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|. HAYYHBIA TEKCT
1. Oc00eHHOCTH HAYYHOT0 TEKCTA M €ro CYIIIHOCTHbIE XapaKTe-
PUCTHKH

Texer — 3T0 npou3BeAEHNE PEUEBOTrO MpoLecca, o0Iaaarollee 3a-
BEPUICHHOCTBIO, TPEACTABIEHHOE B BUJIE MMCbMEHHOIO JIOKYMEHTa, CO-
CTOSIIIIEE M3 Ha3BaHUA W psAa OCOObIX enuHUL (CBEpX(Ppa3oBbIX
€IMHCTB), OOBEIUHEHHBIX PAa3HBIMU TUIIAMH JIEKCUYECKOM, TpaMMaTH-
YECKOM, JIOTUYECKOM, CTHIMCTUYECKOW CBS3U, MMEIOIIEE OIPEICICH-
HYIO HaIlPaBJICHHOCTb, TPAarMaTHIECKyI0 YCTaHOBKY [12].

Hayunblii TeKCT oOecreunBaeT KOMMYHHUKAIUIO (OOIIEHUE) MEXK-
Iy CIelMaanucTaMu/y4eHbIMU B TOM WM MHOW HayuyHOU cdepe. Hccre-
JOBaTENM MO-Pa3HOMY MOJXOIAT K Kiaccuukauuu Hay4yHuIX mekK-
cmoe. Tak, H.J[. YeOypalllkvH CYUTAET, YTO HAYYHO-TEXHUYECKYIO MH-
dopmManuio MOXKHO pa3AeUTh HA MATEHTHYIO JIMTEPATYPY; MEPUOUKY;
U3IaHus IS HaydHO-TeXHu4eckoro oomena [17: c. 77]. W.I'. TIpocky-

pSKOBa Tpeuiaraer ClIenyroIylo (YHKIHOHAIbHO-CTUIIEBYIO KJIACCHU-
¢ukanuto (puc. 1) [13: c. 5]:

HAYYHBIA CTUJIb PEUN
Co0cTBeHHO Ha- YueoHo- Hayuno- Hayuno-

Y4YHbIA HaY4YHbII HH(OpPMATUBHbII NONyJISAPHbII

(akageMu4ecKuii)
K AHPBI
/ AN
MoHorpacus, cta- Yy4yeOHuk, Pechepart, aHHOTa- Ouepk, KHUra,
TbA, AOKNaA, peLieH- MeTop. Noco- LA, NaTeHT, onu- neKuus, ctaTtba
311, OT3bIB Oue, nekuma n T. CaHue, TeXH. UHCT- MT. A
MT. A a. pyKumsa u T. a.

Puc. 1 ®yHKUMOHAJBHO-CTHIEBAs KJIacCUPUKALMSA
Hay4HbIX TeKcTOB (10 U.I'. IIpockypsikoBoii)

JIt000i1 TEKCT, B TOM YHUCJIE U Hay4YHBIN, 00JagaeT PSIOM XapaKTe-
puctuk (kareropuii). OgHON M3 HamOOJIee CYIICCTBEHHBIX KaTEropHil
TEKCTA SBJISICTCA KATeropusl CBA3AHHOCTH. B cocraBe mpemioxeHus
HET CHUCTEMHBIX T'PAMMATHYECKHUX YKa3aHUHU, KaK MEPEUTH K CIENYIO-
mEMY NPEIIOKEHUIO, TMOCIEA0BATEIBHOCTh MPEMIOKEHUA 3aJIyMaHa
TOBOPSIIUM ISl TOTO, YTOOBI B PEUM IOSBHUJICA CMBICI, a peaanu3alius
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rpaMMaTUYECKUX MPABUJ B MPEIJIOKEHUHN 00ECTIEUMBACTCSI aBTOMATHU 3-
MoM mamaTa [8]. Takum o6pa3oM, 3aKOHOMEPHOCTH CMBICIIOBOTO
CTPYKTYPUPOBAHUS TEKCTA SIBJISICTCS HE SI3bIKOBOM, a MCUXOJOTHYECKOM,
MOATOMY I'paMMaTHKa TEKCTa HE MOXKET O0BICHUTH CMBICIIOBOW CBS3HO-
CTH TEKCTA.

Jlpyrasi xapaKTEpUCTUKa TEKCTa — CMBICJIOBAasE LEJOCTHOCTb.
3HaYeHUE €CTh TOJIBKO OJIHA U3 30H TOI'O CMBIC/IA, KOTOPOE MpruodpeTa-
et cioBo B KoHTeKcTe [3: ¢. 305]. BosiBnsaroT 1) maTepuanbHyto popmy
3HaKa, 2) IpeAMETHOE 3HAUCHHE, 3) CMBICIOBOE 3HAUCHUE, 4) OIeHOY-
HOE OTHOILIEHHE, 5) nepexkuBanue. [IpoxoxaeHue oT msIToro K NnepBoMy
YPOBHIO — €CTh OINPEIMEUUBAHUE OMbITA, €r0 00BbeKTUBaIMs. OOpaTHBIN
NyTh — CyObEKTUBALIMS, MYTh MOHUMaHUs. CBS3U MEXIY OTACIbHBIMU
JacTAMHU 1I€JIOr0 TeKCTa Bcerja ciiadbee, HeXKeu BHYTPU HUX, U obecte-
YUBAIOTCS, KaK MPaBUJI0, HHBIMU CPEACTBAMU — MEXaHU3MaMM CMBICIIO-
BOM CBsi3M [2: c. 67], CBA3HOCTb OOYCJIOBJIMBACTCS JIMHEHHOCTHIO TEK-
CTa, a LEJIOCTHOCTh — BBEJICHUEM TEKCTa B COOTBETCTBYIOIIME TapajIur-
Matudeckue otHomeHus [11: ¢. 11], 11eI0CTHOCTh — 3TO NOTEHIIMAILHOE
MPOCKIIMOHHOE COCTOSIHUE CTPOEBBIX M HECTPOEBBIX DJIEMEHTOB SI3bl-
ka/peun [14: c. 30].

Takum 00pa3oM, CBSI3HOCTb U CMBICJIOBAS LIEJIOCTHOCTD SIBJISIFOTCSA
CYIIHOCTHBIMH XapaKTEPUCTUKAMU TeKcTa. CBA3HOCTh — YCIOBHUE 1IEJIO-
CTHOCTH TeKCTa. CBA3HOCTh JOCTYIHA BOCIPUSATHIO, TOCTUKEHHE LEITO-
CTHOCTH TpeOyeT ocMbicieHusa. OTCyTCTBUE 000 M3 ITUX XapaKTepH-
CTHK BJICYET Pa3pyLICHHUE TEKCTA.

BaxHOM XapaKTEpUCTUKOW HAYYHOI'O TEKCTA SABJSETCSA €r0 KOM-
no3uuuoHHas crpykrypa. N.I'. I[IpockypsikoBa yka3pIBaeT, 4To «B Ka-
XKIOM  TEKCTE€  JIOJDKHBI — MPUCYTCTBOBATh:  TOChUIKA  (Te-
3UC)—apryMeHThl—BBIBOA» [13: c. 22] u oOpamjaeT BHUMaHUe Ha OC-
HOBBI KOMITPECCUM HAYYHOTO TEKCTa (BUIbI KoMIpeccuu: pedepar, aH-
HOTAIs1, TE3UCHI, KOHCIEKT), KJIIFOYEBBIE CJIOBA, MPaBUIa TOCTPOCHUS —
cermeHTanuro [13: c. 74, c. 150].

A.C. I'ep1 BBLIEIAET CIEAYIONIAE KOMIIOHEHThI CTPYKTYpPbhI Hay4-
HOTO TEKCTa: MaKpOCTPYKTypa (KOMIO3HUIIMS, TUIBI M PACIOJI0XKEHUE
pasnenos, riaB, nmaparpados, ad3aieB, rpadoB); Jekcuka (00IIes3bIKO-
Basi, OOIlEHay4YHas, Y3KOTEPMHUHOJOTHYEecKas); Mopdojgoruueckue u
CJIOBOOOpa30BaTENIbHBIE CPEJICTBA; CUHTAKCHC; CEMAaHTHKA [9: C. 87].
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OpnHolt M3 HamOoJee BAXKHBIX XapPAKTEPUCTUK HAYYHOI'O TEKCTA
SBJISICTCS CMBICJIOBAasi CTPYKTYpa HayuHoro tekcra. W.I'. Tlpockyps-
KOBa, paccMaTpWBas  Hay4dHbIe  TEKCThI,  BBIJCISICT:  TEKCT-
XapaKTePUCTUKY, TEKCT-OINpEIeIeHUE, TEeKCT-KIaCCU(PUKAIINIO, TEKCT-
MIOBECTBOBAHHWE, PACCYKJICHHUE U JI0KA3aTEIbCTBO.

CTpyKTypa TEKCTa MOXKET pacCMaTpUBAThLCA B IJIaHE COJEP KaHUS
U B IUIaHE BhIpakeHHsA. CTPYKTYpHUPOBAaHHOCTh TEKCTa B IIAHE COJEP-
KaHUS MPOSBIIACTCS Yepe3 B3aMMHBIC CBS3H M TIOPSJIOK PACIIONIOKEHHUS
€ro CMBICIIOBBIX €IMHHIl; CTPYKTYPHUPOBAaHHE TEKCTa B TUIAHE BBIpaXKe-
HUS TIPOSIBIIICTCS 4Yepe3 B3aMMHBIC CBS3WM W TOPSJIOK PaCIIOIOKEHHUS
KOMIOHEHTOB ero ¢opmsl [1: c. 3].

Hay4Hoil peum XapakTepHBI OKCHIUYUMHOCb, J02UBUPOBAH-
HOCMb, 00BLEKMUBUZUPOBAHHDII XAPAKMED U3N0NCEHUS, BbICOKASL CMAH-
0apmu308aHHOCMb, AOCMPAKMHOCb, OMBIEYeHHO-0000WEeHHbII Xa-
pakmep, aaxonuynocms [1: c. 15;13; 6]. Jlns HAy4YHOro TEKCTa TAKXKE
XapaKkTepHa CBEPHYTOCTh JIOTHYECKUX OTHOIICHUH, KOTOPYIO Ha3bIBAIOT
ungopmamusrno-nocuyeckoil niomuocmoio[13].

Tepmun «uHOpPMaNUA» TIpEAINoONaraeT €ro HCIoJb30BaHUE B
IBYX 3HAUYCHUAX: 1) KaK BCAKOE coOOIIeHUE, 0DOPMIICHHOE KaK CIIOBO-
COYECTaHNE HOMHHATHBHOTO XapakTepa (MpemioKeHHE, COUYCTaHHE
IPEIIOKEHUN, TEKCT B 1IeJIOM); 2) B paboTax M0 TEOPHUH KOMMYHHKa-
MY JIMILb TIPU MOJTYYEHUU HOBBIX CBEJICHUM O MpEeaMeTax, SBJICHUSX,
OTHOIIICHUSX, COOBITHAX OOBEKTUBHOM JIEHCTBUTEIBHOCTIY, TAKUM 00-
pa3oM, B HAYYHO-TEOPETHUUYECKOM IUIaHE HE BCSKOE COOOIIEHNE HECET B
cebe uHpopmanuo. s nmpoBeAeHUsT CMBICJIOBOTO aHaIW3a HAy4HOTO
TEKCTa KaTeropusi MHPOPMaTUBHOCTH OCOOCHHO Ba)kHa, IPUYEM 0CO00€
3HAYCHUE MMEET JICKCUYECKUH COCTaB HAyYHOI'O TEKCTa, KOTOPBIM Xa-
PaKTEpU3yeTCs UCIIOJIHL30BAHUEM TEPMUHOB.

TepMHUH — 5TO S3BIKOBOM 3HAK, BBIPAXKAIOIIUK CIEIUAIBHOE Ha-
YYHOE TIOHSITHE U OTPAXAIOIIMK MECTO 3TOr0 MOHSATHUS B COOTBETCT-
BYIOILIEH CHUCTEME Hay4YHBIX MOHATHH, cucteme 3Hanui [12: c. 13]. Oc-
HOBHBbIC NMPH3HAKH TepMHMHA. 1) mounocms; 2) oouosnaunocmo; 3)
omcymemeue dmoyuonanvrocmu; 4) momusuposannocms (TSPMUH —
BTOPUYHOE HAUMEHOBAHUE); 5) HOMUHAMUBHOCMb — COOTHECEHUE Tep-
MHUHA C MOHITHEM; 6) depunHumueHocms — 3HaUCHNE TepMUHA, CHOPMY-
JUPOBAHHOE B BHJIC JIOTUUECKOTO OMpPEAENCHUs; 7) cucmemHocms —
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CBOMCTBO 3aHUMAaTh OIPEAEIEHHOE MECTO B CUCTEME TEPMHUHOB &) cuc-
memMamu4HoCms — CBOMCTBO OTPaKEHHSI CUCTEMHOCTH 8].

Takum 00pa3oMm, XapaKTEPUCTUKH HAYYHOIO TEKCTa — MHOIroac-
NEKTHBL. [[eTOCTHOCTE U CBA3HOCTH, 3KCIUIMLUUTHOCTH, CTPYKTYPUPO-
BAHHOCTb, CTAHAAPTU3UPOBAHHOCTb U JJAKOHUYHOCTb — HEOTHEMIIEMBIE
YepThl JHOO0T0 HAYYHOTO TEKCTa; BaXKHEHIIEH XapaKTEPUCTUKON Hayd-
HOT'O TEKCTa SIBJIAETCS UH(POPMATUBHOCTD, BAXKHEUIIUM KOMIIOHEHTOM —
TEPMHUH, KOTOPOMY CBOMCTBEHHBI CUCTEMHOCTD U ITOHATUUHOCTb.

2. Cnoco0bl cMBICJI0BOI 00Pa00TKU U CTPYKTYPUPOBAHUS MH-
(¢opManuy HHOAZBIYHOTO HAYYHOT0 TEKCTA

B chepy nearenbHOCTH COBPEMEHHBIX CIICIIHAIKMCTOB B YCIOBHSIX
IBYS3BIYHON MPO(ECCHOHAILHOW KOMMYHHUKAITUHU TTOTIAIal0T WHOS3BIY-
HbIC Hay4YHBIC TEKCTBI, ITO3TOMY HEPEJKO BO3HUKAIOT MPOOJIEMBI UX IIe-
PEBOJIMMOCTH.

[lepeBon siBysieTcst crielM(UYECKUM BHUJIOM PEYEBOM JEsATEIbHO-
CTH W BKJItO4aeT B ce0s: 1) Bocnpusitue ucxoanoro tekcra (MUT); 2) mo-
HuMaHue T Ha ypoBHE MOBEPXHOCTHBIX CTPYKTYP (CBA3b CJIOB, BHICKA-
3bIBaHM); 3) COMOCTABJICHUE C UMEIOIIIMMHUCS 3HAaHUSIMHU; 4) TITyOHHHOE
NoHKWMaHue (CMBICH); 5) aJieKBaTHYIO Iepeavy MmojaydeHHoNn nHpopma-
uu Ha [15. TlepeBomueckas KOMIETEHIINS BKJIFOYAET B CEOsl aJileKBaT-
HOE€ BBINIOJIHEHUE BBINIICHA3BAHHBIX OMNEpaIMii ¢ UCHOJIb30BAHUEM KOOB
U u [T, Cmbicn TekcTa — TJIaBHBIM 00BEKT BHUMAaHUS MIPU BBIMOJIHE-
HUU nepeBojia. CMbICI TEKCTa HE MOIAETCA SKCIUTUKALMU (OTKPBITOMY,
SBHOMY CJIOBECHOMY BBIPOXKCHUIO CEMAHTUYECKUX KOMIIOHEHTOB) — BbI-
SBJICHUIO JIMHTBUCTUYECKUMHU METOJlaMM, TaK KaK OH BO3HHUKAeT He
TOJIbKO Ha OCHOBE (DYHKIIMOHUPOBAHUSI S3BIKOBBIX €IUHUI] U 3aKITIOYAET
B ce0e Takue MOJCMBICIIBI, KOTOphIE JeKaT B cepe BEACHUS IPYrux
aucuuIuivH [7: c. 48]. JIjisi TOHMMaHUs UCXOJHOIO MUCbMEHHOTO TEK-
CTa HEOOXOJMMBbI MPOCMOTPOBOE, 03HAKOMHUTEJIbHOE U HM3y4aloliee
YTeHMue.

MoaeaupoBaHue — 3TO HAYYHBIM NMPUEM, COCTOSIIUKA B CXEMa-
TUYHOM BOCIIPOU3BEeACHUN 00bekTa. [lo MOmeIBI0 TEKCTA TOHUMAECT-
csi oOpasel A3BIKOBOM €IWHUIIBI, MOKAa3bIBAIOIINNA IMOCIEAOBATEIHHOE
PACIIOJIOKEHHUE COCTABIISAIONINX €€ YacTed, KOTOPOE CBSI3aHO C aAHAJIU-
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THKO-CHHTETHYECKON 00pad0TKOM MH(OPMALMM — CMBICIIOBBIM aHa-
JIM30M TEKCTa, BEIWICHEHUEM €IMHUIl HHPOpMAIlUK, OLIEHKON 3TON MH-
dbopmaruu U ee CUHTE30M B oueHb cxkaroil ¢opme [12: c.]. CuHTe3—
00bEeIMHEHUE DJIEMEHTOB B 0OoJjiee TNIyOOKHE €IUHHUIIBI, 2 CMBICJIOBOM
aHaJaIM3 — o0s3aTeNbHAs ONEpaIUi0 MPU BOCHPUATHUH HUCXOJHOTO TEK-
CTa, 1IeJb KOTOPOH — OMpEJEiCHNE CMbIC/IA U BbIJICJICHUE WHBAPUAHT-
HoM mH(popManyu [12]. Moaesb HAYYHOT0 TEKCTa — OTPaXKECHUE sIep-
HBIX CTPYKTYPHO-CMBICJIOBBIX BHYTPUTEKCTOBBIX CBs3€d, (PUKCUPOBAH-
HBIX B CXE€ME: TeMbl, KOMMYHUKATUBHOM 3a/lauMd TEKCTa, JAHHOW W HO-
BOM HMH(pOpMAIMKU, TEKCTOOOpa3yromux (YHKIUNA TPEIIOKEeHUSs, CIIO-
cOOOB pa3BUTHS UH(DOPMAIIUU TEKCTA.

TakuM o00pa3oM, MOJEIUPOBAHHWE HAYYHOIO TEKCTa IO3BOJISIET
BBISBJISITH HamOoJyiee OOIME XapaKTePUCTUKHU, IMPOTHO3UPOBATH BO3-
MOYKHBIE U3MEHEHMS, TTPOUCXOISIINE B TEKCTE B CUIIY OINPEICIICHHBIX
o0cTosiTenbCTB. [Ipu MomenupoBaHUU ONPENETAIOTCS KaK SKCIUIUIUT-
HbIE, TaK U UMIUTUIIUTHBIE KOMIIOHEHThI CMBICJIOBOM CTPYKTYpBI TEKCTA,
KOTOpPbI€ BBIPAXEHBI HE TOJIBKO COOCTBEHHO SI3bIKOBBIMHU CPEICTBAMM,
HO M TIPU MOMOIIM MOATEKCTa, KOHTEKCTa U (DOHOBOTO OKPYXKEHHUS Ca-
MOTO TEKCTa C IeJIbI0 MOCTUKEHUS aBTOPCKUX HAMEPEHUH.

BreiiensitoT ciaeayromue 3aaaun 00padOTKH CTPYKTYPhl HAY4YHOTO
TEKCTa: aHAJIU3 MAKPOCTPYKTYPhI TEKCTa; MOJIEIUPOBAHUE CEMAHTHUKH,
MOCTPOEHUE TI0 TEKCTaM JIOTHMKO-TIOHATUMHBIX CUCTEM W TEPMHHOCH-
cTeM; pa3paboTka rpaduyueckoro NmpeacTaBiICHUs JAaHHBIX; MOJACIUPO-
BAHUE OTHACIIBHBIX BUJOB I'PAMMATUYECKUX OTHOILIEHUW; MOTHUBAIIMOH-
HO-1I€JICBOM aHaIM3 TEKCTa M MPEIMETHO-COAEPKATEIbHBIN aHanu3 (C
MOMOIIIbIO KaKUX SI3BIKOBBIX CPEACTB), IIPU 3TOM, CMBICIOBas WUHTEP-
npeTanus TekcTa (He Mepeckas) BKIIOYAET MaKPOCTPYKTYpPY TEKCTa U
MHUKPOCTPYKTYpYy Tekcrta. [12: c¢. 30]. Cuntesupyromuii (MHTErpupyo-
M) METOJ| aHaJln3a TEKCTAa COCTOMT B TOM, YTO BCE €ro 4acTH pac-
CMATPUBAKOTCA, KaK U30JIMPOBAHO, TaK U BO B3aUMOCBsA3U [6: c. 124].

KoMno3uumoHHasi CTPYKTypa Hay4yHOIO TEKCTa — IOCJEI0Ba-
TEJILHOCTh COJIEPKATEIBbHBIX 3JIEMEHTOB TEKCTa (HAa3BAHUE; IIaBbI, Yac-
TH; TOATNAaBBI, Taparpadsl; adzampl). OHU sBIAIOTCA (opMaTbLHOMN
CTPYKTYpOU TEKCTa. BBIUIEHAS KOMIO3UIIMOHHYK) CTPYKTYpPY TEKCTa,
HEO0OXOJAMMO YUUTHIBATH €r0 CMBICJIOBYIO CTPYKTYPY, KOTOpas 0ObIY-
HO pacCMaTpHUBAETCS B CBSI3U C 3aJa4€il KOMIPECCHUU TEKCTa. AHAIU3
TEKCTa C IeJIbI0 €r0 CBEPTKU TPEOYET BHIWICHEHUS CMBICIIOBBIX €IUHHUII,
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HE BCErJla COOTBETCTBYIOIINX MPEMIOKEHUI0, A03a1ly WK BCEMY TEKCTY
[6].

TakuM 00pa3om, MpH MOCTPOECHUU MOJIEIN HAYYHOTO TEKCTa HYX-
HO YYWTBIBATh COACPKATCIbHYI0, KOMIIO3UIIMOHHYI) M CMBICIOBYIO

CTPYKTYDBHI.

3. CMBICJIOBOI aHAJIN3 HHOS3LIYHOI'O TEKCTA

[TonnMaHue TeKCTa MPOUCXOAUT MyTEM aHAIM3a U BBISIBJICHUS Ce-
MaHTHUYECKUX MPU3HAKOB JICMEHTOB MOJCIH, COOTBETCTBYIOIIUX KOH-
TEKCTY (aHajv3) U 3aIlOJHEHUs] POJIeH TIIYyOMHHOM CMBICIOBOM MOJCIIH
(C yueToM OTHOIIECHHUI MEXy dJIeMEHTaMu) (CUHTE3).

YMeHHSI CMBICIIOBOTO aHaJu3a WU MOJISIUPOBAHUS MOYKHO TPaKTO-
BaTh KaK CPEJICTBO, HAMPABIICHHOE HA: 3PUTCIHHOE BOCTIPHATHE YUTaC-
MOTO; OCMBICJICHHE U MOHMMaHWE 3HAYCHUS YUTAEMOI'0; U3BJICUCHHUE U
aKTHBHYIO TlepepaboTKy MH(POPMAIIMU U3 MUCHbMEHHOTO TEKCTa; JCKO-
JIUPOBaHUE CMBICIA, 3aJI0KEHHOTO aBTOPOM B TEKCTE; COBEPIIECHCTBO-
BaHME JIMYHOCTH UYMUTATEINIA MOCPEACTBOM PA3BUTHUS €r0 KOTHUTHUBHOIO
MBIIJICHHUS U PEYU.

Takum oOpa3zoM, mnpoucxoauT GOPMUPOBAHUE OIPEIEICHHBIX
CTpaTeruii BOCOPUATHUSL TEKCTA, KOTOPBIE BKIIIOUAIOT B ce0s1 uaeHTU(U-
KaIMI0 KOHTEKCTa B OOILIEM IJIaHE, a TAK)KE CBA3AHHBIX C 3TUM KOHTEK-
CTOM 3HaHWI, YTO MPUBOAUT K AKTUBU3ALMHU COOTBETCTBYIOIIECH MEH-
TAJIbHOW CXEMBI.

[{enpr0 CMBICIIOBOTO aHAIM3a SABJISIETCS HAYYEHUE ONEPUPOBAHUIO
noJiyqyaeMoil HH(popMaIuu, KOTOPOE OMUPAETC HAa KOTHUTUBHBIC MEXa-
HU3MBbI MBIILJICHUS U TAMATH U CIIOCOOCTBYET MOHUMAHUIO CMBICJIA TEK-
cTa.

Jl1s mydiinero MOHMMAaHUSI B KaueCTBE MpUMEpa MPUBEAEM Bapu-
aHT OCYIIECTBJICHHUS CMBICIIOBOTO aHAJIU3a U MOJICIUPOBAHUS HAyYHOTO
TEKCTa, cortacHO pa3paboTtanHor C.D. Xap3eeBoil mporeaype, Ha pyc-
ckoM s3bike [16: ¢. 37] (puc. 1):

Ilpouzeoocmeo cmanu

IIpouzsoocmeo cmanu 0CHOBbIBAEMCS NPEUMYUWIECTNEEHHO HA YY-

2YHe, NoIy4aemMom u3 pyovl 8 0omennvix neuax. Ilpu smom cooepacanue

yanepooa 6 uyeyHe cHudicaemcst nymem okucienus om 3,5% oo 1,3-
0,02% 6 3asucumocmu om mpedyemoco copma CmaJiu.
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Memoowvl nonyyenusi cmanu UCHOIL3VIOM 8bICOKUE MEMNEPamypbl
U 0arom cmaib 8 HCUOKOM COCMOSIHUU, NpUdeM HAX00sAuuecs makaice 8
HCUOKOM COCMOAHUU WAAKU Je2Ko omoendiomcs. Kuokas cmaniv 3anu-
gaemcsi 8 KOKUIb OJisl NOJYYEHUs YYULeK, KOmopble 3amem npoKamvled-
IOMCS HA NPOKAMHBIX CIMAHAX 8 3A20MOBKU, PelbCbl, OAIKU, NPYMKOBOE
Jrceneso, mpyovl Uiy 8 IUCMOo8yI0 Cmaib, ]mg[; 8 cmanelumeHvlx yexax
pas3nueaemcs 8 cyxue necounvie Qopmuvl 01 NOIYUEHUS CMALbHO2O JiU-
Mbosl.

Ilo esedennomy 6 1855 200y Beccemepom Geccemeposckomy cho-
coby npespaujenue 4y2yna 6 Cmaib NPOUCX0O0UM 8 ONPOKUObLEAIOUeMCSL
cocyoe (Kongepmepe), CHAOXNCEHHOM O2HEYNOPHOU (ymeposKou, Cco-
oeporcawjeli. KpemHUuesylo KUciomy, 6 KOMOpbl 4y2YH 3a1ueaemcs 8
HCUOKOM cocmosinuu. HYepesz Konsepmep CHU3Y NPOOYBAEMCsl 8030YX UNU
0002aueHHas KUCIOpOOOM B030YULHASL CMeCb, KOMOPAsi NPOXooum ye-
pe3 8aHHy ¢ Uy2YHOM, Ymo 8vi3vieaem Ovicmpoe 6bleopanue yenepood u
CNYMHUKO8 dcenesd.

Ilar 4
Annomauus
OnuncaHne TEXHONOrMYECKoro npouecca nepepa60TKM YyryHa B CTalb
1 N3roToBlieHne VI3,EI,€J'WI17I 13 cTanun

IIar 3 MepepaboTka YyryHa B CTanb OCHOBaHa Ha || WsroToBreHune — w3penui
Pegpepam npuHLMNe okucrnenus npumecenn. [Mposogutcs || u3 ctanu nposoauTcs ny-
BeccemepoBCKk1MM CnocoboM B KOHBEPTEPE. TeM npokata 1 nUTbS.
\
VicxoaHoe Mpuuyn Croco6 Yctpoictea I/I3r0Toeneg|_+V|e
KIHar 2 CbIpbe: obpaboTku: obpaboTku: ﬂ”g _ ”3ﬂe”6””-
oncnexm YyryH okucrierve || Geccemeposckuin || MEPEPAOOTKA: repepaboka
KOHBepTep XMOKon ctanu
Mar 1 1 2 3 4 5 6 7 8 9 10 11 12 13
ar AN | AN ]l \I/
1 2 3 4 5 6

[pednoxceHuUs UcXo0HO20 meKkcma

Puc. 1 Peanu3zanus npoueaypbl CMbICJI0BOI0 AaHAJIN3A
1 MoaeaupoBanus Tekcra (mo C.J. Xap3eeBon)
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BrimenasBanabIii MeTOA OBLT agalTHPOBAH I MPUMEHEHUS K
MHOSI3BIYHBIM HAyYHBIM TEKCTaM C YYETOM SI3bIKOBBIX paszimuumii [10].
MopenupoBaHre CMBICOBOTO TMPEANEPEBOAYCCKOIO aHaIM3a Ipe-
cTaBjieHO B Tabiure 1.

Tabauna 1

Mozaeb CMBICJIOBOT0 HHGPOPMALMOHHOI0 AaHAJIU3A TEKCTA

Buabl geicrBuit dTanbl MOJACJIUPOBAHUS

AHanuTnueckue 1) BBIACIIEHNE UCXOTHBIX MPEIIOKCHHH U3 TCK-
JNICUCTBUA cTa

2) BBIABJICHHUEC TJIAOJIBHBIX W OTIJIAr'OJIbHBIX
(1)OpM B UCXOOHBIX IPCIIIOKCHUAX

3) BOCCTAHOBJICHHE TJIarojoB-CKa3yeMbIX ITyTeM
TpaHC(OpMaLIUK BBISIBICHHBIX OTTIArOJbHBIX
(hopm

4) MOCTPOCHHUE TMPOCTHIX MPEHJIOKEHUN C HC-
MOJIb30BAHUEM TJIAroJIOB-CKa3yeMbIX

CuHTETHUYECKUE 5) cooTHECEHHE IOJIYYCHHBIX IIPOCTHIX IIPE-
TIEUCTBUSA JIOKEHUH C DJIEMEHTAMHU KOTHUTHUBHOMN CXEMBI
Y COOTBETCTBYIOIIEE MEPECTPYKTYPUPOBAHUE
TEKCTa

YyuteiBasg cnocoObl U POPMbI COXPAHEHHS U PENpPE3CHTAIUU HH-
dbopmaluy B KOTHUTUBHBIX MEHTAJIBHBIX CTPYKTypax udesioBeka (0 uem
rOBOPUJIOCH paHee), MOTYT pa3padaThiBaThCA PAa3IUYHbIC BapPUAHTHI
KOTHUTUBHBIX cXeM. HekoTopble BapHaHThl KOTHUTUBHBIX CXEM, KOTO-
pbIE MOTYT CIY>KUTh ONOPOM MPH Peanu3ali CMBICIOBOTO Mpeanepe-
BOJIYECKOT'0 aHaJIM3a B KAYECTBE MOJICIH, puBecHBI B TadmuIe 2 [10].
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Tabauna 2

BapnaHTm KOI'HUTUBHBIX CXEM

Cxema «Hay4Hoe ucciaeoBaHue»
“Scientific Research”

Onucanue npo6iaembl
(mocTaHOBKa 33124 )

daxThI

I'mnore3nl

ApryMeHThI

BriBoan!

3aKJIFoOuYeHUE

Cxema «EcrecTBeHHOHay4YHOe sIBJIe-
HUEC))
“Natural-Science Phenomenon”

ATEHTBI

JletictBue (peHOMEHOIOTHYECKOE OIHU-
CaHmue)

NuctpymeHT (MexaHU3M JeHCTBHS)
Ycnosus

Pesynbrar

Cxema «TexHogorus»
“Technology”

Llenp
Cpenctsa
OO6BbexT 00paboTKHU:
MaTepUaIbI
UCXOJHBIE MPOTYKTHI
KOHEYHbIE TTPOTYKThI
Cnioco6 06paboTku
YcnoBust 06paboTku
PesynbTat: 3¢ peKTHBHOCTH
MIUPOTa MPUMEHEHHUS
[lepconan u opranuzaius paboThl

Cxema «buorpadguyeckoe onvcaHue
JIMYHOCTH YUEHOTI 0»

“Biographic Description”

O0acTh AeATEILHOCTH

JKu3HEHHBIN IyTh

XPpOHOJIOTHUS KU3HEHHBIX COOBITUI
JInyHas Ku3Hb, ceMbs

HaubGonee wu3BecTHbIE NPOU3BEACHUS
(pabGoThI)

BremHocTts

JInuHOCTHBIE KauecTBa

[Monutnueckue yoexaeHus

Kputuka, nonemrka

Cxema «Pa3BuTne TeXHUKN»
“Technological Expansion”

Hayunas o6macth

DTanbl pa3BUTHS: HAYYHbIC
Uen/COOBITHS

Bpewms

Mecto

ABTOp

TexHuuecKkue XapakTepuCTUKU

Teopernyeckasi 3HAUUMOCTb

[IpakTryeckasi 3HaYUMOCTh

Cxema «Kunaccnpuxkanus»
“Classification”

[IpenmeTHas o61acTh

Knaccupunupyemoe MHOXECTBO 00b-

EKTOB

Knaccudukanmonasie mpu3HaKu
(kpuTepuu KiaccupUKaIIM)

Tune! k1accuuKanMOHHBIX 00HEKTOB

Cxema «Onucanuve 00beKTa»
“Description of an Object”

OOBeKT

CocraB

Ctpykrypa

CBoiicTBa/ XapaKTEPUCTHKU
[lonyuenue

[IpumeneHne
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Hcnonb30BaHME KOTHUTHUBHBIX CXEM, HA HAIl B3IJISJI, SIBJISIFOTCA
CaMbIM BXXHBIM 3JIEMEHTOM IPOLEAYPHI, TOCKOJIBKY «BBIHYKIAET» UC-
M0JIb30BaTh HAKOIUICHHBI KOTHUTUBHBIM OMBIT, CIIOCOOCTBYET akKTya-
JU3aliyi U paciiupeHnio (JOHOBBIX 3HAHUHN U BEJET K aJICKBATHOMY H3-
BJICUCHUIO MH(OpMAIMK U3 MHOSI3BIYHOIO HAYyYHOT'O TEKCTa, a TaKKe
NEPEHOCY 3HAHUW U3 OJHOM 00JIACTH B JPYTYIO.

Mopnenps nponenypsl CMBICIOBOIO MPEANEPEBOIYECKOIO aHAIN3A
NpUBEJICHA HUXKE:

Moaeyb CMBICJIOBOI0 AHAJIN3A TEKCTA

1
Texcm

Carbon tetrachloride is a colorless and inflammable liquid that can be produced by
combining carbon disulfide and chlorine. This compound is widely used in industry to-
day because of its effectiveness as a solvent as well as its use in the production of propel-
lants. Despite its widespread use in industry, carbon tetrachloride has been banned for
home use. In the past, carbon tetrachloride was a common ingredient in cleaning com-
pounds that were used throughout the home, but it was found to be dangerous: when
heated, it changes into a poisonous gas that can cause severe illness and even death if it
is inhaled. Because of this dangerous characteristic, the United States revoked permis-
sion for the home use of carbon tetrachloride in 1970. The United States has taken simi-
lar action with various other chemical compounds.

B cxematnyHOM BHJIE MOJIENh TEKCTA C UCIIOIh30BAaHHEM KOTHHTHBHON
CXEeMBbI MOXKET OBITh IIpEeCTaBjIcHa caeayonM oopasom (Puc. 8):

Ko a ”

CX;[{: T OBBLEKT COCTAB CTPVEK- CBOHCTBA/ oo IY- IIPHME-
Carbon ) TYPA XAPAKTE- YEHHE HEHHE

«Omnmcanne

00BEKTa tetrachlo-
ride

CHHTeTHYeCKIE

JIEHCTBUS

AHanuTH4ecKue | 1

JEHCTBHS N \

Ucxonusie 1 7 3 4 5 6

TIPEUTOKEHUS

TEKCTA

Puc. 8. Moaean Tekcra “Carbon tetrachloride”,
npeacraBjacHHast COrJIaCHO CXEME «Onucanue 00LeKTAa

! Ucrounux: Phillips D. Longman Complete Course for the TOEFL Test. Longman, 2001. — 684 p.: p.
344
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To ecThb BBINIOJHAOTCS CIEAYIOLINE ICUCTBUSA:

1 — BbIsSIBJIEHHE HCXO0IHBIX leEI[JIO)KeHI/Iﬁ H3 TEKCTA;

2 — BbISIBJIEHHE IJIAroJbHbIX M OTIVIAr0JbHbIX (l)OpM B HCXOAHbIX
NMPEAIOKCHUAX

No

3. BoccraH. rJ.-

4. IlocTpoeHne MPOCTHIX NMPeEAJI0KEHUIT

npea- [cka3. (TpaHchopm. C HCIOJIL30BAHUEM IJIar0JI0B-CKa3yeMbIX
JIOXK. IBBISIBJI. OTTJIAr. (BOCCTaHOBHCHI/Ie ODOAJIC)KAIIKUX, BBIPAXKCHHBIX MECTO-
bopm) UMEHUSIMH )
IS 1. Carbon tetrachloride is a colorless liquid.
2. Carbon tetrachloride is an inflammable liquid.
1 can be produced 3. Carbon tetrachloride (that) can be produced by com-
bining carbon disulfide and chlorine.
is used 4. This compound (carbon tetrachloride) is widely used in
5 industry today as a solvent.
5. This compound (carbon tetrachloride) is widely used in
industry today in the production of propellants.
3 has been banned | 6. Carbon tetrachloride has been banned for home use.
was 7. Carbon tetrachloride was a common ingredient in
cleaning compounds.
were used 8. Cleaning compounds (that) were used throughout the
home.
was found 9. It was found.—
4 IS 10. —Carbon tetrachloride is dangerous.
is heated 11. When carbon tetrachloride is heated.
changes 12. Carbon tetrachloride (it) changes into a poisoMous
gas.
can cause 13. A poisonous gas (that) can cause severe illness.
14. A poisonous gas (that) can cause even death. ‘_Ar
is inhaled 15. If a poisonous gas (it) is inhaled.—  ——>
5 revoked 16. The United States revoked permission for the home
use of carbon tetrachloride in 1970.
5 has taken 17. The United States has taken similar action with vari-

ous other chemical compounds.

5 — cooTHeceHHe MOJIyYeHHBIX POCThIX NMPEAJI0KEHUM ¢ IJIeMEeHT a-
MU KOTHUTHBHOM «CXeMbD» U COOTBETCTBYIOIIEE NEPECTPYKTYPH-
POBaHHE TEKCTA

Takum oOpaszom, MojHas MOJENb TEKCTa MPU peaau3aiuu mpoiie-
Typbl CMBICJIOBOTO aHaIN3a MpUHUMAET cienyroniuid Bua (Tabmauma 3):
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Tabauma 3
ITostHast MOJI€JIb TEKCTA MPH PeaTu3aluu Npoueaypbl

CMBICJIOBOTI0O aHAJIN3a
Cxema «Onucanue o0beKTa
O0BexT
Carbon tetrachloride
CocraB

Crpykrypa

CBoiicTBa/ XapaKTepPUCTHKH
1. Carbon tetrachloride is a colorless liquid.
2. Carbon tetrachloride is an inflammable liquid.
9. It was found. — 10. Carbon tetrachloride is dangerous.
11. When carbon tetrachloride is heated — 12. Carbon tetrachloride changes into a
poisonous gas.

13. A poisonous gas can cause severe illness.

15. If a poisonous gas is inhaled <
14. A poisonous gas can cause even death.
Hoayuyenne
3. Carbon tetrachloride can be produced by combining carbon disulfide and chlo-
rine.
IIpumenenune
4. This compound (carbon tetrachloride) is widely used in industry today as a sol-
vent.
5. This compound (carbon tetrachloride) is widely used in the production of propel-
lants.

6. Carbon tetrachloride has been banned for home use.

7. Carbon tetrachloride was a common ingredient in cleaning compounds.

8. Cleaning compounds (that) were used throughout the home.

16. The United States revoked permission for the home use of carbon tetrachloride
in 1970.

17. The United States has taken similar action with various other chemical com-
pounds.

EcTecTBEHHO, MOJE/Ib BBIMICTIPUBEACHHOTO TEKCTa MOXKET OBITh
3anucaHa u B Oosiee cxkatoM Buje (Tabnuma 4):

Takum 00pa3om, MPpHU BHIMOJHEHUH CMBICJIOBOTO aHAJIN3a C IEJIbI0
aJIcKBaTHOTO W3BJEYEHUsT MHGOpPMAIMU M TOCJIEIYIONIEero MepeBoa,
Mbl OOBEIUHAEM «IICUXOJIOTHYECKOE» M «JIMHTBUCTHYECKOE», a 3TO
BAXKHO JUISI OCMBICIIEHHOTO BOCHpuUsATUA Tekcta. [locTuras cTpykrypy
MHOSI3BIYHOTO TEKCTa C HUCIOJIL30BaHUEM Pa3padOTaHHOM MPONEIYPHI U
KOTHUTHBHBIX CXEM, paboTarolue ¢ TEKCTOM MEPEeXOasiT OT YpPOBHS
NpEeAJIOKEHUS Ha YPOBEHb JHUCKypca M aKTyalau3anuu (DOHOBBIX 3HA-
HUM; BBITOJHSIONIAE CMBICJIOBOM aHAJIM3 TEKCTA MPOXOMAAT 4Yepe3 Clie-
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IYIOIIAE YPOBHHM BOCIIPUATHSI TEKCTa: MaTepuaibHas ¢dopma 3HaKa,
NpPEIMETHOE 3HAYEHUE, CMBICJIOBOE 3HAYCHHE, OIEHOYHOE OTHOIICHHUE,
NepPEKWBAHUE, UTO CBUJICTEIILCTBYET O CYOBEKTUBAIUU, TO €CTh IMOHU-
MaHHMU CMbICIa coobmaeMoro. KOHTEKCT M KOTHUTUBHBIE CXEMBI TIOMO-
raloT BOCHPUHUMATh SKCTPATUHTBUCTUUYECKYIO MH(pOpMAIMIO, KOTOpas
CIIOCOOCTBYET aKTyaJIM3alluy MOJIYyUYEHHBIX paHee (POHOBBIX 3HAHUH, UX
pacliupeHu0 ¥ (HOPMUPOBAHUIO KOTHUTHUBHBIX MEHTAJIBHBIX CXEM.
CtpykTypupoBaHue MHGPOpPMALIUM CHOCOOCTBYET HAJCKHOMY aJIeKBaT-
HOMY Pa3MEILEHUI0 MOJYy4eHHONH MH(OpMaliu B KOTHUTHUBHBIX MEH-
TaJbHBIX CTPYKTYpax YUTAIOIIETO.

Tabnuia 4

Mogaeas Texera «Carbon tetrachloridex»
(cxema «Onmucanue 00bEKTA»)

DJIEMEHT CXeMbl Nudpopmanus, H3BIeYeHHAA U3 TEKCTA
O0BbeKT Carbon tetrachloride

CocraB —

CTpykTypa —

CsoiicTBa/ inflammable liquid

XapaKkTepHcTHKH | dangerous _ _ o
when heated, it changes into a poisonous gas, which, if inhaled,
causes severe illness, even death

Hoayyenne combining carbon disulfide and chlorine

IpumeHnenue is widely used in industry as a solvent

is widely used in the production of propellants
has been banned for home use

was a common ingredient in cleaning compounds

II. TEKCTBI 1151 CMBICJIOBOT'O AHAJIN3A
TEXT 1[18]

Modernism first emerged in the early twentieth century, and by the
1920s, the prominent figures of the movement — Le Corbusier, Walter
Gropius, and Ludwig Mies van der Rohe — had established their reputa-
tions. However, it was not until after the Second World War that it
gained mass popularity, after modernist planning was implemented as a
solution to the previous failure of architecture and design to meet basic
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social needs. During the 1930s as much as 15% of the urban populations
were living in poverty, and slum clearance was one of the many social
problems of this decade.[1] Modernist planning was a popular idea, and
used as a solution to these problems. But the movement could not ade-
quately comprehend and cater for the social dynamics of family and
community, and a result, many modernist buildings were pulled down in
the seventies. With reference to key architectural studies, this essay dis-
cusses the principles of modernism, how modernist architects initially
worked to solve design problems through the creation of urban utopias,
and why the ambitious modernist dream ultimately failed.

Students at the Bauhaus school of design were taught purity of
form and to design for a better world by Walter Gropius. The phrase
‘form follows function’ is often used when discussing the principles of
modernism. It asserts that forms should be simplified — architectural de-
signs should bear no more ornament than is necessary to function. Mod-
ernists believe that ornament should follow the structure and purpose of
the building. Family life and social interaction was at the centre of the
modernist dream for a planned environment. “The vision was for
trouble free areas by mixing blocks with terraces to create squares, zon-
ing services and amenities, all interlinked by roads™.[2] The modernists
planned for zoned areas where residential and commercial amenities
were distinct and separate. In his introduction to Modernism in Design,
Paul Greenhalgh outlined key features in modernist design including
function, progress, anti-historicism and social morality.[3] These prin-
ciples can be found in many of the key realisations of the modernist
dream — Le Corbusier’s famous Villa Savoye in Poissy, France is a
prime example. It shows no reference to historic architectural design;
the pioneering plan was a progressive leap for the late 1920s. The form
clearly follows the intended functions of the residential building, bear-
Ing no unnecessary ornament, and the open space surrounding the struc-
ture as well as the open plan interior lends itself to the ideals of social
living and communication. The modernist ideals were not applied to so-
cial housing until 1937, when Maxwell Fry’s Kensal House in London
applied the principles of the movement to a social housing scheme. It
was a success and is still popular with its residents today. It then became
the prototype for other social housing projects to follow the example of
modern living.
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Many projects of the modernist era were initially successful, and
the public came to associate this strong aesthetic with prosperity and
progress. In the post war era, the ambitions of the modernists and their
“strong sense of social responsibility in that architecture should raise the
living conditions of the masses.”[4] seemed so progressive and promis-
ing that it was understandable the Architectural Review should herald
the movement as the style of the century.

One successful project by the architect Ralph Eskrine was the
Byker Housing project in Newcastle, which began in the 1960s. Histori-
cally, Byker began as a village, but by the late 19th century the domi-
nant type of housing in the working class area was the Tyneside flat.
Conditions were poor, and occupants of the area generally suffered from
overcrowding, poor sanitation and poverty. Despite the less that desira-
ble situation, Byker was noted for it’s character, and the strength of
neighbourly relationships. The design team were keen to retain this
sense of community, and as such, “Byker was one of the first major at-
tempts in Britain to create a dialogue between community and architec-
ture.”’[5]

The public housing development combines a perimeter type wall
of multi storey flats, low rise housing and public spaces and play areas.
The wall makes use of a south facing aspect to utilise light and views
across the city and of the River Tyne. 20 percent of the accommodation
is housed in the wall, but the remaining majority was contained in the
low rise houses within.[6] The project took a modern approach to living,
yet mixed it with a consideration for those who would reside there, a
lack of which has been a criticism of many modernist developments.
Eskrine adopted a more humane approach to the modernist principles,
yet still established clean lines, function, progress, and above all social
morality. He worked his plan around Victorian elements of the area
such as churches, and some of the original cobblestones and parts of the
demolished Newcastle City Hall, were incorporated into the public
areas. Perhaps the integration of local history in this manner, which
goes against one of the principles of modernism established by the pio-
neering architects of the movement, and outlined by Greenhalgh, was a
contributing factor to the widely agreed attitude that this project was a
success. Although it was expressed that “some missed the streets as
places of community and gathering, and as arenas or personal expres-
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sion.”’[7] , The majorities were happy to reside in the new development,
thanks to the social continuity and comfortable varied environment pro-
vided. This issue was also a concern of Jane Jacobs, author of The Life
and Death of Great American Cities. In her book, Jacobs accused Le
Corbusier, one of the pioneers of the movement, of an inhumane plan-
ning process that did not properly consider those who were to live in the
planned developments. She claimed the modernist aesthetic to be dull,
and her writing promoted the street, in particular the pavement, as a
place where a community can meet, socialise, and control their own pri-
vacy. [8]

However not all modernist social housing projects were as suc-
cessful: many were demolished from the 1970s due to large-scale fail-
ure. The ultimate example of the failure of the modernist utopia is the
now infamous Pruitt Igoe urban housing development in St. Louis, Mis-
souri, completed in 1955. The development was planned according to
the modernist principles of Le Corbusier, and comprised of 33 11 storey
high rise blocks made up of small individual apartments. There were
communal areas including large corridors, outdoor spaces around the
blocks, and communal rooms for activities such as laundry, intended to
increase the social interaction amongst the community.

However by the late 1960s, “the project's recreational galleries and
skip-stop elevators, once heralded as architectural innovations, had be-
come nuisances and danger zones. Large numbers of vacancies indi-
cated that even poor people preferred to live anywhere but Pruitt-
Igoe.”’[9] Poverty, crime and segregation of the community were major
problems for the residents of the development. It was suggested that the
modernist style was to blame for these social problems, and compari-
sons with the adjacent Carr Village can be used as an example to back
this up. The village was made up of low rise dwellings, with a similar
demographic make-up to Pruitt Igoe, yet remained both fully occupied
and trouble free throughout the period from construction to demolition
of it’s neighbouring development. [10]

Much publicity developed in 1972, when the first of the buildings
was demolished on March 16th. The day was declared by the architect
Charles Jencks to be the day on which modern architecture died in his
book The Language of Post Modern Architecture.
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Le Corbusier noted the positive force technology had played in
people’s lives with revolutionary inventions such as the car and the tel-
ephone, and declared the house should be “a machine for living in”.
They utilised glass, steel and concrete in their designs, which allowed
them the opportunity to create buildings of radical design, such as the
skyscraper, which would not have been plausible were it not for these
materials. Buildings like these have no doubt, even today, redefined the
urban landscape. He and the other modernist architects believed that a
for a home to provide its function it should have the purity of form of a
well-designed machine.[11] This principle may work well enough when
applied to a commercial building, but which family can honestly say
they operate like a machine, like clockwork? Some modernist apartment
blocks even went so far as to dictate and include the furniture and
blinds, to keep a pure aesthetic throughout the whole building. Remov-
ing home comforts from the domestic interior may well encourage puri-
ty within design, but it does little to encourage the creation of a ‘home’
rather than a house.

The pioneers of the movement held a firm belief that in creating a
better architecture, a better world would ultimately follow.[12] We
could say they were a little arrogant and ambitious in hoping to change
the world with their design principles. There is no doubt that a new ar-
chitecture would improve towns and the living situation of many, how-
ever to assume that it could improve the world as a whole is completely
nonsensical. What about problems of economy and political debate?
Perhaps the reason the modernist utopia is so often cited as a failure is
because of its unrealistic ambitions. There is no doubt that modernism,
to an extent, solved some design problems by keeping abreast of tech-
nology. Lubetkin’s HighPoint One flats in London are still as desirable
accommodations as they were when built in 1935. At the time of com-
pletion they were described as "one of the finest, if not absolutely the
finest, middle-class housing projects in the world"[13] Residents of the
flats had the luxury of central heating and built in refrigerators, as well
as the use of communal gardens and even a pool. Today one of the three
bedroom apartments is up for sale for the indulgent price of
£595,000.[14]

Applying the same principles to public housing on a budget was
not always as successful. In Britain, the movement was often associated
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with public housing more than anything else. It’s collapse is often
linked with the social problems residents of public housing estates
commonly face. During the sixties and seventies, the political parties
encouraged the building of high rise, high density tower blocks, which
were then, an obvious improvement from the existing Victorian housing
throughout the country. In the race to create modernist design solutions
for all, corners were cut and substitutions made in design which could
not be forgiven. Ronan Point is another example from London — a gas
explosion unearthed weaknesses in the buildings structure, when one
side collapsed dramatically in 1968. The public were shocked at the
structural weakness of this pre fabricated tower and immediately ques-
tioned the stability of other high rise blocks which were defining the
landscape. This, along with the demolishing of failed projects such as
Pruitt lgoe, meant the public no longer had faith in the modernist
movement.

Tasks to the Text
I. What is this text about?
1. Define the type or combination of the types of the text.
[11. Make a model of the text.
V. Find key words.
V. Make a graph of the text.
V1. Put three questions to the text.
VII. Write the summary of the text.
VII1.Entitle the text.

Text 2

Pre-text tasks

1. Read the title and the keywords, predict what kind of text it
is and what the text is about.

2. Read the Abstract and check your ideas

3. Try to predict methods and techniques used for writing the
text

Sustainability in the Civil Construction Sector Supported by
Industry 4.0 Technologies: Challenges and Opportunities [19]
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Abstract: The civil construction sector is under pressure to make
construction processes more sustainable, that is, aligned with economic,
social, and environmental sustainability. Thus, the research question
considers: How do Industry 4.0 Technologies help civil construction
face challenges and identify new opportunities to become sustainable?
The general objective of this work is to offer a current overview of pub-
lications that associate the civil construction sector; Industry 4.0 Tech-
nologies and sustainability, and identify the challenges and opportuni-
ties of the Industry 4.0 Technologies set to contribute to sustainability
achievement. The research method was a bibliographic review com-
bined with bibliometric analysis in SCOPUS databases. The results
show that civil construction faces the challenge of reducing the con-
sumption of natural resources, ensuring safe work, and optimizing
processes, especially handwork. However, the insertion of Industry 4.0
Technologies into civil construction has allowed sensors, robots, model-
ling and simulation systems, artificial intelligence, and drones to have
their productivity, efficiency, safety, strategic and environmental man-
agement enhanced. Furthermore, Industry 4.0 Technologies can contri-
bute to civil construction through innovative, sustainable, and technolo-
gical solutions focused on the flow of work, which can provide growth
through the balance of costs/benefits in the management of projects and
works. Thus, it is expected that this article will contribute to discussions
around the possibility of construction becoming sustainable with the
support of Industry 4.0 Technologies.

Keywords: technologies 4.0; sustainable construction; construc-
tion industry challenges; construction industry opportunities; sustaina-
bility; construction 4.0; intelligent construction; sustainability; industry
4.0; sustainable construction processes

1. Introduction

According to Lezoche et al. [1], the historical evolution of industry
Is marked by four phases, the first of which is referred to as the First In-
dustrial Revolution, with the advent of steam machines and the use of
coal as fuel. The Second Industrial Revolution stood out for the emer-
gence of electric power and serial production lines. The Third Industrial
Revolution provided automation of machines, computers, and the Inter-
net.
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Industry 4.0 appeared for the first time in 2011 in Germany and is
referred to as the fourth industrial revolution [4]. This concept aims to
integrate technologies such as the Internet of Things (1oT), Industrial In-
ternet of Things (IoT), Intelligent Objects, Big Data, Cloud Computing,
Artificial Intelligence, 3D printing, Sensors, Actuators, Virtual and
Augmented Reality [2,5] to create an environment of digital and intelli-
gent manufacturing. Thus, the goal is to use these technologies to gen-
erate efficiency and optimize production processes continuously and
upwardly by generating greater productivity, quality, and customization.
The rapid advance in technological innovations in sensors, devices, in-
formation networks, and machine learning has helped robotics and au-
tomation progress rapidly, bringing improvements in several productive
sectors [5]. In early 2020, during the COVID-19 pandemic [6] in Brazil,
according to Zhou et al. [7] the use of technologies has shown its impor-
tance using Big Data in Geographic Information Systems (G.I.S.).
Mainly regarding rapid visualization of information on epidemics,
tracking of confirmed cases, transmission forecast, balance and man-
agement of supply demand of material resources [8] and the use of ar-
tificial intelligence (A.l.) to identify the transmissibility of the virus,
populations at risk, and thus the ability to establish the infection cycle
and suggest effective and preventative control measures [9].

All productive sectors are under pressure to develop their activities
sustainably, based on environmental, social, and economic pillars, to
promote the future of current and new generations. The continuous
growth of cities and society elicits various concerns for improved de-
velopment and management of the multifaceted urban systems, includ-
ing resilience and sustainability [10]. Thus, considering these new sce-
narios and paradigms, the civil construction sector stands out, which is
still regarded as unsustainable when employing archaic processes and
activities, collection procedures, data recording, less automated and in-
complete monitoring that results in waste of materials and exacerbated
use of natural resources, beyond the unavailability of qualified labor
[11]. However, sustainability was defined in the World Commission on
Environment and Development’s 1987 Brundtland report ‘Our Common
Future’ as ‘development that meets the needs of the present without
compromising the ability of future generations to meet their own needs’
[12]. Since then, industries and business have also become part of the



23

search for the sustainability of operations so that they can remain profit-
able and positively impact society and with concern about the environ-
ment’s ability to regenerate, thus, the American businessman Elkington,
defines the Triple Bottom Line (TBL) concept determining three pillars:
economic, social and environmental with a focus on the business pers-
pective [13]. The implementation of the Sustainable Development Goals
(S.D.G.s) since 2016, is strengthened through the S.D.G. 9—Industry,
Innovation and Infrastructure, civil construction to actively participate
in this universal call, in search of sustainable development, which con-
tributes to a change in business and construction models supported by
people and technologies [14]. This new model supported by construc-
tion, society and environment contributes to the attainment of the seven-
teen goals proposed by the U.N., since it affects the entire supply chain
and brings improvements in resource efficiency, error elimination, re-
duction in waste of materials, energy and transportation (S.D.G. 7,
S.D.G. 14; S.D.G. 15), as well as help achieve poverty eradication
(S.D.G. 1) and zero hunger (S.D.G. 2), good health and well-being
(S.D.G. 3), gender equality (S.D.G. 5), clean water and sanitation
(S.D.G. 6), decent work and economic growth (S.D.G. 8), reduction in-
equalities (S.D.G. 10), sustainable cities and communities (S.D.G. 11),
responsible consumption and production (S.D.G. 12) and direct actions
against global climate change (S.D.G. 13) [11].

Some review articles related to the Civil Construction and Industry
4.0 Technologies were published. However, the review scopes are con-
centrated in just one industry technology 4.0, such as patterns and trends
IoT by Ghosh et al. [15], extrusion-based additive manufacturing with
3D printing analyzed by Valente et al. [16], Sepasgozar [17] studied the
Digital Twin application to expedite a smart and sustainable built envi-
ronment, Darko et al. [18] explored Building information modelling
(BIM) and appointed the survey and future needs, and Zhang et al. [19]
identified Virtual reality applications for the built environment. Fur-
thermore, the implications for the sustainability pillars are not the main
research focus, thus there is a gap regarding the Industry 4.0 Technolo-
gies main contributions to the Triple Bottom Line. Although these stu-
dies contributed to the state of the art in Civil Construction and Industry
4.0 Technologies, this paper adds to these previous reviews the systema-
tization of the Industry 4.0 Technologies set that can help us to face cur-
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rent civil construction challenges and contribute to the identification of
opportunities through practical examples in order to permit the sector to
achieve sustainability.

Along these lines, discussions aimed at improving production pat-
terns and using resources through new approaches, practices and inno-
vative technologies that enable the construction sector to develop in a
structured and sustainable way become essential. Construction 4.0
presents a promising initiative that helps other industrial sectors im-
prove productivity indicators by optimizing operational processes using
innovative technologies. Thus, the general objective of this work is to
offer a current overview of publications that associate the civil construc-
tion sector; Industry 4.0 Technologies and sustainability and identify the
challenges and opportunities of Industry 4.0 Technologies set to contri-
bute to sustainability achievement. After this introduction, the paper is
structured into five additional sections. Section 2 presents the literature
review. Section 3 presents the research methodology. Section 4 presents
the bibliometric results. Section 5 presents the discussion and systema-
tizes the challenges and opportunities through a table and, finally, Sec-
tion 6 presents the final considerations.

2. Literature Review

Construction 4.0 is the application of the concepts of Industry 4.0
in the construction sector, that is, the application of digital technologies
and processes adapted to the construction environment [20]. Construc-
tion represents one of the largest industries in the world, which contri-
butes to around 13 percent of the global gross domestic product (GDP)
[16]. In Brazil, the forecast of the civil construction sector’s gross do-
mestic product (GDP) is expected to increase by over 22 percent until
2025 [21]. However, this sector is responsible for the use of scarce natu-
ral resources [15], exacerbation of fossil energy source use even consi-
dering its limitation and delivery capacity [22]; increasing greenhouse
gas emissions and global warming at large [23], energy consumption
[17] generation of big quantities of solid wastes which are difficult to
apply to waste management [24], and low use of technologies [25].

An abundance of research activity has been conducted to optimize
civil construction utilizing Industry 4.0 Technologies, but review studies
available on the topics are limited in terms of examples of using tech-
nologies and their final applications, and, mainly, in terms of the impli-
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cations for the sustainability of the construction industry. Relevant stu-
dies review the use of only one technology in construction, such as loT
[15], 3D printing [26—28] and Virtual and Augmented Reality [19,27].
Others have reviewed a joint application of technologies such as BIM
and loT [17], Blockchain and BIM together in disaster recovery of
buildings [29], or application of BIM to applications under construction
in forum sites [30]. None of these studies present detailed discussions
on the environmental, social and economic impacts of adopting new
technologies in operations.

Nevertheless, some studies have comprehensively revealed the ap-
plication of Industry 4.0 Technologies in construction [31-33]. Howev-
er, these studies also have a limited scope in terms of Triple Bottom
Line contemplate [33] which reviews the implications of adopting smart
technologies for sustainable construction and the positive consequences
for health, safety, and the environment. These analyses are restricted to
operations carried out on site, that is, while the construction project is
being carried out.

Thus, it is noted that the implications for sustainability are not the
main target of the reviews conducted so far. Despite the growing inter-
est in the application of Industry 4.0 Technologies in construction, there
is a knowledge gap regarding contributions to the sustainability dimen-
sions of the adoption of such technologies in the construction produc-
tion chain [34]. The researchers are more focused on the technical as-
pects of [31]. Environmental, social, socio-cultural and ethical issues are
yet under explored in research relating to the adoption of Industry 4.0
Technologies in civil construction [32].

3. Research Methodology

To understand state of the art, identify knowledge and possible re-
search gaps, the research method employed was an exploratory biblio-
graphic review combined with bibliometric analysis [35]. To ensure
transparency and traceability of the results reported here, the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
protocol [36,37] was implemented to conduct the research. The research
was carried out on the SCOPUS database in February 2022, using the
title, abstract and keyword options, applying the following query and
boolean operators:
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(1) “CONSTRUCTION” OR “CIVIL CONSTRUCTION” OR
“CONSTRUCTION TECHNOLOGY” OR “CONSTRUCTION 4.0”
OR “INTELLIGENT CONSTRUCTION?;

(2) “TECHNOLOGIES 4.0” OR “INDUSTRIES 4.0” OR “IN-
DUSTRY 4. 0 OR “THE 4" INDUSTRIAL REVOLUTION” OR
“THE FOURTH INDUSTRIAL REVOLUTION?;

(3) “SUSTAINABLE” OR “SUSTAINABILITY” OR “TRIPLE
BOTTOM LINE” OR “SUSTAINABLE DEVELOPMENT”™.

The approach has a qualitative character since it aims to deepen
the knowledge on how the fourth industrial revolution can contribute to
advances in civil construction.

4. Results

The search returned 113 publications, and after applying the filter,
applications resulted in 42 articles and after reading and reviewing, 27
articles fell within the research, which were submitted to a systematic
and bibliometric analysis through the VOSviewer software. There has
been an evolution of the subject over the last few years, but few publica-
tions on the SCOPUS platform have addressed the specific keywords.
The search covers articles published in journals peer reviewed between
the years 2017 and 2022, before that, there were only two papers pub-
lished in 2016 at conferences proceedings. There is an increasing trend
in the number of publications over the last years, especially from 2021,
increasing exponentially, with 69.2% of articles being published only in
the previous year.

Note that most publications are in European and Asian countries,
but there are very few articles that relate to construction, sustainability,
and technologies 4.0. Thus far, there are no American publications.
Among developing countries, including the BRICS members (Brazil,
Russia, India, China, and South Africa), only Brazil and Russia have not
contributed to the advancement of research in these areas. The lack of
financial resources and a proper management system for construction,
informal construction, and demolition waste represent the main chal-
lenges that developing countries need to face [64,65]. Although there is
no Brazilian article that stands out in the analysis, Brazil is still a coun-
try that suffers from challenges in sustainable construction, such as lack
of more efficient government policies, lack of specialized labor, produc-
tivity losses and time with routine construction, problems in the disposal
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of construction waste and few uses and applicability of technologies 4.0
in favor of sustainable construction [66]. The publication’s distribution
Is presented in Figure 3.

The most relevant publications on the subject are concentrated in
articles, representing more than 40.6% of the total published in five
years. The main areas of indexation of journals are Engineering with
25.3% of publications; followed by Social Sciences with 18.9%; Envi-
ronmental Sciences with 13.7%; Energy with 12.6% and 29.5% distri-
buted in small percentages among the other areas. This distribution re-
veals that the technical and academic areas are the most engaged in the
growth process of Industry 4.0 Technologies, aligned with the concepts
of sustainability and civil construction.

By using VOSviewer software, based on the network of 27 articles
extracted from the SCOPUS database, the keywords density visualiza-
tion presents the co-occurrence of keywords. The more keywords
around the node and the higher their frequency, the deeper the color ap-
pears (shown in yellow in Figure 4. It can be seen from the map that the
top five keywords with high frequency in the research are: Industry 4.0
(18 times);

Sustainable Development (12 times); Sustainability (13 times);
Construction 4.0 (8 times), and Innovation (6 times). At the same time,
the others are a subset of it. The analysis of the nodes, which presents
the strongest links on the map, reveals that current research aims to use
technologies to help construction to achieve higher sustainability stan-
dards, thus contributing to sustainable development goals.

The secondary cluster with the higher density is composed of the
keywords (innovation and strategic approach and management practice),
signaling that the implementation of technologies in construction de-
pends on a new innovative approach in relation to the strategic and op-
erational activities of the construction. This is also reinforced by the
proximity to the term (digitalization), the core of the industry 4.0 con-
cept.

There are also weaker links and intensity, these being mainly con-
stituted by keywords related to individual technologies (3D printing;
building information modeling; sensor networks) and managerial prac-
tices that can operationalize the themes of the central cluster. Technolo-
gies that are used together appear close to each other, for example, the
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terms (Blockchain and 10T) share a strong link since Blockchain tech-
nology is being implemented in loT-enabled digital systems to avoid da-
ta and information vulnerability that travels over the Internet. Likewise,
the terms (additive manufacturing and 3D printing) are due to 3D print-
ing being the most used technology for additive manufacturing.

In addition, there is a concern with the sustainability of construc-
tions gaining strength through the terms (life cycle analysis and manu-
facturing and building construction and sensor networks), which also
indicates a change in the standard of assessment of environmental im-
pacts in the construction industry, where the use of emissions data and
resource consumption are collected with the help of sensors to feed en-
vironmental impact assessment systems.

The main result of the bibliometric review presents a description
of the applicability of Industry 4.0 Technologies associated with civil
construction. As shown in Figure 5, the revolution seen in the construc-
tion industry is marked by the adoption of disruptive technologies. In
the content analysis of the articles, we identified 15 Industry 4.0 Tech-
nologies applied in the Construction. The most investigated technolo-
gies in the literature are Building Information Modeling (BIM) and 3D
printing and scanning, being analyzed in 12 articles each. Then, loT and
Acrtificial Intelligence, represent the next most investigated with 7 and 6
articles, respectively. This analysis shows that there are many gaps re-
garding the implementation and impact of many technologies in the
context of construction.

5. Discussion

The construction industry plays an essential role in a country’s
economic growth, mainly in developing countries such as Brazil, where
the construction sector represents one of the largest sectors of the global
economy, employing about 7% of the population every year [48]. How-
ever, civil construction has been criticized for activities and processes
that generate a loss of materials, overuse of natural resources, high vo-
lumes of waste whilst obstructing achievement of the sustainable devel-
opment goals (S.D.G.s) goals [67].

In highlighting the civil construction sector, it is necessary to un-
derstand that it is an area facing many challenges in maintaining its ac-
tivities and consequently in achieving sustainable development goals,
given that the construction production chain significantly impacts the
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three pillars of sustainability. Furthermore, construction remains one of
the least digitalized and innovative sectors in using Industry 4.0 Tech-
nologies. It is only ahead of agriculture, which occupies last place in the
McKinsey Global Institute Industry Digitization Index [68]. Although
construction is moving towards automation, it still has no links to prom-
ising topics such as sustainability [69].

The construction sector bears the highest rates of work accidents
worldwide, improving the implementation of technologies can be seen
as a social solution to the health and safety of workers [33]. Technolo-
gies for information management and visualization are instrumental in
enhancing human perceptions and interpretations of complicated project
information [70]. Furthermore, an essential contribution of the industry
4.0 technologies use in construction lies in the possibility of automated
data collection for environmental impact assessments in a life cycle ap-
proach, called Life Cycle Assessment (LCA). In LCA studies, the avail-
ability of specific data, inputs and outputs associated with the produc-
tion of materials, products and processes is a challenge for the execution
of reliable studies. The lack of data compromises the quality of the
study and the validity of the results found. Thus, [61] propose a frame-
work in which BIM can automate data collection and LCA studies in the
context of construction, allowing recognition of the environmental load
of materials, processes and operations and direct design improvements
to reduce such impacts. Data collection for the LCA is operationalized
through the integration of sensors and 10T enabled devices to BIM [57].
Green BIM for environmental sustainability can be used for monitoring
and management over a building’s full life cycle, and should then be
considered in future research [71].

The adoption of Industry 4.0 Technologies can support the con-
struction industry to implement Circular Economy standards and conse-
quently achievement of the S.D.G.s, promoting resource efficiency from
project inception to end-of-life. By incorporating circular design re-
quirements into the technologies, such as design for disassembly, de-
construction, and recycling, it is possible to reduce the use of non-
renewable natural resources, properly manage the waste stream, and
close the materials loop [43,72].

Practical Implications and Future Directions
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The contributions from the abovementioned reinforce the present
article on the challenges and opportunities regarding the usage of Indus-
try 4.0 Technologies, which can help the construction sector and bring
Improvements in sustainability concerning social, economic, and envi-
ronmental pillars. Moreover, this highlights that the subject needs fur-
ther attention by the academy, as there remains an extensive effort re-
quired in research related to the topic.

After carrying out the bibliographic research, identifying the se-
lected works and developing the bibliometric and content analysis, sev-
eral issues can be highlighted in relation to the concept of Construction,
Industry 4.0 technologies, and Sustainability. The results revealed a
growing field of research and trending topics that will gain more relev-
ance. However, they also indicate that individual technologies are not
well connected to sustainability initiatives, with a limited number of ex-
perts operating somewhat in isolation and who offer single-point solu-
tions, mainly technical solutions, instead of taking an integrated man-
agement “holistic” approach necessary to plan new industrial and resi-
dential projects around the world.

Despite the contributions, it is understood that there are limitations
in our study, since it qualitatively reviews, that is, only subjectively.
Our review analysis is limited by search terms applied only in the Sco-
pus database. The use of certain keywords and selection criteria defined
in journal articles and in English bears some restrictions, therefore, all
literature that includes publications in other languages and other forms
of publication are not reflected in this study. While these limitations
present useful avenues for future research to explore and expand on the
results of this study, future studies may also focus on expanding the
keyword set and use other types of publications, databases, and books,
even news with ideas and practices that remain out of the analyses.
Another important point is the development of empirical research cover-
ing different professionals in the civil construction stakeholder chain
and at the strategic, tactical, and operational levels. Therefore, we wish
to emphasize the lack of studies focusing on or integrating different In-
dustry 4.0 Technologies highlights gaps such as:

1. The publication’s analysis distribution per year reveals that the
interest in adopting Industry 4.0 Technologies in construction has
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emerged within the last five years, being still a “hot topic”, with few
theoretical and empirical investigations;

2. Thus far, there are no American publications. Among develop-
ing countries, including the BRICS members (Brazil, Russia, India,
China and South Africa), only Brazil and Russia have not contributed to
the advancement of research in these areas;

3. Lack the implementation and impact of many technologies in
the context of construction; 4. How two or more technologies can be
diffused, that is, worked together; or

5. There are still technical challenges related to the integration of
different technologies. Future research should investigate the challenges
encountered in the joint application of different technologies, both in
theory and in practice;

6. Empirical studies with qualitative and quantitative approaches
showing the real advances in the applicability of technological tools in
construction;

7. The impacts of industry technology 4.0 affect which and how
the pillars of sustainability operate;

8. Proposals for models that allow replicability within the topic’s
construction, technology and sustainability;

9. Most articles explore the relationship between industry 4.0
technologies in construction from an economic and some environmental
point of view, however, few also address the social pillar.

The practical implications of the results of the reviewallowfuture
research efforts/activities in Industry 4.0 Technologies and sustainabili-
ty in construction to be developed as discussed through thismanuscript.
The study benefits researchers and professionals in the construction in-
dustry. For researchers, the identified gaps reveal areas of high priority
for future research, mainly highlighting the need to relate Industry 4.0
Technologies and sustainability of civil construction activities. Moreo-
ver, this study can help managers understand the integrations between
Construction and Industry 4.0 Technologies to achieve better operation-
al and environmental organizational results. For the construction indus-
try, the study expands knowledge about available technologies and rais-
es awareness of the latest applicability within construction and expands
the potential to become a sustainable sector, which ensures good con-
struction practices, is concerned with workers’ health and productivity,
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and additionally preserves the environment and continues growth eco-
nomically. The study exposes missing gaps from current research: a
broader consideration of the construction adjustments needed to ac-
commodate the use of Industry 4.0 Technologies to make the sector
more sustainable. Therefore, these gaps in the literature should direct fu-
ture research to strengthen the use of Industry 4.0 Technologies in con-
struction to contribute to the sustainability and circularity dimensions of
the processes.

6. Final Considerations

The general objective of this work is to offer a current overview of
publications that associate the civil construction sector; Industry 4.0
Technologies and sustainability, and identify the challenges and oppor-
tunities of the Industry 4.0 Technologies set to contribute to sustaina-
bility achievement. This study helps researchers and practitioners, with
tables of reference that serve as a guide to advance the study of technol-
ogies and to address the current shortcomings of such technologies,
while enhancing their sustainability contributions to processes in future
building construction. To the best of the authors’ knowledge, this study
is the first of its kind using Civil Construction, Industry 4.0 Technolo-
gies, and Sustainability to propose a unified table to help managers and
academics understand these relationships.

In the current scenario, where the civil construction industry con-
tinues to generate a large waste of resources such as water, energy and
materials, the use of technologies can help improve the performance and
competitiveness of the sector, in addition to contributing to achieving
sustainable development goals. The central premise behind the use of
technologies associated with Industry 4.0 is to generate efficiency and
optimize production processes in a continuous and upward manner, that
IS, the use of resources in a reduced, precise, intelligent, and autonom-
ous way, which generates greater productivity, quality and customiza-
tion. Thus, from the bibliographic and bibliometric review, it is possible
to verify that disruptive technologies support the new industrial para-
digm, that can be applied in building, to improve the performance of the
construction sector and render it more sustainable and intelligent using
modeling systems and virtual simulation of projects, 3D printing, ro-
bots, drones, sensors, and the Internet of things (1oT).
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The bibliometric review identified state of the art methods relating
to Civil Construction; Industry 4.0 Technologies and Sustainability and
pointed out that there are still few papers in this field and there remain
gaps to be explored, not only by civil engineering, but by professionals
and multidisciplinary researchers. Furthermore, it was noted that tech-
nologies are still secondary on the research topics, showing that there is
space for them to be empirically explored and to become protagonists in
the coming years. Another point is the developing countries, including
Brazil, which are still adept at manual civil construction and poorly
trained and digitalized, allows for growth in performance of the industry
4.0 technologies and Sustainability and solidification of the tools and
practices that transform the current context. These findings also reflect
in academic contributions, directing new lines of research in possible
research gaps addressed in this article.

Through a bibliographic review of the literature, the research was
able to point out what Industry 4.0 Technologies, challenges, and oppor-
tunities Civil Construction has experienced. From the review, it was
possible to identify and present in a structured way the applicability of
the industry 4.0 technologies within the scope of civil construction, by
elaborating a comparison between the adoption of technological tools
and the previous scenario of the sector.

That is why investing in technological intelligence means directing
the strategy towards flexibility, which can significantly favor the civil
construction sector, especially in issues of cost reduction, improve-
ments, and alternatives to the productive process in search of transfor-
mation in the way of acting, thinking and doing. Therefore, it is con-
cluded that Industry 4.0 Technologies can contribute to civil construc-
tion through innovative, sustainable, and technological solutions fo-
cused on the flow of work, which are able to provide growth to civil
construction through the balance of costs/benefits in the management of
projects and works. For future studies, the development of a systematic
review of the literature is recommended, which can identify other op-
portunities and challenges, besides the practical and applicability of the
use of new technologies aligned with the environmental, social, and
economic pillars in the scope of civil construction.

Tasks to the Text
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I.  What is this text about?

II. Make a model of the text.

I11. Make a graph of the text.

V. Put three questions to the text.
V. Write the summary of the text.

Text 3 [20]

1. Introduction

Member states of the European Union are required to implement
energy efficiency measures for buildings according to the Energy Per-
formance of Buildings Directive [1]. With the new building codes, EU
member states intend to reduce the total energy consumption in build-
ings by making them well-insulated and tighter. Due to the tighter and
well-insulated constructions, the ventilation loads constitute a growing
part of the heating demand, between 30% - 60% for new and retrofitted
buildings [2]. As the ventilation heating demand plays an important role
in the building’s total heating demand, the exhaust air heat recovery is
inevitable. It is possible to recover only sensible heat or both sensible
and latent heat from the exhaust air [3]-[5]. Energy is used to cover the
heat losses due to ventilation air and to move the ventilation air for me-
chanical ventilation. The main purpose of the study is to compare the
different ventilation solutions of apartment buildings and assess their
energy consumption.

The ventilation system also influences the air infiltration through
the building envelope. A prerequisite for the construction of the me-
chanical supply-exhaust ventilation is sufficient air tightness of the
building. If & Is the temperature ratio of the heat exchanger, in practice
only part of the air flows through the heat exchanger [6].

This is the main reason why this phenomenon has been thoroughly
studied. Since Kohonen et al. [7] published their experimental and nu-
merical study concerning thermal coupling of leakage air and heat flows
in the building envelope, the heat recovery effect between infiltration air
and exterior walls has been studied by several authors, for example, [8]-
[10]. In several countries, the air tightness of the building envelope is
determined according to the type of the ventilation system. If the supply
and exhaust airflows are balanced, the proportion of the infiltration is
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higher than in the case when the room is positively or negatively pressu-
rized. According to studies carried out in the UK [11], there is no consi-
derable infiltration in case of exhaust air ventilation and building lea-
kage rate nso = 3h™. Almost all the air passes through the exhaust fan.

The paper presents the results of the investigations into the indoor
climate and energy efficiency of different ventilation systems in resi-
dential buildings. The main types of ventilation in cold climate condi-
tions are natural ventilation, mechanical exhaust ventilation, mechanical
exhaust ventilation with exhaust air heat pump heat recovery, supply-
exhaust ventilation with the apartment-based ventilation unit, and
supply-exhaust ventilation with the room-based ventilation unit. The
performances of the different ventilation systems in low-energy residen-
tial houses have been earlier presented by Maier et al. [12]. The energy
performance of heat recovery units has been investigated by Jaber et al.
[13] and Laverge et al. [14]. Ventilation heat recovery in residential
buildings has been investigated by Dodoo et al. [15]. A number of stu-
dies on the ventilation and indoor air quality in apartment buildings
have been carried out at Tallinn University of Technology by Mikola
and Koiv [16]-[19].

The current research was conducted in 60 degrees of latitude (Es-
tonia), where winter air temperatures drop to —20°C or even lower. In
these circumstances, efficient AHUs with heat recovery are necessary.

2. Method
To determine the effectiveness of various systems the following
formulas are used. The thermal energy consumption for air heating is
calculated based on the following correlation
Q=H-S-24-(1- o) 10°MWH (1)

where H — specific heat consumption for air change, kW/K; S —
the number of degree days, d °C, determined by the balance temperature
of the building; nq —energy ratio for AHU, determined considering the
location of the building and the temperature ratio of AHU. Specific heat
consumption for air change is calculated by (2)

H=Lp-c kWIK (2)
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where L — air flow rate m*/s, average per day; p — density of the
air, kg/m®; ¢ — specific heat of the air,(kJ/kg-K).

To determine the airflow rates, the demand-driven principle of
AHU and the resulting airflow rates are taken into account. Electric
energy consumption for heating the air is determined by (3)

E;= ®-z -10° MWh (3)

where @ — power of electric heating coil, KW; z — working hours,
h.

The electrical energy consumption of the fans of AHU with air
piping is determined by the presumed SFP factor.

E,= L- SFP- z-10"° MWh (4)

where SFP — specific ventilator power, kW/(m3/s).

To determine the reduced energy consumption, the correction fac-
tor of electricity consumption 1.5 is considered.

The calculations were made in small apartments (50 m?).

3. Results

3.1. Natural Ventilation

Ventilation in old apartment buildings, as a rule, is natural.

Figure 1 shows two typical solutions of natural ventilation: the one
on the left for typical 9-storey apartment buildings and the one on the
right for typical 5-storey apartment buildings.

Natural ventilation operates due to the difference in the air density
indoors and outdoors. Additional influence is exercised by the height of
the ventilation channels and the strength of the wind.
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Figure 1. Solutions of natural ventilation for typical
old apartment buildings.

Natural ventilation is unstable in operation. During the periods of
transition, especially in the summer, the air change is not sufficient, but
it is often too intensive during the winter period, especially at low am-
bient temperatures.

3.2. Indoor Climate

In apartment buildings the most serious problems caused by partial
renovation are the facts that the walls and the roofs have been insulated
and the windows have been replaced, but the ventilation has not been
renovated. Some examples of indoor climate in partly renovate depart-
ment buildings are given.

In the bedrooms of partly renovated apartment buildings very high
relative humidity is observed, as can be seen in the Figure 2(a). Figure
2(b) shows the level of carbon dioxide concentration in the bedrooms of
a partly renovated apartment building. It can be seen that the CO, level
extends to 3000 ppm.

The formation of mold in the region of thermal bridges in apart-
ments is quite common if the relative humidity is high.
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Figure 2. Relative humidity (left) and carbon dioxide concentration level (right) in the bedrooms of a partly renovated
60-apartment building in the winter time.

3.3. Ventilation Solutions
It should be noted that there novation of ventilation in old apart-

ment buildings is quite complicated. It is very difficult to ensure the re-
quired air change with the ventilation systems, the solution of which is
acceptable for the tenants.

1) Natural ventilation with fresh air valves, Figure 3
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Figure 3. Natural ventilation with fresh air valves.
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With that solution residents sometimes complain that fresh air
valves cause cold air currents in rooms. A better solution is to use spe-
cial heating coils, which are combined with fresh air valves.

The main disadvantages:

— High specific consumption of heat energy;

— At maximum loads the runoff of pollutants is not guaranteed;

— AIr change is unstable: in practice there is no air change in
summer, but in winter the air change is too high;

— Possible inconveniences of cold air inflow in the living space;

— External noise and pollution are carried indoors;

— At the maximum loads good indoor climate is not guaranteed for
the majority of the year.

Good qualities:

— Absolutely no noise;

— Minimal investments.

The approximate annual specific reduced energy consumption is
2.5 MWh per year if the air change rate n =0.57 h™*.

2) Mechanical exhaust ventilation

This is used in a newer type of apartment buildings (built between
1990-2012), Figure 4. This system ensures good air change and air qual-
ity, but is very expensive in operating costs. The air heating cost in such
a system is about 50% - 70% of the heating costs. The approximate an-
nual specific reduced energy consumption is 3.7 MWh per year.
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Figure 4. Solution with mechanical exhaust ventilation.
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The main disadvantages:

— Energy consumption is greatest;

— Possible unpleasantness of cold air inflow in the living space;

— External noise and pollution are carried indoors;

— The maximum loads for ensuring good indoor climate will in-
crease.

Good qualities:

— Compared with natural ventilation, stable air change is guaran-
teed throughout the year.

The following solutions have heat recovery.

3) The apartment air handling unit

Figure 5 shows the ventilation solution with the apartment air han-
dling unit (AHU).

The main disadvantages:

— For a small apartment it is relatively expensive;

— Expenditure on exchanging filters.

Good gualities:

— Ensures very good indoor air quality;

— In large apartments it is also economically justified.

It is widely used in detached houses as well as new apartment
buildings. It is problematic to use in old apartment buildings as people
do not like installing ducts in the flat. The approximate annual specific
reduced energy consumption is 1.9 MWh per equivalent apartment if
SFP = 2 for small apartments and 2.5 MWh for large apartments.

4) The use of central balanced ventilation, Figure 6

The main disadvantages:

— Ventilation air ducts in the apartment;

— AHU and air ducts on the staircase;

— The risk of noise;

— Requires very good design and construction;

— Problems with duct installation and sometimes with noise;

— Expenditure on exchanging filters in the AHU.
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Figure 5. Principal solution (left) and apartment plan (right) of apartment solution.

Good gualities:

— Ensures very good air quality;

— Suitable for small (2 - 3-storey) apartment buildings with a suit-
able space solution of the apartment.

In practice it is possible to use central balanced ventilation in
smaller apartment buildings, installing AHU and ventilation ducts on
the staircases. The annual reduced energy consumption is 2.0/2.6 MWh
per equivalent apartment if SFP = 2.5 (small/large apartments).

5) The use of the room AHU and programmable exhaust ventila-
tors in the WC, bathroom and kitchen

Ventilation solution with the room AHU has recuperative heat re-
covery (for example Meltem AHU).

When testing Meltem AHU, in the range of outdoor air tempera-
ture from +5 to —20°C, the average temperature ratio (efficiency) was
between 40% to 65%, with an average of 60%.

The main disadvantages:
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— At the ambient temperature of below —18°C the frost protection
device turns the unit off;

— AHU 410 % 390 mm is in the living room;

— Additional costs on exchanging filters;

At night with restrictive noise limits the guaranteed air flow rate is
up to 40 m3/h.

Good qualities:

— Demand-based ventilation with heat recovery is guaranteed;

— Good economic indicators for small apartment buildings.

The approximate annual specific reduced energy consumption is
1.3 MWh per equivalent small apartment (1.9 MWh—for large apart-
ments).

It would be practical to ensure central exhaust ventilation from the
WC, bathroom and kitchen during the time when they are not used with
the pressure controlled exhaust ventilation system (on the roof).

Tenants’ evaluation of the use of Meltem AHU in apartments has
been very positive.

6) The exhaust air heat pump system

The principal diagram of the unit is shown in Figure 6. Fresh air is
sent to rooms through fresh air valves.
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Figure 9. Principal diagram of the exhaust air heat pump.
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The mechanical exhaust ventilation system together with cooling
batteries allows using the thermal potential of the exhaust air.

The main disadvantages:

— Requires very good design, construction, adjustment of the air-
flows, and maintenance;

— With the maximum pollution loads of the WC, bathroom and
Kitchen it is difficult to ensure the necessary air change;

— It is possible that there is some unpleasantness of cold air in-
flows in the living rooms;

— Outside noise and pollution are carried indoors;

— Requires the existence of ventilation flues, which are at least in a
satisfactory condition;

— For efficient operation of the heat pump, the heating system
must have a reduced temperature graph;

— The payback time of investments is relatively long;

— It is necessary to adjust the exhaust ventilation airflows in the
apartments;

— In cogeneration districts during the summer period the energetic
feasibility is questionable;

— Additional costs of exchanging filters.

Good gualities:

— The construction work in the apartments is relatively small;

— The average COP was 2.6 and the share of heat production of the
heat pump was 47.3%.

In summer the share of the heat pump in the heat supply of the
building was about 90%, the COP was 3.1.

The approximate annual specific reduced energy consumption is
2.3 MWh per equivalent small apartment (3.0 MWh — for large apart-
ments).

7) Room-based regenerative AHU

This AHU has a regenerative ceramic heat exchanger. This is a
paired device, each of which is typically located in a separate room.
They operate intermittently, the air flows out for 70 s and in for 70 s.
One of the devices provides the room with fresh air, the other removes
the exhaust air, the latter also heats up the ceramic heat exchanger. The
device has a very small ventilator. It should be noted that in laboratory
conditions, where the regenerative AHU was tested, the system worked
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well. In practical operating conditions in an apartment where in addition
to the room AHU there is natural exhaust ventilation from the
WC/bathroom and the kitchen, the efficiency of the system is very low.
It should be noted that the intensity of natural ventilation plays an im-
portant role.

The main disadvantages:

— The risk of noise is very high;

— Outside noise and pollution are carried indoors;

— Its operation is directly dependent on working natural ventila-
tion;

— In designing it is difficult to achieve effective functioning of the
AHU on the lower and middle floors of the buildings and therefore, dur-
ing the colder months there is practically no heat recovery. Thus, the
suitability of the fan characteristic must be considered,;

— Inconveniences of the cold air inflow into the living rooms.

Good gualities:

— Suitable for low, 1 - 2-storey buildings;

— The approximate annual specific reduced energy consumption is
2.1 MWh per equivalent small apartment (3.0 MWh — for large apart-
ments).

3.4. Comparison of the Reduced Energy Consumption of Dif-
ferent Ventilation Solutions

In small apartments the energy consumption is lowest with the re-
cuperative room based AHU. In other systems, with heat recovery,
however, it is similar. Thus, when making a choice, the characteristics
of the system have to be considered, as the investments are quite similar
for heat recovery systems, approximately €1000 -€1200 for small
apartments. In large apartments, the investments in room-based systems
are 2 times higher. In this situation, it is preferable to use centralized
systems or the apartment AHU.

4. Conclusions

The results of the study show that in the renovation of old apart-
ment buildings, solutions with heat recovery must be used. However,
the economic indicators of the solutions are somewhat different for
small and large apartments.

In small apartments, it is suitable to use room-based solutions with
recuperative heat recovery units, particularly in small and medium-sized
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buildings. In large apartments, apartment-based AHUs would be both
technically and economically perfect, provided that they are accepted by
the residents.

In smaller 2-3-storey buildings, very good air quality and econom-
ic characteristics can be achieved with the central balanced ventilation
system.

Despite some shortcomings of the system and the complexity, the
exhaust air heat pump system could be used in renovating the ventila-
tion in large apartment buildings. This solution is especially suitable for
apartment buildings with mechanical exhaust ventilation.

When renovating the ventilation in old apartment buildings, it is
necessary to pay special attention to the design, quality construction and
supervision. Adjusting and maintaining the system are of great impor-
tance.

Tasks to the Text

I.  What is this text about?
I1. Define the type of the text.
I11. Define the scheme or combination of the schemes of the text.
V. Make a model of the text.
V. Find key words.
V1. Make a graph of the text.
VII. Putthree questions to the text.
VI, Write a summary of the text.

IX. Entitle the text.
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