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<U;HJ F?LH>BDB KHKL:<E?GBY LHIH=J:NBQ?KDBO IE:GH<
G?NL?=:AH<UO H;T?DLH< < A:<BKBFHKLB HL FPDB>: KT

GGHL:PBY

L _jjblhjbb g_nl_]zZah\uo f_klhjh ™~ _gbc ij_"klz\e_gu k
jZaghh[jZagufb ijhfure_ggufb h[t_dlZfb < ijhp_kk_ bo wc
kljhbl _evklI\Z gh\uo khhjm  _gbc g_h[oh”bfh \uihegyfdmhih¢yZnbc
wlhc p_eb ijbf_gyxlky jZaebqgu_ f_Ih~u \u[hj dhlhjuo hij_"_
aZljm _gghkjjpblhjbbziehsz”vx b fzkrlZ[hf kha”zZ\Z_fh]h Ihih]jZn]
ieZzgZ ljb dzZjlh]ljZnbjh\Zgbb [hevrbo ih iehszZ”b |_jjblhjbc zZdIm
f_Ih~u Ihih]jZnbg_kdbo ktzfhd Gh ijb ktzfd_ g_nl_]Zah\uo
ijbf_g_gb_ gZoh”yl gZa_fd&y_~b_khmMihjuo [jZz*"bpbhggh ijbgylh ijb
f_ Ih~ 1Zo_hf_ljbg_kdhc ktzfdb b ktzfdm k ihfhghgpbd&hmigbdh\uo ijk

< gZklhys_ _ \j_fy [hevrmx ihimeyjghklv ijbh[j_eb f_Ih”u
fh[bevgh]l]h eZa_ jgh]h kdZgbjh\Zgby <g_"j_gbkdZglh/mRkZgb¥a_
ihal\hebeh agzZqgbl_evgh mkdhjblv ijhp_kk hkms_kl\e_gby ihe_\u
wlhf \ukhdmx Ihqghklv ihemgzZ fuo ~Zgguo < klZlv_ hibku\z
ijbf_g_gby eZa_jghlh kdzgbjh\zgby i_j_~ 1ljZz"bpbhggufb f_1Ih
| _jjblhjbcny ]Zah\uo f_klhjh ™~ gbc H[km ~Z |lky \ dZdbo kem.
ljz"bpbhgguo f_Ih~h\ fh _| [ulv [he__ ij_"ihqglbl_evguf Qlh[u
ho\Zlblv ~Zgguc \hijhk hibkzZgb_ ijb\h”~blky gZ hkgh\_ ljzo jZ
aZkljhcdb mqgzkldh\ f_klhjEaebymaufk 1j_[h\Zgbyfb ij_~tyley_ fu
lhih]ljZznbqg_kdbf iezgzf Z bf_ggh fZkrlZ[m g _h[oh”bfhklvx \\F
bgnhjfZzpbb nhjfZIm ij_"klZ\e_gby j_amevlZIZ

<g_"j_gb_ gh\uo f_#fbh\jkim_| jZajZ[hldb khhI\_IlklI\mxsbo
h{jz[hldb "BdggDhzd ijZz\beh dz ~"Zy gh\Zy |_jjblhjby ktzfdb h[e
hkh[ _gghklyfb dhlhju_ ke _“m_| mqblu\Zlv ijb jZajzZ[hld_ ~Zggl
hibku\zZxlky f_Ih*"bdb khklzZ\e_gby Ihih]jZnbg_kdbo iezZgh\ ih j_a
fhibevgh]lh eZa_jghl|RZ kg gbjhAd _ ijb ktzfd_ kimlzggddxdibb ijb

DEXQ?<U? KEH<I!hih]jZnbg_kdbc ieZg g_nl_]Zah\u_ h[t_dlu
kdZgbjh\zZgb_ 1Zo_hf_ljbqg_kdzZy ktzfdZz

! Kb[bjkdbc JThkm~ZjkI\_gguc mgb\_jkbl_I ]_hkbkl_f b I_ogheh]bc DZn_"jZ bg".
fzjdr_c” _jkdh]l]h ~_eZ me leZohlgh]lh 7 ; e-n@ih imbovi@mkitru Jhkkby
2Kb[bjkdbc 1Thkm~ZjkI\_gguc mgb\_jkbl_I J_hkbkljZ bdZjbjhzhbibcb DZn
]_hbgnhjfZlbdkeZmklghlh * G h\ h k b;[érlaitl aldmk@pandexru
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New methods and approactestiography and creatihgtlases

Maxim A. Altyntsev?, Marina A. Altyntseva?

GENERATING TOPOGRAPHIC PLANS OF OIL AND GAS INDUSTR Y
DEPENDING ON A SURVEYING METHOD

ABSTRACT

The territories of oil and gas deposits are represented with complicated and diverse
industrial objects. During their operation and building of new constructions it is necessary to
conduct topographic survey.arious methods are uséor this purposeThe selection of these
methods is determined by the degree of area 4mg]dts size and scale of the topographic plan
being created. Aerial methods of topographic surveys are relevant when mapping large
territories. Terrestrial methods are used more ofteermgurveying oil and gas objects. Among
terrestrial methods classically are accepted tacheometrical survey and GNNS measurements.

Terrestrial and mobile laser scanning currently gained great popularity. Introduction of
laser scanning methods allowed us#&sssignificantly speed up field works keeping high
accuracy of obtained data. The advantages of laser scanning application comparing to classical
methods when surveying oil and gas deposits are described. It is discussed what cases of
classical method afipation can be more preferable. To cover all the bases the description is
provided on the basis of 3 deposit parts, which are different in the degree of areapbanid
have different requirements for topographic plan creation as follows: scale, needuto
semantic information, a format of representing the result.

Introduction of new survey methods requires developing appropriate data processing
techniques. As a rule, each new survey territory has its own features which should be taken into
account wien developing new techniques. The techniques for creating topographic plans using
terrestrial laser scanning, mobile one and GNNS measurements are described.

KEYWORDS: topographic plan, oil and gas objects, laser scanning, tacheometrical survey

<<?>?GB?

Lhih]jZznbg_kdbc iezZg ij_"klZ\ey_ | kh[hc bah[jZ _gb_ 1

ih\_joghklb mf_gvr_ggh_\ g_kdhevdh jZza We _f _glu kbimZpbb
gZ ieZg_ k ihfhégx gguo ebg cguo b iehsZ”guo mkeh\glL
Lhih]ljZnbq_kdb_ ieZgu bf_xI mklZgh\e_ggué&00zkY04q,dlLedd00y »
1:5 000. FZkrlz[ ktzfdb hij_~ ey | \u[hj IbiZ mkeh\gh]h agzZdZz
f_klghklb ih k\hbf jzaf_jzf \ujz zZz_Iky \ fzZkrlzZ[_ iezZgzZ Ih
fZkrlZ[guf mkeh\guf agzZdhf < ijhlb\ghf kemqgzZ_ ijbf_gy_ Iky
mkeh\guc agZd <k_ ~"ZgguZijgWeR|lBgM[4jlbabjh\Zgu b mgbnbphb
LZd"_ \ h[s_f kemqgZ_ h[s_ijbgylu j_dhf_g~Zpbb ih ihjy*dm khkl
lhih]jZnbqg_kdbo KenZ aa09). >

F_Ih~bdZ khklzZ\e_gby Ilhih]jZnbg_kdbo ieZgh\ azZ\bkbl hl f
oZjZdl_jZ b iedgzdjznbjm_fhc f_klighklb Ij_[m_fh]lh fzkrlzZ[Z

! Siberian State University of Geosystems and Technoloddepartment of Engineering Geodesy and Mine
Surveying, Plakhotnstr., 10, 630108, Novosibirsk, Russéamail: mnbcv@mail.ru

2 Siberian State University of Geosystems and Technolp@epartment of Cartography and Geoinformatics,
Plakhotry str., 10, 6308, Novosibirsk, Russj@mail: als.mm@yandex.ru

5 Mkeh\gu_ agZdb “ey |hih]jZnbqg_kdbo i&260h\1:2260)2{h D00, 1: =eZ\gh _
mijZ\e_gb_ ]_h~_abb b dZjlh]jZnbb ijb Kh\_I_ Fbgbklj®86KKKJ F G_"jZ
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Gh\u_ f_Ih~u b ih”oh”u \ dZjlh]jZnbb b kha”

bkoh”guo "Zgguo hij_~_ey_ fh]lh f_Ih~hf kt_fdb bf_xs_]hky \ gZ
h]_ki_qg_d&by *h\bg :el2@y3].\

Hrgbfb ba kZfuo keh gh dZjlh]jZznbjm_fuo y\eyxlky | _jjblhjk
f _klhjh ™~ _gbc >Zggu_ | _jjblhjbb \dexqgZxl jZaghjh~gmx b
[jm[hijh\h~u a"Zgby wklzdzZ”u j_a_j\mZju gZoh”ysb_ky \¢
h{t_dlh\ |Zdbo dzZd ~h bfgu_ gZkhkgu_ KklZgpbb imgdlu k
ijhba\h”klI\_ggh]h h[kem b\ZgbysbdEZ" ;ZdZgh@& < kljmdlmj_ dzd
eb[h g_nl_]Zah\hc hj]ZgbazZpbb dhebqg_kl\h hlI*® _evguo ijhfure_g
[ulv “hklZlhggh [hevrbf IThwlhfm f_""m gbfb ijhdezZ”u\Z_Iky k_
"hjh] DZjlh]jZnbjh\Zgbx ih”e_"ZI g_ Ilhegvah_]Zldhewguh[t_dlu
Z\Ihfh[bevgu_ ~hjh]lb bgnjZkljmdImjZ \hdjm] gbo gh b e_kgu_
gZklh Ij _[m_Iky \uihegblv \ujm[dm e_kZ “ey memqr_gby ljZgkihijl

< aZ\bkbfhklb hl 1Ih]h dZdhc mqzZklhd g_nl_]Zah\h]h
lhihjlZnbg_kdhc ktzfd_ \u[bjzxl khhI\_Ilkl\mxsbc f_Ih* < gZ
ZdimZevgufb yleyxlky ke _“mxsb_ f_|Ih~u ktzfdb [Zo_hf_Iljbg_kd
ihfhsvx kimlgbdh\uo ijbzfgbdh\ ZwjhnhlhktzfdZ k ibehlbjm_fuo
e _1Zl _evguo ZiizZjZlh\kddwfbizfdZ eZa_ jgh_  |Chdtgbijetdgb >
2016].

Kji_"b ~Zgguo f_Ih~h\ gzZb[he__ ijhba\h”bl_evguf b wdhgt
dhkfbq_kdzy ktzfdZz F_Ih~r dhkfbg_kdhc ktzfdb fh _| Jul\
dZjlh]jZnbjh\Zgby h[rbjguo |0j¢bljbdhjebih\Z @ Bkihevamxlky
dhkfbq_kdb_ kgbfdb k\_jo\lukhdh]h jZaj_r_gby b khklzZ\eyxlky Ih
f-[Z 5000 ijb hij_"~zgguo mkeh\byo ihemqgZKkd iZ2ZguHklZevgu_ ba
i _j_gbke _gguo f_Ih~h\ ihal\heyxl “hklbqv IH@gbdOlb \iehlv ~h f

F_Ih™ ljZz"bpbhgghc Zwjhnhlhktzfdb k ibehlbjm_fuo e [ZI_
ijbf_gy Iky "ey ktzfdb [hevrbo ih iehsZ”b | _jjblhjbc \ g_kdhevd
lukyqZ] :wjhnhlddZ y\ey |Iky gZb[he__ aZzZljzlguf f_Ih~hf ;he
AN g_guo kj_mlolh*bl gZ h[kem b\Zgb_ h[hjm~h\Zgby b aZzZijz\d
ZiiZjZBbyretal., 2016].

wjhnhlhktzfdZ k [_kibehlguo e _1ZIl _evguo ZiizZjzZlh\ ;IE: i
g_[hevrbo mqgzkldh\ f_klghklb ;IE: "_eylky gZ e_IlZl_evgu_ Zii.
\_jlhegh]lh Ibiz Klhbfhklv h[hjm~h\Zgby ihke_"g_]lh y\ey_ Ik
g_\ukhdhc b _]h h[uggh \u[bjzx| "ey ktzfdb k [hef guybmalbo \
iehsz” ¢ 1lj_bfms_kI\hf ;I1E: i_j_ ™ |ljZ"bpbhgghc Zwjhnhlhktzfdh¢
\ukhdzZy klI_i_gv hi_jzheglgkldbby j amevlZI|lZ aZ kqzl mijhs_gby
ijhp_kkzZ ktzfdb b dzZf_jZevghc h[TarhpdlbbonR2iglpudy 2614].

EZa _jgh_ kdzZgbjh\zgb_fh" | ijbf_gylvky dZd ~ey dZjlh]jZnl
| _jjblhjbc gzZjz\g_ k f_Ih~*hf Zwjhnhlhkttzffdllho dZ#&Iph~*gguo g [hevr
| _jjblhjbc < azZ\bkbfhklb hl iehsz”"b ktzfdb \zo[HjdRIMH\"bgdabggh]h
kdZgbjh\Zgby \ha”“mrgh_ gZa_ fglk_jbé\fhd @e13h_ >

<ha”mrgh_ eZa_jgh_ kdZgbjh\Zgb_ <EK \uihegyrhgtdzZikd ijZ
Zwjhnhlhktzfdhc F_Ih” ihalhey_| ihemqgblv bgnhjfZpbx h Ijm~gh
f klghklb 1Zdbo dZd aZ[hehg_ggu_ b e_kgu_ | _jjblhjbb < hleb
<EK gZ mqgzkldZo k Imklhc b \ukhdhc jZklbl_evghklvx iha\hey |
h j ev_n_ f _klghklb ljb ZgZeba_ j_amevlZlh\ <EK e _kguo
hij_~ _eblv ihjh~u ~_j \v_\ gZ hkgh\_ baf_ jKghyhApfg ##8jdjhg >

Fh[bevgh_eZa jgh_ kdZgbjh\Zgb_~ FEK ijbf_gykdb”ey ~
| _jjblhjbc JThjh~h\ ijb ktzfd_ Z\lhfh[bevguo b ~_e_aguo “hjh] Z
d gbf ebg _cguo ijhly zgguo h[t_dlh\ AZ djZlgZcrb_ bgl_j\Ze
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\uihegblv ktzfdm g_kdhevdbo khl_g dbehf_Ijh\ "hjh] k gqj_a\luqgZc
N IZebakkbjp *h\bqg :el@0y3].\

GZa_fgh_ eZa_jgh_ kdzZgbjh\Zgb_ GEK gZoh”bl gZb[he_ _
ktzfd_ azZkljh_gguo ijhfure_gguo | _jjblhjbc D 1Zdbf | _jjblhjt
gZijbf_j we_dljhih*klZgpbb imgdlu k[hjZ g_nlb gZkhé&guxl|l klZg]|
ktzfdm hl~_evguo ]hjh*"kdbo h[t_dlh\ g _[hevrbo mqgZkldh\ 2Z\
[;m~™ZjhhZ7j2019].

LZo_hf _ljbg_kdZy ktzfdZ b ktzfdZ k ihfhsvx kimlgbdh\uo ijb
gZb[he__ gzZklh ijbf_gy_ fufb kihkh[Zfb Wlh h[mkeh\e ¢
mgb\ Zjkvghklvx ijhklhlhc ktzfdb b hlighkbl _evgh g _\ukhdhc klhtk
h[hjm~h\Zgby ih kjzZ\g_gbx k ~jm]bfb f_Ih~Zfb aZ bkdexq_gb _f
1 E: K ihfhsvx ijbf_gy fuo \ ~Zgguo f_|Ih*"Zo 1Zo_hf_Ijh\ b
ijbzfgbdh\ \uihegyxl khagZz\ghkhkegh]h h[hkgh\Zgby I<H

Kharzgb_ I<H y\ey |ky h[yaZl _evguf wlZihf ex[uo ]_h~"_
g_aZ\bkbfh hl ijbf_gy_fh]lh f_Ih*Z ihwlhfm [Zo_hf_Ilju b kimlg
\oh”yl \ khklz\ dhfie_dlZ h[hjm~h\Zgby ex[h]h f_Ih~Z ktzfdb

F:L?JB:EU B F?LH>U BKKE?>HEC:GB
Kb[bjkdbc ]Jhkm~Zjkl\_gguc mgb\_jkbl_|I ] _hkbkl_f b I_og!
ijbgbfz | mqZklb _ \ \uiheg_gbb | Z a-eblkkggu 8 h\ glZ mglgdib o
ijhba\h~klI\_gguo jZ[hlZo AZ ihke_7~gb_ ]h”u [ueh \uiheg_gh
khklZgdbx Ihih]jZnbq_kdbo ieZgh\ ey g_nl_]Zah\uo dhfiZgbc
kil _i_gb azkljhcdb |_jjblhjbb _z hkh[_gghkl_c b Ij_[m_fh]h
\u[bjzeky f_Ih”~ ktzfdb ZzZ azl_f jzZajzZ[Zlu\Zebkv f_Ih~*bdb dzf_
"Zgguo “ey kha~Zgby lhihieZgz
Kj_~b jZ[hl \uiheg_gguo aZ ihke_"gb_\j fy fh 'gh \u”®_eblv
Xx kharzZgb_ pbnjh\uo lhih]jZnbq_kdbo iezZzgh\tfaKhl\Z [FZ: H
©Kmjlmlg_nl_]Za? ]
x kha~rzZgb_ pbnjh\uo Ihih]jZnbg_kdbo iezZzg&\IlhZk[b£\xguo
Ahjh] H@&Kmj]lmlg_nl_]Za?® ]
x kha”zZgb_ b h[gh\e_gb_ pbnjh\hc dZjlh]ljZnbqg_k®®0® hkgh\
ih hft_dlzf :H ©Lhfkdg_nlva& <GD ]
Kharzgb_ I<H ”"ey \uiheg_gby \k_o jZ[hl [ueh \uiheg_c
kimlgbdh\uo ijbzTgrhldéR brrimble R8.
>ey ktzfdb h[t_dlh\ H:H ©Kmjlmlg_nl_]JZa? [ue \u[jZg f_Ih"
kdZg Lg¢ica ScanStation >Zgguc f_Ih~ ihal\hebe azZ dhjhlidh_ \j fy
ljzof_jgu_ \ukhdhlhggu_ b 7~ _I|Zebabjh\Zggu_ lhg_qgqgu_ fh"_
\ihke_"kl\bb khklzZ\eyedklvglhkdb_ ieZgu EZa_jgh_ kdzZgbjh\zZgb_
ih f_Ih~bd_ ijheh” _gby kdZg_jguo oh”h\ k ihke_"mxsbf "hihegbl_
kdZg _jguo klzZgpbc hjb_glbjh\Zgb_ dhlhjuo hkms_kl\eyehkv i
ebg_emheh\hc azZzk _qdb GZ jbk _fzihijzealzgfbko kdZg _jguo oh”rt
hrghf ba h[t2dlh\gljZzevghf imgdl_ k[hjZ g _nlb LZeZdZgkdh]h f
Lhgdb I<H hlh[jZz _gu \ \b”_ qgzjguo hdjm ghkl_c Dhhj*bgZlu
hij_~ _e_gu hl ihklhyggh *_ckl\mxs_c \[ebab h[t _gidBbktidths 2w h\
hit_dIZ khklZ\beZz 12 ljb ktzfd_ ih”a_fguo Ijm[hijh\h”h\
ijbf_gyeky ljZkkhbkdZIl _ev
>ey Ktdb Z\lhfh[bevguo “hjh] H:H ©Kmjlmlg_nl_]Za? [ue \uJ[j:
ljbgbg \u[hjZ ~“Zggh]h f _Ih~"Z [uehig]j\kibhewihhrizwehjhlggghklv
mqgZkldZdbke hdheh df iehsz”"v ]1Z FEK yl\ey |ky gZb[he _
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gZa_fguf f_Ih~hdbktihal\heyxsbf "h[blvky Ihqghklb fZleyzH#zzfdb
bkihevah\ZezZzkv fh[bevgZy eZa_jgZy k d Z qriepin x\8ND§-250k b k1 fZ
ljh~"he bl_evghklv ijhp_kkZ kdZgbjh\Zgby yewkiAbgzZklv "\gyf_gb
azZgyeh kha~zgb_ ktzfhggh]h h[hkgh\Zgby kimlgdhbdb\uGZ jbRhf
ihdZzazgzZz ko _fz kha”zZgby ktzfhggh]l]h h[hkgh\Zgby g&ZIbZ\Ih~hj!
>hihegbl_edvfMuc dbehf |j baf_jyebkv dhhj*bgZlu hihgggoolhq _d
gZ ljZgbp_ “hjh gh]h ihehlgZz iha\heb\rbo ih\ukblv Ihgghklv iher
eZa_jguo hljz" _gbc LEH \ kj_"g_f ~h kf

z [

Jbk Ko fZ kha"Zgby I<H b ijheh” _gby kdZg_jguo oh
gZ p_gljZevghf imgdl_ k[hjZ g_nlb
Z [_a “hihegbl_evguo klZzgpbc [ k “hihegbl_evgufb klZc
Fig. 1. The scheme of creating horizontal and vertical control survey network
and laying scanning trgerse for the central production facility:
4 without additional stations{) with additional stations
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Jbk Ko fZ khanrZgby I<H gZ Z\‘lhBlhh]lm LZeZdZg
Fig. 2. The scheme of creating horizontal and vertical control survey network
for theroad TalakanVitim
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<h\lhjuo f_Ih” eZa_jgh]lh kdzZgbjh\Zgby y\ey I|ky _~bgkl\_gg
f_Ih~h\ ~bklZgpbhgghc ktzfdb iha\heyxsbf ihkljhblv \ukhdhlh
fhr _ev j_ev_nZ PFJ 9Z mqzZkldb k \ukhdhc 3ZKlinlkhegdtkkbv x
eZa_jgh]lh emqZ i_j_hljZz Zlvky b ijhgbdZlv \iehlv "h a_feb GZb]
ihal\heyxsbf dhgdmjbjh\ZIv k eZa_jguf kdZgbjh\Zgb_f yl\ey_ Ilk)
IE: >Zgguclh”™ gqZklh \u[bjZZIgbaadhc klhbfhklb dhfie_dlZ h[hjm~"
j_amevlZl_ h[jZ[hldb Zwjhnhlhldgddf doh\ lezzda _jghf kdZgbjh\Zgbb il
fZkkb\ Ilhg_d >hjh]zi kbélZfdggzZf\kjhly  _gbb [ueZ hdjm _gZ \ukh
ljZ\ygbklhc b dmkhzZjgbkiltbl _evghklvx qlh ~_eZeh ijbf_g _gb_ f_|I
IE: g_\hafh guf LzZd _ "~ey ihemqg_gby ih “hjh ghfm ihehlgm Il
1: dhebq_klI\h hihjguo lhg_d ~ey \g_rg_]h hjb_glbjh\Zgby fh"_
pbnjh\uf nhlh]jZnbyf J[uehjyjthdZ[hevr_q_f ijb FEK

FEK Z\Ih~hjh]b [ueh \uiheg_gh \ ijyfhf b h[jZlghf gZijZ\e_gb
[ Zdbf mkeh\b_f qglh[u fZdkbfZevgh_ m~Ze _gb_ hl [Zah\hc klZgp
GZ jbk dZ ~uc mqgZklhd zZ\Ih~*hjh]b \u”®_e_g hi~gevigwgfdp\I<4kf b
bkihevah\Zggu_7ey jZaf_s _gby [Zah\uo klZgpbc

\ oA 1Y <-B1

5 DZ0

> JIHC
. B2

Nj

Jbk Ko fZz FEK Z\Ih"hjHh]bbliZfeZdZg
Fig. 3. The scheme of mobile laser scanning for the road Talakétim

>ey kharzZgby b h[gh\e_gby pbnjh\hc dZjlhifZnbg_kdlhc hkg
hit_dIzf :H ©Lhfkdg_nlv® <GD ijbf_gyebkv [he__ ljZ*"bpbhggu_
I1Zo_hf _Ijbg_kdZy b ktzfdZ k ihfhsvx kimlgbdh\uo ijbzfgbdh\ <u]
[ue h[mkeh\e_ g [he__ f_edbf fZkrlZ[hf ktzfdb gbadhc kl_i_gvx
ijhp_glh&éRhdhc jZklbl_evghklb gz | _jjblhjbb ozZjzdl_jhf h[t_dlh\
\ hkgh\ghf Z\Ihfh[bevgu_ ~hjh]b ]jZgbpu dmklh\uo iehsZ”~"hd g_
ijhfure_gguo khhjm  _gbc 1Zdbo dzZd ebgbb we _dljhi_j "Zq
lhihiezgZ \uihegyehkv vk ihHfhsegbl_evghc ktzfdb dZjlh]jZnb
| _jjblhjbby¥y ke Z2819.

< khklz\ h[t_dlh\ :H ©Lhfkdg_nlv®d <GD \hreZ | _jjblhjby
f_klhjh ™~ _gby b qzZklv |_jjblhjhitzeB)\héhkdlehszZ” v | _jjblhjbb ktz

khklZ\beZ 12 1jb ktzfd h[gZalhf\gujbf_ gyebkv kimlgbdh\u_ ijbz
TrimbleR WR Z |Zo_heichTS02plus? ijb hij_~ e _gbb \ukhlguo oZjZdl_j
NZgguo h[t_dlh\ Ko_fZ kha~zZgby I<H ijb\_~ gZ gZ jbk L_jjl

dmklh\uo iehsZ"hd gZ dZ ~hc baZdhkh/juoIrje'(albzes/Hkimlgbdh\u_o
baf_j _gbc ijbf_gyelSppf& GoN

452



Gh\u_ f_Ih~u b ih”oh”u \ dZjlh]jZnbb b kha”

UTOJBCKO-TAJIOBOE M-E

4 ManBobposka
2,

! ]
psslds / ‘;‘:’r
psslf %//J’“‘ N
e s
pssl5 4 ,'! -
pssld \ s
psl? s
’\. J
55 - !

$ MTONBCKAS TUIOMAJE
3 mAmb

Jbk Ko_fZ kharZghytldthteW ©Lhfkdg_nlvd <GD
Fig. 4. The scheme of creating horizontal and vertical control survey network
for the objectsof 6 & © 7TRPVNQHIW?2 91.

lj_"~_q_f ijbklmiblv g_ihkj_"klI\_ggh d khklzZ\e_gbx Ihih]jzZr
g_h[oh”bfh [ueh \uihegblv ij_~\Zjbl_evgmx hZjgZdbhbdnmH|blef Vuey "
\k_0 49 h[t_dlh¥&khh [ue jAkdhhj*bgZl Thg_d I<H \ Ij_[m_fhc kbk
j_amevlzZlzZf kimlgbdh\uo gZ[ex”_gbc \ ijh]jZffghrimhlgBksinessgbb |
Center Dhhj~bgZlu ibd_Ih\ *“ey h[t_dlh\ :H ©Lhfkdg_nlv® <GD |Zd" _
NZgghf ITH

lj_~"\Zjbl _evgZy h[jZ[hldZz "~"Zgguo GEK b FEK ij_"klZ\ey_
keh gmx az"Zgmsg®klv aZzdexqZ_lky \ mjz\gb\Zgbb ~Zgguo b ih
fZkkb\Z LEH

MjZdb\Zgb_ ~"Zgguo GEK \uihedgied&yclonelH Z\|hfZlbqg_kdhf
j_"bf_ih fzjdzf jZzaf_szgguf \ ahgZo \azZbfgh]lh i_j_djt
LiZgknhjfbjh\Zgb_ mjzZ\g_ggh]h fZkkb\Z LEH ijhba\h®behkv ih
fzZjhd jzZaf _szgguo gZ lhqdZo I<H

MjzZ\gb\ZghZgguo FEK hkms_kl\eyehkv k ijbf_g_gb_f ke_
PosPacRiprocessTerraSolid <gZgZe [uezgjhp) _™\Zjbl _evgua ljjZkgdlhjbc
"b®' _gby kbkl_fu FB¥sPkPatth "Zgguf k bg_jpbZevghc gZ\b]Zpbhggh
b kh kimlgbdh\h]h ijbzfgddaz \ ok Z\ kbkl_fu FEK b ih "Zgguf k
klzgpbb AzI_f IjZz_dlhjbb fzZkkb\ LEH b pbnjh\u_ nhlh]jZnbb bf
Riprocess ] _ \uihegyehkv mjzZ\gb\Zgb_ fZkkb\Z LEH Hgh aZdexq
Ah_gby f_""m jZaebqggufb ijh_a"aAflh Ikzgxkihjdg gZ dhlhjhf [u
mklZgh\le_gZ kbkl_fzZ FEK ih hrghfm b Ihfm ~_ mqgzZkldm ~hjh]b
b pbnjh\u_ nhlh]jZznbb ~Ze_ _ bfihjlbjméZaSblidv*ey INuiheg_gby
Z[khexlgh]lh mjz\gb\Zgby ih dhhj*bgzZlzZf hilggwo HNeg _ d hjjiZdf s
dZ "uc dbehf_Ij
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J?AMEVL:LU BKKE?>HE€BEKBO H;KM@>?GB?

TerraSolidij_~klZ\ey | kh[hc gZ[hj ijh]jZffguo fhwonastatomey IH
Microstation 2 wlh kbkl_fzZ ZzZ\IhfzZlbabjh\Zggh]lh ijh_dlbjh\Zgby
\uihegylv khklz\e_gb_ I|hih]jZnbg_kdbo iezgh\ \ khhI\_Ikl\bb k
g_h[oh”~bfh]h fzZkrlZ[Z >ey kha”Zgby lhg_gguo mkeh\guo agzZd]|
"ey ebg_cgumklzZzgzZ\eb\ZxIKy Bhpgju Ibiu ebgbc Z ”"ey PBehsZ”gl
rljboh\db khq_IZxsb_ jZaebggu_ dhf[bgZpbb [ehdh\ b Ibih\ ebg
iehsZ”b

>ey khklZ\e_gby Ihih]jZnbqg-k&ih]lh iezZgzZgfuf GEK fZkkb\ LE
ba IHeica Cyclone bfihjlbjh\Zeky WeidSolid K ihfhsvx fhTamra$can
"Zgghlh IH ijhba\h”“behkv jZa”_e_gb_ \k_]h fZkkb\Z gZ [ehdb b ¢
LEH \ jZ[hqg_ fMicbgtation

ljb khklzZ\e _gbb Ihih]jZnbqg_kdh]Midredaign \h I1HZgguf GEK
ijbf_gyeky ij_™\Zjbl_evgh gZkkjmhlyghkd\b\b k 1j_[h\Zgbyfb azZdZz
deZkkbnbdzlhj ?]h kmlv aZdexqgZeZkv \ |hf zgdghi)jb dd[dZ] bl& jjude
kibkdZ gZa\Zgby Ilhg_qgqgh]h beb ebg _cgh]h mkeh\gh]h agzZzdz Zz
khhi\_lklI\mxsbc [ehd g_h[oh”bfh]hijEb§bjZz IhefmlIfh]lh fzZzkrlZz[Z :
iehsZ”"guo agZdh\ mklzgzZ\eb\ZeZzkv g_h[oh”bfZy rljboh\dZ be
ihal\heyxsbc jZaf_klblv IThg_ggu_ mkeh\gu_ agZdb \ g_h[oh”bfhf
aZiheg_gby k Zgigut _reZ]hf 1jb \u[hj_ \ deZkkbnlkdZ\ling_hi[t_dlh\
kjZam \uklZ\eyeky g_h[oh”bfuc rjbnl b _]h jZaf_j <k_ we_f_c¢
kehyf gzZalZgby dhlhjuo khhlI\ _Ikl\h\Zeb deZkkbnbdZlhjm aZdZac

F_Ih"bdZ kha”~Zgby Ihih]jZnbq_kdh]h ieZgZ ih "Zgguf eZa_
dzZj"bgZevgh hlebgZ_Iky hl kihkh[Z khklZ\e_gby ih ibd_I1Zf y\¢
IZo_hf_ljbg_kdhc ktzfdb b ktzfdb k ihfhsvx kimlgbdh\uo ijb_
eZa_jgh]lh kdzZgbjh\Zgby h[ez”Zx| qj_a\lugZcgh \ukhdhc iehlghl
f _klghklb ij_"~klZd\aWblk ~ 1Zevghc Ilhg_gqghc fh”_eb Kha”Zgb_ IlI
ieZgZ \uihegy Iky \ j _amevlizZl_ g _ihkj_"~kI\_gghc \_dlhjbaZpbb
j_amevlzl_zZ\IhfZlbabjh\Zgghc h[jZ[hldbjlZdYib fEikiXmhdjg
>ey m~ h[kI\Z hkms_ Kgghdbyijhp_kkZ Ij [m_Iky ij_~\Zjbl_evgh
deZkkbnbdzZpbx fZkkb\Z LEH \u”_eblv Ihqdbjaaflkely i Nukhéevgu _
gz GZ jbk ihdZazZzg j_amevlZl deZkkbnbdZpbb ]J~_ lhqgdb \u”_
ih \ukhl_ hl atfebf #Af =+ f *“ f>ey ~_rbnjbjh\Zgby o0zZjzdl_jbk
h{t _dltbhkihevagblgZv hI® _evgh ihemqg_ggu_ pbnjh\u_ nhlh]jZnbb

Bkihevah\Zeky ke _"mxsbc ihjy*hd \_dlhjbazZpbb h[t_dlh\

X hihjgu_ imgdlu
Ib”jh]jZnby
a”"Zgby b “jm]b_ iehszZ”rgu_ ijhfure_ggu_ khhjm  _gby
"hjh gZy k_1lv
I[jm[hijh\h~*gu_ k_Ib ebgbb we_dljhi_j ~Zg b *jm]b_ ebg_c
khhjm™ _gby

X j_ev_n JhjbahglzZeb hif_Idb \ukhl b bo ih”ibkb

X JZklbl _evghklv

< _dlhjbaZpby a”~Zgbc \uihegyleg\Zgihx becey wlh]h bkiheval
deZkk lhg_d khhlI\_IklI\mxgsbc fmj@hgku gZg_klb ~hjh]b ijbf_gyeky
hih[jZz  _gby fZkkb\Z LEH ih agZq _gbyf hljz zZl _evghc kihkh[ghKkl
IN\zz*h_ ihdjulb_ ~hjh] ~_rbnjbjm_Iky emqr_ \ihdbazZ@ZzZj jakevlZ
\_dlhjbazpbb I\zj*h]lh ihdjulby “hjh]lb ih fzZkkb\m LEH k h
bgl_gkb\ghklb

X
X
X
X
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Jbk J_amevlzZl deZkkbnbdzZpbb fZkkb\Z LEH ih mjh\¢
Z \b™ k\_jom [ \_jlbdZevgh_k_qg_gb_
Fig. 5. The result of poirdloud classification by levels:
J top view; [) cross section

Jbk J_amevlzl \_dlhjbazpbb djhfhd ~hjh]b
Fig. 6. The result of road edge vectorization

< dlhjbazpby Ijm[hijh\h*guo k_I_c¢ \uihegyeZkv ihkj_"k
]hjbahglZevguglthdZevguo k_g_gbc GZ jbk ithdZazZg ijbf_j ]t
k_ g _gby ey mqzkldz fZzkkb\zZ LEH hlh[jZ zggh]h gZ jbk D
khklZ\eyebkv ebgbb we _dljhi_j ~Zgq Lhg_gqgu_ mkeh\gu_ agZdb
fZkkb\Z f H~Argh\j_f_ggd&f ks _gb_f \k_o Ibih\ mkeh\guo agZdh\ \t
"h[zZz\e_gb_ | _dklh\uc hihtylddbY _evguo ih?ibk _c
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G_hlt_fe_fhc qzZklvx ex[h]h Ihih]jZnbg_kdh]lh ieZgZ y\ey_
]hjbahglZe ¢ >ey wlh]h kgZqzZezZ \u”_eyxlky |Ilhgqdb ahi&ly Z a
fhr_ev j_ev_nZ \ \b”_ IljbZg]lmeypbhgghc ih\_joghklb LjbZg]me
ih™\ _jl]Z_Iky klezZz b\Zgbx ey [he__ iezZ\gh]h hlh[jZkeglgydhhbahg
2019].

>hihegbl _evgZy deZkkbnbdzpby fzZkkb\Z LEH [ueZ hkms_Kk
hih[Z  _gby JhjbahglZze ¢ Ba lIhg_d a_feb \ hI® _evguc deZkk \L
dhebqg_klI\h Thg_d gzZbemqgrbf h[jZahf hibku\Zxsbo nhjfm j_ev_
k_gq_gby f :e]lhjblf ihalhey | \u”~_eblv Ihgdb [Zdbf h[jZahf
hih[jZz Zebkv [he&\lghielh \u”®_e _gguf I|hqg@efrdSoli® ihal\hey |
Z\IhfZlbg_kdb \uihegblv ihkljh_gb_ ]JhjbahglZe_c \ khhI\_Ikl\bb |
lj [m_fh]lh fzZzkrlzZ[Z >ey wlh]h ijbf_gy_Iky gZkljhcdZ \ukhlu k_qg
ebgbc hlh[jZ _gby [_j]lrjboh\Aih+hikkihc gb__ hl\_ gl&rrdMddelere v

TerraModeler iha\hey | 1Zd _ jZkklZ\blv ih”ibkb hiIf_Ihd \ukh
\uihegy _|ky jZkklZzgh\dZ Ihg_gqguo mkeh\guo agZdh\ hilf_Ihd \ukf
s _eqdh\ ih ~Zgguf Ihg_qguf agzZzdzf \u\h”ylky ih”*ibkb k ij_"\Zj
ribnthf _1h jzaf_jhf b f_kMf iWwNilbhkb Fh"mev ihalhey | ~h]
kljmdImjgu_ ebgbb b az”~zZ\ZIlv ]JjZgbpu \u\h”~Z ]JhjbahglZe _c¢

Jbk ljbf_j ]hjbahglZevgh]h k_qgq_gby
Fig. 7. Theexampleof horizontalsection

G_"hklzZldhf fherraModeleryley |ky hlkmlkl\b_ ~"bgZfbqg_kdhc k\y
bkohrgufb ~"Zggufb b j amevlZlhf hlh[jZ  _gby j_ev_nZ WIlh ha
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j_"Zdlbjh\Zgby bkoh~gh]lh fZkkb\Z LEH j_amevlZlu hlh[jZ _gby j_
>Zggh]h g_"hklzldzZz eAutoCa#Civii 3D \ dhlhjhf k baf_g_gb_f bkoh:
rzZgguo f_gy_|ky hlh[jZz  _gb_ g_ lhevdh ]hjbahglZe_c gh b b
ih~ibk_c hif_Ihd \ukhl Ih kjz\g_ gbexrakloflelérm eHAutoCad Civil 3D
hlez~rZ | 1Zzd _ [hevrbfb \hafh ghklyfb ~ey j_/ghdkllbjh\Zgdiybifh\_jc
hgh iha\hey | \uihegylv i_j_klZgh\dm [|j_m]hevgbdh\ IjbZg]lmey|
Ah[Z\eylv g_jZajmrZxsb_ kljmdImjgu_ ebgbb b ]JjZgbpu ih\_joghk
Kmsghklv g _jZajmrZxsbo kljmdImjguo ebgbc aZdexqZ _Ilky
"hihegkehguo maeh\ IjbZg]lmeypbhgghc ih\_joghklb \ f_klZo i_j_k.
ebgbc k jz[jZfb Ij_m]hevgbdh\

J _amevlzZl \bamZebaZphbbTehraMadetel BAutoCadCivil 3D ijb h”*gbo
b I _ o _ gZkljhcdZo fh | kms_kI\ _ggh hlebqgZlvkyiha\hgpkfilu ihk
baf_gylv iezZ\ghklv hlh[jZz _gby ]hjbahglZze_c¢c GZ |jbk ijb\
hih[jZz " _gby \ wibo “\mo IH k ihoh bfb gZ&lzhefdBfk\ -lkeehgdnu f
p\_Ihf ihdZaZgu ]hjbahglZeb TérlaNibdepguZ dhjbqgg?2 \uAutoCad
Civil3D < dzZq_kI\_ blh]h\h]h j_amevlZlZ [ueb \u[jZgu ]hfahglZeb
3D.

< _dlhjbazpby [jh\hd b ih~hr\ hldhkh\ \uihegyeZkv bgl_jzZdl
fh~AmeVerraScan ihkj_"~klI\hf kha”Zgby ihi_j gguo k_qgq_gbc Jem][b
i j_f s gb f "Zggua lgZgaglxg gb_Jem[bgu >ey Z\IhfZlbq_kdh]
rijboh\ hldhkh\ ijbf_gyeZkv ~hihegbl_evgZuyoGat fj 28éZOtkesy
G_h[oh”~bfh [ueh ihke_"h\Zl_evgh \u[bjZlv ebgbb [jh\db b ih”h
jZkklhygb_ f_""m rljbozZfb b bo jldfibpikkhh h300.

Jbk Ijbf_j ihkljh_gby ]hjbremaMaelerdAutoCadCivil3D
Fig. 8. The example of generating contours in TerraModeler and AutoCad Civil3D
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< ihke_"gxx hg_j_"v \uihegyezZkv \_dlhjhaKIpbdyevdigigdibjh\
jZaf_s_gb_ ih”ibk_c e_kh\ b aZiheg _gb_ dhglmjh\ Ihg_qgqgufb ag
Ibi jZklbl_evghklb JzZaf_s _gb_ \ ihke_7~gxx hq_j_"v lhg_qguc
jZklbl_evghklb [ueh h[mkeh\e _gh g_h[oh”bfhklvx bo hlh[jZ _gby
hi~jm]bo h[t_dlh\ b ih*ibk_c¢c GZ jbk ihdZzazg njz]f_gl ihegh
lhih]jZznbqg_kdh]h ieZzgZ gZ mqgZklhd ijb\_~zgguc jZg__ 9gZ jbk
jZklbl_evghkibhgzZ jZzaf_s_gu lhevdh gZ k\h[h”guo mqgZkldZo

Jbk ljbf_j njzZ]f _glZ hnhjfe _ggh]h Ihih]jZnbg_kdh]h ieZgZ p_g
k[hjZ g _nlb LZezZzdZgkdh]h f_klhjh ™~ _gby
Fig. 9. The example of tltkawn uptopographic plan fragmerdf the central oil
collectionpointin Talakandeposit

KharzZgb_ Ilhih]jZnbg_kdh]h iezZgzZ Z\lhfh[bevdhebWhfjh]b L
\uihegyehkv |ZMicrostation TerraSolid b AutoCad Civil 3D ih "Zgguf FEK Kk
ijbf_g_gb_f ZgZeh]bgghc f_Ih”"bdb hibkZgghc "ey "Zgguo GEK
wlhf kemqgzZ_ klzezZzpbwylHjjhdhd Z\lhfh[bevghc ~hjh]b Ih ac
bgl _gkb\ghklb hI®_eblv ZknzZevlih\h_ ihdjulb_ ~hjh]b hl h[hgbg \I
ij_"klz\eyehkv \hafhd d)gth hdZau\Zehkv g _gqakzithuZ"Egby i _kdZ
S_[gy k h[hgbg gZ ZknZevl G« WEaADD\ZrekZk|gZ ihi_j_qgguo k_q_c¢
ijZ\beh LEH djhfdb ~hjh]b hdZaulZebkv gmlv \ur_ LEH h
\_dlhjbah\ZezZkv ih j_adhfm baf_g_gbx ij_\ur_gby \ ihi_j_qgghf
mjh\_gv ZknZevlZ hdZaulZeky gZ mjh\g_ h[hgbgu_gbb ddaf g
gZ[ex~"Zehkv [|h]~rzZ "~ey \_dlhjbazZpbb djhfdb ~hihegbl_evgh ijt
nhih]jznbb Ijb FEK k[hj nhlh]jZnbc \uihegy Iky iZjZee _evgh Kkl
ihfhsvx g_kdhevdbo dzf_j \oh”ysbo \ khklz\ fh[bevghc kbkl_fu
jZagu_ kihy < kbkl_f_ Ried K/MX- |Zdbo dzZf_j [ueh r_klv QI
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pbnjh\Zy nhlh]jZnby khhI\_IklI\h\ZeZ mqzZkldm fzZkkb\Zz LEH i
\uiheg_gZ dzZeb[jh\dZz dzf_j \ ijhp_kk_ dhlhjhc hij_~_eyebkv wi
hjb_glbjh\Zgby hlghkbl _eogdd2gdajhilg DZeb[jh\dZ dZf_j b aZ]jmad
nhlh]jZnbc \uihegyeZkv k ihfhsvx ~hihegbl_evgh]hTejaPhdtbfgh]h f
We f glu \azbfgh]l]h hjb_glbjh\Zgby jZkkgblu\Zebkv ih j_a
khhi\_IklI\_gguo Ihg_d f_"m fzZkkb\hf LERIH]jpbhylbufiez jbk

ihdzazg ijbf_j pbnjh\hc nhlh]jZznbb b LEH _c¢ khhiI\_IklI\mxsb _

Jbk ljbf_j pbnjh\hc nhlh]jZnbb b khhiI\_IklI\mxsbf _c¢c LE
Fig. 10. The example of a digital image and its corresponding point cloud

GZ jbk ijb\_7~zg njz]f_gl khklzZ\e_ggh]h Ihih]jZnbqg_lI
Z\Ilhfh[bevghc ~hjh]b Lhih]jZznbg_kdbc ieZg jZa[b\Zeky g-
ij_™\Zjbl_evgh kha”zZgghfm rZ[ehgm k ihfhsvRutb@QeljmZ gihd IH
ieZgr_| jZaf_sZeky gZ hl® _evghf ebkgyhf immeyhih§-ald [Bavrhc
iehsz” b ktzfdb b djmigh]lh fZkrlZ[Z gbkeh ebklh\ ij_\ahreh fzZdkt
\ hrghf "hdmf_gl_dhebqg_kl\lmwjlh\fgrh |lhih]jZnbq_kdbc ieZg [ue jZ

"hdmf_glz

H[{gh\e_gb_ Ihih]jZnbg_kdh]lh iezZgy¥ fzkiHzZ[igt_dlzf :H
©Lhfkdg_nlv2d <GD \uihegyehkv \ ] _hbgnhjfZpbhd¢gpicfo Kbkl _f_
khhi\_Ikl\bb k I _ogbqg_kdbf azrzZgb_f Gz ~Zgghf h[t_dl_ g_hJ[oh
f Th"bdm ihal\heyxsmx h[t_~bgblv g_ ih”*\_j]lrb_ky baf_g_gbyf ~Z
k j_amevlzlzfb DBE\bEh\Z @ QZklbggh h[gh\e _gb_ dhglmjg
lhih]ljznbqgllkdbzZgZ fh™_| [ulv \uiheg_gh ZDunmkah 8rgit 2042). >

| j\hgZqgZevgh _ h[gh\e _gb _ ieZgh\hc gZklb lhih]jZnb
hkms _kl\eyehkwidrostdtion .Id hgh h[ezZ”~Z_| [he__ m”h[gufb bgkljm
\_dlhjbazZpbb g Mapm®K <k_ebg _cgehsB”gu_ we f_ Wapinfba
bfihjlbjh\Zebkv ih kMitrgdtaion\ hl*_evguc ~hdmf_gl >Zgguc ~hdr
dzqg_kI\_ ih*eh db ijbkh_~bgyeky d gh\hfm \ dhlhjuc bfihjlbjh
dhhj*bgZlu [ueb ithemqg_gu \ j_amevlZIl_ h[jZ[hldbbalfe] \gbckimlghb

\lThfh[bevgu_ ~hjh]b DZjZckdh]h-LZemBpjavkiihklhjh "~ _gbc
ih™\_jlebkv iheghfm h[&no\lefZgehakyv dzd djhfdz ~hjh] [Zd b bo hldl
NZevg_cr_f hilh[jZablv ]JhjbahglZeb \ _dlhjbaZpby djhfhd b hld
Microstation\ ljzof_jghf j_"bf_ LzZd _ \ wlhf j_"bf_ \_dlhjbah\Zebkyv
ha Kehc "hjh] b hldhkh\ kh klZjhc ktzfdb ih~]jm _gghc \ \b”~_ it
"ey |Ihlh qlhJu khjb_glbjh\zZIvky \ ihjy*d_ kh_"~bg_gby gh\uo ib
ihemqg_gu Kigudlmbgbb “ey [he__ IThggh]h ihkljh_gby ]JhjbahglZe _
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Jbk ljbf_j njz]f_glZ hnhjfe_ggh]h Ihih]jZnbqg_kdh]h ie.
Z\Ihfh[bevghc "hjh]bilkdeéZfdZg
Fig. 11.The example of the created topographic plan fragment
for theroad Talakan i Vitim

>ey hlh[jZ _gby j_ev_nZ \ ijhp_kk_ihe_\hc jZ[hlu \uihegyez
\'Il_o f_klZo 9Z dhlhjuo g_ [ueh bgnhjfZpbb gZ klZjhf Ihih]jZnbq
j_ev_n [ue baf_gzg Kha”zZgb_ \ukhlghc drbtkCadClilh3Dgyd mkNz \
bfihjlbjh\Elev gh\u_ ibd_lu b khMi¢ragiggion khkjmdImjgu_ ebgbb Djhf
wlhlh g_h[oh”~bfh [ueh bfihMaghfozilvgbdb hlf_Ihd \ukhl b bo ih”ik
ihemqg_ggu_ ijb klZjhc ktzfd_ b ZdlmZevgu_ \ *"Zgguc fhf_gl \j_:
bfihjlz \k_f IlhgdZfihdlf\ukhl [ueh gZagZq_gh gme_ _\h_ afyZq_gb_
ljbk\h_gb_ Ihgdzf bo ~_ckl\bl_evguo agZq_gbc hlf_Ilhd \uihec
hi" evghc ihevah\Zl _evkdhc ijh]jZffu gZibkZggmdvgaZZylexd Z eEaki
\ Ihf qglh[u gZclb [eb Zcrbc I[tdd&lh\dkelthjuc kh”_jZe \ k_[_ ag:
hif _Idb < dzZqg_kI\_ ~Zggh]h |I_dklh\h]h h[t_dIZ \k_]"Z \ukIlmizZeZz
agZqgq_gb_ dhlhjhc azZibku\l\ZehkvZ d2d&edhhjd bidhXxljZz kI\_ggh_ ihklj
ih\_joghklb b hlh[jZz _gb_ Jhjbahgbke cc b bidh”ilbki_c hif_Ihd \uk
\uihegyehkv ZgZeh]bggh dzZd "ey deZkkbnbpbjh\Zgguo ~Zgguo e

J amevlZlu ihkljh_gby j_ev_nZ b \_dlhjbaZpbb gh\uo ebg_
h{t_dlh\ wdkihjlbjhWaplfov \»_ hgb kh\f_sZebkv k dhglkjZffdbklZz
Lhg_qgu_ h[t_dlu gdbhbfkhjlbjh\Zebkv kjZam \ "Zggh_IH b ih ihe
bf gZzagzZqzZebkv Ij_[m_fu_ mkeh\gu_ agzZdb GZijbf_j wlh [uel
ebgbc we_dljhi_j_ ~Zq b bo hlly’'db < azZ\bkbfhklb hl \b"Z mk
lhgggu_ h[t_dlu i_j_ghkbebkv ih khhI\_IklI\mxsbf kehyf

Ihke _"~gbf wlZihf h[gh\e _gby Ihih]jZnbqg_kdh]h ieZgZ DZjZc
LZeh\h]h f_klhjh "~ _gbc klZeh azZiheg_gb_ Zljb[mlIb\ghc bgnhjfz,)
deZkkbnbdzZlhjhf aZzdZagbdZz
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HibkzZzggu_ f Ih~u b f_Ih~*bdb ho\Zlu\Zxl jZaebqgu_ \Zjbz
ithe_\uo b dZf_jZevguo jZ[hl ih Ihih]jZnbqg_kdhc ktzfd_ g_nl_]Za
hij_~_e_gh qlh \ azZ\bkbfhklb hl I|j_[m_fh]h fzZkrlzZ[Z Ihih]jZz
j_dhf_g"m_Ilky bkiheMagh\lzdvf _ITh~h\ eZa_ jgh]lh kdZgbjh\Zgby eb][t
f_Ih~h\ ktzfdb gZ hkgh\_ ijbf_g_gby IZo_hf_Ijh\ b kimlgbdh\u
aZkljh_gghc beb [hevrhc ih iehszZ”b |_jjblhjbb ijbf_g_gb_ h~
eZa_jgh]lh kdzZgbjh\Zgby iha\hey_ | m\\jklfy dafblgbdm¥zZ_fh_ gZ ihe
jZ[hlu 2z 1zf 1~_ Ilj_[m_Ilky \uihegblv ebrv h[gh\le_gb_ IThih]jZnb
f_edh]h fzkrlZ[Z 1Zd®h]h dZWimklIbfh \uihegblv IZo_hf_Ijbg_kdmx
"hihegbl_evguf ijbf_g_gb_f kimlgbdh\uo ijbzfgbdh\

JXkfhlj_ggu_ f_Ih~bdb khklZ\e_gby Ilhih]jZnbg_kdbo ieZg
ijbf _g _gb_ g _kdhevdbo ijh]jzffguo dhfie_dkh\ k “hihegbl_ev
Dhf[bgbjmy bgkljmf_glu g_kdhevdbo ijh]jzff fh ' gh agZqgbl_evgh
khanrZgby Ihih]jZnbqg_kdbo ieZgh\
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