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CUCTEMA BUMIPIOBAHHA BIAAAT MK TOYKAMU HA OCI NIASEMHOIO
TPYBOMNPOBOAY
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3anpononosano memoouxy nioguwenHs MOUHICMb NOOYO08U HPOCMOPOBOI MOOeli  NiO3eMHO20
mpyoonposooy 3 Ypaxy8aHHaM nuOuHu 1020 sanseanus. ORUCAHO Cnocib UMIPIOBAHHS GePMUKATLHO20
3miwenns npu 360pi Oanux Oasi nOOYOo8u Npocmopogoi modeni mpyoonposody. Hasedeno ocnosHi
MAMeMamuyni 3anedHCHOCHI, SAKi Oaiomb MOJNCIUGICTNL Peanizyeamu 3anponoHO8AHUL CNOCIO GUMIDIOGAHHS
6epMUKATIBHO20 3MILYEeHHA.

Knutouogi cnoga: niozemmuuti mpybonpogio, npocmopoge HONONCEeHHS, 8iCb, MoOelb, 0nopd, 8i00,
JAA3epHUll NPOMIHb, C8IMN08A NIAMA, IHMEHCUBHICTb OCGIMNCHHS.

Ilpeonoosicero mMemooOuxy nosviuleHuss MoYHOCIU NOCMPOCHUS NPOCHPAHCMBEHHOU MOOeU NO03eMHO20
mpyoonposooa ¢ yuémom 2nyounvl e2o 3anecanus. Onucan cnocob uMepeHus 20PU3OHMAIbHO2O
cmewenust npu coope OaHHbIX OJisl NOCHPOEHUs NPOCMPANCMBEHHOL Modeau mpybonposooa. Ilpusedenvl
OCHOBHbIE MAMeMAmMuyecKue 3a8UCUMOCHU, KOMOPbLe OaI0mM 803MONACHOCHIb PEAIU308aMb NPEON0NCeHHbLIL
CHOCOO UBMepPeHUs BEPMUKAILHO20 CMEUJeHUSL.

Kniouesvie cnosa: nooszemuuiit mpyoonpogoo, NpoCmMpanHcmeenHoe HON0JCeHUe, 0cb, MOoOelb, O0nopa,
paccmosiHue, 1a3epuslil Iy, c8emosoe NAMHo, UHMEHCUBHOCHTb OCBeUYCHUSL.

1t is offered a technique increasing accuracy of construction of 3D model of the underground pipeline
according of its depth. The way of measurement of horizontal displacement is offered at data gathering for
construction of spatial model of the pipeline. The basic mathematical dependences which enable are
resulted to realize the offered way of measurement of vertical displacement.

Keywords: underground pipeline, spatial position, ax, model, support, distance, laser ray, light-spot,
intensity of illumination.

BaxxnuBoro mpuuYMHOIO BiAMOB Ta aBapid B
CHUCTEMi MaricTpajlbHUX Ta30MpoOBOIB € 3MiHa
MPOCTOPOBOTO TMOJIOKEHHS TpyOonpoBoiB
BiIHOCHO mnpoekTHoro. Came 1  BiIXHJICHHS
CTBOPIOIOTH  HamnpykeHo-n1ehOpMOBaHUIi  cTaH
TpyOompoBogy i € TIPUYMHOIO  3POCTaHHS
MeXaHiYHUX HanpyxeHb. PiBeHb HanpykeHb CTIHOK
MaricTpaibHOro TpyOOmpoBOLy BM3Hadae Horo
TexHiYHMN cTaH 1 3anuinkoBuit pecypc. s
roniepe/DKeHHS] BUHWKHEHHS aBapiliHOl cHTyarlii
HEOOXIIHO MOCTIMHO KOHTPOJIIOBATH TMOJIOXKEHHS
oci TpybompoBoAy i TPOBOAUTH Iieli KOHTPOJIH
HalOiNblIl OMepaTMBHUMH MeToJaMH. BusButu
nepeMillleHHss MOXKHa Ha OCHOBi  pe3yJibTaTiB
MOCTIHHOTO ~ MOHITOPUHTY  TIOJIOKEHHS  OCi
TpyOonpoBony.  BuzHauutH  monoxeHHs — oci
MiJ3eMHOTO TPYOOIMPOBOAY OBOJ CKJIATHO, TOMY
JIOLIJIbHO IIYKATH TOJIOKEHHSI OKPEMHMX TOUOK Ha
Woro oci i OymyBaTM TIPOCTOPOBY MOJeNb
TpyOONpOBOAY PO3PAXyHKOBUM LILISIXOM.

Meronuky mnoOYJOBM MPOCTOPOBOT  MOJeNi
TpyOOIIPOBOAY 3a BUMipaMH Ha TOBEpPXHI TPYHTY
HaBeJieHO B [1]. OnHak TpyOonpoBin 3aHypeHuil B

TPYHT 1 HEOOXigHO BpaxOBYBaTU TJIMOWHY MHOTO
3aJIsiraHHs JJ1s OTPUMAHHS TOUHILIUX PEe3YJIbTaTiB.

CucteMa, 10  BUKOPHCTOBYEThCA IS
BUMIpIOBaHb TMpPH MOOYJOBI MPOCTOPOBOT MOJIEIi
TPYOONPOBOLY, CKIIAJAEThCS 13 IEKIILKOX OMop, Ha
BEpIIUHI  SIKWX  BCTAHOBIEHO TMPHUCTPOi s
BUMIpIOBAaHHs Bigaaai Mixk onopamu (puc.l).
Bucoru onop oguHakoBi i piBHi 4, Bimgams, sky
BUMIPSJIM Ha TMOBEPXHI TPYHTY Haj Tpybonpo-
BoaoM, Oyae [. 3amauero BUMIpPIOBAHHSA €
BM3HAUEHHS Bigaji MK TOYKAMH, §Ki JIEKAThH

6e3nocepenHbo Ha TpyOi [ . Jljig 1boro HEOOXiIHO
BpaxyBaTH TJIMOWHY 3ajiiTaHHA TpPyOOINpoBOIY B
MiCLISIX BUMIpIOBaHHS /; Ta /.

PosrnsHeMo yTBOpenuii yotupukyTHuk ABCD
(puc.2), oJHi€r0 3i CTOPIH IKOTO € NIyKaHa BiJ1ab.

BuzHauuTi rubuHy 3ansraHHS TPyOOTpOBOITY
h; Tta h, MOXXHaA 3a JOMOMOTOI TpacoIlyKaua,
BHUcOoTa omopu € Bigomoro. Ockinbkk Onopu
BCTAHOBITIOIOTHCS ~ BEPTUKAIBHO, TO  CTOPOHH
yotupukyTHuka AD i BC € napaje/ibHUMU.
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Pucynok 1 — Cxema npoBeeHHsl BAMipIOBAHHSHA
Bigaaseii Mick omopamMn
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Pucynok 2 — YoTHPHKYTHHK 111 NOSAICHEHHS
cnocody BHMipIOBaHHHA

Jns BU3HAUeHHsSI CTOPOHU YOTHUPUKYTHUKA DC
3a  BiIOMUMH TpbOMa CTOPOHAMH HEOOXIAHO
BUMIpATH KyT o. Malouu 3Ha4YeHHs KyTa O Ta
Bignani AB, AD i BC, MOXHa BU3HAYUTH CTOPOHY
DC npu BUKOHaHHI TaKUX YMOB:

EB = AB-sin(a),
FC = AB-cos(a),
FD = AD —(BC + BE),
B = arctan(FD/FC),
DC = FC/cos(B) . (1)

TakuM 4YMHOM B TIOJBOBMX YMOBax OKpiM
BUMIpIOBAHHS Biffaii MiX BeplIIMHAMH OMOP
HEeoOXiZIHO BUMIpPIOBATH i€ i KyT ab0 BUMiprOBaTH
BiJipa3y BiJjajb MO BepTUKaNi Mix ornopamu AE, a
TaKOXX PI3HULIIO BUCOT £B MidK BepLUIMHAMH TepIIO|
i npyroi onopwu (puc. 2).

Taki  BHMiprOBaHHS  MOXXHa  TPOBOJUTH
HiBeJipaMu uuM  Taxeomerpamu. OpHak I
30UTBIIIEHHST TIPOYKTHBHOCTI BUMIpPIOBAHHS BapTo
CKOPUCTATHCS BHUMIPIOBAIBHOIO CHUCTEMOIO, 110
CKIIay SKOi BXOJUTHh TIIMOWHOMIp Ta BHUMiprOBad
BCiX HeOOXiTHMX Bimmanieli Ta KyTiB. BumiptoBaHHs
BiaJaji Ta Majoro Kyra Ha MiCLEBOCTI MOXHA
MPOBECTH 3a JIOMOMOTOI0 ONTHYHOI CHUCTEMH, SKa
CKJIAJIa€ThCs 13 CcrenialibHOT CHCTEMH PO3rOPTKU
Ja3epHOTO TPOMEHS Ta ACKUTBKOX ONTHYHHX
naBauiB. CucremMa pO3rOPTKH KOJIMBAE MPOMiHb
7a3epa  BIIHOCHO  CEPEHBOTO  TOJIOKEHHS.

KonuBaHHS TIpOMeHs CTBOPIOIOTH Ha oOMopi i3
ONTUYHUMHM JlaBAYaMHu CBITJIOBY TUISMY i3 3MiHHOIO
iHTeHcHBHIiCTIO (puc. 3).
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Pucynok 3 — Cnioci6 ¢popmyBanns cBiT10BOT
IUISMH HA BUMiploBajbHiil onopi

IMonoxxenns  wiei massMa 1 ii po3Mip
BU3HAYATUMYTh BilJ1ajib Mi3K CUCTEMOIO PO3rOPTKH
i OMOpoIO, a TaKOXK BepTHKAJIbHE 3MillleHHS OTIOpH
BiJTHOCHO CHCTEMH PO3rOPTKH.

SIkIo mpencTaBUTH IHTEHCHUBHICTH CBITJIOBOI
TJISMH, 110 yTBOPWJIACS  TMPH  TIepeMillleHHi
Jla3epHOTO TIpOMeHsI rpadivyHo, TO, B 3aJIeXKHOCTI
BiJl OyIOBH CUCTEMH PO3TOPTKH, OTPUMAEMO SIKiCHY

3aJIEKHICTh  IHTEHCUBHOCTI  OCBIiTJIEHHs [ Bifg
MOJIOXKEHHS X, sIKa MoKa3aHa Ha puc. 4.
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Pucynok 4 — 3mina iHnTeHCHBHOCTI OCBIT/IEHHSI
3MiHHA 10 BHCOTIi ONOpH

3Harouu 3aJIe)KHICTD, 3a BEJTUYHUHOIO
OCBITJIEHOCTI MOXXHA  BW3HAUUTH  TIOJIOKEHHS
MakcuMyMmy (pHC.5), a 3a HMM 1 BepTUKaJbHe
3MillleHHs oropH AA.
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Pucynok 5 — BusHaueHHs] BePTHKAJIBHOIO
3MillleHHS] OOPH 32 A0TIOMOT 010 J1a3ePHOT0
NMPOMeEHH



BusnauuBimim  3HadeHHs Ak i riubuHy
3ajsraHHs Tpyowu, MOJKHA BHU3HAYUTH
TOPU30HTABHE 3MIIeHHS JPYroi OMmopH BiIXHOCHO
nepioi (3Hauenns EC, puc. 2).

3py4HO BUTOTOBHUTH CHCTEMY PO3TOPTKH Tak,
100 MPOMiHb MEPEMIILIABCS HAa BUMAAKOBUM KYT.
SIKmo  3akOH  3MiHM  KyTa  BIJNOBiJaTUME
HOPMATBbHOMY, TO IHTEHCHUBHICTH CBIiTJIOBOI IIIMH
Oyzne TakoX BiJNOBIiJaTH HOPMAJILHOMY 3aKOHY
po3noxiny (puc. 6).
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Pucynoxk 6 — Po3noain iHTeHCHBHOCTI
OCBIT/IeHHSI IIPH MepeMillleHHi MpoMeHs HA
BHNAJAKOBHH KYT 32 HOPMAJIbHHAM 3aKOHOM

po3nogiay

HopMmanbHuii  3akOH pO3MOAITY BHMAJKOBOI
BEJIMYMHH OTMUCYETHCS 3aJIeKHICTIO!

(x—m)?
| )
f)=m—e 207, 2)
2o
JIe m — UEHTPaJbHUA MOMEHT, G — CepelHE
kBagpatnuHe BigxunenHs CKB  BumagkoBoi

BEJIMUUHH.

Ilpu omuci iHTEHCHMBHOCTI OCBITJIeHHS 3a
JTIOTIOMOTO0 3aJieXKHOCTi (2) HeoOXiHO BpaxyBaTH
3MiHY 3aJIeKHOCTI Biag Bigmaai [0 cucTeMH
PO3TOPTKH Ta 3araibHOi OCBITIEHOCTI, IO MOXHa
3pOOUTH HACTYTHUM YHHOM:

@ =c+ Ao 207 3)
2no

Jie ¢ — IHTEHCHBHICTh OTOUYYKOYOTO OCBITJICHHS; A —

KoeillieHT, MO 3aJeXUTh Bill SKOCTI Jlazepa Ta

napameTpiB CUCTEMU BUMIPIOBAHHS.

[lpyn 3MiHi Bigmami 0 CHUCTEMH pPO3rOpTKH
3MIHIOEThCS  opMa Ta aMIDIITYda 3aJIeKHOCTI,
OCKIJILKM IHTEHCHBHICTL OCBITJIEHHS 13 3MIiHOIO
Biiali pO3MOAINISIETHCS TIO OibImii IOt (pHrc.7).
Bignane BromBatuMe Ha ammityny A Ta CKB o.
AMTITITYla He BU3HAYANbHUU TlapamMeTp, OCKiTbKH
3aJeXKUTh K BiJ Bigjali, Tak 1 BiJ napaMeTpie
nepeTBOproBava. TOMy JJisi BHU3HAUEHHS Bifmali

Bapto anamizypath CKB o. [lpu ¢ikcoBanux
napaMerpax CHUCTEMH PO3TFOPTKH 3aJIeXKHICTh MK
Bignano i CKB o takox Oynae (hikcoBaHOLO.
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Pucynok 7 — Bnuiug Bigmaji misk omopamn Ha
IHTeHCHBHICTDL OCBIiT/ICHHS

Takum YWHOM, O BUMIpIOBaHHS Biamami Ta
BEPTHUKAJILHOTO 3MIllIEHHS! BHUMIipIOBAJILHOT OMOPH
BiIHOCHO CHCTEMH PO3TOPTKH HEOOXiHO 3HaWTH
YOTUPH TTapaMeTpH: ¢, A, G, m.

Jlns criporeHHs CHUCTeMH BapTO BHKITIOUHATH
napaMerp ¢ Ha erarni BUMIipIOBaHHS, BPaXOBYIOUH,
mo ¢izudgHO ¢ sBNIAE CcOOOK IHTEHCHBHICTH
¢doHoBOro ocpitTiaeHHs. TomMy MoOKHA BHMIpSTH
IHTEHCHBHICTH OCBITJIEHHS O MOMEHTY BKITIOUCHHS
Jla3epHOTO TIPOMEHS 1 BpaxyBaTH ii BIUTMB Ha
pesynbrar. Takum UMHOM  3aJIMIIUTLC  TPU
rapaMeTpH, siki TpeOa BU3HAUUTH.

Jlnst X BU3HAUYEHHS HEOOXiJTHO BCTAHOBUTH TPH
ONTUYHHUX J1aBayi Ha OJHAKOBIM Biggai A OaUH Bij
OJIHOTO i BUMIPSITH IHTEHCHUBHICTH X OCBITJICHHS [,
L, I; ipu poGOTi CHUCTEMH PO3TOPTKH Ja3epHOTO
npomenst  (puc. 8). Ilpuiimemo, 1mo  apyrui
ONTUYHMIA 1aBay 3HAXOAWTHCA B MOYATKY CUCTEMH
KOOpJMHAT.

Bci nmapameTpu OMUCYIOTHCS TaKOK CHUCTEMOIO
PIiBHSHE!

(A+m)2
[1— 4 e 262 R
2o
m2
L= 2%, 4)
2o
(a-m)?
2o
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OLTUYHI JIATYURU

Pucynok 8 — BumipioBanns inTeHcuBHOCTI
OCBITJIEHHSI ONTHYHHMH JATYHKAMH

BpaxoBytouu, 110 koedillieHT 4 3a1exHUi Bill
OaratboX (hakTOpiB i TS KiHIIEBOTO pe3yNbTaTy He
PO3riIsIa€ThCs, HOrO MOXKHA MPEICTABUTH 3MiHHOIO

~
A=
V2

cUCTeMY PiBHsHB (4) nepenuiieMo TakuM YHHOM:

, a CKB o 3amiHuMoO Ha & = \50' . Toni

A4 or
IIZTE N 5
3
4
12 :ge °, (5)
A4 e
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BusHaumBmm A 3 Tepmioro Ta TPEThOTO
pPiBHAHHSA 1 TIPUPIBHABIIN  iX, OTPUMAEMO
3aJIeKHICTh J1J151 BU3HAUEHHS KoedillieHTa m:

2

m=-025In( /1, )GX . (6)
CKopHCTaBIINCH nepuImm Ta  JpYTuUM

PIBHAHHAMM, 3HANIEMO 3AJIEKHICTL 111 G :

2

~2 A +2Am
0" =—r—, (7

In(7y /1)

3BIOKHU
1 A

=——In(f;/15) . (8
" 2 n( 1/ 3}21n(12/11)+ln(11/13) ( )

TakuM 4YMHOM MOXKHA BU3HAYMTH Bifjajib Bij
JpYroro ONTHYHOTO JaBada N0 MEHTpajbHOI JiHii
CHUCTEMH PO3ropTku. Tak caMoO MOXKHA BU3HAYWTH i
3Ha4YeHHs Koe(ilieHTa G, SKHM MPOTOPIiHHII

Bigaii.
B ommcani cucrteMi BUMIpIOBaHHS MOXe
BUKOPHCTOBYBATHCS Oyab-sike HarpsiMJeHe

JoKepeno  ocBiTieHHs. CHcTeMa pO3rOPTKH  He
notpedye TOYHOTrO HanarojkeHHs. HeoOxinHoro
YMOBOIO € JTHIIIE BiITBOPEHHS HOPMAJIBHOTO 3aKOHY
PO3MOITY BUMAIKOBOTO KyTa 3MillleHHS TIPOMEHSI.

BUCHOBKHN

Y nmnoemHaHHI i3 BUMIpIOBaYeM TIIHOWHHU
3aj1siraHHs TpyOONpPOBOAY 3arponoHOBaHA CHCTEMa
BUMIpPIOBaHHSI CYTTEBO CHPOIINYE Tpoliec MOOYI0BH
npocTopoBoi  Mozedi  TpybonpoBoay i Jae
MOJKJIMBICTh TIPOBOAWTH OMEPATHBHUM KOHTPOIb
TTOJIO’KEHHS OCi Mi3eMHUX TPYOOTIPOBOIIIB. Y CBOIO
Yyepry CBO€YacHE BHSBJICHHS 3MIiHHM TIOJOXKEHHS
TpyOOMNPOBOAY  Ja€ MOMKIUBICTH  TOTIEPEUTH
aBapiiiHy curTyallifo, MoB’s3aHy i3 BUHUKHEHHSM
HaITUIITKOBHX Hanpy>eHb B CTiHKax
TpybOnpoBoay.
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