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AHHOTALMNUA

BBefeHue. Pa3BuTne 1 noBceMecTHOe pacrnpocTpaHeHne Takux IT-TEXHONOrMM, Kak UHTEPHET, MobunbHas cBA3b, obnay-
Hbl€ BblYUCINEHUA, Big Data, nHTepHeT Beluen, LunudpoBbie ABONHUKM U opyrux, npegnoniaraeT X akTUBHOE BHeEApeHVE B
pasnnyHble Npon3BOACTBEHHbIE U 6M3HeC-I'IpOLleCCbI CTPOUTENBHON OTpacnu. Vicxoaa ns aTux NpeanochInok, BbIMYCKHUK
By3a CTpOUTESTIbHOro npodunsa AOrMKeH 3HaTb OCHOBbI AAHHbIX TEXHOMOMUN, YMETb UCNOMNb30BaTbh UX Ha MPaKTUKe. Oco-
6EeHHO BaXKHO 3TO ANSA crneumanbHOCTEN, CBSA3aHHbIX C VHMOPMALIMOHHBIMU TEXHOMNOMMAMU B CTPOUTENLCTBE. OpHako pag
Ba’XHbIX BOMNPOCOB, NeXalluxX B OCHOBe MOBUNBbHON CBA3M, NHTEpHEeTa, 6ecnpOBong|x TEXHOMNOornmn, NpenoaaeTcs ToMbKo
B cneunanm3npoBaHHbIX By3ax U Ha (t)aKyaneTax. Me)K,qy TeM, CTyaeHTaM CTPOUTENbHbIX BY30B HeobXxoaMMOo NoHMMaTh
OCHOBHbIE MPOLIECChI, Nexallune B 0CHoBe | T-TeXHONorum, n nx TeopeTnyeckne NonoKeHus.

MaTtepwmanbl 1 meToAbl. Vcnonb3oBaHbl cucTeMaTU3aums, MeTof COnocTaBneHunsl, TeoOpeTU4ecKoro 0606LweHns nony4eH-
HbIX B NIUTEPaTypHbIX NCTOYHUKAX OAaHHbIX.

PeSyﬂbTaTbl. OcHoBononararowuMm NoHATUAMMW, HeobXoaMMbIMU ANs o6cy>+<,quV|;| LMPPOBLIX TEXHONOTUN, ABNSIOTCA
BpeMeHHOoe npeacTtaBlieHne CUrHana, CnektparnbHble XapakTepuUCTUKK, NoJsioca NnponyckaHua, 4aCToTHOe U BpeMeHHOe pas-
[erneHve curHana, AMCKpeTMu3aumsa M KBaHToBaHuWe curHana. bes 3HaHus Takux q)yH,ElaMeHTaJ'IbeIX BOMNpPOCOB ycneLwiHoe
n3yvyeHune u a(pdheKTUBHOE NPUMEHEHNE HOBbLIX TEXHOMOMMIN HEBO3MOXHbI. [laHO aganTupoBaHHOE MpeacTaBreHue 3Tux
NMOHATUN N OCHOBHbIX NMPOLECCOB MPU akLeHTe Ha 0cobeHHOCTSAX npegmeTHon obnactu, T.e. CTPOUTENBLHON OTpacnu.
BbiBoAbI. PaccMOTpeHbl AOCTaTOMHO CMOXHbIE BOMPOCHI, KacatoLmnecs Teopun CUrHanoB 1 nx nepegaydu no fiHUSM CBS3N.
[MpeacTaBneHbl TP KNIOYEBLIX MOMEHTA, fieXallme B OCHOBE MHOTMUX COBPEMEHHbIX | T-TEXHOMOrMIN: BpEMEHHOE 1 CreKkTpanb-
HOe npefcTaBeHne cUrHanos, BpEMEHHOE 1 YaCTOTHOE pasferneHne CMrHanos, AMCKpeTU3aLUmsa u KBaHToBaHue curHanos. Ha
6ase nony4yeHHoro Mmarepuana MoXXHO BbICTpanBaTb fanbHevlee o6yquV|e TakUM COBPEMEHHBIM LIMPOBbIM TEXHONOMUSM,
Kak MOBUMbHbIE TEXHOMOMUK, WHTEPHET, UHTEPHET BeLLewn, obrayHble n rpaHVYHbIe BbIYUCTIEHUS], LM POBLIE ABONHUKM U AP.

KNMIOYEBDBIE CITOBA: ctpouTenscTBo, npenogasaHue, |T-TexHonormm, BpeMeHHoe 1 crnekTpanbHoe npeactaBneHve
CUrHanoB, BPEMEHHOE 1 YacTOTHOe pasderieHne cUrHanoBs, AUCKPETU3aLVMs U KBaHTOBaHNE CUTHANoB
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ABSTRACT

Introduction. Development and widespread dissemination of information technologies, including the Internet, mobile com-
munications, cloud computing, Big Data, the Internet of Things, digital twin, etc. are being proactively introduced into versa-
tile production and business processes of the construction industry. Therefore, a graduate of a civil engineering university
must master the fundamentals of the above-listed technologies and know how to use them in his/her practical activities. It's
particularly important for those specialities that deal with information technologies in civil engineering. However, a number
of important areas of knowledge that serve as the basis for mobile communications, the Internet, and wireless technologies,
are only taught at specialized universities and schools. Nevertheless, students of civil engineering universities need to un-
derstand the theoretical provisions and processes of information technologies.

Materials and methods. Systematization, the benchmark method, theoretical generalization of data extracted from literary
sources were applied.

Results. The founding notions, needed to discuss digital technologies, encompass temporary signal notation, spectral char-
acteristics, spectral bandwidth, time and frequency division, multiplexing, discrete sampling and quantization of a signal. It
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is impossible to successfully study and effectively use these advanced technologies without having understood these fun-
damental technologies. The author offers a simplified explanation of these notions and principal processes in terms of their
application in the construction industry.

Conclusions. The author addresses complicated issues of the theory of signals and their transmission over communication
lines. He presents the three key ideas that serve as the basis for multiple advanced information technologies, including time and
spectrum signal notation, time and frequency division, multiplexing, discrete sampling and quantization of a signal. The author’s
ideas can be used to teach mobile technologies, the Internet, the Internet of Things, cloud and edge computing, digital twin, etc.

KEYWORDS: construction, teaching, information technologies, temporary and spectral signal notation, time and frequency
division, multiplexing, discrete sampling and quantization of a signal

FOR CITATION: Konikov A.l. Teaching advanced methods of signal processing and transmission at universities of civil en-
gineering. Stroitel’stvo: nauka i obrazovanie [Construction: Science and Education]. 2021; 11(1):5. URL: http://nso-journal.
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BBEAEHHUWE

B Hacrosiiiee BpeMsi B IPaKTHKY CTPOUTEIILCTBA BHE-
JPSTIOTCSI TEXHOJIOTHH, OCHOBAHHBIC HA MCIIOJIE30BAHUH
HMHTEpHETa, MOOWIILHOM CBsI3H, OECIIPOBOIHBIX KaHAJIOB
JTAaHHBIX, O0JIaYHBIX BbraucieHui [ 1-6]. HegaBHo Kk HUM
nobasrrch Hogelimme [ T-rexaonorum: Big Data [7-12],
uHTepHer Bewei [13, 14], uudpossie nBoiHuku [15],
TpaHUYHBIC BRAUCIEHN [16], MammaHOE 3penue [17]
u 1p. OHU TIO3BOJISIFOT BBIBECTH HA KAYECTBCHHO HOBBIM
YpOBEHb MHOTHE ITPOM3BOJICTBEHHBIE M OM3HEC-TIPOLIeC-
CBI CTPOUTEIBHOM OTpaciu. [109TOMy BEITYCKHHK By3a
CTPOUTENILHOTO POQHUIIS IOJKEH 3HATh OCHOBBI J@HHBIX
TEXHOJIOT Ui, YMETh UCITIONB30BaTh UX Ha MpakTuke. Oco-
OCHHO BaYKHO 3TO YIS CICIHAIBLHOCTEH, CBSI3aHHBIX C WH-
(hOpMALTHOHHBIMH TEXHOJIOTHSIMH B CTPOUTEIIHCTRE.

[IpoGmema cOCTOUT B TOM, UTO Psi/T BAYKHBIX BOIIPO-
COB, JIOXKAIINX B OCHOBE MOOMJIBHOM CBSI3U, NHTEPHETA,
0eCTPOBOTHBIX TEXHOJIOTHIA, PETIOAACTCS TOIBKO B By3aX
7 Ha (aKyIBTETax, KOTOPHIC CIICIHATH3UPYIOTCS Ha U3-
YUCHUH (PU3UKH, PAAUOIICKTPOHHUKH, CBI3U U T.II. MeK-
Iy T€M CTYACHTaM CTPOUTEIBHBIX BY30B HEOOXOIHUMO
B a/IalITUPOBAHHOM BHJIC [IOHUMATh OCHOBHBIC TCPMIHBI
U TeopeTHdeckue monoxeHus. [lockonpky dopmar cra-
TBH HE TIPEIIONIaraeT JeTATFHOS H3I0KECHIE MaTepraa,
B pa0boTe paccMaTpUBAIOTCS KIIFOUEBBIC BOIIPOCHI, KOTO-
pBle, Ha Halll B3IV, HAanOOJee BaYKHBI C TEOPETHIECKOM
U METOANYECKON TOUKHU 3PEHHUSL.

MATEPHUAJIBI U METObI

Vcronp30BaHbl CHCTEMATH3AINs, METO]] COTIOCTaB-
JICHUSI, TEOPETHUYECKOTO 000OIIICHHS MOTYyYCHHBIX B JINTE-
PaTypHBIX UCTOYHHUKAX JAHHBIX.

PE3VYJIBTATBI UCCJIEJOBAHUA

B nauasie paboThl OTMETHM CIEAYIONIIMIA MOMEHT:
TIPU M3yYECHUN HOBBIX IU(POBBIX TEXHOIOTHHA HUCIIONIB3Y-
FOTCSI CICAYIOIINC TTOHSATHS: BPEMCHHOE TIPEICTABICHIE
CHUTHaJIa, CIIEKTPaJIbHBIC XapaKTePUCTHKH, IT0JI0ca Mpo-
ITyCKaHM, YaCTOTHOE M BPEMEHHOE pa3ielicHNe CUTHa-
Ja, TUCKpETU3alus U KBAaHTOBaHUE CUrHaja. be3 3HaHus
STHX OCHOBOIIOJIATAIOMINX BOIIPOCOB YCHEIIHOE H3yUCHUE
7 3(h(heKTUBHOE TTPUMEHCHHE HOBBIX TEXHOJIOTHI HEBO3-
MOXKHO. [103TOMY HUIKE IPUBOAUTCS UX MOCIIE0BATEIb-
HOE PaCCMOTPEHHUE, TIPH STOM aKIIEHTUPYETCS BHUMAHHE
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Ha 0COOEHHOCTSIX ITPEIMETHON 00JIaCTH, T.€. CTPOUTEIIb-
HOM OTpaciu.

BpemenHoe u criekTpajbHOe MpeACTaBIeHHE

CHUTHAJIOB

JlauHblll Bompoc siBisieTcs (yHIAMEHTAIbHBIM
B 00JIaCTH M3YYCHHS CUTHAJOB M TEOpUH cBs3H. Cur-
HaJIbl MO’)KHO pacCMaTpuBaTh B JIBYX 0OJacTsX: BO Bpe-
MEHHOH ¥ B 4acTOTHOW. OIMH U TOT )K€ CUTHATI MOXKET
OBITH IIPEJCTABICH Ha BpeMEeHHOH ocH (Oosee mpHu-
BBIYHOE IPE/CTABICHNE) U B YaCTOTHOM obnacTtu, rie
TIOKa3bIBACTCSI paclpeeeHie CUTHaIA TI0 OCH 4acTOT
(o0Br9HO Oepetcs KpyroBas yactota ). Oba mpencras-
JIeHus (BpEMEHHOE M YaCTOTHOE) CBSI3aHBI, TOCKOJIBKY
(bI/ISI/I‘-IeCKI/I CHUT'HAJI OAUH U TOT XK€. [Tosicaum BHauame
9TO Ha MPOCTOM MpPUMEpe, O3 CIIOKHBIX MareMaTHye-
CKHUX BBIKJII0K.

ITokazaHbl JBa IpUMeEpa: I MEJUICHHO U OBICTPO
n3MeHsomuxcs curaanos (puc. 1). Ha puc. 1, a, b
CHUT'HAJI JaH BO BPEMCHHOM IIPECJCTABIICHNU, HA PHUC. 1,
¢, d — B cniekTpanbHoM. U3 puc. 1 BuaHO, uTO, KOIza
CUTHAJI MEJUJICHHBIH, €r0 CHEKTP OTHOCHTEIBHO Y30K
(1acToTa cpesa w, HeBenKKa). Bo BTopom ciydae cur-
HaJl U3MEHsSEeTCs ObICTpee, eMy COOTBETCTBYeT Ooiee
IIMPOKHHA CIEKTP, T.€. BEJIMYMHA CPE3A (O, 3HAUUTEIb-
HO 6ombure. OTCIOa MOYKHO ClIeNaTh BaXKHBIA BBIBO!
MEJICHHOMY CUTHAJy COOTBETCTBYET Y3KHIl CIIEKTD,
II03TOMY, YTOOBI IIepe/iaTh €ro Mo KaHally CBSI3H, Tpe-
OyeTcs KaHal ¢ HEOOJBIIOW MOTOCOH MPOIYCKAHUS,
T.€. Y3KONOJOCHBIM KaHail. BbICTpO U3MEHsoueMycs
CHTHAIly COOTBETCTBYET IIMPOKUI CIEKTp, U IJIs1 HETO
HEOOXOIUM IIUPOKOTIONIOCHBIN KaHaJ CBA3U.

U S(w)
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a ©
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t ] 0]
b d oo

Puc. 1. BpemMeHHOE U 4aCTOTHOE MPEICTABICHHS CUTHAJIOB
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[TpuBenem Tenepr HEKOTOPbIE MaTeMaTHYECKHE
COOTHOILIICHUS. BBC}IGM IIOHSATHUEC KKOMIIJICKCHAsA CIICK-
TpajbHasl MIIOTHOCTBY WU «CIIEKTPAIbHAS XapaKTepH-
ctuka» S(jo). DTa BeIWYHHA CBS3aHA C BXOJHBIM CHUT-
HajoM U(f) mpsimbiM 1ipeoOpa3zoBanueM Dypbe. 3Has
S(jo), moxxHO ompenenuts U(f) ¢ MOMOIIBI0 0OPAaTHOTO
npeobpazoBanus Dypre:

S(jo) = T u(t) e’ dt,

—

| = (1)
u(t) = o I S(jw) ™ do.

OTcrona GyHIaMeHTaIbHBII BBIBOJ: CIIEKTPalib-
HOE W BPEMEHHOE MpPEACTABICHHS CHUTHAla OJHO-
3HAYHO CBSI3aHBI C MOMOIIBIO MPSIMOTO U 0OPATHOTO
npeobpazoBannus Oypbe. Moaynb CeKTpaIbHOHR Xa-
PaKTepUCTHKH S(®) NPEACTABISACT YEeTHYIO (DyHKIIHIO
4acToThl. /IJIsl MPSIMOYTOJIBHOTO MMITYJIbCa MOJYJIb
CIEKTPAIbHOM XapaKTEPUCTHUKH UMEET BUJ, TOKa3aH-
HEBI Ha puc. 2.
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Puc. 2. Cl'[eKTp OIMHOYHOTI'O IMPSAMOYTOJIBHOTO UMITYJIbCa

W3 puc. 2 4eTKO MpOCMaTPUBAETCS TCHICHIIUS:
YeM KOpode UMITYJIEC (MEHBIIE TPOIODKUTEIBHOCTh
CUTHaJIa T), TEM LIMPE CHEKTP. Ternepb MOHITHBI OTMe-
YeHHBIC paHee (QyHAaMEeHTaIbHbIE 3aKOHOMEPHOCTH:
OBICTpPBIN CUTHAT — IIUPOKUH CIIEKTP — IIHPOKOTIIO-
JIOCHBIWA KaHaJ CBA3W; MEIJICHHBIN CUTHAT — Y3KHUI
CIIEKTP — Y3KOITOJIOCHBIN KaHaJ CBs3U. JlecTBUTEb-
HO, MEJJICHHBII CUTHAJ MOKHO IPEJCTaBUTh B BUJE
Habopa MPOTSHKCHHBIX HUMITYIBCOB (CIEKTP Y3KHH),
a OBICTPBIN CHT'HANl — B BHJIE HA0Opa KOPOTKUX MM-
MyNbCOB (CHEKTP UIUPOKUIA).

JInst cTpouTenbHOM oTpaciu Ooliee XxapaKTepHBI
MEJICHHbIE CUTHaNIBL. Takas cuTyamnust UMeeT MecTo,
HampuMep, B CHCTEMaX KOHTPOJSI COCTOSIHUS 3/1aHUSI.
B stom CclIydya€ CMroajibl OT JaTYUKOB MOTYT I€peaa-
BaThCs 110 Y3KOMOJIOCHBIM KaHajIaM. MOXeT HCIONb30-
BaThCs MIMPOKOTIOJIOCHBIH KaHaJl — OJIMH /ISl MHOTHX
JIATYUKOB C Pa3ieIeHHEM 10 YacTOTE MM BPEMEHH (CM.
nanee). CreyeT OTMETHTh HOBYIO TEXHOJIOTHIO (pa3Ho-
BuaHOCTH TexHoiornu PLC), ocHOBaHHYIO Ha Y3KOIIO-
JIOCHOM CBSI3H Yepe3 JINHUH JIEKTPOIIepeIadn, KOTOpast
SIBIISICTCSI TIEPCIIEKTUBHON JUIsl HIPUMEHEHHUSI B CTPOU-
TEIbHOU OTpaciu (BBICOKAasi CKOPOCTh HE Tpedyercs,
€CTh IOCTYTI K AIIEKTPOCETH).

BpeMeHHOe U YaCTOTHOE pa3eeHUs] CHTHAJIOB

B coBpeMEHHBIX aBTOMaTU3UPOBAHHBIX YCTPOM-
CTBAX YacTO UCIIOJb3YETCs IIPUEM «MYJIBTUILNICKCHPO-
BaHHE», KOTOPHIH 3aKIIFOYAETCS B TOM, UYTO CHTHAIIBI
OT HECKOJIBKUX HCTOYHUKOB MEPEAAIOTCSA MO OJHOMY
KaHaily cBsi3H. B cdepe crpouTenbeTBa Takod npueM
MOXKET IPUMEHSITHCS, HAallpUMep, TPH Iiepeiade 1o of-
HOMY KaHAJTy CHTHAJIOB OOJBIIOTO YUCIIA TATIHKOB.

Jng ocymecTBICHUS MYJIbTHIICKCHPOBAHUS
HE0OXOAMMO TPOU3BECTH pasJelIeHue BXOJHBIX CHI-
HAJIOB, JUISl 3TOTO CYLIECTBYIOT JIBAa MPUHIUIIHAILHO
Pa3THYHBIX crIoco0a pa3[eNieHus] CUTHANA: TT0 YacTOTe
1 TI0 BPEMEHH.

DTH crocoObl HEOOXOMUMBI HE TOJBKO B KOH-
TEKCTEe MPUMEHEHHUS X B CTPOUTEIBHON MHIYCTPHH,
HO ¥ C TOYKH 3PCHHS TOHUMaHHs COBPEMEHHBIX IH(]-
POBBIX TexHOJMOTUH. Tak, B MOOMIBHBIX TEXHOJIOTHIX
HCIIOJIb3YIOTCSl CUCTEMbI, OCHOBaHHbBIE Ha pPa3JielIeHHH
kananoB 1o yactrore (FDMA — Frequency Division
Multiple Access), 1 cHCTEMBI, B KOTOPBIX pa3/ieicHIe
KaHaJoB mpoucxoauT mo Bpemenn (TDMA — Time
Division Multiple Access). dpyroii npumep — mosa-
KIIIOYCHUE K HHTEPHETY Yepe3 aDOHEHTCKYIO Tesle(OH-
HYIO IMHUIO: HHTEPHET-TPa(pUK U TOIOCOBas CBS3b Te-
penaroTcs 4epe3 OJiMH KaHaj B pa3IMYHbIX YaCTOTHBIX
JMana3oHax. JTOT CIIUCOK MOKHO TIPOJIOJIKUTb.

[Ipn MyJIbBTHIUIEKCHPOBAHUU C pas/ielIeHuEM
IO YaCTOTE BXOJHBIM KaHAJIaM OTBOAMTCS OTPEHCICH-
Hasl T0JI0Ca YacTOT, TOCNIe MYJIbTUITICKCUPOBAHHS OHU
00pa3yloT O/IMH INPOKOIIOJOCHBIN KaHai. [IpuHInn
YacTOTHOTO Pa3/IesICHHs KaHAJIOB MOSCHSICTCS CXeMOU
Ha puc. 3.

1 xanan
(Y3KOTOMOCHEIIT) mmﬂm]l

2 xaHan
(Y3KOMONOCHETT)

> Yacrotaf

¥  Uacroraf

3 xaHan
(y3KOmONOCHEI)

» UYacroraf

1 KaHain
(Y3KOTIONOCHSIIT)

» Hacrotaf

O6mi Kasax
(IIHPOKONONOCHELT)

» Hactoraf

Puc. 3. YacTtoTHOE pa3neneHne KaHajJoB

B ciiyuae BpeMeHHOro pa3/iesieHus: OTHOMY KaHaTy
BBIJICJISICTCS OTPE30K (CJIOT) 0OIIEro BpeMEeHH! neperia-
YH, HO Ha 9TOT OTPE30K MPEIOCTABISAETCS BCS IIMPHHA
TI0JIOCHI IPOITyCKaHMs OOILEro KaHaa, T.€. 3a BblICIICH-
HOE BPEMsl MOJKHO TepeJarb ObICTPBIil CUTrHa, 00JIb-
o o0bemM nHpopmanuu u T.1. [IpuHINT BpeMeHHOTO
pasesieHns KaHaAJIOB MIPEACTaBIeH Ha puc. 4.
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1 xanHan

2 KaHa1

3 KaHaAI
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n KaHajl

O6mmii kaHaX

Puc. 4. BpeMeHHoe pas3aciiCHUE KaHajloB

B cTpoutenbHOil oTpaciu BpeMEHHOE W 4acTOT-
HOE pa3JIeNICHUs] CHTHAJIOB MOTYT OBITh HCIIOJIb30BaHbI
B cucrtemax coopa u 00pabdoTKK HHPOPMALIUH O COCTOSI-
HUHM 371aHUsI, B CTPYKTYpPHPOBAHHBIX KaOEIBHBIX CHCTE-
Max, P TOJIKIIOYEHNH o(huca CTPOUTEIBHON KoMMa-
HUM K MHTEpHETY 110 TexHomorun ADSL (Asymmetric
Digital Subscriber Line).

Juckpern3anusi 1 KBAHTOBaHHE CHTHAJIOB

[Ipu aBTOMaTH3anUu TEXHUYECKHX MPOLECCOB
LIMPOKO TPUMEHSIOTCS TpeoOpa3oBaresin GOpMbl UH-
¢dopmanuu (I1ON) HenpeprpiBHOI (aHAIOrOBOW) Be-
JIMYMHBI B IMCKPETHYIO — aHaJoro-uudposele mpe-
obpazosarenu (ALIT) u oOparHble peoOpazoBarenu
— mudpo-ananorossie (LIAIT). [IOU mmpoko ucnosns-
3yIOTCS B CTPOUTENBHOM OTPACIIH: B PELICHUSIX «yMHBIN
JIOM», B CHCTEMax aBTOMaTU3MPOBAHHOTO KOHTPOJIS CO-
CTOSTHMH 3/1aHHMS1, IPH aBTOMATH3aL[M1 TEXHOJIOTHYECKUX
npotieccoB u zip. 3Hauenue [IOU cyiecTBeHHO MOBbBI-
CUJIOCHh B CBSI3M C BHeJpeHueM HoBol IT-rexHomoruu
— Big Data, kotopas 1o3BoJisieT oneparuBHo odpada-
TBIBaTh OOJIBIINE OOBEMBI PA3HOTUITHOW MH(pOPMAIINK.
B kauectBe ncrounukoB nHpopmanuu aius Big Data
MOT'YT CIIy>KHTh OKa3aHHsl MHOTOYMCIIEHHBIX JaTYHKOB,
YCTAHOBJICHHBIX Ha OOBEKTE CTPOHUTENLCTBA. 3a4acTyIO
CHT'HAJIBI JIATYMKOB IPEJICTABIICHBI B aHAJIOTOBOH (hopme,
st orrpoBku HeoOxoauMel [IDU.

[1dU (ALIT) xapakTepusyroTcst AByMsi OCHOBHBI-
MU IIapaMeTpamu: ObICTposeicTBIEM (M3MepsieTcs Ya-
CTOTO! AMCKPETH3aLMK — f ) 1 TOYHOCTBIO (M3MEpSICTCs
KOJIMUECTBOM JIOCTOBEPHBIX Pa3psiioB HA BBHIXOJE — 7).

[pouecc nmpeodpa3zoBaHusl HENIPEPHIBHOW BEIHMYH-
HBI B IU(POBOIT KO COCTOUT U3 JIBYX ITPOLIECCOB: JIUC-
KpETU3alMu 110 BPEMEHN ¥ KBAHTOBAHHS 10 YPOBHIO.

PaccmorpuMm nponece auckperuzanuu. B atom
Ipoliecce HelpepbIBHAs 10 BPEMEHU BeJIMUMHA (darie
BCEro 310 — Hamnpspkenue U(f)) 3aMeHseTCS PSAIOM JIUC-
KPETHBIX OTCYETOB, IIPUYEM AMIUIMTYAA OTCYETOB —
BEJIMYMHA HEINpephIBHAS, MOXKET NMPUHUMATh JTr000e
3Ha4Y€eHMe B 3aJ]aHHOM MHTepBaie (zomyctum, 0...U ).

YacroTa auckperusaiuu (4acToTa OTCYCTOB) 3aBH-
CHUT OT CKOPOCTH M3MEHEHUs BxogHoro curnana AT
VHTyUTUBHO TIOHSTHO, 4TO, 4eM OBICTpEE CUTHAI, TEM
BBILLC J0JDKHA OBITH 4aCTOTA AMCKPETU3aLMH f, YTOObI
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OTCJIC)KHUBATh 6blCprIe HN3MCHCHU BXOAHOT'O HAIIPsKE-
HMUsL. HepequcneHHme IMPONLCCChI NOACHAKOTCA Auarpam-
MaMH Ha puc. 5.

u S()
A 1, /
a
A S
90)
) N
b

Puc. 5. lnckpernzanust memieHHoro (a) u 6sictporo (b) cur-
HaJIOB

W3 puc. 5, a BUIHO, 9TO, KOTJ]a CUTHAJ MEJJICH-
HBIH, €ro CHEeKTP — Y3KHi, IPH 3TOM 4acToTa cpe3sa,
OTpaHWYHBarOIIas TOJIOCY CHEKTPA f;, UMEET HEOOTb-
moe 3HadeHue. Torxa BeMMunHy 1ara JUCKpeTH3aun
A MOXHO B3SITh IOCTaTOYHO OOJIBIION, U 110 THM JIUC-
KpeTaM BOCCTAHOBHUTBH MCXOAHBIN curHail. Bo BropoM
cinydae (puc. 5, b) curHan u3MeHseTcs ObICTpee, eMy
COOTBETCTBYET IIMPOKHN CIIEKTP, IIar JUCKPETU3ALNN
CJIEZyeT B35Th 3HAUUTEILHO MEHbIIIE, HHAYE MBI IIPO-
ITyCTUM OBbICTpbIe U3MEHEHHsI CUTHAJIA, ¥ Hellb3s OyaeT
BOCCTaHOBHUTH MCXOJAHBIM CUTHaN. TakuMm oOpaszom,
yeM ObICTpee CUTHAJl M, COOTBETCTBEHHO, BBIIIE YACTO-
Ta Cpesa f, TEM MEHBIIE CIEAYET OpaTh mIar KBaHTO-
BaHUsI [10 BPEMEHH A 1 BBIIIE YaCTOTY JUCKPETH3AINN
/- MaremaTHuecKku 3Ty 3aBUCUMOCTh BBIBEJ AKaJEMHUK
B.A. KoTe1pbHHKOB B CBOCH H3BeCTHOU (hopMye

=2, 2)
rie f, — 4acrora AUCKpeTn3auuu (06paTHo IponopLu-
OHaJIbHA MIAry KBAHTOBAHUS 11O BPEMEHH A).

Dopmyny (1) ciemyer yuuThIBaTh pU MPOEKTUPO-
BAaHWU aBTOMATH3UPOBAHHBIX CUCTEM B CTPOUTEIIBCTBE:
3aBBILICHUE 3HAYCHUS f, OTHOCHTENIBHO PacyeTHOTro
3HaUEHUsI TIPUBEET K MH(POPMALMOHHON N30BITOYHO-
CTH (HarpuMep, He UMEET CMbICIIA AUCKPETU3NPOBATh
MEJJICHHBIE CUTHAJIBl JATYNKOB COCTOSHUS 3[aHUs
C BBICOKOH yacToToit). Pe3ynabrarom 3aHmkeHus 3Hade-
HUS f, MOTYT CTaTh 3HAYMMbIE IOTEPU HHPOPMALIIH.

[Ipn KBaHTOBAHHMM IO YPOBHIO HENPEpPHIBHOE
3HAYEHUE aMIUTUTY/Ibl 3aMEHSETCS] IBONIHBIM KO/IOM.
JonycTiM, aMIUIUTy/Ja CUTHAJIa U3MEHSETCS B IIpeJie-
nax 0...U_ , a U — KOHKpETHO€E 3HAUYE€HUE aMILIUTY-

max’
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u nepepayn CUrHaAoB B CTPOUTEAbHbIX YHUBEPCUTETAX

JIbl, KOJIMYECTBO JIBOMYHBIX Pa3psiI0OB paBHO 7 (pHC.
6). Torga ammintyna U conmocTaBisieTcs ¢ JTMHEHKON
STaJIOHHBIX YPOBHEH, YHCIIO KOTOPHIX paBHO 2" (HO-
Mmepa ot 0 0 2" — 1). Paccrosinue Mexay ypOBHIMHU
WM BeJIMYUHA kBaHTa — g = U_ /2". AMnnutyne U
MPUCBANBACTCS ABOMYHBIN KOJI, COOTBETCTBYIOIINUN
OmkaiileMy MeHbIEMY ATaJOHHOMY ypoBHIO. Ha-
[IPUMED, €CIIM aMILIUTY/1a HAXOJUTCS MEXK/1y HYJIEBbIM
U TIEPBBIM YPOBHEM, TO npucBaupaercs kox 0 ... 00,
€CJIM aMIUIUTYJa HaXOAUTCS MEXIy TPEThUM M YeT-
BEPTHIM YpoBHeM, mpucBauBaercs ko 0 ... 011 u ..

2n—1
m——
U

max

min

Puc. 6. KBanroBanue 1o ypoBHIO

Takum 06pa30M, MbI 3aMCHSAEM HCIIPEPBIBHOC 3HA-
YCHHUC aMIUNIUTY/AbI I_[I/Iq)pOBLIM JABOWYHBIM KOJAOM, IIpU
O9TOM BO3HHKACT OH.II/I6Ka, MAaKCHUMaAJIbHOC 3HAYCHUE KO-

Topoii paBHo g. [Tockonbky g = U__ /2", T0, uem GoIb-
111€ KOJMYECTBO Pa3psaA0B N, TEM MEHBIIIE PACCTOSHHE
MEKAY YPOBHSAMU U BbIIIC TOYHOCTD.

OnHako MpH YBEITUUCHUH YHCIIa Pa3psiioB 7 Clie-

JIyeT cOOJII0IaTh YCIOBHE

q>A,, (€))

e A — BEIMYMHA HHCTPYMEHTAILHOMU MOTPEIIHOCTH,
B YACTHOCTH IIIYMOB Ha BXOJIE.

Ha npakTrke aBTOMaTU3MPOBAHHBIE CTPOUTENBHBIE
CHCTEMBI YaCTO PabOTAIOT B YCIOBHUSIX ITPOMBIIUICHHOTO
1Iyma, Io3TOMY CJIeIyeT BhIOMPATh KOJIMYECTBO paspsi-
noB AIIIT n Tak, yToOBI cOOMIONANTOCH yeiaoBue (3), uHa-
ye muaime paspsiasl AL OyayT HemocTOBEpHHBI.

3AKJIIOYEHHUE U OBCYXIAEHUE

B pabote B amanTupoBaHHOM Uil CTYICHTOB
CTPOUTENBHBIX BY30B BUJIE IAHBI JOCTATOYHO CJIOKHBIE
BOIIPOCHI, KacarolIuecs TEOPUHU CUTHAIOB U UX Mepe-
Jlaud 10 JTUHUSIM CBsI3U. PaccMOTpeHbl TpU KITIOUEBBIX
MOMEHTA, JieXkallle B OCHOBE MHOTHX COBPEMEHHBIX
IT-TexHoNOrMiA: BpeMEHHOE U CIIEKTPALHOE MPEICTaB-
JIGHUSI CUTHAJIOB, BpDEMEHHOE M YaCTOTHOE pa3ieieHUs
CUTHAJIOB, IUCKPETH3allUsl U KBAHTOBAaHUE CUTHAJIOB.
Ha 0a3e noy4eHHOro MaTepraia MOKHO BBICTPAaUBaTh
JnanpHelee o0y4YeHUEe TaKUM COBPEMCHHBIM IHU(D-
POBBIM TEXHOJOTHSM, KaK MOOWIBHBIC TEXHOJIOTHH,
WHTEPHET, HTCPHET BeIlleH, 00JauHbIC U TPAHUYHBIC
BBIYHCIICHUS, TU(GPOBBIC IBOWHUKH U Jp. HecomHueH-
HO, 4TO crucok IT-rexHonorwmii, rme BocTpeboBaH M3-
JIOXKCHHBIN B paboTe MaTepua, OyleT MOCTOSHHO JO-
MONHATLCS K OOHOBIIATHCS.
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INTRODUCTION

Presently, the Internet, mobile communications,
wireless data channels, and cloud computing technologies
are being introduced into practical construction activities
[1-6]. They have been integrated with the most advanced
information technologies, such as Big Data [7—12], the In-
ternet of Things [13, 14], digital twin [15], edge computing
[16], computer vision [17], etc. They bring numerous pro-
duction/business processes underway in the construction
industry to a qualitatively new level. Therefore, a graduate
of a civil engineering university must master the funda-
mentals of these technologies and know how to use them
in his/her practical activities. These skills are particularly
important for the specialities dealing with information
technologies in civil engineering.

The problem is that a number of important issues
that serve as the basis for mobile communications, the In-
ternet, wireless technologies, are solely taught at the uni-
versities and schools that focus on teaching physics, elec-
tronics, communications, etc. Meanwhile, students of civil
engineering universities need to understand the principal
terms and theoretical provisions of these technologies in
the customized form. Since the article format does not
contemplate any detailed reproduction of the theoretical
material, the author will only consider the key issues that,
to his mind, are most important in terms of theory and
methodology.

68

MATERIALS AND METHODS

Systematization, the benchmark method and
the method of generalization of data extracted from
literary sources were employed.

Research findings

To begin with, we’d like to focus on the notions
used to study advanced digital technologies. They are
time signal notation, spectral characteristics, band-
width, time and frequency division, multiplexing,
discrete sampling and quantization of a signal. Nei-
ther the successful study, nor the efficient application
of advanced technologies is possible without master-
ing these basic notions. Therefore, we will consider
them one by one further in this article, placing the fo-
cus on the features of the construction industry.

Time and spectrum signal notation

This issue is fundamental for the study of sig-
nals and the theory of communications. Signals can
be considered in two domains, the first one is the time
domain, and the second one is the frequency do-
main. One and the same signal can be displayed with
the help of the time axis (which is a more customary
method) and demonstrated in the domain of frequen-
cies, if the signal is displayed along the frequency
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axis (as a rule, cyclical frequencies are employed for
this purpose).

The following two examples of quickly and slowly
changing signals are demonstrated in Fig. 1: @, b dem-
onstrate signal representation in time, while ¢, d stand
for its frequency representation. Fig. 1 shows that when
a signal is slow, its spectrum is relatively narrow (cut-
off frequency w, is small). In the second case, the signal
changes faster, and its spectrum is wider, that means that
the value of cut-off frequency w, is substantially bigger.
Hence, we can make an important conclusion: a slow sig-
nal corresponds to a narrow spectrum; therefore, to have
it transmitted over a communication channel, we need
a channel having a small bandwidth, or a narrow band
channel. A quickly changing signal has a wide spectrum,
therefore, it needs a broadband communication channel.

U S(w)
Fay [
T (Do m;
a C
1 ®

> >

b d @0

Fig. 1. Signals represented in time and frequency domains

Let’s focus on the mathematic constituent of this
issue and introduce the notion of “complex spectral
density” or “spectral characteristic” S(jo). Forward
Fourier transformation connects this value with input
signal U(r). If we know S(jm), we can calculate U(¢)
with the help of inverse Fourier transformation:

©

S(jo) = ju(z) e dt,
1%50 | (1)
u(n)=—— LS( jo) ™ do.

Hence, we can make the following fundamental
conclusion: signal representation in frequency and time
domains are related by means of direct and inverse
Fourier transformations. Modulus of band characteris-
tic S(w) represents an even function of the frequency.
The modulus of the band characteristic of a square

wave is shown in Fig. 2.
S(w)

00

2n 4n 6n 8n
0t t 0 2 iz 6n o

Fig. 2. The band of a single square wave

Fig. 2 demonstrates the following trend:
the shorter the wave (the smaller the duration
of signal 1), the wider the band. Now we can master
the fundamental regularities that we identified earli-
er: a fast signal means a broad band and a broadband
communication channel, while a slow signal means
a narrow band and a narrow band communication
channel. Indeed, a slow signal can be represented
as a set of long pulses (a narrow band), while a fast
signal can be represented as a set of short pulses
(a broad band).

Slow signals are more typical for the construc-
tion industry, namely, building control systems.
In this case, signals, produced by sensors, can be
transmitted over narrowband channels. A broadband
channel can also be employed, it will serve several
sensors and signals will be broken down by frequen-
cies or time (the explanation will follow). Here we
would like to mention a new technology (an op-
tion of the PLC technique), developed with the help
of narrowband communication over electricity trans-
mission lines which has a strong potential in the con-
struction industry (no high speed is needed, access to
the power grid is available).

Time and frequency division of signals

Advanced automated devices often use the mul-
tiplexing technique which means that signals, emit-
ted by several sources, are transmitted over one com-
munication channel. In the construction industry this
technique can be used, for example, to transmit sig-
nals, emitted by several sensors, through one chan-
nel.

Multiplexing needs input signals to be divided,
and two absolutely different signal division technolo-
gies can be applied for this purpose, they are frequen-
cy division and time division technologies.

These technologies are important not only in
the context of their application in the construction
industry, but they are also vital for the understand-
ing of advanced digital technologies. Indeed, mo-
bile technologies employ the systems built around
the frequency division of channels (FDMA — Fre-
quency Division Multiple Access), and the sys-
tems that encompass the time division of channels
(TDMA — Time Division Multiple Access). Anoth-
er example consists in an Internet connection using
a telephone line: both Internet traffic and the voice
are transmitted through one channel in different fre-
quency bands. And the list of similar examples can
be very long.

If multiplexing, coupled with frequency divi-
sion, is employed, input channels obtain a dedicated
band of frequencies, they consolidate into one single
broadband channel with the help of multiplexing.
The principle of frequency division of channels is
explained in Fig. 3.
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Channel 1
(a narrow band
channel)

Ll _

»  Frequency f
Channel 2
(a narrow band
channel)
¥ Frequency /'
Channel 3
(anarrow band
channel)
»  Frequency f
Channel n
(a narrow band
channel)
¥ Frequency f
Common channel
(narrow band)
»  Frequency

Fig. 3. Frequency division of channels

In the case of the time division, one channel ob-
tains a section (a slot) in the overall transmission time;
however, this slot accumulates the whole bandwidth
of the shared channel, which means that a fast signal
and a large amount of information can be transmit-
ted within an allocated time slot, etc. The principle
of the time division of channels is shown in Fig. 4.

Channel 1

Channel 2 \\

Channel 3

Channel 4

Common
channel

Fig. 4. Time division of channels

In the construction industry, time and frequency
division of signals can be employed by the systems
responsible for the collection and processing of infor-
mation about the condition of a building or a structure,
by structured cabling networks, if the office of a con-
struction company has an ADSL (Asymmetric Digital
Subscriber Line) Internet connection.

Signal sampling and digitization

The automation of technical processes needs con-
verters of analog variables into discrete ones (or ana-
log-digital converters) and inverse converters (or digi-
tal — analog converters). Such converters are widely
spread in the construction industry, including “smart
house” solutions, systems of control over the condition
of buildings and structures, automated processes, etc.
These converters have gained importance as a result
of the emerge of the Big Data technology that makes
it possible to process big amounts of heterogeneous
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information. Readings of multiple sensors, installed at
construction facilities, can serve as the source infor-
mation usable by the Big Data technology. More often
than not, signals produced by sensors represent analog
variables that need to be converted.

Converters have the following two principal pa-
rameters: speed of operation (which is measured by
sampling frequency f)) and accuracy (which is mea-
sured by n, or the number of reliable output digits).

The process of converting an analog variable into
the digital code may be split into two sub-processes:
time digitization and level sampling.

Let’s address the process of digitization. A vari-
able, which is continuous in time (in the most cases
it is voltage U(¢)), is substituted for a raw of sampled
calculations, whose amplitude is a continuous variable
which can have any value (for example, 0...U_ ).

Sampling frequency (the frequency of calcula-
tions) depends on the speed of changes in the convert-
er’s input signal. It is intuitively clear that the faster
the signal, the higher the sampling frequency f,, be-
cause fast changes in the input voltage need to be
traced.

U(r) St
A / f
a
A S()
u
a ! N/
b

Fig. 5. The sampling of slow (a) and fast (b) signals

Fig. 5, a shows that if the signal is slow, its band
is narrow, and the cutoff frequency that limits spec-
trum band f;, is maximal. Therefore, the value of sam-
pling interval A can be quite large, in order to have
the input signal restored using these intervals. In
the second case (Fig. 5, b) the signal changes faster,
it corresponds to a broad band, therefore, the sam-
pling interval shall be smaller, otherwise we will miss
fast signal changes and the input signal will be im-
possible to restore. Hence, the faster the signal and
the higher the cutoff frequency £, the smaller the sam-
pling interval A and the higher the sampling frequency
f- The mathematical description of this dependency
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was formulated by Academician V.A. Kotelnikov in is
well-known formula

£22, )
where f, is sampling frequency (which is inversely propor-
tional to sampling interval A).

Formula (1) should be employed in the design
of computer-aided systems in civil engineering: setting
excessively high values of f, can cause information redun-
dancy (for example, the sampling of slow signals produced
by high-frequency building condition sensors makes no
sense). Substantial losses of information are the conse-
quence of setting excessively low values of f.

In the process of digitization, continuous amplitude
is represented as the binary code. Let’s assume that sig-
nal amplitude changes within 0...U__ limits, where U is
the specific value of an amplitude, and the number of bi-
nary digits is equal to n (Fig. 6). In this case, amplitude
U is compared with the line of benchmark levels, whose
number is equal to 2" (from 0 to 2" — 1). The level-to-
level distance or the digit value is equal to ¢ = U__ /2"
Amplitude U obtains the binary code that corresponds to
the closest and smallest benchmark value. For example,
if the amplitude is between the zero and the first level, it
obtains the code that reads as 0 ... 00, if the amplitude is
between the third and fourth level, it obtains the code that
readsas 0 ... 011, etc.

Hence, we substitute the continuous value
of the amplitude for a digital binary code, and a mistake,
whose value is equal to ¢, is generated as a result of this
process. Since ¢ = U__ /2", then the bigger the n number,
the smaller the distance between the levels and the higher
the accuracy.

However if the n number goes up, the following
condition must be complied with

qg>A, 3)

where A is the value of the instrument error, including
the input noise value.

In practical terms, computer-aided civil engi-
neering systems frequently operate in the conditions
of industrial noise; therefore, the n number should
ensure the compliance with condition (3), otherwise,
smaller digits generated by the converter, will be un-
reliable.

——
Umax
e _ 5 u.J-.
4 /,\<
Umin il \'/
3
2 7y
q
1
0

Fig. 6. Sampling

CONCLUSION AND DISCUSSION

The articles addresses complex issues of the the-
ory of signals and their transmission over communi-
cation lines. In this work, they are simplified for stu-
dents of civil engineering universities. The author also
addresses the key points employed by numerous ad-
vanced information technologies: they include time and
spectral representation of signals, time and frequency
division of signals, signal sampling and digitization.
This work can serve as the basis for teaching advanced
digital technologies, including mobile communications,
the Internet, the Internet of Things, cloud and edge
computing, digital twin, etc. No doubt that the list of in-
formation technologies, built around the material pro-
vided in this article, will be supplemented and updated.
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