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00 ucciienoBaHuM 00bEKTOB KYJIbTYPHOI0 HACJIEIUS C TOMOUIbIO

TEXHOJIOTHHA HA3EMHOI'0 JIA3CPHOI'0 CKAHUPOBAHHUSA

Pe3rome: B naHHOI cTaThbe paccMaTpHUBAECTCsl BOMPOCHI MPUMEHEHUS TEXHOJIOTHMH HA3eMHOTO
JIa3€pHOT0 CKAaHUPOBAHUS MPU O0OCIEIOBAaHUI U ChbEMKH MaMATHUKOB apXUTEKTYpbl 1 0OBEKTOB
KYJIbTYPHOTO HaCJE€AMsl C LEJIbI0 3JaHUs UX TPEXMEPHBIX MOJIeNeH, HMCHOIb3yEeMbIX st
CBOEBPEMEHHOTO MPHUHATHS MEp MO BBIABICHUIO AedopMmainuu, 1eeKTOB U pa3pylIeHUN U UX
YCTpaHEHHH, a TAaKXKe JIeTAIbHONH pa3pabOTKU IJIAHOB PEKOHCTPYKIIMU ITHX OOBEKTOB.

Knrwouesvie cnoga: maMATHUKU apXUTEKTYpPbl, 00bEKThI KYJIbTYPHOIO HAcIeIus, Ja3epHOe
CKaHUPOBAHME, APXUTEKTYPHBIH aHcamMOiIb Perucran, TexHOJOTHs, TpEXMEpPHas MOJAEIb,
00J1aK0 TOYEK, ChEMKA, MapKa, 1edopMarys

About research of objects of a cultural heritage by means of technology of
ground laser scanning

Okhunov Z.D., Igamberdiev K.

Abstract: This article deals with the use of ground-based laser scanning technology for surveying and
surveying architectural monuments and cultural heritage objects with the purpose of building their
three-dimensional models used to timely take measures to detect deformations, defects and destruction
and their elimination, as well as detailed development of reconstruction plans for these objects.

Key words: monuments of architecture, cultural heritage objects, laser scanning, architectural
ensemble Registan, technology, three-dimensional model, point cloud, photography, mark, deformation

Xo3upru KyHaa (aH Ba TEXHOJOTHSIAP jKaual cypar OujiaH PUBOXKIAHUO
OoopMmokzaa. SAHru 3amoHaBuii acO00 Ba TEXHOJOTHWSIAp WIMUN HM3JaHUIUIAD Ba
aMauil UIUIapHu oiaubd OOpHIIa coXa MyTaXacCHCIIapura yJapHUHT YHYMJIU Ba
KyJai sxuxatiapuau o4nbd 6epmoka.

Mapmanuii Mepocnap Ba obmmaimapHu Myxodasza KWIHII Ba Cakjallura OWJl
omnO OopaéTraH 3aMOHaBHMM EHJAIIYBIAp Ba TEXHOJOTHUSJIAp apXUTEKTypa
EAropaukiap Ba MaJaHui Mepoc 0OBEKTIAPHU CUHUMKIA0 Mydaccan u3oxJjail Ba
TacBUpJaml Xamjaa Oartadcui Xy;xoKaTIAIITUPUIIHK Tako3o drtanu. Iy Oowc,

MaMJIaKaTUMH3aTd MaBKyJ MaJIaHU MEpOC OOBEKTIapHu Ba OOMIATIapHU TaIKUK

' Oxynos 3. /1. — V3MYV T'eonorus Ba I'eorpadus pakynreru 'eonesns Ba Kaprorpadpus xadenpacu
T.().H., TOTIEHT

Urambepnues K. — ['eone3ns Ba kapTorpadus MyTyXacCUCIUTH | Kypc MarucTpaHTu



KWINIIAA SHTA TEOJIE3WK TEXHOJOTHUS OYIMHUIT — Jla3epiaud  CKaHepJail
TEXHOJOTHICH JKyJAa Ky Kelaaud. YHHHI HaTHKacuia OOBEKTJIapHU Y4 Yia4amu
Oaradcun MojeNIapHU SpaTHI, MYJIBTUMEIUSIN MYyXUTJIapAa MOJACIUIapHU
KOMIIOTEPJIM BU3yalIM3allMsUIall, Xamaa WIMUH-TaIKUKOTIap AoUpacHuaa Typid
TaxJIMJIMK Ba MOACIIAIITUPHUIL KapaCHIapUHU aMaira OIUPUII MyMKHH.

Mananuii Mepoc Ba apXUTEKTypa EAropiaukiapu oObEKTIAPUHU aHbaHABUM
BOCHTaNap Ba yciyOnapra Kypa Jia3epiud CKaHepiall TEXHOJIOTHICH OpKaJIu
TacBUpJaml Ba Oartadcui Xy:xOKaTIAIITUPUIIMHUHT SKKOJ ad3amauru  OYiuo,
mMacodanan TypuO Ja3zepiiv 30HIall METOIU EpAaMuia MabIyMOTJIApHH OJIUII Ba
TYmIam, XOCHJI KWIaJWraH Y4 Yiad9aMid MOJSIMHUHT IOKOPH Japakajaru
Mydaccayulurd, MOJCIHU IOKOpPU TE3NUKIa, SIbHU KHCKAa BakKT MYJJaTuia
ApaTWINIIA Ba YHWHT KEHWHYAIMK KEHr KyJUlaMid WOouiad  9uKHII
UMKOHUSITIIADUHUHT MaBXKY/JTUTH XUCOOIaHA N,

[y Oouc, mazkyp wumniga PecrnyOnukamusnaru WHPUK TYPUCTUK Ba DHT
KaIuMHuil MakoH caHanraH CamapkaHjJ IIaXpUHUHT Peructon manjgoHua
JKOMIIAIITaH TabpUXHUM apXUTEKTypa EOATOPJIUKIAp MaKMyacHUHHU Jia3epiiu
CKaHepJIall TEXHAJIOTUACH EpJlaMuia TAJKUK KHWIUII Macaiajlapy YpUH OJITaH.

Jlazep ckanepnmam — Oy (a3oBUil KoopAWHATanap OwWIaH HyKTajiap
TYIIaMuHA UdOJaIoBUYM, €p F03acHjaa sKoimamraH Owpop Oup o0BbekT (OMHO,
WHIIIOOT, JKOW Ba OOIIKA)JapHUHT Y4 VI9aMIId MOJCTWHHU SIPATHUINTa WMKOH
OepyBYM TEXHOJOTHS XUcoOIaHaAu. by TexHomorus oObeKT CUPTUAATH HyKTajlap
KOOpJIMHATAJapUHU FOKOPU TE3JMKAa Oup Heda 103 MHUHIJIA0 HyKTalapHU Oup
CEeKyHJJa yJYalira KOAWp Jia3ep CKaHEpJapHU KyJulalra acoCHaHTaH. XOCHII
KWIMHTAaH HyKTalap TYymiamMu ‘“Hykmaiap Oyaymu” ne® HOMJIaHaAWM Ba Yy
KeMMHYATUK OOBEKTHUHT Y4 YI9aMIId MOJCITHHN TEKUCIUKIArH Yi3Ma, KeCuMIIap,
CUpPTJIAp TYIIJIAaMU Ba X.K. KypUHUIINAA UDOTaTANTH MyMKHH.

By TexHonorusna chéMKa kapa€HU TYIMK aBTOMATIAIITUpPWIraH Oymuo,
OTIepaTOPHHHT MIIHK dca GakaT CKaHEpHHU uIra Taiépramaan ndopat. Katop nazep
CKaHepJjall MocjlaMallapd Ba CUCTeMajapu MaBxyn OYymuO, ymap Oup-Ompumax

aBTOMATJIAIITAPUII Japakacu OuiiaH GapK KUjiaau.



Jlazep ckanepnap reonme3wk ac6o0co3nuk Oyitmya wirop Hupuk dupmanap
cananraH Leica (IIseitmapust), Trimble (AKLI) Tomornnan nniad 9ukapuaMokia
Ba ynapaaH Leica Scan Station P10 Ba Leica Scan Station P20 acGo6mapu
JTUKKATTa Ca30BOPAUD.

V36eKncToHarn  apXUTEKTypa EAropiMKIapu Ba MaJaHUl  Mepoc
OOBEKTIApUHU JIa3epiid CKaHepiam Oyiindya nactiaOku JoWnxa cudaruaa
pecnyOIuKaMHu3ard SHT KaJUMUN TabpUXUN apXUTEKTypa EIropiuKIapuIaH
oupu O6ynmum - FOHECKO Ba nmaBnaTuMu3 TOMOHHJAH XMMOS OCTHJa OYiraH
“PerucToH” apXUTEKTypa Ma)KMyacd TaHJIAHTaH. Takuajgam >KOU3KH, 03
WWJIMKIIap JaBOMUJA TabuaT Ba aHTPONOTEH TabcUpiiapu cababnau OuHO

aHcamOsu fedopmaris Ba NIMKACTIaHUIILIApTa yuparaH.

1-pacm. Pecucmon matioonunune nanopamacu

“PerucToH” Maxmyacuaarud ckaHepjam unuiapu “‘Smart Scanning Solutions”
MUYXKHuHT MyTaxaccuciapu TOMOHHUJAH oiu0 Oopwiau. Jlazepnu ckaHepiani
CKaHEpJAIIHUHT MaKCUMal TE3JIMId CeKyHaura | MWIIMOH HYKTaJaH HOKOpU
oynran Leica Scan Station P20 mazep ckanepuaa onmb Oopmimu. Leica Scan
Station P20 ummynbciu CKaHEPHUHT STHTH CTaHAapTH XUCO0IaHnO, OUp Koprycaa
CKaHep, 3apsaiam 0aTapescy, OOIIKApHUII MaHEeIH, MabIyMOTIAPHU CAKJIAIl YIyH
KaTTHK JIMCK Ba BUIECOKamepa iurmiran (2-pacm) [1].

Leica Scan Station P20 rokopu yHYMIIM WIIDIAIl JapaKaCHHU TabMUHIIAWH
Ba Tomorpaduk ChEMKaHU OakapHIll YIyH KyJa Moc keiaau. by ac600 xam mana
ChEMKa WIUTAPUHU Oakapwill Ba xXamja OWMHO WYMHU aHUK Ba TYJIUK 0030piu
ChEMKa KWIMIITHU KMCKa MYJJaT/a Te€3 aMajira OIIMPUIlra UMKOH Oepaau. Yoy

acOOOHMHT TYJIMK KYpUII MailIoHH, IOKOpM AaHUKJIWTH, Y30K MacodaHu



CKaHEepJallh, TaXeOMETPUK MYIHM YTKa3uIl KaOW XyCyCHATIapu YHH Ky

MacajaJapHy €4uIia KyJutan UMKOHUHA Oepaiu.

2-pacm. Leica Scan Station P20 na3ep ckaHepu

Tankukor oobekTuaa Leica Scan Station P20 ac600m opkanu jazep cKaHepJall
xkapaCHu Kydugarn TaptuOaa amanra ommpuiaan. ChEMKa KUJIMHAJAUTaH
Xynoyagard Oapda OOBEKTIAPHUHT CKAHJIM TACBUPJIAPUHU XOCHI KWIHII YIyH
yHaaru OuHoiiap Oup Heua OekariapJaH epJaH Ba OWMHO TOMJIApHJiaH
ckaHepiaHan. JKOMHHUHT SirOHA HyKTajlap MOACIWHU XOCHJI KWJIUII YIyH Xap Oup
CKaHHHM TalllKW OPUEHTHUpJIALI JIO3UM Oynanu. by MacanaHu ckaHepaa YpHAaTUITaH
JACTypUl TABMUHOT €pJlaMuia Xall ATHII Ky3/1a TyTHJITaH.

AManga OyTyH OOBEKTHHUHT y4 YI4aMJId MOJEIWHU SpaTUIl YUYyH YHU OUp
HYKTaJaH chéMKa Kuiuil etapiud oynmanau. [llynunr yuyn Si opanukmaru oup
Heya HyKTanap (OekaTiiap)aad chbéMKaHU OaKkapuIll Makcaara MyBohuK Oymaau

(3-pacm).

0BBEKT
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S

3-pacm.Obvexmuu bup newa bekamiapoan CbEeMKA KUIUUL CXeMACU
By xonataa sroma Mojeiaa OOBEKTHUHT yd YI4amiId MOJCIMHH OMPJIAIITHPHILL
Macayiacu Typaad. by macaia Mozeiiap opacuiard Xyayana €TyBud OOFJIOBYH

HYKTajap OpKaJIu KyWuaard TeHTJIaMaHd €YU OUlaH Xall dTHIIa I



XTaLLm; Xﬂ Ki
Kraum; = YD + A Ya',

ZTEUIB." Zﬂ Zi
Oy epma X,, Y, Z;, — | CKaHHUHT KOOpJIWHATaJlap CHCTEMAacHiard HyKTajap
KOOpJIMHATAaJIapH;
X Yeamr Zramy — OMPMHYM CKaHHMHI KOODIMHATAIAP CHCTEMACHAA EKH

TaIIKU CUCTEMaJaru 0ObeKT HyKTaJlapy KOOpIMHaTaJlapH;

Xy, Yy, Z, — OupuHum ckaH €KW TalIKW CcHCTeMara HUcOaTaH CKaHep
TYpUIIMHUHT | Hykrach (I — CKaHHMHT OONUIAHWIN  KOOpIHMHATAap
CUCTEMACH)HUHT (pa30BUN KOOpJUHATAIAPY;

A — XYZ xoopaunaranmap cucreMacuHd X, Yo, Zpuy, KoOpauMHaATanap
cucremMacura HuUcOaTaH OpHUEHTHUpJAIIAa aHUKIAHAJWTaH  WYHAJITUPYBUYU
KOCHHYCJIAp MaTpHUIACH.

da3zofga CKaHEep XOJIATUHM TaBCHU(IJIOBUM mMapaMerpiap (YUM3HMKIM Ba
Oypuakiy TallK{ OPUEHTHUpJAIl 3JIEMEHTIAapu), ArOHAa HyKTajlap MOJEIU Ba
OepuiraH cucTeMaa Maxcyc Mapkajgap KOOpAHHATAJIapy CKaHep MYJIMHU YTKA3UII
HaTmwkacu OVIud XxucoOaaHaIu.

baxapuiran TaiKUKOTIAp HATHXKAcKIa spaTuirad “Perucron”

aHCaMOJIMHUHT TypJii KypuHHIIUAard 3D Moaemnapu S-pacmiaa keaTupuirat [2].




0)

S-pacm. “Pecucmon” masxicmyacunune 3D moodennapu

[lyauaTAek, Oaxapwirad TaAKUKOTIAp HATIKAJAPUHUHT TaXJIMIU YIIOy ep
YCTH Ja3ep CKaHepilall TEeXHAJIOTHSCUHUHT KyHujaru ad3auTuKIapuHu 04HO
oepau:

e Ourra oObekTna Oup Heura acOb00 Ba Opuragaisap TOMOHHUIAH
aHbaHAaBUU ChEMKA WIUIAPHU aMalira OIIMPHUIN YpHUTA OUTTa Jazep
ckaHepaad ¢oiganaHu0d OOBEKTHUHI Y4 YJI4aMJid MOJICTMHU Te3 Ba
KHCKa MyJIJIaTaa sSPaTHIIL;

* Opuragaga 6axxapyBuujiap COHUHU KUCKAPTUPHIIL;

* MexHaT yHyMaopauruau 40-50 % ra omuvpuin UMKOHUHU MaBXY/IJTUTH.

FOxopuna kentupuiran Januiiap acocuja Xyjinoca KHJIMO IIYHU TabKUJJIaIl
YKOU3KH, JIa3ep CKaHepjall TeXHaJOoTruscu €paamuga OMHO Ba MHIIOOTIAp Xamjia
Typiu OOBEKTIap TYFpPHUCHAA Xap KaHAall MabIyMOTJIapHHU OJUII Ba WUFHII
MYMKHWH, yhapia coaup Oynran nedopmainus Ba HIMKACTIAHUIIUIAPHU Jia3ep
CKaHepJIalll OpKaJIM aHWKJAIl 3ca, OMHO (0OBEKT)JIapaaru HIMKacTIaHUILIAp Ba
HYKCOHJIapHU OapTapad 3Tira ouj y3 BaKTHJIAa 4opa — TaaOUpPJIApHHU OeJrHIall
xamaa Oatadcuil PEKOHCTPYKIMS KWIHI PEKATAPUHM HIIA0 YMKHUILAA JHT
camapaid TeXHOJIOTUS XUCOOJIaHa H.
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