaTh IUIMTHI C OTHOCHTEJIHFHO HHU3KHM KoddduimeHTOM
TemonpoBoaHocTH paBHbM 0,055 — 0,059 B1/(M-°C) npu motHoctn 200 — 220 xr/M?, uto Ha 31 — 41 % mpe-
BBIIIAET MOKa3aTelb yIbTPAMEIIKUX BOJIOKOH.
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VIIK 691.1
TEILJION30JISIHUOHHBIE MATEPHAJIBI HA OCHOBE JIPEBECHO KOPBI

P.JI. OBPOMIIA/IbCKHH
(Ilpeocmagneno: A.A. bakamoeuu)

Paccmompenvt mennouzonayuontvle Mamepuaibl Ha OCHO8E KOPbl pa3IUtHbIX NOpoo Opegecunvl. IIpuge-
OeHbl noKazamenu NJIOMHOCMU U KOIPPuyuenma menionpogoOHOCmU Menio80U Uomayul. Yxasanvl nedo-
cmamxyu ymenaumeneu u3 nepepadomantol Kopbl.

JpeBecHast KOopa, KaKk OTXOJl JIECOIPOU3BOJICTBA, ()aHEPHOTO U JIepeBOIlepepadaThHIBAIOIIETO TIPOM3BOJICTBA
HAaXOJIUT IIPUMEHEHHUE B BBIITYCKE MIPOMBIIIIIEHHON IPOILYKINH B MaJIbIX 00BbEMaXx, a B OOJBIINHCTBE CIIy9acB OCTa-
eTcsl HeBOCTPEOOBAHHOM M YTWIIM3HMPYETCS B OTBAJIaX WJIM CXKMIaeTcs JUIsS NMPOW3BOACTBA dHepruu. KommduecTBo
JPEBECHBIX OTXOM0B B cpeaHeM cocTaBisieT 30 — 55 % OT HCrmoIb3yeMoro ChIpbs, B 3aBHCHMOCTH OT THIIA TIPOH3-
BOJICTBA, YTO CO3JIa€T 3HAYUTENIbHbIE 00BEMBI BTOPUYHOT'O CHIPBS, TOTOBOrO I npuMeHeHus [1]. B cnexcrun
3TOTO MONCK AJIBTEPHATUBHBIX CIIOCOO0B PHMEHEHHS KOPBI, SBIISICTCS TIEPCIEKTHBHBIM HAIIPABICHUEM.

Kopa npeBecunsl 001a1aeT psiIoM HOJIOKUTEIBHBIX U OTPUIIATETILHBIX CBOWCTB B CPABHEHUHU C JIPEBECHHOM.
[NoHmkeHHOE comepkaHNue BOJIOKOH B JIPEBECHOH Kope, 00yCIaBIMBAacT MEHbIINE NPOYHOCTHBIE XapaKTePHCTUKU
OTHOCUTENBHO JpeBecHHBl. OTHAKO TOBBIIICHHOE CO/ICP KaHUE CMOJI M BOCKA, IIO3BOJIET MOJyYaTh IUIUTHBIC Mate-
pHaia, METOIOM TOpSTYETo MPECCOBaHMS, O€3 NCIIONB30BAaHMS CBS3YIOLIETo BemecTsa [2]. JlaHHbIe cBOMCTBA, a TaKkxKe
MPUPOHOE MPOUCXOXKICHHE, SIBIIIOTCS PallMOHATIBHBIM O0OCHOBaHMEM JUIS MPOU3BOACTBA SKOJOTHYECKH YHCTBIX
TETUIOM30JISIIMOHHBIX MaTepHAaIOB ¢ IPUMEHEHHE KOPBI B KAUECTBE CTPYKTYPOOOPa3yIOIIEro MaTepHaa.

Bo3MOXHOCTh MONTy4YeHNS! W3OJSIIMOHHBIX IUIUT HA OCHOBE KOPHI COCHBI McClenoBaiack B padore [3].
Kopa mpezaBaputenbHO H3Menbyanach M (HpakIMOHHPOBANACH, JJISI M3TOTOBJIEHHS IUINT HCIIOJIB30BAIH JBE
(paxmuu ¢ pazmepamu gactur 13 — 30 u 8 — 13 Mm. B kxadecTBe BSIKYIIEro KOMIIOHEHTA UCIIOIB30BajICI MOYe-
BUHO(OPMAaIIBAET U, BBOJUMBIN B KOpY B KonudecTBe § — 12 %. [1iuThl IpOU3BOASTCS ¢ UCTIOIb30BAaHUEM IIpec-
ca ropsiaero (opmoBanus. Kod(h¢huumeHT TEruronpoBOJHOCTH TOMYYEHHBIX IUIMT BapbUpPOBAJCS B Ipenenax
0,059 — 0,089 B1/(M-°C), mpu mwrotaocTH 0T 200 10 550 Kr/M2,

B CeBeprom (ApkrudeckoMm) demepansHOM yHuUBepcuTeT UM. M. B. JlomoHOCOBa mpeaMeToM mcciemo-
BaHU cTana Kopa COCHbI OOBIKHOBEHHOHN — OTXO/ OKOPKHU JIEJIOBOH JpeBecHHbl. Kopy COCHBI CymInnu npu TeM-
neparype 104 — 105 °C B Teuenue 5 — 6 yacoB. [I0MHOCTBIO BBICYIIEHHYIO KOPY U3MEIbYAIN B MUKPOMEJIbHHULIE.
Jlnst monydeHus BOJHBIX SKCTPAKTOB paHee MOATOTOBJICHHBIH APEBECHBIH MaTepuall MoBepraics napoBoii 00-
pabotke B skcTpakTope Saeco. Kopy axtuBupoBamm npu temmeparype 95 °C, nasnennu 1 MIla u Bpemenn 00-
pabotku 25 cexyHa. KOHIEHTpHPOBaHHBII 3KCTPAKT M M3MEJIBYCHHYIO CHIPYIO KOPY CMEUIMBAJIN B TOMOTCHH3A-
Tope B creayromux mponopumsix: 100 mu pactBopa u 25 T Kopsl. OOpasibl BEIACPKUBAIICE B POPMax B ecTe-
CTBEHHBIX YCIOBUsX npu Temieparype 23°C B TeueHune 24 4acoB J0 JAOCTHXKEHHS ITPOYHOCTH Ui PacHayOKH.
IIpourocTs BRICYIIEHHBIX TUIAT cocTaBmia 0,3 — 1,5 MIla, k03¢ (HUIHEHT TeITONMPOBOIHOCTH MaTepHaia TOocie
CEMHHEBHOTO Habopa MPOYHOCTH JUIs BCEX OMBITHBIX 00pasioB coctasua 0,124 — 0,204 Bt/(m-°C). Bogoro-
TJIOIIEHNE U pa30yXaHHUe IO TONIIWHE JUTSI IUTHT COCTaBHIH 73 % 1 6 % COOTBETCTBEHHO [4].

B uccnenoBanmsax Jlanunosa B. n AizeHmtagra A. u3ydajgach BO3MOXHOCTh MCTIOJIb30BaHUS COCHOBOMH
KOpPBI, IPEIBAPUTEIHHO CMEIIAaHHON ¢ 0a3aJbTOM, B KauecTBE 3achITHON Teruton3oisiuni. Kopy npenBaputers-
HO BBICYIIMBAJIM JIO MOCTOSIHHOM MAaccChl, MOCIE Yero U3Menbyuail B IUIAHETapHOU mapoBoi MenbpHHIE Retsch
PM 100. [Ins manpHEHIINX OMBITOB MONyYeHHAs M3MEIbUEHHAs Macca (paKIHOHHPOBAIACH Yepe3 Habop CUT
¢ quamerpoM siueex ot 0,5 no 20 MM mostyuasi COoTBeTCTBYIOIIME (pakiuy. bazanbT npeaBapuTebHO U3MENb-
yajics 10 cpegHero pasmepa dactuil 150 HM At H3roTOBJICHHS MOANGHUIMPYIONIEH MUHEPAILHON CyCIICH3HU.
Ha cnenyromem 3Tarne IpoBOAWIIN CMEIIMBaHHE KOPHI B CYyXOM BHJE, C MOCIEIYIONUM JJo0aBneHueM Boabl. I1o-
CJie HACBILICHUS NIOP KOPBI 0a3aJbTOBOM CycrieH3uel, KOpY BBICYIIUBAJIM JI0 IOCTOSIHHON Macchl pH TeMIiepa-
type 105 °C. BricokoTemmepaTypHas CyIIka MPHBOAMIA K 3HAYWTEIEHOMY YMEHBIICHHIO 00BeMa IOpPOBON
CTPYKTYPBI KOPBI, 00Jeryasi pukcaiuio 6a3ajbTOBbIX HAHOYACTHII HA TIOBEPXHOCTH Mop U matepraia. Koaddu-
IIUEHT TEIUIONPOBOJHOCTH (ppakimii KOphl COCHBI B HACBITHOM COCTOSHHMHM ONpenessuin Ha npubope MUT —
1 30HA0BEIM MeTOZIOM. K03(h(UITHEHT TemI0npOBOHOCTH TS Pa3IMIHBIX (DPAKIHA H3MEHSIICS B JUaNa3oHe OT
0,047 o 0,058 B1/(m-°C). Hanmenpmii 3Ha4EHUE TEIUIONPOBOJHOCTH MOy4eHO i ¢ppakiun 10 — 20 mm, npu
HACKIHOI mIoTHOCTH 223,4 kr/M° . Haubonbiuee 3HaueHne K0d(QMUIHEHTA TEIIONPOBOIHOCTH MOKa3ana (pak-
st 0,25 — 0,50 MM Ha HachImHO# moTHOCTH 192,6 Kr/M? [5].

B mMexmyHapoaHO#l 1abopaTopun TEIUIOM3OJSAIMOHHBIX MatepuaioB «Green construction» I[lomonxoro
rOCyAapCcTBEHHOTO yHUBepcuTera MMeHH EB¢ppocumumun Ilononkoil, mccienoBanach BO3MOXHOCTb ITOTYYEHUS
IUTUTHOTO TEIUIOM30JIIIIMOHHOTO MaTepuajia Ha OCHOBE M3MEIbUEHHON KOPBI COCHBI C HCIOJIBb30BaHHEM IBYX
BUJIOB BSDKYIIETO BEUIECTBA: MOAN(PHIMPOBAHHOE HATPUEBOE XXMIKOE CTEKJIO M KaHWU(OJIb M3 CMOJIBI COCHBI.
MeToanka W3rOTOBICHHS IUIMT OTJIMYAJIach B 3aBUCHUMOCTH OT BBIOPAHHOTO THIIA CBS3YIOIIETO KOMIIOHEHTA.
IIpu ncnonabp30BaHUM KUAKOTO CTEKIIA Mepel CMEIINBAHUEM KOMIIOHEHTOB, KOpa MNpPeBapUTENbHO CMayHUBaach,
mocie 4ero MmiMTH (popmoBamuchk mox Hu3kuM gasinerueM 0,008 — 0,009 MIla. Ilomyuennsie B pe3ynbTare
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JKECTKHE TUTUTHI MMeH kKoddduuueHt temtonpoBoxHocta 0,057 — 0,068 B1/(m-°C) mpu mmotaoctr 420 — 470
kr/m® . JIas MCTIONb30BaHHs MOPOIIKA KaHU(OIH OblTa pa3paboTaHa HOBas METOIMKA M3TOTOBICHHMS IUTHTHOI
Terion3oisinuy. [Topomok cMmemuBaics ¢ KOpoid COCHBI MO3TAIIHO C BBIIEPKKOW cMecu B TedeHuH 10 MUHYT
B cymwibHOM mKkady mpu Ttemmeparype 80 °C, mis paciuiaBieHus KaHH(OJIM Ha IOBEPXHOCTH YaCTHIL
Y TIPEIOTBPAIEHHS €ro ocslmanus. Ha 3akarounTensHOM 3Tane nocine o0paboTKH KaHU(OIBI0, CMECh 3aKJIaIbl-
B B popMy u moamnpeccoBeiBany Ha npecce npu aasieHnn 0,016 — 0,018 MITa. ®opmy ¢ 3adukcupoBaHHOIM
KPBIIIKOH IMOMEIaNy B CYIIMJIBHBIN mKad u BbmepxuBamu 1,5 gaca mpu temmeparype 90 °C. [lomyueHHBIE
TUTATHL IOCTaTOYHOH JKECKOCTH, UMENN CPEIHIOK IUIOTHOCTE OT 277 mo 330 kr/ v n KO3 QHUIHUEHT TETUIONpo-
BoxHocTH B mpenenax 0,051 — 0,059 Bt/(m-°C) [6].

W3yuyeHne BIMSHMS BHAA 3allOJHHUTENS Ha KOI(QQHUIUESHT TEIUIONPOBOJHOCTH CIPECCOBAHHBIX IUIMT Ha
OCHOBE KODPBI XBOWHBIX M JINCTBEHHBIX IOPOJ] IPEBECHHBI PacCMaTpUBAIOCh B pabote [7]. Pe3ynbTaTel OnmbITOB
MOKa3aJIn, YTO KOpa, MOJyYeHHas! M3 JIMCTBEHHBIX IOPOJ], 00Jajiaia MOHMKEHHBIMHU TOKa3aTeNsIMHi TEIUIONpPO-
BOJIHOCTH B CpPaBHEHHUH C XBOHHBIMHU. CaMbIM HU3KUM KO3(HUIIHEHTOM TeruonpoBoaHocTH, paBHbM 0,061 B1/(m-°C),
obnazmana kopa Oenoit akanuu. [IoMUMO 3TOTO, B XOJI€ OMBITOB OTMEYAIOCH, ITO pa3Mep (ppakmuu KOpel HE OKa-
3bIBAET 3HAYHUTEIHLHOTO BINSHMS Ha 3HAYCHUE TEIJIONPOBOIHOCTH ITOJYyYEHHBIX TUIHT.

B naboparopun yauBepcurera YiryHomus (SImoHUS), McClenoBanachk BO3MOXKHOCTD TTONYHIECHUS TEILIO-
M30JSIIMOHHO MaTepualia U3 00pabOTaHHON KOpBI Cyrd (KpUITOMEpUH smoHcKoif). Kopa BeicymmBanachk npu
€CTECTBEHHBIX YCIIOBHSIX B 1aOOpaTOpHM Ha MPOTSHKEHUH 4 MECSIEB, ITOCIE Yero MEXaHHYECKH M3METbdaiach
C HCIIOJIb30BaHUEM OBITOBOTO M3MENIBYMTENS IO BOJIOKHOOOpasHoro cocrosiHus. [lociie pacceBa MOydYeHbl ABe
(hpakmuii BOJIOKOH TUAMETPoM 2 — 4 MM OTIHYAIOIIKECs 0 JIHHE: KpymHas JmuHHOM oT 10 mo 30 MM, Menkas
qumHHOW oT 5 1o 10 mMMm. KoaddunmeHTsl TEmIonpoBOAHOCTH SKCIEPUMEHTANBHBIX IUIMT C HAIOJHHUTENIEM
KpymHOU 1 Menkor ¢pakiuii cocrasmmu 0,073 u 0,076 B1/(M-°C) cOOTBETCTBEHHO, MPH IIOTHOCTH TLIAT 163,2
u 193.5 kr/m® [8].

M3BecTeH TeMION30ISIIMOHHbBIA MaTepraa Ha OCHOBE KOPBI MPOOKOBOTO Ay0a. M30s1ist BEITyCKaeTCs B
BHUJIC MaHeJiel 1 OJI0KOB U3rOTOBJICHHBIX M3 YEPHOIo U Oeoro mpoOKoBoro arioMepara. M3 Oenoro arjiomepara
M3TOTABJIMBAIOT IUIACTUHBI M OJIOKM Pa3IMYHON TONIIMHBI, HE UMCIONINE AEKOPAaTHBHOTO MOKPHITHS. biokn u3
6eII0ro armoMepara HMEIOT CIIEIyIONIHe TEXHONOTHIECKHE XapaKTePHCTHKH: CPETHAS MIOTHOCTh — 150 Kkr/a®,
ko3 Punuent reronpopogaoctd paser 0,038 Br/(m:°C), koapPUreHT 3ByKOU3OIIUH IPU TOJIIIHHE 2 MM —
16 nb. UepHslii aryioMepaT Mpou3BOANTCS 00pabOTKOM MapoM NMPOOKOBBIX I'PaHyJl B aBTOKJIABE C MCIIOJIb30BAHU-
€M CBS3YIOILIET0 — HAaTYpaJlbHOM MpoOKOBOH cMonbl. CpemHss IUIOTHOCTh MOJMYYCHHBIX IUTUT paBHieTcs 110 —
130 KF/M!, ko3 Pumuert TemionpoBogHocTH coctaBisieT 0,04 B1/(M-°C). OCHOBHBIM HEIOCTATKOM TaHHOTO
MaTepHaa SBJseTCs BBICOKasi phIHOYHAsI CTOUMOCTH [9].

Yuénpivu u3 ynuBepcurtera KoncencboH, Unnm, NpoBOAMINCH MCCIEAOBAHUS MO MCHONB30BAHUIO KOPBI
IBKAJIMITA B Ka4eCTBE HAMOJHHUTENS U1 U3OJANUH. VICXOTHBIM ChIpbEeM ISl M3OJIALMOHHBIX IUIUT CITYXKHIIN
MEXaHWYECKH U3MEIbYCHHBIC BOJIOKHA KOPBI 3BKAIMITA JUIMHOH, He mpeBbimatomei 20 MM. B kauecTBe BsIKY-
HIero BelecTBa KCmoib3oBamu 10 % denonpopmanpaerugayo cMoiy. TemIonpoBoJHOCTh H3OJSIIHOHHOIO
MaTepuala BapbupoBanack B npegenax 0,052 — 0,07 Br/(m-°C), npu motHocTH oT 80 10 250 kr/M*, Tonmuua
T coctarisia 50 MM [10]. B uccnenoBanusx oTMedaeTcs, YTO MONTyYeHHbIE 00pa3Ibl IMEIOT HU3KYIO CTOM-
KOCTb K TOSIBJICHHIO TUIECEHH U SBISIFOTCS TOprounMHy. KpoMe Toro, ncronb30BaHue CBS3YIOIIEro Ha OCHOBE (e-
HosIopMaliblIeru/ia HEeraTUBHO CKa3bIBAETCS Ha 3/I0POBbE YEJIOBEKA U OKPYKAIOILEeH cpejie.

W3 ananuza npencTaBiIeHHBIX JAHHBIX 1O IPUMEHEHUIO KOPBI JUIS TIPOU3BO/ICTBA TEIUION3OJISIIIMN 3/1aHUH
CIeIyeT, YTO MPOBEIEHHE HCCIEIOBAaHUH MO PAI[OHAIFHOMY HCHOJIH30BAHHIO MHOTOTOHAXHBIX OTXOJOB JIEC-
HOHM MPOMBIIIJICHHOCTH B Ka4E€CTBE MCXOIHOTO CHIPhS JUIS M3TOTOBJICHUS SKOJIOTHUECKH YUCTHIX U O€30IaCHBIX
JUISL 37I0pPOBbSI YEJIOBEKAa TEIUIOM3OJISILIMOHHBIX MAaTEpPHANIOB, SIBJISETCS BEChbMa HEOOXOAMMON CBOEBPEMEHHOI
W aKTyaJIbHOH 3aJjaueil CEeroOAHSIIHETO JHS.

3ak/roueHue

1. DKONOTMYHOCTh N 0E30IACHOCTH TEIUIOW3OJSIIMOHHOTO Marepuala /sl YeJIOBEeKa SBIISIIOTCS Cepbeés-
HBIM NIPEUMYIIECTBOM TEIUIOM30JIIIIMK Ha PACTUTEIBHOW OCHOBE, XOTS M MUMEET OIPaHUYCHHUS 110 MPUMEHEHHIO
BO BIIAXHBIX YCJIOBHSIX, IO IIPHUYMHE IOBBIIIEHHOTO BoJONOrIaneHus. Takke ocoboe BHIMaHne HEOOXOIUMO
YACTATH YKOJIOTHYECKON 6€30IaCHOCTH BSDKYILETO BEIIECTBA IS TEIIOU3OJISAIIHH.

2. B GONBIIMHCTBE HMCCIICOBAHUM OrpaHUYMBAIOTCS M3MEPEHUEM IIIOTHOCTH M KO3 HUIMEHTa TEIuIo-
MPOBOIHOCTH yTeIuTelsl. B nccnenoBanmsx He yzaemnsercs A0HKHOE BHUMAaHUE COPOIIMOHHON BIa)KHOCTH Ma-
TEPHANOB, BIMSHUIO BIAXXHOCTH HA TETJIOMPOBOTHOCTH, OMOTIOBPEXKACHUIO TEIUIOBON M30JIMHU JlaHHBIE TIOKa-
3aTenu 00ycaaBIMBaIOT 3()()EKTHBHOCTD MCIOIb30BaHUS U JI0JTOBEYHOCTh TEIUIOM3OJISAIMN Ha Pa3HBIX KU3HEH-
HBIX I[UKJIaX 3JaHuUs.

JIMTEPATYPA
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INPOYHOCTb U AE@OPMATUBHOCTDb
OBXUMHBIX MY®TOBBIX COEIUHEHUU APMATYPBI

M.C. IUNIEIIIEHKOBA, T.A. AHYIHIKEBHY
(IIpeocmaeneno: A.H. Konmynos)

B 0annoii cmamve npedcmagnenvi pe3yibmamsl IKCNEPUMEHMATbHBIX UCCIe008AHUL NO ONPeOeNeHUIO
HANPAIACEHHO 0eQOPMUPOBAHHO20 COCMOAHUA OONCUMHBIX MYPMOBbIX COEOUHEHUI, BbINONHEH AHANU3 MOOeNU
MYypmoeozo coedunenus apmamypul 8 npocpammuom obecneuenuu ANSYS 2022 R2.

Ha nannbiii MoMeHT B PecryOnnke benapyck 0TCYTCTBYIOT TEXHHMUYECKHE HOPMATHBHBIE PABOBBIC aKTHI,
perilaMeHTHPYIOIe MIPUMEHEHHE, a TaKKe KOHTPOJb KayecTBa 0OXHMMHBIX My(TOBBIX coequHeHHi. Omnpene-
JICHUE ONTHMAJIBHOM JUTMHBI My(QTHI UCXOS U3 MOJEIUPOBAHUS B MPOTPAMMHOM O0ECIEYCHUH, MOITBEPIKACH-
HOE JKCIIEPUMEHTAJILHBIMU HCCIIEJOBAHUSIMI MMEET Ba)KHOE 3HAUCHME VIS CO3/IaHMsS HOPMAaTHUBHOHM 0asbl 1o
JTAHHOMY HaIIpaBIICHHIO.

OKcnepUMEeHTaIbHBIC HCCIIETOBAaHISI IPOBOAMINCH B JIAOOpaTOpHH KaeIphl CTPOUTEILHBIX KOHCTPYKIIHH.

OO6pa3ipl My(QTOBOTO CTHIKOBOTO MEXAaHHYECKOTO COCTUHEHHS, MPEIOCTABICHHBIC CTPOUTCIBHBIM YHHU-
TapHBIM TpeanpuatueM «CtpouTtensHoe ynpasieHue Ne22 OTKPBITOrO akKIHOHEpHOTo obmectBa « MHUHCKIIPOM-
cTpoit». Mecto oTOopa 00pa3noB: CTPOUTENBCTBO 3aBOa O MPOU3BOJICTBY METAILIMYECKOTO JUCTAa U Oernoit
KecTd B T. Muopsl ButeOckoii o6macTa.

HccnenoBanuto moaseprainuch o0Opasipl coeAMHEHUs apMatypHoit ctanu kiacca S500 CTh 1704-2012[1]
quamerpoM 20 MM ¢ ucmoib3oBanueM MydThl u3 cranu 0912C ¢ tommuHON cTeHKH 4 MM JUTUHHON 180 MM.
JaBnenne o6xxatus cocrasisuio 70 MIla.

JuarpaMmsl 1eopMUpPOBaHKSI apMaTypHOI cTaiu 1 TpyOsl MydToBoro coeanHenus u3 cranu 0912C
MpeJICTaBICHbI HAa pUCYHKE 1.
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Pucynok 1. — lnarpammsl 1e)OpMUPOBAHUS APMATYPHOIi cTaan kiaacca S500
M TPYObI My TOBOrO coenuHeHus u3 ctaau 09I2C

O6pasupl coenunenus: apmarypHoi crtamu knacca S500 mo CTh 1704-2012 nuamerpom 20 mm. Homu-
HaJIbHas MJIOIIAIs cedeHus apMaTyphl As = 314 Mm2. XapakTepucTudeckoe 3HaUYEHHUE Mpejieia TeKYIeCTH CTaln
S500 fyk = 552 Mlla, xapaktepucTuueckoe 3Ha4eHHe mpeaena npodnoctu cramu S500 fuk=685 MIlla, Homu-
HaJTBHBIA MOJYJb yIpyroctu apMatypsl Es = 2 ¢ 105 MIla. HoMuHanbpHast miaomanb Ce4eHUs TPyObl C TOJIIIH-
HOM cTeHKH 4 MM As = 542 mM2. XapakTepucThHueckoe 3HadeHue npezena texkydectu cranu 0912C fyk = 395 Mlla,
XapaKTepucTHiecKoe 3HaueHue npeaena npoynoctu cramu 0912C fuk=522 MIla, HoMuHaIBHBIA MOIYINB YIPY-
roctd apMartypsl Es =2 « 105 MITa.

OO0pa31bl NCTIBITHIBAINCH HA pacTsDKEHHE B pa3pbIBHOM MammHe P-50 mpu nocTOsIHHOW CKOPOCTH Harpy-
JKEHUsI JI0 Harpy3K 3kBHBaJeHTHOHW 0,3 OT KOHTPOJIMpOBAIUCH JedopManuu TeHzoMmeTpamu ['yrenbeprepa
¢ tou”octeio 0,001 mMMm. OmnpeneneHue HanpsHKEHHO-A€()OPMHPOBAHHOTO COCTOSIHUSL MY(QTBI TPOU3BOAMTCS
MyTeM U3MEpEeHUs aOCONIIOTHBIX JeopMalii Ha yyacTKax JUIMHOM He Ooiiee ofHOTO ITraMeTpa My Tel. Pesyis-
TaTHI HCIIBITAHMS 3 00pa3I0B MpeACcTaBIeHHI B Tabimie 1 1 Ha pucyHke 2.
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Tabmmna 1. — OtHOCHTENBHBIE AedopMaIy 00pa3oB HCIBITAHMS Ha yJacTKax a-b, b-c, c-d

No OrtHocuTenpHas aedopManus € 1-1073
- VYyacrok a-b Vuyactok b-¢ VYuacrok c-d
Oobpaszern 1 0,976 0,820 0,452
Oobpaszen 2 1,025 0,878 0,494
Oopazen 3 1,038 0,896 0,483
£ 11073
[5 | | ]
| ‘ |—(i.3—[]6paaeu 1|
l | l |
e L
LY — — [
[~ S | |
| "‘-,.#\ 0,820 | |
| ™Y | |
los | . l |
_—— ——— - *\ TTe— — j
AN

b4 N OO0

Pucynok 2. — luarpaMmmsl 1e()oOpMUPOBaHHS 00pa31a CTHIKOBOI'O COeJUHEHUS IPU PACTSKEHUU

MonemupoBanue B mporpamme ANSYS 2022 R2 ocymiecTBisieTcss 4epe3 CICHHANBHYIO IatGopMy
ANSYS Workbench 2.0. [Tnatrpopma obbemuasieT Tpaguueckuii nHTEpEic MPUIOKCHAN U 00eCIeUnBaeT UX
paboTy ¢ 6a3aM¥ JaHHBIX B paMKax OJTHOTO MPOEKTa.

[ MopennpoBaHust My(TOBOTO COEANHEHUSI, BBOJMINCH KOHKPETHBIE T€OMETPHUUECKHE MapaMeTphl ap-
MaTypHOTO TpOKaTa M TPyObl My(TOBOTO COCIMHEHHS, XapaKTEPUCTHKH MaTepUalioB, IPAaHWYHBIC yCIOBUS, a
TaKXe yCIOBUS BHEIIHUX BO3IEHCTBHUI C yI€TOM H3HAYAIBHOTO 00XKAaTHSI MY(THI.

Crnenyer y4ecTh, 4TO B pacueTHO-TporpaMMHOM Komiuiekce ANSYS 2022 R2 gomyckaercst Harpy>keHue
3NIEMEHTOB Io3TanHo. CHavyana NpUKIAAbIBAETCS BHEIIHASA Harpy3ka oO)KaTHs B BH/E MOBEPXHOCTHOTO JABJICHUS
Ha My(Ty (HaBiaenue ookarus cocrapimsier 70 MIla), manee MPOU3BOIUTCS MOITAMHOE HATPY)KEHHUE COTIIACHO pa-
Hee onucaHHoi Meronuke. [lymHa MydT B TaHHOM aHajM3e BapbupoBasiach OoT 8 10 11 AMaMeTpoB CTHIKYEMBIX
crepkHel. KOHCTpyKIust My(hTOBOTO CTBIKOBOI'O MEXaHHUECKOTO COSIMHEHHMS ITPE/ICTABICHA HA PUCYHKeE 3.

Mydma coeduHeHus

ApMamypHeld ApmamypHsIU
CMepxeHsb CMmepxeHs
| = — —— —— = ——— = ] |
VUL o ,_______H _____ oo 4JULLILIL
L s I [
ln1=160MM Mydma 8d
ln2=180MM Mypma 9d
In3=200MM Mydma 10d
ln=220m Myoma 1id

Pl/lcyHOK. 3- FeOMeTpnquKne nmapaMeTpbl MOAEJIH My(l)TOBOFO COCAMHCHUSA CTep)KHeBOﬁ apMaTypbl
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PesynbraTel, momydeHHble B mporpaMMHOM Kominiekce ANSYS 2022 R2 orpaxeHbl Ha pUCYHKE 4 U B

Tabiuie 2.

£ 11073

Pucynok. 4 — Cxema pacnpeaesieHisi OTHOCUTeJILHBIX Aedopmanuii B Mmydre

Tabauna 2. — OTHOCcHTENBHBIC AedopMalu 00pa3loB HA ydacTKax a-b, b-c, c-d

OtHocurenbHas gedopmarms € 1-107
Amina MyQrot Vuyacrok a-b anCTg)K Il;-c Vyacrok c-d
Mydra 8d 0,972 0,6012 0,4296
Mydra 9d 0,8592 0,7578 0,3624
Mydra 10d 0,8481 0,7947 0,3366
Mydra 11d 0,777 0,6642 0,351

BsiBoa. MopenupoBanue B mporpaMmHoM obecniedeHnr ANSYS 2022 R2 mydToBOro coeiHEeHHS MO3BO-
JIMT TIOI00paTh [UIMHY MY(TOBOTO COSAMHEHHMS JUIS apMaTyphl ONPEACIICHHOTO TUaMeTpa (OMpeNesUTh IPH KaKoH
JUIMHE TIPOM30MIET NMpOCKaIb3bIBaHUE apMaTypbl). CpaBHEHHE pe3yJbTaTOB, MOTYYCHHBIX SKCIIEPUMEHTAILHBIM
MyTeM C pe3yJbTaTaMy, MOJyYeHHBIMH B IiporpaMMHOM komriekce ANSYS 2022 R2, matot cxogumocts oT 90%
n Bbime. MozaenmpoBanne B porpamMmmHoM obecniedennn ANSYS 2022 R2 mydToBoro coequHeHuUs MO3BOJIUT C
BeposITHOCTHIO 89% onernts HIC MydTOBOrO COeMMHEHUSI /1 apMaTyPhI OMPEACICHHOTO JHaMeTpa.

JIMTEPATYPA
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. Meronuueckoe nocodue «IIpumeHeHne MEXaHUUECKUX COSIMHEHHUH apMaTyphbl )Kene3006TOHHBIX KOHCTPYK-
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ckoif onpeccoBkny, OO0 «lentp KauectBa», Mocksa, 2017 — 46 c.

. CII 5.03.01-2020 «beroHHBIE U XeTe300eTOHHBIE KOHCTpYKIMU. CTpouTtensHele MpaBuia Pecry6nuku be-
napycb», MAuC Pb, Munck, 2020 — 236 c.
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MEXAHHUYECKHUE COEJUHEHUSA APMATYPBI

M.C. IULIEIIIEHKOBA, T.A. AHYIIIKEBHY
(IIpeocmaeneno: A.H. Konmynos)

B dannou cmamve paccmompenvi 6apuanmuvl MeXaHUYECKUX COCOUHEHUN apmamypul, npeoCmasieHd
Kaaccugurayusi munog u pasHo8UOHOCMeEN MAaKux CUCMeM, d MAKice NPUEeOeHbl NPEUMYWecmed OaHHO20 M-
na coeouHeHUuli apmamypbi.

MupoBoii OIBIT BO3BEACHUS apMaTypPHBIX KapKacOB MOHOJUTHBIX COOPYKEHUI OJHO3HAYHO OIpeAesseT
My(TOBBIE MEXaHWIECKHE COCIUHEHHS CTEPKHEBOH apMaTyphl Kak HanOoJiee 3KOHOMHYIECKU BBITOIHBIC, PALIH-
OHAJIbHBIC, ¥ TAPAHTHPYIOIINE SKCILTYyaTAMOHHYIO HaIe)KHOCTh TeXHOJIOTHMH. O0ecneyrnBast CThIK C IIPOYHOCTHIO
Ha pacTsHKEHHE, TPEBbIMAoNIeH (PaKTHIECKOE YCUIINE BPEMEHHOTO CONPOTHBIICHNUS COEIMHIEMOT0 IIPOKaTa U C
rapaHTHell BBIHOCIUBOCTH. My(TOBBIC COEMHEHUs IIUPOKO UCIIONB3YIOTCA TakuMu ctpaHamu kak CILA, I'ep-
MaHw, Bennkobpuranus.

MexaHn4ecKHe COEIMHEHHs apMaTyphl, MPEICTaBISIOT CO00H CHCTEMY, COCOUHSIOIIYIO apMaTypHbIE
CTEP>KHH TIOCPEJICTBOM COECANHHUTENHHON My(THI H, TPH HEOOXOANMOCTH, JONOTHUTEIBHBIX HJIEMEHTOB.

MexaHuueckre COeJUHEHHS KIacCU(ULUPYIOTCS:

- TI0 YCIIOBHUSAM PAa0OTHI B )KeJI€300€TOHHBIX KOHCTPYKITHSX;

- 110 c1Ioco0y COeMHEHUS;

- 110 HA3HAYEHUIO COCTUHECHHUS.

B 3aBucuMocTH OT yCI0BHH PabOTHI B JKeI€300€TOHHBIX KOHCTPYKIMSAX MEXaHHUECKHE COCTUHEHHS MOI-
paslensatoTcs Ha:

- PACTSAHYTbIE — IPUMEHSIOTCA A7l COSAUHEHHs apMaTYPHBIX CTEPKHEH, BOCIIPUHUMAIOIINX KaK CKUMa-
IOIINeE, TaK U PAaCTATUBAIOIINE YCHIUS B KOHCTPYKIIHUH;

- C)KaTble KOHTAKTHBIE — IPUMEHSIOTCS AJIsl COSAMHEHUS] apMaTyPHBIX CTEPKHEH, B KOTOPBIX B MpoIecce
9KCIUTyaTaI[M He BO3HMKAET YCHJIMI pacTsKeHMsA. YCWIMA B apMaType NepefaroTcs depe3 HermocpeICTBEHHOe
CONIPUKOCHOBEHHE TOPLIOB CTEPIKHEIA.

ITo criocoOy coenuHEeHHs MEXaHUUECKHE COSTMHEHHSI apMaTyphl IOIPa3/essIFOTCS Ha CIEAYIOIIUE THITBI:

— Pe3np00Boe coequHEHNE — COSAMHEHNE apMaTyphl ¢ HApe3aHHOW MM HaKaTaHHOW Ha KOHIIAX apMa-
TYPHBIX CTEP)KHEH Pe3b00ii, CTHIKYEMO ¢ TIOMOIIBI0 MYy(ThI, HIMEIOLICH pe3b0y, COOTBETCTBYIOIIYIO pe3b0e Ha
apMaTypHbBIX CTEpXHsAX. Pe3pba Ha apMaTypHBIX CTEPXKHSAX HApe3acTCsl WIM HAaKaTBIBACTCS HA CIICHHATBHOM
000py/IOBaHUH B CIIELHAIbHO O0OPYZOBaHHOM IOCTYy. Pe3b00BbIe COEIMHEHHs MO CIIOCOOY WM3rOTOBJICHHS M
THUITy pe3b0bl Ha KOHIIAX apMaTypHBIX CTEp)KHEH MOApa3/elIioTcs Ha COSAMHEHMS! C KOHMYECKOM MM IMIIWH-
JIpUYecKoil pe3p0oi, CO3MaHHOW METOAOM Hape3KH TN HAaKAaTKU MO0 HETOCPEACTBEHHO MO MEePHOTUYECKOMY
npoduiIt0 apMaTypHOTO CTEpXHSA, MO0 Ha IPEABAPUTENILHO BBICAKEHHOW TOJIOBKE (YyYacTKe yBEIMIEHHOTO
JUaMeTpa C MOMOIIBIO JAaBJICHHUSA) Ha KOHIE apMaTypHOTro cTepkHs. HakaTka mpuMeHseTCs MpH 3T OTOBICHHH
IWJIMHAPUYECKHUX PE3bO0.

— OmnpeccoBaHHOE COEIMHEHHE — COCAMHEHHE apMaTypHBIX CTEP>KHEH MOCPEACTBOM COEIMHHUTENbHOU
My(QTBI, YCTAaHOBJICHHOW Ha KOHIIBI CTHIKYEMbIX CTEpXHEI apMarypbl M 00)KaTOH THAPABINIECKUM CIIOCOOOM.
AHKepOBKa KOHIIOB CTEp)KHEH apMaTypsl B My(hTe oOecrieurBaeTcs 3a CUeT BJAaBIMBaHHUs MeTaiia My(Thl Mex-
Jly TIOTIepeYHBIMH pedpaMu apMaTyphsl BCIEACTBHUE IUIACTHYECKOH aedopManyu rnpu odxariuu. OnpeccoBaHHbIE
COEIHEHUS 110 CII0CO0Y M3TOTOBJICHHS MTOIPA3IENIAIOTCA Ha OIPECCOBAHHBIE OTHOKPATHBIM M MHOTOKPaTHBIM
MONepeYHbIM Ae(hOPMHUPOBAHNEM, HIIM METOJIOM OJTHOKPATHOH MPOTSKKH COSTMHUTENBLHON My (THI.

— KoMOuHMpOBaHHOE COEMHEHHE — COCMHEHNE apMaTypHBIX CTEPIKHEIl C MOMOIIBI0 KOMOWHUPOBAH-
HBIX My(]T, OOBEIUHSIONNX B ceOe 0COOCHHOCTH Pe3bOOBBIX M ONPECCOBAHHBIX COeAMHEHWHA. My(QTHI mpen-
CTaBIAIOT cOOOM COEAMHUTENBHBIE IEMEHTHI, MPEABAPUTEIHHO OINPECCOBBIBAEMBIE HAa KOHI[AX apMaTypHBIX
CTEp>KHEH M COeTMHAEMbIE BITOCIEACTBIH MEXLy COO0H OCPEACTBOM CyIIECTBYIOIEH HAa MydTax pe3nOsl.

— BuHTOBOE CcOoenMHEHNE — COETUHEHHE apMaTyphl CO CIENUAIBHBIM BUHTOBBIM IEPHOAMYECKUM IIPO-
¢uneM ¢ moMomp0 My THl ¥ KOHTpraeK, HMEIOINX pe3s0y, COOTBETCTBYIOIIYIO pedpaM npoduiis Ha apMmaryp-
HBIX CTEPXKHSIX.

— CoenuHeHNe Ha 0ONTaX — COSIMHEHIE apMaTYPHBIX CTEPKHEH C TOMOIIIBIO [UTMHHONW My()TEI, B KOTOPOii ap-
MaTypHbIE CTEPXKHH (PUKCHPYIOTCS C HOMOIIBIO 320CTPEHHBIX OOJITOB, BPE3aIOIIMXCS B TEJIO QDMATYPHOTO CTEPIKHSI.

B 3aBHCHMOCTH OT KOHCTPYKIIMHM COEAMHHUTEIHHBIX My()T MEXaHWYECKHE COSAWHEHMS IO HAa3HAYCHUIO
HOJPa3EIIAI0TCS Ha CIEAYIOIINE THUIIBL.

— CranmapTHbIe — IpeAHA3HAYEHBI IS COSAMHEHMSI CTeP)KHEH OJJHOTO AHaMeTpa, KOraa XOTsa Okl OJiH
U3 CTBIKYEMBIX CTep)KHEH MOXeT cB0OOIHO Bpamarhses. [IpuMensoTes npu cOOpKe apMaTypHBIX CETOK U KapKa-
COB U3 OTJEJIbHBIX CTEPIKHEM.

— IlepexoaHsle — npeAHA3HAYEHBI Ul COCAUHEHUS CTEP>KHEH pa3HOro JUaMeTpa B T€X XKeE YCIIOBHSIX,
YTO M CTaHJIapTHEIE.
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— Tlo3unuoHHBIe — MpeAHA3HAYEHBI U1 COSAMHEHHs apMaTypHBIX CTep)KHEH B TeX cilydasiX, Korja HU
OJIH M3 CTBIKYEMBIX CTEPXHEH He MOXET cBOOOJHO BpamathCs. IIpIMEHSIOTCS U1l COSMHEHNS TOTOBBIX ap-
MaTypHBIX KapKacoB, KPUBOJUHEWHBIX CTEP)KHEW WM TOTOBBIX KEIe300€TOHHBIX JIeMEHTOB. [lo3uIMOHHBIE
COEMHEHUs OBIBAIOT PA3JIMYHBIX THIIOB B 3aBUCHMOCTH OT HPUMEHSIEMON TEXHOJIOTHH U IIPOU3BOJUTENS COEIH-
HUTETbHBIX IEMEHTOB: | THUI — ¢ yIIMHSIOUIMM 3JEMEHTOM, 2 THUI — CO CTATMBAIOLINM 3JEMEHTOM, 3 THI — CO
CTaHapTHOH My(]TOH ¢ KOHTpraiikoi uim 6e3 KOHTpraiiku, 4 THI — ¢ pa3HOHAIPABICHHOW pe3b00H (BBITIISAUT
KaK CTaHJapTHOE COEAUHEHHE).

— IlpuBapuBaeMble — NPUMEHSIOTCS I COSANHEHUS] apMaTypHBIX CTEPXKHEH ¢ METaJUIOKOHCTPYKIIHSA-
MU WM CTaJIbHBIMU IJIACTUHAMM 3aKJIaJHBIX JeTajei MOCpPeICTBOM CBAPKU.

— Ton mMerpudeckuii 60aT (10X OONT C METPUIECKON pe3b0Oi) — MPUMEHSIOTCS ISl COSAMHEHUS C Me-
TAJUTOKOHCTPYKIHMSMH C TIOMOIIBIO OOJNITOB ¢ METPUUYECKOIT pe3b00ii, HapuMep, CTaIbHBIX HECYIINX KOHCTPYK-
U C XKeIe300eTOHHBIMU (PyHIaMEHTaMH, KOJJOHHAMH U CTCHaAMH.

— TlomuMoO coeauHUTENBHBIX MY(T, IpeIHAa3HAUYEHHBIX /IS CTBIKOBKH apMaTYPHBIX CTEpIKHEH, cylie-
CTBYIOT €III€ M aHKEPHBIC My(TbI, TaK Ha3bIBACMbIC KOHIIEBBIC AaHKEPHI. Y CTAHABIMBAIOTCS HA KOHIAX apMaryp-
HBIX CTEP)KHEH U NMPUMEHSIOTCS ISl aHKEPOBKH apMaTypHBIX CTEPIKHEH B )Ke1e300€TOHHBIX KOHCTPYKLIUSX.

B kaxnyro rpyniry BXOOUT HECKOJBKO MOABHAOB My(T, OTIMYAIOIINXCS KOHCTPYKTUBHBIMH HIOAHCAMH,
Croco0amMu CTHIKOBKH. MOHTaX ¢ MOMOIIBIO PE3bOOBBIX My(PT 0OecrieunBaeT NPOYHOCTh, MEHBILHH PacXo Ma-
Tepuaina (3xkoHomus — 10 20%). B oTinmdme oT MeToa 0OBA3KM HE YBEIMUMBAET APMATYPHYIO KOHCTPYKIHIO.

CoenuuuTtenbHble MyQThI B 3aBUCUMOCTH OT BUJIa IMEIOT CBOM KOHCTPYKTUBHbBIE OCOOCHHOCTH, CIIOCOOBI
npuMeHeHus. [ npon3BoACTBa My()T IPUMEHSIIOTCS TPYOBI COOTBETCTBYIOIIETO TuaMeTpa. BHyTpn — riagkas
MOBEPXHOCTH (17151 00)KMMHBIX BHJOB) WIM HaHeceHa TpyOHas MHKpope3b0a ¢ JIOHMOBBIM mmaroM. HapykHbrii
CTBIKOBOYHBIM KOHEIl BBINOJHAETCS B (popMe MHOTOrpaHHMKa. Pe3nba co3maercss pasmMyHBIMH CIIOcOOaMu:
HaKaTKH, IITaMIIOBKH U JIp.

Kpast coennHsieMBIX CTep)KHEH MOMEIAIOTCsl BHYTPh MY(TBI, OCIE YETO COSAMHSIOTCS BCTHIK IIPU IO-
MOIIY HaBMHYMBAHUS Ha pe3b0y M (PUKCHPYIOTCS HImmibKamMu. sl coenUHEHHs apMaTypHBIX CTPEXHEH pas-
JUYHOTO AWAMEeTpa MPUMEHSIOTCS IMO3HMIMOHHbIE MyGThl. OHH MPUMEHSIOTCS JUIS MPSIMOTO M TIOIIEPEYHOTO CO-
€AMHEHMs MPSIMOM WM M30THYTOH apMarypbl. CTOMMOCTh COOPKHM KOHCTPYKIMHU 3aKJaJbIBAlOT MPU COCTaBIIe-
HHUU OOIIE CMETEI.

JlocTonHCTBa MY(QTOBBIX COETUHEHHH apMaTyphl:

— MHOro()yHKIIMOHAJIFHOE COCAMHEHNE METAJUINYECKUX AJIEMEHTOB B Pa3IMYHBIX HAIIPaBJICHUAX (TOpHU-
30HTAJIHOE, BEPTHKAIBHOE JINOO HAKIIOHHOE PACIIONI0KEHHE);

— OOXMMHasi KOHCTPYKLMS My(]T &aeT paBHOMEpHOE coeluHeHHEe (He TpeOyeT INpeaBapUTeNbHOI
Hape3KH pe3bOBl);

— COKpAIIAIOTCS CPOKH BO3BEIECHHUS MOHOIUTHON KOHCTPYKITHH;

— TIPOCTOTA KOHTPOJISI KAYeCTBAa KOHCTPYKIIHH;

— He TpeOyeTcs IpOBeACHHE CBAPOYHBIX PabOT, B TOM YUCIIE — BHICOKOKBAIN(UIINPOBAHHbIX;

— 711 cOOpKH apMaTypHBIX JIEMEHTOB METAUIMYECKUX KapKacoB HE TPEOYyIOTCs ClielMalIbHBIE HHCTPY-
MEHTHI 1 000pya0BaHue (B ciiyyae pe3n0oBbIX My(dT).

TpeboBaHus K MEXaHUUECKUM COETMHEHHUSAM apMaTyphl:

— 00XHMHBIE My(TBI TPEOYIOT MEXaHHYECKOH MPECCOBKH KaXJIOI'0 CTHIKA;

— COEIMHUTEINbHBIE MY(QTHI JIOJDKHBI B 00S3aTENIBHOM TIOPSAKE MPOXOAWTH cepTrdukanmio. ['eomerpuye-
CKHe pa3Mephl U COPTaMEHT COCIMHEHUI MOT'YT MEHSTHCS B 3aBICUMOCTH OT KOHKPETHOM MapKH MPOM3BOIUTENIS.

K coennHHUTENBHBIM 37IEMEHTaM NIPEIBSBIAIOTCS CIEAYIOIINE TPeOOBAHUS:

— COEIMHEHUS JOJDKHBI COOTBETCTBOBATH HOPMATHUBHBIM TPEOOBAHUSAM IO MPOYHOCTH, BBIHOCIMBOCTH
u neopmMaTuBHOCTH;

— €CIM COEAMHEHHUs HCIOJIb3YIOTCS B pailOHax C MOBBIINIEHHOW CEHCMHUYECKOW aKTHMBHOCTBIO, OHHU
JIOJDKHBI 00J1a1aTh JOCTATOYHON BHIHOCIMBOCTBIO IIPH MAJIOLMKJIOBOM Harpy>KeHHH.

— BCE TUIIbI My(T JOJDKHBI CHA0XKaThCs 3aBOJICKON MapKUpPOBKOM. B Hell mo/kHa PUCYTCTBOBATH Clie-
Jytommas HHGOPMAIHSL: THUII COETMHUTEIBHOTO AJIEMEHTa, IaMeTp UCTIONb3yeMOoil apMaTypbl, HoMep oo Gup-
MEHHBIM 3HaK NMPOM3BOAMTENsA. MapKUpOBKa OJKHA COXPAHATHCS JIO MCIOJIB30BAHMSA M3JENHUs, TOSTOMY OHA
MOJKET HAHOCUTBCS C MOMOILBI0 HECMBIBAEMOM KpacKy, IPOYEpUUBAHUEM HUIJION WM JPYTUMH METOJaMHU, KOTO-
prie ykazansl B TpeboBarmax [OCT 7566.

— TIpH YCTAHOBKE MY(QTHI CIIocOOOM MHOTOKpaTHOTO JedopMupoBaHus My(pTa 00KHMMaeTcs 0 Halpas-
JICHHIO OT IICHTPA K KpasiM.

[Ipou3BoANTENs COEIMHUTENBHBIX JJIEMEHTOB JIOJDKEH pa3padaThIBaTh PEriJaMeHT MO HCIIOJIb30BaHHIO
n3genuil. B mHCTpyKIMM JOKHA IPUCYTCTBOBATH MHpOPManus 1Mo cOOpKe COeTUHEHNS, KOHTPOIUPYEMBIM I1a-
paMeTpam, MOJrOTOBHTEIBHEIM paboTaM, a TaKkKe APyrhe CBEAECHUs, KOTOPbIE TIOMOTYT COOIIOCTH TpeOOBaHH
HOPMATHBHOW JOKYMEHTAIIHH.

CoGuonene TpeOOBaHMH K KauecTBY M3TOTOBJIEHHS M NPABWILHOCTH MCIIOJIB30BAHUS COSMHHUTENBHBIX
My(T obecrieunBaeT MPOYHOCTH CKPEIUICHHUS apMaTYPHBIX CTEPKHEH U WX CIIOCOOHOCTBIO BBIICPKHUBATH TPeOy-
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emble Harpy3ku. KoHCTpyKInu, B KOTOPBIX NPEAIOaraeTcss UCI0Nb30BaTh MEXaHNUECKUE COSAUHEHHS apMary-
PBI, JOJKHBI IPOEKTHPOBATHCS CO CTPOTHM COOTIOJCHNEM HOPMAaTHBHBIX JTOKYMEHTOB.

CopTaMeHT U TeoOMeTpHYECKUE pa3Mepbl My(PT MEXaHUUECKUX COETUHEHUN JOJDKHBI pPErIaMeHTUPOBATh-
Csl HOPMaTHBHOW JIOKYMEHTallMel KOHKPETHBIX MPOM3BOAMTENCH, pa3pab0TaHHOW U YTBEPKJICHHON B yCTaHOB-
JICHHOM TIOpSIZIKE.

Takum 00pa3oM MEXaHHUYECKHE COCIUHEHHS apMaTyphl SBIAIOTCS MPAaKTHYHBIM W MHHOBAI[MOHHBIM Ba-
PHAHTOM JUIsi BHEIPEHHUS B COBPEMEHHOE CTPOUTEIBCTBO. JIaHHBIM THII COCIMHEHUS SBISETCS BBITOJAHON allb-
TEepHATHBON BaHHOW cBapku mpu apmupoBaHnu JXBK, He TpeOyercss BHICOKOKBATH()UITMPOBAHHBIA IIEPCOHAI,
COKpaIIaeTcs pacxo apMaTypHBIX CTEPKHEH 3a CUET MCKIFOUCHUS COSINHEHUH BHAXJIECT, 3HAUNTEIHHO YBEIH-
YMBACTCS IPOU3BOJUTEILHOCTD PAOOT.
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VIK
KOCTIJI CBSITBIX IETPA U ITABJIA - CHMBOJI TOPOJIA UBBLE, TPOJJHEHCKASI OBJIACTD

C.A. IIOIIPABKO
(Ilpeocmaeneno: E.I. Kpemnesa)

B oannoii cmamve paccmampusaemcs namamuux apxumexmypol XVII eexa, nocmpoennoeo na mecme
xpama XV eexa — kocmen Ceamozo Ilempa u Ilasna, naxooswuiica na meppumopuu I poonenckoii obracmu 6
2opooe Hsve. [lenaemcs akyenm Ha Kpacome U YHUKATbHOCMU OAHHO20 NAMAMHUKA OeI0pYCCKo20 300uecmsa,
couemarouje2o 6 cebe cmuiu pannezo u no30nezo0 bapoxko. Ilpednazaemcs Kk paspabomie HOBbIU mypucmuye-
ckutl mapupym, sxmouarowuti mapupym « Coxposuwynuya I pooHeHuuHbly.

Kniouesvie cnosa: Ipoonenckaa obnacme, namamuux apxumexkmypwl, kocmen Ceamoeo Ilempa u Ilasna,
KaIb8UHUCICKULL coDOp, opOen bepHapounyes, penuksus, ukona Kasanckou bowcueii Mamepu, Buxkmop [Llymos,
MOHAcmbIpb beprapounyes, 1 ocyoapcmeentblii CnUcoK UCIOPUKO-KYIbnypHulx yennocmeti Pecnyonuxu benapyce.

TeMa mpeAroXeHHOTO TYpPHCTHYECKOTO MapuipyTa — apXuTekTypa ['pomHeHckoi oGmactu. Haspanme
mapupyrta — «CokpoBuinnuna ['porHeHmuHe. HazBanne roBoput camo 3a ceds: CO3aHHbIi MapIIpyT COCTOUT
U3 APKUX ¥ YHUKAJIBHBIX IPUMEPOB 30[9€CTBA Ha TeppuTopuu [ pogHeHckol obnactu. ['pogHeHcKas o0macTp -
yHHKalIbHOe MecTo B Pecmy6nuke benapyck, Bnedatssioniee cBoe HCTOpUEH, apXUTEKTypOil 1 HEIIOBTOPUMOH
KpacoTOH. DTOT pEeTHOH CIaBUTCS OOTraThIM HACIEAMEM AapXUTEKTYPHBIX INEIEBPOB, KOTOpPHIE MEpENaroT
MHOT'OBEKOBYIO HCTOpHIO benmapycu, a Takxke BOCXWUTHTEJIbHBIC MEi3aXKH, ONULETBOPSIONIUE €ro KyJIbTypHOE
HacIleive, Ha KOTOPOe OKa3alli BIUSHHE CaMble BBIIAIOIMINECS JINYHOCTH.

C nenpio aKTUBHOTO Pa3BUTUS TYPUCTHUYECKOH OTpaciy B Halllel CTpaHe M MOMYJISpU3allii NaMITHUKOB
apXUTEKTYpHI, IIpeuIaraeTcs Bo Bpems ['ona Mupa U co3uIaHus BHEAPUTh YHUKAJIBHBIA TYpPUCTHYECKHI Mapll-
PYT, BIJIFOYAIOIIUH CIeIyoLIue MPUBIeKaTeIbHbIE TOUKHU:

Ycanp6a Orunckux — 1. 3aneche, [ pogHeHCKas 00IacThb.

Koctén cBareix Iletpa u IlaBna — r. UBbe, I'pogHeHCKas 001acTh;

Xpawm cBstoro Apxanrena Muxawnna — 1. CeIHKOBHYH, [ poHEHCKas 00JIacTb;
[eTponasioBckuii kocten — ar. Poxkanka, ['poHeHCKas 0071acTh;

. Bopucorne6ckas (Komoxxckas) mepkoBs — r. ['poHO.

VBbe — HeOONBIIONW HACENeHHBIH IYHKT B ['pOXHEHCKOW 00JacTH, KOTOPBIA CIaBUTCS CBOMM
YHUKQJIBHBIM apXUTEKTYpHBIM aHcam0OieM — kocrenoM Csateix [lerpa m [aBnma. CornmacHo ofHOHM M3 JIeTeHN,
3TOT TOpOA ObIT OCHOBaH caMoi EBOM, skeHON BEIHKOT0O KHs3s JUTOBCKOro ['enmumuHa. [1] ViBbe — yHHKAIBHOE
MECTO, TJIE MEePEIUICTAIOTCS KYJIBTYPhl M PETUTHH. JTO CBATHINILE, 00bEANHSIIONIEe KaTOINIIN3M, IIPABOCIIABHE,
HCIIaM U MyAau3M. 37eCh MOXXHO HallTM MHOXXECTBO PEIMTHO3HBIX COOPYKEHHUH, MOCBALICHHBIX 3THM YEThIPEM
BEPOBAHMSIM. VICTHHHO IIEHHBIMH SIBIISIIOTCS TaKHE MECTa: OHH SIBIISTIOTCS HE TOJIBKO OOBEKTOM T'OPJOCTH CTPAHBI
U MECTHBIX XXHUTEJNeH, HO W NPHUBJIEKAIOT TypucToB. CoueTaHHe pa3HBIX KyJIbTyp WM penuruii B IBbe — 3TO He
TOJIbKO MHTEPECHBIM, HO M MO3HABATENIbHBIN ONBIT AJS MyTEHIECTBEHHUKOB. benapych JaBHO HM3BeCTHa CBOEH
TOJIEPAaHTHOCTHIO, M VIBbe — mpeKpacHsIii o0paser 31oro. [2]

Kocren Cesarbix [lerpa u IlaBna — crapelnuii naMsTHUK apXUTEKTYphl B VIBbe, pacrnonoxeHHbId Ha ca-
MOM BBICOKOH TOouke ropoja (pucyHok). Kocren — 310 cBeTnas mocTpoiika, OT KOTOpOi B OyKBaJbHOM CMBICIIE
UcXomuT cBeT. [laMATHUKY apXUTEKTYphI ¢ HHTEpecHO! penukpued BHyTpu Oonee 500 ner. OH HaYMHAT CTpPO-
uthes B 1491 rony B cThiIe TO3HEH TOTHKHU, HO HEOJHOKPATHO TIOTOM TMEPECTPanBAIICs, MPUOOpeTas YepThl Ta-
KOTO CTHJIA, Kak 0apokko. [3]

Xpam, KOTOpBIIf MOXKHO HaOJII0/1aTh celdac, 3aHUMAeT MECTO, TJIe PaHbIle CTOsUIa JAPEBHSS rOTHYECKas
HIEpKOBBb, ocTpoeHHas B 1491-1495 rogax. B X VI Beke nepkoBb ObuIa Tiepe/ienana B KaTbBUHUCTCKHA co00p,
HO BCKOpE OHa Iepenuia Bo BiaaeHue Slna Kumku — marnara, 6onee M3BECTHOTO CBOMM HMHTEPECOM K apHaH-
ctBy. IIpn Xxpame apuane OCHOBAJIH TUIIOTpadHIoO U MIKOIY, B KOTOPO# B epuox ¢ 1585 mo 1593 roasr pekropom
6bu1 Sl HambicnoBckuii. HaMpicioBcknii ObIT M3BECTHBIM JAESATENIEM NMPOTECTAaHTH3MA B BelMKOM KHsKeCTBe
JINTOBCKOM M aBTOPOM HECKOJIBKHUX MOJIEMHUIECKUX TPYIOB. [5]

Bo3sBpainenue karonukam xpama npousomnio B 1612 rogy. B 1633 rongy mpousolnuia ero peKOHCTpYKLUS
Y pacUIMpeHHe 3a CUET CPEJACTB, BBIICIECHHBIX MCTUCIABCKUM BoeBojoi Hukonaem Kumikoit. B 310 e Bpems
KocTell OBbUI TIepeiaH BO BiaJieHue OepHapAMHIAM, Op/ieHy (paHIiCKaHIIeB-00CEpPBAHTOB, U B HENOCPE/ICTBEH-
HOMW OJIM30CTH OT Xpama OBIJIO TOCTPOEHO KIUTUIIE ISl MOHAX0B, KOTOPOE YaCTHYHO COXPAaHMIIOCh.

Bo Bpemsi pyccko-1mosibckoi BoiiHbl 1654-1667 ronoB 1epkoBb coxokeHa aomia. B konme XVIII Beka
HA4Jauoch BO3BEJCHNE HA TOM K€ MECTe HOBOTO KocTéna B cTmue O6apokko. B 1787 romy ObuT OCBAIMIEH HOBBIH
KOCTEN, KOTOPBIA Ha MpoTsHkeHun cepeannsl XIX Beka ciryxui opaeHy oepHapaunueB. Koctén Cesareix Ilerpa
u IlaBmna, pacmoysioKeHHbI B caMOl BBICOKOH TOUKe VIBhs, MpUBJIEKaeT BHUMAHUE TYPUCTOB Oyaronmaps craTye
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Xpucra ¢ pacrnpocTepThIMH pyKaMH, KOTOpas pacloJIoKeHa BO JABOpE, — IOYTH TaKOH ke, kak B Puo-zme-
JKaneiipo. BHyTpH xpama Takke HaXOTUTCS PETUKBHUS, OyKBaNbHO comreamas ¢ Hebec. ITo oxHa n3 60 WKOH
Kazanckoit boxbeli Matepu, nmoosiBaBmmx B 2004 roxy B kocmoce u 6onee 100 pa3 obnereBmmx 3emimo. OTy
WKOHY Tomapwi kocteny Bukrop IllyToB, pogoM u3 VIBbeBIMHEL, OBIBIINI COTPYIHUK POCCHICKOTO KOCMITYE-
CKOT'0 areHTcTBa. Ps0M ¢ XpaMoM ylernena 4yacTh KHIBIX KOPILyCOB O€pHapAMHCKOTO MOHACTHIPSL. [4]

Pucynok. — Kocres Caroix Ilerpa u Il1aBia B UBbe [4]

Xpam mpencTaBisieT co0oi ofHOHE(HYO IBYXOalleHHYIO MOCTPOIKY 3aibpHOro THa. Hed BeHUaroT 1u-
JMHAPUYECKUE CBOJBI, B aITapHOM YacTh Hed) 3aKaHUMBAaeTCs MATUTpaHHOW ancuioi. [nmaBHbIM dacan xpama
pa3zenéH KapHHU30M Ha J1Ba sipyca, HIKHMH YKpalleH TOHKUMH NHUISICTPAaMHU, a BEPXHUI COCTOUT U3 IBYX (u-
TYpHBIX OallleH ¢ rpaHéHBIMH KYIIOJIAMH U [IEHTPAJILHBIM aTTHKOM MEXIy HUMU. [lo yriamM ocCHOBHOW MOCTpPOM-
KU W allCU/Ibl PACIIONIaraloTcsi CTyNeHYaThie KOHTP(OPCHI.

PsimoM ¢ KOCTENIOM HaxOAMTCS JKUIIOW KOpPIYC OBIBIIET0 (hpaHIMCKAHCKOTO MOHAcThIps. COXpaHWINCh
3amafHoe M, YaCTUYHO, BOCTOYHOE KPBUIbS XXHMJIOTro Kopmyca. [3] B 3maHmm coxpaHHiIach XymO’KECTBEHHO-
JIeKopaTHBHAs penuksusa — neub X VII Bexka. [7]

Boxkpyr kocrena pa30ouT KpacuBBIi MapK, T MOXKHO HPOTYISATHCS M HACIaUTHCS KPAaCOTOW IPHPOIBI.

Kocten Caareix Iletpa u IlaBna B MBre — 3TO HACTOSALIMH HIENEBP apXUTEKTYPHI, KOTOPHIH MOpa)xaer
cBoel kpacoToi u BennuueM. OH SIBIAETCS OJHUM M3 HEMHOTHX KOCTEJIOB B bemapycu, KOTOpble COXpaHIIUCh
70 HamwmX AHei. Xpam BKirou€H B ['ocyapcTBEHHBIH CIIMCOK MCTOPHKO-KYJIBTYPHBIX LIEHHOCTEH PecrryOmuku
benapycs. [4] Kocten — cuMBOa ropojia, KOTOPBIM MpUBIEKaeT BHUMaHNE MHOKECTBA TYPHCTOB CO BCEr0 MUpa
CBOEH KPacoTOM U HCTOPUEH.
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7. TI'mobyc benapycu. ApXUTeKTypHBIE U MHBIE JoCTONpUMedaTenbHocTH benapycn — Bbe [DeKkTpoHHBIH pe-
cypc]. Pexxum nocrymna: https://globustut.by/ive/index.htm#bernard main (/{ata oopamenus: 10.09.2023).
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YIK
HOBBIE TYPUCTHYECKHE MAPIIPYTHI IO PECIYBJIMKE BEJIAPYCH

C.A. IIOIIPABKO
(IIpeocmaeneno: E.I'. Kpemnesa)

B oannoii cmamve paccmampusaemcs 6adxcHocmv mypusma, e2o pazeumusi ¢ Pecnyonuxe benapyco.
Taxarce 3ampazusaemcs mema YHUKAIbHOCHU NAMAMHUKO8 OEL0PYCCKO20 3004eCmed U 8AHNCHOCb 60CCTNAHOS-
JIeHUs UCMOPUYECKOU U APXUMEKMYPHOU NAMAMU, 0OHOGNEHUs MYPUCIULECKUX MAPUWPYIMOE U CO30AHUA HOBbIX
6 100 mupa u cosudanus.

Knrouegwie cnoea: mypusm, ucmopuyeckas u apXxumekmypHas RamMamy, KyIbmypHoe Hacieoue, UCmopus,
300uecmeo, apxumexkmypa benapycu, I'o0 mupa u cosudanus

Typusm — HeoTheMIIEMAas! YacTh )KU3HH U OJHO M3 CaMbIX APEBHUX 3aHATHI denoBeka. OH XOJUT B YUCIIO
OCHOBHBIX MHTEPECOB MHOTHUX JIIOAEH, peHa3HAUEHHBIX Ul yIOBICTBOPEHUS MHTEPECOB, OTIbIXA, U3yUCHUS
HCTOPHH U apXHUTEKTYpBI CTPAHBI U 32 pyOexxoM. MIMEHHO O3TOMY TypH3M SIBISIETCSI OOHOW M3 BaXKHEHIIHNX OT-
pacieil 5KOHOMHKH U UTpaeT 3HAYUTEIbHYIO PONb B COLHAIBHO-IKOHOMUYECKOM Pa3BUTHH CTPAaH U PETHOHOB.
OH cHocoOCTBYeT CO3MaHMIO PabOYMX MECT, PAa3BUTHIO WH(PACTPYKTYpHI, CTUMYJHPYET Pa3BUTHE MaJOTO
U cpefiHero Ou3Heca, a TakKe 00ecreyrBaeT NPUTOK HAMOHAIBHOM M MHOCTPAHHOW BaJIOTHI, KPOME TOTO, YTO
caMoe€ Ba)KHOE, BBI3BIBAET UyBCTBO TOPAOCTH 3a CTPaHy M PETUOH.

CymiecTByeT MHOXECTBO THIIOB TypH3Ma, HallpUMep, PEIUTHO3HBINA, CHOPTUBHBINA U I€T0BOH, HO CaMbIM
HOITyJISIPHBIM B MOCIENHEE BPEMsl CPEIH HACENECHHs SBIIIETCS MO3HABaTENIbHBIN TypusM. Ilo3HaBaTenbHBIN TY-
PHU3M — 3TO BHUJ TyPHUCTHYECKOI MOE3KH, OCHOBHOM IEJIbI0 KOTOPOH SIBJIIETCS MOCEIIEHHEe TYPUCTaMU pa3iiny-
HBIX KYJIBTYPHBIX U IPUPOJHBIX 00BEKTOB. [1]

Pecny6nuka benapych — 3TO cTpaHa ¢ yHHUKalbHOM KpacOTOH, KOTOpas MPHUBJIEKAET TYPUCTOB CO BCETrO
mupa. OHa CIaBUTCS CBOUMH 3€JIEHBIMHU JIECAMH, YACTBIMHU O3€PAMHU U PEKaMU, a TAaKXKe MHOKECTBOM HCTOpHYE-
CKUX M KYJBTYPHBIX JOCTONPUMEUaTeIbHOCTeH. DTO cTpaHa, OoraTas YHUKaJIBHBIMU NMaMATHUKAMU apXUTEKTY-
PBI, KOTOPBIE COUYETAIOT B ce0€ 3IEMEHTHI PA3IMYHBIX CTHIIEH M 310X M KOTOPHIE HANPSIMYIO CBSI3aHBI C HCTOPH-
YEeCKMMHU COOBITHSIMU CTpaHbl. B HacTosIee BpeMs MHOTHE UCTOPHUYECKUE U apXUTEKTYPHbIC TaMSATHUKH pecTa-
BPHUPYIOTCS, YTO HO3BOJISIET HAM YBHJETh M Y3HaTh MHOTO HOBBIX MECT, KOTOpbIC He ObIIM n3ydeHsl panee. bia-
rojiapsi ’TOMy MHOTHE PETHOHBI CTPaHbI 00OTramarTcsi CBOCOOPa3HBIMH «M3IOMUHKaMM», KOTOPHIE CTAHOBSTCS
CHUMBOJIAMHU TO! MM HHOW MECTHOCTH.

I'oBops mpo Genopycckoe 3044€CTBO, CTOUT OTMETUTh, YTO OHO MMEET CBOM YHHMKaJIbHbIE OCOOCHHOCTH,
KOTOPBIE JENAI0T €r0 HETOXOKUM Ha apXUTEKTYPY APYIHX CTpaH:

1) OpHoit U3 TTaBHBIX OCOOCHHOCTEH SIBIISIETCS MCIIONB30BaHKE JIEPEBa B KaYeCTBE OCHOBHOTO MaTepHaia
JUTSL CTPOHTENBCTBA, TaK Kak B cBoe BpeMs Pecrrybnmka benmapych cunrtanack camoii iecHoi ctpaHoii B EBporre.

2) Jpyroil ocoOeHHOCTbIO OENOPYCCKOTO 30A4ECTBa SBISAETCS €ro NMpocTtoTa M (YHKIHOHAIBHOCTD.
MHorue 31aH1s UIMEIOT NpoCcThie (JOPMBI U JIMIIEHBI W3JIMIIECTB, HO IIPH 3TOM OHH OY€Hb yJIOOHBI JJIsI )KU3HH.
Hanpumep, MHOTHE TOMa UMEIOT OONBIINE OKHA, KOTOPbIe 00ECIIeUNBAIOT XOPOIlIee OCBEIIEHNE U BEHTHIIHIO,
a TakKe MPOCTOPHBIE JBOPHI AJISI XPaHEHHS APOB U APYTHX XO3SHCTBEHHBIX HYX.

3) Eme oxHa 0COOEHHOCTH — CBSI3b C MPHUPOAOH. MHOTHE 3/1aHHs PacloOKEHBI CPEH JIECOB U HOJIeH,
9TO NMPHUIAET UM O0COOYIO KPacoTy M TAPMOHHIO OT CIHSHUS C IPUPOJIOH.

4) Benopycckoe 3014€CTBO XapaKTepH3yeTcsl CBOEH JIOATOBEYHOCTHIO M HA/IS)KHOCTBI0. MHOTHE 371aHus,
0COOEHHO JIEPEBSHHBIE, CTOSIT YK€ HECKOJIBKO CTOJIETHH M MPOJIOJDKAIOT CIYKHUTh CBOMM BilaJeibliaM. DTO CBHU-
JIETEJILCTBYET O BHICOKOM KaueCTBE CTPOUTEIHCTBA U MACTEPCTBE OETIOPYCCKUX 309HUX.

Bo3HUKaIOT HOBBIE TypHUCTHYECKHE MApIIPYTHl MO BCEH CTpaHe, KOTOPBIE MPEKPACHO AEMOHCTPUPYIOT
YHHUKAIIBHOCTb M Ba)KHOCTb apXUTEKTYPHBIX U MCTOPHUYECKUX MAMITHHUKOB Pa3HBIX PerHoHoB. CeroaHsIIHue
MapIIpyThl UMEIOT COBEPIIIEHHO HOBOE 3HAUEHHE U CTAHOBITCA MHOTOOOPAa3HBIMH: OHM MTO3BOJISIIOT MOTPY3UTHCS
B KyJbTYpY, apXUTEKTYpy, UCTOpHIO, ¢utopy u (hayHy. MIHTEepecHOCTh HOBBIX MapLIPYTOB 3aKJIIOYAETCS B TOM,
YTO OHHM HE TOJIBKO BKJIIOYAIOT 3HAMEHHUTHIE apXUTEKTypHBIE JTOCTONPHUMEYATEIbHOCTH, HO U MPOJIETAIOT uepes
MapKH, TTO3BOJISIIOT 03HAKOMHTBLCS C MECTHOM KYXHEH, TpaJuLUsIMU, STHUYECKUMH OCOOCHHOCTSIMU U UCTOpUEH
KOHKPETHOTO PErmoHa. Takue MapmpyThl HE OTPaHWYEHBI OJHOJHEBHBIMH aBTOOYCHBIMH AKCKYPCHSIMH, OHHU
npearaoT oosee MpoJODKUTENBHBIE TYPhI C MOCEIEHNEM UCTOPHYECKUX 3aMKOB, TYPUCTHUECKHX 0a3 OTAbI-
Xa, BETYIINX U apOMAaTHBIX MAPKOB, AyTEHTUYHBIX PECTOPAHOB C HAIMOHAIBHOW KyXHEH U My3eeB.

[Ipennaraercst pa3paboTaTh 3KCKypCHH, BKIIOYAONIME B ce0st 00pa3libl pa3IMuHbIX apXUTEKTYPHBIX CTH-
neit Muncka. K HIM oTHOCSTCS 6apOKKO, KIACCHUIN3M U MOJIepH. B pamkax 3Toro Mapmpyra MOKHO ITOCETUTH
cobop cBaATHIX anoctonoB [letpa u IlaBna - BenMKOJIENHBIH NpuMep O0apoYHON apXHUTEKTYpH! (pucyHOK 1) [2].
Tax)xe CTOUT BKJIIOYUTH B Mporpammy nocemenre HamronansHoro akagemudeckoro bosbiioro tearpa oneps u
Ganera PecriyOnmiku benapyce, mocTpoeHHOTO M3BECTHBIM OenopycckuM apxurekropoM Mocudom Jlanrdapmrom
B CTHJIE KOHCTPYKTHBH3MA (prucyHOK 2) [3]. HarmonansHas 6ubnmotexa benapycu, B hopme poMOOKyO0OKTa -
pa, TaKKe SBJIAETCs IpUMedaTeIbHbIM IPUMEPOM COBPEMEHHON apXUTEKTYPHI [4].
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Pucynox 1. — Cobop cBsaTbix anoctos10B [lerpa u [1aBiia B Muncke [2]

Pucynok 2. — HanuonansHblii akagemuueckuii Bosabioii Teatp onepsl u 6anera Pecny6smuku Benapycs [3]

B I'on mupa u co3uganust ocoboe 3HaueHHEe NMPHOOPETAET Pa3BUTHE TEMbI TypH3Ma MMEHHO MO MECTaM
HCTOPUYECKOM NMaMsITH ¥ BEINYECTBEHHBIM apXUTEKTYPHBIM IaMSITHHKAM B HalIel cTpaHe. DTOT roJ OTKPHIBAET
nepeJl HAMH YHHUKaJIbHbIE BO3MOKHOCTHU AJISI IEMOHCTPALMN BCETO BEJIIMKOJIETIUSI IPUPOIBI, HICTOPUH U apPXHUTEK-
Typbl benapycu. Heo6xoanmMo paciimputh SKCKYpPCHOHHYIO KapTy CTpaHbl, 100aBHB B Hee yIUBHUTEIILHBIC I1a-
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MSTHHKH apXUTEKTYPBI, O KOTOPBIX 10 CHX MOp OBUIO PEAKO yIOMUHAHHE, YTOOBI OHHU TETEPh CTall HEOTHEM-
JIEMOMW YacThlo TypHCTHYEeCKOro Mapupyra. Ocoboe BHUMaHUE CIEAYeT YACIUTh YHUKAIBHOCTH OEOopyCcCKOTo
3044€cTBa, YTOOBI MPUBJICYh KaK MOXHO OOJBIIE MHTEpPEca HE TOJIBKO CO CTOPOHBI MECTHBIX JKHTENEH, HO
U MEXIyHapOJIHbIX TYpPUCTOB. FIMCHHO M3MEHEHHWE W CO3[aHHE HOBBIX TYPHCTHYECKUX MapLIPYTOB CIIOCOOHO
NpUBJICYb BHUMAHHUE JIFO/EH, OTAAHHBIX M3YYEHHIO NCTOPHH M KYJIBTYpHI, TEM CaMbIM celaB bemapyces Ooiee
y3HaBaeMoOil Ha MHUPOBOM apeHe apXUTEKTypbl U MCTOPUUYECKOro Hacienus. BreuarneHHbl cBoell MOe3aKoH,
Ka)XIBII TypHCT CIIENIAaeT CBOIO ITyOJNMKANMIO B MOIMYJSIPHOW COLMAIbHON CETH, BO3MOXHO NMPOOYANB HMHTEpEC
U Y IpYTHUX IIyTEeUIECTBEHHUKOB IOCETUTh HAIly yIUBUTEIBHYIO CTPaHY.
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VIK

CTPYKTYPA HOBBIX TYPUCTHUYECKHUX MAPIIPYTOB
IO TEMATHYECKHNM HAIIPABJIEHUSIM

C.A. IIOIIPABKO
(Ilpeocmaeneno: E.I. Kpemnesa)

B oannoii cmamve paccmampusaemcsa akmyanbHOCMb HOBbIX MYPUCHMUYECKUX Mapupymos. 3ampazu-
8aemcs mema YHUKAIbHOCHU NAMSMHUKOG DeIopYCCKO20 3004eCmBd U 6adCHOCIU 0OHOGNEHUS MYPUCIIUYECKUX
Mapuipymos Kax 6 niane uHmepecos, max u OnumenbHvle U pazHooopazHvle Mapupymol.

Knrouesvie cnosa: namsimmuxu apxumexmypbl, 100 Mupa u co3udanus, mypusm, mypucmuyeckas Kapma, me-
Mamuyeckue Hanpaenenust, I poonernckas obracme, mypucmudeckuii mapuipym « Cokposuwgnuya I poonenuunsly.

B l'oga mupa u co3mmaHus, KOTOPHIA O4YeHb BakeH mis PecmyOmmkn Bemapych, upe3BbYaifHO Ba)KHO
yIeNATh BHUMaHHE TTAMATHUKAM OEJI0pyCCKOT0 30J9€CTBA, KOTOPBIE OTPaKaf0T MHOTOBEKOBYIO HCTOPHIO HalIeH
CTpaHbl, TPAAULUUH U KynbTypy. OCHOBHBIMH LIEISIMH 3TOrO TOfa SBISIOTCA NOCTH)KEHUE MHpA, MOJACp KaHHe
CTIIOKOHCTBHS M ONaromonydms, MPOJIBIKCHNE CPEAN HACENCHUS WACH HMCTOPHYECKHX M AYXOBHBIX TPAITHIIUH
6eIopyccKOro HapoJa, OCHOBBIBASICH HA YKPEIJICHHE B3aMMOOTHOIICHHH MEXIY JIOJbMH M CO3UAATEIHHOM
tpyze [1]. B cBere 3TOro, HEOOXOAUMO COXPaHHUThH MaMSTh O MPOILIOM M 3HATh HENOBTOPHUMBIE MPOMU3BEACHUS
6eopyCcCKOM apXUTEKTYPhI U KyJIbTYpPhI. B IesX MOBBIIEHUS 3p YU HACeICHHs U NPUBJICYEHUS BHUMAHUSA
TYpUCTOB, a TaKKe AJS TOJHOW MOMYJISpU3allMi OOrarcTB OENIOPYCCKOTO apXHUTEKTYPHOTO M KYyJIBTYPHOTO
Haclleui IpeaaraeTcs 3HaYUTeIbHO PACIIUPUTh TYPUCTHUECKYIO KapTy CTpaHbl U 00OTaTUTh €€ MapIIpyTaMH,
OCHOBAHHBIX Ha Pa3JINYHBIX TeMaTHKaxX. [lo3HaBaTeNbHBIN TypH3M MOMYJISIPEH BO BCEM MHUpE.

benapych — mpucTaHMIe MHOXKECTBA UCTOPUYECKHUX MAMATHUKOB apXHUTEKTYpPBI, KOTOPHIE MPUBIEKAIOT
TYPHCTOB CO Bcero Mupa. HekoTopble U3 HUX SBISIFOTCS YHUKAJIBHBIMH 00pa3liaMy pa3iHIHbIX apXUTEKTYPHBIX
CTHIIEH U 3IIOX.

Tema pa3zpaboTaHHOTO HOBOTO TYPHCTHUYECKOTO MapIIpyTa MOCBAIIECHA apXUTEKType I porHeHCKOH 00ma-
ctu. Haszpanme mapmpyra — «Coxposumnunna I'pogneHnmasy. Ha3Banne roBopur camo 3a ce0s: CO3MaHHBIA
MapIIpyT COCTOUT M3 IPKUX U YHUKAIBbHBIX IPUMEPOB 309eCcTBa Ha TeppuTopuu [ pogHeHCKOH 001acTH.

I'popHenckas obyacTe — yauBHUTENbHAS YacTh Pecnyonuku benapych, koTopas oJHO3HaYHO OyneT MHTe-
pecHa TeM, KOTO NpHUBJIEKAeT HCTOPUS M apXUTEKTYypa, Takke M3BECTHAs CBOEH MCKIIOUMUTENBHONH KpacoToit
U YHUKAJIBHOCTBIO. DTOT PETHOH CIaBUTCSI CBOMMH IMaMATHUKAMH apXUTEKTYPhI, OTPAXKAIOUINX SAPKYIO U MHOTO-
BEKOBYIO UcTOpuio PecryOmmku benapych, ®UBOMUCHBIMU HeH3akaMH U KyJIbTYPHBIM HacJeIueM, CO3JaHHBIM
CaMBIMH BBIIAOIINMUCS JINYHOCTAMH.

OpHOM U3 TIABHBIX JOCTONpPUMeEUaTeIbHOCTEH I"pogHeHCKON 00IacTH ABJIIETCS 0OMACTHOM IEHTP — To-
poxn I'pomHo, pacmonokeHHbIH Ha Oepery peku HemaHn. I'pogro Obu1 ocHOBaH B X1 Beke U mMeeT OOraTyro UCTO-
pHIO, OTpa’keHUE KOTOPOH MOYKHO YBHJIETh B €r0 apXUTEKType. ['0poJ ciaBUTCS CBOMMHU CTAPUHHBIMU 3aMKaMH,
KPETIOCTSIMU M IIEPKBSIMHU, KOTOPbIe OBUIM TIOCTPOCHBI B pa3Hble 3MoXH. Teuenue 2014 roma ropos HOCHII 3BaHKE
«KynprypHas cronuna benapycu» [2].

I'pomHeHCKas 00NIACTE CIABUTCS CBOCH HECPaBHEHHOW MPHUPOTHON KPacoTOH. 3MeCh MOXKHO OTKPBITH TY-
PUCTHYECKHE MapIIPYTHI, CBA3aHHBIE C BEIMKOJICNTHEM OOTaThIX JIECOB, XHBOMHCHBIX 03ep U pek. OgHuM u3
0c000 MOMyJISIPHBIX MECT CpeIu TYPHUCTOB siByiseTcss HanuoHanbHbIi mapk "BemoBexckas mymia", cO3IaHHbIH
B 1939 roay Ha Teppuropun bpectckoi obmacTy, a Takke YaCTUYHO NMPOCTHPAIOIIUICS Ha ['pogHeHCKy0. DTOT
MapK yAMUBISIET CBOMMHM PEJIKUMH )KMBOTHBIMH, 3aHECEHHBIMU B MexayHapoaHyo KpacHyro KHUTY, TAKUMH Kak
3y0p ¥ phICh, a TaK)Ke 3aXBAaTHIBAET CEPJIIla CBOEH BEIMUYECTBEHHOW MPHUPOAOH. B momonHeHne K YHUKaIbHOM
(diope u dayHe, TYpUCTBI MOTYT MOCeTUTh Memopuain "[lamarorue KpecTsl", MOCBSIECHHBIN Tpareaun Bemukoit
OTteuecTBeHHOW BOMHEI, My3e# HapOJHOTO ObITa U CTAPUHHBIX TEXHOJOTHI, OCHOBAHHBIA HA CTAPHMHHOW yCa b~
0e, My3eit mpuposl, oTKpHITEIA B 2009 Toxy, a Takke [lomecthe Jlema Mopo3sa, 3annMaromiee moutu 15 rekra-
POB U NPUBJIEKAIOIEE KaX bl IO MHOXECTBO MaJI€HbKUX TypUCTOB [3].

Kpome Toro, B I'posiHeHCKOH 0051aCTH €CTh MHOXKECTBO MY3€€B M KyJIbTYPHBIX IIEHTPOB, KOTOPbIE HPH-
BIEKAIOT TYPHUCTOB CO Bcero mupa. OMH U3 caMbIX U3BECTHBIX My3eeB — My3sell uctopuu I'opoHHLIbL, 30aHKE
KOTOPOTO SIBJISIETCS MAaMATHUKOB IPaJoCTPOUTENLCTBA BTOpoi nonoBuHbl X VIII Beka. I'1aBHBIMM apXuTeKTOpa-
MU 3TOoTO TipoekTa Obut Morann Mesep u JIxysemnte ae Cakko [4].

I'ponHeHckas 007acTh SIBISETCS OAHMM M3 KpacHBEWIINX MecT B bemapycu. 31ech MOKHO BCTPETHTH
pa3NUYHbIC ApXUTEKTYPHBIE CTHIIN, HAYMHAS OT CPETHEBEKOBHIX 3aMKOB M 3aKaHYMBas COBPEMEHHBIMH 3IaHUA-
mu. Ha teppuropun obmactu, B ropojickoM mocenke Mup, pacronaraercsi MUPCKHUHA 3aMOK — OOBEKT, BKITIOYCH-
HBIA B iepederb Becemuproro Hacnenus FOHECKO. Kpome Toro, Ha Tepputopun 001acTH pacroyioKeHO MHO-
KECTBO JPYI'HX HE MEHEe MHTEPECHBIX M CTOSIINX BHIMAHHUS TyPHUCTOB COOPY)KEHHUH, K KOTOPHIM MOXKHO OTHE-
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CTH TaKHe YHUKaJIbHbIE MAMITHUKH apXUTEKTYphl KaK ApeBHEHIINH yKkpemeHHslit xpaMm cTpansl X V-XVI BekoB —
LepxoBb cBaToro Apxanrena Muxauna B aepeBHe CoiHkoBHYM; KocTen CBaThix Ilerpa u I1aBna B ropoze VBse,
TakKe M3BECTHHIM Kak [leTpomaBmoBckuit koctenm U gatupyeMerii 1600 romom; Bopucorne6ekas (Komoxckast)
1epkoBs, moctpoeHHas B 80-e roxsr XII Beka B I'ponno; IlerpomaBnoBekuii kocten 1674 roma B arporopoake
Poxxanka; ycanp6a OruHCKEX B epeBHe 3aneche, CMOPTrOHCKUI palioH, KOTOpast BXOAUT B YHCIIO CaMBIX ITOCe-
mraeMbIxX My3eeB [ poxHeHCKOH obmactu [5].

B mensx pasBuTus TypusMa B CTpaHE M MOMYJISIPU3ANNH BBIAAIOIINXCS TAMATHUKOB apXUTEKTYPbI, IPEa-
naraercs B ['ox Mupa n co3uiaHus BBEACHHE YHHKAIBHOTO TyPHCTHIECKOTO MapIIpyTa CO CIECAYIOIUMH OCTa-
HOBKaMH (PUCYHOK 1):

Ycanpba OruHckux — 1. 3anecwe, I poHeHCKast 0051acTs.

Kocrén cBarbix Ilerpa u [1aBna — r. UBbe, ['ponHenckas o0nacTs.

Xpam cBaroro Apxanreia Muxawuna — 1. CbIHKOBHYH, [ potHeHCKast 001acTh.
[erponasnoBckuii kocten — ar. Poxanka, ['pogHeHckast 061acTh.
Bopucornebekas (Komoxckas) nepkoBs — r. I'pogHo.
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Pucynok 1. — Kapra mapmpyta «CoxpoBumiauna I'pogHeHmuHbD [6]

Hauanpnas Touka mapmpyra — mapk M ycaneOHbld noM OTMHCKHX B JiepeBYyIIKe 3ajieche. 3aliechbe,
HeOoJbIIasi epeBHs, PACIOJIOKEHHass Henoaaieky oT CMOpProHH, craja MCTOPHYECKMM MECTOM, B CBSI3H C
MMEHEM M3BECTHOTO I'OCYAapCTBEHHOTO JesTeliss 1 komnosntopa Muxanna Kneodaca Orunckoro. 3xech 06110
POXIEHO OAHO M3 HanboJjee CepACUHBIX M M3BECTHBIX IPOM3BeieHNH Kommo3uTopa — «[Ipomanne ¢ Poaunoiy,
no3xe nu3BectHoe Kak «Ilonone3 OTMHCKOro», MO UMEHH €ro BeJIMKoro aBtopa. OTHHCKHMI Beeraa ObUT H3BECTEH
Kak OECKOMIIPOMHCCHBIH MOJIMTHK, aKTHBHO YYaCTBOBAaBIIUH Ja)Ke B TaACyIIKOCTIONIKOBCKOM BOCCTAHHMHU. JTO
KpacHUBOE MMEHHUE B OENOPYCCKOIl AepeBHE CTaao coOCTBEHHOCThI0 Muxanina OrHHCKOTO Mocie IEAPOro Aapa
ero AiaM — OJHOW M3 MHOTHX ycaned, Mpa3gHWYHO MOAApeHHBIX eMmy. OTHHCKHHA BMeCTe CO CBOEil ceMbeil
MPOXKWIT 371eCh MHOTO JeT. [IpubbB Ha MecTto, OTHHCKHUH cpa3y ke NPUCTYIHI K PEMOHTY ycaas0bl IO CBOMM
BKyCaM, MOPYYHMB 3Ty pPabOTy MEPCHEKTHBHOMY JHTOBCKOMY apXHTEKTOPY HEMEIKOT0 MPOMCXOXKICHHS II0
nmern Muxan Hlynsn. Yeagp6a OrHHCKOTO cTaia BOIUIOMICHHEM KIIACCHIIN3MA, a JIOM, TOCTPOSHHBIH U3 KaMHS,
OBLT OTHOSTAXXHBINA. IHTEpPECHO OTMETHUTH, YTO TIOMUMO BEJIHMKOJICITHOTO ABOPIIA, 3AE€Ch OBUIO TaK)Ke MHOXKECTBO
JPYTUX YHAKAIBHBIX TOCTPOeK [7] (pUCYHOK 2).
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NYYLIEE B BENAPYCH

Pucynok 2. — Ycagp6a Orunckoro [8]

B camowm cepare ropona VBes, Hama BTopasi ocTaHOBKa pacnonaraercs LepkoBe Cesateix Ilerpa u Ilas-
na. Victopust 3TOM MOCTPOMKHM yXOAUT KOPHSIMH B TOTHYECKMH Xpam XV BeKa, KOTODPBIH, K HECYAaCThio, ObLI
CHJIBHO NOBPEX/IeH BO BpeMs KoH(HKTa Mexnay Peubto [locronuroii u Poccueit B 1654-1667 ronax. Ho He-
CMOTps Ha 3T0, yke B 1787 roay, 3aech ObLIa OCBSIEHA HOBasi IEPKOBb, KOTOPYIO BIUIOThH 10 cepenuHbl XIX
Beka Hcrnosb30Bay OepHapauHIEL. LlepkoBe Csteix Iletpa u IlaBma BenMKOJENHO pacrojioKeHa Ha CaMou
BBICOKOH Touke VIBbA M Bcerjga IpuBIEKaeT BHUMAaHHE IMYTEIIECTBEHHUKOB. Bo IBOpe 37aHMS ycTaHOBIEHA
CKyJIBITYpa XpUCTa C paclpaBlICHHBIMHA PYKaMH, HEBEPOSATHO HAllOMHMHAIOMIAs CKyJIbNOTYpy B Puo-ne-XKaneiipo,
Bpasummsa. Ocoboii M3IOMUHKOM Xpama SIBISIeTCsl ero CBATHIHA — oxHa u3 60 nkoH Kasanckoit boxxueir Marepn,
kxotopast B 2004 roxy moOpIBana B KocMoce u OoJiee cta pa3 obierena 3emirto. DTy WKOHY MOTAPHI KOCTEITY
Buxkrop lllyToB, yposxerer VBbs 1 ObIBIINIT COTpYAHUK KOCMHUYecKoro arenTcTBa Poccun [9].

Crnenyromasi OCTaHOBKa — XpaM CBAITOro Apxanrena Muxaunna, nepeBHsi CbIHKOBUYH. DTO OJHO U3 HEMHO-
THX COXPaHMBIINXCSI OOOPOHHBIX XPaMOB M OJIMH W3 JIpEBHEHIIMX MpaBOCIaBHBIX XpamoB B benapycu. Jlerenia
TJIACHT, YTO BEJIMKUM KHA3b BUTOBT MOCTPOMII 3Ty LIEPKOBH B 3HAK OJIar0JapHOCTH 3a CIIACEHHE OT MOTOHH Sraiiio,
KOTOPOE MPOU30IILIO B MECTHBIX JiecaX. BHauase roJumBy 1 Ka3ajiock, YTo XpaMm ObUT HocTpoeH B Havyaste X VI Beka
cpezacTBaMu Benukoro retMana Jiurosckoro Koncrantuna Octpoxkckoro. OIHaKO HETaBHO NMPOBEICHHBIE PECTaB-
palMoHHbBIE pabOTHI MOKA3aJIH, YTO 3Ta MOCTPOHKa OTHOCHTCS K 1320 rogay. ApXeoIorHuecKre UCCIICI0BAHMUS IO I-
TBEPIK/IAIOT MPEIIOJIORKEHNE, YTO HAa MECTE CETOJHSIIHETO XpaMa paHee CYIIECTBOBAJ 3aMOK. JTOT 3aMOK ObLI
TIOCTPOEH Ha BO3BBIIICHHOCTH cpean O0JI0T, I/ie CIMBAIMCh HECKOIBKO pydbeB. B pesynbrare HactymieHus XV
BeKa OT 3aMKa OCTaJICh TOJBKO PA3BaJIMHBI, M MO yKa3aHMIO KHs31 BUTOBTA Ha ero mMecte ObUT BO3BEAEH XOPOIIO
YKPEIUICHHBI OOOPOHMTENBHBIN XpaM ¢ 00eBbIMU OamHsMHU B KakaoM yriry. Ilocie ycranosnenust CoBerckoi
BJIaCTH LIEPKOBb OblIa 3aKpbITa. [IOBTOPHO OTKphITa Kak npaBociaBHast BecHoi 1989 r. [10].

Bwmecre ¢ CplHKOBHYaMHU OTIIpaBiisieMcsl B arporopojok PoskaHka, koTtopelii Haxogutcs B IllyunHCKOM
paiione I'poaneHckoii obmactu. 3mech Hac BerpedaerT kocten Careix Iletpa u IlaBia, H3BECTHBIA TAaKKe Kak
IlerponaBnOBCKUI KOCTEN U SABJISAIOLINICS HACTOSIUM apXUTEKTYPHBIM yKpalleHueM paiioHa. [locTpoeHHbIl B
1827 roxy u3 kupnuya u OyTOBOrO KaMHs cpencTBamu cenatopa JlroaBuka Muxana Ilana, 3TOT Xpam yxe Jie-
MOHCTPUPYET MPOSBICHUS HEOTOTHYECKOTO CTHIISL, KOTOPBIM CTAHET Ba)KHBIM UL Pa3BUTUSl KaTOINMYECKOHN ap-
XUTEKTYpbl BO BTOpoi mnosoBuHe XIX u Hagane XX Beka. Ha (oHe HekpymHOW dYeThlpeXrpaHHOW OarrHu-
3BOHHMUIIBI, TIOCTPOEHHON BOCBMEPUKOM Ha YETBEPHKE, BBIACIACTCS aCUMMETPUYHOE PACIOIOKEHNUE U BEICOKUI
k. ['0OTHYECKHe JIEMEHTHI, TaKue KaK CTpesibuaThle OKHA, KOHTP(OPCH U OalleHKU -(Haibl, elle He CIUII-
KOM BBIPA3UTENbHBI, OJHAKO yke nproOpeTatoT cuiry. OcoOeHHO BHUMaHUE NpUBJIeKaeT QacaaHas CTeHa C JieT-
HBIM TepOOM, IIMPOKUM OPHAMEHTAIBLHBIM IOSICOM M (DMIIMTPaHHBIM PHUCYHKOM M3 BEPTUKAIBHBIX M TOPU30H-
TaNBHBIX OeNbIX JuHUH [11].

Iocnennsis ocTaHoBKa Hamero Mapiipyra — bopucorne6ekas nepkosb B I'pogno. OnHa U3 crapedmmx
cBaTEIHB benapycu Obuta noctpoena B 1180 roxy u ocsiiieHa B 4eCTh IEPBBIX PYCCKUX CBATHIX bopuca u I'ne-
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6a. bopucorneockas (Komoxckas) IepkoBb — TAMATHUK IPEBHEH apXUTEKTyphl HAXOOUTCSA Ha Tepputopun Ko-
JIOXKCKOTO Tapka. ['poHEHIBI CYUTAIOT 3TOT XpaMm cepaiem ropona. [locrtpoen on 6bur B 1180 1. Ha BEICOKOM
npaBoM Oepery Hemana psimom ¢ 3amKkoBoOi# ropoii Ha Tepputopun ObiBuiero Komoskckoro mocana. LlepkoBb
Npe/CTaBisIa cOOOH MIECTUCTOIIIHBINA TPEXalCUAHBIA XpaM IIHHOW 26,5 M v mmpuHOH 13,5 M. ¢ TONIUHOM
cteH okoyio 1.2 M. KameHnHsle cTonObl quameTpoM 1,2 M Ha IPSAMOYTOJIBHBIX IIOKOJISIX, BBEPXY HOCTENEHHO NPH-
obpeTatoine kpectooOpazHyto GpopMy. CTEHBI CI0XKEHBI M3 MPSIMOYTOIBHON MIIMH(BI, NCIOJIB30BAINCH TAKKE
HEKOTOphIe TpamenueBuHble kupnuuu. Pacagsl LEpPKBU yKpallleHbl BCTaBKaMU U3 IOJMPOBAHHBIX BaJyHOB
Y MalOJIMKOBBIX IJIUTOK KOPHYHEBOTO, 3€JICHOTO M JKEJITOTO IIBETOB, U3 KOTOPBIX HaOpaHbI KpecThl. OcoOeHHO-
CTBIO MHTEPBEPA LIEPKBU SBIAETCA MHOXKECTBO KyBIIMHOB-TOJOCHHKOB, BMYPOBAHHBIX B BEPXHHE YaCTH CEBEP-
HOM, 3amaTHOM, F0)KHOM CTEH M CBOJIOB. DTOT apXUTEKTYPHBIA 3IEMEHT OTINYaeT IePKOBb «I pOIHEHCKOH apXu-
TEKTypHOM wKoub» XII B. OT OCTalbHBIX XpamMoB TOro nepuozaa. IIpeanosoKuTenbHO CTPOUTENBCTBO Xpama
BEJIOCH ITOJT PYKOBOACTBOM BH3aHTHICKOTO MacTepa [lerpa Mumnanera. [12]

I'ponHeHcKO# 007IacTH — yOIUBUTEIBHBIH PETHOH, TJIe MOXKHO BCTPETUTh MHOKECTBO apXUTEKTYPHBIX I1a-
MSTHUKOB, TaKHE KaK CTApUHHBIC yCa/JbObl, My3eH U TeaTpbl. Bce OHM CO37al0T HEMOBTOPUMBIN OOJIHK pErHOHa
U JIeNAaloT €T0 MPUBIEKATEIbHBIM U TYPHCTOB.
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The article presents an analysis of international experience in green construction and compares the criteria for
assessing international standards LEED, BREEAM, DGNB.

Global climate change is the most severe environmental and development challenge facing the world today and
the long-term human beings, and buildings are one of the most important areas for energy conservation, emission re-
duction and response to climate change. International building energy-saving technologies are progressing very fast,
from low-energy buildings to ultra-low-energy buildings to capacity building.

On September 22, 2020, General Secretary Xi Jinping delivered an important speech at the general debate
of the 75th United Nations General Assembly, saying that China "strives to peak carbon dioxide emissions in
2030 and achieve carbon neutrality in 2060", while the construction industry is the largest energy source in the
country. About one-fifth of the total consumption of "large energy households", greening has become an inevita-
ble trend of its development. According to the United Nations Intergovernmental Panel on Climate Change, the
carbon reduction effect of green buildings is the highest of any industry. Under the goal of carbon neutrality, the
development of ultra-low energy buildings, near-zero energy buildings and related industries will enter an accel-
erated period in the next few years.

In 2020, China's building energy consumption reached 1.089 billion tons of coal equivalent, more than three
times the 2000 figure. The introduction of energy-saving building design standards and the implementation of energy-
saving renovation of existing buildings will save 420 billion kWh of electricity and 260 million tons of conventional
coal each year and reduce CO, and other greenhouse gas emissions by 846 million tons. Thus, the development of
energy efficiency in buildings and green buildings is relevant for China [1].

Green buildings improve the efficiency of building resource utilization, thereby reducing its negative im-
pact on the environment at all stages of its life cycle, laying the foundation for the sustainable development of
the human environment, contributing to the sustainable development of human beings, and improving the quality
of life of citizens.

Historical aspects of the development of the concept of ""green' building.

As early as the 1970s, in the context of the energy crisis, the concept of green buildings appeared. A brief
development of green buildings is shown in Figure 1.1 below. In the past few decades, green buildings have
grown from developed countries. From the beginning, from the rich expansion of theoretical concepts to the ac-
tual practice of projects, green buildings have gradually developed from a single green technology to a single
green building and even a green building system. The research coverage of factors is also becoming more and
more extensive [2].

In the 1980s,the indoor and outdoor
environmental problems of buildings In1992,”Agenda 21" and
became prominent,and the research other global action
on the built environment centered on programs,and put forward
- . o o health became a new focus of concepts such as “green
ecological architecture aechitctyral research in developed building”in the meeting
countries

In 1969,the American Italian
architect Paolo Soleri first

proposed the concept of

Figure 1. — Brief outline of green building development
(Image source: The author draws it according to the data)

The traditional green building evaluation standards were born from the green concepts and norms of many
researchers. Most of these standards are based on objective and fixed perspectives such as the energy saving rate,
water saving rate, and the proportion of materials used for energy saving and emission reduction in green buildings.
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Quantitative parameter indicators to define green building: During the life cycle of building construction and use
process, including pre-site selection, building design, engineering construction, building operations, post-building
maintenance and renovation, it is necessary to save resources and Maximum environmental responsibility [3]. In
the whole life cycle, save resources, protect the environment, reduce pollution, provide people with healthy, suita-
ble and efficient use space, and maximize the realization of high-quality buildings that live in harmony with nature
[4]. The new green building construction technology requires people's environmental protection awareness to keep
pace with the times. At the same time, the concept of the original standard will be retained, which is a dialectical
inheritance, so that green buildings are more in line with the trend of the times in today's society and better serve
human beings. In general, it is not difficult to see from the literal definition that each country may have its own set
of green buildings, but in fact, the core concepts and ideas are not much different.

Due to the huge differences in natural resources, human environment, economic conditions and other factors
in modern green buildings around the world, it is necessary to comprehensively refer to various factors when evalu-
ating the same green building; the application of green building technology will also vary with different building
types. It is not difficult to understand the difference. Therefore, different countries and regions will adapt to local
conditions according to their own actual conditions. The traditional standards for green buildings are one-sided,
isolated and static. The standards of different times in different regions, traditional green building standards cannot
define modern green buildings. We need a holistic, joint, and campaign criteria for evaluating green buildings [5].

The regulatory framework for the adoption of "green" technologies in modern buildings is based on car-
bon emissions. Carbon emissions are defined as the amount of greenhouse gas emissions produced when a prod-
uct is produced, transported, used and recycled. Buildings themselves are large energy consumers and have a
significant impact on the environment. According to statistics, 50% of the world's energy is used for construc-
tion, and more than 50% of the material raw materials obtained by humans from nature are also used to build
various buildings and their ancillary facilities. In addition, air pollution, light pollution and electromagnetic pol-
lution caused by buildings account for more than 1/3 of the total environmental pollution. 40% of the waste gen-
erated by human activities is construction waste. For developing countries, due to the influx of a large number of
people into cities, the demand for housing, roads, underground works, and public facilities is getting higher and
higher, and the energy consumption is also increasing. Resources create irreconcilable contradictions [6].

In the first half of the 21st century, China's resource supply situation is much more severe than in the 20th
century, especially the shortage of water, arable land and petroleum energy. If no corresponding effective
measures are taken, the material base of natural resources for economic prosperity will appear a comprehensive
crisis. In the face of such severe resource shortage and environmental crisis, saving resources is a realistic choice
for China to ease resource constraints. At present, China's construction industry is a large consumer of land, wa-
ter, consumables and energy, and there are serious problems such as waste of resources and environmental pollu-
tion. It is imperative to vigorously develop building energy conservation and actively promote green buildings.
This is of strategic significance for fully implementing the Scientific Outlook on Development and building a
resource-saving and environment-friendly society [7].

Vigorously developing green buildings is an urgent need to reduce environmental pollution, protect the
ecological environment, improve the quality of life, and protect people's health. At present, rural environmental
problems are becoming more and more prominent, domestic pollution is intensifying, industrial and mining pol-
lution is prominent, and drinking water safety has hidden dangers, showing a trend of pollution shifting from
cities to rural areas. The construction industry is one of the main sources of pollution. To change this situation, it
is necessary to vigorously promote the green building system and ecological city construction with the main fea-
tures of saving resources, protecting the environment and reducing pollution. This is an urgent need to protect
the health of urban and rural people [8].

The rise of green building in the United States began with the 1973 oil embargo crisis, and energy costs
became public concern, and some office buildings with sustainable measures began to appear. In the early 1980s,
the United States began to develop building energy efficiency, and many private green building organizations
took this opportunity to emerge and grow in more than ten years. The United States Green Building Council
(USGBC) established in 1993 is a typical representative of these organizations, which successfully guides green
building to a more systematic level [9].

The development of green buildings in the United States can be divided into three stages:

Start-up stage: marked by the establishment of the United States Green Building Council (USGBC) in 1993, a
third-party independent agency, in 1998, the agency developed a green building evaluation system - LEED (Leader-
ship in Energy and Environmental Design), and began to carry out Evaluate. Under the promotion of this institution,
the concept of green building has been gradually promoted, followed by a change in policy focus [10].

Development stage: marked by the promulgation of the 2005 "Energy Policy Act", which embodies the
country's energy development strategy, the Act's attention to building energy efficiency is unprecedented.

Expansion stage: marked by the "Economic Stimulus Act" signed by Obama in 2009, there are more than
25 billion US dollars in the bill to promote the development of green buildings and make it an important part of
energy reform and economic recovery [11].
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A major contribution of the USGBC is the initiation and implementation of the LEED Green Building
Evaluation Standard, a third-party certified, quantifiable green building solution applicable to many types of
buildings. The LEED standard is one of the most influential green building evaluation standards in the world.
China, Australia, Spain, Japan, India and other countries have all provided reference for the formulation of their
own green building evaluation standards through the study of LEED standards. The LEED standard is also one
of the green building evaluation standards with the greatest market promotion in the world.

The wide application of LEED standards has promoted the rapid development of green buildings, and at
the same time, feedback from green building practices has also promoted the continuous updating of LEED
standards. In November 2013, the LEED Standard V4 version was released after 6 consultations; in April 2016,
the LEED Standard V4 version was most recently updated [12].

The LEED plaque on a building is a mark of quality and achievement in green building. Leaders across
the globe have made LEED the most widely used green building rating system in the world with 1.85 million
square feet of construction space certifying every day. LEED certification provides independent verification of a
building or neighborhood’s green features, allowing for the design, construction, operations and maintenance of
resource-efficient, high-performing, healthy, cost-effective buildings. LEED is the triple bottom line in action,
benefiting people, planet and profit [13].

LEED projects are responsible for diverting over 80 million tons of waste from landfills. Compared to the
average commercial building, LEED Gold buildings in the General Services Administration’s portfolio consume
a quarter less energy and generate 34% lower greenhouse gas emissions [14].

"More than 79,000 projects are participating in LEED across 160 countries and territories, comprising
over 15 billion square feet. You've seen a LEED plaque before — USGBC estimates that nearly 5 million people
experience a LEED building every day. Many of the world’s most well-known buildings have earned LEED
certification" [15].

Based on the number of points achieved, a project earns one of four LEED rating levels (Figure 2.):

CERTIFIED SILVER GOLD PLATINUM

Figure 2. — LEED rating levels [16]

LEED works for all buildings at all phases of development, from new construction to existing buildings,
as well as all building sectors, from homes to hospitals to corporate headquarters.

The development of green buildings in the United States presents the following characteristics:

The legal system is perfect and the policy foundation is good: the federal government has issued a series
of policies and regulations such as the energy bill and the presidential decree, and the states have proposed de-
velopment goals and formulated mandatory standards;

Improve the supporting system to ensure the smooth development of various tasks: establish supporting
systems in combination with relevant policies, introduce a number of incentive policies, and formulate mandato-
ry standards to establish a certification system;

Emphasize economic incentives and focus on mobilizing market enthusiasm: promote through various
energy efficiency contracts, establishment of public welfare funds, cash subsidies, tax credits, mortgage loans,
accelerated depreciation, etc.;

Emphasize third-party mechanisms to ensure fair and impartial evaluation: attach importance to third-
party organizations for certification, such as LEEDNGBS Energy Star and other evaluation systems;

Emphasize Life Cycle Cost Analysis: Emphasize during Capitol Energy Efficiency Programs and Support
for Renewable Energy to identify appropriate measures and technologies [17].

Singapore's natural resources are very scarce, and a large amount of water, electricity, building materials,
etc. are all dependent on imports. At the same time, the consumption of the construction industry is huge, so sus-
tainable development has to become an important issue for Singapore's national development.

The second oil crisis had a huge impact on a country like Singapore that relied on imported energy. In
1980, the Singapore Building and Construction Authority (BCA) promoted energy conservation in the building
industry by promulgating the "Building Energy Conservation Standard". The road to energy-saving construction.
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In 2004, with the support of the National Environment Agency, BCA developed the evaluation standard-green
mark, and in January of the following year, it began to implement the green mark certification program to raise
the awareness of the whole society. As of May 2013, Singapore has passed the green mark certification. There
are 1,574 projects in total, with a construction area of 46.9 million square meters, accounting for 20% of the
country's total construction area. At the same time, the country has formulated the development goals and plans
for green buildings, namely: 80% of new buildings in 30 years will be green buildings, and energy efficiency
will be increased by 35% compared with 2005. The "Second Phase Green Building Master Plan" promotes the
development of green buildings, the government takes the lead in construction, rewards high-star projects,
strengthens training and promotion, and formulates the "Third Phase Green Building Master Plan" [18].

Singapore's green building development policy presents the following characteristics:

1. The government takes the lead, forcing the public buildings invested by itself to pass the green stand-
ard first, and on the other hand, take different measures for different objects, and formulate minimum perfor-
mance standards to meet the promotion of other types of buildings;

2. Pay attention to the promotion of ideas. The government has always emphasized the promotion of
green buildings to the public during the promotion process, and actively studied and identified the advantages of
green buildings in terms of investment income;

3. Focus on professional certification and training, and standardize the market access mechanism: Singa-
pore has established a sound social and university training mechanism, and formulated a related vocational certi-
fication mechanism;

4. Improve the supporting mechanism: Singapore has established relevant supporting systems while im-
proving the evaluation system, which provides a basis for developers and owners to choose green building mate-
rials, home appliances and other related products when constructing and renovating projects. At the same time, it
will drive the development of upstream and downstream industrial chains and "green" upgrades, improve the
environment, and ease the pressure on resources and energy [19].

Comparative analysis of existing ""green' building standards

The first corporate green standard for assessing the performance of buildings at the international level
BREEAM (BRE Environmental Assessment Method) was developed in the UK in 1990.

Currently, this system is represented in 71 countries of the world, 532,615 certificates of conformity have
been issued [20]. In its own way, the BREEAM system is represented in Northern Europe (3,567 projects) and
Western Europe (739 projects) [21].

The certification system itself includes 9 sections: Management; Health; Energy; Transport; Water;
Materials; Recycling; Land use; Pollution.

In 1993, the LEED certification system appeared in the United States as a standard for measuring energy
efficient, environmentally friendly and sustainable (sustainable) building projects to facilitate the transition of
the building industry to the design, construction and operation of such buildings.

BREEAM

BREEAM
8 2 ¢

Figure 3. — BRE Environmental Assessment Method Figure 4. — International LEED system

LEED-2009 (v3) has six sections [22]:

— Construction site (building site), taking into account future needs (sustainable sites, SS);

— Water efficiency (WE);

— Energy consumption and atmosphere parameters (energy and atmosphere, EA);

— Consumption of materials and resources (materials and resources, MR);

— Indoor environmental quality (IEQ);

— Innovation in design (innovation in design, ID).

Each of the sections includes a certain set of specific requirements. For example, the item "efficient water
consumption” includes three requirements: the study of the natural landscape; innovative wastewater treatment
technologies; reduction in water consumption.

In Germany, the German Sustainable Building Council (Deutsche Gesellschaft fiir nachhaltiges Bauen
e.V., DGNB) introduced its own green building certification in 2009 [23].
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Figure 5. — German Sustainable Building Council (Deutsche Gesellschaft fiir nachhaltiges Bauen e.V., DGNB) [23]

This standard is based on a rating on six aspects: ecology, economics, socio-cultural and functional as-
pects, methods, processes, location. Initially, this standard was developed for new construction of administrative
and office buildings. Then other types were added, in particular commercial, industrial, institutional and residen-
tial buildings [24].

The series currently includes 21 standards. Somewhat earlier in the United States, and a little later - in the
EU countries, regional and interstate standards for sustainable development in construction are being formalized.
The basic European document on the assessment of sustainable buildings CEN - EN 15643-1 "Sustainability of
construction works - Sustainability assessment of buildings - Part 1: General framework" appeared in 2010.

Research on green building labelling systems was launched in Mainland China in the late 1990s. The first
trial was the ‘Chinese Eco-housing Rating System’ (CEHRS), developed in 2001 with a checklist structure simi-
lar to that of LEED. In 2002, the Chinese Ministry of Science and Technology (MOST) initiated a project for
developing a green building assessment system for the 2008 Olympics’ buildings. Based on the experience ob-
tained through the development and application of CEHRS, using a checklist system was found to be impractical
for a number of reasons; therefore, the research group set out to find better experience and a more reasonable
system configuration. As a result — and contrary to CEHRS — the first formal green building rating system in
Mainland China, the Green Olympic Building Assessment System (GOBAS), adopted the scoring system
framework of CASBEE: 5-points scores and a hierarchical scoring system with weighting coefficients, as well as
a 2-D chart analysing the relationship between the quality of the internal environment and the load on the exter-
nal environment. GOBAS was issued in 2003 and applied to the design of many buildings designed for the 2008
Beijing Olympics. These are the elements which laid a foundation for the subsequent development of Chinese
green building evaluation standards [25].

The current national standard Green Building Evaluation Standard GB/T 50378 [26], usually referred to
as the «3-star standard», was issued in 2006, has a checklist-type rating system: a building or building cluster
will be assessed along six topics: Site and outdoor environment, Energy efficiency, Water efficiency, Materials
& resources, Indoor environment quality and Operation & management.

Each topic is evaluated independently, and scores for different topics cannot be added together. The rating
results are labelled as 1-star, 2-star and 3-star of which 3-star is the highest evaluation.

Residential buildings and public buildings are evaluated with different articles and indexes, with com-
mercial buildings being regarded as a kind of public buildings.

The rating system divides the assessment process into two stages: (1) Planning and design stage (short-
ened to «design stage»), (2) Acceptance and operation stage (shortened to «operation stage»). Different elements
are assessed at each stage. At the planning and design stage, design documents are assessed, and the green design
label awarded is only valid for one year. The formal green label will be issued after one year of operation, with a
rating based on operation data.

So far, the local administrative departments in charge of construction in about 20 provinces and munici-
palities have issued local green building evaluation standards adapted to the local climate, resources, economy
level and culture [27].

The purpose of the analysis of "green" building certifications is to demonstrate the various emphases on
the subject, each system requiring the same preconditions. The categories of application assessments are a com-
bination, and the three certification systems will have parts that are currently in common use. LEED and its parts
serve as the foundation, and the remaining two covered parts combine and/or add to the certification system.
Table 2 shows the use of all categories for analysis of their composition.

A separate analysis is performed for each system. In addition, assessments were performed individually,
categorized by each criterion group and listed in tables (Tables 3-5). This is compared to the average percentage
of the overall contribution to obtain the average percentage of green building certification system scores for each
group calculated for the different types of buildings certified by the system, such as: office buildings, shopping
malls or educational buildings. Display percentages within the average percentage range. During the analysis of
BREEAM and DGNB, their associated parts were compared with the baseline group. LEED provides the
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benchmark group for the vast majority of them, so no additional column listing LEED as a comparison is inevi-
table, in the case of LEED, the first column is named the benchmark group, the second column shows the criteria
involved, and the last column Displays the average percentage contribution to the total score. For BREEAM and
DENB, an additional column that provides their own named part of the column after the first column.

Table 2. — Formation of Benchmark Categories

Categories LEED BREEAM DGNB

Sustainable Sites Sustainable Sites - -
Water Efficiency Water Efficiency - -
Energy and Atmosphere Energy and Atmosphere - -
Materials and Resources Materials and Resources - -
Indoor Environment Quality Indoor Environment Quality - -
Innovation and Design Process Innovation and Design Process - -
Regional Priority Credits Regional Priority Credits - -
Construction and Management - Management Construction

. = Life Cycle Cost
Life Cycle Costs ] ) = Progress of Value
Technical Aspects - - Technical Quality

The following table (Tables 3 — 5) shows an example calculation using the concept of comparing green
building certifications. The average percentage of ratings determines the contribution to the total score to
demonstrate the influence of various factors.

Table 3. — Example of Calculating Percentage Contribution with LEED

Project Type Percentage Contribution to Overall Score
New Construction 9.1%

Schools 10.0%

Retail 9.1%

Healthcare 8.2%

Average 9.1%

Table 4. — Example of Calculating Percentage Contribution with BREEAM
Project Type Percentage Contribution to Overall Score
Office 6.0%

Retail 6.0%

Industrial 6.0%

Healthcare 6.0%

School 6.0%

Higher Education 6.0%

Prisons 6.0%

Courts 6.0%

Mulitresidential 6.0%

Other buildings 6.0%

Average 6.0%

Table 5. — Example of Calculating Percentage Contribution with DGNB

Project Type Percentage Contribution to Overall Score
Office
Education
Hotel 0.0%
Tndusirial (Considered partially in DGNB

i _ category “Resources and Waste™)
Mulitresidential
Retail
Average 0.0%

Conclusions:

1. In the review of the green building policies, regulations and evaluation systems of the United States
and other countries, these countries have adopted different development methods and have entered a relatively
mature implementation stage. The United States mainly develops by improving the legal and regulatory system,
while Singapore tends to It is necessary to use special actions to penetrate the legal system to accelerate devel-
opment.
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2. In the standard system of green buildings in developed countries, in addition to evaluation standards,
there are more mandatory or recommended design codes and standards. Only by simultaneously setting valuation
standards and building standards can the adoption of green buildings be promoted.

3.The standards of different countries contain some unique evaluation criteria due to socio-cultural, eco-
nomic and other characteristics. This proves the impossibility of fully adopting any foreign assessment system.
For each country, it is relevant to develop its own standard, adapted to the conditions of the country.

4.China's existing evaluation standards were first revised in 2014 from the introduction in 2006, which
took 8 years, while the evaluation standard system of developed countries is adjusted every 1-2 years on average
to better adapt to the development of society.
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UDC 692.435

REVIEW AND COMPARISON OF DESIGN AND TECHNOLOGICAL SOLUTIONS
FOR GREEN ROOFS WITH EXTENSIVE LANDSCAPING

ZHANG XINXIN
(Presented by: L.M. Parfenova)

Key positions in the design of "green" roofs were identified, which provide advantages in the certification
of buildings according to LEED standards. Modeling of organizational and technological processes for three
variants of green roofs with extensive gardening was carried out

A large number of developments for green roofs are proposed in patents. A recycled green roof is pro-
posed in patent No. 281624, MKI E 04 D 11/00, 1990 (Germany). A recycled roof provides for the use of waste,
which, in combination with concrete with monofractional aggregate, forms a vegetative, filtering and protective
layers, as well as a root boundary. The nutrient solution-impregnated edge mat covers the cultivated soil while
reducing water pressure. The waste is placed in the form of prefabricated boxes and, after the preparation of the
green roof surfaces, is covered with rolled turf. Mesh waste from textile production provides, as a filter layer,
cleaning and draining of pressure water through fungicidal concrete, which dries quickly due to lateral ventila-
tion and prevents root germination. The undulating bottom surface of the concrete compacts the fine stamping
waste laid as a protective layer for the high polymer waterproofing sheets and drains the accumulated water
through flat troughs that can be walked on by maintenance personnel.

The use of slag to make a drainage layer is proposed in application No. 4220334 MKI E 04 D 11/00
"Greening of flat roofs" (Germany) When landscaping flat roofs, the following layers are provided: insulating
against root germination, a drainage layer, a permeable separating layer and a vegetative layer; their simplest
device is provided with an increased ability to accumulate moisture. The drainage layer is made up of prepared
slabs of combined slags with a specific bulk density of 80 - 120 kg/m3. The drainage layer is covered with a sep-
arating layer, which is a Specialized materials for "green" roofs are produced by many foreign companies: ZinCo
(Germany), Index (Italy), Delta, Flordepot, Imperbel and TechnoNIKOL (Russia).

Roof greening systems with a minimum number of elements are of interest. Bauder companies greening
of large areas with Bauder SDF mat: protective, drainage and filtering layer in one material (Figure 1) [1].

1 — landscaping; 2 — substrate - based on minerals 90% and 10% organic; 3 — protective, drainage and filter
layer - Bauder SDF (polyamide drainage material - monofilament, drainage density 400 g/m?, material of the protec-
tive and filter layers polyester, density 200 g/m?, thickness 20 mm, total weight 600 g/m?)

Figure 1. — Green roof construction with Bauder SDF mats [1]

It is known to cover the green roof "ZinKo" [2]. A single drainage-accumulative and protective layer is
located on the entire surface of the roof. Additional structures and coatings are located and attached directly to it.
Drainage is carried out along the drainage layer, so the system is not tied to internal communications. The ZinCo
green roofing system consists of five main components.

Dorken GmbH & Co. KG suggests using the DELTA drainage membrane as a filter layer. DELTA-TERRAXX
and DELTA-FLORAXX TOP membranes combine filtering, drainage and protective functions. As a separate filter layer,
it is proposed to use non-woven thermally bonded geotextile with high tensile strength and an optimal parameter of 120-
150 microns (open hole size) for simultaneous filtering and drainage functions (Figure 2) [3].
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Figure 2. - DELTA-TERRAXX roof system with extensive greenery [61]

The design of the green roof (patent RU No. 163334 U1, E04D 11/00, published on 07/10/2016 [4]) in-
cludes a reinforced concrete floor slab, protective, filtering and plant layers, while ondulin is used as a protective
layer, additionally includes a heat-insulating layer and a layer of fixing soil, consisting of loam, monomeric acid
waste, diluted liquid glass with a density of up to 1.13 g/cm3 and a solution of calcium chloride (Figure 3).
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1 — reinforced concrete slab with cement joints and bitumen coating; 2 — protective layer - ondulin; 3 — heat-insulating
layer; 4 — filter layer of peat and/or gravel; 5 — fixing soil mixture, consisting of loam, monomeric acid waste,
diluted liquid glass with a density of up to 1.13 g / cm® and calcium chloride solution;

6 — plant layer

Figure 3. — Green roof construction with soil fixing mixture
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A multifunctional design that allows you to obtain economic and social benefits from its use throughout
the year (pool, cafe, garden) is proposed in a patent RU Ne 191863 U1 E04D 11/00 [5].

The green roof structure includes a reinforced concrete floor slab, euroroofing material, consisting of a
durable non-rotting base, supports made of high-strength propylene, with the possibility of increasing the support
due to an additional insert of 60 mm, two layers of ondulin, in the middle - waterproofing with liquid rubber, the
central part is further terraced board, along the edges - a drainage layer, soil in the form of a substrate, green
flooring - green spaces (Figure 4).
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Figure 4. — Multifunctional green roof construction [5]

The design consists of two parts. The common base is a reinforced concrete floor slab 1, on which the fol-
lowing layers are laid: Euroruburoid HMP 2, thermal insulation ISOVER 3, adjustable supports Forest Style 4,
ondulin 5, waterproofing with liquid rubber 6. Support 4 is a plate with four mounting holes for mounting, made
of steel coated with anti-corrosion coating. A galvanized stud 11, 15 cm in size, with a thread to adjust the height
of support 4, is welded to support 4. The position, angle of inclination of support 4 is fixed with a lock nut 12.
The following layers are located above support 4: for a green roof - this is a drainage layer 7, soil 8, green spaces
9, for the roof under the pool - terrace board CM 10. The design of the green roof is arranged as follows: on a
reinforced concrete floor slab 1 installed with sealing of joints with cement and coating with bitumen, KhMP 2
euro roofing material is laid, consisting of a solid non-rotting base, which provides flexibility, heat resistance
and water resistance; then ISOVER 3 thermal insulation, which creates thermal protection and prevents the for-
mation of condensate; then Forest Style 4 supports made of high-strength propylene with thermal endurance
from -20C to +85C. Supports 4 are resistant to destruction by sunlight, have the possibility of increasing due to
an additional insert of 60 mm, a thrust bearing diameter of 20 cm allows using on a "soft" roof and on compacted
soil 8; at the edges of the drainage layer 7 ENKADRAIN PREMUIM resistant to aggressive environments, re-
sistant to decay and fungus, provides filtration and protection of the waterproofing layer 6; two layers of ondulin
5 brand for the entire width of the roof provides strength and frost resistance, in the middle waterproofing 6 with
liquid rubber is non-toxic, resistant to deformation, atmospheric and biological influences, soil 8 (substrate) is an
environmentally friendly product, without chemical additives, it is hydrophobic - i.e. it easily releases accumu-
lated moisture and nutrients to plants, it is highly resistant to decomposition, it can be used repeatedly, the CM
natur 10 terrace board goes further along the central part - it is resistant to decay and damage by mold, fungi,
insects, does not emit formaldehyde, phenol or other harmful substances, keeps the surface non-slippery even in
the rain, along the edges of the green flooring - green spaces. Such a roofing device works as follows. Two types
of coverage are combined: the first type is the side, which allows you to use the green roof all year round, and
the central part - under the pool, and in winter under the cafe [6].

The installation of a green roof is a complex technological process in which the number of technological
operations performed depends on the type of green roof landscaping. Green roofs are divided into roofs with
mobile (container) and stationary type of greenery. Landscaped roofs with stationary landscaping, depending on
the predominant type of plants used, are divided into three types:

with intensive landscaping;

with semi-intensive landscaping;

with extensive landscaping.

Mobile (or container) gardening of roofs is implemented by planting plants in tubs (modules, containers)
with further installation on an exploited roof. Mobile green roof systems are equipped with devices for installing
and fastening modules to each other - connecting elements that are constituent parts of the modules or can be
separate components of the system.

Considering the organizational, technical and constructive solutions of modern green roofs, we can dis-
tinguish two main methods for their construction: the traditional method of building green roofs, which is the
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process of step-by-step formation of each layer of a green roof directly on the base surface and provides for the
presence of many working operations, including the installation of a vegetative layer, a substrate, as well as spe-
cial layers, such as a drainage layer, a drainage-water storage layer, a waterproofing layer and etc; a method of
partially enlarged assembly, implemented with a mobile (or container) roof gardening system. Thanks to the use
of containers, there is a reduction in labor costs at the stage of installing a gardening system.

Modeling of organizational and technological processes was carried out for three variants of the green roof:

A) with extensive landscaping TN ROOFING STANDARD GREEN (TechnoNIKOL) (Figure 5) [7].

1 — soil with green spaces; 2 — drainage membrane PLANTER geo;
3 — waterproofing - Technoelast EPP in two layers; 4 — Bituminous primer TECHNONICOL No. 01;
5 — base under the roof - reinforced cement-sand screed; 6 — slope-forming layer - expanded clay concrete;
7 — heat-insulating layer - XPS TECHNONICOL CARBON PROF 300;
8 — vapor barrier layer — Technobarrier

Figure 5. — Green roof with fixed landscaping TN ROOFING STANDARD GREEN (TechnoNIKOL)

B) with extensive landscaping Dérken GmbH & Co. KG with a drainage membrane that combines a pro-
tective, drainage and filter layer in one material (Figure 2);

C) multifunctional roof with extensive landscaping (Figure 4).

Table 1 presents a list of technological operations for the installation of a green roof for three options. The
following designations are accepted in the table: Q1A, Q2A... Q8A — labor intensity of the green roof device
during technological operations 1, 2...8; A, B, C - green roof construction methods; 1, 2...8 - the number of
technological operations for the installation of a green roof.

Determining the cost of 1 m? of a green roof according to the proposed options showed that the difference
in the cost of the green roof options under consideration is due to the cost of materials and work on the installa-
tion of Forest Style adjustable supports (Figure 6) and decking (option C), the cost of drainage membranes. Op-
tion C has the highest green roof cost.

The drainage membrane with geotextile DELTA®-TERRAXX (Germany) is sold in rolls with an area of
30 m2, the cost of a roll is 57.60 Belarusian rubles (as of 11/01/2022, source: doms.by online store). The cost per
square meter is $0.77. DELTA®-TERRAXX is a profiled membrane - virgin high density polyethylene with an
embedded self-adhesive tape, a filter layer of thermally bonded non-woven geotextile (virgin polypropylene).
Adhesive layer of modified acrylate (Figure 7, a).

Figure 6. — The use of screw supports in the construction of green roofs TechnoNIKOL
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Table 1. — The list of works for the installation of a green roof with extensive landscaping

Option C - multifunctional

Name of technological Option A- Option B - green roof
. TN ROOF STANDARD DELTA-TERRAXX
operations GREEN (TechnoNikol) (DELTA®System) (patent RU No. 191863 U1
E04D 11/00)
Specific labor costs at the
stage of roofing, man-hour 46 42 55
/100m2
8 Cover device for cafe, - - deck board installation
swimming pool (Q8A) (Q8B) (Q8C)
7 Arrangement of the land- | backfilling, landscaping backfilling, landscaping | backfilling, landscaping
scaping system (Q7A) (Q7B) Q7€)
6 Laying the drainage drainage membrane drainage membrane drainage layer
layer PLANTER geo with geotextile ENKADRAIN PREMIUM
DELTA®-TERRAXX
(Q6A) (Q6B) (Q6C)
5 Waterproofing device waterproofing - Technoelast waterproofing - waterproofing -
EPP in two layers; TPO, PVC, EPDM liquid rubber Hydra between
bituminous primer membrane layers of Ondulin
TECHNONICOL
(Q5A) (Q5B) (Q50)
4 Device cement-sand reinforced cement-sand - Ondulin 2 layers
screed screed
(Q4A) (Q4B) (Q40)
3 Laying the slope layer expanded clay concrete - Forest Style adjustable feet
(Q3A) (Q3B) (Q30)
2 Laying the thermal insu- | heat-insulating layer — XPS slab insulation thermal insulation ISOVER3
lation layer TECHNONICOL CARBON
PROF 300
(Q2A) (Q2B) (Q20)
1 Laying the vapor layer vapor barrier layer - vapor barrier layer vapor barrier layer - Eurorubu-
Technobarrier roid HMP
(QIA) (QIB) QIO

Support structure device (Qbs )

PLANTER Geo profiled membrane is a high-density polyethylene (HDPE) sheet with a spike height of
8.5 mm, with a layer of thermally bonded geotextile glued to it. Thanks to the protrusions on the surface of the
membrane, channels are formed for the rapid removal of water. The membrane consists of two levels: geotextile
collects water, and drainage channels direct it (Figure 7, b). The price per square meter is 6.7 US dollars (as of
11/01/2022, source: TechnoNikol online store shop.tn.ru).

ENKADRAIN® Premium ST is a polymeric geocomposite drainage mat consisting of two external filters
made of heat-sealed non-woven material with a continuous polyester/polyamide thread inserted with a three-
dimensional drainage structure with a high vacuum index of polyamide monofilaments. The three elements are
connected together by a thermal seal at the points of contact (Figure 7, c¢). Price per square meter 9 US dollars (as

of 11.01.2022) [8].

B
A, N

C

a — drainage membrane with DELTA®-TERRAXX geotextile; b — PLANTER Geo profiled membrane;
¢ — polymeric geocomposite drainage mat ENKADRAIN® Premium ST

Figure 7. — Drainage layer materials

In the considered options, polymeric materials are used for the drainage layer, the production and pro-
cessing of which cause significant harm to the environment. The use of such materials will not provide benefits
for building LEED certification.
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A significant contribution to the creation of a "green" building is made by the use of environmentally
friendly, "green" building and finishing materials for its construction.

The considered types of green roofs are a multilayer structure. For all three types of green roofs, a charac-
teristic feature is an increase in labor costs, construction costs, a large amount of waste during the dismantling of
a green roof in case of a change in functionality. All these factors will hinder the implementation of such green
roof structures in green buildings. The first direction of improving the organizational and technological solutions
of green roofs for green buildings is to reduce the excessive use of plastics and artificial sponge elements (min-
eral wool, dense polystyrene), polystyrene or other unnecessary components on green roofs. The second direc-
tion should be to simplify the design of green roofs. Many components of green roofs provide little or no direct
benefit to vegetation. However, they increase costs and reduce reuse.
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COINPOTUBJIEHUE U3T'BY HOPMAJIbHBIX CEUEHU IMTEPEKPHITHI
N3 APEBECHUHBI U ) KEJIE3OBETOHA

I.0. IIHIIAH, JI.B. CHPOTKHHA
(Ilpeocmasneno: /I.H. Jlazoeckuii, A.M. Xamkeeuu)

B cmamve paccmompena 803MoiCHOCb NPUMEHEHUSL OPeBeCUMbl U JHcene300emona 6 eOUHOU KOH-
cmpykmusHou cucmeme. IIpeOnpurama nonvimxka npumeHeHus 0eQopMayuoHHO20 Memooa paciema co-
npomueneHuss uzeudy 0epesanHo20 pedpucmozo nepekpulmus ¢ MOHOIUMHOU dicene300emoHHOl NAUmOoll,
N03801A10We20 y4ecms Oudepammbsl 0ePopMuposanus opesecunvl, bemoHa u apmMamypeo.

BBenenne. CoBMECTHOE HCIIOJIB30BaHHE OETOHA M JPEBECHUHBI B €IMHON KOHCTPYKTHBHOW CHCTEME 3a-
TPYIHSETCS] UX OONBIION «Pa3sHOPOJHOCTHIO». Tak, Ui JaHHBIX CTPOUTEIBHBIX MAaTepUAIOB OyAyT CyIIECTBEH-
HO OTJIMYAThCS: CTPYKTYpa, HPOYHOCTb, MOAYIH JAehOpMalMi, INIOTHOCTb, JOJITOBEYHOCTh, KOI()(PHUINEHTHI
JMHEHHOTO PacIIUpeHns U T.I1. B To ke BpeMs MCTOPHS Pa3BUTHS CTPOUTEIBHBIX KOHCTPYKIHH JEMOHCTPHPYET
BO3MOXKHOCTb OOBEIMHEHNUS B €IUHYIO CHCTEMY 3a4acTyl0 BeChbMa PasHOPOAHBIX MaTE€pHalioB Kak B Mpesenax
OJTHOM KOHCTPYKIMH, TaK U B MPEAeNax 3JaHus J100 coopyXeHHs. VI3BeCTHO COBMECTHOE MPUMEHEHHE CTaIN
1 IPEBECHHBI, KOMITIO3UTHBIX MaTepHaoB ¢ OETOHOM M KAMEHHOH KIIaIKOH H 1p.

[Ipn ocymecTBieHNH paboOT IO PEKOHCTPYKIIMHM BO3MOXKHA MOJIEPHHU3ALNS MEKAYITAKHBIX TTEPEKPHITHI
MyTeM YCHWJICHUS CYIIECTBYIOIIMX NEPEBSHHBIX NEPEKPHITUH, OO TOIBKO OaJIOK MEPEKPHITHH, yBEINYECHHEM
CEUEHHsI C YCTPOMCTBOM B CXKaTOM 30HE Kes1e300€TOHHON IUTUTHI. BhIIeyka3aHHBIH METOA BeChbMa TEXHOJIOTH-
YeH, UMeET HU3KYIO TPYJOEMKOCTh, IIO3BOJIIET OTKA3aThCs OT IOJICPKHUBAIOIIMX JECOB M MOAMOCTEH NpH 3a-
MEHE NEPEKPBITUH, a CaMoe TTTaBHOE — COXPAHUINb HEMPOHYMbIM 0EKOPAMUBHYIO OMOEIKY, UCMOpUYecKue poc-
nucu NOMOJIKOE U CIEH, UMEIOWUX ONPeOeeHHYI0 YEeHHOCb.

Bo3Mo)kHOE KOHCTPYKTHBHOE HCIIOJIHEHHE JepeBO-KeNe300€TOHHOIO MEePeKphITH B INpOIlecce PEeKOH-

CTPYKIHMHA (PUCYHOK 1).

Pucynok 1. — Koncrpykuus 1epeBo-;ke1e300eTOHHOI0 IepeKpbITUS
€ YCTPOHCTBOM IVI0CKOIl MOHOJIMTHOI IUIMTHI IO HACTHIIY (2) U € YCTPOHCTBOM pe0pHCTOl MOHOJMTHOM MJIMTHI
JJIs1 CyIIeCTBEHHOT 0 MOBBIIIEHHS MPOYHOCTH (0)

[IprMeHeHHe TaKOTO METOa PEKOHCTPYKIIMU TEPEKPHITAN COMPSHKEHO C PSIOM CIIOKHOCTEH, Cpefn KO-
TOPBIX HEMAJIOBKHOE MECTO 3aHUMAET OTCYTCTBHE METOIUKHU pacyeTa JepeBO-KeIe300€TOHHBIX MEPEKPBITHH,
YTO U SBWIOCH LEJBI0 JTAHHOTO HCCIICAOBAHS

OcHoOBHAsl YaCcTh. 3HAKOMCTBO C HCTOPHEH HCCIIEOBAaHUS JECPEBSIHHBIX U JIEPEBO-KEIIC300CTOHHBIX IIe-
pekpuIThii [1-3] IO3BOJISET BBISIBUTD PSifl BAXKHBIX (DaKTOPOB:

— coBMecTHast paboTta OeToHa U IPEBECUHBI B JOCTATOYHOW Mepe MOXET ObITh 00ecreueHa yCTPOMCTBOM
CTAJIBHBIX Harelsied (TBO3IH, IMITHIPH, OOPE3KH apMaTyphl, a TAKXKE CIEIUAIBHO pa3paboTaHHbIE aHKEPHI) MPaK-
THUYECKH JI0 JOCTHKEHHS IPE/ICIILHOTO COCTOSHHS 110 HECYIIEeil CIOCOOHOCTH;

— 3aKOHOMEPHOCTH pa3BUTHsI JeopMaliii B KOMIUIEKCHONH KOHCTPYKLIMHM COOTBETCTBYIOT Turorese bep-
HYJUTH 00Jiee M3BECTHOM KaK THUIOTE3a IIOCKUX cedeHmi (puc.2).
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Pucynox 2. — Pacnpenesienue negopmanuii no BbIcoTe MONEPeYHOro ceyeHust
Hecylleii 0anku ¢pparmeHTa 1epeBo-:Kej1e300eTOHHOT0 NePeKPBITHS MPH Pa3HbIX YPOBHSIX HATPY:KeHUS
B 30He MAKCUMAJIbHOI0 U3rn0aI0Iero MOMeHTa

VYkazaHHbIE (AKTOPHI COOTBETCTBYIOT YCIOBHAM IMPUMEHEHHUS Ae(OpMAIIOHHOTO METO/Aa pacuera Hop-
MAaJIbHBIX CEYCHUI, OCHOBAHHOTO HAa COBMECTHOM MPUMEHCHUU:

— YpaBHEHUI paBHOBECHS BHYTPECHHUX YCHIINI B HOPMAJILHOM (TIOTIEPEIYHOM) CEUCHUM;

— WCIIONIF30BAHMY TIPEAIIOCHUTKY B BHJE TUIIOTE3BI TUIOCKOTO CEUCHMs, KACaIOIIeHCsT pacpeeNiCHus OT-
HOCHUTCJIbHBIX ,ue(bopMaum‘/'I B IIpeicjiaxX HOPMaJIbHOTO CCYCHHS BO BBICOTC CCUCHMUSA;

— anmpoKCUMAIMi auarpamMm ae(GopMUpoOBaHKs APEBECHHBI, OETOHA M apMaTyphl sl KaKIOT0O dJIeMCH-
TapHOTO CJIOSI, ONPEACIAIONINX CBSI3b MEXY HAPSHKEHUSAMH U IeOPMALIUIMH.

B pe3synbrare MOMKHO NONYYUTh CUCTEMY pa3pellarolUX YPABHEHUH, YUUTBIBAIOIIYIO BKIIIOUECHUE B pa-
00Ty B paboTy OETOHA MOCIIC YaCTHYHOM 3arpy3Ku ACPEBIHHON HECYIICH OaKu:
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rae  E,— Texyllee 3HAYEHHE CEKYLIETO MOy YIIPYTOCTH ISl JIeMEHTAPHBIX IIOMAI0K APEBECUHEI OalKH;

A,, — TUIOIIAAb CEYEHUS AIIEMEHTAPHBIX TUIOIAIO0K APEBECHHBI OAJIKH;

Ewad, €cads €s,ad —OTHOCUTEIBHBIC Ne(OPMALUU 3IIEMEHTAPHBIX IUIOIMAN0K JPEBECHHBI OalKh KOHCTPYK-
UK, OETOHA M apMaTypHI )KeJIe300eTOHHOH IUIUTHI OT BO3ACHCTBHI, MPHIIOKEHHBIX TIOCIIE YCHUIICHUS;

£w[1] —OTHOCHUTEIIBHBIC IeOPMAIIIH B JIIEMCHTAPHBIX TUIOMAIKAX TPEBECUHBI OAJIKI;

1/r, — KpUBH3HA JEPEBSIHHOM OaJIKH 110 HAIIPABJIEHHUIO OCH V;

Yw— PACCTOSHUS OT BHIOPAHHOM OCH JO IEHTpa THKECTH 3JIEMEHTapHBIX IJIOIIA0K JPEBECHHBI OaNKH B
[OIIEPEYHOM CEUEHUU;

Y0 — PacCTOSTHHA OT BBIOPAHHON OCH JI0 LIEHTPa TAKECTH MOIEPEUHOTO CEUEHUS IePEeBIHHON OanKwy;

M, — m3rudaronMii MOMEHT B IUNIOCKOCTH OCH ), BOCTIPHHIMAEMBIN KOHCTPYKIIMEH B PaCIETHOM IOTIeped-
HOM CEYeHHH OAJIKW B MOMEHT BPEMEHH BKJIIOUCHHSI B COBMECTHYIO PabOTy JOIOJIHUTENBHBIX 3JIEMEHTOB OeTo-
Ha ¥ apMaTypbl IUIUTHI;

M, . —M3rNOAIOINIT MOMEHT B TZIOCKOCTH OCH } OT JIONIOJHUTEJIBHBIX BO3JEHCTBUI Ha JepeBoXkene300e-
TOHHYIO KOHCTPYKLHIO;

Fe.at, E's.qq — TEKYIIME 3HAYEHUS CEKYIIMX MOJLYJIEH yNPYrOCTH BJIEMEHTAPHBIX IUIOIIAI0K OETOHA U ap-
MaTyphl JKele300eTOHHOH IUIUTHI COOTBETCTBEHHO;

A ads Asaa — TIOMAAD ceUEHUS OETOHA M apMaTypPhl 3JEMEHTAPHBIX IUIOMAI0K KeJIe300€TOHHOMN TITHTHI
COOTBETCTBEHHO;
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&, & —OTHOCUTEJBHBIC Jae(hOpMaIMy dIEMEHTApHBIX IUIOMIAI0K OETOHA M apMaTyphl XKeJIe300eTOHHOW
IUTUTBL OT CYMMapHBIX BO3JEHCTBUI MOCIe yCUIIEHU COOTBETCTBEHHO;

1/ry,w — KpUBH3HA YCHIMBAEMOIl KOHCTPYKIIMH OT CYMMAapHBIX BO3ICHCTBHUI IOCIE YCHICHHUS IO OCH ),
npu 3toM 1/ry,=1/r, +1/7y, aa;

1/ryqa — XpUBU3HA JCPEBIHHON OalKé M )KeJIe300€TOHHOM IUTUTHI OT BO3JACHCTBUI MOCIE YCHIICHHS II0
ocH y;

Vead , Vsad — PACCTOSIHUE OT BBIOPAHHOW OCH O IICGHTPa TSHKECTH 3JIEMEHTApPHBIX IUIOIMANOK COOTBET-
CTBEHHO OCTOHA M apMaTyphl JKEJIE300€TOHHOH IUINTHI TTOCTIE YCHICHHUS;

V0,ad — PACCTOSIHUE OT BBHIOPAHHOI OCH JI0 LIEHTpPa TSHKECTU MONEPEYHOTO CEYEeHUs JKeJIe300eTOHHOM TITH-
ThI [IOCTIE YCUIICHHUSI.

Pemenue cuctemsl (1) BeINONTHAETCS UTEPAllMOHHBIM MeTOO0M. KpuTtepuem paspylieHus Ciy>XuT JOCTH-
JKeHUEe OETOHOM B CXKAaTOW 30HE WJIM IPEBECHHOW B PACTSIHYTOM M CXKaTOW 30HAX IPEAEIbHBIX 3HaYeHHH aedop-
MalHi.

3akJiroueHue. VcciaenoBaHne W HCHONB30BAHUE JEPEBO-KENE300€TOHHBIX MEPEKPHITUI ABIIETCA TeEp-
CTIIEKTUBHBIM HANpaBICHUEM B O0JIACTH PEKOHCTPYKIHMH, MTO3BOJISIOIINM COXPAaHUTh UCTOPHIECCKH IIEHHBIE MH-
Tepeepsl NomemieHui. IlpennpuHsTa MOMBITKa NpPUMEHEHHS Ae(OPMAIIOHHOIO METOJa pacyéra AepeBo-
JKEJIE300E€TOHHBIX MEPEKPHITHH, MO3BOJISIONIETO YYECTh CBOMCTBA APEBECHHBI M )KEIe300€TOHA B BHIC WX AHA-
rpamMM Ae(OpMUPOBAHUSL.
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HATIPSIKEHHO-JIE®OPMHUPOBAHHOE COCTOSSHUE CEYEHUI
MEPEKPBITAN U3 TIPEBECUHbBI Y )KEJIE30BETOHA

I.0. TUIIAH
(Ilpeocmasneno: /I.H. Jlazosckuii, A. M. Xamkeeuu)

Ha ocnose oepopmayuonnoti mooenu 8binoaHeH AHAAU3 HANPAICEHHO-0ePOPMUPOBANHOL0 COCMOAHUSL
NONnepeyHblX CeveHull Ha npumepe gpazmenma 0epeso-dicene300emonno2o nepekpuimus. Ilpu evinonnenuu pac-
Yemos UCNONBL306ANUCL, NOJHbIE OUASPAMMbL 0eDOPMUPOSAHU MAMEPUATIO8, UMO NPUOIUNMCAEm PACYEINHYIO
Mo0enb K peanvbHoll pabome KOHCMPYKYUIL.

B mpensinymiei cratbe «ConpoOTHBICHUE M3rMOy HOPMAJIBHBIX CEUCHHMH MEPEKPBITHH W3 JPEBECHHBI
U Kene300eToHay Obliia MpeAcTaBlIeHa METOJMKA pacdyeTa JEPEBSIHHOTO PeOPHUCTOTO MEPEKPHITUSI ¢ MOHOJIUTHOM
JKeJIe300€TOHHOM TUINTOM Ha OCHOBE Je(OpMalMOHHON MOJEIH, MMO3BOJISIOIAS YUECTh qUarpaMmsbl aedopMmu-
pOBaHMS APEBECHHBI, OeTOHA M apMaTyphl. Peanmmzanus nedopMaroOHHOTO METOJa pacueTa BO3MOXKHA B pas-
JWYHBIX POrPaMMHBIX KOMIUICKCAx, B TOM 4ucie U B Beta 4.0, paspaboranHom B [losoikom rocyiapcTBeHHOM
YHUBEPCUTETE U MO3BOJISIOIIEM [1]:

- BBIIIOJIHATH pacdeT HOPMaNIBHBIX W HAKJIOHHBIX CCUCHHH KeIe300€TOHHBIX 3JIEMEHTOB 110 HOpMaM Ipo-
extupoBanus benapycu, Poccun u EBpocorosa;

- PacCUUTHIBATh CEYCHHS MPOU3BOJILHOM (hOPMBI C MPOU3BOJILHBIM PACIIOIOKEHHEM apMaTyphl Pa3iInuHbIX
KJIaCCOB, BKIIIOYAs IPEIBAPUTEIHHO HAMIPSIKEHHYIO apMaTypy;

- 3a/1aBaTh pa3IMYHbIC MAaTepHAIbl apMaType U pparMeHTam OeToHa;

- PacCUMTHIBATh CEYCHHUS 0 MPOYHOCTH U TPEIMHOCTOUKOCTH, BKIIFOUAs ONpeieIeHHe IUPUHBI PACKPHI-
THUS TPEIUHEI;

- ONpeneNsaTh KPUBU3HY HOPMAIBHBIX CEUYECHUH, NMPOIONBHYI0 M H3THOHBIE KECTKOCTH, CMEIICHHE
HEWTPAILHOHN OCH 3JIEMEHTa, HAXOANUTH 00J1acTh AOMYCTUMBIX SKCIEHTPHCHUTETOB, CTPOUTH KPUBBIE B3aUMOICH-
CTBHS JUIA PACUETHOTO CEUEHHSL.

[Ipn 3TOM B pexuMe pacdéra 1Mo IMPOU3BOJIBHBIM AWarpaMMaM MOXKHO CO31aTh CEYEHHE M3 IPYrHX Mare-
pHaoB, BKIIOYas ApeBecuHy. s 3Toro HeoOX0AMMO 3HATH CIEAYIONINE XapaKTEPHUCTHKH:

- IPOYHOCTH IPH CKATHU U PACTSHKCHUH BIOJIb BOJIOKOH;

- MOZIYJIb YIIPYTOCTH IPEBECHUHBI;

- OTHOCHTEJNbHbIE eopMalui Ha CKATHE U PACTSIKEHUE BJOJIb BOJIOKOH.

Ha ocHoBaHMHU BBIIIECKa3aHHOTO OBLIO MPEAJIOKEHO HCIOIB30BaTh MPOrpaMMHBIA KoMIiekc Beta 4.0
JUISl aHaJM3a HalpsDKEHHO-1e()OPMHUPOBAHHOTO COCTOSIHUS JEpeBO-kKeae300eTOHHbIX nepekpbiThid. Co3nanue
TUIIOBOTO CEUYCHMS TNEPEKPHITHS BBIMOIHAIOCH BRIOOPOM M3 HanboJee THUIOBBIX MPOEKTHBIX pemeHui. Tak,
B YaCTHOCTH, HEM3MEHHBIMHU IPHHUMAJINCE:

— miar OaNoK AEpPeBSHHOTO IEPEeKPHITH MOXeT ObITh OT 30 cM 1o 1,2 M, HO Hale Bcero OH BeIOMpaeTcs
B mpenenax 0,6-1,0 M. [t co3manust cedeHus ObLT BRIOpaAH MIar AepeBIHHBIX Oamok 900mm;

— pa3MepEl IMOTIePEYHOT0 CEUSHHsI IepeBIHHOM Oanku - Opyc bxh = 175x225 mm [2];

— TI0 IEPEBSHHBIM 0ajKaM yCTPOEH HACTHI M3 JOCOK TommHoi 35 MM. OH He y4yacTByeT B pabore ceye-
HUS JIePEBO-KeNe300€TOHHOTO TEPEKPHITHS, CIYKHT CBOETO pOJa ONMaITyOKOW IS )kene300€TOHHOW IUIUTEI,
PaBHOMEpHO TIepeliaeT Harpy3Ky OT COOCTBEHHOI'O Beca OETOHHOM CTSDKKM M (DYHKIMOHAIBLHOM Harpy3ku Ha
JiepeBsAHHBIC Oanky. B CBsI3U ¢ BhIIECKa3aHHBIM CEYEHUE HACTHIIA B OOIIIEM CEUEHHH HE CO31aBajoCh.

CoBMecTHast paboTa kene300€TOHHO! IJIMTHI U JIEPEBSHHOM Oanku cuuTaeTcsi oOecreueHHOH npuMeHe-
HHEM KOHCTPYKTHBHBIX MEPONPHUATHH (YCTPOHCTBOM HareJbHBIX CBs3eil U T.11.). BappupyeMbeiM gaxTopom npu-
HUMAJICS cJIoi 6eTOHa, KOTOPKIN s aHaIM3a ObUT PUHAT B Tpex BapuanTtax: 50 MM (rummra 1), 60mm (muTa 2)
n 70 MM (tututa 3). ApMaTypHas ceTka B O€TOHE IMPUHHMAJAach U3 CTEPKHEBOM apMaTyphl TMAMETPOM 8MM C
stueiikod 200%200mM [3] Ha paccTostHEM 25 MM OT HauOoJIee C)KaToW TpaHu ceueHus . Takxke ObLT IPOBEPEH CBEC
MOJIOK B COOTBETCTBUH C [4].

Jnst ananu3a ObUTM TPHUHSATHI XapaKTEPUCTUKU MaTEpPHAJIOB COTJIACHO aHAIM3Y BO3MOXHBIX JHarpaMmmam
nedopMupoBaHus IpeBeCHHBI [5, 6], apMaTypbl U OeToHa (pucyHOK 1). [lanee ObUT MPOM3BENCH PacyET U MOIyYe-
HBI XapakTep (pUYMHA) pa3pyleHHs, COPOTUBIIEHNE U3HOY B NPeeTIbHON CTa U 110 IPOYHOCTH, HAIIPSHKEHHO-
Je(hOpMUPOBAaHHOE CEUEHUE CO3[aHHOTO CEUCHHMs Ha BCeX dTamax pabotel. O0najas TAKUMHU JTaHHBIMH, UMEETCs
BO3MOKHOCTh ITPOBOJIUTH ONTUMHU3AIIMOHHBIE PACUETHI 10 MOJA00PY Hanboee parMoHAILHOTO CIIOsI OETOHA, MPO-
[IEHTYy apMHUPOBAHMA, BBIIOIHATh AHAIW3 NPOCKTUPYEMBIX cedeHni, Tabmuma 1. IIpuMepsl HampspKeHHO-
Je(opMIPOBAHHOTO COCTOSIHUS MTOTIEPEYHBIX CEUYCHNH B IPEACTBHON CTaINH 10 IPOYHOCTH (PHUCYHOK 2).
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Pucynok 1. — luarpammbl nedpopmupoBanusi 6eTona (a), ipeBecunbl (0) n apmaTtypsl (B)

a)

Pucynok 2. — [lonepeyHoe ceueHue JepeBO0eTOHHON NJIMTHI € TOJNINHOI OeToHa 50 MM (a),
¢ TosuHoi 6erona 60 mm (0), ¢ TomuHoIi 6eTona 70MMm (B)
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Tabmmma 1 — PesynbpTatsl pacuera gepeBo->kene300eTOHHOTO mepeKphITis (mmpuHa 0,9M)

CeueHue banxka, Croii 6ero- Bec 1 m? niepe- ComnporusieHue

bxh (Mm) Ha, MM KPBITHSI, KT n3ru0y Mrp, kHM IIprauea paspymerns
[Tnura 1 175x225 50 145,5 201,8 Jedopmaruu Ha pacTsKCHUE
Ilnuta 2 175x225 60 170,5 220,1 B JIPEBECHHE JIOCTHIIIM CBOMX
[Tara 3 175x225 70 195,5 232,91 NpeIeNbHBIX 3HAYEHUH

3akirouenue. IIpe/UIoKEeHHBI METOA pacdeTa TIO3BOJISET BBINOJIHATH AaHANINW3 HANpPSKEHHO-
JeopMUPOBAHHOTO COCTOSTHUSI CEUCHHH JepPEeBO-)KEeJIe300€TOHHBIX MEPEKPBITHH MPHU U3rHOE, WUCIIOJIB3Ys IMOJI-
HBIC TUarpaMMBbl e(opMUPOBaHNS MaTEPUAIOB, YTO MPUOIMKAET PACUCTHYIO MOJETb K IeHCTBUTETBHON pabo-
T€ MEePEKPHITUI U CIIY>KUT MOBBIIICHUIO HaJIe’KHOCTU IMPOBOAUMBIX PacueTOB.

JIMTEPATYPA

1. TIporpamma pacdera mo HenmHeiHOH nedopmarmonnoit Mmonenu BETA [Dnextponnsiii pecype]. — Pexum
JIOCTyTIA! https://bizorg.su/produkty-programmnye-r/p 18448538-programma-rascheta-po-nelineynoy-
deformatsionnoy-modeli-beta. — [lata moctyma: 10.10.2023.

2. Hepessuuble koHcTpykuuu .= CII 5.05.01-2021 — Been. 31.03.2021. — Munck: MUHCTpOHapXUTEKTYpBHI,
2023. - 26-27 c.

3. ApMupoBaHME  CTSDKKM  IOJIa  CETKOM [DnexkTpoHHBIl  pecypc]. —  Pexum  poctyna:
https://polvam.ru/armirovanie-stjazhki-pola-setkoj-po-snip-osnovnye/.— Jlata noctyma: 11.10.2023.

4. Bberonnsiec u xene3oderonnsie KoHcTpykimu = CII 5.03.01-2020 — Been. 16.09.2020 — Munck: Mun-
CTpoapXuTexTypsl, 2023.

5. Bapenuk, K. A. Anmpoxcumanus quarpammsl eopmupoBanust npesecusl / K. A. Bapenuk // BectHux
Hogropoackoro rocynapcrsennoro ynusepcurera. — 2013. — Ne 75-1. — C. 60-64. — EDN SBMZXP.

6. Hemuposckuii, H0. B. CnoxHbIit n13rub ruOpuaHbIx nepeBsiHHbIX OpyckeB / 10. B. Hemuposckuii, A. 1. Boi-
taeB // Teopernueckas ¥ NPUKIAAHAsT MEXaHUKA : MEXKIYHAPOIHBIH HAyYHO-TEXHHUECKHH COOPHUK / Mpen.
peaxoa. A. B. Yurapes. — Brimn. 33. —2018. — C. 36-55.
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VK 624.072

BJUSAHUE NMOTPEIIHOCTEN MCXOJAHBIX TAPAMETPOB HA JIOCTOBEPHOCTH
IMAPAMETPOB HAIIPSI>DKEHHO JE®@OPMHUPOBAHHOT'O COCTOSIHUA CTATUYECKH
HEOIIPEJAEJUMBIX PAMHBIX KOHCTPYKITAN

A.0. HTIATHFA/IOBA
(Ilpeocmaeneno: JI.C. Typuuies)

Hccenedyemes 3agucumocms pe3yivmamos pacuema Cimamuyeckit Heonpeoeiumblx PAMHbIX KOHCIPYKYUlL
OM HeU30eNHCHbIX OMAUYUL NAPAMEMPOE PACUEMHBIX CXeM OM NAPAMEmpo8 PealbHbiX KOHCmpYKyuil. B pezynvsma-
me npogedeHHbIX UCCLe008a UL ObIIO YCMAHOGIEHO cledyioujee. YCmouuugocmos peuleHus KAHOHUYECKUX ypasHe-
HUll 6credcmeue sapuayull Ko3Q@UYUenmos u c60O00HBIX ULEHO8 CYUECMBEHHbIM 00PA30M 3A68UCUN O 6bIOPAH-
HO20 6apuanma OcHosHoU cucmemsl. Ha docmoeepHocmy pe3yismamos pacuema Cmamuiecku Heonpeoeaumbix
Pam HEYCIMPAHUMbLE NOZPEULHOCTIUL €€ UCXOOHBIX NAPAMEMPO8 MOV OKA3bIBAMNb CYUYECMBEHHOE GIUsHUE.

Knroueeswvie cnoea: cmamuuecku Heonpedeﬂwwaﬂ pama, KaHoHu4dYecKue ypaeHernus, Memoo Cull.

Brenenne. Hecymell cucteMoll psiaa 30aHAN pa3IMYHOTO Ha3HAYEHUS SBIIIOTCS CTATHYECKU HEOIpe-
JIeIUMBbIE PAMHBIE KOHCTPYKIUU. MaTeMaTn4ecKoil MOJENbI0 TAKMX KOHCTPYKLUI, paCCUUTHIBAEMBIX KIIaCCHYE-
CKUMH METOZaMH CTPOUTEIbHOW MEXaHHKH (METOJ CHJ, METOJ MepEeMEIIEeHUH, CMEIIaHHBII METON), SIBIISIOTCS
KaHOHMYECKUE YPAaBHEHHUsS, KOTOPBIE IPEJCTABISIOT COOO CHUCTEMY JMHEHHBIX anreOpanvyecKux ypaBHEHHN
(CJIAY).

Baxnyro pons npu HaxoxaeHuu pemeHus CJIAY urpaer ouneHka yCTOMYHMBOCTH MOJYyYEHHOTO pelle-
Hus [1]. Heo6XxoauMOCTh TaKOM OLIEHKH NPU pacdeTe paMHbBIX KOHCTPYKIMH BBI3bIBAcTCA HEN3O0C)KHBIMU OTJIH-
YUSAMU PEATbHBIX ITapaMeTPOB TaKUX KOHCTPYKIMH M MX BO3MOJKHBIC JAajbHEHIINE U3MEHEHHS B XOJ€ IKCIIIya-
TalMK [0 CPaBHEHHIO C MCXOJHBIMH MapaMeTpaMH, UCIIONb30BaHHBIMU IIPH PACcYETaX U MPOECKTUPOBAHHH.

OcHoBanHas 4yacTb. VMccrnenoBaHue BIMSHHSA HEYCTPAHUMBIX IOTPEIIHOCTEH HCXOAHBIX MapaMeTpoB
pacdeTHBIX CXEM CTATHYECKH HEONPEIEIMMBIX paM (T€OMETPHUYECKHX pa3MEpOB M KECTKOCTHBIX XapaKTepH-
CTHK) Ha YCTOMYMBOCTH ONPENENIEMbIX ITapaMeTPOB HANPSHKEHHO-Ae()OPMHUPOBAHHOTO COCTOSIHUS TTPOBOIMTCS
Ha npuMepe pacdera MetoaoM cmi (MC) paMHON KOHCTPYKIINH, IpUBeAeHHOH B yueOHUKe B. M. ®eonocnena [1]

1P

FT = const

J——

Pucynok 1. — Pamuasi KoHCTpYyKIMs

[Ipn pacuere paccmMaTpuBaeMOi PaMHOM KOHCTPYKLMH MCIIONB3YIOTCSI 0a30BbIE BApHAHTHI 00pa30OBaHUS
ocHoBHOH cucremsl (OC) MeTo1a CUIT — KOHCOJIbHAsA, 0aJI0OYHast M TPeXIIapHUPHAst CXeMbl OTIMPaHHS

a) ) | o) |r ';i__}'. a X 7 %

v X, ¥,

i |

Pucynok 2. — bazoBble BapuaHThI 0CHOBHOH ccTeMbl MC paMHOH KOHCTPYKIUT

Kanonnueckue YpaBHCHUA METOZIA CHUJI BO BCEX pacCMaTprUBaCMbIX ClIydasdX UMEIOT BUJT
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O 1 X +0,X, +03X5+Ap=0
851 X + 85X, +0)3X5+A,p =0 (D)

831X1 +832X2 +833X3 +A3P =0

HUccrnenyemsimu napamerpamu HIAC ABISIOTCS OCHOBHBIC HEM3BECTHBIE KAHOHMYECKUX ypaBHEHHH (1),
NpE/ICTaBISIONINE COO0H OKOHYATEeNbHbIE BHYTPEHHHE YCHJIMS COOTBETCTBYIOIIEIO BHJa B MeCTax yAaleHHS
JIMILHUX CBSI3€U paccMaTpUBaeMON PAMHOM KOHCTPYKIIMH.

B cBsi3u ¢ HEYCTPaHMMOCTBIO MOTPEIIHOCTE MCXOTHBIX MapaMeTPOB PaMHON KOHCTPYKIHMHU KO3 du-
IIMEHTHl ¥ CBOOOJHBIC WICHH KAHOHMYECKHX ypaBHEHHH (1) BBIYHCIAIOTCS ¢ HEKOTOPBIMH IOTPEITHOCTSAMH,
OTHOCHTEJIbHAs BEJINUMHA KOTOPBIX B IEPBOM NPHOIMKEHHH IPUHUMACTCS OJJMHAKOBOH, PaBHOM €.

Ipunagnm ypaBaeHusM (1) crannaptasiid Bux CJIAY [2] ¢ Hanbonee HEOIATONPUATHON CXEMO 3Ha-
KOB MOTrpenHocTeil K03(h(HUIMEHTOB U CBOOOHBIX YWICHOB COTIAcHO [3]

ap(I+e)x +ap(1-e)x, +az(1+e)xy =b(1+¢)
ay (L=€)x; + ay, (1 +&)xy + ay;(1—€)xy =b,(1-¢) (2)

ay (L+e)x; +az,(1-8)x, +as(l1—g)xy =by(1—-¢)

Perrenue (2) omuceiBaercs Gpopmynamu Kpamepa
D. (8)

1

x () = (i=1,2,3)

rac
a,(1+¢) ap(—¢) a;(+¢)
D(e)={ ay (-6 ay+e) ay-c)
a3, (1+8) ap(—€) a;(l-e)

bil+g) a,(—¢) a(l+¢)
D(e)=] by(1-2) ay(+e) ay-o
by(1-8) ap(—€) ay(l-g)

a(I+e) b(l+e) a(l+e)
Dy (&) =] ay(1-8) by(1l-e) ap(-¢)
ay (1+¢) by(l—¢g) ayp(l-¢)

a(l+e) a,(-¢) b(l+e)
Dy(e) = ay(1-9) ap+e) by(-¢)
ay(1+8) ag,(1—€) by(1—¢)

HpI/I pacdyeTe pamMbl € HUCIIOJb30BAHUCM IICPBOI0 BapUaHTa OCHOBHOI CHCTEMBI (pHc.Za) BBCJICM HOBBIC HCU3-
BCCTHBIC BCJIMYHHBI, CBA3AHHBIC C OCHOBHBIMHU HCHU3BCCTHBIMH KAHOHHYCCKHUX ypaBHeHI/If/'I METOoaa CHII (1) CJIe-
AYIOMUMHA COOTHOLMICHUAMU

KOTOpBIE SIBIISIOTCSI O€3pa3MEpHBIMH ONOPHBIMU PEAKLUsMU Ha JIEBOM OMOpE paMbl, COOTBETCTBEHHO, TOPU30H-
TaJNbHAasl, BEPTUKAJIbHAS 1 MOMEHTHAs cocTapistomue. C UX yueToM ypaBHEHHS (2) IPUHUMAIOT BUJ
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141+ e)x; +12(1 —g)x, +15(1 + &)x3 =3(1 + &)
12(1 - &)x; +16(1 + &)x, +12(1 —g)x3 = 5(1 — ¢) 3)
15(1+e)x) +12(1 - &)x, +18(1 - ¢)x; =3(1—¢)

[Ipu HyI€BO# MOTPEUTHOCTH € KOPHH (3) MIPHHAMAIOT CICTYIONINE 3HAYCHIUS

x, =025, x, =0.4375, x; = 0.0833

3aBucHMOCTh KOpHEH (3) OT morpemHocTy € B uHTepBaie e¢ usmeHeHus ot 0 1o 5% mpuBeneHa Ha rpadukax
(pV,“y",\" 2\
a 6)

2336 0438

169 034 —
x7(€) 1.043 / () 0259 \“"‘

0.397 0.17

-025y oS s AIED) .03 0.081
0 0.013 0025 0.038 0.05

6)

0.08337
=-0.4473

x3(8) -0.978
- —-1.5087 \
-2.0394

PucyHnok 3. — 3aBUCHMOCTb OCHOBHBIX HEU3BECTHBIX OT HOTPELIHOCTH &
npu pacyere pambl MC ¢ ucnosb30BanueM nepsoro apuanta OC

W3 npuBeneHHbIX rpadMKoOB CIEoyeT, YTO pellieHne KaHOHHYECKUX ypaBHeHHH (1) mpu pacuere pamsl
METOZOM CHJI C HCIIOJBb30BaHHEM IMEPBOrO BapHAHTa OCHOBHOW CHCTEMBI SBISICTCS HEYCTOHUYHMBEIM. [lepBoe u
TPEeThbe OCHOBHBIE HEHM3BECTHBIE B PACCMATPUBAEMOM HMHTEpBAaJe IOTPEHIHOCTH € U3MEHSIOT 3HAKH, a MaKCH-
MaJlbHasl TIOTPEIIHOCTH BBIYHUCIEHHUS BTOPOTO HEM3BECTHOTO JIocTHraeT 3Ha4eHus 81.5%.

IIpu pacuere paMbl ¢ UCIIOJIB30BaHHEM BTOPOTO BapHaHTa OCHOBHOH cucTeMsl (puc.1.36) BBegeM Ho-
BbIC HEU3BECTHBIC BEJIMYHMHBI, CBSI3aHHBIC C OCHOBHBIMU HEM3BECTHBIMH KaHOHHUYECKUX YPaBHEHUH METOIA CHII
(1) cnemyrouMu COOTHOILIEHUSIMU

X X, X

— 2 _3
NP ST BT

KOTOpBIE SBJIIOTCS Oe3pa3MepHOi TOPU3OHTAIBHOM OMOPHOI peaknuel paMmbl Ha TPaBOH ONOpE U PEaKTUBHBIMU
MOMEHTaMH, COOTBETCTBEHHO, Ha IIPaBO Omope U Ha JieBoi onopax. C UX y4eToM ypaBHEHUs (2) MPUHUMAIOT BUJ

1(1+ €)x; +0.333(1 - £)x, + 1.167(1 + £)x; = ~0.25(1 + )
0.333(1 — &)x; + 0.667(1 + £)x, + 0.333(1 — £)x, = ~0.25(1 — &) )
1.167(1 + £)x; + 0.333(1 - £)x, + 1.667(1 - £)x3 = —0.25(1 — &)

[Ipu Hy7I€BO# MOTPENTHOCTH KOPHU (4) MPUHUMAIOT CIEAYIOINE 3HAYCHUS

x; =-0.25, x, =-0.2917, x; =0.0833.

3aBUCHMOCTD KOpHEH (4) OT morpemHocTy € B uHTEepBajie e€ usmenenus ot 0 1o 5% npuBeneHa Ha rpadukax
(pucyHok 4).
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al 6)
—0.25 -02
2 5 0 0013 0025 0.p38 0{os
,u,310 ”'Ll\i__i's 0.38 o -0.245 /,
x1(8) _043 \\ x5(E) 0261 .
—_— i = _o2 /
—0.519] =1V
—0.60% -0.292
)
0.36
0.296 =
x3(2) 0.22 //
0.15 =
154 ——
0.083

0.013 0.025 0.038 0.05

PucyHok 4. — 3aBHCHMOCTb OCHOBHBIX HEM3BECTHBIX OT NOrPELIHOCTH & NpH pacyete pambl MC ¢ HCHoIb30BaHHEM
BTOporo Bapuanta OC

W3 npuBeneHHBIX TpadUKOB CIENyeT, YTO pelleHHe KaHOHMYEeCKHX ypaBHeHMH (1) mpu pacuere pamsbl
METOJIOM CHJI C MCIIOJIb30BaHUEM BTOPOTO BapHAaHTa OCHOBHOM CHCTEMBI SIBISETCS HEYCTOHUMBBIM. B paccmat-
pHBAEMOM HHTEpBaJIe MOTPEIIHOCTH € MaKCUMaJIbHBIE TIOIPEIIHOCTH BBIUMCICHUSI OCHOBHBIX HEH3BECTHBIX JI0-
CTHTaIOT, COOTBETCTBEHHO, 3HaUeHUU 144%, 27%, 342%.

IIpu pacuere pambl ¢ UCIIOJIB30BAaHHEM TPETHETO BapHaHTa OCHOBHOM cucteMsl (puc.1.3B) BBeIeM HO-
BbIC HEM3BECTHbIC BEIIMUUHBI, CBSI3aHHBIE C OCHOBHBIMH HEM3BECTHBIMU KAaHOHHMUYECKHX ypPaBHEHHH METO/A CHII
(1) cnexyrouMu COOTHOILICHUSIMU
U U T
I > 2T > 3T ’
Pl Pl Pl
KOTOpBIE SIBJISIOTCS Oe3pa3MEepHBIMU OMOPHBIMA MOMEHTaMH PaMbl, BO3HHKAIOIINMH, COOTBETCTBEHHO, Ha TIpa-
BOM W JIEBOH omopax M 0e3pa3MepHBIM y3JI0BBIM M3rHOaommuM MoMeHTOM. C UX y4eToM ypaBHEHUS (2) MpUHH-
MaroT BHUJ

1(1+&)x; +0.333(1 - ¢)x, + 0.167(1 — &)x3 =—-0.25(1 + ¢)
0.333(1 —g)x; +0.667(1 + &)x, = —0.25(1 - ¢) %)
0.167(1 —€)x; +0.333(1 —&)x; =0

[Ipu HyneBoi MOTPemrHOCTH KOPHH (2.3) MPHHAMAIOT CIEAYIOIIIe 3HAYCHUS

x, =-0.1667, x, =-0.2917, x, = 0.0833.

3aBuCHMOCTb KOpHeH (5) OT morpemnHocTy € B uHTepBajie e€ uamenenus ot 0 1o 5% npuBeneHa Ha rpadukax
AY

(« ......... <

a) 8

—0.167 -02s

—0.17 . i - ~0.262

x(€) - 0.179 x3(£)-0272

—0.185 —0.282

—0.191 —-0.262

[

0.1058;

0.1002;
x3(€) 0.0946

0.0889
0.0833
0

0.013 0.025 0.038 0.05

Pucynok 5. — 3aBHCHMOCTH OCHOBHBIX HEM3BECTHBIX OT MOTPELIHOCTH &
npu pacyere pambl MC ¢ ucnosib3oBaHueM Tperbero sapuanra OC
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U3 npuBeneHHBIX IpaduKoOB ClienyeT, YTO pelleHHe KaHOHHYECKHX ypaBHEHHMH (1) mpu pacdere pambl
METOJIOM CHJI C UCIIOJIb30BAHHEM TPETHETO BapUaHTa OCHOBHOM CHCTEMBI SBJISIETCSI HEYCTOHUMBEIM. B paccmar-
pHBacMOM HHTEpBaJe NOTPEIIHOCTH € MaKCUMaJIbHbIE ITOIPEITHOCTH BEIYHCIICHUS! OCHOBHBIX HEM3BECTHBIX JO-
CTUTAIOT, COOTBETCTBEHHO, 3HaueHu 15%, 13%, 27%.

3akiaouenue. Takum 0Opa3oM, Bce 0a30BBIE BapHAHTHI OCHOBHOM CHCTEMBI METOIA CHII, KOTOPBIE MO-
TyT OBITh HCIIOJIB30BaHBI MPU pacyere PacCMOTPEHHOH pambl HE MO3BOJIAIOT MOJIYYUTh YCTOWYHMBOE pEIICHHUE
KaHOHWYecKnx ypaBHeHmi (1). CnemoBarensHo, pacyeTHsie mapameTpsl HIC paccMOTpeHHO# paMbl MOTYT OKa-
3aThCs HEAOCTOBEPHBIMU. HauMeHee 4yBCTBHUTENIBHBIM BapHaHTOM OCHOBHOM CHCTEMBI METOZA CHJI K ITOTPelI-
HOCTSIM KO3((HUIMEHTOB U CBOOOAHBIX YJICHOB SIBIISICTCS TPETHI BapHaHT.

JIUTEPATYPA

1. Hemumosud B.I1., Mapon U.A. OcHOBHI BRIUHCIUTENbHOI MaTemMaTtuku. M.: Hayka, 1966. - 664 c.
2. ®eonocneB B.U. ConporuBnenue marepuanoB. M.: Hayka, 1979. — 559 c.
3. TIlerpos FO.I1. Kak noxydaTts HagexHble pemreHus cucteM ypaBHeHuit. CI16: BXB-IletepOypr, 2012. — 176 c.

95



2023 BJIEKTPOHHBIH CEOPHUK TPYJ]OB MOJIOJBIX CIIELJHAJTUCTOB
Tonoykoeo eocydapcmeennozo ynusepcumema umenu Eegppocunuu Iloroyxou

VK 624.072

BJUSAHUE MOTPEITHOCTEN UCXOJIHBIX IAPAMETPOB
HA TOCTOBEPHOCTb TAPAMETPOB HAIIPSI’KEHHO
JAE®OPMHUPOBAHHOTI'O COCTOSIHUSI HEPA3PE3HBIX BAJIOK

A.0. HTIATHFA/IOBA
(Ilpeocmasneno: JI.C. Typuuies)

Hccnedyemces 3a8ucumocms pe3yibmamos pacuema HepaspesHvlx OaioK om Heuz0ediCHblX Omaudul na-
PAMEMPO8 UX PACHEMHBIX CXeM 0Nl NAPAMEMPO8 PedbHblX KOHCmpYKyuil. B pesyromame npogedennvix uccre-
008aHUll ObLIO YCMAHOBIEHO credyroujee. Yecmouuusocms peulenus KAHOHUYECKUX YPAGHEeHUl 8ciedcmeue 6ad-
puayuti Ko3gduyuenmos u c000OHBIX UNEHOE CYUWECMBEHHLIM 00PA30M 3a8UCUM OM BblOPAHHO2O BAPUAHMA
ocHognou cucmemvl. Ha docmogepnocms pe3yniomamos pacuema HepaspesHvix 0aioK HeyCmpanumbvle nozpeul-
HOCMU ee UCXOOHBIX NApaMempo8 MO2Ym OKA3bI8AMb CYUieCME8eHHOe BIUAHUE.

Knroueeswvie cnosa: cmamuuecku Heonpedeﬂwwaﬂ pama, KaHoHu4dYecKue ypaeHernus, Memoo Cull.

Beenenune. Hecymumn KOHCTPYKIMSMH MEPEKPHITHH W TOKPHITUI MHOTOATAXKHBIX 3IaHHH M COOpYKe-
HUH SBISIFOTCSI METAJUIMYECKHE M JKeJe300€TOHHBIC Hepaspe3Hble Oanku. MaTemMaTH4ecKoW MOJETbI0 TaKUX
KOHCTPYKIUH, OOBIYHO PAaCCUUTHIBAEMBIX METOAOM CHJI, SIBISICTCS CUCTEMa JIMHEHHBIX anredpandeckux ypaBHe-
Huit (CJIAY).

Baxnyro pois npu HaxoxaeHuu peuieHus CJIAY urpaer oneHka yCTOHUHMBOCTH MOJYYCHHOTO PEIICHUs
[1]. HeoOxoauMocTh Tako# OLIEHKH NPH pacdeTe Hepa3pe3HbIX OajloK BI3BIBACTCS HEM30EKHBIMH OTIMYHSIMHU
peaybHBIX TApaMETPOB TAKMX KOHCTPYKIMH M UX BO3MOXKHBIC JajbHEHIIINE N3MEHEHHUS B X0/I€ IKCILTyaTalllH 110
CPaBHEHUIO C UCXOIHBIMH IapaMeTpaMu, UCTIOIb30BAHHBIMU IIPH PacueTax U MPOCKTUPOBAHUH.

OcHoBaHHasi 4yacTb. lccrenoBanue BIMSIHUS HEYCTPAaHMMBIX ITTOTPEIIHOCTEH MCXOIHBIX IapaMeTpoB
pacdeTHBIX CXEM Hepa3pe3HbIX 0aloK (F€OMETPHUYECKHX pa3MepOB M KECTKOCTHBIX XapaKTEPHCTHK) Ha yCTOM-
YMBOCTh OMNpEICISIEMBIX IapaMETPOB HANpPsUKEHHO-AE()OPMHUPOBAHHOTO COCTOSHMS IIPOBOAMTCS Ha IpHMEpe
pacueta metonoM cmi (MC) 4eThIpeXnpoIIeTHOH Hepa3pesHoit 6anku (puc. 1)

EI = const

£ & 34 4 2

Pucynox 1. — Hepa3pe3nas 6ajka

IIpu pacuere paccMaTpuBaeMON HEpa3pe3HOW OaJKH HCIOJB3YIOTCS 0a30Bble BapUaHThI 00Pa30BaHUS
ocHoBHO# cructembl (OC) MeToja CUIT — KOHCOJIbHAS 0aNKa, IPOCTast 6aiKka U MHOTOMPOJIETHAS IIApHUpPHAs! Oa-
ka (MLLB) (puc.2)
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Pucynok 2. — BazoBble BapuaHThl 0CHOBHOI cucteMbl MC Hepa3pe3Hoii 0ankn

Kanonunueckue YpaBHCHUS METOZA CHUJI BO BCEX paCCMAaTpUBACMbIX ClIydasaX UMCIOT BU
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811X +0,X, +33X53+A;p=0
851X + 85X, +853X5 +A,p =0 (1)
83X + 03, X, +033X5 + A3, =0
Uccnenyempivu napamerpamu HJIC sIBISFOTCS OCHOBHBIE HEM3BECTHBIE KaHOHMYECKMX ypaBHeHHH (1),
NpeCTaBISIOMUe co00H OKOHYATeNIbHBIC BHYTPEHHHE YCHJIMS COOTBETCTBYIOIIEIO BHAA B MECTaX yNaJCHUS
JIMIIHUX CBSI3€H paccMaTpuBaeMoil Hepa3pe3HOil OaKH.
B cBsi3u ¢ HEYCTPaHUMOCTBIO TTOTPEIIHOCTEH MCXOTHBIX MapaMeTpoB Hepazpe3Hoi Oanku ko3dduimen-
TBI U CBOOO/IHBIE YJICHBI KAHOHUUECKUX YpaBHEHUH (1) BBIUMCIISIOTCS] C HEKOTOPBIMH MOTPEIIHOCTSAMH, OTHOCH-
TeJbHAsI BEIMYMHA KOTOPHIX B IIEPBOM IPUOIMKEHUH IPHHAMAETCSl OANHAKOBOH, PaBHOM €.

[punagum ypasaenusm (1) crangapraeiii Bug CJIAY [2] ¢ Hanbonee HeOIaronpusATHOW CXEMOH 3HAKOB
MOTpeIIHOCTeH KO (UIIMEHTOB U CBOOOIHBIX WICHOB COTIACHO [3]

a+e)x; +a,(1-¢e)x, +a;(1+¢e)xy =b(1+¢)
ay (1= &)x) + ayy (1+8)x, + ay;(1—€)xy = by (1 —¢) ()

ay (1 +e)x; +az(1—e)x, +az3(1—e)xy =by(1-¢)

Permrenue (2) omuceiBaercs Gpopmynamu Kpamepa
b (8)
()= D(z)

rac
a(I+¢e) a,(l-g) ai(+¢)
D(g) =] ay(1-2) ay(+e) ay(l-¢)
ay (1+¢) ayp,(1-¢) azz(1-¢)

bi(l+¢) ap,p(l—¢) ap(l+eg)
D) =] b,(1-9) ap+e) apyl-¢)
by(1-¢) ayp(1-¢) azp(l—¢)

a(I+e) b(l+e) ap(l+e)
Dy (&) =] ay(1-9) by(1l-e) ap(l-¢)
ay (I1+¢) by(l—¢g) asp(l-¢)

a(l+e) a,(-¢) b(l+e)
Dy(e) = ay(1-8) ap+e) by(l-¢)
ay(1+8) ag,(1—€) by(1—¢)

IIpu pacuere Hepa3pe3HOH OalKH ¢ UCHOJIB30BAHUEM IIEPBOTO BapHaHTa OCHOBHOW CHCTEMBI (puc.2a)
BBEJIEM HOBBIE HEM3BECTHBIC BEJIMYWHBI, CBSA3aHHBIE C OCHOBHBIMU HEM3BECTHBIMH KaHOHWYECKHX YpaBHEHHI
MeToaa cui (1) CIeayoNMA COOTHOMCHUSIMHU

T WL T |
N=—">%N*= » X3 =
ql ql ql
KOTOPLIC ABJIAKOTCA 6€3pa3MepHBIMI/I OINOPHBIMU PEAKIHNAMU Ha TpeTBeﬁ, ‘leTBCpTOﬁ U HﬂTOﬁ OIopax Hepa3pes-

Hol 6anku. C uX y4eToMm ypaBHEHHS (2) IPUHUMAIOT BH]
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0.667(1+¢€)x; +1.5(1 —g)x, +2.333(1 + g)x3 =3.25(1 + ¢)
L5(1—¢)x; +4(1+&)x, +6.667(1 —g)x; =8.583(1 —¢) 3)
2.333(1+ g)x; + 6.667(1 — €)x, +12(1 - &)x3 =14.5(1 - ¢)
[Ipu HyneBol MOTPEITHOCTH € KOPHH (3) MPUHUMAIOT CIIEIYIOIIHE 3HAUYCHHS
x, =0.9286, x, =1.1429, x; =0.3929

3aBucuMOCTh KOpHEH (3) OT morpenrHocTy € B MHTEpBase e€ m3MeHeHus ot 0 mo 5% mpuBeneHa Ha rpa-

(1‘\ ''''''' (~vraxrrrare 2\

al 6)
212 — 1.143
1.8.u /_.-d-____.--"'"'"- 093 \
x7() 1527 /’ x5(€) 0.716 ~
1228 0.503 \—-...._\______
0.929 029 ———
0 0.013 0.025 0.038 0.05 0 0.013 0.025 0.038 0.03
g ¢
0617 P
0.561 /"
xa(e -
3(2) 0,505 /
0.449
0393

0 0.013 0.025 0.038 0.05

Pucynoxk 3. — 3aBHCHMOCTH OCHOBHBIX HEH3BECTHBIX OT MOTPELIHOCTH &
NpHu pacueTe Hepaspe3Hoii 0aaxu MC ¢ ucnonb3oBanueM nepsoro Bapuanra OC

U3 nmpuBeneHHBIX TpaUKOB CIEIyeT, YTO pelIeHne KaHOHNIEeCKUX ypaBHeHuH (1) mpu pacuere Hepas-
pEe3HO# OamKku METOJOM CHJI C HCIOJBb30BAaHUEM IMEPBOTO BapHaHTa OCHOBHOW CHUCTEMBI SIBISIETCS HEYCTOWYH-
BEIM. B paccMaTprBaeMOM HHTEpBale IMOTPEITHOCTH € MaKCHMAaJbHBIC IMOTPEITHOCTH BBIYUCICHHUS OCHOBHBIX
HEU3BECTHBIX JIOCTUTAIOT, COOTBETCTBEHHO, 3HaueHui 129%, 75%, 57%.

IIpu pacuere Hepa3pe3HOW OajKu C UCTOIH30BAHUEM BTOPOTO BapHaHTa OCHOBHOW cHCTEMBI (puC.20)
BBEJICM HOBBIC HCH3BECTHBIC BEIMYMHBI, CBS3aHHBIC C OCHOBHBIMH HEM3BECTHHIMHA KAaHOHHUYECKUX YpaBHCHHU
Metona cui (1) creayromuMu COOTHOIIEHUSIMH

KOTOpBIC SIBIISIFOTCS] 0€3pa3MEpHBIMH OIIOPHBIMH PEAKIMAMHI HA BTOPOH, TPEThEH 1 YE€TBEPTOH Oropax Hepaszpes-
HOM Oanku. C UX yueToM ypaBHeHHs (2) IPUHUMAIOT BH]

0.75(1 + £)x, +0.917(1 — £)x, + 0.583(1 — £)x3 = 2.375(1 + ¢)
0.917(1 - £)x, +1.333(1 + £)x, + 0.917(1 + £)x; = 3.333(1 — ) 4)

0.583(1—¢)x; + 0.917(1 + &)x, + 1.667(1 — €)x3 = 2.375(1 — €)
[Ipu HyneBOI MOTPENTHOCTH KOPHH (4) MPUHUMAIOT CIICAYIOIINE 3HAUCHUS

x, =1.1429, x, =0.9286, x; =1.1429
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3aBUCHMOCTH KOpHEH! (4) OT mOTrpenrHocTH € B MHTepBase e€ m3MeHeHus ot 0 1o 5% mpuBeneHa Ha rpa-
¢uxax (pucyHok 4)

a) 6)

1.736 0,929
1.587 0.778
x1(€) 1439 / x3(€) o628 \

1.291 0478
143 i _ ) . _-'*"'--.__‘_
0 0.013 0.025 0038 0.05 0 0.013 0.025 0.038 0.05
8)
1375
| """
1317 ]
x3(¢) 1259
1.201
1143
0 0.013 0.025 0.038 0.05

PucyHok 4. — 3aBHCHMOCTb OCHOBHBIX HEH3BECTHBIX OT OTPELIHOCTH &
npu pacyete Hepa3pe3Hoii 6aaxku MC ¢ ucnosp3oBanueM BToporo Bapuanrta OC

W3 npuBeneHABIX TpadUKOB CIEIyeT, YTO pellcHre KaHOHWYESCKUX ypaBHeHHUH (1) mpu pacuere Hepas-
pe3HOl Oaku METOAOM CHII C MCHOJIh30BaHHEM BTOPOTO BapHaHTa OCHOBHOM CHCTEMBI SIBISICTCS HEYCTOWYH-
BEIM. B paccmaTtpuBaeMoM HHTEpBalie MOTPENTHOCTH € MaKCUMAalbHBIE MOTPEITHOCTH BBIYUCICHUS OCHOBHBIX
HEHM3BECTHEBIX JOCTUTAIOT, COOTBETCTBEHHO, 3HAaUCHHM 52%, 65%, 20%.

[Ipu pacuere Hepa3pe3HOU OAJKHU C MCIIONB30BAaHUEM TPETHEr'0 BapHaHTa OCHOBHOM CHUCTEMEI (pHUC.2B)
BBEJIEM HOBBIE HEU3BECTHBIC BEJIMYUHBI, CBS3aHHBIE C OCHOBHBIMU HEM3BECTHBIMU KaHOHWYECKHX YpaBHEHHI
MeTozaa cui (1) CIeayIoIMA COOTHOMICHUSIMHU

. X . X, X3
1= 2> 727 2 2
q! ql ql
KOTOpBIE SBIIAIOTCSA 0€3pa3sMEepHBIMH M3THOAIONMMH MOMEHTaMHt, BO3HUKAIOIINMH, COOTBETCTBEHHO, Ha IIPOMe-
JKYTOYHBIX OTIOPHBIX CEYCHUAX Hepaszpe3Hoi Oanku. C X y4eToM ypaBHEHHS (2) MPUHUMAIOT BU

0.667(1 + £)x, +0.167(1 — &)x, = ~0.083(1 + ¢)
0.167(1 - €)x; + 0.667(1 + £)x, + 0.167(1 — £)x3 = ~0.083(1 — &) (5)

0.167(1 + €)x, + 0.667(1 — g)x5 = —0.083(1 — ¢)
ITpu HyseBOI MOTPEUIHOCTH KOPHH (5) NPUHUMAIOT CIIEAYIONINE 3HAUCHUS
x; =-0.1071, x, =-0.0714, x; =-0.1071

3aBucHMOCTb KOpHEH (5) OT morpentHocTy € B MHTepBasie e€ m3MeHeHus ot 0 1o 5% mpuBeneHa Ha rpa-
(ukax (pUCyHOK 5).

W3 npuBeneHHBIX TpadUKOB CIEAYET, UTO pelleHre KaHOHWYECKUX ypaBHeHHH (1) mpu pacdere Hepas-
PE3HOM OaJIKM METOJIOM CHJI C MCIIOJIb30BaHUEM TPETHETO BapHaHTa OCHOBHOW CHCTEMBI SIBJISICTCS HEYyCTONYH-
BBIM. XOTS B paCCMaTPHBAaEMOM MHTEPBAJIE MOTPENIHOCTH € MaKCUMAaJIbHBIE TIOTPEITHOCTH BEIYUCICHHS IIEPBO-
TO M TPETHEr0 OCHOBHBIX HEM3BECTHBIX JOCTUTAIOT 3HAYCHHS 3%, HO MaKCHMaJIbHAs MOTPEIIHOCTH BTOPOTO OC-
HOBHOT'0 HEU3BECTHOTO cocTaBisieT 11%.
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a) a)
~0.10714 —0.0638
;JN. 13 0.025 0.038 0{05 0.063 0 0.013 0.025 0.038 0l0s
-0.10 - 0.0637
x;(€) 01089 x5(¢) - 0.0676
~0.1097 —~0.0695
-0.1106 ~0.0714
)
~0.1071
0 0.013 0.025 0.038 0/05

~0.108

x3(2) ~0.1089

-0.1097

~0.1106

PucyHok 5. — 3aBHCHMOCTb OCHOBHBIX HEH3BECTHBIX OT OTPELIHOCTH &
npu pacuere Hepa3pe3Hoii 6aaxku MC ¢ ucnonb3oBanueM TpeTbero Bapuanra OC

3akiroueHue. Takum oOpa3oM, Bce 0a30BbIe BAPHAHTHI OCHOBHOW CHCTEMBI METOJIA CHII, KOTOPBIE MO-
T'yT OBITh MCIIOJB30BaHbI NPH pacdyeTe pacCMOTPEHHOW 0ajKM HE MO3BOJLSIIOT MOJYYUTh YCTOWYHMBOE PELICHUE
KaHOHWYecKnX ypaBHeHwHid (1). CnemoBarenpHo, pacueTHbIe apameTpsl HIC paccMOTpeHHON GAaIKH MOTYT OKa-
3aThCsl HEAOCTOBEpHBIMU. HanMeHee 4yBCTBUTEIBHBIM BapUaHTOM OCHOBHOM CHCTEMBI METOJIa CHJI K MOTpell-
HOCTAM KO3((QHIIEHTOB 1 CBOOOIHBIX WICHOB SIBIACTCS TPETUI BapUaHT.

JINTEPATYPA

1. Hemumosuu b.I1., Mapon U.A. OcHOBBI BeIYHCIUTENBbHON MaTeMaTuku. M.: Hayka, 1966. - 664 c.
2. Tlerpos FO.I1. Kak nomydaTts HagexxHble pemreHus cucteM ypaBHeHuit. CI16: BXB-IletepOypr, 2012. — 176 c.
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TPYBEOIIPOBOJHbBIH TPAHCIIOPT H HHKEHEPHBIE CETH

VK 928.265

TEHJIOFI/II[PABJII/I‘IECKI/Iﬁ PACYET TPAHCIIOPTUPOBAHMUSA
BBICOKOITAPA®UHUCTOU HE®THU YEPE3 OTEYUECTBEHHYIO
MATHUCTPAJIBHYIO TPYBOIIPOBO/HYIO CUCTEMY

A.A. TPHHb, M.A. TIOBEIIKHH
(Ilpeocmagneno: A.H. Boponun)

Bcredcmeue ucmowjenusa 3anacos neekousenekaeMoll Hepmu 6 mupe, 6NOIHe AKMYAIbHLIM NPeOCmAasis-
emcesi BONPOC 0 MPAHCNOPMUPOSAHUY BbICOKONAPADUHUCTON Hepmu uepe3 OmeuecmeeHHYr mpyoonposooHyo
cucmemy. B cmamve paccmampueaiomess 0cobeHHOCIU MPAHCROPMUPOBAHUSA 8bICOKONAPADUHUCTION Hedmiu,
a makoice paciem MexXHOIOSUYeCKUX noKasameneti mpaHcnopmuposaHus Ka3axcmaHcKol 8blCOKONApapuHu-
cmoti negpmu uepes Pecnyonuxy Benapyce 6 3anaouyio Eepony.

B cBs3M ¢ ucTOIIEHHEM 3a1acoB JIETKUX He(Tel B MUPE BO3POC MHTEPEC K TPYIHOU3BIEKaEMbIM, BBICO-
KOBSI3KMM U napaduHucThiM HedTsiM. M3BecTHO, uTo B Kasaxcrane exxeromno nobsiBactes 6omnee 70 % HedTH
C BBICOKUM cojiepxanueM mnapagunoB. CO0p M TpaHCHIOPT Takux Hedrei craBuT nepen HeTSHUKaMHU psij
CJIOYKHBIX TEXHUUECKHX MPoOIIeM.

[Mapadunucteie HepTH Kazaxcrana Hanbonee TsHKENbIE U BSI3KHE, COEpKaT OOJIbIIOe KOJMYECTBO Mapa-
(uHOB, cMOM ¥ acaTbTEHOB M MEHBIIE BCETO MU3EIbHBIX (Qpakiuil. FI3MeHeHne TeMIiepaTyphl 3aCTHIBAHUS IS
Ka3aXCTaHCKHUX MapaHMHUCTHIX HEPTEH MpsSMO MPONOPHHOHAIBHO COAECP)KaHHUIO B HUX mapaduHoB. IIpu n3me-
HEHUH KOHIEHTpauy napaduHoB ot 6 10 45 % u3MeHsieTcs u Temeparypa 3acteiBanusg Hedtu oT — 20 °C 1o +
35 °C. Camyro HU3KYIO TeMIepaTypy 3acTeiBaHus — 34 °C umeer napapuHUCTast HeYTh MECTOPOXKICHHS TeHru3,
a caMmylo BBICOKYIO + 36,67 °C — HedTh MecTopoxIeHus Acap. Takke BaXHBIM ITOKa3aTeNIeM PEOJIOTHUYSCKUX
CBOHCTB HE()TH SIBISIETCSI COAEpKaHME AM3ENBHBIX (paKIWii, TaK Kak mapaduHbl OTHOCATCS K KOMIIOHCHTaM,
CBSI3BIBAIOIIUM XHUIKYIO a3y HeTH U GOPMHUPYIOLIMM KOJUIOWIHBIE YACTHUIIBI B HEll, a coJiepkaHue AN3eNIbHBIX
(dpakimii ABISCTCA OCHOBHOHM COCTaBILsitOIIeH kuakoi (asel HedTu. CaMoe BBHICOKOE COACPIKAHUE TU3CIBHBIX
(hpakimii OTMEUEHO JIs1 MeCTOPOXKAeHUS TeHru3, camoe Hu3koe — s Tro0emxuka. [1]

Bsizkue HedTH KiaccupuuMpyroT no TpeM rpymnmnam. I[lepByto rpyImmny cOCTaBisiOT HEPTH C BSI3KOCTBHIO
30-100 wmITa-c, Bropyto — 100-500 mIla-c u Tpetbto — Bbiie 500 mIla-c. I[Ipu 3TOM MHTEpPBAIBI U3MEPEHUS IIJIOT-
HOCTHU HE(TH 10 HA3BAHHBIM IPYIITIAM COOTBETCTBYET 834-929, 882-955 u cBrimie 924 kr/m?. [2]

[Tpu TpyOONpPOBOJHOM TpaHCIOPTE Takux HedTel ajsi odecrieueHus 3aaHHOM MPOIYCKHOH COCOOHO-
CTH ¥ M30eXaHMs 3aCTHIBAaHNS HE(TH MPHU OCTAHOBE NEPEKAYKN HEOOXOJMMO HCIIOIb30BaTh CIICIMAIBHBIE TEeX-
HOJIOTHH nepekadky. OHUM M3 HanOoJiee MOMYISIPHBIX CIIOCOOOB MepeKadyky BEIOKONapaMHUCTOH HEPTH SIB-
JSIETCsl «ropsiyask» IepeKadka, KOTopas CBsS3aHa C M3MEHEHHEM pPEOJIOTHYECKHX CBOMCTB He(TH (BS3KOCTH
Y MIPEAETHHOI0 HANPSDKEHHS CABUTA) ITyTEM IPEIBapUTEIBHOTO TT0I0TPeBa KHUAKOCTH.

[Ipn «ropsueit» nepekauke BbICOKoNapaduHUCTass HEPTh HarpeBaeTcs HAa TOJIOBHOW HACOCHOM CTaHIMH
Y HacOCaMM 3aKauMBaeTCs] B MarucTpabHBIN TpyOonpoBos. [1o Mepe oxitakaeHHsI IPH ITPOXOXKICHUH TI0 Maru-
CTpaJIbHOMY TPyOOIPOBO/Y YBEIMYMBAIOTCS 1MOoTepu Ha TpeHue. [loaTomy HedTh HEOOXOIMMO MOAOTPEBATh Ha
MIPOMEKYTOYHBIX TEIUIOBBIX CTAHIUSAX. 3]

6T

1 — moaBoAsIIIHUIA TPYOONPOBO (MATHCTPAJILHBIIT); 2 — pe3epBYapHbIii MapK, 000py10BaHHbIIi MOJ0TrpPeBaTEIAMHU;
3 — noamopHbIii Hacoc; 4 — MooOrpeBaTelib; S — 0CHOBHOM Hacoc; 6 — MarucTpaJjbHblii TPyOOnpoBoa;
7 —T'TIC - ronoBHasi MepeKavYHBAIOIIAs CTAHINA; 8 — MPOMeKYTOYHAS TeNI0Basi CTAHIUS

Pucynok 1. — IIpyHuunuanbHas cxeMa MarucTpajbHOro Tpyoonposoaa
¢ YCTpoOlcTBAMU /Il IPeJBAPUTEJbHOI0 NOJ0IPeBa He)TH
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CeIpasg HE()Tb 10 MarucTpaJbHOMY TpyOOompoBony | HampaBiseTcst B pe3epByapHBIH Mapk 2, KOTOPBINA
000pyI0BaH MOAOTPEBATEISAMH JUIA MOJICPXKAHUS TEMIIEPaTyphl He(TH, HEOOXOUMOM ISt pPaOOTHI MOIIOPHBIX
HAcoCOB 3, KOTOPBIE MPOKAYNBAIOT HE(PTH Yepe3 MOA0TpeBaTeNs 4 K MarucTpatbHOMY Hacocy 5, KOTOPBIH 3aKa-
ynBaeT He()Th B MarUCTPaNbHBIN TpyOomposoxa 6. Hedtrs momorpeBaetcs B mpenenax ot 60°C mo 120°C. Bepx-
HUH TIpeieN TeMIIepaTyphl OTPAaHIICH CTOWKOCTHIO TETUIOBON M3O0JLINH, AECTPYKIIEH MOJIEKYT He(DTH, a TakxKe
BO3MO>KHOCTBIO KOKCOBAHUSI HE(TH B TETIIOOOMEHHUKAX.

ITo mepe nBIKEHNUS 1O TPYOOIIPOBOAY KHIKOCTH OCTBIBACT, B PE3yJIbTaTe €€ TEMIIEpaTypa yMEHbIIAeTCS,
a BSI3KOCTh M MOTEPH Hamopa pacTyT. I103ToMy KHIKOCTh BHOBB IOJOTPEBAIOT HA MPOMEKYTOUHBIX TETIIIOBBIX
cranimsx 8. s nmogorpeBa He(TH MCIONB3YIOT ITAPOBBIE U OTHEBBIE ITOJIOIPEBATEIH, @ TAKKE MYTEBBIE T0/10-
rpeBaTely.

B03MOXHOCTh TPaHCTIOPTHPOBAHMUS Ka3aXCTaHCKOI BbIcOKonapaduHucToi Hedtu uepe3 Pecriyonuky be-
JIapyCh CTOUT YYUTHIBATH C YCIOBUEM CYLIECTBYIOIIECH MPOM3BOAUTEIHHOCTH HE(PTEIIPOBOAA CEBEPHOTO HAIIPaB-
neHust Yzenb-Atbipay-Camapa B 17 MiH TOHH B rox o TpyoonpoBoxny auamerpom 820 mm. Cornmacao BHTII 2-86
MIPOEKTHAS IPOU3BOAUTEIHHOCTD JAHHOTO JHaMeTpa HaXOIUTCS B Ipenenax 15-27 MitH TOHH B TO. [4]

Ha HedTenepexaunBarOIMX CTAaHIUIX I0)KHOTO HAIIPABJICHHUS OTEYECTBEHHOH TpyOOIIPOBOJHON CHCTEMBI
yCTaHOBIICHBI HacocHl repBoit ouepenu (HM 2500-230) u Bropoii ouepeau (HM 7000-210). Pacuer Heo6xommumo
BBITTONTHATH 11t HacocoB HM 2500-230, mockonbKy ux padodas 30Ha Hanbomsirero KIT/{ cooTBeTcTBYeT pacxo-
ny B nuanasone 0,8-1,2 0T Quow, 9T0 cooTBeTcTBYET OT 2000 1m0 3000 M3/4. CiemoBaTeIbHO, BEIOpaHHAS 4acoBas
IPOU3BOUTENLHOCTS YIOBJIETBOPSET JAHHOMY YCIOBHIO B cocTaBiseT 2307,12 m/4.

Jlns pabotsl Hacoca B 30He MakcuManbHbIX KIIJ] BA3KOCTh MOMKHA TOCTUTaTh HEKOTOPOTO TPAaHWYHOIO 3HA-
YEHUsI, YTOOBI HE MCTIONB30BaTh KOA(D(HIMEHTHI Niepepacuéra s CHIKEHHUS HAIIOPHOW TMAPABIMYECKON XapaKTepH-
cTUKH Hacoca. J1J1st 3Toro HeoOXO MO POM3BECTH PACUECT MAKCUMAJIBHOM BA3KOCTH HedTH 1o (opmyie: [5]

n-p?
_ 0,305
Vi g = - k ;
MEX 3 15-105 ' (D

rle N —4acToTa BpalleHHs Hacoca, 00/MHUH;

D — nuametp pabouero koneca, M;

k — koapunmenT OBICTPOXOAHOCTH Hacoca.

Jlist paboTel Hacoca B 30He Beicokux KITJ] MmakcumanbHast Bsa3kocTh He(TH coctaBuT 134 cCr.

Hedrs paspemieno rpets 10 110°C o temmepaTypsl JeCTPYyKIMK MOJIEKYJI M Hadaia mpolecca KOKCoBa-
HUA. B Hamrem ciydae TpyOOIIpOBO yXKe JIEXKHT C H30JISIHEH, COTTIacHO TPEeOOBAHUIO 1O M30JIALNH MaKCHMaIIb-
Has TeMIiepaTypa Harpesa coctapisier 45°C, Mo3ToMy HavyalibHasl TEMIeparypa HarpeBa HeyTH orpaHuuMBaeTCs
B 45°C.

IIpn mpoxokneHnn HeTH uyepe3 HACOCHBIH arperaT M APOCCENbHYIO 3aCIIOHKY IPOMCXOIMT Harpes
HeTH, clenoBaTeNbHO, MOXKHO YMEHBIIATh HAavaJIbHYIO TEMIIEpaTypy MoJorpeBa He)TH Ha 3TO 3HAUCHHE, YTO
JlaeT BO3MOXKHOCTh COKOHOMHTB SKCIUTyaTallMOHHbIE 3aTPATHI.

CyMMapHOe yBeIHYeHNE TeMITepaTypbl He(hTH 3a CHET HarpeBa B HACOCHBIX arperaTax u MpOX0oKACHUN
yepes 3aCIOHKY oIpeelsieM 1mo gopmye: [6]

. )

105-AP, L 10847,
At = At + At =—"”"(——') _—
mae T Algp #Cp ni g-Cp

rme AR, — mepemnan qaBieHHi Ha BXOJE M BBIXOJe Hacoca, MITa;
£ — IIIOTHOCTh HE(TH, KI/M>;
C, — TemoeMKOCTh He()TH TP MOCTOSHHOM faBneHuu, Jx/(xr-K);
11;- KI1J] HacoCHBIX arperaToB 0e3 ydeTa MoTepb MOITHOCTH B TIOIIUITHUKAX
AF,, — mepemnaj [aBiIeHuil MEpe U mocie ApoccenbHoi 3acionku, Mlla.

B pesynbrate, mosy4ymin, 4To Ha4aJdbHYIO TEMIIEpaTypy HarpeBa HeTH MOXKHO yMeHbIIHTh Ha 1,29°C, T.
€. HavaJbHas TeMIeparypa HarpeBa Hedtu cocrasut T,=43,71°C.

IIpu sxcmmyaTanuu «ropsdero» HedrempoBoga HEM30EKHBI €r0 OCTAHOBKH, KOTOPBIE MOTYT OBITH BBI-
3BaHbI aBapHel Ha OJTHOM U3 y4acTKOB, HEOOXOANMOCTRIO BRIITOJTHEHNSI PEMOHTHBIX padoT, mepebosiMu B Togaye
Heptn Ha [HIIC. OcTaHOBKHM mepekaykd MOTYT OBITh CBSI3aHBI C XapaKTEPOM OJKCIUTyaTallUHd «TOPSUEroy
HedrenpoBona. [Ipn ocraHoBKax mepekadyky BbICOKONapauHucTas HeTh, OCTAaBICHHAS TPyOOIPOBOIE, IOCTE-
TIEHHO OCTBIBAET, U, KaK CJIE/ICTBHE, BSI3KOCTh ee moBbimaercs. Ha ciyyail mepeboeB uiiM BpeMEHHONH OCTaHOBKH
paboTHI HACOCHOW CTAaHIIMK KOHEYHYIO TEMIIEpaTypy MOoAorpeBa BeICOKomapaduHUCcTOH HepTH Oepem Ha 10°C
BBIIIIE TEMIEPATYPhI €€ 3aCTHIBaHMUS.
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st pacyera HEOOXOAMMOTO YHUCIA TEIUIOBBIX CTAHIMI NMPOBOIMTCS TEIIOTHAPABIMYECKUI pacdeT, Ko-
TOPBII COCTOUT U3 omnpeaeneHus: [7]
KoaddnurenTa kpyTu3HBI BUCKOTPaMMBI U3 (opMyinsl PeitHompaca-Ounonosa [19]:

v=1, expl-u-(T -T.J. (3)

rae  u— Ko3(pUINEHT KPYTU3HBI BUCKOTpaMMEl, 1/K;
V+ - KHHEMaTH4ecKas BSI3KOCTh ITPH U3BECTHOH (IIPOU3BOJIbHON) Temmeparype Tx.
BennunHy U HaXOIHTCA CISAYIOLIAM 00pa3oM:

1 va
u—TI_T:En:.ll.-‘K 4)
Kpuruueckoii Temnepatypsl o hopmye:
1 Vol Ry
TEP=T.+;'{?‘1T.K 5)

roe T - TeMnepaTypa, IpH KOTOPOH M3BECTHA KHHEMATHYECKas BA3KOCTb HEPTHU Vs;

Rey, - kpuTHueckoe uncno PeliHonbca, 1uist BRICOKOBA3KHX Hedreil Req,=2000;

Q — o6BeMHbIi pacxo, M/c;

U — K03 HULIUEHT KPYTU3HBI BUCKOTPAMMBI.

B tpy6omnpoBose OyzneT ToabKO TYpOYJIEHTHBIH PEKUM TEUEHUS JKUAKOCTH, TaK KaK B XOJ/I€ PacueToB IO-
yquiy, 9T0 Tip<Tx.

Janee 1yt KaKI0T0 ydacTKa MO OTIACTEHOCTH MEKy HACOCHBIMH CTaHIIMU HEOOXOIUMO HalTH:

Yucio LlyxoBa npu TypOyJICHTHOM PEXHME:

Bomdd

My, = 9Py’ (6)

roe | — anMHa TypOyJSHTHOTO Y4acTKa, T. €. PACCTOSHUE MEXIY HAaCOCHBIMHU CTaHIUSAMU;
p — INIOTHOCTH HE()TH, KI/M;
C, — ynensHas TertoeMkocTb, Jx/(krK);
d — BHyTpeHHUH TuameTp TpyOOnpoBoOAa, M;
K; — K03 )HIMEHT TemIonepeaadn Ha TypOyIeHTHOM ydacTke B1/(m2-K).
PaccrosiHue MeXIy MyHKTaMH IT0J0rpeBa:

— getp Tu—Tp
T Ewd In T,—Tg ™

I!-']'

rne Ty - Temneparypa nojgorpesa Hedru, K;
Tk - Temneparypa He)TH Ha OIXO0/I€ K IPOMEXYTOYHON HACOCHOW CTaHIIMH (Ha MpreMe HacocoB), K;
To - Temneparypa rpyHTa Ha rIyOnHe 3anoxeHus Tpyoonposoaa, K.
Kunemarnieckyo BSI3KOCTh HETH ITPH HAYaJIBHOW TeMIepaType:

v, = v, expl—u- (T, — T )] m%/¢c (8)

[Torepu B TpyOOmpOBOJE HA TPEHHE NPHU YCIOBUH, YTO HE(TH IO BCEH JUIMHE COXPAHSET HAYaJbHYIO
temriepatypy Ty pu TypOyJI€HTHOM JABHKEHUH:

_bo241 gl-TifEN
'r!E'J' - g 4475 M (9)
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HonpaBKy Ha HCU30TCPMUYHOCTb TCUCHUS IJIA Typ6yﬂeHTHOFO JBHKCHUA:

E"“ 25Ty —Tg)

.i.TzT{E:' [-u-(0.25 —if) (T, - Ty)| —Ei - [—u- (0.25 —if) (1, - T} 10)

Ei — 3HaK MHTETpanbHOMN MOKA3aTEIFHON (DYHKIIUH.
[otepu Hamopa Ha TpeHHe B TPYOOIPOBOE:

hi = hy AL €95

HeO6XOI[I/IMOC YHCJIO TEIUIOBBIX CTAHLIM:

n. ==, (12)

B HCJIIX HAUMMCHBIINX JKCIUTYAaTAallMOHHBIX 3aTpaT H€06XO,I[I/IMO, YTOOBI TEIJIOBBIE CTaHIMK pacnojiara-

JIMCh Ha OJTHOM TUTOIIAAKE ¢ HeprenepeKkaunBaroel CTaHITUCH.

3akaouenue. B peE3yabTaTC MPOBEACHHBIX PACYCTOB OBLIO MOJYYCHO, 4YTO Ha He(l)TCHepeKa‘H/IBa}OH.II/IX

cranmusx: JIIAC «Yueuay, HIIC «omensby, JIIIAC «Mo3ssips», HIIC «Typoy», HIIC «Iluncky», HIIC «Ko-
OpuH» OyIeT pacroiaraThCs 1Mo OHOM TCIIOBOM CTAHIIHHU.
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YIK 928.265

O BO3BMO’KHBIX MAPILIPYTAX TPAHCIIOPTUPOBAHUS
KA3AXCTAHCKOM BHICOKOITAPA®UHHUCTOMN HE®TH YEPE3 PECIIBYJIMKY BEJAPYCh

A.A. TPHHb, M.A. TIOBEIIKHH
(Ilpeocmaeneno: A.H. Boponun)

B cea3u c ysenuuenuem ousepcugurayuu sxcnopma poccutickoii Hegpmu 8 60CMOYHOM HANPABLEHUU, MU-
Hyst mpyoonpoeoonylo un@pacmpyxkmypy Pecnyonuxu benapycs, 6nonne akmyanibHoim npeocmasisiemcs 60npoc
MAKCUMATLHO 803MONCHOU 3A2PY3KU OMEUECMBEHHOU MPYOONPOBOOHOU CUCMEMb C Yelbl0 NOCMYNIEHUs. MPAH-
3umuelx mapugpos. B cmamve paccmampusaromcsi 603ModicHble Haubonee 6bi200Hble NOSUCMUYECKUe Nymu
MPAH3UMA KA3axcmanckoll gvicokonapaguunucmoil neghmu uepes Pecnyonuxy benapyce 6 3anaouyio Espony.

KavecTBeHHOE COCTOSIHME HE(TSHON CHIPbEBOW 0a3bl HENPEPBHIBHO YXY/IIAETCS B TEUCHHE IMOCIECAHUX
JECATHICTHH. DTO CBA3aHO C BBIPAOOTKONH MHOTHX BBICOKONPOIYKTUBHBIX MECTOPOXKACHHUM, @ OTKPHITHE HOBBIX
MECTOPOXKICHUH OrpaHWYEHO. B MeHbIIEH CTeneHn NPUMEHSIOTCS B 3KCIUTyaTalluio BEICOKOBSA3KHE Mapa(uHu-
CTbIe HE()TH C BHICOKHM COJEP)KaHWEM CMOJ M alb(halbTeHOB. B yCIOBHAX HCTOIIEHHMS 3aI1acOB JIETKON3BIIEKae-
MOH He()TH, KOTOpasi B HACTOSIIIEE BPEMsI SIBISIETCSI OCHOBHBIM MCTOYHUKOM SHEPIHU B MHpE, 3P(EKTHBHOE HC-
MOJTb30BAHNE aJbTCPHATUBHBIX BUJIOB YTIIEBOJIOPOAHOTO TOIUMBA SBISETCS OJHON M3 KJIIOYEBBIX 3a/1a4 TOILIUB-
HO-DHEPTeTHYECKOro KOMIUIeKca. B oTinuyue oT oObIuHBIX HedTeil, BbicOKomapadUHHUCTBIE HEPTH SBISIOTCS
ACCOLIMMPOBAHHBIMU JNCIIEPCHBIMH CUCTEMaMHU. DTO YCIIOXKHSIET HE TOJIbKO UX W3BJIEYEHHUE, HO TaKke 00paboT-
Ky U TPaHCIOPTHPOBKY. Bricokoe conepikanue napaduHa B HehTH HE TOJNBKO YBEIMYMBAET CTOMMOCTh €€ J0-
ObIUM ¥ TPAHCIIOPTHPOBKH, HO U YCIOXKHSAET mpouecc. [Ipu TpyOOnpoBOIHOM TpaHCHOPTE TaKUX He(Ted Ais
obecrieueHus 331aHHOI MPOIYCKHO CrI0OCOOHOCTH M M30eKaHMs 3aCThIBAHUS HE()TH IIPU OCTAHOBKE MEPEKAUKU
HE0OXO0/IMMO HCIOJIB30BATh CIIEIUAIBHBIC TEXHOJIOTHH TIePEKAYKH.

CymiecTByeT 4eThIpe OCHOBHBIX BHJIAa TPAHCIOPTHUPOBKH: JKEJIC3HOAOPOKHBIH, BOIHBIH, aBTOMOOMIBHBIN
U TpyOonpoBoHEIi. BriOop B monb3y Tol nnm nHOI GOPMBI 3aBHCHT OT TOTO, HACKOJIBKO OHa CMOJXKET obecrre-
YHUTh PETYISIPHOCTB, X OT c€0ECTOMMOCTH, KOTOpast CBsI3aHA C PACIHOJIOKEHHEM HedTenpoMBbICIOB, HedTenepe-
pabatsiBaromux 3aBogoB (HII3) u npyrumu daxropamu. [1]

BopHblil TpaHCHIOPT MO3BOJISIET B HAIMBHBIX Oapikax M TAaHKEpax, a TAaKXKe B MEJKOH Tape NepeBO3UTH
He(Th, HeTEMPOAYKTHI M CKIKEHHBIC IPUPOAHBIC X HE(PTSIHBIE Ta3bl B JIFOOBIX KOJINYECTBAX.

XKene3HomOPOKHBIM TPAHCIIOPTOM MOKHO NEPEBO3UTH HE(TSHBIE IPY3bl BCEX BUJIOB: B IIUCTEPHAX, OYH-
Kepax WM JIETKOU Tape.

ABTOTPaHCIIOPT B OCHOBHOM HCTOJIB3YETCS JJIs1 TIEPEeBO3KH He(TEMPOIYKTOB OT KPYIHBIX HedTeba3 K
MEJIKUM U Jlajiee K MOTpeOuTeIsm.

TpyOGonpoBobl CIyXaT Jyisi TPAHCIOPTHUPOBKU OOJBIIMX KOJIWYECTB He(TH, HEPTENPOAYKTOB M CXKH-
JKEHHBIX He()TSHBIX ra30B B OJHOM HampaBiieHWH. Bun Tpancmopra HedTH, U1t KOTOPOTO XapaKTepHbI HU3KHUE
OTIEPAIIMOHHBIC U3/IEPXKKH. 1TpyOONpOBOAHBINH TpaHCHOPT 00NaAaeT CIEAYIOINMH TPEUMYIIECTBAMH 10 CpaB-
HEHUIO ¢ IPYTUMH BUIaMH TPaHCIIOpPTa:

* Tpacca TpyOOmpoBO/ia KOpoYe Tpacc APYrHX BHUJIOB TPAHCIIOPTA, MPUYEM TPyOOIPOBOA MOXKET OBITh
MPOJIOKEH MEXIY IBYMS JIIOOBIMHU ITyHKTaMH{ Ha CyIle, HAXOISIIUMHUCS Ha JTI000M PacCTOSIHUH JPYT OT APYTra;

* TpyOOIIPOBOAHBIN TPAHCIOPT B OTIIMUUE OT APYTMX BHIOB TPAHCIOPTa — HETIPEPHIBHBIN, 4TO 00eceun-
BaeT PUTMHUYHYIO paboTy NMOCTABUIMKOB U OecriepeboiiHoe cHabXeHue noTpeduTesel, oarogaps 4ueMy oTrnaaaeTt
HEOOXOIMMOCTb CO3/IaHUsI KPYITHBIX 3aI1acOB TPAHCIIOPTHPYEMOTO Ipy3a Ha KOHIIAX TPACCHI;

* norepu HepTH M HEPTENPOMYKTOB IPHU TPYOOIPOBOAHOM TPAHCIIOPTE MEHBIIE, YeM IPH IEePEeBO3Kax
JPYTUMH BHJAaMH TPAHCIIOPTA;

* TpyOOIPOBOAHBIA TPAHCHOPT HanboJiee MEXaHU3MPOBAHHBIA M OoJiee IPYrux MOANa&Tcs aBTOMAaTH3a-
LHH;

* TpyOOIIPOBOAHBINA TPAHCHOPT SIBISIETCS HAUOOJIee IKOJIOTHUECKH YHCTBIM CIIOCOOOM TPaHCIOPTUPOBA-
HUS HepTerpy30B. [2]

B cBs13u cokpaleHneM SKCIopTa pOCCUHCKON He)TH B €BPOIIEHCKUE CTPaHbI Yepe3 TeppuTopuio Pecy6-
ik benapyce BIOJIHE aKTyalbHBIM MPECTABISAETCS BOIPOC MAaKCUMAaIbHO BO3MOXKHOM 3arpy3Ku OTEUECTBEH-
HOHM TpyOOIIPOBOJIHOM CHCTEMBI C LIENBIO TIOCTYIUICHHUS TPAH3UTHBIX Tapu(oB. B maHHOM citydae oJTHUM U3 BO3-
MOXHBIX ITyTeH 00ecreueHns! TPaH3UTA SBIISIETCS IEPEKaUKa BBICOKONIApaMHNUCTON Ka3aXCTaHCKOW HE(TH.

KazaxcTan sBisIeTCs OMHUM U3 KPYMHEHIIINX MUPOBBIX He()TeT0OBIBAIONINX PETHOHOB 1 00IagaeT pa3By-
TOW TpyOompoBogHON cucTeMoi. Cpean pa3BeZaHHBIX M JKCIUTyaTHPYIOIIUXCS MECTOPOXIESHHH Hambolee
kpymnable — Tenrus, Kapauaranak, Y3enn, JKerbi0aii, Kanamkac, Kymkons u npyrue. bBombinas gacte MecTo-
POXIEHUH HaxoAuTcs Ha Teppuropun 3ananHoro Kasaxcrana. Ha ceromusmHuil 1eHs o TpyOOIIPOBOTHON CH-
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cTeme TpaHcnoptupyetcs 6onee 80 % Bcelt 1oObIBacMOil B peciyonnke HedTH. Pa3BeTBicHHAs ceTh TpyOOIpo-
BOJIOB IIPOXOJIUT MO TEPPUTOPUH BOochMH obinacteit KazaxcraHna.

AO «Ka3TpaucOiim» sBisgercs: KpynHenmen HedTernpoBoaHoi kommnanueii Pecrrybnnku KasaxcraH, oka-
3BIBAIOMICH YCIIYTH IO TPAHCIIOPTHPOBKE HE(TH HA BHYTPEHHHUHA PHIHOK M Ha 3KCTOPT. [3]

Kazaxcran umeer quBepcHpUIMPOBAHHYIO CHCTEMY TPAaHCIOPTUPOBKH HE(TH JUIA SKCIOPTa M MOCTABOK
Ha BHYTPEHHUI PBIHOK.

DKCIOpT Ka3aXCTaHCKOH HE(TH OCYIIECTBIIICTCS IO MapIIPyTaM:

- HeprenpoBox KTK (3amagHOe HampasiieHme);

- HedrenpoBos ATacy-AnamiaHbkoy (BOCTOUYHOE HalPaBJICHHUE);

- HedrenpoBon ATsipay-Camapa (ceBepHOE HalpaBJlICHHE);

- MOPCKOI1 MOpT AKTay U 110 JKeNe3HOM Jopore (10XKHOe HanpasieHue). [4]

Hawnbonee nenecooOpa3HbIM HalpaBlIeHUEM TPAHCIIOPTUPOBKH BBICKONApaUHUCTON Ka3aXxCTaHCKOU
He(TH M3 BO3MOXKHBIX JIOTUCTHYECKUX BApUAHTOB SIBISICTCS CEBEPHOE HANpaBjeHUe. B 1aHHOM citydae BO3MOX-
Hasl TPaHCHOPTHUPOBKa HepTH OymeT MpoXoauTh Mo ceBepHOMY TpyOompoBoxay. C Hawana 1970-x rr. XX B. Ka-
3axcTaHCcKas HepTh nocTtaBisieTcs B Poccnio mo HedrenpoBoxy Y3ens-Ateipay-Camapa. JlaHHBIH HEPTETIPOBOA
o0ecrieunBaeT MEPeKadKy BBICOKOBSI3KMX Oy3adMHCKHX M BBICOKO3ACTHIBAIOIINX MAaHTBIINIIAKCKAX HedTeH c
MpeABapUTEIbHBIM TIOAOTPEBOM Uil MPEAOTBPALCHUS 3acThIBAaHMA IepekadnBaeMoil Hedtu. Hedrenposon
ATpipay-CamMapa sSBIIS€TCS OJHUM M3 OCHOBHBIX 3KCIIOPTHBIX TPYOOIIPOBOAOB /I MOCTABKH 3aIlaTHOKA3aXCTaH-
ckoif He(TH Uepe3 cuctemy HedTenpoBonos Poccun u crpan CHI': Ha Tepmunansr YepHoro mops (Oxecca, Ho-
Bopoccuiick), banruiickoro mopsa (Ilpumopck, I'mansck) u B eBponeiickue crpansl (Ilonsma, I'epmanus, Ben-
rpust, CnoBakus, Yexus u ap.). [3]

Ot Camapsl 10 AnamoBa 3actaBa He()Thb OyIeT MOXET IepeKaurBaThCs 4yepe3 HeTenpoBobl «Ipyxoar.
«[pyx0ba» — KpyInHe#iiias B MUpe CHCTeMa MarkucTpaibHbIX HedrenpoBoaos. [Toctpoena B 1960- roap! npeanpusi-
THeM «JleHrascrencTpoiiy s TpaHCHOpTUPOBKH HeTH U3 Bonroypanbckoil HedyTera3oHOCHOW MPOBHHLIMM B CTpa-
HBI HApO/IHO# JieMokpatiu Bocrounoii EBporbl. Mapiipyt HedTenpoBoja npoxoauT oT AbMeTheBcKa 10 bpsiHcka
3aTeM 10 MO3BIpsl, TIOCIIe Yero pasBeTBIACTCS Ha 2 ydacTKa: ceBepHbIH (1o Tepputopun benopyccun, [Tombsimm, Iep-
Manuw, JlaTBuu 1 JINTBEI) U FOXKHEIH (TI0 TeppuTopun Ykpanusl, Yexun, CroBaknu, Berrprm u Xopsatun). [5]

Benopycckuii yqactok HeTenpoBoa HaxoauTcs B coocTBeHHOCTH «I"oMenbTpancHeTi». [Ipeanpustue
OCYIIECTBIISIET TIEPEeKauKy He(TH, NOCTYyIAIOIIEH U3 POCCHICKOM YacTn HedTenpoBoaa «/Ipyx6a» B Hampasie-
HHUHM cTpaH 3anagHoil u Boctounoii EBpormsl, cHa0OXaeT yrieBoJOPOAHBIM CHIPEEM OEJIOPYCCKYI0 He(hTEXHMMUIO,
OCYIIECTBIISIET TPAHCIOPTUPOBKY HE(PTENpoxykToB mo Teppuropun bemapycn. OAO «['omensTpaHcHEDTH
Jpyx06a» obecrieunBaeT nepekayky 1o Mapupyty YHeua — Mo3bIps — AZIaMOBO 3acTaBa C JalbHeHnIeil TpaHc-
MOPTUPOBKOI1 Ha Hedrenepepabarbiatomine 3aBo bl [lonbim u ['epmannu. [6]

CrouMOCTh TpaH3WTa Ka3zaxcTaHCKod HedTu yepe3 bemapyck mo Hedrenposoay «/Ipyxba» cocrariser
$1,67 3a 100 TonHO-KHIOMETpPOB [7]. B pesynbrare, BHIpydKa OT TPAHCIIOPTHPOBAHUS BBICOKOTMApahuHUCTON
He()TH IPOU3BOIUTEIHHOCTHIO 17 MIIH. T/Tox coctaut 195,9 miH. $ B roz.

3akJiroueHne. TpaHCIOPTHPOBAHUE KA3aXCTAHCKON BBICOKONapauMHUCTONH HE(YTH B €BpPOIEHCKUE CTpa-
HBI 4yepe3 Tepputopuio Pecry6muku bemapych Oyner mpoxoIuTs 1Mo ceBepHOMY HarpaBieHHio B Poccuio mo
HedTenpoBoxy Y3eHb — ATeipay — Camapa. [lanee ot Camapsr 1o teppuropuu [lonsmm gepe3 benapyce HedTh
Oyner mepekaumBaThcs 1o HedTenpoBoay «/pyxOay. braronapst TpaH3uTy Ka3aXCTaHCKOH BBICOKOTapadHH-
croit Hedtu yepe3 benapych Beipyuka coctaBut 195,9 miH. $ B ro.
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YK 656.56:004.9.

PA3PABOTKA MOBWJIBHOI'O KOMIIVIEKCA U3MEPEHUS PACXOJJA
B MATUCTPAJIBHBIX HE®TE- U HEO@TEINTPOAYKTOIIPOBOJAX
C IEPEJAYEN TAHHBIX B CACTEMBI JUCNIETYEPHU3ALIAN JJISI JIOKAJTU3AIIMM YYACTKOB
CO CBEPXHOPMATUBHbBIMHU NOTEPAMU HE®TEINPOAYKTOB

M.A. IETPOYEHKO
(Ilpeocmasneno: JI.M. Cnupudenok)

B cmamve paccmampusaromes ucmouHuKu 803HUKHOBEHUA NOmMepb HeghmenpoOyKma Ha MAeUCmpaibHbIX
mpybonpogodax. Ilokazana akxmyansHocms Oannou npobnemuvl. Aemopamu onpeoenenvl npeomem u 0Obexm
uccnedosans, NOCMagienvl 3a0auu 015 onpeodeienus QaKmopos, GAUAIWUX HA 603HUKHOGEHUSA PATUYHIX 6U-
008 nomepsb HedhmenpoOyKma npu nepekauxe, a maxice onpeoeieHvl NPULUHbL NOAGIEHUS ABAPULIHBIX, echie-
CMBEHHbIX U IKCHAYAMAYUOHHBIX NOmepb. B cmamve paccmompena cucmema mMouHO20 OnpeOeieHus mecmd
VmeuKu, Komopas no360aum obecnequms YMeHbUleHe C6EPXHOPMAMUBHBIX NOMePb Hehmu U Hepmenpooykma
npU HEeCAHKYUOHUPOBAHHBIX BPE3KAX, A MAKN’CE IKOIOSUHECKUX NOCAeOCMBUil npu pasiuee npooyKma 6 OKpy-
arcarowyio cpeoy.

Benenune: TpyOonpoBOHbIi TpaHCHOPT SIBISIETCSl HanOoJee SKOHOMUYECKH M IKOJOTMYECKH BBITOJI-
HBIM ]ISl TP@HCIIOPTUPOBKH HE(PTH W HEPTENPOIYKTOB Ha 3HAYMTENIbHBIE paccTosHus. OHAKO MpHU MepeKadke
He(pTEeNpOAYKTOB BO3HUKAIOT pa3liMuHbIE BHJBI MOTEPh HE(TENPOAYKTa, TaAKHE KaK IKCILTyaTallHOHHBIE, €CTe-
CTBEHHBIC M aBapHUitHbIe. DKCIUTyaTalluOHHBIE M €CTECTBEHHBIE IIOTEPH OTHOCATCS K HOPMATUBHBIM, U UX BENH-
YMHA B HACTOSIEe BpeMsI PACCUUTBHIBACTCS M y4MThIBaeTCs. OfHAKO MOTEPH, BO3HUKAIOUIME NPH aBapUHHBIX
paznuBax HeTENnpoIyKTa, HECAHKIIMOHUPOBAHHBIX BPE3Kax IMPU XUILEHHU IIePEeKaurBaeMbIX HE(TEIPOIYKTOB
HEJb3sl paccunTaTh. HecaHKIIMOHNPOBAaHHBIC BPE3KH MPHHOCSIT OTPOMHBIC YOBITKM KOMIIAHUSIM, OHH CBSI3aHHBI
Kak ¢ MoTepell HeTenpoayKTa, TaK M C HKOJOTHUECKHMH MOCIEACTBUSIMU TIPH Pa3JIMBE MPOIYKTa B OKPY’Karo-
Y0 cpeny. DKOJIOTHIYECKHE MTOCIEACTBHUS Pa3IuBOB HEPTHU HOCST TPYAHO YUUTHIBAEMBIH XapakTep, MOCKOIbKY
He(pTsHOE 3arpsi3HEHHE HApYIIAeT MHOTHE €CTECTBEHHBIC NPOIIECCH M B3aWMOCBSI3H, CYIIECTBEHHO H3MEHSET
yCIOBUsI OOMTaHMS BCEX BHIOB JKMBBIX OPraHM3MOB M HakamumBaeTcs B Omomacce. Hedts n HedTempomyk-
TBI HAPYIIAIOT HKOJIOTUIECKOE COCTOSIHUE ITOYBEHHBIX TOKPOBOB M B IIETIOM JIe(POPMHUPYIOT CTPYKTYPy OHOIIEHO-
30B. [louBeHHbIC OakTepUH, a TaKkKe OECIIO3BOHOYHBIC TOYBEHHBIE MUKPOOPTaHU3MBbI U )KUBOTHBIC HE B COCTOSI-
HHM Ka4eCTBCHHO BBINOJHATH CBOU BakKHeHIIMe (QYHKIUH B pe3yJbTaTe MHTOKCHKALUH JIETKUMH (DpakuusiMU
Hedru. OT NOKOOHBIX aBapuil CTpagaeT He TOJIBKO )KUBOTHBIA M pacTUTENbHBIH Mup. CepbE3Hble YOBITKH HECYT
MHBIE OTPACIH YKOHOMHKH, OCOOCHHO T€ MPEANPHUITHS, AEATEIBHOCTh KOTOPhIX HYX/IAaeTCs B OOJIBIIOM KOJINYe-
cTBe BOABL. B ciydae, ecnu pa3nuB HeTH MPOUCXOAUT B MPECHOM BOJOEME, HETATHBHBIE MOCIEICTBUS UCIIbI-
TBHIBAET Ha ce0e N MECTHOE HACEIICHHE U CEIbCKOE XO3SHCTBO.

Odummansras craructuka [TAO «TpancHedTs», KOTOpas TpancnoptupyeT 83% Bcex HETENpOIyKTOB
B Poccuiickort ®eneparn, mokaszana, yto B nepuon ¢ 2008 mo 2018 roxsr Opwio 3admkcupoBano 6osee 5000
HE3aKOHHBIX BPE30K B MarumcTpajbHble HeTenpoBobl. [IpecTyruieHns, cBsS3aHHbIE ¢ HE3aKOHHBIMU BPE3KaMH
B MarucTpajbHble TPyOOIPOBOABI PEryJSIPHO PAacKpHIBAIOT MO Bcel cTpaHe: B MOCKOBCKOMW, JIeHMHTpalCKoH,
Tynbsckol, Ps3ancko#t n npyrux obnactsax. Camas yxacHas CUTyallus CJIOXKHIAch B MOCKOBCKO#M 00J1acTH — 3a
10 yeT KOIMYECTBO BPE30K B PETHOHE YBENUYMUIOCH B 59 pa3. B JleHunrpanckoi ob6gacT — BEIPOCIIO MOYTH Ha
Tpeth [1]. OxoHOMMYecKHH ymiepOd OT HECAaHKIMOHHUPOBAHHBIX BPE30K HCUMUCIIIETCS COTHSAMM U Ooiee TOHH
B CYTKH ITOTEPSTHHOTO MPOAYKTA. XHUIIECHUS HePTH TOCTaBIAIOT mpobiaeMsl u MHIuNM — cTpane, KoTopast 601b-
IIYI0 9acTh CBOETO CIIPOCa IOKPBIBACT 3a CUET MMIIOpTa. McTopuu 0 Kpaxax H3 HETEeIPOBOJIOB B ITOCIEIHNE
TOZIBI CTaJI ONHCHIBATHCSI B MECTHOW Ipecce Bce yamie. OCOOEHHO 3TO KacaeTcs MHI[UIEHTOB Ha MarucTpanu
Mexay ropojamu Jlxadnyp u Matxypa [2]. [Ipu 3ToM jgake o mpuUMeEpHBIX 00beMaxX XUIICHWN MOYTU HUYETO
He roBoputcs. [ Pecnyonmmkn Benapych Taxoke cymecTByeT nmpoOiieMa HECAaHKIMOHUPOBAHHBIX BPE30K, XOTS
B IOCJIEIHEE BpEMs OHa ycnemHo pemaercs. OJHAM U3 pelleHnH Bolpoca OOHAPY)KEHHs W JIMKBUAALIMH He-
CaHKIIMOHMPOBAHHBIX BPE30K SIBIISICTCS IIPOBEJICHHE MOHHTOPHHIA I'€pPMETHYHOCTH JHMHEHHOW yacTh Hedte-
1 HedTenpoayKTonpoBo1oB. OCHOBHOH ITPpo0IeMOi BBISBICHUS HECAHKIIMOHUPOBAHHBIX BPE30K SIBIISIETCS MPO-
TSDKEHHOCTh JIMHEHHOW YacTH MarumcTpaibHbIX Hedre- M HedrenpomaykronpoBonoB. B PecryGnuke Benapych
n ocobenno Poccuiickoit @enepanmn NpoTsHKEHHOCTh TPYOOIPOBOJOB JOCTHTAET B UIMHY HECKOJBKUX THICSY
KAJIOMETPOB W IPHU 3TOM Ha TPyOONPOBOAaX MOXKET OJHOBPEMEHHO CYIIECTBOBATH AECATKH, a TO U COTHH He-
CaHKIIMOHMPOBAHHBIX Bpe3oK. [103ToMy BakHEHIIMM BOIPOCOM IIpH OOHAPYKEHHH yTeUeK H3 TPyOOmpoBoda
SBIISIETCSA 0OecIeueHre TOYHOTO MECTa BbIXxo1a HepTr min HeTEePOAyKTa, YTO IIOMOXKET OPraHN30BaTh OIepa-
THUBHYIO paboTy 10 OOHAPYKEHUIO U YCTPAHEHHIO HECAHKIIMOHUPOBAaHHBIX 0TOOpoB. /lanHas npobieMa B HacTO-
sIIee BpeMst SIBJIIETCS akTyalnbHOU st Poccnu, PecyOnuku benapycs, a Takke apyrux crpad [3].
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ITocTanoBKa 3a7a4:

— bosnee TouHO onpeaenaTh KOOPAUHATH BOSHUKIIUX yTE€UEK MPOAYKTa U UX UHTEHCUBHOCTbD.

— Pa3zpaboTka MoOmITEHOTO KOMIUTeKca u3MepeHus pacxoxa 8 MHHIIII ¢ mepenadeit JaHHBIX B CHCTEMBI
JUCcHeTYepU3auu s Jokanusanuu yaactkos MHHIIIT.

OcHoBHas yacTh: [laHHas mpobieMa permaeTcsi HeMpepbIBHBIM MOHUTOPHHTOM I'€pMETHYHOCTH Maru-
cTpanbHBIX HeTe- U Hedrenpomykronporogos (MHHIIIT). HenpepriBHBIE MOHUTOPHHT B Tpeeiiax TeXHOJIO-
rudgeckoro yaactka MHHIIII B pexxume pearsHOTO BpeMEHH 00eCTIeYnBaeTCs CHCTEMaMy O0HAPYKEHUH yTeuek
(manee — COY). OcHoBras ¢pynkmus COY — 310 BIsABICHHE (pakTa BOSHUKHOBEHHUS YTEUKH U YCTAHOBJICHUE €€
KOOPJHMHAT U MHTEHCHUBHOCTH. CHCTEMbI pabOTaroOT MO 33/laHHBIM AJITOPUTMaM Ha BCEX PeKUMaXx (hyHKIIHOHHUPO-
Banust MHHIIII, Bkiro4yas HeCTallMOHApHBIE, IEPEXOJHBIE PEXUMBI U PEKUM OCTAHOBIIEHHOH mepekauku. Cu-
cTeMa oOecnieynBaeT ()OPMUPOBAHUE CUTHAJIA TPEBOTH O BO3MOXKHOM HAJIMYMH YTEUKH M O0TOOpaXkeHue MHpOp-
Maluy B pealbHOM Maclitabe BpeMeHH, HOMOTaloleil ONepaTuBHO MPUHSTH PELICHHE 10 YCTPAHEHHUIO YTEUKH.
B Pecnyonuke benapycek, Poccun u B crpanax 3amana (CILUIA, I'epmanus, @panuus u np.) Hammaue COY Ha
MaruCTPAIbHBIX TPYOOIPOBOAAX PETYIHPYETCs Ha 3aKOHOJATEIFHOM ypoBHE [4]. B HUX mpencTaBiieHBI ommca-
HHIE METOZOB OOHApYKeHHE yTedeK U TpeboBaHus K creayromuM Bunam COY:

— ONpeneNICHNE YyTEeUEK M0 BOJIHE JaBIICHNUS;

— OaJIaHCOBBIM METO] 0OHAPYKECHUS yTEUEK;

— KOMOWHHMPOBaHHBIE CUCTEMBI OOHAPYXECHUS YTEUEK.

Mertonel, npuMeHseMbie A oOHapyxeHus yredek Ha MHHIIIT ocHOBEIBatOTCS HA pa3IMIHBIX IPHHITAIIAX
M3MEpeHus JIaBJIeHUs U pacxoa notoka [5]. Kaxaslil n3 3TUX METOZ0B UMEET NPEUMYIIEeCTBA U HEJOCTATKU.

1. Meton ompeneneHue yTedeK MO M3MEHEHHUIO BOJIHBI JaBJICHHMS OCHOBAaH HA COIOCTABICHUM JTaHHBIX
pacdetHoro npo¢uis HaOJII0AaEeMOro JaBlIeHHs BO BCEX TOUKax TpyOorpoBoxaa. IIpy BOZHUKHOBEHHH YTEUKH
WJIM HECAaHKIIMOHMPOBAHHON BPE3KH IMOSBISIETCS M3JIOM B NMpOQHie AaBIeHH. AJITOPUTM ONPEEICHUS YTeUeK
TI0 BOJIHE JIABJICHHsI OCHOBAH Ha PETHCTPAllMU (POHTA BOJIHBI H3MEHEHHS AaBJICHHUs, KOTOpas BO3HUKAET B MECTE
yTEYKH U3 TpyOomnpoBoja. MecTo BOSHUKHOBEHHUS! YTEUKH BBIUYUCISIIOT MO pa3HHIE BPEMEHH MpHXojaa GppoHTa
BOJIHBI B KOHEUHBIE ce€ueHUs uccaenyemoro yyactka MHHIIII.

2. banmaHCOBBII METOJ BKIIFOUAET ONpPEEIICHNE PACXOJ0B B HAYATEHOM U KOHEYHOM CEYEHHH KOHTPOJIH-
pyeMoro y4dacTka TpyOOIIpOBOAa, YTO MO3BOJISIET YUYUTHIBATh KOJIMUECTBO MPOIYKTa B CaMOi TpyoOe.

3. K xombunupoBanasiM MetonaM COY oTHOCATCS:

— METOJ «JaBJICHHWE — PacXoa» OCHOBAaH HA NMPUMEHEHHHM MaTEMaTHYECKOH MOJIENH pacdeTa NaBICHUS
U pacxojla B CUCTEMeE, OH olpeaeiseT (akT yTeuku U ee KoopauHaThl. J{i1s obecniedyeHns] KOpPEKTHBIX MpaHu4-
HBIX YCJIOBHH HEOOXOIUMO M3MEPATh PACXO U MaBJICHUE Ha KOHIAX KoHTposnupyemoro COY yuactka. Bee us-
MEpEHUsI JOJDKHBI COTIPOBOXKIAThCA METKAMU BPEMEHH.

— METOJ JUAarHOCTHKH yTeueK Ha OCHOBE aHANIM3a JaBJICHHH B M30JIMPOBAHHBIX CEKIUAX MPH 3aKPHITHIX
3aJIBHKKaX. MeToJ] OCHOBaH Ha aHAJIM3€ N3MEHEHMH JaBJICHUS B CEKIUSIX 32 OMPEIEICHHBIN epHo] U MO3BOJIS-
eT ONpeAEeNATh YyTEeUKH, UMEIOLINE MaJlble BEeNWYMHbIL. [IpH HCIOJIb30BaHUM TAHHOTO METOAa HEOOXOJUMO, YTO-
OBl OBUTH TIEPEKPBITHI JIMHEWHBIC 3aJJBHXKKH, M TEM CAMBIM TPYOOIIPOBOJ] OB pa3zieleH Ha HECKOIbKO YIacTKOB.

Bce BbllIenepednciIieHHBIE METOBI TPEOYIOT C MCIIOIB30BAHUEM CTAllMOHAPHON YCTAHOBKM 00OpyIOBa-
HUS, KPOME TOTO, IIEPEUNCICHHBIE METO/Ib HE MO3BOJIIIOT 00ECIIEYNTh TOUHBIE KOOPANHATHI YTEUKU MPOIAYKTA B
TpyOompoBoze. st Goee TOYHOTO OINMpEAeNeHHs MecTa yTeuKd IMpeasiokeHa pa3paboTka MOOMIBHOTO KOM-
wiekca usmepenus pacxona 8 MHHIIII ¢ mepenaydeit maHHBIX B CHCTEMBI AWCIIETYSPU3ANNH JUIS JIOKATHU3AIHN
yaactkoB MHHIIII. I'maBHBIM ycoBHEM pabOThl MOOMIIEHOTO KOMIDIEKCA SIBISIETCS €0 MEPEIBIKEHIE MEKIY
y)K€ CYIIECTBYIOUIMMHM, BPE3HBIMH PAacXoJ0MepaMH, KOTOpPbIe MOKAa3bIBAIOT pa3HHIy B pacxoje. MoOWIbHBII
KOMIIJIEKC MPECTABISAET COOO0H MepeaBIDKHYI0 0a3y, COCTOSIIYIO U3 CIIEaBTOMOOMIIS, KOTOPBIH OCHAIIEH pac-
xonomepamMu. OCHOBHBIM TpeOOBaHHEM K BBIOOPY CIIELABTOMOOWIISI SIBIISIETCSI BBICOKAs €ro MPOXOJMMOCTh
1 BO3MOXKHOCTBIO PaOOTHI B 3KCTPEMAJIbHBIX YCIOBHUSX.

B aBTOMOOMIE HOMKHBI OBITH IPEAYCMOTPEHBI MACCAKUPCKUM M TEXHOJIOTHYECKUil oTceku. B TexHomo-
THYECKOM OTCEKE PacIoJiaraercsi Bce HeoOXOIMMOoe 00OpyIOoBaHME, B IACCAKMPCKOM OTCEKE PACIHOJIOKCHBI
OJIOKM TIPWHSTHS THIIM, OTAbIXa M HOYJIEra, B CIydae JJIUTEIBHBIX KOMAaHAMPOBOK. JIJIsi M3MepeHus pacxoza
MOJKHO HCIOJIb30BaTh HAKIIAJHbIE YIbTPa3BYKOBbIE PacXOAOMEpPHL. JlaHHbBIE pacXOJOMEPHl UMEIOT PsJ] IPEUMy-
HIECTB, K KOTOPBIM MOXHO OTHECTH BO3MOXHOCTb B KOPOTKOE BPEMsl OPraHU30BaTh TOUKY U3MEPEHUs pacxoja
Ha HOBBIX M CYIIECTBYIOIIMX OOBEKTaX, MOHTaXX HAKJIAIHBIX JATYUKOB OCYIIECTBIISIETCS Oe3 BPE3KH B TPYOO-
MPOBOJ U CJIEJI0BATENBLHO, UTO MO3BOJISIET YMEHBIIUTH 3aTPaThl HA YCTAHOBKY PacXoJoMepa.

YcranaBiauBaTh pacxogaoMepsl CTPUMITIOKC MOKHO HECKOJIBKIUMH CIIOCOOaMH:

— YCTaHaBIHMBATh PACXOAOMEP OTAETHHO OT Tea TPYObl PHCYHOK;

— YCTaHABIHMBATh PACXOJOMEp Ha TEJIO TPYObI PUCYHOK;

— YCTaHABIMBATh PACXOAOMEP OTAETHHO OT TYOBI B BHJE MOAYJIS PUCYHOK.

IIpu mr000M W3 HEPEUNCIIEHHBIX CIOCOOOB PAacXOAOMeEp HCIONB3YeT ABAa HAKIATHBIX YIbTPa3ByKOBBIX
JaTYMKa, KOTOphIe pabOTalOT OJHOBPEMEHHO KaK yIbTPa3BYKOBOH MEpeaTUHK M YIbTPa3ByKOBOW NMPHEMHUK.
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HaknaHple ynpTpa3sByKOBBIE JAaTYUKU KPEISITCS K TPYOOTIPOBOY CHAPY KU Ha ONPEAEICHHOM PacCTOSHHUU JAPYT
OT Jpyra. YIbTpa3BYKOBbIE JaTYMKU MOTYT OBITh YCTaHOBJICHBI CIIETYIOLIUMH CIIOCOOaMHU:

— V-00pa3HbIM, KOTJa yIbTPa3BYK IEpPeceKaeT TpyOy ABaXKIIbI;

—  W-00pa3HbeIM (HCTIONIB3YETCS PEAKO), KOTa YIIBTPa3BYK IepeceKkaeT TpyOy YeTsIpe pasa;

— Z-00pa3HbIM, KOTJIa HAKJIAIHbIE yIbTPA3BYKOBBIEC JATINKHA MOHTHUPYIOTCSI HA IPOTHBOIOJIOKHBIX CTO-
poHaX TpyOBI U YIBTPa3BYK MEpeceKacT TPyOOIPOBOI ONUH pas3.

Bri6op criocoba MOHTaXka 3aBHCHT OT TPyOOIIpOBOIa M XapaKTEPUCTHK XUAKOCTH. Pacxomomep paboTaer
[0 MPUHIUIY NOOYEpPEeHONW Mepefadd U MpHUeMa YaCcTOTHO- MOJYJIMPOBAHHOTO BCIUIECKAa 3BYKOBOW IHEPruUU
MEXJy IBYyMs YNbTPa3BYKOBBIMU JAaTYMKAMU M M3MEPEHUS BPEMEHH, 3a KOTOPOE 3BYKOBOM CUIHAJ MPOXOJUT
MEXJy HUMH. PazHuUIa B U3MEPEHHOM BPEMEHU NPOXOXKAEHHUS CUTHAJa MPSIMO M TOYHO OINpenenseT CKOpOCThb
JKUJIKOCTH B TPYOOIIPOBOIE.

Pacxonomep BimtovaeT B ce0st cTaHAapTHBIN HHTepdeic cBsi3n RS-485 1 He0OX0MMMBIH TPOTOKOI repe-
Jauu JaHHBIX. Ero anmapaTHbIe cpeicTBa NOANCPKUBAIOT MOJIEM JUTS IIepe/iadun JaHHBIX 10 CeTH Ha Oase Tele-
tounoit muann. C momomrsio mpeodpaszoBarens RS232/RS485, pacxogoMep MOKeT OBITH MOIKIIOUEH K CETEBOM
mmHe RS485. MoxHO TakKe HCIIONB30BaTh MOAYIE KpaTkux coodbmennit GSM iyt mepenaun JaHHBIX pacxoja
JKUJKOCTH Ha yJaneHHbIH koMmbioTep. C momomipio Moxyst GSM, MOKHO IIPOBEPATh AaHHBIE PAcX0a KHUAKO-
CTH M CTaTyC pacxoAoMepa ¢ COTOBOTO TenedoHa.

[Ipn pabote maHHOW CHCTEMBI MOKHO HCIOJIb30BATh HAKIAJHOW PAacXxoJoMep, JaTIHKH KOTOPOTO ycTa-
HaBJIMBAIOTCS Ha Tello TpyObl. B 3TOM citydyae ympaBieHHE pacxoJOMEPOM MOXKET COBEPIIATHCS C YAAICHHOTO
KoMmItbtoTepa. [IpoToKos nepenauu JaHHBIX OCHOBaH Ha MPUHIMIE BeAyLIHiA/BenoMblid. Benymuit (yaaneHHbIH
KOMITBIOTEP) OTIPABIISET KOMaH/y, BEJIOMBIH (pacxoaoMep) pearupyeT Ha Hee

[Tpu ycraHOBKE AaTYMKOB pacxoioMepa Ha Teyo TPyObl HEOOXOAMMO MPOU3BECTH 3eMIISTHBIE paOOThI IO
BCKpBITHIO ydacTka TpyOompoBona. Jliasi mpou3BoJICTBa 3eMIITHBIX paboT, HA CIENaBTOMOOMIb MpEeAIaraeTcs
YCTaHOBUTh MHHH 9KCKaBaTOp Ha npuiene. B HacTosiee BpeMs: CrieiaBTOMOOMIIN KOMIIEKTYIOTCS C THIPABIIH-
YeCKUMH MaHUIyJsATOpaMu. HenocTaTkoM 3TOH KOMITIEKTAIMU SIBISIETCSl padoTa HaBECHOTO 00OpYAOBAaHUS OT
BaJIa 0TOOpa MOIHOCTH WM INTATHOM T'MApaBIMKH. Vcnoap30BaHME MHUHM 3KCKaBaTopa Ha MPHIIEHE MO3BOJIHUT
MPOU3BOIUTH 3eMJISTHBIE paOOTHI BHE 3aBHCHMOCTH OT CIELABTOMOOWIIS, HO B €I0 COCTaBe NPH NEpPeABIKEHUN
K KOHTPOJIBHOMY y4JacTKy TpyOoIpoBoa.

BeiBoa: MoOwisHBIH KOMITIEKC A m3MepeHus pacxona B MHHIIII ¢ mepenadeli JaHHBIX B CHCTEMBI
JUCTIETYEPU3ALINHU TO3BOJIUT:

® [IPOBOJIUTH HENPEPBIBHBII MOHUTOPUHT repmernynocty MHHIIII;

® OIepaTHBHO OOHAPYKHMBATh YTCUKU HEPTU U HeTEIPOIYKTa s JIoKamu3anuu ydyactkos MHHIIII,

e 0oJiee TOYHO ONPEENISITh KOOPMHATHI BO3HUKIINX yTE€UYEK MPOJYKTa U UX HUHTEHCUBHOCTb.

ITpumeHeHre MOOMIIBHO KOMIUTEKCA JUII MOHMTOpPMHTra U oOHapyxeHus yreuek Ha MHHIIII nmo3soiut
00ecIeunTh YMEHbIIEHHE CBEPXHOPMATUBHBIX MOTeph He)TH M HedTenpoayKTa HpH HECAaHKIIMOHUPOBAHHBIX
Bpe3Kax, 4TO JacT MHHUMHU3UPOBATh SKOHOMHYECKHUI ymepO TpyOOImpoOBOIHBIM OpPTraHU3alMAM IPU TPaHCIIOP-
THPOBKM HedtH M HedrenmponykTa. Kpome 3Toro, onepatuBHas pearipoBaHHE OOCIYKHMBAIOIEH OpraHU3allH
Ha PasiMB MPOAYKTa 00ECHEYNT YMEHBIICHHE IKOJOTHIECKUX TTOCIECTBUI PH Pa3iiBe MPOAYKTA B OKpYXkKa-
IOLIYIO Cpeny.
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OILIEHKA BE3OITACHOCTH OKCIVNIYATAIIMA HE®TEITPOBOJA «MO3bIPb-BPECT»
HA YYACTKE 289-290 KM ITPH ITPOBEJJEHHUH PABOT I10 EI'O YKJIAJIKE
C OTCTYIUIEHMEM OT MPOEKTHBIX PEINEHUI

B.B. CTPHHA/IKO
(Ilpeocmagneno: A.H. Auyuwionok)

B oannoii pabome npoussedena oyenka 6ezonacHocmu OanvbHeuuiel IKCHIyamayuu He@hmenpogooa
«Mosvipb-bpecmy na yuacmxe 289-290 km npu npogedenuu pabom no e2o ykiaoxke ¢ OmMCmynjieHuem om npo-
EeKMMBIX PeUuleHUll ¢ NPUMEHEHUeM Memood pacuema KOHCMpPYKYUU No NPpeoeibHbiM COCOAHUSIM.

IIpomsBoacTBO paboT Mo yKiIagke MarucTpaibHOro HedTenpoBoaa «Mo3ssips-bpect» (muamerp 630 MM
U ToNmMHON cTeHKH 9 MM, Mapka ctamu 09126 K55 mo 'OCT 31447-2012 [1]) BRINONHAIOCH C HAPYIICHHEM
MPOEKTHBIX PEUICHUH, YTO MOTPeOOBANIO OLEHKH IIOCIEnyomel Oe30MacHOCTH €ro 3KCIuTyaTanud. Bmecrto
MPEeTyCMOTPEHHBIX IPOEKTOM TpeX TPyOOyKIaI4nKOB OB 3a1€HiCTBOBAH OIWH, KOTOPBIA MPOU3BOANIT YKIAAKY
¢ OpPOBKH TpaHIICH.

OneHKy 6€301macHOCTH JaJbHEHIIEH SKCIUTyaTaluy MBI PEIIMIN TIPOBECTH Ha OCHOBAaHMHU pacyeTa KOH-
CTPYKLIMH MO TIPE/IENIbHBIM COCTOSTHUAM. L{enb Takoro pacuera 3akirouacTcsi B TOM, YTOOBI ONPENEITUTh BOZMOXK-
HOCTh HACTYIUICHHS JIFOOOTO W3 MPEACIbHBIX COCTOSHHI MEPBOM TPYIIEI, T.€. 00CCIICYNTh HECYIIYIO CIIOCO0-
HOCTb, KaK OTACJIBHOI'O 3JICMCHTA, TaK U BCeH KOHCTPYKIIUH B LICTIOM.

CrpouTenbHble KOHCTPYKIMH JOJDKHBI YJOBIETBOPSATh TPEOOBAHUAM (KPUTEPHSM), COOTBETCTBYIOIIUM
CJI/TYFOLIUM TIPEIeNIbHBIM COCTOSIHUSIM:

— MCpBasd rpymnima npeacjiabHbIX COCTOSIHUI - COCTOSTHHS CTPOUTCIIbHBIX 06’LeKTOB, IMPEBLIMNICHUE KOTOPBIX
BEJIET K MOTepe Hecyllel COCOOHOCTH CTPOUTENBHBIX KOHCTPYKIMH W BO3SHHKHOBEHHIO aBApHMHHON PacueTHOH
CHUTYaIIH;

— BTOpas Tpynmna MpeaeabHbIX COCTOSHHUN - COCTOSHMSA, IPU MPEBBIICHUN KOTOPBIX HApYyIIAcTCsl HOP-
MaJlbHasl SKCIUIyaTalsl CTPOUTENLHBIX KOHCTPYKIINH, HCYEPIIBIBACTCS PECYPC MX JIOJATOBEYHOCTH HIIM HapyIla-
FOTCS YCIIOBHSI KOM(pOPTHOCTH. [2]

Merton pacueTa KOHCTPYKIHMI 1O TPENeIbHBIM COCTOSHHAM SIBISCTCS AAIbHEHIINM pa3BUTHEM METoJa
pacdera 1o paspymaromuM ycuwinsM. [Ipu pacuere mo 3ToMy METOIy YETKO YCTaHaBJIMBAIOT IPEACIbHBIE CO-
CTOSIHMSI KOHCTPYKIMH M UCIIOJIB3YIOT CUCTEMY PacueTHBIX K03((UIIMEHTOB, BBEIEHHE KOTOPHIX TapaHTUPYET,
YTO TaKO€ COCTOSAHUC HC HACTYNUT MNPHU CaMBIX He6HaFOHpI/I$ITHBIX COYCTAaHUAX HAIrpy30K U IPU HAMMCHBIIUX
3HAUYCHUAX MPOYHOCTHBIX XapaKTCPUCTHUK MaTCPUAJIOB. I[aHHBIﬁ TOAXO0J UCTIOJIB3YCTCA U IJIsI MaruCTpaJbHBIX
TpyOoIpoBoa0B, uTo orpaxkeHo B CHull 2.05.06-85* [3].

B xauectBe KpuTepus obecrieueHus 6e30MacHON M HA/IeKHOH paboThl MarkCTpaJibHBIX TPYOOIPOBOIOB IPH-
HMMAeTCsl HEJOITyIleHNE BO3HMKHOBCHHS HAaIpPsDKEHWI B MeTajule TpyOONpOBOJA, NMPEBBIMIAIONIMX HOPMATHBHBIC
3Ha4yeHus. B naHHO# paboTe NprHIMAETCs TAKOH Ke MOJIXOA U OyJIET IPUHSATO, YTO OE30IaCHOCTh NajbHeHIel Ke-
uryaTanmu HedrenpoBoaa «Mo3bipe-bpect» Ha ydacTke 289-290 kM mpu mpoBeIeHUH paboT MO €ro YKIIAIKHU C OT-
CTYIUICHHEM OT TPOEKTHBIX PEIIeHNH OyieT oOecriedeHa B CIy4yae BHITIOIHEHUS CIIELYIOIIETO YCIOBHS:

lel <R, (1)

rae O — MakcuMaJbHble JIEHCTBYIOIINE HANPSHKEHUS] B METaJle CTEHKH TPYOOIIPOBOa, BO3HUKAIOIINE B MO-
MEHT POM3BOJICTBA PabOT 10 yKiaake HedrenpoBoaa, Mlla;

R — pacuerHoe (HOpMaTUBHOE) 3HAYEHUE CONPOTHUBIIEHHS pacTshkeHuro, MIla.

B xauecTBe pacyeTHOro HOPMaTUBHOTO CONPOTHUBIICHUA pacTshKkeHUIo B cooTBeTcTBUHU co CHull 2.05.06-
85* [3] cnenyer npuHuMaTh 3HaueHue f;, MIla, onpeneieHHOE UCXOIs M3 TPEJIENia BPEMEHHOTO CONPOTHBIIE-
HUSL g5, MIla. B cirydyae npoBejieHus pacieTa Ha MPOYHOCTb. B cirydae ke ompezencHus HeJOMyCTHMBIX I~
CTHYECKUX JedopMalii cleayer npuauMars 3Hauenne -, MIla, onpeneneHHOe HCXO U3 MPeieiia TEKYUeCTH
o;., MIIa. Bropoit noaxos siBisieTcst 00Jiee )KECTKUM YCIOBHUEM U B JIAHHOW HCCIIEAOBATEILCKOW paboTe B Malb-
HelmeM OylieM pyKOBOJCTBOBATHCS KPUTEPHEM HEIOIMYCTHMOCTH IUIACTHYCCKHUX JAedopMaluid IpU MPOU3BOI-
cTBe padoT MO YKIIAJKEe MAarHCTPAIbHOTO HEPTEIPOBOIA.

B mporiecce mpomsBoacTBa paboT ock HE(PTENIPOBOJA MEHSET CBOE MOJIOKEHHE W B KAUECTBE PACUETHOTO
TIOJIOXKEHHS TOJHKHO OBITh TIPUHSITO TAKOE MOJIOKEHHUE, B PE3yJIbTaTe KOTOPOTO BOZHUKHYT MaKCUMAJIbHBIEC HAIIPSI-
*keHust. O4eBUIHO, YTO MAKCHUMAJIbHBIN W3rHOAIONINi MOMEHT Oy/IeT BO3HUKATh B Cllydyae MaKCUMAIBLHBIX OTKIIO-
HEeHHUIl OCH TPyOOIIPOBO/IAa OT HEHTPATBHOTO MOJIOKEHHUA. JTO MPOM30IIET B MOMEHT NOAHATHS TPYOOIIPOBOIa Ha
MaKCHUMAaJIbHYIO BBICOTY. [IpH 9TOM OJIH N3 KOHIIOB TPYOOIPOBO/Ia OyIeT HAXOAUTCS Ha THE TPAHIIICH.
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Jlnisl OLleHKM HANpPSDKEHHOTO COCTOSIHHMS He(TENpOBOJa, IPHU MPOBEACHUU PadOT MO €ro YKJIajKe C OT-
CTYIUICHUEM OT MPOEKTHBIX PEIICHNUH, ONpeeIMM U3rH0aroIiie MOMEHTHI, ISHCTBYIONIE B OIACHBIX CEUCHUAX
HedTenpoBoaa, T.€. B 30HE yaepKaHHUs HepTEenpoBOJa TEKCTUIIEHBIM JIEHTOYHBIM CTPOTIOM.

MakcuMabHBIN U3ruOatoIiii MoMeHT B tiposiete M., MH'M 1 MOMEHT B TOUKe MoaBeMa TpyGopoBoa
Tpy6oykmamxankom My, MH-m [4]:

-
M, =|M,| =0,518- JE I hy Gy (2)

rne  E — nepeMennblii mapametp ynpyroctu (Moayis FOura). Jlns cranu npunumaem 2,1 105 MITa;
I — 0ceBOii MOMEHT MHEPIIHH OTHOCHTENHHO LIEHTPaILHBIX OCeil KOIbLEBOTO CeYeHHs TPyGbl M™;
h, - BEICOTA MTOABEMA TEXHUKOM;

H
fzp — PACUCTHAsl HATPY3Ka OT Beca H30JIMPOBAHHOTO HeTENPOBOJA o

IIpoBepka ycnoBHs IPOUYHOCTH TPYOOIpPOBOA:

i P a " F¥ .,

M| <R, W (3)

rme W — MOMeHT conpoTHBIIEHHS H3THOY KOJBIIEBOTO CEUCHHUS TPYObI M
HpOBe,I[?[ MaTeMaTU4CCKUC BBIYUCIICHU A, IOJTYYUM!

0,425 MH »m = 0.82 MH +

YcnoBue NpOYHOCTH TPYOOIPOBOJA BHIIOIHACTCS.
OnpenenyM MakCUMalbHBIE H3THOAONINE HANpsKeHUs oy, MIla B mposete [4]:

Oy = 0y '.,-"E - 4

rae Oy — 0e3pa3MepHBIil apaMeTp CHMMETPHYHOTO MOabéMa. [IpHu MCIONBb30BAHUHN OJHOTO TPYOOYyKIIaunKa
npuaumaeM 0,667 [4];

P — IIIOTHOCTH CTAJIH, IIPUHATO 3HaueHue 7850 kr/m>;

g — ycKOopeHue cBoOOIHOrO TaeHus, IPHHATOE B pacyeTe Kak 9,81 m/c2.

ITpoBepKka ycIoBHs MPOYHOCTH HEPTEPOBOIA:

o, < R, (5)
IIpousBens pacuer NoIy4uM:

132,23 MIla < 305,22 MIIa

YcnoBue MpoYHOCTH TPYOONIPOBO/Ia BEIIIOIHSIETCS.

3akiarouenne. OnpeseNeHbl ASHCTBYIONINE YCHINS M HaNpshDKeHUs B MeTauie Hedrenpoona. [Iponsse-
JICHHBIC pacyeThl TOKa3alH, YTO BO3HHKAIOIINE HANpPSDKEHMS B METajule TpyOOIpoBOoAa He MPEBBICHIN HOpMa-
TUBHBIE 3Ha4eHUs. PabOTOCIIOCOOHOCTD U JIOJArOBEYHOCTh HEPTENPOBOIAa IPU TAKOM HArpy»KEHUH oOecreyrBa-
eTcs. MOXKHO clienaTh BBIBOJ O TOM, YTO BBIIOJIHEHHE paboT MO ykiajake He(TenpoBoja ¢ pacCMOTPEHHBIMU
OTCTYIUICHUSIMH OT IIPOEKTHBIX PEIIeHHH JOIMyCTHMO M HE JOJDKHO CKa3aThCs Ha OE30IacHOCTH JaibHeHIIen
IKCILTyaTaly TPyOOIpOBOIa.
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MOJEJTUPOBAHUE U OHEHKA HATIPSI)KEHHO-JE®OPMHUPOBAHHOT'O COCTOSsIHUS
HE®TEINNPOBOJA «MO3bIPb-BPECT» HA YYHACTKE 289-290 KM ITPU ITPOBEJJEHUH PABOT
IO ET'0O YKJIAJIKE C OTCTYIUVIEHUEM OT ITPOEKTHBIX PEIIEHWIA METO/IOM
KOHEYHBIX 3JIEMEHTOB

B.B. CTPHHA/IKO
(Ilpeocmaeneno: A.H. Anywionok)

B 0annoii pabome npoussedeno mamemamuueckoe MoOOeIUPOBAHUE NPOYeCca NPoU3800Cmaea pabom no
yraaoke Heghmenposooa «Moszvipb-bpecmy» na yuacmre 289-290 km ¢ omcmynieHuem om npOeKmHuIX PeuleHul
8 npocpammuom xomniaexce SolidWorks, a makoice ocywecmenena oyeHka e2o HanpsHCeHHO-0ehoPMUPOBAHHO20
COCMOSIHUSL MEMOOOM KOHEUHBIX DNIEMEHNO8.

Marematiaeckoe MOJAEIUPOBAaHKE MpoLecca MPOU3BOACTBA PabOT IO yKIIaJKe MAaruCTPalbHOTO HedTe-
npoBoga ogauM Komatsu PC220 ¢ OGpoBku TpaHIeH, BRIIOIHAIOCH B MPOrpaMMHOM Komrmiekce SolidWorks.
[lepBBIM 3TarIoM NMpOBENCHUS MOJECITHPOBAHMS SBISIETCSI BHECCHNE B MMPOTPAMMHBIH KOMIUIEKC BCEX COCTAaBHBIX
KOMITOHEHTOB, XapaKTEpPHCTHK MaTEPHAIOB, UX T€OMETPHIECKUX MTAPAMETPOB M CO3/IaHNE TPEXMEPHBIX MOJEIeH
Bcex 3neMeHToB. Ha puc. 1 mpencTaBieHs! OCHOBHBIE KOMIIOHEHTHI, BXOJAIINE B HCCIEAYEMYIO CUCTEMY, IO
Mepe (OpPMHUPOBaHMSI MUCXOIHBIX JAHHBIX M XapaKTEPUCTHK: 3aBOJICKas TPEXCIIOMHAS MOJMMEpHas M30JIILUs
YCHJICHHOTO THUIIa Ha OCHOBE SKCTPYIUPOBAHHOTO IOIHITHIEHA, TPYOOIIPOBOA.

1 — 3aBoackas Tpéxc/IoiHAsA NOJUMEpPHAs U30/IA1Us YCHICHHOI0 THIIA HA OCHOBE
KCTPYAMPOBAHHOIO MOJMITHIIEHA; 2 — TPYOONPOBOI

Pucynok 1. — Tpexmepuas moaeans (Bug 1)

XapaKTepuCTHKa H30JIAINH:

— 3aBOJICKas TPEXCIIONWHAs MOJMMEPHAast U30JIAIH YCUIEHHOTO THIIA HA OCHOBE 3KCTPYAHPOBAHHOIO I10-
mmaTrneHa — 2,5 mm corsacHo FOCT P 51164-98 [1].

XapakrepucTruka TpyoonpoBoia:

— HapyXHbI quametp — 630 MM;

— TOJIIIMHA CTEHKH TpyOOonpoBoaa — 9 MM;

— Mapka cranu Tpyoonposoga — 09126 K55 mo 'OCT 31447-2012 [2].

C nenbio OrpaHuueHHsl CTENeHeil cBoOOJbl KOHIIOB TPyOONpPOBO/A, HAXOJIIETrocs B TpaHIlee, OblIM
CMOJIECIMPOBAHBI OTIOPHI, MO3BOJISIONINE €My CBOOOHO IEpEMENIaThCsl B TPEX HAIPaBICHUSIX: BIOJIb OCH TpyDoO-
MPOBOJIA, TIObEM OCH TPYOOIIPOBO/A BBEPX, MMOBOPOT OCH TPyOOIIpOBOAa U IpeAcTaBieHbl Ha pucyHke 2. [Ipu-
JlaraeMble YCHUJIHS MOJIOTEHIIEM MOJIEINPOBAIUCH B BUJIE PACTIPEICIIEHHON HATPY3KH C 3alaHHBIM YCHIIUEM.

COopka B TaHHOM CITy4ae TOATOTOBJICHA B COOTBETCTBHHU C (DYHKIMOHAIIOM ¥ ITPOrPaMMHBIMH OCOOEHHO-
ctsamu SolidWorks Simulation, Tak kak mpoiecc MOACTUPOBAHUS BKJIIOYAET OOJBIIOE KOTMYECTBO KOMITOHEH-
TOB, UMEIOIIUX PAa3HbIE XapaKTEPUCTUKH.
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PucyHoxk 2. — TloarorosienHas c60pka TpexMepHOii Mojie 1 (PUKCHPYIOLIMX KOMIIOHEHTOB

Crenyromuii 3Tan MOJETHPOBAHHUSA — 3TO CaM HPOLECC «CHUMYJISIINNY HAIPSHKEHHO-Ie(GOPMUPOBAHHOTO
COCTOSIHUSI CUCTEMBI. B pesynbTare BBINOIHEHHUS MOJEINPOBAHMS ONMpPEENEHBI IIITHA KOHTAKTa, JEUCTBYOIUE
yCHIIHS ¥, BO3HUKAIOIUE HANPSDKEHMS U leopManny B paccMaTpuBaeMoi cucteme. [Ipu mpoBejeHnN MOJICIH-
pOBaHUS paccMaTpUBallaCh CTaTH4eCKas JTMHEHHO-yIpyras H30TPOMHAs MOJETIb B3aUMOJIEHCTBUS KOMIIOHEHTOB
W UCIOJIb30Baicsi BCTpoeHHbIH pemarens FFEPlus, koTopoMy mMO3BOJSIIOCH MOJEIMPOBATH B TOM YHCIE U
6oupIIE CMELICHUS JIEMEHTOB MOJEIN.

st onpeneneHust HapsHKEHHO-1e(pOPMUPOBAHHOTO COCTOSIHUSI MCIIOJb30BAIOCH CIUIOLIHOE MOKPBITHE
pacdeTHOil MoJienu ceTKo# ¢ pa3mepoMm stueliku 60 MMm. Ha puc. 3 BH3yasbHO MpEACTaBIEH TOJBKO (parMeHT
MOJIeTH TPYOONpPOBOa ISl TydIlle BU3yalbHOTO BOCTIPUATHS.

PucyHok 3. — ®parMeHT NOKPBITOI ceTKOif MofieJ M TpyGonposoaa

B pesynbraTe mpoBeseHUs pacueTa pa3pabOTaHHON MOJENU TPyOONpoBOa MOIYyYEHO paclpeaeieHHe
Harpy30K M HamnpsDKeHUI B aHAJTH3UPYEMbIX KOMIIOHEHTaX MOJEIH, KOTOpPhIe BHU3YyalbHO NPEACTABICHBI HA PH-
cyHKax 4 u 5.
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Pucynok 4. — Pacnipenesienne npuKjiIagbIBaeMoiil HArpy3KH B HCCJIeAyeMbIX KOMIIOHEHTAX TPyOonpoBoaa
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PucyHnok 5. — Pacnipenenenue HanpsizkeHHil B HccileyeMbIX KOMIIOHEHTAX TPyOonpoBoaa

3akirouenue. B mponecce paboThl paspaboraHa MaTemaTHdeckas Mogens Hedrempooza DN 600,
YYacTBYIOLIETO B MpOIecce YKIAAKH ero B TpaHIIE. B pe3ynbrare aHamm3a MOMYYEHHBIX NaHHBIX BBIBICHO
pacmpezeneHue HalpsHKeHHH B MeTallule He(TenpoBoia, KOTOPbIe He IPEBBICHIM HOPMAaTHBHBIX 3Ha4eHHH. Ciie-
JOBATEIBHO, BBIIOJHEHHE Pa0OT MO YKIAAKe He(TEIPOBOAa C TAKMMH OTCTYIUICHUSIMU OT MPOEKTHBIX PEIICHUI
JOIyCTHMO M HE IOJDKHO CKa3aThesl Ha 0€30MacHOCTH JajbHEeNIeH SKCIUTyaTauul He(hTenpoBoa.
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